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ABSTRACT

Five anaerobic microorganisms were isolated from aged sulphide-lime unhairing tannery
wastewater following conventional methods. They were characterized and identified as gram
positive bacilli. The same isolates were used for the treatment of similar tannery wastewater after
pretreatment (filtration, heating/sterilization, covered, allowed to cool overnight). The procedure
was repeated three consecutive days to minimized trace of microorganisms and adjusted to pH
7.0 using diluted HCI. To each 150 ml plastic container, 100ml of the pre-treated wastewater was
added and each isolate was inoculated into the sample for treatment within the periods of 5, 7
and 9 days, at different temperatures of 22 °C, 27 °C and 37°C with 0.5 and 1.0 McF standards
accordingly. The treated wastewater was analyzed for reductive performance of individual
Isolates on pollutants which was determined by sulphide ions, BOD and COD parameters. It was
generally observed that increasing period of treatment, McF standard of the microorganism’s and
temperature indicated general reduction of the measured parameters. Reduction of sulphide ions
became increasingly less for virtually all the isolates contrary to the higher percentage reduction
from the beginning. This suggests increase in depleting of the organic matter. However, T, Ty
and Ty appear to be more effective in the reduction of sulphide ions. Isolates Ty, Tivand Ty
consistently reduced COD in the wastewater more than other isolates in this order: 68.33%,
69.6 % and 71.4% respectively. T, Tnand Tiv, gave the highest percentage reduction of BOD at
67.94%; 65.0% and 69.84% respectively, from the treated sulphide-lime unhairing tannery

wastewater.

INTRODUCTION
There has been a growing interest regarding anaerobic treatment of tannery wastewater due to

the several advantages over other methods. The method is gaining popularity over the aerobic as
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it is more effective, requires less energy and less maintenance cost [1-3]. The method requires
microorganisms that do not require oxygen for their respiration; rather they use other sources of
oxidation to abstract energy for their existence. In anaerobic treatment electrons donating
substances like sulphate and carbon are often used as energy sources. Tannery wastewater which
consists of many organic carbons is capable of being used as a source of carbon donating
electrons to sulphur which is reduced [2, 4a, 4b]. By this oxidation-reduction, the
microorganisms’ abstracts energy, consequently the organic materials are depleted and the
pollutants in the wastewater gradually get reduced by degradation [5].

This method of tannery wastewater treatment is however associated with some
drawbacks which include: i) The continuous production of hydrogen sulphide gas during
anaerobic treatment discourages the implementation of the method, resulting from the reduction
of sulphate which occurs in the absence of alternative electron acceptors like (oxygen and
nitrate). ii) High protein component in the wastewater affects selection of biomass, slow kinetics
of hydrolysis, inhibits granular sludge formation [6, 7].

Different methods of wastewater treatment have been conducted; each is associated with
its challenges and prospects [8, 9]. Oxidation-coagulation-filtration processes for the reduction
of sulphide from the hair burning liming wastewater in tannery requires a lot of energy, but can
remove sulphide by means of oxidation up to 95% before coagulation [10, 11]. It has also been
reported that excellent reduction of pollution load in a highly concentrated tannery wastewater
by electrocoagulation using impact quality aluminium as electrode [12-14].

Some methodologies may not be economically feasible because of high cost or expertise
required for implementing and sustaining the operation of such processes [15, 16]. The potential
environmental impact of chemicals used in the treatment of this complex tannery effluent has
been widely acknowledged and some reagents used for the methods of treatment are more toxic
than threats posed by these effluents. Hence, anaerobic treatment of tannery wastewater is
observed as the ultimate in term of cost effectiveness.

The aim of this study therefore is to compare the performance of each isolate on the
reduction of pollutants determined by COD, BOD and sulphide ions which poses serious

challenge in tannery wastewater management.
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METHODOLOGY

Anaerobic Treatment of the Tannery Wastewaters with Different McFarland Standard

The acidity of filtered tannery sulphide-limed wastewater was adjusted to pH 7.0 using diluted
HCI (1:1). The wastewater was heated to 70 °C and the temperature maintained for fifteen
minutes, covered and left overnight. This was repeated for three consecutive days. Then 500 cm?®
was reserved as CTL sample and the remaining distributed into 120 cm? plastic bottles each
containing 100 cm?® of filtered sulphide-lime unhairing wastewater. Then 0.5 cm® of sodium
alginate was added and shaken to prevent the sampled wastewater from settling. Triplicate
sample wastewater were inoculated with each isolate, according to standard procedures as
reported by Pepper and Gerba [17] and incubated anaerobically at 22 °C, 27 °C and 37 °C. Then
COD, BODs and S ions were determined at Day 5, 7 and 9 days, to estimate the reduction of
each pollutant determined by the parameters.

