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 4 

Abstract 5 

 6 

The aim of this study was to investigate the effect of temperature on sulphate removal from 7 

wastewater by selected bacterial (Pseudomonas spp., Klebsiellaspp., Staphylococcus spp. and 8 

Lysinibacillusspp.) and fungal (Aspergillusniger, Aspergillusflavus, Fusariumspp. and 9 

Absidiaspp.) isolates. The study was carried out under shake flasks conditions at incubation 10 

temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C at shaking speed of 150 rpm. After inoculation 11 

with the respective isolates, aliquot wastewater samples were aseptically removed from each 12 

flask prior inoculation and every 24 h, for 96 h for the estimation of sulphate levels in the 13 

wastewater and pH, using standard procedures. The results revealed optimum temperatures for 14 

sulphate removal to range from 30 
o
C -35 

o
C and 30 

o
C – 40 

o
C, for the bacterial and fungal 15 

isolates, respectively. Also observed was a consistent increase in pH of the wastewater 16 

throughout the period of incubation. This trend was irrespective of the test microbial isolates and 17 

the incubation temperature. The study was able to reveal the role of temperature in sulphate 18 

removal ability of the test isolates under the experimental conditions used for investigation. 19 

 20 

Introduction 21 

 22 

The release of acidic, sulphate and metal-containing wastewater is an important environmental 23 

problem. The discharge of enormous amounts of wastewater that contain high sulphate and 24 

dissolved metal concentrations is a main source of pollution in receiving water bodies. The 25 

presence of high sulphate levels in water cause is known to cause many environmental Problems, 26 

such as taste, odor and laxative effect which can lead to dehydration [1]. 27 

 28 

Although various methods exist for sulphate removal from wastewater, recently, biological 29 

removal processes have gained increasing interest. This is mainly due to the ability of biological 30 

processes in the production of effluents that are suitable for discharge into the environment. In 31 

addition, biological sulphate removal process is said to have developed over the past few years 32 

that it is indicated that it can compete successfully with other sulphate removal technologies for 33 

full-scale treatment of mine and other industrial effluents. In addition to metal removal and 34 

neutralisation, biological sulphate removal process can be used in the treatment of industrial 35 

effluents[2].  36 

 37 

It is hypothesised that when sulphate is present in the wastewater stream, biogenic sulphide 38 

produced by sulphate-reducing bacteria is an important alternative sulphide source for metal 39 

precipitation. Sulphate reducing bacteria are facultative anaerobes that use sulphate ions as the 40 

terminal electron acceptor for metabolism of organic substrates The removal mechanism is based 41 

on the fact that, under anaerobic conditions, sulphate-reducing bacteria have the ability of 42 

oxidizing simple organic compounds, using sulphate as terminal electron acceptor, which is 43 

reduced to sulphide[2, 3]. 44 

 45 
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In the presence of organic matter and sulphate, sulphate-reducing bacteria can reduce sulphate to 46 

sulphide. A major disadvantage of biological sulphate removal by the addition of organic carbon 47 

sources as substrate is indicated to be the high residue organic carbon content or the release of 48 

coloured water, which requires downstream treatment. In comparison with chemical treatment 49 

with respect to costs is said to be far more economical [4, 5]. 50 

 51 

It is reported that thermal adaptation and flexibility of microorganisms to function effectively at 52 

different temperature regimes is related to underlying molecular mechanisms[6].  Previous 53 

studies on on extracellular enzymes isolated from marine bacteria report the possibility that the 54 

temperature optimum of the initial step of organic carbon remineralization may exceed the 55 

temperature optima of terminal steps of remineralization [7].Although there was reports on 56 

terminal processes of organic carbon remineralization[8], such as sulphate reduction and oxygen 57 

consumption measured in environments which experiencemassively different temperature 58 

regimes, as well as the specific temperature dependence of sulphatereduction[9], there is not 59 

much information on the role of temperature on sulphate uptake by individual bacterial and 60 

fungal species. This study was study was therefore aimed at investigating the effect of 61 

temperature on sulphate removal from wastewater by selected bacterial and fungal strains 62 

