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Communities living near the Olifants River face environmental pollution risks and their health
may be threatened. Sound evidence is needed to determine these health risks and identify
coping strategies to best protect human health.
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Executive Summary

Wildlife deaths in the Lower Olifants River Catchment alerted scientists to possible serious
environmental pollution problems. A multi-component, epidemiological study using a mixed
methods approach was launched to generate a snap-shot view of the challenges faced by
communities living in this region of the Lower Olifants. The aim was to collect empirical data
to understand environmental pollution levels and assess potential human health risks. In
addition, to contextualise this quantitative information, we carried out focus group
discussions and in-depth site visits to get the best possible, holistic understanding of the
challenges facing these communities, as well as the lived experiences and current ways in
which they cope with environmental pollution and other related issues.
Environmental exposure may be through various sources. People may be exposed to
possible health impacts related to environmental contamination through the ingestion of
contaminated produce and water, inhalation of contaminated air and / or through
absorption through the skin (dermal absorption). Previous studies have shown that heavy
metal contamination of fresh produce is a major concern. Heavy metals accumulate in
plants either through uptake via the root from the soil, or by irrigation with contaminated
water. Many studies have found that accumulation of trace metals in edible plants may pose
a risk to human and animal health. Figure (i) demonstrates the various routes of potential
human exposure to environmental contamination (WHO, 2010).

Figure i. Conceptual exposure routes to humans (WHO, 2010)

In this study, we found that personal exposure to environmental pollution, of varying
concentrations, was via ingestion of contaminated water, fish, fruit and vegetables. Coping
mechanisms applied by individuals included boiling water, and rinsing fruit and vegetables.
While these are advisable strategies, they may not alleviate all of the risk, especially when
the risk and the alleviation strategies are viewed within the context of the places in which it
is studied. First and foremost, all communities in both countries should have continuous
access to clean, piped water. Stored water should receive special attention: lids should be
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used to cover openings; no one should ever drink directly from the scoop of the storage
container; and containers should be washed frequently.
Surface water was often found to be polluted from people throwing waste into the water,
defecating in or near the water, and animals using the water source etc. It is of utmost
concern that people are made aware of the full length of a river (i.e. upstream-downstream
linkages) and the importance of keeping surface water clean, but providing viable options
for alternatives are also necessary, for example, for appropriate waste disposal. Waste
disposal is extremely important for personal hygiene. Options include burying of waste or
burning of it, however, work is needed to engage with the communities to find out the best
practicable solution in this regard. Burying waste may protect against air pollution and
subsequent respiratory infections, as well as asthma, but may pose considerable health risks
if for example children have access to the buried waste.
In terms of health, the need for personal hygiene was of paramount importance.
Encouraging the washing of hands and the body - with or without soap - regardless of water
quality (especially after defecating) has proved to prevent diarrhoea/ disease. Education is
but one of the necessary interventions needed to try to alter behaviour to ensure hygiene is
a priority. Other interventions such as community agency building, culturally sensitive and
participatory social welfare and upliftment programmes are also necessary. Healthy eating
was also found to be important. Regular fruit and vegetable consumption was protective
against diarrhoea in Mozambique. But, in South Africa, eating fruit and vegetables only once
a week was found to not be protective against diarrhoea. This implies that South Africans
should try to eat more fruit and vegetables. However, when one looks at the lifetime risks
from eating certain fruits and vegetables in South Africa, people may be exposed to high
pollution levels and therefore adverse health risks. The key then is to ensure that the water
used to irrigate fresh produce is clean and free of pesticides and other contaminants. At the
same time, if environmental pollution concentrations increase in Mozambique and people
continue to eat as much fruit and vegetables as they do now, this might become a problem
in future. Provision of clean water should not be under estimated.
It was very promising to see the relatively high levels of immunisation among children in
both countries. This should be encouraged to continue, and other health supportive
approaches should be added to improve health among these communities. For example, the
rotavirus vaccine (drops) should be given to babies in public clinics to protect against
diarrhoea.
Communal agency has been found to be low in our case study sites, where a culture of “sitback-and-wait” has become common place rather than communities making an effort to
change circumstances themselves. There is no doubt, however, that more and more
consistent support is needed though from government and other agencies and sectors,
without which not much will change from the current reality in which these communities
find themselves. The most exciting initiative that came to be during this project was the
formation of the Botshabelo Anti-Pollution Committee in one of the study site communities.
The taking of ownership of their problems and trying to improve their own future is very
important as it has been shown that self-initiatives do last. More support should be given to
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encourage formation of similar groupings among other communities in the Lower Olifants
area.
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1

Purpose and scope of this document

The purpose of this document is to provide a comprehensive overview in the form of a final
report for the Lower Olifants Community Health: Risks and Opportunities Project for the full
two years of the project, i.e. 1 April 2012 - 31 March 2014.
The key tasks carried out during the first year included project planning, submission of the
research ethics application, field site selection, fieldwork administration and data collection.
During year 2, main activities were data analysis, data interpretation, risk assessment and
application. Year 2 also focussed on report writing, as well as preparation of materials for
community feedback.
This project was funded by USAID and the Department of Science and Technology. Project
research partners include Eduardo Mondlane University, the CSIR, the NOVA Institute and
SANParks.
The project website is:
www.ehrn.co.za/lowerolifants

The website will remain active into the future as a repository for the project resources and
deliverables and as a reference for the communities and stakeholders who were involved in
the project.
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2

Introduction to the Lower Olifants Community Health Project

2.1

Background to the project

Communities living near the Olifants River face environmental pollution risks and their
health may be threatened. Sound evidence is needed to determine these health risks and
identify coping strategies to best protect human health.
2.2

Short project summary

Wildlife deaths in parts of the Olifants River Catchment Management Area alerted scientists
to possible serious pollution problems. It is known that communities living in close proximity
to the Olifants River are exposed to pollution, but to what extent and whether health
problems can be attributed to this exposure, is not known.
Large-scale monitoring has taken place to characterise water pollution in the mining and
agricultural area in the Upper Olifants (area around Witbank), and a human health risk
assessment
project
in
the
Upper
Olifants
was
done
in
2010
(http://www.ehrn.co.za/lowerolifants/2010_project/index.php). Results showed that risks
from exposure to high pathogen concentrations and metal accumulation in vegetation were
at higher levels than what is considered acceptable for human consumption of food and
water.
The Lower Olifants Community Health Project used community surveys, focus group
discussions and monitoring of water, fish, soil, fruit and vegetables in the Lower Olifants to
identify human health risks, as well as coping strategies used by communities, to best
protect human health.
2.3

Purpose of the project

The overall purpose of the project was to determine the extent to which water pollution
may have an impact on the health of several communities (in Mozambique and in South
Africa) in the Lower Olifants River Water Catchment Area, with the purpose of identifying
potential human health risks and relevant coping strategies that will inform and guide
locally-appropriate, sustainable solutions.
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3

Project planning

Project planning began in June 2012 and a research partners meeting was held in July 2012.
The project team was grouped into task teams to handle each of the project tasks. Input
from all partners was used to determine which authorities to apply to for obtaining
permission to carry out the study in both countries. The team agreed that preliminary
scoping visits in both countries were needed to identify the study sites for the fieldwork.
In order to select appropriate study sites for the Lower Olifants Community Health Project,
three members of the research team visited human settlements within the Lower Olifants
River catchment. A pre-requisite for site selection was that the settlement should be
located in close proximity to the main stem of the Olifants River. Furthermore, inhabitants
should be dependent on the river as a source of water that is used directly, be it for
drinking, domestic purposes, fishing, irrigation, recreational or even cultural and spiritual
uses.
Based upon satellite photographs, and personal communication with local researchers, an
area, not far from Hoedspruit containing a few villages, was identified as a possible study
area in South Africa. Similarly, a set of sites around Massingir Dam in Mozambique was also
pre-selected. Accordingly, the aim of the site visits were to evaluate these human
settlements for their suitability to serve as study sites, and to meet with local (SANParks)
researchers to discuss the inclusion of potential sites located close to Phalaborwa.
3.1

Study sites selected

South African sites
Using satellite photos, various settlements close to either Phalaborwa or Hoedspruit, South
Africa were selected for further investigation. However, after discussions with SANParks
researchers, who have worked extensively in the area, the sites in and around Phalaborwa
were excluded on the basis of i) their distance to the main stem of the Olifants River and, ii)
the fact that these settlements are serviced with piped (treated) water.
In the Hoedspruit region, the settlements of Finale and Dingapong were also found to be
too far away from the river, and also had piped and treated water. It was clearly evident
that these settlements had little reliance on river water. Two settlements in this area were
visited that would make viable study sites; they were Lepelle and Botshabelo. Their location
is shown in Figure 1. (Later on, it was decided to include Diphuti as well.)
The settlements of Botshabelo and Lepelle are both located very close to the Olifants River,
and neither has piped water. Also, communication with local community members revealed
that they often make use of the river water for drinking, washing and fishing, which the
team also observed first hand. We therefore proposed that Botshabelo and Lepelle be
included as study sites for the Lower Olifants Community Health Project. A brief description
of each of the proposed study sites, including photos taken during the site selection visit, is
given below.
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Figure 1. Map showing the location of the proposed study sites (Botshabelo and Lepelle).
Point A shows the location of Hoedspruit for reference purposes.

3.1.1 Botshabelo
Botshabelo is locally also known as Mabins according to villagers. Its geographic coordinates
are 24.42405 °S and 30.55561 °E and it has approximately 300 households.

Figure 2. Google Earth image of Botshabelo. The Olifants River can be seen in the bottom of
the image.
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The village is spread out along the path to the river, and while the access road is quite good,
it is a considerable distance from the village to the main road. Houses were observed to be
generally well kept, with some vegetable gardens and fruit trees (Figure 3).

Figure 3. House in Botshabelo with vegetable garden and fruit trees.
Villagers spoken to in Botshabelo noted that there are a few boreholes in the community
that people can use, however, they are not always operational and some of these boreholes
are “private” boreholes and not available for public use.
Villagers were observed walking from the village to the river in the late afternoon to go and
swim and fish (Figure 4).

Figure 4. Fishing and the recent catch (Labeo Spp.)
At the Olifants River, men were observed fishing (Figure 4) (without any implements and
using their hands), women were doing washing (Figure 5) and bathing, and children were
11

swimming in the water. A woman doing her washing in the river said that the river water is
“good water” and that one does not get sick from the water. We observed evidence of
animals in the water.

Figure 5. Woman in Botshabelo doing her washing at the river.

3.1.2 Lepelle
The village of Lepelle is nestled between the Drakensberg Mountain range and the Olifants
River (Figure 6 and 7). Its geographic co-ordinates are 24.444393 °S and 30.607114 °E. There
are approximately 100 households. Villagers noted that while they fished in the river in the
past, they do not do so currently.

Figure 6. Google Earth image of Lepelle
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Figure 7. View from R36 of Lepelle.
Houses observed varied between a typical rural dwelling with maximum of two rooms and
larger scale houses with elaborate fencing, however, the majority of dwellings were the
smaller types. Generally, the village seemed spatially well organised with gravel roads
leading to all clusters of dwellings (Figure 8).

Figure 8. Houses in Lepelle
Villagers noted that they use both borehole and river water as sources of water (Figure 9).
Some stand pipes were observed in the village. Pit latrines were also observed for each
household. There is a primary school located in the village; however, the local high school is
located further away. The Sekhukhune Mobile Clinic was also observed making its rounds on
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the Monday we visited the village. According to the villagers, the local traditional authority
is Kgoshi Norta Koebeng.

Figure 9. Houses in Lepelle, with the Olifants River in the background.

3.1.3 Mozambique
A trip to select study locations for the sites in Mozambique was undertaken from 17 to 20
September 2012. Mr Antony Alexander and Mr Baldeu Chande, Park Warden of the
Limpopo Park, gave valuable assistance during this trip. Mr Chande furthermore availed one
of his rangers to help with translation in a number of meetings.
As initiation to the necessary stakeholder consultation, a meeting took place with the
Permanent Secretary to the District Administrator. The aim of the project was explained to
her. She expressed her support of the implementation. She also requested that a meeting
be held with the Directors of the Health and Science and Technology Ministries in order to
finalise the aims of the project and to draft an invitation list for the stakeholder
consultation. This was completed.
Following initial contact, the team found that there are four main villages around Lake
Massingir, with a scattering of smaller groups of houses around them. The characteristics of
the four villages were assessed, looking mainly for explicit exposure pathways.
Two villages – Cubo and Canhane – are located outside of the Limpopo Park, while two
more – Mavoze and Massingir Velho – are located inside. The latter two were to be
relocated outside of the park and away from Lake Massingir during the coming months.
There is extensive use of Lake Massingir’s water, especially in Cubo and Canhane. Both are
located close to the water, and have satellite fishing villages at the water’s edge. Fish is
consumed on a large scale, and crops are planted next to the water and irrigated from the
lake (Figure 10). More importantly, both villages acquire their drinking water directly from
14

the lake. In Cubo, the water is usually treated with chlorine. In Canhane and the surrounding
fishing villages, water is mostly drunk untreated. No official records on population could be
obtained during the visit, but the initial estimate was that there were more than 1 000
households in Cubo and Canhane combined.

Figure 10. Lake Massingir
At Massingir Velho and Mavoze, boreholes are used for water. Although there are also
households that live closer to the water, these are scattered and some of the houses are
(apparently) only periodically occupied.
In light of the fact that Mavoze and Massingir Velho would be relocated soon, Cubo and
Canhane, with their respective fishing villages, were chosen as the study sites.

3.2 Final site selection
Following the field visits (described in the sections above), five sites were selected for
fieldwork. These were:



Mozambique
o Canhane
o Cubo
South Africa
o Botshabelo
o Lepelle
o Diphuti

During the course of the site selection fieldwork, it was decided that the town of Diphuti
should be added to the study to increase household survey numbers. It is north-east of
Botshabelo. Household surveys were carried out at all sites including Diphuti to include
sufficient households to meet the required sample size. Water sampling and focus group
interactions were carried out at all sites excluding Diphuti.
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These sites are illustrated in Figure 11, below. Massingir has been included on this map for
reference purposes and it was a study site for the focus group discussions.

Figure 11. Location of the study sites in South Africa and Mozambique. The easiest way to
spot the Olifants River is to look at the border between Limpopo and Mpumalanga, where
the river lines up with the provincial borders and crosses over from South Africa into
Mozambique.
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3.3

Research ethics obtained

A research ethics application was prepared and submitted to the CSIR Research Ethics
Committee in May 2012. Research ethics clearance was granted by the CSIR Research Ethics
Committee on 8 October 2012 (number 44/2012).
An investigation was made into obtaining research ethics clearance from an institution in
Mozambique, however, given that Eduardo Mondlane University presently does not have a
Research Ethics Board, and the National Committee would need to be consulted, it was
decided that ethical clearance from the CSIR REC would suffice, and all necessary
administrative and authority approvals would be carried out in both Mozambique and South
Africa from the relevant levels of leadership.
All photographs were taken with the verbal consent of those featured in each photograph.
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4

Methodology

Overall this study utilises a mixed methods approach. A mixed methods approach is useful
especially in projects where research from different, often times divergent disciplines
utilising both qualitative and quantitative methodologies are used to develop a holistic
understanding of the complete data pool. A mixed methods approach also allows for
triangulation of data uncovered from the different disciplines contributing to the project
findings throughout the research timeframe. Triangulation is an essential component to a
mixed methods approach as it allows for reflexive analysis of findings where findings do not
correspond.
The following sections describe the methodology and administration of the fieldwork
components:






4.1

Water, sediment and fresh produce sampling;
Fish sampling;
Community surveys;
Focus group discussions; and
Ambient air quality methodology and analysis are also described.

Water, sediment and fresh produce sampling

Water, sediment, soil and vegetables samples were collected from the study areas between
December 2012 and May 2013. Each study area (Lepelle, Botshabelo, Canhane or Cubo) was
visited twice to collect samples. The Lepelle and Botshabelo areas (situated in the Limpopo
province, South Africa) were visited in December 2012, and then again in May 2013. The
two settlements in Mozambique (Canhane and Cubo) were visited in February and May
2013. Water and sediment samples were collected during the first site visit to each area,
with locally produced vegetables along with soil samples also being taken during the second
(and final) sampling visit. In total 27 water samples, 13 sediment samples, 5 soil samples,
and a variety of vegetables (from 5 locations) were taken.
Water and sediment samples were collected from environmental water sources at locations
where residents collected water from, or had easy access to the water (for instance a boat
launch site or a drinking water collection/extraction point). These locations were pointed
out to the research team during local small group discussions. Locally grown (in the
settlement) vegetables were not easily found in the South African study sites (Lepelle and
Botshabelo) as very few residents practiced subsistence farming. At these sites the research
team sampled as many different types of vegetables as was available on the day of sample
collection. A soil sample was collected from each vegetable patch from which pant material
was sampled. In Canhane and Cubo (Mozambique) the residents relied more heavily on
subsistence farming and each village had a local produce market. Vegetables were
purchased from the local market, with the limiting factor again being the variety that was
present on the day of sample collection. A soil sample was collected in each village from the
closest vegetable patch. The full list of samples is given in Appendix 1.
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All samples were analysed for the following parameters: Aluminium; Antimony, Arsenic,
Barium, Beryllium, Boron, Cadmium, Chromium, Cobalt, Copper, Iron, Lead, Manganese,
Mercury, Molybdenum, Nickel, Selenium, Strontium, Titanium, Uranium, Vanadium and
Zinc. Heavy metal analyses were done by means of Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES) instrumentation following the approved analytical
methods detailed in “Standard Methods for the Analysis of Water and Wastewater” (APHA,
1993).
In addition to the above parameters, water samples were also analysed for Escherichia coli.
For E. coli the quantification was done using the IDEXX Colilert™ Most Propable Number
(MPN) method. This was done according to the manufacturer’s protocol.

4.2

Human health risk assessment

The methodology followed in the human health risk assessment is described by the US
Environmental Protection Agency (USEPA 1987, 1992) and the World Health Organization
(WHO 2010). The health risk assessment is primarily divided into four steps: hazard
identification, dose response assessment, exposure assessment and risk characterization.
For non-cancer toxic effects of heavy metals, a Hazard Quotient (HQ) is calculated,
comparing the expected exposure to the chemical to an exposure that is assumed not to be
associated with toxic effects. For the oral exposure of humans to the consumption of
contaminated water and plants, the Average Daily Dose (ADD), determined from the
measured concentrations, is compared to a Reference Dose (RfD), reported by the USEPA
(2011). Any HQ <1 is considered to be safe for a lifetime exposure. The ADD and HQ are
determined with equations (1) and (2) with the risk parameters given in Table 1.
For non-cancer risks (HQ), the ADD received during the period of exposure was calculated as
follows:
( )

(1)
(2)

Where:
HQ
ADD
RfD
C(m)
IR
BW

= Hazard Quotient
= Average Daily Dose (mg/kg/day)
= Reference Dose
= Contaminant concentration (mg/kg)
= Ingestion rate (kg/day)
= Body Weight (kg)

For the risk of carcinogens for exposures that last less than a lifetime, a life-time average
daily dose (LADD), is calculated as follows:
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(3)
(

)

(4)

Where:
ED = Exposure duration (years)
Lft = Lifetime (years)
 = oral potency factor (USEPA, 2011)
Equation 4 can be simplified and approximated using Equation 5.
(5)
The risk estimates represent the theoretical excess cancer risk. This is the risk of developing
cancer in addition to the background cancer incidence. For example, if the cancer risk is
found to be 1 x 10-4 = 0.0001 = 1/10 000, then it can be said that there is an excess risk of
developing cancer of 1 in ten thousand. The WHO (2003) defines the acceptable risk level as
“an estimated upper-bound excess lifetime cancer risk of one additional cancer per 100 000
of the population ingesting drinking water containing the substance at the set guideline
value for 70 years (life expectancy)”. Thus, the WHO (2004) and various countries worldwide have set their acceptable risk level at 10-5 (or 1 in 100 000).
Table 1: Exposure parameters used in the human health risk calculations
Exposure parameter
Events per year
350
Body weight
70 kg
Ingestion rate
Water 1 l/day
Vegetables 240 g/day

4.3

Statistical analysis for the human health risk assessment

Statistical analyses were performed using the JMP 10.0.2 (SAS Institute Inc., 2012) statistical
software package. Statistical evaluation was conducted using one-way analysis of variance
(ANOVA) and Tukey-Kramer multiple comparison graphs. Statistical differences were
analysed by computing the Pearson correlation; p values lower than p = 0.05 were
considered to be significant.
A one-way analysis of variance test for differences between study site means was
performed. Analysis of variance (ANOVA) was used to test whether differences between
study sites were statistically significant and is represented using the diamond mean plots.
The interpretation of diamond mean plots is provided in Figure 12. The line near the centre
of each diamond represents the group mean. The vertical span of each diamond represents
the 95% confidence interval for the mean of each group. The top and bottom of each
diamond represent the (1-alpha) x100 confidence interval for each group.