Analysis of the Tannery Wastewaters
Analyses of COD, BOD and sulphide ions concentration of both control and samples treated
wastewater were conducted according to standard procedures as reported by USEPA [18] for

wastewater assessment and monitoring.

Determination of Biochemical Oxygen Demand (BOD)

The azide modification of the Winkler method was used as reported by USEPA [18]. Sample
waste water (0.5 cm®) was measured into a 300 cm® BOD bottle. Then 2.0 cm® of manganese
sulphate solution and 2.0 cm® of alkaline iodide-azide reagent were added to the sample and
carefully filled with distilled water. The BOD bottle was stoppered to exclude air bubbles and
mixed by inverting the bottle several times. The BOD bottle with the content was kept on the
table, until the precipitates were settled, leaving a clear supernatant. The bottles were shaken
again and allowed to stand for a minute. Then 2.0 cm® of H,SO4with specific gravity of 1.86
g/cm®was added into the mixture and inverted 3 times and allow standing for the precipitate to
settle. Then, 200 cm® of supernatant was measured into 500 cm® conical flask and 1.0 cm?® of
starch indicator was added and titrated with 0.025M of Na»S>03 solution to a pale straw colour.
The dissolved oxygen (DO) in each wastewater sample was calculated on the basis that 1.0 cm?®
0.025 M sodium thiosulphate titrant is equivalent to 0.2 mg DO. Thus each centilitre of sodium

thiosulphate titrant used was equivalent to 1mg/dm?® DO. The same procedure adopted for DO
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was used to determine (BODs) except for the five days’ incubation period. The same 0.5 cm?
volume of sample was placed in a 300 cm® BOD bottle and gently filled with water. The bottle
was stoppered with no air bubbles and incubated for a period of 5 days in the dark at 20+2°C.
The DO was measured before and after. Then BODs calculated from the difference between
initial and final DO using the expression below:

mg0, ) _ Dp_ Dy

BODas | 3 .

Where, Do = the DO of the diluted sample solution (mg/dm?®); P = the decimal dilution factor
Ds = the DO of diluted sample after 5-day incubation (mg/dmd)

Determination of Chemical Oxygen Demand (COD) - Open Reflux Method

For COD determination, 20 cm?® of diluted sample wastewater (0.5:100) was measured into a 500
cm?® conical flask. Then 0.4 g of HgSO4 mixed with 10 cm? standard K2Cr,O7 solution and a few
pieces of anti-bump granules were added into the flask and placed on a hot plate. The flask was
then attached to the reflux condenser and 30cm® of H.SO4 with specific gravity of 1.86
g/cmicontaining AgSO. was slowly added into the flask and mixed thoroughly. The mixture was
then refluxed for one hour, cooled and the condenser rinsed with 25 cm?® water. Three drops of
ferroin indicator was added and the mixture titrated with standard ferrous ammonium sulphate
(Fe (NH4)2S04) until a sharp colour change from blue-green to reddish brown was observed. A
blank was prepared and process repeated with all the reagents except the sample. The COD in
each sample was calculated using the expression:

‘mg0," (A-—B/MX8000
CODas | |

L / mlof sample taken

Where, A = VVolume of Fe (NH4)>SO4 used for blank
B = Volume of Fe (NH4)2SO4 used for sample
M = Molality of Fe (NH4)2SO4 used in titration.

Determination of Sulphide (S*) — lodometric Method
The sample wastewater was diluted with distilled water in the ratio of 1:20 and thoroughly mixed
in a 500 cm? beaker and 200 cm?® of the mixture was withdrawn into a 500 cm? conical flask.

