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SUMMARY
AN INVESTIGATION INTO THE QUALITY OF WATER FOR ANIMAL PRODUCTION
by

N.H.Casey, J.A Meyer, Christé] Coetzee and W.A .van Niekerk

The validity of the guidelines presently in use in southern Afnica in assessing the quality of water for
livestock production has been questioned. International guideline vaniables and the levels for specific
vanables differ and highlight the need for each country 10 have own relevant guidelines. The guidelines
in use in South Africa are based largely on international guidelines and have few locally established

vanable guidelines.

A towa! of 2293 daia sets of borehole water samples from non-hvdrogauging stations from the NW &
NE Transvaal and NW Cape were reviewed and the vanables fluonde (F), total dissolved salts (TDS),
chlonde (Cl) and suiphate (SO,) were found to be the vanables of major importance to livestock
production based on the incidence of potential-toxicity assessed according to international guidelines.
High nsk areas were identified and selected farms were visited in the NW Cape and NW Transvaal
regions. On the basis of the results on the data reviewed and the obsenvations from the interviews
conducted, research emphasis was placed on F and the palatability effects of pnmanly Cl, SO, and TDS.
Similar results were obtained from a review of data from the Atomic Energy Corporation data base and
recent dawa (1990-1994) from the Department of Water Affairs and Forestry, with nitrate being an

addition 1o the list of water quality vanables with high research pnonty

The effects of five different levels of F in the dninking water (< 1 mg/l, 6 mg/l, 10 mg/l, 14 mg/l and
20 mg/l) on the growth and health of South Afncan Mutton Menno wethers to market weight was
invesugated. No significant treatment effects were observed on growth or health. Thyroid gland weight
was significantly affected by the treatment in some of the groups with a nise in thyroid gland weight with
increasing levels of F in the dnnking water, It was concluded that although there were no clinical

symptoms or histopathological lesions found that F had a significant physiological impact on the sheep
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(hypothyroidism) and fluorosis would have developed with ume. I: was further conciuded that an
ingestion of 96 mg F/ sheep/ d of F (25 kg Live weight) and 122 mg F/ sheep /d of F (42 kg live weight)
could be recommended for SAMM wethers for growth to market weight without any adverse effects on
growth or health occurring. A similar finding was concluded in a second trial with 2 level of 15 mg/l

F in the dnnkong water not resulting in any significant effect on growth or health of SAMM wethers 10
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ffects on production characteristics of Ross broilers
No significan: differences between NaF treatments regarding all major production charactenistics we
found in Silver Grey Hy-line layers at F levels of up to 20 mg/l or an ingestion rate of up to 4.453

mgF./day/bird over a 74 week penod.

Similar fiadings 0 those made with SAMM wethers were made with Bonsmara steers exposed to NaF

in the ¢ninking water to a ievel of 20 mg/l F, with a resultant ingeston of 350 mg F. steer’ /day dunng
ne in:ual growth phase anc an ingestion of 600 mg F/ steer/ day during the final growth phase to marke:
WEIENS

¢ eile Cl anc SO; on the palaad 0! water was investigateC at varving TDS levels anc ratic

CL.TDS anc SO,:TDS. It was founé tha: both vasabies had a significan: adverse effect on the
paiatability of the water, judged by a decrease in the water intake for both vanables and a decrease 1n
the feed intake for the (I vanabie. Suiphate appeared to have a negauve eftect on palatab:lity at a lower
evel than for Cl. No significan: treaiment effects were found on growtn to market weight or health
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Saline water was found to significantly alier the bone [F] in SAMM wethers, compared to fresh water,
with a significant negative correlation between salinity and bone [F] being found. A TDS concentraton

of 3000 - 6000 mg/]1 appeared 10 have a beneficial effect on hot carcass weight in Bonsmara steers

exposed to F in the dnnking water

A need for an index system 1o assess the suitability of water for hivestock productuon was identified as
the present system does not fulfil this role sausfacionily. The index system should be based on the
assessment of water intake for (1) toxic vanables - to determine the levels of ingesuon of the vanable
concerned, and (ii) palatability vanables - 0 assess the impact on the variabies on water requirement and

feed intake. These will then be combined to form a water quality index (WQI)




CONTENTS

CHAPTER | ANINTRODUCTIONTOWATERQUALITY GUIDELINES FORLIVESTOCK,
GROUND WATER AND FACTORS INFLUENCING ANIMAL WATER
INTAKE : : l

Intermational water quality guidelines for livestock : : |

. - Ground water -
domm JIUGTIG aws
- | 4 . |
5 Y ;70N OF ground water 8
4 A evat - - L - - m -y 38 aal TR 17 1o o~
- A SYROPDSIS 1ac JEeNC al a waie Al v
: Eead and water intake correlatine
aev . LN I BWaL A o\ ML =T AL & :
. v - - - - - »
.- [+ . on Sl el il Sy :
L 3 Tha » s 1 ’ "
- . A - ~ - Y -
- 3 F | “vira \ » H
-~ : - ra
: . N e - " -
. R —_— T a v AT A™T Y Ad s \ ) v v \ -~
CIIAT IEN o PRl DD &) Shhme ¥ TAL" g . InNL T [ . W ALK YAMILED
I A\d TIIE A il o + . » . re \ Y . N . i
ol 34 v g P . (B e » . ! o 8 - KA yAAL 4 c
\ ) 4 11 T . - Y ) . S
N im W | | S . y i N ) .
" - - Y
- - ‘N-_-
> e -~
- - L™ —
- - - Y
-~ - \ l_.*i_ N




CHAPTER 3

LIPS
=
-

ot
'

=
L

)
o=
i

)
L)
t)

W
(B
L)

t)

[N

)

EIORE IR e cones o 0 15 ol i 5 Qw28 6 20 SRSV X 1 3 T 0O . X 4 B W0 X 32
| I R e I T I YT 33
Fluorspar deposits in the Republicof South Africa . .. ............. 35
BRI ¢ conant A0 Msstamesnsdnem-assissara®xs e 36

THE PHYSIOLOGICAL IMPACT OF FLUORIDE IN THE DRINKING WATER

DCEIVENIIOCE FROPDUETIRN sisstiitsivansdniay i is .. 37
RTINSO TIROENED: o « 5 v w & 0 v e & @ & @ AN P N B SO & W A 37
PR T c sy R 2 e VDo GRS VR A AN IR TR G R & RS § ¥ SN g 37
FIUOTOSIS . . . . it ittt e e e et e s 117 T v e .. .38
Diagnosis of fIUOTOSIS . . . . . & . o it e e e e .42
AR o & scinew o 8 @ = 0 PusP K 5 GAEE @ X ® 5 SIS ¥ ¥ 3 SGMSSE 0 N & SO § 43
Research areas identified for investigation _ . ann . 49
T R R T T F W 49
Diet manipulation . . . .. ... . 11
DRIy AP . cn o ressaomeus e e d @ Uy S SWE ST NS 50
PN VST PRI v s ssv s veo vt s s woafs NN IEs o0 50
LRI R cssmdifipmitcbnd obonn v b GEaL T 55 R 50

Milk production and reproduction responses to increasing fluonde . . . . . . . 5l

O] BENE PIRICIRNE o o winve o 5 v 500 v ¥ 66 WS ¢ I § & B @ 6 B N 51
O RN . s o i v oo v bs oo ansB PR d IS HTFSVEN GBS 52
Thyroid and parathvroid gland responses to increasing fluonde . . . . .. .. 52

vii




L)

fmt T 2 —
(d) LNVroi¢ giand . ; §2

A
a2

(b) Parathyvroid gland

S ——— R ——— .
FLUORIDE TRIAL : THE EFFECTS OF DIFFERENT LEVELS OF FLUORIDE

G WATER ON SOUTH AFRICAN MUTTON MERINO

(.
<
m
-
ohe
o
v
A
e

,t’dﬁ»&fli‘." * . : S - 54

wn
o

Matenals and methods




e

F 3

i~

.‘.

N

S

IS

8N

L ]

a2

.‘ \

-—

)

W

o

o

)

Ohlative: i iosannedinsdmaiiédiie N P —— o % % mtil)
Maternials and methods . . ... .. PR — Y R 8S
Adapuation phase . . , . e d d o atll
Treatments . . TN T EY T T 1TV e . .. .86
BN avne & v 2 o . A — . R wan « ¥ 9
Water treatments . . . . « « c e c o oo & SHRONF Y P s o @ VD
Adaptauon phase . . : T 111 DY papap e .. .87
Water treatments fortmal penod . . . .. ... 0.0 . . .
Parameters monitored . . ....... M R ¥ 3 0o A ey i & M O Sanins i ABME

Results . . ... AP R — . e—— | ) |

Waler intake & 1 N % . & a 104

i -
L 1od - Lo -
AVEiasEel (CC0 wir s “-
<
' son

AV V\e._:. -
. -
~ 3
DI00C ‘e
1 - -

"

\ ne

5.3.;;_‘,.‘.'.:? parameiers ‘el

rJ

Hot carcass weight

o ! - - -
L DVT0I0 gland weighl las
10 4 . s . . P
Aldnev and ver hisiopatnoioes -
Fluonde concentration of metacarmal hone 199
Siuonde conceniration of melacarpa: bone . o . n . . QR

Discussion 1.4







CHAPTER 7 THE EFFECT OF F IN THE DRINKING WATER ON GROWTH AND

HEALTH OF BONSMARA STEERS TO MARKET WEIGHT and the EFFECT

OF SALINITY ON BONE F CONCENTRATION . . . . ... ... .... 186
7.1 INOEIIRL « ¢ a s e s omvas d VB AR S s S MO PR U R S 25 6 5% & & 186
7.2 MO %t i 13an iR fionddd isNe 25 ' BECED Y b ok .. 187
7.3 B o cicinnmmures s n ot g e sestre o A E Serd e e .. 188
p Growth and health . . . . . . ittt e st e e e e e e e e s ¢ L5
7.4 Discussion . - P ———— . A . 193
7.5 TR ;i s iaociannsissoemidst ssadtsbhind 285 sowts s 195
CHAPTER 8 THE EFFECTS OF CHLORIDE AND SULPHATE SALTS AT VARIOUS

TOTAL DISSOLVED SOLIDS LEVELS ON THE PALATABILITY OF WATE

PR PRIERLAN EIEERE i i 5 2 o ai i i i ant a0 0@ e iifa drdsi 196
5. Introduction ’ A - 196
8.2 Methods ‘ : . . : . ;i . 199
g.3 Results . . .. . S . . ., aU2
g4 Discussion . . . . NN A S e . ... 208
§.4.1 Increasing SO, and Cl concentrations .o 208
§.4.2 Ration manipulations ’ : . ; & : . ' 8 ... 208
8.4.3 N 111 209
8.5 Conclusion S S , SR A RS s Ne s 211

X




G

HA

DT

ER 9

q

Nauonal Ground W

Ul

roow |

— -

w4

—
NG

G AND INDEX SYST

TEM
A—-‘A



O

CHAPTER 11 REFERENCES . 5 6 S R P NG TN N A

0

fe

—

APPEN




LIST OF TABLES

Table

Table 1.3

i
)
wn

-~ s
ok
LAVIN -
L P W
1a0IC ..«
-~ - "
alla 1
.- e -

- -
LEVIN -
- - r
1M e -
LR 2" - - -
hoe r
LS -
- - -
[ = S -
a -
i i~ -
\
s IS
. [N -
- -
3 s & S
. - ose
el ¢
-~ - -
‘- - -
. . -
LS

Summary of intermauonal and local cntenia, guidelines and standards . . . . .

L)

Australian recommendautons for TDS concentaton . .......

o

or saline water for livestock watenng sassiai'B

ground water by various sectors (Ground water - Guidelines for
Borehoies, 1950) . PP TELE . o Ty s Ad
Causes of degracauon of ground water (Bowen, 1990) ... .. .. . .8
NW & NE Transvaal . sssawsass v I8
S st i bl , . 19

& NE Transvaal and NW Cape . T . « &0

Incidence of PTV in
the NW
the NW

Change 1n the concentration (mg/l) of water quality vanables from 3 different

el
LS

ling sites. namely, borchole, reservoir anc dnnking trough in the NW

¥ a | PR L - - ~o
\-Jﬁu LIZNG LGS e - -b
s ™y X - — C 3
Yar - W -~ g 3 > - the « Trare ATAIIAT AN o
cigence « i in Cata dases itro the Atomic Energy orporauoen anc th
' N
~):.«._,. Mné=* 0 \.\‘ taam A4 re ,—4' For .)a.—. f b1 J ._: :._‘
Ra el T A - - T e -~ \ dal-mas Sam Ry me*s ¢ Ham
REeS( enced \USradid waler QUalIty ZUICCHNSS NCavy metdls nan,
~ ~
™ 5
- P
-~ - - - I and mge “ . f v Py T ’ - a ol |
Lo ) SV O e.uie &0 IT1S NGUCS0 WOLHSANON | neaAvy nelld: on a ;.IOhJA
o > . ) -
h S LA RS - .‘-
2 2 . - . - Y 4 -
'y @ : " ARA ” - ntaid Tan
s O eXCess N\ adpiied 0 coasal piain annually and not accounted 1or by
piar. DEXe. D3 on C3a lor " y urouncwaler conaminauon In
- - . - - - .
idiae r - iw S
Y - - - o~ -~ - 4 44
Licary iU Ce v M- c eslic & a4 CSMA00 ol -—
rene LT > | S . 3
Reco enc \ Il F e pig <l
po I e laer 1 " - - p——— ' & 7 ‘
AN U ShHeel (&g ners 41 - b waler (Lyana 'Yy S -0
5 4 M » .
Katlo M <Ja2 W - o],

)
‘
G
C
'
]
.
’
¥
"
3
)
,
~
i
[# #]

Effect of fluonde at 3 levels on the live waight of SAMM wethers 63
Leas: square mea r 5 treatments for 13 live weigh recordings of SAMM
weathers O
Means anc ceviations of S treatments with fluonde on the live weigh

i SAMM werners 67




Table 3.9 Significance levels of fluonde treatments on the hot carcass weight, liver weight

and thyroid gland weight of SAMM wethers . . ... .............. 68
Table 3.10 Least square means for hot carcass weight, liver weight and thyroid gland weight
between treatments of fluoride for SAMM wethers . . . .. ... ....... 69
Table 3.11 Correlation coefficients for water and feed intakes of SAMM  wethers over a 3
DR .:iniosiaisiitnddsiiniiineseuns fnms s 70
Table 4.1 Concentration of salts in dnnking waters of treated groups 2 + 3 (Peirce,
IR i 6302 idiaitts sb S Mo i iR GAETIR s s e 77
Table 4.2 BSOS NS 8 CRNICRIE D v v = = > v € v v s NS e E S 87
Table 4.3 Final concentrations for Control Broup . . . .+« v v v v v v v v v e e, 88
Table 4.5 Final concentrations of chlonde and sulphate groups for Adaptaton phase . 88
Table 4.4 Adapuation phase water treatments for control groups .. .. .. ..... 89
Table 4.6 Adapiauon phase water treatments for chlonde and suiphate groups . . . . . S0
Table 4.7 Water tremments fOr chlonide QIOUP . . e cccoccacsasnvasnsnvess 92
Table <.8 (a) Water treatments for groups chlonde. control and  extras . ....... 98
Table 4.8 (b) Water treatments for control group and extras . . : . e
Table 4.8 (¢) Water treatments for chlonde group ; . : TTIL .
Tabie 2 0 Rauos of CI:TDS for chlonde ~ control groups and extras from Day 41-end%6
Table 4.10 Rauos of SO,.TDS for sulphate groups from Day 3S-end . 96
Table <.11 Water treatments for sulphate group . . . . . . v o v i i e e N
Table .12 Mean water intake (weekly basis) between groups for Days | - 70 : 104
Table .13 Significance levels for between group MW differences for chlonde and control
groups: Days 1-40 . ......... . & e : v 5o . 100
Table <.14 Significance levels for between group MWI differences for chlonde and control
groups for Days 29-20 | g : 107
Table <.18 Intervals for MWI for control and chlonde groups used for within and between
group analysis . . ... ... . gom .e . auh se s ew: N
Table 4.16 Between group significance levels for Days $2-70 for chloride and control groups
for MWI | .. . et A ‘ ... 108
Table 4.17 Significance levels for compansons between chlonde and control groups for Days
<27 i b B : iswddbii , 2 & 33 eq 19
XV




Table

Table
Table
Tabie
Table

Table
Table
Table

Table

eVl
Tab
SV
-+
LI -
v
L
-
Lo -
-
‘- -
Y
- -
. -

A

Significance levels for compansons between control and sulphate groups for
DR« « » o » = uaeas . RPN U | |
Correlations between MWT and [Cl] for the chionde group . W 111
Correlations between MW! and [Cl] for the control group .. ... .... 111
Correlations between MWT and (SO,] for the sulphate group . . . voo QLS
Significance levels for effects of weatment on average feed intake . . ... 113
Least square means for average feed intake -Weeks 6 and 7 . 113
Effects of treatment on the Mean Average Feed Intake for Days (-70 114

1. 9

Correlatuons between average feed intake (AFI) and weatmen: for Days 1-70

-
Significance le

' - '_; ~r . . ., - 144 1 15
vels for effects of treatment on live weight , .. 11§

The effects of treaiment on blood serum [Cl] in SAMM wethers 116

Least square means for sampling Days 43 and 57 for blood serum [Cl] between

treatments _ : AW S 116
Means and standard deviatons for blood serum [C1] for sampling Davs 43 and
<= p—
, i

Pearson corraiaton coeliicients tor vanabias reatment ([C Of water wreatment)

T e atra ~ YL a - - - ] - - N -
Ll N - A8 - - L -, - — - . ~ -
-
(¥
- 1
1 234! SQuare mean r samnhiine j.- N b A an ar (S -y or bl ha (.‘V
Ry 3 el 4 < J 2 |
. - - -
- R - - - mimel nat aa™ Ten - an -
anc Lavs o~ - a vy |[STealini < siwegg satmenis
. - 4 - - - ™ - -
- . - ~ 3
SN AL Dl ilvac v W - - -~ — = et >y \C
o 4 L -4 - - I . toy* — e 4 ' vareym 4im e
ang o. € and u a [eT& e | Sl e & c = MACINE
h | ~
this - - = )
[Ci] int KN W -
- - — . ~ at e PR sar -yl T r & ok 4 .
earso rela coefficients for vana e atme (( ) e nLing
f oY . 1
o 3 o - - ' .

-
lu..v e il v

............

Vile



.

Table 4.38 Correlauon coefficients and significance values between fluonde concentrations
in metacarpal bone samples of SAMM wethers and (i) treatment (saline and fresh
water) and (ii) corrected fluonde intake . . ... ....... .. 00000, 123
Table 5.3.1 Fluoride ingestion rates perchicken . . . . . .. ... ... ..o uiun..., 141
Table 5.3.2 Average water intake (% of body weight) per chicken . . . . .. ... ... 142
Table 5.3.3 Least Square Means for body weight (kg) over production penod . . . . . 144
Table 5.3.4 Mean body weight perchicken (kg) . . . . . ... .. ... ...t 145
Table 5.3.5 Least Square Means for feed intake (kg) over production period . ... .. 145
Table 5.3.6 Mean feed intake (kg) perchicken . . ... ......... ... et unn. 146
Table 5.3.7 Feedconversion ratioperchicken . . ... ......cci it ivennnenn, 146
Table 5.3.8 R E ) R e Y Y Tl fITT 147
Table 5.3.9 LIPS R o0 & = « 8 & 5onntmnnt 5 2 2 (030500 ¥ 05 08 6 e o8 0 & OQNOC ® & ¥ O 147
Table 5.3.10 Fivonde content of femur (mg/kg) . . _ ; SN BHERE § BT 148
Table 6.2.1 Vaccinaton Programme . . . . . . v v v v v v it e m e e e e e . 154
Table 6.2.2 LIRS INUMIIE o c o s 6o coatar o o § FE G H S ESE BEE R E S 156
Table 6.3.1.1 Average body weights per chicken per week . ... ..... I TIIC YR -
Table 6.3.1.2 Least Square Means for body weight (x2) over growth penod 159
Table 6.3.1.3 Least Square Means for feed intake over growth period . e & 5 san A9
Table 6.3.1.2 Mean feed intake (kg) per chicken 160
Table 6.3.1.5 Average feed conversion ratio perchicken . . . . ... .. loi
Table 6.3.1.6 Moralities over |7 week growth period o . 161
Table 6.3.2.1 SRR REIER A « « o on sveoa 6 4o o0 B SN E S S S8 T WY o 162
able 6.3.2.2 Liver weights (2) Y . 4 . . 162
Table 6.3.2.3 Fluonde contentof the femur img/kg) . . . . ... . oo it 164
Table 6.3.2.4 Breaking strength of femurs (kg) . . . . ro oy : _ ™'Y 164
Table 6.3.2.5 Breaking strength (Nm) of eggsover 20 weeks . . . . ... .. .. o0 166
Table 6.3.2.6 Least Square Means for breaking strength of eggs over 20 weeks . . ... 167
Table 6.3.2.7 Histopathology of kudneysand ivers . . . . . . .. ... . . ... uuvuas 171
Table 6.3.2.8 Least Square Means foregg production . . . . ... ... .. cvv0eveao 172
Tadle 6.3.2.9 Egz production per henper week . . . .. ... ... ... uu ... 173
Table 6.3.2.10 Towl amount of eggs produced per group over laying period

(corrected for monalites)

Vi




Table 6.3.
Table 6.3

L

Table 6.

A

Table 6.

Table 6.3.

)

Table 6

Table 7.1

.
(X
.
o
o0

1
r

»
J

33

L
)

'S

15

16

Amount of soft and double yolked eggs over laying penod
Moralites over producuon penod (week 19-
Causes of morwaliues

Fluonde ingestion rates from week 27 - 74
Least Square Means of water intake for weeks 27 - 74

Water intake per hen per week (l)

Differences in starung live weight between treatments of Bonsmara

ureaiments On Iina. Uve weight In Bonsmara steers

‘1

ihe erest of

attane ':': r

. rragtmante " st e - . Pl 3T T
e eftect reatments on live weight gain 1n Bons >

gair fmara sfeers

he effect of F treatment on hot carcass weight of Bonsmara steers

Chemical

=
~ 2 af incr { - P 4 " ',
Eltect of inCreasing S concenirauons In the ¢nnking water
4 - T -
FOSSang wearls
| o] - -
p—— P —— " salbine * AR
SlicCt O 0C] sasiiis LI CONCealiavons € CIINNINE Wael
Fmac To iR 44 e
rNesianc Sieers
- p— . T
Eftect of mampulaung C:TDS:SO, ratios at a TDS congcentration ©
-t v - . 1™ - " Lt -
WAl 1NN i Shiaiie S E0Y
— -

Eitect of manip g TDS:50, 1 a: a 1Jd concents
- ar inse - - ) o P
Of waic <AL 1IN0 FNC5.&5NC ST
- ~ ™ -
r wnt -l manin ‘ T ) rari
el U NG UG - s L—)-.\ oL, ralios at 4 IL)Q coreeniralion O

N ~oa ~ apy
A “Jadis wa &l NI
dSi07S ( m20raniet 1IN esiim ne waer aAe
3 " . " » . - J
AMOTEET La A S AS (RN oA (2 4 - - U

treatments administered in the dnnking water to Fnesland

175

R
RS

SLeers

oC
oo

steers

On waler mlaxe in

IR

[ 300x) mg
2 0¢
am
-




LIST OF FIGURES

Figure 2.1  Occurrence of potentially toxic vanabdles in the NW & NE Transvaal drainage regions,

I R occii s i s (LEAN G Snas A @min i 5 BOwE & § SasiGda 21
Figure 2.2  Locaton of potentially toxic boreholes in southern Africa (Depariment of Water

AR PO, 1T =AM e ooc s s aniama 065 000 a 050 & D IRTE; 22
Figure 2.3 (a<+b) Distmbution of F=TDS values . . . . . . .0 it e e e e e e e e e 23
Figure2.3 (c+d)Distribmtionof SO, +Clvalues ...........ccccceccncssnnasns 24
Figure 2.3 (e+f) Distnibutionof Na+Cavalues . . ... ...... .. nnnnn. 235
Figure 2.3  (g+h) Distribution of Mg+NO, values . ............... ... vuuu. 2
Figure 3.1  Average daily gains for SAMM wethers on F treatments . . ... ......... 62
Figure 4.1  (a-d) Rationale behind the use of ratio manipulation to predict water intake . ... 83
Figure 4.2 Schedule according 10 which live weight, urine and blood samples were recorded over the

SL RN DRI BTN o cmuvre 5 o 5 a8 am v o @ 3w 0w A e N 102
Figure 4.3  (a) Eifect of treatment on weekly waterintakes . . ..............0.... 127

t

Figure 4.7 (b) Effect of treatment on mean water intake from Day 42 of chloride and control

groups ’ . EABENS o S WP N ‘5 s 129
Figure 4.4 (a) Effect of CLLTDS ratio on mean water intake from Day 42 for chlonde group

........................ 131

Figure .4 (b) Effect of SO, TDS ratio on mean water intake from Dayv 39 for sulphate group
..... 131
Figure 5.3.2 Water intake (1) . Y i1 P 4 TEY . 143
Figure 5.3.2.9 Liver welghts () . . . .o ittt e e e e 149
Figure 5.3.10 FIEEE SR UNDRE s spacamuegsnematids e i #amegs 150
Figure 6.3.2.1 Carcass weight (kg) A o 4 g coe.. 163
Figure 6.3.2.3 [Fluonde) of femur (mg/Kg) . . .. . . v it it v vt v v v nns 165
Figure 6.3.2.7a Normal chicken liver (FCO) ... ... . ... . ¢t uinnnnan 169
Figure 6.3.2.7b FaRy e U IR B #) csccsvssnmaonsname s s mnes 169
Figure 6.3.2.7¢ . o L EEIIETNIIItITIIIINITIINmMmIITMTINIITMT 170
Figure 6.3.2.7¢ Kidney round cell infiltration . . o ISP R RS U P amaNe R Y § 170
Figure 6.3.2.9 ERETOIAIRNUIRNANER . c covn s g aes G u N s aau pRwad e 176
Figure 6.3.2.16 Water intake/hen/week (1) . . . . . . . . . . . i ... 183
Figure 7.1 Water intake and F ingestion in Bonsmara steers . . . .. ... ........ 192

Xix







ABBREVIATIONS / ACRONYMS / UNITS OF MEASURE

ADG average daily gain

AF] average feed intake

Cl chionde

DM dry matter

EPA Eavironmental Protecuon Agency

F fluonde

Fl feed intake

LSMEANS  least squares means

MWI mean water intake

NO, nitrate

PTV potenually toxic vanables

SO, sulphate

T temperature

TAL total alkalinity

TDS total dissolvec solids

TRT treatment

WQI water quality index

Wi water inlake

WOV water quality vanable

WQGIS water quahity guidehne index sysiem
litre

K2 Klogram

mg/l milligrams per litre

K microgrammes per litre

XXi




PREFACE

- Nie Wi

rnee a2t the rarmalarine AF oh
a PICa0n ¢ <

. . - L S
3 . £ . ’ - . e G tha Gret h *vaa
—— vine tha atffane A€ oh Aatee mrrn ey abnin fannd tn he the Righact in~iden~e of
- - e - LR » . - -l 3" il ¥ . - Ly - . - - - '
o h in han hantar APREONTe Paeharrk - > hoaad Af chasn
e - abis g1 e ] ~ -
. " " - . e 2 . "
a hioh ¢ PR N ) p— - ; PR . ~mara
: - ~ | - . e G Voo 1C -iil 4 -lC SU dis
o ¢ ra ¢ .- ~ras 4 —
te ] e ne the ~ o Ak aes . » B nathacs ’ - rmararted findine "
- . - - - - ' . . b waewhan -
tar 4 wars to n ann*hae o ° F aatela 4 4 > ’ hantes
- - . - - - e J e —See “ e
e — ——— . - - ’ " —_— per Enumn — ;
P — , P . ad oh adAe - hantar
e wWas < slabg 431 Aol &
. e Q - ac tha v e - ammamaran $emey tha sacan» Sndine
- - - - - L “ - - s — e . - e - - . -~ —




CHAPTER1 AN INTRODUCTION TO WATER QUALITY
GUIDELINES FOR LIVESTOCK, GROUND WATER
AND FACTORS INFLUENCING ANIMAL WATER
INTAKE

1.1 INTERNATIONAL WATER QUALITY GUIDELINES FOR
LIVESTOCK
Guideline levels for water quality vanables and the specific vanables considered 10 be

relevant differ between countries. This is largely due to environmental differences and
indicates the need for each country to have own relevant variables and levels of acceptability.
The Water Research Commission requested that further investigation into the levels of
acceptability for livestock drinking water be undertaken. The main reason for this is that the
present standards are based largely on assumptions as yet untested in the South African

context owing to a lack of locally established vanables.

The Summansed Water Quality Vanables for Livestock Watenng as published by the
Depantment of Environmental Affairs (Kempster, Hattingh and Van Vliiet, 1985) and the
guidehnes reported by Smith (1988), differ considerably from the guidelines published by
Adelaar (1972) (Marcowitz and Conradie, 1985). The latter guidelines are presently in use
by Namibia and the Department of Agnculture, Transvaal Region in the testing of water for
livestock use. Table 1.1 presents a summary of international and local guidelines, and Tables

1.2 and 1.3 present the Australian and Canadian guidelines for salinity.

The am of the proposed project was thus to determine the levels of acceptability (minimum
and maximum) of water quality vanables for livestock production applicable to South African
conditions. Venficatuon of these standards of water quality are self-explanatory in terms of

animal health and performance.

The area incorporated in the study ranges from Venda and Lebowa to Bushmanland with the
emphasis on subterranean water due to the importance of this water source in these regions.

A bnief synopsis of ground water and factors influencing animal water intake follow.
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Table 1.2. Australian recommendauons for TDS concentration (Smith, 1988).
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{mg/1)

—
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concentration for
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nods (mg/l)
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1.2 GROUND WATER

Next to air, water is the most essential requirement for life and most fresh water is located

underground.

Ground water derives primarily from surface and meteoric water, bu: contributions are also
received from mantle sources (Bowen, 1980). There is no doubt that the demand for ground
water will continue to grow. In the USA, in the late 1950's, about 15% of the country's
water demand was satisfied by aquifer discharge, and in 1968, 20% of the national need was

provided by ground water.

According to the Borehole Water Association of Southern Afnica (1990) two-thirds of South
Afnica is largely dependent on ground water. About 280 towns rely exclusively on ground
water, while farmers are even more dependent on underground sources for stock watering -

see Table 1.4, Estimates of 1800 million m® of present ground water consumption may

increase to 5000 million m* in the next two 10 three decades.
Table 1.4 Usage of grounc water by vanous sectors (Borehole Water Associaton of
Southermn Afmica, 1990)
— - SR T T e ST T IR———— 1
Sector ; Percentage usage I
|
| Imgauon | 78% !
! Stock watering | 6% !
| Rural domestic l 7%
Mining quarmes S5 |
| Urban industrial mining | a5 “

Approximately 10% of all rainfall in South Afnca infiltrates the ground. Some of this
mayv become ground water. In some cases ground water may be ancien: and in others just
a few weeks old. In most of South African aquifers, flow velocities are usually a few
meters per vear. The fact that ground water is less susceptible to evaporative,

contaminative and drought effects is seen as an advantage over surface water.




The State Drilling Service has existed since 1880, and is operated by the Directorate of Soil
Conservation and Drilling Services of the Department of Agnculture. The state drills around
1500 boreholes per year, while the private sector drills around 60000 or more. The state
operates largely in difficult areas where pnivate contractors are not keen to work. The basic
aim of the subsidy scheme offered 1s to improve natural grazing via imgauon, and the
creauon of grazing camps system by helping farmers to obtain borehole water for stock-

watering and household use

With regard to rights of use of ground water South Afncan law vests in the owner of land

he right 1o the use of

he ng round water on his land with some prohibitions preventing the

z
transfer of ground water across farm boundanes without a permit stipulated in Section 5(2)
of Act No.54, 1956 (Borehole Water Association of Southern Afnca. 1990). Section 28 of
the Water Act No.54, 1956, authonises the Minister of Water Affairs to declare an area as
as

rhal o 1o . ™o Nare { n* y' ™3 " "y ' X T . s
ubterranean Government Water Control Area. largelv 10 prevent over-utilizaton which

has occurred with pro
1.3 POLLUTION OF GROUND WATER

A v e « St San T L I T E TE .y - - A P -1
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Table 1.5 Causes of degracation of ground water (Bowen, 1980)

m
(a) Natural degradauon :

Inflow of juvenile water.

