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. SUMMAHY

Twelve Hcrefutd Anglu ‘Weanting  hieiférs
‘were used {4 8 aglir*piot désign mcqrpomring a’

‘ n.ndnmuarl compl:te block to determine pbysh

" olpgies) effects of subtoxic conicentrations of
innrgmu: sulfxie th drinking water;’ TreatiEnts
ere” tapwater (110 mg/liter sulfate}, 1250
mig/irer sulfate’ and 2,500 mg:'litcrsurface The.
ulfate Was 2dded. to the.tap vatar 45 sodium
sulfare: The !\ilfatc-mtcm did not affect feed
consumpton, _watet “gonmimption ot prowth
during:ithe PO-shy érntnent. No overt-to Xl
iy -was bﬁse:ved. Hei erd: drmhng sulfate-warer
" 'had tcndcncuq w0 accumuhtc ‘methenioglobin
. and sulfhz'.magubm “Withoilt *sffecting toml
" Hemoglobin.. Sulfate’ louding did por induge
divtesid iithough haifers; drinkidg. 2500 mghti

sulfate by 37 Fo%nd décrahsed’mml rnhsorp-

" don of this ion By 23.7%, Therefore; in tese

: -animal, the percentage. of. filvered. sulfare e
dbsorbid wis decreased: by 44,3%, ‘The, beifers
wete #abaequcmly uged in = -taste. respomse

‘ expcrh’pem in which tbey were éffered sither
wdmm chloride ‘o goditm sulfare in; 2 two-’

- choice prifiererice’ sivantion, The choiec Was the
-salt selugon: or mp-watey Thesalts wete added
Ty r.pp-wnter in mcransmg bt estimated equal

+ < ghionic doncentations in six. ml:rcmﬁms from

278 1o 4,400 'mgfliter of :gnfon: The ghimals.
discrimifiated ageingt drinking water ‘contairing
1,620 rugnltnr chlnnde or' 2,018 mfliter mul:
fire. Concefityations ar the estimced rejection
threshold were: 5,524 snd 3,317 mg!ht:r for

chloride, dnd sulfate; vespecrivgly. On 2 miclar:

basis, dsscnmlna.tmn and rcjcction thresholds
i

R
! Condugted in cuoperaﬁmu with Wistemn Beglon
Rescaich Prq:ct ‘W48, The Effccts
Stresses on' Range Cantle and Bheep Production:
’jounm! Paper Nb, 300,
© *Dresent, ddress: . Deparimient of An.!nu! Physiol
ogy. Univarsity of c-ﬂfonﬂ. Davis 935186,
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for sulfate were 21,0 gnd 34.5 M, rcspectwe-"‘
" ly. Those far chlnndc werd - 4-56 apd 153%.
imMolar. Apparently, sulfate was more unpala-

tible - than chlordde when ;:ompued on gn
eqmmolar pasls, It appears thet theste: hiifeis
were able to toleraté, 2,508° mig/liter sulfaic in

‘thelr dﬂ)ﬁkmg watey withour adverse eﬂ'c:ts. .

wnd ghay this: concemrmon of stfate: reptesents
a safe mlmncc cuncentranon
Key Wordsa Wm:r, -Baifdre, Maximum, T:Latc
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INTH'GDUCT‘ION

:hag been Shown previcusly that-ingestion * §
-qf olgan:c aulfate vl diinling wates produced

qmnuﬁv: chmgu in‘blood compodition gnd,
tenal Aination - of dattle; Helfers ‘showed &

63.2%: and a 50 01: incieate I spum sulfyre

and” Hynter; 9711 and 2,814 mgﬂlter sitlfoze
(Weeth and C.nppu., 1972), :sp::uv:ly Al
obsmgd wepe ncreases in methemoglobm anﬂ
snlﬂlpmogfobm coneenmations without, itltera”
on® bftotél Hemoglobin;: Atdn!we diusests was:

noted, i i:qth of. the -above" cmuon: with 2§

Kigher peecantage of. Ingested warer being. ex
éreted through' the vifing, On, the bash of these
grutties, it iwes snggened that growing cattle:
‘could yaletite at least 1,450 myfliver sulfate n
thédr “drinldng - witer for ot deast 30 duys and
that this coficentration was probably: neas thelr
teste ‘disctlipination  thréshold . (Weeth and

(&yps. 1972). R.eported herein {s an. sttempt:

which wis made £0.definca defensible lifdt for

thé. concentration af inorganic. sulfere in the . §

drinking watet. of cattle- by evalyating phiysie-
logical e‘ffccts a.nd 1aste responsc

EXPE RIMENTAL FHOBﬁDUB!
Twelve Heeeford-Arigus “wezpling  heifers

(four: per teatment) were offered either up

water (110 mp/liter "sulfafe); 1,250 mogiliter
sulfste-water ot 2,500 ypglliter s-ulfate -water in

1498
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3,493 mglinr subface (Weeh

F 9(}-day peritient coriducied
Sa. T até vias ‘the sdurce 4
sul&re-\ivateis “The-anEmbly were
) vﬁum;f i partially’ ?.hz.licd péns
Frassy ha.y aid 13% prorein pell
Eroxlmnzc apalysis of The prass
il 125 06%; sult‘atc, 60%;
207%; ashi, 11.20%, 4nd, fiher
dry mitter basis.’ Pm:ﬁmam a
peliets - whs: protein 20
.41 s eher extidcs, 386% ast
ﬁher S54%: on"‘a. Hry‘ matcek
, i:n rial body we;ght wis 165'kilog
liys- 0, 4% and 99 4 1
ubsc‘rvudun wiis made b’ dac;
. pfcvk)usly descitbei
Lespemnce. 1965Y." Total “hema
inoglobbt ‘and sn]ﬂ'zcmaglabm wi
“by the’ l.'cchmque of ‘Hiinlihs {11

" collected blood. For other deréty

plea of plasow, serdm and urir
.frézen until anilyzed. Analyd
‘wiere ag noted by Weeth and'}
‘tcpamd abs:;mdons wel
‘sarne ‘safmals, dave’ were dhalyzee
siggeshed by Gill and Hafs (197

Dum;ﬁ's mulﬂplb m tes: (19

W if mu.[murr
tcmﬂgm{:urm b‘eing 3.2 a7
Fofm iUE Weu&er ‘Bureau”
mmlday
Fellowing the sulfats ‘toléra:

TABLE 1, EPFECTS OF DRI

" 2,500 MG/LITER SULY
Iteip: | M
Wliailmku. Hgrdny

; iy inmks, igiday
neentate intake, kg/day -
Sulfate intake, g/day [
Welght guls, katdey
lasrna: osinciality, mosm/kg 2!
Tuul ‘emogiobin, /100 a1 1
nhpmoxlqb!n. mog/1D0 ml t

‘Selfae ;.
.vsﬁum"::l'}l o0 meL00

PH

'Fq_\lr:ohqum:hns pec jtem mean,
Deelyesns on'same line bearihg di
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rere 21 ¢ and 34 5 M, rcspccuveﬁ“-
ar. chioride were 456 and 1556
parenily.,: silfzte was more unpala:
chloridé whexd comyund on an
asig. IF lppcars that theke heifers
toleraie 2,500 myfiter sulfare in, 8
i, water without -adverse effects,
cnnccntrmon of sulrm: reprmnt.r.
ce doncmtmtlon

Warér;, Sulfa.tc Mmmum. Taste . 4]

INTRODUCTION .
n shown- prmously thnt ingestion
ulfate #ia drinking warer prodoced
zhanges in"blood’ comiposition and ’
m of carde: Heifeys showed 2
‘50.0% increase in serum sulfate
ig: 3,493 “mglliver sulfate (Weéth
1971}, wid 2,814 rrigtlh:r sulfae
Cupps, 19?2), respetiively. Also
¢ increases-in mcthernoglobm and
in_concendadons without altera- |4
emcptobin. A rélative diuresis wos .
i of. the above Gitations w:th Ky \
Fage of mg;s:ed water belfig ex-
b the drine On the bisis of these 4
18 suggﬁted that growing catde
at [east 1,450 mg!hter sulfate in -
r-water -for at least 30 daye and
entra,uon was probably.near Lhmr
inatjor dueshold {Wéerh a.nd
. Réported hercin is ¢n attempt 13
de'vo define a defensible fimit for 3}
tion. of inorgani¢ sulfate in the AL
v of cetle by evaluating physio- )

and wste rcs'po_.\}.sc_

AMMENTAL PROCEDURE

(ks

Y

zeford-Angus  weanling  heifers

tment) were offered either wp- 8
ogfliter sulfatc), 1,250 mgliter P_
o 2,500 mg/liter solfate-warer in - (RN
4
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. a '9D-Jay mcfcnmcnt coriduéred during seaymer,
’ Sodiun’i.sul

e wits the ; sourcc uf stifaie-ih the
:u‘lfn Caters, The ahimals wete mandged indi-
¥ in partidtly sheded pm “They werk fed
gfass hiy auid 1% pfro;cm peltess. ad Hbieum.
melmnte anh]ys:h uf clie “grass by was: pro-
tc:n. 12 06%, su]fate, 60%; cther r.xtrnct,
ZPT%; ush, 11. 2056; and, fibér. 29 29%-bn'a
diy miirter hnsié Pm:ukiate anlysis of the
dairy pelléts was: pratctﬁ 20:06%; 'sulfate,
A7%: ethier extra.ct. 3.88%; wsh, 157%; and,
fiber, T1.54% or'd dry marter basis. Memge
nitial hody weipht wes 165 kt[og:ams

On diys 0, 4% snd 90 « rénal cestance

" ohsérvatioi was mid: bn- eich heifer using
"tdchniques prcvwﬂsly deséribett. (Weeth asid

Lespérants, 1965). Torwl’ hemoglobin, methe-

‘mpglobin’ ‘and sulflieqiaglobin weré determined
“by the :e:hniqu& of Hainline (1965) ori fréshiy

collected blood. For, ather determlnations, sam-
plcs of plasina, serdim dni grige were stored
frdsen winll analyzed. Asalydcsl prdcedures

‘weee a5 poted by Weeth dnd Himer (1971).
‘Sirice fepedted ‘abstivarions’ werg mitde of the

gime gpimald, dara’ wire 4falyzed statistically as

‘suggested by Gsﬂ anid Hafs (1971). Differences

1 O'ill tr:ztmchi means were ‘evdlidrer by

‘Duncan 'y multiple roge test (1958). -

“The weuther diring tht experinient was
warm and dry, averag:mmum and mininim
n:mpcratum being’ 33.2dnd 9.2, C Evaparmon
from o US. Weathier Buréou gan "wis 7.6
mm/day.

Following the sulfate toletance sudy, the

BULFATE IN WATER UF CATTLE

* &

Heifess were vsed.in a two-choice reste .rcsponsc

experiment {Qontcher and. Church, 19708} in.

whith the kreptments-weie tap-wiiter and eithier
sodisim' sulfare or sodiurd, chloride.. Six. animals
Wiére offered each sale soludon, The tep-water
conumcd 570 mgfiter tedl dissolved: Solds
with 75 mafliter sodium, 1D mgfliter chioride
and 110 mgfhtﬂr‘mlfﬂtl. “The salts, were 3dded
to the tap-hm:er in mcrca.mﬁg. =sumltcd cqual
dhloni¢-toficentoitions,in six: mcrﬂ:nents r25ig-
ing “from - 275 1o, 4,400 -mgfliter pf the anion.
The fest’ penod for. cachr congentiation’ was 2
daiys, “thig" dafurn. collected was the percent
coﬂs‘urﬂpu.un of salt- solution 't vota).; fuld
consumption. An apiml's.tivo water contaisiers
were romated dally. To establishra ?onc of
‘fiondiscrituinats ‘or random. deinicing ewch salc
solution test . périod was preeeded. by e i
water vs tap-water 2-day.periad. Lifiar:régres-
siong, cdn.ﬁd:nc: intervild- gnd dlffetencep be:
tivcen ‘regresiion Lnes were tl]cula};eq:aslwg-.
gestad-by. Steeliand Torrie:(198b).

The: wdather wat -cooler. during: the us;e
mspémse stirdy” with: Triaximum aod pdifiimhnp
temperatures averaging;22.0-and. —-1. oo E\[jp"
otdtion was 4.0 mmlday :

1
Lo
D)
RESULTSAND’DISCUSSION “ o

“Mo overy tomnty was observed !n ‘my cf the
heifers; All-animals. appeared to 'be i’ good
-Eondition ﬂatnughaut the experiment. 'rhe sul-
tare-warer treziments did not affece feed or
watcr ‘cotisumption (tble 1), Auhmﬁgss glined

TABLE 1. EFFECTS OF DRINKING ‘I‘AP-WATEIL 1 250 MGILITER summ‘s,wmm AND
2, soo Mcn.mm sux.m'm-w.s'rzn O ma:pnns D'uamc A 90-DAY mm’obl .

‘Solfate 1dd:d to |lp-'wlt:r. mg/liter

— iii“ N
“feém | “Mezn SE Mean sE * Mean. .. SB
Water Intahe, Kelday 38 141 318 147 . 334 1.59
. Hay incake, n:fsdny 4.1 .28 3.9 28 3.9 24
Conceguace intake, kg/day - 31 07 LI I 03 . 5,1d ) .t
Sulfate Intke; gfday 42.6b 217 B1.4¢ 3,91 124.9¢ 12.89
Weight guin, kgn'dn_v 5 .08 8 05 8 10
Plasrp osmalality, mOsm/hg 277 3., 28 17 . 281 13
Fotal hemaglobin, £/160 ml 133 22 12.7 22 12.5 Z2
Methemog|Gbin, mg/100 1ol 52.1b 4101 206.7¢ 150,50 132.2bc 27.64
Su.lﬂ\cmog)abm mg/100 ml 5.5 3,80 98.6 3243 1114 3139
Scrium sutfocd, mEg/iter 3.2b 10 3.9C_d .23 4.5d A3
Blastna sodiung mEcftiver 139,50 1.36 14160 .63 145,24 2.92

- - :
®pout observadons per em mean, except efght ohservalons o blaod relateditems.

B.c,dpanng pa samne Yiné beotinig diffetent superscripts vre different (P05}

1:4-'99.
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weight during the study, there being,no appar-

tioh.- was. oliseived, plusma osmotic. pressuce
z-emammg eoustans regardiess of peatment.

. Alchouglhi there was much variation heifers
cg-m.ldng sulfite-water showed evidence .of in-
creassd; production of mgthemoglobin, . the
increase scer in the 1,250, myg/iiter group-being
significant (table 1). Weeth and- Cepps- (1972)
also roted-increaséd mathemaoglobin.concentra-
tioh in; hietfers drittking 1,462 and 2,81%-mg/li-
per. sujfates-\‘vxtcr Bt is-foown” that mgthcmo-
globin: formation /indueed by sodiim gitrite
providcs proghyldxis: sgainst toxic concéntra-
tigns of -sylfide (Smith,- 1969). Sulfide pro-
dueed- by thereduction of . Ingesred sulfare by

rusitingl nﬂcmrcxgnmsms (Lewis, 1954) is. rap-
idly abgorbed in the upper alimentary. tract
(Hansdrd mdMohl.mmcd. 1969)..In the blaod
‘STredmt; . ok - of the -sulfide :is. n'n-plqu by
'mcth:maxlbbm. théxeby . preventing. inhibition
of gytochrome ox:chse (Sinith .and - Gosselin,

: bovme nppmqu yeadily oxidizes
s mtbcmoglobm {Smith, and’
Totimately. the:reverse: rzac-

rapid. |,
Drhbldn m& Aqsth (1935) also .ohserved

- hchwglobm o -iulﬂzcuwg]obm -!n the
study; heifers fonngming, 3,250, and 2.;00 me
‘sulfate pr.r -hmu of waier-had ‘mean. -sulfhema-

iy . : B
- 1

DIGESTI.AND WEETH

ent tregtment: effects, No evideqice of dehydea- ‘

Ao, cﬂtalyzgd hyn msﬂicmoglobmnse.,n,-lso .

thag abgotbed sulﬂﬂe iad conﬂfcﬁt functional .
present

'raa:.n 2, Ermsc'rs oF nnmgcms TAPWATRR, 1,350 MG/LITER SULFATEWATER AND.
2,500 MG/LITER SULFATE WATER ON RENAL PUNCTSON OF HEIFERS

*® kKN

cancct}tr:.!mns -of sulfate~
i absorbed |éss su,lfa.te froim
P mate (278 and 23.7% less
' 7,500 mgdlirer treatments, 1.
. #nd Hunter (1971} made s
- with heifers offered 3,49:
vatcr. Because of the dew
torprion and increased fifepat
of -filtered sulfare which w
m::kéd[}'r' deécreased by the .
‘ments, These dhservations s
of Lotspeich (1947) of a res
it for sulfare; but addiy
. hieifers it appears that excee
maximum  depressed redbso
pressed reabsorption . n:ught r
iecpion ™ mirmls consummg
sulfate.. -
in the mbscqucn: @aste résp
the wondiserimindtion rone
' found to:Jie' beiweén 65.4 anc
This zorie is slightly wider thar
W by Gostehar-ind Chuirch.(197¢
than char. qbscmd by Weeth &
Johnson er al. (1958} jevbrde
four dmk‘.ing per day by cattle
temipeiature. It ik possible that
dribkitig ‘pesulis in che wite 2.
, ehiminate drinking,:
# « Singe the méan pere of
" iotal veared conmmption did noi
cantly abopve 50 (figure 1), it cp
* that oo prefpr‘:ncc was shown
- slt goluridns offered. Guoatche
. €19713). fonnd . no. preference
11,400, o '12,500 mgfliter sbe
.Gom ﬂchd preferencé for

| mg/100° ml,,uwitj],sulﬂl,-.mp ;
in only 25% of the bla

1cmo§ful;un,w e i spsdng targe qum!lti _
ﬁuqn_has bun made

su]ﬂ;tc - Thi

(tnble ...
- \The ,sulfarg-waten rrentmcnts rcsuhcd

- reqal, 4carqnc=if
$ec wter wers

p

b
i
1] H - DURIHG A30-DAY PERIOD®. .
A st : i ——
R
| . swmgg—mm mmd!:er i .
" vl 1,250 - . - . Ased . . e
dpewy . SE Mean - SE Meen | 8E -
i ; ehlfuge,imBq/lier 5:8b 3.89 10180 1896 .. L. F 1l ,![ "I : :
-.{' ‘-g‘dﬂhmeﬂ\ﬁ. ‘MEG/liter 17&;?5‘, 7.69 z16.6b¢ .53 - Je .
i “Creatinine clmnuﬁc ' T i = il L -
‘ . hgxfrin? | 9%, .45 85 . a4 M "l _
i " 'thzmmdémnee. . Lo ) ") l
¥ t faerfhrim® -26 a1 ~29 001 R o
Usine gsmolalicy, mOﬂang 712 62.6 %0 714 ‘
g v SylfaceDltpred, mEqffe 101.4b 5.8 114.8%¢ 5.89 oL o e
i Salfute reabsorbed; mBo/r . - BRTD 1,98 60,45 3.36 U e ‘
‘ ©Bilteied ullize yeaksorbed, % - 8320 102 5265 o3 ) B
R “Bgditim filterdt, mEq{hr T a4311 - zsizo.. 38302 20830 - .
LY, um’rubunbeci.m Y 43514 243,72 37518 255,08 Rres amestisras. mat
- - o "‘s"'" 1. Taste yesponsss of beife
. . coDCentrations . of dilorjde #nd sy
. ‘dnnlungmtunsdnuud!umnn

'Eigl'n ubsewnﬂnns POr-CPATINANT mEAn.
b,id

Meéans on same line bearing differefit superscript are different (!"4—05)

- within the figure are means * srandard




ations. of 98.6 and 1.4
cctlvtly. Thie mean coficentpa-

dxmklng tap water wias 5.5
m.wlfhcmogio ! biging detecged
the bleod samplcs Although
srg-nﬂ" cmt, thes: values &
¢ produce ¢

neentrations of  sulfate-water actually . re-
hsorbed less sylfate from the glomenilac fil-
iare (27.8 aod 23.7% less for the 1,250 and
1,900 mg/liter trearments, sespecrively), Weeth
‘Hyntee (1971) made similac observarions
th heifers offercd 3,493 mg/liter sulfate
water, Becawse of the dcnrcgscd acrual reab-
sorprion aod increased Hiltratlon, the percentage
ot filtered sulfate which was reabsorbed was
B rorkedly decressed by the ‘sulfate-warer ear-
ments. Thése observations siipport the-theary
12,500 ?félmr qu!fa.:em::rl Kot Lowspeich (1947) of a renal transport maxl-
¢ : s b mom for sulfate, but additionally with these
[ helfers iv sppears that excesding thy transport,
Y } maximumn depressed yeabsorption. Sdch de-
prcss:d tedbsorption niught provide spme pro-
tection to anipals conﬁummg large wmounts of
wiate. -
s the subsequent taste response expsriment,
the nondjscriminarion - zone, (figure 1) voas
fuunrl. 10 i 54 and 34.6% (P<08),
- This zonp is shghdy wider than that estabhshed
E by Goalchcr and Chuech (1970a), but narcower
¥ than that observed by Weeth end Capps (1972).
. "Iohnsou et al (1953) f¢corded omly three to
B four drinking pec dey by rartle 0t 10 € ambignt
- temiperatidre, [t is-passible that such infrequent
| drioking results in.-the wide zone for. nondis
| ciminare drinking.
§  Siuce the mran pctcentagc of sa.\t solaticn to
wtsl watér congamption did not deviine signifi-
cantly above 50 (ﬂgu:c 13, it can he concluded
R that no peefefénge was: shown for any of the
- salt solydans | offersd. Godether and Chuech

Ln,l'.hc hqf

ter trestiments resulred ingne
r.u'mary excretion of sulfaie
¢nal; rl-earﬁ.;msa of sregtinine,
free , water were: unaffet:tgd
DSth]C Pl’C.ﬁul’G was un-
e, although unnc was ool
2'br peded, ft appedm that
3 of sulfats cauted no diure-
ed by tHe Jack of pol'yd.lplna
sirlt‘ntc-water (mblc 1),
table 2, eifers dunkmg both

SULFAT| ‘ :
NOF HE?",‘;Q;E“ AND ! (1971a) found; no preference by cegle for

. 1,400 fo- 12, 500 mgflitee sodium chlorlde.
Pt ‘ .4 Goats shiowed pmfercnce for 8OO o 6:300
cer, i'namttr
. 2,500

Meéan SE ‘N ___,WH
"'"—-—--—-h-._‘_____h-_-_.__
B.96 . 141 2¢ 54 . ..,,.mmm...n... i
153 35,5 2058
A4 o5 42 i
: f: jerrimin

001 g gy o ;;”m
L4 se 459 I3 e ‘-
189 139.9c 1679 i3
136 £3.0¢ 566 8 ncg:ln'u..
93 - 45,01 2.0% ‘l
5.20 4402, 331.81 “aa —r:‘
1.OH 42732 30948
- Fiu’"“— . Taste respouses of Leifers o moressiag

conceatrations of chlogide angd sulfaic added to
drinking wattz as the sodium mls, Obscrvations
within thié figure afe mearé * standard ecvors.

