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ABSTRACT
Tanneries have gained negative image in the society because of the high polluting nature of their effluents. A typical tanning company consumes as much as 400 kg sodium sulphide; 250 kg ammonium sulphate; 820 kg sodium chloride; 80 kg sulphuric acid; 740 and 40 kg of lime and sodium carbonate per production day and with about 32 of such companies in Kano, the tanning process is simply the most environmentally polluting industry because of the enormous discharge into the water bodies such as the Challawa and Jakara rivers. Effluent from the tanneries is 225 m3/day and 12 tons of solid waste per day amounting to gross pollution of the environment all year round. The effluent from tannery industries in Kano were collected and characterized in the course of this study. Because of the expensive nature of conventional treatment, biological methods were considered for the treatability of the waste through the use of microorganisms. Hence, the bioremediative potentials of microorganisms isolated from tannery wastewater were evaluated. Seven microorganisms were isolated and were also characterized biochemically. These were used on a sample of supplemented tannery wastewater to determine biomass growth, specific growth rate and their effectiveness in relation to pH, chemical oxygen demand (COD), total suspended solids (TSS) and chloride. The microorganism shows capability for bioremediation of the tanneries waste hence could be effective for the overall management of tannery wastewater in Kano City.
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1.0
INTRODUCTION
Tanning is the key operation that transforms raw skins into leather. It is the act of converting animal hides and skins into leather. These are made principally of proteins and also contain minor amounts of lipids, albumins, globulin, and carbohydrates (World Bank, 1998). Only 20–25% of the raw hide weight is processed to leather (UNIDO, 2000; UNEP/IEO (1994)). Tanning also involves a complex combination of mechanical and chemical processes. The heart of the process is the tanning operation itself in which organic or inorganic materials become chemically bound to the protein structure of the hide and preserve it from deterioration. The preliminary tannery processes or beam house processes (cleaning, trimming, deliming, etc.) prepare the hide protein so that all the undesirable impurities are removed, leaving the skin in a receptive condition to absorb the chromium, vegetable, or occasionally other tanning agents used in subsequent tanning operations. Nigeria's leather industry plays an important role both as an earner of foreign exchange and provider of employment. Tanning and finishing of leather in the mechanized way started in Kano, Nigeria in 1949 (Buba et al., 2004). A typical tanning company consumes as much as 400 kg sodium sulphide; 250 kg ammonium sulphate; 820 kg sodium chloride; 80 kg sulphuric acid; 740 and 40 kg of lime and sodium carbonate per production day and with about 32 of such companies in Kano, the tanning process is simply the most environmentally polluting industry because of the enormous discharge into the water bodies such as the Challawa and Jakara rivers. Liquid waste water from the tannery is 225 m3/day and 12 tons of solid waste per day amounting to gross pollution of the environment year round. The economic benefits derived from the leather industries are enormous. However, the negative environmental impact of their wastewater is a major setback (Rao et al., 1999). Most of the tanneries in Nigeria use old and inefficient technologies and production methods contrary to the concept of cleaner technology. The use of inefficient technology is largely responsible for the wasteful use of water and chemicals, high load of effluent pollutants and low productivity of the tanning industry (MAPS, 2002). The harmful effects of effluents and waste products from different industries have been reported by  Tripathi (1978), Chin et al., (1987), Chadderton (1988), Ramasami et al., (1999), Rao et al., (1999), Naidu (2000), Kamaludeen et al., (2003), Cuenza, (2004), Yusuf (2004), and Yadav et al., (2005). Because of the expensive nature of conventional treatment, biological methods were sought through the use of microorganisms. Hence, this study was to evaluate the bioremediative potentials of microorganisms isolated from tannery wastewater. 

2.0
MATERIAL AND METHODS 

2.1
Characterization of the wastewater

Tannery wastewater was taken at ambient conditions from the storage pond of the Tanning Industries and analysed in accordance with HACH, 1997; APHA, 1998. The wastewater was later characterised in the Microbiology Laboratory, Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria to determine the following polluting parameters, Alkalinity, Total solids (TS), Total dissolved solids (TDS), Total suspended solids (TSS), Biochemical oxygen demand (BOD), Chemical oxygen demand (COD), Chromium and Chloride.

2.2
Isolation & Characterisation of the microorganisms from the wastewater

The micro organisms in the wastewater were isolated in the Microbiology Laboratory, Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria using standard methods. The characterization was carried out according to Seely and Demark, 1972; Hughes and Leffson, 1953; Holding and Collee 1971; Harrigan and MacCance, 1966.

2.3 Nutrient preparation for primary and secondary cultures 
The nutrient preparation for Primary and Secondary Cultures was prepared using the following Salts: KH2PO4 1.6mg/l, NaHPO4.2H2O 3.1mg/l, NH4NO3  0.5mg/l, KNO3 2.0mg/l, MgSO4.7H2O 0.1mg/l, CaCl2.2H2O 0.02mg/l, Boric acid 0.1mg/l, ZnSO4.7H2O 0.04mg/l, Mo salt 0.02mg/l, MnSO4 0.04mg/l, CuSO4 0.04mg/l, FeSO4.7H2O 0.0025mg/l (Leahy and Colwell, 1990; Atlas and Bartha, 1992; Prince, 1992; Pritchard et al., 1992; Leavitt and Brown, 1994).

