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Abstract/Summary
Drylands support the lives over 2 billion people, 90% of whom live in developing countries. Sand dams
are a cost effective rain water harvesting solution for use in rural drylands with capacity to bring water
security to some of the most marginalised communities in the world. Limited understanding of sand dam
water quality has been a major barrier to mass adoption. This novel research, carried out with support
from London School of Hygiene and Tropical Medicine, is the first scientific study of sand dam water
quality. 83% of dams sampled were free from contamination; the remainder presented very low risk to
human health based on the WHO sample risk classification scheme. Of the two abstraction methods
tested shallow wells fitted with Afridev pumps were significantly safer than scoop holes. Further research,
underway in Kenya and Zimbabwe support these findings.
Introduction
1
1.1

Introduction
Water As a Right

“the human right to water is indispensable for leading a life in human dignity. It is a prerequisite for the realization of other
human rights“.
General comments 15 (UN, 2002 )
In 2002 the UN committee on economic, social and cultural rights recognised access to sufficient, safe,
acceptable, affordable, and physically accessible water as a human right (UN 2014a). This was reflected in
the millennium development goals (MDGs) target 7C, to “halve the number of people without access to
safe drinking water by 2015 (UN 2014b)”. Despite global success this target was not realized regionally in
Sub-Saharan Africa. Major Barriers included, access in rural areas, increasing desertification and population growth(UN, 2012) The current UN objective, outlined in sustainable development goal 6.1, aims to
“By 2030, achieve universal and equitable access to safe and affordable drinking water for all”. This will
be a major challenge. Only 68% of people on the continent have access to improved water sources (UN,
2015).
Makueni County, Kenya, is a semi-arid region with very low and erratic annual precipitation and frequent
droughts (PAI 2011). Water shortages in the region are the result of physical and economic scarcity
(ibid.). As such, a low cost solution with the capacity to store water safe for human consumption is in
high demand. One potential solution is the sand dam.
1.2

Sand Dams

A sand dam is an impermeable wall built during the dry season across an ephemeral riverbed (excellent
development 2013). During the wet season, sand collects upriver of the wall. Water is stored within this
sand and can be abstracted during the following dry season (Lasage et al., 2008). Though there are a
number of abstraction methods, the two most frequently employed in this study area are scoop holes and
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wide bore shallow wells. These will be the focus of this research paper.

Figure 1: Sand Dam diagram
Scoop holes are created by digging into the dam surface until the water table is reached: at which point
water is abstracted with a bowl. The wide-bore shallow well is usually located to one side of the sand dam.
Before the sediment collects, a perforated pipe is laid and covered with gravel. The pipe leads to a small,
protected reservoir on top of which a hand pump is installed. Once the dam is filled with sediment the
water collects in the reservoir and may be pumped out (excellent development, 2013).
This study was supported by Africa Sand Dam Foundation, who have built 241 sand dams since 2010,
and Excellent Development, who enabled 897 sand dams since 2000.
Figure 2: A Scoop Hole. Note animal spores and lack of protection.

Figure 3: Abstraction From a Wide Bore Shallow Well. The donkey is
standing on the sand dam surface.
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Sand dams have been shown to improve access to water during the dry seasons, reduce collection times
and result in higher incomes and farm yields for those living in proximity to them (Lasage et al., 2008).
However the microbial quality of the water held within them has yet to be assessed.
1.3

WHO guidelines for drinking water

“Safe drinking-water, as defined by the guidelines, does not represent any significant risk to health over a lifetime of consumption, including different sensitivities that may occur between life stages.” (WHO, 2004. pg 1).
The WHO guidelines detail the water parameters of public health importance focusing on microbial,
chemical, radiological and acceptability aspects. This research will focus on microbiological aspects of safe
drinking water and use the above guidelines as a reference to assess risks associated with water in sand
dams and methods employed for its abstraction. Turbidity was also measured as it can affect the sensitivity of membrane filtration.
The principal health risk associated with microbial contamination of water comes from faecal bacteria
(ibid). Those most at risk of developing illness from ingestion of contaminated water are young children
and immunologically compromised individuals (ibid.). High levels of microbial contamination do not always result in sickness due to variation in immune competency (ibid.). Numerous pathogenic organisms
can be transmitted through drinking water- as shown in table 1 (taken directly from Demena et. al. 2003
pg 17)
Table 1: Etiologies of Common Waterborne Diseases, Demena et al 2003 pg 17
“Category of causative
agent

