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DISCUSSION



5.0 DISCUSSION

Zambia derives most of its foreign exchange from mining. Economics and
demand dictate that mining is carried out on a very much greater scale. It therefore
plays a major part in development of larger areas, moving tonnages of materials
and generating larger quantities of waste from more sophisticated processes.
Hence the potential for nuisance, pollution and damage is greatly increased. The
environmental problems associated with mining are therefore likely to be
significant in this area [26].

The purpose of this study was to investigate the influence of the mining
activities on selected trace metal pollutants. This report discusses findings on the
concentration of cadmium, cobalt, copper, lead and zinc in soils and vegetation
near the Nkana smelter in Kitwe. Based on various health studies, limits have
been placed on certain contaminants. These limits are highest permissible
concentrations of a particular substance in foods, soils, plants, water and others.
The limits apply whether the contaminant is from naturally occurring sources such
as runoff or from man-made pollution. The results of this report are presented in
chapter four.

Generally the results of the heavy metal concentration is significantly higher

near the smelter in all the three directions studied, that is, West, North-west and
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South-east of the smelter. Moving away from the smelter, the concentrations show
lowering values in soils, grass and edible vegetable samples. Figures 4.1- 4.6
shows graphical representation of the metal concentration with increasing distance
from Nkana smelter in soils and grass. The correlation coefficient (r) between
metal concentration in samples studied and distance from the smelter were quite
high, tables 4.8 to 4.10. This indicates that the studied metal concentration in
Kitwe area is highly affected by the Nkana smelter. However considering the fact
that the area is very rich in minerals, some of the heavy metals could also be

coming from the natural sources of weathering.

5.1 CADMIUM

The amount of cadmium metal present could not be detected in soil, grass
and vegetable samples analysed in this study from Nkana smelter area. The low
concentration of cadmium in this area could be related to the natural occurrence of
the metal. Cadmium occurrence is closely associated with the natural occurrence
of zinc ore [41, 82] as indicated in Chapter two. A similar research carried out
recently by Tembo [27] around a zinc and lead mine in Kabwe area showed the
presence of cadmium in soil up to 28mg Cd/kg and in plants up to 7.3mg Cd/kg

dry matter. Kitwe town has no zinc mine. Only copper and cobalt are mined and
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processed in the area. This could have a bearing to the low amount of cadmium
present in the soils and plants.

However, some contamination of the environment is expected in this area of
copper smelting because cadmium contamination of air is also associated with
copper, lead and zinc smelting [13]. Cadmium deposition rates around smelter
facilities are often markedly elevated nearest the source and generally decrease
rapidly with distance [83]. High cadmium concentrations in soils are often
commonly encountered close to long established smelters [84]. Mines with
sulphide ores of copper, lead and zinc in most cases also contain certain amounts
of cadmium [82]. Therefore more research need to be carried out here to
determine the concentration of cadmium and other metals to lower levels than
parts per million (ppm) in soils and vegetation. The instrument used in this
research (Atomic Absorption Spectrometer Techtron 1000) was limited to ppm
level.

This study shows that the amount of cadmium present in soils and plants
does not seem to pose any danger to plant, animal and especially human health.
The concentration of cadmium is below the maximum permitted level in soil, that
is 0.3mg Cd/kg. Land plants, 2.4mg Cd/kg as given by Bowen [49] and 0.03mg

Cd/kg is the maximum permitted level in edible vegetable (Tables 5.1 and 5.4).
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The toxic effects of cadmium are not likely to occur in Kitwe area, though this can
not be ruled out completely because of the exposure to contaminated air from the
mining and other related industries. Cadmium is non-essential and its low
concentration is not expected to have any effects on plants and animals feeding on
these plants. Reduced dietary intake of this non-essential metal is desirable.
Based on these results it can be said that the Nkana smelter area is not polluted
with cadmium metal. The levels were found to fall below the maximum allowed

concentration in both soils and vegetables analysed.

52 COBALT

The results for cobalt concentration in soils, grass and vegetables are
presented in Tables 4.1— 4.7. The cobalt metal concentration ranged between 0.7
to 43mg Co/kg in soil samples. The highest concentration in soil was obtained in
the west nearest the smelter, as expected considering the distribution by prevailing
winds of the area (figure 5.1 and figure 5.2). All the soil samples nearest the
smelter contained more than 8mg Co/kg that may be allowed in soils. The
analysed grass samples had cobalt concentration ranging between 4.3 and 55mg
Co/kg dry matter. This is about 55 times higher than Img Co/kg dry matter

allowed in land plants. The edible vegetable samples had cobalt levels of about 5
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—94.5 mg Co/kg dry matter. The average concentration range according to Bowen
[49] should be 0.04 — 4.6 mg Co/kg dry matter. All samples therefore contained
more cobalt (up to 20.5 times) than maximum value that may be permitted in
vegetables.

