
CHAPTER 4, 

RESULTS 

4.1 ISOLATION SCREENING AND SELECTION OF 

ARENIC-RESISTANT BACTERIAL ISOLATES 

Two hundreds and nineteen bacterial strains resistant to 700 

Wml of As(V) were isolated fiom waste waters, soils and sediments. 

Half of them were resistant to 1,000 pglml As(V), and resistance to 1,600, 

1,800, 2,000 and 2,400 Clg/ml As(II1) found in those isolates were 3 

(1.37%), 8(3.65%), 1(0.46%), 9(4.11%) and 62(8.31%), respectively 

(Table 4.1). There were 33 As-resistant bacterial strains that were 

capable to arsenic precipitation and varied in different As(V) 

concentrations as. shown in Table 4.2. Three bacterial isolates (resistant 

to 2,400 pglrnl As) being capable to arsenic precipitation were chosen as 

the selected bacterial strains for further investigation. The result of total 

resistant strains and resistant & precipitate arsenic was shown in 

Figure 4.1. They were named AsR-17, AsR-19 and AsR-20. AsR-17 

strain, isolated from soil of smelting area (S-2), was gram-negative, rod- 

shape, and obligately anaerobic bacterium, and AsR-19 and AsR-20 

strains (consortium strains), isolated from sediment of acrylic dye 

industry (Sd-11, were gram-negative, rod-shape, and facultative 

anaerobic bacteria. Characteristics and biochemical tests of the selected 

bacterial strains were presented in Table 434.4 and Fire 4.24.10. 

The last selected strain, .4sR-20 was possibly identified as Cbobacter sp. 

and the others could not be identified by those tests. 



4.2 RESISTANCE TO OTHER METAL IONS BY THE 

SELECTED BACTERIAL STRAINS. 

In aerobic condition, the selected strains, AsR-19 and AsR-20 

were found to be sensitive to a number of other heavy metals, i.e., Cd, Cr, 

Cu, Ni and Ag, (less than 100 pg/ml) but resistance to Zn and Mn, 

detailed result is summarized in Table 4.5. 

4.3 EFFECT OF SOME ENVJRONMENTAL FACTORS 

GROWTH OF THE SELECTED BACTERIAL STRAINS. 

The optimum pH of those selected bacterial isolates were found 

to be 7 and optimum temperature for AsR-17 and AsR-20 strains were 

shown to be 35" but AsR-19 strain was found to be 40 OC, see Figure 

4.11-4.13. 

4.4 EFFECT OF SOME FACTORS ON PRECIPITATION 

CAPABILITY OF THE SELECTED BACTERIAL 

STRAINS. 

4.4.1 EFFECT OF ARSENIC CONCENTRATION 

After 8day incubation AsR-17 that grew in medium containing 

100,200 and 300 pg/ml As. The percentages of soluble arsenic loss were 

49.21, 34.74 and 0, respectively and consortium AsR-19IAsR-LO grew in 

medium containing 100, 200 and 300 pg/ml As. The percentages of 

soluble arsenic loss were 41.60, 45.24 and 29.98, respectively. It mean 

that the optimum As concentration for sulfide precipitation by AsR-17 

and consortium, AsR-19IAsR-20 were 100 and 200 pglml, respectively, 

as shown in Table 4.6 and Figure 4.14-4.15. The transformation of 

arsenic of each strain was presented in Figure 4.16-4.17. ' 



4.4.2 ' EFFECT OF pH 

The effect of pH on precipitate of arsenic in AsR-17 strain 

showed that the precipitation occurred only under pH 7 condition 

(35.02%) while at the pH 6 and 8, total of arsenic concentration was still 

remained and not occurring arsenic precipitation a h  8-day incubation. 

Similar effect of result of pH on arsenic precipitation 

AsR-19/AsR-20 coculture, was found at the level of pH 6, 7 and 8, they 

were able to precipitate arsenic, i. e., 26.93, 42.21 and 40.75 %, 

respectively, after 8-day incubation. 

