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Interpretation of

Water Analysis for
Livestock Suitability

Dave German, Water Resources Institute
Nancy Thiex, Olson Biochemistry Laboratories

Cody Wright, Department of Animal and Range Sciences

Introduction

Good quality water is essential for the production of
livestock and poultrit In Houth Dakota, many water sup-
plies have: naturally occurring =alis that may limit their
use. Livestock producers that test their water supply can
make informed decisions about this suitability of their
water for different elasses of livestock. The purpose af
this guide is to asist livestock producers in the interpri-
tation of their water analvsis.

The interpretation of a water analvsis is complicatied;

when making a recommendation for the usé of water for

a particular purposs, there are many fagtors to consider.
Often, the person asked to make an interpretation will
not haye all of thi pertinent infermation abesut bisth the
water supplv and the class of livestork using the water.

If vou require a more detailed interpretation, pleas:
contact thes Water Ri=ouries Institute (605-655-4910) or

cmail Dave Gierman at david.germanszdstate.edu.

Table 1. Water Consumption For Various Classes Of Livestock
Species Water consumption
(gallons per day)
Beef Cattle 7-12 per head
Dairy Cattle 10-16 per head
Horses 8-12 per head
Swine 3-5 per head
Sheep and Goats 1-4 per head
Chickens 8-10 per 100 birds
Turkeys 10-15 per 100 birds_

Water Consumption

The average daily water consumption for various
classs of livestock is presented in tablis 1 ({¥son and
Fox 19%1).

Water quality can aftect bath the total water von-
sumption by livestisck and the hialth of that livestiick.
Objectionablis taste and odaor will discourage livestork
water consumption, reduse lsestock feed intake, and
decriase livestock weight gain.

The water consumption of livestock varies. fonsumyp-
tion is dependint on the animal’s age, phyziological con-
dition, and diit, as well as on environmental and other
factors. Lartating animals require more water and will
bet mare produative if prisvided with an adequate supply

of good quality water.

Water Quality

What are the rhararteristics of good quality water for
livestock? Ta distermine suitability for livestork, the fol-
lowing parameters are analyzed: sodium (Na), alkalinity,
sulfate (50)), nitratiz (MO-M), electrical conductivity
(E.%). and hardness. This list represenis the parameters
most likely to limit thee use of livestock waters. Whiles the
interprictation for each fartor is included in the sections
that follow, sither factors not tssted can alsiv cause the
water to b unfit.

In South Dakota, exce=sive amounts of minerals dis-
solverd in the water ¢an ause it to b unfit. The cations
(positivicly charged ions) calcium, magnesium, and so-

dium combine with the anions (negatively charged ions)



chloridies, sulfauss, nivates, and bicarbimates 1o form the

morganic salts most commmenly found in livestack waters.

The effects oof the various =alis aré® rumulativis, =o
measuring total salwey is important. Alsiy, betvause these
salts have different physiological effizcts, determining
the fvpe of salts present is important. Sulfate =alts are
e likely to cause hisalth probliems than chloride salis

or carbanate salts.

Conductivity/Total Dissolved Solids

Measuring elecuical conductivity (EC) provides an
ndication of the wital salts in the water. Baserd on dana
from South Dakota water, EiL is roughly gquivalent to
Total Diszolved Bailids (TDA5, despeniding on th type
if =alis present. I the condua tivity e TD5 i les= than
1000 pmhos/cm, it is unlikels that individual salts would
cause health problems and no further analvais for sales
is necessary. However, as the concentratiom of salis in-
creases. the risk of health problems and/or reduced
productivity may occur.

Saline water waxicity upsers the elecoalvie balancs in
animals and will result in symptoms similar to dehvdra-
ton. At EL over 10,000 pmhos/cm. water will not b
palatable and diarrhea and weight loss can be expected;
use is not recommenclisd.

