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An adequate drinking water supply 
is an essential component of cattle 

production. Producers need to be con-
cerned with the amount of water sup-
plied and the quality of that water. This 
publication provides information related 
to drinking water quality requirements 
for cattle as well as water sampling and 
testing guidelines. 

Why Test Water 
Quality for Cattle?
 Many cattle producers in Kentucky 
utilize surface waters as drinking water 
sources for their herds. However, live-
stock growth and production can be di-
minished when animals consume water 
containing high levels of contaminants. 
Cattle often drink less contaminated 
water, which leads to reduced feed in-
take and increased vulnerability to heat 
stress. Consideration should be given 
to all available water sources, because 
contaminant types and levels are not 
similar throughout a cattle production 
practice. 

Assessing Water Quality
Water quality assessment is generally 
based on: 
•	 Physical	properties
•	 Physiochemical	properties
•	 Excess	nutrients
•	 Toxic	compounds
•	 Microbiological	agents

The following descriptions provide infor-
mation on each assessment type.
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from the sun, producers can build shades 
over small sources such as tanks. A water 
supply with a temperature of more than 
85°F (29°C) should be chilled. Insulated 
or heated tanks can be used during the 
winter months. Water consumption 
requirements	are	listed	in	Table	1.

Physiochemical Properties
 Physiochemical properties are those 
that deal with the physical properties and 
the chemical composition of a sample, 
and include parameters such as salinity, 
hardness, and pH. 

Salinity
 Salinity refers to the mass of dissolved 
constituents contained in a solution and 
is typically determined indirectly by 
measuring	total	dissolved	solids	(TDS),	
total	 soluble	 salts	 (TSS),	 or	 electrical	
conductivity	 (EC).	Salinity	 is	often	due	
to sodium chloride, but bicarbonate, 
sulfate, calcium, magnesium, and silica 
levels may also be significant. A lower 
percentage of salinity might include iron, 
nitrate, potassium, phosphorus, boron, 
strontium, and fluoride. 
	 Research	has	been	mixed	on	 the	ef-
fects of high salinity levels on livestock 
performance, largely due to the nature 
of these measurements, which do not 
identify specific contaminants and their 
associated	 concentrations.	Two	water	
sources may have similar salinity levels 

Table 1. Water consumption requirements for cattle (gal/head/day).

Temperature 
(°F) Gal/lb DM*

500 lb Calf 
(12 lb DMI*)

750 lb Calf 
(16.6 lb DMI)

1,100 lb Dry 
Cow

1,100 lb 
Lactating 

Cow
40 0.37 4.4 6.1 7.4 8.1
60 0.46 5.5 7.6 9.2 10.1
80 0.62 7.4 10.3 12.4 13.6
90 0.88 10.6 14.6 17.6 19.4

*DM = dry matter; DMI = dry matter intake.
Sources: Winchester and Morris (1956); Henning et al. (2000).

Physical Properties
 When the air temperature increases 
above 40°F (4.4°C), cattle consume 
additional water based on dry matter 
consumption. Cattle typically prefer 
drinking water at temperatures between 
40°F (4.4°C) and 65°F (18.3°C). When the 
temperature is more than 80ºF (27°C), 
water and feed intake rates often de-
crease, affecting animal productivity. On 
hot summer days, the temperature of wa-
ter sources located in direct sunlight can 
quickly	 increase.	To	 reduce	heat	 loads	
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but different effects, depending on the 
contaminants	present.	For	example,	sa-
line waters in which the causative agent 
is sulfate may reduce milk production; 
waters high in sodium may not. Overall, 
research indicates that elevated levels of 
dissolved salts lead to reduced feed intake 
and growth rates in cattle. Cattle tend to 
become acclimated to small changes in 
salinity, but large increases can result in 
illness or even death. Salinity categories 
are	listed	in	Table	2.

Hardness
 Hardness is a measure of the concen-
tration of divalent metallic cations (++ 
charged) dissolved in water and is gener-
ally	expressed	as	the	sum	of	calcium	and	
magnesium	concentrations	expressed	as	
equivalents of calcium carbonate. Other 
divalent metallic cations such as iron and 
manganese can contribute to hardness, 
but concentrations are usually much 
lower than calcium and magnesium. 
	 Trace	 element	 nutrition	 research	
indicates that waters with high iron con-
centrations (greater than 0.3 mg/L) can 
affect cattle health and performance by 
impacting copper and zinc absorption. 
Limited research also suggests that high 
levels of dietary calcium consumption 
(greater than 12.5 g calcium/kg diet) 
can reduce selenium absorption. Hard 
waters can also be problematic to low 
pressure and low flow watering systems 
due to the accumulation of insoluble 
calcium and magnesium carbonate de-
posits. Producers located in karst regions 
should give additional consideration 
to hardness because elevated levels of 
calcium and magnesium are associated 
with limestone (karst) geology. Hardness 
guidelines	are	listed	in	Table	3.