Figures 4.1 — 4.9 shows how cobalt content in soils, plants and vegetables
reduce with increasing distance from the Nkana smelter in the three directions
studied. Generally values from the West are higher than those from the North-
West and South-east. This distribution of the metal element provide strong
evidence that it is a case of airborne pollution from the suspected source, the
Nkana smelter. The high negative correlation coefficient between cobalt
concentration in samples and distance from the smelter shown in Tables 4.8 — 4.10
further confirms the undoubted influence of the smelter on the concentration of
cobalt in soils and vegetation.

Occurrence of cobalt deficiencies is not expected in Kitwe area because the
vegetation contains more than what animal deficient pastures may have, 0.01 to
0.05mg Co/kg dry matter. In forage and pastures the minimum quantity of cobalt
required to prevent deficiency diseases has been given as 0.07 — 0.lmg Co/kg of
feed. In human diets 0.0002mg Co/day is deficient while 0.005 — 1.8mg Co/day is

the normal range [49]. Growing cattle can consume up to 50mg cobalt per 45kg
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body weight without ill effects. Cattle eating about 12kg of the grass silage from
Kitwe would consume up to a maximum of about 660mg cobalt per day. This is
too high even for sheep which can tolerate up to 160mg daily per 45 kg weight for
at least 8 weeks without harmful results, with higher dosages being harmful [50].
Cobalt is toxic to man if taken at 500mg Co/day and 0.1-3mg/litre is toxic to
plants. Considering the results obtained, the area is polluted with cobalt metal.
This is in agreement with the expected results of cobalt contamination of the
environment taking into account that it is one of the metals processed at Nkana

smelter.

53 COPPER

The results for copper in soils, grass and vegetables are presented in tables
4.1 — 4.7. The highest concentration was found to be about 5300mg Cu/kg in soil.
This is about 265 times higher than the maximum permissible value of 20mg
Cu/kg in soils (table 5.4). In grass, the highest value was found to be 2330mg
Cu/kg dry matter, that is about 155 times higher than the 15mg Cu/kg that may be
allowed in land plants according to Bowen [49]. Vegetable samples had copper
concentration ranging from about 12.0 to 311 mg/kg dry matter. Most vegetable

samples sampled from the three directions and domestic gardens in residential
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areas were found to contain more copper than maximum permissible value of
25mg Cu/kg dry matter. Even at 20km away from the smelter, the copper
concentration was still high and above what may be allowed. These values are
higher compared to what Beavington [85] found in soil and domestic gardens
around a smelting complex in Australia.

The concentration of copper was generally higher compared to the other four
metal pollutants studied. The results in soils show very high concentration of
copper nearest the smelter. The concentration decreases with increase in distance
from the smelter in all the three directions used in the study as expected. The
copper concentrate is treated predominantly at Nkana smelter together with cobalt
concentrate. The high levels of copper in the area can be attributed to the smelter
as the source since results show concentration decrease with increasing distance
from the smelter. This is actually supported by the correlation coefficient (r)
between copper concentration and distance from the smelter (Tables 4.8 — 4.10).
The high negative correlation coefficients means that the smelter contributes
greatly to the copper concentration in soil. A similar trend was observed with the
levels in grass and edible vegetable samples, demonstrating a drop in copper
concentration as one moves away from the smelter. This agrees with the expected

effect of the smelter on the copper metal concentration in this environment.
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Comparing the three directions studied reveals that on the average levels of copper
are higher up to a longer distance in the western than the other two directions in
both soils (figure 4.2) and plants (figure 4.5). This can directly be related to the
prevailing winds in the Copperbelt area which are predominantly easterlies
(figures 5.1 and 5.2).

The study area is highly mineralised and copper seems to be in excess.
Therefore copper deficiency problems like skeletal deformation and stunted
growth in plants (Chapter 2) are not likely to occur. Copper toxicity problems
occur when the copper concentration is in excess. The copper concentration in
vegetables were high compared to the 0.Img Cu/kg allowed daily intake (ADI) by
FAO/WHO [86]. The cattle and other animals grazing on grass from this area can
take up copper in excess which may accumulate in their liver (Chapter two). This
puts the people at risk who depend on these animals for meat protein. Considering
the fact that most soil samples, grass samples and all vegetable samples analysed
have values of concentration of copper which are higher than the recommended,
the area is polluted with copper metal. The pollution is worse near the smelter and
seem to be mainly from the copper mining processes. Some of the pollution

however could be coming from natural sources.
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54 LEAD

Lead results of all samples analysed are presented in Tables 4.1 — 4.7. Most
soil samples have lead concentration below the maximum permitted level of 30mg
Pb/kg of soil (Table 5.4). Only samples from one sampling point were found to be
above the maximum allowed. This was obtained from Wusakile market (SE;)
nearest to the slag. The highest concentration in soil was 30.5mg Pb/kg. The
distribution of lead is similar to that of cobalt and copper, higher concentrations
near the smelting complex and reducing as one moves away in the three directions
studied. Generally higher values were found in the West and North-western
directions than the South-east. This distribution of lead again agrees with the
expected dispersion of metal pollutants from the smelter by wind. Soil metal
content and distance from the smelter correlates very well. The correlation
coefficients (Table 4.8) are negative indicating a positive relationship between
metal contamination and the smelter as the source of contamination.

