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EXECUTIVE SUMMARY

Introduction

The Kafue Industrial Estate is host to many industries that play a significant role in the economic development of the country of Zambia. The Nitrogen Chemicals of Zambia for example, produces the country’s agricultural fertilizers like ammonium sulphate and compound fertilizer (N, P, K), ammonium nitrate, nitric acid, sulphuric acid, liquid ammonia, carbon dioxide and methanol. The Bata Tannery produces finished leather, Lee Yeast produces bakers yeast and Kafue Chemicals of Zambia produces sodium silicate, sodium sulphate and hydrochloric acid to mention a few.

As much as these industries contribute positively to the economy of the country, they also have negative environmental impact. The industries contribute to the degradation of the Kafue River Basin ecosystem and bio diversity. This is so because the Kafue river serves as a sink for large volumes of industrial effluents. These industrial effluents contain high levels of deleterious pollutants. The Kafue River Basin (KRB) needs to be protected from pollution. 

This document outlines the intentions of Advocacy for Environmental Restoration to carry out advocacy campaign against effluent discharge into the Kafue River Basin that exacerbate the degradation of the water and natural resources. This is a part of a project that seeks to stimulate the participation and formation of a net work with the local communities, industries and government agencies with the view to protect and sustainably use the KRB environment. ARE hopes to extend the results of this survey to other areas of the KRB.

Current work’s objective and activities

To collect data on the composition of effluents and concentration of each component at some selected operating companies. This seeks to contribute to AREZM’s overall objective of advocating against discharge of pollutants into the Kafue River Basin (KRB).   

Activities 
· Collect and review work done in the KRB.

· Undertake on the spot checks at the industries and institutions discharging effluents into the KRB.

· Hold consultation with the KRB communities, industries, institutions, e.t.c

· Collect data on composition of effluents and concentration of each component at some selected operating companies.

· Collect data on the flow rates of the discharged effluent into the Kafue River.

· Advise the industries concerned of the findings and if possible request for remediation.
Results and findings

A successful sampling and analysis of effluents from selected industries revealed the following:
1) All the samples exceeded the ECZ regulations for phosphates and ammonia nitrogen.

2) The discharge from Lee Yeast contained the highest level of phosphates and nitrates.

3) The Bata Tannery lagoons were found to contain high chloride levels in the effluent.

4) The Kafue Sewerage Treatment Plant was found to be discharging a lot of phosphates and Nitrogen into the Kafue River due to the fact that the new sewerage treatment plant is down. 

The following are some immediate impacts on the environment which have been caused by the pollutants mentioned above:

i. Reduction in fish population as a result of ammonia which when in excess, is toxic to fish and other aquatic animals.

ii. Over growth of weeds in the oxidation ponds has made the ponds to act as sanctuaries to mosquitoes and crocodiles. The mosquitoes are vectors which carry malaria parasites.

iii. Un treated sewage contains high amounts of faecal coli forms. These bacteria are found in untreated domestic water which when taken, accumulate in intestines of human beings and eventually cause acute diarrhoea and cholera.

iv. The growth of the water hyacinth and the kafue weed (Salvania molesta) in the kafue river have also been found to be exacerbated by high levels of phosphates, nitrates, ammonia and other pollutants, which act as nutrients to these plants. The water hyacinth and the Kafue weed though help to reduce the concentration of the pollutants in the river, their over growth lead to excessive eutrophication, thereby effecting the KRB flora, fish and other aquatic animals.

v. High flow rate of effluent between treatment stages causes sewage system to react differently from its normal pattern as designed.

Recommendations

In view of the perceived scenario, ARE made the following recommendations to each of the selected industries under consideration. The recommendations are different for each industry due differences in the effluent treatment methods and differences in the various technical problems each of these industries incur.

Lee Yeast
1. The effluent should undergo an extensive denitrification process to minimize the nitrate concentration.

2. Biological algae must be introduced in the effluent treatment lagoons situated inside the industry premises.

3. The effluent must be recycled until acceptable levels of the pollutants in the discharge have been reached.

Bata Tannery
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.

Kafue Sewage Treatment Plant
1. The weeds in the oxidation ponds should be cleared in order to prevent the out break    of malaria among the nearby communities.

2. Equipment at the new treatment plant should be repaired as soon as possible in order to boost the old treatment plant in effluent handling.

3. There is urgent need to equip the laboratory at the plant.

4. The other three pumps which are not working should be repaired. This is because the two pumps which are operational are being over worked.