20

Figure 12. An ANOVA plot used for statistical comparison in to compare datasets (Source
http://www.gigawiz.com/diamond.html)

4.3

Fish sampling and analysis

Fish health assessments help to identify risks posed to people through food source as well
as give an indication of aquatic environmental health. Fish, because they are long lived and
freely mobile, are able to serve as good indicators of pollution at larger spatial and temporal
scales. They are also representative of various tropic levels and bioaccumulation pathways.
An adaptation of the Health Assessment Index (HAI) of Adams et al. (1993) was used to
determine the macroscopic internal and external health of the fish, while histological
assessment (Bernet et al., 1999) was done to give a microscopic indication of health.
Histopathological alterations are biomarkers of exposure to environmental stressors,
revealing prior alterations in physiological and or biochemical function (Hinton et al., 1992).
At microscopic level, pathology might be evident that may not have manifested
macroscopically, and may therefore serve as a good early detection system for organ stress.
Therefore HAI, together with organosomatic indices and histopathological interpretation, is
intended to give an indication of the overall health of the fish sampled.
Fish health surveys linking human health and consumption of fish have indicated that
bioaccumulation from heavy metals in more industrialized catchments, such as those
around gold and coal mines, as well as pesticides in catchments where malaria control or
intensive large scale farming are practiced, may pose risk to humans through various
exposure scenarios.
Two sites were sampled in Massingir Dam (Figure 13). The first, Cubo fishing village, was the
largest landing area for boats having fished the southern reaches of the Dam, which cover
the 3 study sites for the human health risk assessment. The second site at Massingir,
downstream of the spillway, was chosen because fishing boats and anglers servicing these
areas also sell fish in the local markets of the 3 study sites.
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Figure 13. Map showing study sites where fish were sampled. The 4 sites pinned are
Cubo Fishing Village, Massingir Dam Spillway, Mabins and Manoutsa .
Two attempts to sample the South African study sites were made with very little success.
The first on 27th February 2013 at Mabins (Botshabelo) and Manoutsa (Lepelle) resulted in a
single Clarias C.gariepinus specimen, despite great effort and the use of various methods
including rod and reel, cast netting, electroshocking and seine netting. Observations of
catches of local fisherman have found that Synodontis below 15cm make up the bulk of
their catch. The second attempt was on the 6-7 May 2013 at the Manoutsa Weir where 22
fish, typically in the smaller immature size classes, were sampled. Fish were typically in the
smaller immature size classes.
Fish were caught using a combination of rod and reel, handlines, castnets, gill nets and
electrofishing. They were then immediately anesthetized in an anaesthetic bath of Clove Oil
(30 ppm). After 10 minutes, fish were immobilized and were weighed and measured. Blood
was drawn using cold heparin-containing vacutainers and placed on ice until further
analysis. Gill slips were then wet-mounted and examined under the microscope for
abnormalities and presence of parasites. Each fish was photographed and examined
externally for abnormalities. Fish were dissected and examined for gross pathological
changes. Liver and gonads were removed and weighed separately to determine the somatic
indices in accordance with the Health Assessment Index (HAI) (Adams et al 1993). Samples
from a range of organs and tissues were fixed in 10% buffered formalin.
Blood samples were centrifuged at 2500 rpm for 10 minutes. The haematocrit (Hct =
RBC/Total blood volume x 100) was measured and recorded. Total serum protein (TSP) was
measured using a hand held refractometer. The plasma was then pipetted into Nunc®
cryovials and frozen for further analysis.
Tissue specimens of gills, liver, kidney, spleen, pancreas, fat, muscle, gonad, heart and
intestine, fixed in 10% formalin were processed using standard histological techniques.
Paraffin wax sections were cut at 5μm. All specimens were stained with haematoxylin and
eosin (HE). Histological sections were examined by standard light microscopy for presence
of pathology.
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The Fulton’s condition factor for each fish was determined using the formula seen below, as
described by Carlander (1969). Condition factor (TL) = Weight (g) x 10⁵ / length³ mm.
Variations in condition factor primarily reflect state of sexual maturity and degree of
nourishment. Condition factor assumes isometric growth pattern in all species, it is
therefore most relevant for comparison of the same species and size class.
Two organosomatic indices were used as part of the HAI, the Hepatosomatic Index (HSI),
calculated with the formula HSI = liver weight / body weight x 100. The HSI index gives an
indication of liver weight in relation to total body weight and has been used as a measure of
energy reserve of the fish, the hypothesis being that fish in poor health or exposed to
contaminants will have less liver capacity and the ability to deal with it. The second
organosomatic index used was the Gonadosomatic Index (GSI), calculated with the formula
GSI = gonad weight / body weight x 100. GSI can give an indication of gonadal development
as well as sexual maturity.

4.4 Ambient air quality assessment
Although the focus of this project was on water pollution, we deemed it relevant to consider
the status of ambient air quality in the study sites too. Aerosol particles, also called
particulate matter (PM), are a major source of air pollution and can impact both human
health and the radiative balance of the atmosphere.
In South Africa, PM ground-based concentrations are regulated under the National
Environmental Management: Air Quality Act (Act No. 39 of 2004) (the AQA) (Appendix 2) in
order to protect every South African’s constitutional right to an environment that is not
harmful to their health or well-being. Through the Air Quality Act, all levels of government
across South Africa are required to measure their ambient air quality and to develop plans
to manage the air quality, with a particular focus on how to meet the national ambient air
quality standards. The negative health impacts from small particles in ambient air, which can
range from respiratory and cardiovascular diseases to increases in mortality rates, are welldocumented (WHO, 2006).
In Mozambique, regulations relating to standards for environmental quality and effluent
emissions were published in the Government Bulletin on 2 June 2004 (Decree No 18/2004).
These regulations cover air quality and delineate pollution standards (shown in Appendix 2)
(DBSA, 2009).
In this project, the air pollution from aerosol particles in the two study countries of
Mozambique and South Africa was investigated through the use of satellite data. Satellite
data were used because there are no ambient air quality monitoring stations near the
selected study villages. Satellite data are very good at describing the air quality in areas
where there are no measurements; however, a large obstacle in using satellite retrievals for
air quality and health research is that the information is for a column of air. In order to
understand the health impacts of air quality, it is necessary to understand ambient surface
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level concentrations. Some research has been performed on using satellite information for
air quality monitoring and modelling, however, the applicability to health research,
particularly in South Africa, is not well understood (e.g., Lee et al, 2011, Hutchison et al.,
2004). Research is ongoing in South Africa to try to apply satellite measurements to groundbased concentrations of air pollutants; however, the research has not yet produced a robust
relationship that can be used. Thus, only satellite data on the column of air are presented in
this report.
Satellites that measure aerosol characteristics pass regularly over South Africa and
Mozambique, and provide data for both countries. Thus, while these data may be limited
with their temporal resolution (most satellites pass over South Africa at most once during
the day time), they cover large spatial areas where there are currently no air quality data
being collected on a regular basis. The two aerosol products that satellites collect regularly
and that were analysed in this project are the aerosol optical depth (AOD) and the Ångström
exponent. AOD describes the light attenuation of aerosol particles in a column of air, which
can be related to the aerosol loading in the column. The Ångström exponent is an empirical
relationship that can be used to describe the size distribution of aerosol particles (Ångström,
1929).
All data were downloaded from the Giovanni website (disc.sci.gsfc.nasa.gov/ Giovanni)
(Acker and Leptoukh, 2007). Data were downloaded for 1⁰ x 1⁰ boxes for the Mozambique
(latitude = 24⁰ to 23⁰ S; longitude = 32⁰ to 33⁰ E) and South Africa (latitude = 25⁰ to 24⁰ S;
longitude = 30⁰ to 31⁰ E) study sites. All data except MISR data for the South Africa site
were available on Giovanni as daily values. The values were then averaged to monthly
averages and displayed here as monthly averages; this averaging was performed as many
days do not have data. The MISR data for South Africa were downloaded directly as
monthly averages. In addition, AOD data from MODIS from the Terra satellite was
downloaded for Johannesburg as a comparison to the study sites. Data were downloaded
and presented here for 1 January, 2010 - 31 December, 2012.
i.

Aerosol Optical Depth (AOD)

The AOD is the vertical integral of the extinction coefficient (σext) at a specific wavelength
(i.e., the sum of the light at that wavelength that is scattered or absorbed by the aerosol
particles) in a column of air from the surface to the top of the atmosphere (TOA). Equation 6
describes the basic equation for AOD where τλ is the AOD at wavelength λ, z is the height,
and σext is the aerosol extinction coefficient.
∫

(

)

(6)

In general, higher AOD values indicate a larger aerosol load in the column of air. However as
σext is dependent upon the optical properties of the aerosols, which in turn can be impacted
by factors such as refractive index, size and shape, the AOD of a column of aerosol particles
is dependent upon more than just the aerosol load. These parameters can be impacted by
meteorological factors as well, though accounting for the impact of these factors is complex.
For example, the impact of relative humidity can only be correctly characterised with
complete compositional information of the particles; this is not known for the aerosol
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particles in the study sites. The OMI instrument, as mentioned below, also reports the
Absorption AOD, which is the vertical integral of the absorption coefficient (σabs) at a specific
wavelength.
ii.

Ångström exponent

The Ångström exponent (å), which describes the wavelength dependence of the aerosol
extinction coefficient, corresponds to the slope of a double-logarithmic plot of AOD (τ) vs.
wavelength (λ) and is calculated by equation 7 (Ångström, 1929).

å (1 / 2 )  

log( 1 /  2 )
log( 1 / 2 )

(7)

The Ångström exponent is a parameter that is easily measured through a variety of
techniques, i.e. through sun photometry, nephelometry and satellite retrievals (e.g.
Nakajima and Higurashi, 1998; Eck et al., 1999; Quinn and Bates, 2005) and as such, it is
useful to use å to elucidate other, more difficult to measure, parameters. In particular, å is
generally used to probe the size distribution of aerosol particles, with a larger å value
corresponding to smaller particle sizes and a smaller value corresponding to larger particle
sizes.
B. Multi-angle Imaging SpectroRadiometer (MISR) on Terra
The MISR AOD (λ= 555 nm) data were available as daily averages for the Mozambique site
and monthly averages for the South African site. Terra crosses over South Africa at 10:30
local time.
C. Moderate Resolution Imaging Spectroradiometer (MODIS) on Terra
MODIS AOD (λ= 550 nm) and Ångström exponent (470 nm/600 nm) were available as daily
data for the study sites. Terra crosses over South Africa and Mozambique at 10:30 local
time.
D. Moderate Resolution Imaging Spectroradiometer (MODIS) on Aqua
MODIS AOD (λ= 550 nm) and Ångström exponent (470 nm/600 nm) were available as daily
data for the study sites. Aqua crosses over South Africa and Mozambique at 13:30 local
time.
E. Ozone Monitoring Instrument (OMI) on Aura
OMI AOD (λ= 500 nm) and Absorption AOD (λ= 500 nm) were available as daily data for the
study sites. Aura crosses over South Africa and Mozambique at 13:30 local time.

4.5

Household survey among communities

The project plan provided for the household survey envisioned that a total of 1000
structured interviews would be conducted. A multi-stage sampling approached was
followed. On the first level the sample was stratified by country. The second level of
stratification was the selected communities. Inside every community either a census was
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done or a systematic sample was taken as follows: A number of street blocks were randomly
selected. In each of these blocks, a random starting point (for example the south eastern
corner) was selected. The fieldworker then walked in a clockwise direction and interviewed
every third household. In Mozambique, a pilot study was done on 23 October 2012. The
fieldwork started on the 29 October 2012 and continued until the last records were
submitted on 9 November 2012. Quality control by means of telephonic and personal reinterviews confirmed the reliability of the data.
The preliminary work in South Africa was done between 12 and 14 November 2012 when
Mr Tshediso Pudumo from the Nova Institute met with the Maruleng Director of
Community Services, Mr Ramoshaba and the Municipal Manager, Mr Ramothwala to inform
them of the project and gain their support. Invitation letters to a stakeholder
communication meeting and a project implementation plan were distributed to various
stakeholders. On 20 November 2012, the communication meeting was held at the Maruleng
Council Chamber in Hoedspruit. The project was accepted by all present and a call for
curricula vitae for applicant fieldworkers was lodged.
Lepelle was not represented at this particular meeting as it falls outside of the Maruleng
municipality. Mr Pudumo had a separate consultation with the village leadership in Lepelle,
after which they too accepted the project. Curricula vitae were received from stakeholders
represented at the two communication meetings who were interested in working as
fieldworkers. Interviews with candidate fieldworkers followed and ten fieldworkers were
contracted. Fieldwork in South Africa started on the 3rd of December 2012, with piloting
beforehand, and was completed on the 20th of the same month (Figure 14 and 15).

Figure 14. Some of the fieldworkers in Mozambique.
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Figure 15. An interview.

In both Mozambique and South Africa, training of fieldworkers took place over five days.
Training was facilitated by the project manager in conjunction with the senior fieldwork
managers who would be responsible for monitoring fieldwork on a daily basis.
Training included background to the project, interview techniques, explanation of contracts
and a detailed exposition of all the questions as well as the quality control measures. During
the training, extensive use was made of role-play and mock interviews. When the
fieldworkers were ready, a pilot study was done to give them exposure to real interviews. A
debriefing session was held after the pilot study. After the pilot study one fieldworker in
Mozambique resigned. The fieldwork was therefore completed with the remaining three
fieldworkers.
In South Africa, rain hampered progress. Some households were initially suspicious of the
fieldworkers. The Nova Area Leader had to request the two relevant councillors to address
the households and explain that the project was accepted at the communication meeting.
After this intervention, no more complaints were received. During the pilot, it was found
that some fieldworkers also did not adhere to the training and some corrective training had
to be done. After completing the necessary number of pilot interviews, the fieldworkers
already covered half of Botshabelo and one third of Diphuti. It was immediately clear that
the census data was outdated (census data were used to plan fieldwork) and that the
communities actually shrunk over the past decade. The sample plan was adjusted to allow
for the completion of a census (sampling 100% of households in these communities)
approach in both places.
The data from the fieldwork was processed into three datasets, one for households, one for
persons and one for structures. It was also checked for consistency. Some variables with a
very large number of categories were re-coded.
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4.5.1 Structured interviews and questionnaire
Respondents were either the head of the household or caregiver who was able to respond
on behalf of the individuals (18 years and older) in the household. When occupants were
not at home or refused to participate, the next house in the sequence was selected. The
fieldworker continued interviewing respondents in houses that fall within the sequence until
they reached the starting point again. Questionnaires were in English but fieldworkers
translating directly into the local languages during the interviews.
The questionnaire data were loaded onto the mobile device by the field worker; data
capture was therefore direct and data were immediately transferred to a central database
following submission. The questionnaire posed questions about demographics, possible
exposure to water and air pollutants, use of the local river or dam, sanitation, solid waste
removal, nutrition, energy use, health and healthcare, personal hygiene and socio-economic
factors. The questionnaire is available as a separate file and is accompanying this report.
4.5.2 Quality control
Subsequent to the structured interviews, quality control of data was performed by means of
telephonic and personal re-interviews. A random sample of interviewees was used and they
were phoned after the survey was completed, to confirm that they had indeed been
interviewed. In addition, some of the questions were repeated to validate the answers
recorded by the fieldworker. This confirmed the reliability of the data.
4.5.3 Statistical analysis of community questionnaires
Data were analysed using Stata Release 13.0, statistical software. The data collected were
categorical (nominal/ordinal) and were summarised by means of frequencies, percentages
and cross-tabulations. At a univariate level, the data from Mozambique were compared
with that of South Africa, while outcome variables (illnesses and conditions) were tested for
association with demographic/risk/environmental factors using Pearson’s chi-square test or,
when applicable, Fisher’s exact test. The odd ratios (ORs) along with their 95% confidence
intervals were also recorded.

4.6

Focus group discussions

The purpose of the qualitative interactions was to provide a ‘real-world’ context to the
quantitative data provided by the team as a whole. This context paints a picture of the
everyday life residents’ experience. The context also incorporates beliefs, attitudes and
perceptions that people have expressed during the interactions, and which can help to
understand the challenges, risks and coping strategies people may be facing with regards to
water and their physical well-being and health.
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There were two data capturing field trips for this component of the project. The first field
trip occurred in December 2012 when a team of social scientists, together with the water
quality team, visited the two South African villages, Lepelle and Botshabelo. The second
field trip occurred in February 2013 when the same team visited three Mozambican villages
namely, Massingir, Canhane and Cubo.
The team followed a qualitative research methodology in each of the villages consisting of
one-on-one interviews, focus group discussions and participant observation. While the
focus of the qualitative interactions were on focus group discussions, other interactions
such as smaller meetings, interviews and discussions were as important. These ad hoc
interactions not only provided the means by which the focus group discussions could be set
up and arranged, they also provided context to the setting – this was especially helpful in
Mozambique where the South African team was not as familiar with “how things worked”,
who to approach and the socio-cultural protocols, as opposed to what is encountered in
South Africa. Table 2 gives an indication of the number of focus group discussions that were
held as well as the more structured interviews conducted with officials, be they from
government or traditional authorities. The themes for the focus group discussions were
developed as shown in Table 3.

Table 2. Breakdown of formal qualitative interactions.
Date
Area /Village
Focus Discussion Key Interviews
Groups
O8/12/12 Botshabelo (RSA) Mixed (x1)
Traditional Authority
(x2)
06/12/12 Lepelle (RSA)
Council
Traditional Authority
members (x1)
(x2)
Mixed (x2)
05/02/12 Massingir (Moz)
District
Administration
Officers (x2)
06/02/12 Cubo (Moz)
Leaders & elders Local Government
mainly men (x1) (x1)
Women (x1)
07/02/13 Canhane (Moz)
Mixed (x1)
Traditional Authority
(x1)

Table 3. Focus group discussion themes.
Theme/question
What are the main illnesses suffered in this
community?
Do people ever get sick from water/air
pollution (dirty water/air) in the community?
What are the things people do (can do) to
prevent themselves from getting sick from

Prominent
participants
Chief Malapyane
Chief Nollah. S
Kobeng
Mr. Ziestman
Mrs Dora Estura

Cnclr. Ngobeni

Chief Zita

Why do we need to know this?
Establish broad base for discussion
Do people establish a link between the state
of the physical environment and their own
health/illness
Establish community coping strategies
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water/air pollution
List the uses of water from the river or dam
in this community.

To establish the points of contact between
the people and the Olifants river and inform
the formulation of questions for the
structured interviews.

