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Abstract 

Toxic and carcinogenic Cadmium from many industries cause the pollution of 

agricultural environment and natural water sources. This study aims to isolate, 

investigate and identify the bacteria, Pseudomonas aeruginosa, capable of 

removing Cadmium from polluted sources and the effect of some factors on 

this process. Initially, a total of twenty seven isolates were screened from 

agricultural soil samples of Al-Dora, Baghdad, Iraq. These isolates were 

identified as Pseudomonas aeruginosa, based on biochemical characterization, 

and Vitek2 system. Four bacterial strains of Cadmium resistant Pseudomonas 
aeruginosa were obtained, PSK1, PSK2, PSK3 and PSK4. The minimum 

inhibitory concentrations of these strains were ranged from 600 to 900 mg/L. 

The strain PSK3 which had the highest MIC was selected and tested for the 

ability to removing and bioadsorption of Cadmium. The minimum inhibitory 

concentration of strain PSK3 against the cadmium was 900 mg/L. Also these 

four strains exhibited resistance to many antibiotics used in this study such as 

Piperacillin, Amoxicillin, Streptomycin and Erythromycin. The strain PSK3 

removed the maximum amount of the Cadmium which is about 85% in log 

phase after 28 h of incubation. The Cadmium removal capacity of strain PSK3 

was affected by temperature and pH. At pH 8.0 and 35oC, strain PSK3 showed 

maximum Cadmium removal capacity. It was concluded that the identified 

Cadmium resistant bacteria may provide an alternative to conventional 
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methods of Cadmium recovery or removal from contaminated soil and 

industrial wastewater. 
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INTRODUCTION  

Heavy metals forms a part of soil pollutions in industrial areas, these elements such as 

Cadmium, not only isn’t necessary for biological life, but also they are highly toxic 

[1]. Cadmium is reported to be very toxic. Once the Cadmium has been released into 

the environment, it exhibit toxic effects on organisms and removing excesses from 

soil and water is deemed important for environmental health [2]. Cadmium is one of 

the heavy metals, which is highly toxic to human, plants and animals. The metal is of 

special concern because it is non-degradable and therefore persistent. The main 

anthropogenic pathway through which Cadmium enters environment is via wastes 

from industrial processes such as plastic, electroplating, alloy manufacturing, 

pigments, cadmium-nickel batteries, fertilizers, pesticides, mining, pigments and dyes 

[3, 4]. Biosorption is a term that describes the removal of polluting agents from 

aqueous solutions by using biomass. The mechanism of removal by biosorption is not 

controlled by metabolism, but mainly by surface adsorption. In contrast, the term 

bioaccumulation describes an active process of metal removal that requires the 

metabolic activity of a live organism [5]. The bioabsorbents such as fungi and bacteria 

used for biosorption because of their cell walls contain functional groups such as 

hydroxyl, amine, carboxyl and sulfates which serve as the mental binding site [6]. 

Antibiotic transport by efflux systems, combined with other resistance-mechanisms is 

responsible for the selection of strains highly resistant to multiple antibiotics and 

heavy metals [7]. The use of bacteria for the removal of metals from contaminated 

effluents and mining and industrial wastes is considered to be effective because of its 

efficiency and ecofriendly nature [8]. The aim of this study was isolation and 

identification of Cadmium-resistant Pseudomonas aeruginosa from agricultural soil 

and determination of the resistance spectrum of bacteria to antibiotics, also by 

measuring the minimum inhibitory concentrations against Cadmium and find high-

resistant strains in order to use them in cadmium removal and bioremediation. 

 

MATERIALS AND METHODS 

Sample collection 

Agricultural soil samples were collected in sterilized screw capped bottles from 

different industrial agricultural areas of Al-Dora, Baghdad, Iraq. Some 

physicochemical parameters of samples such as, salinity, pH and Cadmium ion 

concentration (mg/L) were measured. 
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Isolation and Identification of Cadmium resistant Pseudomonas aeruginosa  

The stock solutions of 10 mg/L and 100 mg/L of the Cadmium were prepared by 

dissolving the Cadmium chloride in the deionized water and sterilized by using 0.22 

𝜇m pore-size sterile filters. The Cadmium resistant bacteria were isolated by standard 

dilution method. The serially diluted water samples were sown on the nutrient agar 

plates which were loaded with 10 mg/L of the Cadmium solution. The bacterial 

strains which can tolerate the 10 mg/L of the Cadmium were isolated and further 

streaked on the agar plates with 100 mg/L of the Cadmium and then finally selected 

for further experiments. Pseudomonas aeruginosa bacterium were identified 

according to the key of Bergey’s Manual of Determinative Bacteriology. The 

identification was further confirmed by using a Vitek-2 system (bioMérieux). 

