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Abstract 

Good water quality is very central to a country's wellbeing. Clean water is required to ensure 
both the health of the population and good ecological status of the country. It is therefore 
important to continually conduct surveys to determine the status of the water used in, for 
example, households, industries and agriculture. 

Elevated levels of metals, sulphate, nitrate and phosphate in drinking water can lead to poor 
health through consumption and reduced harvest when the water is used in irrigation. 

This report aimed at examining whether the water resources available in the vicinity of Njuli 
quarry in Chiradzulo, Malawi, meet the requirements of drinking and irrigation water. The 
study found that most of the studied parameters were within the recommendations set by the 
Malawi Bureau of Standards (MBS) and the World Health Organization (WHO). However, 
conductivity in some of the water samples was higher than the recommendations. Both nitrate 
and iron concentrations were higher than recommended at a few locations. 

The study cannot conclude that the water from the water sources near the Njuli quarry contain 
harmful levels of metals, nitrate, sulfate or phosphate.  

 

Keywords: Malawi, Water quality, Drinking water, Irrigation water. 
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Populärvetenskaplig sammanfattning 

En god vattenkvalitet är mycket central för ett lands funktion. Rent vatten krävs för att kunna 
säkra befolkningens hälsa men även för att kunna garantera en god ekologisk status. Det är 
därför viktigt att kontinuerligt göra undersökningar för att kartlägga status på det vatten som 
används i till exempel hushåll, industrier och inom jordbruk.  

Förhöjda halter av metaller, sulfat, nitrat och fosfat i dricksvatten kan leda till försämrad hälsa 
vid konsumtion och minskad skörd vid bevattning med vattnet.  

Denna rapport hade ambitionen att undersöka om de vattenkällor som finns i närheten av ett 
stenbrott möter de krav som finns på dricks- och bevattningsvatten. De parameter som 
analyserades var koncentrationen av metaller, sulfat, nitrat och fosfat. Studien fann att de 
flesta undersökta parametrar befann sig inom de rekommendationer som beslutats av 
Malawian Bureau of Standards (MBS) och World Health Organization (WHO).  

Konduktiviteten i vissa av vattenproverna var dock högre än rekommendationerna, även 
koncentrationer av nitrat och järn var högre än rekommendationen vid ett fåtal platser.  

Studien kan inte fastställa att den undersökta vattenkvaliteten är undermålig. 

 

Nyckelord: Vattenkvalitet, Malawi, Bevattningsvatten, Dricksvatten 

  



iii 
 

Preface 

During June and July in the year of 2012 a minor field study (MFS) was conducted within the 
Environmental and water engineering program at Uppsala University. The field study was 
carried out in the east part of Malawi at the Chemistry Department of Chancellor Collage in 
Zomba.  

Supervisor in Sweden was Professor Ingmar Persson at SLU, and supervisor in Malawi was 
Dr Timothy Biswick at Chancellor College, University of Malawi.  

The project was funded by SIDA through the Committee of Tropical Ecology at Uppsala 
University.  

In short, the project aims to continue a study of the possible environmental pollution from the 
Njuli stone aggregate quarry. During two months, sampling and laboratory work was 
combined with literature studies within the area of water quality and geology.  
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1 Introduction 

Malawi is situated in the south east part of Africa neighbouring 
Mozambique, Tanzania and Zambia as presented in Figure 1. 
Malawi has a population of 15.9 million citizens, which makes it 
one of Africa’s most populous countries with its area of 118 000 
km2. Despite that, only 1.4 million live in the two largest cities, 
the capital Lilongwe and the commercial city, Blantyre, which 
leaves 90% inhabitants in rural areas, smaller cities and villages 
(Nationalencyklopedin, 2013).  

Poverty reduction is an important goal for the Malawian 
government and at the moment about 62% of the population are 
considered to live with less than $1.25 a day, the so-called poverty 
line. In the United Nation’s Human Development Indices Malawi 
is ranked 170 of the 186 countries with an index of 0.418 (United 
Nations Development Programme, 2013).  

The majority of the population is working in the agricultural sector 
and 90 % of the total export revenues come from agriculture. 
About a third of the total GDP comes from tobacco, tea and sugar 
industries and, consequently, the economy largely depends on the 
agricultural sector. Malawi is a receiver of foreign aid, which also 
influences the economic growth. The service sector and mineral 
industry are also important contributors to the GDP, 45% and 22% 
respectively (Nationalencyklopedin, 2013). Stone aggregate quarries produce stone products 
for e.g. construction of buildings and infrastructure and are therefore important for the 
development of the country of Malawi.  

Malawi has a defined dry season during May – October. The weather is then drier and the 
temperature is lower, in general 21 °C in July for lower parts of the country and 14 °C for the 
highlands. During the rest of the year, November – April, the climate is more humid and in 
the highlands as much as 2 300 mm/year of rain can occur (Nationalencyklopedin, 2013).  