QnCErEs T e

SULEATE IN WATER OF CATTLE
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mgflirer sodiwm chloride {Bell, 1959). Richter
and MacLean (1939} found that humans could
recognize abaut, 160 rhgliisar sud.lllm chioeide
apndthat a solntion could be identifiedas being

- salty ot about 870 mi/lirer. -

‘It has been observed thac afférent impulses

‘could be gehierated on the chordd tympani of

calves with, 297 tgfliter sodium chloride ap-
plied to the rongue (Bell and Kitéhell, 1966).
Moncneff (1967) sugpested, withoot reference
to 6pecies; dhat the dercetable minimam . for

_sodium -chloride was near 550 mg/liter. Goar-

cher and Church (1970a) observed thar carde -
cn recopnize as litcle as 1,600 mg/liter sodivm
chioride. The results af the prescm. stody
indicate. that the lowest conéentration of so*
dium chlofide tesvad (434 n’)g{lltm:) would be
below the dcxeptablc mipimom,

As shows in ﬂgu.rc 2, the ragressigh line for
chloride (Y=40.66—. 0037)() ‘rosiesy the Iowet
dxs&:nmlnaﬁ*an ﬂlmhold {ahti - do)ption” con-
swmiption £34:6% pf ‘touil #lufd consumption)
ac 1,620 rig/liter (5.6 thiv ¢ For’ milfske

ion (¥=57.26+.0011x) cifisses AEZOIW Mgl

ek (21,0% i), The  concentrations” ar ' the
cejection ¥hresholde (salt solution <20.0% of
tieal comsumption) ate 5,524 mig/lieer {1556
oMY and '3, 317 ingfliter (345 mM) for chloride
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High Levels of Inorganic Sulfate Cause Diarrhea in

Neonatal Piglets?23
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Biology and Disease, University of North Carolina, Chapel Hill, NC 27539

ABSTRACT Artificinlly reared neonatal piglets were
used to study the effect of inorgenic sulfate on bowel
funciion in human infants, Two experiments were con-
ducted to evaluate the effect of high levels of inorganic
sulfate on the growth, feed intake and feces consistency
of art¥ficlally reared piglets, and to determine the dose at
which at least 50% of 3 nonpathogenic
diarthea. The effect of sulfate level on kidney welght and
concentration of Inorganic sulfate in urine was also as-
sessed. In each experiment, 40 pigs with an nverage
Initial age of 5 d were individually caged and reared with
an automatic feeding device. Ten pigs per dietary
treatment were fed one of four diets containing the fol-

tevels of added Inorganic sulfate (mg/L of diet),
as anhydrous sodium sulfate (USP): 0, 1200, 1600 and
2000 for nt 1 (18-d study), and 0, 1800, 2000
and 2200 for Experiment 2 (16-d study). The levels of
added sulfate did not affect (P > 0.05) the growth of
piglets, or thelr feed intake. Whereas 1200 mg added
sulfate/L had essentiadly no effect on feces consistency,
levels > 1800 mg/L of diet resulted In & persistent, non.
pathogenic dlarmhea in neonatal piglets. Added sulfate
did not affect (P > 0.05) relative kidney weight. Inor-
ganic sulfate In urine reached maximum concentration
(P < 0.05) in pigs fed diets with 1600 and 1800 mg
added su /L in Experiments 1 and 2, respectively,
but declined at levels, The results st that
the leve] of added dietary Inorganic sulfate at which 50%

of piglets develop nonputhogenic diarrhea is between
1600 and 1800 mg/L. J. Mutr. 125: 2325-2332, 1995,

INDEXING KEY WORDS:

s inorganic suifate s nepnatal pigiets

* gastrointestinal effects » llquid diets « swine

Sulfate is a common divalent anion found in the
environment, mainly in natural waters, in concentra-
tions ranging from a few tenths of a milligram per
liter to several thousand milligrams per liter [NRC
1977). In 2 survey of the 100 largest cities in the
United States [Durfor and Becker 1964), the median
sulfate concentration of all samples was 26 mg/L,

0022-3166/95 $3.00 © 1995 American Institute of Nutrition

with a range of 0 to 572 mg/L, and more than 90% of
the samples contained <100 mg-sulfate/L. McCabe et
al. (1970} examined a total of 2595 water samples that
included a large variety of drinking water sources in
the United States, and reported that only 3% of the
samples had sulfate concentrations exceeding the
recommended Mational Secondary Drinking Water
Standard [NSDWS! of 250 mg/L, with a maximum
concentration of 770 mg/L. A study of 248 private
wells in North Dakota reported that 197 had dis-
solved solids content »1000 mg/L, 125 had >2000, 63
had »>3000, 33 had 4000 mg dissolved solids/L. and in
the majority of the waters the sulfate ion constituted
the major proportion of the dissolved solids {cited by
Moore 1%52).

The lowest dose of sulfate that causes diarrhea in
humans is not certain. Moore {1952) reported that
62% of people experienced a laxative effect when the
sulfate concentration in well water exceeded 1 g/L.
Survey data collected from ground water users in
North Dakota (Peterson 1951} indicated that waters

1Presented in pant a1 the 1994 Joint Annual Meeting of the
American Dairy Science Associstion and the American Society of
Animal Science, July 11-15, 1994, Minneapolis, MN [Gomez, G.
{1994) Effects of sulfate in liquid diets for artificially-reared piglets.
). Anim. Sci. 72 (suppl. 1) 164 (abs.]].

¥This study was conducted at the NCSU Piglet Core with s
grant from the U.S. Environmental Protection Agency through the
Center for Castrpintestinal Biology and Discase. Although the
research described in this article has been supported by the US.
EPA, it has not been subjected to agency review and therefore does
not necessarily reflect the views of the agency. No ofticial en-
dorsement should be inferred. Mention of trade names or com-
merciatl products does not constitute endorsement or recommen-
dation {or use.

The costs of publication of this article were defrayed in part by
the payment of page charges. This article musy therefore be hereby
marked "advertisement” in accordance with 18 USC section 1734
solely to indicate this fact

4To whom correspondence should be addressed

Manuscript reeeived 17 November 1994, Iniual review compleied 3 January 1995, Revision accepted & March 1995,
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with 600 to 750 mg sulfatefL had a laxative effect.
Chien et al. (1968) reported on three infants who
developed diarthea when given formula made with
water containing 620-1150 mg sulfate/L.

Young weanling pigs {3 to 4 wk of age) having
access to saline drinking water (6000 mg total solids/
1} high in sulfates (2392 mg/L} showed increased
prevalence of diarthea as well as higher water con-
sumption during the first weck after weaning com-
pared with controls drinking low sulfate water, but
there was no difference in rate of growth, food con.
sumption and gain to feed ratios |[Anderson and
Stothers 1978). Patterson et al. (1979} observed that
when pigs consumed water with a suifate concen-
tration of 3000 mgfl, there was no cffect on
reproduction or weight gain, but there was an in-
crease in fecal moisture content and water con-
sumption. Recently, Veenhuizen et al, {1992] reported
that weanling pigs tended to have better weight gain
over a 4-wk period when provided water with a
sulfate concentration of 600 or 1800 mg/L compared
with controls receiving water with 54 mg sulfate/L.
The prevalence of diarthea was higher in pigs given
sulfate in the water than in the controls.

No report has been found on the effects of high
sulfate levels in liquid diets fed to baby pigs in a
manner that would mimic situations encountered
with human infant formula feeding. Limited infor-
mation is available with respect to infants and
children. Because of the obvious limitations of using
infants as experimental subjects, this study used ar-
tificially reared neonatal piglets 25 a model to
evaluate the effect of inorganic sulfate on bowel
function in human infants.

Thus, the purpose of the present study was to
determine the dose of sulfate, as sodium sulfate, at
which diarthea develops in neonatal pigs and to
ascertain the dose at which 50% of pigs had diarrhea.
The experiments herein reported assessed the in.
fluence of sulfate on weight gain, feed intake and
feces consistency throughout the entire trial under
strictly controlled conditions. The effect of sulfate on
kidney weight as well as on sulfate concentration in
urine of pigs at the end of the experiment was also
measured.

MATERIALS AND METHODS

Experimental animals, Gestating sows were ob-
tained from the North Carolina State University
Swine Farm and transferred to an isolated farrowing
facility, 5 d belore farrowing Crossbred pigs carrying
no known or defincd pathogens were farrowed in an
angiseptically clean (washed three times daily) stall
after 4 to 5 d of repeated bathing and sanitizing of the
sows, before delivery, with an iodinated detergent

GOMEZ ET AL.

(Wescodyne®, American Sterilizer Company, Medical
Products Division, Erie, PA). Piglets farrowed by five
third-parity and five first-patity sows were used in
Experiments | and 2, respectively. Forty crossbred
piglets were used in each experiment. Piglets were left
with their dams for ~48 h after farrowing and then
transferred to an isolated yoom containing an auto-
matic feeding device {Autosow). The temperature of
the room was maintained at 32°C during the first
week and lowered to 27-29°C throughout the re-
mainder of each experimental period The ambient
relative humidity in the room varied between %5 and
75%. Lights were on at all times, The protocol of this
research was approved by the NCSU Institutional
Animal Care and Use Committee.

Feeding protocol and basal diet. The Autosow is a
machine containing individual cages {length, 0.50 m;
width, 0.30 m; and height, 0.40 m} and regularly
dispensing, aseptically, small volumes of liquid diet
according to the weight of each piglet. Piglets were
fed liquid diets only and did not have access to
drinking water. The diet reservoir was refrigerated,
and therefore, bacterial growth in the diets, if any,
was minimal. The feeding pans were washed under
pressure after each feeding with a warm chlorinated
detergent (Tri-Foam™, Diversey Corp., Wyandotte,
MI). Details of the characteristics of this device have
been previously reported {Coalson and Lecce 1973
Piglets were fed a daily volume of diet that was ~30%
of their body weight, i.e., a }-kg piglet was fed 300 mL
of diet/d. Previous studies {Coalson and Lecce 1973,
Lecce 1969) have shown that this daily volume to
weight ratio is near optimum with regard to weight
gain and feed efficiency when diets are made from
milk solids and have a dry weight of -20%. The
feeding interval used in both experiments was 1.5 h.
In Experiment 1, the daily volume of diet was divided
into 16 equal portions during the first 8 d of the trial
and 13 portions thereafter |[feeding schedule was from
0600 to 2400 h). In Experiment 2, piglets were fed 13
times per day throughout the entire trial. The calcu-
lated feed intake per pig is expressed as kilograms of
dry matter consumed per experimental period.

Onee piglets were housed in the Autosow, they
were fed a basal diet [Table 1) with no added sulfate
and adapted to the new environment throughout a
3- to 4-d period. At the end of the adaptation period
{at an average age of 5 d|, piglets were weighed and
distributed according to body weight, sex and litter
origin to four groups of 10 pigs each. Piglets used in
Experiment 2 had lower initial body weights, at a
similar age, than those in Experiment 1 because they
were from first-parity litters compared with third.
parity litters in Experiment 1.

Experimeptal diets. The experimental diets were
randomly assigned to cach one of the groups. In each
experiment four levels of added sulfate, expressed as
milligram per liter of diet, were evaluated as follows:
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TABLE 1
Composition of the basal diet!

Ingredient Amount

per L of diet
Deionized, distilled water 840 mL
B/50-SPL2 B0 g
Nonfat dry milk 143 g
Trace mineral premi 5 mbL
Vitamin premix* 168

lcalculsted analysis [dry matter basis): dry matter, 20%; crude
protein, 28%; lactose, 50%,; ether extract, 20%, total energy, 4.1 M.

2A product supplying 8% crude protein and 50% cther extract
{Milk Specialties Company, Dundee, IL}.

3race mineral premix supplied the following (mgfl of diet);
CuS04.5HO, 5.1; FeSO4-7HZO, 78; ZnO, 12.

4yitamin premix ({MasterMix Miscible Poultry Vitamins,
Central Soya, Fort Wayne, IN) supplied the following {mg/L of diet):
retinyl acetare, 3.6, cholecalciferol, 0.070, all-rac-a-tocophery)
acetate, 8.75; menadione sodium bisulfite comptex, 1.87, thiamine,

1.1; riboflavin, 4.2; d-calcium pantothenate, 10,5 pyridoxine HCI,
2.1, nicotinic acid, 42, folic acid, 1.1; cyanocobalamin, 0.035; biotin,
0.175; ascosbic acid, 35.

0, 1200, 1600 and 2000; and 0, 1800, 2000 and 2200,
for Experiments 1 and 2, respectively. Inorganic
sulfate, as anhydrous sodium sulfate, was dissolved in
the deionized, distilled water before adding and
mixing the other ingredients, Water and liquid diets
were analyzed for inorganic sulfate by a private
laboratory (Roche Analytics Laboratory, Richmond,
VA] using an analytical technique based on ion chro-
matography, The deionized, distilled water contained
<1 mg inorganic sulfate/L |n - 4); the basal diets of
Experiments 1 and 2 contained 277 and 261 mg inor-
ganic sulfatefL {n = 1 each), respectively. Analytical
values corrected for the supply of inorganic sulfate in
the basal diet were 1283, 1663, and 1903 (n = 2 each|
for expected sulfate contents of 1200, 1600 and 2000
mg/L, respectively, for Experiment 1. In Experiment
2, the comrected analytical values were 1689, 1989 and
1999 |n = 1 each} for expected sulfate contents of
1800, 2000 and 2200 mg/L, respectively. Results of
total inotganic sulfate analyses in the diets indicated
that values were within a range of £9% of the ex-
pected sulfate contents.

Experimental protocol. Pigs were weighed daily
and volume of diet for each pig was adjusted ac-
cording to its body weight. Feed scores were recorded
according to the following scale: 1 = cating normally,
2 = off teed, and 3 = not eating. Feces consistency or
diarthea scores were based on the following scale: 1 =
normal, solid feces; 2 = soft, looser than normal
stoals; and 3 = liquid diartheal feces. Feed and feces
scores for each pig were recorded three times per day
{moming, aftemoon and evening) throughout the pre-

2327

experimental and experimental periods. Every
morning, feces consistency scores of 2 or 3 were
further confirmed at the time of taking rectal swabs.
The results of feces consistency are expressed as the
daily relative proportion (percentage) of piglets
grouped according to their feces scores. Rectal swabs
of pigs with feces consistency of 2 or 3 were taken,
placed in tubes containing 2 mL of 0.01 moi/L. PBS,
pH 7.5, and assayed within a few hours after col-
lection for hemolytic Escherichio coli and rotavirus
agsays to determine if these pathogens were the cause
of diarthea. Rectal swabs were processed for bacterio-
logical culturing of hemolytic E. coli using blood agar
with 5% sheep blood {Carr Scarborough Microbiolog-
icals, Decatur, GA). After 24 h of incubation at 37°C,
the cultures were evaluated for presence of hemolysis.
A commercial kit [Virogen Rotatest®, Wampole
Laboratories, Cranbury, NJ), based on a rapid latex
particle agglutination slide test, was used for the
qualitative detection of rotavirus in fecal specimens,

At the beginning of Experiment 1, urine samples
were obtained from 5 to 6 pigs of each group, using a
bladder puncture technique (Parker et al. 1979) A
the end of both experiments, urine samples of all
piglets were taken from the bladder after they were
killed and the abdominal cavity opened. Urine
samplcs were frozen until they were assayed for inor-
ganic sulfate by a turbidimetric analysis (Jackson and
McCandless 1978).

At the end of each experiment, piglets were sedated
with an intramuscular injection of a mixture of 0.8
mL of Ketamine hydrochloride (Ketaset®, 100 g of
Ketamine per 1, Fort Dodge Laboratories, Fort Dodge,
1A} and 0.2 mL of Xylazine [Rompun®, 20 g Xylazine/
L, Mobay, Shawnee, KS|, and killed with an in-
tracardiac lethal dose {1 mL/4.5 kg body wt} of an
cuthanasia  solution  (Beuthanasia®.D  Special,
manufactured for Schering-Plough Animal Health, by
Steris Laboratories, Phoenix, AZ). In cach experiment,
five replicates [first, third, fifth, seventh and ninth) of
pigs, from the heaviest to the lightest, were used to
obtain kidney weight, Kidneys were removed from
the abdominal cavity, connective tissue was trimmed,
and organs were blotted on paper towels and weighed.
Samples of each kidney were immediately taken,
weighed and placed in an oven {65°C] for at least 48 h
to determine the dry matter content. Relative fresh
weights of kidneys are expressed as gram per kilogram
of body weight.

Statistical apalyses. Data were analyzed as a ran-
domized complete block design, using individual
piglets as the experimental unit, and following the
general linear model procedures of SAS [SAS Institute,
Cary, NCJ. Values are reported as means for each diet
group with either SEM or pooled sp. Following a sig-
nificant F test (P < 0.05}, the Duncan’s multiple range
test (Steel and Torrie 1980} was used to identify differ-
ences among individual groups.
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FIGURE 1 [Experiment 1} The cficct.of level of added inorganic sulfate on feces consistency of artificially reared neonatal

piglets. Levels of added sultate, appearing in

each quadrant, are expressed in mg/L of diet. Feces scores were given as 1 -

normal, solid feces, 2 = soft, looser than normal stools; and 3 = liquid, diarrheal feces. Values are cxpressed as the daily
relative proportion or distribution |%) of piglets in each diet group (n « 10] according to their feces scores.

RESULTS

Food intake and weight gain By the end of the
adaptation period (from 2 to 5 d of age}, piglets had
adiusted to the Autosow and were all eating the basal
diet normally {feed score of 1). From the beginning of
each trial, piglets consumed similar amounts [feed
scores of 1, not shown; P > 0.05) of all four ex-
perimental diets throughout the entire experimental
periods, indicating that the levels of added sulfate did
not affect food intake. The calculated overall food
intakes per pig were 3.76 £ 0.19 [n = 40) and 3.10 £
0.10 (n = 40) kg of dry matter for Experiments 1 and 2,
respectively. Average initial body weights of piglets at
5 d of age were 1.94 + 0.08 kg (n - 40) and 1.85 £ 0.07
kg {n = 40} for Experiments 1 and 2, respectively.
Final body weights were similar |P > 0.50} among the
four experimental groups in each trial {6.47 + 0.34 and
6.01 £ 0.41 kg, n = 40 each, for Experiments | and 2,
respectivelyl. In each experiment, weight gains were
similar [P > 0.05) for piglets fed the basal diet and the
sulfate-supplemented diets. The overall average gains

were 267 + 18 and 278 + 24 g, n = 40 each, for
Experiments 1 and 2, respectively, :

Feces consistency. At the beginning of the experi-
ments, between 80 and 100% of the piglets had solid,
normal stools. Figures 1 and 2 present the results for
feces consistency as affected by diets in Experiments
1 and 2, respectively. In Experiment 1, the proportion
of piglets showing liquid feces consistency increased
as the level of sulfate was incremented, but diarrhea
response to the highest sulfate level {2000 mg/L)
varied between 40 and B0% of piglets in that group
throughout the experimental period (Fig. 1). In Ex-
periment 2, practically all (90 to 100%! piglets fed
diets with added sulfate of 2000 or 2200 mg/L showed
liquid feces consistency beginning 2 d after the start
of the trial and persisting throughout the ex-
perimental period (Fig. 2). In both experiments, recta)
swabs of piglets having softer than normal or liquid
feces {scores of 2 or 3} were negative for hemolytic E.
coli and porcine rotavirus, indicating that piglets had
nonpathogenic diarrhea when fed high levels of inor-
ganic sulate.
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GASTROINTESTINAL EFFECTS OF INORGANIC SULFATE

Relative kidney weight and sulfate concentration
in urine. The relative kidney weights along with their
dry matter concentration and the inorganic sulfate
concentration in urine at the end of the experimental
periods are given in Table 2. There were no differ-
ences [P > 0.05) in fresh kidney weights nor in their
dry matter content.

Sulfate concentration in urine of piglets at the
beginning of Experiment 1, at 5 d of age, was 2.4 £ 0.2
mo} of inorganic sulfate per L {n « 22). By the end of
the experimental periods, the sulfate concentration in
urine of piglets fed the basal dietrose to 8.7+ 1.1 jn =
10} and 8.8 £ 1.1 {n = 10) mol/L for Experiments 1 and
2, respectively. Concentration of inorganic sulfate in
urine was affected (P < 0.05} by dietary levels of
inorganic sulfate {Table 2). The highest sulfate con-
centrations were found in urine of piglets fed diets
with added sulfate levels of 1600 and 1800 mg/L for
Experiments 1 and 2, respectively.

