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1 Introduction 2 

Travellers’ diarrhoea is one of the most common and important health problems 3 
affecting travellers. The syndrome occurs in up to 70% (in some regions up to 90% 4 
[1]) of people travelling to less developed regions, resulting in a significant 5 
impairment of the victim’s activities, with nearly 40% of travelers changing their 6 
itinerary [1], [2], [3], [4]. Although contaminated food may be a more important risk 7 
factor for travellers’ diarrhoea than water [1], the availability of safe water and 8 
knowledge of how to obtain it, is a must for mountaineers worldwide to balance (high 9 
altitude) dehydration, to improve performance, and to minimise risks (e.g. frostbite, 10 
altitude diseases). In most cases obtaining and purifying water will be the 11 
mountaineer’s responsibility when safe community based water resources are not 12 
available. This UIAA MedCom recommendation summarises advantages and 13 
disadvantages of several procedures with special regard to the situation in the 14 
mountains or at high altitude and will advise mountaineers on how to prepare safe 15 
water while minimising environmental damage. 16 

It should be noted that natural surface water may also be contaminated with organic 17 
or inorganic material from land and vegetation and with industrial chemical pollutants 18 
[5]. It should also be noted that microorganisms with a small infectious dose (e.g., 19 
Giardia, Cryptosporidium, and Shigella species; hepatitis A virus, enteric viruses, 20 
and enterohemorrhagic Escherichia coli) may cause illnesses even when a small 21 
volume of contaminated water is inadvertently swallowed during water-based 22 
recreational activities [6]. Both, industrial pollutants and water-based recreational 23 
activities are beyond the scope of this recommendation but need some attention by 24 
the traveller. 25 

Of special interest for mountaineers is that most enteric organisms, including Shigella 26 
species and Salmonella typhi, hepatitis A virus, and Cryptosporidium species, can 27 
survive for weeks to months when frozen in water [7], [8]. 28 
 29 

 30 
2 Definitions 31 

 “Safe water” does not mean that water needs to be absolutely sterile. 32 
Water is safe (=potable) when the concentration of pathogenic germs is too 33 
low to expect any damage to human health (infection). International 34 
standards of water testing define water as safe or potable when free of E. 35 
coli or thermotolerant coliform bacteria (0 colony forming units 36 
(CFU)/100ml), independent of the sampling point (water entering the 37 
distribution system or at any point of use) [9]. 38 

 “Disinfection” is the killing, inactivation, or removal of germs which can 39 
induce infectious diseases. 40 

 “Sterilisation” means that all germs are eliminated.  41 

 “Conservation” describes procedures which prevent microbiological 42 
recontamination of previously “safe” water. 43 

 We define “regular methods” for water disinfection as methods providing 44 
water which is accepted to be safe.  45 
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 “Improvised methods” do not guarantee safe water. These methods 46 
should only be used if no regular method is available. 47 

 48 

 49 

3 Pathogens in water 50 

Pathogenic germs occurring in water include bacteria, viruses, and protozoa with 51 
distinct behaviour in terms of survival time or resistance against disinfection 52 
methods. Travellers’ diarrhoea is mainly caused by bacteria (50-80 %), followed by 53 
viruses (5-25 %), and protozoa (< 10 %) [10], [11]. Among the bacterial species, 54 
ETEC (enterotoxigenic E. coli) is the most frequent cause of travellers’ diarrhoea 55 
worldwide [12]. Bacterial spores, which are much more resistant than vital bacteria, 56 
do not belong to the primarily relevant waterborne pathogens [9]. Also most helminth 57 
diseases are rather associated with food than with drinking water, although there are 58 
exceptions. Pathogens differ in their environmental resistance. Generally viruses 59 
and protozoa (cysts) tend to be more resistant against several disinfection methods 60 
than bacteria. Survival of pathogens in water is difficult to measure and compare due 61 
to the distinct methodic design of the studies. Most water hygiene projects make use 62 
of Escherichia coli (E. coli) representing a reliable indicator of fecal contamination. 63 
However, the absence of E. coli may not be interpreted as potable for certain 64 
because environmental conditions might favour survival of intestinal enterococci 65 
more than coliform bacteria [13].  66 

Some species can survive for long periods of time in water, especially at cold 67 
temperatures [14]. For example, Campylobacter can survive for several weeks at 4 68 
°C [15]. In nutrient-rich waters some types of bacteria are even able to replicate. 69 
Host-dependent viral and protozoan species are, however, not capable of replication 70 
in water.  71 

It should be noted that there are significant regional differences in germs and risk. 72 
Independent from any kind of water disinfection travelers going to the Himalayas 73 
should be aware of typhoid fever since Nepal is among the regions with the highest 74 
incidences worldwide, also in the tourist regions of Kathmandu [16], [17], [18], [19], 75 
[20], [18]. A vaccination is strictly recommended although Salmonella typhi can be 76 
easily killed b yall methods mentioned below. Generally, the goal is a 3 to 5 log 77 
reduction (99.9e99.999%), allowing a small risk of enteric infection [21], [22]. 78 

 79 

 80 

4 Principles for avoiding waterborne diseases 81 

 Maintaining good standards of hygiene when handling any kind of water, 82 
beverage, food, or human waste is the “gold standard”! 83 

o Do not fill any other substances in containers used for drinking water, 84 
beverages, or food! Severe poisoning has been reported, e.g. when fuel was 85 
carried in beverage bottles. 86 

o Keep any equipment clean, which may be in contact with food, water or 87 
beverage! Wash your hands before handling food, water, or beverage! Recent 88 
research indicates the advantage of additional hand disinfection [23] 89 
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o Human waste needs to be buried at least 30 m from any water source to avoid 90 
further contamination of surface water. 91 

 Minimising the amount of safe (treated) water needed! 92 

o Determine which procedures can be done using untreated water (e.g. cleaning 93 
equipment, cleaning hands from heavy dirt etc.) 94 

o Nevertheless, preparation of 4-5 litres of safe water per person per day should 95 
be expected. 96 

 If several procedures of water treatment are available, always use the safest 97 
option! 98 

o Having good quality raw water to disinfect improves the safety of any 99 
procedure and preserves the equipment. Collecting rainwater may be an option 100 
to obtain good quality raw water. 101 

o “Improvisation methods” (see below) should be used only if “regular methods” 102 
cannot be performed for any reason. These methods do not provide safe 103 
water, but they reduce the concentration of germs significantly and therefore 104 
they statistically reduce the risk of waterborne diseases. 105 

