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Clean water in the favelas  

Introduction  
Safe water is very important for public heath, it can be used for many things such as, drinking, 

food production or recreational purposes. If the water supply in the global south improves, it 

will boost the country’s economic growth. In addition to this, it will also contribute to poverty 

reduction (WHO, 2019).  

 

Inappropriately managed water exposes individuals to health risks, the contaminated water is 

linked to transmission of diseases. These are diseases such as ‘cholera, diarrhoea, dysentery, 

hepatitis A, typhoid and polio’ (WHO, 2019). An estimated 829 000 people die each year 

from diarrhoea, due to unsafe drinking-water (WHO, 2019).  Waterborne illness is caused by 

the contamination of water due to disease-causing microbes or pathogens (Causes and, 2019). 

The poor lack adequate supplies of safe water, due to this they are more susceptible to illness 

than the well-off. Many studies have shown that if a community improves its water supply. 

Afterwards, there sanitation and health improves (Water for, 2019). With basic water, 

dairrhoea for example, can be reduced by 26% (Water for, 2019).  

  

The picture down below shows the inequality when it comes to the water supply in South-

America.  

 

 

 

 

 

 

 

 

 

 

Figure 1, inequality factor regarding water supply services. 
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Main causes of death 
 

The main cause of death in the developing world when it comes to illness is diarrhoeal 

diseases. About 2.2 million people die from diarrhoea every year. 90% of these deaths are 

children, most of these deaths are in developing countries (WHO, 2019). One specific single 

type of bacteria: Shigella, has caused a significant number of deaths. The bacteria causes 

dysentery or bloody diarrhoea. This can be improved by improving water supply, the simple 

act of washing your hands reduces this type of diarrhoea by up to 35% (WHO, 2019). The 

central symptom of the waterborne diseases in the world is diarrhoea, latest research has 

shown that diarrhoea is the second leading cause of death for young children (7 most, 2019). 

This means that diarrhoea causes more deaths than AIDS, malaria and measles combined.  

 

Seven most common waterborne diseases (lifewater, 2019)  
 

1. Typhoid fever, this is a well-known fever in very poor parts of developing nations. Up 

to 20 million people suffer from the illness every year. The virus can be spread 

through contaminated food, unsafe water and poor sanitation.  

Prevention: when travelling to such a developing countries, vaccines are 

recommended. Furthermore, do not drink or eat food from villages or street vendors. 

When infected with typhoid, it is treated with antibiotics.  

2. Cholera, this disease is mainly found in villages where poverty and poor sanitation are 

rampant. The disease is spread through contaminated water, the disease causes severe 

dehydration and diarrhoea. The disease can be fatal within days or even hours. But, 

only 1 out of 10 people actually develops life-threatening symptoms.  

Prevention: wash your hands often, only eat foods that are completely cooked and 

drink safe water.  

3. Giardia, this disease is shared through contaminated water. There is a parasite in the 

water that causes an infection which mostly clears up after a few weeks. However, 

some who have had the infection will still experience problems for years.  

Prevention: wash your hands often, only drink bottled water.  

4. Dysentery, this disease is characterized by diarrhoea and mucus or blood in the stool. 

The disease is an intestinal infection, which is mainly spread through poor hygiene.  

Prevention: wash your hands often, order drinks without ice, do not eat food from 

street vendors, only drink sealed, bottled water.  

5. Escherichia Coli (E. coli), this bacteria is found in unsafe water sources where the 

water sources and cattle coexist. E. coli mostly passes within a week, but younger and 

older people have a change of developing life-threatening symptoms.  

Prevention: cook all food thoroughly, only drink safe water, avoid water contaminated 

by human and animal feces.  

6. Hepatitis A, this disease is a liver infection which is mainly caused by consuming 

contaminated water.  

Prevention: it can be avoided by getting a vaccine, only eat food that are cooked.  

7. Salmonella, this disease comes from ingesting water contaminated with feces most 

people do not develop complications from this disease. 

Prevention: wash your hands frequently, cook your food properly.  
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 Spread through water? How to prevent 

Typhoid fever Yes  Safe water, safe food,  

Cholera Yes Safe water, safe food 

Giardia Yes Safe water  

Dysentery Yes Safe water, safe food 

Escherichia Coli (E. coli) Yes Safe water, safe food 

Hepatitis A Yes Vaccine  

Salmonella  Yes  Wash hands, safe food 

Table 1:           diseases in Brazil  

How to provide them with clean water? 
 