DPISCUSSION

A national secondary drinking water standard
{NSDWS) of 250 mg sulfate/L has been established by
the U.S. Public Health Service (1962). The appropriate
regulatory limit is uncertain because adequate studies
have not been performed. The present research was
conducted to provide preliminary estimates of the
level of sulfate that may be tolerated in human infant

TABLE 2

Effact of anic suflate jevel on relative kidney weights
and sulfate concentration in u;lne of artificialiy

piglets
Kidneys )
Level of added L dneys Urine
sulfate Fresh wt  Dry marter sulface
g/kg body
mg/L wi g/100 g moj/L
Experiment 1
] 7.3 17.33 874
1200 7.5 17.00 02
1600 6.8 17.29 45.5*
2000 69 17.46 37ab
Poaled sD 07 g7 a8
Experiment 2
o] T4 17.25 8 8¢
1800 73 V764 56.1%
2000 75 17.36 32.6°
2200 71 17.96 35.4b
Pooled s 0.4 077 10.7

'Walues are means, n = 5 for kidney data and n - 10 tor suliate
concentration in urnine, except for the group fed the diet with 1800
mg added subfare/L in Experiment 2 in which 1 = 9. Values ina
column of each experiment with unlike superscripis are signifi
cantly different [£ < (105 from each uthe

|
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formula. Neonatal piglets were selected because their
size and intestinal physiology is similar to those of
human infants.

All former studies on the effect of sulfate in
drinking water in. pigs (Anderson and Stothers 1978,
Patterson et al. 1979, Veenhuizen et al. 1992) have
been performed with older weanling pigs. In those
studies, pigs were fed dry diets and the inorganic
sulfate source was incorporated in the drinking water,
which was supplied separately. In our study, artifi-
cially reared neonatal piglets were fed the ex.
perimental liquid diets only, and did not have access
to any separate source of drinking water. The use of
vounger pigs reared under strictly controlled condi-
tions with a combined source of nutrient as con-
ducted in our study mimics situations encountered
with human infant formula feeding

The concentration of inorganic sulfate in the
deionized, distilled water used was <1 mg/L, whereas
the basal diet supplied, on the average, 270 mg/L.
Most of the inorganic sulfate in the basal diet origi-
nated from the milk-derived ingredients [nonfar dry
milk and 8/50-SPL} and 1o & minor extent from the
minute amounts of sulfate salts incorporated in the
trace mineral premix, Therefore, between 82 and 89%
{for added sulfate levels of between 1200 and 2200
mg/L, respectively) of the total inorganic sulfate in
the diets was contributed by the sulfate added to the
basal diet.

Apparently, high sulfate concentration imparts a
bitter taste to drinking water |{Peterson 1951}, The
human taste threshold for sulfate in water, deter-
mined as the concentration at which it affected the
taste of brewed coffee, is between 300 and 400 mg/L
(Lockart et al. 1955). The concentration of sulfate at
which it could be detected by taste in drinking water
depends upon the nature of the sulfate salts present.
Thus, sulfate from sodium sulfate was detected at an
anion concentration range between 169 and 372 mg/
L, and sulfate from magnesium sulfate was detected
between 320 and 479 mg/L (Whipple 1907). However,
the palatability of high sulfate waters seems to be an
adaptable phenomenon. Thus, although high sulfate
water was considered tasteless by -50% of the resi-
dents in Saskatchewan who regularly drank it, it was
not as palatable to the genera) public {Chien et al.
1968). Our results show that levels of added sulfate as
high as 2200 mg/L of diet did not affect diet con-
sumption by artificially reared neonatal piglets.

Addition of 1200 mg sulfate/L had essentially no
eHect on feces consistency [Fig. 1) Added sulfate
levels >1200 mgfL increased the prevalence of di-
arrhea as evidenced by the higher proportion of piglets
showing liquid feces consistence (Fig. 1 and 2). The
dose at which 50% of pigs had diarthea seemed to be
between the levels of 1600 and (800 mg added
sulfate/L (Fig. 1 and 2). In both experiments, rectal
swabs of piglets that had liquid or softer than normal
feces consistency were negative for hemolytic E. coli
and rotavirus, indicating that the diarthea observed
was not due to these pathogens
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FIGURE 2 {Experiment 2} The effect of level of added inorganic sulfate on feces consistency of artificially reared neonatal

piglets. Levels of added sulfate, appearing in each quadrant, sre expressed in mg/L of

dict. Feces scorcs were given as | «

normal, solid feces, 2 = soft, looser than normal stools; and 3 - liquid, diartheal feces. Values are expressed as the daily
relative proporticn or distribution (%) of piglets in each dict group {n = 10} according to their feces scores.

The results of this study indicate that nonpatho-
genic diarrhea was caused when sulfate levels were
>1200 mg of added sulfate/L of diet. Chien et al
(1968} described three cases in Saskatchewan of in-
fants who developed diarthea when given formula
made with water containing between 620 and 1150
mg of sulfate/L. Peterson {1951}, using survey data
collected from water consumers in North Dakota,
indicated that a laxative effect was perceived at 750
mg sulfate/L but not at 600 mg/L or less. In a detailed
analysis of these data, Moore (1952) concluded that
most people experienced a laxative effect when
sulfate plus magnesium exceeded 1000 meg/L.
However, these conclusions are based on uncon-
trolled data. The results of the present study suggest
that under controlled conditions, neonatal piglets did
not experience a laxative effect until the added sulfate
concentration in the food formula reached 1200 mg/L.

This study confirms previous reports that high
levels of inorganic sulfate did not affect the rate of
growth of weanling pigs {Anderson and Stothers 1978,
Patterson et al. 1979, Veenhuizen et al, 1992). No

|
|

significant differences among treatments occurred in
the body weight of piglers throughout the endre ex-
perimental periods, mor in their overall daily gains,
Furthermore, the levels of added sulfate assessed did
not affect kidney weights of artificially reared piglets
(Table 2).

At the end of the trials, the concentration of inor-
ganic sulfate in the urine of piglets fed the basal diex
{8.7+1.1 and 8.8 + 1.1 mol/L for Experiments | and 2,
respectively) was ~3 times higher than the average
concentration found in the urine of 5-d-old piglets (2.4
t 0.2 mol/L, n = 22, Experiment 1} The inorganic
sulfate concentration in the urine increased (P < 0.05)
ag the level of added sulfate in the diet was in.
cremented, reaching maximum values in urine of pigs
fed diets containing between 1600 and 1800 mg added
sulfate/L and declining at higher levels {Table 2]
These results suggest that levels of added sulfate
»1600 mg/L resulted 1n an apparently higher ex-
cretion of sulfate in the feces, which caused the
cathartic effects associated with diarrhea.
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GASTROINTESTINAL EFFECTS OF INORGANIC SULFATE

Sulfate is absotbed by the intestine at a relatively
slow rate and, henceforth, sodium and particularly
magnesium sulfate are effective osmotic laxatives.
There is no information in the literature on the cffect
of continuous administration of high levels of inor-
ganic sulfate either in the diets or in drinking water
on sulfate absorption and excretion. Cocchetto and
Levy {1981) studied the absorption of a large amount
of sodium sulfate [18.1 g as decahydrate, equivalent to
B.0 g of the anhydrous salt) when administered orally
either as a single dose or as four equally divided
hourly doses to five healthy men; the 72-h urinary
recovery of free sulfate was 53.4 + 158 and 61.8 &
7.8% for single and divided doses, respectively. Fur-
thermore, whereas the single dose produced severe
diarthea, the divided doses causcd only mild or no
diarrthea. A study on the absorption of sulfate from
oratly administered magnesium sulfate (Morris and
Levy 1983) in human subjects indicated that the bi-
oavailability of sulfate from magnesium sulfate was
lower and more variable than that found with sodium
sulfate {Cocchetto and Levy 1981). Magnesium sulfate
seemed to be absorbed less completely and more er-
ratically, and produced more adverse effects on bowel
function than sodium sulfate {Cocchetto and Levy
1981, Morris and Levy 1983). Although this study was
not intended to assess the absorption and excretion of
sulfate in artificially reared neonatal piglets, the
results suggest that levels of added sulfate, as sodium
sulfate, 1800 mg/L of diet altered bowel function,
producing a laxative or cathartic effect in practically
all piglets that persisted throughout the duration of
the feeding trials.

The contribution of dietary suifate from food
sources is considered to be negligible; thus human
exposure to sulfate is limited mainly to drinking
water. The importance of sulfate as it affects water
quality is contingent upon its taste and laxative
properties. The reports in the literature indicate that
taste as well as laxative properties of sulfate ions
depends upon their concentration and the nature of
the sulfate salts present in drinking water. Our results
were obtained with sodium sulfate only, which seems
to have milder laxative properties than magnesium
sulfate (Cocchetto and Levy 1981, Mormis and Levy
19831

This study demonstrated that added inorganic
sulfate levels as high as 2200 mg/L of diet did not
affect growth of artificially reared neonatal piglets.
Although 1200 mg added sulfate/l. of diet bad essen-
tially no effect on feces consistency, levels >1800 mg/
L of diet resulted in a persistent, nonpathogenic di-
arrhea in neonatal piglets, On the basis of the results
of this study as well as on the available reports on the
effects of sulfate in dnnking water, the national
secondary drinking water standard set by the US
Public Health Scervice [1962) a1 250 mg sulfate/L s a

|
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safe quality standard for drinking water fumished by
public water supply systems, and this safe limit could
probably be set higher,
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Summary

Data from our laboratory showed water sulfate
levels of 3,000 ppm reduced performance and
health of growing steers during summer months.
In addition, water averaging 2,600 ppm in
sulfates for cow-calf pairs had littte impact on
cali growth or milk production, but caused small
reductions in cow BW and body condition score
(BCS). This experiment was conducted to
evaluate the effects of high suifate water on cow
and calf performance, milk production. and
reproduction.  Ninety-six crossbred, lactating
cows (ages 2-13; average calving date of April
14) and their caives were assigned, after
stratifying by age, weight, and previous winter
management, {0 one of six pastures (76
cowsfpasture), Pastures were randomly
assigned to one of two water sulfate levels
{three pasturesflevel). Trealments were low
sulfate {LS) water (average 368 * 19 ppm
sulfates) or high sulfate (HS) water (average
3,045 t 223 ppm sulfates). The HS water was
created by adding sodium sulfate to the LS
water. Cows grazed native range and received
a conventional mineral supplement ad-libitum
from June 3 to August 26, 2004. Water was
provided in aluminum stock tanks. Cow 12-h
mitk production was estimated by the weigh-
suckle-weigh method on August 7. Cows were
synchronized with a single injection of
prostaglandin and bred by natural service. There
were no differences in cow weight or BCS
change during the trial (P > 0.15). Twelve-hour
mitk production in August was higher (P = 0.02)
for LS (9.0 Ib) than HS (7.5 1b). Calf ADG tended
to be higher {P = 0.14) for LS (2.56 Ib/d) than HS
(2.45 Ib/d). The percentage of cows that
became pregnant during the first 25 days of the
breeding season was higher (P = 0.06) for 1S
{81%) than HS {64%), and final pregnancy rates
{55-d breeding season) were 92% and 83%,
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respectively (P = 0.20). Sulfate levels averaging
3,045 mg/L in the drinking water of cow-calf
pairs during the summer reduced cow milk
production and the number of cows bred early in
the breeding season.

Introduction

Qur research group continues to evaluate the
effects of high sulfate water on cattle, with a goal
of defining criical levels of total dissolved solids
(TDS) and sulfates in the drinking water.
Patierson et al. (2002) reported that water with
3,000 ppm sulfates or greater reduced ADG,
DMI, water intake, and gainifeed of growing
steers in confinement compared to water with
approximately 400 ppm sulfates. Additional
work showed a guadratic decline in ADG, DM,
and gainffeed as sulfates in water for confined
steers increased from approximatety 400 to
4,700 ppm (Patterson et al, 2003). These
reporis also showed that cattle in confinement
consuming water with 3,000 ppm sulfates or
greater were at a higher risk of
polioencephalomalacia {PEM; Patierson et al.
2002; 2003). Based on these studies, we have
concluded that the critical level of sulfates in the
water for growing cattle during the summer
months is 3,000 ppm. Since water requirements
increase with elevated temperatures (NRC,
1996), this critical level may be different in
various environments,

Johnson and Patterson (2004) reported that
water with 3841 ppm sulfates or greater
reduced performance of grazing stocker steers
in South Dakota. Few health problems were
observed in stocker cattle receiving the high
suifate water over that two-year study. In
addition, intermediate leveis of sulfates were not
tested, so a “critical” level could not be
determined. Patterson et al. (2004) reported
that water averaging 2,600 ppm sulfates for
cow-call pairs resulted in reduced cow weights
but had little impact on reproduction or calf
growth.  The cbjective of this study was tc
evaluale the effects of sulfates in water
averaging 3,000 ppm for cow-calf pairs grazing
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native range during the summer on cow and calf
performance, milk production, and cow
reproduction.

Materials and Methods

The study was conducted from June 3 to August
26, 2004 at South Dakota State University's
Cottonwood Range and Livestock Research
Station, near Philip, SD. Ninety-six crossbred,
lactating cows (ages 2-13 yr; 1281 Ib) and their
calves (average birth date April 14; ages 18-80
days; 181 Ib) were assigned, after stratifying by
age. weight, and previous winter management,
to one of six pastures (16 cows/pasture).
Pastures were randomly assigned to one of two
water sulfate levels (three pastures/level).
Treatments were low sulfate (LS) water or high
sulfate (HS) water. Water was provided daily in
aluminum  stock  tanks  (round  tanks;
approximately 98 inches in diameter).

The LS water was from a rural water system,
and the HS water was created by adding sodium
sulfate to LS water to a targeted 3,000 ppm
sulfate level. LS water was added to two
storage tanks (one provided water for two HS
pastures and one provided water for the
remaining HS pasture). Sodium sulfate was
added to LS water in the storage tanks during
the afternoon of each day. Stock tanks were
filled the following morning with either LS water
or the previously-mixed HS water from the
storage tanks. Samples from each water source
were taken as stock tanks were being filled.
Water samples were composited weekly and
sent to the Water Resource Institute in
Brookings, SD for sulfate analysis. A locally
available commercial mineral was provided to
cows in each pasture ad-ibitum (13% Ca; 12%
P; 13% salt; 2,000 ppm Cu; 8,000 ppm Zn).

On June 3 (trial initiation) and August 26 (trial
termination), both cows and calves were
weighed and cows were assigned a body
condition score (BCS; 1-9 scale; Richards et al,,
1986) by two trained technicians (to the nearest
0.5 of a BCS). Cow-calf pairs were all on 1.8
water and grazed native range prior to trial
initiation. Cows and calves were separated and
not allowed access 1o feed or water for
approximately 12 h prior to initial weight
measurements. Al the end of the trial, all cows
and calves were placed on LS water for threc
days prior to final weight measurements. Cows
and calves were scparated and housed in a
dryiot withoul access to fecd or water for

20
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approximately 12 h prior
measurements.

to final weight

On August 7, all cows were used to estimate
twelve-hour milk production by the weigh-suckle-

weigh method (Boggs et al., 1980). In bref,
calves were separated from cows at
approximately 0800 the day oprior to

measurements. Calves were retumed to dams
at 1800, allowed to suckle untii content, and
again removed. Calves were weighed the
following merning at 0600, returned to dams and
allowed to suckle until content, and then
weighed again. The difference in calf weight
prior to and post-suckling was used as an
estimate of 12-h milk production. There were
two calves in the LS group that did not suckle
their dam, so their data were removed from
analysis (LS: n = 46, HS: n = 48).

One two-year-old bull was turned into each
pasture on July 2. On July 6, cows were given
an injection of prostaglandin Fa, (25 mg im.
ProstaMate, Phoenix, Scientific, Inc., St. Joseph,
MO) to synchronize estrus. Bulls were rotated
between pastlures within treatment on July 29.
Butls were removed from pastures on August
26, Pregnancy was determined by rectal
ultrasonagraphy 55 and 88 days following bull
turnout. Pregnancies detected at 55 days were
determined to be conceived in the first 25 d of
the breeding season.

Waler disappearance was measured by the
daily change in water depth in the tank located
in each pasture.  This was adjusted for
evaporation and precipitation wusing data
collected at a weather station located near the
experimental pastures.

Data were analyzed as completely randomized
design. Cow and calf weight and cow body
condition score data were analyzed by ANOVA
in PROC GLM of SAS (SAS Inst. Inc., Cary, NC)
with pasture as the experimental unit. Twelve-
hour milk production data were analyzed by
ANOVA with animal as the experimental unit.
Cow pregnancy rates were analyzed by Chi-
Square in PROC GENMOD of SAS, with pasture
as the observation and animal as the event
within observation.

Results and Discussion

Complling all weekly water composile sampie
results revealad the LS water averaged 368 + 19
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ppm sulfates, and the HS treatment averaged
3,045 + 223 ppm sulfates. The HS target of
3,000 ppm was achieved. Patterson et al.
(2004} added sodium sulfate directly to stock
tanks instead of storage tanks and reported that
the target sulfate level of 3,000 ppm was not
achieved (average 2,608 t 408 ppm). Letling
the water set in the storage tanks during the
afterncon and overnight after mixing salts may
have allowed more sulfates to go into solution in
this experiment.

One cow from the HS treatment died two weeks
prior to the end of the experiment. Diagnoslics
of brain tissue revealed no indication of PEM but
did show high brain sodium levels.

Cow weight change from June 3 to August 26
was not different between treatments (P = 0.17;
Table 1). In addition, both groups of cows
maintained body condition over the experimental
period (P = 0.93; Table 1). Patlerson et al
{2004) showed that cows on 2,600 ppm sulfales
had higher weight and body condition score loss
over the summer than cows on 390 ppm
sulfates. Calves in this study tended to have a
lower ADG (P = 0.14) when the cow-calf pair
was on HS water {Table 1), and the difference
was supported by the HS cows having lower (P
= 0.02) 12-h mik production than LS cows
(Table 2), Patierson et al. {2004) did not report
a significant effect of high sulfate water on calf
performance or mitk production. There was no
difference in water disappearance (Table 1).

A higher (P = 0.06) percentage of cows on the
LS treatment were bred in the first 25 days of
the breeding season {81.3%) than were cows on
the HS treatment (683.8%). This difference in
early-season pregnancy could impact
reproduction and weaning weights the following
year. Overali pregnancy rales were not
different (P = 0.20) between treatments (LS =
920/0‘, HS = 83“/0).

It is not evident why results varied between this
study and those reported by Patterson et al
(2004). The water in the current study was
higher in sulfates and more consistent (narrower
range) than Patterson el. (2004) reported. In
addition, there were more two-year-old cows in
the current study (34/96; 5-6/pasture) than in the
former study {17/96; 2-3/pasture). Weather
patterns and forage conditions are other
possible reasons for differences between
studies. Indeed, Johnson and Patterson (2004)
reported a wvegetation type by water guality
interaction for ADG in yearling steers.

It is important to note that in the current study
treatments were applied in a very specific and
rather narrcw time frame (one to four months
post-calving). If the catlie were exposed to the
HS water at different times, influences of
physiologica! state and temperature may cause
different responses. For example, at four to six
months post-calving, calves would be expected
1o consume less milk {as a % of BW) and more
water, which could make them more directly
affected by water sulfates. Finally, the bull to
cow ratio used in this study was approximately
1:18. Lower bull to cow ratios could potentially
impact reproducltion in high sulfate situations.

We conciude that water provided 10 cow-calf
pairs that averaged 3,045 ppm in sulfates
reduced milk production, calf gains, and the
percentage of cows bred early in the breeding
season.

implications

High sulfate water had negative impacts on
reproduction and calf gains. Grazing cattle
receiving high sulfate water may not have the
degree of reduction in gain that catite in
confinement have.  Additional work should
address whether the efiects of high sulfate water
on reproduction are due to direct of effects of the
water, induced trace mineral deficiencies, or
both.
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Tables

Table 1. Performance of cow-calf pairs grazing native range and supplied water with low sulfates (average 368
ppm) or high sulfates (average 3,045 ppm) during the summer (Least Squares Means)®

___Treatment
ltemn Low Sulfate (LS) High Sulfate {(HS) __SEM
Cow initial weight, Ib 1279 1283 16.8
Cow final weight, Ip 1305 1290 21.0
Cow weight change, b 26 9 17.4
Cow initial body condition score 554 546 0.088
Cow final body condition score 5,45 5.38 0.122
Cow body condition score change -0.08 -0.08 0.059
Calf initial weight, b 181 181 6.8
Calf final weight, 1b 3a7 388 8.2
Calf ADG, Ib/d 2.56° 2.45° 0.042
Water Disappearance, gallonsfd 18.6 18.2 0.58

" *Trial lasted from June 3 to August 26, 2004 (84 days); Average calving date of April 14
boithin a row, means with unlike superscripts differ (P = 0.14).

Table 2. Estimates of twelve-hour milk production using the weigh-suckle-weigh method for cow-calf pairs
grazing native range and supplied water with low sulfates (average 368 ppm)
or high sulfates {(average 3,045 ppm) during the summer (Least Squares Means + SEM)?

hem
12-h Mifk, b

“mzag T T
"= A8

___lowSullate (LS " _
90:049

~Treatment

__High Sulfate (HS)" "~ _
15:046

“yithin a row, means with unlike superscripts differ (P = 0.G2),
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Water Quality Affects Cattle Drinking Behaviour and Consumption
Amanda Zimmerman, Doug Veira, Marina von Keyserlingk, Dan Weary and David Fraser

Water forms the largest component of an ani-
mal's body and is an essential nutrient required
for all biological functions including temperature
regulation, digestion, fetal development, and milk
production. Dairy cattle require an adequate sup-
ply of fresh water — from 75 to over 100 L per day.
We know that water consumption is closely tied to
feed dry-matter intake and that milk production is
dependent upon access to large volumes of
water. Thus, if water intake declines due to
restricted access or inferior quality, both feed con-
sumption and milk production can be negatively
impacted.