Diseases

Causative organism

Common transmission
route

Bacterial

Shigellosis

Shigella species

Man-faeces-flies water and
food-man

Typhoid fever

Salmonella typhi and paratyphi

Man-faeces-food and waterman

Cholera

Vibrio cholerae

Man-faeces-water and foodman

Acute gastroenteritis

E. coli

Man-faeces-water-man

Infectious hepatitis

Hepatitis A virus Hepatitis
E virus

Man-faeces-water and foodman

Poliomyelitis

Polio virus

Man-faeces-water-man

Acute gastroenteritis

Rota Virus

Man-faeces-water-man

Amebiasis

Entameoba hystolitica

Man-faeces-water and foodman

Giardiasis

Giardia lamblia

Man-water-man”

Viral

Protozoal

1.4

Indicator bacteria

It is not practical to test for each pathogenic waterborne organism specifically (WHO, 2004) due to the
unique methods needed for their isolation, the fact they are often found in lower numbers than other faecal bacteria (Bartram ed. 1996) and because of their variety. Instead, indicator organisms are used. Indicator organisms are bacteria which fit the following criteria (taken directly from the EPA volunteer estuary
monitoring manual 2006, chapter 17, p.g. 17.4)
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1.
2.
3.
4.
5.
6.
7.

“The organism should be present whenever enteric (intestinal) pathogens are present.
The organism should be useful for all types of water.
The organism should have a longer survival time than the hardiest enteric pathogen.
The organism should not grow in water.
The organism should be found in warm-blooded animals’ intestines.
The testing method should be easy to perform.
The density of indicator organisms should have some direct relationship to the degree of faecal
pollution.” (ibid.).
Using indicator bacteria allows one to approximate the level of faecal contamination in a water sample.
The indicator bacteria used in this study are thermotolerant coliforms (TTC). TTC are “members of genera or species within the family enterobacterice capable of growth at 44-45oC that possess βgalactosidase.” (Hachich et al., 2012, pg 675) The vast majority of TTC are Escherichia coli (ibid.). TTC
concentration levels are expressed in TTC/100ml. The WHO guidelines suggest there should be no TTC
in drinking water (WHO, 2004). However these guidlines have been considered overly stringent and not
applicable to many rural water supplies.
Context, aims and activities undertaken
2

Aims and Objectives

Primary aim: To evaluate the microbiological content of water held within sand dams.
The first objective was to carry out microbial analysis of water held within 29 sand dams, identifying levels of TTC held within them and compare results to WHO guidelines of 0TTC/100ml.
If samples test positive for thermotolerant coliforms, the potential risk associated with contamination
levels was indicated based on a WHO sample classification scheme for TTC in water supplies (WHO,
1997)
Secondary aim: To inform practitioners which abstraction method is at the least risk of microbial contamination.
The same microbial analysis and risk classification carried out on dam water will be used on samples taken
at abstraction points. Contamination levels in samples from abstraction points will be compared to contamination levels found in the dam they were abstracting from.
The aim is to illustrate which abstraction method of the two examined shows the least risk of contamination.
3

Materials and Methods

3.1 Study area
Makueni county is a semi-arid region in eastern Kenya subject to erratic rainfall and long periods of water
scarcity (Kenyan government, 2011).
3.2 Sample dam selection
The depth of the water table in many dams made stratified random sampling impossible. Instead The
dams were chosen based on the local knowledge of field co-ordinators who were provided with the following selection criteria
●
●

Water within three meters of the dam surface.
Only one dam tested per cascade (where more than one dam is built in succession on the same river
bed within 2km).
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●

The dam must have been built by the Africa Sand Dam federation. Due to access to user groups and research funding.
● Dam surface should not be obscured by water.
29 dams were selected in total (fig. 4)
.