5. Funding to the Sewage plant should be increased so as to minimize the current financial constraints KSTP staff is facing.
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1.0
INTRODUCTION

1.1
BACKGROUND  INFORMATION

The Kafue River is one of the largest rivers in Zambia. It is located inside Zambian territory and contributes an estimated 12 % of basin flow at its confluence with the Zambezi River. By virtue of it’s location and course all major industrial towns and centers are located near the river and it has become the most important and most economically utilized river basin in the country. For this reason, the Kafue River Basin (KRB) deserves to be protected from pollution. Deterioration of the environment is often irreversible or rarely reversible at heavy cost of both money and man power.
Industrial activities have been identified to be one of the major sources of pollution to the Kafue River. In this survey, the Kafue Industrial Estate which lies along the Kafue River Basin will be of interest. As there are several industries operating in the area, AREZM’s mandate is to help prevent this potential source of pollution and make as many stake holders as possible aware of the current situation and the consequences of any pollution occurrence. In this case AREZM is also focusing on the exacerbated degradation of the KRB’s ecological system and water quality, which is threatening both human and other forms of life. This is being done with prior knowledge that pollution of water deprives people of their human right of access to clean water and sanitation.

Some suggested ways of evaluating the extent of pollution of the KRB will be chemical analysis of potential pollutants and community based self-monitoring and enforcement strategies. In so doing, the level of environmental consciousness of the community is being assessed. The criterion for justifying and pointing out the acceptable level of effluent discharge by these industries is their compliance with Environmental Council of Zambia set standards.

1.2
ECZ REGULATIONS

In Zambia, the discharge of effluent and wastewater into the aquatic environment is regulated by The Water Pollution Control (effluent and waste water) Regulations, 1993 (ECZ Regulations) issued through Statutory Instrument No. 72 of 1993. According to these Regulations, the aquatic environment has been defined as all surface and ground water, but does not include water in installations and facilities for industrial effluent, sewage collection and treatment. The Third Schedule (Regulations 5(2)) of these Regulations gives the Table of Standards (Limits) for the “Effluents and Waste Water”. These standards give the acceptable quality of effluents and waste water to be discharged into the aquatic environments like the Kafue River.

1.3
DESCRIPTION OF THE STUDY AREA

In this survey, only the industrial area of Kafue is under consideration. The Kafue industrial area is located in the central part of town and comprises such industries as those outlined in the table below. All the industries except for the Kafue Sewage Treatment Plant are located within the Kafue Industrial Estate and the following table shows each industry’s major product:
	NAME OF INDUSTRY


	MAJOR PRODUCTS

	Nitrogen chemicals of Zambia


	Ammonium Nitrate (sold to Lee Yeast). Ammonium Sulphate and compound fertilizer (N, P, K), Nitric Acid, Sulphuric Acid, Liquid Ammonia, Carbon Dioxide and Methanol. 

	Bata Leather Tannery


	Finished Leather for sale



	National Breweries of Zambia


	Opaque beer (shake shake), Drags (Husks used as stock feed) and compound Yeast

	Lee Yeast
	Yeast

	Kafue Textiles of Zambia
	Cotton and different types of clothes

	Kafue Sewage Treatment Plant
	Agricultural manure and sewer waste water

	Kafue Chemicals of Zambia
	Sodium Silicate, Sodium Sulphate and Hydrochloric Acid.


2.0
OBJECTIVE OF THE CURRENT WORK

To collect data on the composition of effluents and concentration of each component at some selected operating companies. This seeks to contribute to AREZM’s overall objective of advocating against discharge of pollutants into the Kafue River Basin (KRB).   


Activities 
· Collect and review work done in the KRB.

· Undertake on the spot checks at the industries and institutions discharging effluents into the KRB.

· Hold consultation with the KRB communities, industries, institutions, e.t.c

· Collect data on composition of effluents and concentration of each component at some selected operating companies.

· Collect data on the flow rates of the discharged effluent into the Kafue River.

· Advise the industries concerned of the findings and if possible request for remediation.
3.0
METHODOLOGY

In order to ensure that the above objectives are realized, a field program was made which comprised several activities. These activities included literature review on publications done on similar work, plant familiarization of each industry, sample collection, laboratory analysis of the samples, data analysis and follow-up interviews with company and council officials as well as representatives.
4.0
LITERATURE REVIEW

A number of publications were consulted to get the feel of the work at hand and to have a general picture of what was expected. These included published material on similar work done in the past, industrial manuals as well as scientific books which served as references for certain concepts. The following activities were generally found to be the major sources of pollutants transported to the Kafue River:

4.1
Agriculture
Agricultural activities are either point or non-point sources of nutrients. Kaleya smallholders, Garner Farms, Nakambala Sugar Estates, Cere Farms and Nanga Farms located in the upstream section contribute nutrients to the Kafue River. Nutrient-rich run off waters from the farms find their way into the Kafue River through ground water canals and streams or floods. Nakambala Sugar Estates are the largest contributor according to past studies.