 63 

Materials and Methods 64 

 65 

Test microorganisms 66 

 67 

A total of eight microorganisms, consisting of four fungal and four bacteria species were used for 68 

this investigation.  The fungal isolates were Aspergillusniger, Aspergillusflavus, Fusariumspp. 69 

and Absidiaspp., while the bacterial isolates were isolates were Pseudomonas spp., 70 

Klebsiellaspp., Staphylococcus spp. and Lysinibacillusspp. The isolates were obtained from the 71 

laboratory stock of the Department of Biological Sciences, Landmark University, OmuAran, 72 

Kwara State, Nigeria. The isolates have previously been used for nitrate and phosphate removal 73 

studies in synthetic wastewater (Akpor et al., 2013; Olaolu et al., 2013).  74 

 75 

Wastewater media 76 

 77 

The wastewater used for the study was collected from a waste stabilization pond in the 78 

Landmark University Commercial Farms located in OmuAran, Kwara State, Nigeria. The 79 

wastewater was filteredin 200 mL quantity into 250 mL capacity Erlenmeyer’s flasks, using 80 

Whatman No. 1 filter paper and then supplemented with sodium acetate (5 g/L) and magnesium 81 

sulphate (0.15 g/L) and then sterilised in an autoclave for 15 min at 121 
o
C at 15 psi.  82 

 83 

  84 
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Sulphate removal studies 85 

 86 

Before inoculation with a test isolate, all sterilised flasks were left in the incubator for 24 h, after 87 

which samples were taken from them and plated on nutrient and sabourand dextrose agar to 88 

observe for bacterial and fungal growth, respectively. This was done to ascertain the efficiency 89 

of the sterilisation. Only flasks that showed no growth on the respective media were used for 90 

sulphate removal studies.  91 

 92 

To each sterile flask containing the wastewater media, one mL of an overnight broth culture of 93 

the test isolate was inoculated before incubating in a shaking incubator at 30 
o
C at a shaking 94 

speed of 150 rpm. Prior inoculation and every 24 h for 96 h, aliquot wastewater samples (30 mL) 95 

were withdrawn from each incubated flask for the estimation of pH and sulphate concentration in 96 

the wastewater. 97 

All experimental analyses were carried out in triplicate. The reagents that were used were of 98 

analytical grade 99 

 100 

Results 101 

 102 

In the presence of the Aspergillusniger, sulphate concentration at the different temperatures 103 

showed a decrease from 5944.79 mg/L to 4712.71 mg/L, from 5880.51 mg/L to 4764.04 mg/L, 104 

from 5862.65 mg/L to 4425.22 mg/L and from 5944.79 mg/L to 5277.41 mg/L, at incubation 105 

temperatures of 25 
o
C, 30

o
C, 35

o
C and 40

o
C, respectively (Fig. 1). These decreases translate to 106 

20.72 % at 25 
o
C, 18.99 % at 30

o
C, 24.52 % at 35

o
Cand 11.23 % at 40

o
C. 107 

 108 

The pH variation of the wastewater in the presence of the Aspergillusniger revealed an increase 109 

at the end of the 96 h incubation period. At the expiration of the period of incubation, percent 110 

increases in the pH were found to be 13.75 %, 19.47 %, 12.10 % and 15.04 %, at incubation 111 

temperatures of 25 
o
C, 30

o
C, 35

o
C and 40

o
C, respectively (Table 1). 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 

 127 

 128 

 129 

 130 
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 131 

 132 

Fig. 1: Sulphate concentrations in the presence of the Aspergillusniger at the different 133 

incubation temperatures 134 

Table 1: Variation in pH of the wastewater at the different temperatures in presence of the 135 

test fungal species 136 

Time Incubation Temperatures 

 30 
o
C 35 

o
C 40 

o
C 45 

o
C 

 Aspergillusniger 

0 h 6.4 6.4 6.4 6.4 

24 h 6.8 6.3 7.0 6.8 

48 h 6.6 7.2 7.0 7.2 

72 h 6.8 7.8 7.1 7.3 

96 h 7.5 8.0 7.3 7.6 

% increase 13.75 19.47 12.10 15.0 

 Aspergillusflavus 

0 h 6.4 6.4 6.4 6.4 

24 h 7.0 6.8 6.9 6.9 

48 h 7.2 7.6 7.0 7.2 

72 h 7.3 7.3 7.6 7.6 

96 h 8.2 8.0 7.0 8.3 

% increase 21.75 19.67 8.57 22.6 

 Fusariumspp. 