Figure 4 GIS comparing existing dams with those tested
3.3 Water sampling methodology
Test hole Once the dam was reached a test hole was excavated 50m upstream of the dam wall. 8cm of
topsoil was removed from a square of 16m2 to avoid contamination. A test hole with a circumference of
1.5m was excavated until the water table was reached.
The test hole was dug in a stepped manner, alternating sides as the excavation progressed This was done
so that when water was reached the researcher would be standing on a sand step; avoiding contamination
of the sample with shoes.
Upon reaching the water, the digging team cleaned and dried their hands. 20 litres were then abstracted
from the test hole using a sterilized bowl and a bucket. Then a 50ml sample was taken for microbial analysis using the sterilised sample cup included in the test kit. A second sample was taken in a jug for testing
turbidity.
Testing of abstraction methods
Scoop holes 25 of the dams tested had scoop holes.
Samples were taken in the same manner that sand dam users would abstract drinking water. At least 20
litres of water were abstracted using a sterile bowl or until the water appeared clear. Then a sample was
taken for bacterial analysis using the sterilised cup from thetesting kit . A second sample was abstracted to
test turbidity.
100ml volumes were filtered for the first three samples, after which 10ml volumes were taken to allow for
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more accurate enumeration of TTC levels as per test kit guidelines (ibid.).
Wide bore shallow well with hand pump Before taking a sample the pump nozzle was flamed with a
touch and water was pumped from the well for thirty seconds. Then two samples were taken, in the same
manner as above, for microbial analysis and testing of other turbidity levels.
3.4 Microbial analysis
Microbiological analysis of the sampled water was carried out onsite with the membrane filtration component of the DelAguatm water testing kit (ibid). The procedure was completed within 15 minutes of the
sample being taken.
Firstly, an absorbent pad was placed within a sterilised petri dish and saturated with 2ml of membrane
lauryl sulphate broth (MLSB) liquid growth medium. The petri dish was closed, labelled and set aside.
The sterilised filtration apparatus was assembled with a 0.45μm cellulose filter membrane in place. The
sample was drawn through the membrane using the vacuum pump. The filter membrane was then removed and placed on the absorbent pad in the prepared petri dish.
Incubation At least one hour was allowed before incubation for bacterial resuscitation (ibid). No more
than 4 hours can elapse between membrane filtration and incubation. If the time between sampling of
multiple dams, including one hour for resuscitation, exceeded four hours a second incubator was used.
Samples then were incubated for 18 hours at 44oC (± 0.5 oC).
Enumeration Samples were removed from the incubator and yellow bacterial colonies were counted
(fig:5). The count from a 50ml sample was multiplied by two to give a thermotolerant coliform (TTC)
value per 100ml. Similarly, the count from a 10ml sample was multiplied by 10.

Figure 5
Counts of colony forming units on the filter membrane above 80-100 can only be estimated due to competition for nutrients and the overlapping of colonies. Because of this, scoop hole samples were generally
10ml (ibid).
3.5 Other indicators of water quality
Turbidity was measured in nephelometric turbidity units (NTU) using the turbidity tube provided in the
test kit (ibid.).
3.6 Data analysis
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Results from water abstracted from test holes, scoop holes and shallow wells were assessed using the analytical tests as those detailed below.
Comparison with WHO guidelines
TTC Microbial water quality was assessed based on a WHO example classification for TTC in drinking
water, which matches numbers of TTC per 100ml with their associated risk (table 1). The original WHO
classifications were modified to avoid overlapping categories (WHO, 1997, pg 78).
Table 2: WHO Microbiological Risk Classification (1997)
TTC per 100ml