2.4
Experimentation
Two hundred millilitre of fresh medium from the secondary culture was added to each flask (250ml) and 1% v/v of the wastewater was added. Using an inoculating loop that had been sterilised to redness in a flame and cooled by oscillating briefly in the air, three loops of microorganism were streaked into each labelled flask. The flasks were then placed on the gyratory incubator shaker at 30oC and 120rpm for 84 hours. Samples were withdrawn every six hours for the analysis of pH, chloride, total suspended solid and COD. These four parameters were part of the parameters determined for the fresh sample of wastewater at the time of sample collection. They are part of the Group I parameters, i.e. the most significant parameters for which effluent threshold will most often be set (FEPA, 1991). The other parameters like colour, odour, temperature and chloride are among those in Group II, (i.e. additional parameters).

3.0
ANALYTICAL METHOD

The samples was analysed using HACH spectrophotometer DR 2010 and the reference standard was according to APHA, (1998) and FEPA, (1991) 

4.0
RESULTS AND DISCUSSION
Table 1.0 shows the result of the tannery effluent sample analysis for certain pollution parameters and the national effluent limit for each parameter was also included for comparison. The result showed that the pollution levels for some of the measured parameters in the effluent were very high with the exception of temperature and pH. The pattern of the characterization showed similar trends with earlier works (Tünay et al., 1995; Orhon et al., 1999; Rivela et al., 2002; More et al., 2002; Tare et al., 2003; Yadav et al., 2005). Only seven microorganisms with bioremediation potentials were isolated and identified as Micrococcus sp.; Staphylococcus aureus; Bacillus subtilis; Proteus vulgaricus; Pseudomonas fragii; Pediococcus halophilus and Staphylococcus aureus;

Table 1.0: Tannery effluent analysis
	Parameter
	Measurement

A
	Measurement

B
	Average
	*National limit

	Temperature (oC)
	29
	24
	26.5
	40

	Alkalinity
	8.76
	9.78
	9.27
	-

	Total solids
	3520
	3670
	3595
	2040

	Total dissolved solids
	2718
	2720
	2719
	2000

	Total suspended solids
	872
	880
	876
	40

	Sulphide
	170
	175
	172.5
	1

	BOD5
	2163
	2117
	2140
	100

	COD
	4373
	4397
	4385
	160

	Chromium
	42.3
	42.7
	42.5
	2.0

	Chloride
	129.12
	125.04
	127.08
	50


* (FEPA, 1991)

All values are in mg/l unless otherwise stated.
The biomass growths of the individual microorganisms were initially very slow until after forty hours (Fig. 1). This was the lag phase where the microorganisms were adjusting and acclimatising to their environment. The biomass growths picked up rapidly (log phase) and continued till when the nutrients were exhausted or probably when the metabolic products they formed inhibited further multiplication. This was after seventy–two (72) hours when stagnation set in. The microorganism with the highest growth was Pediococcus halophilus (3.01g/l). The growth level for the other microorganisms are Proteus vulgaricus (2.55g/l), Pseudomonas fragii (2.34g/l), Streptococcus faecium (1.66g/l), Bacillus subtilis (0.96g/l), Micrococcus sp. (0.61g/l) and Staphylococcus aureus (0.60g/l). The growth patterns for individual microorganisms followed the well-accepted pattern of microbial growth kinetics (Ramos and Timis, 1987; Horner, 1993; Lee and Lin, 1999). Although they were in varying degrees, the patterns could be identified as the lag, acceleration, exponential or log, deceleration, and stationary phases (Lee and Lin, 1999).The microorganism with the individual highest specific growth rate of 0.01494 hr–1 was Proteus vulgaricus. The specific growth rate (Fig. 2) for the other microorganisms were 0.01448 hr–1 for Pseudomonas fragii, 0.01378 hr–1 for Pediococcus halophilus, 0.01348 hr–1 for Micrococcus sp., 0.01320 hr–1 for Streptococcus faecium, 0.01295 hr–1 for Staphylococcus aureus and 0.01277 hr–1 for Bacillus subtilis. Fig. 3 showed the variation of chemical oxygen demand (COD) with time for all the seven microorganisms. The positive aspect was that there was a significant reduction in the COD value and this will reduce the pollution load of the receiving water body. The microorganisms displayed very high abilities in bringing down the concentration of total suspended solids (TSS) as shown in Fig. 4. The best microorganism, Bacillus subtilis, exhibited the greatest potential after fifty–two hours. The result showed that five of the microorganisms could be used for the reduction of total suspended solids. These are Bacillus subtilis, Pseudomonas fragii, Proteus vulgaricus, Micrcoccus sp. and Pediococcus halophilus. Only Pseudomonas fragii was able to bring the chloride concentration to 57.72mg/l, which is close to the national limit of 50mg/l (Fig. 5). 

5.0
CONCLUSION

The microorganisms show capability for bioremediation of the tanneries waste hence could be effective for the overall management of tannery wastewater in Kano City. However, there is the need for further work to be carried out on a pilot plant using the microorganisms.

