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Abstract 
Water, and particularly clean water is essential for humans with a profound effect on health and 

has the capacity to reduce illnesses. Paradoxical, water is a medium where disease causing 

agents could be transmitted into the human body. Water can cause illness both from distribution 

of pathogenic organisms into the human system and also if not consumed in a required amount, 

leading to dehydration and other complications. Today catastrophes and disasters hit different 

areas in various forms. When such an event occurs, infrastructure is often disturbed or 

destroyed, and the supply of fresh water may be threatened. 

The Swedish Civil Contingencies Agency (MSB) is a government agency in Sweden, with a 

task to developing societal ability to prevent and handle emergencies, accidents and crises. The 

agency support various actors when a crisis or an accident occurs, both abroad and at a national 

level. The personnel supporting at a crisis zone is sometimes working under extreme conditions 

where basic needs, such as access to food and fresh water can be a deficiency. To ensure that 

the personnel working at these sites can continue to solve problems without risking their own 

health caused by dehydration or other waterborne diseases, different methods can be used to 

treat water for personal use. 

Five different products intended for personal water treatment are chlorine dioxide pills, chlorine 

dioxide liquid, the Katadyn filter bottle, the Lifesaver filter bottle and the UV-lamp SteriPEN. 

These products use different water treatment techniques to purify water and secure the access 

to fresh water during exposed conditions. The aim with this study is to create an information 

basis in order for MSB to choose water treatment product for their future international missions. 

This is done by examine four parameters of these different products; purification capacity, 

manageability, environmental impact and economic aspects. 

The study showed that there is no product that pervading is best according to all parameters, 

they all have their pros and cons. The product that was best on average throughout the whole 

study is the SteriPEN but only if used during 10 or more missions. If a product should be used 

for only five or fewer missions, the chlorine dioxide liquid is recommended to use. 

At sites where the raw water is heavily contaminated a combination of two products could be 

an option, as a result of this thesis it is recommended to combine the chlorine dioxide liquid 

with the SteriPEN. 

This study is done qualitative and the result is based on literature, laboratorial reports and own 

measurements and calculations. Actual field tests are needed to further evaluate the products. 

The importance is that the product functions practically during MSBs working conditions, so 

relief workers really applicate the product to purify water and not refrain because it is not 

compatible with the working situations. If the product isn’t used because of these reasons it 

shouldn’t be used because it puts the relief workers at health risks. 

Key Words: Water treatment, relief work, international missions, drinking water, disasters 
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Sammanfattning 

Vatten, och i synnerhet rent vatten är livsavgörande för människor och har en grundlig 

hälsoeffekt med en förmåga att reducera hälsoåkommor. Paradoxalt nog är vatten samtidigt ett 

transportmedium för ämnen som orsakar sjukdomar. Vatten kan orsaka sjukdom och 

illamående både från distributionen av patogena ämnen in i människokroppen men också om 

intaget av vatten inte är tillräckligt för kroppen, vilket kan leda till uttorkning med stora 

komplikationer. Idag drabbas vissa områden av katastrofer och olyckor i varierande form. När 

sådana kriser och katastrofer sker, blir ofta infrastruktur skadad eller förstörd vilket kan medföra 

att tillgången till rent vatten hotas. 

Myndigheten för Samhällsskydd och Beredskap (MSB) är en myndighet i Sverige, med uppgift 

att utveckla social kapacitet för att motverka och hantera nödsituationer, olyckor och kriser. 

Myndigheten stödjer olika aktörer när en kris eller olycka uppstår, både utomlands och på 

nationell nivå. Personalen som stödjer på plats i en kriszon arbetar ibland under extrema 

förhållanden där basala nödvändigheter, som t.ex. tillgången till mat och rent vatten kan vara 

en bristvara. För att säkerhetsställa att personalen som arbetar på dessa platser kan fortsätta att 

lösa sin uppgift utan att riskera sitt eget välbefinnande på grund av vattenbrist eller andra 

vattenrelaterade sjukdomar, kan olika metoder för vattenrening på personlig nivå användas. 

I den här studien valdes fem olika produkter avsedda för personlig vattenrening ut; klordioxid 

i tablettform, klordioxid i vätskeform, Katadynflaskan, Lifesaverflaskan och UV-lampan 

SteriPEN. Dessa produkter utnyttjar olika tekniker för att rena vatten och säkerhetsställa 

tillgången av rent vatten under utsatta situationer. Målet med den här studien är att skapa en 

informationsbas som underlag för MSB att använda sig av när de väljer vattenreningsmetod för 

kommande internationella insatser. Fem produkter utvärderats därför utifrån fyra parametrar; 

reningskapacitet, handhavande, miljöpåverkan och ekonomisk aspekt. 

Studien visade att det inte var någon enskild produkt som genomgående var bäst utifrån alla 

parametrar, de hade alla sina för och nackdelar. Produkten som överlag fick bäst resultat genom 

studien var SteriPEN men det utifrån att produkten används under tio insatser eller mer. Om en 

produkt endast ska användas under ett fåtal insatser är klordioxid i vätskeform att föredra. På 

platser där råvattnet är skarpt kontaminerat kan en kombination av två olika produkter vara 

aktuell, rekommenderat är att kombinera klordioxid i vätskeform med SteriPEN, draget som 

slutsats av resultatet av denna studie. 

Det här är en kvalitativ studie och resultatet grundar sig på litteratur, analysresultat från 

laboratorietester samt egna mätningar och beräkningar. Faktiska tester i fält är nödvändiga för 

att vidare utvärdera produkterna. Det viktiga är att produkten faktiskt fungerar praktiskt baserat 

på förhållandena MSB arbetar under så att hjälparbetare verkligen använder produkten för att 

rena kontaminerat vatten och inte avstår att använda produkten på grund av att den inte är 

kompatibel med arbetsförhållandena. Om produkten inte används på grund av den anledningen 

ska den inte användas i fält då den utsätter hjälparbetarnas hälsa för risk. 

Nyckelord: Vattenrening, hjälparbete, internationella insatser, dricksvatten, katastrofer 
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Introduction 

Background 

Clean water is essential for humans and has a profound effect on health and has the capacity to 

reduce illness. Paradoxical, it is a medium that disease-causing-agents may be transported 

through and transmitted into humans. Water impacts on human health through consumption of 

water consisting of pathogenic organisms or toxic chemicals. Water also impact on human 

health if not consumed in a required amount, leading to dehydration and/or other personal health 

issues (World Health Organization [WHO], 2012). 

The usage of water does not only stretch to drinking supply but also other activities such as 

cooking, hygiene practice etc. and the access to clean water varies today with several areas that 

are vulnerable of water deficiency or sufferer from scarcity (United Nations World Water 

Assessment Programme [WWAP], 2014). Clean water deficiency is both a projected and also 

an increasing ongoing problem, both in well developed and developing countries. So far there 

is generally seldom a problem to find water sources, rather the problem is to get access to fresh 

and clean water. (United Nations Development Programme [UNDP], 2006). 

Davis & Lambert (2002) and Loo et al. (2012) identifies three typical situations and scenarios 

where the access to safe drinking water are problematic: 

 Water deficiency when migrating or hiking. This can be refugees migrating to other 

countries or regions. 

 Temporary or permanent settlements where access to safe water is missing or lacking. 

This sites can be refugee camps, temporary tent camps after nature disasters, rural areas 

or slums. 

 A society where the infrastructure for water, sewage or energy systems has been 

destroyed or damaged due to war or nature disasters. 

Looking at these situations, a common cause for all three scenarios, are disasters or 

catastrophes. When hazards result in substantial physical loss and damage a disaster occur. A 

disaster is also defined as social or economic disruptions that directly or indirectly threaten 

people’s lives (Davis & Lambert, 2002). About 700 thousand people lost their lives, over 1.4 

million were injured and approximately 23 million became homeless as a result of disasters 

between 2005 and 2015 (United Nations [UN], 2015a). 

Water security in areas with low societal security and less developed infrastructure are often 

more vulnerable to nature disasters such as earthquakes, storms, flooding etc. The effects of 

such events are also even more devastating to low developed countries that may lack social and 

economic ability to handle casualties and destruction due to these events (Davis & Lambert, 

2002). 

Many disasters and catastrophes are exacerbated by climate change and have increased in 

frequency and intensity during the recent decade (UN, 2015a). Due to climate change and an 
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increase in global mean surface temperature (GMST), scientists claim that the access to clean 

water and water security will be even more threatened in the future. There will be larger areas 

with scarcity and water deficiency (WWAP, 2014). 

The Swedish Civil Contingencies Agency (MSB) is a government agency in Sweden, with a 

task to develop the societal ability to prevent and handle emergencies, accidents and crises (The 

Swedish Civil Contingencies Agency [MSB], 2016). The agency supports various actors when 

a crisis or an accident occurs, both abroad and at a national level. The personnel supporting at 

a crisis zone are sometimes working under extreme conditions where basic needs, such as 

access to food and fresh water can be a deficiency. Clean water is a vital base factor after a 

catastrophe. Water is used to clean wounds, for surgery, cooking food and of course for drinking 

supply. To provide drinking water with a sufficient quality has shown to be one of the most 

important factors after a catastrophe. Safe water supply is also one of the first priorities after a 

disaster (Foo et al., 2012). This to prevent dehydration, spreading of water related diseases 

(diarrhoea, hepatitis A etc.) and also for the relief workers to perform and help during extreme 

circumstances (United Nations High Commissioner for Refugees [UNHCR], 2007). 

To ensure that the personal working at these sites can continue to solve problems without 

endangering their own health by dehydration or other water borne diseases, different methods 

can be used to treat water for personal use. The MSB conventionally use the disinfectant 

chlorine dioxide to purify water where no other solutions, such as temporary water treatment 

plants or other provision of drinking water is available. The two types of chlorine dioxide 

substances used by MSB are currently either in pill or in liquid form (P. Bloom, personal 

contact, 12 April, 2016). On a personal level an alternative to the chlorine pills could be 

different types of filters or treatment by UV-light. The most actual filters used for this study are 

the Katadyn bottle and the Lifesaver bottle. The UV-light method is provided by the product 

SteriPEN. 

Examination and evaluation on how these five products differ in perspectives of function, 

treatment ability, environmental effects and costs will be of interest for MSB, but also other 

agencies and NGOs (Non-Governmental Organisations) that have personnel working at crisis-

zones and emergency zones. In a wider scale it could also be of interest for states with an erratic 

climate or low water security. At sites where nature disasters can cause water defiance for the 

population, these products may be used as water treatment method for short term use. 

Aim and Purpose 

The aim of the study is to create an information basis where five different water treatment 

products designed for personal use is examined from the parameters; manageability, 

purification capacity, environmental impact and economic aspect. 

This study is done in purpose for MSB that is in need of a water treatment product for short 

time use that is easy to handle, easy distributed and that also provides a water with a quality 

that doesn’t causes acute or chronical health problems. Additionally the product should have 

low environmental impact and be economic viable. 
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Delimitations 

During the initial phase of this study, a dialogue was held between MSB and the writer of this 

thesis about which methods for water treatment that were most interesting for this type of study. 

The five products were concluded to be most interesting, however there are other methods and 

products for water treatment at a personal level but they weren’t taken into concern during this 

study. 

Theory 

The theory part handles the Swedish Civil Contingencies Agency and their work, international 

mission in perspective of water supply and different water treatment products, but first there is 

a part about different contaminants appearing in water. This first part gives a hint on the 

amplitude of problems with contaminated water and what challenges there are to solve these 

problems.  

Contaminants appearing in water 
Many of the contaminants are mentioned throughout this thesis and has to be considered when 

estimating water quality and health issues linked to water supply. This description is brief and 

far from all possible contaminants is described. 

Infectious substances 

There is an increasing problem of health issues today related to water consumption (UNESCO, 

2009). In the surface water that many humans gather their raw water from, a lot of 

microorganisms are found and thereby comes into contact with humans by drinking, washing, 

cleaning or from food (HVR, water purification AB [HVR], 2006). Effects after consumption 

of contaminated water are often diarrhoea, fever and pneumonia. 

Climate change, refugee streams and poor infrastructure is seen as the most common reasons 

for bad water quality today (UNESCO, 2009). Bacterial contamination of the water is very 

threatening to human health and causes a lot of diseases daily in the world today (WHO, 2011). 