Plants and vegetables showed trace levels of lead. The grass samples were
collected during the active growing season, January. This could have had some
bearing on the low levels found in grass. The lowest lead content of plants were
found to occur during the active growing season in the vicinity of a smelter by

Rains [87]. Lead is non-essential element and its absence in edible vegetables and
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grass would not pose any deficiency problems. The permissible value in edible
vegetables is 0.5mg Pb/kg. 1mg per day is toxic to man while 10mg per day is
lethal. From the results of this study it can be deduced that the smelting plant has
influenced the concentration of lead in the surrounding environment, especially
those near the smelter where the concentration has been elevated more. Therefore
lead contamination has occurred in the area. The pollution levels in soils are
within accepted standards. However more research is necessary to establish the
concentration in vegetation, particularly for mature plants by use of more sensitive

methods.

5.5 ZINC

Results of zinc concentration in samples analysed in this study are presented
with other metals in Tables 4.1 — 4.7. The zinc soils concentration were ranging
from 0.5 — 76.5mg Zn/kg. There was an elevation of zinc concentration in soils
near the smelter in all the three directions. The values in soils were found to be
above the maximum allowed of 40mg Zn/kg (see Table 5.4) near the smelter.
However, away from the smelter, all the values were found to fall within allowable

concentration.
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Grass samples had concéntration ranging from about 22.0 to 167mg Zn/kg
dry matter. All the grass samples in the three directions analysed had zinc
concentration within what could be allowed in land plants(Table 5.1). The edible
vegetable samples contained more zinc than the maximum allowed of 10mg Zn/kg.
The concentration range in edible vegetables were between 36.3 — 175 mg Zn/kg
dry matter. The highest concentration therefore was about 17.5 times higher than
the maximum allowed in vegetables.

The concentration levels of zinc also show general decrease as distance
increase from the smelter. This is a similar distribution to the other metals studied
in this report. All soil samples in the three directions show negative correlation
coefficients (r) between zinc concentration and increasing distance from the
smelter indicating possible contamination by the smelting processes . This trend
of decrease in zinc concentration with distance was also observed in grass samples
to the West, North-west and South-east with correlation between distance and
concentration being —0.97, —0.75 and —0.86 respectively (see Tables 4.8—4.10). In
the case of edible vegetables, the different types of vegetables used can also have
an effect on the levels of zinc. This is because the general observation is that

different species of plants and vegetables take up different levels of different
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glements. Despite this effect, the edible vegetables still point to the smelter having
an effect on the concentration of zinc and other metals studied.

Zinc seems to be naturally in abundance in Kitwe area and zinc deficiency
diseases are unlikely to occur to the people and especially animals grazing on tl.e
grass. The Recommended Dietary Allowance (RDA) designed for maintenance cf
good nutrition of practically all healthy people in USA is 15mg zinc for males and
females 11 to 50+ years [56]. However zinc toxicity occurs if zinc content of th:
diet exceeds 1000 mg/kg. An intake of 150mg per day is toxié to man while 40 ©>
60 mg per litre is toxic to plants. Howéver, when assessing the potential threat 5
human health, the intake of any contaminant like zinc via food should not b2
considered in isolation but should be correlated with data showing the intake of th2
contaminant by other routes (e.g. through lungs). This is important in assessing
human risk. From the results obtained for zinc in soils and vegetation, it can b2
concluded that the levels of the metal zinc has been influenced by the Nkana
smelter and more so near the smelting plant.

In Kitwe area the sources of heavy metals are diverse but commonly
associated with industrial and mining discharge as shown in this report. The met:
pollutants are released into the streams during waste discharge from industrie:.

Those that precipitate on land from air pollution (figure 1.5) are washed down in‘o
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streams during rainy season. Leachate from mine dump like slag (figure 1.4) and
slimes dams also reach surface and ground water systems in Kitwe area. Patterson
[25] found enhanced concentration of copper, cobalt and other metals in water and
sediments from the Kafue river in the Copperbelt mining area. The copper and
cobalt concentrations deposited in the Kafue river sediments were classified as
very high. Therefore there is need to ensure water is of good quality by protecting
against pollution sources such as mining processes, land fills and industries. In
January 1981 spillage from Chambishi mine one resulted in the death of several
livestock on farms surrounding Mwambashi river from chronic copper poisoning
[30]. It must be ensured that pollutants do not get into any of the streams joining
the Kafue river where the city of Kitwe's domestic water works is situated
(Bulangililo water works). Better protection from dumping sites can be achieved
through proper sitting for waste disposal in respect to water sources [88].

