6.1
BATA TANNERY
Tanning is the process by which animal hides are converted into leather. The hides, after removal of flesh and fat, are treated with chemicals, which cross-link the microscopic collage fibers to form a stable durable material. Bata Tannery is located west of Kafue town opposite Kafue textile of Zambia. The industry was established in 1974. The Tannery produces leather from animal hides by the process known as tanning. The tanning mechanism involves a number of processes. The main processes include; Soaking, Liming, Deliming, Degreasing, Pickling, Chrome splitting, Shaving, Returning (fat liquoring), Drying, Batting (trimming) and Finishing.

Other processes include trimming, drying, butting and surface coating. From these processes, some wastes   will arise from surplus, spent or washed out chemicals. The chemicals used at Bata Tannery are as follows; sodium sulphide, Diamol FN, lime, ammonium sulphate, Batam BTZ 100, common salt, sulphuric acid, sodium bicarbonate and formic acid. 

Animal residues also result from such operations as mentioned above (Cleaning, Splitting and Trimming). Each of these generates waste products, which must be disposed of or re-used. Solid waste products of animals are powerful pollutants in water and they also produce bad odours when they decompose in their solid forms.
6.11 Treatment of Effluent by the Bata Tannery
The effluent treatment plant receives the effluent from mainly the wet blue stage and the liming stage. This is collected in the main receiving tank. The effluent from this tank is then pumped into the hydro sieve by means of a pump. The hydro sieve screen removes the suspended materials and large waste materials. From the hydroseive screen the effluent gravitates into the equalization and primary aerator.

6.12 Equalization and Primary Aeration Tank
This tank has the capacity of 3 500 m3 . When the effluent goes into this tank it is aerated by means of a pump, which makes the effluent get stirred up by the rising of fluid itself through small openings in the pipe that run along the tank. Normally, the effluent stays in this tank for 24 hours before it is pumped into the next tank. The control of pH is also done in the tank. The mixing of the low pH effluent from wet blue stage and a high pH effluent from liming stage is the only pH control measure that has been put in place. Thereafter, half the volume of the solution is pumped to the next tank, which is the secondary aerator. The main purpose of this stage is to allow the effluent undergo biological oxidation using the oxygen being provided from the atmosphere. At this stage also, manganese sulphate is added which acts as a catalyst in liberating toxic hydrogen sulphide gas.

6.13
 Secondary Aerator Tank

The secondary aerator tank has the same capacity as the primary aerator tank. In here most of the oxidation takes place i.e., chromium compounds are oxidized to less toxic compounds. At this stage, the aeration is done by the submerged air tubes, which are mechanically operated. This kind of aeration enriches the tank with oxygen necessary for oxidation. It is at this stage that aluminium sulphate must be added. Again the retention period is 24 hours. From here, the solution gravitates into the sedimentation columns. This stage is important because here, extensive complex formation and complete oxidation of most deleterious pollutants take place.

6.14
Sedimentation Columns 

There are twelve sedimentation columns altogether. The main purpose is to separate the suspended solids from solution by allowing them to settle down or sediment. This usually is given an allowance of three months before they can be checked, removed and put on drying beds for them to completely dry up as sludge. For the liquid part the retention period is 24 hours before they are finally discharged into the lagoons. It is at this stage where the polyelectrolytes and the flocculants must be added. The sedimentation stage is important because at this stage, the sludge is separated from the effluent. The sludge is pumped to the drying beds while the effluent is pumped to lagoons for further biological treatment.

6.15 
Lagoons 

There are four lagoons altogether. The solution from the sedimentation columns gravitates into the first lagoon. After several months detention period the effluent is allowed to go into the next lagoon, which after sometime discharges into the third lagoon until the effluent is finally discharged into the Chilumba stream and in the long run into the Kafue river. Green algae are utilized to purify the pollutant found in tanner effluents. The specific type is a spirulina alga. This is found naturally in salt lakes and in the sea. Spirulina algae utilize carbon dioxide and nitrogen nutrients found in tanner effluents. These act as a feed source and after feeding the algae produces oxygen as a by-product. Other nutrients like phosphates and potassium present in the effluent water are utilized.