Bacteria 

Cholera 

Caused by the vibrio bacteria. Outbreaks of the cholera continues to occur in developing 

countries. And the bacteria could continue to spread via humans as a lot of persons wearing the 

pathogen are asymptotic. Typically transmitted oral from faecal contaminated sources, such as 

food and water (WHO, 2011.) 

Helicobacter pylori 

Can cause gastritis catarrh, and are often linked to both gastric ulster and gastric cancer. There 

is a lack of knowledge how the bacteria is spreading, but vomiting and faeces in drinking water 

are two suspicious ways. Tends to be spreading in poor rural areas in developing countries 

(HVR, 2006.) 

 



4 

 

Salmonella 

Causes typhoid fever and Paratyphus, even if typhoid isn’t common nowadays. Most common 

to contact are through contaminated food. Persons with low developed immune system are extra 

sensitive to the relative low levels of the bacteria that could appear in water (The Swedish Public 

Health Agency, 2015.) 

Shigella 

Shigella bacteria may cause severe intestinal diseases. Every year 2 million infections occur, 

resulting in approx. 600 000 deaths mostly in developing countries. Children under 10 years of 

age are most often infected. Epidemics of the bacteria is most common in crowded areas where 

hygiene is poor (WHO, 2011.) 

Coliform bacteria 

A subgroup to bacteria and often used as an indicator that the water is contaminated (WHO, 

2011). 

Coliforms total 

Is found naturally in the human intestinal system and most of the coliform bacteria actually are 

harmless (Encyclopaedia Britannica Online, 2013). If coliforms are detected in the water it is 

an indicator that the water is contaminated by faeces or other contaminants meaning that the 

water it’s a direct health risk (WHO, 2011). 

Escherichia coli, E.coli 

The bacteria can cause dramatic gastric symptoms and illness, in forms of e.g. diarrhoea (Griffin 

et al., 1988). The bacteria mostly spreading via bathing lakes, insufficient heated meat, 

unpasteurised milk but even potable water and vegetables (HVR, 2006). Indicates faecal 

material contamination by humans or animals, for example from sewage or manure, meaning 

that there is a high risk of appearance of pathogenic organisms. The ability to detect other 

pathogens using analyse of coliforms in the water, is because coliform bacteria originate from 

the same sources as the harmful pathogens and are usually present in larger numbers which 

makes them easier to detect. (Swedish National Agency for Food, 2015). 

Virus 

Virus are very small in size (smaller than bacteria) and attacks cells where it can grow and 

reproduce. A virus is sometimes defined as the distinction between living organism and dead 

material (HVR, 2006). Because of its small size viruses has the ability to spread through soil 

and then survive months in groundwater. Virus often spread to humans via raw shellfish or by 

eating food that’s been in contact with a person carrying the virus (HVR, 2006). 

Rotavirus 

Are consider as a big reason for all diarrheal symptoms of children in the world. Causes severe 

diarrheal and vomiting with dehydration as an effect (The Swedish Public Health Agency, 

2015). The virus is suspected to cause 4 – 5 million death cases each year in the world (HVR, 

2006). 
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Norwalk virus 

Is the virus that is causing the most food-borne diseases. Shellfish, ready-to-eat food or other 

food that infected persons been handling can be contaminated with vomit or faeces. Causes 

severe vomiting, diarrheal and fever (Foodsafety, 2015.) 

Hepatitis 

Are found in several forms but the type hepatitis A is a potential risk to drinking water. The 

hepatitis type B and C doesn’t spread via drinking water or food. Causes infectious jaundice 

and is spread via food and water, commonly found in Latin America. Fever, illness, loss of 

appetite, diarrheal are symptoms of the virus that can last a few weeks up to several months 

(WHO, 2011.) 

Protozoa and parasites 

These forms of infectious substances can be hard to clean from the water with ordinary 

disinfection, mechanical water treatment are recommended (HVR, 2006). 

Giardia intestinalis 

Has been known as a human parasite for 200 years and causes diarrhoea and abdominal cramps. 

The illness caused by the protozoa could last for more than 1 year, even for people with an 

overall good health. The protozoa is found in faeces and spread often through contaminated 

water but can also spread through food or sexual contact. Many people carrying the parasite 

have no symptoms at all which complicate the stop of the spread. (EPA, 1989.) 

Toxoplasma gondii 

A protozoa often found in the fur of cats, rats or birds. Causes transient symptoms of flue with 

swollen glands. It is dangerous to people with bad immune system and for pregnant women 

where an infection can lead to a defect of eyes or death to the foster. Two eruption, one in 

Panama and one in British Columbia have been linked with contaminated surface water (HVR, 

2006.) 

Cryptosporidium 

A parasite with a complex life cycle, with ability to reproduce both sexual and asexual. 

Discovered in 1976 this protozoa could be found in faeces and causes diarrhoea, nausea, 

vomiting and fever. The illness often resolves within one week for normally healthy people but 

can be severe to some and last for up to a month (WHO, 2011.) 

Fungus and algae 

Organisms that can contaminate water in different forms and cause illness in various forms, 

cyano algae are an example. These organisms also causes high turbidity and colorization of 

water (WHO, 2011.) 

Chemical and physical substances 

Chemical indicators 

Total Organic Carbon (TOC) 

A measure of the organic material in the water. These materials affects the colour, smell and 

taste of the water. High levels indicates that the water is contaminated (Persson et al., 2005). 
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Colour 

The colour of the water is often caused by organic material or iron in the water. The colour 

itself is not a threat to health but can create an awful water, unpleasant for consumers (WHO, 

2011). The colour may be the first warning sign if the water has been contaminated. Levels 

above 15 TCU are visible for humans and it is recommended to stay under this level (WHO, 

2011). 

pH 

This parameter indicates the balance between acids and alkalis in the water. The normal value 

for pH is between 5 and 8. The parameter usually has no direct impact on consumers of the 

water but it is still one of the most important parameters to ensure the water quality. To attend 

pH is necessary in any water treatment facility to optimise the function and monitor changes in 

the water quality. Extreme values of pH indicates accidental spills, treatment breakdown or 

insufficiently cured cement pipes (WHO, 2011.) 

 

Turbidity 

Turbidity in drinking water is caused by particles that may come from the raw water and 

followed the water due to inadequate filtration. If turbidity is 3 NTU (Nephelometric Turbidity 

Unit) or higher it’s possible to see that the water is turbid. It’s important to keep the turbidity at 

a low value to increase the effectiveness of the disinfection of the water. Turbidity it’s also an 

important control parameter that early indicates if there is any problem with water treatment 

systems (The Sphere Project, 2011). It may be caused by inorganic or organic matter or a 

combination of the two. Microorganisms (bacteria, viruses and protozoa) are typically attached 

to particulates, and removal of turbidity by filtration will significantly reduce microbial 

contamination in treated water (WHO, 2011). 

Elements and ions 

Antimony, An 

Elemental antimony forms very hard alloys with copper, lead and tin. Tolerable daily intake 

(TDI) is 0,006 mg/kg body weight (WHO, 2011.) 

Arsenic, As 

Can occur naturally in the bedrock but can also indicate that the water is contaminated. Values 

over the maximum acceptable value is dangerous to health. Inorganic arsenic occurs in high 

levels in groundwater in several areas in the world, Bangladesh is significantly exposed with 

about 20 of 45 million people at risk (WHO, 2013). 

Cadmium, Cd 

Risk for chronical health effects at prolonged intake of water exceeding maximum acceptable value 

(Swedish National Agency for Food, 2015.) 

Chloramines 

By-products of drinking water chlorination. Monochlormaine, dichloramine and trichloramine 

are the most common forms- TDI is 0,094 mg/kg body weight (WHO, 2011.) 
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Chromium, Cr 

An element occurring widely in earth’s crust. Food appears to the major source of intake. Risk 

for chronical health issues if consumed for a longer period of time (WHO, 2011.) 

Copper, Cu 

Element that can contaminate water from old pipes. Infants is extra sensitive to exposure 

(Swedish National Agency for Food, 2015.) 

Cyanide 

Can be found in food products, especially in developing countries. Contamination in drinking 

water are primary caused from industrial waste. TDI is 0,012 mg/kg body weight (WHO, 2011.) 

Fluoride, Fl 

Intake can have positive effects on caries to teeth but prolonged intake, especially to small 

children may have negative health effects (Swedish National Agency for Food, 2015.) 

Iron, Fe 

Iron is one of the most abundant metals in earth’s crust. Iron is also an essential metal for human 

nutrition with a recommended intake of 10 to 50 mg per day depending on sex, age and other 

physical parameters. In general iron is no threat to health, if not overconsumed which leads to 

storage in the body. High values in the water causes colour changes, bad taste and smell of the 

water (WHO, 2011.) 

Lead, Pb 

Lead found in drinking water indicate an affect from industries, landfills or garbage. High risk 

for chronical health issues if consumed during a longer period of time, especially for infants 

(Swedish National Agency for Food, 2015.) 

Mercury, Hg 

Mercury found in water indicates affects from industries, landfills or similar. Risk for chronical 

health issues if consumed during a longer period of time (Swedish National Agency for Food, 

2015.) TDI is 0,002 mg/kg body weight (WHO, 2011). 

Nickel, Ni 

Used during the production of stainless steel and nickel alloys, may lead to contamination of 

water sources. Generally water is a minor contributor to oral intake whilst smoking and polluted 

air is a larger contributor (WHO, 2011) 

Nitrate, NO3 

Is found naturally in the environmental and is an important plant nutrient. High values of nitrate 

in the drinking water indicates that the water is affected of soil fertilizer (WHO, 2006.) 

Phosphate, PO4
3- 

Phosphate is used as a nutrient in agriculture. High values indicates a contamination of 

wastewater disposal, or that the water is affected of soil fertilizer (WHO, 2011.) 

 



8 

 

Radon, Rn 

High risk of health problems if consumed oral. Highest risk are through breathing for example 

whilst showering in a water containing the element (WHO, 2011.) 

Selenium, Se 

May occur naturally in ground water. Cereals, meat and fish are the principal source of the 

element (WHO, 2011.) 

Uranium, U 

Widespread in nature and used conventionally in nuclear power plants. Can occur in nature as 

a cause of pollutions from natural deposits, leach from nuclear power plants or cumbostion of 

coal (WHO, 2011.) 

The Swedish Civil Contingencies Agency, MSB 

The Swedish Civil Contingencies Agency, MSB is a governmental authority that serve under 

the department of justice. The agency has responsibility for issues about accidents, catastrophes, 

crises, disasters and civil defence. The agency was established 2009, and thereby replaced the 

Swedish Rescue Services Agency (SRSA), the Swedish Emergency Management Agency 

(SEMA) and the Swedish National Board of Psychological Defence (Baker et al., 2012.) 

MSB is committed to enhance and support societal capacities and preparedness for, and prevent 

of emergencies and disasters. The agency also provide information on risk and resilience 

management and plans to handle disasters and catastrophes. MSB form their identity on three 

main paragraphs (MSB, 2011); 

Vision: A safer society in a changing world. 

Concept: In collaboration with other stakeholders the MSB develops the individual’s and 

society’s capacity to prevent, deal with and learn from emergencies and disasters. They operate 

via knowledge-building, support, education, training, regulation, supervision and their own 

operational work in close cooperation with the municipalities, the county councils, other 

authorities, the private sector, and organisations to achieve increased safety and security at all 

levels of society – from the local to the global community. 

Cornerstone: MSB should be an open, competent, and energetic authority, focusing both on 

the individual and on the whole society. 

Additionally to its civil responsibility, MSB contributes to emergency response at an 

international level in cooperation with other partners. The contribution to international 

operations and missions can take various forms, all from search and rescue operations after e.g. 

an earthquake to long term projects aiming at creating resilience and capacity to handle future 

disasters. The Swedish International Development Cooperation Agency’s (SIDA) has a strong 

relation to MSBs humanitarian assistance international. SIDA finances MSBs international 

operations, mainly those requested by UN humanitarian agencies, but also for other operations 

where the unique expertise of the MSB is needed internationally (Baker et al., 2012). Under the 



9 

 

next subtitle a brief description on how MSB is working internationally and the connection to 

water supply, is done. 