Heavy metal pollution of surface may create either acute or chronic
poisoning in fish and other aquatic life and even man. An epidemic of bone
disease associated with kidney damage (itai-tai disease) occurred in an area of
Japan located along the Jintzu river in Toyama prefacture [13]. Cases of itai-tai
disease also have been found in other areas of Japan where soil was polluted with

cadmium metal. In a recent study Mwase [89] showed high concentration of
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copper and cobalt and other metals in sediments, water and fish collected from the
Kafue river near Kitwe town. Various types of pathological lesions were recorded
from liver and gill from fish, directly related to toxic contamination of sediments
in the Kitwe area by mining activities. The effects of various toxicants depends on
the water quality and on number, type and concentration of other toxicants. Hence
water treatment becomes expensive and control systems are required that can
continue to operate for many years during and after commercial mining ceases.
Some principal environmental impacts on mining activities and some mitigatory

actions we need to take are given in Table 5.5

Table 5.1 Mean values of concentrations of heavy metals in mg/kg [49].

Substance Cadmium Cobalt Copper Lead Zinc
Soil 0.35 8 30 35 90
Land plants 0.1-2.4 0.005-1 5-15 1-13 200-400
Edible 0.005-0.9  0.04-4.6 4-20 0.2-20 1-160
vegetable
Fresh water 0.0001 0.0002 0.003 0.003 0.015
Air 0.5-620 0.2-37  0.036-4900 0.6-13200 0.03-16000

ng/m3 ng/m3 ng/m3 ng/m3 ng,/m3
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Table 5.2  Toxic Concentration of the five metals

Toxicity Cadmium Cobalt Copper Lead Zinc
Toxic to 0.2-9 0.1-3 0.5-8 3-20 60—-400
plants mg/litre mg/litre mg/litre mg/litre mg/litre
Toxic to 3-330 500 250 1 150-600
man mg/day mg/day mg/day mg/day mg/day
Lethal to 1.5-9 10 6g/day
man g/day mg/day

Table 5.3: Nutritional classification of zinc content in some vegetables in mg/kg
or parts per million (ppm)

Deficient Low Sufficient High
Apple leaves 0-15 16-20 21-50 >51
Citrus leaves 0-15 16-25 26-80 81-200
Lurcene tops 0-15 16-20 21-70 >71
Maize leaves 0-10 11-20 21-70 71-150
Soybean tops 0-10 11-20 21-70 71-150

Tomato leaves 0-10 11-20 21-120 >120
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Table 5.4: Maximum allowed values in soils and some Foods in mg/kg dry

matter

Substance Cadmium Copper Lead Zinc
Baby food 0.003 0.3 0.05 5
Potatoes 0.05 10 0.3 10
Meat/Meat 0.05 10 0.5 50
products

Vegetables 0.03 10 0.5 10
Other foods 0.1 25 1.0 80

Soil 0.3 20 30 40

Source: Ministry of Health, Republic of Slovakia in conjunction with WHO,
FAO and EEC 9" May 1994.
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Table 5.5:

Consideration for Mineral Development [90]

Sources Receptors Impacts Mitigation
Exploration Existing Loss of soil, Reclamation of
mining and ecosystem vegetation disturbed areas for
construction Loss of productive land

biodiversity use and/or habitat
creation
Aquifers Contamination  Avoidance of
aquifers below the
mined strata
Soil erosion surface siltation and control of runoff

contamination  and revegetation of
disturbed areas
Waste water surface and - contamination  Treatment of mine
mine drainage ground water drainage before
discharge
Tailings and Wildlife Loss of birds cover or fence

leach ponds

and animals

ponds and drain or
close when not in
use

Spoil tips solid soil, vegetation contamination  identification and
waste disposal and surface segregation of
toxic rock/
materials
Particulates from Air Reduced air correct blasting
blasting and wind quality procedures,
erosion revegetation of
disturbed areas
Noise and Humans, wildlife Disturbance, proper blasting
vibration and building nuisance and procedures. Earth
structures damage to bunds and tree

property

screens
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Figure 5.1: Diagram showing prevailing winds in Kitwe area (January and July)
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CHAPTER SIX

CONCLUSION



CONCLUSION

There various human activities which inevitably and increasingly introduce
toxic materials like heavy metals into the Zambian environment. In this study the
mining processes at Nkana smelter were found to be the source of heavy metal

pollution. The following are the conclusions on each metal

Cadmium : Based on the sensitivity of the instrument used no
cadmium was detected in all samples. Cadmium is well below danger levels

in both soils and vegetation in Kitwe area.