The effect of pH of each strain was shown in Table 4.7-4.8 and 

Figure 4.18-4.19. The transformation of arsenic and sulfide of selected 

bacterial strains was presented in Figure 4.20-4.21. 

4.4.3 EFFECT OF TEMPERATURE 

After 8-day incubation, the percentages of arsenic precipitation 

found in AsR-17 were 13.12, 45.08 and 28.45 at 30, 35, and 40 C, 

respectively. For AsR-19/AsR-20 coculture, the percentages of arsenic 

precipitation were 29.78,46.24 and 39.68 at 30,35 and 40'C, respectively 

after 8day incubation (Table 4.9-4.10 and Figure 4.22-4.23). 

The transformation of arsenic of these strains was shown in 

Figure 4.24- 4.25. 



Table 4.1 Arsenic resistance in 219 bacterial strains 
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Table 4.2 Arsenic resistance in 33 bacterial strains capable 

precipitate arsenic 
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Table 4.3 Some characteristics of colony and morphology of 

selected bacterial isolates 

Bacterial 

Isolate 
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AsR-19 
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Table 4.4 Some selective media and biochemical tests for 

identification of characteristic of selected bacterial 

isolates. 



Table 4.4 (cont.) 

A = acid - = negative 

+ = positive ND = not determined 
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Table 4.5 Resistance of other metal ions by selected bacterial strains. 

ND = not determined 

, - 



Table 4.6 Effect of arsenic concentration on capability to 
precipitate arsenic in As R-I 7 and 
AsR-19JAsR-20,coculture strains. 

(4' ; Day of incubation 
C O ~ C . ~  ; Concentration 



Table 4.7 Effect of pH on capability to precipitate arsenic 

in AsR-17 

(4' ; Day of incubation 



Table 4.8 Effect of pH on capability to precipitate arsenic 

in AsR-19/AsR-20 coculture 

(4' ; Day of incubation 



Table 4.9 Effect of temperature on capability to precipitate 

arsenic in AsR-17 

(4' ; Day of incubation 
Temp. ; Temperature 



Table 4.10 Effect of temperature on capability to precipitate 

arsenic in hR-191AsR-20 coculture 

(dl' ; Day of incubation 

temp. ; Temperature 



Figure 4.1 : Percentage of bacterial isolates, resistant to and precipitated arsenic and 
resistant to arsenic only, were compared at different arsenic 



Figure 4.2 Colonial characteristic (a), gram staining (b) on freshwater 
minimal medium and high resolution scanning electron 
micorgraph of AsR- 17 bacteria strain (x 10,000) 



Figure 4.3 Colonial characteristic (a), gram staining (b) on Ereshwater 
minimal medium and high resolution scanning electron 
micorgraph of AsR-19 bacteria strain (x 10,000). 



Figure 4.4 Colonial characteristic (a), gram staining (b) on fteshwater 
minimal medium and high resolution scanning electron 
micorgraph of AsR-20 bacteria strain (x 10,000). 



Figure 4.5 Colonial characteristic of AsR-191AsR-20 coculture a 
freshwater minimal medium (a) and High resolution of 
AsR-191AsR-20 bacterial strains (x 10,000) (b). 



Figure 4.6 Colonial characteristic on MacConky agar (a) and Shigella- 
Salmonella'agar (b) of AsR-19 bacteria strain. 



Figure 4.7 Colonial characteristic on MacConky agar (a), EMB agar (b) 
and Shigella-Salmonella agar (c) of AsR-20 bacteria strain. 



Figure 4.8 Characteristic of biochemical test (left to light; motility, TSI, 
citrate utilization, urease, KCN, no KCN, nitrate reduction, 
indole, MR and VP test) of control (a), AsR-19 (b) and 
AsR-20 (c) bacteria strain. 



