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Intr oduction

Doubtless, \ater is the most imptant dietay essential ntrient. Loss of bout 1/5 of boyg
water is ftal. Lactding dairy covs need lager poopottions of water relaive to bog weight
(BW) than most restok species becausesi®r compises 87% of milk. &ctos influenc
ing daily water intale and equirements inkuide plysiological stae, milk yield (MY), dry
mater intale (DMI), bod/ size, rate and &tent of actity, diet composition inading types
of feedstufs (eg., concentite, hay, silage or fresh brage), ambient tempature, and other
ernvironmental &ctos (eg., humidity and wind &locity). Other &ctos afect hav much of
a paticular weter suppy is consumed; inaded ae salinity and suléte and bloride con
tents, dietay Na content, tempaiure of water, frequeng and peiodicity of watering, social
or behaioral intelactions of animalsn and other qualictos su@ as pH and tac sub
stances. fiis paer adiresses @actical considetions of water rutrition, needs duing hea
stress, diects of dilling drinking water, and &ctos afecting water quality

Functions and Metéolism.

Water is ubiquitous within the bgoand is a ged sohent. It is tiemicaly neutal; thus,
ionizaion of most substances ocsumoe freely in water than other media. &ér seves as
a medium ér dispesion or suspension of colloids and ions within theybadd is necessar
for maintaining osmotic balandéfunctions as a mediuroif processes of degtion (lydrol-
ysis), dsoption, metaolism, milk and wea secetion, and eliminton of uine and éces.
It provides a mediumdr transpot of nutrients, metholites, homones, and&@ses and is a
lubricant and supporfor various ogan systems and thetfis. A specialale is in hea
exchang and maintenance of hdmlance because of its high timat conductrity, allow-
ing rapid transer of he& High laent he&of vaporization allonvs cavs to tanser signifcant
hed from their bodies to the @inonment with onf a small loss of ater volume; high heia
cgpacity povides a thenal huffer by conseving body hed in cold dimates and conseing
body water in wamm ervironments.

Water balance is &cted ly total intale of weter and lossesiaing from uiine, feces, milk,
saliva, sveding, and \aporization from respietory tissues. Amounts lost viarous outes

are afected ly amount of milk poduced
ambient tempeture, humidity physical

The equation was: actvity of the animal, @spietory rate, weater

water intake (Ib/day) consumption and dietafactos (eg., Na or
=0.90 x (MY, Ib/d) + 1.58 x (DMI, Ib/day) N contents).

+0.11 x (Na intake, g/day) Water Intak e and Requiements.Water
+264x (oF/1.8 - 17.778, average requiements of dajr catle ae met fom

minimum temperature) + 35.25 three soutes: (1) thaingested as dnking

water, (2) tha contained on or ineled con
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sumed and (3) tharesulting flom | Table 1: Predicted daily water intake of dairy cattle as influenced by MY,
metadolic axidation of bO(j/ tissues.| PMINa intake, and average minimum temperature (season and month). 1,2

prediction equion to estimge | Dec Feb Apr
intake of dinking water. Data were mmnootfe%pp w0
from the frst 16 wks of lact#on of | avg. motemp 63.4 56.1 63.8
19 nultiparous Holstein ca's (aver- MY oME  Ned water intake
age BW 1276 |b) aeraging 73 1b b b als/da
MY/day. Diet was gproximately v o o S
40% con silage and 60% concen go gg 5(1) gi 1(15(2) gg
trate, dry basis. Sodium intakwar- 86 18.1 16.7 18.0
ied because sodium bicarbtamaas
fed to par of the cavs. Factos 0 0 Sf i?,? 132 282
included in the pediction equon | 60 45 37 231 217 230
were DMI (Ib/day), MY (Ib/day), 0z 289 26 239
Na intale (g/dg), and veekly aver- | 8o 50 41 26.2 24.9 26.2
age minimum ewvironmental tem na 72 B8 712
perture (*F). Rangs and eerages | 100 55 45 294 280 293
for indgendent &ctos from the 125 304 201 304
data set used to glelop the equion | 1, 4 49 25 314 25
were: 7.7 10 112.3, 72.9 Ib MY/ga 136 337 323 336
11.4t059.9,41.8 b DMI/dal12 to Warm Season
153, 74 g Na inta&/day; and 9.0 to June  Aug Oct
68.0, 46.5°F, average minimum | min. mo temp 62.8 710 69.6
tempeeture. mgnowemp 12 &3 703