Cobalt : The concentration of cobalt in all grass and vegetable samples
used was found to be more than the recommended values together with the

values in soils near the smelter. The area is therefore polluted in cobalt.

Copper: Most soil samples, grass samples and all vegetable samples

showed toxic levels of copper. Kitwe area is polluted with copper, the

pollution is worse near the smelter.
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Lead: The values of lead levels in soils and vegetation were below the

danger level to health. However, lead contamination of the environment has

occurred. This is evidenced by the enhanced values near the smelter.

Zine: Zinc contamination has occurred in the Kitwe area. However it
would be safe to conclude that the area is not polluted with zinc except

nearest the smelter where the levels in soils were more than recommended

values.

The results show that the concentration of heavy metals are elevated in soils
and vegetation in Kitwe area. The result indicate an inverse relationship between
concentration of metals and distance from the smelter. The metal elements are
highly concentrated near the smelter and reduce with distance. The high
correlation coefficients(r) obtained between metal concentration, in both plants and
soils, and distance from the smelter point directly to the ‘smelter as the source of
these metals. This spread of toxic metals released from industrial smelters is well
recognised [91, 92].

Contamination of the soils and vegetation in urban and industrial areas of

Zambia with potentially toxic trace metals as evidenced in this report, is an
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important aspect of pollution which can affect the composition of food. This
enhancement of potentially toxic metals in soils and vegetation growing in the arza
could lead to deleterious effects both on plants and on health of those eating thera.
The effect may occur to biota at considerable distance from the source as a resu.t
of long distance plume dispersal or drainage from soil into water bodies. Even :t
relatively low levels air, water and soil pollution can interfere with wild life ani
natural vegetation, discolour the atmosphere and water courses, and cause
contamination in homes. In addition to indicating the hazard to grazing animals i1
Kitwe area, these results point out the’needs to monitor heavy metal content i1
meats and vegetables obtained in the area and marketed for human or animel
consumption. People of Kitwe maybe getting an‘ additional increment of toxic
trace metals from cattle and other animals exposed to very high concentration ¢ f
these metals. This is evidenced by the death of livestock from copper poisoning « f
farms surrounding Mwambashi river in Kitwe [30].

From this report it is clear that contamination of the environment by tie
mining industry has occurred, and continues to occur in Kitwe area. However it 's
necessary to have more extensive study on heavy metal contamination to establizh
the extent of pollution by the mining industry in all other Copperbelt towns. The

study in this mining area need to be continuous and more advanced methods nee:'s
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to be used for determination of heavy metals in animals human blood and urine.
The next research will be looking at environmental contamination in the mining

towns of Chingola, Luanshya, Mufulira and others to complete the Copperbelt.

115




REFERENCES

1. Miller, G. T. (1991) Environmental Science Sustaining the world. Third
edition, Wardsworth Publishing Company. Belmont. pp. 12-20. ‘f‘/

2. Dix, H. M. (1981) Environmental Pollution Atmosphere, Land/W ater and
Noise. John Wiley and sons. New York. pp. 6, 41-48. _,‘,/’/

3. Diamant, R. M. E. (1974) The P/pé’\;ention of Pollution. First edition, Pitman
Publishing, London. p. 5. V,f}

4. Holdgat, M. W. (1979) A Perspective of Environmental Pollution. first
edition, Cambridge University Press. London. p. 17-43.

5. Down, C. G., Stocks, J. (1977) Environmental Impact of Mjring. Applied
Science Publishers Limited, London, pp. 10-27, 57-88. -~

6. Forster, Wittman (1983) Metal Pollution in Aquatic Environpént. Second
rev. edition, Springler Verlang, Berlin. pp. 21, 47-49. f‘”

7. Toriba, Y. T., Coleman, J. R,, Dahne and Feldman, I. (1978) Environment
Pollutants. Detection and Measurement. Plenum Press,
New York. p. 78. .

8. Wang, J. (1985) Stripping Analysis. Principles Instrumentation/;é
Applications. VCH Publishers, Deerfield Beach. pp. 1-2.

9. Suzuki, T. K., Sunaga, H., Aoka, Y., Hatakeyama, S., Sugaya, Y. and Sumi, T.
(1988) Binding of Cadmium and Copper in the Mayfly “Baetis Thermicus”
larvae that inhabit a river polfuted with heavy metals. Comp. Biochem.
Physiol. 91C: 487-492. ./

10. Stary, P., Kubiznakova, J. (1987) Content and Transfer of Heavy Metal air

pollutants in populations of Formica ssp. wood ants (Hym. formicidae). J.
Appl. Entomol. 104: 1-10 ’

116



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pihlajamaki, J., Vaananen, V. M., Koskinen, P., Nuorteva, R. (1989) Metal
Levels in Laothoepapuli and Sphinx Pinastri (Lepidop‘f/erﬁ; sphingidae) in
Finland. Annales Entomol. Fennici. 55: 17-21. .~

Akhta, R. (1990) Environmental Pollution and Health Problems, New World
Environmental Series - IV, Ashish Publishing House. New Dehli, pp. 7-20. ..

