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บทคัดย่อ 

งานวิจยันีมี้วตัถปุระสงค์เพ่ือศกึษาประสิทธิภาพของแบคทีเรียต้านทานแคดเมียมในการกําจดัแคดเมียม

ออกจากสารละลายแคดเมียม โดยนําแบคทีเรียต้านทานแคดเมียมทัง้ 5 สายพนัธุ์ คือ Arthrobacter sp. TM6, 

Micococcus sp. MU1, Klebsiella sp. BAM1, Enterobacter sp. LOIE2 และ Enterobacter sp. RIV3 มา

ทดสอบหาคา่ความเข้มข้นน้อยท่ีสดุของแคดเมียมท่ีสามารถยบัยัง้การเจริญเติบโตของแบคทีเรียหรือเรียกวา่คา่ 

Minimal Inhibitory Concentration (MIC) ผลการทดลองพบวา่ Arthrobacter sp. TM6 มีความสามารถในการ

ทนทานตอ่แคดเมียมได้มากท่ีสดุ (2,000 มิลลิกรัมตอ่ลิตร) สว่นผลการศกึษาประสิทธิภาพของการกําจดั

แคดเมียมโดยแบคทีเรียต้านทานแคดเมียมทัง้ 5 สายพนัธุ์ พบวา่ Arthrobacter sp. TM6 และ Micrococcus 

sp. MU1 มีประสิทธิภาพในการกําจดัแคดเมียมได้สงูสดุซึง่การดดูซบัโลหะหนกัของเซลล์แบคทีเรียสามารถเกิด

ได้โดยอาศยั Exopolymer ดงันัน้จงึนําแบคทีเรียทัง้สองสายพนัธุ์นีม้าทําการตรวจวดัปริมาณการสร้าง 

exopolymer ท่ีระยะเวลาตา่งๆ พบวา่ Micrococcus sp. MU1 และ Arthrobacter sp. TM6 สร้าง Exopolymer 

ได้สงูสดุในระยะ stationary phase (24 ชัว่โมง) ในปริมาณ 1.99 มิลลิกรัมตอ่ลิตร และ 5.51 มิลลิกรัมตอ่ลิตร 

ตามลําดบัแสดงให้เห็นวา่ Exopolymer สามารถไปจบักบัแคดเมียมและช่วยกําจดัแคดเมียมออกจากนํา้ได้จงึ

สามารถนําแบคทีเรียต้านทานแคดเมียมทัง้สองสายพนัธุ์นีไ้ปประยกุต์ใช้ในการบําบดัแคดเมียมท่ีปนเปือ้นในนํา้

เสียได้ 

คําสําคญั : การกําจดัแคดเมียม, แบคทีเรียต้านทานแคดเมียม, Exopolymer 

ABSTRACT 

The aims of this research are to study biosorption cadmium ion in aqueous solution by 

cadmium resistant bacterium. Five strains of cadmium resistance bacteria namely Arthrobacter sp. 

TM6, Micrococcus sp. MU1, Klebsiella sp. BAM1, Enterobacter sp. LOIE2 and Enterobacter sp. RIV3 

were determined the minimal inhibitory concentration (MIC) of cadmium. The results showed that 

Arthrobacter sp. TM6 had the highest MIC of cadmium by 2,000 mg/L. The results of cadmium 

removal efficiency by all cadmium resistant bacterial strains found that Arthrobacter sp. TM6 and 

Micrococcus sp. MU1 had the highest percentages of cadmium removal efficiency. Thus, these 2 

strains of cadmium resistance bacteria were selected and quantitatively determined exopolymer  
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production at various growth phases. The results revealed that Micrococcus sp. MU1 and 

Arthrobacter sp. TM6 produced the highest exopolymer at the stationary growth phase (24 hr) by 

1.99 and 5.51 mg/L, respectively. These results implied that exopolymer bind to cadmium ion and it 

plays a role in cadmium removal from aqueous solution. These cadmium resistant bacteria could be 

applied for treatment of cadmium contaminated in wastewater. 
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INTRODUCTION 

 The fast growing of economics, technology and industries causes environmental pollution.  