As the population of Malawi is growing, the availability of water resources is becoming 
limited. According to the Malawi Sector Performance Report 2011 the average volume of 
water available per person and year will decrease to 1000 m3 from 1700 m3 by 2025 (Ministry 
of Agriculture, Irrigation and Water development, 2012).  

1.1 Environmental pollution at Njuli Rock Aggregate Quarry 

In 2009 and 2010, the Malawi Human Rights Commission (MHRC) conducted a case study at 
the quarry in Njuli, Chiradzulo district, after receiving a complaint from a civic organization 
representing the area. According to the complaint, the quarry caused the deteriorations of the 
environment in five villages surrounding the quarry. Dust from the grinding of stones was 
said to spread into maize and vegetable gardens making both growing and eating the crops 
difficult. The crops were also said not to grow to their full capacity. Moreover, sand from the 
quarry was dumped on former farming land. Health problems such as tuberculosis and 
hearing deficiencies were also mentioned in the complaint (MHRC, 2010). Figure 2 shows a 
view of the quarry. 

Figure 1. Map over Malawi. 

(Nationalencyklopedin, 2013) 
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The inspection found most of the complaints to be 
accurate but in some cases further investigations 
were called for. Assistance from environmental 
specialists, geologists and medical personnel was 
described as limited in the report from the MHRC 
(MHRC, 2010).  

Therefore, it is important to investigate if minerals 
and metals from the quarry have led to a worsened 
quality of drinking and irrigation water and 
agricultural soils.  

1.2 The Njuli quarry 

The Njuli quarry has been open for over 50 years at the same location. The quarry employs a 
lot of people living in the surrounding villages. It is situated on a small hill, making it easy for 
dust to spread. Figure 3 pictures the Njuli quarry. 

 
Figure 3. The Njuli quarry, July 2012. Photo: Agnes Forsberg. 

1.3 Aim/objective 

The aim of this study was to investigate the quality of drinking and irrigation water and 
agricultural soils from the area around the Njuli stone aggregate quarry and compare to 
standards and guidelines from local and international organisations.  

  

Figure 2 Picture of the Njuli quarry. July 2012. Photo: Agnes 

Forsberg. 



3 
 

2 Theory 

In order to understand the potential contaminants in the drinking and irrigation water arising 
from the quarry activities, an examination of the geology of the area was conducted.  

2.1 Geology of the area around Njuli 

The Shire Highland, where the rock aggregate quarry is situated, is shaped as a ridge and 
flanked by the Phalombe Plain to the east, and the Shire Plain to the west. The ridge is 
elevated about 1000 meters above sea level and consists of a high grade metamorphic rock 
type, of a charnockitic suite (Evans, 1963). A charnockite is an igneous rock that consists of, 
to the most part, quartz and feldspar, both rich in silica-minerals (Allaby & Allaby, 2003). 
There are several small hills capping the ridge, consisting of charnockitic granulite. On lower 
land in the area, hornblende-biotite-gneisses are more common (Evans, 1963). Figure 4 
displays the composition of different types of charnockitic granulites and the most abundant 
element is silicon followed by aluminium.  

 
Figure 4. Chemical analyses of charnockitic granulites. From Evans, 1963. 

Charnockitic gneisses and granulites are the two predominant rock types in Shire Highlands 
and it is therefore plausible that constituents from these rock types can be found in the water 
near the Njuli quarry.  

The rock types varies from ”basic” to ”intermediate” in composition and can loosely be 
grouped into intermediate felsic, intermediate mafic and basic according to Figure 5. 
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Mixed with the two above mentioned types of 
charnockitic rocks are paragneisses of 
calcareous and quartzofeldspathic types. The 
latter made of calcium and silica. Further, 
orthogneisses such as metagabbros, 
metapyroxenites, foliated microgranites and 
perthite-rich rocks are present in the Shire 
Highlands. The basement complex of the ridge 
is made by dolerite formed during the Karoo 
Ice Age, 360 - 260 million years ago (Evans, 
1963). 

2.1.1 Geology specific to Njuli quarry 

Rock types found at the site of the Njuli quarry 
are felsic intermediate charnockitic granulite, 
basic intermediate charnockitic granulite, 
perthitized garnetiferous charnockitic granulite 
and garnet-biotite-gneiss. Felsic implies high 
silica content and this implies as mentioned 
earlier that the dust from the quarry could be 
rich in silica, aluminium and calcium (Evans, 
1963). 

2.1.2 Soils 

Soils in Malawi are often lateritic soils; strongly weathered and sometimes rich in aluminium 
and iron. This type of soil is also called ferrasol (British Geological Survey, 2004). The 
productive ability of the soil is considered weak for these types of soils 
(Nationalencyklopedin, 2013).  