Figure 4.9 Characteristic of Oxidation-Fermentation test (left to night; 
glucose, dextrose, lactose, maltose and sucrose) of 
control (a), AsR-19 (b) and AsR-20 (c) bacteria strain. 



Figure 4.10 Characteristic of arsenic precipitation : control (left), AsR-17 
(middle) and AsR-19fAsR-20 (right) in freshwater minimal 
medium at concentration of arsenic 100 &ml, incubated at 
3S°C for 8 day 



Figure 4.11a : Effect of pH on growth of the AsR-17 strain. 
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Figure 4.1 1b : Effect of temperahue on growth of the AsR-17 strain. 



Figure 4.12a : Effect of pH on growth of the AsR-19 shain. 

Figure 4.12b : Effect of temperature on growth of the AsR-19 strain. 



Figure 4.13a : Effect of pH on growth of the AsR-20 strain. 

Figure 4.13b : Effect of tempemtm on growth of the AsR-20 strain. 



4 8 Days 

Figure 4.14: Percentage of removal arsenic in each arsenic 
concentration of the AsR-17 

Days 

Figure 4.15: Percentage of removal arsenic in each arsenic 
concentration of the AsR-191AsR-20 



0 4 8 Days 

Figure 4.16a: Transformation of As(V) to As@) in the AsR-17 
at 100 ug/d of As 

8 . Days 

Figure 4.16b: Transformation of A U )  to As(III) in the AsR-17 
at 200 ug/ml of As 
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Figure 4 .16~:  Transformation of As@) to As(1II) in the AsR-17 
at 300 ug/ml of As 
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Figure 4.17a: Transformation of As(V) to As(II1) in the 
AsR-19IAsR-20 at 100 ug/d of As 
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Figure 4.17b: Transformation of As(V) to As@) in the 
AsR-191As R-20 at 200 ug/ml of As 
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Figure 4.17~: Transformation of As(V) to As(1II) in the 
AsR-191AsR-20 at 300 ughnl of As 
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Figure 4.18: Percentage of removal arsenic at each pH 
of the AsR- 1 7 

Days 

Figure 4.19: Percentage of removal arsenic at each pH 
of the AsR- 1 9IAsR-20 



0 4 8 Days 

Figure 4 . 2 0 ~  Transformation of A s 0  to A s 0  
in the AsR-17 at pH6 

0 
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Figure 4.20b: Transformation of As(V) to As(III) 
in the AsR-17 at pH7 



0 4 8 Days 

Figure 4.20~: Transformation of Asw) to As@) in the AsR-17 
at pH8 

Days 

Figure 4.21a: Transformation of A s 0  to As(II1) in the 
AsR-191AsR-20 at pH6 
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Figure 4.21b: Transformation of As(V) to A s w )  
in the AsR- 191AsR-20 at pH7 
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Figure 4.21~: Transformation of A s v )  to A s 0  
in the AsR-19IAsR-20 at pH8 



Days 

Figure 4.22: Percentage of removal arsenic in each 
temperature of the AsR- 17 

Days 

Figure 4.23: Percentage of removal arsenic in each 
temperature of the AsR-19IAsR-20 



0 

0 4 8 Days 

Figure 4.24a: Tramformatian of As(V) to A s 0  in the AsR-17 
at temperatme 30'C 
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Figure 4.24b: Transf&on of 140)  to As(@ in the AsR-17 
at temperature 35'C 
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Figure 4 .24~:  Transformation of As(V) to As@) in the AsR-17 
at temperature 40'C 

Days 

Figure 4.25a: Transformation of Asw) to As(Ill) in the 
AsR-19IAsR-20 at temperature 30'C 
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Figure 4.2%: Transformation of As(V) to As@) in the 
AsR-19IAsR-20 at temperahre 35'C 
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Figure 4.2%: Transformation of As(V) to A s 0  in the 
AsR-19IAsR-20 at temperature 40'C 
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