 

Minimum Inhibitory Concentration (MIC) against Cadmium. 

A stock solution of 1000 mg/L of the cadmium was prepared. The acetate minimal 

medium (0.5 gm/L yeast extract, 0.2 gm/L MgSO4, 5.0 gm/L sodium acetate, 0.001 

gm/L FeSO4, 0.001 gm/L CaCl2, 0.5 gm/L K2HPO4, and 1.0 gm/L NH4Cl) was used 

to check the MIC against the cadmium [9]. In each test tube 10 ml of the acetate 

minimal medium was taken. After autoclaving, the medium was supplemented with 

20 𝜇l overnight grown bacterial culture and consecutive addition of the cadmium 

ranged from 100 to 1000 mg/L and then finally incubated at 37oC for 24h.The growth 

was measured as optical density at 600nm. 

 

Determination of Antibiotic susceptibility  

Disk diffusion susceptibility testing was performed on Mueller Hinton agar for the 

following antibiotics (Mast, UK) with their concentrations given in parenthesis: 

Piperacillin (100 𝜇g), Tetracycline (30 𝜇g), Amoxicillin (10 𝜇g), Gentamycin (10 𝜇g), 

Streptomycin (10 𝜇g), Cefotaxime (30 𝜇g), Erythromycin (15 𝜇g), and Ciprofloxacin 

(5 𝜇g). The strain was tested for its sensitivity to the 8 antibiotics. Bacterial 

suspension (0.1ml) was transferred and spread on Mueller- Hinton agar medium, and 

then it was left for 10 min. Thereafter the antimicrobial discs were placed on the agar 

with a sterile forceps pressed firmly to ensure contact with the agar. Later, the plates 

were incubated at 37ºC for 24 h. The results were analyzed and interpreted according 

to CLSI criteria [10]. 

 

Cadmium Removal Capacity and effect of conditions  

The isolated strain was grown in the Luria Bertani broth containing 100 mg/L of the 

Cadmium. During the growth period, 1mL of bacterial culture sample was removed 
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into eppendorf tube after every four hour until 24 h and centrifuged at 6000 rpm. To 

check the effect of temperature and pH, the isolated strain was grown at different 

temperatures (10–50oC) and different pH (2–11.0). An extra sample without the 

addition of bacterial culture was prepared as control.  The supernatants were collected 

and stored at 4oC for the Cadmium analysis. The Cadmium concentrations in the 

supernatants were analyzed with a Atomic Absorption Spectrometry (Aurora Biomed, 

Canada) at 228.8nm with a Cadmium hollow cathode lamp. The optimal density of 

each sample was also measured at 600 nm to compare the growth rate of bacteria with 

the cadmium removal capacity [11]. 

 

RESULTS AND DISCUSSION 

Screening and selection of Cadmium tolerant Pseudomonas aeruginosa 

The colonies on the Nutrient agar plates with 10 mg/L of the Cadmium after 

incubating for 24-48h were detected as able to grow in the presence of Cadmium. 

When the Cadmium concentration increased up to 100 mg/L and incubated for 48 h, 

only the strains were able to grow on the plate were selected as Cadmium tolerant 

bacteria.  In this study, a total of 27 bacterial strains of P. aeruginosa , only 4 strains 

were able to grow in the presence of Cd at the concentration 100 mg/L (PSK1, PSK2, 

PSK3 and PSK4) and selected for the later experiment. The selected bacterial strains 

was characterized and identified by using standard morphological, physiological and 

biochemical tests on the basis of the characteristics observed with those listed in 

Bergey‘s Manual of Determinative Bacteriology [12]. The identification of bacteria 

was confirmed by using Vitek2 system. 