2.2 Water quality 

This section will briefly investigate the status of Malawian ground and surface water in the 
studied area. Possible negative effects on humans and crops will be determined, in respect to 
physiochemical components and nutrients such as nitrate and phosphate. Guideline values for 
drinking water from both WHO and MBS and irrigation guidelines from the FAO will be 
presented.  

2.2.1 Guidelines for drinking and irrigation water 

About 80 % of the Malawian population has access to a water source within 300 meters from 
their homes (Ministry of Agriculture, Irrigation and Water development, 2012). This number 
is higher in cities than in the country side and has increased in recent years. Open shallow 
wells are most common in rural areas. A study published in 2008 reveals that shallow wells in 
Malawi are in most cases unfit for human consumption, when it comes to biological 
parameters (Pritchard et al., 2008). But still about 27 % of the population has a shallow well 
as their primary source of drinking water.  

Table 1 provides an overview of the guidelines for the constituents in drinking water 
considered in this study (Malawi Bureau of Standards, 2005; World Health Organization, 
2011). Only relevant components are selected in the table and there are more guidelines than 
those presented here.  

Figure 5. Illustration of content in charnockitic granulites. 

From Evans, 1963. 
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Table 1. Table of water quality guidelines from MBS (Malawi Bureau of Standards, 2005) and WHO (World Health 

Organization, 2011) 

Determinants Upper limit and ranges MBS Guideline WHO 

Physical and organoleptic requirements 

Conductivity  

(at 25 degrees) 

70 – 150 mS/m No data 

pH value  

(at 25 degrees) 

5.0 – 9.5 Not of health concern at levels found in drinking-water 

Chemical requirements, macro determinants 

Calcium 80 – 150 mg/l No data 

Chloride 100 – 200 mg/l Not of health concern at levels found in drinking-water 

Fluoride 0.7 – 1.0 mg/l 1.5 mg/l 

Magnesium 30 – 70 mg/l No data 

Nitrate and nitrite  6.0 – 10.0 mg/l 50 mg/l 

Potassium 25 – 50 mg/l Occurs in drinking-water at concentrations well below those of 
health concern 

Sodium 100 – 200 mg/l Not of health concern at levels found in drinking-water 

Sulphate 200 – 400 mg/l Not of health concern at levels found in drinking-water 

Zinc 3.0 – 5.0 mg/l Not of health concern at levels found in drinking-water 

Chemical requirements, micro determinants 

Aluminium 0.150 – 0.300 mg/l A health-based value of 0.9 mg/l could be derived, but this value 
exceeds practicable levels based on optimization of the 
coagulation process in drinking-water plants using aluminium 
based coagulants: 0.1 mg/l or less in large water treatment 
facilities and 0.2 mg/l or less in small facilities 

Cadmium 0.003 – 0.005 mg/l 0.003 mg/l 

Chromium 0.050 – 0.100 mg/l 0.05 mg/l 

Copper 0.500 – 1.000 mg/l 2 mg/l  

Iron 0.010 – 0.200 mg/l Not of health concern at levels causing acceptability problems in 
drinking-water 

Lead 0.010 – 0.050 mg/l 0.1 mg/l 

Manganese 0.050 – 0.100 mg/l Not of health concern at levels causing acceptability problems in 
drinking-water 

MBS has set guidelines for several determinants that the WHO considers to have no health 
effects or to be of health concern.  

2.2.2 Water quality for irrigation water 

For irrigation water, guideline values are provided by the Food and Agriculture Organization 
of the United Nations (FAO). These guidelines vary depending on type of soil and kind of 
crop that is irrigated and they suggest to what degree irrigation should be restricted. This 
means that irrigation can be completed with water containing high levels as long as it is done 
in moderation.  
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Three areas are highlighted as problem areas when irrigation with unsatisfactory water. 
Problems with salinity, infiltration rate problems and toxicity are most common.  

2.2.2.1 Salinity 

Accumulation of dissolved salts in the ground can lead to problems for crops for a long period 
of time. When applying irrigation water with a composition of salts that is higher than the 
levels of salts in the soil, the excess salts from the water will stay in the soil making it more 
saline. Plants and their roots use osmosis to extract water from the soil and an elevated 
presence of salt demands a larger osmotic force from the roots, thereby making it more 
difficult for the plants to assimilate water. The plants will experience water stress, as if it was 
a drought, and yields can decrease as a result of high salinity. The symptoms are similar to the 
ones for water shortage such as withering and leaf damage (Ayers & Westcot, 1985). In Table 
2 some EC values for when salinity starts to affect yield of different crops are presented. 
Table 2. Table over yield potential when irrigating with saline water (Ayers & Westcot, 1985) 

Field crop Yield potential (EC (dS/m) in the irrigation water) 

100% 90% 75% 50% 0% 

Sugar cane 1.1 2.3 4.0 6.8 12 

Corn 1.1 1.7 2.5 3.9 6.7 

Tomato 1.7 2.3 3.4 5.0 8.4 

Potato 1.1 1.7 2.5 3.9 6.7 

Wheat 4.0 4.9 6.3 8.7 13 

Potatoes, sugar cane and corn are more sensitive to salinity than tomato and wheat to reach 
full growth.  

