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Abstract 

Relative to standards for humans, water in the 
cattle environment is often of poor or unknown micro
biological quality, whether it is surface drinking water, 
recycled flush water, wash water, cooling water or drink
ing water in troughs. The microbial ecology is complex 
and not well understood. Microbial contamination origi
nates from the environment, the feces of cattle or other 
animals, and, due to oral residues, even the normal act 
of drinking. In many circumstances, the quality is re
garded as uncontrollable at best. Although pathogenic 
bacteria and zoonotic foodborne pathogens are found in 
cattle water with some frequency, the health, produc
tion and food safety risks associated with cattle drink
ing or contacting water contaminated with these 
microorganisms remains largely undefined. As produc
tion and health consequences from the presence of these 
agents are certainly biologically plausible and some evi
dence suggests that they do exist, additional research 
is needed to quantify these risks. If these risks prove to 
be unacceptable under current management conditions 
and consumer expectations, methods to ensure micro
biologically cleaner water for livestock will need to be 
identified. 

Introduction 

For humans, provision of pure, clean drinking 
water has long been one of the most important public 
health objectives. Well before John Snow's classical epi
demiological investigation identifying an association 
between cholera and water contamination in London 
(1846-61) and before Pasteur's Germ Theory of Disease 
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(1870), civilizations made special efforts to protect 
against water contamination. Today, the impact of poor 
microbiological water quality on human health contin
ues and is undisputed. Numerous studies have shown 
the adverse health consequences of consuming drink
ing water that fails to meet basic microbiological stan
dards . To this end, the World Health Organization 
publishes comprehensive guidelines on the risk assess
ment and control of water contamination.47 Despite this 
long history, new water-borne pathogens continue to 
emerge and standards evolve as the microbial ecology 
of drinking water, such as the role of biofilms, is better 
understood.40 In contrast, few studies of the effects of 
microbiological quality oflivestock drinking water or of 
other water to which the livestock are exposed have been 
done. The general lack of concern about the quality of 
livestock drinking water is not the result of ignorance 
but either unquestioned acceptance of the commonplace 
or resignation to the apparent lack of control. This re
view focuses on the effects of microbiological water qual
ity on cattle production and health. 

As water is becoming an increasingly scarce re
source, its conservation and reuse are becoming larger 
issues for agriculture. Compared to most other livestock 
farms types, dairy farms use a comparatively large 
amount of water per cow and cattle are exposed to the 
water in unique ways. Besides drinking, water on dairy 
farms is often used in wash pens and in the parlor for 
cleaning cow udders prior to milking, cleaning of milk
ing equipment during and after milking, flushing of 
manure from alleyways, mixing powdered calf milk re
placer, evaporative cooling of cows, as cooling ponds and 
even as a heat transfer agent for thawing frozen semen 
and cooling milk. 
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Wastewater is commonly collected in lagoons and 
applied to crop and grazing land from which harvested 
or grazed crops can plausibly transmit infectious agents 
originally contaminating the water back to cattle. Even 
when presented with drinking water of controlled qual
ity, cows may deliberately consume poor quality water 
intended for other purposes, such as alley flushing, or 
other water in the environment. A Florida study found 
that water use averaged 175 gallons per lactating cow 
per day, with some dairies averaging 400 gallons per 
lactating cow per day. 41 Of this, the highest use was for 
flushing manure from alleyways (60 to 80 gallons per 
lactating cow per day). Cows drank an average 25 gal
lons per day through the year and approximately the 
same amounts were used for cow cooling, cleaning cows 
prior to milking and cleaning the milking parlor. In a 
study of Arizona dairies cited by Martin et al,33 water 
usage ranged from 80 to 240 gallons per lactating cow 
per day. 

Water is described in the National Research Coun
cil (NRC) "Nutrient Requirements of Dairy Cattle" as 
being the most important nutrient. 2 The amount of wa
ter per unit of body mass required by the lactating dairy 
cow is greater than for any other land-based mammal.6 

In the NRC water intake prediction equation, the pre
dicting factors are dry matter intake, milk yield, sodium 
intake and minimum daily temperature, all being posi
tively correlated with intake. Martin et al33 stated that 
a high producing cow drinks 30 to 50 gallons of water 
per day, drinking is likely the largest and most direct 
exposure to microbial contaminates in water. 

