Water Purification Guidance

Waterborne Pathogens:  Any backcountry water source, no matter how clear, high or remote, is susceptible to contamination due to unsanitary practices of the creatures that visit it – birds, bears, raccoons, and humans.  The water tumbling along in a clear‑flowing mountain stream could carry a stray microscopic pest that, if it finds its way into your intestines, could leave you weak, nauseous, cramped, or vulnerable to diarrhea and vomiting for weeks. Whenever animal or human fecal material connects with a water source, it's possible one or more pathogenic (disease‑causing) microorganisms could invade the water.  They fall into three categories: 

Protozoans - these are hard‑shelled, single‑cell parasites, including the well‑known Giardia lamblia (5 to 15 microns) and the resilient, lesser‑known Cryptosporidium parvum (2 to 5 microns).  Giardia infection occurs in the small intestine, where their cysts "hatch." Symptoms (chronic diarrhea, gas, nausea, cramps) appear within 1 to 2 weeks and last 4 to 6 weeks or longer.  Symptoms of crypto (diarrhea, loose stool, cramps, upset stomach, slight fever) appear in 2 to 10 days and typically last 2 weeks. 

Bacteria - these are smaller organisms:  E. coli, Campylobacter, Shigella and others.  Noninvasive E. coli, believed to be responsible for most cases of traveler's diarrhea, is typically swallowed in water.   Campylobacter, another bacterium, lives in the intestines of many wild and domestic animals and is commonly found in lakes and streams.  Shigella, a bacterium responsible for most cases of dysentery, is contracted by drinking or even swimming.  Bacteria range in size from 0.2 to 10 microns. Symptoms, including general discomfort, fever, cramps, and diarrhea, may appear within 6 hours or 3-5 days. They may last 4 days or longer.  Antibiotics can be used if needed. 

Viruses - the tiniest (0.004 to 0.1 microns) of organisms.  Examples: Hepatitis A, rotavirus, Norwalk virus and polio. Norwalk virus causes more food‑related, noninvasive diarrhea than any other viral source.  It spreads easily from one person to another, and though it may last a week, the vomiting and diarrhea that follows are mild. Viruses are the least common pathogens found in the wilderness.  Viruses that afflict humans usually only reach backcountry water sources via human fecal matter.  Animals and humans, meanwhile, are common carriers of protozoa and bacteria.  Once exposed to the environment, viral particles exhibit a short lifespan and do not reproduce in water as some bacteria do. 

Chemicals and toxins - this fourth category includes agricultural runoff (pesticides, herbicides) and industrial runoff (metals, mine tailings).  Some bacteria can produce toxins, these can spawn algae in warm shallow water and turn it green; others live in the snow. 

Water Treatment Options: There are three options for treating water in the backcountry: 

Boiling - boiling water is considered 100 percent effective against protozoan cysts, nontoxic bacteria and viruses. You need only bring water to a full boil for one minute to kill all microorganisms, except at elevations over 3,000 feet, where boiling time should be extended to 3-5 minutes.  Drawbacks: boiling takes time (stove setup, heating time, and waiting time for the water to cool), depletes your fuel supply, and does not remove sediments, toxins or agricultural/industrial chemicals. 

Chemical Treatment - exposing water to halogens such as iodine, chlorine, or chlorine dioxide (best for soil-laden water) kills bacteria and viruses, but protozoan cysts are highly resistant and require long contact times. Common brand names include Polar Pure, MicroPUR, Potable Aqua, Aqua Mira, and KlearWater.  MicroPUR (chlorine dioxide) is the only tablet currently registered with the EPA that effectively controls Cryptosporidium.  Generally, 1 tablet can purify a quart of water. Wait until the tablet dissolves, about 2 minutes. Shake the water container. Then turn your water container upside down and loosen the cap to bleed water over the threads. This is a critical step in order to prevent contaminated water from sitting untreated on the threads. Now wait a MINIMUM of 30 minutes. Chemical treatments are generally effective against bacteria and viruses in 15 minutes, Giardia in 30 minutes, and 4 hours for Giardia and Cryptosporidium cysts or water that is cold and dirty. Don't add powdered drink mixes (to camouflage the taste) until the waiting period is complete.  Tablets that neutralize the taste are also available.  

MSR Miox - Dip the unit into any water source to fill a small reservoir. A rock-salt compartment creates a brine solution, which the device—it's slightly larger than a fat highlighting pen—then zaps with a small electrical charge (from 2 3-volt lithium camera batteries). The device operates by converting the brine solution to a mixed-oxidant solution via electrolysis.  Pour the resulting solution into a water bottle (up to four liters at a time) to kill viruses, bacteria, giardia, and cryptosporidia. The device will effectively purify large volumes of water, however, it takes 30 minutes to treat Giardia and four hours for crypto. 