Table 1 deicts eldive influence
of these &ctois on dinking water Elllb\)( (DIQ;'B (“g‘ ‘(’éitgd'gtye;ke
intake. Values of &ctos used gn
erally are within ranges of déa utr | 0 25 20 4.6 16.1 158
lized to deelop the pediction equa | ,, 33 31 194 08 206
tion. Actual aerage minimum tem 86 20.1 216 214
perature (*F) was darmacterzed
within cool (De¢ Feb, and Apr) and 0 0 Si’ 353 32‘2‘ 323
wam (dun, Aug, and Oct) season
categories fom weaher daa a | 44 igo ggg ggg g%
Gainesville FL (Whitty et al. 1991).
Milk yield and DMI were estim# | 8 46 ig . %g ggg %SZ;
ed with typical &pected ddines in ' ' '
DMI in wam season fven MY was | 100 48 39 300 315 312
60 Ib/cav/day or moe. Sodium 109 309 324 322
intake (g/dg) was calculted based 120 50 41 26 340 338
on speciied DMI and dietay Na 14385 3B0O A48

concentations of 0.18% (N RC| . Drinking water intake predicted from equation of Murphy et al. (1983); equation uses average minimum
1989) or 0.50% Wwich would be typ | temperatre ().

. ) ) 2: Average minimum, maximum and average monthly temperatures are 70-year averages for specified
ical of diets with supplemental Na-montns at Gainesvill, FL (whity et al., 1991).

o H 3: Estimated DML.
containi ng l[]ffer. Water contal ned 4. First row within each MY by DMI by average minimum temperature category is with dietary Na % = 0.18

on or in Beds consumedas not (NRC, 1989); second row is with Na % = 0.50, typical of feeding a Na-containing buffer.
consideed in pediction; water con
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tent of petimental diets to deslop equéion was dout 38% (Muphy et al. 1983). \&ter
intake in gallons per dgcan be calcutad by multiplying Ib/day by 0.1198.

The pediction equaon indicdes thaintake of dinking water changes 0.90 Ibdr eat 1.0
Ib chang in MY, 1.58 |b br eat 1.0 Ib dange in DMI, 0.11 Ib 6r ead 1 g hange in Na
intake, and 1.47 Ibdr eat 1°F change. Thus, DMI has the moselive influence on ater
intake. However, asolute mgnitude of tiang of \arious factos has diect beaing on hav
much weter intale will be afected For instancebecause posdérange in MY is geder than
DMI it could afect water intale moe (Table 1). Based on the @diction equBion, cdtle con
sume 0.19 gllon of weter for ead Ib increase of DMI and 0.11adjon for eat |b increase in
MY when the other tiee ind@endent aiiables of the equ#on ae held constant.

Sodium has aetaively small infuence (3-4% in@ase) on aer intale when Na content
Is increased fom 0.18 to 0.50% of diet DM @ble 1). Using 70-yr&erage minimum tem
peratures of Feb and Aig, water intale increased bout 25% dung the varmer month viaen
DMI, MY and Na intale were the sameWinchester and Mais (1956) bund a elaively
constant atio of 3 |b of water consumed/Ib of DMI within tempature range of O to 41F.
However, water intale per unit of DMI acceleted iapidly as ambient tempature rose dove
41°F, reading over 7 Ib of vater/Ib DMI & 9C°F.

Other Factors Affecting Water Intak e.

Diet Moisture Content.Dairy catle consuming typical ary (about 90% DM) diets
consume less than algpn of water from feed day, dgpending onded intak. This quanti
ty is small compaad with dinking water (Table 1). By compason, when cétle consume
pastues, silges, and liquiddeds, a substantial pion of water needs is prided A typi-
cal diet br lactding cavs containing 50% eter would result in intale of 50 Ib (6 gllon) of
water if feed intak was 100 Ib asefd; this vould be equal tokmut 17-23% of mdicted
drinking weter intale dgoending on MY andwerage minimum tempegture, based on equa
tion of Murmphy et al. (1983). Belgm workers found a ngative relaionship between total
water intale and DM content oftion when &aluaed d constant DMI (Bqua et al. 1970).
In an equion developed fom seeral pastue expeiiments, total \ater intale was afected
negatively by DM content of theation, and positiely by DMI and mean tempature (Sto&-
dale and King1983). Dais et al. (1983) ivestigating feeding @alue of wet biewers gains,
shaved tha total weter consumed (drking weter intale plus thadeiived from the &tion)
deceased bout 26% as totaktion moistue content inarased fom 30.7 to 53.6%. Dmk-
ing weter intale, per sededined 37% w@er this ange of rtion moistue contents. Hoever,
this efect my have been mar a function of actual DMI, because as to#ibn moistue
content inceased fom 30.7 to 53.6%, actual DMI dewd 24%. Substantial ihfence of
DMI on drinking water intale was &ident.