WHO (1972) Health Hazards of the Environment. Geneva. pp. 94, 103-104,
176-181.

Primack, R. B. (1993) Essentials of Cofiservation Biology. Sinaver
Associates Inc. Massachusetts.

Superfund Record of Decision (EPA region 5): New Brighton/Aden Hills
(TCAAP), Twin cities Army Ammunition Plant, MN (Seventh remedial
action), August 1989. United States Environmental Protection Agency yff/
remed. response, Washington DC USA. CA 114(6) 48944 (1991).

Burkitt, A., Lester, P. and Nickless, G. (1972) Distribution of Heavy Metali/
in the Vicinity of an Industrial Complex. Nature (Lond.) 238: 327-328.

Mine and Mill Waste Water Treatment by mining, mineral and Metallurgical
processes division. Industrial programs branch. Environment.
Environmental Protection, Conservafion and Protection. Canada. Report
EPS 2/MM/3 December 1987. ./

Roberts, R. D. and Johnson, M. S. (1978) Lead Contamination of Small p
Animals from Abandoned Metaliferous Mines. Environ. Pollut. 15: 61-69.

Fundamental Aspects of Pollution Control and Environmen

Purves, D. (1977) Trace Element Contamination of Environmen-
/K?Science 1
Elsevier Scientific Publishing Company, Amsterdam.

Ward, N. L, Reeves, R. D. and Brooks, R. R. (1975) Lead in Soil and
Vegetation along a New Zealand Sta/te Highway with low Traffic Volume.
Environ. Pollut. 9: 243-251.

117



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Proceedings of the Environmental Chemistry Sub-regional Workshop.
National University of Lesotho, Roma, 6-13 December 1982.

GRZ 1990 Census of Population, Housing awulture, Preliminary

Report. Central Statistics Office, Lusaka.
/

yd

Zambian Heritage News, Issue No. 3, January-June 1993. pp. 10-14. .-

Tackle Domestic Waste, Times of Zambia June 17, 1994.

Patterson, U. and Ingri, J. (1993) The Effect of Mining Activities on the
Water Quality in the Kafue River Copperbelt, Zambia, A Pilot Project. .-~

United Nations (1993) Guidelines for Development of Small/Medium Scale
Mining. Selected Papers Eresen}ed at the UN Inter-regional seminar held in
Harare, Zimbabwe 15-19" Fs]afuary 1993. OMNIPRESS Madson,
Wisconsin pp. 60-69.

Tembo, B. (1993) Concentration of Some Metallic Pollutants in the Zambian
Environment; Determination of Cadmium, Copper, Lead and Zing Soils,

-

on and in Vegetation Around Kabwe. University of Zambia.

Michael, H., Caportoto, J. V., Muscat, J. (1989) B Ind. Med. 46(5) 354-5,
(1990) Chemical Abstract 113(2) 11344t.

Kariba Weed Ba‘ck Again on Kafue. Sunday Times of Zambia 9™ October
1994.

Chipungu, P. M. and Kunda, D. M. (1994) State of Environment Report,
Zambia.

Development of a National Environmental Information System (Project ZAM
037). Proceedings of the Workshops. Final Report, Environmental Council
of Zambia, 1994. -~ s

D

Lets Fight Pollution Together. Times of Zambia, 3" March 1994.

118



33. Development of a National Environmental Information System (Project ZAM

34.

35.

36.

37.

38.

39.

40.

4]1.

42.

43.

44.

037). Proceedings of the workshop on the S}afé of the Environment and
Environmental Information system in Zambia. 29-3 1* March 1994.
Zambezi Lodge, Siavonga, Zambia._~~

Drought Relief Emergency in Southern Africa (DESA). Cowd UN-
SADC Appeal, Midterm review. December 1992. p. 55.

Overein, L. N., Sgip, H. M. and Tollan, A. (1980) Acid Precipitation -
Effects on F9p€st and Fish, Final Report on the SNF - Project report, 1972-
1980. .

Yayock, J. Y., Lombljxf: G. and Owonubi, J. J. (1988) Crop Science and
Production in W/arﬁl Climates. Macmillan Publishers Ltd. , London pp.
238 -241.

.
A

Anochili, B. C and Tindall, H. D. (1986) Cash Cro 4 Tropical Agricultural
Handbooks, Macmillan Publishers Ltd. p.2.

Pollution and Environment in Zambia, Seminar report. March 16-17, 1973

John, A. O. (1286) Trace Environ. Health 22:306-320, CA 113(2) 1134s
(1990). . -~

....