Level of Risk

0

None: in conformity
with WHO guidelines

1-10

Low risk

11-100

Intermediate risk

101-1000

High risk

1000

Very high risk

Turbidity Results expressed using descriptive statistics were used to demonstrate the proportion of samples meeting the WHO criteria of <1NTU (WHO, 2004).
Comparison of abstracted water with test hole water.
The secondary research aim was to test which abstraction technique best maintained the water quality of
the dam. Two abstraction methods were assessed, scoop holes and shallow wells.
Results from TTC, turbidity tests are skewed and specific tests were needed.
Separate tests were carried out that compared samples from each abstraction point with its corresponding
test hole sample from the same dam. Results from each were converted into binary variables based on
values falling above each WHO risk associated cut-off points of 0, 10, 100, and 1000TTC/100ml.
McNemar’s test assesses the probability that the difference between proportions in each category falling
above or below the cut-off point is due to chance (Armitage et al., 2005).

Page 7

7th RWSN Forum “Water for Everyone”
7ème Forum RWSN « L’eau pour tous »

29 Nov - 02 Dec 2016, Abidjan, Côte d’Ivoire
PEER REVIEWED

Main results and lessons learnt
4 Results
4. 1 Test hole results
Thermotolerant coliforms
The primary focus of this research was to assess the microbial quality of the water held within sand dams.
A total of 29 dams were tested. 83% of samples had 0 TTC/100ml. 6.9% of samples tested positive for
1TTC/100ml, a further 6.9% tested positive for 2TTC/100ml, and one sample had3TTC/100ml (table
3).
Table 3: Frequency of TTC/100ml in Test Hole Samples
Thermotolerant
coliforms

Frequency

Percentage

0

24

82.76%

1

2

6.90%

2

2

6.90%

3

1

3.45%

Total:

29

100%

The skewness coefficient of 2.59 indicates the results are significantly skewed to the right, with the majority of samples testing negative for TTC and a few testing positive (Kirkwood et al, 2003). Due to this, the
median (0) and interquartile range (0-0) are the best indicators of distribution and non-parametric tests
must be used for analysis.
Table 4 Summary Statistics of TTC/100ml in Test Hole Samples
Sample
Size

Skewness
coefficient

Min.
value

Lower
Quartile

Median

Upper
quartile

Max.
Value

29

2.59

0

0

0

0

3
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Figure 6: Histogram of TTC/100ml in Test Hole Samples (demonstrating results are skewed to the right).
Comparing TTC/100ml with WHO guidelines
Thermotolerant coliforms 82.8%, of the samples abstracted from test holes tested negative for TTC in
accordance with the WHO parameters of 0 TTC/100ml for drinking water (WHO 4th ed., 2011). 17.24%
are within in the suggested low risk category (WHO 2nd ed. vol. 3 ,1997).
Table 5 Risk Classification comparison with TTC/100ml in test holes.
WHO microbiological risk classification scheme (WHO vol. 3 2nd
edition, 1997, pg 78)
Percentiles from this study

TTC per 100ml

Level of risk

82.76%

0

None: in conformity
with WHO guidelines

17.24%

1-10

Low risk

0%

11-100

Intermediate risk

0%

101-1000

High risk

0%

1000

Very high risk

N/A

0.3

Cut-off based on the
likely sample mean

Turbidity in test holes
Turbidity results were also negatively skewed. The median is 30NTU with an interquartile range from
15NTU to 70NTU. The lowest value is given here as 5NTU or less. The turbidity tube could not measure
below 5NTUs (Del Agua, 2009) (Armitage et al., 2005).
4.2 Scoop hole results
TTCs in scoop holes
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The secondary question of this research is to establish which abstraction method best maintains the water
quality present in the dam.
25 water samples were taken from scoop holes. Contamination levels were positively skewed with 75%
of samples falling between 110 and 770TTC/100ml while the highest value was approximately 3865
TTC/100ml.
Table 6: Summary Statistics of TTC/100ml in Scoop Holes
Sample
size

Skewness

Min
value

Lower
quartile

Median

Upper
quartile

Max
value

25

1.51

0

110

260

770

3865

Figure 7: Histogram of TTC/100ml in Scoop Holes

Comparison of scoop hole TTC results with the WHO guidelines for risk-free drinking water
Only two samples conformed with WHO guidelines for drinking water: testing negative for TTC. 52% of
samples tested between 101-1000 TTC/100ml, indicating a high risk of contamination (WHO, 1997).
24% of samples represented a very high risk at more than 1000 TTC/100ml (Armitage et al., 2005).