International missions and water supply 

As mention above one focus on MSBs agenda is international cooperation, both in long term 

projects but also short term operations after an emergency or disaster. The international 

agreements are controlled by the Swedish security and foreign policy. The most relevant 

agreements are with UNICEF, UNHCR, WFP (World Food Programme), IOM (International 

Organization for Migrations) and MSB is also the designated Civil Protection Agency within 

EU cooperation’s (ECHO and ERCC). (MSB, 2014). The agency is also available to assist in 

other parts of the world if a crisis or disaster occurs. 

When these disasters happen, infrastructure is often damaged or destroyed. This threatens 

food, energy and water security. Thus one of the first priorities after a disaster is to provide 

safe drinking water. Together with shelter, medication and food water are crucial to prevent 

the spread of waterborne diseases (Foo et al., 2012). Water is essential for humans to survive 

and only after a two to three days without water, people start to get dehydrated and suffer 

from water defiance (United Nations High Commissioner for Refugees [UNHCR], 2007). 

According to the Sphere Project (2011) the basic need for human survival is 7, 5 – 15 litres 

per day and person (tab. 1). The rate of consuming water is different depending on geographic 

constrains, social norms and other factors (The Sphere Project, 2011). 

Table 1. Shows how the basic needs for water demand is allocated over different types of usage (The Sphere Project, 2011). 

Basic survival needs for humans 

Usage Litres per day Comment 

Water intake; drinking and 

food 

2,5 – 3 Climate and individual physical 

conditions impacts on amount 

Basic hygiene demand 2 - 6 Social and cultural norms 

impacts on amount 

Basic cooking needs 3 - 6 Food type, social and cultural 

norms impacts on amount 

Total basic needs 7,5 – 15  

 

To handle a crisis, water supply is essential but water quality is also an important factor. Water 

is a transporter and transmitter of diseases and harmful substances. Therefore the water should 

both, be distributed to cover the required demand but also of a sufficient quality so that diseases 

don’t flourish and spread in already vulnerable areas (WHO, 2012). 

But how can we ensure the water quality and what means are there to take care of this issue? 

Of course can we take water samples and transport mobile water treatment facilities to secure 

the water demand. But the complexity here is the focus and time issue. Time is of the essence 
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when handling a crisis, as mentioned before it only takes two or three days before people starts 

to suffer from dehydration (UNHCR, 2007). Rescue forces need to focus on immediate actions 

to save people from for example rubble or drowning, and the set-up of a camp may take some 

time after a disaster has occurred. During this initial phase of the rescue operation the water 

distribution may not be functioning or lacking and an alternative water supply system may be 

needed. Another issue is that we cannot say with perfect accuracy where the next disaster or 

crisis occurs. Therefore, we need a water treatment product for short time use that is easy to 

handle, easy distributed and that also provides a water with a quality that doesn’t causes acute 

or chronical health problems, regardless of where in the world an accident or emergency 

happens (Davis & Lambert, 2002). Another application for the water treatment product is when 

relief workers leaving camp for a longer period of time e.g. reconnaissance or rescue work 

where water supply not is secured. 

 

Additionally, an economic and environmental aspect has to be considered. These methods may 

be used temporary and there is an argument that the environmental impact isn’t that large for 

these situations, but it may also be used in wider scale at certain vulnerable areas or countries 

(e.g. Small Island Developing states (SIDS)) (Schiller & Droste, 1982 and Globalis, 2016). In 

these cases the environmental impact does matter and has to be considered, both from a 

Sustainable Development (SD) point of view but also from a Disaster Risk Reduction (DRR) 

aspect (UN, 2015). 

The economical factor is interconnected with the references above, DRR and SD, but does also 

matter specifically for MSB during the examination of the different products before an 

international mission. 

 

Onwards will different products that could ensure the water supply and water quality for 

personal usage, be described. The products were chosen in discussion with MSB and are the 

products MSB personnel most likely will use during their future international missions. 

Description of water treatment methods and products 

During this study there are principally three different water treatment techniques examined 

allocated over five different products. Chemical water treatment by chlorine dioxide in liquid 

form provided from Xinix AB and in pill form from Lifesystems. Mechanical treatment by the 

Katadyn bottle from Katadyn Products Inc. and the Lifesaver bottle produced by Venatio AB. 

And the last technique is UV-light treatment by the SteriPEN from Hydro-photon Inc. 

Chemical water treatment - Chlorine dioxide, CLO2 

Water treatment by ordinary chlorine started during the late 19th century and even thought 

chlorine dioxide was discovered 1811 by Sir Humphrey Davy it wasn’t used commercially for 

water treatment until 1944 in the Niagara Falls water treatment plant (Aieta & Berg, 1986). 

Chlorine dioxide is produced by reduction of chlorate which in turn is conventionally produced 

by electrolysis of salt (NaCl) dissolved in water (Ekheimer, 2011). 
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Chlorine dioxide replaced chlorine as it is a more powerful disinfectant and does not form the 

harmful chlorinated organic compounds (Environmental Protection Agency [EPA], 2011). 

Trihalomethanes, THMs and halo acetic acids, HAA will therefore not be produced by use of 

high purity chlorine dioxide and contact with humus soil substances (WHO, 2011). At higher 

pH chlorine dioxide also can be more effective than chlorine, providing water with less taste, 

odour and fewer by-products (Chlorite is the main by-product from use of chlorine dioxide). 

Chlorine dioxide is effective in treating water from different forms of pathogens; bacteria, 

viruses, fungus, algae and protozoa. Laboratorial tests has shown that inactivation of bacterial 

pathogens is successfully completed with chlorine dioxide concentrations of 0, 1 mg/l and 

contact time of 5 minutes (White, 1999). 

 

Summary of advantages and limitations of chlorine dioxide as a disinfectant are given below 

(tab. 2). 

Table 2. Summary of advantages and limitations by use of CLO2 (EPA, 2011). 

Summary of advantages and limitations, CLO2 

 Explanatory text 

Advantages 

 Chlorine dioxide is an effective disinfectant against bacteria and viruses. 

 Chlorine dioxide is effective when pH ranges between 6-9 

 Does not form chlorinate organic compounds. Formation of THMs and 

HAAs will therefore greatly be reduced. 

 Strong oxidant, can oxidise iron, manganese, sulphides and chlorinated 

phenols and will therefore provide a water with better taste and odour. 

 Arsenite can be oxidised to arsenate, which will enhance arsenic removal 

Limitations 

 Form specific inorganic by-products such as chlorite and chlorate 

 Chlorine dioxide gas is explosive under pressure 

 If overused, chlorine dioxide may cause taste and odour to water. 

 Shorter durability if kept warm 

 Formation of bromated THMs and HAAs can be a problem in areas with high 

bromide concentrations 

Chlorine dioxide are used both in liquid form and in pill form. During this study both methods 

are examined. 

Pills 

The first examined form of chlorine dioxide used as a water treatment method is in pill form. 

The MSB uses a product from Lifesystems, which distributes pills in a small 40 grams plastic 

container (Lifesystems, 2016). One unit contains 30 pills allocated on 5 different metal foil 

plates weighting about 2 grams each, including the pills (fig. 1). One pill treat one litre of water. 

Shelf life for these pills is approx. 3 years. Lifesystems also provides a neutralising pill if the 
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chloride dioxide pills has been overused for a water source. The neutralising pill reduce the 

freed chloride and reduce taste and odour (Lifesystems, 2016). 

 

Figure 1. Chlorine dioxide pills are distributed in a small plastic container 

Liquid 

In liquid form MSB uses Xinix Aquacare- 10. It is a small 9 ml bottle that is produced by Xinix 

AB. The product can provide about 12 litres of clean water depending on the raw water quality. 

To produce purified water, droplets are added to the contaminated water, about 10-12 droplets 

per litre. The products shelf life is about 1 year depending if kept in a refrigerator temperature, 

shorter if kept warmer. The bright yellow colour of the liquid indicates if the substance is active. 

The substance could also be used to disinfect hands and to clean fruit and vegetables with 

(Xinix, 2016). The product consists of a plastic cap, glass bottle and ClO2 liquid (fig. 2). 

 

Figure 2. Figure of XiniX Aquacare-10 bottle. The content of the bottle is active as long as it holds a bright yellow colour 

(Xinix, 2016). 

Mechanical water treatment - Filter purification 

The following two products use a mechanical purification technique to treat the contaminated 

water. There are mainly three forms of mechanical methods to separate particles and 

contaminants from water today. The different methods can be used separate but also in 

combination with each other. The three are; sedimentation, floatation and filtration (Thuresson, 
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1992). For this study, filtration is considered because the Katadyn and Lifesaver bottles both 

use a form of filtration technique. 

 

A filter can be a simple fibre clothing where water with high turbidity can pass to or a 

commercial used filter e.g. sand filter. When water passes through a filter, particles clogs on 

the filter wall and only water molecules passes. How big particles that gets stuck is depending 

on the filter type (Persson et al., 2005.) 

How the Katadyn and Lifesaver bottles function in relation to the filtration technique is 

described under the two following subtitles. 

Katadyn bottle 

The Katadyn bottle is a 750 ml (560 ml with filter installed) drinking bottle with an extern filter 

system that easily could be installed (fig. 3). The filter system is built in three stages. The first 

stage is a glass fibre filter with ability to remove bacteria, protozoa and particles larger than 0, 

2 micron. The second filter is called ViruPur 3-filter with ability to adsorb virus. At the top of 

the filter system there is an active coal filter (Katadyn Products Inc, 2016). The coal filter can 

improve taste and reduce odour and chemical contaminants such as chlorine, and VOCs 

(Volatile Organic Compounds) (Sorlini & Collivignarelli, 2011). 

 

Figure 3. Katadyn bottle with filter system separated from bottle. The white part of the filter system consists of the glass fibre 

and Virupur filter. The dark black part close to the tap is the coal filter. 

The Katadyn bottle is suitable for clear untreated water from e.g. a lake, spring, stream or tap 

water. Water with high turbidity should only be treated in exceptional cases. Fill the bottle with 
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water and then drink the water with the Katadyn bottle in an up straight position to let the water 

pass through all stages. The bottle has a counting mechanism on the inside of the cap where it’s 

possible to keep counting on how many litres that has passed the filter. Maximum recommended 

amount of filtered water per filter is 100 litres. The bottles weight is 260 grams (Katadyn 

Products Inc, 2016). 

Lifesaver bottle 1500UF 

This product also purify water with mechanical forces. The main difference between the 

Katadyn and Lifesaver Bottle is the pump function that the Lifesaver Bottle is equipped with 

(fig. 4). In the bottom of the bottle there is a cap where water can be poured into the Lifesaver 

bottle and also a handle that makes it possible to pump up a pressure inside the bottle. Thanks 

to this function, the filter pores could be according to an ultrafilter in the Lifesaver bottle and 

no suction is needed. An ultrafilter is a type of membrane process, driven by pressure (Persson, 

2005). The function is mostly the same as the Katadyn bottle where the contaminated water 

passes through different stages of filters, but the lifetime for the Lifesaver is considerably 

longer, and one Lifesaver 1500UF can provide 1500 litres of water cleaned from bacteria, virus 

and other pathogens (Lifesaver, 2016). 

 

Figure 4. The Lifesaver bottle 1500UF is a mechanical water treatment construction with a pump function. Removes bacteria, 

virus and other pathogens. 

 

UV-light treatment 

UV is short for Ultraviolet, indicating that the light is transmitted with a short wavelength, 

shorter than is possible for the human eye to see. This light is harmful, not only for humans but 

also for other organisms and microorganisms, therefore it is suitable to use the technique to 

treat water with. The most common small scale water treatment UV lamps are mercury arc 

lamps that produces a monochromatic UV radiation at a germicidal wavelength of 254 nm 
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(WHO, 2011). The intense UV-light damage the DNA molecule on the pathogen so that it can’t 

reproduce. It can also damage the metabolism. UV-light treatment is an effective deactivator of 

bacteria, parasites and virus, E- Coli, giardia and cryptosporidium are microorganisms that is 

extra sensitive to UV-light exposure. UV-light water treatment does not form any harmful by-

products. Low turbidity is essential for the effectiveness of UV-light treatment, as the light may 

not reach all pathogens if the water is very turbid (Svenskt Vatten, 2009). Two limitations with 

usage of the UV technique is that there is a risk for contamination of the water if the quartz 

glass, protecting the UV lamp is damaged and that additional energy (batteries) is needed to get 

the lamp to function. 