Slow-filtered water has shown impressive results. Assumptions about using sand to filter water 

have been made, many of those being that this way is old-fashioned and ineffective because of 

the gravitational pull (Huisman, 2002). These assumptions have been shot down by research 

that illustrates, under the proper scenario, slow sand filtration is one of the most efficient ways 

of treating water (Slow sand, 2012). This method is a frugal, cheap, yet effective method, being 

more effective than faster ways of filtering water for disinfection. Furthermore, this method is 

superior because it uses local, accessible materials and can be easily taught in any community 

(Huisman, 2002).  

 

In order to properly filter the water, the filter needs to filter the water in such a way that it 

satisfies the minimum quality that water has to have. To achieve this quality, parasites and 

pathogenic organism have to be reduced or inactivated, so that they do not constitute a hazard 

to the consumer (Sand filtration, 2015). Furthermore, the present toxic and radioactive 

substances must not exceed the maximum permissible levels. These measures are all found in 

the international standards for drinking water (WHO, 2020).  

 

It is of importance that the favelas still have enough water supply in the future, this means that 

the water source has to be of sufficient size to satisfy further demand. Due to the growth of the 

population and greater personal requirements, the amount of required water increases (Godfrey, 

2020). Some water sources that can be used in the favelas are: 

1. Rain water 

2. Rivers 

3. Sewage water  

4. Some favelas: sources of public water  
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International standards for drinking water 
To make sure that the water is safe, the water should have a balanced PH level, be contaminant-

free and should have naturally occurring minerals (WHO, 2020).  

 Balanced PH level 

• Balanced PH level, the PH level of the water should be between 6.5 to 8.5 (Ask the, 

2018). When the water level is lower than 6.5, it means that the water is more acidic. 

The water will contain more manganese, copper and iron. Sadly, these metals can be 

toxic in large amounts. This means that more acidic water poses a health risk (Trygar, 

2013).  

When the PH level of the water is above 8.5, it is called more alkaline water. The taste 

of the water becomes bitter and it can lead to an increase in calcium and magnesium. 

The higher PH does not necessarily cause a health risk, but it causes skin to become dry 

and irritated (Ask the, 2018).  

1. Rain water has a high PH which lies between 5.6 to 5.8 (Scientist, 2020), this 

means that the rain water is slightly more acidic and not perfect for drinking. 

This extra acidity comes from the reaction that rain has with air pollutants 

and sulfur and nitrogen oxides. These pollutants are formed due to vehicles 

and industrial generating plants (Watson, 2013). To fix the low PH of the 

rain water sodium hydroxide needs to be added. Since this sodium hydroxide 

is present in the soap provided in the design, the rain water can be used to 

wash hands. In order to make the water drinkable, sodium hydroxide has to 

be added after filtering the water. The sodium hydroxide neutralizes the 

water and is not harmful to the consumers (Watson, 2013).  

2. Research has been conducted on the PH level of the water in rivers in Brazil. 

The average of this has been calculated and it lies between 6 and 7 PH 

(Caatinga, 2020). This means that the water can be used for drinking and 

washing hands.   

3. The PH level of the sewage water in Brazil is neutral, this means that it has 

a PH of 7 (Sobsey, 2019). So, the water is drinkable and it can be used to 

was hands.  

4. The PH of the sources of public water lies between 4.0 and 8.0 (Water, 2020). 

This makes it difficult to say if the water is safe to drink or not. To make sure 

if the water has the right PH tests should be conducted on this water. The 

mean of this PH is 4.8, which is too low. So, the same rules apply to this 

water as to the rain water.  
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   Table 2:                   Overview of PH water sources favelas.  

 

When the water flows through the filter, the total PH of the water increases. On              

average the PH increases with 0.8 (Does the, 2017). This means that no sodium 

hydroxide has to be added to the rain water to make it drinkable. This is not the 

case for some of the public water in the Brazilian favelas.  

 

Contaminant-free  

• Contaminant-free, there are several types of water contaminants that affect people’s 

health: ‘microorganisms, inorganic chemicals, organic chemicals and disinfection 

byproducts.’ (Drinking water, 2019). Firstly, microorganisms are bacteria, viruses and 

protozoa. The microorganisms are capable of causing gastrointestinal illness (Drinking 

water, 2019). The filter removes 99% of the bacteria, 80%-90% of the viruses and 

99.98% protozoan removal (Cawst, 2018). Secondly, research has shown that the filter 

filters 97.5% of chemicals. For example, 97% of atrazine, 93% of naphthalene and 

100% of phenanthrene and anthracene are removed (Fierer, 2019). These are all 

chemical contaminants that have to be removed from the water. Lastly, the filter also 

has to remove disinfection byproducts, these are products such as Fe which has an 

average removal of 74.75%, Mn which has an average removal of 76.55%, trace lead 

which has an average removal of 74.07% and chromium which has an average removal 

of 68.82% (Simple method, 2005). Additionally, the filter also has to remove 

biodegradable dissolved organic carbon (BDOC). This has to be removed due to the fact 

that it can be metabolized by bacteria. On average, the filter removes 61.78% of the 