Table 6: Classifying risk associated with TTC/100ml in Scoop Holes, .WHO Microbiological risk classification scheme
(WHO vol. 3 2nd edition, 1997)
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Percentiles from this study

Samples (n=25)

TTC per 100ml

Level of risk

8%

2

0

None: in conformity
with WHO guidelines

0%

0

1-10

Low risk

12%

3

11-100

Intermediate risk

52%

13

101-1000

High risk

24%

6

>1000 (estimate)

Very high risk

Comparing TTC/100ml between scoop and test hole samples of the same dam using
McNemar’s chi-square statistic
McNemar’s test allows for the comparison of the differences of paired binomial proportions (Petrie et al.,
2013 ). The TTC/100ml in dam and scoop hole samples was made into binary data using the cut-off
points from the WHO risk classifications (see table 19 below). There were 23 sand dams tested that also
had a scoop hole. The test examines if the difference between discordant pairs- i.e. TTC/100ml results
from scoop holes- are positive and test holes are negative in the same dam, or vice versa, is due to chance
or is significant (Armitage et al., 2005).
Null hypothesis (Ho): There is no statistically significant difference in the proportions of TTC/100ml
above and below the cut-off values between these two abstraction methods.
Alternative hypothesis (Ha): There is a statistically significant difference in the proportions of
TTC/100ml above and below the cut-off values between these two abstraction methods.
At cut off points 0, 10, and 100 there is strong evidence (p=0.000) to reject the null hypothesis- indicating
a significant difference in the proportions of samples above the cut-off point and below the cut-off point
in between the two abstraction types. Another way of phrasing this would be that the proportion of samples above the contamination threshold is significantly higher in one abstraction method, the scoop hole,
than the other, the test hole. At the 1000 TTC/100ml cut-off point the null hypothesis is accepted
(p=0.0625), indicating no difference in the proportions of samples above the cut-off point and below the
cut-off point in each abstraction type. This is likely due to the small number of scoop hole samples above
this cut-off point.
In every comparison there are more scoop hole samples with TTC/100ml values above the cut-off point
than test hole samples above the cut-off point (as demonstrated in the right two columns of table 18).
This indicates that when there is a discordance it is a result of TTC/100ml in the scoop hole samples exceeding the cut-off point rather than TTC/100ml levels in the test hole samples doing so.
Table 7: A Comparison of TTC/100ml in Paired Scoop and Test Holes
McNemar’s test statistic comparing discordance between scoop and test hole TTC/100ml
N=23

Binary
cut-off
points

Number of
discordant
pairs

P value (1)/
exact
McNemar significance
probability (2)
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point
0TTC

17

0.0000 (2)

Reject Ho

4

21

10TTC

21

0.0000 (1)

Reject Ho

0

21

100TTC

17

0.0000 (2)

Reject Ho

0

17

1000TTC

5

0.0625 (2)

Accept Ho

0

5

Source: http://www.ats.ucla.edu/stat/stata/whatstat/whatstat.htm
McNemar’s test at 0TTC/100ml
An example of a two by two table created to carry out McNemar’s test at the 0TTC/100ml cut-off point.
The discordant pairs (17 and 0) are in bold. There are 21 scoop hole samples above the 0TTC/100ml
threshold. In the test hole only four samples contained TTCs.
Table 8: An example 2 by 2 table for McNemar's Test.
McNemar’s test
at 0TTC/100ml
Scoop
hole

Test hole
+

-

Total

+

4

17

21

-

0

2

2

Total

4

19

23 (n)