 

Minimum inhibitory concentration (MIC) of Cadmium  

Four isolates which gave growth at 100 mg/L concentration were selected for MIC 

determination of Cadmium by broth dilution method. After incubation, cell density of 

the broth cultures was monitored at 600nm. The growth responses of the strains in the 

presence of Cadmium were found in different concentrations (100-900 mg/L). At 

high concentrations of Cadmium, growth of the isolates declined, but growth 

responses of the four isolates at lower concentration of Cadmium varied. The lower 

concentration at which no growth was inhibited was taken as MIC of isolates.  By 

comparison the growth of the four isolates, the results revealed that the growth of the 

isolate PSK3 was better than the others and the recorded MIC was 900 mg/L with 

OD equal to 0.16, while the growth of the isolate PSK2 inhibited at the concentration 

700 µg/ml. Also, it was obvious that the growth of the isolate PSK3 was the highest at 

the lowest concentration of CD (100 mg/L). 
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P. resistant  ) of CadmiumsMinimum inhibitory concentrations (MIC :Table 1

.aeruginosa 

 

OD Value at 600nnm  

 

Conc. Of 

CD µg/ml 

PSK4 PSK3 PSK2 PSK1 

0.64 0.93 0.51 0.85 100 

0.56 0.86 0.43 0.77 200 

0.42 0.81 0.33 0.71 300 

0.34 0.74 0.29 0.64 400 

0.27 0.61 0.16 0.41 500 

0.15 0.41 0.10 0.33 600 

0.06 0.29 0.00 0.13 700 

0.00 0.21 0.00 0.05 800 

0.00 0.16 0.00 0.00 900 

 

The optical density was decreased with the increase of the cadmium concentration in 

the medium which indicated the toxic effect of Cadmium on the growth of the cells. 

A wide variety of microorganisms have developed the capabilities to protect 

themselves from heavy metal toxicity by various mechanisms such as uptake, 

oxidation, adsorption, reduction, and methylation [13]. It was also reported that some 

bacteria can use mechanisms of tolerance and detoxification of heavy metals by 

production of chelating agents that bound metals and reduce their toxicity [14]. The 

inhibitory effect of Cadmium on bacteria may be due to the high affinity of metal to 

bind organic matter implying a decrease of their bioavailability [15]. 

 

Antibiotic susceptibility  

The antibiogram profile of the Cadmium resistant P. aeruginosa isolates were 

explained in Table 4. Eight antibiotics used in this study, the results showed that the 

four isolates were multidrug resistant to Piperacillin, Amoxicillin, Streptomycin and 

Erythromycin. Also all these isolates were sensitive to Ciprofloxacin. The 
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susceptibility of Cefotaxime and Tetracycline was variable. The resistance of these 

strains could be attributed to the production of enzymes which could inactivate or 

modify the specific antibiotics and changes in bacterial cell membrane, modification 

of target site and development of metabolic pathways by bacteria (16). Oyetibo et al., 
(2010) found that heavy metal resistant isolates; Pseudomonas sp., Aeromonas sp., 

Bacillus sp. Micrococcus sp., Proteus sp .and E. coli exhibited high tolerance to 

gentamycin, rifampicin and ofloxacin [17]. It has been reported that plasmids carrying 

resistance genes have been identified in pathogenic bacteria of the genus Escherichia, 

Salmonella, Shigella, Klebsiella, Aeromonas, and Pseudomonas. These plasmids 

carry determinants for resistance to heavy metals such as cadmium, cobalt, silver, 

nickel, zinc, lead and mercury and drugs of different groups such as Tetracyclines, 

quinolones, aminoglycosides, and  β-lactams [18]. The resistance of bacteria to 

antibiotics and cadmium seems to be the result of exposure to Cadmium contaminated 

environments that cause coincidental selection of resistance factors for antibiotics and 

Cadmium [19]. 

 

Table 2: Antibiotic resistant patterns of Cadmium resistant P. aeruginosa isolates. 

  

Antibiotic susceptibility of P. aeruginosa 

Antibiotic PSK1 PSK2 PSK3 PSK3 

Piperacillin R R R R 

Amoxicillin R R R R 

Cefotaxime R I R S 

Gentamycin I S I R 

Streptomycin R R R R 

Tetracycline I S I R 

Erythromycin R R R R 

Ciprofloxacin 

 

S S S S 

    R: Resistant, S: Sensitive, I: Intermediat 
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Cadmium Uptake Capacity 

The Cadmium removal capacity of strain PSK3 was shown in Figure 1. The lag phase 

was observed during the initial 0-4 h which was another sign of the Cadmium toxicity 

to strain. In this lag phase strain removed only 4 % of the Cadmium. In fact when a 

microorganism is inoculated into a new culture containing toxic substances, the cells 

will damage due to pollutant toxicity. In this situation the microorganism expands 

energy to repair cell damage and adapt its enzymatic pathway to a new condition [20]. 