Then 2.0 cm® of standard iodine solution together with 2.0 cm®6.0 M HCI was gently added after
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shaken. 1.0 cm?® Starch indicator was added and thoroughly mixed by shaking and titrated with

sodium thiosulphate (0.025 M) until the solution turned light brown. Then S?- concentration in

each sample was calculated using the expression:

Sulphide (

Where:

L

mg)_ {(AxB)-(C=D)x 16000

volume of sample

A= Volume of standard iodine solution

B = Molarity of standard iodine solution
C = Volume standard NaS; O titrant
D = Molarity of standard Na»S,0Ox titrant

RESULTSAND DISCUSSION

Table 1.0: Mean Reduction of the Parameters by Different Isolates After treatment

TREATMENT N COD BOD Sulphide
Mean = SD MeantSD MeantSD
CONTROL 18 28833.3+923.55? 1280.0+24.49? 580.7+11.94°
TI 36 14526.9+3452.10 836.9+292.31° 626.7+63.98°
TIl 36 14283.1+3731.01° 803.1+254.26° 615.2+62.62°
THI 36 13761.1+2970.51% 837.8+256.74° 625.3457.42°
TIV 36 13072.8+2948.92¢ 812.4+259.67° 618.1+46.52°
TV 36 15363.9+3279.52° 1244.4+1764.83? 617.6+47.48%
Total 198 15531.745292.11 940.8+800.95 617.0+£54.39
Notes: Means with the same letter are not significantly different
Table 2: Two Sample t-test on Effects of Different McFarland Standard on Pollutants
Parameter McF N Mean Std. Error t-value DF P-value
COD (mg/L) 0.5 99 16142.8 476.773 1.632 196 0.104
1 99 14920.6 577.701
BOD (mg/L) 0.5 99 963.24 92.063 0.393 196 0.695
1 99 918.4 67.382
SULPHIDE (mg/L) 0.5 99 624.56 4471 1.981 196 0.049
1 99 609.35 6.237
TDS (mg/L) 0.5 99 26130.9 339.45 1.604 196 0.11
1 99 27251.4 610.387
TSS (mg/L) 0.5 99 10473.1 293.081 0.231 196 0.818
1 99 10590.5 415.087
E. COND (uS/cm®) 0.5 99 20257.4 927.791 0.901 196 0.369
1 99 18911.1 1170.79
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ANOVA for Anaerobic Treatment of the Sulphide-lime Unhairing Wastewater

Three parameters, BOD, COD and S?concentrations, were considered. The microorganisms
coded as Ty, Ty, T, Tiv and Tv were used for the treatment of unhairing/liming wastewater for
its degradation. The parameters were also used to measure the individual performance of the
isolates. The data collected were analyzed with the General linear model (GLM) to assess the
level of reduction of pollution by the isolates at different McFarland standards, temperatures and
periods of treatment. Means obtained from analysis of variance (ANOVA) along the post hoc
test on the means using Duncan Multiple Range Test (DMRT), of effectiveness in pollution
reduction are indicated in alphabetic letters in descending order Table I. The computation takes
into considerations all temperatures, different McFarland standard and period of treatment.

Performance of Individual Isolates on BOD Reduction

For BOD, CTL sample (1280.0+24.49 mg/L) was significantly different from samples treated
with other isolates except for Tv (1244.4+1764.83 mg/L) p<0.05. However, between the
individual isolates, no significant difference was observed in their reducing effect (p> 0.05).
Treatment of the wastewater with 0.5 McF at 22 °C for five days achieved a reduction of 23.28%
of BOD with T,. On Day 7 further reduction of BOD by isolate T, was only 38.09% at 37°C.
which is in line with previous findings [19]. At the end of Day 9, maximum reduction in BOD
of 71.43% was noted by isolate Tv at 37°C with 0.5McF (Figure 1I1). The results of Day 9
treatment period further support the influence of temperature and time on BOD.

The increase of McFarland standard from 0.5 — 1.0 did not have much influence on
percentage reduction of BOD, as shown in Figure 1. BOD increased only slightly by 34.93%
with isolates Tv at 37°C with 1.0 McF treatment. However, reduction in BOD increased
generally when treatment period was extended (Fig.l - 1l and Fig. IV - VI). On Day 9 the
percentage reduction of BOD was observed to increase particularly for Ty, Tyand Ty (Fig. 1V -
V1), giving the highest percentage reduction of BOD at 67.94%; 65.0% and 69.84% observedat
temperatures of 22 °C, 27 °C and 37 °C respectively with 1.0 McF (Fig.VI). This implies that
Isolates T, Tu and Tyv indicate the potentials of being able to degrade organic matter in

sulphide/lime unhairing wastewater more effectively along with others with similar tendencies.
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Individual Isolates on COD Pollutants Reduction

The ANOVA indicates mean levels for COD and CTL (28833.3+923.55mg/L) samples, had the
highest concentration and were significantly different from samples treated with the isolates, T -
Tv (P< 0.05). Samples treated with Ty (13072.8+2948.92 mg/L had the least level of COD and
significantly different from the level of samples treated with T Samples treated with Ty and T,
were not significantly different (P>0.05) and had the least reducing effect of the pollutant. In the
overall assessment, Tiv (13072.8£2984.92 mg/L) had the best reducing effect of the pollutants
determined by COD parameter followed by T (13761.1+2970.51 mg/L).