(b) Degradauon associated with development programmes :
Return water from imgation.

Interchange between aquifers due to factors such as improperly constructed
wells.

Overdraft condiuons: these result from taking more than the safe vield from
an aquifer (safe yield = the quantty of water which can be withdrawn
annually without producing any unwanted result of a deleternious nature).

Sea water intrusion.

Diffusion, either upwards or laterally, of connate brines due to over-pumping.

| (c) Degradation due to mineralisation :
Caused by plant transpiration and/or evaporation.

1.4 A BRIEF SYNOPSIS OF FACTORS INFLUENCING ANIMAL
WATER INTAKE

Adequate water intake 15 essential for livestock 1o tolerate excess toxic substances (oxalates,
ammonia, and mineral salts) (National Academy of Sciences. 1985). The exact amounts of
water required by hivestock species are not known. A guideline 15 that voluntary
consumpuon is 2 10 3 times the dry matter intake (DMI), and increases with high protein and

salt contuning feeds (National Academy of Sciences, 1985).

Water functions in the body as a solvent which transponts nutnients, waste products, 1s
involved 1n chemical reacuons (hydrolysis), copes with large changes in heat production
without large changes in body temperature (high specific heat), and the high latent heat of

evaporauon plays a role in body temperature regulauon (evapotranspiration). Water is




obtained from drinking water, feed and meabolic water (breakdown of fats, carbohydrates

and proteins).

Livestock have an obligatory loss of water and salts due to evaporauon and the need w
excrete metabolic waste products (evaporatuon from lungs and skin, secretion by sweat
glands, and the excretion of unne and facces) due to the essenual need for temperature
regulauon and the removal of potentally toxic waste products. Livestock rely on thirst for
the iniuatuon of water intake, which must compensate for the obligatory water loss relauvely
quickly as water is not stored in significant quanuues (Grossman, 1990). Livestock
(herbivores) survive on Na-deficient diets and rely on an innate salt appetite to insure a
sufficient supply of Na and electrolytes (no known appeute exists for K and Mg). As early
as 1821 (Rullier, 1821) thirst was scientifically investigated in France, where thirst was
concluded to be an "insunctive senument which does not admit of any explanation®.

Contemporary investigators agree that thirst anises as a direct consequence of a loss of water

from the cellular and/or extraceliular stores of the body.

1.4.1 FEED AND WATER INTAKE CORRELATION

Tne nervelatonship between feed and water niake has been invesugated in depth
F g lasy 'Qn E et ! 1 TN

(Fizsimons and Le Magnen, 1969, Kusseleiil, 1969). Forbes (1968) found that there was a
significant relationship between feed anc water intake expressed by the following formula

TWT = 3 .86DMI - 0.

where TWI = ol water inake

r ‘o _ |
DMI = @drv matter intake

he associauon between feed and water inake 1s most stnking when animals are maintained
on a cry diet or pelieted raton, which suggests that water 1ntake may be controlled to an

extent by oral and ocsophageal sumull. Water needs are generated by

(1) water needed to chew and swallow:




(ii) ingestion of feed promotes secretion of digestve juices which removes water from

extracellular fluids;

(i1i) many foods represent an osmouc load that depletes intracellular fluid.

Osmotic effects and unnany requirements (post ingestional factors) also play a role. Le
Magnen and Tallon (1967) found that high protein diets had a higher correlation between
feed and water intake as opposed to high carbohydrate diets.

Many animals dnnk in excess of their physiological needs.

1.4.2 ENVIRONMENTAL VARIABLES

Water intake may be influenced by the following :

(1) Ambient temperature - water losses in hot ciimates are greater and the need 10 consume
more water is greater (Adolf. 1947, Epstein and Milestone, 1968). Sheep may consume 12
umes as much water in hot summer months as opposed 10 cooler winter months (Butcher,
1970). Forbes (1968) found the following relationship exists between water intake and mean

temperature above | ©° C:

TWI'DMI = 0.18T + 1.2§

where T = average temperature (°C) for each week.,
(i1) Diet - exerts significant influences on water intake due to mainly the excreuon of
meuwbolites of protein-nch feeds which require more water for excreuon of metabolic

breakdown products and excess Na (Le Magnen and Tallon, 1967).

(i1i) Availability of feed- the pattern of eating has a significant effect on the water intake and
metabolism of food (Siegel and Stuckey, 1937)
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(iv) Taste - improving the hedonic properties of water by addition of artificial sweeteners
can increase the intake of water (Rolls, Wood and Rolls, 1980). The opposite is also true for

bitter additions (Rowland, 1977).

(v) Water temperature - following deprnivauon rats énnk sigmﬁ;anu_\' more waler at body

temperature than at a cold temperature (12 °C) (Kapatos and Goid, 1572).

1.4.2 THEORIES ON THIRST PHYSIOLOGY

Water enters the compartments via the gastrointestinal tract (absorbuion of water, nutnients
and eiectrolvtes into the blood plasma). Water then moves into the intersttal spaces (dilutes
p.asma) and an osmotic gradient 1s set up which resylts in the movemen: of water into the
cellular compartment. The reverse occurs dunng water deprivation. In the short term the

. 4 - 'y - — - - p—1 - . - 8% ~s
movement of water from the cells into the extracellular companmment 15 suiiicient 1o prevent

biood plasma depletion. ané the resulting cellular dehvdraton 1s a signal for thirst and renal

e taw

conservauon O! waler

[{ water depnvaton conunues the intraceiiuiar tiuic becomes concenwrated and the osmoud
-~ - - - - - - -~ P - - . 4 - - -
g oiC reguced and the resulia CooTEase | Xiraceliu.ar J {NVPOVOLIemit acltivales
. - I anAnsm T - - -- LTS 1 e

R S N - [eppRaES . - 9 - - [ | VL wilie b

E

The relauve contrnibution of cellular and extraceliular effec:s on thirst have been esumated
via the agdministenng Of Waler 10 rasiore Ceuu.ar gcenverauon anc the acministenng of

- 1~ oty .o~ o ! “ - i T C | - - | -
1SOtONIC saline 10 restore exiracellu.ar voiume (Ramsay, Rolls and Wood, 19 founc that

64 - 68% was the contnbution of cellular dehvdration to thirst., and 20-26% was the

extraceliular contribution.

Some species appear to rely on different cues (sellular and extraceliular) for thirst sumulation
(Wood, Madcison, Rolls, Rolls and Gidds, 1980 Wood, Rolls and Rolls, 1982). Denton

(1982) as reported by Rowlanc and Fregly (1988), found that sheep are unlike rabbits insofar

as they rapidly and accurately make up sodium losses. Onlyv small changes in the intake of




sodium bicarbonate solutions by pregnant sheep on either low or normal sodium diets have
been reported. The absence of a2 convincing salt appetite is curious, especially during the
third trimester of pregnancy when there is an accumulation of body sodium (Rowland and
Fregly, 1988). Calves exhibit an appetite for Na solutions, and like other ruminants may be
able o smell NaCl over distances.

1.4.3.1 CELLULAR DEHYDRATION THIRST

Vemey (1947) and later Enckson, Femandez and Olsson, (1971) proposed that
osmoreceptors were responsible for the sensing of cellular dehydration and related ADH
secretion.  Andersson (1978) postulated that Na receptors were responsible since the
organism’s pnncipal goal must be the protecuon of Na concentrations in the plasma (> 90%
of the osmolality of extracellular fluid i1s due to Na), and circumventricular organs of the
brain are sensitive to Na concentration of the cerebrospinal fluid (CSF). McKinley, Denton,
Leksell, Tanan and Wisinger, (1980) presented evidence that indicated that in sheep a
combination of both receptors exists (hypertonic sucrose dissoived in antificial CSF elicits
water dninking). Leksell, Congiu, Denton, Fei, McKinley, Tanjan and Weisinger, (1981)
observed that infusions of mannitol significantly reduced énnking in water-depnved sheep.
Treatments that decrease the Na conten: of the CSF also elicit Na appetite 1n sheep
(Weisinger .Considine, Denton, McKirley, Mouw, Muller and Tarjan. 1982). Thus both

Na appetite and Na concentration of the CSF are implicated in sheep in thirst phvsiology.
ppe P p piy =)

In most species behavioral (dnnking) and renal responses to salt loads are as a result of
osmoreceptor acuvation. Goats and possibly sheep are the only known excepuons
(Grossman, 1990), with thirst related receptors identified in the lateral preoptic region,

anteroventral third ventricie and organum vasculosum of the lamina 1erminalis.

1.4.3.2 EXTRACELLULAR DEHYDRATION

According to Grossman (1990) the effects of extracellular hypovolemia cannot be due to

cellular dehydration because loss of 1sotonic plasma does not result in persising osmotc
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relationships between the cellular and extracellular fluids that occur during extracellular

hypovolemia. Vascular hypovolemia results in the kidney releasing renin which has the end

aad

result of A-Il formation, but the contnued response to extracellular thirst sumuli despite

nephrectomy of pharmacological renin-Al blockage indicates that an alternate or addiuonal

aldii il

system exists. It is stll not clear if the renin-Al system plays a permissive or mediatory role

In extraceliuiar thirst




CHAPTER 2  THE ASSESSMENT AND MAPPING OF BOREHOLE
WATER SAMPLES FROM THE NORTH WESTERN
and NORTH EASTERN TRANSVAAL and the
NORTH WESTERN CAPE for LIVESTOCK
PRODUCTION

2.1 INTRODUCTION

Guideline levels for water quality vanables and the specific variables considered to be
relevant for livestock drinking water differ between countries (Adelaar, 1574; Environmental
Protection Agency; Hart, Angehm-Bertinazzi, Campbell and Jones, 1952; Smith, 1988;
Kempster, Hattingh and van Vliiet, 1985). This is largely due to environmental differences
and indicates the need for each country to have own relevant variables and guidelines.
Research regarding water quality variable levels of acceptability for livestock drinking water
for southern Africa is needed, mainly as the present levels are based largelv on assumptions
as vet untested in the South Afncan context owning 10 a lack of locally established
guidelines. The Summansed Water Quality Vanables for Livestock Watenng as published

by the Department of Environmental Affairs (Kempster e al., 1985) and the guidelines

reported by Smith (1988) differ considerably from those recommended by Adelaar (1972)
(Mancowiz and Conradie, 1985: Borehole Water Associatior of southemn Afnca, 1990).

The latter guidelines are presently in use by Namibia, the Depanment of Agnculture, and
the Directorate for Soil Conservation and Drilling Services, in the assessment of water for

livestock drinking purposes. Verification of these guidelines are self explanatory in terms

Protection and Borehole Services in declaning a borehole successful or not-successful, the
result of which determines the maintenance (and subsidizing) or closure of a dnlling site and

therefore has implications for the livestock producers in question.

Furthermore, current guidelines do not offer solutions for areas which have inherently saline
waters in excess of the recommended maximum limits, nor do they take into account the
svnergistic and antagonistic factors that affect the tolerance levels ané subsequent production

of livestock (including palatability effects). As this scenano presents itself frequently in the
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arid zones of southern Afnca the need to accurately assess the impact of a water source for

a given environment on a given livestock production system consequently anses.

The complexity and number of factors that influence water quality, and the vast number of
water quality vanables involved, necessitated a review of data of southern Afncan
subterranean water samples in order to ascertain which variabies pose the largest “potenual®
problems for livestock dnnking purposes. The word "potental® has emphasis placed on it

as there is uncertainty of the validity of the guidelines used to judge water quality.

The aim of this analysis was to identfy specific variables that would serve as a starung point
for further research, and to identfy areas that have a high incidence of potenually toxic
variables. These areas could then be investigated, specifically in terms of the expenence of
the farmers in the region as regards the response of stock to the water, the type of livestock
production system and research needs could thus be formulated. The region incorporated in
the study ranged from Venda and Lebowa to Bushmaniand with the emphasis on subterrancan
water due 10 the importance of this water source in these regions. About 105 towns 1n the
Republic of South Afnca rely exclusively on ground water, while farmers are even more
dependent on underground sources for stock watering (Borehole Water Associauon of
Southern Armnca, 19390

The major odstacie in invesugaung the water quality vanadles of impornance for livestock
producuorn. apart from the guestionable valiity and forma:t of the current guidelines. 1s the
ack of accurate water guality monitoning and hence usable cata. Onginally cawa from the
Depaniment of Agncultural Development. Transvaal Division, was odblaned and reviewed
This cata was found to be inadequate, mainly due 0 the lack of specification of the source
and nature o!f the water sampie, and the guestionable sampling procedures (pnmaniy the
sampling methods, sample storage procedures, sample dispersion), and therefore excluded
in the review. Due to the differen: sampling methods and analvtical procedures used between
available data bases. one data base was used in preference to a conglomeration of several.

The datz base found to be most suited to the purposes of the review was the chemical data

base from the Department of Water Affairs and Forestry.




2.2 METHODS
A total of 2293 data sets compnising chemical analysis of borehole water from non-
hydrogauging stations from the NW & NE Transvaal and the NW Cape for the period 1987 -
1990 was obtained from the Geohydrological Division of the Department of Water Affairs.
The data reviewed dated no further back than 1987 in order 1o gain an idea of the present
chemical compositon of the water. Excepuons had 10 be made with certain drainage regions
(discussed in the results) due to the absence or insufficient amount of recent data. Additions
to the Department of Water Affairs and Forestry's data base dunng the period 1991 - 1994
were used to evaluate possible changes in water quality vanabie trends along with data from
the Atomic Energy Corporauon data base which was included for comparative purposes. Data
from the Atomic Energy Corporation was used only for comparative purposes and did not
form the focus of the review as the nature of the data was not suited to the purposes of the
review, pnmanly due to the ume intervals between sampling and the method of sampling

(high frequency sampling on a specific site).

The water samples compnsing the data set had been analyzed for TDS: Na; Mg: Ca; F; Cl;
NO.: SO,: PO,: TAL: Si. K: NH, and pH. The data was studied and classified 10 identify
those vanables that appear 10 pose the largest concern for livestock watering based on the
incidence of potenually toxic levels. The incidence of a parucular vanable occurmng at
levels greater than the internationally recommended ievels were taliled and expressed as a
percentage of the total number of potenually toxic vanables (PTV). The guidelines as
presented in a review by Kempster er al. ,(1985) were used in the assessment of toxicity as
opposed 1o those proposed by Adelaar (1974) for two reasons. Firstly, they are in
accordance with many intemational guidelines (USA. Canada and Australia) and considerably
more research has been camed out 10 amive at those guidelines. Secondly, there 1s a large
difference in the levels of accepuability between the two guidelines, for example, the
guideline for Cl of 3000 mg/l as proposed by Adelaar (1974) is twice that of the 1500 mg/]
presented by Kempster er al., (1985) and in the case of F, Adelaar (1974) recommends a
level of 6 mg/l, three imes that of the 2 mg/] proposed by Kempster er al.,(1985). By using
the lower levels recommended the possibility of overlooking a potential problem, shouild the

higher guidelines be incorrect, 1s lessened.
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After certain “high risk® regions had been identified visits were made to selected areas and

interviews conducted with the farmers In these regions.

2.3 RESULTS AND DISCUSSION

The incidence of PTV for the NW and NE Transvaal region is shown in Table 2.1. Fluonde
had the highest incidence of the PTV, responsibie for 48.9% of the toxic levels recorded.
Total dissolved salts was second with 23.2% and Cl third with 15.6%. These three vanables

togetner compnsed 87.7% of the PTV recorded.

Table 2.1 Incidence of PTV in the NW & NE Transvaal.

F VARIABLES Number of PTV Percentage of towal number of
| PTV
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responsibie for the highest number of the PTV with 30.8%. Cl second with 25.8% and
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TDS third with 18.6%. Sulphate contnibuted t0 9.6% of the PTV recorded, more than
twice the percentage 1n the NW and NE Transvaal. Compared to the NW and NE

Transvaal, the recorded PTV for Mg and Ca in the NW Cape region accounted for less
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Table 2.2 Incidence of PTV in the NW Cape.

VARIABLES Number of PTV Percentage of total number of-
PTV

: | 584 36.8
TDS 296 18.6
Cl 410 25.8
Na 69 4.3
SO, 152 8.6
Mg 28 1.8
NO, 40 2.5
Ca S 0.6
TOTAL i 1588 100

— - —= - ———

Fluonde, TDS and Cl were responsible for 81.9% of the 1o0tal number of the PTV for the
combined regions (Table 2.3). These vanables tended to be concentrated around specific
areas when in toxic levels and certain “high nsk” areas were thus identified. While there
were other vanables that did have recordings of potenualiyv toxic levels, these were

usually scattered and not as concentrated or of as high a magnitude as F, TDS and Cl

(also SO, in the NW Cape)
A total of 1162 samples were analvzed in the NW and NE Transvaal region. Of these a

total of 180 potenually toxic levels were recorded. yielding a total of 130 potentially toxic

boreholes (11.2%).
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Table 2.3 Incidence of PTV in the NW & NE Transvaal and the NW Cape.

VARIABLES Number of PTV | Percentage of total number of “

PTV
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A towal of 113] samples were analvzed in the NW Cape region with 1768 potenually toxic
levels being recorded. vielding a towal of 723 boreholes with suspected unsuitable water
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Figure 2.1 illustrates the occurrence of toxic levels 1in the NW and NE Transvaal. The
majonty were recorded trom three drainage regions. namels o4, 120 and 150. with over
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85% of the potentally toxic levels recorded from these three regions. This is reflected 1n
Figure 2.2 which shows the locality of the areas in which these levels occurred. A
simuar result was observed in the NW Cape region, but due 10 the method of data
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Figure 2.1  Occurrence of potentially toxic vanables in the NW & NE Transvaal

drainage regions 124, 140 etc.

The distnbution of the values reviewed (Figure 2.3) show that many 1all between the
lower levels presented by Kempster er al., (1985) and the higher levels recommended by
Adelaar. Therefore, by using the lower levels recommended in the assessment of toxicity
the possibility of overlooking a potenual problem is lessened. The large number of
samples between the two guidelines also highlights the need to venfy which of the two

guidelines are in fact correct and should thus be used to assess water quality for livestock.

Figure 2.3 further indicates that research must be directed to finding solutions for the
presence of the high levels that occur. This need stems from the incidence of values far
above the higher standards of Adelaar, for example, values of up to 32000 mg/l for Cl,
67000 mg/l TDS and 16 mg/l for F. Values even higher than this may well occur in the

dnnking trough due to the effects of evaporation and bad dnnking trough management.
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Potentlially Hazardous Variables

Figure 2.2 Location of potentially toxic boreholes in southern Afrca (1 wepartment of Water

Affairs and Forestry, 1987 - 1994)




Distribution of Fluoride values
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Figure 2.3  (a+b) Distribution of F+TDS values .




Similar correlations between F, TDS and Ca were found as reported by Hem (1970). The
same factors were apparent in the review of data from the Atomic Energy Corporation
with respect to the distribution of the values.

A different picture may well have emerged were samples taken from the water reservoir
or drinking trough. Although this may not be indicative of the borchole water quality, it
would be a more realistic view of what the amimals are exposed to. A high number of
samples are shown in Figure 2.3 1o fall below the international maximum permissible
levels, the same is also true for the higher local guidelines but to a lesser extent. Many of
these sampies may well be classed as toxic were the samples representative of the levels
the livestock are exposed t00. This is illustrated by the recordings of 23 samples in the
NW Cape having F concentrations of between 5 - 6 mg/l. This point is further illustrated
in Table 2.4 which shows three water samples, taken from the borehole, reservoir and
drinking trough, from an underground water source in the NW Cape in the Kenhardt
district. The firs* sample has only one water quality vanable that 1s above the
recommended guidelines (intemational guidelines), namely nitrate. According to the
guidelines proposed by Adelaar (1974) there are no varables above the recommended
guideline levels. The vanables Cl, SO, NO; and TDS in the second and third samples are
all above the maximum permissable levels recommended by the intermnational guidelines.
According 1o Adelaar (1973), SO, ané TDS are above the recommended levels, with Na
and Cl apprecaching ihe same status. Nitrate 1s above the recommended levels in the third
sample according to the guideiines used by the Department of Agnculture, Adelaar (1974)
and those quoted by the Borehole Water Associauon of Southern Afnica (1990).




Table 2.4 Change 1n the concentrations (mg/]) of water quality vanables from three

different sampling sites in the NW Cape (Kenhardt distnict).

F ~ - _q
|  VARIABLES Borehole Reservoir |  Drinking

[ j trough

Fluonde ' 0.00
Nitrite f 0.00

i Nitrate ~ 94.2

0.00 I 0.00
0.00 | 0.00
161.2 210.2

Chionde | 11946 ‘ 2416.8 2446.0

f Sulphate : 668.2 1319.5 1480.3
| Carbonate | 0.0 | 0.0 0.0
; Bicarbonate 286.7 - 292.8 292.8
| Sodium 645, 1672.7 1698.1
Potassium = 7.1 7.6
Calcium 292.0 470.0 540.0

Magnesium 150.8 267.5 291.8

lron 0.0 . 0.0 0.0

TDS 3197.4 62612 6820.4 f

In some cases excepuons had to be made with regarc 10 using recent data. This occurred
in some blocks in the N Cape region. resulting in the use of data from 1986 - 1990. and
in drainage region 124 (NW Transvaal - Crocodile nver drainage region) where there was
a lack of recent data resulung 1n daa from 1980-1986 being usec. Although this region
did not have as high an incidence of F toxicity as would have deen expected based on the
occurrence of fluorspar deposits in this region, a different picture may well have emerged
were recen: data availadle from thus region. The occurrence of these deposits offer an

explanauon as to the ongin of the high F concentrauons (Crocker. Maruni and Shonge,

1988)




The review of data from the Department of Water Affairs and Forestry from 1991 - 1994
shows a similar pattern (Tabie 2.5) , with the vanable Na an exception increasing from
3.9% (for both Transvaal and Cape regions) to 10.7%.

Table 2.5 Incidence of PTV in data bases from the Atomuc Energy Corporation and
the Department of Water Affairs and Forestry (1991-1994).

Water Atomic Energy Water Department of Water 1
Quality Corporation* qQuality Affairs and Forestry® ]
Vanable E Percentage of PTV variable Percentage of PTV i
F 56.5 F 46 '
NO, 18.06 Cl 16 1
Cl 10.48 SO, 15.2 '
DS 5.6 DS 10.76
| so, .6 Na 10.7 |
f Ca 2.5 | NO, .68 |
! Mg 0.7 Ca 0.55 i
; Na 0.39 Mg 0.27 |
!' ;;
? TOTAL percentage of water sampies TOTAL percentage of borehoies i
| classed as unfit = 52 80% classed as unfit = 14% ti

Atomic Energy Corporation data base - whole southern Afncan region (18834
samples)
Depaniment of Water Affairs and Forestry dawa base (1991 - 1994) - same . _gions

as 1987 - 1990 region (5094 samples)




The lack of evidence from the data reviewed of nitrate posing a potential problem should
not be taken as representative of the degree to which nitrate plays a role in ground water.
As mentioned the data used has its shoricomings, but is reliable enough to ascertain that
in the areas investgated, for the ume penod investugated, nitrate does not appear to be of
as much concern as the vanables F, TDS Cl and SO,. However, due to the current
internatonal wrend in the increasing levels of nitrates in ground water, the importance of

nitrates in ground water shouid increase.

The review of the data from the Atomic Energy Corporation does in fact show NO, to
have a high incidence of potental toxicity, although the incidence 1s not a true reflection
of the overall incidence as concentrated sampling was carmied out in specific areas with
high NO, values which form 2 large part of the data base reviewed, hence the overall
contribution of NO, to the PTV recorded is skewed, favouring a high incidence of NO,.

The vanables F, ClL. TDS and SO, followed similar patterns to those found in the

Depaniment of Water Affairs and Forestry data base (Table 2.95)

NO atempts were made 10 1Gently correiauons or rends in the data reviewed. Detection

o!f long term trencs using only two or three vears of data should not be expected

- - B - " . - - - R .- Qe
Sandars, Ward, Lofus, Steele, Acnan and Yevjevich, 1987)




2.4

OBSERVATIONS

High risk areas were identified by the mapping of those boreholes with suspected unsuitable

waler, and some of these areas were subsequently visited. The following are the main points
that emerged :

(1)

(ii1)

(iv)

iv)

(vi)

(Vi)

The quality of boreholes merely 30m apart can differ widely:;

Water that has been designated as unpotable for livestock according to present
guidelines is being drunk without any nouceable adverse effects and even support
certain aquatic organisms and fish;

Water that has been designated as potable for livestock was refused or being drunk
but resulted in loss of condition and was clearly unpalatable to the livestock;

Water quality vanes largely with wet and dry seasons;

Animals brought in from cther regions have been able 1o adapt to poorer wa'ars;
Clmauc conditions influence water intake by stock and water evaporation in
reservoirs and dninking troughs; and

Water quality changes drastically from the pump to the reservoir to the drninking
trough, becoming more concentrated because of evaporation; some farmers clean the

troughs regularly while others are carelessly lax. »
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A BRIEF SYNOPSIS OF HEAVY METALS AND NITRATES IN
WATER QUALITY AND THE OCCURRENCE OF FLUORSPAR
DEPOSITS

2.5.1 HEAVY METALS

Maximum concentrauons for heavy metals 1n livestock dnnking waters have been
recommended after consideration of all relevant amimal toxicology data, the potenual for
metal accumulauon in edible ussue, the average daily intake of water by the animal, the
‘normal’ concentrauons of the heavy metals in livestock dnnking waters, and where possible,

any informauon on Synergisuc Or antagonisuc interacuons between metals.

Animals may also be exposed to toxic metals in their feed. Selenium, is an example of a
heavy metal that 1s more Likely 10 be present in high concentrauons in the feed than in the

water. In these cases the maximum safe concentrauon in the waters are usually reduced. The

Australian recommendec guicelines for heavy metals are presented in Table 2.6
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Natural processes, such as weathenng anc volcanic acuvity, contnually add heavy metals to
the aquatic environment (Forstner and Wittman, 1981). In addition, there are now
increasingly large quantities being added by man's activities. Urban stormwater is regarded
as a serious diffuse pollution source (AWRC, 1981). For many of the heavy metals, the
amounts contributed globally from anthropogenic sources now exceed those from natural
sources (Table 2.7). The ranges of heavy metals in sewage sludge produced in the United
Kingdom are (ug/g dry weight): Cd 2-70; Cu 93-2210; Cr 5-4200; Hg 0.1-30; Pb 84-1430;
Ni 10-946; Zn 350-8490 (Jones, 1978).

There are a considerable number of industnal sources of heavy metals (Leland er al., 1974).
This is particularly so in the case of lead, copper and zinc.

Table 2.7 Companson of natural and man-induced mobilisation of heavy mel on a
global scale (Ketchum, 1972).

’ £ e ——= MI
l' Metal 1 Nawral rate Anthropogenic rate
| : (1000 1on/yr) (1000 ton/yr) !
I — S B - ———— — R ——
|
| Lead 180 | 2330 ‘

Copper 375 ! 4460
{ Zine 370 3030

[

: Mercury 3 7
? Nickel 300 385
h&—-sv_m_: e — e — i -

2.5.2 NITRATES

A growing world population and diminishing feed-producing land resources per head have
led to the increased use of nitrogen fertlizers. Rarely is more than half the applied nitrogen
usefully recovc-ed in the crop, vet little 15 known about the fate of the unrecovered residue.
With the emphasis on environmental quality, it is essental that fertilizer-nitrogen

management i: directed towards maximum crop uulization efficiency (Arora er al., 1978).
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Rising nitrate concentrations in certain ground anc surface waters have been associated with
the intensive use of fertilizers. Filipovic and Stevanovic (1978) found that nitrate levels were
higher in surface waters that were adjacent to ferlized land as opposed 10 those that were
not. Krishnappa and Shinde (1978) found that in an expeniment involving the fate of labelled
urea fertilizer under conditions of tropical flooded-rice culture, the total crop recovery

accounted for 23.4% of the added fertilizer nitrogen. This is illustrated in Table 2.8

Rawitz ef al., (1978) stated that the trends of nitrate concentration with time leave little doubt
that unless remedial action is in fact taken, the geographical extent of polluted ground water
will grow and concentrations in the ground water will reach intolerable levels by the end of

the centuly

Table 2.8 Total excess N applied 1o soils of coas:al plain annually and not accounted for

by plant upake, based on cawa for 1967 - 1970 ("Groundwater conamination

in Israel’, Ronen, 1573)
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These waste waters generally undergo treaiments to eliminate suspended solids and,

someumes, tOXIC components beiore thev are emploved in agnculture (Schalscha and
Verzara, 1980). Concem with health hazards is usuallv traced back to Comliv, who observed

svmptoms of methaemoglobinaemia in two infants given feeds made with water containing

- -

0 and 140 mg/l of NO,-N (Wild and Cameron, 1578)




The trend of increasing nitrate levels in water appear to be more rapid in ground water than
surface waters. In the United Kingdom the systems of nitrate removal from water which
appear the most feasible and are receiving the most attention are ion exchange, especially for
borehole sites.

2.5.3 FLUORSPAR DEPOSITS IN THE REPUBLIC OF SOUTH
AFRICA

The term fluorspar is widely used for ores of the mineral fluorite (CaF;). It is the most

important source of fluonine for the steel, aluminium and fluorochemical industnes.

In terms of producuion capscity South Afnica ranks second only to Mexico. The
demonstrated reserves of the Republic of South Africa are the largest in the world and this
country may therefore become the foremost supplier of fluonte to the West (Crocker, Maruni
and Sohnge, 1988). Fluorspar 1s found in a great vanety of geological environments and has
formed under a wide range of physical and chemical conditions. Any simple classificauon
based on rock association must allow for considerable overlap and intergrading of the vanous
classes (Worl ez al., 1973).

The central Bushveld Complex and the Zeerus: Fluorite Field account for 9% of the 1ol
of ali fluonte produced in South Africa. The relatively insignificant conwmbution from the
alkali and carbonaute complexes and from the northern Cape Province makes up the

remainder.
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2.6 CONCLUSION

The variables F, TDS, Cl and SO, were identified as the vanables of main pnority and
research is thus directed concerning them. The importance of nitrate 1n Livestock wa:cr;ng
is not made clear in the data reviewed for reasons mentioned. It is foreseeable that nitrate

ill play an incresing role in ground water quality data available, methods and guidelines for
assessing the suitability of water for Lvestock use, and the need for a water quality

monitonng system and an effactive system is made cle:

No attempts were made to identify correlations or trends in the data reviewed. Detection of
longterm trends using only two or three vears of data should not be expected (Sanders,

Ward, Loftis, Steele, Adnan and Yevjevich, 1987)

>

arge percentage of the boreholes thus classed as unfit for livestock dnnking and then

declared unsuccessful could possibly be used for livestock procduction without any adverse

effects. Many of the water sources in the extensive regions exceed the recommended
guideiines (parucularly the intermational guicdelines) but are the oniv water source available
The guidelines do not offer solutions 10 these scenanos or predicuons of the extent of adverse
effec: that might occur, or the prospects of adapting stock to the waters. In practice this
occurs as farmers allow the stock access to the wa ne quantiication of the eflec
adverse or not) 1s precicted anc thus managed for




CHAPTER 3 THE PHYSIOLOGICAL IMPACT OF FLUORIDE IN
THE DRINKING WATER ON LIVESTOCK
PRODUCTION

3.1  INTRODUCTION TO FLUORIDE

3.1.1 FLUORIDE (F)

Biological interest in F was at first confined to its toxic effects. Chronic endemic fluorosis
in man and farm animals was first identified in several countries in 1937, although severe
fluorosis in cattle dunng and after volcanic eruptions in Iceland has a longer history
(Underwood, 1981).

