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Abstract 

Albeit their known importance in decomposition which is an important function in environmental health 
and soil’s nutrient replenishment, bacteria have been largely omitted from ecosystem studies of saline 
lakes. An inventory was taken in Lake Nakuru to determine the biodiversity of bacteria of the alkaline 
waters and potential utilization of microorganism in agriculture and environment restoration through 
decomposition. Samples were collected in three different depths at five points of the lake selected based 
on their locations, proximity to fresh water inlets and depth of the lake. The samples were collected once 
a month for six months in the year 2011. Bacterial were cultured and pure cultures were isolated, 
identified and introduced to different pollutants and materials to elucidate their decomposition potential. 
Decomposition potentials of the isolated bacteria were observed for various materials including plastic 
cup and polythene papers. The experimental set up was put in a shaker set at seventy revolutions per 
minute and at room temperature for 90 days, after which the final weight was determined. Twenty one 
different types of bacteria were identified. Some bacteria were found to be effective in decomposition of 
materials and hence important in agriculture and environment waste handling. Some of the bacteria that 
were identified as having high potential in utilization in agriculture and environment management 
include Sphingomonas paucimobilis, Streptococcus pyogenes, Tatumela ptyseas, Bacillus anthracoides, 
Chryseobacterium indologenes, Chryseobacterium meningosepticum, Pseudomonas cepacia, proteus 
penneri, Morganella morganii, Moraxela sp., Alcaligene sp., Providencia stuarti, and Providencia rettgeri. 

Introduction 

Bacteria are one of the most abundant and species rich groups of organisms that mediate many critical 
ecosystem processes (Claire et al., 2003). Bacteria are economically important as they are used in 
industrial microbiology, as biological pest control, in vitamin synthesis and in remediation of the 
environment (Liese et al., 1999). It is important to understand patterns of bacterial biodiversity because 
they mediate many of the environmental processes that sustain life on the earth and their diversity is 
greatly applied in bioremediation and in search for novel bio-chemicals for use in medicine, agriculture 
and industry (Claire et al., 2003).  

Saline lakes have significant economic, ecological, biodiversity and cultural value. They are an important 
source of minerals, water, fish, biochemical products and food stuffs or aquaculture. Many have a high 
aesthetic value and cultural significance (Hammer, 1986). Halophiles which are found in these halophilic 
lakes are used in bioremediation, biodegradation and in oil recovery (Dubey et al., 2003).  

Bioremediation is any process that uses microorganisms, fungi, green plants or their enzymes to return 
the environment altered by contaminants to its original conditions (Shristi et al., 2006). It is a process 
caused by biological activity which leads to the change of the chemical structure of a material to naturally 
occurring metabolic products (Yutaka et al., 2009) Naturally-occurring bioremediation and 
phytoremediation technologies have been used in desalination of agricultural land by phytoextraction. 
Bioremediation technologies can be generally classified as in situ or ex situ. In situ bioremediation 
involves treating the contaminated material at the site while ex situ involves the removal of the 
contaminated material to be treated elsewhere. Some examples of bioremediation technologies are 
bioventing, landfarming, bioreactor, composting, bioaugmentation, rhizofiltration, and biostimulation 
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(Mandri and Lin, 2007). Bioremediation has a number of advantages such as broad applicability, low cost 
and low risk of exposure to hazardous chemicals during cleanup (Hoff, 1993).  

The elimination of a wide range of pollutants and wastes from the environment is a requirement to 
promote a sustainable development of the society with low negative environmental impact. Biological 
processes play a major role in the removal of contaminants due to catabolic versatility of microorganisms 
to degrade or convert such compounds (Diaz, 2008). Plastics which are non-biodegradable waste have 
been widely used due to their light weight, inertness and low cost. Their disposal especially those used 
for packaging have become a major environmental concern due to poor waste management practices. 
Their accumulation especially in urban areas is a challenge worldwide. Some plastics collect water and 
become the breeding places of mosquitoes worsening the problem. In addition, they block drainage 
systems. Moreover, plastics have also been recently recognized as a major threat to marine life. They 
sometimes cause blockage in fish intestine, birds and marine mammals. There is considerable research 
interest in the microbial degradation of plastics waste material since microbes are able to degrade most 
organic and inorganic materials (Shristi et al., 2006). Plastics are high molecular weight polymers that are 
at some stage in their existence capable of flow but may also be brought into a non-fluid form in which 
they have sufficient toughness and strength to be useful in self supporting applications (Brysdon, 2010).  

