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Introduction 

The fluids that forest-fire-fighting personnel prefer to consume are water and drinks containing electrolytes. These 
fluids are usually brand-name products contained in safety-sealed 500-mL or 1-L plastic bottles. The cost of 
providing these products is relatively high. Other issues associated with this form of delivery are the logistics and 
costs of collecting the empty bottles from the fire line or fire camp and transporting them to a disposal site. 

The Aviation and Forest Fire Management Branch of Ontario Ministry of Natural Resources asked FPInnovations 
to investigate alternative hygienic means of delivering drinking fluids to forest-fire-fighting personnel, and the 
associated costs. 

FPInnovations examined various means of providing potable fluids to fire crews, and compared the advantages 
and disadvantages. 

Methodology 

We carried out a literature review to determine the type and quantity of fluids required by personnel fighting 
forest fires. To determine the current costs associated with providing fluids to workers on the fire line, we 
contacted the contract fire camp caterers for Alberta SRD Forest Protection and two companies that deliver bulk 
water. To determine options in personal drink containers, we asked fire crews what type of drink containers they 
use and investigated, via web and telephone, other types of drink containers that may be suitable on the fire line.   

Results 

Quantity and type of fluid intake 

To stay healthy, the human body must be adequately hydrated. The kidneys of a healthy adult can process about 
15 L of water a day. The optimum quantity of fluid that should be consumed by fire-fighting crew varies with an 
individual’s physical condition. It also depends on local weather, terrain, and type of work and equipment. 

The USDA’s Fire and Aviation Management division recommends that fire line workers drink 1 to 2 cups (240 to 
480 ml) of water, juice, or sport drink before beginning work. Caffeine should be avoided because it is a diuretic. 
Workers should take several fluid breaks per hour while on duty, and consume at least 1 quart (0.95 L) of fluid 
per hour (USDA’s Fire and Aviation Management, Wildland Fire Safety: Heat Stress Brochure). In addition, 
workers should drink as much as they comfortably can during the lunch break. Fluid consumption should continue 
after work to fully hydrate the body. 

It is recommended that fire fighters need 1 litre of fluid for each hour worked. It is also recommended that sports 
drinks comprise one-third to one-half of fluid needs with the balance supplied by water.(Wildland Fire Health and 
Safety Report Spring 2004: Issue No. 8) Studies show that workers drink more when lightly flavored beverages 
are available Providing a portion of fluid replacement with a carbohydrate/electrolyte sport beverage will help you 
retain fluids and maintain energy and electrolyte levels. (USDA’s Fire and Aviation Management, Wildland Fire 
Safety: Heat Stress Brochure). However, other research shows that the amount of water consumed by fire fighters 
decreased if electrolyte additives are added to the water (Ruby et al. 2005).   
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Hyponatremia. Hyponatremia, or water intoxication, is a condition caused by drinking too much water at one 
time. It has not been a concern on the fire line, and is linked more to marathon runners and tri-athletes. However 
fire line personnel should be aware of the dangers of drinking a large volume of water at one time.  

Over an 8-h period, a fire fighter drinking a maximum of 1 L of water per hour coupled with electrolyte drinks 
would not be in danger of hyponatremia.  

Cost of Fluids 

Calculations for costing were based on an 8-h work day and an 18-day shift. We assumed that a worker would 
consume the recommended 1 L of fluid per hour—or 8 L/day or 144 L/shift—of which 75% would be water and 
25% would be an electrolyte sport drink. The cost of fluids and containers are shown in Table 1. 

Commercially bottled water and sport drinks in disposable containers. Caterers for fire-base camps in 
Alberta charge $1.00 for a 1-L plastic container of commercially bottled water, and $1.25/L of electrolyte sport 
drink (Gatorade). These prices include shipping the containers into the camp and taking away the empty 
containers. The cost per day for 6 L of bottled water and 2 L of bottled sport drink is $8.50, or $153 for the 18-day 
shift. 

Bulk municipal water. The cost of delivering bulk water (i.e., in large tanks) to a fire base camp depends on a 
number of factors including distance from the potable water source to the camp, road conditions, and speed of the 
transport truck.  

In Alberta, the cost of purchasing potable water from a municipal source ranged from $0.002/L to $0.0095/L, and 
transportation costs ranged from $115/h to $135/h. Our calculations assumed a transportation distance of 300 km, 
and an average water cost of $0.075/L, therefore the cost to provide 8 L of bulk municipal water to a fire worker 
was $0.60/day. 

Powdered sport drinks. Sport drinks are also available in powdered form in packets. One packet mixed with 
water makes 1 L of sport drink. A packet costs $1. The cost per day of 8 L of delivered municipal water ($0.60) 
plus two packets of powdered sport drink is $2.60/day, or $46.80 for the 18-day shift, not including the cost of 
any containers. 

Containers 

Hydration backpacks. Basically, a backpack hydration system consists of a bladder in a backpack with a thin 
tube that extends from the bladder over the worker’s shoulder to the front of the body. A clip secures the hose to 
the clothing, in a position that is close to the mouth so that the worker can easily suck on the tube to obtain a 
“hands-free” drink. Hydration backpacks have the advantage of being a one-time purchase that can be re-used. 
Some examples are shown in Figure 1. 