Metabolic Water.When oganic compounds arxidized ty animals, lgdrogen molecules
go towvards formaion of metdolic water. During metdoolic axidation, water yields (ml/g tis
sue) ae 1.07 fom fat, 0.40 fom potein, and 0.50 &ém carboldrate. This can accounof
as nuch as 15% of total ater intale (Chav, 1965), vhich is substantiai more than fom
consumption of an alry ration. Although «idation (eg., protein caabolism) contibutes
metdolic water, thee also ag incieased demandsrfwater for respigtion, headissipadion
and ume ecretion associad with idative piocesses. Aus, gnegtion of metdolic water
is not adeque to cover other demands assdeidwith idation. Additional souces of vater
(e.g., diinking or feed-bone weter) ae required for metdolic axidation.
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Drinking Behavior, Waterer Characteristics and Stiay Voltage. Pattem of water con
sumption is assodied with £eding ptiem (Nocek and Brund 1985). When bur first lac
tation cavs were fed onetwo, four or eight times daj peak houy water intale was asso
ciated with peak times of DMI. Ges would altenae the intak of feed and \ater.

Given the oppdunity, peaks of dnking can be assod&d with milking Typically, greaer
consumption is obseed immedigely after milking Therefore, it seems judicious to gvide
abundant veter to cavs immedigely after milking sub as in theatum lanes. Some dais
provide weter cups or twughs br cows in the milking pdor. However, field obsevations
suggest intale & this locdion is not @precicble (D. K. Beede pesonal obsestion). This
may be becauseater was quite cool (@out 55F) and thus not as agteble to cavs (Wilks
et al., 1990). Aield obsevation in southeastarGeogia sugjested thacows prefered
warmer water (dbout 80F) coming fom a heaexchange unit in the milking pdor com
pared with well water (dbout 65F) in summerme. Water tempegtures betveen 60 and 8&
appear most acpeeble to daiy cdtle.

The type of vater receptade may affect dinking behaior. Compaed on a het basis in
Europe cows diank less fequenty from weter troughs than fsm weter cups (bwis) (Cas
tle and Thomas, 1975).dtal daily drinking time anged from 2.0 to 7.8 min, with lorest
time found br a hed which had ony water cups. Dinking rate ranged from 1.2 to 6.5 gl
lon per min. The lovest ete was with vater cups. @tal daily intake was highest with dank-
ing cups, bt this likely was biasedyhed and diet dilerences.

Filling rate of water cups can &éct water intale and is lagely a function of pipe seand
water pressue. Reid (1992) noted thduring renovation of a tie-stall bar, 2-ind PVC water
pipe eplaced 1-inb galvanizd pipe Lamger diameter pipeskilitated moe rapid filling of
water cups and MY ingased 3 Ib dimg summer in Wsconsin vinen cavs were housed
14 hr/dg. Actual fow rates into vater cups bedre and after thelang were not gven. In
Sweden, vater intale behaior from cups with fbw rates of .5, 1.8 and 3.2atlon per min
was &amined (Andeason et al., 1984).ifhe spent dnking deceased fom 37 to 11 and
7 min/dy as fow rate inceasedFrequenyg of diinking episodes \as 40, 28 and 30 timesida
As flow rate increasegtotal water intale increased fom 20.4 to 22.0 and 23.2kpns per
day. However, MY and composition and DMl &re not afected ly flow rate into water cups.
In this xpeliment, eab cov of a pair shang the same ater cup vas dassifed as domi
nant or submisge based on videgted behaior of frequent confsntaions in dinking
episodes. Submisg cavs consumed 7% lesster and e 9% less hathan dominant ces.
Milk fat % and FCM vyield also &re lower for submissie cavs.

Use of vater cups in most lge heds is eldively infrequent ér obvious reasons. Ho-
ever, watering troughs with adeque accessibility anddw rates ae impotant, because o
tend to dink in groups assoctad with other eents (eg., feeding or after milking). fere-
fore, adequte linear dimension andling rate of the veter recegtade ae required to accom
modade the goup’s needs. Otherwisenore submissie cavs mg not ha/e adequie oppor
tunities to consume ater and mg not retumn to the veter trough a a laer time

Potential br stiay voltage & or aound water tanks or otherecetades is worth consid
ernng. In a ecent stug lactaing Holstein cavs adpted to being subjected to 8lis AC or
less betwen the ater bavl and the ear eet (Goewit et al., 1989). About 91% of o sub
jected to 4 to 60lts adated within 2 dgis so thathere was no bange in weter intale. How-
ever, some cwss refused to dnk within the frst 36 hs of subjection to 4olts or moe and
treament was endedThere also vas a diect elaionship betveen amount ofaltage gplied
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and time equired for cavs to adat and consume theiir$t gallon of water. When 6 wlts
were gplied over 11 hs were required bebre the irst callon of water was consumedPob-
ably stray voltage is not a pvalent ppblem. Havever, it should be waluaed if lactdional
performance and water intale ae less thanx@ectdions. Use of \ater heders in cold di-
mates mg contibute to stay voltage problems.