Numerous publications address standards and 
acceptable levels of chemical contaminants and mineral 
concentrations in cattle water.2• 5• 6• 10• 39 However, little 
information is available on the effects of microbial con
tamination or on acceptable levels. Again, this is not 
because of a lack of the awareness of the role of water in 
the transmission of infectious diseases. Over 100 years 
ago, the role of water in the dissemination of several 
viral and parasitic infections of livestock was clearly 
outlined. 7 Poor livestock water quality was of such con
cern in early days at the Chicago Stock Yards that the 
first commercial large-scale water chlorination facility 
in the US was constructed to purify the water offered to 
cattle.46 

General guidelines on microbiological water qual
ity for cattle have been proposed but the empirical evi
dence to support these standards is lacking. The current 
NRC states that coliforms greater than O MPN (Most 
Probably Number) is "unsatisfactory" and greater than 
9 MPN is "unsafe" but that "the effect of coliforms in 
water on health of cattle or ruminal microorganisms is 
unknown."2 Dairy extension specialists in the Midwest 
have proposed that water be classified as acceptable for 
dairy cattle if it contains less than 1,000 total bacteria 
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per mL and less than 50 coliform bacteria per 100 mL.30 

Dairy extension specialists in the Southwest have pro
posed that both total and fecal coliform counts should 
be under 1 per 100 mL for calves.43 For adult cattle, they 
proposed that total coliform counts should be under 15 
per 100 mL and fecal coliforms under 10. They also rec
ommend that fecal streptococci should not exceed 3 per 
100 mL of water for calves or 30 per 100 mL for adult 
cattle. They state that water with total bacteria counts 
exceeding one million should be avoided for all classes 
of livestock, and that most water supplies will have to
tal bacteria counts below 200 per 100 mL. Others have 
arbitrarily set acceptable levels of bacterial contamina
tion of livestock drinking water as being below 5 x 103 

CFU E. coli per 100 mL of drinking water. 14• 31 In a sur
vey of dairy water troughs , E. coli counts (a fecal 
coliform) in trough water averaged 1,000 per 100 mL.29 

E. coli in intensively used feedlot water troughs were 
higher, averaging 25,000 per 100 mL (LeJune, unpub
lished data). From this, the total daily intake of E. coli 
by dairy and beef cattle can be estimated based upon 
average water consumption and may be as high as 106 

to 107 CFU each day. Note that this dose of E. coli is 
comparable to that from the daily consumption 0.1 to 1 
kg of typical fresh bovine feces , which most would re
gard as excessive. 

Any dairy farm water use that could contaminate 
raw milk falls under specific regulatory guidelines and 
requirements maintained by the FDA. The Grade A 
Pasteurized Milk Ordinance (PMO), 1999 revision, re
quires that all water used in the milkhouse and milk
ing operations be obtained from a proper supply, which 
is defined in appendix D of the PMO, and be of a tested 
safe and sanitary quality as defined in appendix G of 
the PMO. 1 The criterion for the latter is a Most Prob
able Number (MPN) of coliforms less than 1.1 per 100 
mL as tested every three years or after repair, modifica
tion or disinfection of the water delivery system. As the 
PMO does not apply to water used outside of the 
milkhouse, water quality may be impacted by flaws in 
the distribution system beyond the milkhouse. 

Microbiological Risk Analysis 

Risk analysis is a systematic approach to quanti
fying the risk associated with microbiological agents. 
Driven by recent concerns about emerging microbial food 
safety risks, quantitative microbiological risk assess
ment methodology is maturing rapidly. Although focused 
on human foodstuffs, several recent reviews provide 
excellent overviews of the methods. 9• 25• 26 Risk analysis 
consists of three components: 1) risk assessment, 2) risk 
management, and 3) risk communication. The risk as
sessment step of risk analysis attempts to answer the 
following questions: What are the hazards? What is the 
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likelihood that it will occur? What is the result if the 
risk occurs? 