Industnal contamination of herbage and the growing use of F containing phosphates as
mineral supplements introduced further F hazards to livestock, and this stimulated research

with respect to F.

Nearly 60 vears ago it was discovered that F-free water was associated with a significantly
higher incidence of dental cavies in humans than water that contained 1.0 - 1.5Smg/l F. This
focused attention on ihe beneficial efiects as well as the toxic effects of F. Dental canes do
not present a heaith problem in farm amimals, as it does in man, although severe dental

effects occur in domestic livestock as a part of the fluorosis problem.

Fluonde has long been recognized as a constant consutuent of bones, teeth and the soft
ussues and fluids of the body but there 1s no unequivocal evidence that it performs any
essenual funcuon. There 1s evidence that F can enhance the intestinal absorpuon of iron in
rats. It is possible that a dietary requirement for F exists but there is insufficient evidence
for any recommendation to be made (Agnicultural, 1981). The primary methods used for
analyscs of F are the selective 10n electrode and potentiometnc titration methods (Methods

for the examinaton of water and associated matenals, 1982).




3.1.2 FLUOROSIS

Drinking water is not normally a major source of minerals to Livestock, although there are
exceptions of which F is one. For example, in most incidences of fluorosis the water is the
source of F and not the feed (Underwood, 1981).

Chroric fluorosis is enzootic in sheep, canle, goats and horses in parts of India, Australia
and Africa as a conseguence of consuming water derived from deep wells or bores. Surface
waters from such fluorosis areas commonly contain less than Img/l F, whereas the bore
waters may conwain § - 15mg/l and as much as 40 mg/l when evaporauon has occurred in

troughs or bore drains before consumpuon by livestock (Harvey, 1952).

In parts of North Afnca a chronic fluorosis, known as "darmous®, occurs from the
contamination of herbage and water supplies with high-fluonde phospnatic dusts blown from
rock phosphate deposits and quarmes. The industnal processing of phosphates, aluminium
reduction, bnck and ule producuon and sieel manufactunng constitute the major sources of

F contaminaton in areas adiacent (o these industnes.

Pastures are often treated with phosphauc fertilizers and phosphate licks are providec to
livestock 10 ensure an adegquate phosphorus supply to the animal, but cerain sources of
phosphate. such as ground rock phosphate are usually too high in F for safe use. Although

relauvely unpalatable 1t 15 a cheap source (Bowen, 1980)

The occurrence of chronic fluorosis in animals receiving mineral supplements 1s influenced
thus by the nature and source of the minerals used, the amount of F intake and conunuity of
the intakes. Conunental sources of rock phosphate contain 3 - 4 & F, whereas the Pacific
and Indian Ocean 1sland deposits usually contain about half that concentratuon. The high

fluonde rock phosphates can be injunous o livestock when used over long periods in the

amounts ordinanly reguired as calcium and phosphorus supplements (Phillips, Hart and

Bohsted:, 18343)




As a rule mineral toxicity is less of a probiem than muncral deficiencies (Church, 1979).
Fluoride is an excepuon, and together with nitrates and salts of vanious heavy metals may
be toxic with little, if any, effect on palatability.

During the latent peniod the animal 15 protected by the operauon of two physiological
mechanisms - F excretion in the urine and F deposition in the bones. A nse in unnary F
excretion follows directly on increased dietary intake, but soon reaches an upper limit which
cannot readily be exceeded. Fluonde deposition in the skeleton proceeds rapidly at first and
then more slowly as the concentrations in the bones nise until a saturation stage is reached.
This saturation point is around 15000 - 20000mg/l, or 30 - 40 umes the F content of normal
bone. Beyond this “flooding” occurs of the susceptible soft ussues, metabolic breakdown

takes place and death ensues.

A severe anorexia accompanies the later stages of fluorosis and the effects of starvation are
imposed on those of F toxicosis (Phillips and Sutue, 1960). Inappetence is not necessarily
a serious feature of fluorosis cunng the latent penod and milk production is little affected
(Suttie and Kolstad, 1977a). The digesubility and utlizaton of protein and energy of the

ration are also not significantly depressed at this stage.

In young animals exposed to excess F before the eruption of the permanent teeth, the teeth
become modified in shape, colour, size, oientacon and structure. The incisors become
pitted, the molars abraded and there may be exposure of the pulp caviues due to fracture or

wear,

Such dental defects do not occur in aniinals whose first exposure to excess F occurs after the
eruption of the permanent teeth. Exostoses of the jaw and long bones develop in arumals of
any age and the joints become thickened and alkalised. Growth may be subnormal and
weight losses may occur, together with a reduction 1n milk production and fertility. The
impairment of these processes 1s mostly, but not entirely, secondary to the reduced feed
consumption brought about by the dental lesions and joint abnormalities and the consequent

inability to and unwillingness to gather »nd masticate fodder.
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Animals are also reluctan: to érink cool water because it pains them to do so (Cunha, eral.,
1973). The manifestations of fluorosis are therefore more prominent in young than in oid
animals, and in animals grazing sparse, coarse herbage than in pen-fed animals receiving
more concentrated rations. The poor calf and lamb crop charactenstic of fluorosis areas
arise primarily from mortality of the newbomn due to impovenshed condition of the mothers,

rather than failure of the reproductive process itself (Harvey, 1952).

Direct signs of fluorosis in newbormn or suckling animals are rare because placental and
mammary transfer of F is imited. However, F is readily transferred to the eggs of hens

consuming high-fluonde diets so that hatchability may be reducec.

In chronic fluorosis the skeletal ussues are charactenzed by increased F concentrations,
decreased endochondral bone growth, overproducuon of osteoid, periosteal hyperostosis,
formauon of exostoses and decreased or imperfect mineralization, especially of the exostoses
(Weatherell and Weidmann, 1959). e affected bones appear rough, porous and chalky
white when compared with smooth lustre of normal bones. The Ca:P rauo of fluorotic bone
1s normal, the carbonate content decreased, and the magnesium content increased. This
indicates tha: the F 10n replaces carbonate but not phosphate in the bone salt and that there

may be a precipitauon of some F as CaF,

In adult animals exposed to normal F intakes the whole bones commoniy contain 200 -
S00mg/l F and rarely exceed 1200mg/] F on the érv fat-free basis. The teeth of these
animals contain abou: half these concentrauons, with Righer concentrations in the dentin than
in the meabolically less active enamel. Electron probe microanalvsis of fluorotic bovine
teeth has revealed marked vanation in the F at different sites within the same tooth (Shearer,

Kolswad and Sutue, 1978).

In chronic fluorosis the excess F 1s incorporated more rapidly into areas of active bone
growth than in stauc regions, into cancelious bones (nbs, venebrae and stermum) areas
(penosteal and endosteal) of the shaft in preference 1o the middie regions. After calcification
and erupuon the normal enamel of the teeth possesses little metabolic activity and retains

litde fluonine. The differences within and among the bones are of great significance for the
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sampling and analysis for the diagnosis of fluorosis.

The rise in skeletal F is accompanied by smaller increases in the F concentrations of the
blood and soft tissues and by changes in the activity of several enzymes (Rao, 1977). Plasma
F values change rapidly in response to changes in F intake. In a long-term study of dairy
cows continuously or periodically exposed to high F intakes the plasma values of the control
animals were consistently below 0.Img/l, whereas those of the treated animals were
significantly higher, with 1.0mg/l representing 2 high intake (Suttie, Carison and Faltin,
1972).

Bone alkaline phosphatase activity is increased in fluorotic chicks and cows (Shupe, Miner,
Harms and Greenwoord, 1962). Other enzyme changes in the fluorotic animal have been
reporied. resulting in an impaired ability to metabolize fat (Sivert and Phillips, 1959) and
disturbances in carbohydrate metabolism (Zebrowskii, Suttie and Phillips, 1964). The
decrease ir hiver glucose-6-phosphate dehvdrogenase which accompanies the disturbed
carbohydrate metabolism appears to be an indirect effect, resulting from the slower growth

rate, reduced food consumption and continual *nibbling” eating paitemn of the fluorotic rat.
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3.1.3 DIAGNOSIS OF FLUOROSIS

Determination of the concentrations of F in the diet, water, bones and urine provide valuable
supporung evidence in the diagnosis of fluorosis. According to Underwood (1981) tooth
defects such as chalkiness or mottling, hypoplasia and erosion of enamel and excessive wear
are also valuable aids with younger animals or older animals that have been exposed 0
excess F dunng the tooth-forming period; with cattle this means from a few months 10 about
2 - 2,5 years of age. Systemic evidence of fluorosis, reflected as anorexia and cachexia,
usually appears at only quite high F intakes (approx. 100mg/l or more), or at lower intakes

for a prolonged peniod (Underwood, 1981).

According to Sutue (1964) "analysis of bone F content and an estimation of the age of the
animal, would perhaps give the best indication of the potential damage to an animal. This
measurement would be independent of dayv to day vanation in intake and would stress the
accumulative nature of the disease process”

[n dairy catte F toxicosis 15 thou

ght to be associated with values in excess of S500mg/l in

N

compact bone and 7000mg’/l in cancellous bone, with concentrations between 4500 and
S5 imeoe 'l imAr1oat -~ S lda e » (" { " 1 '] - ] SR TT™h ’ Tl de wnlA
S VAN =1 ..m-...].”".: o ”n-,}.l. i LU0 (OURLC, Ml o ) ler, 1Y)8) 1 Ne 1oXxIC threshoias
n hones nf vy LU sworn M acesd W s Y UWXY ! mn | L crnal and 4 (

in bones of sheep have been placed lower, at 2000 - 3000mg/l in bulk cortical and 4000 -
6000mg/1 1n bulk cancellous bone (Jackson and Weidmann, 1958). Fluoride determination
on tail bones obtained by biopsy provide a valuable means of measunng bone F accumulation

in catde (Bums and Allcroft, 1962: Sutue. 1963)

In sheep and cattle not exposed to excess F the unnary concentratuon rarely exceeds 10mg/I
anc 1s usually closer 10 S mg/l. In long-term experiments with dairy cows, normal animals

excreteC unne containing less than Smg/l F, those that were on the borderiine of toxicity, as

judged by other vanables, unne with 20 - 30mg/l F; and those with systemic signs of

OXICIY unne containing over . g/l ¥ (Sutue, Gesteland and Phillips, 1961).




Plasma levels are related 1o the current rate of F ingesuon. The teeth, dunng their formauve
period, are sensitive to small changes in plasma F concentration. When these concentrations
reach 0.5mg/1 or more, severe dental lesions appear in young cattle; at values below 0.5mg/1
and above 0.2mg/] F less severe damage occurs; while at plasma values below 0.2mg/] few
adverse effects occur (Sutte, 1972).

On the basis of these findings 0.2 mg/l was regarded as a criical plasma F concentration in
cattle. Plasma values are difficult to determine, there is 2 marked diumnal vanation and the
values change so rapidly in response to changes in F intake that plasma samples must be
taken soon after the actual ingestion of the F if they are to reflect the total daily intakes. For
these reasons plasma values are of limited practical value in the diagnosis of F toxicosis.

3.1.4 TOXICITY

Tolerance to dictary fluoride depends on the age and species of the animal, the chemical
form of fluonine, the duration and continuity of intake and the rature and 2mount of the dict
being consumed. At very high intakes, for example 100mg/l F, or more in catte, these
interacting factors are of minor importance because of immediate systemic toxic effects
(Schlosberg. Banana and Egyed, 1980). At lower mnakes, typical of chronic fluorosis,
tolerance depends markedly on the extent to which one or more of these influencing factors

1S operatng

Species differences in tolerance to dietary F are great, although the different forms of F used
in some of the experiments make comparisons difficult. Thus maximum safe dietary levels
of 300 - 400mg/l F as rock phosphate have been reported for growing chicks and 500 -
700mg/l F from this source for laying hens {Gerry, Carnck, Roberts and Hauge, 1949).

Tolerance levels similar 10 those given for chicks have been reported for growing female
turkeys but 200mg/l F as the more soluble NaF decreased weight gains in young male

turkeys (Anderson, Hurst, Sirong, Nielsen, Greenwooré, Robinson, Shupe, Binns, Bagley
and Draper, 1955).




In cattle, tolerance to the F in rock phosphate is approximately twice that o F in NaF.
Calcium fluonide 1s less toxic than the sodium salt. In a direct comparnison with dairy cows
of the toxicity of NaF, CaF, and the F residue on the contaminated hay, in which the F in
each source was 65mg/] of the ration, there was little difference in toxicity between the NaF
and the contaminated hay, but the CaF, was only half as available as the other two sources,
as judged by the F retention in the skeleton and by uninary F (Shupe, Miner, Hams and

Greenwoord, 1962)

The margin of tolerance for dairy carttle is close to 40mg/l when ingested as NaF, while signs
of fluorosis appear within 3 - § years at 50mg/l from this source (Sutue, Miller and Phillips,
1957). However, in a study beginning with young calves and lasting for 7 years it was
concluded that the tolerance for soluble F is not more than 30mg/l of the dry diet. The

dietary F tolerances of domestic livestock, as given in a review by Suttie and Kolstad,

W

(1977b) are pre snted in Table

Table 3.1 Dietary fluonde toierance for domesuc animals (Underwood, 1981)

Feeder lambs

Breeding

CWeS

Horses

Firishing pigs

Breading sows

Growing or broiler chicl

Laving

g or breeding hens

|

Turkeys




The importance of continuity of F intake and the age of the animal is illustrated by
experience with sheep consuming water-borne F. For exampie anesian bore water containing
5mg/l F induced severe dental abnormalities and other signs of fluorosis in sheep in the hot
climatic conditions of Queensland (Harvey, 1952), whereas in the cooler conditions of south
Australia, where very little water was drunk during the wet winter months, no ill effects
were observed in mature sheep given 20mg/] F as NaF in the drinking water (Pierce, 1954).

When compared on the basis of total yearly intake skeletal F storage 1s similar for continuous
and intermittent exposure. Aliemating periods of high and low intakes can be more
damaging than continuous intakes because of a more dynamic metabolism of F in skeletal
tissue, with rapid increases in content during periods of high intake and rapid losses during
periods of low ingestion (Suttie er al., 1972). Furthermore, with short-term exposure to high
intakes systemic reactions can arise, such as weight Joss and unthriftiness due to decreased

appetite.

General undermnutrition tends to accentuate the toxic effects of F and increased proportions
of dietary fat enhance the growth retarding effect of high intakes in rats and in chicks (Bixler
and Muhler, 1960). This 1s believed 10 be due, at least in pant, to the fact that F in the

presence of fat causes delaved gasine emptying (McGown and Sutue, 1974)

Aluminium salts exert a protective effect against high intakes of fiuonde by sheep, apparently
through reducing absorpuon from the intestinal tract (Becker, Griffith, Hobbs and Maclnitre,
1950). Calcium salts function similarly in rats (Weddle and Muhler, 1954).

Toxic amounts of F fed 10 an animal causes pitung, erosion and weanng down of the weeth,
softening and overgrowth of the bones, loss of appetite, poor gains, harmful changes to the
kidneys and finally death. Someumes the pulp cavities may be exposed.

The actual limit in mg/l1 F which is in excess of the body's ability to cope with ingested F
without accumulaung 1t is difficult to deterinine. The 1974 National Research Council report
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on "Effects of Fluorides in Animals® recommended the following levels of F as being safe

for the pig:

Table 3.2 Recommended maximum levels of F for the pig.
— — —
i Fluorine from NaF or other f Fluorine from defluorinated
Safe fluonine luble fluondes | natural rock phosphates
‘ N R Sows Finishing Sows Finishing
pigs ' pigs

—= 3

as mg/l in diet | 100-150 150 | 150-22 22

| as % in diet 0.01-0.015 | 0.015 | 0.015-0.0225 0.0225

- ——s . D——

T

able 3.3 gives recommended safe levels of mineral elements in water for livestock, F being

given as 2.0mg/l’ (Cunha, er al., 1973)

Y 1 - T -] | ! : p— T -t T P M QT
Table 3.3 Recommended levels of mineral elements 1n water (Cunha., er al.. 1973)
. pp—— 2 —_— |
[ Safe upper imit of concentrauon |
| ltem in me |
| c— SRe———e = _ = = ——
|
-
Arsenic Uie f
|
Cadmium U.0s
P LN 11
(_.H"‘o
( (.;-\"\’ \ 5
iuongae -\
|
..
VAU |
‘ -
Mercury 0.001
| 'y
Nickel 1.0
irate-N X
Nitnte
\ﬂ lacium {)
| Zinc 25 | ,
|
| |
L -




Bowen (1980) gives the maximum permissible F level in human dninking water as 1.5mg/1.
Diets containing different amounts of F (trace up to 970mg F/kg) were fed to a total of 230
pigs at all stages of growth and development over a 2 year penod. The F was supplied as
NaF or as a component of rock phosphate. It was concluded that up to 290mg F/kg diet had
no adverse effect, but above that amount growth rate, bone strength and milk production of
sows suffered. Osteomalacia occurred in pigs when phosphate contained more than 3g F/kg
(Agncultural, 1981). It was recommended that the F should not exceed 220mg/kg diet
(251mg/kg dietary DM).

There is no specified liveweight, estimated requirement or range of individual estimates as

required due to insufficient evidence.

Sutue (1969) suggested that cattie exposed to the following fluonne concentrations (mg F/kg

DM) for 2-3 years were likely 10 have the following results:

20 - 30 mild dental motding

>40 dental ename!l hypoplasia and periosteal hyperostoses of the long bones

>50 significant incidence of lameness with increasing risks of adverse effects on
milk production, skeletal fluoride content nsing to > S000mg/kg in S year
eXposure.

Alicroft, Bums and Heben, (1965) pointed out that dairy cattlic are appreciably more

susceptible to fluorosis than beef cattle.

Continuous exposure to dietary contents of F <35 or 40mg/kg diet DM would produce no
adverse effects in lactating ruminants and that up 1o 60 1o 100mg/kg was tolerated by non-

lactating animals (Agnicultural, 1984).

Most frequently F intoxication arises in small well defined areas, in the vicinity of industrial
actuvity with emission of F-containing dusts. An simila; example occurred at the Nelspruit
Sappi pulp mills in the Transvaal, where irngation of pasturcs containing F containing
gypsum lead to fluorosis developing in the czitie graziiy, the pastures (Dr van Niekerk,
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Voermol, personal communication). Less frequenty it anses from inadeguate monitoring

of the diet and water source. Fluondation of municipal water supplies adds another 20000

tons each year.

According to the US Environmental Protection Agency F concentrations in most fresh water
streams are around 0.2 mg/l. Estumates of the minimum tolerate content of water bome F
differ widely. In one group of studies the consumption of water containing 7 - 20mg F/1
produced no adverse effects, whereas a second group found adverse effects from 2; 4; §; 10

or 20mg F/l (Environmental Protection Agency).

Most plant species have a limited capacity to absordb F from the soil, and thus the F
concentrations of pastures are usually low, unless contaminated otherwise. Uncontaminated
pastures in England range from 2 - 16mg/l with a mean of 5.3mg/l on a dry basis (Alicroft
er al., 1965). Suttie (1969) found lucerne hay in the U.S.A. to have a mean of 3.6mg/l.
Cereals and other grains and their bv-products usually contain | - 3mg/l F (MacClure, 1949).
[t 15 therefore apparent that the feed, if uncontaminated or unsupplemented with matenals

nIgn In r, CAn rarely de iInCnminated as a major 1aclor in the incidence of chronic fluorosis

n Arm animails
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3.2 RESEARCH AREAS IDENTIFIED FOR INVESTIGATION

The review of literature on F revealed that much is already known about F. However, the
following research needs have been identified concerning F in general and pertaining to the
purposes of establishing critena for water in particular.

3.2.1 ALLEVIATORS

There is a long list of possible alleviators of fluorosis:

CaCl Mg

Al (S =+ Q)

Cu, Fe, Va, Se, Mo
diethylstibestrol
ViCADE
lodenated Casein
Boron.

Of these only a few seem 1o be practical and/or effectve, of which the most promising seems
to be boron, as borate (Wheeler and Fell, 1983). Boron is listed as being a non-toxic
determinant by Kempster e/ al. (1985), with a maximum permissable level of Smg/l. It
appears that boron works as an antidote by forming a BF, complex which is less toxic than
F. Boron does not mobilise skeletal or visceral F, but the BF, complex appears 1o be formed
at a metabolic or digestive level and 1t largelv prevents the adverse efiecis of F on calcium
and phosphate metabolism, and on clinical and nutritional status of the animals. Fluonde-
induced skeletal changes are also largely prevented. Boron has been shown to increase
uninary F excretion in rabbits (Elsair, Merad, Dnine, Azzouz, Khelfat, Hamrour, Alamir,
Benal and Reggabi, 1981).

49




3.2.2 DIETARY MANIPULATIONS

Jaa.l DIETARY FAT AND PROTEIN

According to Buttner and Muhler, (1958) an increased fat percentage of the ration increases
F retention via slower gastric emptying resulting in an increased F absorption since F spends
more time in the acid environment of the stomach which promotes F absorption from the
digestive tract. A decreasad protein percentage seems to increase F retention. Parker,
Sharma and Shupe, (1979) concluded that guinea pigs fed a F + low protein diet had
elevated bone F deposition and Junkkarinen and Kreula (1976) confirmed that reduction of
protein intake increased the amount of F retained in the body with considerably less F
excreted in the urine. The possibility exists that an increase in dietary protein content of the

diet via suppiementation might alleviate high F levels exists.

3222 FEEDING AND WATERING REGIME

Offering the animals water after feeding influences two factors:

a) Fluornide 1s absorbed better on an empty stomach (due to the higher acid environment)

and this would perhaps change by allowing water intake on a fuller stomach (Purdeli-

Lewis, Van Dijk, Heeres, Flissebaalie, Groenewald and Booij, 1985, Jeersak, Harolc

and Vaughan, 1989)

The formaton of HF y  palativels P —— dre in cavers
a of A In 2 Lvel A I IIS 1n severe

cre™
- RS TT LT .

on -
gasing

discomiorn - someumes lesions occur In . : Ty o further discomfort.

etmes lesions ur in th sophagus causing furthe:
with the resultant decrease in

animals but still needs to be quantfied 1

Water temperatures of €, 10,

(Brod, Bolsen and Bren:, [982

Ca:P RATION RELATIVE TO F

elative to F concentration plays an impornant dietary role. Increased Ca and

levels may alleviate high F levels and may even be beneficial to the growth of the animal,

-

whereas high F levels without similar Ca and P increases eventualiy result in increased F

retention and bone saturation of F after which F then invades the soft tssues (Phillips, 1976)
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Suttie, Miller and Phillips, (1957) found that 200 g CaCarb/day decreased fluorotic
symptoms in cattle. Calcium fluoride is less toxic than the sodium salt. Shupe er al., (1962)
found that CaF, was only half as available as NaF w dairy cows.

The synergistic effects observed when allowing animals on highly saline waters access to
Ca:P licks are due to the protective action of Ca against Mg, S and F poisoning.

Parker, Sharma and Shupe (1979) judged that low protein and low calcium diets increased
mortality of guinea pigs on a high F diet. According to Andersen (1986) an increased F
intake results in the increase of the bodies requirement for Ca and vitamin D. The role
played by ascorbic acid in Ca:P metabolism is well documented, as is the possible
relationship between osteoporosis and vitamin C. Vitamin C deficiency may impede the
transition of amorphic bone salts to the crysialline form. Dieiary stress is known to efieat
skeletal fluorosis, with vitamin C, low protein and calcium the major factors involved.

2.3 MILK PRODUCTION AND REPRODUCTIG v #ESPONSES TO
INCREASING F

(a) MILK PRODUCTION

The decrease in milk production with increasing F 1s usually due to a decrease in food intake
rather than a direct influence of F (Wheeler and Fell, 1983). Fluoride decreases Ca-
mobilisation - the extent to which this affects the high demand for Ca dunng lactation is ~ow
known. It 1s known that the intermittently high intakes of F have a more deleterious #fe:t

than a constant high intake (Suttie er al., 1972).

A cairy cow may drink twice as much in high production than in the dry period (Ensminger
er al., 1990). The possibility of alleviating fluorosis by supplementing F to the water su.ply
in the dry penod, and so maintaining a constant level of F ingestion, is one worth-vhile

iInvesugaung.
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(b) REPRODUCTION

The influence of excess F on reproduction was reported in 1966 by Van Rensburg and De
Vos by the Veterinary Research Institute at Onderstepoort . Although the findings indicated
that groups receiving 8 - 12mg/l F via the drinking water had significant decreases in calving
percentage and number of oestrus/conception, their results were skewed due to the addition
of defluorinated superphosphate that still contained F which added to the F load of these
groups. In fact, they stated that the addition of defluorinated superphosphate seemed to
aggravate the harmful effects of F on reproduction, thus rendering their comparisons between

groups questionable.

Extrapolation of the levels used and their effect on reproduction to the same levels and other
areas must be made with care as the groups received only grazing pasture and no
supplements, resulung in their being on below borderline nutnition for 6 months of the year.
Thus, the conclusion that for normal reproduction the F content of the drinking water should
be below Smg’l is questionable and this standard should be verified. Although there is
controversy regarding placental transfer, 1t is generally agreed that it is limited and not of

great concern (Clarke.er al.. 1981). The opposite 1s true of egg production.

3.2.4 THYROID AND PARATHYROID GLAND RESPONSES TO
INCREASING F

(a THYROID GLAND

Van Rensburg and De Vos (1966) postulated thar the harmfu!l effects on fertility may have
resulted from a direct adverse influence of F on pnmanly the thvroid gland. Fiuonde 1s
antagonisuc towards iodine, thyroxine and truodothyronine. Wheeler and Fell (1983)
proposed that F may compete with iodine when thyroxine is synthesized, leading to
hypothyroidism

Thyroxine and triodothyronine are prerequisites of good reproduction. It is postulated that
hypothyroidism results in prolonged di-oestrus and even anoestrus due to an influence In
10dine uptake by F whereby thyroid excreuon is decreased. This retards or inhibits

gonadotrophins secreticn by the antenor pituitary with subsequent functional disturbances in

'




the ovaries.

Serum thyroxine (T,) and serum triiodothyronine (T,) are depressed by F and directly
correlated to urinary F concentration. The ability to alleviate this with iodinated casein is
not known. Baer, Bech, Franke, Grunewlad, Kochmann, Melson, Runge & Wieder, (1977)
studied the effects of boron with or without an iron supplement and varying F levels on
rabbits. The F groups had reduced I in the blood, but in the F+ B groups the I in the biood
was normal.

The question anses whether boron acts as an alleviator by maintaining blood iodine levels,
thereby alleviating hypothyroidism with high F levels via the formation of the hypothetical

BF, compiex.

(b) PARATHYROID GLAND

Hyperparathyroidism is thought to occur with excess F intake (Wheeler and Fell, 1983). The
parathyreid gland maintains blood Ca concentration via parathormone. The resuliant change
in biood and serum Ca with high F intakes has large implication in the development of
fluorosis. Blood and serum Ca accelerate fluoroappatite crystal and ion exchange.
Hypocalcasmia could develop due 1o 1onised blood Ca decreasing with the formation of CaF
in the blood. The monitoring of this mechanism to establish how it affects livesiock

production would be valuable.
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3.3 FLUORIDE TRIAL : THE EFFECTS OF DIFFERENT LEVELS
OF FLUORIDE IN THE DRINKING WATER ON SOUTH
AFRICAN MUTTON MERINO WETHERS

3.3.1 MOTIVATION

In the water quality variables guidelines for livestock watenng as published by the
Department of Environment Affairs, the upper limit of acceptability for F is placed at 2
mg/l. Other countnes also accept thus level, such as Australia, Canada and the United States
of Amenica. South Afnca has also accepted this level although in some cases 6 mg/l is

quoted, notably by Adelaar (1974).

While 1t is regarded that 2 mg/l is the upper safe limit for F for livestock, it has been
recorded on numerous occasions that hivestock can withstand several fold increases without

any errects other than miic centa. motling (secuon 3.1.8).

Visits were made to areas that had been i1dentified in Chapter 2 as having potentially toxic

amounts of F, TDS and Cl. Where subterranean waters had potentally toxic levels of F, the

farmers had no recollecuon of fluorosts ever occurming nor was there any evidence of
1A PR e ¢ Thers 2re “warn & 1ANC TAr tha samasamt A cmrmrnamst Eirer) CRsroIet
[UCros:s Lhere are wo MmMain expilanatons 1or the apparent JISCTEpAncy Firsuy, synergislc

and antagonisuc effects occur with the vanous minerals present and the environment, and
secondly, the standards useC to classify the vanables are conservauve. Both seem to be
relevant, although the latter point 1s more important when considered carefully. The fact that

certain correlations 1n ground water consutuents that occur naturally (discussed in Chapter

4 secuon 4.1), as were noted in the data received, that may be synergistc with F implies that

-lé.
the inethod of assessing the suitability of water 1s not accurate. These correlations and their
effects are not accounted for in the guidelines, and the result is that the standards are too

conLervauve

M
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A further possibility is that mild fluorosis may be prevalent and result in sub-optimal or
decreased animal performance, but due to the extensive livestock production system and mild
degree of fluorosis, symptoms are not observed by the livestock producer. Similar cases
have been investigated, for example, in areas of Lebowa (Professor Boyazoglu, Medunsa,
personal communication) and areas of Rust de Winter (Dr Schultheiss, Department of
Etology, Faculty of Veterinary Science, Onderstepoort, personal communication).

The environment has an effect too, for example, the desired level of a certain criterion as a
maximum permissible level does not really apply to an and region, such as investigated, as
the naturally occurring levels often exceed the desired levels, but no alternative water source
is available. In Australia it was recorded that 5 mg/l F were toxic to sheep in dry hot
conditions of Queensland (Harvey, 1952), whereas 20 mg/l F not in wet conditions in South
Australia (Pierce, 1954).

'n the dawz received many samples were distributed just below the internauonal level of 2mg/i
F (1.8 mg/l - 2 mg/l F), between 2 - 6 mg/l F and as high as 15 mg/l F (Chapter 2). As
these were borehole sampies, the animals are realistically exposed 10 concentrations in excess
of these levels, Harvey (1952) showed that a concentration of S - 15 mg/l F in the borehole
can vield 2 concentration as high as 40 mg/! F in the dnnking trough after evaporatucn
tHarvey, 1952). This estabiished the need to verify the two standards and do direct researsh

towards finding solutions for these high levels.

Due to the distnbution of the values and apparent discrepancies as mentioned above, it was
decided to investigate the effects of F levels ranging from less than | mg/l to gieater than
20 mg/l on the growth of sheep to market weight. The aim was two-fold. Firstly, it was
to investigate the effect on animal performance in terms of growth rates, feed and water

intakes. The second aspect involves the incidence and degree to which chronic fluorosis
would develop during this penod.

Although there are conflicting views it is generally accepted that placental transfer of F is
limited (Clarke er al., 1981) and that the F concenuation of the ewe's milk is not

significandy increased with increased F concentration i the drinking water. Hence the use
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of wethers enabled extrapolation birth to market weight. The rationale behind this was that
if growth was not significantly affected but clinuical symptoms and histopathological lesions
were observed, it would not influence the maximum permissible level of F over this growth

phase.

Another important and critical point that makes the above rationale valid 1s the possibility of
F invading the soft ussues on the levels used 1s extremely unlikely, and hence no health
hazard 1s passed to the consumer. Had this not been so it would have been a hmiting factor

that must be included in the determination of a maximum permissible level.

3.3.2 MATERIALS AND METHODS

- LI

Fifty South African Mutton Menno wethers just weaned with an average live weight of 23
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assigned to five different groups and divided further to give 2 subgroups per group vielding
- eine . {Aarri1ve Lo . T ALING n ~ 4
- repuacales using a complete randomized block design. The five groups each received

different treatments via the dnnking water as follows

Lroup - < lr"_ r reatme |
Group 2 = émg/l F = Trea:ment 2
Group 3 = 10mg/l F = Treatment 3
Group < = iamg’l F = Treatmen: &
GroupS = 20mg/l F = Treatment S




3.3.2.1 WATER TREATMENT

The water was offered ad libirum in plastic drinking troughs, and was reconstituted to the
desired concentrations using a water source that was analysed prior to and dunng the
duration of the trial. The F concentrations were achieved by adding measured amounts of
sodium fluoride (NaF-AR grade) to each subgroup's dninking trough at each watering time.
Watering times were 7h00 - 8h00 and 15h00 - 16h00 daily, with the drinking troughs being

cleaned every moming.