On a pactical basis, it seems\abus tha a fresh, ¢ean, dundant, easyl accessile sup
ply of drinking water must be @ailable & all times to dajy catle. Hovever, based onumer
ous famm visits, this is not afays the case (CK. Beede pesonal obsefation). If a hed or
group is not pedrming to expectdions, one of theifst factos tha should be ealuaed and
monitored is the dnking weter.

Water Nutr ition of Young Calwes.

During ealy life (0 to 3 wks), slting calves consume 0.20 to 0.48llpn of weter daily
via milk or milk replacer Young cales £d liquid diets consume n®meater per unit DMI
than do older dte fed dy diets (ARC, 1980). \Aer intale acceleates as caks bgin to
consume lager amounts of grfeeds. Rwviding free access toidiking water incieased DMI
and BW @in (37% incease) of pung cales £d a liquid diet (89% waer) compaed with
calves £d ony liquid diet (Kertz et al., 1984). fiere was no indicton tha offering free-
choice dmking water produced scow Some times pduces do not dfer free-thoice dmk-
ing water to young cales. Tis practice ppeas detrmental and my be peilous, eg. in
hed-stressing evironments wien the pisiologic demanddr weter to aid in thenoregula
tion may be higher Additionally, the notion thiarestiction of free-hoice dinking water
enhances intakof liquid milk replaces seems equglbangerous when demandsdm stess
are gea. Performance and health obyng cales is supéor when fesh dinking weter is
offered free-doice & all times. Poper and timegl sanitaion of water recgptades olviously
IS extremey important.

Drinking Water During Hot Weaher and Effects of Chilled Water.

Water Needs Duing Heat StressMarny large daiy heds ae locded in warm dimates.
Water unequiocally is the most impaant rutrient for lactding daitly cows in he&stressing
ervironments. \&ter is the pmary medium br dissipéion of excess bog hed through lungs
and skin in adition to tha required in milk. USDA reseach shaved total vater loss fom
the bog increased ¥ 58% in nonlacti#ng covs maintained e86°F compaed with 68F.
Much of the incease \as due to in@ased (176%) sestion of water thiough skin asvgea
(McDowell and Weldy, 1967). Concomitany loss of veter in feces de@ased 25%, ui
increased 54% and 26% viespietory and umary routes 886°F compaed with 68F. For
lactating caws in dimate dhambes (64 vs 86F), diinking water consumption ineased 29%
at the wvarmer tempeature; fecal water loss dopped 33%, Wt loss of veter via ume, skin
surface andespigtory evaporation increased 15, 59 and 50% (Mobell, 1972). Maked
increases in ater intale were obseved stating a& 81 to 868F with lactding covs (Wnch-
ester and Mars, 1956; NRC, 1981). @¢s also consumed lesster in high humidity than
lower humidity emironments, pbaly because ofeduced DMI and dampenedbiliy to
employ evaporative heéloss mebanisms.

Surprisingly little is knowvn aout actualequirementsdr water duing hea stress. Numer
ous fctoss, sub as ete of feed intak and plsical form of the diet, pisiological stde,
breed of animal, and qualjtsgccessibility and tempature of water, likely affect intale dur
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ing hea stress (NRC, 1981). Studies ilincate chambes sugiested thbwater needs under
hed stress ag 1.2- to 2-6ld higher thanequired of cavs pioducing in the thenal combrt
zone Using the pediction equiion of Murphy et al. (1983), intadof dinking water inceased
1.25-fold in Aug compaed with Feb for the same MY pDMI by Na intale cdegory (Table
1). Under ntaural conditions, pdiculardy with potential br plentiful naural ventilation and
sweding, water xpenditue ma be &en geder.

Inadequée povision of weter deceases milk prduction aster and merdiamdically than
ary other mtritional factor If milk production dops damdically, paticulary duing sum
mer, water suppy should be ealuaed All too often, dity water tanks or impper place
ment of waterers mgy be the culgt. A good guideline is, “Based omppeaance of teanl-
ness, wuld you be willing to dink from the tank? If the an®r is no, it is notlean enough
for cavs? A second fequent ppblem is tha waterers or tanks ar placed toodr avay from
shade were cavs spend their time dimg the hottest paof the da. If cows nmust doose
between shade andalking to an unshadedatering stdion, they stay in the shadeDuring
this time cavs use mch of their aailable bod/ water to dissipte heathrough eaporation,
reducing thaavailable for synthesis of milk. \Alerers should be placed in shade lose
proximity to cows; this also &egs water from getting hot fom solar adigion which can
reduce vater intale.

Drinking Water Temperatur e.