 Do not fill containers used for drinking water with any other substances 106 

 Preconditions essential for water treatment in groups: 107 

o Only trained persons should act and decide which procedure of those available 108 
should be used. Group infections may be the consequence of water 109 
disinfection by incompetent individuals! 110 

o A demonstration to all group members should be performed by those in charge 111 
of water disinfection. This should be followed by the group’s supervised 112 
participation in water disinfection procedures before water disinfection at one’s 113 
own risk is performed. 114 

 115 

 116 

5 Regular methods of water disinfection 117 

In the mountains, there is no method available which is absolutely free of any failure. 118 
Thus, sound knowledge of a variety of water disinfection methods is essential. While 119 
some sources provide relatively safe water (e.g. water directly obtained from a high 120 
volume spring), most waters do need some sort of treatment before consumption, 121 
even if optically clear. If it is planned to store disinfected water for more than one 122 
day, a procedure for conservation should follow disinfection (see below). 123 

 124 

5.1 Thermal disinfection 125 

Principles: Although the temperature of boiling water at high altitude is lower than at 126 
sea level (boiling point reduced about 0.3°C (6°F) every 100 meters of altitude, 127 
Table 1), boiling kills virtually all waterborne enteropathogenic germs rapidly. In fact, 128 
most relevant species are killed at temperatures above 70°C within one minute [24]. 129 
Previously the thermal sensitivity of Hepatitis A virus (HAV) was discussed. 130 
However, even though the results of studies vary, a sufficient inactivation of HAV in 131 
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a watery environment is provided at temperatures >80°C in less than one minute 132 
[25]. Nevertheless, to be on the safe side, travellers should be vaccinated against it. 133 
Bacterial spores show an even higher resistance against heat, requiring 134 
temperatures above 100°C to become inactivated. However, as mentioned above, 135 
spores do not belong to the pathogens that are particularly relevant to drinking water 136 
hygiene. 137 

 138 

Table 1: Boiling temperature of water at several altitudes 

Altitude [m] °C °F 

0 100.0 212 

1000 96.7 206 

2000 93.3 200 

3000 89.9 194 

4000 86.6 188 

5000 83.2 182 

6000 79.9 176 

7000 76.5 170 

8000 73.2 164 

 

 139 

Procedure: To add a margin of safety, water should boil with bubbles in it for at 140 
least one minute. Then temperature above 70°C is kept up long enough to ensure 141 
an adequate disinfection.  142 

Advantages: Simple method, (nearly) no failure. 143 

Disadvantages: Time and fuel consuming procedure with 1 kg wood necessary to 144 
boil 1 litre of water. Fuel must be carried to the mountains or taken locally which 145 
contributes to deforestation. Therefore, other procedures are preferred in any 146 
situation where liquid water (as opposed to ice) is available. Note that water is not 147 
conserved and recontamination is possible. 148 

Additional remarks: To optimise procedure safety, all expedition members should 149 
be vaccinated against Hepatitis A. 150 

 151 

5.2 Chemical disinfection 152 

There are numerous chemical disinfection products available which are sold as 153 
tablets, liquids or powder. The most common purification substances are based on 154 
the oxidising effects of halogens. Chlorine and iodine are the halogens used in water 155 
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disinfection. According to European guidelines, iodine should not be used because 156 
of possible side effects especially in the case of a non-diagnosed thyroid problem, 157 
making chlorine the recommended substance in chemical field water disinfection. 158 
Therefore, this recommendation focuses on a detailed description of chlorine-based 159 
products below. Another method is the production of mixed oxidants species by 160 
electrolysis of a salt solution which will also not be described in detail because up to 161 
now it is not very common in field use. Further techniques of chemical water 162 
disinfection include hydrogen peroxide and potassium permanganate which are, 163 
however, not recommended anymore (see chapter “Insufficient methods” below). 164 
Ozone is used to disinfect water on a larger scale. These systems are too heavy and 165 
too big to be carried along while travelling or climbing. But they provide safe water 166 
for tourists and locals in several regions of the world (e.g. Annapurna Circuit). 167 

5.2.1 Chlorine (Hypochlorites) 168 

Principles: Sodium hypochlorite, calcium hypochlorite, and NaDCC (sodium 169 
dichloroisocyanurate = sodium troclosene) belong to the most important chemical 170 
compounds available for field water disinfection. In Germany NaDCC is marketed 171 
e.g. as Micropur® forte, in the U.K. it is distributed e.g. as “Oasis Water Purification 172 
Tablets”. Certisil combina® consist of sodium hypochlorite and ChloroSil® contains 173 
calcium hypochlorite. Efficacy of these substances is based on the formation of 174 
hypochlorous acid (HOCl) in water [26], [27]. HOCl oxidises and thereby destroys 175 
structural proteins and metabolic enzymes of the microorganism which causes cell 176 
death. All drinking water relevant bacteria and viruses are susceptible to disinfection 177 
with hypochlorites. However, there is a limited effect on protozoa. Also, eggs and 178 
larvae of several helminths show an increased resistance against hypochlorous acid.  179 

Chemical oxidation neutralises some tastes and odors of water and removes colour 180 
to a certain extent. Oxidation of dissolved manganese and iron forms trivalent 181 
compounds that can be filtered from water [28]. If water contains larger amounts of 182 
organic material (e.g. algae), chlorine reacts with these substances to form 183 
chlorinated disinfection by-products (e.g. chloramines, trihalomethanes). This results 184 
in a strong chlorinous taste and odour of the water and can irritate mucous 185 
membranes. Furthermore, chlorine atoms which react with organic material cannot 186 
contribute to disinfection anymore, resulting in an increased chlorine demand. 187 

Procedure: A sufficient amount of disinfectant must be added to the water (as 188 
indicated in the product’s instruction manual). Shake well for homogeneous 189 
distribution of the disinfectant. Wait for an appropriate amount of time as given by 190 
the instructions. In cold water disinfection takes longer (about 2-4 times for every 191 
10°C). Careful warming of the water (to about 20°C) shortens the time necessary for 192 
disinfection. Turbid water should be pre-filtered to reduce the amount of chlorine 193 
used up by organic substances and to minimise the formation of chemical by-194 
products. Note: It is often recommended that at the end of the time necessary for 195 
disinfection the water should taste a bit of chlorine. Otherwise there was not 196 
sufficient disinfectant added before. In this case add the same amount of disinfectant 197 
as before and wait the same time for disinfection. However, since the threshold to 198 
smell chlorine is very individual and varies over a significant range this often 199 
referenced advice seems to be not reliable and therefore not recommended by UIAA 200 
MedCom. 201 

Advantages: Can be used immediately at any place and any time where liquid 202 
water and disinfectant is available. Effective against most waterborne pathogens. No 203 
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fuel necessary, therefore no contribution to deforestation. No heavy equipment 204 
required. Chemicals are relatively cheap and easy to obtain in larger towns and 205 
cities.  206 