pH
 pH is a measure of the degree of acid-
ity or alkalinity in water. Acidic waters 
have a pH value less than 7. Neutral wa-
ters have a pH of 7. The preferred drinking 
water pH for humans is between 6.5 and 
8.5. Little is known about the effects of 
pH value on water intake rates and cattle 
performance. Producers should provide 
water with a pH range of 5 to 9. pH levels 
are detailed in Figure 1. 

Table 2. Guidelines for salinity.
Total soluble 
salts (mg/L) Comments

<1,000 Safe to drink; should pose no health 
problems.

1,000-2,999 Typically safe to drink; may cause 
mild diarrhea.

3,000-4,999 Cattle may initially refuse; may cause 
diarrhea; optimal performance not 
achieved due to lower water intake 
rates.

5,000-6,999 May be offered if optimal 
performance is not required; avoid 
providing to lactating or pregnant 
cattle.

7,000-10,000 Avoid if possible; consumption will 
likely result in health problems.

>10,000 Unsafe to drink; do not use under any 
conditions.

Table 3. Water hardness 
guidelines.

Hardness 
(mg/L) Category

0-60 Soft
61-120 Moderately 

hard
121-180 Hard
181-350 Very hard

>350 Brackish

Table 4. Guidelines for nitrates (NO3) and nitrate nitrogen (NO3-N).
NO3 (mg/L) NO3-N (mg/L) Comments

0-44 0-10 Safe for consumption
45-132 11-20 Safe with low nitrate feeds and balanced diet

133-220 21-40 Potentially harmful if consumed for long periods
221-660 41-100 Cattle at risk of death

>661 >101 Unsafe for consumption

These spikes are usually short in dura-
tion and not easily detected. When 
excessive	 levels	of	nitrates	are	present,	
nitrites can accumulate in the rumen. 
Nitrites absorbed into the bloodstream 
interfere	with	 the	oxygen-transporting	
capacity of hemoglobin, thus interfer-
ing with respiration. In severe cases, 
asphyxiation	can	occur.	Moderate	levels	
of nitrate poisoning have been linked to a 
host of problems including poor growth, 
infertility, abortions, and vitamin A defi-
ciencies. Signs of acute nitrate poisoning 
include labored breathing, rapid pulse, 
frothing at the mouth, convulsion, blue 
muzzle, and a blue tint around the eyes. 
Signs of chronic nitrate poisoning are 
generally not as evident, but can include 
reduced weight gain, decreased appetite, 
lower milk production, and increased 
susceptibility to infection. Guidelines for 
safe nitrite concentrations are shown in 
Table	4.
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acidic

alkaline

pH Value

Preferred value,
drinking water

neutral humans
(6.5 to 8.5)

cattle (5 to 9)

Figure 1. Guidelines for pH value.

Excess Nutrients
Nitrate
 Background concentrations of nitrate 
in surface waters are largely determined 
by the geology of the watershed. How-
ever, heavy upstream stocking rates, 
especially when the ground is frozen, 
can lead to dangerously high spikes in 
nitrate levels following rainfall events. 
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Table 5. Maximum recommended sulfate 
(SO4) and sulfate sulfur (SO4–S) levels.

SO4 (mg/L) SO4-S (mg/L) Types
<500 <167 Calves

<1,000 <333 Adults

Table 6. Generally considered safe levels 
of potentially toxic substances.

Substance

Upper-limit 
guideline 

(mg/L)
Aluminum (Al) 5.0
Arsenic (As) 0.2
Boron (B) 5.0
Cadmium (Cd) 0.05
Chromium (total) (Cr) 1.0
Cobalt (Co) 1.0
Copper (Cu) 0.5
Fluorine (F) 2.0
Lead (Pb) 0.1
Manganese (Mn) 0.05
Mercury (Hg) 0.01
Selenium (Se) 0.05
Vanadium (V) 0.1
Zinc (Zn) 24.0