Reductive Performance of Individual Isolates on BOD, COD and Sulphide lons
Concentration at Different Conditions of Treatment.
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Figure I: Reductive Performance of Individual Isolates on BOD, COD and Sulphide lons Conc.
With McF 0.5 for Day 5
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Figure II: Reductive Performance of Individual Isolates on BOD, COD and Sulphide lons Conc.
With McF 0.5 for Day 7
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Figure V: Reductive Performance of Individual Isolates on BOD, COD and Sulphide lons Conc.

With McF 1.0 for 7 Days
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Figure VI: Reductive Performance of Individual Isolates on BOD, COD and Sulphide lons Conc.
With McF 1.0 for 9 Days

The anaerobic isolates were used for the degradation of sulphide /lime unhairing wastewater at
varied temperatures, time and McFarland standards. The level of degradation of pollutants on
the wastewater was analyzed via the following parameters: BOD, COD and S?* lons
concentration. Statistical analysis of the two sample t-test of anaerobic treatment results shows
various P-values of the pollution parameters but, only sulphide ions concentration was
significantly different at (P < 0.05),

Figure 1.0 reflects the effects of isolates on unhairing-lime wastewater pollutants in the
reduction of COD. An increase in percentage reduction of COD was observed for Ty by 51.76 %
and 60.71% reduction at, 27 °C and 37 °C respectively after day 7 treatment periods (Figures.1.0
- 111). On Day 9 treatment period isolate Tv considerably reduced COD to 69.6 % with 0.5McF
at 37 °C. Increasing McFarland standard from 0.5 — 1.0 McF, further percentage reduction in
COD was observed. On Day 5 treatment period, isolate Ty had 51.7% reduction at 22°C
followed by isolate Tiv having 51.72% and 53.6% at 27°C and 37°C temperatures respectively.
Similarly, after day 7 treatment period further reduction in COD was observed by most isolates
particularly isolates Tiv and Tv which showed reduction by 56.6 % at 27° C and 56.8 % at 37
°C (Fig. V).

For Day 9 treatment period, isolate T caused COD reduction by 68.33% at 22°C with
1.0 McF standard. Isolates T also reduced COD in the wastewater by 63.8% at 27°C while Tv
by 71.4% at 37 °C. The trend suggests that temperature and treatment period influence COD

reduction in the wastewater.
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Comparing the performance of individual isolates on COD response, it was observed that after
Day 9 treatment periods, isolate Tiv indicated a reduction of COD by 69.6%, the highest
percentage reduction observed with 0.5 McF standard at 37 °C. While, for the same period at 1.0
McF, 68.33 % reduction was observed at 22 °C, followed by 64.7% triggered by isolate Ty and
Tv reduction was recorded for isolate T at, 27° C. The steady reduction of COD observed could
be attributed to the oxidation of carbon and other organic matter from the wastewater induced by
the anaerobes. The process also led to the generation of hydrogen sulphide that was observed
given off. This might have contributed to further reduction in COD from the wastewater which
is in line with reports by Tilley et al [20]. The evolution of hydrogen sulphide gas observed,
suggests that the microbes isolated were sulphur reducing anaerobic bacteria [21]. This may
account for the general increase observed in percentage reduction of COD from the wastewater,
as sulphide was observed evolving in form of H2S. From the overall results it can be stated that
isolates Ty and Tv consistently reduced COD parameter in the wastewater more than other

isolates.