A plastic is a broad name given to different polymers with high molecular weight which can be degraded 
by various processes (Iwata et al., 1998). Polymers are a broad class of material which are made of 
repeating units of smaller molecules called monomers. A plastic material is called biodegradable if all its 
organic compounds undergo a complete biodegradation process (Iwata et al., 1998). It is also said to be 
biodegradable if the degradation results from the action of naturally occurring microorganisms such as 
bacteria, fungi and algae and ultimately the material is converted to water, carbon dioxide and/or 
methane and a new cell biomass (Suyama et al., 1998). Environmental factors have a crucial influence on 
the polymer to be degraded, on the microbial population and on the activity of the different 
microorganisms themselves (Gu et al., 2000). Parameters such as humidity, temperature, pH, salinity, 
presence or absence of oxygen and the supply of different nutrients have an important effect on the 
microbial degradation of the polymers. Presence of molecular oxygen is a prerequisite for the 
degradation of polymers (Doi, 1990). Biodegradation of plastics is a heterogeneous process which 
involves biotic and abiotic processes (Tokiwa, 1994). The major mechanisms involved in the biotic 
degradation of plastic are; the adherence of the microorganism on the surface of the plastic followed by 
colonization of the exposed surface. Due to properties and the size of the polymer molecules, microbes 
are unable to transport the polymeric material directly into the cells where most biochemical processes 
take place. They first excrete extracellular enzymes which depolymerize the polymers outside the cells. 
This yields smaller molecules of short chains, for example oligomers, dimers, and monomers that are able 
to pass semi-permeable outer bacterial membrane and be utilised as carbon and energy sources (Frazer, 
1994). Consequently if the molar mass of the polymers can be sufficiently reduced to generate water 
soluble intermediates, these are transported into the microorganism and fed into the appropriate 
metabolic pathways. As a result the end products of these metabolic processes include water, carbon 
dioxide and methane in case of anaerobic degradation. This degradation process is called mineralization 
(Barzal et al., 1989).  

Biodiversity and occurrence of plastic degrading microbes vary depending on the environment such as 
soil, sea, compost and activated sludge (Yutaka et al., 2009). A number of aerobic and anaerobic 
microorganisms that degrade plastics particularly fungi and bacteria have been isolated from various 
environments (Lee, 1996).  

Materials and methods 

Study area  

The study site was Lake Nakuru, located in the Rift Valley Province, Nakuru County, Kenya, at an 
altitude of 1,759 m. It consists of a shallow pan of water lying on salt impregnated clay which retains 
coarser polar sediments. Its surface area is 40-60 km2 but is subject to marked fluctuations because lake 
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level is constantly rising and falling. The average depth is 1 m (Kairu, 1991). The length of shoreline is 27 
km. The water level is unregulated. It has a catchments area of 1,800 km2 (Vareshi, 1982). 

Sampling locations 

Five sites were selected and geo-referenced using Geographical Positioning System (GPS): Middle lake or 
Jetty mid (latitude -0.354781, longitude 36.093118) hippo point (latitude -0.319546, longitude 36.), Nderit 
(latitude -0.386313, longitude 36.110497) Makalia (latitude -0.391499, longitude 36.083254l) and Njoro 
((latitude -0.331833, longitude 36.092667). These sampling points reflected different catchments areas. 

Serial dilution was carried out by using a sterile pipette and transferring 1ml of the sample water to 9ml 
of sterile water to make a dilution of up to 106. 1ml of the diluted sample water was inoculated on sterile 
Nutrient agar media using spread plate method. The media was sterilized by autoclaving at 121ºC for 15 

minutes. The inoculated plates were incubated upside down at 35C for 24 hours. This was done to 
prevent condensation droplets from falling onto the surface of the agar. The petri dishes were sealed 
using adhesive tape to prevent contamination. Sub-culturing was done by streaking method. 

Single colonies were picked using a sterile wire loop and streaked on sterile media to obtain pure 
cultures. 