SteriPEN 

The SteriPEN is a product using UV radiation to treat contaminated water. The name of the 

product indicates that it has a form, similar to a pencil but instead of graphite in the top there is 

an UV lamp (fig. 5). The function work so that you fill up a bottle or a glass with the water you 

want to treat and then you put your SteriPEN into the water, stir and start the UV radiation. 

When the UV lamp turns off your water is ready to drink (about 90 seconds for 1 litre). The 

included bottle has a simple filter at the inlet where larger particles that can disturb the 

effectiveness of the UV radiation treatment gets stuck. Four AA lithium batteries will treat up 

to 150 litres of water and the UV lamp has a life time of 8000 activations. The weight of the 

SteriPEN is 82 grams and the producer says that the product is waterproof even if they do not 

recommend total submerging (Hydro Photon Inc., 2016.) 

 

Figure 5. The SteriPEN is a simple UV-light water treatment method. The product weighs 82 grams and measures 186*43*43 

mm. 
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Method 

The method part is divided in the subtitles; Manageability, Purification capacity, Environmental 

impact and Economic aspect. 

Manageability 

In the initial phase of the study a study visit is made at a MSB warehouse where a review of the 

physical products is made. The MSB also makes a presentation of each product and how it has 

been used by the agency during their previous international missions. 

One important factor when examining and evaluating these products is the manageability. If 

the product doesn’t fits under the circumstances MSB conventionally are working in, it is not 

suitable. It should also be easy to use with a simple function, accessible instructions and the 

product should be easy to carry together with the personal gear (P. Bloom, personal contact, 12 

April, 2016). MSB conventionally perform a short assessment of a product when included in 

the personal gear. After a mission the product is evaluated and conclusions whether the product 

is suitable or not for the future work for MSB is determined (H. Flyman and P. Bloom, Personal 

contact, 2 May, 2016). 

During this study a qualitative assessment of the products is done. The products are assessed 

using a simple evaluating list. The list consists of 9 parameters and the products are judged in 

comparison with each other. The parameters is both objective in terms of weight and volume, 

but there is also some subjective parameters that is included in the assessment. The information 

is collected both from literature, from contact with producers and from own measurements. The 

SteriPEN requires 4 AA batteries to function. During this study 4 AA lithium batteries is 

included when calculating manageability, environmental impact and economic aspects. The 

lithium battery actually has low environmental impact, containing no heavy metals as lead, 

mercury or cadmium (Batteriföreningen, 2011). 

 

If two or more products have the same value the highest ranking point in relation to the other 

products is shared for the two with the same value (ranking points in parenthesis below). 

1. Product Weight (Lightest 5 - Heaviest 1) 

2. Purified water per unit (Most water 5 – Least water 1) 

3. Purified water per batch Chlorine dioxide pills, liquid and SteriPEN was judged from 

the presumption that a bottle of 1 litre is available (Most water 5 – Least water 1) 

4. Product Volume (Smallest 5 – Largest 1) 

5. Loose parts (number of parts the product consists of) (Fewest parts 5 – Most parts 1) 

6. External parts needed for function (e.g. battery, bottle) (Fewest parts 5 – Most parts 1) 

7. Product can be used in other purposes (Yes 2 – No 0) 

8. Accessible manageability information (Etiquette on product 5 – Information brochure 3 

– No information 0) 

9. Purification pace. Chlorine dioxide pills, liquid and SteriPEN was judged from the 

presumption that a bottle of 1 litre is available (Fastest 5 – Slowest 1) 
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Purification capacity 

All products are water treatment products, thus is one important parameter how well the product 

purifies water. As a first phase of this examination parameter, a recommendation on water 

quality is done. This to have a framework to follow when on a mission abroad. The complexity 

with making these recommendations is described under the subtitle International missions and 

water supply. 

Setting water quality 

The target with setting water quality is to present a proposal of chemical, biological and 

radiological parameters that’s of interest according to health issues on acute and chronical 

matter and include maximum acceptable values for each parameter. Based on the list with 

chemical, biological and radiological parameters there is some guidelines given on how to 

assess raw water on-site when no access to water test equipment is available. 

All work with setting water quality and the raw water assessment is done by a literature study 

where recommendations and guidelines are collected from five different sources; Swedish 

National Agency for Food (2015), WHO guidelines for drinking water (2011), UNHCR 

Handbook for emergencies (2007), WHO Rapid assessment of water quality (2012) and The 

Sphere Project (2011). The designed list of the contaminants and their maximum accepted value 

in the water is presented as a result along with the raw water assessment. 

Product purification capacity 

Each water treatment product has its own function and ability to treat water, therefore a 

literature study is done in order to assess the rate and capacity of purification. The assessment 

is based on literature provided by MSB and laboratory test reports found online or after 

contact with the producer of the product. The result is solely based on laboratorial reports and 

no own measures was done in order to find out the purification capacity for each product. This 

fact should be considered when reading the result. 

Each water treatment product is put into a diagram that describes what type of substances each 

treatment method is able to treat and the declining percentage of each substance according to 

the laboratorial reports. The substances that are considered in the assessment are; bacteria, 

viruses, protozoa, and algae/fungus plus a part where declining of different chemical/physical 

contaminants are described. 

Environmental impact 

Water demand 

One demand that is considered when evaluating environmental impact and the economic aspect 

is the required amount of water. To determine the amount of water the products should be able 

to provide during an international mission a discussion with MSB was held. The water demand 

should be suitable for the typical working situation for MSB relief workers. Water demand is 

calculated after discussion with MSB and use of the Sphere Project numbers on water demand 

per person. As the water treatment products principally is used to provide drinking water and 
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maybe in some small extent cooking the Sphere Project recommendation on 3 litres per day is 

used. 

The result from water demand calculation is compared to each product description on how much 

clean water one unit could produce. If a product don’t produce the required demand additional 

equipment or another unit have to cover the need and that is considered in the Environmental 

Effect Analysis, EEA and the economic analysis. During the EEA the number of units needed 

per mission is multiplied with the weight of each element to get approximately figures to base 

the environmental impact evaluation from. 

Environmental Effect Analysis, EEA 

The third parameter that each water treatment method is examined from is environmental 

impact. The method used is a form of Environmental Effect Analysis, EEA that is a qualitative 

method for Design for Environment, DfE. DfE is a life cycle handling of product development 

where each phase need to be considered (Lindahl & Tingström, 2001). The differences and 

advantages between an EEA and a conventionally LCA is that an EEA is performed during less 

time and no quantitative data is required (Lindahl et al., 2000). An EEA is suitable for the design 

process of a product to judge the environmental effects of different choices in the early phase 

of the process, in this study it will show how each product impacts the environmental as a 

finished product used on the market. 

 

The first part of the analysis is done by using a simplified matrix from Lindahl & Tingström, 

(2001), where each water treatment product are reviewed from different life stages, (tab 3). 

Table 3. Description how the EEA table was used. 

Environmental Effect Analysis, EEA 

Water 

treatment 

method 

No. Life cycle 

phase 

Activity Environmental effect 

What type of 

product that 

is evaluated 

Number 

on 

activity 

What stage in 

the life cycle 

that is 

identified. The 

life phases that 

was considered 

was extraction, 

production, use 

and end of life. 

Parts of the life cycle 

where something 

happens and 

environmental impact 

is caused. Every step 

where activities are 

related to environment 

impact should be 

identified. 

What are the 

external/internal impact on 

the environment caused by 

the activities? Can be; 

Consumption of resources 

(energy, materials, water 

etc.), Discharges (to water, 

land and air), Generation of 

waste and by-products. 

This first part of the EEA is an inventorying, screening part where activities and impacts are 

identified. A second part of the EEA is to evaluate each activity and then summarize the 

environmental impact from the total life cycle.  This is done qualitative by judge of each product 

individually but also in comparison with the other products. At the end of each evaluation 
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process the product gets a flower indicating how big impact on environment the product have 

in comparison with the other products (fig. 6). The environmental impact evaluation is initially 

based on water demand for one mission but also evaluated from the perspective of five and ten 

international missions. This is done in order to provide a basis for environmental impact on 

short term use of a product as well as long term use. The EEA is done with no respect or 

consideration to transports or packaging containers. 

 

 

Figure 6. The environmental evaluation was summarized with these figures where nr1 had the lowest impact on environment 

and nr 5 had the worst impact on the environment. 

Economic aspect 

The economic calculation is done by a simple equation where costs for purchase, and 

maintenance are considered (Eq. 1). In order to be able to evaluate the quantity of how many 

units of each product that was needed for one, five and ten missions a simple equation is used 

(Eq. 2). Knowing how many litres each unit of a product could produce this figure is compared 

with the required amount of water, calculated from the presumptions described under Water 

demand.  

 

𝐶𝑜𝑠𝑡 𝑓𝑜𝑟 𝑜𝑛𝑒 𝑚𝑖𝑠𝑠𝑖𝑜𝑛 = 𝑃 + 𝑀 

      [Eq. 1] 

If equation 2 is less than 1 another unit or additionally equipment have to cover the demand. 

𝑊𝑎𝑡𝑒𝑟𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑

𝑊𝑎𝑡𝑒𝑟𝑑𝑒𝑚𝑎𝑛𝑑
= 𝑅𝑎𝑡𝑖𝑜 

      [Eq. 2] 
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Table 4. Description of entities to equation 1  and 2. 

Entities, Eq. 1 and 2 

Entity Description Value Unit 

Cost per mission How much a certain method costs 

per mission 

Calculated Swedish 

crowns 

(SEK) 

P Purchase cost for one unit See table 18. SEK 

M Additional costs. Reserve parts to 

cover water demand, based on 

result in equation 2. 

See table 18 SEK 

Waterproduced Water production for one unit See table 10 Litres 

Waterdemand Based on demand 21 (7 days times 3 litres) Litres per 

mission 

𝑅𝑎𝑡𝑖𝑜 Shows if there is a need of 

additionally equipment or unit. 

>1 or <1 - 

 

To be able to use equation 1, cost for each product have to be known, and this information was 

found from online sources. The reason for this was to get a more fair comparison as MSB 

doesn’t purchase each product to their missions. 
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Results 

Manageability 

The manageability test showed that the chlorine dioxide liquid was best according to the nine 

parameters. The chlorine dioxide liquid was superior to the other products that was rather even 

with chlorine dioxide pills and Lifesaver bottle on second place, the SteriPEN on third and the 

Katadyn bottle on the fourth place (tab 5). 

Table 5. Result from manageability assessment. 

Manageability 

Parameter Chlorine 

dioxide pills 

Chlorine 

dioxide 

liquid 

Katadyn 

bottle 

Lifesaver 

bottle 

SteriPEN 

Weight per unit 

(grams) 

4 (40 g) 5 (37 g) 2 (260 g) 1 

(635g>Lifesa

ver>260 g)1 

3 (82 g) 

Purified Water per 

unit (litres) 

2 (30 l) 1 (12 l) 3 (100 l) 5 (250 l) 4 (150 l) 

Purified Water per 

batch (litres) 

5 (1 l) 5 (1 l) 3 (0,56 l) 4 (0,75 l) 5 (1 l) 

Product Volume 

(dm3) 

4 (0,1365 dm3) 5 (0,023 dm3) 2 (1,33 dm3) 1 (>1,33 

dm3)1 

3 (0,34 dm3) 

Loose parts (number 

and type) 

4 (3, box, pill 

map, pill) 

5 (2, bottle and 

liquid) 

3 (4, bottle, 

cap, coal filter 

and virupur 

filter) 

2 (6, bottle, 

pump, 

sponge filter, 

coal filter, 

ultra-filter 

and cap) 

2 (6, UV-

lamp, 4 

batteries, 

protective 

cap) 

External parts for 

function (Yes/No, 

type) 

0 (Yes, 

container) 

0 (Yes, 

container) 

2 (No) 2 (No) 0 (Yes, 

container) 

Can be used in other 

purposes (Yes/No, 

other purpose) 

0 (No) 2 (Yes, hand 

disinfectant) 

2 (Yes, water 

container) 

2 (Yes, water 

container) 

0 (No) 

Accessible 

information 

(Etiquette/Brochure/

No) 

5 (Etiquette) 5 (Etiquette) 3 (Brochure) 3 (Brochure) 3 (Brochure) 

Purification pace 

(litres/min) 

1 (0,033 l/min) 3 (0,5 l/min) 2 (0,2 l/min) 5 (1,3 l/min) 4 (0,66 

l/min) 

Total 25 31 22 25 24 

Ranking 2 1 4 2 3 

1. No exact figure was found but during product examination at MSB warehouse the Lifesaver 1500UF appeared heavier and bigger than the 

Katadyn bottle and knowing that the larger Lifesaver 4000UF weight is 635 grams. 
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Purification capacity 

Setting water quality 

The contaminants are divided in chemical, biological and radiological parameters (tab. 6, 7 and 

8). 