Risk Assessment 

Hazard Identification 
Cattle drinking water is easily (and frequently) con

taminated with microbes and organic matter from the 
normal act of drinking and often with fecal material from 
cattle or other animals.29• 38 Outflow water from flushing 
manure is certainly heavily contaminated and flush in
flow water is likely contaminated if it was recycled. Fur
thermore, some water entering the trough or reservoir is 
contaminated at the source, thereby exposing animals to 
microorganisms regardless of the hygiene of the drinking 
trough. 23 As summarized by Bauder et al4· and Goss et al, 17 

multiple studies have found that a considerable fraction 
of rural human drinking water wells are contaminated 
with coliforms at levels that exceed quality standards 
(Table 1). Livestock drinking water obtained from these 
wells is also likely contaminated at a similar frequency. 

The list of potential microbiological hazards in live
stock water is long. Virtually any virus, algae, bacterium, 
fungi or protozoa that can survive, even transiently, in 
the aquatic milieu could be included on such a list. Un
less microbial predation is occurring, the survival of most 
infectious agents is often prolonged in water compared 
to other environments. Livestock drinking water quality 
studies have specifically identified Leptospiras (occasion
ally), 19 E. coli 0157 and other shiga toxin-producing E. 
coli (3-20% of troughs tested),29• 35• 37 Salmonella sp (ap
proximately 2% of troughs),42 Campylobacter sp20 and 
Aeromonads. 18 In a 1989 survey of veterinarians, 38% of 
respondents reported that problems associated with poor 
water quality were very frequently encountered.34 Among 
problems attributed to poor water quality were mastitis 
(particularly coliform), abortions, metritis, infertility and 
diarrhea. Due to the consumer and public health con-

cerns that developed during the last decade, this list now 
would likely include the transmission to cattle of 
foodborne pathogens and antibiotic resistant commen
sal flora. 

Contaminated water is associated with the presence 
in or the transmission of enteric agents to cattle in a 
number of reports. Wray and Sojka reviewed a number 
of clinical salmonellosis outbreak reports where drink
ing contaminated water from rivers, streams and ponds 
was associated with the outbreak.50 In the 1996 USDA 
NAHMS studies, dairies that used water for alley flush
ing were 8 times more likely to have cows shedding E. 
coli O157:H715 and to have a significantly higher propor
tion of cows shedding Arcobacter spp45 than dairies that 
did not. Although not statistically significant in the pres
ence oflow study power, dairies that used water for alley 
flushing were 3.5 times more likely to have Salmonella
infected cows than dairies that did not.24 Contaminated 
recycled flush water was associated with the long-term 
perpetuation of Salmonella infections on a large Califor
nia dairy.16 In a study of 231 British herds engaged in a 
Johne's disease vaccination program, the use of a piped 
water supply at pasture compared to ponds or ditches 
was associated with reduced time to freedom from clini
cal disease.48 This suggests that investigating the role of 
drinking water contamination in the transmission of 
Johne's disease is warranted. Seasonal fecal shedding of 
Campylobacter jejuni by dairy cows was shown to be as
sociated with drinking from a contaminated pond.20 Also 
worthy of note is that two of these enteric agents , Salmo
nella spp and Campylobacter spp, account for the major
ity of human food-borne disease cases in the US. 

Dairy cattle are exposed to microbial contaminates 
in water through exposure routes other than drinking, 
particularly in association with the milking process. 
Numerous herd outbreaks of Pseudmonas aeuroginosa 
mastitis due to the use of contaminated water for udder 
washing have been documented. 11 • 12• 32 In a survey of 

Table 1. Summary of human drinking water wells exceeding coliform standards. 