BDOC (Simple method, 2005). Another byproduct that has to be removed is Total 

Phosphorus (TP), this is a nutrient that is important for plant growth. Of course, no plant 

growth should take place in either the filter or clean water, the filter removes 68.62% of 

this nutrient (Total Phosphorus, 2019).  

 

 

 

 

 Rain 

water 

Rivers Sewage 

water 

Sources of 

public water 

PH 5.6-5.8 6-7 7 4.0-8.0  

Drinkable  No  Yes Yes  No  

Washing 

hands 

Yes Yes Yes  Yes  

What to do to 

make 

drinkable 

Add 

sodium 

hydroxide  

- -  Add sodium 

hydroxide  



7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3:                             Average removal of some contaminants by the filter  

 

This information shows that the filter gets rid of the contaminants in the water, which 

means that it can be used to create proper drinking water.  

Naturally occurring minerals 

• Naturally occurring minerals, the minerals that most often naturally occur in water are 

calcium, magnesium and potassium (What are, 2020). When the water flows through 

the filter, the total dissolved solids also increase. This is due to the fact that the water 

takes up minerals from the sand (CAWST, 2020). The filter itself does not remove any 

calcium, magnesium or potassium from the water (BSF, 2020).  

 

Minerals  Removed by 

filter? 

Too much 

dangerous?  

Highest 

ever 

measured in 

water (mg/l) 

Suggested 

amount per 

day (mg) 

Calcium  No  Yes  47 590  

Magnesium  No  Yes  10.6  300 

Potassium  No  Yes  0.5 3500 

Table 4:       Information about the effects of minerals. (Biosand Filter, 2018) 

contaminants examples Removal  

Microorganisms Bacteria 99% 

 Viruses  80%-90%  

 Protozoa  99.98%  

Chemicals  Atrazine  97% 

 Naphthalene  93% 

 Phenanthrene 100% 

 Anthracene  100% 

Disinfection byproducts Fe (iron) 74.07% 

 Mn (manganese)  76.55% 

 Trace lead  74.07% 

 Chromium  68.82% 

BDOC   61.78% 

TP   68.82%  
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As shown in the table, the amount of minerals present in the water is much smaller than 

the amount that is allowed per day. This means that we can neglect that dangerous results 

the minerals might have. Furthermore, the minerals are not filtered by the filter and they 

are present in the water and added by the filter. So, the minerals are present in the 

eventually clean drinking water.  

 

Minerals present in water sources 

1. Rain water,  

figure 2:            rainwater composition Brazil (Horbe, 2010) 
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2. Rivers,  

Figure 3a:             river composition Brazil (Chem, 2009) 

Figure 3b:             river composition Brazil (Chem, 2009) 
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3. Sources of public water,  

Figure 4:       composition public water  Brazil (Khashman, 2019)  

 

 

 

Table 5:         amount of minerals present in water sources 

In none of the water sources in Brazil are too many minerals present, rain water, river water 

and the water from public sources are all drinkable. The mineral composition of the sewage 

water is not clearly portrayed, but the sewage water will never have too many minerals. It is 

more often that case that it has almost no minerals. This means that is does not fit the 

international standards for drinking water, but since the water will not cause any serious harm, 

it is still drinkable.  

 

 

 

 

 Mean in rain 

water 

Mean rivers Sewage 

water 

Sources of 

public water 

Calcium (Ca) 24.5  3.32 - 3.55 

Magnesium (Mg) 2.2 1.01 - 1.21 

Potassium (K) 3.9 0.52  - 0.89 
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Turbidity 
For the drinking water to be safe, the turbidity has to be taken into consideration. The turbidity 

of water has to do with the clarity of the liquid. It is a measurement of the amount of light that 

can pass through the water, it is measures in Nephelometric Turbidity Units (NTU) (Turbidity 

of, 2018). When the turbidity in the water exceeds 5 NTU it is not as safe to drink (Biosand 

Filter, 2019), this is due to the fact that the water can shield harmful organisms so that the water 

cannot be disinfected properly. On average, the filter has a turbidity reduction of 93% (Biosand 

Filter, 2019).  