Turbidity in scoop holes
The median NTU of the 25 samples is 27 with an interquartile range from 10 to 32NTU (see table below). Only 3 samples showed NTUs less than 5. No samples showed turbidity above 100NTU. The distribution is positively skewed as demonstrated by the skew coefficient.
Table 9: Summary Statistics of NTU in Scoop Hole Samples
Sample
size

Skewness

Min value

Lower
quartile

Median

Upper
quartile

Max value

25

1.11

<5

10

27

32

100

4.3 Shallow well results
Thermotolerant coliforms in shallow wells
Eight shallow wells were tested with a median value of 1TTC/100ml and an interquartile range of 0 to 44
TTC/100ml. 76 and 0TTC/100ml were the highest and lowest values respectively. The distribution of
data is positively skewed; as shown by the skew coefficient 1.32
Table 10: Summary Statistics of TTC/100ml in Shallow Wells
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Sample
size

Skewness

Min
value

Lower
quartile

Median

Upper quartile

Max value

8

1.32

0

0

1

44

76

Table 11: Frequency of TTC/100ml in Shallow Well Samples
TTC

Frequency
(n=8)

Percent

0

3

37.5%

1

2

25%

18

1

12.5%

70

1

12.5%

76

1

12.5%

Total

8

100%

Three of the eight samples conformed with the 0 TTC/100ml guidelines suggested by the WHO. Two or
25% of samples are deemed low risk and three samples had intermediate risk- falling between 11 and 100
TTC/100ml.
Table 12: Potential Risk Associated with TTC/100ml in Shallow Well Samples
WHO microbiological risk classification scheme (WHO vol. 3 2nd edition,
1997, pg77)
TTC per 100ml

Samples (n=8)

Percentiles
from this
study

Level of risk

0

3

37.5%

None: in conformity with WHO
guidelines

1-10

2

25%

Low risk

11-100

3

37.5%%

Intermediate risk

101-1000

0

0%

High risk

>1000

0

0%

Very high risk

Comparing TTCs/100ml in samples from test holes and shallow wells of the same dam
Eight shallow wells were assessed against test holes with McNemar’s test. No difference was found between TTC/100ml in test holes and shallow wells (p= 0.50-1.0). There is strong evidence to accept the
null hypothesis in all samples.
Table 13: Comparrison of TTC/100ml Between Paired Shallow Well and Test Hole Samples
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N=8

Binary
cut-off
points

Number of
discordant
pairs

Exact
McNemar significance probability

Accept/reject
Ho

Test hole samples with
TTC/100ml values above the
cut-off point

Scoop hole
samples
with
TTC/100ml
values above
the cut-off
point

0TTC

2

0.50

Accept Ho

1

3

10TTC

2

0.50

Accept Ho

0

2

100TTC

0

1.00

Accept Ho

0

0

1000TTC

0

1.00

Accept Ho

0

0

Turbidity levels in shallow wells
The median turbidity of the eight samples was 5NTU with an interquartile range from 5 to 7.5NTU (see
table below). Only six samples showed turbidity less than 5NTU, while the remaining two had turbidity of
10.
5 Discussion
Is water held in sand dams fit for human consumption?
The primary objective of this research was an evaluation of the microbial content of water in sand dams.
This was assessed for compliance to WHO guidelines, TTC/100ml and, (WHO, 1997). Evidence indicates water within sand dams represents minimal to no health risk., Additional research detailed in the
final section of this paper would make such conclusions more robust.
Test holes
TTC Faecal bacteria present the most significant health risk from microbially contaminated drinking water (WHO, 2004).
The amount of TTC/100ml in many water sources are skewed in their distribution, with few samples
heavily contaminated and most free of coliforms. As such, the median and interquartile range is the best
measure of distribution. All these values were 0TTC/100ml in the sample population. The estimate of the
true population median lying between 0.0000000000001 and 0.49 TTC/100ml is the result of five positive
samples test hole samples. While WHO guidelines state drinking water should have no TTC/100ml present it is widely understood that such targets may not be attainable in many countries (Parker et. al.,
2010). Uganda has set its limit to 50TTC/100ml of drinking water and Swaziland to 10TTC/100ml
(ibid.). In comparison, the levels found within sand dams are very low. Further research, done through
expanding population sizes and covering more regions where sand dams are present, may make such findings more robust.
A combination of factors could have led to an artificially high estimated median TTC/100ml value. Firstly, the testing procedure was invasive. The sample could have been contaminated by an outside source
such as the footwear or hands of the person digging. Excavation of the test hole often took an hour. Furthermore, the surface of all dams had significant numbers of animal droppings on them. Winds often
blew particles from the dam surface into the test hole. It was also difficult to prevent sand falling into the
test hole as it was being dug or scooped.
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Four of the first five samples tested positive for TTC (fig 17). Only one other sample hole tested positive.
This is possibly due to the fact that this technique has never been tried before and was new to the research team.