Reseathers a& Texas A&M University compaed cooling dfects of ailled drinking water
(50, 61, 72 and 8F; Stemer et al., 1986). All aer was withheld ér 6 his bebre ofering
to cawns. Inner ear tempature was educed mar with 50F water than 82F water. How-
ever, 5F water was ony 32% efective in reducing bog tempeature and authar were
doubtful if the effect was maintained long enougtb@ut 2.2 hr) to &g bod/ tempesture
from 1ising dove the upper dical tempegture. There were no diferences in MY of cars
offered dinking water & varous tempeatures. This, coupled with estimted cost to kill
water from 82 to 72F ($.049/cav/day) or to 50F ($.125/cav/day) led to the conlasion tha
there pobaly was no adantaye to dilling drinking weter for lactding cons. In another
study, cavs ofered dilled (5CF) water had geaer DMI (15% incease) and pduced mae
3.5% FCM (11% inerase) than thoseidking 82F weter (Milam et al., 1986).

Cows were ofered 5F or 81°F water on a 24 hr basis in avschbadk design (ks et
al., 1990). Cwss ofered cooler wter consumed merfeed (3%), dank moe weter (7.7%)
and hadeducedespietion rates andectal tempeatures. Milk yield was inceased 4.8%of
cows consuminglulled water. An altenative to dilling water mgy be to insulge weter tanks
to maintain a lever water tempegture if it comes fom the vell (or other sowse) eldively
cool. Measuements in Flada indicded a tempeture range of well water of 73-79F imme
diately after pumpingconsideably cooler than the high temp@tuire treaments used in most
of the Texas A and M Uniersity expeliments. e pactical gproad seems to be to@ent
well water from warming after it is pumped and sgéat dove gound

Cows ehibited peference vihen ofered 50 or 86°F diinking weter caktera-style (Wiks
etal., 1990). Resation rates ande&ctal tempeatures were reduced with cooler ser. How-
ever, cavs pefered to dmk wamer water gven the boice with over 97% of total \ater
consumed being avmer water. Over 70% of cavs diank only warm water. It was contud-
ed thaif chilled diinking weter was ofered as ey to cool cavs, it must be the oglsouce
of drinking weter available. Otherwise cavs mg wait to dink until a time vhen wamer
water is aailable.
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Well water (77F) or diilled (59F) drinking water was ofered on a lage Floida daiy
(Bray et al., 1990). Gos were kept in open lots with cooling ponds andbtghade stictures
per lot. Covs did not hae access toekd and \ater under shadesobr watering stdions
(unshaded) ere in eab lot. Over 1,100 cw-peliod obsevations were collected in aaver-
sal design fom line though SetemberMean day minimum, maxinum, and gerage ambi
ent tempeatures and mean dgiminimum relatiive humidity were 68.4, 91.0 and 79F, and
58%. Under these conditions thetas no diference in MY (61.4 vs 61.8 Ib/giafor covs
offered well or dhilled weter.

A similar expeliment was perbrmed the dllowing year on another comnweal daiy where
cows were kept in feeding bams with fans and sjumklers, and had access &efl and ater
contiruousy (Bray et al., 1991). Mean dgiminimum, maxinum, and gerage ambient tem
peratures and mean dgiminimum relaive humidity were 66.3, 91.3 and 788 and 50.5%.
There were ébout 175 cas per teament and dnking water tempegtures were well water
(75-8CF) and dilled weter (52-57F) in a 2-mo. eversal peliment. \Water consumption
from total goup measwements geraged 21.7 and 23.2adjons per cav per dg for well
water and billed water. There was no diference in intavaginal tempeatures as detected/b
themal couples withadio tansmittes. Average MY was 63.1 and 64.2 Ib/¢or well and
chilled water treaments, It were not signiicantly different.

In a suvey of over 200 dinking water tanks on 31 da@s in cental Floida in summer
(Giesy 1990 cited ¥ Bray et al., 1991), werall average weter tempegture was 86F, and
ranged from 77-97F. Shading tanks Weered tempeatures someha with average weter
tempeetures of 87, 85, 81 and 81hen tanks wre unshadedshaded dumg the moning,
shaded dung the aftemoon or continously shadedAverage tempegture of fresh vater &
the tank inlet vas 82F, and vas afected ly the distance eter traveled bebre enteing the
tank. Fesh vater inlet tempeature to the tank as higher (87) if pipe sevicing the tank
was dove gound br 200 ft or mog, compaed with less than 100 ft (78). Volume cpac
ity of tank relative to umber of cavs it seviced afected tank ater tempeature. When tank
cgpacity was less than ladjon per cav, water tempegture was 82F. At tank cgacities of
1-3, 4-9, 10-19, 20-39 ander 40 @llons per cw, tempesatures of vater in tanks were 85,
86, 87, 88 and 9E. This informaion emphasies the benéfof reldively small olume
rapidly filling tanks or cavs in warm dimates. Access to slifient linear space of artan
dant water suppy probably is moe impotant than tank gaacity.

Main considegtion for water rutrition duiing hot wegher is to povide an easyl accessile
souce of dean dnking weter in dose poximity to cows. This should be in the shade sottha
water in the tank or @terer is not hei@d excessiely above thd tempeature which it comes
from the vell. Additionally, chilling drinking water pobéebly is not varanted &cept where
water comes fom the vell & tempestures dove 86'F or where water cannot bedpt reason
ably cool by shadespeciically designed dnking water receptades, and (or) insuten.