3.3.2.2 RATION

A medium energy dry rauon (10,58 MJ ME) was offered (Table 3.4 and Table 3.5) ad
libitum: after an initial two weeks adaptation period during which varying mixtures of lucerne
hay and the ration were offered. Feeding umes were the same as the watering times with
the feed troughs being cleaned out in the aftemoon. A medium energy dry ration was used
for two reasons. Firstly, the dietary effects of a medium energy ration would be less than
that of 2 high energy ration due to the decreased occurrence of dietary disturbances that
might affect animal health and the uptake of fluoride from the digestive system. Secondly,
the dsy ration would 1esult in 2 higher water intake via the dninking waier anc thus a higher
F ingestor at a known concentration that was not diluted by water from the feed as opposed

10 a raticn with a higher moisture content that would have had a dilution effect.

3.3.2. HOUSING AND HEALTH

The subgroups were housed i1n separate pens with a two week adaptation period during which
they were subjected to standard dosing and innoculation programmes. The duration of the
trial was three months (107 days with two weeks adaptation phase) by which time the average

live weight ranged from 40 - 45 kg.
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Table 3.4
——————

Feedstuff

% ME
(MJ/kg)

—
Maize meal
gn

13.2

Raton for 20 kg wethers.

Prot

(g/kg)
100

(g/kg)

(g/kg)
23 360

Kalon 3000 | 12 40 8.9 0.8 R 625
| |
! |
Tef | 7.5 &0 3.7 2 329 200
| |
' Cottonseed ] ?
| cake 12 437 2.5 10.7 168 720
| Urea 2880 | - 550
| i :
| Feedlime ‘r 380 335
| NaHCO, | - - | - - 1874
! |
DiCaP . 250 210 885
|
Salt | . 80
Towl 10.58 1.3 | .27 3.87 73.94 375.9
[ C— — ——— ——— ——
Table 3.5 Balanced Ration ior kg wethers
Maize mea 3|.8%
Kalorn 30k 7.96¢
:
|
Tef 2. T8% ‘
|| Cotuonsead cake 5.00%
| Urea ‘ 0.52%
Feedlime | 34 %
NaKCO, ; S %
‘ _ | |
DiCaP \ 0.5% |
Salt 0.54%
!
Total ~ 100.00 |




3324 PARAMETERS MONITORED

(i) Daily water intakes (corrected for evaporation) and feed intakes were calculated for each
subgroup.

(ii) Sixteen hour fasted live weight recordings were carned out weekly.

(i1i) The sheep were observed throughout the duration of the trial with weekly inspections for
clinical signs of fluorosis carried out on each sheep (Buck and Osweiler, (1976) and Shupe,
(1980)). The diagnosis of chronic fluorosis was based primarily on dental lesions, skeletal
fluorosis (external palpation of metacarpals, metatarsals and mandible) and signs of
discomfort.

(iv) Afler the tnal period of three months the sheep were slaughtered within 3 days at an

average live weight of 42 kg with the heaviest in cach subgroup slaughtered first,

Live weight was recorded prior to slaughter and hot carcass weight was recorded after

slaughter.

Samples of the kidney from each sheep were collected for light microscopy and prepared as
follows (Williams, 1990):

Slides less than 5 mm in thickness were fixed by immersion in 10% buffered formalin less
than 20 min after slaughter. The fixed ussues were processed routinely, embedded in
paraffin wax, sectioned at 3 - 4 xm and stained with haematoxylin and eosin (NE).

They were inspected by a pathologist at the Depaniment of Pathology, Facuity of Vetennary
Science, University of Fretona (see Appendix Tnal |1 for wnitten report). The thyroid glands
were excised from each sheep and excess adipose tissue removed before weighing.
Liverweight from each sheep was also recorded.
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The mandible, teeth, metacarpal and metatarsal bones were removed, cleaned and then
macroscopically evaluated using colour, surface texture and appearance, presence of
exostoses and thickening of periosteum as indicators of chronic fluorosis. The oesophagus

was examined for ulcerauons.

(v) Water samples were taken throughout the trial which monitored the initial reconstitution
of the water and the evaporauonal effects on the concentration of F and several other
vaniables (listed in Appendix for Tnal 1). This was done as often reservoirs are used in
reconstituting water but no monitoring of the dnnking trough is carried out, so the level used

may not be assumed to be the level exposed to the livestock.

3.3...5 STATISTICAL ANALYSIS

The SAS (swatstical analyses system) software system (SAS INSTITUTE INC., 1985) was
used under the guidance of the Department of Staustcs (Faculty of Economics and
Management Sciences, University of Pretona) for data analysis. General linear model

estimates and hypotheses tests were used for regression analysis.
Miscelianeous stanusucs

F significance value - this 15 the ratio produced by dividing the Mean Squares (model) by
the Mean Squares (error). and tests the ability of the model as a whole (after adjusting the
mean)

10 account 107 the dependent vanable’s behaviour

R* - this measures how much vanaton in the dependent variable can be accounted for by
the model, and 1s the rauo of the sum of squares for the mode! divided by the sum of squares

of the corrected total

r

Type Il values - the type III sum of squares is a method of attaining values for partial

analysis of vanance by taking into account the full model with all the vanables. The

&0




resultant P values test the partial contribution of each predictor in the model over and above
the other predictors in the model.

The F and P values for type III tests are equivalent to the results of a 1 test for testing the
hypothesis that the regression parameter equals zero.

The Duncan Muluple Range Test is a procedure that best gives significant differences for
muluple comparison 7 tests.

The correlation analysis used in anaining correlation coefficients were the Spearman and
Pearson tests, depending on the nature of the data.

The P significance levels used were dependent on the tnal design and the desired stausucal
data. Most regression analysis were tested at the 5% (P < 0.05) level, but in the case of the
leas: square means analysis, stricter Jevels were used. These were calculated by stausucal

formulac dependent on the nature of the data and differ as a result of dawa differences.

3.3.3 RESULTS AND DISCUSSION

The results of 13 weekly hive weight recordings are presented in Tables 3.6, 3.7 and 3.8,
Al no stage was there any significant treatment effect on liveweight (Tabie 3.6 and Figure
3.1). There were no significant differences between treatments in live weight (Table 3.7).

The means and standard deviations are given in Table 3.8

A number of factors must be made mention of. Firstly, the growth and weight gain on the
medium energy rauon is not as rapid as a high energy feediot ration would have yielded.
The dry rauon also caused higher water intakes than would normally be encountered when
grazing on succulent pastures. Fluonde ingestion can be assumed to have been higher under

these wial conditions as opposed to natural grazing conditions.
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Table 3.6 Effect of fluoride in the drinking water at 5 levels on the live weight of

SAMM wethers
Significance values
Live weight P R v

1 0.976 0.01 0.12

2 0.859 0.03 0.33

3 0.742 0.04 0.49

4 0.527 0.06 0.81

5 0.223 0.12 1.48

6 0.349 0.09 1.14

7 0.291 0.10 1.28

8 0.283 0.10 1.30

Bl 0.372 0.08 1.09
| 10 0.384 0.08 1 1.07
J‘ 11 0.209 0.12 ‘ 1.53 :
‘ 12 0.135 0.14 { 1.85
H1 13 0.108 | 0.15 L 2.02
ggn;ncaﬁ:c level (P<0.03) o

Thirdly, the water source used had 2 TDS concentration of < 1000 mg/l and a Ca
concentration of < 50 mg/l which are both low enough to eliminate the synergisuc effects
that might occur were these higher (Florain, Ridlington and Bills, 1986). High levels of F
are usually accompanied by high TDS levels in ground water (Hem, 1970), and Ca-P licks
are often given under natural grazing conditions, both of which have synergistic effects. The
absence of these factors under the trial conditions make the extrapolation of the above results
1o field conditions more possible. The effective F concentration that the sheep were exposed

to was in fact higher than the levels administered due to evaporative effects (see Appendix

for Trial ! - water sample analyses).




Least square means for 5 treatrments for weekly live weight recordings over a 13

week period of SAMM wethers (P<0.005

’

TRT

| ‘ 07318 0.8345 0.6123 ‘ 0.9305

| 9408
, | 0.8931 | 0.8696 | 0.6763 |
. 0.7654 | 0.7768

v ™ 3 < 5
.i’x - ’ - )
: 0.315 0.9043 0.8600 | 0.797¢
- - - . " | e
2 0.3755 0 4061 0.4524
|
. 09552 | 0.8916
A A
4 | U.gst
!
g
-~y -
F 2 3 - .
9 R18° 0821 0.821s4
2368 3623 0.239¢ l
|
._'.v: J
£8D ‘
2 -
|
- |
g
|
|
- - I
s : ;
|
. . - - - |
|
|
- 0" (O RO4s il )
- - - -
1 { :--f ) 0472
. 2], }
4 0.260
<
_— — e = — - - -




Table 3.7 (cont.)

p—
Weeks Least square means I
5 TRT 1 2 3 4 5
1 0.0777 0.9282 0.1427 0.5723
2 0.0644 0.7555 0.2227
3 0.1205 0.5103
4 0.3608
5
6 TRT 1 2 3 4 5
1 0.0897 0.8367 0.1536 0.3811
2 0.1337 0.7782 0.3998
3 0.2200 0.5017
4 i 0.5737
: |
7 TRT 1 2 3 2 5
! 0.1265 0.9226 0.103% 0.657!
2 0.1514 0.9171 0.2728
3 0.:248 0.7286
f 4 0.2307
‘ 5
i 8 TRT ! 2 3 : 5

0.1039
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Table 3.8 Weekly means and standard deviations of live weights of 5 levels of F in the
drinking water over a 13 week growth period for SAMM wethers,

TRT4 14mg/l

Mean | SD Mean | SD Mean | SD Mean | SD Mean | SD

25.1 |2.67 |256 |256 |[254 [3.00 |258 |278 |25.0 |3m
27.1 |2.56 |283 |2.41 [272 |3.05 |27.3 |296 [274 |28
288 [271 [209 [232 |285 |326 |20.0 [238 [285 |2.98
203 [267 |307 [230 [292 |3.05 |305 [26¢ |290.1 |2.68
302 |28 324 [231 [301 [30 [320 [268 |309 |2.64
3.6 330 |31 |275 [319 [3.67 |33.7 [300 [329 |3.35
333 [344 |355 [300 [334 [3.89 [356 |303 |339 |245
343 [328 367 [346 [340 [3.86 [361 [321 [339 |26
3.6 344 1381|221 (356 (388|374 1364 1365 (269
10 1374 [365 |398 |368 [372 [375 | 390 [352 {376 |286
385 [325 (415 [379 |386 |3s58 [402 [375 [386 |2.6
12 |392 [322 |47 [394 [39.6 |355 |46 |4.10 [39.8 |2.48
13|40 |3.33 f4s1 421 (a1 345 {429 (381 |42 |273 |

e — = — e

ol EE - " I PR S
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The results for the slaughter parameters are presented in Table 3.9. The type III sum of
squares values (partial analysis of vanance, significance level P<0.05) for the slaughter
parameters hot carcass weight. and liver weight indicate that final weight (liveweight 13) had
a highly significant effect on these parameters. The treatments and F intake (cumulative over

tnal period) had no significant effect on hot carcass weight and live weight.
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Table 3.9 Significance levels of fluonde treatments on the hot carcass weight, liver
weight and thyroid gland weight of SAMM wethers.

Type III SS
R? Groups = G

Final weight = F Fluoride
intake = |

—_————— —— %

variable P F

Hot carcass
weight 0.0001 36.00 0.833 G 0.156
F 0.0001
I

0.125

Liver weight 0.0001 7.57 | 0.513 G 0.665

' F 0.0001
I 0.364

Thyroid gland
| weight 0.0095 | 3.29 0.314

0.0051
0.1996
| ‘ | I 0.0053

*significance level p<uL.0d.

mo

Group and fluonide intake had significant effects on thyroid gland weight, while final weight

did not. The least quare means are presented 1n Tabie 3.10. There were no significant
differences between the treatments for hot carcass weight and liveweight. Four interactions
differed significantly for thyroid gland weigh:, namely treatments [ and 2, | and 3, | and
4 nd © A
< d0 - &Q
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Table 3.10  Least squares means for hot carcass weight, liver weight and thyroid gland
weight between treatments of fluoride for SAMM wethers.

Treatment interactions | Hot carcass weight Thyroid gland
Liverweight weight
1 &2 0.1021 0.2623 0.0029
1&3 0.1574 0.3305 0.0026
1 &4 0.1562 0.3509 0.0044
1&S5 0.1270 0.3571 0.0055
2&3 0.3233 0.4916 0.0036
2&4 0.2172 0.4359 0.0069
2&S5 0.1443 0.4122 0.0080
3&4 0.1689 0.4156 0.0172
3&S 0.1045 0.3912 0.0127
| S&S 0.0754 0.3897 0.0127

2 = —_— -
gx;mnccce level (P< U]’ﬁ),‘

The thyroid gland weight increased in weight (corrected for live weight) as the F levels
increased with significant differences between < 0.1 mg/l F and 6, 10 and 14 mg/l. Group
1 and group 5 had a least square means P-value of 0.0055, just above the significance level
of 0.005. Group 2 ha¢ significantly heavier thyroid gland weight than group 1 and
significantly hghter than group 3, with least square means P-value increasing to 0.0069 for
group 4 and 0.0080 for group 5. The differences between groups 3, 4 and 5 were not
significant. Van Rensburg and De Vos (1966) postulated that the harmful effects on fertility
may have resulted from a direct adverse effect of F on primarily the thyroid gland. Fluoride
1S antagonistic towards iodine, thyroxine and triiodothyronine. Wheeler and Fell (1983)
proposed that F may compete with iodide when thyroxine 1s synthesized, and hypothyroidism
1s thought to develop.

Although the results seem o suggest that increased F levels did lead to changes in the thyroid
gland there were no clinical symptoms observed during the trial to suggest this, nor were

there any histopathological abnormalities observed in the kidney sections examined
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(Parenchymous nephritus can occur with chronic fluorosis - see Appendix Tnal 1 for
pathology report). There were no indicatons of fluorosis in the bones examined in the form
of exostoses, colour and surface differences, and dental lesions. There were no oesophageal

ulcerations observed.

Clearly, no clinical symptoms were observed as there were no dental or skeletal lesions that

would have lead to the sheep exhibiting clinical signs of fluorosis.

Table 3.11 gives the correlations between water intake and feed intake for the vanous
treatments on a daily basis (Spearman correlation coefficients) and weekly average basis
(Pearson correlation coefficients). The correlation coefficient for the weekly average
measurements are higher since there was more variation in daily intakes, but both show
strong positive correlations of the same order for the treatments. This is significant as the

economic losses from fluorosis occur primarily because of decreased feed and water intakes.

Table 3.11 Correlauon coefficients for water and feed intakes of SAMM wethers over a

13 week penaod

——
I Pearson correlation coefficients | Spearman correlation
' :
Group | (weekly average) | coefficients (daily average)
5 |
‘ l l 0.769 (.559
- 0.879 0.692
|
3 0912 : 0.727 |
‘ |
1
4 | 0.917 ‘ 0.676
‘ :
5 i’ h;: ‘ b CS&
| |
|
\ — T —— — e i— e e




From the results of the trial, the low TDS and calcium levels and the medium energy dry

ration used, the impression is gained that a level of 20 mg/l F in the drinking water could
be safely recommended for the physiological growth stage used in the trial. More correctly
this should be stated as an estimated intake of F per sheep for a suitable time period. This

time period would differ from one environment to another.

The intake in mg/d that could be safely recommended is a more correct method of stating
guideline levels. It enables the Livestock producer to more accurately assess the suitability
of a given water source as it takes into account the estimated intake of the variable in
question. The concentration of the variable in the water source is not the relevant issue, but
the ingestion of the vaniable from the water source is, and it is on this that calculations to
assess the suitability of the water should be made as other relevant factors are also taken into
account. This 1s discussed in more detail in Chapter 9. In this trnial an ingestion of
approximately 96 mgF/ d’ sheep at a live weight of 25 kg. and an ingestion of 122 mgF/ d/

sheep at a live weight of 42 kg is the level of consumption that was found to be safe.

The most imporiant point that precipitates from the response of the animals in this tnal, is
that it casts doubt over the use of the present guidelines as a realistic means of assessing
water quality. Research 1s currently directed 10 developing an index system with the main
function 1o predict the impact of the water quality on water intake and animal health. Factors
taken into consiéerauon include among others the palatability of the water, toxicity of the

respective vanables, species differences, environment, production system and goal of the

livestock 1n question.

This is perhaps best illustrated by an example. In many of the areas visited in the 1nitial
survey it was often the case that a particular borehole gave trouble to a farmer as opposed
to all the water on the farm. In the case of F it would be able to limit the stock that are
destined for slaughter to the borehole with F levels of 20 - 30 mg/l. The stock that will be
kept for genetic matenial and so spend vears in the production system in which they can
accumulate F in the relevant ussues and ultimately develop fluorosis, can be kept off that
water source. Intermuttent high levels are more detrimental than continuous high levels
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(Suttie er al., 1972).

Although this example deals with F, the principle of the index system is similar for other
variables as it is holistic in approach. Another way of explaining it would be that the
definition of a maximum permissible level is that it 1s not constant, but changes depending
on the species, environment, other muneral interactions with vanables present and so on.

Hence, the index system has a better chance of assessing the water quality

While it 1s true that quantity 1s the problem rather than quality, the end goal being striven

for is to be able (with the use of an index system) to increase the utilization of the water

source by more accurately assessing its quality and effects on Livestock.




3.3.4 CONCLUSION

It is thus concluded that to a level of 20 mg F/I, or an ingesuon of 96 mg F/ d/ sheep (live
weight of 25 kg) and 122 mg F/ d/ sheep (live weight 42 kg), the growth of SAMM wethers
10 an average slaughter weight of 42 kg live weight is not adversely affected.

Despite the possible indication of hypothyroidism, the absence of any other histopathological
and clinicopathological abnormalities suggest that the manifestation of fluorosis and
subsequent decline in performance and health, within the tme frame, treatment levels
administered and ingestion rates observed in this trial, are unlikely.

The results of this study offer an new approach to the evaluation of a water source and
assessing its impact on livestock as it provides a basis of true variable exposure determination
which allows for the incorporation of a number of crucial synergistic and antagonistic factors
such as production system, time exposure, climatic, nutritional and physiologica! stage factors
which singularly or cumulatuvely affect the water intake and metabolic effects the water

quality varniable exerts on the animal.

The results obtained suggest that water quality guidelines should therefore not contain merely

a maximum permissable level as a constant value, but rather a maximum permissable

ingesuon rate calculated on a2 more holistic approach.




CHAPTER 4 EFFECTS OF VARIOUS SALTS ON THE
ACCEPTABILITY OF WATER and the EFFECT OF
SALINE WATER ON FLUORIDE CONCENTRATION
IN BONE

4.1 INTRODUCTION AND MOTIVATION

Waters from natural subterranean and surface sources contain dissolved substances most of
which are inorganic salts, with chlorides, sulphates and bicarbonates of sodium, calcium,
magnesium ancé potassium prndo"m ating. The ions most commonly involved with salinity
problems are Ca, Mg. Na, SO,, Cl anc bicarbonates (Environmental Protection Ager

High saline water may affect animal health and performance detnmentally by reducing water
and feed intake. Furthermore unpalatable salts may become toxic when present in high
concentrations or the water intake is high, depending on the animal's level of physiological

ess and environmental factors. Animals’ tolerance of saline water vary according to

species, age, physiological condition and siressors, environment, water requirements and the
type of salts present (for example, magnesium sulphate 1s more harmful than sodium chlonde

or sodium sulphate). Factors that are of major importance are those which affect the water
intake, such as, age. body weight, production, heat and humidity, and the type of ration

(Ensminger, er al., 1990). Salts that have little effect on water palatability but are toxic,
include nitrates, fluonne and the salts of vanous heavy metals. This chapter concemns itself
with pnmanly those salts that have an effect on palatability, more specifically totwal dissolved

-

salts (TDS), chionde and sulphate for reasons previously explained (Chapter 2)

4.1.1 CHLORIDE (CI)
Chloride represents approximately 60% of the total anion in extracellular fluid, and

approximately 0.15% of fresh body weight. The primary physiological roles include the

N onde o L e 1211 Te e L% bz 18T 1o H soratin  foye

chionde shift mechanism (respiration HC! secretion for digestuive purposes, and the
acuvauon of the enzvme amviase. Excessive chlonde 1s excreted almost entirely via the

Halsl A
(e il A

eficiency of Cl may [ead 10 an abnormal increase of the alkali reserve of

dieany d
the blood (alkalosis), caused by an excess of bicarbonate due to the partial compensation by

au

bicarbonate.




Chloride is by a wide margin the most important and widely distnbuted of the halogens in
natural water (Hem, 1970), generally present in the anion form (CI). The accumulation of
airbome oceanic salt appears to be a likely source of salinity in and interiors of continents,
Calcium is usually the preferentially held ion, hence the mechanism for the origin of CaCl,
brines. The most common type of water in which chlonde is the ptedt;minam anion is the

one in which sodium is the predominant cation.
4.1.2 SULPHATE (SO,))

Sulphur is essenual for life itself, mostly as a component of the amino acids cystine,
cysteine, and methionine, the vitamins thiamine and biotin, and the hormone insulin.
Approximately 0.15% of the body weight and 10% of the mineral content of the body are
sulphur. As with Cl the small intestine is the major site of absorption. Excess sulphur is
excreted in the unine and the facces. The production of hydrogen sulphide, which is a highly
toxic gas, by rumen microbes can lead to toxic effects when excessive amounts of sulphur
are ingested, and is most common in cattle and sheep. A high sulphate levei also interacts

with molybdenum and copper absorption and influences the metabolism of these elements.
4.1.3 SALINITY AND ANIMAL PERFORMANCE

Due to the large differences in effects of salinity on different livestock species, guidelines
have been developed for different species (Chapter 1), although these are still subject to
individual differences and different environmental conditions which alter the levels of
tolerance. A general guideline is that water with <3000mg/l NaCl can be used safely for
all classes of livestock, but with increasing salinity existing guidelines must be used in
conjunctuon with observation of the reactions of livestock 10 a saline water source (Ahmed,
Fand, Safinaz, Shawket, and Hassan, 1989). Although most livestock can tolerate a TDS
level of 15000 -17000mg/1, in all likelihood production and health will be affected adversely
(Ensminger eral., 1990). According 1o Ahmed, et al.,(1989) further experiments are needed
to re-evaluate established tolerance levels (for salinity) which may differ according to types
of salts in ground water.
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Experiments by Peirce (1957.59, 60, 62, €3, 66) have indicated that wether sheep in pens
on a roughage diet could tolerate drinking waters with 1.3% NaCl, 1.2% NaCl + 0.1%
MgCl, 0.9% NaCl+ 0.5% NaSQ,, 1% NaCl + 0.3% CaCl,, or 0.9% NaCl + 0.4% of
equal proportions of sodium carbonate and sodium bicarbonate. They were however unable
to tolerate 1.5% or 2% NaCl, 1.1% NaCl + 0.2% MgCl, or 0.7% NaCl + 0.5% MgCl.
Further experiments were conducted (Peirce, 1968a) in pens to include ewes and lambs, and
there was some indicauon in one expeniment of a poorer reproductive performance by the
ewes on chlonde (1.3% TDS) or bicarbonate water compared with the control group. No
adverse effects were observed on health, food consumption, or wool production of the ewes

and lambs on any of the waters given (Table 4.1).

In one of the two expeniments with chloride water containing 1.3% TDS, the growth rate of
the treated lambs was significantly less than that of the control, however, in one experiment

with chloride water with 1.3% TDS. one with 1% TDS. and all three with bicarbonate water

"N & ""\;‘ 0y reat “*1 ey " oo norate wWas ".‘ el

V.. L&) NO TEeCUC( in growin rate a5 00s&rvec

| | . T > | > o P als .’ " ,

In a later expenment Peirce (1968b) administered the same saline treatments ewes grazing

able 4.1. It was reported that the chionde water with 1.3% TDS

led to a reguction In the percentage ewes that lambed in one experiment, to decreased body
we gains In doln expenment and 10 InCreased GiarThoea anc mortallty i1n one
expenment. Chionde water with [ % TDS was found to result in decreased body weight
gains ancC reduced woo! production without apparently adversely affecung the health of the
lambs. The bicarbonate water led to a reduction in the percentage ewes that lambed in one




Table 4.1 Concentration of salts in drinking waters of treatments 1, 2 and 3 (Peirce,
1968a+b). All values are percentages.

NaCl Na,SO, NaHCO, CaCl, MgSO,

0.9 0.05 0.05 0.18 0.15
0.68 0.03 0.03 0.12 0.14
0.21 0.0150.25 0.02 0.005

These results are in contrast to those conducted with ewes and lambs in pens (Peirce, 1968a).
Peirce (1968b) stated that under good nutritive conditions lambs could tolerate a higher
concentration of chloride salts than under poor nutritive conditions, but that there was little
difference in the ewe's tolerances. Bicarbonate water had no adverse effects on lambs in
either conditions. Peirce (1968b) concludes that while under most natural conditions

bicarbonate water could be used safely, the position with regard to chloride is less certain.

Eng (1989) reported that steers with 2 high energy diet adapted to high saline waters whereas
those on a low energy diet did not. Wilson (1966) added NaCl to the diet of Merino sheep
in individual cages a1 0, 5, 10, 1S or 20 %, and 0, 0.5, 1, 1.5, and 20% in the drinking
water. The addinon of 1.5 or 2% NaCl 10 the dnnking water did not yield the same
deinmencal effects on the sheep as Peirce (1957) had observed. Seddon (1927) and Heller
(1933) also found tha: although sheep had reduced weight gains, they could tolerate 2%
NaCl.

Contradictory findings as to TDS levels that various species can tolerate, and the different

guidelines that exist for livestock with respect to TDS, indicate in pan the changing influence
of environment on the levels tolerated, and partly the inaccuracy or inability of a single value
in the form of xmg/! TDS or xmg/I Cl 1o assess the suitability of water for livestock drinking
purposes.




The effects of salinity seem to be more osmotic than related to a specific ion and it is
suggested that livestock seem to refuse water with a high salinity at a level below that with
which the kidneys cannot cope with (Environmental Protection Agency). This point is also
illustrated by Peirce (1957) where some sheep showed a decline in food intake and body
weight, but no adverse effects on health while receiving 1.5% NaCl with no effect on blood
plasma concentrations of Na, K, Ca, Mg or Cl. Only in the group receiving 2% NaCl was

the blood plasma chlonde concentration significantly higher.

Similar occurrences were found by Peirce (1959) with regard to MgCl and NaCl in which
sheep receiving 1.05 MgCl = 0.2 NaCl, 0.69% MgCl + 0.5% NaCl had a detrimental
effect on some sheep, but only those receiving 0.5% MgCl had a significantly higher blood
plasma concentration of Mg. In none of the NaCl + MgCl combinations was the blood
piasma chloride concentration significantly higher. In 1960 Peirce reported similar trends

ith NaCl = Na,SO, with significantly higher blood plasma concentrations of sulphate found

Wi o~ 1t T 1 NS A 2 - iIN QQe S N 'a ~ }

with combinations of 1.05% = 0.3%. and 0.89% + 0.5% NaCl = Na,SO, respectively, but
o "S- haalth Coaad tntealke serohs - - = -

no adverse eirects on health, feed 1ntake, welght gain or woo! productio
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Biood plasma concentrauons of Na, K, Ca, Mg and C! remained unchanged in sheep
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receiving the following mixtures of NaCl. carbonate and bicarbonate. given as percentages

respectuvely : 1.26 = 0015 = 025 1.21 = 0.0 = 0.06, 1.12 = 0.08 = 0.13: 0.95=
1B el - 1047 Aoy n -e ¢ <+ -le . 4 pal
V.10 = U.aD .PL".'.C .J-‘ 3 \__ N Nno agverse su:ss S Were odsenveg on h&z..,’., feed 1ntane
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or wool production. Similar findings were reported by Peirce in later work (1966, 1968)
The adverse effects tha: are reponed on pnncipally growth and wool producuon are

indirectly due to decreased water intakes anc thus feed inwakes as opposed 1o a direct adverse
effect on the physiology of the animal. As menuoned the growth/wool production was

c¢etnmentally affected, but not the health

Peirce (1959) suggested tha: the pnnciple effect the ingestion of water of high saline

concentration was a depression ppetite il 1966) suggests that the acceptability or
taste of food or water contuning high | a factor in determining the salt

tolerance of sheep. Wilson (1966) reported that when NaCl was added w0 food or water, the
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decline in feed intake was not solely related to the amount of salt ingested : higher
concentrations of salt in the feed or water led to a decline in feed intake irrespective of the
amount of salt ingested.

This implies that the acceptability or taste of high salt feed or water was partly attributable
to the feed intake decline. At 0.5 or 1% NaCl no effect on intake was observed, but higher
concentrations led to progressive declines in feed intake which was more vanable when 2%
NaCl was added to the water that when 20% was added to the feed. When offered 2% NaCl
in the water, the sheep either increased their water (and salt) intake with little change in feed
intake, or they did not increase the water intake and their feed intake fell. High water-low
feed intake and low water-high feed intake combinations did not occur.

This suggests that it 1s choice (not kidney function) that gave rise to the variable response of
the sheep to saline water at salt loads that need not have been detrimental.

Wilson (1966) did not observe the same detrimental effects with 1.5 or 2% NaCl in the
dninking water as those observed by Peirce (1957), only observing a reduction in feed intake.
These differences and others recorded (Seddon, 1927: Heller, 1933; Peirce, 1957,63) suggest

that there is a vanation in salt tolerance between sheep, strains of sheep and cattle.

Saul and Fiinn (1985) reported that TSS (total soluble solids) concentration of S000mg/]
produced a large but non significant decrease in liveweight gain 1n Hereford heifers with no
adverse affect on health. Climate mayv be partly responsible for the differences obtained, as
mentioned previously, but there 1s no expenmental evidence of a major temperature effect

on salt wolerance. Peirce (1957, 59, 60. 62. and 63) did not obtain a seasonal variauon in

feed intake by sheep on vanous saline treatments.




The suggestion of taste as the determining factor leads to the proposal that salt tolerance in
terms of drinking saline water can be expressed as the reduction in food intake compared
with the fresh water treatment. Kidney function could be expressed as litres of increased
water intake per 100g addiuonal NaCl (Wilson, 1966). Potter (1963) could find no adaptive
changes in kidney function after long periods of salt ingestion which also suggests that taste

is an important factor in the adaptation that occurs.

As mentioned previously the farmers visited in the NW-Cape and the NW-Transvaal made
mention of the fact that the livestock seemed to either accept a water source or not. [If
accepted there seemed to be no loss of condition, but 1if imtally refused they would later

dnink reluctantly but their condition declined. This applied to both cattle and sheep.

Another observation was that some boreholes that were on record as being toxic to livestock
were being drunk without any apparent adverse effects, while some that were listed as being
accepuable were refused by the animals and if forced to dnnk from them they lost condition

The main cnitena involved were TDS. Cl. F and SO,

This could be explainec by synergistuc and antagonistc effects between the vanous salts and
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4.1.4 OBJECTIVE

As a result of scientific evidence and denved theory of adaptation and physiological response
of animals, it was thus decided that the objective should be rather to investigate if a ratio
between these criteria could be established in which taste is the most important factor in
terms of the animal’s reluctance to accept water and/or decrease in feed intake. If such as
ratio could be reached, the objective would then be 10 manipulate the ratios in an attempt to
establish with more precision a relationship which could be used to predict the acceptability
of the water.

This would be based on the ratios of the various salts and ions rather than on a number of
specific levels or guideline values for TDS and the various ions above which is judged as
unacceptable, as is the current pracuce.