The bacteria isolated were identified based on physical characterization and biochemical tests as outlined 
in Bergey’s manual of determinative bacteriology (Holt, 1994). Morphological characteristics such as 
shape and size were observed under light microscope. Gram stain was conducted. In this procedure, a 
thin film of each isolate was smeared on the surface of the slide and heated gently over fire to fix it. The 
smear was first stained with crystal violet, left to stand for a few seconds and then rinsed with a stream of 
water. It was then treated with a mordant (iodine). The slide smear was then washed with a decolorizing 
agent (acetone) and counterstained with safrinin. The smear slide was then observed under oil immersion 
using a light microscope. 

Motility test was determined by microscopically observing the bacteria in a wet mount. An inoculum 
from a freshly prepared culture was used to prepare the wet mount. The inoculum was transferred to a 
drop of water on a microscope slide, mixed and covered using a cover slip. The slide was observed under 
light microscope. The bacteria that were observed to swim randomly against the current of water 
streaming across the slide surface were positive for this test. 

Lactose test was conducted in order to determine whether the bacteria fermented this carbohydrate as a 
carbon source. An inoculum from a pure culture was transferred aseptically to a sterile tube of phenol red 

lactose broth. The inoculated tube was incubated at 35 C for 24 hours. A positive test indicated colour 
change from red to yellow. 

Hydrogen sulfide gas production test was carried out to determine whether the bacteria were able to 
reduce sulfur containing compounds to sulfides during metabolism process. An inoculum from a pure 
culture was transferred aseptically to a sterile triple sugar ion agar slant. The inoculated tube was 

incubated at 35 C for 24 hours. A black colour in the agar slant media indicated a positive test. 

Citrate test was carried out to determine the ability of the bacteria to utilize sodium citrate as the only 
source of carbon. A sterile wire loop was used to inoculate 3ml of sterile Koser citrate medium with a 

broth culture of bacteria. The inoculated broth was incubated at 35 C for three days. A change of colour 
from green to blue indicated a positive result. 

Serotyping using Analytical Profile Index (API) kits was carried out. API kits used were enteric (API 20E) 
non-enteric (API 20NE) and streptococcus kits (API 20strep.) manufactured by Biomerieux Inc. USA.  

Degradation of plastics disks 

Degradation of plastic disks was determined by percentage weight loss of the materials, as described by 
Kathiresan, (2003). The experiment was set up in four replicates and carried out for a period of 90 days. 
Disks of 0.6 cm diameter were prepared from clear polythene bags and white disposable plastic cups. Ten 
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mg of each type of disk was put in a conical flask, 150 ml of distilled water and inorganic nutrients 
composed of 0.01M ammonium phosphate, 0.002M magnesium sulfate, 0.012M potassium phosphate and 
0.144 M non-iodinated sodium chloride were added to the conical flasks, sealed using alluminium foil 

and sterilized by autoclaving at 121 C for 20 minutes. The contents in the conical flasks were inoculated 

with different bacterial species separately after cooling to 25 C. The conical flasks were covered with 
parafilm to provide aeration, avoid contamination and evaporation.  

The negative control contained ten mg of sterile disks measuring 0.6 cm in diameter, 150 ml of distilled 
water, and the inorganic nutrients as stated above. A positive control contained 150 ml of distilled water, 
5 g of soil from mangrove forest collected at Mtwapa, Kenya, and the inorganic nutrients. This soil was 
collected at a depth of 5 cm, placed in sterile polythene bags and taken to the laboratory for the purpose 
of the culturing, isolation and identification of the bacteria present. The soil was autoclaved after bacteria 
isolation and later inoculated with these bacteria. These were put in conical flasks which were covered 
using parafilm.  

The experimental set up was put in a shaker set at seventy revolutions per minute and at room 
temperature for 90 days. After 90 days of shaking, the plastic and polythene disks were washed 
thoroughly using distilled water, shade dried and then weighed for the final weight. From the data 
collected, the average weight loss caused by each bacterium was computed for both plastic and polythene 
bags. The degradation was then determined as percentage weight loss and calculated as 

Degradation = Initial weight - Final weight ×100 

Initial weight 

Results 

Biodiversity and Identification of Bacteria 

The waters of Lake Nakuru were found to have diverse bacteria. Various types of bacteria grew on 
nutrient agar forming colonies of different sizes and colours. Twenty one species were isolated and 
identified from the waters of Lake Nakuru (Table 1). The bacteria were classified according to their 
different morphological characteristics. There were seventeen bacilli, one coccus, one coccobacillus, one 
vibrio and one filamentous. There were nineteen Gram negative and two Gram positive bacteria. They 
were further identified using other biochemical tests and API kits. There were twelve enteric and nine 
non enteric bacteria. Fifteen bacteria were motile while six were non motile. The bacteria isolated and 
identified from mangrove soil were Bacillus sp., Micrococcus sp., Staphylococcus sp., and Streptococcus sp. 
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Table 1: Bacteria species isolated from Lake Nakuru, classified according to shape, gram staining and biochemical tests 