Livestock producers have reported adult cattle =un-
viving am water eiver 10,000 pmhos/em condue tiviis
however, that i= not a desivable situation. It mav take a

long time for animals to acclimate e saline water, and

sudden chanpges from good quality water o saline water
may prove fatal to the animals. see tablie 2 for a general

guiil to thes use of saling water far livistin k and proulory.

Sulfates

Sulfates are common in South Dakista waters, 5o-
civm sulfawe (flauber salt) is thee mest common sulfate
salt, but magnesium =ulfate (Epzom =alt) and calcium
sulfate (gvpsum) are also present in mant waters, All
have a laxative effect and impart an objesticmablis, biter
Ltasti'.

Ress=arch dating back to the 19505 has elearly demon-
strated the impart of high-sulfate water on animal health
and performande. and several excellint reviews have
biren written ém the opis (%Ri 2005; Kandylis 1954
Veenhuizen and Shurson 1992).

Recently, Pattersin et al. (2003) shiwed a quadratic
dechme in average daily gain (ADG), dry mater intaka
(DM, and gain/feed in confined stecrs as witer sollin
increased from appraximately 400 10 4700 mg /L (ppm).
These reports also showegd that cattle in comfinesment
consuming water with 3000 ppm sulfates or greater dur-
ing the summer were at a higher risk of polioencepha-
lomalacia (PEM) (Patterson et al. 2002; 2003). Rumi-
nants consuming high dietary sulfur concentrations in
combination with high-grain diets are at a particular risk
for sulfur-associated PEM (NRC 2005).

The duration of the negative effects oof high-=ulfate

water em livestork has received litde attentiom in thee lit-

Table 2. A General Guide to the Use of Saline Water for Livestock and Poultry

Water Salinity
(EC)? pmho/cm

Comments

Less than 1000

Relatively low level of salinity. Excellent for all classes of livestock and poultry.

Very satisfactory for all classes of livestock and poultry. May cause temporary and mild diarrhea

1000:2939 in livestock not accustomed to the water. May cause watery droppings in poultry.
Satisfactory for livestock, but may cause temporary diarrhea or be refused at first by animals not
3000-4999 accustomed to the water. Poor water for poultry, often causing watery feces, increased mortality,
and decreased growth, especially in turkeys.
5000-6999 Can be used with reasonable safety for dairy and beef cattle, sheep, swine, and horses. Avoid use

for pregnant or lactating animals. Not acceptable for poultry.

7000-10,000

Unfit for poultry and probably for swine. Considerable risk in using for pregnant or lactating cows
in confinement, horses, sheep, or for the young of any these three species. In general, use should
be avoided, although older ruminants, horses, poultry, and swine may subsist on them under
certain conditions.

Over 10,000

Risks with these highly saline waters are so great that they cannot be recommended for use
under any conditions.

error in interpretation.

*Electrical conductivity (EC) expressed in umhos/cm at 25°C. TDS (Total Dissolved Solids) is approximately equal to and can be substituted for EC without introducing




erature. Howevirr, onic study conductied at SDAET dismon-
stratied that steers reveiving water containing 3000 ppm
=ulfate or lisss were able to compinsate for lost growth
performance during thi finishing period (Tjardes et al.
2004). Water containing greater than 3000 ppm sulfate
mav cause redue tons in thee final wsisghe of the cattle
(Tjardes et al. 2004).

The negativie response to high-sulfate water does not
appaar to be as promounced in grazing cattle. Johnson et
al. (2004) demonstrated that wawer containingg 3947 ppm
sulfate and greater reduced the ADG of grazing steers
and thi- respons was influenced] b virgetation (Johns=on
etal. 2004). In studies with fow= alf pairs, reduced milk
production, calf gains, and the pereentage of cows bred
earlv in the breeding season o curred whan cow-calf’
pairs con=umed water that averaged 3045 ppm sulfate.
Howsver, in another year of study, water avieraging 2600
ppm =sulfate for cow-calf pairs had little impact on calf
growth air milk production but raused small reductions
in cow bodv weight and body condition score (Pattersam
et al. 2005).