Disadvantages: 207 

 Chemical disinfection is a method susceptible to environmental influences (e.g. 208 
water temperature, pH, organic contamination).  209 

 Treatment is time consuming (30 minutes to 2 hours, depending on product, water 210 
temperature, turbidity, and expected germ spectrum). In cold water disinfection 211 
time needs to be increased (e.g. quadrupled for water <5°C). Alternatively, 212 
disinfectant can be added to water in higher concentrations. However, this impairs 213 
the taste and odour of the water. However, chemical disinfection is susceptible to 214 
errors concerning the correct dosage or certain species not being covered. 215 

 Disinfection with hypochlorites is only safe if the pH of water is less than 7.5. Be 216 
careful in limestone regions! You may double the concentration of disinfectant, but 217 
at pH >8.5 there is virtually no disinfecting effect anymore [27]. 218 

 Chlorine compounds have a limited effectiveness against protozoa like Giardia 219 
lamblia and Cyclospora. Higher dosages or longer contact times are required in 220 
this case. There is no effectivity against Cryptosporidium parvum at practical 221 
dosages and contact times. Also eggs and larvae of several helminths show an 222 
increased resistance against hydrochlorous acid. 223 

 Organic contamination of water results in the formation of disinfection by-products 224 
which may lower disinfection capacity, impair taste/odour of water and (in larger 225 
quantities) constitute a health risk. If only water with organic compounds is 226 
available the amount of disinfectant should be increased (doubled). 227 

Additional remarks: 228 

 The taste of water is impaired by chemical disinfection, especially if high 229 
concentrations were used to cope with cold conditions or organic material. It can 230 
be neutralised by adding one knife point of vitamin C (ascorbic acid) powder per 231 
litre or commercial neutralisation drops after disinfection is completed. Note that 232 
after neutralisation there is no disinfecting effect anymore! 233 

 Chlorine products lose their effectiveness when exposed to certain environmental 234 
influences like sunlight and air. Thus, they have limited capability of conserving 235 
the water for longer periods of time. For this purpose, some chlorine products 236 
contain silver ions which prevent recontamination. Note: There are also water 237 
treatment products that only contain silver with no chlorine component (e.g. 238 
Micropur® classic). Even though silver has a weak disinfection power itself, these 239 
products are intended for conservation of water that has already been disinfected 240 
and not for initial treatment! 241 

 Trihalomethanes (chloroform) have carcinogenic potential which is why there are 242 
defined limits for these substances in communal drinking water supplies. The risk 243 
to health of travellers applying chemical field water disinfection remains unknown. 244 
However, it can be reasonably assumed that pathogens in water are of far more 245 
importance to human health than the levels of trihalomethanes that form at 246 
common chlorine dosages during a limited exposure time while travelling [24]. 247 
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 There is evidence presenting certain advantages of using NaDCC over sodium 248 
and calcium hypochlorite for water treatment at individual level, even though the 249 
mode of action is the same. NaDCC is delivered in form of tablets making 250 
handling easier and safer than liquid NaOCl which presents the risk of under- or 251 
overdosage [29]. NaDCC tablets have a shelf life of 5 years while NaOCl liquid 252 
should be used up within 6 months. Due to its chemical composition NaDCC 253 
produces less by-products and has a slight buffering capacity for higher pH values. 254 
However, there is no official recommendation yet indicating a preference for 255 
NaDCC. 256 

 257 

5.2.2 Chlorine dioxide 258 

Note: Due to similar names, chlorine and chlorine dioxide (ClO2) can easily be 259 
confused. When talking about water disinfection, the term “chlorine” usually refers to 260 
hypochlorites (including NaDCC) or chlor gas. Chlorine dioxide is a totally different 261 
substance with distinct properties and until recently ClO2 was not available for 262 
individual use by travellers. As a volatile and explosive gas, its scope included 263 
facilities where large amounts of water are processed like municipal water plants or 264 
swimming pools. At present time, chlorine dioxide is also available as a field product 265 
in form of a 2-component solution or tablets. It is marketed under different trade 266 
names: Katadyn Micropur MP-1, Potable Aqua Chlorine Dioxide Water Purification 267 
Tablets, Aquamira and Pristine [24]. 268 

Principles: Chlorine dioxide is formed when sodium chlorite comes in contact with 269 
acid [27]. This reaction is initialised only when the tablet comes in contact with water 270 
or when the two components of the liquid solution are mixed. Chlorine dioxide gas 271 
dissolves in water but does not react with water molecules to form hypochlorous acid 272 
[30]. It is a free radical which has a high oxidising capacity without transferring 273 
chlorine atoms to organic molecules. Thus, in contrast to the hypochlorites described 274 
above, there is virtually no formation of chlorinated disinfection by-products. Chlorine 275 
dioxide kills bacteria and viruses within 15 minutes [31]. Inactivation of cysts and 276 
Cryptosporidium parvum depends on water temperature: At 20 °C disinfection 277 
requires 30 minutes while cold or dirty water needs 4 hours to be purified. 278 

Procedure: For treatment of 1 litre of water add 1 tablet. As for the liquid, 279 
preparation includes two steps: First mix the two components to initiate reaction 280 
according to the instructions. After that, mix with water. Avoid exposure to sunlight 281 
when unpacking the tablet and during treatment time because UV light breaks down 282 
chlorine dioxide [24]. Keep water bottle closed while disinfections takes place 283 
because otherwise ClO2 molecules can escape from solution [24]. Recommended 284 
contact times are 15 minutes against bacteria and viruses and 30 minutes to 4 hours 285 
against protozoa (depending on water temperature and degree of contamination). 286 
Reaction time can be reduced by pre-filtering and slightly warming the water where 287 
possible. Note: Warm water also causes a faster degradation of chlorine dioxide! 288 

Advantages: Chlorine dioxide is a potent water disinfectant requiring less 289 
concentration and contact times than hypochlorites. It is effective against all relevant 290 
waterborne pathogens, even Cryptosporidium parvum. In contrast to hypochlorites, 291 
chlorine dioxide is also effective in alkaline water (pH 8-9). After disinfection, chlorine 292 
dioxide leaves less chlorine taste/odour. On the contrary, it even neutralises bad 293 
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tastes and odours of water. No chlorinated by-products like trihalomethanes are 294 
formed.  295 

Disadvantages: In the outdoor setting, disinfection by chlorine dioxide is a time 296 
consuming procedure (as is the case with the hypochlorites) and requires protection 297 
against light [31]. Some authors favour the solid form of chlorine dioxide because 298 
imprecise amounts of liquids and delay in mixing cannot guarantee a certain dosage 299 
of ClO2 making disinfection uncertain [31]. Since no residuals are formed, 300 
recontamination is possible. Disinfected water should be used up quickly, the 301 
storage of water disinfected by chlorine dioxide is not recommended since the 302 
substance is relatively volatile (keep bottles closed whenever possible). 303 

