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Abstract
 The aim of this study was to identify and verify the potential bacteria as the bioremediation agent. It involved bacteria isolation, identification through Gram staining, analytical profile index (API) test and determine bioremediation activities by using inductively coupled plasma mass spectrometry (ICPMS). The soil and water sample were collected from downstream of Galing River, Kuantan Malaysia. Based on phenotypic identification and biochemical analysis, the bacteria present at the vicinity area are possibility of Myroides spp. and Micrococcus spp. These bacteria were proven as bioremediation agent based on the ICPMS result. The result 1 ppm of Zink (Zn), Lead (Pb), Arsenic (As), Selenium (Se), Cadmium (Cd), Manganese (Mn), and Indium (In) dwindled after the bacteria inoculated and incubated for seven days in mixture of base salt media (BSM) with the heavy metal elements. Therefore, this proves that the bacteria which are present at downstream of Galing River, Kuantan Malaysia are significant to help us in the bioremediation activity to decrease the heavy metal pollution in the environment.

Keywords:  Bioremediation, heavy metal, bacteria, analytical profile index, inductively coupled plasma mass spectrometry

Abstrak
Kajian ini bertujuan untuk mengenal pasti dan mengesahkan bakteria yang berpotensi sebagai agen bioremediasi. Ia melibatkan pengasingan dan pengenalan bakteria melalui ujian pewarnaan Gram, ujian indeks profil analisis (API) dan menentukan aktiviti bioremediasi dengan menggunakan spektometri jisim gadingan plasma teraruh (ICPMS). Sampel tanah dan air telah diambil dari hilir Sungai Galing, Kuantan Malaysia. Berdasarkan ujian pengasingan, pewarnaan dan API, bakteria yang hadir di kawasan sekitar adalah berkemungkinan Myroides spp. dan Micrococcus spp. Bakteria ini telah terbukti sebagai ejen bioremediasi berdasarkan keputusan ICPMS dimana 1 ppm Zink (Zn), Plumbum (Pb), Arsenik (As), Selenium (Se), Kadmium (Cd), Mangan (Mn), dan Indium (In) berkurangan selepas bakteria  disuntik dan dieram selama tujuh hari dalam campuran media garam asas (MGA) dengan unsur-unsur logam berat. Oleh itu, ini membuktikan bahawa bakteria yang hadir di hilir Sungai Galing, Kuantan, Malaysia adalah penting untuk membantu kita dalam bioremediasi aktiviti untuk mengurangkan pencemaran logam berat di dalam alam sekitar.

Kata kunci:  Bioremediasi, logam berat, bakteria, indeks profil analisis, spektometri jisim gadingan plasma teraruh

	Introduction	
Bacteria are microorganisms with a very large group of single-celled and consist of wide range of metabolic types, geometric shapes and environmental habitats and niches of occurrence.  Normally, bacteria are 0.2 micrometres in diameter and 2-8 micrometres (µm) in length with coccus shapes, bacillus or spiral [1]. They can live in all parts of the biosphere such as in the water, soil, hot springs, ocean floor and even within the Earth’s crust. Some of them are pathogenic that can be harmful and cause diseases, but there are some microorganisms that are needed for other living organisms to survive and useful in bioremediation activities [2].

Bioremediation is the use of living organisms to break down or transform hazardous materials to harmless compounds [3]. This treatment technique is more effective than other techniques [4]. The bioremediation process is cheaper than other technologies that are used to clean-up of hazardous waste [5]. It is also environment friendly that it does not destroy the ecosystem and very useful to remove pollutants [6]. Thus, there is no doubt that bioremediation has great potential for dealing with certain types of site contamination [7]. 