Recent evidence suggests that two distine t types of
PEM may exist. The first is the PEM traditionally associ-
atied with a thiamin deficiency. This form of PEM can
be caused by a mild excess of dietary sulfur and can be
prevented by supplementing thiamin. If affected animals
are identified quickly, they can generally be wreated of-
fectvely with injectable thiamin and an ant-inflammato-
v medication.

The second type of PEM has been called sulfur-
a0 lated or sulfur-induced PEM. Ttis more accuratisls
diemeribed as a hydrogen sulfide toxicity (Gould 199:;
MueAllister et al. 1997; Loneragan etal. 1995) . Ingestion
of high-sulfat wausr causes intreased ruminal Hs gen-
eration (Loneragan etal. 1997). Becausie of thit lower
ruminal pH, ruminani= cons=uming high-grain diets are
at higher risk for sulfur-associated PEM than those con-
suming forage-hased diets.

In rissponse tix the effect of diet on the risk of sulfur-
associated PEM in ruminants, the 2005 Mineral Tolir-
ance= of Animals (%Ri: 2005) modified the maximum
tilerablie sulfur concentration for raminants. While thie
1996 MR gives a maximum tolerable dietary sulfur level
of 0.40% and a requirement of 0.15% of the diet dry
matter, the 2005 %R spggests two different maximum
levels, depending on diet. The 20075 %RE suggests a

maximum tolerable sulfur leviel of 0.3% of the diet dry

matter for ruminants with diets containing greater than
85% ionientrate or more, and 0.5% of the diet div mat-
ter for those com=uming at last 407 roughage (%R
2005). A= a rough estimate, each 1000 ppm of sulfate in
the water will provide approximately 0.1% sulfur in the
total diet.

[t is essential tr recognize that thess maximum toler-
able concentrations are expressed as a % of the dict diy
matter. s such, itis the combination of sulfur from thi
dirt and water that i= critical. Calculating total sulfur
mtake is wise under anv circumstancas, However, it s
esmential for ruminants fed in confinement, particularh
if those animals are fed high=sulfur feeds (e.g., molas-
sie=, distillers grains, corn gluten feed). This workshev
im pagit 10 was devieloped t help calculate total dictary
=ulfur intake. For assistance with this workshe#(, contart
L ody Wright by rmail at codvwright@sdatate.cdu or by
phone at (605) GEB-5445.

In addition to increasing the powntial for sulfur-asso-
ciated PEM, high concentrations of sulfates ¢an alzo ¢ on-
tributis to copper disfiriencies in ruminanis. Rescarchers
have clearly demimstrated that the consumption of
high-=ulfate water can result in a previpitous decline m
liver taspper stores in growing cattle (Wright et al. 2000
Wright and Patter=on 2005). A reduction in copper
status can have a negative impaet on the health, growth
perfarmance, and reprodudtive function of livestock.

L hallenges associat=d with high-sulfate water can often
bir ovirreomet with alterations to grazing manageminnt,
water development, and appropriate supplementation
strategies (Wright and Patterson 2005). For a guide to
the use of water containing sulfates livestock and poul-

try, refer to table 3.

Sodium

Subsistences on water with a very high sodium con-
tent can lrad to sodium ion toxicimis, which is diagnosed
bi high sodium concentration in plasma, cirebrospinal
fluid, or brain tssue (Gauld 1995).

Excessive leviels of sodium (Na) haves a diuretic effect.
Atudies indirate that a sodium level of 50 mg /L (ppm)
i= dietrimental to poulury performanci if the sulfae level
i= alzo 50 mg/L. or higher and the ¢hloride level i= 14
mg/L. or higher (Carter 1996).