Various backpack hydration systems are on the market; we considered two types. The total cost for the 2-L size of 
the Camelbak and Source hydration backpacks plus fluids is $106.80 and $79.80 respectively. This assumes that 
the worker carries only one 2-L backpack and refills it throughout the day to achieve the recommended 8 L per 
day of fluids. 

  

 

Figure 1. Examples of hydration backpacks and bladders. Left, Camelbak, center, Source Hydration Bladder, and 
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right, Petit Day Pack. 

 

Personal, refillable water bottles and canteens. Water bottles come in a variety of shapes and sizes, however 
fire fighters prefer the rectangular- or square-shaped ones. The wide-mouth 1-L size is preferred by firefighters, 
and they are usually part of a worker’s personal equipment. 

Refillable bottles and canteens would be a one-time purchase as they could be used more than once on the fire 
line. The use of personal, refillable water containers depends on being able to refill them periodically through the 
shift, to ensure the worker consumes the necessary quantity of fluids per hour. If it is not possible to refill the 
bottles, then each worker would need to carry a minimum of eight 1-L bottles. Therefore the total initial purchase 
cost depends on how many containers the worker is willing, able, or needs to carry at one time. 

FPInnovations looked at two types of refillable containers. Nalgene plastic products are well known for their 
durability and because they do not make the water taste like plastic (Figure 2). Military-style canteens are now 
made of plastic so they are lighter than when they were made of metal. The cost to purchase a 1-L size canteen is 
$7 and the cost of a Nalgene bottle is $9.50. 

Water purifiers. Using a water purification system is one alternative to carrying a full day’s supply of water in a 
backpack. If a water source is available, personal canteens and water bottles could be re-filled by means of a 
water purifier. 

There are a number of water purifiers on the market and they vary in price. One example, the Pristine 
Microbiological Filter water bottle, costs $26 (Figure 3). Alberta’s Sustainable Resource Development equipment 
committee selected it because it more than meets the North American standards for a water purifier. This 650-mL 
plastic bottle features a built-in microbiological filter that quickly and effectively removes at least 99.9% of 
cryptosporidium and giardia lamblia.  

Each filter can treat up to 200 refills or 130 L, depending on the water quality. A worker’s fluid requirement over 
an 18-day shift is 144 L, so a replacement microbiological filter would be required, which costs $17. The total 
cost over an 18-day shift for the Pristine Microbiological Filter water bottle, replacement filter, two packets of 
powdered sport drink per day, and two Nalgene bottles to carry filtered water is $85.00. However, if the worker 
obtains 2 L of bulk municipal water from the camp at the outset of the day shift, then the original filter would 
have adequate capacity and the replacement filter would not be required. The total cost would then be $76.70, for 
the Pristine Microbiological Filter water bottle, bulk water, two packets of powdered sport drink per day, and two 
Nalgene bottles. 

 

 

 

Figure 2. Example of a Nalgene bottle, BPA free. Figure 3. The Pristine Microbiological Filter water bottle. 
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Table 1. Cost for water containers and water for a one shift (18 days) on the fire line 

  
Cost of fluids only     

   Container Type Purchase cost 

Fluids only, for one 8-
hshift: 8 L of waterb & 2 
packets of powdered 

sport drinkc 

Fluids only, for one 
18-day shift: 144 L of 
waterb & 36 packets 
of powdered sport 

drinkc 

Total cost for one 
18-day shift: 

container, water, 
& powdered sport 

drink 
Cost per litre for 
one 18-day shift 

Commercially bottled water, 
1-L size 

 
$ 1.00    

Commercially bottled sport 
drink d, 1-L size 

 
$ 1.25       $  153.00   $    1.06  

 Hydration Bladder packs           
    Camelbak brand             
     2-L size   

$ 60.00  $ 2.60  $ 46.80   $ 106.80   $    0.74  
 Source brand           
    2-L size  

$ 33.00  
 

$ 2.60  
 

$ 46.80  
 

 $   79.80   $    0.55  
Universal daypack           
   On Sight Petite Fille brand 
(max. 13 L) for carrying the 
water bladders or personal 
water bottles 

 
 
 

$ 31.00  

     
 
 

 $   31.00   $    0.22  
 Personal water bottles           
Plastic, Nalgene brand           
     1-L size   

$ 9.50  
 

$ 2.60  
 

$ 46.80  
 

$  56.30   $    0.39 
             
Pristine Microbiological 
Filter water bottle 

 
$ 26.00  

     
 $ 76.70a   $    0.53  

 Assumes fluid consumption is 1 L/h, of which 75% is water and 25% is sport drink with electrolytes, over an 8-h day. 

 Delivered, bulk municipal water at $0.075/L. 

 Powdered Gatorade at $1.00/packet. 
a Includes the cost of two 1-L Nalgene bottles to carry the filtered water. The worker would start out from camp with 2 L of bulk water and two packets of     
   Gatorade per day. 