Damping Law Drawn, Sunday Times of Zambia June 12, 1994. -

v
WHO (1992) IPCS Environmental Health Criteria 135, Cadmium-
Environmental Aspects, Geneva. .~

WHO (1994) Guidelines for Drinking-water qua ity Vol. 2. Health Criteria
and other Important Information, Geneva.

Johnson, M. S. and Eaton, J. W. (1980) Environmengal Contamination
through residue trace elements dispersed from dgrélict lead-zinc mine.
J. Environ. contam. toxicol. 22:258-267.
d
Rose, J. (1983) Trace elements in Health, A review of Cu ’/t Issues.
Butterworths, London, pp. 21-73 , 83-131, 182-192.

119



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Strnad, V., Zolotareva, B. N., Lisovkij, A. J. Effects of Lead, Cadmium and
Copper contents in the Soil on their Accumulation in crops and yields. Rostl.
Vyroba 1990, 36 (14) 411-17 (Czech). CA 114 (3) 23011r (1991). 4

Russel, L. K., Dehaven, J. I. and Botts, R. P. (1981) Toxic Effects of
Cadmium in Brook Trout during Chronic Sublethal exposure. Arch.
environ. contam. Toxicol , 8 : 77 - 84.

Van Straalan, N. M., Schobben, J. H. M. and De Goede (1989) Population
Consequences of Cadmlum Tox1cyt§ in Soil Microanthropods. Ecotoxicol.
environ. saf. 17: 190-204 .

Hunter , B. A. and Johnson, M. S (1982) Food Chain Relationships of Copper
and Cadmium in Contaminated grassland ecosystems. Oikos 38: 108-117. - |

Bowen, H. J. M. (1979) Environmental emistry of the Elements.
Academic Press, London. pp. 109-273. E

Young, R. S. (1979) Cobalt id Biology and Biochemistry. Academic Press
London, pp. 46-132.

Ethel, A. M and Adath, A. C (1978) Nutrition in Act1on/ ourth edition. Van
Haffman Press, Missouri. PP. 217-223. 108- 117

Mitchel, H. H. (1962) Compar,afge Animal Nutrition. Vol. 1, Academic
Press New York.p. 252. -~

o

/
#
o~

Nriagu, J. O. (1979) Copper in the Environmenf;,;f;art I: Ecological Cycling.
Wiley Interscience Publication, New York. ./’
Vi

Nriagu, J. O. (1979) Copper in the Environment Part II: Heaf 1 Effects.
Wiley Interscience Publication, New York. p. 285-306.

Prohaska, J. R. and Lukasewycz, O. A. Effegts of Copper in the Immune
System. CA 114 (1) 5179x (1991).

120



56.

57.

58.
59.

60.

61.

62.

63.
64.

65.

66.

Eckstein, F. E. (1980) Food people and Nutrit'}pn. The AVI Publishing
Company inc. West post. pp. 166-170. e

Grandjean, P.; Joergensen, P. J. Retention of Lead and Cadmium in
Prehistoric and Modern Human Teeth. Environ. Res. 1990 53(1) 6-15
(ENG). CA 114(1) 5439g (1991). e

WHO (1989) Environment;l/ 'Health Criteria 85. Lead-Environmental
Aspects. Geneva. /

Getz, L .L.; Best, B. L.; and Prather, M. (1977) L{e(d in Urban and Rural
Songbirds. Environ. Pollut. 12: 235-238.

Jefferies, D. J. and F1:ench, C. M. (1972) Lead concentrations in small
mammals trapped’on roadside verges and field sites. Environ. Pollut. 3:

147-156. .

Zhens, L.; Chang, J. Lead Contarprination in Vegetables and soil in Hefei city.
CA 114(3) 23011r (1991). ¢

Khalid, B. Y., Salih, B. M. and Issac. M. W. (1981) Lead Contamination of

the soil in Baghdad city, Iraq. Bull. environ. contamin. Toxicol. 27: 634-..

638.

Chow, T. J. (1970) Lead Accumulation in Roadside soil and grass. Nature
(Lond.) 225: 295-296. -

Austin, G. T. (1988) Shreve’s Chemical ProcessI/nk{stries, fifth edition,
McGraw-Hill Co., New York, pp. 728-729.

Forner, H. A. (1993) Lead Pollution in Israel. 5. Int. Conf. of Israel society
for Ecology and Environmental Quality, Jerusalem (Israel), 21-28 Jun
1992. Environmental quality ang ecosystem stability Vol.. 27, No. 7-8. pp.
253-263.