Cadmium is one of the most toxic heavy metals. Most of cadmium used in industrial processes such 

as batteries, plastics and pigments. Wastewater from these industrial discharges to aquatic 

environment and accumulates in living aquatic organisms. The toxicity of cadmium in human occurs 

when a person takes some foods or water containing high concentration of cadmium (WHO, 2007). 

Thus, the removal of cadmium from contaminated water is an important way to protect the 

environment. There are several technologies used to remove heavy metals such as physical, 

chemical, and biological treatment. The biological treatment is one of technology for reduce the 

effects to the environment by using microorganism. Microorganisms have developed survival 

strategies in heavy metal polluted habitats. The different microbial detoxifying mechanisms including 

bioaccumulation, biotransformation, biomineralization or biosorption can be applied to design 

bioremediation processes. Biosorption is considered as an alternative process for the removal of 

heavy metals from aqueous solution by biological materials. Microbial biomass can be used to 

decontaminate heavy metals bearing wastewaters as well as to concentrate heavy metals. 

Microorganisms, including bacteria, algae, fungi and yeasts can efficiently accumulate heavy metals 

from their external environment. Extracellular polymeric substance (EPS) or exopolymer is localized at 

outside the bacterial cell surface and comprised of a variety of high molecular weight organic 

macromolecules such as polysaccharides, proteins, nucleic acids, phospholipids along with other 

nonpolymeric constituents of low molecular weight (Arundhati et al., 2008). The functional groups of 

exopolymer consists carboxylate, hydroxyl, phosphate, amine and sulphate groups which can bind 

metal ions. Therefore, exopolymer has been recommended as a potent biosorbent for the 

bioremediation of metal contamination (Kim et al., 1996). Thus, this research focused on the study of 

efficiency of cadmium resistant bacteria on the removal cadmium ion in aqueous solution and the 

level of exopolymer production. These results could be useful in the further to develop the 

biotreatment techniques for detoxifying cadmium and other heavy metals that contaminated in the 

wastewater. 
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MATERIALS AND METHODS 

1. Cadmium resistant bacterial strains 

 Arthrobacter sp. TM6 was isolated from cadmium contaminated soils at Maesod District, Tak 

province by Ruanchaiman et.al (2009). Micrococcus sp. MU1, Klebsiella sp. BAM1, Enterobacter sp. 

LOIE2 and Enterobacter sp. RIV3 were isolated from rhizosphere soils by Chanprasert (2012). All of 

bacterial strains were collected in culture collection of Laboratory of Environmental Biotechnology at 

Faculty of Environment and Resource Studies, Mahidol University. 

2. Determination of minimal inhibitory concentration of cadmium 

 The minimal inhibitory concentration (MIC) of cadmium ion was determined by broth dilution 

method previously described by Johncy et al. (2010) with some modification. All flasks of LB broth (10 

mL) amended with cadmium ions concentration in a range of 100-2,600 mg/L were inoculated with 

overnight inoculum of each bacterial strain and measured the initial cell density at approximate OD600 

~0.1 by spectrophotometer. Bacterial cultures were incubated at 28 oC for 24 hr and collected to 

measure the cell density at OD600. 

3. Evaluation of cadmium removal efficiency by cadmium resistant bacteria 

 Cadmium removal efficiency was carried out as previously described by Rajkumar and 

Freitas (2008) with some modification. All of bacterial strains were cultured on LB agar plate and 

incubated 48 hr at 28oC. Fresh colonies were inoculated in the LB broth until the cell turbidity 

reaching ~1.5 of OD600. Cells were harvested by centrifugation at 8,000 rpm for 10 min and the 

bacteria pellet was washed twice with 50 mM phosphate buffer (pH 7.0). A harvested biomass was 

resuspended in 25 mg/L of cadmium ion. After incubation at room temperature with shaking at 150 

rpm for 10 hr, cells were harvested by centrifugation at 10,000 rpm for 20 min. The amount of residual 

cadmium presented in the supernatant was digested with microwave digester and analyzed by flame 

atomic absorption spectrophotometer (FAAS). Cadmium removal efficiency was calculated by 

equation as follow: 