Rural well region Survey year No. wells % exceeding % with fecal 
sampled coliform stds. coliforms present 

Alberta 1994 420 68 
Iowa 1989 686 37 
Midwest 1995 5,530 41 
Montana 1990 1,259 39 
Nebraska 1982 268 37 
Nebraska 1994 1,808 15 
Ontario 1992 1,292 34 22 
Quebec 1976 216 27 
us 1988 3,690 31 

(Adapted from Bauder JW, et al , 1991 and Goss MJ, et al, 1998) 
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wash hoses in 22 milking parlors, Erskine and co-work
ers found that 23% contained P aeruginosa, suggesting 
that it may be a relatively common contaminate of par
lor water even though the water and the supply system 
met PMO standards. 12 Contaminated aerosols have also 
been associated with the transmission of salmonellae 
in calves on farms21 and experimentally.44 

Likelihood of transmission 
The likelihood of waterborne transmission of mi

croorganisms from water to cattle is more difficult to 
quantify and may be influenced by both animal factors 
and environmental effects on the organism, both of 
which are complex. For example, the probability of a 
water source being contaminated with a particular mi
croorganism is often a complex function of the number 
of animals harboring the organism, the typical amount 
of contamination and frequency with which it is deliv
ered to the water source and the microecology of the 
particular water system. Once in the water, the degree 
to which the aquatic environment provides a suitable 
niche for the survival and/or proliferation will influence 
the concentration of the potential pathogen in the wa
ter. Depending on the number of competing microbial 
species and whether or not protozoa! predation is occur
ring, many bacterial species are able to proliferate in 
the presence ofremarkably low nutrient concentrations. 

Unlike municipal water mains, cattle water sys
tems are usually not routinely flushed to remove sedi
ments and impurities. Biofilms and accumulated 
sediments at the bottom of water troughs provide an 
ideal environment for survival of microorganisms, pro
tecting them from sunlight and disinfectants. The con
centration of bacteria in aquatic sediments is often 2 to 
3 orders of magnitude greater than the bacterial con
centration in the overlying water column. Coliforms that 
persist in aquatic sediments and biofilms can prolifer
ate under appropriate environmental conditions, such 
as increased summer temperatures and the absence of 
direct sunlight, which results in increased coliform lev
els in the water.22• 29 Studies of municipal water distri
bution systems have clearly demonstrated that coliform 
growth in water is seasonal, peaking in the summer 
when the water temperatures are warmer.27 In addition, 
disturbing or mixing of the sediments may transiently 
increase the concentration of potential pathogens in the 
water column. 

An association between water contamination by a 
specific microorganism and the prevalence of infection 
or disease in cattle is not sufficient evidence of causal
ity in itself. The contaminated water may simply reflect 
the total environmental contamination by an organism. 
Experimental studies have demonstrated the possibil
ity of transmission of E. coli 0157 from a contaminated 
water trough after a prolonged period of environmental 
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persistence.28 However, it remains to be determined how 
frequently waterborne transmission occurs and what 
precautions can be used to prevent such events from 
occurring. 

Implications of Infection 
This aspect of risk analysis falls within the realm 

of traditional clinical veterinary medicine. Briefly, water
borne infections can result in a spectrum of outcomes, 
ranging from life-threatening septicemias in calves to 
clinical enteric disease in adults to subclinical produc
tion losses to asymptomatic infections of adult animals 
with zoonotic foodborne pathogens. For example, E. coli 
can cause mastitis, Leptospira spp can cause abortion, 
and salmonellosis can be manifested clinically as diar
rhea. Furthermore, in the case of human foodborne 
pathogens, cattle may have intestinal colonization with 
Campylobacter jejuni, E. coli 0157 or Salmonella and 
remain asymptomatic. 