These themes were also used, in conjunction with questions on local context, as broad
guidelines for the key interviews that were conducted. Initially, it was anticipated and
planned that there would be equal numbers of male and female participants in each group
for the focus group discussions; however, the team had to be flexible in their application of
the planning as people tended to attend meetings in an ad hoc fashion. The team decided
that rather than to lose these contributions, we would be flexible and accommodate mixed
groups participating in the focus group discussions. This way we still ensure multiple voices
coming to the fore in the data gathered from these sessions.
In Lepelle village, the CSIR team was welcomed by Acting Chief, her Royal Highness Chief
Sobore Nolha Kobeng. She also introduced the team to her Council, and the team had an
opportunity to speak and interview Council members. The research project was welcomed
by the Chief and her council as the Chief specifically noted that the village had numerous
problems around water pollution and contamination which are beyond their ability to
manage on their own.
In Botshabelo, the team was unable to make contact with the local Chief, however, we did
manage to get the cooperation of Mr Malapane who is a local Headman or induna who
serves directly under the Chief. Mr Malapane highlighted that the village faced many water
related challenges specifically with regards to their water sources and the condition of these
sources. The main issues he mentioned were severe pollution of the river water, specifically
by locals; and unreliable water from taps that are either water that “come from the
mountain” or from private boreholes. Because of the unreliability of these water sources
people tend to either draw water from the river itself or buy water from water sellers,
however the villagers know that the water from sellers is also drawn from the river. Yet
despite the lack of water, it seems that many community members tend to pollute the river
themselves. The team was shown how locals have piggeries on the banks of the river
causing increased pollution especially during the rainy season. The team also witnessed
locals doing their washing in the river water, as well as bathing. Added to that, locals
complained that people tend to throw, amongst other things, dead animals and dirty
nappies in the river.
Upon arrival in Mozambique, the CSIR team made a concerted effort to adhere to the local
cultural and governance protocols in the district. As a part of this strategy, the team visited
with the District Administration Officer, Mrs Dorah Esturah who also heads up the Health
Affairs initiatives in the district of Massingir. While she was happy to speak to us and
welcomed the research, she did, however, make it clear that we should make it a priority to
feed the information and conclusions developed by our research back to the local
authorities.
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At Cubo village, the team developed good relations with local Councillor Ngobeni. We also
made good local contacts with residents who became impromptu tour guides to the local
fishing encampment and Massingir Dam. In Canhane, the team was able to meet and have
an interview with Chief Zita.
There are always a number of ethical considerations to be made when doing qualitative
fieldwork. The power dynamic between the researcher and the researched, for example, is
always unbalanced in favour of the researcher. As such, one of the foremost concerns is
informed consent. In 1979, Edward Said wrote a ground-breaking book called Orientalism.
In this book, he argued that the ‘Orient’ had been appropriated by the ‘West’ (and its
methodological processes) primarily through “making statements about it, authorizing views
of it, describing it, by teaching it, settling it, [and] ruling over it . . . “ (Said, 1979: 4), and
subsequently moulded into a form imagined for it by the West.
Social sciences, especially those social sciences working closely with communities were
forced to re-evaluate their method and methodology in line with these accusations. The
outcome of this, also called the ‘crises of representation’, led social science to re-examine
their methodology and methods. Consequently, social science such as Anthropology (this
discipline’s methodology was employed in this fieldwork) emerged with new techniques of
understanding and researching culture and social processes, also known as ways of being,
not only of others but also of ourselves as researchers.
Some of these new means of social enquiry include more prominent reflexivity on our role
and part in the ethnographic and fieldwork process, from the initial idea, the choice in
questions asked, and lastly, the putting of our findings on paper. The social team were fully
aware of this methodological history and challenge, and as such extreme care was taken to
elicit responses from people without coercing them into a discussion and without leading
their responses to questions. In addition, all formal interviews and focus group sessions
were held only once informed consent was established.
The outcomes of these discussions, as well as the fieldwork and analyses described in the
other methods sections, are discussed in Section 5 below.
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5

Results and discussion

This section details the results of the fieldwork and data analyses from the five components
of the project: water quality and human health risk assessment (on water, sediment, fruit
and vegetables); fish sampling results; air quality results; community survey results; and
focus group discussion results. While the results are presented and discussed here separate
from each other, they are pulled together in the concluding remarks section at the end of
the report. It should be noted that with regards to the community survey results and the
focus group discussion results, that some results may be somewhat contradicting. This is to
be expected as these are opinions expressed by individuals who may or may not have been
a part of both data gathering processes. Every effort has been made to treat the results,
however contradicting, of both of these two data gathering processes as valid and
legitimate within the context of the individual who expressed the issue. In addition, the
analysis, while trying to provide a social and human context to the more qualitative data,
has been written in such a way as to not take away from the richness of the data provided
through the quantitative data gathering processes.

5.1

Environmental monitoring

The water and soil samples and home-grown vegetable types collected from the study areas
were analysed for metals, for which the full set of results are shown in Appendix 3. The
average concentrations used in the health risk assessment calculations are provided in the
Tables in Appendix 3 too.
Results for metal concentrations in sampled water and vegetables are provided in Table 4.
Results of the statistical analysis (making use of Analysis of Variance (ANOVA)) for the water
quality parameters are depicted in Figure 16. The levels of the various metals were higher in
the water samples collected in the South African study site than in the samples collected in
Mozambique (P<0.05), with the exception of iron, lead and vanadium.
Table 4. Metal concentrations in water and vegetable samples used in health risk
calculations
Water
Vegetables

Aluminium
(Al)
Antimony
(Sb)
Arsenic (As)
Barium (Ba)

South Africa
average ug/l
n= 9

Mozambique
average ug/l
n=7

South Africa
average mg/kg n
=14

278.44

134.83

228

Mozambique
average
mg/kg
n=9
29.11

91.15

ND*

ND

ND

103.06
349.05

1.24
37.43

ND
15.86

ND
1.38
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Beryllium
(Be)
Boron (B)
Cadmium
(Cd)
Chromium
(Cr)
Cobalt (Co)
Copper (Cu)
Iron (Fe)
Lead (Pb)
Manganese
(Mn)
Mercury (Hg)
Molybdenum
(o)
Nickel (Ni)
Selenium
(Se)
Strontium
(Sr)
Uranium (U)
Vanadium
(V)
Zinc (Zn)
Note. * not detected.

70.29

ND

0.00

0.00

313.74
124.84

70.00
ND

3.71
ND

1.33
ND

86.66

0.95

1.53

0.16

78.47
94.84
ND
ND
126.22

ND
4.00
75.57
0.75
0.97

1.02
3.62
242
0.80
27.60

0.07
0.53
29.33
0.00
3.44

214.85
138.14

ND
6.00

16.92
ND

ND
ND

150.05
207.83

1.86
ND

1.89
0.00

0.25
0.00

175.47

139.57

19.95

3.10

243.13
ND

3.10
12.20

7.75
4.17

ND
0.17

475.78

62.50

14.05

2.67
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Figure 16. Analysis of Variance of metals in water in study sites of South Africa and Mozambique
(no figure for iron since only water in Mozambique contained iron)

P=0.0003

P=0.000

P=0

P=0.0001

P=0.007

P=0.799

P=0.099

p=0.0029
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P=0.004

P=0.029

P=0.000
p = 0.046

P=0

P=0

P=0
P=0.079
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P=0

P=0.0017

P=0.826

P<0.0001
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5.2

Health risk assessment based on consumption of water and vegetables

Regarding non-carcinogenic risk of metals in water and vegetables, the hazard quotients
(HQ) representing each of the metals in the study areas are given in Table 5, Table 6, Table 7
and Table 8, as well as Figures 17 and 18. The health risks predicted from the daily
consumption of 1 litre of water is anticipated to be in the order of 64 times that considered
to be safe for a life-time exposure in South African study site (Table 5 and Figure 18). Water
samples in the South African study site contained excess amounts of antimony, arsenic,
cadmium, mercury, uranium and zinc. For example, mercury levels were found to be more
than 10 times the level considered to be safe for life-time consumption, based on the daily
consumption of just 1 litre of water (Table 5). If the daily intake were to be considered to be
2 litres or more, the hazard quotient would be 20 times the acceptable daily intake. The 1
litre value was used in the risk assessment calculations because although the average liquid
consumption of individuals is 2 litres, this comprises ALL liquids, and not solely drinking
water. A cancer risk of 1 in 1,000 can be expected based on the average concentration of
arsenic found in the water.

Hazard quotient based on ingestion of 1 litre of water
70

63.6

60
50
40

34.0

30
20

10.2
10

3.3 4.9

3.6

5.8

1.0

0

South Africa HQ

Mozambique HQ

Figure 17 Hazard Quotients based on ingestion of 1 litre of water per day

Table 5. Health risk assessment calculations for exposure to metals in water in South
African study sites
South Africa
Mean
ADD1 - 1 L
RfD2
Hazard
water conc
ingestion
or Slope
Quotient
(ug/l)
or LADD3
factor 4
(cancer
risk)
Aluminium
278.44
0.003978
1
0.00
Antimony
91.15
0.001302
0.0004
3.26
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Arsenic

103.06

0.001472
0.000631
0.004986
0.001004
0.004482
0.001783
0.001238
0.001121
0.001355
0
0
0.001803
0.003069
0.001973
0.002144
0.002969
0.002507
0.003473
0
0.006797

0.0003
4.91
4
1.5
(0.0001)5
Barium
349.05
0.07
0.07
Beryllium
70.29
0.002
0.50
Boron
313.74
0.09
0.05
Cadmium
124.84
0.0005
3.57
Chromium
86.66
1.5
0.00
Cobalt
78.47
0.02
0.06
Copper
94.84
0.04
0.03
Iron
ND
0.3
0.00
Lead
ND
Manganese
126.22
0.046
0.04
Mercury
214.85
0.0003
10.23
Molybdenum
138.14
0.005
0.39
Nickel
150.05
0.02
0.11
Selenium
207.83
0.005
0.59
Strontium
175.47
0.6
0.00
Uranium
243.13
0.0006
5.79
Vanadium
ND
0.009
0.00
Zinc
475.78
0.3
33.98
Total
63.59
1
2
3
ADD Average Daily Dose; Reference Dose; LADD Life-time Average Daily
Dose and 4Slope Factor in per mg/kg/d; 5 A cancer risk of 1 in 100,000 is
considered by the US-EPA as acceptable.
Water samples from the Mozambican study site contained considerably lower levels of all
metals than the water samples from the South African study sites (with the exception of the
three mentioned in section 5.1). No adverse health effects are expected as a result of the
average metal levels found in the Mozambican water samples based on the consumption of
1 litre of water daily (Table 6).
Table 6. Health risk assessment calculations for exposure to metals in water in
Mozambican study sites
Mozambique
Mean water ADD1 - 1 L
RfD2
Hazard
conc (ug/l)
ingestion
or Slope Quotient
or LADD3
factor 4
(cancer risk)
Aluminium
134.8333
0.001926
1
0.002
Antimony
ND
ND
0.0004
0.000
Arsenic
1.242857
1.78E-05
0.0003
0.059
0.0006313
1.54
(0.00001)5
Barium
37.42857
0.000535
0.07
0.008
Beryllium
ND
ND
0.002
0.000
Boron
70
0.001
0.09
0.011
Cadmium
ND
ND
0.0005
0.000

38

Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Strontium
Uranium
Vanadium
Zinc

0.95
ND
4
75.57143
0.75
0.966667
ND
6
1.857143
ND
139.5714
3.1
12.2
62.5

1.36E-05
ND
5.71E-05
0.00108
1.07E-05
1.38E-05
ND
8.57E-05
2.65E-05
ND
0.001994
4.43E-05
0.000174
0.000893

1.5
0.005
0.02
0.000
0.04
0.001
0.3
0.004
ND
0.000
0.046
0.000
0.0003
0.000
0.005
0.017
0.02
0.001
0.005
0.000
0.6
0.003
0.0006
0.000
0.009
0.005
0.3
0.003
Total
0.119
1
2
3
ADD Average Daily Dose; Reference Dose; LADD Life-time Average Daily
Dose and 4Slope Factor in per mg/kg/d. 5 A cancer risk of 1 in 100,000 is
considered by the US EPA as acceptable

The health risks predicted from the daily consumption of 240 g home-grown vegetables is
anticipated to be in the order of 140 times that considered to be safe for a life-time
exposure in South African study sites (Table 7 and Figure 18). This is predominantly resulting
from the unacceptably high concentrations of iron, aluminium, manganese, barium,
vanadium, mercury and copper.

Table 7. Health risk assessment calculations for exposure to metals in home-grown
vegetables in South African study sites
South Africa
Mean concs
ADD1
RfD2
Hazard
in
(mg/kg/d)
Quotient
vegetables
(mg/kg)
Aluminium
228.00
13.5714
1
13.57
Arsenic
0.00
0.0000
0.0003
0.00
Barium
15.86
0.9439
0.07
13.48
Beryllium
0.00
0.0000
0.002
0.00
Boron
3.71
0.2211
0.09
2.46
Cadmium
0.00
0.0000
0.001
0.00
Chromium
1.53
0.0911
1.5
0.06
Cobalt
1.02
0.0605
0.02
3.03
39

Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Strontium
Uranium
Vanadium
Zinc
1

3.62
242.00
0.80
27.60
16.92
0.00
1.89
0.00
19.95
7.75
4.17
14.05

0.2157
14.4048
0.0476
1.6429
0.0010
0.0000
0.1124
0.0000
1.1875
0.0005
0.2483
0.8363

0.04
0.3
_
0.14
0.0003
0.005
0.02
0.005
0.6
0.0006
0.009
0.3
Total

5.39
48.02
0.00
11.73
3.36
0.00
5.62
0.00
1.98
0.77
27.59
2.79
139.84

ADD Average Daily Dose; 2Reference Dose

The health risks predicted from the daily consumption of 240 g home-grown vegetables is
anticipated to be in the order of 18 times that considered to be safe for a life-time exposure
in the Mozambican study sites (Table 8 and Figure 18). This is considerably lower than
found in the vegetables for the South African study site but remains a potential health risk.
This is predominantly resulting from the high concentrations of iron, chromium, aluminium,
manganese, barium and vanadium.
Table 8. Health risk assessment calculations for exposure to metals in home-grown
vegetables in Mozambican study sites
Mozambique
Mean concs ADD1
RfD2
Hazard
in
(mg/kg/d)
Quotient
vegetables
(mg/kg)
Aluminium a
29.11
1.7328
1
1.73
Arsenic
0.00
0.0000
0.0003
0.00
Barium
1.38
0.0818
0.07
1.17
Beryllium
0.00
0.0000
0.002
0.00
Boron
1.33
0.0794
0.09
0.88
Cadmium
0.00
0.0000
0.001
0.00
Chromium
0.16
0.0097
0.003
3.22
Chromium
0.16
0.0095
1.5
0.01
Cobalt
0.07
0.0040
0.02
0.20
Copper
0.53
0.0313
0.04
0.78
Iron
29.33
1.7460
0.3
5.82
Lead
0.0000
0.00
Manganese
3.44
0.2050
0.14
1.46
Mercury
0.0000
0.0003
0.00
Molybdenum
0.00
0.0000
0.005
0.00
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Nickel
Selenium
Strontium
Uranium
Vanadium
Zinc
1

0.25
0.00
3.10
0.00
0.17
2.67

0.0149
0.0000
0.1845
0.0000
0.0099
0.1587

0.02
0.005
0.6
0.0006
0.009
0.3
Total

0.74
0.00
0.31
0.00
1.10
0.53
17.96

ADD Average Daily Dose; 2Reference Dose

Figure 18. Hazard quotient based on average metal concentrations with ingestion of 240 g of
vegetables per day

Looking at carcinogenic risks posed by exposure to water and vegetables in the Mozambican
and South African study sites, the one carcinogenic metal found for which sufficient doseresponse data is available (because it is the only confirmed human carcinogen through
ingestion) to calculate cancer risks in the samples analysed, was arsenic. Arsenic was found
in water samples from the South African study site at levels considered to be responsible for
a 1 in 1000 chance of developing cancer based on the consumption of 1 litre of water per
day. This is 100 times higher than the 1 in 100 000 acceptable risk as recommended by the
WHO.
In order to consider the potential toxic health effects associated with the various metals
found in higher than acceptable concentrations in either water or home-grown vegetables,
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a summary of these effects is given in Table 9. For example, arsenic is a ‘known human
carcinogen’ (class A) and is associated with acute and chronic effects.
Table 9. Summary of Documented Health Effects of Contaminants Found at Higher Than
Recommended Levels in Environmental Water and Vegetable Samples (Source ATSDR)
Contaminant Documented health effects
of potential Toxic effects
Carcinogenic
concern
effects
Aluminium
Suspected causal link to Alzheimer’s but weight of
Class D: Not
(Al)
evidence inconclusive; neurological effects and
classifiable as to
dementia in patients with renal failure and those
human
receiving dialysis (dialysis encephalopathy).
carcinogenicity
Antimony
Antimony effects observed in animal studies showed
(Sb)
life spans to be significantly reduced i.e. decreased
longevity, as well as disturbances in glucose and
cholesterol metabolism being observed in rats.
Seventy people became acutely ill after drinking
lemonade containing 0.013% antimony. A reference
dose of 0.0004mg/kg bw/day was developed making
use of animal data.
Arsenic
Chronic effects: skin lesions and hyper-pigmentation. Class A: Known
(As)
Arsenic can accumulate in the body.
human carcinogen.
Acute effects: death from upper respiratory,
Causes cancer of
pulmonary, gastrointestinal and cardiovascular
the skin and
failure. Nerve damage and sensory loss in the
internal organs.
peripheral nervous system is a primary symptom of
arsenic poisoning.
Skin contact with inorganic arsenic may cause redness
and swelling.
Cadmium
Severe renal damage and renal failure, acute
Class B1: Probable
(Cd)
gastroenteritis.
human carcinogen
- based on limited
evidence of
carcinogenicity in
humans and
sufficient evidence
of carcinogenicity
in animals.
Chromium
Stomach upsets and ulcers, convulsions, kidney and
Class D: Not
(Cr)
liver damage, and even death.
classifiable as
Skin contact with certain Cr(VI) compounds can cause human carcinogen
skin ulcers.
via oral route
Inhalation of Cr(VI) can cause irritation to the nose,
Class A: Human
such as runny nose, nosebleeds, and ulcers and holes carcinogen via
in the nasal septum.
inhalation route.
Cr(VI) compounds
can increase the
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Cobalt
(Co)

Serious effects on the heart and in extreme cases
death. Nausea and vomiting are usually reported
before the effects on the heart are noticed. Longerterm exposure of rats, mice, and guinea pigs to lower
levels of cobalt in the food or drinking water results in
effects on heart, liver, kidneys, and blood as well as
the testes, and also causes effects on behaviour.

Copper
(cu)

Ingestion of copper may cause nausea, vomiting,
stomach cramps, or diarrhoea. Intentionally high
intakes of copper can cause liver and kidney damage
and even death.
The toxic effects of ingesting high levels of iron result
from massive iron overload in the tissues
(haemochromatosis) and cirrhosis of the liver. The US
EPA provisional reference dose (RfD) for iron is the no
observable adverse effect level (NOAEL) in humans of
0.3 mg/kg/day.
Neurotoxic effects may result from extreme exposure.
Uptake is greater from food than water. . Exposure to
excess manganese may cause Parkinson-like
symptoms, infertility in mammals and malfunction of
the immune system
Chronic neurotoxic effects, damage to nervous
system. Neurological (organic Hg) and renal
disturbances (inorganic Hg). Organically-bound Hg is
more toxic than inorganic. Elemental Hg is volatile and
exposure by inhalation may also occur.
Decreased body and organ weights in animals.

Iron
(Fe)

Manganese
(Mn)

Mercury
(Hg)

Nickel
(Ni)

Uranium
(U)

Radioactive substance, intake of large concentrations
can cause kidney disease (nephritis), possible
reproductive effects

Vanadium
(V)

Ingesting vanadium can cause nausea and vomiting
and mild neurological effects. In animals, ingesting
vanadium has been found to cause decreased red
blood cells and increased blood pressure. Long-term
oral exposure of rats to vanadium causes minor cell
changes in the kidney and lungs. Female rats exposed
to vanadium have offspring of decreased body
weights. It is unknown whether humans experience
effects similar to vanadium-exposed rats. The oral RfD
for vanadium is currently under review by the US EPA.

risk of lung cancer.
The International
Agency for
Research on
Cancer (IARC) has
listed cobalt as
possibly
carcinogenic to
humans
Class D: Not
classifiable as to
human
carcinogenicity
Not suspected to
be carcinogenic.

Class D: Not
classifiable as to
human
carcinogenicity.
Class D: Not
classifiable as to
human
carcinogenicity.
Class A : Known
human carcinogen
via inhalation
route.
Group V:
inadequate data
for evaluation of
carcinogenicity.
EPA has not
classified vanadium
as to its human
carcinogenicity.
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Zinc
(Zn)

The provisional oral RfD for vanadium, 0.001 mg/kgday, is based on a study in which rats were
administered vanadium in their drinking water.
Although zinc is an essential element, as excess
amount can cause gastrointestinal disturbances,
nausea and vomiting.

Class D: Not
classifiable as to
human
carcinogenicity.