Additional remark: The breakdown products of chlorine dioxide are chlorite and 304 
chlorate which in higher doses can have adverse health effects. As it is the case with 305 
trihalomethanes, however, the risk of infectious waterborne diseases during travel is 306 
most likely of far more importance as compared to the short-time exposure to 307 
chlorine dioxide in the usual dosages. This assumption is supported by results of 308 
animal experiments [32]. 309 

 310 

5.2.3 Iodine 311 

Principles: Like chlorine, iodine belongs to the chemical group of halogens, 312 
destroying microorganisms by oxidation. Elemental diatomic iodine (I2) 313 
andhypoiodous acid (HOI), which forms when I2 hydrolyses in water, are the primary 314 
microbicidal agents. The efficacy of disinfection with iodine is subject to the same 315 
environmental influences as chlorine: pH, water temperature, turbidity and type of 316 
microorganism (see description above). Given adequate dosages and contact times, 317 
the disinfecting effect of chlorine and iodine is comparable [24]. However, there are 318 
some differences: Iodine shows greater chemical stability and is less volatile than 319 
chlorine. Also, effectiveness is slightly less affected by pH. Since iodine has a lower 320 
reactivity than chlorine, there is less halogen demand through organic 321 
contamination. This makes iodine more suitable for poor-quality water. On the 322 
negative side, iodine can have adverse health effects, especially on the thyroid 323 
gland. Excess intake of iodine can cause hyper- as well as hypothyroidism and 324 
goiter. This results in a higher risk for thyreotoxicosis, a disruption of reproductive 325 
function and impaired development in fetuses. Also, a higher incidence of thyroid 326 
cancer and thyroid autoimmune diseases have been reported [33]. Thus, iodine is 327 
not recommended as a primary disinfectant by the WHO and should only be used if 328 
there is no other suitable option [34]. 329 

For iodine-based water disinfection there are two different categories: (1) iodine 330 
tablets / solutions that can be added to water, (2) iodine resins, i.e. solid-phase 331 
iodine matrices through which water is filtered while pathogens are killed by coming 332 
into contact with the resin’s surface. With the latter procedure only small amounts of 333 
iodine are released into the water and filter systems often contain a carbon element 334 
to remove residual iodine from solution. This way, the resulting drinking water is not 335 
“contaminated” with excess iodine but there is also no residual disinfecting effect. 336 

Procedure: In the case of tablets or solution, add to water according to the 337 
instructions and wait for the time specified in the manual. In cold water, allow for a 338 
longer reaction time. Turbid water should be pre-filtered before adding the 339 
disinfectant. As for the resin filters, stick to product specific instructions (resins need 340 



UIAA MedCom Recommendation No. 6: Water Disinfection in the Mountains 
 
 

 
Page: 11 / 24 

 

to be primed before first use!). Keep track of the number of disinfection cycles 341 
applied because the filter cartridge has a limited lifetime and needs replacement 342 
after a certain volume of water filtered. Turbid water results in faster clogging of the 343 
filter. 344 

Advantages: Can be used immediately at any place and any time where liquid 345 
water and disinfectant is available. No fuel necessary. In case of tablets/solutions no 346 
heavy equipment required. Effective against most waterborne pathogens. Resin 347 
filters that are equipped with a pre-filter are effective against protozoa as well. 348 

Disadvantages: Like chlorine, disinfection with iodine tablets / solution is dependent 349 
on water condition (pH, temperature and turbidity). Time consuming procedure. 350 
Effectiveness against protozoa is limited, no effect on Cryptosporidium in practical 351 
dosages and contact times. In contrast to chlorine there are potential adverse health 352 
effects, especially regarding thyroid dysfunction. In case of resin filters regular 353 
exchange of filter cartridge required. 354 

Remarks: Because of the health concerns described above, the following 355 
application restrictions are acknowledged by the WHO: Iodine is not suitable for 356 
long-term disinfection. If application for more than 1 month is intended, thyroid 357 
function should be checked beforehand. Iodine is not recommended for pregnant 358 
women, infants and young children, persons with hypersensitivity against iodine, 359 
pre-existing thyroid dysfunction or a family history of thyroid disease as well as 360 
residents of areas with severe iodine-deficiency [34]. 361 

In Nepal iodine tablets are available. Their iodine content differs and therefore they 362 
should be used strictly according to the respective procedure. The same for Lugol 363 
solution: It is cheap and easily available in any pharmacy, but again there are 364 
various concentrations on the market from 1% to 15% (sometimes even more) which 365 
needs caution when used to disinfect water. When other procedures for water 366 
disinfection are not available the use of Lugol solution for a limited time is o.k. For a 367 
2% iodine solution put 5 drops in one liter of clear water (or 1 drop of 10% solution). 368 
Disinfection time, its temperature dependence and the need for higher 369 
concentrations when organic substances (e.g. algae) are in the water are similar as 370 
described for chlorine. 371 

 372 

5.3 Filtration 373 

Principles: The process of filtration refers to the physical removal of germs from 374 
water (not killing them as with chemical disinfection). Germs are eliminated by 375 
several physical characteristics like their size in relation to the filter’s pores or 376 
hydrophobic or electrostatic interaction between the germ’s surface and the filter 377 
material. Small particles (e.g. viruses) will be partially removed due to 378 
agglomeration. Depending on the filter type, there are construction-dependent 379 
advantages and disadvantages. Therefore, detailed knowledge about the filter type 380 
used is essential for any user. Read the specifications of the product carefully to be 381 
aware of the pore size! 382 

Procedure: Water passes through the filter material, driven by either gravity or by 383 
applying pressure or suction manually or electrically. Pore size should not be larger 384 
than 0.2 µm to achieve an adequate removal of pathogens. For the removal of 385 
viruses a pore size of 0.02 µm is required. Use the filter according to the instructions. 386 
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If more and more pressure is required to press water through the filter increases, the 387 
filter unit needs to be cleaned. This should be performed only by persons trained 388 
with the system to avoid damage. Clean according to the instructions in the manual 389 
(some filters like ceramic need to be brushed, others like hollow fibre filters can be 390 
backwashed). Do not forget to dispose the first cup of water filtered after the system 391 
was maintained to be sure that the “safe side” of the filter system is clean. 392 

Types of filters: There are many different types of filters on the market, differing in 393 
material, pore size, or the presence of an additional adsorbing (e.g. activated 394 
carbon) or antibacterial (e.g. silver) component. In the following, we describe the 395 
most widely used categories of outdoor filters. Note that there are also products in 396 
which these filter elements are combined.  397 