Sodium sulfate 1= a well-known laxative. By them-
selves, magnesium and sodium normally pose little risk

to livestock, but thisir assotiation with sulfate i= a major



Table 3. A Guide to the Use of Water Containing Sulfates for Livestock and Poultry

Sulfate (S04) content
Comments
mg/L or ppm
___lessthan250 Recommendations for poultry are variable. The more conservative guidelines indicate that sulfate

content above 50 mg/L may affect performance if magnesium and chloride levels are high. Higher
sulfate levels have a laxative effect.

_lessthan 1500

For livestock, no harmful effects—except some temporary, mild diarrhea near upper limit, and animals
may discriminate against the water due to taste at the upper limit (Weeth 1972). The calculation of total
sulfur intake is recommended when using sulfur-containing feeds (e.g., molasses, distiller’s grains, corn
gluten feed).

1500-2500

For livestock, no harmful effects—except some temporary diarrhea. In cattle this water may contribute
significantly to the total dietary sulfur intake. May cause a reduction in copper availability in ruminants.
Calculating total sulfur intake is recommended.

2500-3500

Poor water for poultry, especially turkeys. Very laxative, causing diarrhea in livestock that usually
disappears after a few weeks. Sporadic cases of sulfur-associated polioencephalomalacia (PEM) are
possible. May cause substantial reduction in copper availability in ruminants. The calculation of total
sulfur intake is recommended.

3500-4500

Very laxative. Unacceptable for poultry. Not recommended for use for pregnant or lactating ruminants or
horses, or for ruminants fed in confinement. Sporadic cases of sulfur-associated polioencephalomalacia
(PEM) are likely. May cause substantial reduction in copper availability in ruminants. The calculation of
total sulfur intake is recommended.

_Over 4500

Not recommended for use under any conditions. The calculation of total sulfur intake is recommended.
Increased risk of mortality and morbidity.

concern. Water ovier 800 mg =odium/I. can cause diar- A|ka||n|ty

rhea and a drop in milk production in dairy cows. High
leyels of sodium, a major component of salt, may neres-
sitate adjustments to rations. Bevause chlorine deficien-
v may result when removing or reducing salt from swine
and dairy rations, care should be taken when adjusting
rations. Salt mav be redured in swine dicis if the sodium
in the water exceeds 400 mg/1. (Patiencr 19595 Smanrt
1989). A guide 10 the use of water containing sodium for

livestock and poultry can be found in table 4.

Most waters in mouth Dakota are alkaline, Alkalin-
ity in water is a combined measure of bicarbonates,
carbonates, and hvdroxide ions. Borates, silicates, and
phosphate= are al=o included, but are usually minar,
Alkalinity acts as a pH buffer and can also be definisd as
the ability of water to neutralize acid. Alkalinity aloni
acldom limits the use of water for liviestock. Alkalinity
dors give us information about =alt types,

AlKalinity is expressed either as pH or as ticratable

alkalinity in the form of bicarbonates and carbonati=. A

Table 4. Guide to the Use of Water Containing Sodium for Livestock and Poultry

Sodium (Na) content

Comments
mg/L or ppm
Less than 50 . . .
(Poultry) Sodium levels pose little risk to poultry.
Recommendations are extremely variable and sodium itself poses little risk; however, water with
sodium over 50 mg/L (ppm) may affect the performance of poultry if the sulfate or chloride is high.
50-1000 . : . . .
(Poultry) Sodium levels greater than 50 mg/L are detrimental to broiler performance if the sulfate level is also

50 mg/L or higher and the chloride level is 14 mg/L or higher. Excessive sodium has a diuretic effect
for poultry.