Table 6. Chemicals parameters 

Chemical parameters 

Parameter Unit Maximum 

acceptable 

value 

Comment 

Colour True Colour Units, 

TCU 

15c Visible for the human eye 

Odour - Obvious 

odoura 

Maximum value can be subjective 

pH - 10,5a Recommended interval is 6,5 - 9 

Taste - Obvious 

tastea 

Maximum value can be subjective 

Turbidity Nephelometric Turbidi

ty Unit, NTU 

5d Low values under maximum 

acceptable value improves 

purification efficacy on 

microorganisms 

Antimony, An mg/l 0,02b  

Arsenic, As mg/l 0,01c Risk for chronical health effects at 

prolonged intake of water exceeding 

maximum acceptable value 

Cadmium, Cd mg/l 0,005a Risk for chronical health effects at 

prolonged intake of water exceeding 

maximum acceptable value 

Chloramines 

(monochloramine, 

dichloramine, 

trichloramine) 

mg/l monochloramine 3,0b By-products of drinking water 

chlorination 

Chromium, Cr mg/l 0,05a Risk for chronical health effects at 

prolonged intake of water exceeding 

maximum acceptable value 

Copper, Cu mg/l 2,0a  

Cyanide mg/l 0,05a  

Fluoride, Fl mg/l 6,0a Restricted use for children under 7 

years 

Mercury, Hg mg/l 0,006b Risk for chronical health effects at 

prolonged intake of water exceeding 

maximum acceptable value 

Iron, Fe mg/l 0,3c Value is not health based, causing 

bad taste, colour and odour 
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Lead, Pb mg/l 0,01b Risk for chronical health effects at 

prolonged intake of water exceeding 

maximum acceptable value 

Nickel, Ni mg/l 0,07b  

Nitrate, NO3 mg/l 50a Restricted use for children under 1 

year 

Phosphate, PO4
3- mg/l 0,6a  

Polynuclear 

aromatic 

hydrocarbons, PAH 

mg/l Benzo[a]pyrene 0,0007b  

Selenium, Se mg/l 0,04b  

Sulphate, SO4 mg/l 250a  

Uranium, U mg/l 0,03a  
a. Recommendation from Swedish National Food Agency b. WHO guidelines for drinking water c. WHO Rapid assessment of water quality 

d. The Sphere Project 

Table 7. Biological parameters 

Biological Parameters 

Parameter Unit Maximum acceptable 

value 

Comment 

Coliforms total (35⁰C) Number per cm3 <1a Recommendation from 

Swedish National Food 

Agency is very different, 

500 as maximum 

acceptable value 

Escherichia Coli (E. 

Coli) 

Number per cm3 <1a Recommendation from 

Swedish National Food 

Agency is very different, 

10 as maximum 

acceptable value 
a. Recommendation from WHO 

Table 8. Radiological parameter 

Radiological Parameter 

Parameter Unit Maximum acceptable 

value 

Comment 

Radon Bq/l <1000a - 

a. Recommendation from Swedish National Food Agency 

MSB has their own routines regarding on-site assessment and water quality judgment. Based 

on this thesis it’s recommended, if possible to perform a full scale laboratory test where all 

parameters according to tables 6, 7 and 8 is included. If a full scale test isn’t possible, it’s 

suitable to perform a field water test where underlined parameters from table 6 and 7 are 

included. The field test could be done by e.g. a pocket pH and a photometer. At last hand, 
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perform a small water test where parameters that have influence on microbial quality is 

evaluated. These parameters are; Coliforms total at 35⁰C, turbidity, pH and chlorine residuals 

(chloramines). If there are a certain chemical parameter or parameters that are known to appear 

at the certain location, include this too. 

Raw water assessment (also found as an attachment) 

The raw water assessment is done as a field action plan to follow when no equipment to perform 

any water tests is available. Note that the assessment doesn’t ensure water safety but should 

rather (always) be used before using the personal water treatment product. There are two 

reasons for this. Firstly a raw water assessment are itself a precautionary way of securing water 

quality, and secondly it may increase the performance of the water treatment product if 

choosing raw water from the best available source. 

Follow the guidelines downwards to perform a raw water assessment on-site without access to 

laboratory equipment. 

 

 Observe the colour of the water. At 15 TCU it’s possible to see that the water is 

discoloured and shouldn’t be used, but always make your own judgment at site if the 

water seems to coloured to be used. 

 Odour is a good indicator if the water is contaminated. Smell on the water and decide 

whether the water is odourless or if there is an obvious odour. 

 Review the turbidity in the water. Are there many suspended particles in the water? If 

yes, try to filter the water through a sari or blanket to reduce turbidity and to increase 

the efficiency of the water treatment method. 

 Pay attention to the local inhabitants. Their behaviour and usage of the water supply is 

a good indicator to if the water is suitable to drink or not. Remember to always use the 

water treatment method even if locals may drink directly from the source. 

 Perform a sanitary inspection on-site. Make a visual assessment of the infrastructure and 

environment around the water supply. Look for contamination risks, such as; latrine 

facility, traces of animal presence (breeding, excreta etc.), cultivation, roads and/or 

industry. If possible use sanitary inspection form from Rapid Assessment of Water Quality 

(WHO, 2012). 

If the raw water is assessed to be of sufficient quality according to the list above. Use the water 

treatment method and thereafter evaluate the water again according to the three first points and 

then according to the last point: 

 Taste is a good indicator if the water is too contaminated to drink. Remember that the 

water from this source may not taste the same as from the faucet at home. If the taste is 

too obvious or disgusting, it’s recommended to not drink the water. (Note that if chlorine 

dioxide was used, there may be an aftertaste of chlorine. If chlorine dioxide was dosed 
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according to the specific product this is not dangerous in a wider extinct, it will probably 

be more harmful to evade treatment of the water). 

Product purification capacity 

What contaminants and to what extant each product purifies raw water according to the 

literature is described in table 9. 

Table 9. Water treatment product purification capacity and ability 

Purification capacity and ability 

Product Bacteria Virus Protozoa Algae/Fungus 

Chlorine 

dioxide 

pills 

Yes/No1 Yes/No1 Yes/No1 Yes/No1 

Chlorine 

dioxide 

liquid 

99,999 %2 99,99 %3 99,9 %4 Yes/No1 

Katadyn 

Bottle 

99,999 %5 >99,996 99,99 %4,8 Yes/No1 

Lifesaver 

Bottle 

99,99999 %2 99,999 %7 99,9 %8 99,9999 % 

SteriPEN 99,9999 %9 99,99 %9 99,9 %9 Yes/No1 

1. Product has reduction ability on contaminant but no exact figures or specifications was found. The chemical/physical contaminant category 

is complex, some chemical contaminants could theoretically be reduced by carbon filter or chlorine dioxide but other chemical substances may 

not be reduced by these techniques. 

2. Figure based on laboratory test on Escherichia coli (E. coli) (Xinix, 2013). 

3. Figure based on laboratory test on rotavirus (Xinix, 2013). 

4. Figure based on laboratory test on giardia lamblia (Xinix, 2013). 

5. Figure based on laboratory test on R. terrigena and P. aeruginosa (Bachema, 2010). 

6. Figure based on laboratory test on a model organism for viruses; bacteriophage MS2 (Bachema, 2010). 

7. Figure based on laboratory test on polio virus (University of London, 2011). 

8. Figure based on laboratory test on cryptosporidium (University of London, 2011). 

9. Figures based on laboratory test results with MSP coliphage, adequate to reductions on bacteria, protozoa and virus (A & L Laboratory Inc., 

2010 and University of Colorado, 2016). 

The chlorine dioxide pills from Lifesystems has the same active substance as the liquid from 

Xinix AB and therefore is estimated to purify raw water similar to the Xinix AB product but no 

exact figures was found (fig. 7). 
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Figure 7. Purification ability of five different parameters. The different layers indicates to what extent the product purify the 

water. The inner ring represent that the product decline the certain parameter but no exact figures was found. The coming 

rings represent a purification capacity increasing with one decimal per ring. So for the second ring the rate is 99, 9 % for the 

third 99, 99 % and so on. If no data was found the space is left empty. 

The chlorine dioxide liquid from Xinix AB has good reduction capacity to bacteria and virus 

(fig. 8). 

Figure 8. Xinix AB chlorine dioxide liquid purification ability of five different parameters. A detailed explanation to the figure 

is found in figure 7. 

The Katadyn bottle shows good reduction to bacteria, Virus and Protozoa during laboratorial 

tests. The bottle has a theoretical ability to reduce algae and fungus but no exact numbers was 

found. (fig. 9). 

Chlorine dioxide pills purification capacity to four parameters

Bacteria

Virus

Protozoa

Algea/Fungus

Chlorine dioxide pills purification capacity to four parameters

Bacteria

Virus

Protozoa

Algea/Fungus

1st ring – reduction ability but 

no exact figures was found 

2nd ring – 99, 9 % reduction 

3rd ring – 99, 99 % reduction 

4th ring – 99,999 % reduction 

5th ring – 99, 9999 % reduction 

6th ring – 99, 99999 % reduction 

1st ring – reduction ability but 

no exact figures was found 

2nd ring: 99, 9 % reduction 

3rd ring: 99, 99 % reduction 

4th ring: 99,999 % reduction 

5th ring: 99, 9999 % reduction 

6th ring: 99, 99999 % reduction 
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Figure 9. The Katadyn bottle purification ability of five different parameters. A detailed explanation to the figure is found in 

figure 7.  

The Lifesaver bottle has shown highest ability to reduce bacterial contaminations in raw water 

during laboratorial tests. It has also shown good reduction to Virus, Algae and Fungus (fig. 10). 

Figure 10. Lifesaver bottle 1500UF purification ability of five different parameters. A detailed explanation to the figure is 

found in figure 7. Chemical contaminant figure is represented by the decline of turbidity. 

The SteriPEN has shown very good reduction to bacteria and good reduction to virus and 

protozoa according to the laboratorial tests (fig. 11). 

 

Katadyn bottle purification capacity to four parameters

Bacteria

Virus

Protozoa

Algea/Fungus

Lifesaver bottle purification capacity to four parameters

Bacteria

Virus

Protozoa

Algea/Fungus

1st ring – reduction ability but 

no exact figures was found 

2nd ring: 99, 9 % reduction 

3rd ring: 99, 99 % reduction 

4th ring: 99,999 % reduction 

5th ring: 99, 9999 % reduction 

6th ring: 99, 99999 % reduction 

1st ring – reduction ability but 

no exact figures was found 

2nd ring: 99, 9 % reduction 

3rd ring: 99, 99 % reduction 

4th ring: 99,999 % reduction 

5th ring: 99, 9999 % reduction 

6th ring: 99, 99999 % 

reduction 
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Figure 11. SteriPEN purification ability of five different parameters. A detailed explanation to the figure is found in figure 7. 

A fifth group of contaminants was considered during the literature review. That was 

chemical/physical contaminants. The chlorine dioxide pills, chloride dioxide liquid, Katadyn 

bottle and SteriPEN had no data on this contaminant group. For the chlorine dioxide products 

the conclusions on that was that there are a theoretical possibility to have declining rates of 

different chemical substances by chemical reactions in the water but no exact figures was found. 

Additionally the by-products of such reactions will probably remain in the water if no filtration 

is done. The Katadyn bottle has a carbon filter and could by that reduce amount of 

chemical/physical contaminants but no exact figures was found. The Lifesaver bottle also has 

a carbon filter and have shown in one laboratorial report, declining rates to some substances, 

Iron, 99, 99 %, Lead, 99,8 %, Cupper, 99,6 % and turbidity 99,9 % (Lifesaver, 2009). No data 

on declining rates on chemical contaminates was found for the SteriPEN. 