 Textile filters: Improvised or commercially available textile elements with lager 398 
pore sizes, used to pre-filtrate water to reduce turbidity or under emergency 399 
conditions (see chapter 6.4). 400 

 Ceramic filters: Up to now, microporous ceramic is the most common material of 401 
outdoor water filters, with or without an activated carbon component or silver 402 
impregnation. The filter element is a cylindrical ceramic block. Ceramic filters of 403 
good quality have a pore size of 0.2 µm and are usually operated by a hand 404 
pump, pressing the water through the filter element.  405 

 Activated carbon: Retains particles and microorganisms in its pore matrix by 406 
electrostatic adhesion. Available as compressed filter block or as granulate. Often 407 
combined with mechanical filters like ceramic filters. Note that gradually the 408 
binding sites within the carbon become saturated and the cartridge has to be 409 
replaced.  410 

 Hollow fibre filters: These filters are based on the functional principle of 411 
semipermeable membrane filtration, similar to dialysis. The filter element consists 412 
of a bundle of hollow fibres which results in a large filtration surface. This reduces 413 
the pressure needed to bring water through  the unit. Pore size differs significantly 414 
depending on the model and ranges from 0.2 (“filter”) to 0.02 µm (“purifier”). 415 
Purifiers with 0.02 µm pores are able to remove even viruses. The driving force 416 
for water flow is usually either suction (in form of a tube used like a very large 417 
straw or integrated into a bottle), gravity (in form of a bag that hangs from an 418 
elevated point), hand pump, or squeezing a water bag or bottle with attached 419 
filter. Examples of manufacturers are the companies LifeStraw and Sawyer, which 420 
sell filters as well as purifiers, so read the specifications of the product carefully to 421 
be aware of the pore size! 422 

 Glass fibre filters: Pleated matrix of glass fibres with pore sizes down to 0.2 µm. 423 
Often combined with ceramic or other pre-filter element to avoid fast clogging. 424 
Examples: Katadyn “Vario” (hand pump glass fibre filter combined with ceramic 425 
and activated carbon), Katadyn “Gravity Camp” and “Base Camp Pro” (water 426 
bags using gravity drip for larger quantities of water). 427 

 Nanocomposite filters: This category comprises a variety of different materials 428 
and constitutes the most recent development in the field of personal water 429 
treatment equipment. The idea behind these filters is a functionalisation and 430 
enlargement of the filter surface by coating it with different kinds of nanoparticles 431 
which have distinct physico-chemical properties (adsorbing, microbicidal, or 432 
catalytic). Depending on the material it is also possible to remove toxins like 433 
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heavy metals or chemicals from water. Companies selling these products usually 434 
do not reveal the exact structure and composition of their filters. The results of 435 
laboratory tests commissioned by the manufacturers are positive. However, 436 
currently there is a lack of independent data. The commission will keep these 437 
systems under review (e.g. “water-to-go” or “Sawyer select filters/purifiers”).  438 

 Others: The company “Water-to-go” markets a filter integrated into a bottle using 439 
a NASA-developed three-component nanotechnology filter element. The 440 
manufacturer does not reveal the exact structure and composition of the filter and 441 
only states that it contains nano alumina, activated carbon and “other filtration 442 
ingredients” (https://www.watertogo.eu/filter-facts). He claims that the device 443 
removes 99.9% of bacteria, protozoa and viruses as well as diverse metals and 444 
chemicals. The results of laboratory tests commissioned by the manufacturer are 445 
positive, however, currently there is a lack of independent data. UIAA MedCom 446 
will keep the system under review. 447 

Advantages: Relatively simple procedure, also suitable for producing larger 448 
quantities of water for groups. Depending on the pore size removal of all relevant 449 
waterborne pathogens can be achieved. Improves also optical quality of the water by 450 
reducing turbidity. No bad taste or smell as with chlorine. Some materials (adsorbing 451 
substances like activated carbon or nanocomposites) even remove bad tastes/ 452 
smells and toxins / chemicals. Modern filter materials like hollow fibre filters or 453 
nanocomposite filters are lighter than classical ceramic filters. Therefore, these types 454 
of filters are more suitable for use in the mountains, where luggage capacity is 455 
limited.  456 

Disadvantages: 457 

 Most filters do not remove viruses (except for e.g. hollow fibre filters with a pore 458 
size of 0.02 µm or nanocomposite filters). Therefore, combine filtration with 459 
chemical disinfection to profit from the advantages of both methods.  460 

 Clogging is a frequent problem. The smaller the pores the safer the water, but 461 
also the bigger the problem of clogging. If possible use clear water. Do not 462 
increase pressure of filtration! This may press germs through the system and 463 
contaminate your water. In the case of membrane filters, the filter material may be 464 
damaged by applying too much pressure. If the pressure required to press the 465 
water through the filter increases, the surface of the filter unit needs to be 466 
cleaned. This should be performed only by persons trained with the system to 467 
avoid damage. Clean according to the instructions in the manual (some filters like 468 
ceramic need to be brushed, others like hollow fibre filters can be backwashed). 469 
Do not forget to dispose the first cup of water filtered after the system was 470 
maintained to be sure that the “safe side” of the filter system is clean. 471 

 Depending on the material, filters are breakable (especially ceramic), so handle 472 
the equipment with care. Most filters are damaged when freezing containing water 473 
remnants, resulting in microscopic cracks compromising disinfection. With some 474 
filters the need for replacement is only indicated by gradually requiring increasing 475 
filtration pressure. However, if the filter is damaged filtration pressure remains low 476 
in spite of an urgent need for replacement! Other filters (e.g. some nanocomposite 477 
filters) show no sign of being “used up” at all, so the user has to keep track of how 478 
many litres have been treated until a defined volume has been reached. 479 
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 Water is not conserved, so recontamination of treated water is a risk. Also the 480 
filter itself may become contaminated. For this reason some filters are 481 
impregnated with silver ions. Another issue is a possible contamination of the 482 
mouthpiece of devices which provide clean water by sucking water through the 483 
filter unit. 484 

Additional remarks: The clearer the water to be filtered, the longer the filter can be 485 
used without the need for maintenance or replacement. If no clear water is available, 486 
it is useful to let the water “rest” in a bucket for the particles to settle before filtering. 487 
A simple coffee filter reduces turbidity and should eliminate eggs and larvae of 488 
helminths. Therefore, combination of a coffee filter and chlorine, which might not 489 
readily inactivate these germs, but bacteria and viruses, can be a suitable method to 490 
produce safe water. Any filter system without activated carbon or other adhesive 491 
substances will not remove toxins. Avoid water which might be polluted by industry 492 
(old mines in the mountains) or agriculture (pesticides) where the approach to the 493 
mountain passes is farmland! 494 