2.2.2.2 Infiltration 

Soil structure and hence infiltration capacity 
can be influenced by the sodium, calcium and 
magnesium composition and concentrations in 
the irrigation water. Evaluation of the Sodium 
Adsorption Ratio (SAR) in combination with 
the EC-value can determine whether the soil is 
exposed to a risk of lowered infiltration 
capacity or not (Ayers & Westcot, 1985). SAR 
is calculated as follows: 

    
  

√
     

 

 Eq. 1 

The sodium, calcium and magnesium 
concentrations are measured in 
milliequivalents per litre (meq/l). By using the 
SAR and EC values in a diagram constructed 
by the FAO the impact on infiltration is visible, 
see Figure 6. 

Figure 6. Diagram over infiltration capacity, FAO 1985. 
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2.2.2.3 Toxicity 

Toxicity can occur within a plant when ions are carried into the roots along with the soil 
water. Chloride, sodium and boron are common ions that can cause problems but crops 
respond individually to these ions, some crops are more sensitive than others (Ayers & 
Westcot, 1985).  

Toxicity from chloride is the most common of the three. Apart from general reduction of 
yields, leaf injuries such as dead tissue will make the leaves brown, from the tip inwards to 
the stem, causing leaves to drop to the ground. How sensitive a plant is to chloride toxicity 
depends on what kind of plant it is. Concentrations of 3 ppm can have negative impact on 
berries such as strawberries and raspberries, while grapes can tolerate up to 27 ppm of 
chloride in the irrigation water (Ayers & Westcot, 1985). Toxicity from sodium can also be 
diagnosed by looking at the leaves, analogous to chloride contamination. Dead tissue is 
visible on the edges on the leaves. Sodium can also influence the infiltration capacity, as 
mentioned in the section above.  

Boron is essential to the crops in small doses, but if too abundant the crops will be injured. 
Since boron is not included in the analysis, this paper will not cover effects of boron more 
extensively.  

Excess nitrogen in the irrigation water can have reverse effects on crop growth. The most 
common form of nitrogen in irrigation water is as nitrate. Sensitive crops are affected at levels 
as low as 5 mg/l but most crops start to experience nitrogen toxicity at levels around 30 mg/l 
(Ayers & Westcot, 1985).  

2.2.3 Ground and surface water quality and availability 

According to the British Geological Survey (BGS) the average quality of the Malawian 
groundwater is poorly documented. In their report from 2004 it is determined that little 
research has been done concerning groundwater quality but some problems are highlighted 
(British Geological Survey, 2004).  

Iron and sulphate are both a cause of degradation of water taste.  A high concentration of iron 
in the water is one of the most common causes for well abandonment in Malawi (British 
Geological Survey, 2004).  

Problems with high salinity can be apparent in some areas and it occurs predominantly when 
the soil consists of alluvial material, which is the case near the Lake Chilwa, Lake Malawi 
and in the lower Shire valley. When the groundwater table is close to the ground level and 
evaporation volumes are larger than the recharge volumes the salinity can increase. 
Weathering can also be the cause of the high salinity in the groundwater. A consequence of 
too salty soils is that crops can become water stressed as they are hindered to absorb water 
due to the ions in the water solution. Salinity can also alter the soil structure making the 
infiltration capacity lower as mentioned in the section above. Both chloride and sodium are 
common ions in saline groundwater in Malawi (British Geological Survey, 2004).  

Many of the countries along the Rift valley experience problems with high fluoride 
concentrations in their groundwater. Malawi is situated in the end of the East African Rift 
Valley and is thus one of the countries likely to be exposed. Levels significantly higher than 
guideline values has been documented in lower Shire valley (British Geological Survey, 
2004) but in areas with altered basement rocks the values tend to be lower than the guideline 
values. High levels of fluoride in drinking water can lead to both dental and skeletal fluorosis 
(Fawell et al., 2006). For soils, on the other hand, fluoride is not a problem because it tends to 
become inactivated when the pH is near neutral or alkaline (Ayers & Westcot, 1985). 
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The overall concentrations of nitrate in groundwater in Malawi are low. But at several places 
the recommended values are exceeded significantly (Grimason, et al., 2013; British 
Geological Survey, 2004). Nitrate in drinking water can be dangerous to infants and exposure 
can lead to blue baby syndrome.  