A note on uncertainties in human health risk assessments
All health risk assessments have uncertainties inherent in them, based on the various steps
in the analysis. These range from uncertainties in the dose-response data used in the
calculations and to the environmental concentrations used in the dose (exposure)
calculations. The study populations may also either be more, or less, exposed due to the
assumptions used in the risk calculations. For instance, individuals in the study population
may eat more than 240 g vegetables per day, or ingest more than the assumed 1 litre of
water daily. This would result in higher than calculated risks. Similarly, if less is ingested than
the assumptions made, the population would experience a lower incidence of adverse
health effects.
5.3

Results of E. coli tests on water samples

The settlements of Botshabelo and Lepelle are both located very close the Olifants River,
and neither has piped water provision. Communication with local community members
revealed that they often make use of the river water for drinking, washing and fishing.
Water was sampled and tested at five sites in December 2012 and nine sites in May 2013
(Table 10 and 11). The settlement of Lepelle lies longitudinally along the banks of the
Olifants River, allowing residents to access the water at various points. Water samples were
taken at upstream and downstream locations within the river, and also from a small stream
that flows into the Olifants River on the western side of the settlement. As can be seen in
Table 10 and 11 the E. coli counts were relatively high in the Olifants River, which may in
part be due to livestock (cattle) frequenting the banks of the Olifants, both at Lepelle and
Botshabelo. Due to its location, Botshabelo residents are likely to access the Olifants River at
only one point, with livestock sustenance, fishing, washing, and drinking water collection all
happening at the same site. Due to the concentration of activities at this site the
microbiological water quality is poor, with E. coli counts found to be unacceptably high. Inhouse storage water samples contained E. coli at low to medium concentrations, and
suggested that the water being consumed in these communities were not of adequate
quality.

44

Table 10. E. coli test results for water taken 10/12/2012 (Hoedspruit region)
Short name

Description

BOT ENV(A)
BOT INHOUSE
(A)

Olifants River at Botshabelo
In-House Storage Water from
Botshabelo
Olifants River upstream of
Lepelle
Olifants River downsteam of
Lepelle
In-House Storage Water from
Lepelle

LEP(A)1
LEP(A)2
LEP INHOUSE
(A)

S 24.424126

E 30.555715

E. coli
(MPN/100
ml)
2419.6

S 24.411892

E 30.554371

22.8

S 24.442035

E 30.601475

686.7

S 24.441892

E 30.615173

980.4

S 24.442615

E 30.612348

<1

Coordinates

Table 11. E. coli test results for water taken 07/05/2013 (Hoedspruit region)
Short name

Description

BOT ENV(A)
BOT INHOUSE
(A)
LEP(A)4
LEP(A)3
LEP(A)2
LEP(A)1
LEP INHOUSE
(CH)
LEP INHOUSE
(B)
BOT INHOUSE
(CH)

Botshabelo Olifants River
Botshabelo In-house
tapwater Gen Dealer
Small River (directly) Lepelle
Lepelle Olifants @ weir
Lepelle Olifants DS of town
Lepelle Olifants US of town
Lepelle Pipewater (small
River) Chief's house
Lepelle Pipewater (small
River) Residents House
Botshabelo In-house
tapwater Chief's House

S 24.424126

E 30.555715

E. coli
(MPN/100
ml)
166.4

S 24.411892

E 30.554371

<1

S 24.445921
S24.437491
S 24.441892
S 24.442035

E 30.603049
E 30.619402
E 30.615173
E 30.601475
not
applicable
not
applicable
not
applicable

48.1
44
111.9
133.3

Coordinates

not applicable
not applicable
not applicable

75.4
43.5
<1

The settlements of Canhane and Cubo lie in close proximity (less than 2 kilometers) to
Massingir Dam in Mozambique. Residents rely heavily on the dam for both food (fish) and
drinking water. No treated water alternatives are available, with untreated dam and shallow
borehole water being the only water sources for both communities. Apart from untreated
water being collected by truck below the Massingir Dam wall and sold to residents, no piped
or delivered water was available. Some infrastructure for the pumping of water from
Massingir dam exists in both Canhane and Cubo, but was not operational during the study
period due to mechanical failures and recent flood damage; at the time there were no plans
to rectify the situation. The microbiological water quality (based on E. coli counts) of
sampled water varied, with the highest counts found at a hand dug well frequented by Cubo
residents, and ironically at the (then unused) water extraction point (from Massingir Dam)
for Cubo village (Tables 12 and 13). The results indicate that Massingir dam, though not
pristine, has water of fairly good microbial water quality. The sites where higher levels of E.
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coli were detected were sites that were frequented by residents, and were most likely
contaminated by local human activities.
Table 12. E. coli test results for water taken 05/02/2013 (Massingir region)
Short
name
MSG1
MSG2
MSG3
MSG4
MSG5
MSG6

Description
Below dam wall, water extraction
point (Massingir)
Massingir Dam, water collection &
fishing (Canhano)
Hand dug well used by Cubo
residents
Extraction point for water to Cubo
Cubo Fishing Village (boat input)
Water extraction point & fishing
(Covana lodge)

Coordinates

E. coli
(MPN/100
ml)

S 23.90272

E 32.15496

16

S 23.87234

E 32.09008

26.9

S 23.91655

E 32.04598

866.4

S 23.90208
S 23.89272

E 32.04256
E 32.06908

261.3
214.2

S 23.88273

E 32.07751

13.7

Table 13. E. coli test results for water taken 14/05/2013 (Massingir region)
Short
name

Description

Coordinates

MSG7
MSG8

Below dam wall, water extraction
point (Massingir)
Massingir Dam, water collection &
fishing (Canhano)
Extraction point for water to Cubo
Cubo Fishing Village (boat input)
Water extraction point & fishing
(Covana lodge)
Canhane tank water
Cubo tank water

MSG9

Cubo soil (vegetables)

S 23.91926

E 32.02956

MSG10

Canhane soil (vegetables)

S 23.92156

E 32.10678

MSG1
MSG2
MSG4
MSG5
MSG6

E. coli
(MPN/100
ml)

S 23.90273

E 32.15496

17.5

S 23.87234

E 32.09008

<1

S 23.90208
S 23.89272

E 32.04256
E 32.06908

1553.1
1

S 23.88273

E32.07751

1

S 23.92156
S 23.91926

E 32.10678
E 32.02956

21.8
<1
not
applicable
not
applicable
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5.4

Fish sampling results and discussion

Due to various difficulties in sampling fish in sufficient numbers at both these sites, results
presented have not been tested for significance. Data presented remains of a descriptive,
qualitative nature, and are used here to give a basic screening level understanding of health
in a range of fish species and representing various trophic levels (Table 14 and Table 15).
Clarias gariepinus (n=17), Hypophthalmichthys molitrix (n=9), Oreochromis mossambicus
(n=9) and Tilapia rendalli (n=6) were caught around Massingir Dam, on the Olifants River,
Mozambique. A total of 23 fish were sampled at Manoutsa: C. gariepinus (n=3), Labeo
molybdinus (n=6), Labeo cylindricus (n=3), O. mossambicus (n=6), Schilbe intermedius (n=3)
and Synodontis zambenzensis (n=2). Only C. gariepinus and O. mossambicus were collected
consistently at both sites for comparison purposes. Both species tended to be larger at
Massingir (Total length of C. gariepinus and O. mossambicus at Massingir 742±149mm and
264±40mm) compared to Manoutsa counterparts (Total length of 589±449mm and
145±26mm, respectively).
C. gariepinus at Massingir were also in a slightly better nutritional condition (CF= 0.67±0.12)
than at Manoutsa (CF=0.49±0.34), whereas O. mossambicus were in a slightly better
nutritional condition at Manoutsa than at Massingir (3.55±2.09 vs 2.1±0.420). Given that
the Fulton’s condition factor for a healthy fish is 1 (Carlander 1969), the results show that all
the specimens were generally in moderate to good condition. O.mossambicus and T.rendalli
were found to be in the best overall condition at Massingir with condition factors over 2.
Both, being algal eating Cichlids, are potentially reflecting the local food abundance. Given,
that all T.rendalli collected were males and most of the O.mossambicus were males and
non-active females; this is unlikely to be due to sex bias (since gravid females would
normally score higher due to weight of eggs). At Manoutsa, the 2 Labeo sp, O.mossambicus
and S. Zambziensis were in the best nutritional condition, with both catfish species
(C.gariepinus and S.intermedius) in poorer condition.
The Clarias collected at Massingir scored low for condition factor (CF=0.67±0.12) with 5 of
the 16 (31%) fish collected also showing pansteatitis lesions.
Table 14. Specimen data, body measurements and condition factor for fish collected at
Manoutsa Weir on the Olifants River, May 2013. Mean values ± Standard deviation are
presented per sample group.
Species
n
Mass(g)
TL (mm)
CF
Clarias gariepinus 3
3217±5415
589±449
0.49±0.34
Labeo sp* 9
222±326
199±45
2.81±1.57
Oreochromis mossambicus 6
256±371
145±26
3.55±2.09
Schilbe intermedius 3
116±43
240±35
0.81±0.05
Synodontis zambenzensis 2
31±14.84
130±11.31
1.3±0.31
*consisting of L. molybdinus + L.cylindricus. CF=Fulton's Condition Factor, TL=Total
Length
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Table 15. Specimen data, body measurements and condition factor of fish collected at
Massingir Dams, Olifants River during February 2013. Mean values± Standard
deviation are presented per sample group
Species
n
Mass(g)
TL (mm)
CF
Clarias gariepinus
17 2976±1436
742±149
0.67±0.12
Hypophthalmichthys molitrix
9 1519±1174
540±106
0.81±0.35
Oreochromis mossambicus
9 397±149
264±40
2.1±0.42
Telapia rendalli
6 273±26
244±41
2.04±0.61
CF=Futon's Condition Factor, TL=Total Length
Data on Hepatosomatic index, gonad somatic index, Packed cell volume (Ht %) and Total
Serum Protein (TSP) is presented in Tables 16 and 17. Hematocrit (Ht) is the volumetric
proportion of red blood cells (RBC) per volume of blood in circulation and is highly variable
among fish species. Predatory fish tend to have higher hematocrits whereas less active fish
tend to have lower hematocrits, making comparison between species rather difficult.
However, within a species there are generally good reference ranges and the results show
that the species sampled on average fell within normal ranges. Total serum protein (TSP) is
another indicator of nutritional condition and general health of the organism. C. gariepinus
and O. mossambicus had a higher Ht and TSP at Manoutsa compared to Massingir Dam
(Figures 19 and 20). The Hepatosomatic Index was also marginally higher in both species at
Manoutsa compared to Massingir.
Table 16. Body organ indices, HT and TSP of fish caught at Manoutsa, May 2013
Species
n
HSI
GSI
HT (%)
Clarias gariepinus
Labeo sp*
Oreochromis mossambicus
Schilbe intermedius
Synodontis zambenzensis
*all Labeo sampled were immature fish.

3
9
6
3
1

2.10±2.05
1.85±3.03
1.29±1.32
1.49±0.46
1.02

0.84±0.35
0*
0.36±0.09
0.47±0.03
1

36±7.07
44±10.51
28±13.11
34.5±2.12
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TSP
(g/100mL)
5.4±2.42
3.56±0.71
3.38±1.29
7.2±0.57
4.80

Table 17. Body organ indices , HT and TSP of fish caught at Massingir Dam, February 2013
Species
n
HSI
GSI
HT (%)
TSP
(g/100mL)
Clarias gariepinus
16 0.79±0.24
0.46±1.04
28.53±9.64
4.73±1.42
Hypophthalmichthys molitrix
9 0.72±0.25*
1.36±0.55
33.57±6.83
1.2±0.2
Oreochromis mossambicus
9 1.03±0.16
0.58±0.45
24.57±9.54
2.8±1.57
Telapia rendalli
6 0.92±0.24
0.36±0.02
21.25±4
2.525±0.46
* H.molitrix has a diffuse liver, so liver weights are an under-estimate. HSI=Hepatosomatic Index,
GSI=Gonadosomatic Index, HT= Hematocrit, TSP= Total Serum Proteins
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Macroscopic Pathology
Most of the 9 H.molitrix, 9 O. mossambicus and 6 T. rendalli examined at Massingir were in
good health macroscopically. One of the O. mossambicus (OM C11) showed a severe
physical injury from previous gill netting. It also had a chronic oophoritis (inflammation of
the ovary) and was in a generally poor condition with no body fat. Dactylogyrid parasites
were seen in the gills of 5 of these 24 fish examined (21%). Five of the sixteen (31%) Clarias
examined at Massingir showed macroscopic pansteatitis (inflammation of the fat) lesions in
the mesenteric fat (Figure 21). One of these affected fish (CG15) also had macroscopic liver
lesions, characterised by sunken, brown nodules (Figure 22).

TSP (g/100ml)
6
5
4

C.gar Manoutsa

3

C.gar Massingr

2

O.moz Manoutsa

1

O.moz Massingr

0
C.gar
Manoutsa

C.gar
Massingr

O.moz
Manoutsa

O.moz
Massingr

Figure 19. Showing average of Total Serum Protein (TSP in g/100ml) of C.gariepinus and
O.mossambicus at Manoutsa and Massingir Both species had a lower total serum protein
at Massingir versus Manoutsa.

HT (%)
40
35
30
25
20
15
10
5
0

C.gar Manoutsa
C.gar Massingr
O.moz Manoutsa
O.moz Massingr

Fig 20. Packed cell volumes (Ht %) of C.gariepinus and O.mossambicus collected at
Manoutsa and Massingir. Both species tended to have a lower packed cell volume at
Massingir versus Manoutsa
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Figure 21: Mesenteric adipose tissue from a catfish specimen (C. gariepinus) collected at
the Massingir Spillway in February 2013. Note brown granulomas within the adipose
tissue.

Figure 22. Liver of pansteatitis affected Clarias with distinct brown bleeding spots under
the capsule (petechiae).
Except for the one C. gariepinus caught at Mabins in February 2013, all fish caught at
Manoutsa (May 2013) were of the smaller size classes (average TL of 188mm). Gills were
generally without lesions with very few parasites seen on wet gill preparations. Two of the
23 fish examined showed eye trauma. One L. cylindricus showed an old healed lesion of the
eye with corneal opacity and scar formation, and another O. mossambicus showed a recent
traumatic injury to the eye with bleeding in the anterior chamber. No other significant
lesions in any of the organs were seen macroscopically.
Microscopic Pathology
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Histological examination of mesenteric adipose tissue, liver, pancreas, spleen, kidney and
gill tissue of fish from Cubo village revealed these tissues to be within the normal range for
wild fish. The adipose tissues of these fish appeared histologically normal with no indication
of pansteatitis. Two of the T. rendalli specimens showed granuloma formation around
melanomacrophages within the spleen. The remaining splenic tissue appeared normal. One
O. mossambicus specimen showed presence of low numbers of small protozoan parasites
that had been phagocytised by macrophages within the melanomacrophage centres of the
spleen. Low numbers of Ichthyophthirius multifiliis parasites were embedded in the gill
epithelium of one T. rendalli and one O. mossambicus specimen. These infections were
associated with minimal pathology. The gills in all cases were in good condition with no
indication of chronic exposure to irritants. Pansteatitis was confirmed in the adipose tissue
from two further O. mossambicus specimens collected by colleagues from University of the
North from the pool below the Massingir Dam spillway.
Histological examination of liver, pancreas, spleen, kidney and gills of the 16 C.gariepinus,
sampled at the Massingir Spillway, revealed these tissues to be within the normal range
expected from wild fish. The mesenteric adipose tissues of 5 of these fish were, however,
affected by pansteatitis (Figure 23). Remarkably few parasites were observed in the tissues.
The gills of one fish were infected with low numbers of a dactylogyrid parasite and another
fish showed low numbers of small protozoan parasites that had been phagocytised by
macrophages within the melanomacrophage centres of the spleen. Adipose tissue from a
further C. gariepinus specimen collected by University of the North colleagues from below
the Massingir Dam spillway was also affected by pansteatitis.

Figure 23. Giant cell formation (arrows) in a typical steatitis lesion in adipose tissue from
a catfish sampled from the Massingir Spillway, February 2013. HE X100
Sections of adipose tissues, liver, pancreas, spleen, kidney, heart, muscle, skin, gill and
intestine from 5 Hypophthalmychthis mollithrix specimens were examined and revealed
these tissues to be within the normal range expected in wild fish. There was no sign of
51

pansteatitis in these fish. There was a remarkable absence of parasites in the tissues
examined.
Histological examination of the 23 fish from Manoutsa, showed a general absence of
significant pathology. There was also no pansteatitis seen and very low melanomacrophage
numbers in the organs probably reflecting the young age of the fish. The fish were mostly
either very young or they were not exposed to any significant pollution in this part of the
river.
Based on these findings, in general, fish were in good condition both macroscopically and
histologically, except for 5 out of the 16 Clarias collected around Massingir showing
pansteatitis. Interesting observational data was also recorded during the trip, such as
upstream movement of numerous H.molitrix and the subsequent hunting of them by
schools of Clarias downstream of the spillway. Rancidity of the smoked/salted H.molitrix
specimens encountered around Cubo fishing village seemed to suggest poor rendering of
fats through the smoking/salting process and a potential human health hazard. It is
recommended that further investigation into these aspects of food hygiene needs to be
pursued.
As in the case of fish sampled on other occasions from the Olifants Gorge within the Kruger
National Park (Huchzermeyer, 2011, Huchzermeyer et al., 2013), pansteatitis was the most
significant pathology present in fish sampled from below the spillway of Massingir Dam.
Whereas a prevalence of 31% was detected histologically in C. gariepinus specimens
sampled from below the spillway of Massingir dam, the O. mossambicus and T. rendalli
specimens sampled from the lake appeared to be unaffected by pansteatitis. These fish
were however relatively small and probably younger when compared to specimens that the
fishermen were catching below the spillway.
The presence of pansteatitis in two O. mossambicus specimens sampled below the spillway
is interesting. Both fish had very little fat deposited in the mesenteric adipose tissue,
indicating that they may no longer have been feeding normally. It was noteworthy that
Microcystis aeruginosa was ubiquitous in the water of the lake and in the pool below the
spillway. In the case of Lake Massingir, the presence of pansteatitis in O. mossambicus most
likely relates to ingestion of certain dominant phytoplankton species (possibly M.
aeruginosa) and the excessive assimilation of long chain fatty acids from the ingested
phytoplankton. A high prevalence of pansteatitis in O. mossambicus has also been reported
from Lake Loskop which is also periodically eutrophic. Although the pathway leading to
pansteatitis in crocodiles and catfish requires consumption of phytoplankton-feeding fish, it
appears likely that ingestion of excessive amounts of certain phytoplankton species will lead
to development of pansteatitis in some phytoplankton-feeding indigenous fish such as
O.mossambicus. This may be heavily influenced by the loss of algal species diversity under
eutrophic conditions as occur in Lake Massingir.
Both tilapia and catfish are favoured fishing species in Lake Massingir. The catch is air dried
or smoked to preserve the fish. Presence of pansteatitis in the adipose tissues of the fish
indicates that the fish have been subjected to oxidative nutritional stress. Oxidative
nutritional stress is known to consume vitamin E in the tissues of the fish. As a result,
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rancidity of fats is likely to set in more rapidly after harvesting. The rapid deterioration of
fats during storage may negatively influence the shelf life of such fish products and may
negatively impact the health of the consumer. Rancidity levels in fish offered for sale from
Lake Massingir need to be evaluated to quantify any possible health risk.
The sampling of the South African sites in February 2013 had limited success with a single
C.gariepinus being caught at Mabins. This fish, a senescent large female, had most likely
recently migrated to the area since the Olifants River close to the 2 settlements (Mabins and
Manoutsa) is severely overfished, which is reflected by the poor catches of mostly small size
classes of fish. The second sampling period in May allowed for more meaningful numbers of
fish to be collected, however, again reflected the smaller size classes that were available. It
is recommended that more work be done into local ecology of the fish species that should
occur in this stretch of the Olifants River and that management action such as no-take zones
and resting periods be implemented to allow fish to recover from the local angling pressure.
Fish is still a relatively common encountered protein source in both these settlements, but it
is speculated that this is generally of the smaller size classes, resulting in small portion size
(not specifically investigated in the study).