5.3.1 Gravity filtration by the ultrafilter “LifeStraw Family 1.0” 495 

Principles: Recently this system was controversial discussed although more and 496 
more in use, also in international projects. Therefore it is also a topic for 497 
occupational and social medicine. This ultrafilter is designed for drinking water 498 
treatment in households of low-income settings rather than to be applied during 499 
travel or in the mountains. But it may be expected that mountaineers and travellers 500 
will get their water from households (lodges) which use such systems. Since it is 501 
able to provide large volumes of water it may be expected that more and more 502 
expeditions or trekking groups will use it in future. Therefore it is included in this 503 
recommendation as a new, low-cost method working without power source. The unit 504 
cost would be USD  $ 0.005 per litre treated [35]. One filter may provide enough 505 
water for a 5-person family for three years.  506 

Procedure: In a two-step procedure water passes through a pre- and an ultrafilter of 507 
80 μm and 20 nm (0.02 μm), respectively, removing protozoa, bacteria and viruses. 508 

Advantages:An easy to operate method for water treatment providing enough water 509 
for a household (9 L/h) without electricity or batteries. As the filters work by gravity, 510 
no pumping is needed. As two filters are included, it can handle even very turbid 511 
water. There is no need to combine this method with other chemical disinfectant 512 
because the ultrafilter is small enough to eliminate viruses. 513 

Disadvantages: The gravity filter was not designed to be used by travellers in the 514 
mountains due to its size and weight (680 g). By this weight-efficacy-relation it may 515 
be used by groups or in base camps or by lodges en route. The apparatus has to be 516 
cleaned regularly to prevent biofilm formation. Recontamination is an observed 517 
problem in rural households with pets and poor hygiene. As the system is a hollow 518 
fibre technology it should not freeze while wet. For mountaineers this could cause a 519 
significant risk because such micro-breaks are not visible and it is not easy to decide 520 
whether the filter is dry (and then frost resistant) or not. 521 

Additional remarks: Only few data exist on this new method. LifeStraw has 522 
designed other devices which include a LifeStraw 2Go (in a bottle) for travellers. In 523 
contrast to the Family filter, it lacks the ultrafilter of 20 nm eliminating protozoa and 524 
bacteria, but not viruses. UIAA MedCom will keep the system under review. 525 
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 526 

Note: The commission is keeping matrix filters under review. These are filters 527 
combining different materials, with or without additional chemical compounds. The 528 
same for hollow fibre filters (e.g. LifeStraw®, Water to go®). A problem may arise 529 
here how to keep the system clean during the trip. 530 

 531 

5.4 Improvised filtration methods 532 

Mountaineers or trekkers may be confronted with situations where the disinfectants 533 
wanted are out of stock or water treatment equipment is broken. In these situations 534 
they need to improvise as well as the circumstances allow. Note: Any improvisation 535 
in the process of water disinfection should be used only in case regular methods are 536 
not available (“survival situation”). It must be pointed out that these methods do not 537 
guarantee safe water, but by reducing the number of germs they significantly 538 
decrease the risk of waterborne diseases. 539 
 540 

5.4.1 Sand 541 

Principles: This simple filter method can reduce the number of larger germs like 542 
Giardia cysts and eggs or larvae of several parasites (helminths). It should be 543 
(relatively) effective against Vibrio cholerae as well, because this germ tends to 544 
agglomerate with organic material [36]. Also other bacteria and viruses can be 545 
reduced significantly [24]. Efficacy of sand filters depends on the height of the sand 546 
column (the higher the better), the flow rate of water (the slower the better) and the 547 
grain size of the sand (the smaller the better). 548 

Procedure: Cut a very small hole (4-5 mm in diameter) into the bottom of a 549 
container (plastic bag, bucket…) and fill it with fine sand. The water passes through 550 
the sand and exits the container through the hole. 551 

Advantages: Simple method, can be used for larger amounts of water (e.g. for 552 
groups). 553 

Disadvantages: Due to many variables involved, an overall effectiveness of this 554 
survival method cannot be given, but compared to charcoal filtration (see below) a 555 
pure sand filtration is less effective. 556 

Additional remarks: A minor water flow rate will improve the filtration effect. This 557 
can be achieved by a smaller bottom hole and / or finer sand. If possible, sand 558 
filters, as well as any other method described below, should be combined with 559 
chemical disinfection. 560 

 561 

5.4.2 Charcoal 562 

Principles: Combines the effects of physical removal of germs due to pore size and 563 
extraction of smaller particles through adhesive forces. By this it is possible to (at 564 
least partially) remove chemical contamination as well, e.g. toxins, heavy metals or 565 
substances which cause a bad taste or smell. 566 

Procedure: A container (plastic bag, bucket…) can be filled with charcoal obtained 567 
from a camping fire and then crushed. The water passes through the charcoal and 568 
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exits the container through a small hole at the bottom (about 4-5 mm in diameter). 569 
As is the case with the sand filter, a low flow rate (accomplished by a smaller hole) 570 
will improve the filtration effect. The charcoal should be replaced every several days. 571 

Advantages: Simple method, can be used for larger amounts of water (e.g. for 572 
groups). 573 

Disadvantages: As mentioned for pure sand filters, an overall effectiveness of 574 
charcoal filtration cannot be given. 575 

 576 

5.4.3 Optimized sand-charcoal-filter 577 

Principles: Combination of sand and charcoal filtration. 578 

Procedure: Several layers combine their filter effects and prevent the charcoal from 579 
floating. The system is shown in Figure 1. 580 

Advantages: Compared to pure sand or charcoal filtration, the combination 581 
improves efficacy and safety. Simple method, can be used for larger amounts of 582 
water (e.g. for groups). 583 

Disadvantages: Several components are required. As mentioned above an overall 584 
effectiveness cannot be given.  585 

Additional remarks: The system can also be used for pre-filtering turbid water to 586 
prevent clogging of ceramic filters (see above). As mentioned for pure charcoal 587 
filtration, the system should be replaced every few days to keep the procedure as 588 
safe as possible. If some small pebbles are placed in the bottom of the container, 589 
followed by a layer of fine sand, no pieces of the charcoal will be carried into the 590 
filtered water. Some fine sand followed by a layer of pebbles on top of the charcoal 591 
will prevent the charcoal from “floating” when water is added to the container.  592 

 593 

 594 

Figure 1: Optimized layering of charcoal – sand – filter 595 
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 596 

5.4.4 Textile filters (“Sari filter”) 597 

Principles: The procedure can reduce the number of larger germs like Giardia cysts 598 
and eggs or larvae of several parasites (helminths) [37], [38]. It was proven to be 599 
(partially) effective against Vibrio cholerae as well, because this germ tends to 600 
agglomerate with organic material and the particles exceed the critical diameter of 601 
the textile’s pores [39], [40], [36]. Also the counts of other bacteria and viruses can 602 
be reduced [24]. Furthermore, aesthetic quality of water is improved by reducing 603 
turbidity. 604 