[image: image1.wmf]0

0.5

1

1.5

2

2.5

3

3.5

0

10

20

30

40

50

60

70

80

90

B

i

o

m

a

s

s

 

c

o

n

c

e

n

t

r

a

t

i

o

n

 

(

g

/

l

)

Time (hours)

Fig 1: Biomass concentration with time (individual microorganisms)
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Fig 2: Specific growth rate of individual microorganisms
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Fig 3: Variation of COD with time (individual microorganisms)

Micrcoccus sp.

Staphylococcus 

aureous

Bacillus subtilis

Proteus vulgaris

Pseudomonas 

fragii

Pediococus 

halophilus

Streptococcus 

faecalis



[image: image4.wmf]0

100

200

300

400

500

600

700

800

900

0

10

20

30

40

50

60

70

80

90

T

S

S

 

(

m

g

/

l

)

Time (hours)

Fig 4: Variation of total suspended solids with time (individual 
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Fig 4.6: Variation of Chloride concentration with time



Sheet2

		





Sheet3

		






_1319648746.xls
Chart1

		0		0		0		0		0		0		0

		6		6		6		6		6		6		6

		12		12		12		12		12		12		12

		18		18		18		18		18		18		18

		24		24		24		24		24		24		24

		30		30		30		30		30		30		30

		36		36		36		36		36		36		36

		42		42		42		42		42		42		42

		48		48		48		48		48		48		48

		54		54		54		54		54		54		54

		60		60		60		60		60		60		60

		66		66		66		66		66		66		66

		72		72		72		72		72		72		72

		78		78		78		78		78		78		78

		84		84		84		84		84		84		84



Micrcoccus sp.

Staphylococcus aureous

Bacillus subtilis

Proteus vulgaris

Pseudomonas fragii

Pediococus halophilus

Streptococcus faecalis

Time (hours)

COD (mg/l)

Fig 3: Variation of COD with time (individual microorganisms)

4367

4367

4367

4367

4367

4367

4367

3907

4243

3531

4192

3946

4121

4209

3650

4101

3104

3915

3639

3912

3978

3543

3927

2520

3602

3362

3733

3725

3200

3789

1946

3296

2957

3459

3429

2977

3553

1429

2822

2632

3231

3310

2529

3292

1172

2446

2224

2954

3273

2231

3064

1021

2093

1937

2596

3224

1842

2929

936

1755

1697

2140

3167

1520

2755

901

1489

1329

1835

2999

1352

2692

850

1026

1056

1552

2831

1201

2425

793

925

908

1314

2692

1024

2396

727

852

847

1239

2403

900

2330

606

803

736

1213

2237

861

2292

541

740

646

1129

2205



Sheet1

		Time (hrs)		Micrcoccus sp.		Staphylococcus aureous		Bacillus subtilis		Proteus vulgaris		Pseudomonas fragii		Pediococus halophilus		Streptococcus faecalis

		0		4367		4367		4367		4367		4367		4367		4367

		6		3907		4243		3531		4192		3946		4121		4209

		12		3650		4101		3104		3915		3639		3912		3978

		18		3543		3927		2520		3602		3362		3733		3725

		24		3200		3789		1946		3296		2957		3459		3429

		30		2977		3553		1429		2822		2632		3231		3310

		36		2529		3292		1172		2446		2224		2954		3273

		42		2231		3064		1021		2093		1937		2596		3224

		48		1842		2929		936		1755		1697		2140		3167

		54		1520		2755		901		1489		1329		1835		2999

		60		1352		2692		850		1026		1056		1552		2831

		66		1201		2425		793		925		908		1314		2692

		72		1024		2396		727		852		847		1239		2403

		78		900		2330		606		803		736		1213		2237

		84		861		2292		541		740		646		1129		2205





Sheet1

		



Micrcoccus sp.

Staphylococcus aureous

Bacillus subtilis

Proteus vulgaris

Pseudomonas fragii

Pediococus halophilus

Streptococcus faecalis

Time (hours)

COD (mg/l)

Fig 4.: Variation of COD with time



Sheet2

		





Sheet3

		






_1319648510.xls
Chart1

		

		0		0		0		0		0		0		0

		6		6		6		6		6		6		6

		12		12		12		12		12		12		12

		18		18		18		18		18		18		18

		24		24		24		24		24		24		24

		30		30		30		30		30		30		30

		36		36		36		36		36		36		36

		42		42		42		42		42		42		42

		48		48		48		48		48		48		48

		54		54		54		54		54		54		54

		60		60		60		60		60		60		60

		66		66		66		66		66		66		66

		72		72		72		72		72		72		72

		78		78		78		78		78		78		78

		84		84		84		84		84		84		84



Micrcoccus sp.

Staphylococcus aureous

Bacillus subtilis

Proteus vulgaris

Pseudomonas fragii

Pediococus halophilus

Streptococcus faecalis

Time (hours)

Biomass concentration (g/l)

Fig 1: Biomass concentration with time (individual microorganisms)
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Fig 4.1: Biomass concentration with time
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