Four treatments were decided upon. The first was to act as control with the TDS and various
1ons 2t levels which are judged as acceptable according to the standards set by Adelaar. The
exception was the F level which was set at 15mg/l (Smg/1 lower than the level found in the
previous trial not 1o have a significant adverse effects - see Chapter 3). The second
treatment was to consist of increasing levels of Cl, the third treatment of increasing levels
of chiefly SO, and the last treatment of 15mg/l F with fresh water (TDS < 1000mg/1). All
groups received F at 15mg/l.

Once a point 1s reached where either the chionde or sulphate groups show a response to the
water treatment in terms of a significant difference in water intake within treatments and
across treatments with the same salinity, the following manipulations were decided upon.
Firstly the level of salinity (and corresponding Cl or SO, values) will be dropped to a level
dependant on the stage of the tnal at which the response occurred and then increased at a
faster rate to the same concentration at which the response occurred. The faster rate is 0
lessen the effects of adaptation and the increase to the same level 1s to verify the response
as treatment related and not related to individual vaniation or non- treatment related effects.
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Depending on the response shown and the treatment levels at which this occurs the levels will
increase and follow the same procedure as menuoned, or dropped again to a slightly lower
TDS level, but increased with different ratios, or the TDS level will be kept static and the
ratios will be altered. The rationale behind this was to investigate the ability or inability of
different ratios to alter water intake, and the use of these ratios to predict the response of the
animal to various levels of water vanadles in terms of water intake, and are depicted by the

Figures 4.1(a)-(d)

The first figure 4.1(a) illustrates the significant point of refusal A in terms of the TDS and
Cl levels. Figure 4. 1(b) illustrates this point in terms of the ratio of Cl to TDS and water

intake Z. After manipulating the Cl level, for example, to a2 point B (Fig. 4.1¢) where the

water intake K differs significantly from water intake Z. By plotting these and other water
intake points the curve P can be plotted (Fig.4.1d) and hence function P can be predicted
The final equation would therefore attempt to predict water intake with these ratios and other
tactors that have a major effect on water intake such as stage of producuon, producuon level

| P
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and nutnuonal status. Equauons would be species specific and 1deally also breed specific
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The second factor that the trial incorporates involves salinity and fluoride, with F included
at 15mg/1 in all of the groups water treatments for reasons already mentioned. It has been
recorded that a high level of NaCl reduced F retenuon in bone ussue (Flonan er al., (1986);
Ruzika er al., (1976)). It is not known why this occurs, but according to the former authors
the possibility that a decreased dietary uptake of F from the digestive system is responsible
can be excluded. It was mentioned in Chapter 2. that a similar occurrence was observed on
the field trips undertaken to the NW-Cape and NW-Transvaal where the sheep did not show
signs of fluorosis while drinking water with toxic amounts of fluoride (by intermational and
local guidelines) and high levels of salinity. ere 1s a correlaton in ground water between
F and TDS (Hem, 1970). When TDS values are below 1000mg/l, F values are seldom
above Img/l. High TDS values had correspondingly high F values in the vast majority of
the samples reviewed, This possibly explains why livestock in the areas visited did not show
symptoms of fluorosis. The sheep in the NW-Cape seemed on appearance to be of a larger
skeletal frame size than sheep in the Transvaal that are generally exposed to lower salinity
levels. Although this is purely a subjecuve observauon, it 1s well known that F is
advantageous for bone formaton. The incorporauon of F in bone 1s advantageous in the

sense that F lends itself to the formation of siable bone crystals (Spencer er al., 1983),

increases alkali-phosphatase levels which increase the mineralization of bone (Farley er al.,
1 “ - - - . e ~~ » .94 3 X . - > T T. pe " ol o~ -~ wla ~ PN ’
1987) ancC 1InNIDItS osteociast acuvity which resulls 1n a positive calcium dbalance (Spencer ¢!

1984)

Since most of the above mentioned work with respec: 1o F refers 10 monogastnic ammals and

LA S OIS

; . . o . o
has not been done on ruminants. th nal design allows jor tae effedt Of SAline versus fresh

sae st Wy —gny Ly s hiov " .l \ M s e R—— - » et 1mu@aets oad ]
wan will Vs { siis b i s U U . e uL‘ W ". ..vb-).--\:..t.




42 MATERIALS AND METHODS

Twenty two South African Mutton Merino wethers, just weaned, were used as the
experimental animals. They were from the same flock and had been on the same pasture
since birth. The trial design consisted of four separate groups as mentioned above of §
sheep/group with 2 sheep as extras. They were weighed the day after amval and using a
complete randomized block design allocated to their respective groups, using the lightest and
heaviest sheep as extras.

4.2.1 ADAPTATION PHASE

On arnival the sheep were housed in a holding camp with water and chopped Jucerme. On
Day 1 the sheep were weighed and received Sml/sheep oral dose of Seponver Plus, pulpy
kidney inoculauons and were tagged. Three sheep had their tails docked. They were then
housed individually in crates after being randomly assigned to their groups.

For the first week they received fresh water (TDS < 1000mg/1) and chopped luceme hay
ad hibitwm. On Day 8 they were removed from the crates and taken to the crush where they
received Sml/sheep Embemin (orally) and 1.5ml/sheep intramuscular injection of Vitamin A
(Phoenix). They were treaied in the crush as opposed to in the crates as it was also
necessary for them 10 grow accustomed to being removed from the crates and to learn the
route 10 the crush. This was accomplished by the third week. From Day 6 they received
0.5kg/sheep/day of the pelleted raton (described later) with the lucerne and increasing
amounts of the ration were given daily. On Day !5 they received the second pulpy kidney
inoculation, ané were adapied 1o the ration and received only the ration. The sheep were
weighed weekly except on Day 29 due to a fault in the scale. The water weatments are laid
out in detail in the section on water treatments.

The reason for the lengthily adaptation to 3000mg/l TDS and then to 6000mg/l TDS is that
1t is necessary to allow several weeks for sheep to become accustomed to saline water. This
was one of the most important findings according to Peirce (1959). During the adaptation
phase the sheep grew accustomed to the removal of the water troughs and feed bins daily,
and to the cleaning of the crates which was necessary every few days. The housing facility
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was cleaned every moming.

4.2.2 TREATMENTS

alede RATION

The sheep all received the same medium energy (ME) ration ad libitum for the duration of
the tial. A ME raton was given to lessen the possibility of a dietary effect playing a role
The same energy level was used in the fluonde trial without any dietary problems except for
one sheep that had bloated on occasion (see Appendix tnal 2 for composiuon). Measured
amounts of the ration were given each moming with the feed bins cleaned of faeces each

4 -l « b N .- Tl - f r : 1 .
moming and weighed back each week. Some tended to contaminate the feed within the first
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Table 4.2 Molar masses of chemicals used.

Molar Masses Percentages

(23)(35) (39.65)/(60.3)
(3)[(1)(12)(48)] = B4 (27.38)/(72.6)
(40)(70) = 110 (36.36)/(63.6)
(24.3)[(32.06)(64)] = 120.36 (20.18)/(79.8)
(46)(32.06)(64)] = 142.06 (32.4)/(67.6)

The calculated amounts of these salts (mg) were weighed and placed bags to yield specific
concentrations of salts and ions for a set amount of water. A plastic container calibrated up
to 201 was used to reconstitute the water each moming as required. Smaller plastic
containers of up to 101 were used to supply each animal with water. Each group had their
own such containers. Each sheep was supplied with a 101 plastic drinking trough which was
cleaned each moming irrespective of the amount left. Larger drinking troughs were provided

as the tnal progressed (201) where the consumption exceeded 101,

The chemical treatments are dealt with in two sections. Firstly the adaptation phase and

seconcly the trial phase. In each instance the groups are dealt with separately.

4.2.2.2.1 ADAPTATION PHASE

Control group (C)

The purpose of the adaptation phase for the control group was to adapt the sheep to a TDS
level of just less than 6000mg/l, as this level is generally recognized as a safe level for sheep
and should not result in any adverse effects on health or growth once they were adapted to
it. The sheep received the water source without any chemical addition for the first 4 days
(sce Appendix for chemical analyses of water source). The final concentration of the ions
are below the recommended maximum limits according to Adelaar (except for F) and are
shown in Table 4.3. The combinations of salts and the corresponding ion concentrations are
shown in Table 4.4,
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Table 4.3 Final concentrations for control group (mg/l).
[ —

IONS Recommended max. Lhmit (Adelaar, 1974) Control group

Na 2000 1843.7
Cl 3000 2472.3
Mg 500 181.6
SO, 1000 887.4
HCO, 500 363

TDS 6000 r 5750

The C group also received NaF from Day S until the end of the trial at a concentration of

1Smg/l.

Chloride and Sulphate groups

. . . ™ ¢ -4 4 - R e - S | ‘. . symren] & ’ "o
hese two groups received the same water source from day 1 - 4 as the control group. The

T
or
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objecuve was 10 acapt these two groups to a TDS value of 6000mg/l from which the tnal
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CoulC commence, with this as the starung concentrauon. Al the concentratons were within

the recommended maximum limits (except for F) as shown in Table 4.5. The treatments
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Table 4.5 Final concentrauons of Cl = SO, groups for adaptation phase (concentrations
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Tablo 4.4 Adaption phane water treatments for control group (concentrations in -géll.

L
pry SALTS 10088
Nacl  Nailco, Mgs50, Na.So, Na cl My §0,  HCO,
425 25 2% 25 183.7  2%6.3 . 37 18
450 50 50 50 208.7 271.4 10 74 36
| 500 75 7% 50 216.5 101.5 15 94 54
584 166 166 Al 304.2 13%2.2 33.5 188.6 120.5
A40 180 180 100 415.2 506.5 36.3 211.) 130.7
840 180 180 100 415.2 $06.5 36.3 211.3 130.7
1115 180 180 125 $32.%  672.3  36.3 228.1 130.7
1115 180 180 125 $32.5 672.3 36.3 228.1 130.7
1375 200 200 125 641.1 829.1 40.4 244.1 145.2
1450 250 200 150 672.9 £44.2 40.4 261 181.5
1450 250 200 150 672.9 £44.2 40.4 261 181.5
1600 00 250 150 766 964.8 50.5 2101 217.8
1600 300 250 150 766 964.8 $0.5 301 217.8
1700 350 350 200 B35.6 1025.1 70.6 414.6 254
1700 350 350 200 835.6 1025.1 70.6 414.6 254
1750 400 500 250 8A5.4 1055.2 100.9 S68.1 290.4
1750 SO0 500 250 911.9 1055.3 100.9 56B8.1 163
1750 S00 500 250 911.2 1055.3 100.9 568.1 2163
1900 00 550 250 977.3 1145.7 111 608 163
1950 500 600 250 992.2 1175.9 121.1 648 363
2000 00 650 250 1012 1206 131.2 687.8 1363
' 2100 500 650 250 1051.7 1266.3 131.2 687.8 363
2312 500 675 250 1136.3 1394.7 136.2 707.8 1363
2625 500 688 250 1260 1582.9 138.8 718.2 2363
2975 00 775 250 1199 1793.9 156.4 787.6 363
1250 s00 8131  2%0 1506.6 19%9.8 164.1 B817.9 363
1625 s00 875 250 1657.1 2185.9 176.6 B67.4 363
1875 500 875 250 175,31 2336.6 176.6 B867.4 363
4100 500 900 250 1845.7 2473.) 181.6 B87.4 1363
4100 500 900 250 1845.7 2472.) 181.6 B887.4 1363
4100 SO0 900 250 1845.7 2472.) 181.6 B887.4 363
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Table 4.6 Adaptl
I'AY
NacCl

' 400
1 400
] s00
A S00
9 6010
10 £00
1 800
12 ROO
1) 554
14 1000
15 1000
16 1100
1? 1100
1A 1200
19 1200
20 1400
21 1500
p 1500
23 1620
2 1720
25 1290
26 1841
27 20613
2R 2188
29 2625
10 2725
il 29138
12 Jlan
1] Jqn
14 KL RE
15 1750

n phane water

NallCo, MqSO,

‘\(. -".

1% 1%
167 167
167 167
“.l,' .l.bl
251 27

100 250
100 2%0
100 100
114 1314
134 114
400 400
400 400
450 450
450 450
00 SO0
500 00
S00 S00
SO0 530
SO0 530
500 £30D
500 550
500 561
SO0 62!
00 62°F
500 625
5040 6H)
500 (20
S00 150
SO0 7150
500 75(

Ha S50,

treatment e

.

for chloride

Ha

l‘),
211

530

9S00

1482

12X
201,

346,
146,
419,
419,

541.
541.
f,:J“.
610,
680,
6RO,
(g
A2,
Al12.
RGO,

927.

144.
1076,
108S%.,
1258,
1298,
1382,

1%81.
1581.
1706,

N -

F . -

LSS

Cl
257.1
2AR.9
1%4.6
354.6
428,13
48,1
£62.9
£62.9
10%
730.13
730.1
791.2
7191.2
88l.)
AR1. 1}
1003.1)
1064
1064
116R.6
122R.9
1290
13139.5
1482 .9
1637.6
1901
?{).ll
2["".4
2320.1
2550.4
255%0.4
8

1706,

and aulphate groups

[oNs
Mg

‘I

15
1),
1),
44.
44,
50,
50.
60,
67.
67.
COR
80,
90.
90.8
100,
100,
107
107
107
107
113
126.
126.
126,
126.
138,
138,
151,
151.

SNNSLLETOVITINONN

e L

SN m-n

(concentrations in mg/1)

TDS
ca HCO,

9.1 18 500

27.3  54.5% 700
30.2 121.2 1000
30.2 121.2 1000
37.8 182.2 1300
37.8 182.2 1300
37.8 217.8 1600
37.8 217.8 1600
60.4 217.8 1900
60.4 242.5 2000
60.4 242.5 2000
72.7 290.4 2300
72.7 290.4 2300
91 326.7 2600
91 126.7 2600
91 163 2900
91 163 3000
91 363 3000
109.1 363 3200
109.1 2363 3300
120 J6) 3400
130.9 363 1500
136.4 361 3750
181.8  136) 4063
181.8 362 4500
218.2 2362 4700
227.31 36) 5000
227.31 361 5250
272.7 36} 5600
272.2 36) 6000
272.7  16)

6000




Fluoride group

The F group received the water source from Day 1 of the adaptation phase till the end of the
trial. Fluoride at a concentration of 15mg/l was administered from Day 5 as previously
described until the end of the trial.

Extras
The two extras received the water source with no added chemicals for the first four days.
They followed the control group treatment from Day 5 until Day 21 where they stabilized
on 3000mg/1 for the rest of the adaptation phase, and remained there until Day 41 of the trial
phase.

4.2.2.2.2 WATER TREATMENTS FOR TRIAL PERIOD

Control group

The control group received as on Day 35 of the adaptation phase until Day 42 of the trial
when they where incorporated into the chloride group. This will be discussed in the chlonde

secuon that follows.

Chloride group

Day 1 - 10

The chioride group increased in specifically Cl and TDS concentrations from Day 1 of the
trnial pencd. This increase was brought about by increasing NaCl and CaCl,. The chemicals
NaHCO,, MgSO,, Na,SO, and NaF were retained at the same levels from Day | to limit the
Increase on 10n concentrations above the recommended maximum limits to Na and Cl. The
objective of this group was 10 increase the Cl concentration until an adverse effect in terms
of water intake, feed intake or health was observed. The manipulations that would follow

have already been dealt with. The changes in concentrauons are shown in Table 4.7.

Day 41 - 70
On Day 41 sheep number 15 of the chlonde group was observed at 7:00am to show signs

of severs stress, nervous tremors, lack of coordination but not an elevated temperature,

suggesung poisoning, not infection.
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Table 4.7 Water Treatments for chloride group (concentrations in mg/l).

DAY SALTS 10NS TDS
NaCl NaHCO, MgSO, Na,50, CacCl, Ha Cl Mg 60, Ca HCO,
1 4061 500 150 250 A48 1997 2989 151.4 167.5 Jos J&) 6411
2 4063 500 150 250 A4R 1557 2989 151.4 167.5 308 163 6411
3 43715 500 750 250 546 1955 3239.8 151.4 167.5 Ja4.3 363 6821
4 4175 500 150 250 946 195%% 1239.8  151.4 167.5 344.3 361} 6821
5 46AR 500 7150 250 1044 2079.1 1490.9 151.4 167.5 1719.6 163 7232
6 A6AR 500 150 250 1044 20719.1 1490.9 151.4 167.5 179.6 361} 7232
f ! 5000 500 150 250 11413 2201 1741.9 151.4 7167.5 415.6 1613 7641
5000 500 150 2° 1141 2201 i741.9 151.4 i67.5 415.6 363 7641
9 562° 500 150 250 1339 24%1.1 4243.5 151.4 7167.5 486.9 163 LELY
10 562° 500 150 250 1339 24%1.1 42417.5 151.4 167.5 4R6.9 163 H464
11 $91A 500 %0 250 1437 297%.4 4194.5% 151.4 167.5 522.5% 161 AAYS
| 12 59348 150 250 14137 2%75%.4 4494.5 151.4 767.5 $22.5 363 BAYS
13 6250 00 150 250 1538 2699.13 4745.1 151.4 167.5 55A8.1 363 928%
14 6250 500 150 250 1515 2699.1% 4745%.1 151.4 167.5 558.1 161 928%
1% 6561 500 150 250 161) 2821.5 4996.1 151.4 TI67.5 5431.8 363 9696
16 6561 500 150 2¢ 163) 2821.5 4996.1 151.4 767.5 543.8 3613 9696
7 7188 500 150 2%0 1R2S in7l.6 5497.6 151.4 167.5 665 163 10517
1A 718A8 500 1%0 4%0 1129 1071.6 5497.6 151.4 167.5 665 363 10517
19 718113 500 150 250 2026 1319.8 5999.1 15)1.4 767.5 736.3 361 113139
20 7811 500 %0 2%0 2026 1119.8 $999.1 151.4 767.5 736.3 163 11315 1
21 A48 00 750 250 2222 1%67.9 6501.3 151.4 167.5 A07.9 16) 12160
22 B43A 500 150 250 2222 1567.9 6501.3 151.4 167.5 A07.9 1613 12160
2] B750 00 150 250 2320 I691.8 6751.8 151.4 767.5 B43.6 i63 12570
24 8750 500 160 250 2320 2691.8 6751.8 151.4 167.5 B843.6 363 12570
25 9063 500 150 250 2516 1816 1O65.2 151.4 767.5 914.8 363 13079
26 9688 00 150 250 2614 4064.1 1504.4 151.4 7167.5 950.5% jel 13802
27 9688 500 750 250 2614 4064.1 %04.4 151.4 167.5% 950.5 161 13802
ZR 10000 500 750 250 2711 4188 7755.5 151.4 167.5 986.4 361 14211
29 10000 500 150 250 27113 4188 1755.5 151.4 767.5 986.4 363 14213
i 30 10625 500 750 250 2909 44136.1 82%7 151.4 767.5 1057.7 36) 15034
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The group received the same treatment as the control group for that day, except for No 15
which received oral infusions of fresh water (31 morning and 31 afternoon). The reaction of

No 15 was hyperacute, having shown no indicauon of an adverse effect previously.

The control group was incorporated into the chloride group with the two extra sheep and on
Day 42 started increasing in Cl and TDS concentration to a level that was similar to Day 41.
The reason for this was to increase the sensiuvity of the response to the treatment. The
control group had not adapted to the high CaCl;, Cl, or TDS levels as the chloride group
wad. The extras were even more sensitive as they had been on 3000mg/l TDS.

.~ ———

The same concentration (22<25mg/l TDS + 12772mg/l Cl) was reached on Day 50 and
her on Day S1. Duning this ume no similar response to that of No 15 was observed

Both the control group and the extras appeared to have adapted without adverse effects. On

) ‘. 'S i b - y tha ~r 't . b~ - Eani) N
Day 42 No 15 had been sent to the Deparntment of Pathology at the Faculty of Veteninary

Crimnce Ondersstencor ac the condition had remainad unchanosd
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of the trial whilst the chloride group were given a ratio of 0.196 from Day 61 - 67, and then
a ratio of 0.608 from Day 68 - 70.

The control group and the extras were stabilized in order to enable them to be compared with
the change in the chloride group, which were to left to stabilize at a similar ratio of 0.196,
but which then received a rapid change to the highest ratio of 0.608 from Day 68 to the end.
Sheep No 19 was brought into the chionde group from the control group on day 61 to bring
the number of sheep in the chlonde group to 5. A higher ratio could have been attained with
a TDS ceiling of 16500mg/l with the use of only CaCl, (0.639), but this would have a
resultant calcium concentration of 6000mg/], six times the recommended maximum limit of

1000mg/1, which could have an unwanted interaction so this ratio was never used.

The changes in salts and ions for Day 41 - 70 are shown in Tables 4.8(a}, (b)and (c), and

the changes in ratios are shown in Table 4.9,

Sulphate group

The objective for this group was to increase the SO, concentration until an adverse effect was
observed, whereafter the ratios of sulphate to TDS would be manipulated as previously
described. The increases were brought about by increasing Na,SO, and MgSO, in the
chemical combinations. This group did not receive CaCl, as it was not desired to have the
interaction with F referred to in the previous trial. The sulphate group increased steadily
till Day 43 whereafter they were stabilized at 12000mg/1 TDS for the remainder of the tnal,
but had the SO,:TDS ratios manipulated after a peniod of Day 43 - 52 to establish a pattern
for that rauno which could then be compared with possible changes till the end of the tnal.
Table 4.10 shows the ratios from Day 43 - 70. The reason for stabilizing the TDS level at
12000mg/l and not increasing it further was the same as the rationale for the chloride group,
which was that the sheep had adapted to the sulphate water and may well reach a point where
they would experience toxicological effects before a taste effect was observed. The Mg
levels was above the 500mg/l recommended maximum limit hence predominantly Na,SO, was
increased. The ratio changes from 0.272 1o 0.649 after having Day 43 - 70 10 stabilize a
pattern at 0.438. The ratio increased from 0.438 to 0.649 and then dropped sharply to 0.272
from Day 62 - 70, once agan (o obtain a clearer response should one occur.
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Table 4 . A(a) Water Lreatmentn

for groupn chloride,

— - === ——= == — = —————— — —
DAY SALTS 10N5 108
NacCl NaHCO, MgSO, HNa,50, Cacl, Na 1 Mg 50, Ca HCOD,
4?2 5500 500 150 250 1000 2401.5% 39%2.9 151.4 167.5% 363.6 363 BO0OO
43 1750 SO0 150 250 1250 3294 .8 $46H.8 151.4 167.5 454.5 161 10500
R 9625 SO0 750 250 137% 4039, 6679 151.4 767.5% 500 1% 12500
45 9624 500 7150 250 1175 4019.1 6679 151.4 167.5% 500 163 12500
a6 11500 500 750 2%0 1500 4781.5% BR9.1 151.4 7167.5 545.4 36)] 14500
47 11500 500 750 250 1500 4781.5% 1A89.1 151.4 167.5 545.4 16} 14500
48 13318 00 150 250 1626 56627.9 5099.1 151.4 7167.5% £90.5 163 16500
r 19 15000 500 150 250 428) 61713 11769 151.4 767.% 155%7.3 36) 20783
50 16250 500 750 250 4h" 6669.3 12772.1 151.4 767.% 1699.8 1361 22425
51 16700 & 04) 150 250 “000 6R47.R 132%2.1 151.4 767.% 1818 361 231200
3 15000 250 501 0 TH1 6016 9542 100.9 399.1 284 181.5% 16500
513 15000 250 500 0 1Al 6016 9542 100.9 399.1 284 181.5 16500
54 15000 0 0 0 1561 %947.5% 10019.7 0 0 568.13 0 16500
55 15000 0O O 0 1561 $947.5% 10019.7 0 0 568.1 0 16500
56 15000 0 0 0 1561 £947.5% 10039.7 ) 0 568.1 0 16500
%7 9750 AYS J188 2688 { 4976 .4 5879.3 643.3 413161.8 0 635.3 16500
o S7%0 RIS 1188 26AR { 4976.4 “A79.3 643.3 4361.8 0 6315.3 16500
59 BODOD 1000 1184 4111 ( 4847 .4 4824 643.3 5460.) 0 726 16500
60 ROOD 1000 j18A8 43113 ( 4847.4 4824 643.3 5460.3 0 126 16500
Table 4.8(b) Water treatmentn for control group and extras (concentrations in mg/l).
DAY SALTS 10NS ™S
NacCl HallCOY MgS0, NasSo, cacl, Na cl Mg 50, Ca HCO,
61 - end 11250 1000 1561 0 40 4740.3 T7269.7 719 2844 272.7 726 16500
Table 4.8(c) Water treatments for chloride group (concentrationa in mg/l).
DAY SALTS 10NS TOS
NaHCO, MgS0, Na,S0, CacCl, Na cl Mg SO, Ca HCO,
1000 Inrs 6250 0 4432.9 3241.1 782 17118 0 726 16500
0 0 0 1561 595% 10039.7 0 D S568.3 0 16500

control

and extran (concentrationns in mg/l).




The changes in salt and ion concentrations are shown in Table 4.11.

Fluoride group
No change.
Extras

Incorporated into the control group, but for statistical purposes were not included in analyses




Table 4.9 Ratios of

1:TDS for

chloride

+« control

groups and

extras from Day 41 - end (concentrations in mg/l).

—
DAYS RATIOS I
Cl:TDS
41 2738.3 : 6000 = 0.456
42 3952.9 : 8000 = 0.454
&2 5468 : 10500 = 0.521
44-4 6675 : 12500 = 0.534
| 4647 7889.1 : 14500 = 0.544
48 9099 : 16500 = 0.551
| 49 | 11769 : 20783 = 0.566 5
| 50 12772 : 22425 = 0.570 {
i 51 13252.1 : 23200 = 0.571
52-53 S452 : 16500 = 0.578
| 54-55-56 1003%9.7 : 16500 = 0.608 5
57-58 | 5875.3 16500 = 0.356
56-60 | 4824 16500 = 0.2S2
control + extras '
£l-end 7269 16500 = C.440
| chloride
| 61=-67 3241.1 16500 = 0.196
| 67-end 1003%.7 16500 = 0.608
Table 4.10 Ratios of S04 TOS for sulphate gro fro
end (concentrations in mg/l




“

Table 4.11 Water treatments for sulphate grou concentrations in mg/l).
SALTS - 10N5
NaCl NaHCO, MgS0, Na,sSo, Na cl Mg 80, HCO,
3750 500 813 324 1730.6 2261.3 164.1 867.9 363
375C 500 811 324 1730.6 2261.3 164.1 867.9 1363
3750 500 a7s 398 1754.7 2261.3 176.6 967.3 36)
3750 500 875 398 1754.7 2261.3 176.6 967.3 1363
3750 S00 938 472 1778.6 2261.3 186%.3 1067.1 1363
3750 500 938 ar2 1778.6 2261.3 169.3 1067.1 1363
3750 S00 1000 546 1802.6 2261.3 201.8 1167.1 1363
3750 S00 1000 546 1802.6 2261.3 201.8 1167.1 363
4375 S00 1125 691 2098.3 2638.1 226.9 1366.3 136]
4375 S00 1125 693 2098.3 26138.1 226.9 1366.3 1363
4375 So00 1188 767 2120.1 2638.1 239.7 1466.5 1363
4375 S00 1188 767 2120.1 2638.1 239.7 1466.5 163
4375 S00 1250 841 2144 263)8.1 2%2.3 1566 363
: 4375 500 1250 841 2144 2618.1 252.3 1566 363
4375 500 1315 914 2167.8 2638,1 265 1665.7 363
4375 500 1313 914 2167.8 263A.1 265 1665.7 363
437% 500 14238 1062 2215.7 2638.]1 290.2 1865.4 163
4375 S00 1438 1062 2215.7 2638.1 290.2 1865.4 1613
€375 500 1561 1209 2263.3 2638.1 315.4 2064.5 163
4375 S00 1563 1209 2263.3 2638.1 315.4 2064.5 1363
4375 S00 1688 1357 2311.3 2638.1 340.6 2264.3 163
4375 S00 1688 1357 2311.3 2638.1 340.6 2264.3 36)
4375 s00 1750 1431 2335.3 2638.1 353.2 2363.9 36]
4375 5S00 1750 14131 2335.3 2638.1 353.2 2363.9 136]
4375 s00 1813 1503 2358.6 2636.1 365.9 2462.8 1363
4375 s00 1938 1652 2406.8 2638.1 391.1 2663.3 361
4375 s00 1938 1652 2406.8 2638.1 391.1 2663.3 36
4375 500 2000 1726 2430.8 2638.1 403.6 2762.8 363
43175 S00 2000 1726 2430.8 2638.1 403.6 2762.8 1363
4375  S00 2125 1873 2478.5 2638.1 428.R 2961.9 363
4375 500 2250 2021 2526.4 2638,1 454 3161.7 363
4375 S00 2175 2168 2574 2638.1 479.3 1360.9 2363
4375 S00 2500 2316 2622.2 2638.1 S04.5 1560.6 136)
4375 so00 2625 2463 2669.6 2638.1 529.7 1759.8 26)
4375 500 2750 2511 2717.6 2638.1 555 3J959.5 163
e e
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423 PARAMETERS MONITORED

(a) Water intake:

Individual water intake was measured on a daily basis by using calibrated containers. Due
to the season (March to July) and the housing environment the increase in concentration due
to evaporation was not significant (<0.02ml/d) as it was in the first trial.

(b) Feed intake:
Average feed intake was measured by feeding pre-weighed amounts on a daily basis and
weighing back.

(c) Live weight:

Weekly live weights were recorded, except on day 28 of the adaptation phase (faulty scale)
and on Week 7 and Week 9 (Figure 4.2), due 10 the increased size of the sheep at that stage
and the difficulty involved in removing the sheep from the crates and replacing them. The
sheep were not fasted 2s in the first tnal as it was found that 1t has a dramatic effect on the
water intake for the following 2 days, and this would have resulted 1n an undesired effect on

the water intake of the sheep.

(d) Blood:

Biood sampiss were taken from the jugular vein at intenvals shown in Figure 4.2 (on the
same days as weighing ook place). The jugular vein was used as it is representative of the
general circulation. The necks of the sheep were shom to facilitate the drawing of blooc.
Samples of 10ml/sheep were drawn and centrifuged immediately afterwards (8000 rpm/
10min) and the plasma removed with a synnge and placed in Ependorf tubes and frozen.
The sampling ime was from 8-9:00. The sheep were allowed to settle for an hour in the
holding pens before samples were taken. The samples were analysed for chloride
concentration by the Department of Chemical Pathology, Faculty of Medical Sciences,

University of Pretoria. The samples were analysed using a silver detector electrode,

platinum cathcde electrode and a reference electrode, using an ASTRA Routine Analyzer
system (Beckman, 1987).




(e) Urine:

Urine samples were obtained at the same frequency as shown in Figure 4.2. Unne collectuon
funnels were hamessed to the sheep with a tube leading into a sample bowle after watering
in the moming. Approximately 2-4 hours afterwards 20ml samples were removed and
frozen. This method was used due to the structure of the crates in which the sheep were
housed. The samples were analysed for chlonde and creatinine concentrations (used as a
constant reference) by the Department of Chemucal Pathology, Faculty of Medical Sciences,
University of Pretoria. The same method used for blood chioride was used for urnary
chlonidde. Urnnary creatinine was measured by calculating the change in absorptance in an

alkaline picrate solution following sample addition, as described by Beckman (1987).
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(1) Slaughter measurements:

(1) Hot carcass weight was recorded
[ Thur it olar ‘\ WEere ex el 4 tal et 1 1o mra NIC T™ e 1ol o EYEET To
u LOVIOIC giand CIT CALINES &5 COCTIOEC 1N U Dréevious tnal anc weighed
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(1) Nidney and liver sections were cut and dealt with as laid out in the previous trial
.1 Nt oaryayl nd metatarcaa’ bonsc were removes and “LAmm thick Arae ~ " T
(1v) Melacarpal and melalarsa. dones were removeC and .- mm thiCk Cross secuons cut

at the same sampling point for all sheep and placed in distilled water in plastic sample

ho:::k"\ d.r-k‘. {.11'\'!’ i‘.."..‘..iv .\\'l:

..

or F potenuometnrically (Van Staden and Janse van




Rensburg, 1991). The metacarpal and metatarsal bones were used as they are one of
the most suitable sampling sites for post mortem diagnosis of fluorosis (Clarke ef al.,
1981; Buck and Osweiler, 1976).