Many bacteria are useful to human being through their bioremediation activities. For instance, Pseudomona. alcaligenes, is able to degrade the recalcitrant polycyclic aromatic hydrocarbon, Pseudomonas mendocina and Pseudomonas putida have the ability to degrade toluene [8]. On the other hand, Pseudomonas resinovorans is capable to degrade carbazole and Pseudomonas veroniiis is able to degrade a variety of simple aromatic organic compounds. Furthermore, the Pseudomonas pseudoalcaligenes has been proven that they use cyanide as nitrogen source to survive [9] meanwhile Pseudomonas, alcaligenes, Sphingomonas, Rhodococcus, and Mycobacterium are able to degrade pesticides and hydrocarbons, both alkanes and polyaromatic compounds [10].  

Soil and water are contained a variety of microorganisms including bacteria that can be found in any natural ecosystem. Particularly, they well adapted to environments contaminated with high levels of toxic metals, and that are would be useful for bioremediation applications [11]. The bacteria are crucial in nutritional chains and exerting important roles in biological balance. Adapting several abilities, bacteria have becomes an important influence on the ecological systems, making them necessary for superior organisms living in this planet. Ability of bacteria such as Bacillus, Micrococcus, Staphylococcus, Pseudomonas and Methylococcus to transform and degrade various types of pollutants in different matrixes such as soil, water, sediments and air has been widely recognized during the last decades [12].

According to Environmental Protection Agency (EPA), there are various types of metal contaminants such as arsenic, antimony, beryllium, cadmium, chromium, copper, lead, mercury, iron, manganese, magnesium, radium, nickel, selenium, silver, thallium and zinc are present in surface water, groundwater, soil, storage tanks, lagoons, industrial gaseous emissions and industrial waste are priority pollutant [13]. Bioremediation techniques may be applied to reduce or eliminate the pollutants that harmful to environment [14,15]. The attuned heavy metal bioremediation bacteria are inclusive of Escherichia coli, Salmonella typhi, Bacillus licheniformis and Pseudomona fluorescence [16], Pseudomonas aeruginosa, Alcaligenes eutrophus [17], Enterobacter cloaceae, Rhodobium marinum and Rhodobacter sphaeroide [18]. Thus, the objectives of this study was to identify the potential bacteria through phenotypic and biochemical API test as well as verification in the bioremediation application by using ICPMS.

Materials and Methods
Sample Collection
The plastic bottles sample and Erlenmeyer were washed with 1% of nitric acid and sterilized in the UV light chamber. Meanwhile, all media were sterilized by the autoclave.  Surface water samples were collected from downstream of the Galing River, Kuantan Malaysia (N.3°.81118’’ and E. 103°. 34047”) and soil sample was obtained from the river bank. Respectively, they were stored into the plastic bottle sample with screw cap. 

Bacteria Identification
One gram from each sample are weighed and inoculated into 99g of sterilized Bifidus Selective Medium (BSM) followed by incubation at 37ºC for 24h with shaker incubator (120 rpm).  The overnight culture of each samples were subcultured onto nutrient agar (NA) followed by another incubation at 37ºC for 24h. The bacteria species were phenotypically identified and biochemically characterized by using Gram Staining and API 20E, respectively. 

Bioremediation Activity Test 
One part per million (ppm) solution of multi element (Zn, Pb, As, Se, Cd, Mn, In) with BSM was prepared with adding 10g of multi element 10 ppm into 90 g of BSM. The single colony from each type of bacteria was inoculated into 1 ppm of the solution and incubated in ambient temperature for 7 days. 1 g of dry soil sample was weighed and mixed in vessel with 9 mL of concentrated nitric acid, 2ml hydrochloric acids and 1 ml of the hydrogen peroxide. Subsequently, the vessel heated with 180 °C in the microwave digestion Multiwave 3000 for 5.5 minutes [19]. Hundred times dilution with deionized water 18 micro ohm (µΩ) was performed after the digestion [20]. In contrast, 50 ml of water sample was treated with 500 µL of Concentrated Nitric Acid [21]. All of treated samples filtered through 0.45µm of syringe filter and analyzed by the ICPMS Elan 9000 Perkin Elmer to check the respective heavy metal element in the water and soil before and after inoculated bacteria into the solution.