5.5

Air quality at the study sites

Satellite data of air quality were analysed for the South African and Mozambican study sites.
Figure 24 displays the monthly averages of AOD values for the Mozambique sites of
Massingir, Cubo and Canhane (Figure 24a) and the South African sites of Lepelle and
Botshabelo (Figure 24b) from all instruments. In general, the AOD across instruments track
well, though the OMI AOD values for the Mozambique sites have a peak in January 2011,
while the other instruments show a decrease in AOD. In general AOD peaks during
September to December and has a minimum in April-July; this general trend has been seen
in column measurements of AOD in previous studies across southern Africa (Queface et al.,
2011; Eck et al., 2003, Tesfaye et al., 2011). These peaks are more distinct in the
Mozambique sites than the South African sites. The peak AOD values for both sites are
similar (~0.2-0.4), though during the time studied, the Mozambique site had the largest
monthly average value of 0.43 measured by MODIS on the Aqua satellite in October 2011.
The absorption AOD values also peak around the same time as the AOD in the Mozambique
sites, which may suggest that an increase in absorbing aerosols might partially drive the
increase in AOD. Possible sources of absorbing aerosol particles are burning activities (e.g.,
biomass burning, car emissions, domestic burning, etc.). This relationship is not as clear in
the South African sites. For example, in the South African sites, the absorption AOD
decreases in October 2010, while the AOD has a peak, and the absorption AOD peak in July
2011 does not correspond to a peak in AOD across all the instruments.
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A.

B.

Figure 24. Time series of monthly average of AOD and absorption AOD for (a)
Mozambique sites and (b) South Africa sites
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Figure 25 below displays the AOD values for the Mozambique and South Africa study sites,
with Johannesburg as a comparison. Johannesburg was selected as it is known to have high
ground-level aerosol particle concentrations, especially in the winter. Thus, it can be
considered an urban polluted site. These sites for this study, from an air pollution
perspective, would be rural background sites as there are no strong local sources of
emissions nearby. The trend in the AOD across sites is again similar, as is the general
magnitude across sites.
Interestingly, the Johannesburg site has a peak in February-March of all three years studies,
and the South African study site does in 2010 and 2012, and this peak is only present
(though to a lesser degree) in 2010 in the Mozambique site. Neither this peak nor the peak
in September–December corresponds to the measured peak in ground-level ambient PM
mass in Johannesburg, which is generally seen in the winter (~May-September). The fact
that these AOD trends and the magnitude are similar across different sites suggests that the
aerosol pollution in the column is more impacted by regional sources rather than local
sources. If local sources dominated, then the AOD for Johannesburg, which has numerous
local sources, would be expected to have higher values than the other sites.

Figure 25. Time series of monthly average of AOD (550 nm) from the MODIS instrument
on the Terra satellite for the two study sites (rural background sites) and Johannesburg
(urban polluted site)
Also, as each site would have different local sources, though the two rural background sites
might be similar, it would be expected that at least the trend in the Johannesburg data
would be different from the rural background sites. This finding is not surprising as aerosol
particles can stay in the atmosphere for a week(s), and that very strong vertical profiles of
aerosol particles (e.g., aerosol particles are present at altitudes above ground level) with
55

minimal mixing have been found in the southern African atmosphere throughout the year
(e.g. Tyson et al., 1996; Garstang et al., 1996).
Figure 26 displays the monthly trend of å(443/670). Larger values of å(443/670) suggest that
the column size distribution of aerosol particles is dominated by smaller particles, and
smaller values of å(443/670) suggest that the column size distribution of aerosol particles is
dominated by larger particles. For both sites there are peaks that start SeptemberNovember and end around March. Also in both sites there is a peak in May 2010. A similar
obvious peak does not occur in the Mozambique sites in May 2011 or 2012; there is
however, a peak around May 2011 in the South African sites.
In Figure 26, the AOD values from MODIS on Aqua are displayed in order to determine if the
å(443/670) and AOD trends are similar. In general, when there is a peak in AOD there are
higher values of å(443/670), though the peaks do not have the same timing. While the
timing of the peaks is not the same, it does appear that these polluted periods (higher AOD
values) do in general have larger å(443/670) values (i.e. smaller particle sizes) then the less
polluted periods (lower AOD values). As stated above, the increase in AOD in the spring in
southern Africa has been seen to be driven in large part by biomass burning activities. These
particles would in general be smaller and would be more highly absorbing.
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A.

B.

Figure 26. Time series of monthly average of å(443/670) and AOD (550 nm) from MODIS
instrument for (a) Mozambique sites and (b) South Africa sites
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Figure 27 below displays the å(443/670) values and the Absorbing AOD (500 nm) for both
sites, and it does not appear that there is a strong relationship in the trends between these
variables for either site. Thus, this indicates that the column of the aerosol may be impacted
by more than just biomass burning and other burning activities that release small and
absorbing aerosol particles. In order to determine what is driving these trends, more data
would need to be collected.

A.
B.

Figure 27. Time series of monthly average of Absorption AOD (500 nm) and å(443/670) for
(a) Mozambique sites and (b) South Africa sites
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5.6

Results of the community surveys

A total of 1 360 heads of household and caregivers were interviewed during the course of
this study at all study sites, 360 more than originally planned, capturing information on 5
754 individuals. The descriptive statistics of these individuals are presented in Table 18.
Table 18. Descriptive statistics from the community surveys for Mozambican and South
African study sites, focussing on aspects associated with vulnerability to environmental
pollution (therefore totals do not sum to 100%).
Variable
Mozambique
South Africa
Number of households in study
Number of individuals in study

397
1543

963
4211

Male individuals

45.6% (704/1543)

46.0% (1935/4211)

Female individuals

54.4% (839/1543)

54.0 (2276/4211)

Mean age individuals

22.2 years

26.4 years

Individuals < 16 years

49.6% (766/1543)

35.7% (1505/4211)

Individuals > 60 years

5.8% (89/1543)

8.9% (375/4211)

45.6% (703/1543)

25.1% (1055/4211)

0.3% (5/1543)
4.6% (71/1543)

12.0% (504/4211)
3.8% (161/4211)

12.1% (187/1543)

23.0% (968/4211)

3.2% (49/1543)
42.1% (650/1543)

4.8% (204/4211)
35.5% (1493/4211)

Individuals with no school
education completed
Individuals with matric
Individuals with only primary
school education
Individuals who are
unemployed (looking for work)
Individuals employed full time
Individuals below 16 years
immunised

Overall, the respondents were mostly (70%) females with an average age of 40 years. The
proportion of individuals with no schooling in Mozambique was almost double that of South
Africa. The proportion of care-givers with no schooling was 36% in Mozambique vs 29% in
South Africa. Less than 1% of individuals in Mozambique and only 12 % of individuals in
South Africa had matric level schooling. Despite the low education level, only 12% of
individuals in Mozambique and 23% in South Africa were unemployed and looking for work.
In both Mozambique and South Africa, the highest type of employment status was indicated
as ‘unemployed, looking for work’ (32% vs 36%). The second-highest status was housewife
or homemaker in Mozambique (30%) and retired person/pensioner in South Africa (23%).
The unemployment rate in South Africa in this study was lower than the unemployment rate
of 29% for South Africa determined during the 2011 census (StatsSA, 2012).
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The study populations in both Mozambique and South Africa may be described as young as
is mostly the case in developing countries. The majority (56%) of individuals in Mozambique
were vulnerable as far as their age is concerned, as they were either below 16 years or older
than 60 years, while 45% of individuals in South Africa fell into this vulnerable category. A
higher percentage of the study population in Mozambique than in South Africa was younger
than 16 years (50.0% as opposed to 36.0%), while the population in South Africa had more
individuals above 60 years (9.0% vs 6.0%). Only about 40% of individuals 16 years and
younger had been immunised in both countries, although more individuals in Mozambique
were immunised compared to South Africa.
Household access to specific services in each country is presented in Table 19. It is evident
that wood is the main energy carrier in the communities surveyed in both countries. Only
about 16% of households in South Africa and none of the households in Mozambique had
access to electricity. The use of wood as main energy carrier by nearly all households in
Mozambique and 84% of households in South Africa provides an indication of indoor air
pollution in the houses in these communities. It is also known that ambient air pollution
increases in communities where wood is burnt indoors (Pauw et al., 2008). In addition, it is
known that women, the very young and the elderly are mostly exposed to indoor air
pollution, because they spend most of their time indoors (Pauw et al., 2008). About 20% of
households in Mozambique and South Africa had at least one smoker who smoked indoors
and thus contributes to indoor air pollution. The main pollutants emitted by wood-burning
are particulate matter, which is associated with cardio-vascular and respiratory illnesses,
volatile organic compounds such as benzene, which is a known human carcinogen,
polycyclic aromatic hydrocarbons (PAHs) such as benzo(a)pyrene, also a human carcinogen,
nitrogen dioxide which increases the risk for respiratory infections and carbon monoxide,
which interferes with the oxygen-carrying capacity of the blood (Pauw et al., 2008). Tobacco
smoke mainly contains various pollutants, including particulate matter, benzo(a)pyrene and
carbon monoxide. On the upside, 51% of households in Mozambique and 96% of
households in South Africa do not make use of space heating. The reasons for this are not
known but the availability of wood may have an influence.
Table 19. Percentage of households in Mozambique and South Africa with access to
different services.
Variable
Main energy carrier
Electricity
Wood
Coal
Waste–sanitation
Toilet in yard (one or more, any type)
Flush toilet in yard
Access to simple pit latrine
Use other people’s toilet
Relieve in veld
10 to 20 people using one toilet

Mozambique (n=397)

South Africa (n=963)

0.0%
98.7%
0.8%

15.6%
84.2%
0.0%

15.6%
0.8%
15.4%
0.5%
83.9%
2.3%

92.6%
0.5%
95.9%
4.3%
2.1%
3.5%
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Waste–solid
No refuse collection
Recycle
Dispose inside yard
Dispose outside yard
Children have access to refuse
Animals have access to refuse
Water
Piped water inside house
Stand pipe/bore hole (inside yard)
Communal pipe/bore hole (outside
yard)
Water from neighbour
Olifants River/Massingir dam
Other surface water
Takes an hour or more to get to
water source
>60 households using communal
water source
Store drinking water
Other services
Medical facility (clinic) within 5 min
drive or 15 min walk
Medical facility (clinic) within 30 min
drive or 1-h walk
Distance to transport <15 min walk
Distance to transport
> 1-h walk
Access to medical aid

87.2%
0.3% (metal/plastic)
56.4%
29.7%
55.5%
48.0%

99.9%
4.5% (metal/glass)
81.8%
14.9%
44.9%
45.2%

0%
0.5%
44.1%

11.3%
37.5%
16.8%

0%
36.5%
18.6%
31.7%

18.0%
5.4%
3.6%
12.0%

57.0%

8.5%

98.0%

76.7%

57.2%

31.7%

85.1%

84.0%

93.0%
3.3%

58.7%
2.0%

0.5%

5.7%

Most (93%) of the households in South Africa had access to a toilet in the yard, although
most of these toilets were simple pit latrines. Only 2% of the South African households
indicated that occupants had to relieve themselves in the veld, while the occupants of 84%
of the households in Mozambique had to do so. Poor sanitation may lead to spreading of
diseases and to pollution of water, which in turn may cause waterborne illnesses such as
cholera. Less than 1% of households in both countries had access to a flush toilet.
It is evident from Table 19 that on average, households do not have their solid waste
removed, as 87% of household in Mozambique and almost 100% of households in South
Africa reported that they have no refuse collection. Those who dispose of their refuse, do so
within their premises where it is mostly burnt (68% in Mozambique and 93% in South
Africa). Where waste is disposed outside the yard, it is also mostly burnt, although some
(17% in Mozambique and 8% in South Africa) bury it. Burning of waste causes air pollution
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and to bury waste or to dump it may cause soil and water pollution. It is a concern that
animals and children of about half of all households in the study (in both countries) had
access to waste, because they may be injured or exposed to bacteria and vectors of
diseases, such as rodents, attracted by the waste.
The majority (about 66%) of the households in South Africa had access to piped water,
either within the house (11%), the yard (38%) or a communal pipe (17%). In Mozambique,
the minority of households (44%) had access to piped water, mostly from a communal pipe
or bore hole. The remainder of the households in Mozambique made use of surface water,
with less than 10% of South African households using surface water for domestic purposes.
The distance to the water source is a concern for many households in both countries, but
especially in Mozambique, where 32% of households are an hour or more away from the
water source. This is evident for 12% of households in South Africa. It is therefore not
surprising that 98% of households in Mozambique and 77% of households in South Africa
store their drinking water, a practise that also has associated hazards. Previous studies
conducted in South Africa by CSIR have found that stored drinking water are often retrieved
from the storing container with a scoop, which is sometimes also used to drink the water
from, thereby causing contamination of the stored water. Storage containers are also not
regularly cleaned, which may result in contamination of the drinking water (Jagals et al,
1999; Bokako, 2000; Jagals et al, 2003, Gundry et al, 2004).
In Mozambique, water supply was available most of the time. Water was unavailable for
more than one day during the 30 days preceding the study for 3.8% of households. In South
Africa, however, water was unavailable for 16 days (53% of the time) in Botshabelo, 9 days
in Diphuti and 3 days in Lepelle, during the 30 days preceding the study. A greater
proportion of households in Mozambique are closer to a medical facility as compared to
households in South Africa. About 57% of households in Mozambique reported that they
were within 5 minutes’ drive or 15 minutes’ walk from the nearest medical facility (clinic),
while only 32% of households in South Africa were this close to a medical facility. The South
African General Household Survey of 2011 found that most (55%) black African household
members walk to the nearest medical facility (StatsSA, 2013).
Due to the fact that most African people have to walk to a health facility, living within
walking distance from the nearest medical facility will enable rapid access in case of an
emergency situation. The same survey also found that about 80% of all households in South
Africa, of which the members have to walk to the nearest medical facility, live within half an
hour’s walk of that facility, while 39% of households are within 15 minutes’ walk. Of the
black African households, 34% live within 15 minutes and 44% within half an hour’s walk
from a medical facility (StatsSA, 2013). Households in the studied Mozambique communities
were closer to a point of transport than households studied in South Africa. In Mozambique,
93% of households were within 15 minutes’ walk from where they could get transport,
while only 59% of the South African households were that close to transport. Transport
costs were about ZAR14/trip in South Africa and about ZAR12/trip in Mozambique. While
waiting for transport may also be a challenge, it is a standard convention in questionnaires
to ask about distance in terms of accessibility.
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In both countries, very few households reported access to medical aid. More households in
South Africa (about 6%) had access than households in Mozambique (<1%). The South
African General Household Survey found that only 16% of the population and only 9% of the
black African population belong to a medical aid (StatsSA, 2013). Table 20 presents the
factors that indicate the living conditions and life style of the households in Mozambique
and South Africa. It is evident that the majority of houses in Mozambique were small (one
bedroom) and technically informal (mud houses), while houses in South Africa were mostly
formal (brick houses) with only about 15% having one bedroom only.
Table 20. Factors indicating the living conditions and life style of households in
Mozambique and South Africa
Variable
Mozambique (n=397)
South Africa (n=963)
Housing
Housing material: Bricks
12.4%
90.6%
Housing material: Mud
76.5%
18.1%
One bedroom only
59.8%
14.6%
Use of stream/dam water
Use surface water for drinking
Use surface water for swimming
Use surface water for fishing
Use surface water for washing
Diet
Eat vegetables and fruit at least 3X per
week
Grow own veg. and fruit
Veg. and fruit from communal garden
Eat protein at least 3X per week
Eat fish from local dams or the Olifants
River
Children get food at school
Hygiene
Wash hands with water after using toilet
Wash hands with water and soap after
using toilet
Throw water out after used once
Use washing water several times
Dispose refuse inside yard
No toilet - relieve in veld
Smoking inside house

92.2%
51.1%
27.0%
99.2%

53.3%
23.1%
11.1%
62.4%

82.4%

63.9%

67.8%
0%
26.5%
95.2%

15.8%
1.0%
87.9%
48.7%

41.8%

72.0%

99.0%
63.0%

85.3%
51.5%

95.0%
4.8%
56.4%
83.9%
18.6%

85.9%
13.6%
81.8%
2.1%
21.9%
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Almost all of the households in Mozambique and the majority of households in South Africa,
make use of surface water (stream or dam) for various reasons, but mostly for washing (99%
in Mozambique and 62% in South Africa). More households in Mozambique eat fruit and
vegetables at least three times a week compared with South African households, but more
households in South Africa eat protein at least three times a day. Most households (95%) in
Mozambique eat fish from the local dam, which in this case is the Massingir dam, while 49%
of households in South Africa eat fish from the local stream or dam. A higher percentage
(72%) of households in South Africa compared to Mozambique (42%) indicated that their
children do get food at school.
Based on the habit of washing hands after going to the toilet, it is evident from Table 20,
that most individuals in both countries do that, however, more individuals (about 14%
more) in Mozambique than in South Africa. In terms of using soap when washing hands
after going to the toilet, the majority of households in both countries reportedly practice
this behaviour but again more in Mozambique than in South Africa. This is also true for using
the water to wash hands only once. However, when considering disposal of refuse (inside
yard), the majority of households in both South Africa and Mozambique practice risky
behaviour, and when considering sanitation (relieve oneself in the veld), then about 84% of
households in Mozambique and 2% in South Africa are at risk. About 20% of households in
both Mozambique and South Africa had at least one smoker who smoked inside the house,
contributing to indoor air pollution and the risk to health of other occupants. This figure is in
accordance with the WHO 2010 country profile for Mozambique, which states that 19% of
the adult population in the country are smokers (WHO, 2010).
Table 21 reports on the prevalence of visits of household members to a health professional
to seek medical help. More than 40% of the study population in both countries had never
visited a doctor or nurse to seek medical help. About 30% of individuals in Mozambique and
20% of individuals in South Africa had consulted a doctor or nurse during the 30 days prior
to the study. Most households in Mozambique reported that people, who were ill, stayed
away from work or school mostly for one to three days, whereas in South Africa, it was one
to five days. Those in Mozambique who were absent due to illness, mostly reported malaria
(28%), asthma (12%), headache (7%) and chronic bronchitis (5%) to be the reason. In the
South African population, absenteeism was mostly due to influenza (21%), headache (18%),
“body pain” (11%) and vomiting and tonsillitis (5% each). The 2011 General Household
Survey in South Africa found that 63% of those individuals who indicated that they were ill
during the 20 days preceding that survey, suffered from influenza or acute respiratory
infection (StatsSA, 2013).
According to the WHO 2009 country profile for Mozambique, the Disability Adjusted Life
Years (DALYs) (one lost year of healthy life either through death or disability) per 1000
people, due to diarrhoea, was 28, malaria 19 and respiratory infections 16, while it was 1.9
for asthma. For South Africa, the DALYs for the same period were 8.1 for diarrhoea, 0.1 for
malaria, respiratory infections 3.9 and asthma 2.8. The DALYs in Mozambique were higher
for all the illnesses, except for asthma, where it was higher for South Africa.
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Table 21. Prevalence of household members seeking medical help.