Bacteria species Gram 
stain 

Citrate 
test 

H2S production fermentation Motility 
test 

Enteric/non 
enteric 

Shape 

Bacillus anthracoides + - - + + Non enteric Rods 

Streptococcus pyogenes + - - - - Non enteric spherical 

Erwinia mallotivora - - - - + Enteric Rods 

Erwinia amylovora - - + + + Enteric Rods 

Sphingomonas paucimobilis - - - - + Non enteric Rods 

Morganella morganii - - + + _ Enteric Rods 

Enterobacter or Pantonea 
agglomerans 

- - - + _ Enteric Rods 

Yersinia pseudotuberculosis - - - + _ Enteric Rods 

Chryseobacterium 
meningosepticum 

- - - - _ Non enteric Rods 

Providencia stuarti - + - - + Enteric Rods 

Vibrio vulnificus - - - + + Non enteric Comma 

Pseudomonas cepacia - - - - + Enteric Rods 

Proteus penneri - - - - + Enteric Rods 

Erwinia nigrifluence - - - + _ Enteric Rods 

Agrobacterium radiobacter - - - + + Non enteric Rods 

Providencia rettgeri - + - + + Non enteric Rods 

 Alcaligen sp. - - - + + Enteric Rods 

Tatumella ptyseas - - - + + Enteric Rods 

Moraxella sp. - - - + + Non enteric Spherical and 
rods 

Chryseobacterium indologenes - - - - _ Non enteric Filamentous 

Acinetobacter sp. - - - - _ Enteric Rods 
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Biodegradation of plastics cups by selected bacteria isolates from Lake Nakuru 

The percentage weight loss of white disposable plastic cups that was caused by the bacteria was 
calculated as the percentage weight loss that was obtained after subtracting the amount of weight lost 
by the plastic in the negative control. Table 2 shows the percentage degradation of plastics that had 
taken place after ninety days of degradation. The initial weight of plastic that was put in each 
experimental set up was 10 mg. The bacteria from mangrove soil had the highest percentage of plastic 
degradation with the plastic discs loosing 27.5% of the original weight (Table 2). 

These bacteria which were isolated from the mangrove soil included Bacillus sp., Micrococcus sp., 
Staphylococcus sp., and Streptococcus sp. The microorganism that caused the highest percentage of plastic 
degradation from Lake Nakuru was Sphingomonas paucimobilis with a percentage of (17.5%). Erwinia 
nigrifluence was also effective in degradation of plastic with weight loss of 12.5% of the original weight 
of plastics. Other bacteria that were observed to degrade plastic were Streptococcus pyogenes (11.5%) 
Tatumella ptyseas (11%) Pseudomonas cepacia, (9.5), Chryseobacterium meningosepticum (8%), Erwinia 
Amylovora (7%) Moraxella sp., (6.5%) Bacillus anthracoides (6%), Providencia rettgeri (5.0%) Proteus penneri 
(4.50%), Chryseobacterium indologenes (3%), Morganella morganii (2%) Providencia stuarti (1.5%) and 
Alcaligen sp. (0.5%). Providencia stuarti and Alcaligen sp. were slow degraders. Yersinia pseudotuberculosis 
and Acinetobacter species were unable to degrade plastics. 

Biodegradation of polythene bags 

The results in Table 3 show that the bacteria from the mangrove soil presented the highest percentage 
(50.5%) of degradation of polythene. These bacteria were Bacillus sp., Micrococcus sp., Staphylococcus sp. 
and Streptococcus sp. Among the bacteria isolated from Lake Nakuru, Sphingomonas paucimobilis 
presented the highest percentage of polythene degradation (37.5%). Pseudomonas cepacia caused 35.5% 
polythene degradation. Streptococcus pyogenes and Alcaligen sp. had the same percentage of degradation 
(27.0%). Tatumella ptyseas degraded polythene by 21.5%. Chryseobacterium meningosepticum reduced the 
polythene weight by 19.5 % while Proteus penneri reduced the weight of polythene by 18%. Other 
bacteria from Lake Nakuru that were able to degrade polythene were Providencia rettgeri (13.5%), 
Erwinia nigrifluence (11.5%), Providencia stuarti (5.50) and Chryseobacterium indologenes (7.5%). Erwinia 
amylovora and Acinetobacter sp. were slow degraders as they had only degraded (1%) of plastics in 90 
days. Yersinia pseudotuberculosis and Morganella morganii were unable to degrade polythene (0%).  