(v)  Physiopathology of fluorosis - visual macroscopic evaluation for pathological lesions
were conducted as in the first tal.

(g) Health:

Weekly inspections of teeth, palpation of limbs and clinical symptom observations for
fluorosis as described in the first trnial were carmed out. Daily inspections of the faeces (for
diarrhoea) and general health was done,

Statistical analyses used
The same methods descnibed in Chapter 3 were employed in the statistical methods used in

this trial (Chapter 3, section 3.2.2.5).
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3 RESULTS
3.1 WATER INTARE

1. Mean water intake (MWT) on a weekly basis between groups : Days 1-70

The MWI for each group 1s given in

d

st

Table 4.12 Mean water intake (weekly basis) between groups for Days 1-

)

able 4.12.

-~
]

iffer significantly from each other, while the

gnificantly from each other, the chlonde and control groups ( P =0.0001; F = §7.5; R*

e chloride and control groups did not

fluonde and sulphate groups differed

1 "N

: =S — _—

| | e
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=. MWI on a weekly basis within groups : Days 1-70

1) Control group

The following differences were significant : Wee
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(iii) Chloride group

The following differences were significant : Week 1 from Weeks 7 and 8; Week 7 from
Weeks 1, 9 and 10; Week 8 from Weeks 1, 3,4, 6,9 and 10 (P = 0.0009, F = 3.72, K?
= 0.36). The results are presented in the Appendix (Tnal 2).

(1v) Sulphate group
Week 2 differed significantly from Weeks 5, 8, 9and 10 (P = 0.108, F = 1.7, R? = 0.20).
The results are presented in the Appendix (Tnal 2).

3. MW differences using treatments as narrower intervals

Using the results of the previous section as a guideline, further differences in MWI were
investigated on narrower intervals as defined by the treatment changes (see Tables 4.7, 4.8
and 4.9 for chemical composition of treatments). The control group is compared with the
chloride and sulphate groups for Days 1 - 40 for the purpose of investigating the salinity and
palatability effects of the vanous chemicals on water intake. Between group analysis of the
control group anc the chlonde group are used from Day 42 - 70 due to the group allocation
and treatments received during this phase of the trial (calculations for Day 69 and 70 for the
control group are made 10 enable comparison with the ratio change for the chloride g.oup

at this stage -see Table 4.9).

(a) Control and Chloride groups

(1) Within group MWI differences : Days 1-40

Weeks 3 (Days 15-22) and 6 (Days 35-38) were significantly different within the control
group (P = 0.0197, F = 1.71, R = 0.37), with Week 3 having the highest MWI of 5.5
I/d and Week 6 the lowest MWI of 4.27 I/d. There were no significant differences between
weeks within the chloride group from Days ! - 40 (P = 0.26, F = 1.48, R? = 0.34). The
results for the Duncan Muluple Range Tests are given in the Appendix (Trial 2).
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(ii) Between group MWT differences : Days 1-40
The results for between group analysis on a weekly basis for Days | - 40 are presented in

Table 4.13. The MWIT for Week 5 (Days 29-35) was significantly different.

The significant difference between the chlonide and control groups for Week S (Table 4.13)
ied to the analysis of MW between these rwo groups for the period Day 29 to 40 on a daily
basis. The results are presented in Table 4.14. Days 31, 34, 36, 37, 38 and 39 had
significant differences berween the chloride and control groups for Duncans Multple Range

Test.

Table 4.13 Significance levels for between group MWI differences for Chloride

and Control groups : Days 140

ey

~

Intervals ' Signuficance values

| Days Week P F

~

|
- " oA - - ||
. l 0.59 3 0..
8 4 2 0.24 €8 0 16
:
| - - o~ - ~
< : % ( '(- 09 0.01 !
nadly. S . § 0.14
29-35 5§ 0 g U4
18 - & 6 ) 3 00
& = —  _— — R - — - — — —— —
- . S
> Lo A (o - v e

Within group differences for MWI by intervals: Days 42-70

The intervals used in the following analysis are based on the treatment chanees (Table 4.8)

The intervals and means are presented in Table 4.15. The control group had the following
significant differences between intervals : interval | from intervals 3, 4, 5 and €; interval 2
from intervals 3, & and 5; interval O from intervals 3, 4, 5, 6. 7 and 8; interval 10 from
interval J. interval | ( NSy 4,.5,6, 7Ta &




Table 4.14 Significance levels for between group MW1 differences for chioride
and control groups for Days 29 to 40.

Means(l/d)

P F R? Control Chlonde
0.48 054 0.06 a .

30 0.09 3.62 0.31 453 54

3] 0.02 7.27 0.48 4.01 6.08
32 0.16 234 0.23 5.39 6.19
33 0.49 0.51 0.06 54 5.85
34 0.03 6.55 0.45 5.67 6.78*

Significance values

35 |0.005 1444 0.64 498 7.4
0.63 025 0.03 578 6.17
37 |001 876 0.52 478 6.63°
138 | 0.0005 3175 0.7 493 717
39 |0.08 398 0.33 4.65 2.7°
40 059 030 0.03 3.99 4.8

* significant citrerence (F<5.5.\) for Duncans Muluple Range Test

The chionde had the following sigmficant difierences between

intervals : interval 5 from intervals 1, 8, 9, 10 and 11 interval 6 from intervals 8, 9, 10 and
11: interval 11 from intervals 2. 3, 4, 5, 6 an¢ 7. The results are presented in the Appendix
(Tnal 2).

(1v) Between group differences for MWI by intervals : Days 42-70

The compansons between groups that were made are presented in Table 4.16. There was a

significant difference between interval 10 of the control group and 11 of the chloride group.




Table 4.15 Intervals and MWI for contrel and chloride groups

used for within and between group analysis.
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(v) Between and within group differences for MWI by days and
intervals : Days 42-70

Various comparisons were made between and within groups by days and intervals in order
to compare immediate response 10 treatment changes and adaptation over intervals to
treatments. Within the chlonde group significant differences were found between the
following comparisons : Day 68 to Day 69; Day 68 to Day 70; Day 68 to interval 11 (Day
69+70). Significant differences were found between the chlonide and control groups for the
following compansons : interval 11 of chloride and Day 61 - Day 70 of control (intervals
10+11); Day 68 of control and interval 11 of chloride. The significance values are
presented in Table 4.17.

Table 4.17 Significance levels for comparisons between chloride and control
groups for Days 42-70.

Comparisons Significance values M
| within groups p F R’ |
] chloride
| Day 68-69 0.005 1547 0.64
! Day 68-70 0.009 1165 0.5
I;l Day 68-days (65-70) 0.003 1652 0.67
' Interval 10-9 0.908 0.01 0.002

Interval 10-11 0.303 1.21 0.13
control
Day (67+68)-Day (69-70) 022 170 0.175 |
between groups |
chloride - control
Interval 1] - Days 61-70 0.11 322 0.2
Interval 11 - Day 68 0.003 1875 0.70

lad
’sngmfxmcc evel P<0.05

(b) Sulphate group
(i) Within group differences for Days 1-42

109



The days were analysed by weekly intervals and there were no significant differences within
the group for the Days 1-42 (P = 0.35, F = 1.21, R* = 0.30). The Duncan groupings are
presented in the Appendix (Trial 2).

(11) Within group differences for Days 42-70

The only significant difference was found between the intervals 3 (Days 52-53) and 6 (Days
58-59), with 3 having the highest MWI (5.76) and 6 the lowest MWI1 (3.02). The results are
presented in the Appendix (Tnal 2).

(111) Between group differences for Days 1-45

The control group was used in companson with the sulphate group for this period in order
to assess the effect of sulphate on the palatability of the water with increasing salinity. The
interval Days 36-42 was not used in these comparisons as the control group treatment was
changed on Day 42. There were no significantly different comparisons between the sulphate

ne ymren! o BT s - - - d 1 Y ! . 1 C
and control groups. The results are presented in Table <. 18

Table 4,18 Significance levels for compansons besiween control and sulphate

groups for Davs 1-35

—
| 1 ’ BT e e | | <Err . e
{ Davs Intervals Significance vaiues
' |
|
P F R 1
7 - 0.65 0.07
R-14 D ). 69 { 7 0.02
{ $.21 3 Q 0 (K
v
% 30 . '~ r- A . |
P _\ ~ 39 — |
|
239.35 5 R 0.0s O
e . -
* signincance ievel P<U.05

(¢) Fluoride group

There were no significant differences found between selected intervals (on 2 weekly basis)

" , . . ' .
for the fluonde group. The results and Duncan groupings are presented in Appendix (Tnal
~
-l

L ...




4. Correlations between MWI and corresponding chemical levels

(i) Chloride group

The following correlations were found from Days 40-70 between MWI1 and TDS, Cl and SO,
on 2 weekly basis : 0.47, 0.02 and 0.48. None were significant at the 0.05 level (see
Appendix Trial2 for results). There was a significant negative correlation between MWI and
the Cl concentration in the water between Days 68 and 69 on a daily basis (Table 4.19).

Table 4.19  Correlations between MWI and [Cl] for the chloride group.

Days Pearson Correlation  Significance  Coefficients
value
53-54 0.06 0.858
56-57 -0.391 0.368
58-59 0.20 0.568
60-61 -0.61 0.056
68-69 -0.82 0.003
Wmf T

(11) Control group
There was 2 significant negative correlation between MW1 and the chloride concentrauon in
the water between Day 58 and Day 59. All other correlations were negative and non-

significant. The results are presented in Table 4.20.

Table 4.20  Correlations between MWT and [Cl] for the control group.

- Days Pearson correlation  Significance
coefficients values
-0.53 0.169
-0.09 0.818
-0.71 0.046
0.11 0.782
* signinicance level P<U.U).
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(iii) Sulphate group

The following correlations were found between MWI and TDS, Cl and SO, on a weekly
basis for Days 40-70 : <0.23, 0.43 and -0.45. None were significant at the 0.05 level (see
Appendix Trial 2 for results). There were no significant correlations between sulphate

concentration and MWT1 on a daily basis for Days 51-62 (Table 4.21).

Table 4.21  Correlations between MWI and [SO,] for the sulphate group.

Days Pearson Correlation  Significance

nue reatments

T ] low s
Hcanuy lower




Table 4.22  Significance levels for effects of treatment on average feed intake.

WEEKS | P F R?

1 0.496 001  0.00
| 2 0.998 001  0.00
3 0.181  1.84 026
4 0.173  1.88 025
E 0.198 174 025

6 0.022 429  0.46

- 0.023 426  0.45

8 0.268 145 022

9 0714 046  0.08

10 0375 111 0.08

| —
® signinicance Tevel 2F<U.US)

Table 4.23  Least square means for average feed intake - Weeks 6 and 7.

3‘!’RT Mean s.d. Least Square Means

? week 6

I 1.908 0.1780 TRT1 2 3 4

2 1.447 0.1715 I . 0.0068 0.7124 0.9320
3 1.856 0.2744 20.0068 . 0.01390.0080
{4 | 1.896 0.2247 30.71240.0139 . 0.7765

4 0.9320 0.0080 0.7765

week 7
| ] 1.934 0.102 TRT 1 2 3 4
2 1.554 0.156 I . 0.0051 0.4864 0.7329
3 1.857 0.174 2 0.0051 . 0.020! 0.0100
< 1.893 0.232 30.4864 0.0201 . 0.7195

4 0.7329 0.0100 0.7195

* signincance Tevel (l§<bi5§;
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Table 4.24  Effects of treatment on the mean average feed intake for Days | - 70.
— ——— —

Days Significance values
P F R?

1-70 4722 0.54 0.029

S — ——

* signincance level (P<U.0))

No significant correlations between treatment and AFI on a weekly basis were found (Table

4.25).

Table 4.25  Correlations between average feed intake (AFI) and treatment for Days | - 70.

AFl | Pearson P

l V. 10. 0.49< i
‘ 2 0.010 0.960
|
] A3 0.9 |
$ 402
l S L g:-J (5-\\
| ¢ 0.132 0.59 |
|
- A O72 (" ’»__‘
. ]
- { 55 U 3
v 13 S
10) S €%
| - W - \ -—-—

igninicance level (P<U.0))

4.3.3 LIVE WEIGHT
P. R® and Type III sum of squares for the models Treatment = LW 1 -LW9 are given

‘. 2 . . - ”
. a A . g e ussioht racardine Aid o rvant hava . e 4 st -~
1adie &..¢ Al no lve weight recording did treatment have a significant effect on

livewgight (see Appendix Inal . for means and standard deviauons) or were there any




significant treatment differences.

Table 4.26  Significance levels for effects of treatment on live weight.

LWI 0.9565 - 0.019 0.10
0.9565

LW?2 0.0001  0.0001 091 3836
0.5555

LW3 0.0001  0.0001 0771 12.63
0.9201

LW4 0.0015  0.0001 0668  7.56

! 0.9534

LWS 0.0035  0.0002  0.626  6.30
0.9755

LW6 0.0076  0.0004 0582  5.24

i 0.9907

w7 0.0343  0.0048 0502  3.53

| 0.8943

LWS 0.0587  0.0179  0.456  2.94
0.549]

| LW9 0.0565  0.0068  0.459%  2.98

: 0.9145

< signiticance level P<0.05 . —

4.3.4 BLOOD

Treatment had a significant effect on blood for Days 43 (P < 0.0001) and 57 (P < 0.006).
The results are presented in Table 4.27. The least square means (Table 4.28) showed
significant differences between treatments 1+2, 1+3, 243 and 2+4 for Day 43, and 2+3,

115




2+4 and 1+4 for Day 57. For Day 43 the chloride group had the lowest mean blood [Cl],

and for Day 57 the same pattern emerged (Table 4.29).

Table 4.27 The effects of treatment on blood serum chlonde concentration in SAMM

wethers.

Sampling day Significance values

P F R? ,




Table 4.29 Means and standard deviations for blood serum [Cl] for sampling Days 43 + 57.

A significant positive correlation was found between treatment and blood serum [CI] for Day
1, and significant negative correlations for Days 43 and 57 for these two variables (Table
4.30).

Table 4.30 Pearson correlauon coefficients for vanables treatment ([Cl] of water

treatments) and blood serum [Cl].

Sampling day Pearson correlauon P coefficient
:

1 0.45 0.04

15 0.05 0.81

29 0.11 0.62
43 -0.63 0.003

57 -0.70 0.0005

71 -0.38 0.095

=sxgmf:mcc Jevel P<U.
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4.3.5 URINE

Treatment had a significant effect on uninary [Cl] for Days 8+9, 36+37 and 65+66.
Creatinine was significantly affected by treatment for Days 36+ 37 (Table 4.31). Table 4.32
presents the least square means for these significant treatment effects. Treatments 1+3, 1+4,

243 and 2+4 were significantly different for Days 8+9 (urinary [Cl]), treatments | +4

J

2+3, 2+4 (unnary [Cl))

and 1+3, 1+4, 2+3, 2+4 and 3+4 (uninary creatinine) for Days 36+37 and treatments

+4 (unnary [Cl]) for Days 65+66. The means and standard

mean for all the urinary [C11 sampline davs and treatment 2 (chloride group) for urinan
mecal 100 all UIC UANal'y [Gl) S4AlPUng ddays alil Utalilichng o (Gioniuc ST0UP Ol nnal
[»A.‘.. ...... v for L):l'\\ O+

.} P 1 ") o » ' ’ - IcC1 : > 2 o M ~ {1)
14DIC « .31 I1N€ Eliell C gcaime 0 innan i} and unnanry créauning {L2avys
- -
T+
.\ + A
L A - UaYd > = —t— e -




Table 4.32

Least square means for sampling Days 8+9, 36+37 and 65+66 for urinary
[C1) and Days 36+37 for unnary [creatinine] between treatments.

Least Square Means

£+9

1 36+37
(cn

36+37

[creat]

L 65+66

1
-
-
3

I

1

W

1 2 3 4
0.1710 0.0058 0.0001
0.0003 0.0001
0.0904

TRT 1 2 3 4

0.5060 0.0934 0.0047
0.0254 0.0011
0.1540

TRT 1 2 3 <

0.0075 0.2157 0.0566
0.0953 0.3289
0.4552

TRT 1 2 3 <

0.5579 0.0027 0.0001
0.0086 0.0001
0.0112

*signiticance level P<0.05 e
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Table 4.33 Means and standard deviatons for unnary [Cl] for sampling Days 8+9,

w

36+37 and 65+66, and urinary [creatinine] for sampling Days 36+37 and

corresponding [Cl] in the drinkung water.

’ Sampling Days 1 Mean s.d [C]] in the dninking water |

| (mmol/l) (mg/1)

} TRT TRT




Table 4.34  Pearson correlation coefficients for variables treatment ([Cl]) of the drinking
water) and unnary [Cl] and urinary [creatinine].

Pearson correlation P coefficient

[C]] 0.78 0.0001

[creat] 0.72 0.0003
36+37 [Cl]) 0.58 0.0076
[creat] 0.45 0.0428
65+ 66 [Cl]) 0.74 0.0003

[creat) -0.20 0.41

*signinicance leve

4.3.6 SLAUGHTER PARAMETERS

4.3.6.1 HOT CARCASS WEIGHT

The effects of treatment on hot carcass weight (corrected for liveweight at the start of the
trial - LW1) were non significant. The P, R? and Type Il values are given in Table 4.35

together with the least square means (see Appendix Tnal 2 for means and standard

deviations).

Table 4.35 Significance levels for the effect of treatment on hot carcass weight.

Significance tests | Significance Least Square Means
values

P 0.0233 TRT
R’ 0.5319 1 p. a4

Type I I . 0.2200 0.9728 0.6834

TRT 0.5597 20.2200 . 0.2094 0.3817

LMI 0.0070 30.92780.2094 . 0.6588 |

| 4 0.6834 0.3817 0.6588

F , 3.98

. significance ievel F(U.a)
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4.3.6.2 THYROID GLAND WEIGHT

Treatment did not have any significant effect on thyroid gland weight (corrected for hot
carcass weight). There were no significant differences between treatments (see least square
means). The significance values are given in Tables 4.36.

Table 4.36  Significance values for the effect of treatment on thyroid gland weight

e

Significance tests | Significance Least Square Means **

s values *

|

B

0.0550 TRT 1

0.4624 : ).4903 0.5917 0.0990 |

L

.
-

Type I 20.4903 . 0.25750.0370
TRT 0.1549 0.5917 0.2575

HCM 0.0160 0.0990 0.0370 0.2428

A )

0.2428

'S

| . -— =
- . - ™ e ’ . ]
1I2NICANCE ICve ‘ -l -
- PR S . ) 2
significance level | LR

<.3.6.3 KIDNEY AND LIVER HISTOPATHOLOGY

There were no histopathological lesions 1n the liver or kidney secuons evaluated (see

t)

Appendix Tnal

fOor pathology report)

4.3.6.3 FLUORIDE CONCENTRATION OF METACARPAL BONE

™ " Bt m 1 .y mnlae ahe e I af sha o S ! upg— T T
I he metacarpal bone sampiles (nght metacarpal) of the enure fiuonde group and five selected

- =

from the other three treatments were analvsed first (the metatarsal bone samples were not

4 i - . P P P . - - T e . > 4 - a
needed to obwun significant values) I'he treatments used were saline and fresh water
’ e s - 2 nd SATTITA P C1 7 e I . and 4 !
treatments, with groups 1.2 and 3 compnsing the saline treatment, and group 4 the fresh
e . & - . - . " - - - R .. - -~ - " 1
water rearment. Treatmen: was found to have a significan: effect (corrected for F ion intake

* > the t a1 » 3 )Y pe i ekl . FE i .- - s -- -! ) -l 4
dunng the tnal penod) on the concentration of F in the nght metacarpal bones analysed, with

the saline water treatment yielding lower concentrations despite having a higher intake of the

r

.-

-




jon. A positive correlation of 60% was found between the vanables treatment and fluoride
concentration, and a negative correlation of 40% was found between total fluoride intake and
treatment. The results are given in Tables 4.37 and 4.38.

Table 4.37  Significance values for the effect of saline and fresh water treatments on
metacarpal bone fluonide concentration of SAMM wethers.

Significance
values

P 0.0205 TRT  FEcong,

R? 0.3669 1 660.540 94,8925
Type M 2 825.050 132.5307
TRT 0.0313 E intake
CFl 0.6787 1 5665.49 1376.9320

‘ 2 4370.30 411.2982

F 4.93

% —
* signincance level P<U.U:

CFl = corrected F intake
TRT 1 = Saline TRT 2 = Fresh

Table 4.38  Correlation coefficients and significance values between fluonde
concentrations in metacarpal bone samples of SAMM wethers and (1)

treatment (saline and fresh water) and (1) corrected fluonde intake (CFI).

pr—
F+ TRT F +CFl
Pearson cortl. coeff. 0.40222  0.60022
P 0.0787  0.0051



4.3.6.5 MACROSCOPIC PATHOLOGY
No pathological lesions were observed in the macroscopic evaluations conducted (Appendix,

Tnal 2 - pathology report).

4.3.7 HEALTH
No clinical symptoms of fluorosis or salt poisoning were observed, except for sheep No 1S

(Appendix, Tnal 2 - pathology report)

4.4 DISCUSSION
4.4.1 The effect of treatment on live weights for Weeks 1-9; hot carcass weight; average
feed intake: health and histopathology of the Kidney and liver; and blood and urinary

[Cl + creatinine].
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stages (discussed later). The response of sheep No 15 would seem to be an individual non-
treatment related occurrence. This is supporied by the ability of the chloride and control
groups to reach the same level and higher without any similar response, and the absence of
histopathological lesions in'the organs investigated. A possible explanation is that sheep No
15 reacted to the pulpy kidney inoculation (pathologist Dr M. Williams, Onderstepoort,
personal communication).

Blood plasma [Cl) seems to be negatively correlated with the [Cl] in the drinking water.
Even though Day 71 did not have a significant correlation the trend was the same (R = -
0.38, P = 0.095). The chloride group had the lowest blood plasma [Cl), with the control
group second. The chloride group was significantly lower than the control group, probably
due 10 a carry-over effect from the previous treatment which was higher than the chloride
group (Day 43) and lower than the control group (Day 43) with [Cl] of 7755mg/l and
2472mg/1 respectively. This is supported by a similar pattern on Day 57 with the chloride
and contro! groups significantly different from the sulphate and fluonde groups as for Day
43, but not significantly different from each other whilst being on the same [Cl) of SE79mg/1.
The decreased blood plasma [Cl] with increased [Cl] in the drinking water observed was
similar to the findings of Peirce (1966) for Na and Peirce (1968a) for Mg, and Little,

Dansom, Manston and Allen (1984) for serum Na.

The least square means differences for Days 8+9 for uninary [Cl] are in line with the
positive correlations found, i.e. increase in unnary [Cl] with increases in [Cl] of the dnnking
water. For Days 65+66 it appears that the chloride group had a carry-over effect as the
group stll had a high urninary [Cl] despite a lower [Cl] in the dnnking water. The trend with
unnary [creatinine] was less clear, with the chloride group having the lowest value despite
the highest [Cl] in the drinking water for Days 36437, vet for these days a significant

positive correlation was found between unnary [creatinine] and [Cl] of the drinking water.




4.2 The effects of treatment on average water intake

Control group : Days 1-70 - weekly basis

The MWI on a weekly basis for Days 1-70 differed significantly from the sulphate and
fluoride groups, with the control MWT higher than the sulphate and fluoride groups despite
the higher salinity of the sulphate treatments for Days 140 (see Figure 4.3(a)). The non
significant differences in weekly MWT for Weeks 1-6 show that the intake of <6000mg/l

TDS was relauvely constant, apart from an initial increase during Weeks | and 2. The
significant difference in MW for Weeks 7 + 8 from each other and all other weeks was due
to the increase in salinity of the treatment. They reacted positively in the sense that their

water intake increased with increase in salinity of the treatment. There was no adverse

palatability effect with the increase in salinity from Days 42-51 (TDS concentrations of
6000mg 22000 mg [his suggests that the previous 42 Days spent on <6000 mg/l
enabled them to adapt readily to the increased salinity

Chloride group : Days 1-70 - weekly basis
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Ihe lower MW Week 6 (5.221/d Weeks 2 & and ), a WEN non signincan
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Figure 4.3(a) Effect of treatment on weekly water

intakes

. 5Mean water intake (litres/week)
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rigure 4.3(b) Effect of treatment on mean water intake
from day 42 of Chloride and Control
groups
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Control and Chloride groups : Days 29-40 - daily comparisons

The significant increase in water intake of the chloride group at Days 29-35 is due to the
higher salinity received at this stage. The non significant difference duning Days 35-40 leads
to speculation that palatability is beginning to have an effect, since despite the higher TDS
level, the water intake was not significantly different. On a daily basis comparison a similar
patiern emerges.

For Days 29-38 the chloride group has a higher water intake than the control group, with
Days 31, 34, 35, 37 and 38 being significantly different. This was due to saline effects. On
Days 39 and 40, however, the chloride group had significantly lower MWI than the control
group. This was most probably due to a palatability effect. The increase in water intake
from Day 39 to Day 40 shows a physiological need governing water intake. This response
occurred with a Cl: TDS ratio of 0.57. The AFI for Week 6 (Days 36-42) was significantly
lower for the chlonde group compared with the other groups. This was most probably due
10 the decrease in water intake leading to the subsequent decrease in feed intake due to the

strong positive correlation that exists between them.

Control and chloride groups : Days 42-70
Control group : Days 42-70

Intervals 1-5 (Days 42-51) increased in MW] with interval § having the highest for the Days
42-70, with a2 TDS concentration of >22000mg/l. The significant difference between
intervals (1+2) and intervals (3, 4. 5, 6, 7 + 8) are due to the higher water intake with
increase in salinity. Intervals 6, 7 and 8 (Days 52-58) did not differ significantly which
suggests that there was no palawability effect, but the significant difference between interval
9 and intervals 6, 7 and 8 1s contrary to the expected response with a lower water intake
occurnng with a lower Cl concentration. The explanation for this response is that the
sudden increase in SO, (Omg/l - 5460mg/]) used 10 lower the Cl ratio to 0.292 overshadowed
the expected increase in palatability.
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The response to the Cl rato of 0.44 was constant for the remainder of the tnal. The lower
intake of intervals 6, 7, 8, 9, 10 and 11 from intervals 3, 4 and S were probably due to the
decrease in salinity from 2200mg/l TDS to 16500mg/I TDS. The non significant difference
between intervals 1, 2, 9, 10 and 11 are possibly due to the lower salimity levels at thus
period as opposed to intervals 3, 4, 5 and 6. Intervals 6, 7 and 8 decreased in water intake
in that order due to the lowered salinity, the high salinity in intervals 1-5 stll affected the

dnnking pattern in these intervals.

Chloride group : Days 42-70

The water intake increase from interval 1-5 with each interval, and decrease again, was due
to the increase in TDS to 22000mg/] at interval 5, and then drop to 16500mg/l TDS with
interval 6. The significant difference between intervals | and 5 was probably due to this

increasing salinity level (see Figure 4.3(b)

The non significant difference between intervals 7, 8, 9 and 10 with the CI:TDS rauo 0.5 -
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Comparisons between Chloride and Control groups : Days 42-70

The non significant differeace between the control and chloride groups for intervals 1-9
shows a similar response of these two groups 10 the same treatment during this phase. The
non significant difference between the groups for interval 10 support the previous finding
that lowering the Cl concentration does not increase the water intake significantly (ratio 0.196
- 0.44),

The non significant difference between the groups for interval 11 is misleading as is seen
when compared on a daily basis, and shows some of the sheep in the chlonde group reacting
more to the physiological need to increase their water intake than to the Cl ratio after initally
responding to the ratio. Day 68 compared with Day 69 for the chloride group had a
significantly lower water intake showing an immediate response to the increase in Cl
concentration (ratio 0.196- 0.608). The water intake for Days 69 + 70 compared to Day
68 for the chloride group was also significantly lower. All sheep had a decrease in water
intake from Day 68 to Day 6% in the chloride group, but 3 sheep increased their water
intakes on the following day. anc this overshadowed the further declines by the other two
sheep on Day 70. Day 70 compared with Day 68 for the chlonide group also yielded a
significantly lower water intake. as did Days 69 + 70 compared with Day 68. Days 69 +
70 for the control group compared to Days 69 + 70 for the chionde group did differ
significantly (P = 0.11). This was probably due to the 3 sheep in the chloride group that
responded to the physiological need for water due to the salinity level. The non significant
difference between Days 67 = 68 and 65 + 70 for the control group shows that the decrease
in water intake in the chloride group was not due to the environment. The significant
differences between these two groups for interval 11 of the chlonde group and Days 61-70
and interval 10 for the control group further highlights the response of the chioride group 1o
the higher Cl ratio during interval 11.
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Figure 4.4 (a) Effect of CI:TDS ratio on mean water
intake from day 42 for Chloride group
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Figure 4.4(b) Effect of Sulphate:TDS ratio on mean
water intake from day 39 for Sulphate
group.
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Figure 4.4(a) Effect of CI:TDS ratio on mean water
intake from day 42 for Chloride group
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The significant negative correlauons found between Cl and MWI (Days 58-59 and 68-69)
seem to indicate further that Cl imparts a negative palatability effect on water.

Sulphate group : Days 1-70 - weekly basis

The significant difference between Week 2 and Weeks 5, 8, 9 and 10 with Week 2 having
the highest MWI of 5.49 1/d would seem to0 be due to two factors. Firstly, the increase in
salinity initially (Weeks 2+ 3 had the two highest MWI) , and secondly, the negative effect
of SO, on the palatability of the water which led to low water intakes (Weeks S, 8, 9 and 10)
despite higher TDS levels.

The non significant difference between the control and sulphate groups for the period tested
(Weeks 1-5) support this, with the poorest fit found at week S (R? = 0.001, P = 0.829) at
the highest difference in TDS (5750mg/! for control group - 10000 mmg/l for sulphate group).
This shows that with the increase in TDS concentration MWI1 differed less between the
control and sulphate groups. This culminated at Week S with the second lowest MW for

the sulphate group being recorded (comparisons stopped here as the control group changed

treatment).

The negative correlations found duning Days 40 - 70 between MWI, SO, (-0.45) and TDS
(-0.23), although non significant, show a pa'atability effect overnding the normal response
to increased salinity (usually strongly positive). The higher intake in week 6 with increases
in the SO, levels seems to be similar to the findings with the chlonde and control groups that
the physiological need dominates the palatability efiect. It has been found that with highly
saline waters rats tended to refuse the water until they were eventually driven to it by thirst
where they consumed large amounts and then died (Environmental Protection Agency). The
effect of the enviroament in which the sheep weie, may have significantly altered their
response 19 the unpalatable treatments in the sense that they were confined to crates and had
little else 10 do but feed and drink. It seems plausible that under natural conditions the initial

response shown to unpalatable wate; would have coatinued for longer.
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A similar pattern was found with Week 9 recording the lowest MWT and having a high intake
the following week. This pattern is clearer when viewed on a narrower interval based on
treatment changes where interval 6 (rato SO, = 0.607) had the lowest MWI, significantly
different from interval 3. The following interval 7, despite a higher ratio of 0.649, had the
second highest water intake for the period Days 39-70. This is similar to the response
menuoned above with the physiological need dominating the palatability effect, but with a
different ume scale. The MWI for intervals 5-6 had 2 negative correlation of 0.60 (P =

0.06) with SO, (see Figure 4.4(b))

The non significant difference between interval 8 (ratio = 0.201) and intervals |, 2, 3, 4,
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4.4.3 The effects of saline water treatment compared with fresh water treatment on
bone F concentration

The strong negative correlation that was found indicated that further investigation as to the
mechanism responsible is needed. The effects of 15mg/l F on the growth and health of
SAMM wethers to market weight were the same as observed in the fluoride tnal (Chapter
3). The [F] of >600mg/1 for the saline group and > 800mg/l for the fresh water group are
above the concentrations of around 370-500mg/Im F for *normal® bone (Phillips and Sutne,
1960) and 300-360mg/] (Underwood, 1981), although the techniques used in estimation of

F previously are questionable.