4.2
Industry
Discharges from industrial activities are both point and non-point sources. In the Kafue area effluents from industries enter Kafue River through Chilumba stream. During the rainy season, the local people use some of the effluent water to irrigate their vegetable gardens that are located near the industries. During the rainy season, the nutrients reach the Kafue river through Chilumba stream and other low-lying channels.

4.3
Municipal services 
The municipal activity identified as the major contributor of nutrients to the Kafue river is the Kafue Sewage Treatment Plant. With 20,000 m3 of waste water received per day, the facility is estimated to be discharging to the river about 12 tonnes of ammonia, 140 tonnes of nitrates and 12 tonnes of phosphorous per year through surface water. Visual inspection of the discharge points as well on-site analysis using test strips points to an abundance of nutrients at the site. The water hyacinth mats in the area surrounding the discharge point are composed of healthy looking plants.

4.4
Kafue fisheries

The concentration of nutrients along the Kafue river generally increases between the stations located upstream of the site and the downstream station. The appearance of water hyacinth on the fisheries suggests an abundance of nutrients. The plants are generally healthy and form dense mats. 
(Source: ECZ-KRNL, Summary Report Volume1, 2000: P 54).

The following are some of the problems associated with area of interest in the Kafue river Basin:

· Eutrophication: This is the biological response to excess nutrient inputs to a water body. The response may be in form of excessive growth of un wanted weeds in a water body. The end result is that the unwanted weeds rob other aquatic plants of the nutrients that they need to survive. These necessary aquatic plants are part of the food fish and other aquatic animals feed on. Depletion of such necessary flora has led to decline of fish in most of the water bodies where eutrophication has taken place the Kafue River Basin inclusive. For example, some local people in Kafue complained about the decline of fish population and the apparent change of taste of the fish. The people went on further and mentioned that there was an epidermal colour change of the fish. This led to the observation that many factors were responsible for the reported decline in the fish population and perhaps the problem of pollution was obvious. However, over fishing by the local people can also contribute to the decline of fish population. 
Other effects of eutrophication include:
· Biomass production,

· Water transparency,

· Oxygen depletion in hypolimnion and

·  Recycling of metals and nutrients (resulting in gas generation from bottom of river sediment)

(2)
The Kafue weed (Sylvania Molester) rich in nitrogen, phosphorous and potassium affect water quality, aquatic life, accelerated sedimentation, posses a danger to the generation of electricity, economic livelihoods of the surrounding communities and the survival of animals in the natural reserves.

(3)
During the rollback malaria survey, it was discovered that cases of malaria were on the increase especially in the Industrial Estate part of the town.
(4)
The by-pass (untreated sewage) and the discharge from blocked sewer lines which flow straight into the Kafue River contains high levels of heavy metals, toxic chemicals and silt. When there is high concentration of calcium, there is a corresponding increase in snail’s population and is a cause of bilharzias. It also contributes to high levels of total water hardness.
(5)
In the present survey, attention will paid to the contribution by industrial and municipal activities to the above mentioned problems. 

5.0
PLANT FAMILIARISATION

This was a targeted programme that took three days in each company. It was intended to enable AREZM project staff to know more about a particular industry’s operations and to identify the best sampling points. 

5.1
SAMPLING AND ON-SITE TESTING PROCEDURES

All the effluent from the industries under consideration is either directly or indirectly discharged into Chilumba stream. The Chilumba stream leads to the Kafue River. For this reason, points of discharge of effluent from each industry were of great significance. Samples were taken immediately upon discharge from the concerned company’s effluent plant at the point of entry into the Chilumba stream.

A total of eleven (11) samples were collected from strategic points around the area under consideration. Though Lee Yeast was not under AREZM’s present consideration, samples were collected from one discharge point from company. This point was considered to be significant in that there was need to check the contribution made by the company to the total effluent discharged from the industries since the effluent from all the industries mixes at some point along the Chilumba stream. 
Results obtained from the samples have been noted in this report. For each attribute three samples were taken in order to a representative result. Sampling points identified at Bata Tannery included two outlet points from the lagoons 3 and 4, the sludge drying beds as well as the three evaporation lagoons.   The sludge drying bed was analyzed for Chromium. Considering the large volume of the sample bodies, four samples from each of these sampling points were taken. A total of four (4) litres of samples were obtained from an estimated 1 500 litres of effluent and this was done to ensure that a representative sample was obtained. 
On-site measurements were taken only at Kafue Chemicals. These included volume flow rate, colour and turbidity. At Kafue Sewerage Treatment Plant (KSTP), four sampling points were identified: discharge from both old and new treatment plants, combined (old and new) treatment plant effluent and the discharge into the Kafue River from the last oxidation pond. Here, the sample volume and volume flow rate was of paramount importance. This is because a high volume flow rate of sample requires frequent sampling. Therefore, two samples were obtained daily for period of two weeks spent at the plant from each of the sampling points identified. Half litre samples were taken from the treatment plant discharge while ¾ litre sample volume was obtained from the discharge into the Kafue River. 
5.2
ACTUAL ON-SITE TESTING

Using test strips, certain parameters like nitrates and metals (copper, zinc, lead and nickel) were read off at the sampling sites. This was done to avoid deviations commonly encountered as a result of contamination of the samples. It was also done to form a comparative ground for laboratory results. The procedure for using test strips is as out lined below. 
Five (5) ml of the test sample was prepared and acidified with nitric acid. Then two test strips of nickel, copper or nitrate were prepared and the reaction zone of each test strip was immersed in the test sample acidified with nitric acid.