Results and Discussion
Media Test
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Figure 1. Colonies of bacteria isolated from the water samples
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Figure 2. Single colony of bacteria isolated from the soil sample

Based on Figure 1, there was only one colour observed on the culture plate. It is shown that only one type of bacteria was found from the water sample. Meanwhile, Figure 2 portrays the water sample consists of two colours which are white and yellow. This indicates two types of bacteria found from the water samples.

Gram Staining Identification
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Figure 3. Yellow-coloured single colony bacteria from the water samples show Gram negative reaction
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Figure 4. White-coloured single colony bacteria from the soil sample
	            
The staining result as Figure 3 portrayed the bacteria in rod shapes and shown Gram negative reaction with pink coloured under microscope observation. Meanwhile, Figure 4 shows the staining result for the white-coloured bacteria whereby the bacteria in coccus shape and the crystal violet to be purpled-coloured when seen through a microscope. It indicated that the microbes are Gram- positive bacteria.

Analytical Profile Index Test
Resultant through the staining test, the gram-negative bacteria must be identified by using API 20E test system [22] meanwhile the gram-positive coccus bacteria is compatible to be identified through the API Staph test [23]. Thus, Figure 5, 6 and Table 1 and 2 illustrate the result of the bacteria identification isolated from the samples.
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Figure 5. API 20 E test results for yellow-coloured bacteria isolated from the water sample.

Table 1. API 20 E test results for yellow-coloured bacteria isolated from the water sample.

	Test
	Active Ingredients
	Reactions/  Enzymes
	Color Changes
	Results

	ONPG
	2-nitropheny-BD-galactopyranoside
	B-galactosidase   ( Ortho Nitrophenyl-BD-galactopyranoside)
	Colorless
	Negative

	ADH
	L-arginine
	Arginine DIHyrolase
	Yellow
	Negative

	LDC
	L-lysine
	Lysine Decarboxylase
	Yellow
	Negative

	ODC
	L-ornithine
	Ornithine Decaboxylase
	Yellow
	Negative

	CIT
	Trisodium citrate
	Citrate utilization
	Pale green
	Negative

	H2S
	Sodium thiosulphate
	H2S production
	Colorless
	Negative

	URE
	Urea
	Urease
	Yellow
	Negative

	TDA
	L-Tryplophane
	Tryplophane Deaminase
	Reddish
	Positive

	IND
	L-Tryplophane
	Indole production
	Yellow
	Negative

	VP
	Sodium pyruvate
	Acetoln production (Voges Proskauer)
	Colorless
	Negative

	GEL
	Gelatin (bovine origin)
	Gelatinase
	Diffusion of black pigment
	Positive

	GLU
	D-glucose
	Fermentation/oxidation        
 ( Glucose )( 4 )
	Blue Green
	

	
	
	
	
	Negative

	MAN
	D-mannitol
	Fermentation/oxidation   
( Mannitol )( 4 )
	Blue
	Negative

	INO
	Inositol
	Fermentataion/oxidation (Inositol) (4)
	Blue
	Negative

	SOR
	D-sorbitol
	Fermentataion/oxidation (Sorbitol) (4)
	Blue
	Negative

	RHA
	L-rhamnose
	Fermentataion/oxidation (Rhamnose) (4)
	Blue
	Negative

	SAC
	D-sucrose
	Fermentataion/oxidation (Sacharose) (4)
	Yellow
	Positive

	MEL
	D-melibiose
	Frementation /Oxidation(Gmelibose)
	Blue
	Negative

	AMY
	Amygdalin
	Fermentation/ oxidation (Amygdalin)(4)
	Blue
	Negative

	ARA
	L-arabinose
	Fermentation/oxidation (Arabinose)(4)
	Blue
	Negative

	OX
	Oxidase
	Cytochrome-Oxidase
	Purple color formation
	Negative

	Nitrate Reduction GLU tube
	Potassium nitrate
	NO2 production
	Yellow
	Negative

	
	
	Reduction to N2 gas
	Orange-red
	Negative

	MOB
	API M Medium or microscope
	motility
	Motile
	Negative

	mcC
	MacConkey
	growth
	Presence of bacteria
	Positive

	OF-F
	Glucose (API of Medium)
	Fermentation: under mineral oil
	Green
	Negative

	OF-O
	Glucose (API of Medium)
	Oxidation: exposed to the air
	Green
	Negative
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Figure 6. API Staph test results for white-coloured bacteria isolated from the soil sample.