 Cadmium removal efficiency (%) =  (Ci-Cf)      

      Ci x 100    

Where; Ci is initial cadmium concentration (mg/L) 

  Cf is final cadmium concentration (mg/L) 
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4. Quantitative determination of exopolymer production from cadmium resistant bacteria at various 

growth phases 

 A selected bacterial strain was cultured in LB broth. Cells were incubated at 28 °C with 

shaking at 150 rpm for overnight. Overnight inoculums were inoculated in 20 mL fresh LB broth in 125 

mL-Erlenmeyer flask. All flasks were incubated at 28 °C with shaking at 150 rpm. Bacterial cell 

suspension was collected at 2, 4, 6, 8, 12, 24, 36, 48 and 72 hr, respectively for determination of cell 

density at OD 600 and amount of exopolymer production. Exopolymer were extracted by boiling the 

cell suspension in water bath at 100 °C for 15 min and precipitated using ice-cold absolute ethanol. 

Amounts of exopolymer were analyzed using phenol-sulfuric method as described previously by 

Dubois et al., (1956). 

5. Statistical analysis 

 All experiments in this study were done at least in triplicates. Data of bacterial growth (cell 

density) from MIC determination and level of exopolymer production were analyzed by using mean 

and standard deviation (SD). Efficiency of cadmium removal by each bacterial strain and each 

condition was statistically analyzed by using one-way analysis of variance (ANOVA) at 95% 

confidence. The post hoc pairwise comparison with a Least Significant Difference (LSD) test was 

used when more than two treatments were compared. In either case, a value of p<0.05 was 

considered significant. 

RESULTS AND DISCUSSION 

1. Minimal inhibitory concentration (MIC) of cadmium  

 To determine MIC values of cadmium ion of 5 strains of cadmium resistant bacteria including,  

Arthrobacter sp. TM6, Micrococcus sp. MU1, Klebsiella sp. BAM1, Enterobacter sp. LOIE2 and 

Enterobacter sp. RIV3. All strains were inoculated in LB broth amended with cadmium ion 

concentration in a range 100-2,600 mg/L. The results of MIC values of cadmium ion are showed in 

Table 1. 

Table 1. The minimal inhibitory concentration of cadmium against cadmium resistant bacteria 

Bacterial strains Minimal inhibitory concentration of cadmium (mg/L) 

Arthrobacter sp. TM6 2,000 

Micrococcus sp. MU1 800 

Klebsiella sp. BAM1 600 

Enterobacter sp. LOIE2 400 

Enterobacter sp. RIV3 600 
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 MIC is used to indicate the ability of bacterial resistance to cadmium. The result showed that 

the range of MIC values from the highest to the lowest MICs of cadmium ion were Arthrobacter sp. 

TM6 (2,000 mg/L) >, Micrococcus sp. MU1 (800 mg/L) >, Klebsiella sp. BAM1 (600 mg/L) = 

Enterobacter sp. RIV3 (600 mg/L) >, Enterobacter sp. LOIE2 (400 mg/L).  All isolates exhibited highly 

resistant to cadmium ion indicated by the high MIC values. Ansari and Malik (2006) found that a 

maximum MIC of cadmium ion in soil bacteria was 200 mg/L. The high ability on the resistance to 

cadmium ion by these cadmium resistant bacteria, particularly Arthrobacter sp. TM6 indicated its 

promising adaptation abilities for practical applications. 

2. Cadmium removal efficiency by cadmium resistant bacteria 

The efficiency of cadmium removal by biosorption process depends on the ability of bacterial 

biosorbent. Harvested biomass of 5 strains of cadmium resistant bacteria were resuspended in 

aqueous solution of cadmium ion at concentration 25 mg/L. After shaking at room temperature for 10 

hr, cell pellets were separated by centrifugation. The residue of cadmium in the supernatant was 

analyzed by FAAS. A percentage of cadmium removal efficiency was calculated. The results of 

cadmium removal efficiency of all tested cadmium resistant bacteria are showed in Table 2. 