Water Quality and Factors Affecting Rerformance
The most gtensve review of water quality fctos was ty the NRC (1974) subcommit
tee on mtrients and tric substances inater for livesto& and poulty. Water quality is an
extremel/ important issue both in ters of quality of dinking water piovided to lvesto&
and in tems of quality of veter leaving production units as a potentialenavable resouce
The ldter is not consided in this pper
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Five citeria can be consided when &aluaing diinking water quality: oganoleptic,
physio-chemical, substancesgsent in gcess, tgic compounds, and migorganisms (pr
maiily bactera). Oiganoleptic factoss (eg., odor and taste) pde eadily detectale by the
animal, lut ae of little direct consequence to health ooguctvity unless veter consump
tion is afected damaically. Physio-chemical popeties, i.e pH, total dissoled solids, hat-
ness, and total diss@g oxygen ae used tolassify boadly water souces and gnerlly do
not pesent diect healthisks ut may indicae undelying problems. Excess of soméent

icals nomally found in wvater (i.e

Table 2: Guide to use of saline waters for dairy cattle; total dissolved nitrates. e Na. sulétes. and |:|) ma
solids equals TDS. L ' ’

be healthisks or deress vater con
DS sumption. ©xic substances nyabe
(mg/l or PPM) comment common in veter kut generlly are

belov dangrous concengtions;
less than 1000 Presents no serious burden to livestock. examples a As, (yamde_ Phb Hg,
(fresh water) hydrocarbons, @anodlorides, and

organophosphas. Maxinum bacte

1000-299Should not effect health or performance, but rial concentations of D othle water

(slightly saline) may cause temporary mild diarrhea.
for humans & regulaed; havever,

3000-4999 Generally satisfactory, but may cause diarrhea less contol is exercised br diinking
(mod. saline) especially upon initial consumption. water for livestok, but potenti al
5000-6999 Can be used with reasonable safety for adult h_azads mlght &st Iin some
(saline) ruminants. Should be avoided for pregnant circumstances.

animals and baby calves. Salinity and ©tal Dissohed Solids.
7000-10000 Should be avoided if possible. Pregnant, Sa“nlty refers to the .amount of dis
(very saline) actating, stressed or young animals can be solved salts pgsent in \ater. Frst

affected negatively. consideation genenlly is sodium
chloride, but other dissoled inogan

ic constituents stcas carbortas, S
fates, nitates, K, Ca, and Mg arin
the same dagory. These constituents
may affect osmotic balance of animals armhgally are measuwed as total dissobd solids
(TDS). Table 2 adated flom NRC (1974) pvides a guide to use of salineters.

Jaster et al. (1978) studiededts of veter salinity on laction. Tap water (196 ppm) \&s
compaed with dnking water containing 2,500 ppm dissely sodium bloride ofered to
12 lactdéing cavs averaging 82 Ib MY/da a the bginning of the gpeliment. Water intale
was 7% geder, but feed intak and MY tended to be less tavs ofered high saline ater.
Minerals in Bood and milk, and diet degtibilities were similar betveen teaments, bt uine
and tcal Na, and ume CI were higher br covs offered dinking water containing high
amounts of salt. Other studies gagted no ééct of dinking water containing 15,000 ppm
(Heller, 1933) and 10,000 ppmréhs, 1946) sodiunhéoride, or 5,895 ppm sodium seaté.
However, Frens (1946)eported leduction in MY with 15,000 ppm sodiunhloride. Also
in Arizona, Holstein hedrs sheved an inceasing peference br diinking water as salinity
approaced 2,000 ppm, i water consumption dpped damdically when salinity vas
greder than 2,500 ppm (&ner and Sauh, 1974). In gpwing beef heiérs, consumption of
drinking water with 12,500 to 20,000 ppm sodiuimiaride caused symptoms of salkio
ity (Weeth and Heerland 1961).

over 10000 Unsafe. Should not be used under any
(nearing brine) conditions.
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In a recent stud in Saudi Aebia duing wam weaher, Challis et al. (1987)dund tha
desalinéion of diinking water otiginally containing aout 4,400 ppm TDSof which 2,400
ppm were sulttes, impoved MY by 28% (77 vs 60 Ib/dg, increased \ater intale 20% and
increased main intale 32% compad with high saline ater. Desalinded water contained
441 ppm TDSWhen high saline ater was eintroduced MY dropped 13.2 Ib/daduiing
the irst week. This stug¢ sugyests thaa combin&on of high TDS in dnking water and hot
wedher can be péculaily deleteious for lactding covs.