It is well established that water quality is one of
the most important factors affecting water intake
which in turn can affect herd health and milk pro-
duction. There are two further aspects to consid-
er regarding water guality. what causes waler
quaiity to decline, and what happens when cows
only have access o poor quality water?

Water quality is reduced when it contains
either biological or inorganic contaminants. One
of the main biological contaminants found in
water available to dairy cows is manure. Manure
may contain pathogenic bacteria and when it con-
taminates drinking water disease can easily
spread between animals drinking from the same
trough. Inorganic contaminants such as sul-
phates, which occur naturally in many water
sources, also decrease water quality and can
lead to nutritional disorders,

Previous research has shown that cattle de not
like "bad smelling” water and, not surprisingly, find
it unpalatable. We also know that they can leam
to associate iliness with water flavour. Once cal-

tle establish this link it has been shown that they
will actually refuse to continue drinking the water.

Water quality is an issue that affects both the
beef and dairy industries. All cattle are sensitive
to decreasing water quality whether it is through
biological or inorganic contamination. Our
research was conducted using beef heifers and
steers but the findings apply equally to dairy cat-
tle. We conducted several trials to examine the
effect of contaminated water on intake and drink-
ing behaviour of cattle. Our research has shown
that cattle respond to decreases in quality by
changing their drinking behaviour and reducing
their water consumption, In particular, cattle given
water containing sulphate compounds such as
sodium sulphate and magnesium sulphate found
it unpalatable and reacted to their presence in
water by changing their drinking patterns, drinking
more often at night when compared to the animals
that had access to good quality water. Additionally,
as sulphate concentration in the water increased,
cattle reduced their water consumption (Figure 1).
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Figure 1. Average water intake per drink, when drink-
ing twice daily, declines as concentration of sulphate
{in the form of MgS04} in drinking water increased.

Other researchers have demonstrated that the
presence of manure in water also drastically
reduces how much cattle will drink, As manure is
one of the most common water contaminants in a
dairy barn, it is important to recognize the poten-
tial for reduced water intake and impaired milk
production.

Additionally, our research demonstrated that
some cattle are particularly sensitive to declining
walter quality and that water infake was reduced
when caltle had access to water only twice daily
as compared to free access (Figure 2).

Water intake (kg)
K w
< (=)

<

L]

Tapwaler, Suiphata, Tapwater, Sulphate,
Unrestricted Unrestricted Rastricied Reslricled
Treatment

Figure 2. Cattle drink less water per day when it con-
tains sulphate compared 1o tapwater, and less water
when access i5 restrigted to twice daily compared to
unrestricted access.

If cattle.do not have access to good quality
water, their behaviour is affected. When cattle
were forced to drink sulphate-contaminated water,
we saw a shift towards more aggressive encoun-
ters. This could result in even lower water intakes
in some animals, negatively impacting milk pro-
duction and decreasing animal welfare.

Not only is it important that good quality water
be provided to dairy cattle, but this clean water
must be available at all times, Even if water
troughs are dirty only part of the day, cattle may
refuse to drink enough water to maintain milk pro-
duction. The quality of the water supplied to the
herd must be carefully monitored, which can be
done through visual inspection for manure and
simple chemical lesting for minerals.
Contamination can resull in herd health problems
or cause caftle to drink less water, negatively
impacting feed intake and milk production.

We thank Lavona Liggins and the slaff of Agriculbture and
Agri-Food Canada - Kemloops Range Research Unit for the
use of thelr facilities and their assistance with this research.
We are grateful for the financial support of the Beef Cattle
Industry Development Fund, the British Columbia
Cattlemen's Association, and the dairy industry through the
funding of the Animal Weltare Pragram by the Dairy Farmears
of Canada, the British Columbia Dairy Foundation, and the
many others listed at www.agsci.ubc.ca/animalwelfare.

This article is based on thesis research of graduate stu-
dent Amanda Zimmerman. Dr. Veaira is an adjuncl professor
at The University of Briish Columbia and works closely with
the UBC Animal Welfare Program. He is based at the AAFC
Kamloops Range Research Unit. Dr. von Keyserlingk is an
assistant professor, Dr, Weary an associate professor, and
Dr. Fraser a professor in the UBC Animal Welfare Program.
For more information on this research, please contact
Amanda st amandaz@interchange.ubce.ca,
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DRINKING OF SULFATE-WATER BY CATTLE "*

H, J. WEeTH ANp J. E. HUNTER
University of Neyeds, Reno 89507

CCORDING to the drinking water stand-

ards of the U. 8. Public Health Service
{1962) sulfate should not be present in a
drinking water supply in excess of 250 mg/
liter if more suitable supplies are or can be
made available. What the physiological ef-
fects of such a drinking water might be are
not too apparent. Surface and ground waters
which contain sulfate in excess of this maxi-
nwm do oocur, Miller, Hardman and Mason
(1953) analyzed 1,006 water samples taken
from wells, streams and lakes in Nevada.
Twenty-three percent of these samples con-
tained more than 250 ppm sulfate. More re-
cently six samples taken from the Stiliwater
Wildlife Management Area in Nevada con-
tained 364 to 4,757 ppm sulfate (D. Thran,
unpublisked data). Cattle graze on the area,
drinking the water. Macfadyen (1953) anal-
yzed water from an area of large gypsum de-
posits in British Somaliland, Many of the
samples conlained between 2,000 and 3,000
ppm sulfate and the water from one Village
well contained 4,400 ppm sulfate.

Thete is information on the tolerance of
animats (Heller and Paul, 1934; Heller and
Haddad, 1936; Ballantyne, 1957; Peirce,
1960) including cattle (Embry et el, 1959)
for sulfate in the drinking water. From a
review of information available in 1963, Mc-
Kee and Wolf assumed that water containing
500 mg/liter of sulfate would not be detri-
mental o livesiock. Reported below are the
results of a study designed to characterize
some of the effects on cattle of drinking water
contaminated with a known concentration of
sulfate.

Experimental Procedure

Nine Hereford heifers averaging 256 kg
body weight were offered ad libifum either
tap-water, 4,110 ppm NaCl-water or 5,000
ppm Na.30,-water in a 3x3 latin square
with three replicates experiment, The salts
were added to the tap-water which contained

1 (onducied in cooperation with Western Reginon Restarch
Proetl W-45, The FRects of Favironmental Stres=s on Hange
Cytle and Sheep Prodw tiar.

*ieuroal Paper Wo. 16K,

112 ppm sulfate, The length of each water-
treatment period was 30 days. Feeding was
mixed grass hay ad libitum. Proximate anal-
ysis of the hay was: protein, 11.79%; ether
extract, 2.8, fiber, 29.295; ash, 14.2%;
and sulfate, 0.75% on a dry matter basis, It
contained 5.1% water.

The experiment was conducted during sum-
mer. The heifers were in individual, partially
shaded pens. Average daily maximum and
minimum temperatures were 31 and 8 C, and
relative humidity at 4 pm averaged 21%.
Water loss from a nearby evapocating pen
averaged 7.6 mm per day. Sun was shining
919 of the possible time,

During the last 7 days of each period the
heifers were haltered and total urine was col-
lected vie indwelling, inflation-type catheters.
Collected urine was weighed and sampled
twice daily. A portion of the sample was acidi-
fied for calcium analysis, Samples were stared
frozen. On the sixth day of each urine collec-
tion week a 2-br. cleatance observation was
made, as previously described (Weeth and
Lesperance, 1965) on each heifer,

For evidence of dehydration plasma pro-
tein concentration was estimated by refrac-
tometry (Weeth and Speth, 19683, Osmotic
pressures of plasma and urine were determined
with a wvapor pressure osmometer. Concen-
trations of total hemoglobin, methemoglobin
and sulfhemoglobin were estimated by the
method of Hainkine (1965). Sodium concen-
trations were determined by atomic absorption
spectrophotometry, calcium by the alizarin
method of Natelson and Penniall (19553, and
inorganic sulfate by the turbidimetric method
of Berglund and Sorbo (1960). Renal clear-
ance and reabsorption estimates were made
as suggested by Pitts (1963).

The various jtems abserved were subjected
to analyses of variance, and differences among
means were tested for significance using Dun-
can’s new multiple-range test  (Steel and
Torrie, 1960).

Results and Discussion

In a preliminary study with weanling rats
it was found that their growth was unaffected

277
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278 WEETH AND HUNTER

by 7,500 ppm Na;50, in the drinking water.
Total hemoglobin and methemoglobin con-
centrations were unalitered. There was no de-
tectable sulfhemoglobin in any blood sample.
The smallest amount of sulfhemoglobin de-
tectable by the technique used was 1§46
mg/100 ml. Qo the basis of these observa-
tions and those of Embry et af. (1959} with
cattle, the study described above, but using
7,500 ppm NazS0, was initiated, Some of the
heilers refused to drink this water for 24 hr.;
therefore, the experiment was restarted using
5000 ppm Na,50.. The concentration of
NaCl in the chloride-water was adjusted 1o
provide the same sodium concentration {,A19
ppm) as in the sulfate-water.

Water consumption was reduced 35% on
the sulfate-water and increased 199 on the
chloride-water treatment (lable 1). Feed con-
sumption was reduced 30% by sulfale-water,
but unaffected by chloride-water, As a con-
sequence, the heifers lost weight while drink-
ing the sulfate-water, but gained weight in
equal amounts on the tap- and chloride-water
treatments.

As expected (Weeth, Lesperance and Boh-
man, 1968) the heifers were diuretic when
crinking 4,110 ppm NaCl-water {table 1).
Urine excretion on the sulfatc-water treatment

did not differ from the excretion on tap-water,
although the Na 80, reduced water consump-
tion, The percentage of free-water intake los!
in wrine was significantly higher with sulfate-
water than with tap-water. Boyazogly, Jordan
and Meade {1967) noted increased urine ex-
cretion without increased water intake by
sheep fed 7.6 g suliate sulfur per day.
Plasma protein concentrations were not al-
tered by the saline waters. Apparently the
reduced consumption of sulfate-water caused
no anhydremia. That the heifers were able
1o maintain osmo-equilibrium is also suggested
by the unaltered plasma sndium concentra-
tions aml nsmotic pressures. Both saline waters
were hypotonic, the 5,000 ppm Na,SO.-water
having an osmotic pressure of 101 mOsm/kg
and the 4,110 ppm NaCl-water 146 mOsm/kg.
There were no differences among water
treatments in total hemoglobin, all values
being within a normal range (Schalm, 1965).
Drinking the sulfate-water caused a 450%
increase in methemoglobin concentration, at
which concentration it was 2.8% of toual
hemoglobin, The NaCl-water had no effect
on methemogiobin concentration, therefore,
the sulfate jion was involved in the formation
of methemoglobin. Finch (1948) stated thal
certain oxidizing drugs which produce sulf-

TARLE 1. EFFECTS OF DRINKING TAP- 4,110 ppm NzCl- or 5000 ppm NaSS0.-WATER ON

Tap

Item Mean SE.
Water consumption, ky/day 37 1.6
Feed consumption, kg 30 day 203 5.2
Sullale intake, g/day 52 1.3
Weight change, kg/30 day +14 3.4
Urlne excrction, ke/day 8.2 0.51
Urine/iree water,” % 21 1.59
Plasmma protein, £/100 ml 7.9 0.10
Plasma sodium, mg/ 100 ml 159 4.6
Plasma osmolality, mOsm/ky 294 2.1
Total hemogiobin, g/100 mt 12.1 0.42
Methemoglobin, my,/ 100 ml 61 4 14.39
Sul{hemoglobin, mg/100 m] 30.R 21.28
Serum sulfate, mg/100 ml 16.8 1.00
Plasma calcium, mg/100 m! 9.9 D. 18
Urine calcivm, mg/100 m} 1.8 0.3
Creatinine clearance, liter/hr, 24.4 038
Urine osmolality, mOsm/kx 976 5.6
Osinolal clearance, liters/hr 1.3 0.09
Free water clearance, mb/hr. —~B76 62.9
Sodium cleatance, mi/hr. 165 42.2
Filtered sodium reabsorbed, % 99.31 0. 190
Urine sulfate, me/ 100 m] 373 8.8
Sulfate filtered, g/hr. 4.006 0.141
Sulfate reabsorbed, g/hr, 2.91 0.127

+ Nine ohservalians per item tresimenl mean
& Urine waler rstimated by re

HEREFORD HEIFERS

Drinking water freatment”

NaCl N80,
Mean 5 K. Mean SE
44 2.5 24 1.9
197 9.4 143 7.1
5z 2.4 120 8.3
22 5.0 —13 1.5
16.0 1.23 9.3 0,12
34.8 3.1z 35.8 1.72
3.0 0.12 8,0 Q18
352 3.2 354 6,7
2096 1.7 298 2.8
11.8 0.52 12.2 G 44
55.2 18.42 317 84,75
92.5 33.80 416.9 85.55
15.3 0.96 27.4 2.05
10.0 0.19 10.0 0.22
2.0 .30 3 0.76
5.8 Q.99 21.4 1.05
845 5.0 966 42.3
1.9 o.17 1.2 0.12
--120§ 103.8 —~ 773 78.0
B4G 100. 4 60% 21704
9. 77 0.528 97.18 D381
193 14.8 928 72.4
3.93 0.252 5.90 ¢ 561
?.80 0.193 N 0.204

|
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fractometry (Weeth, Willon and Speth 19691, Free water is water drunk plus feed water.
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hemoglobin also produce methemoglobin, Sull-
hemoglobin did appear in the bloed of heifers
drinking sulfate-water, It wag not detected in
the blood of any heifer before it had con-
sumed the sulfate-water, After 30 days of
drinking the sulfate-water, sulfhemoglobin
concentration averaged 3.4% of total hemo-
globin. Methemoglobin and sulfhemoglobin
are incapable of reversibly combining with
oxygen {Finch, 1948), however, in the present
study there was no overt evidence of hypoxia,
Hematocrit values were unchanged by the
sulfate-water treatment (36.22:1.26% ws.
15 A% 1.31% tap-water).

Wintrobe (1967) states that no symptoms
of hypoxia are seen undl methemoglobin com-
prises more than 20% of total hemoglobin,
a percentage considerably above that seen in
these heifers. Seerley et al. (1965) used sheep
and Emerick and Embry (1961) cattle with
nitrate ingestion to develop a more marked
methemoglobinemia, but reported no symp-
toms of hypoxia. Oxidation of hemoglobin to
methemoglobin occurs rapidly in ruminants
(Smith and Beutler, 1966} but foriunately
the natural reduction of methempglubin oc-
curs most readily in ruminants. Harris ef al.
(1968) observed a significant reduction in
oxygen transport by human bloed when met-
hemoglobin comprised 7.6% of total henmio-
globin. Tn the present study with cattle ithe
concentrations of non-functional hemoglohing
were only approaching this level.

The sullate-water treatment increased se-
rum suifate 63%:. Ingested inorganic sulfate
is readily absorbed by the bovine (Hansard
and Mohammed, 1969), perhaps in the upper
alimentury tract. Serum sulfate concentra-
tions reflect dietaty intakes of sulfur (Weir
and Rendig, 1954). Some ingested sulfate is
reduced to sulfide in the rumen {Lewis, 1954)
and absorbed. Some of the syllide can be fixed
in amino acids (Block and Stekol, 1930), As
observed by Evans and Davis (1966), and
in the present study, callle ingesting large
amounts of sulfate occasionally preduced a
pronounced hydrogen sulfide odor, The source
of the odor was not established, however,
Brav (1969) stated that hydrogen sulfide
couldl be detected on the breath of sheep in-
fused intraruminally with sodium sulfide

From the present study it does not appear
that the chronic consumption of 5,000 ppm
NaSOg-water caused any hypocaleemsia or
hvpercaleunia in the heifers {table 1), The
concentration of calcium in the urine was
small and highly variable on all treatments,

Others have shown that intravenous infusion
{Wolf and Ball, 1950; Walser and Browder,
1959) or feeding (Goodrich and Tillman,
1966) of inorganic suliate adversely affects
absorption and retention of calcinm.

Endogenous creatinine clearance was re-
duced 12% (P<.03) by the sulfate-water
but unchanged with the chloride-water treat-
ment. The reason for the reduced creatinine
clearance of heifers while drinking sulfate-
water, is not apparent. {'learance urine vol-
umes were nol lower on the suliate-water,
Walser and Browder (1959) state that glo-
merular filtration rates usually remained
within normal limits when dogs were infused
with sulfate salts.

As seen in previous stuilies (Weeth ef af.,
1968; Thornton, 1970), heifers had a saline
diuresis while consuming the chloride-water.
This is indicated by the decreased daily urine
osmotic pressure, increased osmolal clearance
and increased reabsorption of solute-free water
{table 1). Similar effects were not seen with
sulfate-water drinking. Both saline waters af-
fected renal clearance, reabsorption and ex-
cretion of sodivm in a4 manner expected with
sodium loading of cattle {Weeth et al, i968).

Drinking water containing  §,000 ppm
Na.S0, increased the concentration of in-
organic sulfate in the urine (table 1). Urinary
excretion of sulfate was increased 150%. This
sulfate-water increased the renal filtration of
sulfate by 45%. Sodium chluride loading had
no cffect on sulfate filtering o7 reabsorption.
The sulfate-water treatment reduced the renal
reabsorption of sulfate. Consequently, as a
result of the increased filtering and decreased
reabsorption, the percentage of filtered sulfate
which was reabsorbed was only 36 for the
sulfate-water treatment vs. 72 for tap-water.
This is, of course, advantagcous 1o the animal
ingesting large amounts of sulfate, Goudsmit,
Power and Bollman (19393 noted with dogs
the ratio of sulfate to creatinine clearance was
normally about 0.10 and reached 0.70 when
plasma sulfate increased from 9.3 up to 218
mEq liter. tn the present study the ratio in-
creased Trom 0.27 o 0.63 as serom sullafe
concentrations increased from 105 10 171
kg, liter, Lotspeich (1947) observed that
reabsorption of sulfate was not increased as
plasma concentration in dogs was fncreased
Ly sulfate infusion. Wolf and Ball (1050
concluded that the sulfate jon was divretic
with & low threshold, The pecaline problem
which the bhovine with a high potassum in-
take could have in the renal excretion of ex-
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cessive sulfate has been mentioned by Picker-
ing (1963).

The adverse effects noted when heifers
drapk water containing 5,000 ppm Na.SO,
appear to be at variance with observations of
Embry ef al. (1959). They ohserved definite
toxicity when prowing cattle were watered
with 10,000 ppm Na,S80Q, but animals were
unaffected by 7,000 ppm  Na.S0,-water,
Furthermore, a 10,000 ppm solution of mixed
salts containing 6,817 ppm of sulfate was not
deleterious. The season was sumimer, but water
consumption appears slightly lower than in
the present study. Their data do indicate,
as does Lhis experiment, that there is a tox-
icity with the sulfate ion not seen with chlo-
ride. Peirce (1960) coffcred malure sheep a
mixed Na(1-Na;50, saline drinking water
containing 5,000 ppm Na.50, in a 15-month
study. Body weight was unafiected, although
water consumption and plasma sulfate were
increased. There was no hypocalcemia. Lot-
speich (1947) has shown that an excess of
chloride anion in tubular fluid of the dog de-
creased the trapsport maximum for sulfate
ion. It is apparent, however, from this study
that growing Hereford heifers were unable to
tolerate during summer drinking water con-
taining 31493 ppm of inorganic sulfate.

Summary

Nine growing Hereford heifers were offered
as drinking water either tap-water, 5,000 ppm
NaSOy-water or 4,110 ppm NaCl-water, The
experimental design was a 3 x 3 latin square
with replicates. Experimental periods were
30 days. Total urine was collected on the last
7 days with renal clearance observations be-
ing made on the sixth day. The season was
summer.

The heifers drank less, ate less and lost
weight while consuming the sulfate-water.
The sulfate ion caused a relative diuresis,
Percent urine water of frec-water intake was
33.8 with sulfate-water, but only 2219 with
tap water, Total hemoglobin concentration
was unaffected by the saline drinking waters,
however, the sulfate-water caused a 4350%
increase in methemoglobin concentration and
the development of 416.9 mg/100 m! of sulf-
hemoglobin, The two nonfunctional hemo-
globins comprise 6.29% of total hemoglobin at
this time. Drinking the sulfatc-water in-
creased serum sulfate concenteation 63.1%,
increased renal filtration of sulfate 45.29%,
but decreased renal reabsorption of sulfate by

27.5¢ . Drinking sulfate-water did not alter
plasmz calcium concentration or renal excre-
tion of calcium, A specific toxic effect ot
drinking the Na.S0,-water was not apparent,
however, the adverse effects seen were related
to the sulfate ion. Only a slight polyposia and
diuresis were observed with drinking of the
NaCl-water.
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EFFECTS OF SULFATE tN WATER ON SWINE REPRODUCTION AND
YOUNG PIG PERFORMANCE'

D. W. Paterson?, R, C. Wahlstrom?, G. W, Libal® and O. E. Olson®

South Dakota State University, Brookings 57007

Summary

Thirty-one sows and 27 gilts were each al-
lotted to three treatments to study the effect of
warer quality during gestation and lactation.
Sodium sulfate was added to the water to give
sulfate and toral dissolved solids in ppm as fol-
lows: (1) 320, 620, (2) 1,820, 2,840 and (3)
3,320, 5,060. Water was offered ad libitum
from about 30 days postbreeding through 28
days lactation. There were no significant differ-
ences in gestation or lactation gains and number
or weight of pigs at birth or at weaning. Fecal
comsistency was normal in all treatments. Water
consumption did not differ during gestation but
increased during lactation as salt level increased.
These results suggest that sulfates up to and in-
cluding 3,320 ppm in water have no significant
effect on reproduction in the gilt or sow.