Cooper, W. C. (1980) Occupational Lead Exposure, Science 208: 129. -~

121



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Bazzaz, F. A., Carlson, R. W. and Rolfe, G. L. (1974) The Effect of Heavy
metals on plants: Part I. Inhibition of gas qxéhange in sunflower by Pb, Cd,
Ni and Tl. Environ. Pollut. 7: 241-246.-

Beavington, F. (1975) Some aspects of Contamination ofHerbage with
Copper, Zinc and Iron. Environ. Pollut 8: 65-71.

Manalis, R. S. (1973) Presynaptic and Postsynaptic effeets of lead at the frog
neuromuscular junction, science 243: 354-356.

Hill, H. O. A. (1982) Inorganic Biochemistry, A Specialist periodical report,
Vol. 3. The réyal society of Chemistry, Burlington house, London pp. 268 -
313. -

Calamari, D. and Naeve, H. (1974) Review of Pollution in the African
Aquatic Compfittee for Inland fisheries of Africa (CIFA), FAO, Rome, pp.
33-60.

Graphite Furpdce atomic absorption spectrometry. Anal. Chem. 49(14)

Sturgeon, R.;?&W) Factors Affecting Atomization and Measurements in
1255A.

Metcalfe, E. D. (1987) Atomic Absorption and Emission Spectroscopy.
Analytical Chemistry by open Learning., John Wiley and sons Chichester.

Christian, G. D. (1986) Analytical CI}eéistry. Fourth edn. John Wiley and
sons, New York pp. 409-424. 7

Skoog, A. S.; West, M. D. and Holler, F. J. (1988) Fundamentals of
Analytical Chemistty. Fifth edn. Saunders College Publishing, New York
pp. 554-577. ./

Robinson, J. W. (1982) Undergraduate InstrumentaM(nalysis. 3rd edn.
Marcel Dekker, Inc. New York pp. 209-236.

Slavin, M. (1978) Atomic Absorption Spectroscopy. Second edn., A Wiley<
interscience publication. John Wiley and Sons. New York pp. 27-71.7

122



78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Rann, C. S.; Hambly, A. N. Distribution of }%ms in an Atomic Absorption
flame. Anal. Chem. 37: 879 ( 1965)

Willard, H. H.; Merritt, L. L. and Dean, A. J. (1988) Instrumental Methods of
Analysis, Seventh edn. Wardsworth Publishing Company, Belmont. p. 876.

Cottenie, A.; Verloo, M., Kiekens, L., Velghe, G. and Camerlynck, R. (1982)
Chemical Analysis of Plants and Soils. Laboratory (/)J}t(relalytical and
Geochemistry. State University, Ghent-Belgium.

water and Waste Water. sixteenth edition. American Public Health

APHA. AWWA. WPCF (1985;5tgndard Methods for the Examination of
Association, pp. 143-261.

Friberg, L.; Piscator, M.; Norberg, G. F. and Kjellstrom (1979) Cagln‘uum in
the env1ronment thlrd edn., CRC Press, Florida, pp. 9-21, 137,

Hirata, M. (1981) Annaka: Land Polluted Mainly by Fumes and dust from
Zinc Smelter. In: Kitagishi, K. and Gamare, I. ed. Heavy metal pollutlyﬁ’
soils of Japan, Tokyo, Japan Scientific Societies Press, pp. 149-163,

Buchaver, M. J. (1972) The effects of Zinc and Cadmium Pollution on Forest
Vegetation. Bull. New Jersey Acad. Sci. 17(2): 42. v

Beavington, F,, (1975) Heavy Metal Contamination of Vegetables and Soil in
Domestic Gardens around a Smelting Complex. Environ. Pullut. 9(3), 211-
217.

UNEP (1986) Intemat,iéhal Register of Potentially Toxic Chemicals Vol. 1
and 2_, Geneva. ‘

Rains, D. W. (1971) Lead Accumulation by Wild Oats ‘yéga fatua” in a

Contaminated Area. Nature (Lond.) 233: 210-211. f
f\.‘“

Gieske, A and Gould, J. (1994) Integrated Water Resources Managemeﬂ{
Workshop Proceedings. 17-18 March, Kanye-Garborone, Botswana pp. 93.

123



89. Mwase, M. (1994) Biological Impact of Anthropogenic emissions on fish
living in the Kafue river, Zambia; with special reference to metals and
pesticides, SIPATH, Faculty of Vete )ﬂary Medicine, Swedish University of
Agricultural sciences, Sweden. .~

90. Strategic Environmental Action Plan for the Pr‘e/t}ré’gﬁal Trade Area. Giving a
common position for UNCED, April 1992.

91. Little, P. and Martin, M. H. (1972) A survey of Zinc, Lead and Cadmium in
soil and Natural Veget/a}i,gh around a Smelting Complex, Environ.
poll. 3:241-2543. ,
X
92. Goodman, G. T. and Roberts, T. M. (%78 Plants and soils as indicators of

metals in the air. Nature (Lond.) 231: 287-292 -

(%4

124