Environmental impact 

Water demand 

After discussion with MSB the conclusion was that conventionally MSB workers live at camp 

with own water treatment facility or another water supply, such as bottled water. The water 

treatment products is conventionally used as a back-up method for clean water supply and the 

situations where the products from this study may be needed is in the initial phase of a 

mission, e.g. recognition squad or when no camp has been settled. Another scenario is when 

personal leaving camp and water distribution is lacking and local water sources is unsecure. 

The estimated maximum time a person typically is exposed to this form of clean water 

defiance is one week per mission abroad. Based on that knowledge and the data from the 

Sphere project (2011) the demand of water per person and mission is 21 litres (7 days times 3 

litres). 

SteriPEN purification capacity to four parameters

Bacteria

Virus

Protozoa

Algea/Fungus

1st ring – reduction ability but 

no exact figures was found 

2nd ring: 99, 9 % reduction 

3rd ring: 99, 99 % reduction 

4th ring: 99,999 % reduction 

5th ring: 99, 9999 % reduction 

6th ring: 99, 99999 % 

reduction 
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Based on that figure calculations showed that only the chlorine dioxide liquid product had to 

be complemented by another unit to provide the required amount of water for one mission (tab. 

10). 

Table 10. Result on how many units of each product that is required to fulfil the demand of water during one international 

mission. 

Number of units needed to cover water demand per international mission 

Product Water produced per unit 𝑾𝒂𝒕𝒆𝒓𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅

𝑾𝒂𝒕𝒆𝒓𝒅𝒆𝒎𝒂𝒏𝒅
 

Number of units 

needed for 1 

mission 

Chlorine 

dioxide pills 

30 litres >1 1 

Chlorine 

dioxide 

liquid 

12 litres <1 2 

Katadyn 

Bottle 

100 litres >1 1 

Lifesaver 

Bottle 

250 litres per carbon filter (1500 

litres for cartridge) 

>1 1 

SteripPEN 150 litres per set of lithium 

batteries (8000 litres per UV lamp) 

>1 1 

 

The water demand for five international missions is calculated to 105 litres (5*21 litres) and for 

ten missions it was 210 litres (10*21 litres). The water demand for five respectively ten missions 

showed that several products had to be complemented to fulfil the required amount of water 

(tab. 11). 

 

 

 

 

 

 



30 

 

Table 11. Result on how many units of each product that is required to fulfil the demand of water during one international 

mission. 

Number of units needed to cover water demand for five and ten international mission 

Product 𝑾𝒂𝒕𝒆𝒓𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅

𝑾𝒂𝒕𝒆𝒓𝒅𝒆𝒎𝒂𝒏𝒅𝟓𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔
 

Number of 

units 

needed for 

5 missions 

𝑾𝒂𝒕𝒆𝒓𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝒅

𝑾𝒂𝒕𝒆𝒓𝒅𝒆𝒎𝒂𝒏𝒅𝟏𝟎𝒎𝒊𝒔𝒔𝒊𝒐𝒏𝒔
 

Number of 

units needed 

for 10 

missions 

Chlorine 

dioxide pills 

<1 4 <1 7 

Chlorine 

dioxide 

liquid 

<1 9 <1 18 

Katadyn 

Bottle 

<1 1 (Filter 

capacity; 

about 100 

litres, 

assumed that 

5 litres extra 

is possible to 

purify) 

<1 2 (Filter 

capacity; about 

100 litres, 

assumed that 

10 litres extra 

is possible to 

purify) 

Lifesaver 

Bottle 

>1 1 >1 1 

SteripPEN >1 1 <1 1+4 extra AA 

lithium 

batteries 

 

Environmental Effect Analysis, EEA 

Inventorying stage 

The inventorial stage of the EEA showed that the different products mostly had the same 

activities, differing mainly on raw material and amount. In the tables numbers of missions is 

included, if no number of missions is mention is meant that the amount of raw material and/or 

element is enough to cover for 10 missions (tab. 12, 13, 14, 15 and 16). 
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Table 12. 1st stage of the EEA of Chlorine dioxide pills. All weights is approximately and was concluded during own measures. 

Environmental Effect Analysis, EEA, Chlorine dioxide pills 

Water 

treatment 

product 

No. Life 

cycle 

phase 

Activity Environmental effect 

Chlorine 

dioxide 

pills 

1 Extraction Raw material is extracted to 

produce: 1 mission: 30 grams (1*30 

grams), 5 missions; 120 grams (4*30 

grams), 10 missions; 210 grams 

(7*30 grams) plastic box. 

->Consuming oil, or other 

raw material that is used 

to produce plastic 

->Emissions from 

extraction machines 

2 Extraction Raw material is extracted to 

produce: 1 mission: 5 grams (1*5 

grams), 5 missions; 20 grams (4*5 

grams), 10 missions; 35 grams (7*5 

grams) chlorine dioxide pill. 

->Consuming natural 

resources (NaCl) 

->Emissions from 

extraction 

3 Extraction Raw material is extracted to 

produce: 1 mission: 5 grams (1*5 

grams), 5 missions; 20 grams (4*5 

grams), 10 missions; 35 grams (7*5 

grams) metallic pill container. 

->Consuming metal 

resources 

->Emissions from 

extraction machines 

4 Production Producing; 1 mission: 1, 5 missions; 

4, 10 missions; 7, plastic boxes 

->Emissions and residuals 

from factory 

5 Production Producing; 1 mission: 30, 5 

missions; 120, 10 missions; 210, 

chlorine dioxide pills 

->Emissions and residuals 

from factory 

6 Production Producing; 1 mission: 5, 5 missions; 

20, 10 missions; 35,  metallic pill 

containers 

->Emissions and residuals 

from factory 

7 Use Water treatment ->Chlorine dioxide is 

released to nature 

8 End of 

Life 

Plastic box is thrown away ->Emissions when 

incinerated or land filled 

9 End of 

Life 

Left-over chlorine dioxide is thrown 

away 

->Emissions when 

incinerated or land filled -

>Chlorine dioxide is 

released to nature 

10 End of 

Life 

Metallic pill container is thrown 

away 

->Emissions when 

incinerated or land filled 
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Table 13. 1st stage of the EEA of Chlorine dioxide liquid. All weights is approximately and was concluded during own measures. 

Environmental Effect Analysis, EEA, Chlorine dioxide liquid 

Water 

treatment 

product 

No. Life 

cycle 

phase 

Activity Environmental effect 

Chlorine 

dioxide 

liquid 

1 Extraction Raw material is extracted to 

produce: 1 mission: 48 grams (2*24 

grams), 5 missions; 216 grams (9*24 

grams), 10 missions; 432 grams 

(18*24 grams) glass bottle 

->Consuming limestone, 

silicon and sodium-

>Emissions from 

extraction machines 

2 Extraction Raw material is extracted to 

produce; 1 mission: 18 grams (2*9 

grams), 5 missions; 81 grams (9*9 

grams), 10 missions; 162 grams 

(18*9 grams) chlorine dioxide liquid 

->Consuming natural 

resources (NaCl)-> 

Emissions from extraction 

3 Extraction Raw material is extracted to 

produce; 1 mission: 6 grams (2*3 

grams), 5 missions; 27 grams (9*3 

grams), 10 missions; 54 grams (18*3 

grams) plastic cap 

-> Consuming oil, or 

other raw material that is 

used to produce plastic-

>Emissions from 

extraction machines 

4 Production Producing; 1 mission 2, 5 missions 

9, 10 missions 18 glass bottles 

->Emissions and residuals 

from factory 

5 Production Producing; 1 mission: 18 ml, 5 

missions; 81 ml, 10 missions; 162 

ml chlorine dioxide liquid 

->Emissions and residuals 

from factory 

6 Production Producing; 1 mission 2, 5 missions 

9, 10 missions 18 plastic caps 

->Emissions and residuals 

from factory 

7 Use Water treatment ->Chlorine dioxide is 

released to nature 

8 End of 

Life 

Glass bottle is thrown away ->Emissions when 

incinerated and/or land 

filled 

9 End of 

Life 

Left-over chlorine dioxide is thrown 

away 

->Emissions when 

incinerated and/or land 

filled. ->Chlorine dioxide 

is released to nature 

10 End of 

Life 

Plastic cap is thrown away ->Emissions when 

incinerated or land filled 
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Table 14. 1st stage of the EEA of Katadyn bottle. All weights is approximately and was concluded during own measures 

Environmental Effect Analysis, EEA, Katadyn bottle 

Water 

treatment 

product 

No. Life 

cycle 

phase 

Activity Environmental effect 

Katadyn 

Bottle 

1 Extraction Raw material is extracted to produce; 

1 and 5 mission 200 grams, 10 

missions 400 grams (2*200 grams) 

plastic bottle and cap (PPH, LDPE 

and santopren plastic) 

-> Consuming oil, or 

other raw material that 

is used to produce 

plastic 

->Emissions from 

extraction machines 

2 Extraction Raw material is extracted to produce; 

1 and 5 missions 30 grams, 10 

missions 60 grams (2*30 grams) of 

glass filter 

->->Consuming 

limestone, silicon and 

sodium 

->Emissions from 

extraction machines 

3 Extraction Raw material is extracted to produce: 

1 and 5 missions 30 grams, 10 

missions 60 grams (2*30 grams) of 

carbon filter 

-> Consuming coal to 

produce filter 

->Emissions from 

extraction machines 

4 Production Producing: 1 and 5 missions 1, 10 

missions 2 plastic bottles plus caps 

->Emissions and 

residuals from factory 

5 Production Producing: 1 and 5 missions 1, 10 

missions 2 glass filter 

->Emissions and 

residuals from factory 

6 Production Producing: 1 and 5 missions 1, 10 

missions 2 carbon filter 

->Emissions and 

residuals from factory 

7 Use Water treatment ->Glass, coal or plastic 

particles is released to 

nature 

8 End of 

Life 

Plastic bottle is thrown away ->Emissions when 

incinerated and/or land 

filled 

9 End of 

Life 

Glass filter is thrown away ->Emissions when 

incinerated and/or land 

filled 

10 End of 

Life 

Carbon filter is thrown away ->Emissions when 

incinerated or land filled 
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Table 15. 1st stage of the EEA of Lifesaver bottle. Figures estimated as no exact weight was found or could be measured. 

Environmental Effect Analysis, EEA, Lifesaver bottle 

Water 

treatment 

product 

No. Life 

cycle 

phase 

Activity Environmental effect 

Lifesaver 

Bottle 

1 Extraction Raw material is extracted to 

produce a 635 <plastic>200 grams 

plastic bottle and cap (PPE and 

MPDE plastic) 

-> Consuming oil, or other 

raw material that is used to 

produce plastic 

->Emissions from 

extraction machines 

2 Extraction Raw material is extracted to 

produce an ultrafilter 

->Consuming oil, or other 

raw material that is used to 

produce plastic 

->Emissions from 

extraction machines 

3 Extraction Raw material is extracted to 

produce a carbon filter 

-> Consuming coal to 

produce filter 

->Emissions from 

extraction machines 

4 Production Producing plastic bottle and cap ->Emissions and residuals 

from factory 

5 Production Producing ultrafilter ->Emissions and residuals 

from factory 

6 Production Producing carbon filter ->Emissions and residuals 

from factory 

7 Use Water treatment ->Glass, coal or plastic 

particles is released to 

nature 

8 End of 

Life 

Plastic bottle and cap is thrown 

away 

->Emissions when 

incinerated and/or land 

filled 

9 End of 

Life 

Ultrafilter is thrown away ->Emissions when 

incinerated and/or land 

filled 

10 End of 

Life 

Carbon filter is thrown away ->Emissions when 

incinerated and/or land 

filled 
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Table 16. 1st stage of the EEA of SteriPEN. Figures gathered from (Aaron Cox, personal contact, 18/4, 2016) and Kjell.com 

(2016). 