0 h 6.4 6.4 6.4 6.4 

24 h 6.8 6.6 6.9 6.9 

48 h 7.5 8.2 7.0 7.6 

72 h 8.3 8.0 7.4 7.4 

96 h 8.4 7.9 7.1 7.8 

% increase 22.94 18.93 9.17 17.5 

 Absidiaspp. 

0 h 6.4 6.4 6.4 6.4 

24 h 8.2 7.5 7.0 8.8 

48 h 8.5 8.0 7.5 8.6 

72 h 8.1 7.9 7.8 8.4 

96 h 8.2 7.9 8.3 8.4 

% increase 21.84 18.69 22.50 23.00 

All values are averages of triplicate analysis. 137 

 138 

As shown in Fig. 2, in the presence of the Aspergillusflavus, sulphate concentration in the 139 

wastewater at the end of the 96 h incubationwas observed to show decrease from 5944.79 mg/L 140 

to 4897.52 mg/L at 30 
o
C, from 5780.51 mg/L to 5739.44 mg/L at 35 

o
C, from 5862.65 mg/L to 141 

5215.81 mg/L at 40 
o
C, from 5944.79 mg/L to 5277.41 mg/L at 45 

o
C(Fig. 2). 142 

 143 

With respect to pH of the wastewater in the presence of the Aspergillusflavus, there was a steady 144 

increase with time at the different temperatures. After the 96 h incubation time, pH levels were 145 
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found to increase from the initial of 6.4 to 8.2, 8.0, 7.0 and 8.3, at 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, 146 

respectively (Table 1).  147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 

 163 

 164 

 165 

 166 

Fig. 2: Sulphate concentrations in the presence of the Aspergillusflavusat the different 167 

incubation temperatures 168 

 169 

When inoculated with Fusariumspp., sulphate concentration in the wastewater was observed to 170 

show an increase after 96 h at incubation temperatures of 35 oC and 45 oC.  Only slight 171 

decreases in concentration were observed at incubation temperatures of 30 oC and 40 oC. At the 172 

expiration of the 96 h incubation period, sulphate levels in the wastewater were observed to 173 

change from 5944.79 mg/L to 5493.02 mg/L, from 5780.51 mg/L to 5913.99 mg/L, from 174 

5862.65 mg/L to 5421.15 mg/L and from 5944.79 mg/L to 5965.32 mg/L, at incubation 175 

temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively (Fig. 3). 176 

 177 

From an initial value of 6.4, the pH of the wastewater in the presence of the Fusariumspp. was 178 

observed to increase to 8.4, 7.9, 7.1 and 7.8, after the 96 h incubation period at incubation 179 

temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively. This translates to increases of    180 

22.94 %, 18.93 %, 9.17 % and 17.54 %, respectively (Table 1). 181 

  182 
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 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 

 198 

 199 

 200 

 201 

Fig. 3: Sulphate concentrations in the presence of the Fusariumspp.at the different 202 

incubation temperatures 203 

 204 

In the presence of the Absidiaspp., remarkable sulphate was removed from the wastewater, at 205 

incubation temperatures of 30 
o
C and 35 

o
C, decreasing from concentrations of 5944.79 mg/L to 206 

4137.74 mg/L and from 5780.51 mg/L to 4599.77 mg/L, respectively. At incubation 207 

temperatures of 40 
o
C and 45 

o
C, sulphate level at the end of the 96 h incubation period changed 208 

from initial levels of 5862.65 mg/L  and 5944.79 mg/L to final levels of  6201.47 mg/L and 209 

5677.84 mg/L, respectively (Fig. 4).  210 

 211 

In terms of pH of the wastewater in the presence of the Absidiaspp., although there was an 212 

increase at the expiration of the incubation period, the change in pH did not follow any pattern 213 

with incubation. This trend was irrespective of the incubation temperatures. At the end of 214 

incubation, pH was observed to increase from the initial value of 6.4 to 8.2, 7.9, 8.3 and 8.4, at 215 

incubation temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively (Table 1). 216 