4.4.4 SUMMARY OF MAIN POINTS

1. Sheep 1wlerated the concentrations of salts and ions adminisiere¢ for the duration of the
trial without any adverse effects on health, live weight, hot carcass weight, feed or water
intake.

2. Blood [Cl] was significantly affected by treatmen: ané showed 2 significant negative

correlation exisied between blood [Cl] and [Cl] of the dnnking waier.

3. Unnary [C]] was significantly affected by treatment and showed a significant posiuve
correlauon between unnary [Cl] and [Cl] of the dninking water.

4. Cenan levels of Cl and SO, were found 10 have a significant adverse effect on
palatability , expressed by a significant decrease in water intake for the sulphate and chlonde
groups, and a significant decrease in feed intake for the chloride group.

This palatabilnty effect occurred at Cl:TDS ratos oi 0.608 compared 10 0.196 and 0.44 for
Cl, and 0.607 and 0.400 for SO,: TDS rauos.

5. The adverse effects occurred when drastic changes in ratios were made from low to high.
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6. The lowering of ratios with constant TDS levels did not increase the water intake.

7. For the sulphate and chloride groups adverse effects on water intake were noted with the
gradual increase in Cl and SO, concentrations. For the sulphate group this appeared to occur
carlier, with the water intake not rising with the increase in TDS as long as it did for the
chlonde group (22000mg/l TDS).

Thus occurred for the chionde group at a rauo of 0.57 compared to the control and a ratio
of 0.4 for the sulphate group, and suggests that at these rauos water intake was adversely

affected significantly in both groups.

- ;
de group at the 0.57 ratio shows the




45 CONCLUSION

The adaption phase and slow increase in the Cl, TDS and SO, concentrations appear to have
enabled the sheep to adapt completely to the treatments. Were changes made more drastic,
similar adverse effects in water intake may have occurred at lower concentrations. Due to
this fact it is not possible to identify specific levels at which adverse effects might occur, but
as mentioned in the introduction to this chapter, it is not pracucal to attempt this, although
in this case adaptation aliered response that may have occurred in practice, there are too
many other variables that occur under natural conditions 10 be able to do this anyway.

The objective was to identify the degree to which the palatability of water was affected by
Cl and SO, and the rauos at which this occurred. Based on the results obtained it would
seem that SO, may have a stronger effect on palatability than Cl, but that both affect
palatability negatively, at ratios of 0.4 -0.6 for SO, and 0.57-0.6 for Cl.

The recovery of the sheep with high water intakes following low water intakes that occurred

may be due to the housing of the animals and may not occur under normal conditions.

It is realistic to postulate that the sheep may have had longer periods of low water intakes,
lower feed intakes and consegquently lower production unde: normal conditions. This is more
true for the NW-Cape region where the moisture obtained from the pasture in less. Under
normal conditons the sheep would also be unlikely to have been adapted at the slow rate of
this tnal. The impression gained from the visits mentioned vwas that sheep would be moved
from one borehole which 1s of low salinity 100 another borehole which is often drastically
different. This would lead to sudden changes in ratios and thus waier intakes which would

probably be longer lasting.

Despite this occurnng, it appears that the effects, although more accentuated, would not
result in direct adverse effects on health, i.e. the sheep could cope physiologically with the
levels used in this tnal under normal conditions (provided the shecp had been introduced 1o
some extent previously to saline waters). This 1s based on the total absence of

histopathological lesions in the organs investigated, and again emphasizes th inadequacy of
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a single guideline for water quality vanables to esumate the suitability of the water and the

response of livestock to the vanable,

The effect of salinity on bone F concentration appears to be a strongly negative correlation,
i.e. despite the higher ingestion of F there is a significantly lower bone concentration. The

mechamism for this 1s not known, but possibilites are discussed 1n the final chapter

The above mentioned points seem to explain t0 a certain degree the observations and
discrepancies that occurred 1n the assessment of the suitability of water for livestock

production and the reacuon of livestock to vanous waters. The findings of this tnal lead to

recommendations of how the index svstem should be developed and the 10ons and ratios that

w
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CHAPTER 5. FLUORIDE TOLERANCE IN BROILERS

5.1. INTRODUCTION

Fluoride is a potentially hazardous substance for livestock where it occurs in surface and
subterranean water sources. In South Africa, fluonitic water is associated with the fluorspar
deposits of which 99% is in the Bushveld complex and the Zeerust Fluonte Field (Crocker
er al., 1988). The drainage regions from these fluorspar deposits are into the Limpopo
valley and the subterranean water sources have varying levels of fluoride. The region has
a 90% annual rainfall probability of 400 mm with a 50% vanation in the summer (wet
season) o 150% in the winter (Tyson, 1986). Farmers in the region are by necessity

dependent on ground water. The livestock systems include intensive broiler production.

The review of international published guideline levels and cniteria for water quality in
Chapter 2, noted that the target guideline range for fluoride in dnnking water for
monogastric animals is 2 mg/l. This guideline value may be too restrictive since 1t does not
take the production system and exposure ume into account. Fluoride has a cumulative effect
and chronic fluorosis occurs in Livestock and man after medium to long term exposure in
terms of concentration and time. The potental toxicity of fluonde depends on these factors
and the type of animal, its physiological condiuon and environmental cond:uons which may

determine the animal's water intake requirements.

Fluonde in the form of NaF through the dnnking water resulted 1n increased bone ash
content and strength (Merkely, 1976). However, previous research fournd no effect on bone
ash (Raica er al., 1957) or bone morphology or strength (Sutue er al., 1984). Hauck e/ al.,
(1933) reported no unfavourable effect on the appearance or weight gain of chicks fed up to
0.15% NaF (679 ppm F). At a level of 0.3%, appetite was depressed, and weight reduced,
but the treatment had little effect on chicks two and three months old. Phillips er al., (1935)
corroborated the negative impact of NaF on growth rate.

138




NaF is ideal for testing the effect of fluoride exposure since it is highly soluble in water, is
absorbed passively and has a 95% absorpuon rate (Janse van Rensburg and Pitout 1991).
The objective of this experiment was to quantify the response of broilers to fluonide in the
levels administered, and their ingestion rates over a | to 49 day exposure frame. This

information is intended to refine current water quality guideline values.




5.2. MATERIALS AND METHODS

Sodium fluoride was provided through the dnnking water to 700 Ross broiler hens over a 49-
day growth period. The trial design was five treatment levels of NaF (6, 10, 14 and 20 mg/1
and a negative control) with four replicates and 35 birds per replicate. The water was from
the Pretoria municipal source and the negative control contained 0.21 mg/l F. This was
taken into account in formulating the 6 to0 20 mg/] treatments.

The chicks were vaccinated for Mareks and Newcastle discases and randomly allocated to
20 pens (2 x 3 m) with 35 chicks in each pen. The chicks were housed in a iemperature
controlled broiler house with a starting temperature of 32 °C to Day 7, 30 °C to Day 14 and
28 “C to Day 49.

All groups received the same standard commercial starter diet (ME = 3030 kcal/kg, Protein
content = 22%, Days 1 - 21), a grower diet (ME = 3100 kcal/kg, Protein content = 20%,
Days 22 - 42) and a finisher diet (ME = 3150 kcal/kg, Protein content = 18%, Days 45 -
49), ad libitum. Water intake was measured using standard calibrated water troughs. Water
and feed intake were measured daily and the birds were weighed weekly. Ingestion of F
(mg/bird/day) was calculated. Moraliies were recorded. The birds were siaughtered and
a mid - shaft sample of the femur was excised for analysis of fluonide content. Analyvses
were done on dned bone, (24h at 100°C) using the method of Van Staden and Janse van
Rensburg (1991) which entails isolating and concentrating the fluoriae in the bone and then

determining it potentuometncally. Livers and carcasses were weighed.
Stausucal analyses were conducted with 2 PC - SAS Version 6.08 commercial stausucal

software, analysis of vanance and Tukey's muluple range test were used to determine the

significance and difference between treatment means at a P <0.05 significance level.
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5.3. RESULTS
It was found that an average F intake of 4 mg F/chick was obtained over the first three
weeks, for the highest treatment group and 18 mg F/chick for the remainder of the trail. The

average fluoride doses given over both periods were, 22.440 mg/]1 (Table 5.3.1.)

Table 5.3.1. Fluonde ingesuon rate (mg) per chicken

DAY 1 -21 3

0.21 mg’l 6 mg’l 10 mg/l 14 mg/l 20 mg/l
0.038 ' [.1es | 1.860 =.800 i &.020 ,
| N
_ —
DAY 22 - 49 |
|
0.21 mg'l 6 mg'l 10 mg/l 14 mg/l 20 mg/| |

; 5.37¢ 8.77 12.908 8.<00
L  ——— T —— . - g o - — - = p—
NO differences betwee caime a water intake as a percentage of body weight (P =

~ , red. The overall me: each treatment ¢« des with the contr which
a 35% water intake over a 7 week penod (Ta §.3.2. and Fieure 5.3.2.)




Table 5.3.2. Average water

intake (% body weight) per chicken.

[ Weeks Treatment mg/l MEAN SD
0.21 6 L 14 20
Week § 58.0% 56.4% S7T.8% 65.7% 65.7% 60.70 4.60
Week 2 60.2% 62.8% 60.6% 61.6% 61.4% 61.30 1.00
Wee's 3 41.6% 43.1% ;:R% 41 8% 41.5% 41.96 0.65
Wea- 4 25.9% -25.7% 25.7% 25.7% 23.7% 25.30 0.92
Ween § 23.5% 239% - 2-57)% 24.0% 24.3% 24.10 0.56
Week 6 20.1% 2;).2% ‘20.:()% 20.0% 14.4% 18.90 2.50
I Week 7 15.9%0 15.8% 15.3% 16.1% 15.8% 15.80 0.29
LOVERAI,L MEAN 35.0% 35.4% 315.2% 36.'4% 35.3% 35.4% 1.503
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Figure 5.3.2.
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Body weight showed a tendency to increase in the highest treatments, in the 6th week this
was significant (P = 0.0001). These tendencies were however not supported for the model
over the entire treatment period (Table 5.3.4.). Body weight was not influenced by fluoride
treatment (P = 1.000).

Table 5.3.3. Least Square Means for body weight (kg) over production peniod.

Treatment mg/| LS Means
0.21 0.3509
6 0.3589
10 0.3563
14 0.3665
20 0.3783




Table 5.3.4. Mean body weight per chicken (kg).

Weeks Treatment mg/| P value

0.21 6 10 4 | 20

Week 1 0.038 0.03% 0.038* 0.038* 0.038* 0.8593

Week 2 0.093* 0.094* 0.054* 0.09%* | 0.101° 0.0314

Week 3 0.250* 0.262* 0.25¢* 0.273* | 0277 0.0116

i
N
"

Week 4 | 0.517 0. 0.530° 0.557 0.599* 0.0016

Week § | 0.804" | 0.828% | 0.791° | 0.841" | 0.86¢ | 0.0143

| Week6 | 1.258* | 1.280° | 1266 | 1.328" | 1.805* | 0.0001

Week 7 ; 1.866" 1.901* | 1.893

i 1.938* | 1.951° ‘ 0.0679

Means &2 Sffcrmnl spern r DU & gl washy §ffermer @ 3 seovdayg w T » Muige facg: Test

Feed intake was not influenced by the fluonde treatments. (Table 5.3.6.) but the 5th week

o

was the excepuion with the highest treatment having a significantiyv higher intake than the

. B . , . e
S el e ML ) .- > a e Y - - )} - ! - S S 4
control (P = 0.0205). The P value for the mode! was | 0.9997 (Table 5.3.° Feed
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Table §.3.5. Least Square Means for feed intake (kg) over procucuon penod

Treatment ; LS Means

) 0.0812 |

10 0.0857 :
!

14 0.0835 |
i

20 0.0839 |




Table 5.3.6. Mean feed intake (kg) per chicken.

r Week Treatment mg/l P
0.21 6 10 14 20 | value

Week1 | 0.016* | 0.016 | 0.017 | 0.017 | 0.017 | 0.9858
Week2 | 0.045* | 0.047 | 0.0¢7 | 0.0¢8 [ 0.050 [ 0.1404
Week3 | 0.077 | 0.07* | 0.083 | 0.080 | 0.083 | 0.2004 |

| Weeks | 007 | 0.07 | 007 | 0.0% | 0.07 | 01181
| weeks | 010¢ | 0.113% | 0112¢ | 0.112% | 0.155° | 0.0205
| weeks | o7 | ons | oaex | 022 | 0118 | 0.0549
Week7 | 0.126¢' | 0.123 | 0128 | 0.128 | 0.130 | 0.3071

b Meass with aflorond supencrpts e sl candy ddfferset (F < 0 05) sccordeng © Tukey + Muliple Raoge Test

There were no significant differences between treatments as far as feed conversion was

concerned. Feed conversion was significantly lower (P < 0.0013) in the fourth week for

the 20 mg/l treatment compared to the other treatments, but not significant for the model.
(Table 5.3.7.).

Table 5.3.7. Feed conversion ratio per chicken

Week Treatment mg/l P
0.21 6 ’ 10 14 20
. Week 2| 4058 | 4200 ‘ 4230 | 39110 | 3.908 | 0.1330
Week 3 2.360* | 2.366° { 2.525 | 2.268* | 2.270* | 0.1943
. Week 4 1.328* | 1.343* | 1.285* | 1.326* | 1.090* | 0.0013
Week § 1.733 | 1.974* | 2.088* | 1.947 | 2.057 | 0.2086
Week 6 1.365* | 1.439° | 1.530* | 1.390* | 1.532* | 0.1608
| T TaSussus.

Mesns Wi éfferest superscrpus ar sgndficaatly dffommt (F < 0 05) scondmg © Tukey ‘s Multple Raagr Tes
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Carcass weights (Table 5.3.8.) showed a tendency to increase with increased fluonde,

but this was not significant (P = 0.1508).

Table 5.3.8. Carcass weights (kg).

Treatment mg/l Mean Weight SD I

= .1f =y

0.1011

|
0 480" | 0.1083
: 6 1.426* l

10 1.454 ' 0.0507

14 4 . | 0.0252

‘ 20 ! 1.536* ‘ 0.0707

e ——— e

® Means »ra Sermnl spers res o sl saalsy Sform (P < 05) meordmg @ Ty s Mo Range Tew

1 - —_mal & 1t - ' ( . - s the hiaohprs £ ) ' <
Liver weights (Table 5.3.9. and Figur 9.) increased 1n the higher filuonde treatments
| | A4 - ars 19 » sarans e s s ¢h - 2 ogh . a8 . I €N ™M . . -
¥ 0.0123). The mean liver weight for the control was 41.335 g and 52 ) E for the 20
. ri - -

mg SALTICHL

Table £.3.9. Liver waie

Treatment mg'l Mean weight SD

0.21 31.345 § Q6

‘A
’

O 41.20§

N

”

J
-

10 A 3 ’ & A

14 s St 9 1%

D - -
| o - -4 8™
20 52,7750 6.5412
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A significant increase in fluonde content of the femur occurred (P = 0.0001), most probably
due to fluoride absorbtion being almost completely in calciferous tissue. The normal level
of fluoride in whole bone on a fat free basis is 200 - 500 mg/kg. In this trial the control had
a fluoride concentration of 273.432 mg/kg and the 20 mg/l a fluoride concentration of
863.741 mg/kg (Table 5.3.10 and Figure 5.3.10.).

Table 5.3.10. Fluoride content of the femur (mg/kg).
Treatment mg/l Mean SD
[Fluoride]
0.21 273.432¢ 26.2258
i 6 468.22% 29.1799
10 588.762~ 20.5822 ‘
= 14 740,697 ! 44.9503 g'
20 863.741° | 153.5804 |

Meass w1 &dlerent npencrps ar sgndicasth &fermst (1 < € 05) sccondug % Tulry » Mukiph Rasge Tem
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Figure 5.3.9.
Liver weights (g)
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Figure 5.3.10.
Fluoride analysis (mg/kg)

FLUORIDE ANALYSIS (mg/kg)

' 4
|
.
: 4
.
. . . . y
o Ked e v Sy & ’

Control 6 mg/l 10 mg/I14 mg/I120 mg/|
GROUP

¥ [FLUORIDE]




5.4. CONCLUSION

The results suggest that fluoride at the dosage levels used in this trial, over the 49 day
growth period, did not adversely affect performance. Furthermore, very high levels of
fluoride are required before the soft tissue is affected as fluoride has a high affinity for
calcified tissues and its first form of absorption is in bone (Janse van Rensburg and Pitout,
1991). In this investigation the levels of fluoride administered and the exposure ume would
not result in fluoride deposition in the soft tissue and therefore no consumer health hazard

anses.

The implications of the results obtained for water quality guideline formulation are that
firstly, ingestion rates need to be calculated and secondly, the production system must be
taken into account in order 1o fully utlise the water source. This 1s important as it is the
actual ingestion of the water quality vaniable that is relevant and not only the concentration
of the vanable in the water source. Generally speaking, similar environmental controls for
intensive broiler production units are prescribed. This enables the practical application of
the results obtained in this investigation to the commercial industry and hence for guideline

formulation.

There were no significant differences between treatments regarding feed and water intake.
weight pain or feed conversion. Liver weight was significantly influenced by treatment. The
fluonide contents of the femurs (P<0.0001) were: Control - 273.4 mg/kg: 6 mg/l - 468.2
mg/kg: 10 mg/l - 588.7 mg/kg. 14 mg/l - 740.7 mg/kg: 20 mg/l - 863.7 mg/kg. Carcass
weights showed a tendency to increase with increased fluoride dosage, this was however not

significant

These results indicate that fluoride up to levels of 20 mg/l in the drinking water, or an

ingestion rate of up 10 3.206 mg/bird/day had no negative effect on production characteristics

over 2 49 day growth period. These results contribute to refining current water quality

guidelines.




CHAPTER 6. FLUORIDE TOLERANCE IN LAYERS

6.1. INTRODUCTION

The development of bone fragility in caged layers 1s 2 major problem in the poultry industry.
The incidence of bone breakage duning the processing of spent hens substantially reduces the
economic returns from these birds. Merkley (1981) found that F treatment increased the
breaking strength of humeri from 6.86 kg to 13.35 kg and that of tibiae from 6.61 kg to
13.10 kg. The fluoride treatment also significantly (P < 0.01) increased the percentage of

bone ash. Egg quality and rate of production were not reduced by the F treatment.

Previous work done on the effect of NaF on egg productuon and bone strength on caged
layers were done via the diet. Much higher levels of NaF were used (0; 300; 600; 900 and
1200 mg'kg - Van Toledo e al., 1983). In this chapter treatments much closer to the natural

F content of RSA ground water sources were used

Halpin and Lamb (1932) reported that egg production was not affected by | and 2% levels
of rock phosphate but was decreased by a 3% level in two five month expenments. At these
levels the rock phosphate supplied the ration with approximately 0.035, 0.070 and 0.105%
of F respectively

Gerry e al., (1947) reported that although as littie as 1% of rock phosphate (0.038% of F
In ration) depressec the growth of voung chicks. the chicks overcame the detrimental effect

.- -~ 1 T4
as (hey grow oiger

Thus the toxic effects of F and its cumulative manifestations depend upon the susceptbility
of the species, the amount and penod of F ingestion and the camer of F, i.e. the toxicity of
certain forms of fluonine has been shown to be of the following order: fluosilicates, NaF,
rock phosphate and CaF, It 1s known that vanous phvsiological manifestauons occur
following the ingeston of fluondes over an extended peniod of ume. It is the object of this

study to present the analvucal results of an investigation to determine NaF long term effect

on growth and producuon of lavers




6.2. MATERIALS AND METHODS

Sodium fluoride was provided through the drinking water to 1000 Hy - line silver grey layers
over a 74 week period. The tnal design included five treatment levels of NaF (6, 10, 14 and
20 mg/l and a negative control) with four replicates and 50 birds per replicate. The water
was from the Pretona municipal source and the negatve control contained 0.21 mg/l F in
the first 17 weeks and 0.29 mg/l F for the rest of the tnal. This was taken into account in
formulating the 6 o 20 mg/] treatments.

The chicks were randomly allocated o 20 pens (2 x 3 m) with 50 chicks per pen in a
temperature controlled broiler house using a gas fired hover. The starting temperature was

35 °C and was reduced by 3 “C per week until 21 °C was reached.

An specifically designed vaccination programme was followed taking, maternal immunities,

disease exposure and expected and vaccines avalable into consideration.

Chickens were not debeaked as the space requirements for birds were greatly exceeded and

the hens were caged individually in the jayer house.
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Table 6.2.1. Vaccination Programme

—_— ———— e —_—
Age Vaccine Method
Day old Mareks rispins Under skin
o 2 | |
! 8 days Gumboro inactivated , In neck f
' 10 days Clone 30 (New Castle) Eve drop '
L‘ , ‘ - ﬁ
12 days Gumboro mild/live . Water |
16 days Gumboro mild/live Water l
' S weeks First LL.T. Eye drop !
]
7 weeks ‘ La Sota Water l
8 weeks ' L.B. Water |
10 weeks Pox Wing stab
11 weeks La Sota Water I
14 weeks First Coryza Under skin ],:
| R -__.,’
13 weeks ond LL.T Eve drop |
14 weeks D.S Under skan
17 weeks -nd Coryza Under skin
' 17 weeks [.B. oil bass Under skar
17 weeks N.C.D. oil base Under skin
20 weeks Lz Sota Water
J :,
42 weeks I.B. Water '
Al groups received the same s:iandard commercial diets ad libinem. Feed intake was
measureC daily for the first 17 weeks. The feeding regime followed was:




STARTER DIET: 0 - 6 weeks
Protein: 20%
ME: 2970 kcal/kg

GROWER 1: 7 - § weeks
Protein: 19%

ME: 3080 kcal/kg

GROWER 2: 9 - 14 weeks
Protein: 17%
ME: 3190 kcal’kg

DEVELOPER: 15 - 16 weeks
Protein: 15%
ME: 2930 kcal’kg

PRE - LAYER: 17 - 18 weeks
Protein: 17%

ME: 3190 kecal/kg

Mortaliues were recorded with accompanying post moriem reports. Inpesuon of F
(mg/bird/day) was calculated. Body weights were monitored weekly over the first 17 weaks,
Due to technical and labour problems it was not possible to monitor body weights in weeks,
12, 14 and 15.

The following lighting programme was followed up to 17 weeks:
Day 1 - 2 : 24 hours at 10 lux intensity.
Day 3 - 21: 15 hours per day at § lux intensity.

Three weeks - 17 weeks: 12 hours per day at 5 lux intensity.

At 17 weeks the flock was moved to a convection laver house.

The following lighting programme was then used.
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Table Lightng Programme

Age Total daylight

19 weeks
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23 weeks 15 hours £:30am | 19:30pm
b < l 1L | 1 r
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o
h

weeks

weeks
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i 1o & ) . . ~ )
=8 weeks it hours 03:30am <0:0Uon
e —— e R e Ty e
> 14 € B r N5 Nz ey - v
heet at 1€.0 hours J: 3Uas V00D
N - e ovam »m R e s jeg - p—— Y
’ - - - ’ y
- win ol e S TS
IS 4 - R ety
1% - QL) week prote:n
- O week 0% prote:
é 3 g g S ———
- PP - i a vh - 2 " i »
| - e - ~c - o e er n e nwro co g SLe 1
el u o » ’ N . rmva — 14
——s s P - 8 JC ICAOUIC0 Udll
o ~ry " e Aotoees i - i oy i - wae rocal~ o
£ee progucuc as ae¢ eC da eac ~ divicy — Was recaicuialiec
- anr el L 20 - —_— ) - ~r - e - - - - -~ st
e U Nee ocucno s g steng rancomuy selected
— p . - *hoa ave » 11 ]ars e PRSP PR —— | Ve = . . -+
CPpresend ¢ Salil LIC CELE PODUIALON WETre Celem ed Ove WeeK penoe




At 74 weeks the tnial was terminated. The birds were slaughtered, carcasses and livers were
weighed. Livers and kidneys were histo - pathologically examined for fatty changes and
protein “lakes® in the liver and kidney round cell infiltrations. A mid - shaft sample of the
femur was excised for analysis of fluoride content. Analyses were done on dried bone, (24h
at 100°C) using the method of Van Staden and Janse van Rensburg (1991) which entails
isolating and concentrating the fluoride in the bone and then determining it
potentiometrically.

The breaking strength of a representative sample of femurs were established, Rowland er al.,
(1967) method with the Allo - Kreamer shear press was used. The attachment for the shear
press was designed whereby pressure could be placed on the midpoint of the femur which
was supported near the end. The bottom area of the attachment was 3 mm X 21 mm and had
been machined from a 21 mm diameter steel rod. An adjustable support (vice) was designed
to fit the Instron platform and permitted an unlimited selection of support widths. In this
study each femur was supported near the ends approximately 20 mm from the midpoint at
which the force was applied. The press descended at the rate of 120 mm per minute. The
maximum force required to break each femur was read from the chart of the shear press
recorder.

Staustical analyses were conducted with PC - SAS Version 6.08 commercial software
analysis of variance and Tukey's multiple range test, and the Kruskall Wallis test using chi -
square distribution with 4 degrees of freedom, were used to determine the significance
between treatment means at a P <0.05 level.



6.3. RESULTS

6.3.1. Growth results (week 1 - 17).

In the seventh and eighth weeks the controls had higher body weights than the 10 and 14
mg/l treatments, these differences were significant (P = 0.0116 and P= 0.0029).
Fluoride had no influence on body weights (P = (0.9989).(Table 6.3.1.2.)

Table 6.3.1.1. Average body weights per chucken per week.
Week Treatment mg/l P value
T e T e
021 | 6 | 1oi14 20

| Week1 | 0032 | 003 | 0.033 ] 0.03 | 0.032 0.2986

} Week 2 | 0.05¢ | 0059 | 0060 | 0.062* | 0.060° 0.1728
| 1
|

Week3 | O.112¢ 0.113 0.113* | 0.1I™ 0.112* 02646

Weekd4 | 0187 | 0190 | o.asst ‘ 0.189° | 0.185* | 0.6065
2 Week § | 0283 | 0283 | 0271 ' 0277 | 0.27¢ | 0.1235
Week 6 | 0369 | 0368 | 0357 | 0360 | 036 | 0.076s |
| Week7 | 0482 | 0477 | Q60" i 0.465° | 0.473 | 0.0116
Week 8 | 0.602 | 0.602 . 0.576" | 0.579" I 0.594* | 0.0029

Week 9 7] 0.73° | 0.73 [ 0700 | 0728 0.750° [ 0.2739
Week 10 | 0.825 i g.ei™ | 0.779 Ai 776* 0.80s* 0.5437 |
Week 11 | 0.953 ; 0.938* | 0.893 | 0.898 0.92¢* | 0.0001
Week 13 | 1,139 1.139° 1.108* | 1.108° 1.135° 0.0828
| Week16 | 137 | La0r | 1356 | 1361 | 1384 ! 0.65%6 |
1} Week 17 ' 1.414° 1.445° 1.372 1.386* 1 1.387 0.0775

Meacs w2 &flormn! suporscnpu a7 sgncacd s (P < ) 05 scondag W Tuds o« Mulloe Racgs Tes




Table 6.3.1.2. Least square means for body weights over growth penod.

Treatment LS Means for body weight
mg/l over production period.
0.21 0.612¢
6 0.610*
10 0.5%0
14 0.5%¢6*
| 20 0.606"
|
. Means v Sformmn maperscrpu av sgndicandy differmes (7 < O 05) sosording 1o Tukey s Mulple Range Tem
Table 6.3.1.3. Least Square Means for feed intake over growth peniod.
. Treatment LS Means for
'; mg/l feed intake
0.21 0.066*
| € | 0.067*
10 | 0.065*
14 0.062
20 0.063 “
. Means & dflerme mpercrges o sgadicants ddffcrmnl (P < 0 0%) accordeng & Ty + Mukl Range Tem

Fluoride treatment had no significant effect on feed intake (P = 0.8136€). Although there
were differences between treatments within certain weeks this was not significant for the
model.

In the ninth week the 20 mg/] treatment had a significantly (P = 0.0106) higher feed intake
than the rest of the treatments (Table 6.3.1.4.).
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Table 6.3.1.4.

Mean feed intake (kg) per chicken.

Week Treatmeant mg/l P value
0.21 | 6 | 10 14 20 |
Week1 | 0018 | 00200 | 00200 | 0.0200 | 0.018 0.6343
Week2 | 0029 | 0029 | 0031 | 002 | 0026 | 00621 |
| Week3d | 0.027 ‘ 0.029 | 0026 | 0.02s | 0.023 0.1882 |
| Week4 | 003 | 003 | 0035 | 003 | 003 | 09553 |
| Week § | 0042 | 0045 | 0042 [ 0.041 ‘ 0.040* 0.5575
Week 6 | 005> | 0.058 | 00s¢ | 00s8 | 0047 [ 01926 |
| Week 7 | 0.063* | 0.063 | 0.048° 1 0.054* | 0.055* | 0.0796
Week8 | 0062 | 0.06™ | 00: | 005> | 0056 | 0.0838
Weeh 9 | 0.071° | 0.070" | 0.074% | 0.075* | 0.087 | 0.0106
Week 10 | 0082 | 0.094 | 0081 | 0.08* | 0.08 04219 |
| Week 11 l 0.088° | 007> | 0.06™ ] 0.067 {0.0‘?:‘ 00013 |
Week 12 | 0.071* | 0.07%° 0.073° 0067 | 0.07* | o0 5T |
Week 13 | 0.1I0" | 0.106 | 01100 | 0097 | 0.097 0.8618
‘i-—\-\‘m 14 | o.117 | 0.109 | c.x:s:-l 0.10 | 0.098" | 0.6559
| Week 15 | 0.086* | 0.08+ | 0.094 | 0.085* | 0.080° 0.7795
| Week 16 | 0.061° | 0.08 | 0086 | 007 | 0085 | 0.2640 |
| Week17 | 0.11+ | 0.09# | 0101 | 008+ | 0.08™ | 0.2360 Jl

Meazs o2 0fTorsn mpervrew o sgnulwaols AfVerem P <

008, meoragg © Tukey » Mullpe Rang: Tem




Fluoride treatment did not influence feed conversion (Table 6.3.1.5.).
Table 6.3.1.5. Average feed conversion ratio per chicken.

021 | 6 10 14 20
Week2 | 4.741° | 4.697 | 4556 | 4544 | 4758 | 0.9637
Week 3 | 5.628' | 5.616' | 6.178 | 5.748* | s5.428 | 0.6102
Week 4 2.441* | 2355 | 2.585* | 2.338* | 2.450° | 0.1198
Week § 1339 | 1362 | 1322 | 1342 | 136 | 0343
Week 6 3.531* | 3.462* | 3.263* | 3.430* | 3.221° 0.1848
Week 7 3455 | 3.352 | 3.242 | 3245 | 3.1600 | 0.8103
Week 8 | 3572 | 3143 | 3.525 | 3.323 | 2.965* | 0.4087
Week 9 | 3.661° | 3.665* | 3.900* | 3.466* | 2.991* | 0.8121
Week 10 | 6.983* | 6.545* | 6.719° | 2.466* | 11.784' | 0.7409
Week 11 4.152° | 4413 | 4572 | 4.407™ | 4.492 0.6093 |
it ———— L e el

Meags »d difforent mperscrp are sgalcaaty dffermm (P © 0 05) sccordag w0 Tubey '+ Mg Rasgt Tem

Table 6.3.1.6. Moralites over 17 week growth penod.
i! Treatment Total no of Mortalities i
’ 0.21 mg/! | 37 |
]z 6 mg/l 2 i
| 10 mg/1 36 |
} 14 mg/l 29
Ii 20 mg/l 23

e——

None of the mortalities were caused by fluonde linked iliness. See Table 6.3.2.13 for causes

of morwaliues.
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6.3.2. Production results (week 18 - 74).