Risk Management 

This step of risk analysis attempts to answer the 
following questions: What can be done to control the 
hazards? What are the costs of the proposed mitigation 
strategies in relation to the expected benefits? In theory, 
simply providing only clean water would eliminate 
waterborne infections in cattle, but this goal is not 
achievable even for human drinking water. To establish 
future water quality criteria for human consumption, 
the EPA has defined the acceptable risk as one case per 
10,000 people exposed per year.40 Even if the incoming 
water meets a standard, most cattle water troughs are 
contaminated each and every time they are used. Fre
quent cleaning, even as frequent as twice daily, doesn't 
appear to be an effective method to control the micro
bial contamination in water troughs (LeJeune, unpub
lished data).29, 38 Paradoxically, episodic trough cleaning 
and disinfection appears to increase the coliform level, 
apparently because it reduces the levels of predatory 
protozoa. On the other hand, Ensley (as cited by Socha 
et al)39 found an association between increased cleaning 
frequency and increased milk production. As other fac
tors, such as exposure to direct sunlight, temperature 
and increased distance from the feedbunk, are associ
ated with reduced levels of contamination,29 risk reduc
tion is possible. Exposure to environmental sources of 
water, such as from rainfall on pasture or in an alley 
being flushed, are much more difficult to eliminate or 
control. 

The most important question that needs to be an
swered first is whether providing water meeting a cer
tain standard actually provides cattle health, production 
or food safety benefits. Since it is unknown how much 
contaminated water contributes to the total pathogen 
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exposure on a farm, it is presently not possible to deter
mine how much, if any, improvement in animal health 
would be realized if cleaner water was provided. The 
Food and Agriculture Organization acknowledges that 
human food safety hazards can enter the food supply 
through contaminated feeds and water offered to live
stock.13 To reduce the level of shiga toxin-producing E. 
coli in the human food supply, the World Health Orga
nization recommends that "potable" water be used for 
livestock drinking as a control measure.36 In general, 
the term "potable" in microbiological standards means 
no detectable fecal coliforms in a 100 mL water sample. 
Again, these FAO and WHO guidelines are made with
out quantitative evidence of the actual risks associated 
with using other than "potable" water. A recent review 
of the guidelines for re-use of wastewater, such as from 
dairies, on crops addresses the difficulties of establish
ing such guidelines.8 

E. coli measurement is often used as an indicator 
of water quality. It is not known if the repeated inges
tion of significant numbers of E. coli has any effects on 
bovine health or production. On the other hand, the pres
ence of high numbers of E. coli is interpreted as an indi
cator of fecal contamination. If fecal contamination has 
occurred, the possibility of water contamination by other 
microorganisms transmitted via the fecal-oral route is 
increased. Because providing cleaner water to cattle 
reduces the likelihood of their exposure to deleterious 
organisms, it stands to reason that doing so is benefi
cial. Preliminary evidence suggests that cattle perfor
mance in cow-calf operations is improved when cleaner 
water is provided.49 Clearly, additional scientific stud
ies are required to determine the livestock health and 
production risks and benefits associated with the mi
crobiological quality of drinking water offered to cattle. 

Risk Communication 

The final step of microbiological risk analysis is com
munication of the risks to the stakeholders, particularly 
the livestock producers. Without quantitative informa
tion on the health and production effects of the risks as
sociated with poor microbiological quality of livestock 
drinking water or the other water to which livestock are 
exposed, veterinarians are in an awkward situation when 
expected to provide advice in the face of livestock water 
quality concerns. Although readily available from most 
environmental laboratories, routine microbiological 
analysis of water is unlikely to provide information on 
the role of water in the epidemiology of a health or pro
duction problem on an individual farm. For the most part, 
all open water that cattle contact will contain at least 
some E. coli, and occasionally other microorganisms of 
concern, and often it is not possible to determine if this is 
the cause of the problem or result of one. 

SEPTEMBER 2002 

Presently, the most logical approach to take when 
addressing the possibility of a microbiological water 
quality problem as the cause of an infectious disease or 
production problem on a farm is to rule-out as many 
other possible causes and to institute control measures 
for all routes of transmission. Since microorganisms are 
at least occasionally disseminated to cattle via contami
nated water, common sense dictates that improving the 
water quality will decrease the likelihood of this occur
ring. However, effective methods to maintain high drink
ing water quality in commercial livestock operations 
have yet to be identified and the actual benefits from 
such interventions have yet to be shown. 
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