 Table 2. Cadmium removal efficiency by cadmium resistant bacteria 

Bacterial strains Cadmium removal efficiency (%) 

Arthrobacter sp. TM6 91.14±2.61 

Micrococcus sp. MU1 96.68±0.60 

Klebsiella sp. BAM1 61.89±3.69 

Enterobacter sp. LOIE2 69.67±1.71 

Enterobacter sp. RIV3 65.89±5.25 

 

The results showed that the highest percentage of cadmium removal efficiency was 

significantly found in Micrococcus sp. MU1 by 96.68% and followed by Arthrobacter sp. TM6 

(91.14%). Chompoothawat et al. 2010 reported that the stationary growth phase of the cadmium 

resistant bacterium; Ralstonia sp. TAK1, had the percentage of cadmium removal efficiency by 

41.73%. The removal efficiency of heavy metal on biosorbent can be influenced on various 

parameters including metal concentration, biomass dose, temperature, contact time and solution pH 

(Ahalya et al., 2003; Xie et al., 1996). 
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3. Exopolymer production from selected cadmium resistant bacterium at various growth 

phases 

 The exopolymer production of selected cadmium resistant bacteria Arthrobacter sp. TM6 and 

Micrococcus sp. MU1 was found in a range of 0.14-0.62 mg/L and 1.45-5.51 mg/L, respectively. The 

yield of bacterial exopolymer started at a low rate during the exponential growth phase (4 hr) at 0.14 

mg/L of Micrococcus sp. MU1 and 1.45 mg/L of Arthrobacter sp. TM6. Exopolymer production by 

Micrococcus sp. MU1 and Arthrobacter sp. TM6 increased sharply when cells entered the early-

stationary phase (approximately 12 hr) by 0.98 and 2.80 mg/L, respectively. At the stationary phase 

(24 hr), Micrococcus sp. MU1 and Arthrobacter sp. TM6 produced exopolymer by 1.99 and 5.51 

mg/L, respectively.  

 

Figure 1 Exopolymer production from the selected cadmium resistant bacteria; Micrococcus  

  sp. MU1 and Arthrobactersp. TM6 

Our results exhibited that Micrococcussp. MU1 and Arthrobacter sp. TM6 produced the 

highest EPS at the stationary phase (24 hr) of growth. Similar to the study of Watcharamusik et al., 

(2008), the highest amount of exopolymer produced from  Ralstonia sp. TAK1 (0.69 mg glucose 

equivalent/ mg dry weight) was observed at the stationary phase and sharply decreased at the late-

stationary phase. The Enterobacter cloacae produced the highest levels of exopolymer at the 

stationary phase of growth (Prasertsan et al., 2008). Exopolymer serves as biosorbing agents by 

accumulating nutrients from the surrounding environment and also play a crucial role in biosorption of 

heavy metals. Exopolymer forms complexes with metal cations resulting in metal immobilization within 

the exopolymeric matrix. These complexes generally result from electro-static interactions between 

the metal ligands and negatively charged components of biopolymers (Pal and Paul, 2008). 
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CONCLUSION 

Arthrobacter sp. TM6 showed the highest  MIC value in cadmium ion concentration 2,000 

mg/l. The ranges of percentages of cadmium removal efficiency from the most to the least were 

Micrococcus sp. MU1> Arthrobacter sp. TM6> Enterobacter sp. LOIE2> Enterobacter sp. RIV3> 

Klebsiella sp. BAM1. The selected cadmium bacteria that showed the high ability on cadmium 

removal were Micrococcus sp. MU1 and Arthrobacter sp. TM6. The highest exopolymer production 

from Micrococcus sp. MU1 and Arthrobacter sp. TM6 was observed at the stationary phase (24 hr) at 

1.99 and 5.51 mg/l, respectively. 
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