Sulfate
 Sulfate is present in most water sourc-
es and is commonly found in the form of 
calcium, iron, sodium, and magnesium 
salts.	Elevated	 levels	of	 these	 salts	 can	
make the water taste objectionable to 
cattle. Guidelines for sulfates in water are 
not well defined, but high concentrations 
cause diarrhea and in some instances 
copper deficiencies. High sulfate con-
centrations also help development of 
polioencephalomalacia	(PEM),	which	is	
a neurological disorder characterized by 
weakness, muscle tremors, lethargy, and 
even paralysis and death. High sulfate 
water consumption often requires chang-
es	to	the	supplied	mineral	mix.	The	form	
of sulfur is also important in determining 
toxicity.	Sulfur	in	the	form	of	hydrogen	
sulfide can lead to reduced water intake at 
levels	as	low	as	0.1	mg/L.	Table	5	contains	
maximum	recommended	sulfate	levels.	

Toxic Compounds
	 Table	6	contains	a	listing	of	additional	
substances that may be found in water 
and can pose health hazards to cattle. 
Several factors related to diet, physiology, 
and environment prevent determining 
precise problematic concentrations. If 
these	concentrations	are	exceeded,	look	
for alternate water sources or seek treat-
ment.

Microbiological Agents
Fecal coliforms
 Because pathogens are not easily or 
cheaply detected in water, their presence 
is inferred by using indicator organisms. 
Indicator organisms are those whose 
presence in water signifies the presence 
of fecal matter and possibly pathogens. 
Fecal coliforms are one such indicator 
organism commonly used. Some sources 
recommend livestock drinking water 
contain less than 1 CFU (colony forming 
unit) per 100 mL for calves and 10 CFU 
per 100 mL for adult cattle, but these 
values may be difficult to achieve in the 
presence of cattle. 

Cyanobacteria (Blue-green Algae)
 Water sources can become stagnant 
during drought or low flow periods. If 
nutrient loading occurs and water tem-
peratures are elevated, algae blooms can 
occur. These blooms may contain a type of 
photosynthetic bacteria called cyanobac-
teria, or blue-green algae. There have been 
documented cases in which cattle have 
become sick or died from drinking water 
containing	toxins	(microcystins)	released	
by blue-green algae. Waters contaminated 
with microcystins will have a moldy, 
musty, or septic tank odor. Although odor 
is not a test that is typically conducted, 
waters with these contaminants will also 
have	high	TDS,	nitrogen,	and	phosphorus	
concentrations. 

Water Sample Collection
 Collected water samples can be sub-
mitted to commercial or university labora-
tories for analysis. Likewise, producers can 
purchase water quality test kits from on-
line sources or even local hardware stores 
if the water supply needs to be tested for a 
limited number of contaminants. 
 When collecting a water sample, 
it is important to follow the sampling 
protocol outlined by the laboratory to 
ensure that accurate results are obtained. 
If collection and handling are done in a 
manner that allows the sample to dete-
riorate or become compromised before 
analysis, the results will be meaningless. 
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Table 7. General sample collection and handling guidelines.
Category Comment
Location Sample should be representative of water that animals 

drink; grab samples from the stream should be taken at the 
mid-channel and mid-depth; flush watering lines for 3 to 5 
minutes before sampling.

Container Should be clean and free of contaminants; do not pre-rinse; 
open container only to collect sample.

Label Specify name, date, time and sample location
Holding Time Check with laboratory or manufacturer; varies with 

contaminant; pH must be analyzed in the field.
Holding Temperature Store at 4°C (39°F).
Volume Fill container full for organic compound determination; 

leave space for aeration and mixing for inorganic and 
microbiological determinations; amount should be sufficient 
to conduct all required tests.

Preservation Check with laboratory or manufacturer; varies with 
contaminant; care should be taken to add specified volume of 
sample to maintain correct sample to preservative ratio.

Safety Care should be exercised in collecting, handling, transporting 
and storing samples; personal protective equipment may be 
required; do not store samples with food.

For	example,	water	samples	for	microbial	
analysis should be analyzed within 24 
hours to be meaningful and within 8 
hours for regulatory purposes. The labo-
ratory will specify the type of container 
to use, what forms to complete, and 
how the sample should be packaged and 
shipped. Manufacturers offer a variety 
of water quality kits from test strips to 
portable laboratories to accommodate a 
range of budgetary and accuracy needs. 
Producers may need to collect water 
samples that represent different times of 
the year (e.g. seasonal influence), hydro-
logic conditions (e.g. wet and dry), and 
production levels, because these factors 
will affect contaminant concentrations 
in	natural	water	sources.	Table	7	contains	
common sample collection and handling 
guidelines.
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