Environmental Effect Analysis, EEA, SteriPEN 

Water 

treatment 

product 

No. Life 

cycle 

phase 

Activity Environmental effect 

SteriPEN 

1 Extraction Raw material is extracted to produce 

a 30 grams plastic body (ABS 

plastic) 

-> Consuming oil, or 

other raw material that is 

used to produce plastic 

->Emissions from 

extraction machines 

2 Extraction Raw material is extracted to produce 

a 10 grams lamp grade quartz plus 

protective glass <30 grams 

->Consuming quartz plus 

limestone, silicon and 

sodium to produce lamp 

->Emissions from 

extraction machines 

3 Extraction Raw material is extracted to 

produce: 1 and 5 missions 95 grams, 

10 missions 190 grams (2*95 grams) 

lithium batteries 

-> Consuming lithium 

and metal to produce 

batteries 

->Emissions from 

extraction machines 

4 Production Producing plastic body ->Emissions and residuals 

from factory 

5 Production Producing lamp grade quartz plus 

protective glass <30 grams 

->Emissions and residuals 

from factory 

6 Production Producing: 1 and 5 missions 4, 10 

missions 8 lithium batteries 

->Emissions and residuals 

from factory 

7 Use Water treatment ->UV light damaging 

organisms outside of 

water 

8 End of 

Life 

Plastic body with UV lamp is thrown 

away 

->Emissions when 

incinerated and/or land 

filled 

9 End of 

Life 

Batteries is thrown away ->Emissions when 

incinerated and/or land 

filled          ->Discharges 

to environmental systems 

if thrown in nature 
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Evaluating stage 

Each product impacts on the environment in different ways and to different extents. The 

evaluation showed that the chlorine dioxide products is better from a short term use perspective 

but the other methods is better if used during several missions (tab. 17). 

Table 17. Qualitative assessment of products and their environmental impact. Flowers indicates how environmental friendly 

each product is compared between to each other over 1, 5 and 10 missions. 

Evaluation of environmental impacts on 1, 5 and 10 missions. 

Product Qualitative assessment 1 

mission 

5 

missions 

10 

missions 

Chlorine 

dioxide 

pills 

During the extraction phase the environmental 

impact is mainly from raw material to plastic box. 

The amount of metal and chlorine dioxide is 

rather small. Production of the plastic boxes are 

probably also the most environmental threatening 

process. Plastic box could probably be recycled 

while metal container could go to land fill. 

Chlorine dioxide spread in nature is harmful but 

will only give local damages. Incineration of 

chlorine may lead to organic chlorine compounds 

or hydrochloric acid but the amount from the pills 

is rather small.  

   

Chlorine 

dioxide 

liquid 

Less environmental effects from plastic raw 

material extraction but more chlorine dioxide raw 

material compared to the pills. The same goes for 

the production phase. The impact from glass raw 

material extraction and production is the highest 

for this product and considered worse than the 

impact from the same activity of plastics (Accorsi 

et al., 2015 and Flanagan et al., 2015). Glass and 

plastic cap could probably be recycled but more 

likely is that they goes to incineration. Effects 

from chlorine dioxide spill will impact on a local 

scale. 

   

Katadyn 

Bottle 

The amount of plastic is probably the most severe 

impact on the environment for the Katadyn bottle 

both in the extraction and the production phase. 

Impact from glass production and extraction is 

less than the amount for the chlorine dioxide 

liquid bottle. Environmental impacts from use 

phase is not likely and will only be local. 

Incineration of the plastic bottle could lead to 
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dangerous emissions but also heat to produce 

electricity. The bottle is also recyclable.  

Lifesaver 

bottle 

The Lifesaver bottle contains of most plastic of all 

products but it’s hard to estimate environmental 

impact because no exact figures on plastic content 

is available. The impact on environment is largest 

from this material. The impact from the carbon 

filter extraction and production is similar to the 

Katadyn bottle carbon filter. Lifesaver claims that 

all plastics in the bottle is recyclable but impacts 

from incineration is probably similar to the 

Katadyn bottle. Note that no extra production is 

needed when using the Lifesaver as the water 

demand is fulfilled with one unit.  

   

SteriPEN 

The plastic in the SteriPEN is similar to the 

chlorine dioxide pill box. The production phase of 

the product is impacting to the environment as it 

is a technical, electrical product. Lithium batteries 

is long-lifed and more environmental friendly than 

other batteries. The waste management is 

probably most complex when it comes to the 

batteries and the SteriPEN because it is a 

composite product of several components.  

 
  

Economic aspect 

The calculated theoretical cost for one mission is displayed in table 18. 

Table 18. Cost for one (1st) mission. Results from equation 2. 

Total cost for one mission 

Product Purchase 

cost, P 

Additional cost, M Total cost for 

one mission 

Chlorine dioxide pills 120 SEK1 - 120 SEK 

Chlorine dioxide liquid 55 SEK2 1 liquid bottle * 55 SEK2 110 SEK 

Katadyn Bottle 550 SEK3 - 550 SEK 

Lifesaver Bottle 1100 SEK4 - 1100 SEK 

SteripPEN 560 SEK5 4 AA Lithium batteries, price 

per set 90 SEK6 

650 SEK 

1. Amazon.com Inc., 2016 .2. Addnature.com, 2016. 3. Katadyn Products Inc., 2016. 4. Survivalmetrics.com., 2016 5. Hydro-Photon Inc., 

2016 6. Kjell.com, 2016 
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The total cost of five and ten missions after purchase of the product is showed in table 19 and 

20 where additional costs is considered. The chlorine dioxide pills had the lowest cost after five 

missions while the SteriPEN had the lowest after ten missions. Prices for additional cost was 

gathered from the same source as referred to in table 18. 

Table 19. Cost for 5 first mission 

Total cost for 5 missions 

Product Purchase cost 

for one unit, P 

Additional cost, M Cost for 5 missions 

Chlorine dioxide 

pills 

120 SEK 3 boxes of chlorine dioxide 

tablets*120 SEK 

480 SEK 

Chlorine dioxide 

liquid 

55 SEK 8 liquid bottles * 55 SEK 495 SEK 

Katadyn Bottle 550 SEK - 550 SEK 

Lifesaver Bottle 1100 SEK - 1100 SEK 

SteripPEN 560 SEK 4 AA Lithium batteries, price per 

set 90 SEK 

650 SEK 

 

Table 20. Cost for 10 first missions 

Total cost for 10 missions 

Product Purchase cost 

for one unit, P 

Additional cost, M Cost for 10 missions 

Chlorine dioxide 

pills 

120 SEK 6 boxes of chlorine dioxide 

tablets*120 SEK 

840 SEK 

Chlorine dioxide 

liquid 

55 SEK 17 liquid bottles * 55 SEK 990 SEK 

Katadyn Bottle 550 SEK 1 new virupur filter*460 SEK 1010 SEK 

Lifesaver Bottle 1100 SEK - 1100 SEK 

SteripPEN 560 SEK 8 AA Lithium batteries, price 

per set 90 SEK 

740 SEK 

SteriPEN was the most economic option on a 10 mission use, the Lifesaver has to be used 

during a longer period than 10 missions to pay off (fig. 12). 
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Figure 12. Change of total cost over 1, 5 and 10 missions. 

A diagram showing a summary of all results are found as an attachment. 
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Discussion 

Results 

Each product has its own pros and cons and it has been shown during this study. Downwards 

are some discussion points linked to the result of the study. 

Manageability 

The Chlorine dioxide pills from Lifesystems was the second best product concerning 

manageability. The product is rather small and easy to bring to a field operation but the 

purification pace is very slow and a bottle is needed to perform the purification in. The chlorine 

dioxide liquid product is very easy to use and was superior in the manageability test. It has a lot 

of benefits that is required. For example is very small packed, has instructions on the bottle and 

it is also possible to disinfect hands with the product as a substitute to ordinary hand 

disinfectants this made it so successful in the test. 

The Katadyn bottle didn’t do well in the manageability test. This was mainly because of the 

relative low water production and that instructions wasn’t seen on the bottle something that 

easily could be added by the producer. During the manageability test the Lifesaver bottle was 

both the worst as well as the best product from different parameters. It is a rather big product, 

something that could be a problem for MSB, but it provides a lot of cleaned water in a fast pace. 

The SteriPEN did quite well in the manageability test but lost some points due to the need of 

batteries and that no clear instructions was enabled on the product –two clear improvement 

possibilities. It should be possible to produce a product similar to the SteriPEN but with no 

external battery demand. The electricity could be provided from a small solar panel or a crank 

function to start the lamp. 

Purification capacity 

Setting water quality 

The first step of the purification step was to conclude a list of contaminants and their maximum 

acceptable value. One can ask why such a list was done, couldn’t Swedish standards just be 

used instead? They could but the complexity here is that personnel working for MSB may be 

included in other organisations and subordinated to e.g. United Nations. The conditions are also 

often different for the relief workers than the conditions in Sweden that Swedish standards is 

based upon. This list could work as a guideline for international missions and where personnel 

for MSB shouldn’t be put at risk from water sources neither in a short term nor in a long term 

perspective. 

Raw water assessment 

There is a risk when providing guidelines on raw water assessment, the field worker for MSB 

may think that if performing the raw water assessment, the water is safe to drink. During this 

study, information of the raw water assessment highlighted that this is not a way to secure water 

quality but rather to increase the efficiency of the water treatment product if the best available 

raw water source is used. 
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Product purification capacity 

The result for purification capacity is based on laboratorial reports. It should be clarified that 

no other measures was done to determine the purification rate for the products. Therefore should 

the result for this parameter be taken with caution and with the consideration that other 

laboratorial reports may show other declining rates. Effort was done in order to find several 

laboratorial reports to strengthen the validity of the purification rates but for several products 

there where not found any. Note also that it is hard to conclude declining rates for contaminant 

groups based on test on single contaminants. For example for the group chemical contaminates, 

where the Lifesaver bottle had been tested for some elements and ions, but not for all chemical 

or physical contaminates available. The chemical/physical contaminant group was therefore 

presented in another form than in diagrams and also not in a comparative way to the other 

contaminant groups due to the complexity with this contaminant group. 

The purification capacity and ability for chlorine dioxide pills was unable to evaluate as no 

exact figures was found. The active substance is the same as in the chlorine dioxide liquid but 

it would have been wrong to use the same figures. Both because they are in different form but 

also because the chemical reaction with water is different. The lack of information made it hard 

to compare this product to the others from this parameter. The chlorine dioxide liquid has good 

reduction capacity to both bacteria, protozoa and virus and possible also algae and fungus. 

The Katadyn bottle have very good reduction to bacteria and good reduction to virus and 

protozoa. The carbon filter will reduce taste and odour as it has also a capacity to reduce 

chemical contaminants, but no exact figures was found. Laboratorial tests done on the 

Lifesaver has shown very good reduction to bacteria, virus and algae/fungus but also reduces 

protozoa and chemical contaminants. 

The SteriPEN showed very good reduction to bacteria and good reduction to virus. The product 

can also reduce protozoa and probably also algae/fungus but no exact figures was found. The 

problem with finding exact figures on different parameters is that it makes it hard to compare 

the product to the others on that certain parameter. 

Environmental impact 

From an environmental impact aspect the chlorine dioxide pills was rather successful and 

showed low environmental impact compared to the other methods during 1, 5 and 10 

missions. This is mainly because of the rather low raw material required to produce the 

product. The chlorine dioxide liquid is suitable for single time use but the environmental 

impact from the product is severe in a long term perspective compared to the other products. 

This is mainly because of the glass bottle and alternative material (e.g. plastic) for the bottle 

could decline the impact on the environment and also simplify the waste management 

 

In the environmental evaluation the Katadyn bottle became low ranked, mainly because of the 

amount of plastic and also because additionally filter had to be bought after 100 litres. If the 

filter capacity could be more effective and durable the environmental and economic impact 

will be lower. The Lifesaver bottle is not environmental friendly for use only for a few 
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missions but after 10 missions its total impacts is rather small in comparison with the other 

products. 

 

The product is not suitable for single time use but if used during a longer period of time the 

total environmental impact is rather low in comparison with the other products. The only 

concern is the waste handling of batteries and the SteriPEN body that is a composite product. 

The product is long-lifed but the handling with batteries is not good from an environmental or 

manage point of view. Note that lithium batteries is rather environmental friendly and it is 

recommended to buy this or other environmental friendly batteries to keep the environmental 

impact low. Finding alternatives to batteries in the product will probably lead to even lower 

environmental impacts on a long term perspective. 

Economic aspect 

The chlorine dioxide pills is a cheap product and for a short term use for low amounts of water 

it’s suitable to purchase but the trend is that the cost accumulates and will in a longer time scale 

probably be very expensive to use. The chlorine dioxide liquid is also a rather cheap product at 

least from few mission 8five or fewer) use perspective. 