6.16
The Drying Beds  

There are three drying beds lying opposite to the aerator tanks. The sediments removed from the sedimentation columns are deposited here in order to allow them dry up. These are collected as sludge afterwards.
 RESULTS FROM THE SAMPLES COLLECTED

Table:  Tannery Lagoons

	PARAMETER
	ECZ STANDARDS

(mg/l)
	DETERMINED VALUES(mg/l)

	
	
	SAMPLE 1
	SAMPLE 2

	Suspended solids

Chlorides

Sulphates

Phosphates

Ammonia-N

Nitrate

Chrome

Zinc

Copper

Nickel

Lead

pH
	100

800
1500

1.0

10

50

0.1

>250

-

-

-

6-9
	-

3330

1.30

91.0

64.94

3.72

<0.006

-

-

-

-

8.45
	-

9110

1.30

72.8

42.50

5.64

<0.006

-

-

-

-

7.20


Table: Tannery Lagoons 

	PARAMETER


	concentration (mg/l)

	ECZ STandard 
           (mg/l)

	
	1st Lagoon 
	2nd Lagoon 
	3rd Lagoon 
	

	pH

Phosphate

Nitrate

Chromium

Chloride

S.S.

TDS

Lead

Zinc

Copper

Nickel
	7.74

66.9

4.93

0.31

3430

0.30

353.2

-

> 250

Nil

Nil
	8.06

72.8

5.64

0.29

9110

0.16

484.4

-

> 250

Nil

Nil
	8.28

91.0

3.72

0.09

3330

0.37

889.2

-

>250

Nil

Nil
	6-9

1.0

50

0.1

800

100

-

-

-

-


DISCUSSION OF RESULTS
Pollutant levels in all effluent material exceeded ECZ set standards. Lagoon no. 4 discharge for example exceeded ECZ values of chloride concentration by 8 310 mg/l. Phosphate levels also exceeded ECZ standards by up to 90 mg/l. Of the thirteen parameters tested from the sampling points for compliance with ECZ regulations, only sulphates, nitrates and chromium were within acceptable ranges. High concentration of pollutants at the discharge points to the lagoons is a worrisome issue but not necessarily so the same materials are within the plant during processing.

From the above analysis, it can be concluded that the effluent treatment at Bata Tannery is not effectively done. Reasons for this are summarized below:

· Aeration is inadequate

· Excess salt (Sodium Chloride) used in the industrial process is never recovered at any point. This leads to excess levels of chlorides in the discharged effluent.

· Insufficient treatment of effluent to remove hydrogen Sulphide gas which is one of the deleterious pollutants allowed to escape into the atmosphere unchecked. To neutralize this poisonous gas, manganese Sulphate should be added as a catalyst to liberate this gas.

· No internal analysis of possible pollutants is done. If this was being done, it would regulate the amount of deleterious pollutants to be discharged.

· Sludge drying beds should be lined with a material, which cannot allow leaching of pollutants in sludge into the ground thereby contaminating the ground water.

A break down in the aeration process leads to the release of H2S gas and this is a nuisance outcome as it has negative impacts on the communities around the plant. The control of pH at all stages should be backed by instrumentation that reliably functions. It appeared that plant personnel were not always cooperating when it came to discussing pollution levels in the treatment plant. That attitude was apparent once when tackling the issue of chromium (VI) in the sludge discharge. ECZ tests in the past indicated high levels of chromium (VI) in the sludge and yet information from the plant on the matter was silent.

PARAMETERS OF IMPORTANCE CONSIDERED DURING TESTING
From all the industrial samples, the following parameters were analyzed or were found to be of importance.

BIOLOGICAL OXYGEN DEMAND (BOD)

This refers to the amount of oxygen that would be consumed if bacteria and protozoa oxidized all the organics in one litre of water. When aerobic bacteria consume much of the available oxygen, the bacteria robes of other aquatic organisms of the oxygen they need to live. In other words, BOD is a measure of the oxygen used by micro-organisms to decompose this waste. If there is a large amount of organic waste in the water supply, there will also be a lot of bacteria present working to decompose this waste thereby making the demand for oxygen to be very high. 

CHEMICAL OXYGEN DEMAND (COD)

This also measures the amount of oxygen depletion in the river due to pollution except that this is long-term effect. By definition, COD is the amount of oxygen required to degrade the organic compounds of waste water. The bigger the COD value of wastewater, the more oxygen the discharges demand from water bodies. COD is a vital test for assessing the quality of effluents and wastewaters prior to discharge. The COD test predicts the oxygen requirement of the effluent and is used for the monitoring and control of discharges and in this survey, for assessing the Kafue Sewage Treatment Plant performance.  A short description on other parameters is given below;
pH - measures the degree of acidity or alkalinity of a particular solution. A pH of 7.0 is ideal for animal consumption. 

SULPHIDES (S) – Characteristic of toxic H2S gas.   