 217 

 218 

  219 

UNDER PEER REVIEW



7 

 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

Fig. 4: Sulphate concentrations in the presence of the Absidiaspp.at the different incubation 240 

temperatures 241 

 242 

Sulphate concentration in the wastewater in the presence of the Pseudomonas spp. showed 243 

decreases after 96 h incubation at incubation temperatures of 30 
o
C and 35 

o
C. At 40 

o
C and     45 244 

o
C incubation temperatures sulphate levels at the end of incubation were observed to increase. 245 

From the initial concentrations of 5842.11 mg/L, 5780.51 mg/L, 5831.85 mg/L and 5944.79 246 

mg/L, sulphate levels were found to be 5102.86 mg/L, 4733.24 mg/L, 6263.07 mg/L and 247 

7885.31 mg/L, at incubation temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively (Fig. 5). 248 

 249 

With respect to pH of the wastewater in the presence of the Pseudomonas spp., there was an 250 

observed consistent increase with time. This trend was irrespective of the incubation 251 

temperatures. At the expiration of the 96 h incubation time, pH levels increased from the initial 252 

6.4 to 7.4, at 30 
o
C, 8.5 at 35 

o
C, 7.5 at 40 

o
C and 6.9 at 45 

o
C (Table 2). 253 

 254 

  255 
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 260 

 261 

 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

Fig. 5: Sulphate concentrations in the presence of the Pseudomonas spp.at the different 273 

incubation temperatures 274 

 275 

When inoculated with the Klebsiellaspp., sulphate levels in the wastewater after the end of the 276 

incubation period showed remarkable decrease at incubation temperature of 35 
o
C.  At 277 

incubation temperatures of 40 
o
C and 45 

o
C, increases in concentrations were observed at the end 278 

of the incubation time. After the 96 h incubation period, sulphate levels were observed to change 279 

from 599.79 mg/L to 4205.54 mg/L, at 30 
o
C, from 5780.51 mg/L to 3583.30 mg/L at 35 

o
C, 280 

from 5862.64 mg/L to 6632.70 mg/L at 40 
o
C and from 5831.85 mg/L to 6109.06 mg/L at 45 

o
C 281 

(Fig. 6).  282 

 283 

An increase in the pH of the wastewater inoculated with the Klebsiellaspp. was observed at the 284 

expiration of incubation. This observation was irrespective of the different incubation 285 

temperatures. From the initial value of 6.4, pH of the wastewater was found to increase to 8.3, 286 

8.2, 7.9 and 7.2, at incubation temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively (Table 287 

2). 288 

 289 

 290 

  291 
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Table 2: Variation in pH of the wastewater at the different temperatures in presence of the 292 

test bacterial species 293 

Time Incubation Temperatures 

 30 
o
C 35 

o
C 40 

o
C 45 

o
C 

 Pseudomonas spp. 

0 h 6.4 6.4 6.4 6.4 

24 h 7.0 6.3 7.2 6.7 

48 h 7.4 7.3 7.4 6.9 

72 h 7.6 7.5 7.5 6.9 

96 h 7.4 8.5 7.7 6.9 

% increase 13.17 24.06 16.51 6.30 

 Klebsiella spp. 

0 h 6.4 6.4 6.4 6.4 

24 h 6.9 6.8 7.1 6.7 

48 h 7.1 7.2 7.1 7.7 

72 h 7.9 7.4 7.1 7.4 

96 h 8.3 8.2 7.9 7.7 

% increase 22.19 21.64 18.82 16.87 

 Staphylococcus spp. 

0 h 6.4 6.4 6.4 6.4 

24 h 7.0 6.8 7.0 6.9 

48 h 7.3 7.2 7.2 7.8 

72 h 7.3 7.3 5.0 7.4 

96 h 7.7 7.5 7.2 7.7 

% increase 16.51 14.63 10.47 16.11 

 Lysinibacillusspp. 