Aluminium concentrations are likely to be low in the groundwater considering that most of 
the groundwater resources have a pH value close to neutral and that generates a low solubility 
for aluminium (British Geological Survey, 2004).  

The groundwater sources in Malawi are not able to meet the demand from growing 
agriculture and industry sectors. At the moment only 2% of the available water resources 
come from groundwater. But for low scale household uses, wells and boreholes give a 
satisfactory yield (Ministry of Agriculture, Irrigation and Water development, 2012). 

Phosphorus is a major source of eutrophication and the consequence for drinking water 
sources is an increased growth of algae and other organisms in the water body. Elevated 
levels of phosphorus in the form of phosphates are therefore an important parameter to 
consider for the quality of drinking water. Phosphate in drinking water can indicate pollution 
from sewages, fertilizers or other pollution sources but phosphate can also originate naturally 
from the bedrock. A limit of 0.6 ppm of phosphate is set by the Swedish National Board of 
Health and Welfare for drinking water in Sweden (Socialstyrelsen, 2003). The Malawi Bureau 
of Standards and WHO have no regulation for phosphate in drinking water. 

No health-guideline for sulphate is set by the WHO in drinking water. The presence of 
sulphate influences the taste and smell of water and is therefore an aesthetic problem rather 
than a health issue. Earlier studies have shown that sulphate levels increase in the presence of 
saline water (British Geological Survey, 2004). The presence of sulphates also hinders 
corrosion of metals e.g. lead and can to some extent be used for abatement of corrosion on 
water distribution systems (World Health Organization, 2011).  

Magnesium is an essential mineral needed in several ways in the body but if over consumed it 
can cause diarrhoea, especially for sensitive users such as infants (Grimason et al., 2013). 
Other trace elements such as sodium are generally lower than 20 mg/l in drinking water 
(WHO, 1996).  
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3 Material and methods 

This section will present where the samples were collected and how the analyses were 
performed.  

3.1 Sampling and preparations 

Assessment based sampling strategy was used to select the sampling locations. This means 
that information about the quarry and water sources around the quarry was used to select the 
locations.  

The aim of the study was to investigate the current situation so samples were only collected 
on one single occasion. No conclusions about other sites or change over time can be made 
with this strategy.  

3.1.1 Sample locations 

Eight different locations around the Njuli quarry were chosen for sampling. All the locations 
were marked with a GPS apparatus and the positions are marked in Figure 7. 

 
Figure 7. Position of sample locations, map from Google Maps November 2013. 

The numbers in figure 7 corresponds to the water sources described below: 

1. Surface water. Small stream.  
2. Surface water. Small stream. 
3. Open well. Whitish, still water. 
4. Open well. Whitish, still water. 
5. Protected well with masonry wall. Still water. 
6. Bore hole.  
7. Protected well with masonry wall and lid.  
8. Bore hole. Comparison. 

Locations 3 and 7 are showed in Figure 8.  
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Figure 8. Example of an open well and a well with masonry wall and lid. July 2012, Photo: Agnes Forsberg. 

3.2 Water samples 

At each location 2 water samples were collected with 250 ml of water in each bottle and 16 
water samples was collected in total. 10 of these samples were taken from locations where 
dust and leachate from the quarry is more abundant, 4 on the opposite side from the quarry 
hill and 2 samples to be used as comparison was taken in the Njuli town centre. All of the 
water samples were taken from water sources used for drinking water and irrigation water.  
Conductivity and pH were measured on site. 1 ml of nitric acid was added to one bottle at 
each location to prepare the sample for further metal analyses.  

3.3 Soil samples 

At the same location as the water samples, 7 soil samples were also collected. There was no 
soil sample collected at the borehole at location 8 because it was used as comparison. The 
reason for the collection of soil samples was to be able to evaluate elevated values in the 
water and compare to the levels in the soil samples and see if there was any connection 
between the two. 

To simulate natural processes, the samples dried in the sunlight for about two days. Thereafter 
shaken with distilled water and filtered with filter paper to remove particles before the 
analysis. So the levels of metals in the samples will represent the water – extractable levels in 
the soil samples. 

3.4 Field measurements 

Some analyses were conducted in the field directly on the water samples.  

3.4.1 pH and temperature 

All water samples were measured for pH values and temperature. The pH meter was portable 
from Martini Instruments named pH 55 with a built in thermometer.  
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3.4.2 EC  

Electrical conductivity gives a measure of the total number ions in the liquid analysed. This 
information is important to get a comprehension of the total salinity and also the hardness of the 
water. The EC meter used was portable from Martini Instruments named EC 59 and brought out 
in field. 