UV Light - SteriPEN Water Purifier.  Uses UV light rays to purify drinking water (kills viruses, bacteria, and protozoa instantly by destroying their genetic material). Just press a button and gently agitate the water with a quick stir, purifies 16 fl. oz. of water (cold or warm) in less than a minute or 32 fl. oz. in a minute and a half. Can be used up to 5,000 times but one set of alkaline AA batteries only purifies 20-40 16-oz containers (130-140 w/lithium batteries). Use only on clear water, as cloudy, sediment-laden water hinders effectiveness

Mechanical Filtration - Portable filters and purifiers are compact, hand‑pumped units that draw in water via an intake hose and physically strain out solid materials, including fine sediment and most microorganisms.  None of the microscopic organisms described above is visible to the human eye.  All are measured in microns, 1 millionth of a meter, or .0000394 inches.  The period at the end of this sentence is roughly 500 microns.  The unaided human eye cannot see anything smaller than 50 microns.  The straining ability of the pores in filters and purifiers should have an "absolute pore size" of 1 micron or less, i.e., the largest possible opening in a filter or purifier's straining element.  No other filters are reliable for removing Giardia and Cryptosporidium.  Many filters are capable of trapping particles as small as 0.2 or 0.3 microns, and one, the MSR Guardian Purifier ($350) can even filter out viruses (down to 0.02 microns). 
Filtration can be accomplished by a pleated polyester or glass fiber filter, a ceramic filter, or by hollow fiber membranes. Some can be back-flushed to clean them, or directly brushed (ceramic filters) but use a pre-filter to remove floating debris and extend the life of your filter.  Also beware that ceramic and hollow fiber filters easily break when dropped and most are ruined by freezing temps (place in your sleeping bag on cold nights!). 
Filters that include an activated carbon element offer some protection against agricultural/industrial chemicals.  However, if you believe a water source has been tainted by chemicals or toxins you should consider finding an alternate water source. Filters vs. purifiers:  Both remove protozoa and bacteria from water but a purifier also eliminates viruses through a disinfectant (such as iodine) or by capturing them in a filter medium that carries an electrostatic charge.  Many filter manufacturers recommend further treatment to kill viruses by boiling, or by chemical treatment.

Selecting a preferred water treatment method:   Consider effectiveness, weight, bulk, price, ease of use, ability to clean in the field, and treatment time.  If you want to travel light consider iodine or chlorine - these are also an effective inexpensive option.  Boiling is generally only used for water that will be boiled as part of meals or drink preparation.  If you’re traveling in a group you might opt for a filter but take along backup water treatment as filters can break or become clogged.  

In addition to proper water treatment, avoid illnesses by paying close attention to proper food handling and camp hygiene.  Carry foods that last a long time before spoiling and eat everything in your pot.  Bacteria that grow in leftovers can be killed by reheating the food - but diarrhea‑causing toxins produced by bacteria are virtually unaffected by heat.  
Hand Washing: Always wash your hands with soap and water after each bowel movement and before preparing food. Thoroughly wash and dry all community cook gear after use.  Keep anyone who even thinks he has an illness out of the kitchen area.  Don't share personal items such as cups, water bottles, and eating utensils.

Wintertime:   If your only water option is melting snow or ice, choose ice.  Ice supplies greater water content, but keep in mind many bacteria are impervious to freezing.  Thus while boiling can kill pathogens in water, freezing cannot.    Drain all water filters completely to avoid freezing damage or store next to your body. 

Beware of pinkish "watermelon snow" - this is a toxic algae that nothing will remove.  Add some water to your pot first to prevent the snow from “burning,” trust me, it tastes awful!  
Purchasing a Filter/Purifier:  There are many different filters on the market.  It’s prudent to consult some of the reviews in Backpacker Magazine or on the web before purchasing one.  Beware that prices range from $35 to $350 and replacement filter cartridges are also pricy. 

Filter mediums - this is the cartridge that actually traps pathogens (plus silt and other debris).  The composition of the medium contributes greatly to the quality (and cost) of a device.  Medium materials include ceramic - an effective, high‑quality earthen material that can be cleaned many times. Ceramic elements are the longest‑lasting mediums (though they are fragile and can break when dropped) and make a good choice for frequent backcountry visitors.  Some have a carbon core that helps filter out the taste of halogens (chlorine and iodine) plus some organic chemicals, herbicides and pesticides.  Fiberglass (or glass fiber) and structured matrix, or labyrinth cartridges, or hollow fiber membranes are as effective as ceramic but can’t be cleaned and are not as long‑lasting. Iodine resin is a chemical layer integrated with a purifier's filtering medium that deactivates viruses, though it does not remove them.  