Most bacteria were able to degrade polythene at a higher percentage than plastics (Figure 1). Morganella 
morganii degraded plastics though to a smaller degree but was unable to degrade polythene. Yersinia 
pseudotuberculosis was unable to degrade both plastics and polythene. Sphingomonas paucimobilis, Erwinia 
nigrifluence, Tatumella ptyseas and Streptococcus pyogenes showed high rates of degradation of both 
plastics and polythene. Acinetobacter sp. was able to degrade polythene but unable to degrade plastics. 
Alcaligen sp. indicated a high percentage of degradation of polythene but low percentage of degradation 
of plastics. 
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Table 1:  Mean weight (mg) and percentage weight loss of plastics after treatment with 
different species of bacteria isolated from lake Nakuru. Initial weight of plastic put in each 
experimental set up was 10 mg 

Name of bacteria species 
Mean wt (mg)±SE after 
90 days of degradation 

Wt loss 
(mg) after 
90 days  

Wt loss 
(%) 

Wt loss due 
to bacteria 
(%) 

Bacillus anthracoides  5.750 ± 0.0005  4.25 42.5 6.00 

Yersinia pseudotuberculosis  6.350 ± 0.0005  3.65 36.5 0.00 

Providencia rettgeri  5.850 ± 0.0005  4.15 41.5 5.00 

Positive control 3.600 ± 0.0090  6.40 64.0 27.5 

Providencia stuarti 6.200 ± 0.0040  3.80 38.0 1.50 

Morganella morganii  6.150 ± 0.0015  3.85 38.5 2.00 

Sphingomonas paucimobilis  4.600 ± 0.0060  5.40 54.0 17.5 

Acinetobacter sp. 6.350 ± 0.0015  3.65 36.5 0.00 

Moraxella sp.  5.700 ± 0.0030  4.30 43.0 6.50 

Erwinia amylovora  5.650 ± 0.0025  4.35 43.5 7.00 

Negative control 6.350 ± 0.0005  3.65 36.5 0.00 

Alcaligen spp.  6.300 ± 0.0100  3.70 37.0 0.50 

Proteus penneri  5.900 ± 0.0090  4.10 41.0 4.50 

Chryseobacterium meningosepticum 5.550 ± 0.0005  4.45 44.5 8.00 

Pseudomonas cepacia  5.400 ± 0.0020  4.60 46.0 9.50 

Erwinia nigrifluens  5.100 ± 0.0000  4.90 49.0 12.5 

Tatumella ptyseas  5.250 ± 0.0015  4.75 47.5 11.0 

Chryseobacterium indologenes  6.050 ± 0.0035  3.95 39.5 3.00 

Streptococcus pyogenes  5.200 ± 0.0010  4.80 48.0 11.5 

Weight loss was calculated by subtracting the mean weight from the original weight (10mg) put in the set up. 
Weight loss attributed to bacteria was calculated by subtracting the weight lost by the negative control from 
the weight lost in each bacterium set up 

 

 

Figure 1 : Comparison of the percentage weight loss in plastic cups and polythene bags by each 
bacterium species isolated from lake Nakuru 
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Discussion 

Diversity of Bacteria in Lake Nakuru 

The results from this study show that lake Nakuru has a rich diversity of bacteria. This may be due to 
diverse ecological niche of the lake. Twenty one species of bacteria were identified. They had different 
morphological and biochemical characteristics. There were bacillus, coccus, coccobacillus, vibrio and 
filamentous bacteria. Some of the bacteria were inhabitants of the Lake as they are known to be found 
in various habitats including salty waters for example Vibrio vulnicus. Other bacteria were likely to be in 
the Lake as a result of pollution for example Streptococcus pyogenes. Vareshi, (1982) had reported that the 
ecosystem in the lake may have changed due to pollution. 