 

Discussion 

Commercially bottled drinks in disposable containers 

The easiest way to provide fluids to fire fighters on the fire line is in commercially bottled water and sport drinks 
in plastic, disposable containers. Although this method is the most expensive, it may be the only option in some 
cases where there is no access for bulk water delivery, e.g., fly-in camps. 

The cost to clean up and dispose of the empty disposable bottles has become a problem in the camp and on the 
fire line. However, the clean-up of empty bottles could be reduced by giving workers clear instructions about the 
proper disposal of empty bottles, and by placing collection containers in strategic places in the camp. 

Hydration backpacks 

While hydration backpacks offer workers the advantage of being able to carry their water supply with them at all 
times, firefighters would more than likely set the water bladder down while working. A backpack would be 
practical when firefighters need to walk long distances to the fire line.  

One water bladder can carry 25 to 33% of a worker’s daily fluid needs. It would be necessary to refill the bladders 
throughout the day shift, or workers could choose to carry 3 to 4 water bladders at one time in a large backpack.  
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It would be necessary to clean and sanitize the bladders and replace the drinking tubes at the end of each shift. 
The logistics and cost of cleaning would have to be considered when refurbishing the bladders. Alternatively, the 
bladders and tubes could be replaced with new ones at the end of the 18-day shift. The cost of replacing rather 
than cleaning and sanitizing the bladders and replacing the drinking tube is still less expensive than bottled water. 

Personal refillable containers  

Personal water bottles could be washed in a commercial dishwasher, or by hand if necessary, before re-use or storage.  

Nalgene has recently come out with a series of Bisphenol-A (BPA) free plastic bottles (See Appendix A). 
Products containing BPA have been pulled from some major retailers stores.  

Water purifiers 

Water purifiers are useful if there is a natural water source near the fire line. Water could also be obtained from 
the fire hose by means of a water thief. 

Alberta Sustainable Resource Development provides water purifiers in the kits of the Type I and II crews. If the 
water purifier is used, to ensure hygiene it is disposed of at the end of the season regardless of the extent of use.  

Conclusion 

Commercially bottled fluids are convenient but they are more expensive than any of the other options. However, 
in some cases commercially bottled fluids may be the only choice, e.g., for fly-in-camps or other remote places 
where bulk municipal water cannot be delivered by truck. If bottled water is the only source of drinking water, 
then fire line personnel need to be instructed about the importance of returning the empty bottles to camp, and 
recycling collection containers need to be strategically placed at the camp area. 

Of the personal water containers, the plastic Nalgene bottle is preferred by Type I and Type II helitack and 
firetack crew members. The Nalgene bottles used by the Type I and II crews are usually a personal piece of 
equipment so there is only one user of the container.  

Hydration replacement backpacks that carry one or more bladders are convenient because the larger sizes 
available make it possible to carry a half-day supply of fluid. Even though they are a relatively inexpensive 
option, they are not generally used by fire line personnel. This type of container seems to be used mostly by 
outdoor recreation enthusiasts and, if appropriate, additional marketing could target firefighters. One disadvantage of 
the backpack system is the necessity to sanitize the bladders and tubes, as well as replace the tubes at the end of the shift. 

Using a personal water purifier in combination with personal water bottles would be the most efficient method of 
providing clean drinking to fire line personal, provided that a natural water source is available throughout the day. 
The personal water purifier container could be re-used indefinitely, but the microbiological filter would have to be 
replaced periodically. Again, the ease by which the container can be cleaned and sanitized for re-use is an 
important consideration.  

Powdered electrolyte sport drinks are considerably less expensive than commercially bottled sport drinks. 
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Appendix A Bisphenol A 

Bisphenol A is used in the production of epoxy resins and polycarbonate plastics. These plastics are used in many 
foods and drink packaging applications, while the resins are commonly used as lacquers to coat metal products 
such as food cans, bottle tops, and water supply pipes.  

In 2003 a research project led by Dr. Patricia Hunt was based on the hypothesis that exposure to man-made 
substances that mimic endogenous hormones may adversely affect mammalian reproduction (Hunt et al. 2003). 
The man-made substance researched in this project was bisphenol A. 

The research linked a common contaminant, bisphenol A, to an error in cell division called aneuploidy that causes 
spontaneous miscarriages and birth defects in people, including Down Syndrome, and is also associated with a 
series of cancers. 

Health Canada has concluded its research on bisphenol A. The preliminary results show that most people are 
exposed to very low levels of bisphenol A and it does not pose a significant health risk. The focus of the research 
was on newborns and infants under 18 months. The research showed that bisphenol A was migrating from the 
lining of the containers containing liquid baby formula and from baby bottles when boiling water was poured into 
the bottles. For further information, see http://www.chemicalsubstanceschimiques.gc.ca/challenge-defi/bisphenol-
a_fs-fr_e.html  

However given the potential health threat, Mountain Equipment Co-op removed water bottles containing 
bisphenol A from their product line in December 2007. The Hudson's Bay Company, Home Depot, London 
Drugs, Rexall Pharmacies, and the Forzani Group, which owns and operates several sporting-good stores, decided 
to remove water bottles and other products that contain the chemical from their shelves in April 2008. 
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