_Less than 800
(Livestock)

By itself, sodium poses little risk to livestock, but its association with sulfate is a concern. Water with
over 800 mg sodium/L can cause diarrhea and a drop in milk production in dairy cows. High levels

of sodium, a major component of salt, may necessitate adjustments to rations. Care should be taken
when removing or reducing salt from swine and dairy rations to ensure a chlorine deficiency does not
result. Salt may be reduced in swine diets if the sodium in the water exceeds 400 mg/L.




pH af 7.0 is neutral. & pH below 7.0 is arid. A pH abowve
7.0 is alkaline. Most South Dakota waters have pH values
between 7.0 and #.0, which means that they are mildl
alkaline, and this further means that they contain only
bicarbonates (they contain no carbonates).

= the pH increrases, the waters become more: al-
Kaline. At pH values of around 10, waters are highly
alkaline and contain carbonates. Mot waters haver alka-
linities of li=ss than 500 ppm, and these ares not harmful.
Excessive alkalinity in water can cause physiological and
digestive upset in livestock.

Regarding alkalinity: both the level at which it begins
to be toublesome and iis precise effects have not been
thoroughly studied; therefore, the establishment of
guidilines as 1o thi suitability of alkaline waters for live-
stock 1= difficult (Ol=on and Fox 1981).

Hardness

Hardness = raused by divalent metallic cations that
react both with soap t form precipitates and with cer-
tain anion= to form =cale. The principle hardness-raus-
ing cations are calcium, magnesium, strontium, ferrous
iron, and manganous ion=. During the =oftening progess
these cations are rieplaced with sodium, inereasing tha
sodivm concentration of the water, thus =oftened water
will lather casily.

The hardness in water is derived largely from con-
tact with the soil and rock formation=. In general, hard
watirs originats in arvas where the topsoil i= thick and
limesstone formations are present. Soft water originates
in areas where the topsoil is thin and limestons forma-
tions ari- spare or absent (Sawver 1967).

Water hardness i= not necessarily cormrelated with
salinity. Baline waters can be very sof tif they contain low
leesls of caleium and magnesium (the principle cations
that vaus=e hardness). Caleinm and magnesium are usu-
ally present at le=s than 1000 mg/L in water. Waters are
commonly classificd in terms of the degree of hardness:

this is shown in table & (5awver and Perry 1967).

Table 5. Water Hardness

Hirdness Ma(;?:::::wm?l:%/rh eiﬁ?é'rls(&f;)
Soft 075 0-4.4
Moderately Hard 75-150 4.4-8.8
Hard 150-300 8.8-17.5
Very Hard 300 and # 1750r

If the water is already high in =alinity, softening the
water through the exchange of divalentations with so-
divm mas cause problems.

Hardness does not usually affect the palatability or
safety of water for livestock; the hardness of livestork
waters is measured in order to distermine the amount
of calcium and magni=ium rizlative to other salts in thi
water. Hardness does have an impae t on fish cultures;
hardness can reduce the toxicity of various metals to fish
and other aquatic life.

Hard water has not been demonsurated o have
cither a positive or negativee impact on poulus perfor-
mance. If poultrs drinking water is trated (sofrmed),
care should b taken to balancie the dict for the in-
creasid sodium content of thes water (Larter 1996).

Although hardness has no effect on water safety, it
can result in the accumulation of scale (mostly mag-
me=ium, manganese, iron, and calcium carbonates) in
water delivery equipment. The clogging of pipes and
drinkers can lead to reduced water consumption and iis
associated problems (Manitoba 2004).

Fri==h water rontains dissolvesd minerals that are asso-
ciated with hardness and alkalinity. Potassium bicarbon-
ate' (KHCQ),), potassium carbonate (R120,). socdium bi-
carbonate (MaHC( ),), and sodium carbonat (Ma,t0,)
are alkaline and rause sodium and potassium alkalinity.
Lalvium bicarbonate (Ca[HUO,],) and magnesium car-

bonate (Mgl O,) vause carbonate hardness.