1. Rain water, the average turbidity of rain water has a highest level of 22.26 NTU, after 

a treatment with the filter this becomes 2.26 NTU (Environ, 2019). This means that the 

water is safe to drink.  

2. Rivers, the highest amount of turbidity found in the rivers in Brazil is 38 NTU 

(Medeiros, 2017). So, the filtered water will contain 2.7 NTU, which is safe to drink.  

3. Sewage water, for the sewage water the turbidity differs a lot. Some of the sewage 

water is drinkable after filtering it but some is not.  

 

Figure 5:     differences in turbidity Brazilian rivers (Romero at al., 2020) 

 

As you can see in the figure it is difficult to determine whether the sewage water is 

drinkable or not. Research says that the turbidity can not be higher than 78 NTU if it 

needs to be cleaned by the filter (Liu et al., 2020).  
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4. Sources of public water, the turbidity of the public water sources has an average of 

10.4 NTU (Liu et al., 2020), this means that the water can be cleaned by the filter.  

 

 Turbidity before 

filtering 

Turbidity after 

filtering 

Drinkable?  

Rain water 22.26 NTU  2.26 NTU Yes  

Rivers  38 NTU  2.66 NTU Yes  

Sewage water Max. 78 NTU Max. 5.46 NTU  Depends on 

the source  

Sources of public 

water 

10.4 NTU  0.73 NTU  Yes  

Table 6:         if the water is drinkable based on the turbidity 
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Layers in the filter  
Each layer of the filter suits a specific purpose. 

Firstly, the gravel, or small stones, on the top layer, 

filters large contaminants, like leaves or insects. The 

rocks have to have a diameter between 2 cm or 4 cm 

and the layer should be around 5 cm thick (Water 

treatment, 2000).   

Secondly, there are two types of sand there to remove 

impurities. The layer of fine sand should be around 

10 cm long. The diameter of the fine sand has to be 

around 0.4 to 0.6 mm (Dittoe, 2002). The fine sand is 

used for the removal of suspended matter. 

Additionally, it gets rid of floating and sinkable 

particles. The particles are removed by absorption or 

physical encapsulation (Sand filtration, 2010).  

        figure 6:                   the filter 

The coarse sand has a diameter of 0.6 mm to 1.0 mm. 

The layer of coarse sand should be around 5 cm long 

(Biosand, 2018). This type of sand strains out particles 

from the water. These particles can be contaminants 

or colonies of living organisms.  

 

        figure 7:   measurements of each layer 

Thirdly, the most important layer, the activated charcoal. This is extremely important, since it 

removes contaminants through chemical adsorption (Bryant et al., 2015). It provides an 

adherent surface that sticks and deactivates the contaminants. The major problem encountered 

when implementing this filter as a large-scale solution is obtaining the activated charcoal. 

Considering it is the ingredient that ultimately purifies the water from bacteria’s, access to 

activated charcoal has to be ensured.  

On a rudimentary level, charcoal can be made through a relatively easy process. Utilizing burnt 

wood or organic material, the charcoal can be activated by adding pulp-free lemon juice. The 

burnt material can be mixed with the lemon juice to a paste-like substance, and covered for 24 

hours. After that, the charcoal present in the material is activated (Bryant et al., 2015). 

Lastly, there is a piece of cloth, to ensure that nothing gets through the outputted water. The 

cloth needs to be of towel-like material, such as cotton or wool (Dittoe, 2002).  
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Table 7:        diameter, thickness and function of layers filter 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Diameter (mm)  Thickness layer 

(cm) 

Function 

Rocks  2-4 5 Filters large 

contaminants 

Coarse sand 0.6-1.0 5 Strain large particles 

Activated charcoal  -  5 Removing 

contaminants through 

chemical adsorption 

Fine sand  0.4-0.6 10  Strain small particles  

Cloth  -   -  Nothing gets through 

the outputted water 
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Conclusion  
 

To conclude, all of the water sources that we found in the favelas can be used for drinking. 

The safest sources are rain water, rivers and sources of public water. The only problem with 

the public water is the low PH, to test if the water is drinkable, PH test strips are needed. This 

is difficult to provide for every person in the favelas. Due to this it is suggested that they only 

drink the rain water and river water. Additionally, the sewage water is drinkable if the 

turbidity is not too high, sadly, this is hard too determine without proper testing. When it 

comes to all the other aspect of the sewage water, it is drinkable.  

It is suggested to only drink the rain water and river water, but when proper testing on the 

sewage and public water is done, it can be used for drinking as well.  

The filter properly cleans the suggested drinking water, thanks to this, it can be said that this 

design can be integrated in the favelas when it comes to preventing the diseases.  
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