The excess liquid was then shaken off from the strips and then the strips were allowed to stand for 30 seconds. There after, the colour change of the reaction zone of the strips was compared with the colour scale on the surface of the strip container. The colour coinciding with that on the reaction zone was read off and its value noted. However, the procedure for analyzing lead and zinc was slightly different. The test tube was firstly rinsed with the solution to be tested. As before, 5 ml of a testing sample was prepared then acidified by a few drops of concentrated nitric acid. Ten drops of either lead or zinc testing reagent was added and swirled carefully. 
The test strips of zinc and lead were then prepared and their reaction zones were immersed in the sample for 1 sec. The excess liquid was shaken off from the strips. After two minutes, the colour change on the reaction zone was compared with that of the colour scale on the surface of lead/zinc strip container. It should be noted that two strips of each analyte were used in order to obtain a representative reading.

6.0
OVERVIEW OF THE INDUSTRIES UNDER CONSIDERATION

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 flow chart below summarises the effluent treatment stages currently employed at Bata Tannery:

Figure 6.1. Effluent treatment stages at Bata Tannery


[image: image2]
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. From here, the effluent goes into the sedimentation tanks where the sludge is separated from the effluent.
A detailed explanation of the stages follows below:
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 tannery effluents. These act as a feed source and after feeding, the alga 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.
Figure 6.2. Showing the aeration stage of effluent treatment at Bata Tannery.
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6.2
KAFUE SEWERAGE TREATMENT PLANT

The Kafue sewage treatment plant is a biological treatment plant. This plant receives raw sewage of about 20 000 m3 from Kafue estates and other parts of Kafue town (personal communication with Mr. Kamizhi, foreman, Kafue Sewage Treatment Plant (KSTP)). The raw sewage firstly passes through the trommel screens, which removes some suspended materials (rags and stones) which otherwise would damage the pumps to be used at some point. The sewage then under goes through the process of aeration and clarification after which between 45 - 50% sludge is removed. The sludge goes through secondary aerators and is finally sent to the drying beds. The dry material is used as fertilizers. The clarified water resulting from the processes of aeration and clarification go through four oxidation ponds before being discharged from the last pond through a pipe that goes directly into the Kafue River.
6.21 
OPERATIONAL PROBLEMS AT THE KSTP
Over the years, untreated sewage has been one of the chief contributors to the high concentration of deleterious pollutants in vital water bodies. High concentrations of phosphate, nitrates, ammonia and chlorides act as one of the indicators of inefficient sewage effluent handling.

From the survey, it has been concluded that the effluent treatment at the KSTP is not effective. As seen from the results below, there is careless discharge of nutrients resulting from the untreated sewage. Examples of these are total nitrogen and the phosphates, which have exceeded the ECZ standard values by large amounts.  Two prominent reasons for this are: Firstly, the old treatment plant lacks maintenance. Since the plant was opened maintenance has never been consistent if not that it has never been done. The plant manager Mr. Kamizhi was not sure what had actually gone wrong but he however attributed the problem to lack of finances faced by the council. Secondly, the new treatment plant was non operation at the time of visitation.

Fig.6.3. Showing the defunct KSTP new treatment plant.
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A number of electrical faults faced by the pumps and other electrical equipment render the treatment ineffective. This is because every now and then, the pumps are reported as non operational. During the period this report was being compiled, only two out of five pumps were operational. Therefore the process is very slow as regard the amount of sewage the plant has to handle. Because of this accumulation of sewage waiting to be treated, the area around the plant experiences an irritating odour resulting from the plant. 

As pointed out earlier on, the over growth of the weeds in the oxidation ponds observed (figure below), which extensively contribute to the outbreak of malaria (From the rollback malaria survey findings) is an indication of the excessive pollutants leaving the treatment plant. Under normal circumstances when the plant is performing effectively, the level of deleterious pollutants should meet the ECZ regulations.

There are at the moment no laboratory facilities to monitor the effectiveness of the treatment plant. In the past there used to be a small laboratory at the plant that is now no longer in use because all the equipment broke down. This has had a negative effect on the operations of the plant. If the plant personnel were given an opportunity to monitor some of the simple parameters like pH, BOD, COD, e.t.c right there at the plant, relevant adjustments could easily be made instantly instead of waiting for physical indicators and outbreaks of diseases like malaria. 