Comparing Hardness and Alkalinity

Ditermining both hardness and alkalinity helps to
complete an interpretation af =uitability uf water for
us by livestick. The information helps ditermine what
types of =alts are in the water, which is important besause
some salts are more hammful than others,

When alkalinity equals hardness, sales of calcium and
magnesium combined with rarbonats=s and birarbonates
are indicated. When alkalinity is less than hardniss, salws
of valcium and magnesium are more likely to be sulfates
(instead of carbonates). Because of an interaction b
tween sulfatis and alkalinity, the lazative effects of high-
sulfar water will be more pronouned'd as alkalinity levels
increase. Refer to Table 6 for a guide to the use of water

alkalinity and hardness for livestock and poulury.

Nitrates

High concentration= of nitrate in water can poi-



Table 6. Guide to the Use of Water Alkalinity and Hardness for Livestock and Poultry

__ Alkalinity less than hardness

Indicates the presence of salts of calcium and magnesium are more likely to be sulfates
(instead of carbonates).

__Alkalinity equal to hardness

Indicates the presence of mostly salts of magnesium and calcium.

_Alkalinity greater than hardness .
sium.

Indicates the presence of sodium and potassium salts in addition to calcium and magne-

som livestoe K Siorawe = almost alwavs found in higher
congentration in watier supplics than the more toxic
nitrite. In ruminant animals and honses (which havee a
cecum), bactsria rieduce nitrate (o nitrites, which enters
the bloodstream and interferes with the ability of hemn-
glabin to carry oxygen. Animals may die duet ti lack of
oxvgen.

In poultry and hisgs, which have a mori simple stinm-
ach than ruminants. bacterial coanversicn of nitrai: 1o
nitrite orcurs but is less of a problem.

I nitrate conventrations are high in a livestwk wa-
ter supply and in the animal’s feed, nitrite poissming is
mae likely tr occur Feeds can contain high amounis
aof nitrate and shesuld be wested. Silage or hay cut during
drought can have high nitrate concentrations.

=ymptoms of nitrate poisoning include labraed
brizathing, a blue muzzle, weembling, lack of ciiordina-

ton, and an iabilitv to stand. If the animals da nait

die, they ran of n revover completely after the nivrate
=source is removed. & guide w the use of water contain-
ing nitrates for livestock and paultry can be found in

Table 7.

Other Factors

Fhi= interpretatiom sheet contains interpretations
for the mwst cormmmon pacioneters that limsit use of water
for livistock. Other factors that sometimes limit the use
of water include other salts, bacteria, blue-green algae,
pesticides, temperature, i evien stray voltage. If you sus-
pect you may have any of thisse problems, please contact
vour local veterinarian on the Water Rissatirees Inatituts
(6073-65H-4910) to disruss additional analy=is that mav b
required to deteet these prasblems,

The follewing refersnces and informatien on other
seater analvsis pas Kages are available smline achup://

wriadstate.edu.

Table 7. Guide to the Use of Water Containing Nitrates for Livestock and Poultry

Nitrate-nitrogen (NO,N)*
content, mg/L or ppm

Comments

_Less than 100°

Experimental evidence indicates that this water should not harm livestock or poultry.

This water should not by itself harm livestock or poultry. If hays, forages, or silages contain high levels

_100° to 300° : . . . ' :

of nitrate, this water may contribute significantly to a nitrate problem in cattle, sheep, or horses.

This water could cause typical nitrate poisoning in cattle, sheep, or horses, and its use for these animals
_ Over 300° is not recommended. Because this level of nitrate contributes to the salts content in a significant

amount, the use of this water for swine or poultry should be avoided.

1 mg/L of nitrate-nitrogen (NO,-N) is equivalent to 4.4 mg/L of nitrate (NO,)
®Less than 440 mg/L (NO,)
“Over 1300 mg/L nitrate (NO,)
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Total Sulfur Intake Worksheet

For assistance with this worksheet,

email Cody.Wright@sdstate.edu or phone (605) 688-5448

Ib/head/day . Ib/head/day dry | . Sulfur intake
esd as-fed basis AN watter matter basis (A) REEEY Ib/head/day (B)
1
2
8
4
5
Total dry matter Total sulfur
intake (Ib) (C) intake (Ib) (D)

% dietary sulfur
from feeds (E)

A. Calculate the Ib. of dry matter intake of each feed by multiplying the Ib. fed per head per day on an asfed basis

by the % dry matter (as a decimal). For example, to determine the Ib. of dry matter from 20 Ib. of corn silage at

30% dry matter: 20 x 0.30 = 6 1b. of dry matter from corn silage.