Degradation of Plastics and Polythene  

The study revealed that the waters of lake Nakuru are a good source of bacteria capable of degrading 
plastics and polythene. There were visible changes in the plastic and polythene materials such as rough 
surface and dull colour. In the control, there was no observable change. Ikada, (1999) reported that 
parameters of visual changes can be used as a first indication of any microbial attack. According to 

Table 2: Mean weight (mg) and percentage weight loss of polythene after 90 days of treatment with 
different species of bacteria isolated from lake Nakuru. Initial weight of polythene put in each 
experimental set up was 10 mg 

Name of bacteria species 
Mean wt (mg)±SE of 
degradation 

Wt loss 
(mg)  

Weight loss 
(%) 

Wt loss due to 
bacteria (%) 

Baccilus anthracoides  8.40 ± 0.0010  1.60 16.0 7.50 

Yersinia pseudotuberculosis  9.15 ± 0.0005  0.85 8.50 0.00 

Providencia rettgeri  7.80 ± 0.0110  2.20 22.0 13.50 

Positive control 4.10 ± 0.0030  5.90 59.0 50.50 

Providencia stuarti  8.60 ± 0.0050  1.40 14.0 5.50 

Morganella morganii  9.15 ± 0.0005  0.85 8.50 0.00 

Sphingomanas paucimobilis  5.40 ± 0.0020  4.60 46.0 37.50 

Acinetobacter sp. 9.05 ± 0.0005  0.95 9.50 1.00 

Moraxella sp.  7.25 ± 0.0105  2.75 27.5 19.00 

Erwinia amylovora  9.05 ± 0.0005  0.95 9.50 1.00 

Negative control 9.15 ± 0.0005  0.85 8.50 0.00 

Alcaligen spp.  6.45 ± 0.0045  3.55 35.5 27.00 

Proteus penneri  7.35 ± 0.0005  2.65 26.5 18.00 

Chryseobacterium meningosepticum 7.20 ± 0.0010  2.80 28.0 19.50 

Pseudomonas cepacia  5.60 ± 0.0010  4.40 44.0 35.50 

Erwinia nigrifluens  8.00 ± 0.0040  2.00 20.0 11.50 

Tatumella ptyseas  7.00 ± 0.0150  3.00 30.0 21.50 

Chryseobacterium indologenes  8.40 ± 0.0100  1.60 16.0 7.50 

Streptococcus pyogenes  6.45 ± 0.0045  3.55 35.5 27.00 

Weight loss was calculated by subtracting the mean weight from the original weight (10mg) put in the set up. 
Weight loss attributed to bacteria was calculated by subtracting the weight lost by the negative control from the 
weight lost in each bacterium set up 
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katheserian, (2003) Streptococcus sp, Pseudomonas sp, and Moraxella sp. were able to degrade polythene 
and plastics. Bacillus sp was able to degrade polythene but unable to degrade plastics. In this study 
these bacteria, including Bacillus sp. were able to degrade both plastic and polythene. 

Sphingomonas paucimobilis caused the highest percentage weight loss which is attributed to degradation 
for both plastics (17.5%) and polythene (37.5%). This bacterium can be used in bioremediation and 
biodegradation. S. paucimobilis occurs in various enviroments hence easy to isolate and culture for 
remediation purpose. S. paucimobilis is metabolically versatile, which means it can utilize a wide range 
of naturally occurring compounds as well as some types of environmental contaminants. Burd, 
discovered that Sphingomonas can degrade over 40% of the weight of polythene in less than three 
months (http://www.mnn.com/green-tech/research-innovations). Studies have been held to further 
explore its metabolic mechanisms for application in biotechnology, in addition to its current utilization 
in bioremediation and in the food technology. Sphingomonas paucimobilis is able to degrade lignin-
related biphenyl chemical compounds (Nilgiriwala, 2008). According to Ni’matuzahroh et al. (1999) 
Sphingomonads have been utilised for a wide range of biotechnological applications, from 
bioremediation of environmental contaminants to production of extracellular polymers such as 
sphingans e.g. gellan, wellan, and rhamsan which are used extensively in the food and other industries 
due to their biodegradative and biosynthetic capabilities. One strain, Sphingomonas sp. 2MPII, can 
degrade 2-methylphenanthrene.  