Procedure: Filter water through several layers of tightly woven textile material. 605 

Advantages: Simple method. Can be used for larger amounts of water (e.g. for 606 
groups). 607 

Disadvantages: As mentioned for pure sand filters, an overall effectiveness of 608 
textile filtration cannot be given. For V. cholerae a reduction of 99% of the germs 609 
was reported [36]. 610 

Additional remarks: The tighter the textiles, the better the filtration effect. 611 
Therefore, older textiles, which are matted, are more effective than new ones. The 612 
procedure is of special importance in community based health projects in developing 613 
countries. It can also be used to pre-filter the water in order to reduce turbidity before 614 
applying a ceramic filter, chemical or UV disinfection. 615 

 616 

 617 

5.5 Other methods 618 

5.5.1 Ultraviolet Light 619 

Ultraviolet radiation leads to cell damage causing not only skin lesion in humans, but 620 
also destroying germs in drinking water. This principle has been made use of in 621 
municipal water treatment plants for almost 100 years but only recently became 622 
available for individual use while travelling. The effective component of the UV 623 
spectrum is UV-C (100-380nm) with maximal antimicrobial efficacy at  250 and 270 624 
nm [41]. UV-C rays disrupt the DNA of the microorganism primarily by causing the 625 
formation of dimers between bases. As a consequence, the DNA strands cannot be 626 
copied and replicated anymore. This way the microorganism is unable to multiply 627 
and cause an infection. Also solar UV-A radiation can be used to disinfect water 628 
(see chapter 6.5 Solar disinfection). Here the mode of action is quite different in that 629 
cell damage occurs mainly indirectly via the formation of reactive oxygen species in 630 
water. 631 

 632 

5.5.1.1 SteriPen® 633 

The first and currently most widely spread product for point-of-use UV-C water 634 
disinfection is the SteriPEN®. Its general effectiveness has recently been validated 635 
by an independent study, which also underlined the risk of incorrect application [42].  636 
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Principles: The SteriPEN® is a handheld device emitting mainly UV-C radiation with 637 
a wavelength of 254 nm. Effectiveness of this method depends on characteristics of 638 
the water (e.g. turbidity, germ concentration) and handling of the device. In general, 639 
all microorganisms are susceptible to UV-C radiation. However, bacterial spores and 640 
some strains of viruses show a higher resistance to UV light than vital bacteria and 641 
protozoa [43].  642 

Procedure: In one disinfection cycle, the SteriPEN® can treat 1 litre of clear water in 643 
90 seconds. For the user’s safety the device is equipped with a water sensor, so the 644 
UV lamp will only turn on when submerged in water. During irradiation the water has 645 
to be agitated continuously by stirring with the device or by swaying the bottle. 646 
Proper water agitation is essential for achieving a reliable disinfection [42]! After the 647 
time cycle is complete the device will switch off automatically. While the SteriPEN® 648 
is in use, dry off any water remnants in the bottle cap, neck (if possible) and around 649 
the device to prevent them from getting back into the bottle! 650 

Advantages: Water disinfection with the SteriPEN® is an easy and fast method to 651 
achieve safe drinking water. With about 160 g, the SteriPEN® is lighter than a 652 
ceramic filter (about 430 g) and disinfects water in less time than chemical treatment 653 
(90 seconds vs 0,5-2 hours). UV light does not change the water's aspect, smell or 654 
taste in contrast to chemical by-products.  655 

Disadvantages: Fragility of the lamp and limited lifetime of batteries (four AA lithium 656 
batteries are necessary for 100 disinfection cycles) make an extra set of batteries 657 
and a backup method necessary. Rechargeable SteriPEN® models require an 658 
external power source after 20-50 litres. An additional filter has to be applied prior to 659 
disinfection when dealing with turbid water since particles in water scatter UV 660 
radiation. Droplets in the cap and neck of the water bottle are not disinfected and 661 
pose a risk of recontamination making water storage not advisable. Disinfection with 662 
the SteriPEN® does not remove toxins or heavy metals from the water. Turbid water 663 
limits the effect of any light. Therefore the use of clear water is a must! 664 

Additional remarks: Common bottle materials (glass and plastic) are opaque for 665 
UV-C light, thus there is no risk to the user. However, when applying the SteriPEN® 666 
in larger containers like cooking pots, a part of the UV radiation exits the water 667 
surface. It has not yet been examined whether this constitutes a risk for the user. 668 

 669 

5.5.1.2 Solar disinfection (SODIS) 670 

Principles: Solar disinfection (known as SODIS) is recognised by the WHO and 671 
UNICEF as a possible method for treating water intended to drink. Exposure to 672 
sunlight for several hours reduces pathogenic germs in water. The mode of action is 673 
a combination of UV-A irradiation causing the formation of reactive oxygen species 674 
(ROS) in water and thermal disinfection [44]. Susceptibility of germs to SODIS 675 
depends on the pathogens' characteristics. While most waterborne pathogenic 676 
bacteria are inactivated within 6 hours of sun exposure (555 W*h/m2 at 30°C water 677 
temperature = mit-latitude midday summer sunshine [45]), some viruses and 678 
protozoa are less amenable to SODIS [44]. The sensitivity against higher 679 
temperature also plays an important role: While Vibrio cholerae will not survive above 680 
about 45°C others are more resistant [45] Temperatures above 50°C are sufficient to 681 
obtain potable water within 1 hour, independently of UV radiation [24]. However, 682 
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since it is difficult to measure the temperature of SODIS correctly in the mountains it 683 
is not recommended to shorten disinfection time and stay at 6 hours of exposure.  684 

Procedure: A plastic (PET) or other commonly available bottle (size up to 2 litres) is 685 
filled with water and then exposed to sunlight for at least 6 hours according to the 686 
standard method. If the sky is clouded disinfection can be achieved by exposing the 687 
bottle for 2-3 days with a risk of some germs surviving [46]. A black (increase of 688 
temperature) or reflective (increase of radiation) surface underneath the bottles 689 
enhances the effect [44]. Shake the bottle for 30 seconds before exposing to the sun 690 
to increase the level of dissolved oxygen, favouring the formation of ROS [44]. 691 

Advantages: If applied correctly viable pathogenic germs are reduced significantly 692 
to non-detectable levels after exposure time. Apart from PET or glass bottles, which 693 
are distributed worldwide, SODIS requires no further equipment. The use of sunlight 694 
is probably the cheapest and easiest method to disinfect large quantities of water. 695 