B. Calculate the Ib. of sulfur intake from each feed by multiplying the Ib. of dry matter fed per head per day of

that feed (calculated in A) by the % «ulfur in the feed (as a decimal). For example, to determine how much sulfur

comes from the 6 1b. of corn silage calculated above (assuming the corn silage contains 0.3% sulfur on a dryv matter

basis): 6 x 0.003 = 0.018 Ib. of sulfur from corn silage.
C. Total the Ib. of dry matter calculated in column A.

D. Total the Ib. of sulfur calculated in column B.

E. Divide the total Ib. of sulfur by the: total Ib. of dry matter. Then multiply by 100 to get the % sulfur from the

feeds. Forexample, if the total dry matter intake is 25 Ib. and the total sulfur intake is 0.05 Ib, then the % sulfur

{rom the feeds would be 0.2% (0.05 =25 x 100 = ().2).

F. Determine the % dietary sulfur from water.

Sulfate concentration of water sample ppm or mg/L
Move decimal four places left to approximate the % dietary sulfur from water. % F)
For example, 1000 ppm is approximately 0.1% dietary sulfur.

G. Calculate total dietary sulfur intake by adding the % dietary sulfur from feeds and water.

% sulfur from feeds % sulfur from w-ate_r -

|

% total dietary sulfur (G)




Livestock Interpretation Summary Sheet
For Laboratory Sample No.

Table 2. A General Guide to the Use of Saline Water for Livestock and Poultry

Water Salinity
(EC)? pymho/cm

Comments

_Less than 1000

Relatively low level of salinity. Excellent for all classes of livestock and poultry.

Very satisfactory for all classes of livestock and poultry. May cause temporary and mild diarrhea

=1000=2239 in livestock not accustomed to the water. May cause watery droppings in poultry.
Satisfactory for livestock, but may cause temporary diarrhea or be refused at first by animals not
~3000-4999 accustomed to the water. Poor water for poultry, often causing watery feces, increased mortality,
and decreased growth, especially in turkeys.
Can be used with reasonable safety for dairy and beef cattle, sheep, swine, and horses. Avoid use
~5000-6999 ) )
for pregnant or lactating animals. Not acceptable for poultry.
Unfit for poultry and probably for swine. Considerable risk in using for pregnant or lactating cows
in confinement, horses, sheep, or for the young of any these three species. In general, use should
~7000-10,000 . ) . .
be avoided, although older ruminants, horses, poultry, and swine may subsist on them under
certain conditions.
Over 10,000 Risks with these highly saline waters are so great that they cannot be recommended for use

under any conditions.

®Electrical conductivity (EC) expressed in umhos/cm at 25°C. TDS (Total Dissolved Solids) is approximately equal to and can be substituted for EC without introducing

error in interpretation.

Table 3. A Guide to the Use of Water Containing Sulfates for Livestock and Poultry

Sulfate (S04) content
mg/L or ppm

Comments

Less than 250

Recommendations for poultry are variable. The more conservative guidelines indicate that sulfate
content above 50 mg/L may affect performance if magnesium and chloride levels are high. Higher
sulfate levels have a laxative effect.

__ Lessthan 1500

For livestock, no harmful effects—except some temporary, mild diarrhea near upper limit, and animals
may discriminate against the water due to taste at the upper limit (Weeth 1972). The calculation of total
sulfur intake is recommended when using sulfur-containing feeds (e.g., molasses, distiller's grains, corn
gluten feed).