Fifty-four weaned pigs representing the
above three sow treatments equally were given
water with 0, 3,000 ppm added sulfate from so-
dium sulfate or 3,000 ppm added sulfate from
magnesium and sodium sulfate in a 1:1 ratio for
a 28-day period. No significant treatment dif-
ferences (P<.05) occurred in average daily gain
or feed 1o gain ratio. Scouring was morc com-
mon with fecal condition less firm (P<.01) and
water consumption greater (P<.05) among pigs
thae received water with added sulfates. No dif-
ferences were observed in pigs that received
water conraining sodium sulfate or equal parts
of sulfate from sodium and magnesium sulfate,
(Key Words: Water Quality, Sulfates, Swine,
Reproduction, Pigs.)

Introduction
Highly saline water are found in many parts

' Published with the approval of the Dircctor of the
South Dakota Agr. Exp. Sta. &5 Publication No. 1631
of the Journal Series.

* Department of Animal Science.

* Department of Chemistry.

of the western half of the United States (Sub-
committec on Nutrient and Toxic Elements in
Water, NRC, 1974), Often these are the most
readily available or the only sources of livestock
water, Several studics on the tolerance of live-
stock for saline waters have been reported as re-
viewed by Anderson and Stothers {1978). Of
the salts naturally present, chlorides and sul-
fates predominate. It has been suggested that
the sulfates are the more harmful (Heller, 1933,
Weeth, 1973), and that cattle and sheep are
maore resistant to the cffccts of saline water
than are swine {Heller, 193 3).

Experimental data on the effects on swine of
drinking waters of high sulfite content are
limited. Such dara are essential to the evalua-
tion of drinking water involvement in poor per-
formance or actual losses in swine. What data
are available are confined ro weanling pigs. Em-
bry et al. (1959) reported the addition of up to
6,300 ppm of a salt mixwure to the drinking
water of weanling pigs increased water intake
and caused a temporary diarrhea but had no
harmful effect on performance during the 80-
day trial. The salt mixture and the water to
which it was added gave a sulfate content of
4,400 ppm. Anderson and Stothers (1973) re-
ported similar findings with weanling pigs
allowed water contzining about 6,000 ppm of
total dissolved salts (TDS) containing up to
2,400 ppm of sulfate, Their data did suggest
some slight bur not statistically significant re-
duction in fecd intake and increase in feed to
gain ratio. Although the effects of salinity and
sulfate on reproduction and the rearing of the
young have not been reported for swine, The
Committee on Water Quality Criteria (1972)
suggest that water containing over 5,000 ppm
of TDS should be avoided for pregnant animals.
Unconfirmed reports have suggested that a con-
centration of about one-half this level might be
harmful. This experiment was conducted 1o in-
vestigate the effects of high sulfare wazers given
to swine duting gestation and lactation and to
their offspring when weaned at 28 days.

664
JOURNAL OF ANIMAL SCIENCE, Vol. 49, No. 3 {1979)

A P T P T

. e od




P i = K T B B

Electronic Filing, Received, Clerk's Office May 1, 2007
* %k ok N Kk % * &k k * k &k
SULFATE !’&m OF SWINE 665

Enperimental Procedurs

The reproductive trial involved 31 sows and
27 gilts of Hampshire X Yorkshire X Duroc
breeding. Sows and gilts were grouped sepa-
rately on the basis of ancestry and weight. Cut-
come groups were randomly assigned o the
three treatments, shown in table 1, abour 30
days postbreeding. The local water supply was
used as a conrol and for making up the experi-
mental waters. Sodium sulfate was selected as
the salt for addition. A 10% solution of the salt
{(analytical grade) was added as appropriate 1o
give the desired concentrations. Sulfate content
was determined weekly by a twrbidimeuric
method {(Anonymous, 1973). The averages with
their standard deviations for the entire experi-
mental period were as follows: control, 320
24 ppm; low sulfate, 1,790 £ 35 ppm and high
sulfate, 3,298 £ 139 ppm.

During gestation, all animals were housed in
uninsulfated, wooden, colony type houses lo-
cated in dry lots. Feed was restricted to 1.8 kg

per head daily and fed in individual feeding -

stalls. Water was available ad libitum from 227

Yiter circular tank waterers. Sclf-feeders contain-

ing the lactation diet and the 227-liter waterers
were located in concrete lots outside the far-
rowing house, Sows werc allowed access to this
lot for feed and water cach morning and eve-
ning for 2.0 and 1.5 hr, respectively. Saline
water was available in the crecp area for pigs
after 10 days of age. Fortified corn-soybean
meal dicts with 10% alfalfa meals {(gestation)
and 10% bect pulp (lactation) included .5%
trace mineralized salt., Caleulated crude protein
content was 12.65 and 15.70% for gestation
and lactation diets, respecrively.

At parturition, the number of live and still-
born pigs as well as litter weight and average pig
weight were obtained. Litter weighe at 14 days,
number of pigs at 28 days, litter weight and

TABLE 1. TOTAL DISSOLVED SOLIDS, SULFATE
AND SODIUM CONCENTRATIONS [N CONTROL
AND EXPERIMENTAL WATERS (PPM)*

Total

dissolved
Teeatment solids Sulfate Sodium
Control 620 320 - 20
Low sulfate 2840 1820 740
High sulfate 5060 3320 1460

®Values for control water by analysis. Values for
low and high sulfate rreatments were calculated from
snalysis of the water and the known salt additions,

average pig weight at 28 days were recorded.

To determine the cffect of water quality on
the offspring after weaning, 54 4-week-old pigs,
initially averaging 7.5 to 8.0 kg, were allotted
inte nine groups. Each group consisted of two
pigs from cach of the threc sow trecatments.
These groups were randomly allotted to three
replications of threc treatments: (1) conerol
water, {2) 3,000 ppm of added sulfate from
sodium sulfate and {3) 3,000 ppm of added sul-
fate supplied equally from magnesium and
sodium sulfate. Each 2.4 X 3 m pen contained
six pigs. All pigs were offered water and an 18%
protein, fortified corn-soybean meal diet ad
libitum for the 28-day trial. Fecal condition
was scored on a one o five basis, with one
being most firm.

Data werc a2nalyzed by least squarcs analysis
of variance. Least square means are presented in
all tables,

Resutts and Discussion

'Sulfate content of water consumed during
gestation had no significant effect on gestaton
gain, number of pigs per litter ar birth (total
and live) or average pig and litter birth weights
(table 2). Lactation gain, number of pigs at 28
days and average pig and litter weights at 28
days were not significantly affected by sulfates
in water during lactation. Slightly less saline
water was consumed during pestation. However,
in lactation, water conSumption increased
(P>.05) as total dissolved solids incrcased. Gilts
consumed more water than sows during gesta-
tion but slightly less during lacration.

Significant differences existed in gestation
and lacration gain between gilts and sows. Gilts
gained more during gestation and also gained an
average of 5.5 kg during lactation, while sows
lost an average of 7.0 kg during this time.

The general condition and performance of
the pigs during the 28-day nursing period were
similar among groups. No excessive scouring
was noted in any of the weatments. Roy and
Boyland (1964) also reported no excessive
scouring problem when 4,500 ppm total solids
were added to the water of four sows and their
litters over a 6-week period.

No significant differences occurred ac 28
days in average daily gain or feed to gain ratio
among weaned pigs that received the control
water and those that consumed saline water
containing 3,000 ppm of added sulfates (table
3). Sulfate was added as sodium sulfate or
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TABLE 2. EFFECT OF SULFATE CONTENT OF WATER ON REPRODUCTIVE PERFORMANCE
Added sulfates (ppm)

Parameter 0 1500 3000 Giles Sows
No. litters 12 . 13 14 16 23
Avg gestation gain, k§ 30.2 27.5 26.0 41.0 18.6
Avg lactarion gain, k; 1.5 ~5.5 1.7 55 -7.0
Water consumption, liters/day :

Gestation 13.3 112 10.6 15.1 %]

Lactation 136 142 16.8 14.4 155
Pigs/litter

Total 111 109 100 9.8 117

Live 9.6 100 8.2 8.7 9.9
Avg pig birth weight, kg? 14 1.4 15 1.3 1.5
Avg licter birth weight, kg 13.5 135 11.8 116 14.2
No. pigs at 28 days . 6.7 6.9 6.3 6.5 6.8
28-day pig weight, kg 6.1 6.2 6.3 6.1 6.4

40.4 42.2 402 395 423

28-day litrer weight, kg

*Significant difference (P<.01) berween gilts and sows.
bSig'niﬁcznc difference (P<.05) between gilts and sows,

equally from sodium and magnesium sulfate ro
provide 5,080 ppm total solids. Similar results
have been reported by Berg and Bowland (1960)
with 12-kg pigs supplied with 5,000 ppm of
TDS and Anderson and Stothers (1978) for 4-
to 6-kg pigs that consumed water with 6,000
ppm total solids. These workers found no sig-
nificane differences in gains or feed cfficiency
berween control pigs and those that received

saline water.

Water consumption increased significantly

among treatments. Approximately 30% more
water was consumed by pigs chat received saline
water that contained sodium and magnesium
sulfates and 50% more water was consumed by
pigs on the sodium sulfate treatment. Ander-
son and Stothers (1978) reported a similar

magnitude of increase in water consumpuon

TABLE 3. EFFECTS OF MAGNESIUM AND SODIUM SULFATES ON
PERFORMANCE OF WEANED P1GS

i
f
il

Water tredtment

Magnesium-
Sodium sodmﬂL
Paramcrer Control salfarc? sulfate
No. of pigs® ' 16 18 17 !
Avginitial wt, kg 7.5 8.0 7.7
Avg final wt, kg 134 150 138
Avg daily gain, kg 21 .25 22
Feed to gein ratio 2.25 205 2.18
Avg daily warer consumprion, ln:crs 1259 1.89¢ 1 63‘
Avg fecal condition8 1.7 3.3 3.8

“Three thousand ppm of sulfate.

BThree thousand ppm of tota] sulfates frorn magnesium and sodium suifates.

“Three replications of six pigs per treatment. Three pigs died, daca not included.

de.f Means on same line with different superscripts are significantly different (P<.035).

%Dased ona score of 1 ta 5, with 1 being firm.

b, iMcans on same line with different superscripts are significancly different (P<.01).
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during the initial weck and an average 17% in-
-Anonymous. 1973, Water Analysis. Hach Chemical

crease during a 6-week trial. Sulfare content of
their water was only 2,400 compared to 3,320
ppm in this experiment; however, TDS was
higher in their water.

A significant difference existed in - average
fecal condition between pigs that received con-
ol or saline water. Scouring was considerably
more cvident during the first 2 weeks in pigs
that received saline water. High levels of suifate
in water have been shown to cause scouring in
young pigs (Anderson and Stothers, 1978) and
growing-finishing pigs (Embry et al, 1959)
without affecting growth performance. Ander-
son and Stothers (1978) also reported fecal dry
matter was reduced 2 to 6% for pigs that re-
ceived water that contained TDS and sulfate
contents of 6,000 and 2,400 ppm, respectively.

Although saline water consumption of sows
also increased during lactation, there wis no
cvidence of scouring in either sows or their
nursing pigs. This study did not allow one to
determine the amount of total dissolved solids
in watet necessary to causc problems in repro-
ducing swine. However, the results confirm the
recommendation of the Committee on Water
Quality Criteria (1972) that water containing
5,000 ppm total solids is not harmful, cven
when it contained 3,320 ppm sulfates.

SULFATEPIF“WR}OF SWINE * 667
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EFFECTS OF SALINE WATER HIGH IN SULFATES, CHLORIDES AND
NITRATES ON THE PERFORMANCE OF YOUNG WEANLING PIGS!

D. M Anderson® and S. C. Stothers

University of Manitoba®,

SUMMARY

Three experiments were conducted involving
152, 4 to 6 kg pigs group fed. Nine pigs were al-
lotted per treatment according to breed, weight
and sex and received feed and water ad libitum.
Each experitnent had & control treatment (125
ppm total solids) compared 1o saline water
treatments (approximately 6,000 ppm total
solids) high in cither sulfates or chlorides. In
addition the sulfate water was treated with 150
ppm nitrate nitrogen (NO3-N) or with 300 ppm
NO;3;-N while the chloride water was also
treated with 300 ppm NO;-N. Average final

weights in experiment 1 and 111 were 20 kg after

6 weeks on test while average final weights in
experiment I were 9 kg after a 3-week test. No
significant treatment differences (P <.05) oc-
curred in average daily gain in any experiment.
However, with the exception of the pigs given
the chloride water in experiment I, the
control pigs tended to consume more fced,
gain faster and have a better F/G than those

* receiving 6,000 ppm total solids, particularly

in cxperiment 1.

Scouring was consistently more common
among the sulfate water fed pigs than either the
control of chloride fed pigs. Approximately
80% of the scouring occurred in the first week
on test. Water consumption was generzlly
higher for saline water trearments. No treat-
ment differences occurred among liver vitamin
A values, kidney weights, or kidney histological
structure in the four pigs per treatment sacri-
ficed at the end of Experiment 1. In conjunc
tion with ¢xperiment 1, blood, fecal and urine
samples were collected from two pigs per treat-

! Financial support for this project provided by
Fecdrite Mills {1962) Ltd,, Manitoba Pool Elevators
and the Manitoba Department of Agriculture,

Present address: Department of Animal Science,
University of Albertz, Edmonton, Alberta, Canada,
T6G 2E3.

* Department of Animal Science.

Winnipeg, Manitoba, Canada R3T 2N2

ment housed in metabolic cages. Urinary so-
dium was significantly higher (P<.01) and fecal
dry matter percent tended to be less for pigs re-
ceiving the sulfate water with or without the
added NO;-N.

{(Key Words: Salinc Water, Nitrates, Sulfatcs.
Chlorides, Weanling Swine, Water Consump—
tien,) ‘ .

* INTRODUCTION

Heller (1933) reported that sodium chloride
at 15,000 parts per million (ppm) in water was
toxic to pigs, especially for pigs weighing less
than 45 kilograms. Subsequently several work-
ers experimented with saline water containing a
variery of purc and mixed salts at different
levels from 2,000 ppm to as high as 20,300

ppm total solids with pigs tested most com-
monly within the weight range of 20 tc 90 kg
(Embry et al., 1959, Berg and Bowland, 1960;
Stothers, 1960 Stothers and Palmer, 1961;
Stothers, 1970). Results rangcd from slightly
improved average daily gain/ ' fecd consumption
and feed efficiency (Embry ‘et al., 1959) when
pigs rececived up to 6,300 ppm tota.l solids, to
decreased growth rates, poorer feed efficiency
and higher water consumpnon whent the total
solids content of the water was 15,900 ppm or
higher (Stothers, 1960). !

Case (1957, 1963) suggested that levels of
nitrate mtmgcn {NO;-N) 'abovc the recom-
mended maximum level of 10 ppm for humans
could be potentially hazardous for pigs, Seerley
et al, (1965) administered| nitrate and nitrite
continuously in drinking water at levels up to
300 ppm NO;-N for growing-finishing pigs with
no performance differences among treatments
although they did note measurable but small in-
creases in blood methemoglobin.

Thus, separately, research has been reported
on the effects of high levels of rotal solids and
of NO;-N (saline waters) on the performance of

QOOETUWng pigs. No studies have been reported
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EFFECTS OF SALINE WATE

considering the effects of these two factors in
combination,

Field observations by producers and exten-
sion workers have related poorer pig perform-
ance to the usc of saline waters, Mast of the
data available are for older pigs and with the
trend to earlier weaning (3 weeks), information
is required on the response of the younger pig
which is generally more sensitive to its environ-
ment. Since c¢valuation of water analyses re-
quested by producers indicated the predomi-
nant salts were chlorides, sulfates and minor
amounts of nitrates with the total of all salts at
a maximum of approximately 6,000 ppm total
solids, these experiments were initiated with
3- to 4-week-old weuned pigs (4 o 6 kg) to
study the effects of saline waters having a total
solid concentration of approximately 6,000
ppm, high in cither sulfates or chlorides, alone
or jn combination with either 150 ppm or 300
ppm NO;-N.

MATERIALS AND METHODS

Three experiments, involving 162 Managra
or Managra X Yorkshire pigs, group fed, nine
per treatment, were conducted with a control
water treatment compared to saline water treat-
ments containing either sulfates or chlorides
algpe or in combination with either 150 ppm
NO»-N or 300 ppm NO3-N (rable 1),

Newly weaned pigs between 3 and 4 wecks
of age, and initizlly weighing 4 to 6 kg, were al-
lotted to tteatment by weight, sex and lirter.
Saline water preparcd in plastic containers was
available to pigs ad libitum from 64 liter
painted metal barrels firted with watering
bowls. Feed was available ad libitum. A com-
mercial feed (18% protein) for early weaned
pigs was fed to an average weight of 7 kg at
which time the ration was changed to a pre-
starter {(wheat-soybean mcal-fish meal, 19% pro-
tein). After reaching a weight of approximately
15 kg pigs received a starter ration (barlcy-soy-
bean meal, 18% protein). All rations were bal-
anced to mecet or exceed the NRC (1973) nutri-
ent requirements for swine with 5% trace
mineralized salt added to all racions. Combina-
tion of the sodium chloride in the dry feed and
mixed salts in the water gave a rotal salt intake
equivalent to 11,000 ppm for the saline trear-
ments pigs and 5,000 ppm for the control

* treatment pigs. tens were checked daily for

scouring and water consumprion while pig

ON PIGS 901

weight and feed consumption were recorded
weekly in Experiments I, 11 and 111

During Experiment 1 blood samples were
drawn on days 24 and 31 from three pigs per
treatment selected at random for analysis of
percent methemoglobin by the methed of
Evelyn and Malloy (1938), At the termination
of experiment 1, four pigs per treatment (two
per replicate) were sacrificed, Liver samples
were taken, frozen and maintained at —20 C for
subsequent analysis of Vitamin A content by
the method of Gallup and Hocfer (1946). Kid-
ney weights were recorded and slices of kidney
were prepared for histological examination
using the standard Hamis hematoxylin and
cosin staining technique (American Registry of
Pathology, 1968).

Concurrcnt with Experiment I, an additional
two barrows per treatment were housed in
circular, adjustable wire mesh metabolism
cages, described by Bell (1948), fitted with bice
waterers, for a total of three 7-day periods for
collection, separation and subsequent analysis
of feces and urine. Test periods were days 1 to
7, 8 to 14 and 29 to 35 Quantites of daily
urine and fecal excretions were recorded. Rep-
resentative aliquots of urine and feces were re-
rained and stored at —20 C for futurc analysis
of sodium and potassium by flame photomerry
using a Technicon 11 (Model AA11-07),

Fecal samples retained from odd numbered
days werc analyzed for percent dry matter by
frecze drying in a Virtis freeze dryer and for
percent ash by ashing at 500 C for 15 hours. To
the ashed samples 5 ml of demineralized water
was added and the samples shaken for 24 hr be-
fore analysis of sodium and potassium by flame
photometry, The remainder of the fecal sam-
ples, those collected and retained from even
numbered days, werc subjected to a Carver lab-
oratory press (Model C) from which expressed
juice was diluted and analyzed for sodium and
potassium concentration, using the same proce-
dure as for the other fecal samples, Fecal so-
dium and potassium daca were rcported in milli-
cquivalents excreted per day. Blood samples
were drawn from the anterior vena cava on day
15 of the test and analyzed for percent hemato-
crit, plasma sodium and potassium ion concen-
trations.

Statistical analysis was accomplished by the
method of Steel and Torrie {1960). f analysis
of variance was significant (P<.05) means were
differentiated  using  Student-Neuman-Keuls

Test (SNK).



TABLE 1. SALT COMPOSITION OF WATER TREATMENTS AND EXPERIMENTAL DESIGN USED IN WEANLING PIG EXPERIMENTS

Water trestments

Sulfate plus i Sulfate plus Sulfare plus
150 ppm - 300 ppm 300 ppm
ltem Control Sulfare NQ,-N NO,-N Chloride NO,-N
A. St compasition of water (reatments
Salt®
Caleium chioride ' e 780 780 780 780 ) 780
Magnesium sulfete can 1694 1694 ‘ 1694 ves .
Sodium bicarbonate ’ e 2671 1844 1040 2671 1040
Sodium nitrate - ve 910 1818 . i818
Sodium suifate e 708 708 708 S R -
Sodium chloride . R e s 2401 2401
Total solidsb 123 | 5978 6061 6065 6077 6164
B. Experimental design
Experiment (6.0 .18 18 18 18
Experiment il 9 9 _ 9 9
Experiment [11 18 ; - 18 18

252lt quantities and total solids reported in pants pes million {ppm).
B-rotal solids concentration includes that found in control water plus added salts.