Figure 8: Chronological Distribution of TTC Positive Samples in Test Holes

It is also possible that this study underestimated the number of TTC/100ml in test hole water. If this is
the case, the most likely reason is due to the use of membrane filtration (MF). MF is not suited to the
high turbidity levels present in almost all samples abstracted from the sand dam. LeChevallier (1981)
suggested a masking effect when using MF to measure TTCs in turbid water after chlorination. However,
this is based on contaminated chlorinated water and he did not specify the makeup of the particles causing the turbidity. In 1975, the environmental protection agency indicated that the principal reasons for
avoidance of MF for assessment of turbid water “relates to volumes that can be filtered, character of suspended material and thickness of the suspended material that deposits on the membrane filter surface”
(Geldrich, 1975, pg 13). On the nature of the suspended material they comment “ferrous, manganese, and
alum flocs may clog filter pores or cause a confluent film to develop during incubation. Thick surface
layers of crystalline or siliceous materials may cause little or no difficulty” (ibid.) Suspended particles usually originate from materials surrounding them (ibid.). The test holes were excavated at the centre point of
the sand dam. The sand of inland waterways is commonly constituted of silica (Pettijohn, 1904). Therefore, it is possible that the turbidity of test hole samples may not have significantly altered the test results.
Furthermore, no test was attempted in which the filter was clogged during filtration.
Turbidity
The turbidity of sampled water from test holes was high. It had a sample median of 30NTU.
Scoop hole water quality
Scoop holes tested in this research do not produce water safe for human consumption. 52% of samples
were classified as high risk and 24% as very high risk with faecal bacteria present in excess of
1000TTC/100ml (WHO, 1997). The sample median was 260TTC/100ml. As previously mentioned, the
effect this will have on an individual varies according to immune competency. However, it has been
shown that healthy individuals consuming pathogens at levels often present in such highly contaminated
water do become sick (WHO, 2004).
Test holes are hygienically excavated scoop holes. This suggests the contamination of scoop holes is related to the manner in which they are dug their age or usage. While patterns of use are beyond the scope of
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this research, contamination could arise from human contact, animal contact and water runoff (Cairncross 1998).. The lack of sanitary water collection methods are likely to have contributed to contamination. Most scoop holes had no fencing, allowing livestock to drink directly from them. Water running
from the soiled surface of the dam into the scoop hole may have contributed to contamination levels.
This is likely to be more significant during seasonal rains, however there may be less reliance on sand
dams during these times.

Figure 9: A Cow Drinking from a Scoop hole. Note empty water containers.

A tenfold reduction in TTCs would still leave 24% of samples in the WHO high-risk category1. For the
above reasons, and the scale of contamination, it is unlikely that methodological flaws could result in the
misclassification of scoop holes as high-risk.
Shallow wells
Only eight of the dams tested had shallow wells; too small a sample size from which to draw statistically
sound conclusions. The water was generally of better quality than that of scoop holes. Three samples
tested negative for TTCs while two produced samples with a single TTC/100ml; indicating a low associated risk (WHO, 1997). The remaining three samples (which had 18, 70 and 76 TTC/100ml) indicated an
intermediate risk (ibid.). There was no evidence against a hypothesised population median of
10TTC/100ml. However, there was statistical evidence against median estimates of 0, 100, and 1000
(p>0.05). No statistical evidence (p>5) was found signifying a difference in median TTC/100ml between
test holes and shallow wells.
Shallow well samples had a median turbidity of 5NTU, lower than other forms of abstraction. There is an
association between turbidity and pathogenic bacteria.
Further research is needed to establish if water abstracted from sand dams using a shallow well is lowrisk. Several of the shallow wells tested had signs of wear including cracks in the apron and pooling in the
drainage channel; both of which represent risk factors for contamination (Parker et al., 2010).
Tested shallow wells are protected and display fewer risk factors for contamination than sample holes,
however the small sample size limits the significance of these findings.
Limitations
1