__1500-2500

For livestock, no harmful effects—except some temporary diarrhea. In cattle this water may contribute
significantly to the total dietary sulfur intake. May cause a reduction in copper availability in ruminants.
Calculating total sulfur intake is recommended.

___2500-3500

Poor water for poultry, especially turkeys. Very laxative, causing diarrhea in livestock that usually
disappears after a few weeks. Sporadic cases of sulfur-associated polioencephalomalacia (PEM) are
possible. May cause substantial reduction in copper availability in ruminants. The calculation of total
sulfur intake is recommended.

3500-4500

Very laxative. Unacceptable for poultry. Not recommended for use for pregnant or lactating ruminants or
horses, or for ruminants fed in confinement. Sporadic cases of sulfur-associated polioencephalomalacia
(PEM) are likely. May cause substantial reduction in copper availability in ruminants. The calculation of
total sulfur intake is recommended.

_ Over 4500

Not recommended for use under any conditions. The calculation of total sulfur intake is recommended.
Increased risk of mortality and morbidity.

"
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Table 4. Guide to the Use of Water Containing Sodium for Livestock and Poultry

Sodium (Na) content

Comments
mg/L or ppm
Less than 50 . . .
(Poultry) Sodium levels pose little risk to poultry.
Recommendations are extremely variable and sodium itself poses little risk; however, water with
sodium over 50 mg/L (ppm) may affect the performance of poultry if the sulfate or chloride is high.
50-1000 ) . . . .
(Poultry) Sodium levels greater than 50 mg/L are detrimental to broiler performance if the sulfate level is also

50 mg/L or higher and the chloride level is 14 mg/L or higher. Excessive sodium has a diuretic effect
for poultry.

Less than 800
(Livestock)

By itself, sodium poses little risk to livestock, but its association with sulfate is a concern. Water with
over 800 mg sodium/L can cause diarrhea and a drop in milk production in dairy cows. High levels

of sodium, a major component of salt, may necessitate adjustments to rations. Care should be taken
when removing or reducing salt from swine and dairy rations to ensure a chlorine deficiency does not
result. Salt may be reduced in swine diets if the sodium in the water exceeds 400 mg/L.

Table 5. Water Hardness

Hdrdhess Ma(;anlglsLiItTmF,)l;Sg/L G(;T(;:s(gsg)
Soft 0-75 0-44
Moderately Hard 75-150 4.4-8.8
Hard 150-300 8.8-17.5
Very Hard 300 and # 17.50r #

Table 6. Guide to the Use of Water Alkalinity and Hardness for Livestock and Poultry

Alkalinity less than hardness

Indicates the presence of salts of calcium and magnesium are more likely to be sulfates
(instead of carbonates).

Alkalinity equal to hardness

Indicates the presence of mostly salts of magnesium and calcium.

__Alkalinity greater than hardness

Indicates the presence of sodium and potassium salts in addition to calcium and magne-
sium.

Table 7. Guide to the Use of Water Containing Nitrates for Livestock and Poultry

Nitrate-nitrogen (NO,N)*
content, mg/L or ppm

Comments

_Lessthan 100°

Experimental evidence indicates that this water should not harm livestock or poultry.

This water should not by itself harm livestock or poultry. If hays, forages, or silages contain high levels

__100° to 300° . . . I . :

of nitrate, this water may contribute significantly to a nitrate problem in cattle, sheep, or horses.

This water could cause typical nitrate poisoning in cattle, sheep, or horses, and its use for these animals
__Qver 300° is not recommended. Because this level of nitrate contributes to the salts content in a significant

amount, the use of this water for swine or poultry should be avoided.

*1 mg/L of nitrate-nitrogen (NO,-N) is equivalent to 4.4 mg/L of nitrate (NO,)

*Less than 440 mg/L (NO,)
Over 1300 mg/L nitrate (NO.)
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