Maximum tolesble concenttions of sulétes in dnking water were investigated in Neva-
da. Gowing cdtle were afected adersely by 3,493 ppm sudte in their dmking water. Feed
and water intales were reduced and methemlobin concenttion was inceased (Weth and
Hunter 1971). In a subsequent spul, 462 ppm or 2,814 ppm satk-water made  adding
sodium suldte to tg water reduced hgintake, but not water consumption of Heford heiters
compaed with contols (110 ppm sudte in dinking water) (Weeth and Qaps, 1972). Ra
of BW gain was educed i water containing the highest sat concenttions. Dinking
water with 2,814 ppm sudfe incieased methengtobin concengtions and signi€antly
altered enal function. Tiese eseachers contuded thathe toleable concenttion of sut
fate in dinking water for growing beef c#tle in summer in Neada vas near 1,450 ppm.

In a ollow-up stug designed to defe moe accugtely maxinum tolegble concenttions
of inorganic suléte in dinking weter, Digesti and Weth (1976) déred 110, 1,250 or 2,500
ppm suléte in dinking water, with higher concendtions adied as sodium sate. Feed con
sumption, veter intale and gowth rate of beef he#rs were not afected ly higher suléte
drinking weter duing the 90-dg expeliment. No @ert toxicity was detectedHowever, heifers
given water with 1,250 or 2,500 ppm satié tended to accunmete moe methemglobin and
sulfhemglobin without a de@ase in conceration of total bood hemglobin. Suléte load
ing did not cause diasis, althoughanal fltr ation of sulte was inceased ®the highest st
fate treament. It gppeaed tha 2,500 ppm sudte in dinking water was toleated by these
heifers without aderse efects, and it &s sugested toepresent a saftoleance concerdr
tion. In a companion stydsulfate (3,317 ppm estinbed ejection theshold) in dnking water
was bund to be ma unpaléable than Cl (5,524 ppm estirteal ejection theshold). Recent
evidence sugests thahigh dietay intakes of the anions, sait and Cl, can parrb acid-base
balance of dlle (Wang and Beedd 992). Abnomally high intales of these anions inidk-
ing water likely are responsile for detimental efects on animal health andpluctvity. Their
negative influence lilely is moe maked than thiof high Na intak.

If anti-quality factos (eg., high TDS CI or sulbtes) ae suspected of fafcting animal
performance concentations in dmking water should be detsiined Water intale can be
estimaed from equéon of Murmphy et al. (1983) orypusing vater metes. It ma/ be east
ble to adjust amounts of mirss supplemented in the diet sotttwal intale (from weter
plus eed) is mae nealy those ecommendedAltemdively, processes teeduce concerar
tions of mineals in water (eg., dilution, ion &change or distillaion), may be possite, though
possily costl.

Nitrates (nitites). Nitate poisoning (niite poisoning) esults fom cowersion of nitete
to nitrite by ruminal micoorganisms and subsequent gersion of hemglobin to methe
moglobin by nitrite in dood. This reduces dimdically the oxygen carying cgpacity of hood
and canesult in aspyxiation in serere cases.

One 35-mo studin Wisconsin compad ieproductive eficiency and lactéonal perbr-
mance of a 54-e@heid in which diinking water contained 19 ppm or 374 ppm ati¢r(adied
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as potassium ndte; Kahler et al., 1975
During the frst 20 mo of stuglthele were
no efects on eproductve function as
assessed yb incidences of lortions,

Table 3: Concentrations of nitrates and nitrate-nitrogen in drinking water and
expected response.

(ion in water, ppm)

retained étal membanes, gstic ovaries, O NOSN comment
obseved hegs, sevices per congaion,
and frst-sevice concetion rates. Duing  0-44 10 No harmful effects.
the ldater 15 mo of stuyi CONS dlinking 45-13 10-20 Safe if diet is low in nitrates and is

. . L. . nutritionally balanced.
hlgher_ nltme_contam_mg \ster had hlgh 133-220 20-40 Could be harmful if consumed over a long peri
er sevices per congaion (1.7 vs 1.2) ant od of time.
lower first-sevice Concption raes. Aver- 221-660 40-100 Dgiry cattle at risk; possible death losses.
age MY was not diferent betveen goups 661-800 100-200  High probability of death losses; unsafe.

800+ 200+ Do not use; unsafe.

but, total MY dumng the 36-mo stugdwas
someavha lower for cavs dinking high

er nitrate-containing \ater, likely due to inceased dr peiiod length esulting fom lover
conception. No efects on lbod hemglobin, methemglobin, vitamins A or E, orvVer vita

Table 4: Safe upper limit concentrations of some potentially
toxic substances in drinking water of livestock (NRC, 1974)  *

Upper Limit
substance mglliter (ppm)
As 0.2
Ba not defined
Cd 0.05
Cr 1.0
Co 1.0
Cu 0.5
Cyanide not defined
Fl 2.0
Fe not defined?
Pb 0.1
Mn not defined
Hg 0.01
Mo not defined
Ni 1.0
Vv 0.1
Zn 25.0

1: These concentrations generally are far below that required to cause death of half
the test subjects (LD50) administered these substances.
2: Experimental evidence not available to make definitive recommendations.