The oxidation ponds are sanctuaries to crocodiles, and these threaten employees of KSTP and the nearby farmers when ever they intend to do some work in the vicinity of the ponds. The presence of the crocodiles in the oxidation ponds has contributed to the delay of the rehabilitation work on the oxidation ponds. ARE added its concerns to the Kafue Council Secretary that ways and means of getting rid of the crocodiles should be found at the earliest. 
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Fig.6.4. Showing the overgrown weeds in the oxidation ponds at KSTP. This is attributed to the raw sewage the ponds are receiving, a sign of inefficient effluent treatment.

In order to monitor the levels of different parameters the plant is discharging out either into the oxidation ponds or into the Kafue River itself, there is need to re-equip the laboratory at the plant. 

7.0
PARAMETERS OF IMPORTANCE CONSIDERED DURING TESTING
From all the industrial samples, the following parameters were analyzed or were found to be of importance.

7.1
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. 

7.2
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.

9.0
RESULTS FROM THE SAMPLES COLLECTED
Table 9.1:  Discharge from ponds.
	PARAMETER
	ECZ STDS
	SAMPLE 1
	SAMPLE2

	Suspended Solids
	100
	-
	-

	Chlorides
	800
	3330
	9110

	Sulphates
	1500
	1.30
	1.30

	Phosphates
	1.0
	91.0
	72.8

	Ammonia-N
	10
	64.94
	42.50

	Nitrate
	50
	3.72
	5.64

	Chrome
	0.1
	<0.006
	<0.006

	pH
	6-9
	8.45
	7.20


Table 9.2: Tannery Lagoons 
	Parameter
	pond1
	pond3
	pond4
	ecz stds

	PH
	7.74
	8.06
	8.28
	6-9

	Phosphate
	66.9
	72.8
	91.0
	1.0

	Nitrate
	4.93
	5.64
	3.72
	50

	Chromium
	0.31
	0.29
	0.09
	0.1

	Chloride
	3430
	9110
	3330
	800

	*SS
	0.30
	0.16
	0.37
	100

	*TDS
	353.2
	484.4
	889.2
	


*SS = Suspended Solids

*TDS = Total Dissolved Solids

Table 9.3:   KSTP 1: Discharge From Old Treatment Plant

	PARAMETER
	RESULTS ( mg/l)
	ECZ STD VALUES

	pH

PHOSPHATE

NITRATE

AMMONIA-N
	8.44

42.8

3.96

29.12
	6-9

1.0

50

10


Table 9.4: KSTP2: By pass from New Treatment Plant

	PARAMETER
	RESULTS (mg/l)
	ECZ STD VALUES (mg/l)

	pH

PHOSPHATE

NITRATE

AMMONIA-N
	7.94

94.7

3.92

89.6
	6-9

1.0

50

10


FLOW RATE = 159 m3/h

Table9. 5: KSTP3: Discharge to Oxidation Ponds

	parameter
	results (mg/l)
	ECZ STANDARDS

	pH

PHOSPHATE

NITRATE

AMMONIA-N
	8.81

96.0

7.44

53.76
	6-9

1.0

50

10


Table 9.6:  KSTP4: Discharge to Kafue River

	parameter
	results (mg/l)
	ECZ STANDARDS

	pH

PHOSPHATE

NITRATE

AMMONIA-N
	8.0

88.0

12.04

42.56
	6-9

1.0

50

10


SAMPLE FLOW RATE = 151m3/h

10.0
DISCUSSION OF RESULTS
10.1
Bata Tannery

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 escaping 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.

Fig. 10.1. Showing one of the five Bata Tannery effluent treatment ponds. Unlined ponds lead to ground water pollution.

[image: image6.jpg]a ™





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.

The other major environmental problem faced by the company was the high chemical oxygen demand (COD) levels in waste water caused by the use of sulphides and other chemicals in the unhairing process. The chemicals remove the hairs from the hides by dissolving them. The dissolved hair end – up in waste water resulting in high COD levels. High COD levels are not desirable in water bodies, as it is detrimental to aquatic plants and animal life. The company has been paying heavily on effluent discharged into the environment due to the high COD in the waste water. During the survey the COD levels in Tannery effluent was found to be above the regulatory requirements set by the Environmental Council of Zambia. 