3.5 Analysis 

Three kinds of analytical methods were used during the project and performed according to 
the Chancellor College standards (Chemistry Department, Chancellor Collage). All samples 
were filtered with 45 micrometre membrane filters before analysis.  

3.5.1 AAS 

In order to analyse cations in water samples an atomic absorption spectrophotometer (AAS) 
was used. AAS is a method of quantitative determination of metal ions. A flame ionizes metal 
salts into free atoms and by measuring the absorption of optical radiation a concentration of 
metal atoms can be determined. The AAS apparatus is constructed by a hollow cathode lamp, 
an atomising unit, a monochromator and a detector (Simonsen, 2003). 

In the atomising unit a flame with a temperature up to 2 000 °C will vaporize the sample and 
turn all metal salts first into metal ions, then into metal atoms. The hollow cathode lamp 
excites the metal atoms and by measuring how much of the light absorbed, an estimate of the 
amount of ions can be made.  Due to the fact that elements absorb light of different 
wavelengths, different lamps were used when analysing each element (Simonsen, 2003). 

With the AAS technique, levels of magnesium, zinc, manganese, copper, cadmium, 
chromium, lead, potassium, calcium and sodium were measured. 

3.5.2 IC 

Liquid Chromatography can be divided into several subgroups where Ion exchange 
chromatography (IC) is one of them. The chromatograph consists of three factors; stationary 
phase, an elution liquid and the sample. In the IC, the stationary phase retains charged 
particles and thereby determines the amount of charged particles in the liquid. The elution 
liquid is transporting the ions through the column and how long ions remain in the stationary 
phase, the method for differentiation of the ions, is called affinity. High affinity means a slow 
passage through the column (Simonsen, 2003). 

Anions that cannot be measured in the AAS will be analysed with the IC. The concerned ions 
are chloride, sulphate and nitrate.  

3.5.3 UV/VIS 

With UV/VIS-technique, absorption of light in the sample is measured to calculate 
concentration. Photons with a certain energy content are directed through the sample where 
the photons are absorbed and the light energy is turned to heat. The wavelengths vary within 
the UV/VIS spectra. By measuring the outgoing light intensity from the sample and compare 
to a blank sample the concentration can be obtained (Simonsen, 2003).  

Iron, phosphate and aluminium were analysed with the UV/VIS method.  

Samples analysed for aluminium content were prepared according to the American Public 
Health Association’s standards for water and wastewater (APHA, 1985).  
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4 Results 

Analyses were performed on water from water samples but also on water extracted from soil 
samples. The results are presented in the following chapter, divided into three sections one for 
each analytical method. 

4.1 Temperature, pH and electric conductivity 

The field measurements for pH, temperature and electric conductivity are presented in Table 
3.  
Table 3. Results from the measurements performed in the field 

Location pH  Temperature (°C)  EC (mS/m)  

1 6.3  19.7  470  

2 6.1  20,4  617  

3 6,6  21.3  146  

4 6.6  20.5  100  

5 6.3  23.7  141  

6 6.4  24.2  198  

7 6.5  21.7  162  

8 6.4  23.2  241  

The pH is within the accepted range for drinking water according to MBS. When it comes to 
the EC levels the values exceed the recommendation of 150 mS/m at locations 1, 2, 6, 7 and 
8.  

4.2 IC 

Sulphate, nitrate and chloride analysis were performed with the IC apparatus. In Figure 9 a-c, 
the results for the water samples are presented.  

 
Figure 9 a-b. Levels of sulphate and nitrate in water samples measured with IC. 
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Figure 9 c. Levels of chloride in water samples measured with IC. 

Figure 10 a-c displays the levels in the soils samples. 

 

 
Figure 10 a-c. Levels of nitrate, sulphate and chloride in water extracted from the soil samples measured with IC. 
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4.3 AAS 

Analyses performed on the AAS showed no traces of zinc, manganese, copper, cadmium, 
chromium or lead. Magnesium, calcium, potassium and sodium were detectable and the 
results are displayed in Figure 11. 

 
Figure 11 a-d. Levels of magnesium, calcium, sodium and potassium in water samples measured with AAS. 
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levels in the soils samples are presented.  
. 

Figure 12 a-b. Levels of magnesium and calcium in water extracted from the soil samples measured with AAS 

 
Figure 12 c-d. Levels of sodium and potassium in the water extracted from the soil samples measured with AAS. 

4.4 UV/VIS 

In the UV/VIS apparatus the water samples were analysed for iron, phosphate and aluminium. 

Figure 13 presents the results from the UV/VIS measurements. 
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Figure 13 a, c. Levels of iron, phosphate and aluminium in water samples measured with UV/VIS. 

 

 

Figure 14 a-c. Levels of iron, phosphate and aluminium in the water extracted from the soil samples measured with UV/VIS. 