Last examined by doctor or nurse
(excluding any other traditional
healers)
Never
Longer than a year ago
Within the last year
Within the last 30 days

Mozambique

South Africa

Prevalence
47.1% (726/1543)
9.7% (150/1543)

Prevalence
44.3% (1865/4211 )
17.0% (717/4211)

12.8% (198/1543)
30.4% (469/1543)

17.6% (742/4211)
21.1% (888/4211)

The prevalence of diseases was further investigated at individual level. The prevalence of
illnesses diagnosed by a doctor or nurse within the two weeks prior to the study, are given
in Table 22. The only exception was blood in the stool and watery stool, which reflected a
diagnosis during the three days preceding the study. The prevalence of diseases diagnosed
by a doctor or nurse during the year prior to the study (shown in Table 23) and the
prevalence of chronic diseases presented in Table 24, were determined by a positive answer
to the question if the individual had ever been diagnosed with the illness. The p-value in
each table indicates whether there is a statistically significant difference between the two
countries for each illness or condition. A p-value of less than 0.05 is statistically significant
(highlighted with a *).
Table 22. Prevalence of illnesses diagnosed within two weeks prior to study (individual
level).
Variable
Upper respiratory illnesses
Hay fever
Ear infection
Sinusitis
Water and food borne illnesses
Diarrhoea
Watery/lose stool (last 3 days)
Blood in stool
(last 3 days)
Lower respiratory illnesses
Bronchitis

Mozambique
Prevalence
14.5% (224/1543)
1.3% (20/1543)
9.9% (152/1543)

South Africa
Prevalence
0.8% (33/4211)
0.6% (26/4211)
0.6% (23/4211)

P-Value

9.0% (139/1543)
5.1% (78/1543)
5.1% (78/1543)

0.9% (36/4211)
0.2% (10/4211)
0.2% (7/4211)

0.000*
0.002*
0.000*

Prevalence
4.2% (64/1543)

Prevalence
0.2% (7/4211)

0.000*

0.000*
0.196
0.000*

The prevalence of the diseases that were diagnosed during the two weeks preceding the
study was higher for Mozambique compared to South Africa. These include upper and lower
respiratory illnesses and diarrhoea. The difference in prevalence was statistically significant
in all cases, except for ear infection. The prevalence of the vector borne diseases, malaria
and bilharzia, was also higher for Mozambique, but the difference was statistically
significant for malaria only. It is, however, known that Mozambique has a high incidence
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rate (33 000/100 000) for malaria, which is higher than the incidence rate for the WHO
African Region of 22 000/10 000 (WHO, 2012).
Table 23. Prevalence of illnesses diagnosed within one year prior to study (individual
level).
Diagnosed during
the past year
Bilharzia
Malaria
Pneumonia

Mozambique
Prevalence
0.6% (9/1543)
11.5% (177/1543)
0.2% (3/1543)

South Africa
Prevalence
0.3% (11/4211)
0.4% (15/4211)
0.2% (9/4211)

P-Value

0.114
0.000*
0.757

The prevalence of chronic diseases was significantly higher in Mozambique, except for the
life-style diseases, high blood pressure and diabetes, where the prevalence was higher in
South Africa. There was no difference in the prevalence of the chronic diseases cancer and
cholesterol between the two countries. The infectious disease TB also had a significantly
higher prevalence in South Africa than in Mozambique. It is known that South Africa has a
high prevalence for TB of 800/100 000 people, compared to the 500/100 000 for
Mozambique and the 300/100 000 people from the WHO African Region (WHO, 2012).
Table 24. Prevalence of chronic illnesses ever diagnosed (individual level).
Chronic diseases (ever
diagnosed)
High blood pressure
Diabetes
High cholesterol
Arthritis
Cancer
TB
Depression
Asthma
Chronic bronchitis

Mozambique
Prevalence
4.3% (66/1543)
0.2% (3/1543)
0.1% (2/1543)
3.5% (54/1543)
0.1% (1/1543)
0.6% (9/1543)
1.4% (22/1543)
5.1% (79/1543)
1.5% (23/1543)

South Africa
Prevalence
5.8% (246/4211)
1.4% (57/4211)
0.1% (2/4211)
1.0% (40/4211)
0.1% (4/4211)
1.5% (64/4211)
0.4% (15/4211)
1.1% (45/4211)
0.2 (9/4211)

P-Value
0.047*
0.000*
0.269
0.000*
0.766
0.008*
0.000*
0.000*
0.000*

Table 25 shows the prevalence of individuals who were under treatment for a specific
disease at the time of the study. The country with the highest prevalence of a chronic
disease also reflects the highest percentage of the study population on treatment for that
disease. Therefore, more people in Mozambique were under treatment for arthritis, asthma
and chronic bronchitis, while more people in South Africa were under treatment for high
blood pressure and diabetes than in Mozambique.
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Table 25. Prevalence of individuals under treatment for specific diseases at time of study.
Disease
High blood pressure
Diabetes
Arthritis
Cancer
TB
Depression
Asthma
Chronic bronchitis

Mozambique
Prevalence
1.8% (28/1543)
0.2 (3/1543)%
1.7% (26/1543)
0%
0.4% (6/1543)
0.2% (3/1543)
2.8% (43/1543)
0.2% (3/1543)

South Africa
Prevalence
4.4% (187/4211)
1.2% (49/4211)
0.6% (24/4211)
0.1% (2/4211)
0.5% (19/4211)
0.2% (7/4211)
0.7 (30/4211)
0.1% (3/4211)

The factors identified at individual level to be statistically significantly associated with
different illnesses in Mozambique are presented in Table 26 and those factors identified for
illnesses in South Africa are presented in Table 27. These factors may be risk factors or they
may be protective. The OR of risk factors are above one, indicating that the odds of having a
disease when exposed to the risk factor is higher than the odds of having the disease when
not exposed to the risk factor. Risk factors may be further investigated for possible causality
of the illness they are associated with. Risk factors are not selected but they are those
factors that in the statistical analyses were found to be significantly associated with an
outcome (illness or condition). Factors with ORs below one are considered to be protective,
as this indicates that the odds of having the illness is LOWER when exposed to that factor
than when not exposed to that factor. For example you have lower odds of having diarrhoea
when you are being exposed to “regular (at least three times per week) ingestion of fruit
and vegetables” than when you do not regularly eat fruit and vegetables.
If the p-value of any factor is below 0.05, that factor is statistically significant associated
with the illness or condition. The wider the 95% confidence interval is, the less reliable the
data. A statistically significant association with a risk factor does not mean that the risk
factor is necessarily causing the illness or condition.
Table 26 presents factors statistically significant associated with some illnesses or conditions
investigated in the study. It is evident that where refuse is disposed, as well as the manner
in which it is disposed or treated, determined whether it is a risk factor or not. The worst
case scenario was when refuse was burnt, whether inside or outside of the yard, which is
understandable, because of the air pollution it is causing in addition to the pollution caused
by the waste itself. When refuse was disposed of outside the yard and it was burnt, it was a
risk factor for asthma in Mozambique. When refuse was disposed of inside the yard and it
was burnt, it was a risk factor for sinusitis and even for arthritis and diabetes. The latter is
not biologically plausible and is probably a confounder, which means that it is a proxy for
another factor that is actually the risk factor. A confounding factor has a relation with the
health outcome (condition or illness) and a relation with the risk factor. However, when
refuse was disposed of inside the yard, but it was buried and not burnt, it was protective for
sinusitis, and even for diarrhoea. This is also understandable, because when the waste is
buried there was no exposure to the waste.
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Another risk factor, especially for diarrhoea, was when people and or animals had access to
the waste. The odds of having diarrhoea when children had access to waste, was nearly nine
times the odds of having diarrhoea when children did not have access to waste. Other risk
factors for diarrhoea were eating fish heads, fishing in the dam or river, and if the storage
container for drinking water was not cleaned regularly. The odds of having diarrhoea when
the water storage container was not cleaned were nearly three times higher than when the
container was cleaned. Regular consumption of fruit and vegetables and getting food at
school, were factors protecting against diarrhoea and the latter also against asthma in
Mozambique. Regular consumption of fruit and vegetables provides vitamins that boost the
immune system. It seems as if a toilet in the yard could be a risk factor for malaria, possibly
because mosquitos could breed there.
Table 26. Risk factors statistically significant associated with certain illnesses in
Mozambique.
Variable
Sinusitis

Asthma

Risk factor
Eat fish organs
Dispose refuse
inside yard and
burn it
Dispose refuse
inside yard and
bury it
Dispose refuse
outside yard
Children have
access to waste
Adults have access
to waste
Animals have
access to waste
Water storage
container is not
cleaned
Fish in river/dam
Water supply is
from a communal
pipe outside the
yard
Fill water storage
container direct
from source
Dispose refuse
outside yard and
burn it
No refuse removal

OR
0.22
3.79

95% CI
0.05 - 0.96
1.63 - 8.80

p-value
0.050
0.002

0.08

002 – 0.37

0.001

10.03

1.29 – 77.76

0.020

6.21

2.89 – 13.28

0.000

6.52

3.16 – 13.42

0.000

7.02

3.28 – 15.00

0.000

2.32

1.56 – 3.45

0.000

4.51
3.93

1.03 – 19.71
2.57 – 6.02

0.050
0.000

2.20

1.41 – 3.42

0.000

5.72

1.20 – 27.26

0.028

2.98

1.06 – 8.33

0.037
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Diarrhoea

Malaria

Arthritis

service
Water storage
container cleaned
in past month
Children in house
get food at school
Eat fish organs
Eat fish heads
Dispose refuse
inside yard in pit
Dispose refuse
inside yard and
burn it
Dispose refuse
inside yard and
bury it
Children have
access to waste
Adults have access
to waste
Animals have
access to waste
Do not clean water
storage container
Fish in river /dam
Regularly eat fruit
and vegetables
Cleaned storage
container for water
in previous week
Children get food
at school
Children have
access to waste
Do not clean
storage container
for water
5-9 people using
one toilet
Cleaned water
storage container
last month
No toilet, relieve in
veld
Eat fish heads
Dispose refuse

9.51

2.44 – 37.02

0.001

0.58

0.36 – 0.94

0.025

0.11
6.49
4.89

0.01 – 0.89
2.54 – 16.54
2.01 – 11.90

0.039
0.000
0.000

13.91

2.47 – 44.62

0.000

0.10

0.02 – 0.43

0.002

8.83

3.48 – 22.43

0.000

7.21

3.23 – 16.11

0.000

6.75

3.02 – 15.09

0.000

2.77

1.83 – 4.18

0.000

8.43
0.26

1.11 – 63.61
0.11 – 0.60

0.039
0.002

2.11

1.14 – 3.86

0.016

0.56

0.37 – 0.85

0.007

0.63

0.42 – 0.94

0.025

1.47

1.04 – 2.08

0.029

3.43

1.11 – 10.93

0.037

1.52

1.07 – 2.17

0.019

0.53

0.32 – 0.87

0.012

3.63
9.63

1.11 – 11.83
1.30 – 71.35

0.032
0.027
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Diabetes

inside yard and
burn it
Children have
access to waste
Adults have access
to waste
Animals have
access to waste
Use wood for
heating
Dispose refuse
inside yard and
bury it
Fish in river/dam
Eat fruit and
vegetables less
than once a week
Do not store water
in the same
container as used
for fetching water

5.05

1.54 – 16.52

0.007

4.66

1.64 – 13.21

0.004

5.53

1.69 – 18.07

0.005

5.19

1.85 – 14.55

0.002

11.87

1.06 – 132.90

0.045

0.01
13.34

0.001 – 0.19
1.19 – 148.79

0.001
0.035

12.66

1.13 – 140.86

0.039

Table 27. Risk factors statistically significant associated with certain illnesses in South Africa.

Variable
Sinusitis

Asthma

Diarrhoea

Risk factor
Dispose refuse
anywhere inside
yard
Use wood for
cooking
Children under 16
immunised
Dispose refuse
inside yard -make
compost
Children under 16
immunised
>15 people use
toilet
Animals have
access to refuse
Children under 16
immunised
Do not store water
Use electricity to
heat

OR
12.75

95% CI
1.26 – 128.31

p-value
0.031

0.32

0.128 – 0.79

0.014

0.26

0.079 – 0.91

0.036

25.04

2.22 – 281.94

0.009

0.33

0.14 – 0.74

0.007

4.02

1.08 – 14.93

0.037

0.28

0.13 – 0.59

0.001

2.39

1.22 – 4.69

0.011

3.71
5.75

1.77 – 7.77
1.19 – 27.70

0.000
0.029
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Malaria

Use wheelbarrow
to collect water
Eat fruit and
vegetables only
once a week
Do not use same
container to store
water than to fetch
water
Clean water
container a week
ago
Do not remember
when last cleaned
water container
Do not clean water
container
Eat protein few
times a week
Eat protein once or
less a week
Water from stand
pipe or bore hole
in yard
Do not store water
in container with
large hole
Do not re-cycle
Eat fish head
Dispose refuse in
yard and animals
have access
Dispose refuse in
yard and bury it
Adults have access
to waste
Use wood for
cooking
Children <16 are
immunised
41-60 households
use communal
water point
Do not use
communal water
point

0.18

0.07 – 0.49

0.001

6.52

1.48 – 28.70

0.013

0.27

0.11 – 0.66

0.005

8.27

3.39 – 20.21

0.000

4.91

1.22 – 19.71

0.025

3.10

1.11 – 8.69

0.031

6.46

2.23 – 18.71

0.001

5.37

1.49 – 19.42

0.010

0.24

0.08 – 0.67

0.006

0.23

0.09 – 0.60

0.002

0.15
17.79
24.98

0.04 – 0.48
1.83 – 172.86
2.69 – 231.74

0.002
0.013
0.005

4.21

1.12 – 15.82

0.033

4.67

1.04 – 20.94

0.044

0.30

0.10 – 0.89

0.031

0.13

0.016 – 0.95

0.045

0.12

0.01 – 0.99

0.049

0.17

0.05 – 0.53

0.002
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Arthritis

Diabetes

5-9 households use
one toilet
Dispose refuse
inside yard and use
for compost
Dispose refuse
anywhere outside
yard
Children under 16
immunised
Do store water
Children get food
at school
Eat fish heads
Dispose refuse
inside yard in a pit
Waste accessible
to children
Children <16 are
immunised
Store water in
another container
than one use to
fetch water
Use wood for
heating
Store water and
retrieve with scoop
Children get food
at school

0.14

0.04 – 0.53

0.004

29.68

2.62 – 335.46

0.006

13.21

2.56 – 67.93

0.002

0.19

0.07 – 0.56

0.002

4.90
0.32

1.66 – 14.62
0.15 – 0.63

0.004
0.001

10.48
2.25

2.80 – 39.19
1.23 – 4.10

0.000
0.008

0.52

0.31 – 0.91

0.021

0.31

0.004 – 0.22

0.001

0.54

0.31 – 0.92

0.026

8.05

2.97 – 21.81

0.000

0.47

0.25 – 0.89

0.022

0.43

0.22 – 0.81

0.010

In South Africa, waste disposal practices, especially dumping of waste inside the yard, were
also statistically significantly associated with illness and conditions such as sinusitis, asthma,
malaria and even diabetes. The waste could be a breeding ground for mosquitos and
therefore, depositing waste inside the yard is statistically significantly associated with
malaria. Consumption of protein was a risk factor for diarrhoea, possible related to how the
protein is stored and prepared, as this may be prone to contamination. How water is
retrieved and stored and how often the container in which the water was stored was
cleaned, were also important in terms of diarrhoea, arthritis and diabetes. The odds of
having diarrhoea when the container in which water was stored was not cleaned, was three
times higher than when the containers were cleaned.
To get water from a standpipe in the yard and not storing water in a container with a large
opening, were protective against diarrhoea. The reason for this protection is most probably
that water in containers with large openings has a higher risk of getting contaminated,
especially if water is scooped from the container. The fact that children were immunised
was protective against all the health outcomes in Table 27. This emphasizes the importance
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of national immunisation schemes. Whereas regular (at least three times a week)
consumption of fruit and vegetables was protective against diarrhoea in Mozambique, the
South African data showed that eating fruit and vegetables only once a week was a risk
factor for diarrhoea.

5.7

Qualitative Focus Group results

All humans share a dual nature, being part of both ecosystems as well as sociological
environments that exist beyond nature (Burger et al, 1999). It is this dual nature that
creates complex contexts within which our research on environmental risk takes place.
According to the WHO (2009), environmental health includes both the direct pathological
effects of chemicals, radiation and some biological agents, and the effects (often indirect)
on health and wellbeing of the broad physical, psychological, social and aesthetic
environment”. Additionally, social scientists argue that it is essential to understand that
environmental problems are more than technical problems (SfAA, 2001). Environmental
problems also reflect human choices made both in the past and present, by different groups
or institutions and at different levels, from the local to the global (SfAA, 2001). As such, one
needs to understand that these choices are shaped by particular values and relational
attitudes.
The following sections provide an introduction to the case studies carried out in this project.

5.7.1 Introduction: South Africa
Villages: Lepelle and Botshabelo
Governance structures: Traditional leadership with Chiefs.
Local government also plays a role in Botshabelo where the
local councilors play an important role in the social upliftment
and movement in the community. It was observed that when
there is political uncertainty in the local governance structure,
the residents’ needs are left unattended, and the village goes
into general disrepair.
Socio-economic parameters:
 Poverty: High levels of poverty clearly visible from the
general state of the village, the houses and speaking to
Figure 28. Lepelle Village
residents.
Acting Chief, her Royal
 Gender division of labour: Women do most of the
Highness Chief Sobore
domestic work.
Nolha Kobeng
 Economic activity: Very low economic development and
little informal economic activity. The informal economic
activity present is often ill advised and has a negative impact on the environment
such as pollution.
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 Undesirable social practices: Extreme substance abuse (both alcohol and tobacco)
noted in some case, for example in Lepelle where the governance structure,
including advisers was observed being drunk early in the morning.
 Socio-cultural practices: Some spiritual beliefs around ancestors living in the water
and purification rituals.
 Social cohesion: Little social cohesion
visible except that which has emerged
due to CSIR involvement, for example
the Botshabelo Anti-Pollution
committee that was formed during
this project, as a result of this project.
5.7.2 Introduction: Mozambique
Villages: Canhane and Cubo
Governance structures: Traditional leadership
Figure 29. Chief Zita of Canhane (on the
with Chiefs. Local governance structures do,
left) with CSIR team member Elliot Moyo
however, play a significant role in the running of
the villages. All official activity goes through
these structures and gets regulated through these processes.

Socio-economic parameters:
 Poverty: High levels of poverty clearly visible from the general state of the village,
the houses and speaking to residents.
 Gender division of labour: Women do most of the domestic work.
 Economic activity: Very low economic development and little informal economic
activity. Extreme levels of unemployment. Semi-structured, organised fisheries
dominate livelihood provision, and supplemented though poorly coordinated
peasant farming activities.
 Undesirable social practices: No family planning measures taken - large numbers of
children born outside of the family structure. Young women often view a sexual
relationship or marriage as an avenue out of poverty and thus get married and
have children at a very young age.
 Socio-cultural practices: Patriarchy drives polygamy.
 Social cohesion: Little social cohesion visible. Some efforts by traditional authorities
in Canhane were noted.
In the section that follows, we discuss the results from the qualitative interactions the team
had with people in South Africa and Mozambique. The different sections are organised
around broad themes, these themes are an amalgamation of both issues that have been
identified as important for the project context and deliverables, as well as issues that have
emerged that are beyond the project context but that are of significance for our
understanding of what is happening on the ground.
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Lastly, this discussion is divided into two sections, one on South Africa and one on
Mozambique. In each of the country case studies, we have found broad issues which we
discuss and give ethnographic examples from specific villages or individuals. Please note:
the data discussed here are from what people have said and what we have observed. As
such, these data may not correspond to official statistics (unless otherwise indicated). This
is interesting in itself. These data, therefore, point to how people experience, think about,
understand and verbalise the issues which also, and very importantly, motivates people
towards certain actions and impacts on how they behave in terms of decisions they may
make, networks they create, and solutions and precautions they may think of and
implement.

5.7.3 Discussion of focus group discussion results: South Africa
Reported illnesses
People in the South African villages tend to describe the following illnesses as those they
experience regularly: headache, malaria, weight loss, cholera, HIV and asbestos related
cancer. Villagers, especially in Botshabelo noted that the reason people get these diseases
were because of poverty. They argue that because people have no jobs or few of them have
jobs; they tend to rely on the social grant system. A clinic staff member at Botshabelo noted
that people often get water-related illnesses. He supported the idea that people tend to get
these illnesses because they are poor and because they drink untreated water from the
Olifants River. However, villagers hardly ever made an explicit link between their illnesses
and polluted water. According to the clinic official, illnesses that people report due to unsafe
water drinking practices are: diarrhoea, dysentery, cholera and vomiting, bilharzia, malaria,
typhoid, eye infections and skin rash.
Other illnesses related to the socio-economic status of the villages are: Malnutrition (due to
poverty, lack of knowledge and ignorance), Kwashiorkor, Marasmus, teenage pregnancy,
STI’s and HIV. In addition, people noted that they tend to have poor personal hygiene which
is due to the fact that people do not wash regularly and they tend to wear dirty clothes. This
differs from the results of the community survey. The community survey just reported on
what the caregiver reported to the fieldworker. If there is a discrepancy, then it is possible
that people misinterpreted the fieldworker in terms of hygiene or the fact that people
interviewed in the community study were not those interviewed in the focus group
discussions, caused the difference.
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The water source
There are a number of issues raised by villagers with regards to the water source. They are:
Distance:
•Long distances are travelled
•Elderly women especially struggle to carry large amounts of water

Reliability:
•At times water is provided by municipal taps, however, this is not reliable. If this service
is available in a village it is usually only available once a week
•When there is drought local springs and wells dry up.
•Infrastructure such as dams and resevoirs are in disrepair and lose a lot of water - people
complain that they do not have the expertise to fix these.