Plausible Solutions Proposed
· Change in the chemical recipe for the unhairing process.
· Manipulating the conditions of alkalinity and reducing agents employed so as to find a way of separating and removing the hair from its follicle without being pulped. In this way, it’s possible to separate the hair from the waste water using press-filters thereby reducing the COD loading.
10.2
KAFUE SEWERAGE TREATMENT PLANT
Pollutant levels in all KSTP samples exceeded ECZ set standards. Effluent in the new plant is in fact made to by pass the treatment process. In some cases effluent values were above ECZ standards by 93.7 mg/l and 79.6 mg/l for phosphates and ammonia respectively. It was noted that when the effluent treatment was continuous, there was a corresponding reduction in the concentration of the pollutants. That was an indication of the ability of the effluent to respond to treatment. It was estimated that 60 % of the effluent discharged to the environment was actually untreated. 
On the aspect of effluent treatment, it is always necessary that sewage material pass through the treatment plant so as to minimize the concentration of some of the common biological pollutants. Conditions for the safe discharge of affluent depend on the nature of the receiving water. BOD, nitrate, ammonia and phosphate levels in the sewage effluent are unacceptable (see Table of results). From the survey conducted by AREZ at Kafue Sewage Treatment Plant, it was discovered that the Kafue Sewage Treatment Plant pass untreated. 

From the results obtained above the following may be interpreted: 

· The values of the different parameters decrease on treatment.

· The nutrient level of the by-pass from the new treatment plant exceeded that of the old treatment plant, which is treated.

· The levels of nutrients in the discharge to the river exceed the acceptable levels by the ECZ despite passing through different stages of the treatment plant.

· The reported results are an average of the results obtained during the period of study. This implies that at some point in time the amount of deleterious pollutants go higher than the reported values.

· The values of nitrates and ammonia were analyzed separately to determine the composition contribution to total nitrogen in the effluent.

Fig.10.2. Showing the clarifier bound sewage. This is one of the significant stages in sewage treatment.  
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Untreated sewage material contains high levels of nitrogen, phosphates, BOD, COD and other nutrients. Nitrates and phosphates in a water body can contribute to high BOD levels. Nitrates and phosphates are plant nutrients and can cause plant life and algae to grow quickly. When plants grow quickly, they also die quickly. This contributes to the organic waste in the water, which is then decomposed by bacteria. This results in a high BOD levels. From the sewage oxidation ponds, this effluent high in BOD, nitrogen and phosphorous goes straight into the Kafue river thereby increasing the BOD of the Kafue river as well. 

Looking at the analytical results from the laboratory, the above scenario has been confirmed. The results from the bypass show that levels of ammonia, nitrogen and phosphates are so high that they exceed ECZ standards by far. No matter how these effluents are made to stay in the ponds for additional treatment (removal of some nutrients, which are a nuisance) the desired extent of removal of these nutrients is not achieved because in the first place they are loaded in very high amounts.

When BOD levels are high, dissolved oxygen levels decrease because the bacteria are consuming the oxygen that is available in the water. Since less dissolved oxygen is available in the water, survival of fish and other aquatic organisms is affected. 

From the sewage oxidation ponds, it was discovered that there was an over growth of weed and that was due to the careless loading of untreated effluent into the ponds. 

How ever, it is worth mentioning that though growth of weeds is necessary because they help remove some of the deleterious pollutants from the effluent ready to be discharged into the Kafue river, these ponds were found to be ideal and conducive breeding ground for the mosquitoes, which are the vectors for malaria parasites which cause malaria-the number one killer disease in sub-Sahara Africa.

In 2003, AREZ conducted a follow-up to the 2002 malaria survey in order to build a case to have the weeds cleared as a matter of urgency and to restore effective sewer effluent treatment processes. This was carried out among the local communities living in the vicinity of the sewage plant. A random household sample survey of approximately 50 families was carried over for the period of November/December and January/February. Average households comprise 6 – 12 members of the family. The respondents were unanimous in stating that sewerage ponds were breeding grounds for mosquitoes and that on average each member of the respondents households suffered from malaria more than three times every year. In some instances, deaths have been noted from the malaria related diseases.

Efforts should be made to rehabilitate broken sewer pipes in the quickest possible time. This can possibly result to an out break of diseases like cholera and diarrhoea among the communities through which the leaking sewer finds its way. The above examples of diseases result from contamination with faecal coli forms.  
The most worrying observation made was that the raw sewage from the pipes is diverted into nearby sugar and maize plantations. The situation where the ‘almost ready’ sugar canes are allowed to absorb raw sewage is extremely worrisome. This is because during the same period of time the same canes were being harvested.

Fig.10.3. Showing the Soloboni sugarcane and maize fields being fed with diverted raw sewage from nearby broken sewer pipes.
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11.0 RECOMMENDATIONS 
11.1 
Bata Tannery
a. 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 favourably met. To begin with, there are technical advantages associated with effective recycling of effluent. Recycling of the chemically treated waste water helps realise the saving of the fresh water. About 1/3 of the treated waste water can be reused in the less critical rinsing processes. The treated water is pumped into an overhead storage tank and then allowed to flow into the specified rinse tanks by gravity. At the tannery, the chemically treated water can be used for rinsing after the degreasing and pickling processes. Fresh tap water can still be used in the other critical rinsing processes as usual. Implementation of this recommendation has the following advantages:


Environmental Benefits

b. 85% annual reduction of water consumption;

c. Reduction of the volume of drag-out chemicals into the waste water;

d. Elimination or reduction of the discharge of heavy metals into the Kafue River and

e. Improvement of the working environment.