AMMONIA -Toxic to fish and stimulates growth of plants and weeds.

NITRATE - This is an oxidized form of nitrogen which posses health problems (eutrophication). Nitrogen in water commonly found as nitrate (NO3) in it self is not practically toxic but certain bacteria commonly found in intestinal tract of infants can convert NO3 to highly toxic nitrites (NO2) resulting in a fatal condition called methemoglobinemia which is commonly referred to as ‘blue baby syndrome.’
PHOSPHATE –Though not toxic, it stimulates the growth of weed and other plants.

FAECAL COLIFORMS –These are intestinal bacteria, which are usually incurred from contamination by manure or sewage.

LEAD – This causes retardation of mind growth in infants.

CHROMIUM –This is a persistent heavy metal in the river (hexavalent form is said to be more toxic than trivalent form).

COLOUR- from tanning and dyes filters out light needed by plants for photosynthesis (planktons)

SULPHATES – accelerates corrosion of concrete sewers.

CHLORIDES – In high concentration damage plants.

RECOMMENDATIONS

1. Reduction in the amount of salt of salt used in the process to minimize Chloride concentration.

2. Effluent Recycling – The effluent should be recycled within the effluent treatment section of the plant for as many times as possible until the ECZ regulations are met..

3. Effluent handling – From the laboratory results it was concluded that some thing ought to be done to ensure perfect handling of effluent. The level at which pollutants like phosphates, Nitrogen ammonia and Chlorides are, is worrisome. The idea found at the tannery plant of using the spirulina algae (biological algae) should be encouraged. However, we recommend that the algae-effluent period be extended.

4. The period of aeration should be extended and the process of aeration be closely monitored.

5. Consideration should be taken as far as use of a variety of tanning agents (e.g. Chrome + Titanium) is concerned. This does not only minimize toxicity levels in the effluent, but also overcome some of the problems of leather quality. Vegetable tanning agents can also be used in tanning.

6. Lining of Ponds – Lagoons and dry beds for sludge must be lined with impermeable material in order to contain nutrients within the beds and lagoons thereby preventing effluent infiltration into ground water.

7. A simple laboratory should be established at the plant to try and monitor the levels of pollutants before discharge.

8. All efforts should be made to try and source for manganese Sulphate. This plays a very important role at the equalization stage as it acts as a catalyst in liberating Hydrogen Sulphate gas, which is very toxic.

APPENDIX 1

SELECTED REGISLATIONS RELEVANT TO THE ENVIRONMENT (Adapted from NEAP, 1994).
	MINISTRY
	LEGISLATION
	PROVISIONS

	Agriculture, Food and Fisheries


	Agriculture Lands Act of 1960, Cap 26


	Legal basis of agricultural management

	
	The Agriculture (Fertilizers and Feed) Act, Cap 351 of 1990
	Regulates and controls the manufacture, processing and importation and sale of agricultural fertilizers and feed, and establishes minimum standards and purity.

	
	The fisheries Act, Cap 314 of 1974
	Provides for commercial fishing and registration of fishermen

	Environment and Natural Resources


	Environmental Protection and Pollution control No. 12 of 1990


	Regulates the law relating to the protection of the environment and control all forms of pollution.

	
	Forest Act, Cap 314
	Provides for forest management, conservation and protection of forests and trees, and licensing and sale of forestry produce.

	
	Natural Resources Conservation Act 315 of 1970
	Control the management and use of natural resources outside forest reserves and national parks.

	Energy and Water

 Development


	The Water Act, Cap 312 of 1949


	Provides for the control, ownership and use of water excluding water that is part of the international boundaries. The Act also established water board, which is administered by a water officer. 

aawhich which is administered by a water officer.


APPENDIX 2

SOME USEFUL ANALYTICAL METHODS AND DETECTION LIMITS

	ARAMETER
	ANALYTICAL METHOD
	REFERENCE METHOD
	DETECTION LIMIT (mg/l)

	Total-N

Ammonia

Nitrates

Total Phosphates

Potassium

Calcium

Magnesium

Iron

COD

BOD
	Kjedahl

Nessler

Ion selective

Molybdate Analysis

AAS

AAS

AAS

AAS

Winkler

Titrimetric
	4500-N

4500-NO3-D

4500-P-C

3500-K-B

3500-Ca-D

3500-Ca-D

3500-Fe-D

5210-B

5221-C
	.001

.01

.01

.01

.01

.01

.01

.01

1

2


APPENDIX 3

THE TANNERY VESERS OTHER INDUSTRIES UNDER CONSIDERATION
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