Table 2. API staph test results for white-coloured bacteria isolated from the soil sample.
	Tests
	Active 
Ingredients
	Reaction / Enzymes
	Color 
Changes
	Results

	O
	No substrate
	Negative Control
	Red
	Negative

	GLU
	D-glucose
	(Positive Control)(D-Glucose)
	Red
	Negative

	FRU
	D-fructose
	Acidification (D-Fructose)
	Red
	Negative

	MNE
	D-mannose
	Acidification (D-Mannose)
	Red
	Negative

	MAL
	D-maltose
	Acidification (D-Maltose)
	Red
	Negative

	LAC
	D-lactose (bovine origin)
	Acidification (D-Lactose
	Red
	Negative

	TRE
	D-trehalose
	Acidification (D-Trehalose)
	Yellow
	Positive

	MAN
	D-mannitol
	Acidification (D-Mannitol)
	Red
	Negative

	XLT
	Xylitol
	Acidification (D-Xylitol)
	Red
	Negative

	MEL
	D-melibiose
	Acidification (D-Melibiose)
	Red
	Negative

	NIT
	Potassium Nitrate
	Reduction of Nitrates to Nitrites
	Colour less-light pink
	Negative

	PAL
	ß-Naphthyl phosphate
	Alkaline Phosphatase
	Violet
	Positive

	VP
	Sodium Pyruvate
	Acetyl-Methyl-Carbinol production (Voges Proskauer)
	Violet-Pink
	Positive

	RAF
	D-raffinose
	Acidification (Raffinose)
	Red
	Negative

	XYL
	D-xylose
	Acidification (Xylose)
	Red
	Negative

	SAC
	D-saccharose (Sucrose)
	Acidification (Saccharose)
	Red
	Negative

	MDG
	Methyl-ἀD-Glucopyranoside
	Acidification (Methyl-ἀD-Glucopyranoside
	Red
	Negative

	NAG
	N-acetyl-glucosamine
	Acidification (N-acetyl-glucosamine)
	Red
	Negative

	ADH
	L-arginine
	Arginine DiHydrolase
	Red
	Negative

	URE
	Urea
	Urease
	Red
	Negative



According to the API result (Table 2), the bacteria identification was determined by using API 20E Stand Alone Version 1.1 Software in order to identify the possibility of the bacteria species (spp). Thus, based on the software, the possibility of bacteria present at the area is 75% of Myroides spp. Furthermore, the API Staph result Table 2 analysed through the API Staph Stand Alone Version 1.1 Software in order to identify the bacteria species. Thus, the possibility of the bacteria present at the area is 97.2% of Micrococcus sp. Therefore, the analysis of water and soil has revealed that contaminated there is a possibility of the presence of indigenous Myroides spp. and Micrococcus spp at downstream of the river. 
       
Organisms of Myroides spp. are aerobic, yellow-pigmented, gram-negative rod that grows at both room temperature and 37°C. They are habitat-specific organisms, like other members of the Flavobacteriaceae family, and are commonly found in wet environments. Particularly, Myroides spp is marine bacteria whereby can cause diseases such as cellulites, necrotizing fasciitis, urinary tract infection, surgical wound infection, ventriculitis and endocarditic that dangerous to human being [24]. However, the Myroides spp can degrade the residue of C5-C8 fatty acids including pentanoic acid, hexanoic acid, heptanoic acid, octanoic acid, and 2-methylbutanoic acid that can lead the further air and water pollution [25]. 
       