Water nutrition of young calves fed liquid diets is important and there is no justifiable
reason not to provide free-choice drinking water. Feed intake and growth rate have
been increased by offering free-choice drinking water. Under heat-stressing condi-
tions, water needs are increased 1.2- to 2-fold. Chilled drinking water did not consis-
tently improve lactational performance under commercial conditions and was not eco-
nomically advantageous. Drinking water temperature above 86°F may reduce con-
sumption.

Several factors should be evaluated if problems with the drinking water supply are a
suspicion. Abnormally high concentrations of Cl and sulfate are often times of most
concern. Nitrates and hardness of water have not been detrimental factors.

An abundant, continuous, clean source of drinking water for all classes of dairy ani-
mals is crucial!

min A concentations were detected

Though nitetes hae not been a major
concen in dinking weter of daiy catle in
the past, it mpbe an impdant futue con
sidestion. This poisoning has beegport-
ed when cdtle diink from ponds or dittes
contaminged ky runoff from heaily fertil -
ized cop land or pastes. Dinking water
with above nomal nitrate concengtions in
combindion with feeds containing high
nitrate concenttions mgy pose an imper
tant pactical concer in speciic situdions.
There is a lak of informaion upon viich
to base defitive standads. Table 3 gves
geneal guidelines (NRC, 1974).

Water Hadness and pH. Hdness often
is confused with salinity or TQ®ut the tvo
are not necessisy related meaningfujl. For
example high saline \sters ma/ contain an
abundance of Na salts of Cl and std#f and
yet be quite soft ifelatively low concenta
tions of Mg and Ca arpesent. Concerar
tions of these tw caions pimarly are
responsite for degree of hatiness of \ater.
Hardness (Ca plus Mg) lassifcations
include: soft (0-60 ppm), modate (61-120
ppm), had (121-180 ppm) andew had
(181 ppm and gaer; NRC, 1974). Some
laboratory analses mg list hadness in
terms of gains; 1.0 gain per @llon is equal
to 5.8418 x 10-3 ppm.
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Appaently, degree of hatiness does notfatt animal health or pductvity. Over 30 yeas
ago reseachers in Washington compad infuence of hat (116.4 ppm of calcium carbon
ate equwalents) and soft (8.4 ppm)ater on MY of daiy covs (Blosser and Soni, 1957).
Calcium plus Mg concerdtions were 33 ppm ér had water and aout 1.2 ppmdr soft
water. No differences \ere detected due to gree of hatiness in 4% FCM vyieldvater intale
or water consumed/lb MYSimilaly, Graf and Holdavay (1952) in \frginia found no diects
of had water (290 ppm of Ca plus Mg) on MBW changes, veter intale or etio of water
intake to MY compaed with soft (O ppm) ater ofered for 57 dgs.

Drinking water with pH betveen 6 to 9 is thought to be aptable to livesto& (NRC,
1974). Inbrmation on potential deletaus efects outside thisange was not éund

Other Rtentially Toxic Compounds and @anisms. NRC (1974) pvided guidelines of
upper limit concenttions of potentialf toxic substances in ihking weter. Studies a lim-
ited on efects of these compounds on léicta and se@tion into milk. Clinical cases ke
been eported wher Pb and Hg ere detemined to cause xicity. Table 4 gves saé upper
limits of several taxic substances.

Chlorinating water can incease intaix because bactarpresent in pipes andaterers ae
reducedCommecial diy pellet dlorinators ae available which can be connectetitae well
to sewice the vihole daiy. Reid (1992)ecommended in cetin situdions thaall water recep-
tades be blorinated weekly. Household leadt a 2 to 3 ounces per 5@lipn weter cgpac
ity was ecommended

Gorham (1964)eported tha  least six species ofue-geen alge poisoned tte drink-
ing water from a lale. However, the caudave ggents vere not identiied specitally. It was
recommended thavater with plentiful alge gowth not be diered to c#le. Shading of \ster
troughs and #quent sanitéon also can help minimezalgae gowth.

Summary and Condusions

Water is indispendae for life and is the most impant dietay essential atrient for dairy
catle. Lactding covs requite a lager potion of water reldive to their BW because milk is
87% weter. Weter intale and equilements a influenced g physiological stde, rate of MY
and DMI, BW composition of diet and emonmental &ctos. The water intale prediction
equdion of Murphy et al. (1983) is useful to estiteanater intale requiements. Dy mater
intake and MY hse lage influences in the eqgtian. Diet moistue content, oo behaior,
physical hamlacterstics of water receptade, and ambient tempature also #ect water intale.
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