Disadvantages: There is a plurality of influencing factors like temperature, water 696 
turbidity, and intensity of UV radiation on disinfection time and efficacy. People make 697 
use of SODIS without any instruction on disinfection time according to the local 698 
circumstances. This makes SODIS an uncontrolled, not reliable method. Water 699 
needs to be clear for SODIS to be effective and bottles have to be in a good 700 
condition (no scratches which scatter the UV radiation). Only where high 701 
temperatures can be achieved these preconditions are not mandatory. 702 

Additional remarks: SODIS is mainly applied for point-of-use water disinfection 703 
where resources are limited. However, the concept of SODIS can also be 704 
transferred to the survival or back country setting [47]. To prevent recontamination, 705 
water should be consumed within 48 hours [44]. Standard plastic and glass bottles 706 
can both be used for SODIS [48]. Both materials are relatively opaque for UV-B (and 707 
UV-C which is however already filtered out by the atmosphere) but penetrable for 708 
UV-A radiation. UV rays are weakened depending on thickness and composition of 709 
the material. Usually, plastic bottles (PET) are made use of because they are easily 710 
obtained in many regions, lighter and less breakable than glass bottles [44]. 711 

 712 

 713 

6 Insufficient chemical methods 714 

6.1 Potassium permanganate  715 

Potassium Permanganate (KMnO4) is not suitable to produce safe water or food. If 716 
used in concentrations which do not change the taste of the product, its disinfection 717 
capacity is insufficient so that it simply cannot be recommended anymore. An 718 
additional side effect is that it changes the colour of the tongue and teeth to brown. 719 

 720 

6.2 Hydrogen peroxide  721 

Hydrogen peroxide (H2O2) is effective against bacteria. However, the substance is 722 
very unstable and disintegrates quickly. Therefore, adequate concentrations cannot 723 
be guaranteed when used in the mountains. Viruses require higher dosages and 724 
there are limited data on its potential against protozoa [24].  725 
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 726 
7 Conservation of safe water 727 

Any stored water can become contaminated and unsafe again if it is stored for hours 728 
or days (depending on the temperature) and if there is no residual disinfectant. 729 
Therefore, a conservation method is necessary when the water is not consumed 730 
shortly after disinfection. Silver ions which inactivate some germs and block 731 
bacterial growth preserve clean water for up to 6 months [24]. Compared to silver 732 
ions, chlorination is less stable and provides conservation only for a few days, 733 
depending on water temperature as well as exposition to sunlight and air. Some 734 
disinfection products contain both, hypochlorite and silver, and therefore they fit with 735 
any water problem in the mountains, except for cysts and eggs of some parasites, 736 
which can be easily filtered (see above). Of course, clean containers are a 737 
prerequisite for the conservation of safe water. 738 

Note: In contrast to common belief pure silver ions are not sufficient to disinfect 739 
water! For initial disinfection, always use products containing a halogen component 740 
(or other disinfection method). Silver ions are recommended for conservation only! 741 
Be careful: Too high concentrations of silver ions cause pitting corrosion in 742 
aluminium containers. 743 

 744 

 745 

8 Special recommendations for commercial mountaineering 746 
or guided groups 747 

While mountaineers are responsible for themselves, any organisation offering 748 
mountaineering, trekking tours, or expeditions will have special responsibility for their 749 
clients. This responsibility is defined by law. The following principles are according to 750 
European law, but other countries have similar or nearly identical regulations. 751 

In case of organised mountaineering, trekking, or expeditions the production of safe 752 
water is in the responsibility of the trekking organisation. It should be an integral part 753 
of the organisation’s safety concept, e.g. as standard operation procedure (SOP). 754 
The most important regulations the organisation must know and respect are as 755 
follows: 756 

 Water, which is indented for human use, may not contain pathogenic germs in 757 
concentrations, which might cause an impairment of human health. 758 

 Water, which does not meet the quality criteria for safe water, must be processed 759 
until it meets these criteria.  760 

 The law forbids and will prosecute those individual/s who produce drinking water 761 
for other people in a way that human health may be impaired. Any entrepreneur 762 
or owner of a water supply installation, who provides water as drinking water for 763 
others, which does not fulfil the criteria, can be prosecuted in terms of 764 
imprisonment for up to two years or fined according to the laws of the country. 765 
Any entrepreneur or owner of a water supply installation can be prosecuted as 766 
well, if he adds additives like chlorine above the concentration stated by law. 767 
Note: In contrast to U.S. regulations it is forbidden by European law to add iodine 768 
to water which shall be used for drinking! 769 
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“Water supply installation” in the meaning of the laws is any apparatus or procedure 770 
from which drinking water will be obtained, including any point-of-use system, i.e. 771 
any system used during the trip. 772 
 773 
 774 
9 Overview of the procedures 775 

Procedure  Safe for  Remarks 
 viruses bacteria cysts 

(Giardia, 
amoebic) & 
eggs of 
helminths 

Cryptospo-
ridium 

 

Boiling + + + + Fuel consuming / 
deforestation 

Chemical 
disinfection6 

+ + (+)5 (+)1 May be critical if water is 
very cold or contains 
organic substances7 

Ceramic filter (+)2 + + +3 Type specific failures / 
limitations 

Chemical 
disinfection +  
filtration 

+ + +5 +1,3 The only absolutely safe 
procedure at high altitude 

Hollow fibre filter (+) + + + Removal of viruses depends 
on pore size 

Sand filter - (+)2 (+)4 n.d. Fine sand and low flow 
necessary 

Charcoal filter - (+)2 (+)4 n.d. Low flow necessary 
Sand + charcoal 
filter 

- (+)2 (+)4 n.d. Fine sand and low flow 
necessary 

Textile filter - (+)2 (+)4 n.d. The tighter the textiles, the 
better the filter effect 

Gravity filter Life 
Straw  

+ + + +  

SODIS (+)6 + (+) + Dependent on weather, 
water clarity and condition of 
the bottle 

SteriPEN® (+)6 + + (+)6 Limited data on viruses and 
protozoa available 

+: safe; (+): safe with some limitations (see footnotes) 776 
 777 
Footnotes: 778 
1: only chlorine dioxide achieves disinfection of Cryptosporidium in practical dosages and contact 779 

times 780 
2: only filters with pore sizes of 0.02 µm (or additional adsorbing component) are effective against 781 

viruses 782 
3:  pore size < 1 µm necessary 783 
4: “nearly safe” (> 99% elimination of germs possible but cannot be guaranteed) 784 
5: longer disinfection time or higher concentration of disinfectant necessary 785 
6:  certain types of viruses (e.g. adenovirus) or cyclosporidium require very high UV dosages 786 
 787 
 788 
  789 
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