Some filters are field cleanable - a desirable feature allowing you to open the filter to brush or scrub the filter medium and increase water flow.  Ceramic filter media can usually accept dozens of cleanings but will need replacement eventually.  Other filters can be cleaned through backwashing (feeding clean water through the filter in reverse) but you need ample clean water in order to do so.  

Most filters will knock out larger microorganisms such as Giardia and Cryptosporidia, the more expensive ones also take out viruses (purifiers) and often have a longer‑lasting filter medium, cleanability features and maybe a more efficient pump handle.  For example, the Katadyn Hiker Pro filter, $75, 11 oz., voted best in areas of performance, maintenance, and ease of operation by Backpacker Magazine.  It will filter an average of 200 gallons/cartridge, is easy to use and filters water at about 1 quart/min, taking out particles down to 0.3 microns.  

Filtering Tips: Be careful in selecting water sources.  Springs and small streams in mountainous areas are generally best, avoid streams and especially rivers from agricultural and industrial areas.  For example, on canoe trips it’s best to bring as much water as possible from home, if you run out take water only from small streams entering from forested watersheds.  Avoid taking water from watersheds with high human or animal activity and always take water upstream from any campsites.

Try and filter water from still, clear water sources.  Filter-clogging sediments and many microorganisms tend to sink to the bottom of still water; a turbulent stream keeps them suspended (i.e., take water from still pools).  You can also dip a pot of water and set it aside to let the suspended solids settle out (1 hour).  Use a pre-filter if your device includes one - these strain out the larger debris and extend the life of your filter cartridge.  The tip of a hose stocking slid over the pre-filter and secured with a plastic twist-tie will also help keep the debris out.  Others use coffee filters which take out particles down to about 20 microns.  Keep the intake hose off the bottom of the water source, where it tends to suck up sand, mud, muck, and leaf detritus. These measures can more than triple the time between cleanings or filter replacement.  Note: I saw someone clog up a brand new filter with one use when trying to filter sediment-laden water directly from the Colorado River in Grand Canyon NP.

Don't use the first few streams of output from your filter. The water could be stale or have a strong iodine taste if your filter has iodine resin or chlorine from your last cleaning.  After filtering, pump all excess water out of the unit's system to avoid leaks in your pack, the extra weight, freezing in cold weather, and to limit microorganism growth.  As an added precaution, you may also want to enclose the end of the output hose (the one that goes in your water bottle) in a plastic zip-lock bag between uses.  This prevents untreated water drops from the input hose from reaching your water bottle.  

Handle with care.  Dropping a filter can cause cracks in the housing or filter cartridge - effectively ruining it.  Be very careful when pumping your filter, if it becomes hard to pump it is likely time to clean or replace the filter – pumping harder often breaks the pump (leaving you w/out clean water). Always bring pills as a backup. When you clean your filter, recognize you are handling a potentially contaminated object. Don't handle food or put your hands to your mouth until you wash your hands thoroughly. 
Filter/Purifier Maintenance:  Clean your pre-filter frequently.  If your filter allows backwashing or cartridge cleaning be sure to do this whenever it gets hard to pump and the output starts to slow.  An often‑overlooked aspect of water filter use is proper cleaning after a trip and before storage.  Examine and follow the manufacturer’s cleaning instructions.  Immediately after every trip pour a capful of bleach into a quart of water and pump half through the filter, let it stand for 10 minutes, and then pump the rest followed by lots of tap water to rinse.  Then open it up, remove the cartridge and allow everything to dry for a day or two before storage.  

Treatment for Diarrhea:  Diarrheal illnesses can result in severe, and potentially life-threatening, losses of fluid and electrolytes (potassium and sodium).  Thus, the single most important step in treating a diarrheal illness in the field is to replace lost water.  Your best choices are clear liquids with salt and sugar added, including water, broth, herbal tea, and Kool Aid.  If the illness continues and dehydration threatens, you'll grow weaker, experience bouts of lightheadedness and dizziness, and require additional electrolytes.  Clear urine is the best indicator of good hydration.

Pepto‑Bismol relieves some of the discomfort and also provides reasonable protection against traveler's diarrhea.  Imodium is stronger and will reduce the cramps and frequency of stools.  The prescription drug Lomotil is the most effective control medication.  When treating diarrhea in the field, stick with liquids until the problem subsides, then eat bland foods such as bread, crackers, cereal, rice, potatoes, lentils, pasta, or bananas.  Avoid alcohol, caffeine, spices, fruits, hard cheeses, and other fat‑laden products.  Note: Antidiarrheal drugs should not be used if you think you have dysentery, whose symptoms include severe diarrhea, bloody stools, high fever, and tenacious vomiting.  If you suspect that you have dysentery don’t medicate and find a doctor. 
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