Economical the Katadyn bottle is rather cheap for one or a few missions but the added filter 

increases the filter after every fifth mission if used according to estimations. The carbon filter 

has to be changed even for the Lifesaver bottle but that’s after 250 litres. During this study this 

wasn’t consider as the demand of water was lower than 250 litres for 10 missions. The cost and 

is in the context rather small but has to be considered if the intention is to use the product for a 

longer period of time (treating more than 250 litres). Conclusion is that it’s an expensive product 

that will start to pay off after more than at least 10 missions compared to the other products. 

The SteriPEN is the cheapest product if used during 10 or more international missions. This is 

mainly thanks to the long lifed UV lamp. Field tests has to be done to evaluate if the product is 

durable during rough working conditions. If it gets broken easily after one or a few missions it 

will be a very expensive investment in the long term. 

Combination of products 

Something that hasn’t been evaluated during this study is the possibility to combine two or 

more products. From a manageability point of view it seems most suitable to combine a large 

product with a smaller and from a purification point of view it seems most suitable to combine 

two or more products that uses different types of water treatment methods. Based on the results 

from this study, the combination of chlorine dioxide liquid together with the UV lamp seems 

as a good combo, based on manageability, purification capacity, purification pace and knowing 

that these methods is often combined in conventionally water treatment facilities. Negatively 

with this combination is that an external bottle is needed to purify the water in. 

Another successful combo could be chlorine dioxide pill or liquid together with the Katadyn or 

Lifesaver bottle. I this case the lack of external bottle for chlorine dioxide is solved. This combo 

is also probably better to chemical contaminates, due to the carbon filter. 
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Method 

The manageability test was done from parameters chosen by the author of this thesis, based 

on meetings with MSB and from their presentation on their work and demands on products. 

There are a possibility that some parameters that should be concerned wasn’t included in the 

test and also that some parameters are more important than others, e.g. product weight and 

size, and should have been ranked with higher points. 

 

The manageability test was anyway useful to evaluate the products from specific parameters. 

Some parameters was subjective and has to be considered when reading the result of the test. 

Suitable would have been to use a known method for product evaluation but no such method 

was found. The result from the test is rather theoretical and the field tests MSB conventionally 

does are a very good complement to assess whether a product is suitable for the work MSB 

does. It is in when using a product that big flaws and improvements are found, but a theoretical 

evaluation done in this study is a good first step. Desirable had been to assess each products 

durability in a real situation but that wasn’t possible for this study. 

The method used during the setting water quality part of this study was adequate, several 

authorities and NGOs provides a lot of recommendations on water quality and overall they are 

very similar. Notable was the huge difference in recommendations concerning E. coli and 

coliform total compared between the Swedish National Food Agency and WHO, UNHCR and 

The Sphere Project. This may be because the Swedish National Food Agency recommendations 

is based on conditions in a long life perspective and peaceful environment, while the other three 

organisations based their recommendations on extreme and exposed situations. 

To find information and laboratorial test on water treatment capacity and ability required some 

effort, at least for some products. Unfortunately no trustable data on the chlorine dioxide pills 

from Lifesystem was found, this decreased the total impression of the product as it could not 

be compared with the other products according to that parameter. Some information and 

laboratorial reports was provided from the producer of the product. This could arouse 

scepticism towards the result of the laboratorial tests. But judging the authenticity off the 

laboratorial reports and the results from them testified that they could be trusted. Off course it 

had been more accurate to perform own laboratorial tests or let an external, trusted laboratory 

perform tests but this wasn’t possible during this study. 

Both the environmental impact and economic aspect was done based on water demand for one 

mission. Another assumption that was done was that the same person uses the water treatment 

product for 5 and 10 missions. This may not be the case in real situations. New products for 

new personnel throughout time was a dimension that wasn’t considered in this study and buying 

products that could be used by various persons without risking bacteria spread from, for 

examples pipes or straws, enhances the pros for the chlorine dioxide products and the SteriPEN 

as no pipes or straws is used. 
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The environmental impact assessment was done more as a qualitative examination. This 

because of the time required for a qualitative examination is shorter than a quantitative. For a 

full scale environmental impact evaluation another study is needed. A suitable method to use 

during this type of study is a Life Cycle Assessment, LCA, where each step of each products 

life cycle could be reviewed closer. The environmental assessment during this study was used 

to screen each product and evaluate what constituent of each product that had the estimated 

largest impact on the environment based on the life time. This lead to conclusions on 

improvement points on some products and how they differed depending on quantity of 

missions. 

The economic evaluation during this study was simple. The next step is to do a full scale Life 

Cycle Calculation, LCC, where costs throughout the whole life cycle is estimated. This first 

step of economic analysis gave information to MSB on what product that is most suitable for 

long term and short term use. 

Further studies and other reflections 

It’s possible to discuss the environmental aspect when in the context of relief work. And yes, 

when a disaster or nature catastrophe occurs the main objective is to save peoples life, to restore 

social structures and not concern whether the Lifesaver bottle or the SteriPEN is best from an 

environmental impact perspective. Or? As described in the introduction to this study, a lot of 

reasons for disasters and catastrophes is caused by nature. Humans impacts on the nature and 

global environment now, more than ever in the history of earth, the effect is climate changes, 

rising global mean temperatures, rising sea levels, scarcity, floods etc. So if we don’t regard the 

environmental impact when handling a crisis we actually counteract our own relief work in a 

long term perspective, unconsciously encourages both future amount and intensity for all types 

of nature caused disasters. 

 

One parameter that wasn’t included throughout this thesis is shelf-life. Some products have 

limited shelf-life and have to be changed during intervals. This is both a logistical issue and 

costly for MSB that may have to be considered when choosing product. Another issue linked 

to storage is the problem with filters that have been used and then is stored for a longer period 

of time before used again. These filters has to be cleaned and dried so that no bacterial is starting 

to grow inside of the filter. 

 

This study is done qualitative and the result is based on literature, laboratorial reports and own 

measurements and calculations. Actual field tests is needed to further evaluate the products, the 

importance is that the products function during MSBs working condition so relief really 

applicate the products to purify water and not refrain because it is not compatible with the work 

situations. If the product isn’t used because of these reasons it shouldn’t be used because it puts 

the relief workers at health risks. 

  



45 

 

Conclusion 

For single mission use the chlorine dioxide liquid product from Xinix AB is most suitable from 

the four parameters in this study. For a higher quantity of missions, ten or more, the SteriPEN 

from Hydro-Photon Inc. is most suitable from the four parameters in this study. 

 

A detailed life cycle assessment, life cycle calculation and more manageability field tests is 

needed to further determine which product that is suitable for specific international missions. 
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Attachment 

Raw water assessment 
Follow the guidelines downwards to perform a raw water assessment on-site without access to 

laboratory equipment. Note that the assessment doesn’t ensure water safety but should rather 

(always) be used before using the personal water treatment product. There are two reasons for 

this. Firstly a raw water assessment are itself a precautionary way of securing water quality, 

and secondly it may increase the performance of the water treatment product if choosing raw 

water from the best available source. 

 

 Observe the colour of the water. At 15 TCU it’s possible to see that the water is 

discoloured and shouldn’t be used, but always make your own judgment at site if the 

water seems to coloured to be used. 

 Odour is a good indicator if the water is contaminated. Smell on the water and decide 

whether the water is odourless or if there is an obvious odour. 

 Review the turbidity in the water. Are there many suspended particles in the water? If 

yes, try to filter the water through a sari or blanket to reduce turbidity and to increase 

the efficiency of the water treatment method. 

 Pay attention to the local inhabitants. Their behaviour and usage of the water supply is 

a good indicator to if the water is suitable to drink or not. Remember to always use the 

water treatment method even if locals may drink directly from the source. 

 Perform a sanitary inspection on-site. Make a visual assessment of the infrastructure and 

environment around the water supply. Look for contamination risks, such as; latrine 

facility, traces of animal presence (breeding, excreta etc.), cultivation, roads and/or 

industry. If possible use sanitary inspection form from Rapid Assessment of Water Quality 

(WHO, 2012). 

If the raw water is assessed to be of sufficient quality according to the list above. Use the water 

treatment method and thereafter evaluate the water again according to the three first points and 

then according to the last point: 

 Taste is a good indicator if the water is too contaminated to drink. Remember that the 

water from this source may not taste the same as from the faucet at home. If the taste is 

too obvious or disgusting, it’s recommended to not drink the water. (Note that if chlorine 

dioxide was used, there may be an aftertaste of chlorine. If chlorine dioxide was dosed 

according to the specific product this is not dangerous in a wider extinct, it will probably 

be more harmful to evade treatment of the water). 
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Bedömning av råvatten 
Följ punkterna nedan för att utföra en bedömning av råvattnet på plats när utrustning för 

laboratorietester saknas. Notera att bedömningen inte försäkrar att vattnet är säkert att dricka 

utan bör snarare (alltid) användas före rening av vatten med aktuell vattenreningsprodukt. Det 

finns två orsaker till detta; För det första är en råvattenbedömning i sig en förebyggande åtgärd 

för att säkerhetsställa vattenkvalitet och för det andra så kan det öka kapaciteten hos 

vattenreningsprodukten om man väljer ett råvatten från den bästa, tillgängliga källan. 

 

 Titta på färgen på vattnet. Vid 15 TCU är det möjligt att se att vattnet är missfärgat och 

ska därför helst inte drickas. Gör dock alltid din egen bedömning på plats om du 

upplever att vattnet är för missfärgat för att kunna drickas. 

 Lukt är en bra indikator för om vattnet är kontaminerat. Lukta på vattnet och besluta om 

vattnet är luktfritt eller om det finns en framträdande, avstötande doft. 

 Undersök turbiditeten i vattnet. Finns det många lösa partiklar i vattnet? Om ja, försök 

att filtrera vattnet genom en bit tyg, eller något annat lämpligt filtermaterial, för att 

reducera turbiditeten och genom det öka effektiviteten av vattenreningsprodukten i ett 

andra läge. 

 Notera hur lokala personer förhåller sig till vattenkällan. Deras beteende och utnyttjande 

av vattenkällan är en god indikator om vattnet är svårt kontaminerat eller inte. Kom ihåg 

att använda din vattenreningsprodukt, även om lokalt boende människor verkar dricka 

direkt från källan. 

 Genomför en sanitär inspektion på platsen, med andra ord, en visuell bedömning av 

infrastrukturen och miljön runtomkring vattenkällan. Titta efter kontaminationsrisker så 

som; latriner, spår av djur (foder, avföring etc.), odlingar, vägar och/eller industrier. Om 

möjligt använd den sanitära inspektionsblanketten från Rapid Assessment of Water 

Quality (WHO, 2012). 

Om råvattnet är bedömt att ha en tillräckligt bra kvalitet enligt listan ovanför – använd din 

vattenreningsprodukt och därefter utvärdera vattnet igen enligt de tre första punkterna och sedan 

enligt den sista punkten: 

 

 Smak är en god indikator om vattnet är för kontaminerat att dricka. Kom ihåg att vattnet 

från den här källan förmodligen inte smakar likadant som det vatten som kommer från 

kranen hemma. Om smaken är alltför framstående eller avstötande, är det 

rekommenderat att inte dricka vattnet. (Notera att om klordioxid har används, kan det 

finnas en eftersmak av klorit. Om klordioxiden har blivit doserat enligt den specifika 

produkten är detta inte farligt i en större utsträckning, det är förmodligen farligare att 

undvika att rena råvattnet). 
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Summary of results for all parameters 

Summary of all four parameters; manageability and purification capacity and for 1,5 and 10 missions; environmental impact and economic aspect 

Product Manageability Purification capacity Environmental impact Economic aspect 

(SEK) 

 Ranking Bacteria Virus Protozoa Chemical/physi

cal 

Algea/

Fungus 

1 5 10 1 5 10 

Chlorine 

dioxide pills 

2 Yes/No Yes/No Yes/No Yes/No Yes/No    120  480  840  

Chlorine 

dioxide 

liquid 

1 99,999 % 99,99 % 99,9 % Yes/No Yes/No    110  495  990  

Katadyn 

Bottle 

4 99,999 % >99,99 99,99 % Yes/No Yes/No    550  550  1010  

Lifesaver 

Bottle 

2 99,99999 

% 

99,999 

% 

99,9 % Fe: 99,99% 

Pb: 99,8 % 

Cu: 99,6 % 

Turbidity: 99,9% 

99,9999 

% 

   1100  1100  1100  

SteripPEN 3 99,9999 

% 

99,99 % 99,9 % No data found Yes/No    650 650  740  

 