Trustworthiness:
•People tend to trust the quality of water from the Olifants River
•People do not trust water from local springs and wells
•Borehole water is generally trusted but not freely availble and privately owned

Capacity:
•People are uncertain whether or not water from natural sources will be enough to
sustian the village into the future
•In Botshabelo some people allege that the water pipes were placed in a way so as to
privilege certain sectors of the village - others deny these accusations

Meaning:
•"Water can save the lives of our children" (Lepelle Chief)
•Cultural /spiritual connection and menaing - sacred wells in Lepelle where diviners and
religious pilgrims come for healing and purification
•Availability of potable water is an indication of level of poverty and access to livelihood
options

Water pollution
Several sources of pollution were identified:
 Tourism:

o For example, in Lepelle, where large numbers of religious tourists descend on
the sacred wells for purification. Tourists who come in high numbers to the
wells throw cold drink cans and other objects into the river that pollute the
river and mystic wells.
o Other uncontrolled practices by prophets and some traditional healers such
as encouraging people to wash in the river for spiritual purification. The
areas where they wash are next to the steep sacred wells where people often
slip and fall and die in the river downstream.
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 Livelihoods:
o For example, in Botshabelo, people started piggeries as a way of enhancing
their income. These piggeries were, however, placed on the banks of the
Olifants River, directly upstream of the place where the villagers go for
recreational fishing and swimming, as well as where some villagers get
drinking water when there is no water available in the municipal taps.
o Curio stalls at the JG Strydom Tunnels lure vendors and tourists to the area
which causes more general pollution.
 Inadequate sanitation infrastructure:
o For example, in both Lepelle and Botshabelo the team found evidence of
human excrement next to the river.
o Women often come to the river to wash clothes.
o Villagers, especially women and children bath in the river water.
 Inadequate waste disposal infrastructure
and knowledge:
o For example, in both Lepelle and
Botshabelo the team found
evidence of infant nappies
(disposable diapers) which are
disposed of on the banks of the
river or sometimes in the river.
o The team also found evidence of
rubbish next to and in the river.

Through the course of the fieldwork, the CSIR team was
escorted to the local “wells” which are located outside of
the JG Strydom Tunnels. The “wells” are considered to
be a sacred site for the residents not only of Lepele
village, but also for many individuals further afield. The
wells have become famous for their healing and
purifying ability as some people believe that if you
immerse and wash your body in the water you will be
cured of disease and misfortune. However, it is also
believed that those who are “unclean” are devoured by
the spirit of the well who at times take the form of a
great snake.

 Cultural practices and beliefs:
o For example, animals are allowed
to roam freely on the banks of the river alternatively feeding and defecating
in the water and on the banks of the river as they move along.
o People in Lepelle believe that a great white snake resides in the sacred wells
outside the JG Strydom tunnels and upstream from the village. Diviners,
prophets and followers come for ritual purification. It is believed that those
who are not pure of soul are “taken” by the snake (they die). Dead bodies
are found floating in the Olifants River water where villagers retrieve drinking
water.
o In some African cultures it is believed that women are ‘unclean’ when they
are menstruating and as a result they do not want to wash where men wash.
Some of these beliefs are present in Lepelle and Botshabelo and
menstruating women frequently use the river water to wash themselves
during their menses.
o Due to their grave socio economic position, many women feel that their
options are severely limited when unwanted pregnancy occurs. Lack of social
and economic support from the community and government, as well as
shame and stigmatisation cause women to opt for local and illegal abortions.
Consequently, aborted foetuses are disposed of in the river.
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Pollution control strategies
The two case villages in South Africa, namely Lepelle and Botshabelo, were quite divergent
in their responses to pollution control. In both cases, the villagers were both active and
passive participants in the pollution of their water sources. The responses to the pollution
have manifested differently though. In Lepelle, the Chief and her council were still quite
passive and expressed their hope that the CSIR team could mobilise a solution for them. In
contrast, Botshabelo upon being informed by the CSIR of the dire consequences of having
the piggeries on the banks of the river established the Botshabelo Water Anti-pollution
Committee. The Committee is made up of community ambassadors from each section of
the village and are tasked with a mandate to initiate water cleanliness campaigns in the
entire village and to discourage any forms of pollution by community members. The
committee has also been given some prosecuting authority by the local headman where
citizens can be taken to task if they pollute the river.
5.7.4 Discussion of focus group discussion results: Mozambique
Reported illnesses
Villagers in the case villages in Mozambique tended to describe the following illnesses:
diarrhoea, skin infections and rashes, blood in urine, malaria, dizziness and loss of sight.
These descriptions often went together with current examples of people, so villagers could
show the team actual skin lesions. In contrast to their South African counterparts, villagers
in Mozambique made explicit connections between their reported illnesses and polluted
water. Moreover, they also made the link between the illnesses of their livestock and
polluted water. For example:
‘As a result, our livestock suffer from diseases, dogs and cats in the village for
instance have suffered from skin peeling problems, goats and sheep as well as cattle
suffer from strange kinds of ailments which are directly linked to the contamination
in the water’1

1

Direct quote and translation
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The water source
There are a number of issues villagers in Mozambique raised in relation to their water
source:
Inadequate or non-existing infrastructure
•While there may be a number of boreholes that have been sunk over the years, many of
these boreholes have dried up or are no longer functioning due to pumps being stolen
and leaking pipes.
•Many households have built their houses on the banks of the Massingir dam.
Unfortunately none of these houses have adequte sanitation infrastructure and as a
result all the household waste and effluent flows into the dam.

Paying for water
•Villagers often have to pay for water when they do not want to get water directly from
the river or Massingir dam. Trucks draw water from the dam and fill Jojo tanks with this
water.
•Water is often regulated through local governance and social structures. For example it
was reported that in Cubo water is delivered to the house of the local councillor's father.
Villagers can go to this house to pay for water - the water is sold at 10Mt per 25l.

Availability
•Water is not always readily available from the natural sources. For example in Cubo
there are two hand dug wells which people use for drinking water in summer, however
there is not enough water in these wells during winter time.
•People frequently have to rely on water trucks to bring water. These truck are said to be
unreliable and one cannot plan around their delivery times.

Distance
•Villagers who draw water from the dam complain that they have far to walk to get to the
water. In addition they do not always feel safe and are worried about slipping and
falling in, as well as crocodiles. being a threat
•Some people report that they walk for more than seven kilometers to collect water.

Trustworthiness
•People note that they are fully aware of the fact that the water they collect from the
dam may not be safe to drink, but they argue that it is so far to go and collect that they
just use the water otherwise it just takes too long.
•Villagers also noted that they do not trust the quality of the water that the trucks bring
as this water is also "just pumped from the river". However some villagers are sure the
water is dosed with chloride.

Floods
•The lake has outgrown its boundaries during the last four years to an extent that the
water has accumulated and covered people's fields. In the last two years people had to
find alternative segments of land on which to grow crops in order to feed their families.
Land is not always readily available and these floods can exacerbate poverty in the
region.
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Water pollution
Sources of pollution included:
 Dead animals and fish remains:
o Villagers note that people throw dead animals such as dogs and cats in the
water to get rid of the bodies.
o In addition, fishermen also tend to clean the fish they have caught on the
banks of the dam and subsequently discard the remains of the cleaned fish
there as well. These remains attract flies and create a foul odour before it is
then washes into the water by the rain. Villagers note that this is a common
problem, however, they have been unable to convince the fisherman not to
do this, and as a result it has become a bone of contention between groups.
 Inadequate sanitation facilities:
o People tend to use the dam and river water directly for bathing and washing
clothes. One of the reasons for this is that they do not have sanitation
facilities at home, often their houses are very rudimentary and there is no
private space for ablutions, especially for women during their menses. In
addition, women who have given birth tend to wash themselves and dispose
of the placenta (afterbirth) in the water.
 Upstream/downstream linkages:
o Villagers in Mozambique expressed concern that South Africa is polluting the
upstream water on purpose so that the Mozambican downstream gets sick.
People saw huge yellow containers in the water coming downstream and
suspected that it came from South Africa during the floods.
 Hunger vs pollution:
o During the last set of floods in
Mozambique, fishermen harvested fish
from a fish kill. These fish had huge fatty
deposits (pansteatitis) and tended to
make people ill when eaten. Villagers
said that they would rather get diarrhoea
than go hungry.
Pollution control strategies
The only strategy individuals tend to employ in order to
clean the water they drink from pollutants is boiling the
water.
“We do boil the water and we often see the
difference after boiling it. It becomes clearer and
all the dirt settles at the bottom of the containers”
2
.
2

Figure 30. The banks of Massingir
Dam after the flood

Direct quote and translation
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Sometime even this is not even done and people drink water directly from the dam or river.
For example:
‘Most of the times we don’t but others do boil the water from the river”3
Governance structures also play a role in pollution control strategies, though to a limited
extent. At a broader scale, the local Department of Health runs health awareness
programmes in the village through the local clinic and resource centre. At a local level
traditional governance structures also get involved in pollution control strategies. For
example, in Canhane, the chieftaincy is trying to contain pollution behaviour (such as
dumping in the river and dam). However, locals are using the formal policies and notions of
democracy to circumvent the power and authority of the Chief. As a result, the Chief has
struggles to maintain his authority, even on issues such as pollution control.

3

Direct quote and translation
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6

Decision support tools

An important component of this project was to gather indigenous knowledge about
environmental pollution and coping strategies, already in existence, to then feed this
information into a socially-applicable decision-support system that could be applied widely
in the visited communities. These strategies could be adaptation and / or mitigation steps
made by families to protect themselves from environmental pollution, protect their assets
(including their health) against multiple stresses. In the final stages of this project, we have
investigated several decision support systems to try to determine the most relevant and
applicable approach for combining the learnings of this project into resources, materials and
information that can be used by decision-makers, local authorities and the communities
themselves to best protect against environmental pollution. We have defined decisionmakers at multiple levels: the individual community member, the local leader, the municipal
leader and so on. Decision support as a term is defined as “a diverse class of resources
designed to help manage (…) complexity and assist decision makers [at all levels] in
understanding impacts and evaluating management options” (Pyke et al., 2007).
In order to understand decision support systems, an extensive review of their application in
environmental pollution was made. Seven relevant research papers were identified and are
discussed here as a brief introduction to decision support systems. A Spanish model called
an ‘agent-based environmental health impact decision support system’ was designed to be
real-time and use water pollution, traffic, industrial activity, waste, solar radiation and
morbidity data to determine impacts of environment on human health (Sokolova and
Fernández-Caballero, 2009). While this system has the benefit of being real-time, it is highly
technical, requires mammoth computing power, relatively expensive software and is not
simple to understand or utilise. While such a system may be acceptable in developed
countries, it may be that developing countries would require a more intuitive, inter-active
and simple approach to decision support than a system such as this provides.
The use of decision support tools has been in existence for more than 15 years and its
usefulness and applicability has been debated for as many years. Rizzoli and Young (1997)
discussed desirable features of environmental decision support systems. They proposed
that the two most efficient approaches were use of modelling and simulation tools and the
use of model integration and re-use techniques. An important comment was made: while
several software tools were available, representation of spatial data and provision of
technical help were often lacking. In southern Africa, self-identified space and land are
critical parts of daily life, and would need to be incorporated into any decision support
model. More importantly, at least for families living in poor socio-economic conditions,
access to electricity and Internet are gravely limited, hence digital software (even freeware)
have limited applicability in these circumstances. Even leaders and local authorities
overseeing these communities struggle with telephone access and many of them do not
have computers. Any tool we provide must serve the requirements of local conditions,
integrated with local ideas and knowledge, if it is to have maximum impact. McIntosh et al
(2011) highlight an important failing of many decision support systems – they are seldom
adopted by their intended users. Factors such as cost of maintenance and training required
for use, as well as ‘readiness’ (Bagstad et al., 2013) hinder their operationalised
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implementation. Often, the simplest approach works best. Such approaches can then be
seamlessly integrated into institutional, political and communication processes already in
place. A decision inventory concept is a favourable alternative to a decision support system
(Pyke et al., 2001) and such a concept has been applied to climate change.
Since this project focussed on environmental health, two environmental health decision
support were scrutinised (Vlachokostas at el., 2014; Bédard et al., 2003). They were both
complex systems, one relying on GIS and the second on Delphi software. While they had
advantages of providing sophisticated responses to queries probed to the system, neither
are free to purchase, user-ready or easily implemented in situations where necessary data
streams may be constrained or unavailable. Therefore, their usefulness in developing
countries such as South Africa and Mozambique was not supported.
Instead, for this project, we decided to adopt a modified version of the decision inventory
approach, using a simple flow diagram technique and options for actions based on
experiences. We looked at the current decision inventories applied in the context of
greenhouse gases (GHG) inventories and their application in decision support for climate
mitigation to help shape our understanding and apply this in the current study.
Decision trees are used extensively in preparing national GHG inventories for submission
under the United National Convention on Climate Change (UNFCCC) and Kyoto Protocol.
Figure 31 below is an example of a decision tree taken from the IPCC Good Practice
Guidance and Uncertainty Management in National Greenhouse Gas Inventories (2000).
This decision tree is only used to highlight the structure of a decision tree, because the
content and specific decision matrix is not related to this project. These decision trees are
used to prepare GHG inventories in order to help countries, who have very different levels
of expertise and resources available, to follow the best practices that the IPCC has set out.
Many of the decision trees relate to choices in methodology, and rigour of methodology and
analysis, and data needs. The audience for these decision trees are generally government
officials and analysts who are compiling and submitting the inventories, as well as the
expert reviewers who review the countries’ submissions. Thus, these decision trees have
been designed to be easily understandable and applicable across many different disciplines
(e.g., some trees are used across sectors of GHG inventories) and across level of expertise.
In addition, the trees have been designed to try to be unambiguous, and lead the user easily
through the decision.
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Figure 31: Example of a decision tree that is used for developing national GHG inventories.
Taken from IPCC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories, Chapter 7 (2000).
We prepared two decision trees (Figure 32) based on the data collected during this project.
The first considers fruit and vegetable intake, found to be very important for human health,
and the second being waste disposal, also a critical concern raised during this project.
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Fruit and
Vegetable intake
Ingestion in Mozambique more than twice a
week was protective against diarrhoea

Ingestion in SA of once or less a week was not
protective against diarrhoea

Risk report indicates eating of vegetables
causing an unacceptable risk to SA consumers
and to a lesser extent in Mozambique

DECISION:Encourage consumers to buy fruit
and vegetables not irrigated with polluted
surface waters . Encourage them to not eat
as much fruit and veg in Moz. Rinsing of fruit
and veg or cooking would help .

Waste Disposal

Waste disposal by means of throwing waste
in river/ dam, burning, burying

One should not throw anything in the water as
you pollute the water - there are ALWAYS
downstream users

Waste disposal is important to prevent
illnesses, but could be a cause of health
impacts if not dealt with carefully.

Decision: Identify a waste disposal site for
each community, where the waste can be
burned or disposed of by burying. Should
NOT be in yard, in close prximity to
community (or other community), river /
dam. Should be in direction to which wind
blows most and away form community. If
buried - how deep not to attract flies and
rodents or be accessible to kids (enclosed).

Figure 32. Examples of two decision trees emanating from this project.

We plan to prepare several more of these decision trees, i.e. water storage, personal
hygiene etc., and when we carry out the final stakeholder and community feedback in May
2014, we will share these decision trees with communities, community leaders and key
stakeholders to elicit their input before placing the final decision trees on the project
website.

85

7

Concluding remarks

This report brings together the learning from a diverse range of disciplines and
methodologies. The following section highlights vital points surmised from the report that
need specific attention.
In terms of the risk of exposure to environmental pollutants, a number of metals were
detected in both the South African water and vegetable samples representing anticipated
health risks associated with the consumption / ingestion of water and home-grown
vegetables. Metals of concern in water samples were zinc, mercury, uranium, arsenic,
cadmium and antimony in decreasing levels. Metals of concern in vegetables included iron,
vanadium, aluminium, barium, manganese, nickel, copper, mercury and strontium.
Metal levels in water samples from Mozambique did not present any predicted adverse
health effects. However, levels of metals in vegetables (using average concentrations
detected, and assuming a daily ingestion of 240g) were found to be problematic. A total
hazard quotient of close to 20 times the level that is considered to be safe for a life-time
exposure was estimated. This is mainly as a result of excess levels of iron and chromium,
and to a lesser extent, aluminium and manganese. Arsenic in the water poses a potential
cancer risk for the South African case study area, with a risk of developing cancer predicted
to be 1 in a 1000 (0.001). We reiterate that one must be cautious when interpreting these
results, as additional sampling and analysis would be required to confirm our findings.
Fish health assessments can be revealing of both general river health, as well risk to human
consumers, especially when done together with organic and inorganic contaminant analysis.
Pilot data in this regard are very useful in indicating which species and sites are most
impacted and in need of further investigation. They also serve to highlight certain causal
relationships that are important to explore further, such as the pansteatitis observed in the
C. gariepinus and O.mossambicus. In the Lower Olifants River, phosphate pollution from
industry and domestic effluent discharges, together with the impacts of large
impoundments and subsequent silt and nutrient entrapment affects biodiversity
downstream. The predominance of the alien invasive H. molitrix in the eutrophic waters of
Lake Massingir, and its possible unhindered movement upstream in the Kruger National
Park, has various other trophic level influences and may in fact be why both crocodiles and
catfish are affected by pansteatitis in the lower catchment. Rancidity of the smoked / salted
H. molitrix specimens around Cubo suggested poor rendering of fats and posed a health
hazard. Further investigation into these aspects of health hygiene is recommended.
The general air quality characteristics of the study sites in Mozambique and South Africa
were investigated through satellite data for 2010-2012. Satellites probe the entire column
of air, and thus the results presented here cannot be related to ground-level pollution,
which is important for health impacts. However, this analysis can discuss the general trends
of air quality at these sites.
In general, both sites had similar trends and magnitude of AOD across the time period
studies. Interestingly, these trends and magnitude were also similar to an urban polluted
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site (i.e. Johannesburg). This suggests that the aerosol column at these sites is strongly
influenced by regional pollution. With these data and no ground-based measurements, it is
not possible to say whether the ground-level would also be impacted greatly by regional
pollution. For both study sites, during polluted periods the aerosol column is dominated by
smaller particles, as shown by the larger å(443/670). The source of these smaller particles
cannot be determined by these data. It is interesting to note that the timing of the
absorption AOD and å(443/670) peaks are not fully aligned, and thus the presence of
absorbing aerosol particles (e.g. from burning activities) is not the only driver for an increase
in smaller particles. Probably the most interesting point is that the satellite data suggests
that the air pollution in the column is mostly regional in nature. To understand what
ambient, surface air pollution levels are, monitoring stations on the ground would be
required.
Results of the community household survey showed that the male to female ratio for both
countries were about the same and so were the median age. However, Mozambique had
more individuals under the age of 16 years, while South Africa had slightly more people
older than 60 years. The education level in Mozambique was lower than in South Africa, and
the proportion in a full time occupation where they did get paid was also lower. However, a
larger proportion in South Africa was unemployed and looking for work than in
Mozambique, indicating that the informal sector may be larger in Mozambique.
South African communities had better access to electricity, sanitation and piped water than
the communities in Mozambique. However, the communities in Mozambique were closer to
a medical facility and to a point of public transport than communities in South Africa. The
fact that the majority of households used wood as main energy carrier is an indication that
there will be indoor air pollution in the houses, as well as ambient air pollution outdoors.
Also contributing to indoor air pollution is tobacco smoke. About 20% of households in each
country had at least one smoker who smoked inside the house. Contributing to ambient air
pollution is burning of household refuse. Most households in both countries indicated that
they burn their waste as there were virtually no refuse removal services.
Houses in South Africa were technically more formal and bigger than those in Mozambique
and on average there were slightly more individuals per household in South Africa than in
Mozambique. Both countries’ households practice basic hygiene of washing hands after
they have been to the toilet (based on questionnaire responses) etc., but poor sanitation
(relieve in the veld) is a problem, especially in Mozambique. More households in
Mozambique grew their own vegetables, ate vegetables and fruit at least three times a
week and caught local fish than households in South Africa. A larger proportion of
households’ children get food at school in South Africa than in Mozambique. The
communities in Mozambique were completely reliant on surface water for domestic use
such as drinking washing and fishing, while in South Africa, communities had access to
treated water, although they also made use of surface water.
More than 40% of the study population in each country had never visited a doctor or nurse
to seek medical help. About 30% of individuals in Mozambique and 20% of individuals in
South Africa had consulted a doctor or nurse (excluding traditional healers) during the 30
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days prior to the study to seek medical help. This figure is higher than the figure for South
Africa as a country, which was 10% during the general household survey of 2011 (StatsSA,
2013). Households in South Africa had better access to medical aid than those in
Mozambique. The immunisation coverage in those individuals below 16 years of age was
better in Mozambique than in South Africa.
The prevalence of most illnesses, including upper and lower respiratory illnesses, as well as
chronic respiratory illnesses, vector borne diseases as well as diarrhoea (an indication of
food and water borne illness), were all higher for Mozambique than South Africa. The
prevalence of the illnesses associated with life style such as high blood pressure and
diabetes were, however, higher for South Africa. Individuals in South Africa typically were
absent from activities for a longer period of time when ill than individuals in Mozambique.
Many of the risk factors statistically significantly associated with illnesses or conditions can
be avoided. For example the main risk factors statistically significantly associated with
illnesses in Mozambique, were where and how refuse was disposed of, especially burning of
refuse, being it inside or outside the yard, and whether people and or animals had access to
waste. To bury waste as a manner of disposal was protective for illnesses such as sinusitis
and diarrhoea. Other factors that were protective in Mozambique were regular (at least
three times per week) consumption of fruit and vegetables and when children got food at
school.
Also in South Africa, waste disposal practices, especially dumping of waste inside the yard,
were statistically significantly associated with illnesses and conditions such as sinusitis,
asthma, malaria and even diabetes. The waste could be a breeding ground for mosquitos
and therefore, depositing waste inside the yard was also statistically significantly associated
with malaria. How water is stored and retrieved and how often the water storage container
was cleaned was important in terms of diarrhoea and even arthritis and diabetes in South
Africa. Factors protecting against illnesses in South Africa included children getting food at
school and children (<16 years) being immunised.
We did not ask specific questions about eye and worm infections in the questionnaire, and
we recommend that this is done in future studies. The focus group discussions revealed that
blindness was a concern, as well as pin, round and ring worm. These infections tend to be
related to soil exposure, rather than water exposure – the focus of this study. The two eye
infections that may have been an issue are acanthamoeba and river blindness.
Acanthamoeba is transmitted via water but very few exposures lead to illness. River
blindness, caused by a parasitic worm transmitted by black fly, is not water related. Illnesses
may have been trachoma, caused by bacteria and transmitted by flies that come into
contact with infected eyes and spread to another person when it comes into contact with
the eyes. It is the world’s leading cause of preventable blindness. In the formal survey, eye
infections were mentioned in 16 cases in South Africa and 8 cases in Mozambique. No worm
infections were mentioned in Mozambique and three worm cases were mentioned in South
Africa.
The focus group discussions looked at a number of issues related primarily to water and
human and environmental health. From the analysis it is clear that people do not only
understand their water issues in terms of “a lack of”. In South Africa, there is a clear link to
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issues of poverty, of having insufficient knowledge about personal hygiene and about
options diminishing. The health risk here is not merely one of a polluted natural resource
but it is clearly linked to a broader socio-economic concern that clearly makes the
connection between human dignity and readily available clean water. In Mozambique, for
example, pollution of water is also understood in terms of cross border (transboundary)
politics between South Africa and Mozambique, thus making the notion of pollution more
complex.
Our discussion on the meaning of water in these communities has also highlighted the age
old dichotomy between the sacred and the profane. Lepelle is a prime example where
profane functionality of water takes second place to sacred religious practices. Here we see
how rational explanations of dead bodies in the river water are not accepted as truth, and
yet the consequences of these dead bodies are keenly felt.
All of the communities that we have worked in have been communities where there is a
high level of poverty with little to no social cohesion. Yet despite this, Botshabelo with their
Anti-pollution Committee is a good example of what can be done and how people can be
mobilised around a cause.
Lastly, our discussions have also highlighted how extremely harsh hunger really is. The
example of villagers in Cubo and Canhane who eat fish that were killed during a fish kill and
that are - this is proven by their own experiences - making people sick brings to the
attention the extreme human needs, not only for food, but also a healthy natural and social
environment.
Community and stakeholder feedback
A first round of community and stakeholder feedback took place in 2013 when three
members of the project team re-visited all of the study sites. During these visits the social
team, in conjunction with water health team, held discussion groups. Flyers with
preliminary results (accompanying this report) were distributed and explained by the team.
Community members were then also given an opportunity to engage with the team, ask
questions and discuss the issues further. These discussions also delivered valuable data.
Thereafter, the final analysis of all data streams took place by the researchers and it was
decided that, once the final report was ready, a second and final round of community and
stakeholder feedback will take place in May 2014. All feedback material will also be
available in a repository on the project website: www.ehrn.co.za/lowerolifants
Finally, this study aimed to provide, for the first time, empirical evidence about the potential
health impacts of environmental pollution on communities living in the Lower Olifants
catchment in both Mozambique and South Africa. This report provides the results of a multicomponent study that used both quantitative and qualitative methods and data to collect
information about real people living in real communities. In order for the study results to
have meaningful impact, we need to spend more time with the communities themselves, to
engage with them about the findings from this study; to share some of the good practices
and initiatives made by individuals in these communities; and to find real ways to share
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these coping mechanisms as widely as possible to best protect human health and support
the highest quality of life for all.