Hydrogen sulphide
The evolution of sulphide (S*) observed from the anaerobic treatment of sulphide lime unhairing
wastewater may likely pose negative effects, similar to reports by Khanna and Lofrano [22]. This
will give bad odour and poses serious health threats to tannery and wastewater treatment plant
workers. It was observed that the effects of anaerobic isolates caused reduction of sulphide in
the wastewater, though the results were observed to fluctuate with different isolates at different
conditions of treatments. After day 5 treatment periods, T, had maximum percentage reduction of
9.75% at 25 °C which declines to 6.58% at 27 °C and 1.72% at 37 °C with 0.5 McF.

Similar observations were made for other isolates like T reduced sulphide by 13.05%, at
25 °C. Isolate Tv had maximum percentage reduction of sulphide concentration by 6.03 % at 37
°C after 7days of treatment. On increase of McFarland standard from 0.5 — 1.0 McF, consistent
reduction in sulphide (5%) was observed through all the temperature regimes and period of
treatment (Figures IV - VI). The maximum percentage reduction of sulphide pollutants was
25.35% for T and 23.6% for both Tyand Tu. This was observed after 5 days of treatment with
1.0 McF at 22 °C. But for the same isolates, reduction of sulphide was much less at 37 °C for the

same 5days as shown in Figure 1V. This is most probable because the carbon content of the
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wastewater that induced the reduction of sulphur may be depleting. This observation agrees with
the literature reported by Lofrano et al [23].

CONCLUSION

It was generally observed that increasing period of treatment, temperature and the McF standard
of the microorganisms favored reduction of the measured parameters, especially as the isolates
seemed to be mesophilic in nature. Reduction of sulphide ions was observed becoming less for
virtually all the isolates however, T, Ty and T appears to be more effective in its reduction. The
reduction of sulphide also positively affected the reduction of COD as sulphide concentration
could cause high COD. From the overall results it can be stated that isolates Ty, Tiv and Ty
consistently reduced COD in the wastewater more than other isolates in this order, 68.33%. 69.6
% and 71.4% accordingly, suggesting these isolates as most effective compared to others. While,
for Tm, Tuand T, they gave the highest percentage reduction of BOD at 67.94%; 65.0% and
69.84% in that order.

REFERENCES

1. Di Laconi, Lpez, A., Raimadori, R., Di Pinto, A.C. & Passion, R. (2002). Combined chemical
and biological degradation of tannery wastewater by periodic submerged filter (SBBR). Water
Res. 36, 2205-2214.

2. Dixit, S. Yadar, Ashish, P. & Duriredi, M. (2014). Toxic hazards of leather industry and
technology to combat threat, Journal of Cleaner Production, 39-49.

3. Rajeshkannan, R., Rajamohan, N. & Rajasimman, M. (2010). Optimization, equilibrium and
kinetic studies on removal of acid blue 9 using brown marine algae Turbinariaconoids,
Journal of Bioremediation, 15, 57-67.

4a Ryes Alvarado, L. (2016). Optimization of the electron donor supply to sulphate reducing
bioreac-tors treating inorganic wastewater. Earth Sciences. Université Paris- Est, English.
NNT:2016PESC1151.

4b Reyes-Alvarado, L. (2018). Optimization of the Electron Donor Supply to Sulphate Reducing

Bioreactors Treating Inorganic Wastewater (1st ed.). CRC Pre
https://doi.org/10.1201/9780429439209

5. Lofrano, G., Sureyya, M., Gllsiim, Emel Zengin & Derin Orhon (2013). Chemical and

Biological treatment technologies for leather tannery chemicals and wastewaters: A review

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 306



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

S.F. Tanko, J.D. Putshaka, Y. Dalhatu, B.T. Patrick, B. S. Amana, B. Habila: Performance of Individual
Isolates in the Reduction of Sulphide lons, BOD and COD Parameters in the Treatment of
Unhairing/Liming Tannery Wastewater

Elsevier, Science of the Total Environment 461-462: 265-281.doi:
10.1016/j.scitotenv.2013.05.004.

6. Jochemsen, J. & Jekel, M. (1997). Partial Oxidation effects during the combined oxidative and
biological treatment of separated stream of Tannery wastewater, Water science and

technology, 35, 337 — 345.

7. Joanna, L.J. Suzanne, M. P.,& Raymond, W.L. (2003). Possible Roles of Sulphur-containing
Amino acids in a chemoautotrophic Bacterium —Molluse Symbiosis School of Biological
Science, Washington State University Pullman, Washington.

8. Amokrane, A., Comel, C. & Veron, J. (1997). Landfill leachates pre-treatment by
coagulation-flocculation. Water Res. 31, 2775-2782.