“Experiments 1 and 101 were replicited with nine plgslmlrcphcatc. Experiment duration was 42 days for Experiments I and [ and 21 days for Expenment 1L
dExpenmcnr. 1 treatments also used in 2 metabolic cage study.
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RESULTS AND DISCUSSION

No significant differences occurred in aver-
sge daily gain among treatments {table 2). Feed

- consumption and feed to gain ratio indicated 2

similar result. These results are in general agree-
ment with those of Berg and Bowland (1960)
using 12 kg pigs receiving 5,000 ppm of total
solids in the water with no supplemental salt in
the diets, Roy and Boylan (1964} using 6-weck-
old, 13 kg pigs receiving a chloride water con-
taining 4,300 parts per million total solids and
Stothers (1970) using water contzining 2,000
ppm total solids fed to 6.4 kg pigs who found
no significant differences between control pigs
and thosc receiving saline waters,

Although there were no significant differ-
ences in experiment | there was a tendency for
ADG to be higher for the control pigs, whereas
in both experiment [ and (Il the ADF were
shighdy higher for the control pigs than those
receiving saline water treatments, F/G was gen-
erally more favorable for the control pigs with
the exception of chloride plus 300 ppm NO3-N
in experiments £ and 1. Stothers (1970) indi-
cated a similar trend towards decrcased ADG
and F/G when pigs received saline waters.

Water consumption was generally higher for
the saline treatments as compared to water con-
sumption by the controls with the difference
being most apparent during the initial week on
test. Although overall difference in water con-
sumption was 5 to 15% higher in favor of the
saline water treatments for the entirc expen-
mental period the difference was most pro-
nounced during the initial week when saline
water consuming pigs recorded intakes 33 to
66% greater than the controls.

Similarily with respect to scouring, the inci-
dence was more pronounced during the initial
adaptation period (first week on test), Eighty
percent of all the scour days were observed dur-
ing the initial period. The pigs receiving sulfate
congaining water had 148 to 182% more scour
days than the controls during the initial week
whereas the pigs receiving chloride containing
water had slightly fewer scour days. Since the
scour days did not persist and litde or no loss
of condition accompanied their occurrence the
scouring could be considered to be of 2 dictary
nature. The work by Stothers (1970) and com-
ments by Herrick (1971) describe the cathartic
effect of high levels of sulfste in water on
young pigs evident only during the first week
On experiment.

Performance of 3-weck-old pigs as measured

* k ® k Kk &
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by weight gain and feed consumption was not
adversely affected by levels of NO3-N up to 300
ppm NO3-N. F/G for sulfate plus NO;-N pigs
was slightly poorer than for suifate alone. Inclu-
sion of NO;-N to the chloride water did not
praduce the same results (table 2). Seerley et al.
{1965) supplicd 300 ppm NO3-N or 100 ppm
NO;-N in water to older pigs with no resulting
reduction in weight gains or general thriftiness,

Concern has been cxpressed regarding the
conversion of nitrate to nitrite. Case (1963) re-
ported nitrite to be 10 to 15 times more toxic
than nitrate from farm water supplies. Using
mixtures of minced grass and water Barnett
(1953) reported a tange of 13 to 26% conver-
sion of nitrate to nitrice. Seerley et al. (1965)
noted slight conversion of nitrate to nicrite
which they atrributed to bacterial contamina-
tion of the drinking cups used resulting in sub-
sequent microbial reduction of the nitrate. In
our experiments, assuming a 25% conversion to
nitrite, the 300 ppm NO;-N water trcatment
would result in a consumption of water con-
taining 75 ppm NO,-N. This level, significantly
higher than the 10 ppm NO3-N proposed by
Case (1963) as potentially hazardous did not re-
sulg in reduced weight gains among the young
pigs.

Methemoglobin content of the blood ex-
pressed in gram per 100 m) of blaod (rable 3)
indicated clevated levels as the amount of NO;-
N increases in the water, These values were the
same whether measured on days 24 or 31 of the
cxperiment. Control animal values of .09 g
methemoglobin per 100 m! blood were identi-
cal to those reported by Scerley et al. (1965),
.09 g methemoglobin per 100 ml bleod for
older pigs (32.6 kg body weight). Scerley et al.
(1965) reported methemoglobin values of .34
and .47 g/100 mi blood for pigs recciving 100
ppm NO;-N. Highest values obuained for 300
ppm NO3-N in this cxperiment were .24 g/100
ml blood representing half the highest value
given by Secrley et al,

Liver vitamin A stores were unaffected by
the levels of NOa-N in the water (table 3). Seer-
ley et al. (1965) found similar results with
levels of {0, 25, 50, 100 ppm) NO,-N given to
older pigs, although their vitamin A liver values
were lower (14.4 to 17.4 pg/g) than results re-
ported in this expenment. According 1o Garris-
son ¢t al. (1966) growing and finishing pigs re-
ceiving NO-N at 420 ppm and 0 ppm showed
significant difference (P<.05) in liver stores of
vitamin A, Since in our tests no significant Jif-
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ADG is average daily gain, ADF is aversge daily feed both reported in kg/day.

ADWC in pzrci-:thcsis are consumption during the first week on experiment.

3 . . ‘g
2geour deys reported for first week only; 1 scout day represents any amount of scouring oceuring within a pen regardless of the number of animals involved,

€5cour days in parenthesis are for the total experimental period.
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TABLE 2. PERFORMANCE OF WEANLING PIGS RECEIVING VARIOUS WATER TREATMENTS IN EXPERIMENTS I, Il AND Il P
=
Water treatment a-
Suifate plus Sulfzte plus Chloride plus -
150 ppm 300 ppm 300 ppm -
Iren Control Sulfate NQ,-N NO,-N Chioride NO,-N " '5".
_ A3
Experiment | ' %
ADG# {kg/day) 40 33 as .37 0
ADF#? (kg/day) 79 1 75 .74 *o
Feed/gain 1.89 2,02 2.32 .28 L 1)
ADWC (1/day)b 1.15 (.66)¢ 1.35 (1.04) 1.31 (.85) - 1.36 (.B&) 28
Scour daysd 3.5 (3.5)¢ 6.0 (8) 6.5 (8) 6.5 (6.5) gv <
o
Experiment {! ?!O Q.
ADG .19 .18 .19 18 s
ADF 43 42 45 40 L 2]
Feedigain 2.35 241 241 228 Z'o
ADWC B0 {.63) 1,24 (1.01} 1.21 (1.06) 1.14 {1.01) P |
Scour days 0 (D) 5 (8 1 () 2 (@ 2 4 x
a3,
Experiment Il % o
ADG .35 31 35 I ]
ADF 70 .62 .63 * ol
Feed/gain 2.00 2,01 1.4 + O
ADWC 88 (.59) 09 (.72) 1.15 (.79 ®
Scour days 2 ) 1 (2 LN =
°)
g
b
i
N
L=
-]
]
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ferences occurred among treatments it can be
assumed that very lLittle nitrate was reduced to
nitrite coinciding with litde oxidation of vita-
min A in the gastrointestinal tract, This find-
ing is also supported by Emerick and Olson
(1962) who found liver vitamin A stores of rats
to be affected by dictary nitrite but not dietary
nitrate. Liver stores of vitamin A did not reflect
conversion of nitrate to nitrite therefore the in-
creased methemoglobin blood levels could be
due to the nitrate content of the water and not
caused by nitrite converted from nitrate by mi-
crobial reduction.

No apparent treatment differences occurred
in kidney weights (table 3) or histological sce-
tions of kidney supporting the suggestion that
young pigs can adapt themselves to Ievels of sa-
linity of approximately 6,000 ppm,

Performance data from the meuabolic cage
studies (table 4) support thc data presented
from experiment 1 and 11 with the exception of
F/G where the metabolism caged pigs tended to
be mare cfficient. No apparent treatment dif-
ferences in blood hematocrit, sodium and po-
tassium were observed, Male pigs housed in the
circular cages minimized the possibility of con-
ramination of the urne by feces even during
the periods when scouring occurred. Urine
volumes were unaffected by treatment. Urinary
potassium exerctions were similar among treat-
ments but urinary sodium cxcretions were sig-
nificantly higher (P<.01) in the saline water
treatments, No differcnces were observed in
fecal sodium and potassium values between the
two methods of preparing feces for analysis al-
though the expressed juice method required less
sample preparation time. Mean fecal sodium
values 1SEM were 38.3 * 2B.4 meq/day and
41,6 £ 30,7 meq/day while mean fecal potas-
sium values +SEM were 77.1 % 10.0 meq/day
and 80.5 + 10.6 meq/day for the ashing proce-
dure and expressed juicc procedures, respec-
tively.

Although there were no differences among
treatments for fecal % ash, fecal sodium and
fecal potassium, the fecal dry matter percent
seems to reflect the cathartic effect of the sul-
fare ion for the saline treatments tend to be
lower thap the conrols by 2 to 6%. Pigs housed
in the metabolic cages showed a slightly greater
number of scour days with generally little ef-
fect on performance.

No marked adverse biological effects were
observed among the pigs receiving saline waters
with or without added NOy-N. The addition of

.06

Sulfate plus
300 ppm
NO,-N
24
§5.0 +7.0
A48+ .03

.04

Sulfate plus

150 ppm
22t

622 +9.7
S50z 04

Water treatment
NO,-N

.09

145
694 t7.0
52+ .01

Sulfate

03
02

g/g)

Vitamin A liver valoes (u

Kidney sizeb (%)

TABLE 3. METHEMOGLOBIN, LIVER VITAMIN A AND KIDNEY SIZE A5 RELATED TO SALINE WATERS USED IN EXPERIMENT 1

Control
09 2
60.7 t5.3
44 ¢
2Methemoglobin expressed as g methemoglobin/100 ml blood. Means of samples taken days 24 and 31.
Kidney size expressed as 2 % of warm carcass weight,

b

Methemoglobin® (g)

[tem
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TABLE 4. PERFORMANCE, BLOOD URINE AND FECAL DATA AS RELATED TO SALINE WATERS USED IN METABOLIC CAGE
STUDY OF EXPERIMENT 1

Water treatment

* ¥
paA192ay ‘Buljig d1uo323|3

Sulfate plus ' Sulface plus
. 150 ppm 300 ppm
ltem Control : Sulfate : - NO,;-N NO,-N
*
*
A. Performance : : : -
ADG (kg/day) .33 .34 .28 .30 e *
ADF (kg/day) C4B : 47 41 . 56 % *
Feed/gain ratio . 1.45 . o138, 1.46 : ' 1.87 2l -]
ADWC (1/day) . e 4 B 209 2.05 1,75 20
Scour days . ) ? 11 7 % -
B. Blood? ;z’ 2
Hematocrit {%) 3LB: 4 86t .5 31.8: 10 3.1 1.5 AL
Serum sodium {meg/1} 14012+ 1.4 1406+ 1.5 1451t 1.6 152.1%+ 6.8 ,"f] *
Serum potassium (meq/1} 491 4 49 ¢ 2 41z .5 48z 3 3 *
C. Urire and fecal mor
Urine volume (m}/day} 593 + 124 . 595 t132 574 1975 585 1118 a *
Urinary sodium {meg/1) . ‘ 353+ 34.2pb 858t 34248 L 7731 3424 . 92.1% 34.2A *
Urinary potassium (megq/1) §1.7: 4.4 566+ 106 453+ 57 73.9: 215 *
Fecal ash (%) 151 20 165+ 1.8 154 1.4 18.1+ 2.1
Fecal sodium {meq/day} 2201 300 527+ 29.6 4281 296 42,5+ 296
Fecul potassium (meg/day) 825+ 58 826+ 11.6 76.0x 129 740+ 109
Fecal dry matter {%) 262 19 226t 14 197+ 1.1 : : 240 1.4

*From bicod samples drawn on day 15.

Means in the same row followed by different superscripts are significantly differeat (P<.01) using Student Newman Keuls {SNK).
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150 or 300 ppm NOj3-N to water resulted in
small jncreases in methemoglobin in blood. Sig-
nificantly higher sodium urinary excretion and
the tendency toward lower fecal dry matter
percent were accompanied by the hlgher water
consumpuon recorded for pigs receiving saline

| waters high in sulfate and sodium salis,
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Water for Dairy Cattle
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INTRODUCTION

Water constitutes 60 to 70 pereent of a livestock
animal’s body. Water is nccessary for maintaining
body fluids and proper ion balance; digesting, absorb-
ing, and metabolizing nutrients; eliminating waste
matcrial and cxcess heat from the body; providing a
fluid environment for the fetus; and transporting nutri-
ents to and from body tissues. Dairy cattle get the wa-
1er they need by drinking and consuming feed that
contains water, as well as from metabolic water pro-
duced by the oxidation of organic nutrients. Water
toss from the body occurs via urine, feces, and milk;
through sweating; and by evaporation from body sur-
faces and the respiratory tract. The amount of water
lost from a cow’s body is influenced by the animal’s
activity, air temperature, humidity, respiratory rate,
waler intake, fced consumption, milk production and
other tactors. This publication covers waler intake
guidelines and water quality issues for dairy cattle.

WATER INTAKE AND REQUIREMENTS

Lactating cows: Drinking water or free water in-
take salisfics 80 1o 90 percent of a dairy cow’s total
waler needs. The amount of water a cow drinks de-
pends on her size and milk yield, quantity of dry mat-
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ter consumed, temperature and relative humidity of
the environment, temperature of the water, quality and
availability of the water, and amount of moisture in
her fecd. Water is an especially important nutricnt
during periods of heat stress. The physical propertics
of water are important for the transfer of heat from the
body to the environment. During periods of cold siress,
the high heat capacity ot body water acts as insulation-
conserving body heat. Water intake {Ibs/day) tor lactat-
ing cows can be predicted from the following equation:

Waltcr intake, Ibs/day =
35.25 + 158 x Dry matter intake (Ibs/day)
+0.90 x Milk yield (Ibs/day)
+ 0.1} x Sodium intake {(grams/day)
+ 2,65 x Weekly mean minimum temperature
(°F/1.8 - 17.778)

The equation predicts water consumption will
change 1.3% pounds for cach 1.0-pound change in dry
matter consumed, (.90 pounds for each 1.0-pound of
milk produced, §.11 pounds for cach gram of sodium
consumed, and 1.47 pounds for each degree Fahren-
heit {F) change in weckly mean minimum tcmpera-
turc. Weekly mean minimum temperature typically 15
10 to 15 °F lower than mean daytime temperature.
Table 1 lists the estimated daily water intake for jac-
tating cows using the above cquation.

Table 1. Estimated daily water consumption for a 1,500-pound lactating cow producing 40 to 100 pounds of milk daily*.

Estimated
Milk Production DM Intake Mean Minimum Temperature®
{Ibs/day) (Ibs/day) ___40°F 50°F  60°F T0°F 80°F
T — gallons per day'—- ————
40 42 18.4 20.2 220 237 25.5
60 48 218 235 253 271 289
®( 54 251 264 287 0.4 32
YO0 ] 28.5 303 L e 56
Sodum intake = 0 18% of DM inwke.
Shlean mvinimum cemperature typically is 10 0 157 F lower than the mean daytime temperature

i vallon of water weiphs 832 poundds.

To find mare resources for your business. home, or family. visid the College of Agnculture and Home ECOnomics

ot the World Wide Web at www. cahe nmsa edu



Dry cows: The major factors atfecting frec water
intake of dry cows are concentration of dry maiter in
the diet, dry matter intake and aimount of protein in
the diet. Water intake of dry cows can be estimated by
the following cquation:

Water intake, Ibs/day =
-22.80 + 0.3062 x Dict dry matter (%)
+2.212 x Dry matter intake (tb/day)
+0.0869 x Dict crude protein (%)

For example, a |,500-pound nonlactating cow that
cats 28 pounds of dry matter containing 12 pereent
moisture and 12 percent crude protein would consume
96 pounds (11.6 gallons) of water per day at air tem-
peratures between 50°F and 80°F. Water intake may be
120 to 200 percent greater during periods of heat stress.

Calves and heifers: During the liquid feeding
stage, calves receive most of their water as milk or
milk replacer. However, studies show that calves of-
fered water by free choice in addition to a liquid diet
gain faster and consume dry feed cardier than catves
provided water only intheir liquid diet, Therefore, it
is recommended to provide water by free choice to
calves receiving liquid diets to enhance growth and
dry matter intake.

Weaned dairy heifers consume approximately 1.0
to 1.5 gallons of water per 100 pounds of body weight
(table 2), As with all livestock, water should be
tresh, clean and always available. Care should be
taken to ensure adequate water supplies during peri-
ods of heat streys.

Table 2. Estimated water intake for dairy heifers.

’?

Weight Alr Temperature
(Ibs) 40°F 60°F 80°F
—————¢gallons per day

200 2.0 2.4 3.3
400 338 4.6 6.1
600 5.4 6.5 8.7
BOO 6.8 8.2 11.0
1000 8.0 9.6 12.7
1200 9.0 10.8 14.5

DRINKING BEHAVIOR

Providing the opportunity tor livestock 1o consume
a relatively large amount of clean, fresh water is ox-
sentinl, Waler is conswmed several bmes per day and
generally is associated with feeding ocilking. Cows
may constne 30 to 30 percent of their darly water
intake within 1 hour atter nnlhing (g, 1), Reported

2

rates of water intake vary trom | to 4 gallons per
minute. On the basis of farm studies, the fength of wa-
ter troughs should be 2 inches per cow with an opti-
mal height of 24-32 inches. Reducing the height 2 to 3
inches may be logical for Jerseys. Water depth should
be a minimum of 3 inches to allow the animal to sub-
merge its muzzle 1 to 2 inches. Provide at least one
watering device for every 15 to 20 cows, or a mini-
mum of 2 feet of tank space per 20 cows. At least two
watcr locations are needed in the loafing arca for cach
group of cows. For confinement operations, watcrers
should be allocated at milking parior exit and within
50 feet of the feed bunk or at every crossover in
freestall barns. Heifers should be provided at lcast one
watering space per 20 animals with a minimum of two
waterers per group.

The temperature of drinking water has only a slight
effect on drinking behavior and animal performance.
Under most circumstances, responses to chilling water
would not warrant the additional cost. Giiven a choice,
cows prefer to drink water with moderate tempera-
tures (63-82°F) rather than very cold or hot waltcr,

WATER QUALITY

Water quality is an important issuc in dairy cattle
production and health. The five propertics most often
considered in asscssing water quality for both humans
and livestock are organoleptic propertics (odor and
taste), physiochemical properties (pH, total dissolved
solids, total dissolved oxygen and hardness), along
with the presence of toxic compounds (heavy metals,
toxic minerals, organophosphates and hydrocarbons),
excess minerals or compounds (nitrates, sodium sul-
fates and iron) and bacteria and algae. Research on
water contaminants and their cffects on catile perior-
mance are sparse. The following discussion attempts
to define some common water quality problems in re-
lation to catile performance.

Salinity, total dissolved solids (TDS) and total
soluble salts (TSS) are measures of constituents
soluble in waler. Sodium chloride is the first consider-
ation in this category. Other components associated
with salinity, TDS, or TSS are bicarbonate, sulfate,
calcium, magnesium and silica. A secondary group of
constituents, found in lower concentrations than the
major constituents, includes iron, nitrate, strontium,
potassium, carbonate, phosphorus, boron and fluoride.
CGuidelines for TDS in water for dairy cattle are pre-
sented W table 3

Research has shown feedlot cattle drmkig saline
water (TS = 6000 parts per mathion, ppm) ad lowwes

weight cans than cattle drinking normal water ( 1DS

Guide D-107 + Page 2



= ,300 ppm), when the ration’s cnergy content was
low and during heat stress. High-energy rations and
cold envirenmental temperatures negated the detri-
mental effeets of high-saline water consumption.
Likewise, milk production of dairy cows drinking sa-
line water (TDS = 4,400 ppm) was not different from
that of cows drinking normal water during periods of
low environmental temperature. But it was signifi-
cantly lower during summer months. Cows offered
salty water drank morc water per day (36 versus 32
gallons per cow) over a 12-month period than cows
drinking normal water.

Table 3. Guidelines for use of saline waters for dairy cattle.

Tatal Dissolved Solids

(ppm) Comments

Lows than 1,000 Presents 1o serious burden to rivestock.
) 4HN0 10 2 994 Shanld not affect health or performance.bur
may cawse lemporary mild diarthea.

1000 10 4 999 Generally satisfactory, but may canse diger-
hea especially upon initial censumption.
Can be used with reasonable safety for adult
ruminants. Should be avoided for pregnant
animals and baby calves,

3000 10 6,909

Should be avoided if possible. Pregnant,
Tanctating, stressud oF young animals can be
atfected negatively.

F.000 to L0000

Unsafe. Should not be used under any
cond itions.

Over 10,000

npm = PArts per nitken

Hardness is generally expressed as the sum of
calcium and magnesium reported in equivalent
amounts of calcium carbonate, Other cations in wa-
ter, such as zing, iron, strontium, aluminum and
manganese, can contribute Lo hardness but usually
are very low in conceniration compared with cal-
cium and magnesium. Hardness categorics are listed
in table 4. Water hardness has no effect on animal
performance or water intake.

Table 4. Water hardness guidelines.

Category Hardness, milliprams/liter®
Sofi 0-60
Moderately bard 61-120

(21.1%0

Taard -~ 180 e

T il

*1 e eal

Nitrate can be used in the rumen as a source of ni-
trogen for synthesis of bacterial protein, but reduction
tor nitrite also occurs. When absorbed into the body,
nitrite reduces the oxygen-carrying capacity of blood
and in severe cases results in asphyxiation, Symptorns
of nitrate or nitrite poisoning are labored breathing,
rapid pulse rate, frothing at the mouth, convulsion,
blue muzzle and bluish tint around cy¢s, and choco-
late brown bloed. More moderate levels of nitrate poi-
soning have been linked 10 poor growth, infertility
problems, abortions, vitamin A deficiencies, reduccd
milk production and general unhealthiness.

The gencral safe concentration of nitrate in water is
less than 44 ppm and less than 10 ppm of nitrate-ni-
trogen (table 5). In evaluating potential ritrate prob-
lems, feed atso should be analyzed for nitrate in that
the effects of feed and water arc additive.