8

Project Team

The table below shows the members of the project team and their roles in the project.
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NOVA Institute
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Appendices

10.1

Appendix 1

Table 1. List of water, sediment, soil, and vegetable samples taken during the study period
Sample ID

Sample Site Description

Sample type

Date
sampled

MSG5 SED

Lake Massingir at Cubo Fishing Village's boat input site

Sediment

May-13

MSG4 SED

Lake Massingir at extraction point for water to Cubo

Sediment

May-13

MSG2 SED

Lake Massingir at water collection & fishing point near Canhano

Sediment

May-13

MSG6 SED

Lake Massingir at water extraction & fishing pont near Covana lodge

Sediment

May-13

MSG1 SED

Lake Massingir below dam wall, water extraction point

Sediment

May-13

LEP A3 SED

Olifants at weir, downstream of Lepelle

Sediment

May-13

LEP A2 SED

Olifants downstream of Lepelle, but upstream of weir

Sediment

May-13

LEPA2 SEDIMENT

Olifants downstream of Lepelle, but upstream of weir

Sediment

Dec-12

BOT ENV(A) SED

Olifants River at Botshabelo

Sediment

May-13

BOT SEDIMENT

Olifants River at Botshabelo

Sediment

Dec-12

LEP A1 SED

Olifants upstream of Lepelle

Sediment

May-13

LEPA1 SEDIMENT

Olifants upstream of Lepelle

Sediment

Dec-12

LEP A4 SED

Small River at Lepelle

Sediment

May-13

LEP (site A) SOIL

Soil from vegetable patch (site A) in Lepelle

Soil

May-13

LEP (site B) SOIL

Soil from vegetable patch (site B) in Lepelle

Soil

May-13

BOT SOIL

Soil from vegetable patch in Botshabelo

Soil

May-13

MSG10 SOIL

Soil from vegetable patch at Canhane

Soil

May-13

MSG9 SOIL

Soil from vegetable patch at Cubo

Soil

May-13

BOT Veg

Vegetable patch in Botshabelo

LEP (site A) VEG

Vegetable patch (site A) in Lepelle

LEP (Site B) VEG

Vegetable patch (site B) in Lepelle

MSG10 VEG

Vegetables from Canhane

MSG9 VEG

Vegetables from Cubo

Vegetable marog,
unkown
plant,
watermelon,
dried mielie
cob, marrow
(pumpkin)
Vegetable –
mielie,
marog,
tomato,
unkown plant
(eaten with
pap),
beetroot
Vegetable –
tomato,
sweet potato,
marog
Vegetables
(type not
recorded)
Vegetables
(type not
recorded)

May-13

May-13

May-13

May-13

May-13
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BOT INHOUSE (CH)

Botshabelo In-house tapwater from Chief's House

Water

May-13

BOT INHOUSE (A)

Botshabelo In-house tapwater General Dealer

Water

May-13

MSG7

Canhane tank water (water comes from lake Massingir)

Water

May-13

MSG8

Cubo tank water (water comes from lake Massingir)

Water

May-13

Hand dug well used by Cubo residents

Water

Feb-13

BOT TAP

In-house storage water Botshabelo, originally spring water from the mountain

Water

Dec-12

LEPA TAP

In-house storage water Lepelle, originally spring water from the mountain

Water

Dec-12

MSG3

MSG5

Lake Massingir at Cubo Fishing Village's boat input site

Water

May-13

MSG5

Lake Massingir at Cubo Fishing Village's boat input site

Water

Feb-13

MSG4

Lake Massingir at extraction point for water to Cubo

Water

May-13

MSG4

Lake Massingir at extraction point for water to Cubo

Water

Feb-13

MSG2

Lake Massingir at water collection & fishing point near Canhano

Water

May-13

MSG2

Lake Massingir at water collection & fishing point near Canhano

Water

Feb-13

MSG6

Lake Massingir at water extraction & fishing pont near Covana lodge

Water

May-13

MSG6

Lake Massingir at water extraction & fishing pont near Covana lodge

Water

Feb-13

MSG1

Lake Massingir below dam wall, water extraction point

Water

May-13

MSG1

Lake Massingir below dam wall, water extraction point

Water

Feb-13

LEP INHOUSE (CH)

Lepelle Pipedwater ( from small River) at Chief's house

Water

May-13

LEP INHOUSE (B)

Lepelle Pipewater (from small River) at residents House

Water

May-13

LEP(A)3

Olifants at weir, downstream of Lepelle

Water

May-13

LEP(A)2

Olifants downstream of Lepelle, but upstream of weir

Water

May-13
Dec-12
May-13

LEPA2

Olifants downstream of Lepelle, but upstream of weir

Water

BOT ENV(A)

Olifants River at Botshabelo

Water

BOT

Olifants River at Botshabelo

Water

Dec-12

LEP(A)1

Olifants upstream of Lepelle

Water

May-13

LEPA1

Olifants upstream of Lepelle

Water

Dec-12

LEP(A)4

Small River at Lepelle

Water

May-13
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Appendix 2

South African National Ambient Air Quality Standards

Mozambique Air Quality Standards
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10.3

Appendix 3

Table 1. Chemical Concentrations detected in South African study site drinking water
samples
Sample site
Bot
Bot
Bot
Lep
Lep
Lep
Lep
Lep
ug/l
Env
Inhous Inhous (A)1
(A)2
(A)3
(A)4
Inhous
(A)
e (A)
e (Ch)
e (B)
Aluminium
308.1 44.5
385.4
308.0
315.8
315.5
398.5
385.8

Lep
Inhous
e (Ch)
44.2

Antimony

77.9

24.1

152.7

79.1

79.1

80.0

163.9

157.0

6.5

Arsenic

84.9

30.1

175.8

86.4

86.3

87.4

188.9

180.8

7.0

Barium

385.7

57.9

482.5

385.5

395.3

394.9

499.0

483.1

57.4

Beryllium

59.2

4.1

123.4

63.9

63.9

64.0

127.0

123.4

3.7

Boron

346.9

51.2

434.0

346.8

355.5

355.2

448.8

434.5

50.8

Cadmium

92.0

<0.1

198.9

93.7

93.6

94.9

213.8

204.6

7.5

Chromium

71.2

4.8

154.2

77.5

77.5

77.8

158.6

154.2

4.2

Cobalt

65.2

4.5

138.8

70.7

70.7

70.9

142.8

138.8

3.9

Copper

77.3

5.1

169.5

84.4

84.4

84.6

174.3

169.5

4.4

Iron

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

Lead

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.03

Manganese

99.0

36.0

222.0

101.0

100.8

102.3

238.7

228.4

7.9

Mercury
Molybdenu
m
Nickel

191.8

<0.1

239.7

191.8

196.5

196.4

247.8

239.8

<0.07

106.0

42.0

245.1

108.3

108.0

109.8

263.7

252.2

8.4

113.0

47.9

268.1

115.5

115.2

117.2

288.6

275.9

8.9

Selenium

230.6

31.1

288.3

230.5

236.3

236.1

298.1

288.5

30.9

Strontium

120.0

<0.1

291.2

122.8

122.4

124.7

313.5

299.7

9.3

Titanium

463.2

64.6

579.7

463.0

474.7

474.3

599.5

580.4

64.0

Uranium

269.4

37.8

336.8

269.3

276.0

275.8

348.3

337.1

37.6

Vanadium

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.05

<0.11

Zinc

424.5

<0.1

531.1

424.3

435.0

434.6

549.2

531.8

<0.15
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Table 2. Chemical Concentrations detected in Mozambican study site drinking water
samples
Sample site
MSG - 1
MSG - 2 MSG -4
MSG - 5
MSG - 6
MSG - 7
Below
Canhane Cubo
Cubo
Covane
Tank
Massingir Fishing
Extraction Fishing
Comm
Water
Ug/l
Dam Wall Village
Village
lodge
Canhane
Aluminium
<5
158.0
127.0
163.0
122.0
101.0
Antimony
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
Arsenic
3.3
0.8
0.9
0.9
0.9
0.9
Barium
16.0
41.0
41.0
43.0
44.0
44.0
Beryllium
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
Boron
349.0
29.0
25.0
23.0
22.0
21.0
Cadmium
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
Chromium
<0.5
0.7
0.6
0.7
0.8
2.2
Cobalt
<0.5
<0.5
<0.5
<0.5
<0.5
<0.5
Copper
8.0
3.0
3.0
3.0
3.0
4.0
Iron
23.0
93.0
91.0
100.0
69.0
58.0
Lead
0.5
<0.5
<0.5
<0.5
<0.5
1.0
Manganese
<0.5
1.0
1.2
0.9
1.0
0.9
Mercury
<1
<1
<1
<1
<1
<1
Molybdenum
6.0
<1
<1
<1
<1
<1
Nickel
1.3
1.8
1.8
2.0
2.2
1.9
Selenium
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
Strontium
314.0
109.0
108.0
110.0
112.0
112.0
Titanium
<1
4.0
4.0
5.0
5.0
4.0
Uranium
3.1
<0.5
<0.5
<0.5
<0.5
<0.5
Vanadium
45.0
7.6
6.9
7.2
6.6
6.5
Zinc
<2
<2
<2
<2
<2
96.0

MSG - 8
Tank
Water
Cubo
138.0
<0.5
1.0
33.0
<0.5
21.0
<0.5
0.7
<0.5
4.0
95.0
<0.5
0.8
<1
<1
2.0
<0.1
112.0
4.0
<0.5
5.6
29.0

100

Table 3. Chemical Concentrations detected in South African study site vegetable samples
South
Africa
vegetable
samples
mg/kg

LEP
CH Plan
t
Mieli
e

LEP
CH Plant
Mar
og

LEP
CH Plant
Toma
to

LEP
CH Pla
nt
Bee
tro
ot

LEP
CH
Pla
nt
Chi
ves

LEP
HOU
SE BPlan
t
Tom
ato

5308

LEP
CH Plant
(a)
eate
n
with
pap
545

LEP
HOU
SE BPlant
Mar
og

BOT
CH
Plant
Mar
og

BOT
CH
Plant
(a)

BOT
CH
Veg Water
melon

BOT
CH
Veg Dried
Mieli
e cob

BOT
CH
Veg Marr
ow

Mea
n

3125

LEP
HOU
SE BPlant
swee
t
patat
o
35

Aluminiu
m
Arsenic

522

64

482

589

52

187

184

2

77

3

<0.1

<0.1

<0.1

<0.1

<0.3

<0.1

<0.4

<0.1

42

<0.
1
9

798.
21
0.00

<0.1

<0.1

<0.1

<0.2

0

Barium

8

3

22

4

20

0

2

16

92

0

4

0

0

0

0

0

0

0

0

0

0

0

0

15.8
6
0.00

Beryllium

0

0

0

Boron

1

10

4

0

5

0

4

0

5

9

10

0

3

1

3.71

Cadmium

<0.1

<0.1

<0.1

<0.2

0

<0.1

<0.1

<0.1

<0.1

<0.3

<0.1

<0.4

<0.1

0.00

0.9

0

10

1.1

0.8

<0.
1
1

Chromium

5.6

0

0.1

0.2

0.2

0

<0.2

0

1.53

Cobalt

0.1

<0.1

3.7

0.4

0

0.4

1.5

<0.1

<0.1

<0.1

<0.3

<0.1

<0.4

<0.1

1.02

Copper

2.4

1.8

13

2.1

4.7

1.3

9.7

<0.1

1.2

3.2

3.8

0.2

3.1

0.6

3.62

Iron

392

63

6635

839

368

808

3907

39

48

137

125

5

77

5

Lead

<0.4

<0.3

0.8

<0.6

<0.2

<0.2

<0.4

<0.8

<0.3

<1.3

<0.2

18

23

147

23

<0.
2
22

<0.2

Manganes
e
Mercury

<0.
1
12

960.
57
0.80

102

2.1

9.8

7.6

9.2

1.3

8.5

0.9

<30

<20

<15

<40

<10

<15

17.4

<16

<15

<30

<50

<20

<88

16.4

Molybden
um
Nickel

0

0

0

0

0

0

0

0

0

0

<1

0

<1

0

27.6
0
16.9
2
0.00

0.9

<0.1

8.3

0.7

0.6

0.7

3.1

<0.1

0.3

<0.1

1.1

<0.1

1.3

<0.1

1.89

Selenium

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.00

Strontium

6.1

2.9

11

2.6

47

1.6

19

<0.8

1.3

20

119

<0.9

7.8

1.1

Uranium

<3

12

<3

<3

6

<3

<3

<3

<3

<3

5

<3

<3

<3

19.9
5
7.75

Vanadium

0.9

<0.1

15

1.8

0.7

1.8

8.8

<0.1

<0.1

0.2

<0.3

<0.1

<0.4

<0.1

4.17

Zinc

31

5

27

6.3

14

3.8

36

0.7

3.5

9.5

21

5.4

31

2.5

14.0
5

Table 4. Chemical Concentrations detected in Mozambican study site vegetable samples
mg/kg

Aluminium
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Molybdenum
Nickel
Selenium
Strontium
Uranium
Vanadium
Zinc

Cubo
Cubo
Cubo
Canhane Canhane Canhane Canhane Canhane Canhane Mean
Veggies- Veggies- Veggies- Veggies- Veggies- Veggies- Plants- Plants- Plantsconc
Naartjies Marow Patat
Marow Tomato Sprouts Mealies Sugar
Marog
1
8
11
7
1
5
117
17
95 29.11111
<0.1
2
0
2
<0.1
0
<0.1
0.1
3
<0.3
0.5
<19
0
<0.1
0
4.2
<1.8
<0.1
0.8

<0.1
1
0
3
<0.1
0
<0.1
0.4
8
<0.2
1.8
<12
0
<0.1
0
2.8
<1.2
<0.1
4

<0.2
2
0
0
<0.2
<0.1
<0.2
<0.2
13
<0.6
6.9
<38
0
<0.2
0
5
<3.7
<0.2
4.6

0
1
0
2
0
0
0
0.4
7
<0.1
1.1
<10
0
0
0
2.3
<1
0
4.1

<0.1
0
0
1
<0.1
0
<0.1
0.7
5
<0.2
2
<11
0
<0.1
0
0.9
<1
<0.1
1.5

<0.1
0
0
1
<0.1
0
<0.1
0.7
8
<0.2
2.3
<12
0
0.3
0
0.9
<1
<0.1
3.7

0
2
0
0
0
0.6
0.1
0.8
107
<0.1
6.6
<10
0
0.3
0
2.4
<1
0.3
2.3

<0.1
<1
0
0
<0.1
0.1
<0.1
0.1
17
<0.3
4.4
<23
0
<0.1
0
5.8
<2.3
<0.1
0.7

0
3
0
3
0
0.6
0.1
1
96
<0.1
5.4
<10
0
0.4
0
3.6
<1
0.2
2.3

Table 5. Chemical Concentrations detected in South African Mozambican study site
sediment samples
Average water
soluble metal
concentrations
mg/l
Aluminium
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury (Total)
Molybdenum
Nickel
Selenium
Strontium

South
Africa
Average
(n = 8)
17.25
ND
0.92
ND
0.37
ND
0.16
ND
ND
16.00
ND
0.30
ND
ND
0.13
ND
ND

Mozambique
Average
(n= 7)
19.37
ND
1.22
0.00
1.91
ND
0.16
ND
ND
10.61
ND
1.67
ND
0.27
0.13
ND
3.80
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BDL
1.375
BDL
1.333333
BDL
0.1625
0.066667
0.525
29.33333
BDL
3.444444
BDL
BDL
0.25
BDL
3.1
BDL
0.166667
2.666667

Uranium (Total)
Vanadium
Zinc

0.20
0.17
0.24

0.21
0.17
0.36
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