Economical Benefits

· Savings on the water bill;

· Savings on chemicals used for the waste water treatment and

· Improvement of the quality of the rinsing system resulting in an improvement in the quality of the final product.
b. Reduction in the amount of salt used in the process to minimize Chloride concentration. Chlorides in higher concentration, damages plants. These include aquatic plants, which serve as food to fish. The later results in increased levels of nitrates and phosphates. This in turn contributes greatly to excessive eutrophication.
c. 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.

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

e. 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.

f. 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.

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

h. 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.

11.2
 Kafue Sewage Treatment Plant

a. The weeds in the oxidation ponds should be cleared in order to prevent the out break    of malaria among the nearby communities.

b. Equipment at the new treatment plant should be repaired as soon as possible in order to boost the old treatment plant in effluent handling.

c. There is urgent need to equip the laboratory at the plant.

d. The other three pumps which are not working should be repaired. This is because the two pumps which are operational are being over worked.

e. Funding to the Sewage plant should be increased so as to minimize the current financial constraints KSTP staff is facing.

12.0
IMMEDIATE ACTION

The discharge of raw sewage into the Kafue River from Kafue Sewage Treatment Plant (KSTP) should stop.

Bata Tannery and Lee Yeast should stop discharging toxic effluent into the aquatic environment.

13.0
WAY FORWARD

Constant monitoring and analysis of different industrial effluents will continue. From time to time during the year, ARE will follow-up the effluent treatment process in each industry. Work on other areas which are potential pollutants other than those looked at in this report, will continue. ARE has scheduled a sewerage remediation meeting where ARE will table reports and offer options to effective sewerage system.

ARE has compiled reports and will soon circulate them to relevant stakeholders for action-highlighting gaps in the effective industrial effluent environmental controls. ARE will also target working to have remediation discussions/meetings with the various stake holders and cooperating partners.

14. 0
PROGRESS INDICATORS

As part of the evaluation process of this campaign, ARE has identified indicators that will show any amount of progress made towards the above mentioned objective. 

· Reduction in the levels of sewage pollutants been disposed into the Kafue River;

· Positive cooperation from Industry managements.

· Clearing of the overgrown weeds;

· Reduction in the growth of  the weed in the oxidation ponds;

· Meeting of ECZ regulations by the discharged Tannery effluent;

· Positive out come of the stakeholders’ consultative meeting planned to take place later this year.

15.0 CONCLUSION
The degradation of the KRB ecological system and biodiversity (environment) if not curbed would in the long run affect both the availability of portable water and food. Thus the intricate sustainable management of food, water and environment in the KRB needs to be developed.
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

	PARAMETER
	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


[image: image9.wmf]GRAPH 1: NITRATES

0

5

10

15

20

25

30

LY

BT3

BT4

KSTP1

KSTP2

KSTP3

KSTP4

BTLAG1

BTLAG3

BTLAG4

SAMPLE TYPE

CONCENTRATION

 
[image: image10.wmf]GRAPH 2: VARIATION OF pH OF THE SAMPLED AREAS 

0

2

4

6

8

10

LY

BT3

BT4

KSTP1

KSTP2

KSTP3

KSTP4

BTLAG1

BTLAG3

BTLAG4

SAMPLE TYPE

PH


APPENDIX 4


[image: image11.wmf]GRAPH 3: CONCENTRATION OF AMMONIA IN THE VARIOUS 

PLACES SAMPLED

0

50

100

150

200

250

LY

BT3

BT4

KSTP1

KSTP2

KSTP3

KSTP4

SAMPLE TYPE

CONCENTRATION (mg/l) 



[image: image12.wmf]GRAPH 4: VARIATION OF AMMONIA LEVELS IN THE VARIOUS 

PLACES SAMPLED

0

50

100

150

200

250

LY

KSTP1

KSTP2

KSTP3

KSTP4

BTLAG1

BTLAG3

BTLAG4

SAMPLE TYPE

CONCENTRATION (mg/l)


BIBLIOGRAPHY

Roger Reeve, N.: ENVIRONMENTAL ANALYSIS. Analytical Chemistry by open learning (1994). John Wiley and Sons Inc. New York.

CIESE Collaborative Projects: The global water-sampling project (2000)

Chapman, D. (1992): Water Quality Assessments. A guide to the use of            

Biota, sediments and water in environmental monitoring. Chapman and Hall, New York.