Streptococcus pyogenes was able to degrade both plastics (11.5%) and polythene (27.0%). According to 
Kathiresan, (2003) Streptococcus sp. was able to degrade polythene at 2.19% and 1.07% of plastics per 
month. It can be used for the elimination of these two pollutants. It is also applied in biotechnology 
whereby many of its proteins are known to have unique properties, which have been harnessed to 
produce a highly specific "superglue" (Zakeri, 2012) and a route to enhance the effectiveness of antibody 
therapy (Baruah, 2012).  

 Alcaligen sp. was able to degrade polythene at a high percentage (27%) and plastics at low percentage 
(0.5%). This may be due to the molecular weight of plastic which is higher than that of the polythene. 
This bacterium was able to degrade polythene at a higher percentage which could be attributed to its 
low molecular weight. The surface area of the plastic exposed to this bacterium was smaller compared 
to the surface area of polythene that was exposed to it. The surface area of the material being degraded 
that is exposed to the bacteria affects the percentage of degradation. The more the surface area exposed 
to the bacteria, the higher the rate of degradation (Goldberg, 1995). Alcaligen sp. is known to be used in 
remediation of environmental pollutants. According to Anderson, (2003) A. faecalis converts the most 
toxic form of arsenic, arsenite (AsO2

-) to its less dangerous form, arsenate (AsO4
-). Alcaligenes has been 

used for the industrial production of non standard amino acids. Alcaligen eutrophus also produces the 
biopolymer polyhydroxybutyrate (PHB). Species of Alcaligenes generate energy in a number of ways, 
including arsenite oxidation. This species can be used to clean up environments contaminated with 
polythene. 

Acinetobater sp. was able to degrade polythene (1%) but unable to degrade plastics. This may be 
attributed to the thickness of plastics that was higher than that of the polythene and also to the surface 
area of polythene exposed to the bacteria compared to the plastics. This species is metabolically 
versatile and hence can be exploited in various biotechnological applications including biodegradation 
and bioremediation (Gutnik, 2008). Gerischer (2008) reported that many of the characteristics of 
Acinetobacter ecology, taxonomy, physiology, and genetics point to the possibility of exploiting its 
unique features for future applications. Acinetobacter strains are often ubiquitous and robust (Gutnik, 
2008). Some provide convenient systems for modern molecular genetic manipulation and subsequent 
product engineering. These characteristics are being exploited in various biotechnological applications 
including novel lipid and peptide production, enzyme engineering, biosurfacant and biopolymer 
production and engineering of novel derivatives of these products. It is anticipated that progress in 

http://en.wikipedia.org/wiki/Lignin
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these fields will broaden the range of applications of Acinetobacter for modern biotechnology (Gutnik, 
2008). 

Burkhoderia cepacia was able to degrade plastics (9.5%) and polythene (35.5%). This bacterium can be 
used in the remediation of environment polluted by these wastes. This bacterium is found in water and 
soil and can survive for prolonged periods in moist enviroments hence easy to isolate and culture for 
remediation purpose. This bacterium is also clinically important as it is a human pathogen which most 
often causes pneumonia in immunocompromised individuals (Mahenthiralingam, 2005). 

Erwinia nigrifluens and Tatumella ptyseas were able to degrade plastics and polythene (12.5%, 11%) and 
(11.5%, 21.5%) respectively. These bacteria can be used for remediation of plastic and polythene 
polluted environments. Apart from being important in biodegradation they are also clinically 
important. Erwinia nigrifluens is the causative agent of shallow bark canker of walnut (Wilson et al., 
1957) while Tatumella ptyseas is a human pathogen.(Berka,2001).  

Moraxella sp. was able to degrade plastics (6.50%) and polythene (19.0%). Kathiresan, (2003) reported 
that Moraxella sp. was able to degrade 7.75% of polythene and 8.16% of plastic per month. This 
bacterium can be utilized in bioremediation of the environment from these pollutants. Proteus penneri, 
Chryseobacterium meningosepticum and pseudomonas cepacia were also good in degradation of both plastic 
and polythene. Apart from being important in biodegradation, Chrysebacterium meningosepticum is also 
clinically important as it causes opportunistic infections in immunocompromised patients (Murrey et 
al., 2007). Pseudomonas cepacia degraded plastic (9.50%) and polythene (35.50%). Kathiresan, (2003) 
reported that pseudomonas sp. degraded polythene at 20.54% and plastics at 8.16% per month. It is 
typically found in water and soil hence easy to isolate and culture for remediation purposes. Yersinia 
pseudotuberculosis was unable to degrade both plastics and polythene whereas Morganella morganii was 
unable to degrade polythene.  