After that in log phase, the uptake of Cadmium was obvious at the time 16 h (61%), 

the strain PSK3 removed the maximum amount of the Cadmium which is about 85% 

because in this phase bacteria rapidly divide with time so bioaccumulation of the 

cadmium also increased. The percentage of the Cadmium bioaccumulation by strain 

PSK3 was increasing from the beginning until 28 h. After 32 h, a slight reduction in 

cadmium removal was observed in the medium. Some investigators believed that 

when metal bioaccumulation reaches its maximum level, growth would be decrease 

and the number of viable cells in the culture would be reduced [21]. If so, it is 

suggested that glycoprotein materials components in the cell wall of dead bacteria 

might be degraded by viable cells. This condition leads to the release of the absorbed 

metals into the aqueous solution. The bacterium survives in metal-contaminated 

environments because it possesses a variety of transition metal efflux systems. 

Though, the zinc and cadmium-resistance in bacteria is achieved through the two 

general efflux mechanisms mediated by a P-type ATPase efflux system and an RND-

driven transporter system [22]. According to experiments of Hou et al., 2015, it was 

found that the process of biosorption can be explained as a chemical reaction between 

ions and chemical groups on the surface of biomass [23].  

 

Figure 1: Removal of Cadmium after inoculation of P. aeruginosa PSK3. 
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Effect of pH and temperature on Cadmium removal  

The capacity of strain PSK3 to remove Cadmium ions from the growth medium was 

also significantly influenced by environmental growth conditions, as pH and 

temperature as shown in Figures 4 and 5. Studying the effect of different temperatures 

on the cadmium removal and growth of the isolate exhibited that 35oC was the 

optimum temperature for the Cadmium uptake by strain PSK3 while the best 

temperature for the growth was 30oC,  because of the correlation between temperature 

effects and metabolism-dependent metal accumulation [24]. These results were in 

agreement with Zeng et al. (2009) who mentioned that maximum cadmium removal 

by Pseudomonas aeruginosa strain E1 was at 36oC [11]. If temperature increasing, it 

usually enhances removal of pollutant by increasing surface activity and kinetic 

energy of the adsorbate, but, at the high temperature, may damage physical structure 

of biosorbent [25]. 

 

 

Figure 2: The effect of various temperatures on the growth and removal of Cd by P. 
aeruginosa PSK3. The initial concentration of Cd in the medium was 100 mg/L. 

 

The removal of the Cadmium from nutrient broth media was also influenced by pH 

values. In the present study maximum Cadmium removal capacity was obtained at pH 

8.0, while pH 2.0 and 11.0 were suppressive values for strain PSK3. The pH of the 

medium plays a major role in the process of metals binding to microorganisms [13]. 

The Pseudomonas fluorescens also showed maximum Cadmium removal at pH 6.8 

[26]. As the pH increases, more ligands, such as carboxyl, phosphate and amino 
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groups would be exposed and carry negative charges which attract the metal and 

biosorb it onto the cell surface [24]. The ability of bacteria, isolated from 

contaminated soils and sediments, to resist antibiotics and heavy metal tolerance 

could present serious danger to the environment as the resistance genes may be 

transferred to surrounding wild type microbial cells [27]. 

 

 

Figure 3: The effect of various pH on the growth and removal of Cd by P. 
aeruginosa PSK3. The initial concentration of Cd in the medium was 100 mg/L. 

 

CONCLUSION 

Heavy metals are toxic and hazardous to humans and other organisms. It was found 

there's a positive correlation between Cadmium and antibiotics resistance among our 

environmental isolates. The microbes play vital role in the biosorption of heavy 

metals. The present study demonstrated the use of Pseudmonas aeruginosa in the 

Cadmium recovery or removal from contaminated sources and increasing the removal 

is dependent on the conditional factors. The process could be economic, eco-friendly 

and multipurpose as an alternative to conventional methods of biosorption of heavy 

metals.  
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