GRZ, Ministry of Energy and Water Development (1994): National Water Policy. 

Lusaka, Zambia.

Nemerow, N.L. (1998): Strategies of Industrial and Hazardous Waste Management. 

International Thomson Publishing Company (ITP), New York.

Environmental Council of Zambia (2000): Kafue River Nutrient Loading Study, Main 

Report. ECZ. Lusaka, Zambia.

Mwiinga, C (1990): Pollution of Kafue River on the Copper belt. Technical Report

NCSR. Lusaka, Zambia.

WHO, (1984): Guidelines for Drinking Water Quality. Vol.1. Recommendations, 

Geneva, Switzerland.

Kalunga, W. (1996): An assessment of water hyacinth control options in the Kafue 

River as influenced by industrial activities of Kafue town, Centre for International 

Environmental and Development Studies. Agricultural University of Norway.

Mitchell, D.S. (1974): Aquatic vegetation and its use and control. UNESCO. Paris, 

France.

EQUALIZATION AND PRIMARY AERATION


Simple biological oxidation


liberation of Hydrogen Sulphide gas





























AERATION


Oxidation of Chrome Compounds


Thorough biological oxidation








SEDIMENTATION


Flocculation


Separation of sludge from effluent























-


-





DRYING BEDS





Sludge handling





PONDS


Biological treatment of effluent


Effluent discharge














PAGE  
1

_1114199023.xls
Chart1

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



SAMPLE TYPE

PH

GRAPH 2: VARIATION OF pH OF THE SAMPLED AREAS

7.64

8.45

7.2

8.44

7.94

8.81

7.95

7.74

8.06

8.28



Sheet1

		LY		7.64

		BT3		8.45

		BT4		7.2

		KSTP1		8.44

		KSTP2		7.94

		KSTP3		8.81

		KSTP4		7.95

		BTLAG1		7.74

		BTLAG3		8.06

		BTLAG4		8.28





Sheet2

		





Sheet3

		






_1114199272.xls
Chart1

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



SAMPLE

CONCENTRATION (mg/l)

VARIATION OF NITRATE CONCENTRATION

218.4

64.96

42.5

29.12

89.6

53.76

42.56



Chart2

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4



SAMPLE TYPE

CONCENTRATION (mg/l)

GRAPH 3: CONCENTRATION OF AMMONIA IN THE VARIOUS PLACES SAMPLED

218.4

64.96

42.5

29.12

89.6

53.76

42.56



Sheet1

		LY		218.4

		BT3		64.96

		BT4		42.5

		KSTP1		29.12

		KSTP2		89.6

		KSTP3		53.76

		KSTP4		42.56

		BTLAG1

		BTLAG3

		BTLAG4





Sheet2

		





Sheet3

		






_1114199340.xls
Chart1

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



NITRATES

24.1

3.96

3.92

7.44

12.04

5.64

3.72

4.93



Chart2

		24.1

		3.96

		3.92

		7.44

		12.04

		5.64

		3.72

		4.93





Chart3

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



SAMPLE TYPE

CONCENTRATION

GRAPH 1: NITRATES

24.1

3.96

3.92

7.44

12.04

5.64

3.72

4.93



Sheet1

		LY		24.1

		BT3

		BT4

		KSTP1		3.96

		KSTP2		3.92

		KSTP3		7.44

		KSTP4		12.04

		BTLAG1		5.64

		BTLAG3		3.72

		BTLAG4		4.93





Chart4

		LY

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



SAMPLE TYPE

CONCENTRATION (mg/l)

GRAPH 4: VARIATION OF AMMONIA LEVELS IN THE VARIOUS PLACES SAMPLED

198

42.8

94.7

96

88

66.9

72.8

91



Sheet2

		LY		198

		KSTP1		42.8

		KSTP2		94.7

		KSTP3		96

		KSTP4		88

		BTLAG1		66.9

		BTLAG3		72.8

		BTLAG4		91





Sheet3

		






_1112613103.xls
Chart1

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



NITRATES

24.1

3.96

3.92

7.44

12.04

5.64

3.72

4.93



Chart2

		24.1

		3.96

		3.92

		7.44

		12.04

		5.64

		3.72

		4.93





Chart3

		LY

		BT3

		BT4

		KSTP1

		KSTP2

		KSTP3

		KSTP4

		BTLAG1

		BTLAG3

		BTLAG4



SAMPLE TYPE

CONCENTRATION

GRAPH 1: NITRATES

24.1

3.96

3.92

7.44

12.04

5.64

3.72

4.93



Sheet1

		LY		24.1

		BT3

		BT4

		KSTP1		3.96

		KSTP2		3.92

		KSTP3		7.44

		KSTP4		12.04

		BTLAG1		5.64

		BTLAG3		3.72

		BTLAG4		4.93





Sheet2

		





Sheet3

		