Sample location 3 has the highest levels of iron, phosphate and aluminium, see Figure 14. The 
same pattern is not found in the water samples from location 3.  
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4.5 Charge balance  

A water solution has a sum of charges that equals zero; there are the same amount of positive 
charges as negative charges. In Table 4 concentrations of elements in the samples, in ppm, 
were converted to meq/l and a charge error was calculated. The charge error displays the 
difference between negative and positive charges in the analyses. A negative percent indicates 
a dominance of negative charges and a positive percent indicate a dominance of positive 
charges. A charge error under 5 % is considered satisfactory.  
Table 4. Table over positive and negative charges in the water samples and the corresponding charge error 

Location 1 2 3 4 5 6 7 8 

Positive charges 

(meq/l) 

2.04 2.38 1.27 1.06 1.13 1.17 1.24 1.29 

Negative charges 

(meq/l) 

4.43 4.65 0.81 0.19 0.47 0.47 0.62 0.98 

Charge error (%) -37 -32 22 70 41 42 34 13 

4.6 SAR 

The concentrations in ppm were converted into meq/l and used in equation 1. In Table 5 the 
SAR values for the different sample locations are presented.  
Table 5. SAR values in the water samples 

Location SAR 

1 
0,55 

2 
0,54 

3 
0,88 

4 
0,78 

5 
0,83 

6 
0,85 

7 
0,86 

8 
0,98 
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5 Discussion 

In general the water from the sample locations did not exceed the guidelines from MBS or 
WHO. There were some exceptions, for example concerning conductivity, iron and nitrate. 
The parameter of most concern was the conductivity (EC) levels measured in the water. In 
this section the water samples will be evaluated from two perspectives, drinking water and 
irrigation water.  

5.1 Drinking water 

Several parameters have been analysed to try to determine whether the drinking water is 
suitable for drinking in respect to pH, EC, metals, nitrate, phosphate and sulfate. According to 
the results almost all the measured metals were within the guideline recommendations. There 
were no traces of zinc, manganese, copper, cadmium, chromium or lead in the water 
according to the AAS analysis. Only the guideline for iron was exceeded at location 1 and 4. 
This exceedance does not necessarily have a negative effect on human health but can 
influence the appearance of the water negatively.  

When comparing levels of sodium, potassium and magnesium to the guidelines values, it is 
found that the levels in the water from Njuli lie lower than the recommended levels. There is 
therefore no indication that the levels of sodium, potassium or magnesium in the water 
samples exceeds the guidelines for drinking water and should pose any threat to human 
health.  

The calcium levels in the samples are generally low, ranging from about 5 ppm to about 25 
mg/l. Location 1 and 2 had higher values, approximately 20 and 25 ppm, but this can be 
explained by the origin of the water. Both samples were collected from small streams where 
mineral particles from the soil can be suspended in the water.  

Levels of nitrate, sulphate and phosphate all lie within the recommended guidelines from 
WHO. But the Malawi Bureau of Standards recommends a concentration of nitrate below 10 
ppm, which is exceeded at locations 2, 3 and 7 with 12, 30 and 20 ppm respectively. High 
levels of nitrate can be harmful to infants but since the concentration is lower than the WHO 
guideline no measures are needed to improve the water standard concerning nitrate.  

A parameter that exceeded guideline values for drinking water was conductivity. The 
guideline from MBS is set to 150 mS/m and it was exceeded at location 1, 2, 6, 7 and 8, with 
values of 470, 617, 198, 162 and 241 mS/m respectively. Sample locations 1 and 2 are 
streams, and it might be possible that wastewater both from toilets and households are 
discharged there, which can lead to elevated levels of for example nitrate, phosphate and 
sulphate. The water sample analysis does not imply that the levels of either metals or nutrients 
are too high. All samples were filtered and therefore some particles that might influence the 
conductivity is removed from the samples before analysis.  

Charge balance calculation performed on the results of the analyses show that for sample 
locations 3 -8 there are more positive than negative charges. This can to some part be 
explained by an absence of the negatively charged bicarbonate ion in the analysis. If this 
compound had been included in the analysis the charge balance would probably been more 
even for sample locations 3 -8. Sample locations 1 and 2, on the other hand, has a majority of 
negative charges in the analysis and to add a concentration of bicarbonate in the samples 
would lead to an even greater. It is also questionable if it is only the absence of bicarbonate 
that explains the large charge error, considering that the charge error is as large as 70 % at 
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location 4. It is therefore likely to believe that there is some error in the analysis of the 
samples that causes the seemingly unbalanced concentration of charges in the samples.  

5.2 Irrigation water 

Salinity, infiltration and toxicity are the three largest risks when irrigating with unsuitable 
water.  