Sulfate guidclines for water arc not well-defined,
but general recommendations are fess than 500 ppm
for calves and less than 1,000 ppm for adult cattle.
When sulfate cxceeds 500 ppm, the specific salt form
of sulfate or sulfur should be identified, since the
form of sulfur is an important determinant of toxicity.
Hydrogen sulfide is the most toxic form and concen-
tration as low as 0.1 milligrams per liter can reduce
watcr intake. Common forms of sulfate in water are
calcium, iron, magnesium and sodium salts. All are
laxative, but sodium sulfate is the most potent. Cattle
consuming waler high 1n sulfates (2,000-2,500 ppm)
show diarrhea initially, but appear to become resistant
to the laxative effect. Iron sulfate has been reported to
be the most potent depressor of waler intake com-
pared with other sulfale forms. Water and feed with
high sulfate contents have been linked to polioence-
phalomalacia (thiamin deficiency) in beet calves.

Tabte 5. Concentration of nitrates (NO3) and
nitrate-nitrogen (NOa-N) in drinking water and
expected response,

NO, NO,-N
Ampm) _ (ppm)  Comments
0-44 10 No harimful cffeats,

Safe, if dict 15 low in nitrates and nutritionally
balanced,

45-132 1120

Could be harmiul iT consumed over a Tong
period of time.

133-220 2t-40

221-660 41100 Daiey cattle ac risk: possible death Tosges,

101-200

661 -R00 Thyh prababihity of deasih loysnes: unsaly

(hoor KDDL Qe 200 130wt (e unsate.

pp - parts permillivea
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Figure 1. Cows may consume 30 to 50 percent of their duily
water intake within | hour after milkiog.

pH is a measure of acidity or alkalinity. A pH of 7
is neutral, less than 7 is acidic and morc than 7 is al-
kaline. Littte is known about the specific pH’s effect
on water intake, animal health and production, or the
microbial environment in the rumen. The preferred
pH of drinking water for dairy animals is 6.0 to 8.0.
Waters with a pH outside of the preferred range may
cause nonspecific effects related to digestive upset,
diarrhea, poor feed conversion and reduced water and
feed intake.

Micrebiological analysis of water for coliform
bactleria and other microorganisms is necessary to de-
termine sanitary quality (fig. 2). Since some coliform
bacleria are soil borne or nonfecal, a fecal coliform
test may be used to determine if the source of total
coliform is at least in part from feces. A fecal strepto-
cocci test may be run on fresh samples to determine if
the contamination is from animal or human sources, [f
fecal coliforms excecd fecal streptococci, human
sources of pollution may be suspect. If fecal strepto-
cocci exceed fecal coliform, animal sources of pollu-
tion are indicated. For animal consumption, especially
young calves, total and fecal coliform counts should
be less than | per 100 milliliters. For adult animals,
tolal and feeal coliform counts should be under 15 and
10 per 100 milliliters, respectively. It is recommended
that fecal streptococei counts not exceed 3 or 30 per
100 milliliters for calves and adult cattle, respectively.

Total bacteria count measures virtually all patho-
genic as well as noninfectious bacteria that use or-
ganic nutrients for growth. Total bacteria counts in

e

cxcess of 300 per 100 milliliters may indicate water-
quality problems. Water sources with total bacteria
counts in excess of 1 million per 100 milliliters should
he avoided tor all livestock classes. Most water sup-
plics will have counlts below 200 per 100 milliliters
continuously.

Blue-green algae have been reported to cause ill-
ness when cattle are allowed to consume water con-
taining this organism. Although the causative agent
has not been identified specifically, cattle should be
prevented from drinking water with heavy algae
growth. Symptoms in blue-green algac poisoning in-
chude ataxia or incoordination of voluntary muscle
movement, bloody diarrhea, convulsions and sudden
death. This is an occasional problem in freestanding
water, such as farm ponds. Shading water troughs and
frequent sanitation will minimize algac growth.

QOther potentially toxic compounds and organ-
isms sometimes ar¢ found in water and can posc a
health hazard to cattle. For safe consumption, water
contaminants should not exceed the guidelines in
table 6. However, many dietary, physiologic and envi-
ronmental factors affect these guidelines and make it
impossible to accurately detcrmine Lhe concentrations
at which problems may occur.

Table 6. Generally constdered safe concentrations of
some potentially toxic nutrients and contaminants in
water for cattle.

Upper-Limit Guideline

Ttem (ppm)
Alurnioum 13,50
Arscmic 005
Barium 10,0
Boron 50
Cadmium (.N05
Chromium .10
Cobalt (K]
Copper 1.0
Fluaride 20
Yron 2.0
Lead 6.015
Mangancse (.05
Mercury 0.0
Nickel 0.25
Sclenium n.ns
Vanadwm 0.0
Zing 5.0

Pt parts per million
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ria and other micreorpganisms is necessary to determine sani-
tary guality.

WATER SAMPLING AND TESTING

Typically, 1 or 2 quarts of water frem the source in
question should be adequate to complete any needed
tests, Samplcs may be sent to any accredited commer-
cial or state operated laboratory for analyses. Produc-
ers should consult with their herd veterinarian or state
Extension personnel for assistance in selecting a labo-
ratory, as well as for assistance in selecting appropri-
ate tests and interpreting results.

SUMMARY

Watcr availability and quality are extremely impor-
tant for animal health and productivity. Limiting wa-
ter availability to cattle will depress production rap-
idly and severely.

The most common water quality problems affect-
ing livestock production include high concentrations
of minerals (excess salinity), high nitrogen content
{nitrates and nitrites), bacterial contamination, heavy
growth of blue-green algae and accidental contarnina-
tion by petroleum, pesticides or fertilizer products.

On the basis of the scientific literature, no wide-
spread specific productton problems have been caused
by consumption of low quality water. Poor water
quality might cause reduced production or nonspecific
discases and should be one aspect investigated when
there are herd health and production problems,
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'ENTS

Criteria for judging the suitabil-
ity of water for livestock have been
suggested in the past by several
sources, Often these criterin have
t leen based on observation, al-
. though in some instances experi-
mental work has been done to assist
[ in their development. However, the

lack of experimental work and the
variation amon g standards that
have been published made the es-
. tablishment of criteria for use at this
experiment station difficult, There-
fore, research to assist in the devel-
opment of reasonably accurate
_standards for livestock was under-
b taken,

sersonnel of the South Dakota Agricultural Ex-
;e responsible for the work conducted and for

1012,

dry

wimal husbandman
er, graduate assistant in animal husbandry

ym, associate animal husbandman

dry
» poultry husbandman
raduate assistant in poultry

istry

ssearch assistant in biochemistry
wssociate chemist

1emist

Some have recommended  that
t standards for livestock waters
L thould be the samc as they are for
human consumption. This, bow-
cver, would eliminate from use
j dams, dugouts, and certain other
J common sources because they
f would fail to meet bacteriological
¥ standards. In addition, animals pos-
sibly can tolerate higher salinitles
E than can humans, and it is conceiv-
able that they differ from man in
theic tolerance for certain specific
: substances. Actually, the standards
i used for water for human consump-
. tion are obviously much higher in
f many respects than is necessary for
L livestock waters,
- In establishing standards for live-
b stock waters, several factors must
- be considered. These include mi-
crobial contamination, presence of
toxic iporganic chemicaL, presence

Salinity and Livestock Water Quality
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of organic toxing, accidental con-
tamination with agrieultural chem-
icals, alkalinity, and salinity. Of
these, salinity seems to be most
often involved in causing waters to
be unfit for livestock in South Pa-
kota. For this reason, the studies re-
ported here have dealt entirely
with salts or mineral content.

The tolerance of livestock and
poultry toward minerals in water
will depead on many* things, includ-
ing: kind of animal, age, season of
year, climate, kind of salts in the
water, physiological condition of
the animal, and feed. All of these
variables could not be included in
the work reported here. However,
rats, cattle, poultry, and swine werc
used and several types of salts werce
studied. The experiments with the
different animals are reported sep-
arately.

RAT STUDIES

Experiments with albino rats
were undertaken preliminary to
work with large animals. The pur-
pose here was two-fold: (1} to com-
pare several kinds of salts and get
some idea of their relative toxicities;
and (2) to establish what concen-
trations of salts would be best used
in experimental work with large an-
imals.

Methods

Male albino rats {Sprague-Daw-
ley) were placed on experiment at
an average weight of about 68
grams. They were housed on wire

R
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in individual cages and were al-
lowed feed and water free choice.
The temperature of the room in
whieh they were housed was main-
tained at about 75-80° F. The ex-
- periment was terminated at 50 days.

The diet used for each group of
rats was as follows: com, T7.9%;
casein, 150%; brewers ycast, 2.0%;
salts (USP XIV), 2.0%; a vitamin
B,. concentrate (Nutritional Bio-
chemicals Corp.), 0.1%; and cotton-

seed oil (Wesson), 3.0%. Vitamins
A and D were administered orally
twice each week.

The plan of the cxperiment &
shown in table 1. While the nb
were housed individually, feed and
water consumption were measured
by group. Five rats were used par
group, and a control group receiy.
ing distilled water was used for each
salt mixture. Five different salks
were studied, each being added to

Table 1. Effect of Saline Drinking Waters on Rats

Feed con- Water con-

Concentration of salt Average  sumed/ sumed/
Salt in dricking water  daily gain rat/day, mi/ds,

Group used Equivalents/!, pom. ofrap, gm. gm. ml
I NORE . . i e s ene .. 6.18 17.7 372
Hh Sodium chloride .. ... .. 0.05 2,923 6.44 16.2 381
t Sodium chloride ... ... ... 0.10 5,845 6.14 205 492

v Sodium chloride ... ... ...

. 0I5 8,768 6.37 19.0 48.0

v Sodium chloride ...... ... 020 11,690  6.03 186 39.0
VI None ... e e - 6.16 17.7 35.0
VIl Sodium sulfate .. ... . 0.05 3552 620 176 435
VIIL  Sodium sulfate ... ... 010 7,103 6.06 179 422

1X Sodivm sulfate ... ... ...
X Sodium sulfate __..

X1 NORE oo v e o

0.15 10,655

588 177 422
14206 539 175 368

- 6.18 16.8 36.2
XN Magnesium chloride .. ... 0.05 2,381 6.07 i7.8 378
X Magnesium chloride . ... 0.10 4,762 5.98 17.8 371
XIV  Magaesium chloride ... ... G.15 7,143 558 158 3560
XV Magnesium chloride . . . 0.20 9524 493 162 412
XVI  None il e - 6.02 16.7 344
XVI  Magnesium sulfate ... joip 616 174 394

XVl Magnesium sulfate ... .. ...
XIX  Magnesium sulfate ... ...
XX Magnesium sulfate ... ...
XXi None ...
XXIl  Calcium chloride ...

XXIT Calcium chloride .
XXIV  Cakium chloride ...
XXV

Calcium chloride ... 020

6019 556 167 319
9029 S71 177 368
12,038 560 160 346
... 600 165 396
2975 604 176 331
5550 607 156 363
8325 610 178 274
1,100 584 150 278

- effect on feed consumption. 5
i chloride in the drinking water ap-
" peared to increase water intake,
 especially at the intermediate

" for sodium sulfate. The ma
- salts had no particular effect on
' water consumption at any of the
- poncentrations used. Calcium chlo-
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' the drinking water at four levels.
- Analytical grade salts were used in
- making up each of the waters.

Results and Discussion

Results of the work with rats are

- summarized in table 1, The various

salts and concentrations used ap-
peared to have no consistently c’gmal;
lum

Jevels. Essentially the same was true
esium

ride reduced water intake at all

" concentrations.

The average daily geins for the
rats were little affected by sodium
chloride at any of the levels used.
Sodium sulfate and the magnesium
salts caused reduced growth rates
at the higher levels, Calcium chlo-
ride had some slight effect in reduc-
ing daily gains at the highest level.

None of the animals died dun'n%

| the experiment, and while severa

showed symptoms of diarthea on
the sulfate salts, the symptoms were

' mild. Reduction in rate of gain

seemed the most obvious effect of
the saline waters,

These iments  indicated
that the establishment of the exact
level at which a salt or & mixture of
sals becomes toxic or harmful
would be difficult. Levels below
4,000 parts per million (p.p.m.) of
a salt in the drinking supply ap-
peared to have no agverse effect,
while 10,000 p.p.m. usually did. On
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d at 50 days,
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yeast, 2.0%;

% a vitamin in?
salt
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and cotton-
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seed oil (Wesson), 3.0%. Vitamins
A and D were administered orally
twice each week.

The plan of the experiment &
shown in table 1. While the rab
were housed individually, feed and
water consumption were measured
by group. Five rats werc used per
group, and a control group receiv-
istilled water was used for each
mixture. Five different sal
were studied, each being added o

the drinking water at four levels.
Analytical grade salts were used in
'~ making up each of the waters.

Resvits and Discussion

Results of the work with rats are
summarized in table 1. The various
salts and concentrations used ap-
peared to have no consistently great
 effect on feed consumption. Sodium
" chloride in the drinking water ap-
. peared to increase water intake,
“especially at the intermediate
levels. Essentially the same was true

Concentration of salt

Foed con- Watercom-
Average  sumed/ sumed/

for sodium sulfate. The magnesium
salts had no partcular effect on

o ddpking water _ daily galn rat/day, mt/di, B \orer consumption at any of the
Equivilean/l. ppm. ofrse, gm. gm. ol concentmtionspused. Calciim chlo-
. 618 177 377 W ride reduced water intake at all
... 005 2,923 6.44 16.2 381 concentrations.

... 010 5845 604 205 492 ' The average daily gains for the
05 8768 637  19.0 480 mats were little affected by sodium

. 020 11690 603 186 390 chloride at any of the levels used.
R — 616 17.7 350 - Sodium sulfate and the magnesium

0.05 3,552 620 176 435 salts caused reduced growth rates

0.i0 7,103 606 179 422 ot the higher leYels. Calcin_xm chlo-
... 015 10655 588 177 422 _ pde hn_d some slight eEe.ct in reduc-

020 14206 539 175 368 ' ing daily gains at the highest level

L 6.18 16.8 362 None Of the animals died durin
de ... 0.05 1381 607 178 3;‘;_3  the exé)eriment, and while severa
de ... 010 4762 598 178 3Nl thowed symptoms of diarrhea on
de 015 7143 558 158 360 - the sulfate salts, the symptoms were
T ' y : ‘ -mild. Reduction in rate of gain
de ... 020 9524 493 162 412 seemed the most obvions effeet of

e 602 167 344 the saline waters.

cis 53 167 sio [ Tese emperiments indicated
_ 9020 571 177 368 : e Est_ablishment of t!‘le exact
020 12038 s60 160 346  Jevel at which a salt'or a mixture of
,. .00 16:5 306 salts beoomt?s toxic or harmful
0.05 1775 604 176 331 would be dlﬁicul‘t.' Levels below
Cot0 ssso 607 156 363 R 400 parts per million (p.pm.) of
015 835 610 178 274 a salt in the drinking supply ap-
020 o8t 150 ’ - peared to have no adverse effect,

1,109

F while 10,000 p p.m. usually did. On
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the basis of this work, and in view
of some previous observations, the
range between these two levels ap-
peared to be the most logical for
study with cther animals.

CATYLE STUDIES

The salts commonly present at
high concentrations in cxcessively
sa?ine waters of South Dakota are
sodium sulfate, sodium chloride,
and magnesium sulfate. Either sodi-
um chloride or sodium sulfate will
often account for over 75% of the
total salts in these waters, while
ma znesium sulfate usually accounts
for lesser amounts. As a rule maﬁn&
sium sulfate is accompanied by high
lovels of sodium sulfate and some
chlorides.

In view of this, the cattle studies
were made with sodium chloride,
with sodium sulfate, and with a
mixture of magnesium sulfate with
these two salts. The frst trial, with
sodium sulfate, included three lev-
els of the salt, 4,000, 7,000 and 10,-
000 %p.m. The second trial, involy-
ing the other salts, was limited to the
two higher levels.

Methods

First trial. Twenty-four beiters in
medium condition and weighing an
average of about 670 pounds were
started on the first trial on June 27,
1957, They were weighed without
shrink am{ allotted into four uni-
form lots of six each.

All lots were fed alike. Alfalfa hay
was limited to 8 pounds per head
daily, and a concentrate mixture
composed of 95% rolled shelted com
and 5% sovbean meal was full fed
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Trace mineral salt and a minera}
mixtare (3 parts bone meal, 1 part
limestone, and 1 part trace mineral
salt) were offered free choice. The
cattle were implanted with diethyl-
stilbestrol after being on the experi-
ment about 1 month.

Water from the Brookings water
system was supplied to each lot in
350 gallon steel tanks. Sodium sul-
fate was dissolved in the water in
these proportions; Lot 1, 10,000
p.p-m:; Lot 2, 7,000 p.p.m,; Lot 3,
4, ppm. Lot 4, none (con-
trol). Nlc): adjustment period was
used to allow the cattle to become
accustomed to the water,

Second trial. Twenty steers and
ten heifers of the Hereford and
Angus breeds were used in this trial,
They were in & fleshy condition and
weighed an average of about 730
pounds when put on experiment
June 3, 1958,

Rations fed were similar to those
used Inlthe first trial, except that the
mineral mixture was composed of 2
parts honemeal, 1 part limestone,
wnd 1 part trace mineral salt. All
animals were implanted with di-
ethylstilhestrol at the beginning of
the trial.

The cattle were weighed without
shrink and allotted into five lots on
the basis of weight, condition, and
sex. Each lot was composed of four
steers and two heifers.

The system of watering was simi-
lar to that used in the first trial,
Salts were added to the water as
follows: Lot 1, none {control); Lot
2, 7,000 p.p.m. sodivm chloride; Lot
a, lll.OOB‘ p-pm, sodium chloride;

Lot 4, 7,000 p.p.m. mixed salts (so-
divm 955 p.p.m., sulfate 4772
p.p.m., chloride 425 pp.m, and
magnesinm 848 p.pm.); Lot 5,
10,000 p.p.m. mixed salts (sodium
1,364 p.p.m, suvlfate 8,817 p.pm,
chloride 807 p.p.m., and magnesi-
um 1,212 p.p.m.)

Resvlts and Discussion

First trial, Results of the fArst trial
are summarized in table 2. Adding
10,000 p.p.m. of sodium sulfate to
the water caused a marked reduc.
tion in feed consumption and rate of
gain. The heifers in this lot {Lot 1)
lost an average of 62 pounds per
head during the first 2 weeks of
the trial, and even after 56 days the
average loss per head was 22
pounds (0.4 pounds per day).

Scours were rather severe in Lot
1, and two of the heifers showed
pronounced additional symptoms
indicating toxic effects. These
symptoms were rapid and difficult
respiration and incoordination. One
of the heifers was removed from the
experiment and given control
water. Respiration and gait were
normal on the following day and
the animal was returned to experi-
ment B days later. The other sur-
vived the experiment without being
removed from the lot. A third heifer
died after 55 days on experiment
without showing the symptoms
mentioned. A post mortem exami-
nation did not reveal the cause of
death.

It was apparent after 58 days of
the trial that 10,000 p.p.m. of s
dium salfate made the water un-

Salinity and Livesrock W

Table 2. Effect of Different Concentrations of &
_‘ . o . f]unc 27-8ept. 19, |

10,000
Pp.m.
woclinm
e sulfate Nond
Number in lot ... ... 6f 5+
Days o e . 56 18

Av.initial weight, Ib. ... 673.0 635.6
Av. daily gain, Ib, ... —.40 4.3
Av. daily ration consumed, lb.
Alfalfa hay ... ... 32 59
Concentrate mixtore .. 5.9 14.2
Mineral mixture . . 050¢
Trace mineral salt 060%
Feed per 100 1b. gain, Lb.
Alfalfa hay ... ... ..
Concentrate mixture .
Mineral mixture .. ..
Trace mineral sait .
Av, daily water consumption, gal.
June 27-Aug. 21 b A60
Aug. 22-Sepr. 19 . . 8.1
June 27-Sept. 19 ... 7.07

.r'ml-.m 1, cattle :han_ged to cantrol \N‘Il;r'l'.tttf 56 days,
$0ne heifer died. Gain made up to last weigh day befare
*Values for entire experiment.

satisfactory, so at that time Lot 1  used
was offered control water. The ex- not :
eriment was continued for another diun

38 days. The return to normal appe- Al

tite and appearance was rapid and  duce
the animals in this lot gained 4.8 trace
pounds per day during this period the

{table 2). eral
The rates of gain for the lots re-  7,00(
ceiving the water with 4,000 and Ac
7,000 p.p.m. of added sodium sul- sodi
fate were 2.50 and 2.73 pounds, re- in sb
spectively, as compared to 260 tion
pounds for the control lot, The dif- p.p.n
ferences probably represent normal  redu
variation for the number of cattle The
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Lot 4, 7,000 p.p.m. mixed salts {50-
dium 955 p.p.m., sulfate 4772
p-pm., chloride 425 ppum., and,
magnesium 848 pp.m.}: Lot 5,
10,000 p.p.m. mixed salts (sodinm
1,364 p.p.mn., sulfate 6,817 p.p.m.
chloride 807 p.p.m., and magnesi
um 1,212 p.p.m.)}

Results and Discussion

First trial. Results of the first trial
are summarized in table 2. Adding
10,000 p.p.m. of sodium sulfate to
the water caused a marked reduc.
tion in feed consumption and rate of
gain. The heifers in this lot (Lot 1)
lost an average of 62 pounds per
head during the first 2 weeks of
the trial, and even after 58 days the
average loss per head was 22
pounds (0.4 pounds per day).