0 h 6.4 6.4 6.4 6.4 

24 h 6.9 6.8 7.0 6.9 

48 h 7.0 7.0 7.1 7.3 

72 h 7.2 7.2 7.1 7.2 

96 h 7.4 7.3 7.5 7.4 

% increase 12.86 12.30 13.79 13.05 

 294 

 295 

  296 
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 297 

 298 

 299 

 300 

 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

Fig. 6: Sulphate concentrations in the presence of the Klebsiellaspp.at the different 314 

incubation temperatures 315 

 316 

 317 

As shown in Fig. 7, remarkable sulphate was removed in the presence of the Staphylococcus spp. 318 

only at incubation temperatures of 30 
o
C and 35 

o
C.  After the 96 h incubation time, sulphate 319 

levels at 30 
o
C and 35 

o
C showed a decrease from 5944.77 mg/L to 4743.51 mg/L and from 320 

5780.51 to 4230.14 mg/L, respectively. At incubation temperatures of 40 
o
C and 45

o
C, sulphate 321 

levels varied from the initial concentrations of 5862.65 mg/L and 5944.79 mg/L to 6492.04 mg/L 322 

and 5872.92, respectively (Fig. 7). 323 

 324 

In the case of pH of the wastewater in the presence of the Staphylococcus spp., there was 325 

consistent a steady increase with time at the different incubation temperatures. At the expiration 326 

of the 96 h incubation period, pH showed increases from the initial 6.4 to 7.7, 7.5, 7.2 and 7.7 at 327 

incubation temperatures of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively. This translates to 328 

increases of 16.51 %, 14.51 %, 10.47 % and 16.11 %, respectively (Table 2). 329 

  330 
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 333 

 334 

 335 

 336 

 337 

 338 

 339 

 340 

 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

Fig. 7: Sulphate concentrations in the presence of the Staphylococcus spp.at the different 350 

incubation temperatures 351 

 352 

In the presence of the Lysinibacillusspp., sulphate concentration in the wastewater was observed 353 

to vary from initial levels of 5944.77 mg/L, 5780.51 mg/L, 5862.65 mg/L, 5944.77 mg/L to final 354 

levels of 4538.16 mg/L, 4599.77 mg/L, 7094.73 mg/L, 5996.12 mg/L at incubation temperatures 355 

of 30 
o
C, 35 

o
C, 40 

o
C and 45 

o
C, respectively (Fig. 8).  356 

 357 

With respect to pH of the wastewater in the presence of the Lysinibacillusspp., there was a steady 358 

increase with time. This trend was irrespective of the incubation temperatures. From the initial 359 

pH of 6.4, there was an increase of 12.86 % at 30 
o
C, 12.30 % at 35 

o
C, 13.79 % at 40 

o
C and 360 

13.05 at 45 
o
C (Table 2). 361 

  362 
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 363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

Fig. 8: Sulphate concentrations in the presence of the Lysinibacillusspp.at the different 379 

incubation temperatures 380 

 381 

As shown in Table 3, at incubation temperature of 30 
o
C, sulphate removal among the isolates 382 

ranged from 7.60 % to 30.40 %, with the lowest and highest observed in the presence of the 383 

Fusariumspp. and Absidiaspp., after the 96 h incubation period.At incubation temperatures of 40 384 
o
C and 45 

o
C, at the expiration of incubation, the majority of the test isolates showed either an 385 

increase in concentration of very minute removal (Table 3). 386 

 387 

Table 3: Percent sulphate removed by the isolates at the different incubation temperatures 388 

after the 96 h incubation period 389 

 390 

 Test isolates 30 
o
C 35 

o
C 40

o
C 45 

o
C 

Aspergillusniger 20.73 18.99 24.52 11.23 

Aspergillusflavus 17.62 0.71 11.03 11.23 

Fusarium spp. 7.60 -2.31 7.53 -0.35 

Absidiaspp. 30.40 20.43 -5.78 4.49 

Pseudomonas spp. 12.65 18.12 -7.39 -32.64 

Klebsiellaspp. 12.44 38.01 -13.13 -4.75 

Staphylococcus spp. 20.21 26.82 -10.74 1.21 

Lysinibacillusspp. 23.66 20.42 -21.02 -0.86 

All values represent percent decreases except negative values that indicate increases 391 