Salinity is measured from the electric conductivity (EC) of the water. From the water samples 
collected in the area around Njuli quarry the EC values were above the levels required to keep 
100% of the yield according to FAO in Table 2. From the table it is implied that the crops in 
the area are exposed to a risk if irrigated with the water from location 1, 2, 6, 7 or 8. The salts 
need to accumulate in the ground to be of harm to the plants and considering the rain period 
the accumulation might be too low due to the flushing of the soil by the rains. The rain water 
with low salinity will leach the salts from the ground leaving the soil less saline. On the other 
hand direct contact with irrigation water on the leaves can also be bad for the crops. If the 
rains during the wet season are making the salt leach from the ground will need further 
investigations; it cannot be determined from this study.  

Infiltration rate is influenced by the SAR value and salinity of the water. The SAR values, in 
combination with the EC values for the samples, do not indicate that there should be any 
reduction of the infiltration rate. The SAR values and the EC values were compared to the 
diagram in Figure 6. The ratio between sodium, magnesium and calcium in the Njuli water 
generates SAR values under 1 for all sample locations and according to Figure 6 an EC value 
under 50 mS/m is needed to influence the infiltration rate. In the collected water samples the 
EC is not less than 100 mS/m.  

Toxicity from chloride could is unlikely to occur when irrigating with the water from the 
Njuli area considering the concentrations range from about 1.5 mg/l to 6 mg/l. Only sensitive 
crops like berries are likely to be affected so the risk for toxicity to the crops cultivated in the 
area should be small. Common crops in the area are potatoes, corn, tomatoes, sugar cane and 
cassava which have a higher tolerance to chloride, according to the FAO.  

Another explanation for the decrease in yields could be that small dust particles from the 
quarry travel with the wind to the crops. This could perhaps lead to clogging of the stomata 
and thereby impacting the plants ability to perform photosynthesis and to regulate the water 
uptake in the root system.  

5.3 Soil samples 

The soil samples were treated and extracted with distilled water. If a salt solution was used 
instead more ions would probably have been extracted from the soil. This was not the 
intention and the treatment with water was used to simulate natural conditions to see if the 
soils in vicinity to the water sources had similar composition as the water in the water source. 
No such conclusions can be made due to no obvious connection between levels of ions in the 
water samples and levels in the soil samples.  
Tabell 6. Correlation of levels in water samples and levels in water extracted from soils samples. 

Parameter Na K Ca Mg NO
3- 

Cl SO4
2- 

Al Fe PO3 

R
2
 0.16 0.55 0.94 0.27 -0.48 -0.11 0.68 -0.25 -0.45 -0.30 

 

The correlation coefficient between water and extracted water from the soil samples differed a 
lot among the parameters and half of the correlations were negative. Negative correlation 
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means that the regarded parameters follow a pattern where a high value of one in the pair will 
correspond to a low value of the other. A value close to zero indicates no correlation between 
the two analysed parameters and a value close to 1 indicate that the paired parameters will 
“vary together” and a high value of one parameter will correspond in a high value of the 
other.  

Location 3 has several times the levels of iron, sulphate and aluminium but the same pattern is 
not apparent in the water samples which is visible in table 5 as iron and aluminium have 
negative correlations. Calcium has a R2-value close to 1 and is the only parameter that has 
high values in the extracted water from the soil and in the water samples at the same 
locations. As mentioned before, can the explanation be that the two locations with higher 
calcium levels are sampled in a stream that probably contained suspended particles from the 
soil.  

5.4 Analyses 

The field measurements of conductivity show that there are a lot of dissolved ions in the 
water. At the same time when looking at the analyses of the elements performed in the 
laboratory, the results indicate that the levels of ions are low. Perhaps the lab results 
underestimates the levels of ions in the water or it is also possible that the some larger 
particles was caught in the filter. That could explain that the EC levels are above the 
recommendations but almost all of the individual levels are below he recommendations. I 
think the EC measurements done in the field are reliable and calibrations of the EC-meter 
were performed just before analysis.  

Only one samples from each location is analysed and the results describe only the levels at 
that moment. There is no statistical analysis performed so it cannot be determined how 
general these levels are. There is a large uncertainty regarding the results, but they can at least 
be seen as a spot-check of the approximate levels of pollutants in the waters around Njuli 
quarry in order to determine if further investigations are necessary.  
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6 Conclusions 

Most of the analysed parameters are within the recommended levels according to both the 
Malawi Bureau of Standards and the World Health Organization.  

The conductivity in the water samples are generally higher than the guidelines for both 
drinking water and irrigation water which could be a problem for both human consumption 
and for use in agriculture.  

The study cannot conclude that the water from the water sources near the Njuli quarry contain 
harmful levels of metals, nitrate, sulfate or phosphate.  
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