9. Orhon, D., Sszen, S., Ubay Cokgsr, E. & Ates, E. (1998). IAWQ 19" Biennial International
Conference, 256-363.

10. Hashem, A., Nur-A-Tomasyeda, S, S. & Bushra, A. (2016). Oxidation-coagulation-filtration
processes for the reduction of sulphide from the hair burning liming wastewater intannery.
Journal of Cleaner Production, 127, 339 - 342

11. Elabbas, S., Ouazzanni, N., Mandi, L., Berrekhis, M., Perdickis. S., Pontvianne, S., Pons, M-
Lapicque, N. F. & Leclerc, J.P. (2016). Treatment of highly concentrated tannery
wastewater using electrocoagulation: Influence of the quality of aluminium used for the
electrode, Journal of Hazardous Materials, 319, 67- 77.

12. Ongjao, S., Damronglerd, S. & Hanson, M. (2008). Simultaneous removal of organic and
inorganic pollution in tannery wastewater using electrocoagulation technique. Korean

Journal of Chemical Engineering, 25, 703-709.

13. Jing,C., Ping, Z. & Mahmood, Q. (2010). Influence of various nitrogenous electron acceptors
on the anaerobic sulphide Oxidation, Bio-resource Tech. 101, 2931 —2937.

14. Chung, J., Amin, K., Kim, S., Yoo, S.; Kwon, K. & Bae, W. (2014). Autotrophic
Denitrification of Nitrate and Nitrite Using Sulphate as an Electron Donor. Water
Research, 58, 169 —178.

15. Augusto, R. & Maia, M. (1998). Clean Technologies, Targets Already Achieved and Trends
for the coming year, Journal of the Society of Leather Technologist and Chemist. 82, 111-
113.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 307



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/

S.F. Tanko, J.D. Putshaka, Y. Dalhatu, B.T. Patrick, B. S. Amana, B. Habila: Performance of Individual
Isolates in the Reduction of Sulphide lons, BOD and COD Parameters in the Treatment of
Unhairing/Liming Tannery Wastewater

16. Gasparikova, E., Kapusta, S., Bodik, I. Derko, J. & Kratochvil, K. (2005). Evaluation of
Anaerobic — Aerobic Wastewater Treatment Plant Operation, Polish Journal of
Environmental Studies, 14 (1), 29-34.

17. Gerba, C. P. & Pepper, I. L. (2004). Microbial contaminants. In: Environmental Monitoring

and Characterization, Elsevier Science/Academic Press, San Diego, CA. Pp. 313-333.

18. United States Environmental Protection (USEPA) (2012). COD, BOD in water monitoring

and assessment. http://waterepa.gov/type/rsi/monitoring/rms 558.cfm Retrieved 19/3/2015

19. Banu, J.R. & Kaliappar, S. (2007). Treatment of tannery wastewater using hybrid up flow
anaerobic sludge blanket reactor. Journal Environment Engineering Science, 6, 415 — 421.

20. Tilley, E, Ulrich, L., Lueth, C., Raymond, P. & Zurbrue, C. (2014). Compedium of sanitation
systems and Technologies, 2™ Revised Edition Duebendorfswiss. Federal Institute of
Aquatic Science and Technology (Eawag). Swiss Agency for Development Cooperation.

21. Lofrano, G., Belgiorno, V., Gallo, M., Raimo, A., S. & Meric, A. S. (2006). Toxicity
reduction in leather tanning wastewater by improved coagulation flocculation process.
GlobalNEST Journal, 8 (2), 156-158.

22. Khanna, R.B. & Jothikumar, N. (1996). Microbial Recovery of Sulphur from Tiosulphate
Bearing Wastewater with Phototropic and Sulphur Reducing Bacteria.
Current Microbiology, 32, 33 — 37

23. Lofrano, G., Meric, S. & Belgiorno, V. (2010). Tannery wastewater treatment by advanced
oxidation processes. Editors; (In: Belgiorno, V., Naddeo, V. & Rizzo, L.). Wastewater and
soil treatment by Advanced Oxidation Processes (AOPs). Salerno, Italy: Aster onlus 978-1-
4461- 2967-8: p. 197—  217.

http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/ 308



http://www.unn.edu.ng/nigerian-research-journal-of-chemical-sciences/
http://waterepa.gov/type/rsi/monitoring/rms%20558.cfm