 392 

 393 

Discussion 394 

 395 

In the present study, the optimum temperature range for sulphate removal by the test isolates was 396 

observed to be 30 to 35 
o
C for the bacteria and 30 – 40 

o
C for the fungi. In a study on phosphate 397 

and nitrate uptake from wastewater using the same test bacterial isolates by, by Akpor and co-398 

workers, the optimum temperature for nutrient removal by the test isolates was observed to vary 399 
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for phosphate and nitrate removals. Their study revealed that slight phosphate removal by the 400 

isolates at temperature range of 30 ºC and 35 ºC. In the case of nitrate, optimum range for 401 

removal was observed to range from 25 
o
C to 35 

o
C (Akpor et al., 2014). For the fungal isolates, 402 

in a previous study on nutrient removal, optimum temperature for phosphate removal was 403 

observed at 30 °C -40 °C while nitrate highest removal nitrate was obtained at 35°C in the 404 

presence of the Fusariumspp. and Aspergillusflavus. In the presence of the Absidiaspp. and 405 

Aspergillusniger maximum removal was obtained at 25 
o
C (Akpor et al., 2013).  Brdjanovicet 406 

al., (1996)reported an optimum temperature of 20ºC during the evaluation of the short-term 407 

effects of temperature on phosphate removal in biological systems, in the same vein, Jones and 408 

Stephenson, (1996)observed a optimum temperature of 30ºCfor phosphate removal in 409 

wastewater where high removalrates were also observed at two extreme temperatures of (5ºC and 410 

40ºC). 411 

 412 

In addition, a temperature of 25ºC has been indicated as the optimum temperature for phosphate 413 

and nitrate removal in a study that evaluated the effect of temperature on the nutrient removal 414 

efficiency of three protozoan isolates in activated sludge mixed liquor (Akpor et al., 2008). 415 

However, despite the importance of temperature as a major factor affecting the growth and 416 

metabolic processes of microorganisms, few contradictory reports on its effects on nutrient 417 

removal in the presence of different organisms have been reported (Mino, 2000; Seviour et al., 418 

2003).These inconsistencies in temperature findings among different investigators have been 419 

attributed to varying substrates, diverse system configurations, use of different analytical 420 

procedures and the application of different operational/optimization conditions (Larsdotter, 421 

1994).Besides, a major factor contributing to this phenomenon is the great difference existing 422 

between the optimal temperature for bacterial growth and that needed for nutrient removal 423 

(Sabalowsky, 1999; Saito, 2004). 424 

 425 

It is indicated that although the majority of sulphate-reducing bacteria are mesophilic organisms, 426 

they have the ability to still perform within a temperature range of 10-50 °C. It is hypothesied 427 

that as the temperaturerises, chemical and enzymatic reactions in the cell proceed at more rapid 428 

rates andbacterial growth becomes faster. In any organism, there exists a minimum temperature, 429 

below which growth no longer occurs and an optimum temperature at which growth is most 430 

rapid, and a maximum temperature above which growth is not possible (Madigan et al., 1997; 431 

Greben et al., 2002). Study by Greben et al. (2002) on biological sulphate removal, although 432 

sulphate was reduced at 15 °C, it was observed that the reduction rate was lowerthan at 25 
o
C.In 433 

a study on biological sulphate removal using hydrogen as theenergy source, at the different 434 

temperature that were used for investigation, the amount of sulphate that was removed by was 435 

observed to amount to 950 mg/L, 750 mg/L and 610 mg/L, at 23 
o
C, 20 

o
C and 18 

o
C, 436 

respectively (Eloff et al., 2003). 437 

 438 

Conclusion 439 

 440 

In evaluating the effect of temperature on the sulphate removal ability of the test isolates, the 441 

study revealed optimum temperature ranges for removal to be 30 -35 
o
C and 30 – 40 

o
C, for the 442 

bacteria and fungi isolates, respectively. At the temperature of 45 
o
C the sulphate removal ability 443 

of the test isolates was observed to be drastically limited a trend that was uniform among the 444 

bacterial and fungal isolates. Also observed in this study wasa consistent increase in pH of the 445 
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wastewater throughout the period of incubation. This trend was irrespective of the test microbial 446 

isolates and the incubation temperatures. 447 

Despite the fact that the study cannot be considered to be exhaustive, the findings were able to 448 

reveal the role of temperature in the sulphate removal from wastewater by the test bacterial and 449 

fungal isolates under the experimental conditions. 450 

 451 
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