Meanwhile, Micrococcus spp. is a genus of bacteria in the Micrococcaceae family and exists in a wide range of environments, including water, dust, and soil. The bacteria can cause the diseases such as septic arthritis, endocarditis, pneumonia and septic shock. These bacteria are dangerous to human being if infected. Nevertheless, they are involved in detoxification or biodegradation of many other inevitable environmental pollutants such as hydrocarbon waste, wax, organic pollutant, plastic [18] and radioactive residue [26]. Micrococcus sp is beneficial microorganism to clean up the oil contaminated sites and prevent the soil from the detrimental substances [27].

ICPMS Analysis.

Table 3. The concentration of solution without bacteria (control) and after inoculated with the yellow-coloured bacteria (sample 1)

	Element
	Control (ppm)
	Sample (ppm)

	Zn
	1.000
	0.513

	Pb
	1.000
	0.521

	As
	1.000
	0.791

	Se
	1.000
	0.533

	Cd
	1.000
	0.523

	Mn
	1.000
	0.857

	In
	1.000
	0.697
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Figure 7. The comparison between concentration of control and sample 1

Table 4. The concentration of solution without bacteria (control) and after inoculated with the white-coloured bacteria (sample 2)

	Element
	Control (ppm)
	Sample (ppm)

	Zn
	1.000
	0.660

	Pb
	1.000
	0.405

	As
	1.000
	0.707

	Se
	1.000
	0.205

	Cd
	1.000
	0.493

	Mn
	1.000
	0.835

	In
	1.000
	0.651
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Figure 8.  The comparison concentration of control and sample 2

Correspondingly, Table 3 and 4 show concentrations of the elements are dwindled after the bacteria inoculated into the 1 ppm of solution multi element with BSM and incubated in ambient temperature for 7 days.  Additionally, Figure 7 and 8 illustrate trend of the heavy metal concentration in the solution without the presence of bacteria and inoculated with the bacteria. Therefore, it demonstrates that the bacteria are capable to degrade the heavy metal elements contaminated in the water and soil thereby established the bioremediation activities ensue at the area. 


Table 5. Concentration of heavy metal contaminated in the soil and water at the downstream of Galing River

	Element
	Water (ppm)
	Soil
(ppm)
	Maximum acceptable 
value (ppm)

	Zn
	0
	0.001
	3

	Pb
	0
	0.004
	0.05

	As
	0.003
	0.07
	0.01

	Se
	0.003
	0.002
	0.01

	Cd
	0
	0
	0.003

	Mn
	0.028
	0
	0.2

	In
	0
	0
	NA



Heavy metal elements such as Zn, Pb, Cd and In are not contaminated in the water as well as Mn, In and Cd in the soil (Table 5). On the other hand, the elements concentration of As, Se, Mn in the water and Zn, Pb, As and Se in the soil are still low and comply with the acceptable value of raw water quality standard recommended by the Ministry of Health, Malaysia [28]. Respectively, the concentration elements of heavy metal contaminated in the soil and water samples are low thereby indicated the presence of the bacteria in the river and soil at downstream Galing River are playing the imperative role to assist people in decreasing the pollution of heavy metal contains in the environment which is very harmful to the ecology system. It is proved that the bioremediation activities by the bacteria are happening at the vicinity area.

Conclusion
In conclusion, this study demonstrates that the bacteria confer a positive result in bioremediation process. This also suggest the possibility of Myroides spp. and Micrococcus spp which exist indigenously in the downstream of Galing River, Kuantan have ability in the bioremediation. Therefore, these bacteria can be utilized as potential bioremediation agent to eliminate or decrease the heavy metal pollutant in future.  However, more study on this matter should be executed in order to reconfirm the bioremediation activity by the bacteria, the presence of the bacteria, as well as bacteria identification genotypically and the concentration of heavy metal polluted in the river water and soil.
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