100 or more TTC/100ml.
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Time constraints dictated the study type. Cross-sectional studies are relatively fast and relatively inexpensive. They are, however, ineffective at examining aetiology as assumptions as to why dams or scoop holes
are contaminated must be made with caution (Carneiro et al., 2011). However, bacterium needs no counterfactual (Cairncross, personal conversation). risk is derived from its presence of TTCs not the mechanism by which it arrived there.
Microbiological water quality can fluctuate rapidly throughout the day as use changes (ibid.). It would
have been interesting to examine such changes in scoop holes and shallow wells, however the team were
limited by time and resources.
Water quality varies throughout the year, especially immediately before and after the rainy seasons when
rain water runoff can increase the likelihood of water supply contamination (Parker et al., 2010)(Howard
et al., 2003). Further research is examining the impacts of seasonality on sand dam water.
A larger sample size would add weight to the findings of this research. The main barrier to achieving this
within this research was time spent digging and difficulty in reaching the water table.
Conclusions and Recommendations
5 Conclusion and recommendations
The vast majority of test holes sampled in this research meet TTC/100ml WHO recommendations of
0TTC/100ml suggesting no risk to human health from waterborne pathogens. Few dams were minimally
contaminated and may not represent a significant health risk (WHO, 1997). This indicates the water held
within sand dams is generally of good quality.
Maintaining this inherent quality during abstraction is challenging. Of the two abstraction methods assessed, shallow wells seem to offer less contaminated water with lower turbidity levels. However, this was
based on a small sample size (n=8). Organisations in Kenya and Zimbabwe are currently undertaking further research on this matter, and so far results support the findings of this document. Furthermore, wide
bore shallow wells provide water later into the dry season when the water table is too low to be reached
by a scoop hole. Installations and maintenance costs of shallow wells must be considered by implementers.
Water samples from scoop holes suggest levels of faecal contamination that may represent a significant
health risk. This finding is reinforced by comparing it with contamination in unprotected hand-dug wells2.
Water quality may be improved through adoption of hygienic practices and building barriers against livestock entry. However, scoop holes are, by their nature, prone to contamination (ibid.). While test holes
are, in essence, hygienically dug scoop holes it may be impractical to suggest new scoop holes are dug
each time water is collected- considering the depth of the water table through much of the year. That said,
considering reported levels of hand pump failure across the continent, scoop holes provide a valuable
auxiliary abstraction method.
Sand dams without alternate means of abstraction do not represent failure. There are numerous benefits
to having a reliable water source, including reduced collection journey times and increased water quantity
used. This is likely to be of greater health importance of water quantity than water quality (Cairncross,
1998). While it is important to establish whether a water intervention puts people at risk of waterborne
disease, the greatest health impact is likely to result from a sand dam which provides accessible water
throughout the dry season. Some do not. Accordingly, efforts that aim to improve sighting and construction of sand dams to increase and prolong their productivity will have greater impact on user health than
those aimed at ensuring pristine water is abstracted.

2

http://www.who.int/water_sanitation_health/hygiene/emergencies/fs2_2.pdf
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It is well known that transport and storage practices affect water quality. Ensuring sand dam water is free
of pathogenic organisms does not guarantee it is uncontaminated at point of use. However, a multi barrier protection is considered the best defence against contamination of drinking water (WHO, 2004).
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