The type of microorganism affects the rate of degradation of polymer (Artham and Doble, 2008). Hence 
there were different rates of degradation of both plastics and polythene depending on the species of the 
bacteria present. Different bacteria species were able to degrade plastic and polythene at different rates 
although they had received the same amount and type of nutrients. Sphingomonas paucimobilis had the 
highest percentage of degradation compared to the rest of the bacteria species. This bacterium is known 
to be metabolically versatile since it can utilize a wide range of compounds as well as pollutants. It was 
able to metabolise the plastics and polythene at a higher percentage than the rest of the bacteria. Other 
microorganisms that were good in degradation of both plastic and polythene were Streptococcus 
pyogenes, Tatumella ptyseas, Pseudomonas cepacia, Erwinia nigrifluence, Chryseobacterium meningosepticum 
and Moraxella sp 

The surface area of the plastic and polythene exposed to microorganism affects the rate of degradation. 
The more the surface area exposed, the higher the rate of degradation (Goldberg, 1995). The higher rate 
of degradation by bacteria on the polythene bags may be attributed to the surface area exposed to the 
bacteria. More polythene discs were put in the experiment set up than the number of plastic discs to 
achieve the same mass. Hence more surface area of polythene was exposed to the bacteria than that of 
plastics leading to a higher percentage of degradation of polythene than that of plastics. 

Generally, increase in molecular weight of the polymer decreases its degradability by microorganisms. 
High molecular weight results in a decrease in solubility making them unfavourable for microbial 
attack. This is because bacteria require the substrate to be assimilated through the cellular membrane 
and then be further degraded by cellular enzymes (Gu et al., 2000). Plastics have a higher molecular 
weight and are thicker than polythene. In this research, this might have contributed to the higher 
weight loss of the polythene than that of plastic for each bacteria species. The weight loss of polythene 
was higher than that of plastics for each bacteria species except for Erwinia spp. and Morganella morganii. 
Erwinia spp. had a higher weight loss of plastics than polythene while Morganella morganii was unable to 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

11 

degrade polythene. These bacteria could be having enzymes that are more specific to the degradation of 
the compounds found in the plastic cups or in the polythene bags. 

Polymer degradation is a change in the polymer properties such as tensile strength, colour, shape or 
molecular weight under the influence of one or more environment factors such as light, chemicals, and 
in some cases by galvanic action (Faudree, 1991). Degradation is due to the scission of polymer chain 
via hydrolysis leading to a decrease in the molecular mass of the polymer. The initial breakdown of a 
polymer can result from a variety of physical, chemical and biological forces with chemical hydrolysis 
being the most important. Embrittlement which is one of the physical forces initiating degradation of 
polymers is activated primarily by sunlight or heat (Goldberg, 1995). These leads to reduction of 
molecular weight of the polymer and hence increase in the microbial accessibility (Ghazali, 2004).  

In this study, initial reduction of molecular weight is attributed to the physical and chemical forces 
which were activated by heat generated during shaking (Doi, 1990). The moleculer weight reduction 
may have been as a result of carboxyl group oxidation. Oxidation starts at tertiary carbon atoms 
because the free radicals formed are more sTable and long lasting making them more susceptible to 
attack by oxygen (Faudree, 1991). Discolouration on the surface may have been as a result of the 
deposition of carbonates from the salts added. Lapishin et al., (2010) reported that salts cause the 
discolouration effect on plastic during the process of degradation. Chlorine gas also has an oxidizing 
effect on polymer. This gas attacks sensitive parts of the chain molecules, oxidizing the chain cleavage. 
Cracks can be formed by Ozone.  

In the plastic experiment 36.5% weight reductions occurred in the negative control. This may be 
attributed to physical and chemical forces (Faudree, 1991). In the polythene experiment, 8.5% weight 
reduction occurred in the negative control. This is attributed to the physical and chemical forces of 
degradation (Goldberg, 1995).  

In conclusion, the bacteria from Lake Nakuru can be used to eliminate pollutants through 
biodegradation and hence leading to soil’s nutrient replenishment. The processing of waste degradation 
using living organisms is environmentally friendly, relatively simple, and cost effective. 
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