Scours were rather severe in Lot
I, and two of the heifers showed
pronounced additional symptoms
indicating toxic effects. These
symptoms were rapid and difficuk
respiration and incoordination, One
of the heifers was removed from the
experiment and given control
water. Respiration and gait wer
normal on the following day and
the animal was returned to exper-
ment § days later. The other sur
vived the experiment without being
removed from the lot. A third heifer
died after 55 days on experimen
without showing the symptoms
mentioned. A post mortem exami
nation did not reveal the canse o
death.

It was apparent after 56 days of
the trial that 10,000 pp.m. of w
dium salfate made the water un

. *Lat L, camtle ch.mgod o control water after 56 days.

" (table 2).

: 7,000 p.p.m. of added sodium sul-

| spectively, as comparcd to 2.60
pounds for the control lot. The dif-
ferences probably represent nommal
variation for the number of cattle

- (June 27-Sept. 19,1957)

10,000 7000 4,000
p.p.m. p.pm. p.p.m. Control
sodinm sadiom  sodjum water
suifatc Nane sulfare wuléate  (Brookings)
Number in lot ........... 6% 5t 6 [ 6
Days . 56 28 84 84 84
Av. initial weight, Ib. ... 673.0 6356 669.7 676.0 667.7
Av, daily gain, 1b. ... —40 4,80 2.73 2.50 2.60
Av, daily ration consumed, Ib.
Alfaifa hay oo 32 59 58 5.9 58
Concentrate mixture ... 59 14.2 3.9 139 139
Mineral mixrore . ... 0501 034 .092 .089
Trace mineral salt .. {601 62 043 117
Feed per 100 b, gain, b,
Alfalta hay ... ... ... — —_ 215 236 222
Concentrate mixiure .. ——— —_ 511 557 536
Minecral mixture . L —— —_— 1.23 3.67 144
Trace mineral szle ... _ _ 229 1.71 453
Av. daily water consumption, gal.
June 27-Avg. 21 ... Y. 8.52 8.41 8.27
Aug. 22.8¢pr. 19 ... B.16 7.86 7.64 7.39
June 27.Sept, 19 . ... 7.07 8.30 8.15 .98

tOne heifer died, Gain made up to last weigh day before death counted in gain for the la,
Values for entire cxperiment.

satisfactory, so at that time Lot 1
wus offered control water. The ex-
periment was continued for another
28 days. The return to normal appe-
tite and appearance was rapid and
the animals in this lot gained 4.8
pounds per day during 5\1’5 period

used. Feed consumption also was
not affected by these levels of so-
dium sulfate in the water.

All levels of sodium sulfate re-
duced free choiee consumption of
trace minera} salt. Consumption of
the salt-bonemeal-limestone min-
eral mixture was reduced by the
7,000 and 10,000 p.p.m. levels.

Adding 4,000 or 7,000 p.p.m. of
sodium sulfate to the water resulted
in slight increases in the consump-
tion of water. However, 10,000
p-p-m. of the salt caused a marked
reduction in water consumption.
The cattle offered the highly saline

The rates of gain for the lots re-
ceiving the water with 4,000 and

fate were 2.50 and 2.73 pounds, re-

i e e e ——— e
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Table 2. Effect of Different Concentrations of Sodium Sulfate in Water for Catle
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water would consume only a small
quantity at one drinking. They often
licked the water with their tongues
rather than drinking in a normal
manner. Cattle in Lot 1 drank much
more when returned to control
water.,

Second trial. Results of the second
trial are presented in table 3. Since
7,000 p.p.m. of sodium sulfate in the
water was satisfactory for cattle but
10,000 p.p.m. was toxic, these levels
were used for testing the salts in
this trial.

Neither 10,000 p.p.m. of sodium
chloride nor the mixed salts pro-
duced the toxic effects or depression
in feed consumption noted with a
similar level of sodium sulfate in
the first trial. However, this level
of the salts resulted in a rather pro-
nounced decrease in the rate of gain.
Water with 7,000 pp.m. sodium
chloride or mixed salts did not af-
fect rate of gain or feed consump-
tion, This is in agreement with
results of the first trial. Apparently
the toxic levels of salts in the water
lie between Z—ilOOO 1;]nd 1?,000 X .m.i

ossibly at the tological leve
E()aboutYB,SOO to 9?088 p.p§n. ).

Effects of the added salts on min-
eral and salt consumption were var-
iable, Both levels of added sodium
chioride reduced consumption of
the trace mineral salt and the salt-
bonemeal-limestone mixture. The
addition of mixed salts to the water,
however, increased consumption of
the mixture and had variable effects
on salt consumption.

To see if the type of water had an
effect on shrinkage, the cattle were
shrunk for 24 hours at the end of

the second trial. The differences
shown in table 3 are not large con-
sidering the small number of ani-
mals used. Shrinkage was greatest
for the control lot,

Four animals were removed from
the experiment in this trial. One
heifer was removed from Lot 1
after 88 days becaunse of a prolapse
of the rectumn. Cuoe steer, previously
treated with a sulfa drug for bloody
scouts, was removed trom Lot 8
after 27 days because of an edema-
tous condition. This condition may
have resulted from urinary ealculi,
a matter that was not definitely
established. One steer was removed
from Lot 4 after 23 days because of
urinary caleuli, and one was re-
moved from Lot 5 after 45 days with
a condition diagnosed as edema of
the glottis. In tﬁ?s Jatter case again
the animal had been treated with a
sulfa drug for bloody scours just
prior to the appearance of the
edema.

Cases of urinary calculi had been
observed in the p of cattle
from which those used in this exper-
iment were selected, and it is
doubtful that the water treatment
was involved in causing this prob-
lem here. With reference to the
edematous condition, however, the
sulfa drug and the high level of salt
may have been contributing factors,

An increased water consumption
was noted for both levels of added
sodium chloride. However, the ad-
dition of the mixed salts appeared
to have no effect on water consump-
tion, the small differences between
the treatments and the control prob-
ably representing a normal varia-

Salinity and Livestock |
Table 3. Effect of Different Concentrations of ¢

Water for Cattle (June 3-Sept.

7.00¢
Control p.pm
water sodiw
(Brookings) chlork
Lotnumber ... .. 1 2
Numberinlot®* ... & 6
Av. initial weight, Ib. 7340 729.0
Av. daily gain, ibt . 241 23
Av. daily ration consumed, 1b.
Alfalfa hay .. ... 52 5.5
Concentrate mixture ... 14.0 145
Mineral mixture . . 037 0
Trace mineral sale ... 071 0
Feed per 100 Ib. gain, 1b.
Alfalfa hay . 24 131
Concentrate mixture ... 583 615
Mineral mixture . ... 155 1.1
Trace mineral salt ....... 294 2.2
Av. daily water
consumption, gal ... 7.6% 89
Shrink, 24 hrs. @
feed and water, % ... 6.72 5.7

V'Sirn;[;rs shown are for the jnitial number.

Hlacludes gein made up to last weigh day for those rer

tion for groups of such small num-
bers of animals,

SWINE STUDIES

Lt is generally assumed that swine
are more susceptible to injury from
saline waters than are cattle. There-
fore, in undertaking a study with

rowing pigs, it was decided that
ower concentrations of salts should
be used. In addition, facilities were
such that the work had to be lim-
ited to one type of saline walter, so
it was decided that a mixture of
salts should be used. This mixture
included sodium chloride, magne-
sium sulfate, and sodium sulfate,
added at a ratio similar to that found
often in natural waters,

app
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only a small the second trial The differencet
. They often  shown in table 3 are not large con-
heir tongues  sidering the small number of anl

" Table 3. Effect of Different Concentrations of Sodium Chloride and Mixed Salts in
Water for Cattle (June 3-Sepe. 23, 1958112 days)

7,000 10,000 7,000 10,000

n a nonnal 3 ' ntrot .p.m. P, pan. Xz,
el mals used. Shrinkage was greatest Comrol . prn. PR PR R
to control for the control lot. (Brookings) chloride  chloride sl salts
Four animals were removed from " Lot number ... e 1 2 3 4 5 s
the experiment in this trial. One Number in lot* o 6 6 6 6 6 i
fthe second heifer was removed from Lot | Av. initia} weight, tb. . 7340 7290 7333 7333 7300 ;
ble 3. Since after 88 days because of a prolapse Av. daily gain, bt .. 2.41 2.36 1.96 2.28 1.80 ’
ulfate in the  of the rectum. One steer, previously Av. daily ration consumed, Ib. N
Jé'hcattlle but treated with a sulfa dru Alfalfa hay . e 15.‘2] li; :3{ li..g I;; N
ese levels  scours, was removed from Lot § Concentrate mixture ... 14 . . E !
the salts in after 27 days because of an ed:m: Mineral mixmure ... .. 037 028 020 044 059 i
tous condition. This condition ma’.' Fe':‘é'actrt;lageﬁ’al ?llrt. [b 071 053 .052 087 050 ;
. of sodium have resulted from urinary cal'cu iy Alfglc[a hay g 1T 231 %I 248 301 ;
. salts pro- a mat_te! that was not definitely Concentrate mixture ... 583 615 718 627 723 :
‘depression  ¢stablished. One steer was removed| Mincral mixture .. 155 L1699 195 328 t
ted with a from Lot 4 after 23 days because of; Trace mineral salt . 2.94 2.24 2.66 3.83 277 :
sulfate in Urim;lg' caleuli, and one was re Av, daily water i
. this level moved from Lot 5 after 45 days with consumption, gal ... 769 8.96 994 7.38 778
rather pro- a condition diagnosed as edema Shrink, 24 hrs. 0"%
feed and water, %, ... . 672 5.75 5.46 5.79 6.46

ate of gain.  the glottis. In this latter case again
m. sodium the animal had been treated with a
did not af- sulfa drug for bloody scours just

'&:;r:lscrs shown are for the initial number,
| Hincludes gain made up to Jast weigh day for those removed from lor

| consump- prior to the appeara

it with the Sdema. P nee of the tivn for gruuass of such small num- Methods .
Apperently  Cases of urinary calculi had been bers of animals. Sixty weanling pigs averaging :
1 the water  observed in the group of cattle approximately 37 pounds were used ;
000‘)?111 from which those used in this exper- [l SWINE STUDIES in this trial conducted in concrete
gical level iment were selected, and it is Itis generally assumed that swine drylot from June 10 to September :
m.). doubtful that the water treatment are more susceptible to injury from 8, 1858. T he pigs were divided into i

" saline waters than are cattle. There-  four lots of 15 pigs each on the basis
fore, in undertaking a study with of ancestry, weight, and sex. All lots
- growing pigs, it was decided that of pigs were seli-fed the same basal

E)wer concentrations of salts should raton. This ration consisted of 84
be used. In addition, facilities were parts com, 10 parts soybean meal, 5
such that the work had to be lim- parts tankage, 0.5 part steamed
ited to one type of saline water, so  bonemeal, 0.5 part trace mineral
it was decided that a mixture of salt, and B-vitamin and antibiotic
salts should be used. This mixture supplement. When the pigs weighed
included sodium chloride, magne- about 110 pounds the com was in-
sium sulfate, and sodium sulfate, creased to 91 parts and the soybean
added at a ratio similar to thatfound meal and tankage were reduced to
' ofter: in natural waters. 5 and 2.5 parts, respectively.

Its on min- was involved in causing this prob-
rwere var- lem here, With reference to the
ed sodimm edematous condition, however, the
mption of sulfa drug and the high level of skt
d the salt- may have been contributing factors.
ture. The  An increased water consumption
the water, was noted for both levels of added
wnption of sodium chloride. However, the ad-
ble effects  dition of the mixed salts appeared

to have no effect on water consump-
ter had an  tion, the small differences between
attle were the treatments and the control prob-
ne end of ably representing a normal varia

B e e e g .
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Each of the four lots of pigs re-
ceived a different water, as follows:
Lot I, Brookings water; Lot 2,
Brookings water plus 2,100 p.p.m.
of added salt mixture; Lot 3, Brock-
ings water plus 4,200 p.p.m. of add-
ed srlt mixture; and Lot 4, Brook-
ings water plus 6,300 p.p.m. of add-
ed salt mixture. The saYt mixture was
composed of 1 part of sodium chlor-
ide and 3% parts each of sodium sul-
fate and magnesium sulfate. The
pigs were placed on those waters di-
rectly, no attempt being made to ac-
custom them to each gradually.

Resvits and Discussion

Fhe results summarized in table
4 show that there were no harmful
effects from water containing up to
6,300 p.p.m. of the salt midure
(about 7,000 p.p.m. total salts when
the composition of the Brookings
water is considered) on growing-
finishing pigs. In fact, the average
daily gain, feed consumption, and
feed efficiency were better for all
three lots given water with added
salts than for the control lot { water
with no added salts).

Increasing the salt content of the
water did increase water consump-
tion. It was also noted that the pigs
receiving the salt in their water
scoured during the early weeks of
this trial. This scouring was more
apparent in Lot 4 than in the other
lots. However, it apparently had no
harmful effect on the gains or gen-
eral condition of the pigs.

The increased weight of the pigs
getting water with added salt was
not due to an increase in fill. After
the final weigh period, all pigs were

withheld from feed and water tor
16 hours and reweighed. The aver.
uage shrink per pig wax 16.1, 8.9, 9.3,
and 9.7 pounds for Lots 1, 2, 3, and
4, respectively. It was not deter
mined in this trial whether there
was a greater water retention in the
tissues of the pigs receiving the
water with added salt.

POULTRY STUDIES

Only limited work with poultry
has been completed, but studies arc
heing continued and results will he
reported more completely later,
Therefore only a summary of find-
ings to date is reported here.

Laying hens in cages have been
kept on waters containing 4,000,
7,000, and 10,000 p.p.m. of added
sodium chloride and on water with
no added salt. At all levels of added
salt, watery droppings have been
cbserved. The severity of this con-
dition appears to correlate with salt
content of the water. It has also
been found that the added salt in.
creases water consumption, the
greater the salt content, the greater
the water consumption.

Except for watery droppings, the
4,000 and 7,000 p.p.m. of added so-
dium cbloride glg not appear to
harm the birds. Egg production and
body weight data were as good for
these two salt levels as for the con-
trol hens. At the 10,000 p.p.m. level,
however, egg production and body
weight were adversely affected.

From the study discussed here, it
appears that poultry may be very
much like other animals with re.
spect to their tolerance of saline
waters. Studies now in progress

Salinity and Livestock Way
Table 4. Saline Waters and Swir

Lot 1
| 1
added
salts
Number of pigs oo 15
Av, initial weighe, tbs, . 374
Av. fnal wcigﬁt, bs. .. .. 1646
Av. daily gain, lbs, 1.4
Feed/pig/day, Yos. ... . .. . _. 53
Feed/pound of gain, Ybs. ____ . __ 37
Water consumption (gal./pig/day).._ 1.0
should clarify this matter, especially in weig
those studies dealing with growing and th
poultry, Atale
gains -
SUMMARY waters
The purpose of the work de- g::;m '
scribed here was to determine the o
effects of saline waters on livestock ~ Thre
and the level at which salinity ™Mixtur
makes a water unsuitable for live- The hi
stock. Rats, cattle, swine, and poul- contern
try were used in the various studies. than so
Preliminary experiments were ©0 the
made with rats, using five different perime
salts, each at four levels. These ex- Served.
periments indicated some differ- sulted ;
ences with regard to effects of the Tate of
various salts, but it appeared that not adr
water with a salinity OF about 4,000 In 1
ppm. had no toxic effect, while chlorid
water with a salinity of around p.p.m.
10,000 p.p.m. usually did, regard- At 7,00
less of e of salt. verse ¢
Trials with fattening cattle in- 10,000
cluded the study of waters contain- body »
ing added sodium sulfate, sodium offecte
oride, or a salt mixture contain- In g
ing sodium chloride, sodium sulfate, studies
and magnesium sulfate. Here it can be
was found that in each case a level taining
of 7,000 p.p.m, caused no reduction salts, r
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Table 4. Saline Waters and Swine Pertormance

age shrink per pig was 10.1, 8.9, 9.3, Lot 1 Lot2 Lot3 Lot 4
and 9.7 poundsP f%r Lots1,2 3, and no if;ﬂ_ :_f,?.?_ :_’::2,
4, respectively. It was nat deter ded  added  added  added
mwined in this trial whether there flf sl aly s alb
was a greater water retention in the Number of pigh oo 15 15 15 15 :
tissues of the Pigs receiving the Av, initial weight, lbs, ... . 374 374 37.2 37.2 !
water with added salt. Av. final weight, Ibs., ... 1646 1728 1801 1748 i
év.dc!l/aily,%ain. [l:;l ...... S 1.4; ;5; ;;3 1.53 ;
. eed/pigfday, tbs. . .. 53 4 . 5.59 '
POULTRY STUDIES Feed/pound of gain, oo, - 379 362 347 366 -
Only limited work with poultry Water consumption (gal./pig/day)... 1.06 130 142 148 !
has been completed, but studies are =
being continued and results will g should clarify this matter, especially  in weight gain or feed consumption, :
reported more completely late BB those studies dealing with growing and the animals appeared normal.

erefore only a summary of find-
ings to date is reported here.
Laying hens in cages have beer
kept on waters containing 4,00
7,000, and 19,000 p.p.m. o% ‘
sodium chloride and on water with
no added.salt. At all levels of added
salt, watery droppings have bea
observed. The severity of this con
dition appears to correlate with sal
content of the water. It has also
been found that the added salt in
creases water consumption, the
greater the salt content, the greates
the water consumption.
Except for watery droppings,
4,000 and 7,000 p.p.m. of added so-
dium chloride did not appear t
harm the birds. Egg production and
body weight data were as good for
these two salt levels as for the con
trol hens. At the 10,000 p.p.m. level
however, egg production and body
weight were adversely affected.
From the study discussed here, it
appears that poultry may be very
much like other animals with re
spect to their tolerance of saline
waters. Studies now in progres

poultry.
- SUMMARY

The purpose of the work de-
 scribed here was to determine the
. effects of saline waters on livestock
f and the level at which salinity
| makes a water unsuitable for live-
stock. Rats, cattle, swine, and poul-
try were used in the various studies.
Preliminary experiments were
made with rats, using five different
salts, each at four levels. These ex-
. periments indicated some differ-
' ences with regard to effects of the

various salts, but it appeared that
- water with a salinity o}] about 4,000
pp-m. had no toxic effect, while
water with a salinity of around
10,000 p.p.m. usually did, regard-
[ less of the t)xe of salt.
l  Trials with fattening cattle in-
{ cluded the study of waters contain-
ing added sodium sulfate, sodium
¥ chloride, or a salt mixture contain-
| ing sodium chloride, sodium sulfate,
E and magnesium sulfate. Here it

was found that in each case a level
of 7,000 p.p.m. caused no reduction

At 8 level of 10,000 p.p.m., reduced
gains were found with all of the
waters, and in some animals on so-
dium sulfate water, severe symp-
toms of toxicity were observed.

Three different levels of an added
mixture of salts were used for swine.
The highest level gave a total salts
content of about 7,000 p.p.m. Other
than some slight scouring in the pigs
on the higher levels early in the ex-
periment, no ill effects were cb-
served. Increasing salt content re- ;
sulted in increased water intake, but )
rate of gain and feed efficiency were .
not adversely affected. i

In laying hens, added sodium
chloride at a level as low as 4,000
p-p-m. caused watery droppings.
At 7,000 p.p.m. no additional ad- '
verse effects were noted, while at ;
10,000 p.p.m. egg preduction and
body weight were both adversely
affected.

In general, the results of these
studies indicate that toxic effects
can be expected from waters con- |
taining 10,000 p.p.m. of soluble |
salts, regardless of the type of salts. :




Qs>

[:.' [l

Note salt deposits arcund the edge of
this dugout.

Waters with 7,000 p.p.m. of scluble
salts apparently cause little, if any,
real damage to livestock, but be-
cause of taste qualities and laxative
effects from certain salts these
waters cannot be considered as en-
tirely satisfactory for livestock. In-
corporating a reasonable margin of
safety to provide for exceptional
conditions, it appears that a water
with over 7, p-p-m. of soluble
salts should be classed as unsatisfac-
tory for livestock.

SM-— 7536719
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Based on these studies and on
observations made during the past
several years, the following criteria
are suggested for relating salinity
to the quality of a livestock water:

Total Salts Content of Water®
(ppm) Quality
................................. Excellent
............. Good
Satisfactory

7,000 and over...___ Unsatisfactory

*Values for conductivity in micromhos per cm.
at 25° C. may be used here if total salts con-
tent is not known.

Other factors are, of course, im.
portant in determining the quality
of livestock waters. These include
such things as whether or not the
water is excessively turbid, stag-
nant, or insanitary.

In addition, excessive nitrates,
alkalinity {not to be confused with
salinity), or unusual poisons make
livestock waters unsatisfactory. Oc-
casionally iron content is so high as
to make a water objectionable be-
cause of its taste. Therefore, these
factors must be considered in addi-
tion to salinity in evaluating a live-
stock water. Lack of experimental
work prevents publication of stand-
ards relating to these factors at this
time.

the northern
lfalfa seed p1

FCONOMICS DEPARTMENT
AGRICULTURAL EXPERIMENT STATION
SOUTH DAKOTA STATE COLLEGE, BROOKIN




	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9
	page 10
	page 11
	page 12
	page 13
	page 14
	page 15
	page 16
	page 17
	page 18
	page 19
	page 20
	page 21
	page 22
	page 23
	page 24
	page 25
	page 26
	page 27
	page 28
	page 29
	page 30
	page 31
	page 32
	page 33
	page 34
	page 35
	page 36
	page 37
	page 38
	page 39
	page 40
	page 41
	page 42
	page 43
	page 44
	page 45
	page 46
	page 47
	page 48
	page 49
	page 50
	page 51
	page 52
	page 53
	page 54
	page 55
	page 56
	page 57