Carcass weights were significantly higher (P = 0.0332) in the high fluoride treatment

groups. The 20 mg/l group had a mean carcass weight of 2.5523 kg and the 0.29 mg/l group
a mean of 2.1529 kg (Table 6.3.2.1. and Figure 6.3.2.1.).

Table 6.3.2.1. Carcass weights (kg).

e — et e
Treatment Mean weight
0.29 mg/l 2.1529
6 mg/l .. 2320™
’ - |
10 mg/I 2.3831*™ ;
t
|
14 mg/l 2.4603% ;
20 mg'l 2.3523°
Mezags oo dfTersel superninpu e sgadvasts fTerser P ¢ 008 scondag @ Ty ¢ Mg Rasg: Tesm
Fluoride reaiments had no significant influence (P = 0.0902) on liver weights (Table
6.3.c.4
Table 6.3.2.2. Liver weights (g)
|
Treatment Mean weight
| 0.29 mg/l 56.226°
i 6 mg/l S1.682
10 mg/l 48.760"
14 mg/l 5-.407" .
=0 mg/l 56.226°

Meass w1 GV e e e sl wasls T eree B sttordeg w Ty » Mulge Rasge Tem




Figure 6.3.2.1.
Carcass weight (kg)
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A significant increase (P = 0.0001) in fluoride content of the femur occurred, due to fluoride
absorbtion being almost completely in calciferous tissue. The normal level of fluoride in
whole bone on a fat free basis is 200 - 500 mg/kg. In this trial the control had a fluoride
concentration of 573.69 mg/kg and the 20 mg/l a fluoride concentration of 1671.39 mg/kg
(Table 6.3.2.3. and Figure 6.3.2.3.).

Table 6.3.2.3. Fluoride content of the femur (mg/kg).

I Treatment Mean [Fluoride)
0.29 mg/l 573.69
6 mg/ 947.28°
10 mg/l 1139.91*
14 mg/l 1329.00*
20 mg/l 1671.39

Meass with dfferest superscrpts are sguufcanty &ferest (P < 0 05) sccordmg © Tekey s Mallpe Raag: Tem

The breaking strength of the femurs was not significantly influenced (P = 0.5005) by
fluonde treatment (Table 6.3.2.4.). The mean breaking strength for all groups was 24.041

kg.

Table 6.3.2.4. Breaking strength of femurs (kg).
Treatment Mean breaking strength I
0.29 mg/1 24.794*
: 6 mg/l 24.693
10 mg/l 24.574°
14 mg/l . 22.776 J
20 mg/l 23.370 I

Meoscs b Afornd superscrpis are sgadcantly & orest (P < 0 05) scoordeng 0 Tukey « Muliple Range Tost
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Figure 6.3.2.3.
[Fluoride] of femur (mg/kg)

[FLUORIDE] mg/kg

Control 6 mg/l 10 mg/I14 mg/120 mg/|
TREATMENT mg/l

¥ [FLUORIDE]




In the fifth week there was a significant (P = 0.04) increase in the breaking strength of the
20 mg/l treatment group (4.4450 Nm), compared to the 3.99225 Nm for the control group
(Table 6.3.2.5.). This trend continued for the duration of the trial (breaking strength over
total period). The P value was 0.0681 for the model (Table 6.3.2.6).

Table 6.3.2.5. Breaking strength (Nm) of eggs over 20 weeks.
Week Treatment mg/| P value
0.29 6 10 14 20

s 4.0550 4.2000r 41550 4.0300* 3.7450 0.9767
2. 3.7800" 3.892% 3.8625* 3.9350* 43425 0.9121
3. 3.1300* 3.8025* 3.9750 3.8275 3.8250* 0.8358
4. 2.5825* 3.4700r 3.9850* 3.6200 4.122% 0.1932
8. 3.9225¢ 4.4300¢ 3.2978¢ 4.3375 4. 44500 0.0400
6. 3.7425 4.0675* 4.0425* 3.3925¢ 4.0125 0.62
T. 3.2400* 4 8275 3.9750* 4.0100 42778 0.12
8. 3.6500 39175 3.7600° 4.2000* 4.1950r 0.2005

J 9 3.5750¢ 3.5500* 4.0200* 3.8050* _17300‘ 0.9357
10. 3.4175 4.2750 3.6575% 42700 3.257% 0.2;355
11. 3.1375¢ 3.1925* 3.0750 3.8750* 3.0675* 0.5633 H
12. 4.5350 3.575¢0¢ 3.4175 3.4675* 3.7925* 0.1733 1
13. 3.9175¢ 2.6625* 3.6500* 34475 3.8750 0.2796 l
14, 3.3275%¢ 3.2875* 3.8650 3.3825* 3.7050 0.6413
18. 3.5500 3.7625* 4.0325* 3.7200* 4.812% 0.5451
16. 3.3625* 3.215¢0 3.0425* 3.6050* 4.0150 0.5891
17. 3.6925* 4.3067 3.337% 3.6375* 3.3950* 0.3545
18. 3.1875% 3.4850" 3.212%° 3.0750 3.317% 0.;042

| . 3.0400 | 4.0500* | 3.1600" | 28500 | 4.1950* | 0.1689 |

3.1675* 3.2175% 3.6000* 4.1400 3.2450

Mesos i 0fferenl superserpts are sgulficatly dfforest (P < 0 05) scordeg © Tukey & Muliple Rasge Tost
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Although no significant differences were found between treatments on a weekly basis,
fluoride treatment had a significant influence (P = 0.0681) on the breaking strength of eggs.
Breaking strength tended to increase in the higher treatments (Table 6.3.2.6.), the 20 mg/1
treatment had a mean breaking strength of 3.879 Nm and the control a breaking strength of

3.501 Nm. This shows that fluoride strengthens egg shells at a2 20 mg/l dosage level.

Table 6.3.2.6. Least Square Means for breaking strength of eggs over 20 weeks.
Treatment mg/| LS Means for breaking
strength over 20 weeks
J 0.29 3.501°
‘ 6 3.761*
10 3.658%
14 3.731*
' 20 3.879
. Meass w18 dfforoes mpercrpts at sgadicaty &fforest (P < 0 05) accordmg © Tekm + Mulpk Raage Tos

Histopathology of livers and kidneys.
Fatty changes in the liver (FO).
Farty change was present in most of the livers examined. The degree of fatty change vaned

from case to case and was scored on a scale of 0 to 4, according to a subjective appraisal.

Protein "lakes™ (PL).

A minonty of livers contained variable numbers and sizes of irregular, homogeneous,
proteinaceous accumulations in the parenchyma. These were scored subjectively on a scale
of 0 o 3. Morphologically and tinctorially these accumulations most closely resemble the
beta - pleated protein group known as amyloid. This could be vernified histochemically by
the demonstration of fluorescence following staining with thiovlavin - T and examination by

UV - microscopy. After examination it proved not 1o be amyloid.

Kidney round cell infiltrations (KRCO),
The only significant lesion in the kidneys was the presence of variable numbers of interstitial

lympho - plasmacytic foci. These were assessed semi-quantitatively by counting the number
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of foci per section and grading them as follows: no foci = 0; 1 -4 foct = 1; 5 - 8 foci =
2, >9 foci = 3.

Note: lympho - plasmacytic foci were also encountered in the livers but were not specifically
evaluated as nearly every liver was affected and such foci are very common in “normal®

chicken livers.

Subcapsular haemorrhages/haematomas were observed macro- and microscopically in the
livers of some birds.

Subcapsular haematomas (livers):

No haematomas occurred in the control group.

In the 6 mg/l F group, several, chronic subcapsular haematomas and multiple fresh
wbcapsular and intra hepatic haematomas occurred.

In the 10 mg/l F group, small and large, chronic subcapsular haematomas occurred as well
as organising subcapsular haematomas.

In the 14 mg/l F group, subacute and chronic subcapsular haematomas occurred.

In the 20 mg/1 F group, large acute and subacute, subcapsular haematomas associated with
protein accumulations occurred. Acute, intra-hepatic haemorrhages were also observed.

No significant differences were found between treatments for the three vanables accounted
above. The presence of these histopathological phenomena can be directly linked to the ume
the hens were fed. Normally layers are slaughtered at + 65 weeks. In this trial the exposure
tume to fluoride was extended as long as possible, the hens were on a high level of feeding
and therefore the fatty livers and protein lakes can be attributed to the high level of nutnition.
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Figure 6.3.2.7a. Normal chicken liver (FC 0).

Figure 6.3.2.7b. Fatty change in the liver (FC 4).
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Figure 6.3.2.7¢c. Protein "lakes" in the liver,

Figure 6.3.2.7d. Kidney round cell infiltration.
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Table 6.3.2.7. Histopathology of livers and kidneys.

Variable Treatment mg/|
10
FC 0
| Fc 16 14 20 14 T 0.3229
FC 2 10 11 10 13 16 0.5446
FC 3 6 8 7 6 4 0.7959
FC 4 4 0 0 2 0 0.0272
Variable in Evers '
PL 0 36 30 32 27 32 0.1734
PL 1 3 6 3 4 5 0.7725
PL 2 | 4 | 7 2 0.0535 |
PL 3 0 0 4 2 | 0.0829
Variable in kidneys I
KRC 0 8 7 9 | 3 0.0448 |
KRC 1 21 17 21 20 17 0.7954
KRC 2 1 13 10 14 5| 07389
KRC 3 0 3 0 5 5 ' 0.0355

Key: FC = fatty changes in the livers (Figure 6.3.2.7a and Figure 6.3.2.7b).
PL = protein "lakes” in the livers (Figure 6.3.2.7¢).
KRC = Kidney round cell infiltration (Figure 6.3.2.7d).
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Although some significant differences occurred between groups (weeks 19, 20 and 40), this
was not constant throughout the laying period (Table 6.3.2.9. and Figure 6.3.2.9). Fluoride
had no significant effect (P = 0.8224) on egg production when looking at the means for the

whole model (Table 6.3.2.8.).

Table 6.3.2.8. Least square means for egg production.
| Treatmeot mg/t| LS Means E
0.29 6.134
6 6.035
10 6.133
14 6.077
20 6.059




Table 6.3.2.9.

Egg production per hen per week.

Week Treatment mg/| P value
0.29 6 10 14 20

19 | 0224 | 043 | 0257 | o012¢ | 0usr | o0.0187
20 2792+ | 3328 | 2.833* | 238» | 348 | o0.00m

21 5917 | 6287 | 6253 | 6.041* | 627 | 0.4298 |
22 6.95¢ | 6951* | 6874 | 6889 | 692 | 0911

23 6847 | 6916 | 6808 | 6824 | 6887 | 0.6708

24 6826 | 6904 | 6886 | 687 | 6.86¢ | 08170 1
25 6.8200 | 687 | 6858 | 6763 | 688> | 0.2082 I
26 6779 | 678 | 6812 | 6722 | 686 | 0.2857 ]
27 675 | 6829 | 6764 | 6858 | 6695 | 01877 |
28 6745 | 6811 | 672 | 6825 | 6855 | 04326

29 672> | 685¢ | 6517 | 6757 | 6811* | 03785

30 679 | 67500 | 6675 | 68600 | 6747 | 0.2207

3 6788 | 6.65¢ | 6.661° | 683 | 6697 | 0.4605

2 6798 | 6652 | 6618 | 66600 | 6656 | 0.6049 ‘
33 6.648 | 6561° | 6703 | 6745 | 7138 | o0.5954

34 670 | 6mm | 68000 | 6911° | 6673 | 0.4244

35 6754 | 6674 | 6786 | 687 | 6.68¢ | 0.1645

36 | 65 | 6s0 | 6692 | e615* | 6468 | 00395

37 6.55¢ | 6422 | 6477 | 6538 | 644 | 0.6215

38 6.591* | 6450 | 658 | 6602 | 6.475 0.34061
39 6477 | 63116 | 64400 | 6547 | 6512 | 03770
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Table 6.3.2.9. (continued)

Week 0.29 mg/l 6 mg/l 10 mg/l 14 mg/l 20 mg/l P value
0 6.607" 6.357 6.554% 6.676* 6.513* | 0.0046
41 6.506* .21 6.489 6.403* | 6.318* | 0.0101
42 6.271° ‘ 6.196* 6.371° 6.161* 6.266* 0.2444
43 6.846" 6.614* 6.853* 6.677* 6.743* 0.1224
4 6.664* 6.483* 6.796* 6.640° 6.579" 0.1846
45 6.411° 6.326" 6.604* 6.502* 6.472° 0.2190
46 6.396* 6.312* 6.562* 6.290* 6.380* 0.2177
47 6.522% | 6.293* 6.564 6.234" 6.382* | 0.0308
48 6.587" 6.342* 6.640" 6.488* 6.533* 0.1900
49 6.339* 6.182* 6.395* 6.192* 6.234* 0.1610
50 6.538 6.413° 6.458¢ 6.410° 6.270° 0.4609
51 6.431° 6.345 6.373* 6.412* 6.379 | 0.09776
52 6.426* 6.252* 6.452° 6.342¢ 6.275* 0.2666 |
53 6.282* 6.283* | 6.482° 6.411° 6.123* 0.0719
54 6.139 5.795 | S5.774 6.160° 5.823¢ 0.0154
55 6.186" 6.362* | 6.724* 6.220° 6.274° 0.0112
56 6.257" 6.144° 6.221° 6.270* 6.076" 0.6710
57 6.124° 6.143° 6.265* 5.968* 5.905* 0.2289
58 6.089* 6.008* 6.212* 5.954° 5.959* 0.0966
59 6.157 6.184* 6.172* 5.965" 5.975* 0.5535
60 | 6158 6.010% 6.119* 5.922" 5.942* | 0.3342 !




Table 6.3.2.9. (continued)

Meags s dferen wperrpt are sgadficanty dfferent (P < 0 0F) sccordmg © Tukey » Mulple Ragge Tem

Table 6.3.2.10.

for moitalities).

Treatment | 0.29 mg/l

10 mg/l

14 mg/l

20 mg/l

Week 029 mg/l | 6 mg/l 10 mg/1 14 mg/l 20 mg/l P value
61 6.068* - A i o 5.806" 5.77¢6 AL 0.0793
62 s.827r 5.828° 5.760 5.759 5.63¢6 0.7097
63 6.107™ 5.995° -8 5.995 3.2 0.4203
64 6.084* 5.988" 5.96%* 5.713 5.825 0.2614
65 5.484* 5.285 5.32¢* 5417 5.224° 0.5284
66 5.828° 5.11¢* 5.861* 5.863 5.530 0.6271
67 5.59¢* 5.401* 5.65% 5.615* 5.632 0.4577
68 5.795° 5.092 5.806" 5.695* 5.32¢" 0.0303
69 5.287* 5.062 5.27¢6 5.2100 5.394* 0.2795
70 5.401° 5.138° 5.204 5.340° 5.13¢ 0.7808
71 5.35™ 5.202 5.378 5.086 5.216 0.6968
72 5.394* 5.088* 4.993 5.17 5.114 0.5595
73 5.116 4,985 3. 113" 5.036" 5.0 0.9790

Total amount of eggs produced per group over laying period (corrected

P value

Amount 1349.37

1333.69 | 1349.19

1336.94 | 1332.98

0.4060

The 20 mg/l group produced 203 soft eggs over the laying period and the control only 133.
The control on the other hand produced more (133) double yolked eggs than the 20 mg/l
group (95). These two indices of egg quality were subjectively appraised.

Table 6.3.2.11.

Treatment mg/|

Amount of soft and double yolked eggs over laying penod.

Amount of soft eggs

Amount of double yolked eggs




Figure 6.3.2.9.
Egg production/hen/week
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These mortalities (Table 6.3.2.12.) were not linked to fluoride treatments. See Table

6.3.2.13. for causes of morntaliues.

Table 6.3.2.12. Mortalities over production period (week 19 - 74).

Treatment Mortalities
0.29 mg/l A 45

6 mg/l 38

10 mg/I 50

14 mg/l

20 mg/l 34
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Table 6.3.2.13. Causes of monaliues.

Cause Total amouant of chickens that died from
specific cause per treatment (mg/l).
0.29 6 10 14 20
Dehydration 12 10 7 4 6
"Flip over” 2 2 3 1 -
Liver rupture - S S 6 6
: Yolk sac infection 3 1 - 2 2
‘L Pericarditis 2 4 2 l 1
L Septicemia 3 2 | 2 2
i Necrotic Eateritis 1 - - - -
i Anaemia . ; l | '
f Visceral Gout : ! 1 : 1
Egg retention peritonitis . . 3 l 2
Aspergilloses - - 2 2 l
Mite infection - - l - -
Hydro pericardium - - 1 - -
Too decomposed 9 - 14 11 6
No visible symptoms 10 5 10 13 3
Torsion of small intestines s || E | = l - k
Peritonitis | - : ]2 L |
Splenomegaly i - - - l - 1
a Prolapse ‘ - - - 2




Although the fluonde treatments were 6, 10, 14 and 20 mg/l the effective amount of fluoride
ingested per hen per day over the laying period was 1.361, 1.979, 2.66! and 4.453 mg/week
respectively.

Table 6.3.2.14. Fluoride ingestion rates from week 27 - 74.

eSS e ———————————

Treatment mg/|

0.29 6 10 14 20

Total amount of water 11.365 12.701 11.082 10.642 12.469
ingested (1) over laying

period per hen.

F ingested over laying 3.300 | 76.206 | 110.820 | 148.988 | 249.380
period (mg) per hen.

Average amount of F 0.059 1.361 1.979 2.661 4.453

ingested/hen/day (mg)

Water intake was significantly (P < 0.0001) influenced by fluonde treatment. The 6 mg/l

and 20 mg/] treatments drank more water than the control group (Table 6.3.2.15.).

Table 6.3.2.15. Least square means of water intake for weeks 27 - 74.

Treatment mg/l LS Means
0.29 0.237
6 0.264°
10 0.231°
14 0.222¢
| 20 0.260*
. Meass w1 differees superserps are sgaificasty dufferves (P < 0 05) accontimg % Tubey's Muiple Racge Teat
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Table 6.3.2.16.

Water intake per hen per week (1).

0.243

Weeks Treatment mg/| P value
0.29 6 | 10 14 20 |
27 0.263* | 0.290* i 0.259 | 0.227 | 0.298' | 0.0686
28 247 | 0319 | 0.241" | 0239* | 0309 | 0.0001
29 0.266 | 0.337 | 0258 | 0246 | 0.340* | 0.0001
30 0.258 | 0.315* | 0.24™ | 0.2¢0* | 0.300* | 0.0001
3 0.300* | 0357 | 0.293* | 0.291" | 0.343* | 0.0001
32 0.243* | 03# | 0237 | 0235 | 0305 | 0.0001
33 0.28¢* | 0352 | 0287 | 0270° | 0348 | 0.0001
34 0.249° | 0324 | 0.2¢8 | 0235 | 0.338 | 0.0001
33 0.272* | 0345 | 0279 | 0.260* | 0.335* | 0.000
36 0274 | 034 | 0279 | 0257 | 0327 | 0.0001
37 0277 | 0.361° ' 0.208* | 0.265* | 0.359* | 0.0001
| 38 0.262* | 0.310° 1 0.263* | 0.249" | 0.302* | 0.0070
39 0.231* | 0.291° | 0.226* | 0.217™ | 0.279 [ 0.0001
10 025" | 0318 | 0247 | 0.23™ [ 0311 | 0.0001
| !




Table 6.3.2.16. (continued)

Weeks | 029mg/l | 6mg/l | 10mg/l | 14mgl | 20mgl | P value
48 02290 | 0266 | 0222 | o218 | 027 | o.0001 |
49 0.23™ | 0273 0.22 0.225% 0.278* | 0.0001
50 0.236 | 0.237 0.214* | 0.208 0.245* | 0.0001
51 0.243* 0.255* 0.221* | o0.211° 0.264* | 0.0001
52 0.23* | 0.241° 0.216" 0.204¢ 0.252* | 0.0001
53 0.239= | 0.254* | 0.229% | 0.216* 0.264* | 0.0001
54 0.232* 0.239* 0.212* 0.210° 0.245* | 0.0001
55 0.203 | 0223 | 0210 | 0.193 0.227 | 0.0001
56 0.208* | o0.211* | 0.198* | 0.189* | 0.20¢* | 0.0107
57 0.194* | 0.202* | 0.194* | 0.185 | 0.194* | 0.0649
58 0.207 | 0.205° 0.208* 0.199* 0.205* | 0.5777
59 0.217 | 0211 | 0.2091* | 0.195* | 0.206* | 0.0298
60 222 | 0210 | 0.204* | 0.198 | 0.203* | 0.0102
61 0219 | 0207 | 0.209* | 0.202* 0.202* | 0.0279
62 0.226* 0.219* 0.213* 0.209* 0216 | 0.2117 i
63 0229 | 0216 | 0209 | 0203 | 0.213* | 0.009
64 0.200* | 0.193* 0.183° 0.176* 0.192* | 0.1541
65 0235 | 0220 | o2n* | 020 | 0212 | 0.0136
66 0229 | 0.247 0.206*

67 0.205* 0.195* 0.192*
68 0.216* | 0.212° 0.217
i —————
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Table 6.3.2.16. (continued)

- —— —_—
| Weeks | 0.29mg/l | 6mgl | 10 myl | 14 mg/l 20 mg/l P value

0213 | 0206 | 0.205* 0.206* | 0.5960

|
|
|

v !

|69 ’ 0.213°
a‘

| |

| |

0.21 | 0.223* | 0.21% .212° 0.213* 0.7067

o

72 0.244* | 0.256¢ | 0.245

|

‘! 71| 0221 | 0.245* | 0.235° l 0.227 | 0.233* | 0.0043
|
|

73 | o2se | o258 | 0250 0.244* | 0.250* 0.2011

74 0.223* | 248 | 0.229" | 0.228° i 0.229* 0.2700

Mesos w8 duVeross mperscrpts ae s waniy afTorem (7 < O 08 mcordeg 0 Ty s Mulple Range Tom

From week 28 - 55 excluding a few isolated weeks, there were highly significant (P <

0.0001) differences betw -en treatments. In almost all these weeks the 20 mg/l groups showed

a much higher water intake than the control (Table 6.3.2.16 and Figure 6.3.2.16.)




Figure 6.3.2.16.
Water intake/hen/week (1)

Water intake ()
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6.4. CONCLUSION

The implications of the results obtained for water quality guideline formulation are that
firstly, ingesuon rates need to be calculated, and secondly, the production system must be
taken into account in order to fully utilise the water source. This is important as it is the
actual ingestion of the water quality vanable that is relevant, and not only the concentration

of the vanable in the water source.

There were no significant differences between treatments regarding feed intake, feed
conversion, liver weights, histopathology of the livers and kidneys, egg production or
mortalities. The fluoride content of the femurs (P = 0.0001) was: Control - 573.69 mg/kg;
6 mg/l - 947.28 mg/kg. 10 mg/l - 1139.91 mg/kg: 14 mg/l - 1329.00 mg/kg; 20 mg/l -
1671.39 mg/kg. The breaking strength of the femurs were not influenced by fluonide
reatment (P = 0.5005). The mean breaking strength for all groups was 24.041 kg. Carcass
weights increased significantly (P = 0.0332) in the higher dosage groups, 0.29 mg/l =
2.1529 kg; 20 mg/l = 2.5523 kg. In the seventh, eighth and eleventh weeks the control
groups had significant (P < 0.05) higher body weights than the 20 mg/l group. Over the
rest of the growing penod no significant differences occurred. Breaking strength of eggs
increased in the high fluonde treatments (P = 0.0681).

Fatty changes in the livers, protein lakes in the liver and the amount of round cell infiltration
in the kidneys were not fluoride linked, but rather linked to overfeeding due to the length of
the trial. Subcapsular haematomas were only present in the treatment groups and not in the

controls. Further research might be warranted in this respect.

The mean amount of eggs produced per hen per week were: 0.29 mg/l = 6.1335: 6 mg/l =
6.0348; 10 mg/l = 6.1327; 14 mg/l = 6.0770 and 20 mg/l = 6.0590. The 20 mg/l group
produced more (203) soft eggs than the control group (133) and the control group produced
more double yolked eggs (133), than the 20 mg/l group (95). These two indices of egg
quality were subjecuvely appraised.

Fluoride treatments significantly (P < 0.0001) influenced the water intake of the hens. The

20 mg/l groups drank more water than the controls. This means that the fluonde effect will

184




b~y vh I
)< e UIe C d

-
e ) .

o o

-

v naarmde 1necreac
JONICE 1NCTCAS

‘s AL A hs

Ir - - -
3:~ o Te t

_— P s
b he P ive
&N sav G YN A
moll = €O me' Ame/l = 1 A1 mo- 1 | =10 ma: 14 me Y RL1 mo and 9
gl Ve g g/l it B/l i Ry 4 g. = ! g and .
-~ — . 1§ 3 S——
| — - - b -
o
ndie r Qunmde 'O AN Mmte nf & A87
INC1Ca . JONAae UD 10 | 10N rate Of <. =<
mnar Aav in the Amn no s ¢ veare b . pp— diic%1an Aharmm s ramctr
S perday e cnnkng walel Of iavers nad no negauve gliiecCl on progucuon characte c

ver a /4 week producuon penod




CHAPTER 7 THE EFFECT OF F IN THE DRINKING WATER ON
GROWTH AND HEALTH OF BONSMARA STEERS
TO MARKET WEIGHT and the EFFECT OF A F-
SALINITY COMBINATION TREATMENT

7.1 INTRODUCTION
Tolerance 10 levels of F (water and dietary) vary between species (Wheeler and Fell, 1983).

For this reason the results obtained with F in the drinking water on SAMM wethers in
chapter 3 and chapter 4 cannot simply be extrapolated to cattle, although the previous work
(chapter 3 and 4) suggests that testing at the lower levels (6 to 14 mg/l F), for the

time/exposure frame of growth from weaned to market weight, is not required.

Furthermore, as explained in Chapter 3, it is the ingestion of F in mg/ day/ animal that is
of importance and not merely the concentration of F in the drinking water. This value
cannot be extrapolated from sheep to cattle, and these two factors necessitated a further trial
using beef cattle as the experimental model.

The findings relating to the effect of salinity on bone F concentration dealt with in Chapter
4 can also not be assumed to be true for cattle, and therefore a F/salinity interaction was also

incorporated in the trial design.
This chapter deals with the effects of F in the drinking water at 15 - 20 mg/l on the growth,

water intake and health of Bonsmara steers to slaughter weight, the incidence and degree to

which chronic fluorosis developed and the effect of A F-salinity treatment combination.
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7.2 METHODS

Thirty three Bonsmara steers just weaned with an initial weight of 198.39 + 17.47 kg were

assigned to 3 groups using a complete randomuzed block design. Treatments (TRT) were as

follows :

Group | = < Img/l F, <1000 mg/l TDS (control and fresh water trearment)
Group 2 = 15 - 20 mg/l F, <1000 mg/l TDS (F and fresh water treatment)
Group 3 = 15 - 20 mg/l F, >3000 mg/l TDS (F and saline treatment).

Water was reconstituted to TRT levels using NaF (AR-grade) and offered ad libirum in
plastic drinking troughs and analyzed prior to and during the trial. Sodium fluoride was used
as opposed to CaF,; as it has approximately twice the dietary availability (Shupe, Miner,
Harms and Greenwoord, 1962). Daily watering umes were 07THOO - 08H00 and 1SHOO -
16HO0, with daily emptying and cleaning of the dninking troughs. Water intake was
measured on a daily basis for 5 days per week, and calculated as a weekly average. A
standard commercial feedlot ration was offered ad libinwm (Appendix) for 124 days at whic!

time an average slaughter weight of 359 + 17.2 kg was attained.

Inspecuons were conducted for clinical signs of fluorosis on a monthly basis (Buck and
Osweiler, 1976, Weatherell and Weidmann, 1959). The slaughter weight was recorded | day
prior to slaughter with hot carcass weight and cold carcass weight recorded. Kidney and
liver sections were collected for light microscopy from each steer and prepared as follows:
cross-sections with a width of less than 5 mm were fixed by immersion in a 10% buffered
formalin solution within 20 minutes post slaughter, whereafter the fixed tissues were
processed routinely, embedded in paraffin wax, sectioned at 3 - 4 um and staned with

haematoxylin and eosin (Williams, 1990).

Differences in finishing live weights, slaughter weights (hot and cold), were analvzed by least
squares means analysis of variance and multiple regression, using the general linear models
procedure (GLM) on SAS (SAS, 1982). Differences in starting weight were corrected for
by its inclusion as a covariate. Slaughter weight was included as covariate for the analysis

of vaniance for hot carcass weight differences. Significance levels used were dependent on
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the trial design. Most regression analysis were tested at the P <0.05 level, but for the least

squares means analysis, stricter levels were used.

7.3 RESULTS
7.3.1 Growth and health
There were no significant differences (P <0.05) in starting live weights between the treatment

groups (Table 7.1), hence any differences in growth could most probably be attributed to
treatment effects.

Table 7.1 Differences in starting live weight between treatments of Bonsmara steers.

R e e e e e S, e e ———————————

TRT* Means (kg) Standard Significance values®
Devialions =—=——1

P F R?

| 1 200.45 20.05 0.719 0.34 0.0221

| 2 194.72 21.62 Least squares means®

i 3 200.00 10.74

| TRT interactions P-values
1+2 0.4644
1+3 0.9535
243 0.5003

= Control group; MR =F + 105 group: TR1: = F group.

= * Significance level P <0.05.

= treatment;

Treatment was found to have a significant effect on the final live weight recording (Table
7.2). The type III SS indicate that both treatment and starting live weight had a significant
effect on the final live weight recording. The F treatment group and the F + TDS treatment
group had a significantly heavier final live weight recordings (P <0.05) in comparison to the
Control group (Table 7.2 - least squares means). The F + TDS treatment group recorded
a heavier final live weight than the F group, although this was not significant (P <0.5).
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Table 7.2 The effect of F treatment on final live weight in Bonsmara steers.

"_T;T‘ | Means (kg) Standard | Significance values’
| | Deviations — —
| | | MOREL IXRRIILS
TRT STLW¢
. P 0.0001 0.0016¢ 0.0001 |
| 346.18 276 |v 1 i
| 2 374.27 B o |
| 3 363.63 20.77 ’
Least squares means .
l | TRT interactions  P-values
| 1+2 0.0004 |
| 1+3 0.0370 |
| | ! 243 0.0727

= (reatment; ontrol group, group; group
- * Significance level P <0.05.

¢ STLW = starung live weight.

Live weight gain was found to be significantly affected by treatment at the P <0.05 level

(Table 7.3). The type III SS indicate that starting live weight did not contribute significantly

treatment group recorded significantly higher live weight gains than the Control group (least
squares means values - P<0.05). The F + TDS treatment group recorded a higher live

weight gain than the F treatment group, but was not significan: at the P <0.05 level.



Table 7.3 The effect of F treatments on live weight gain in Bonsmara steers.

—

TRT | Means (kg) Standard Significance values I
Deviations
MODEL IYPEIILSS
TRT STLW*
P 0.0019 0.0007 0.8657
14 ’)
1 144.90 15.82 v 6.38
2 -2
2 179.54 16.75 R 0397
3 163.63 21.M

1
; Least squares means®

142 0.0002
1+3 0.0251
| 243 0.0531

= (reatment; ontrol group; group; group.
+ * Significance level P<0.0S.

¢ STLW = starting live weight.

Treatment has a significant effect on hot carcass weight (P<0.05), with the F + TDS
treatment group having a significantly higher hot carcass weight than the Control group
(Table 7.4). Although the F + TDS treatment group recorded a higher hot carcass weight
than the F treatment grcep, this was not significant. A similar finding was made with
respect to the higher hot carcass weight recordings of the F treatment group compared to the
Control group. There was similar allocation of grades for all three treatment groups

(Appendix), with approximately SO% in each group graded as A,, and 50% as A,.
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Table 7.4 The effect of F treatment on hot carcass weight of Bonsmara steers.

_ !
TRT* | Means (kg) | Standard | Significance values®

| | | TRT STLW*

| P 0.0001 0.0509  0.0001
: 196.23 12.65 | i
) o cos | F 1620
. - = R'  0.626

|3 19995 | 1100

|
I 5 i Least squares means'
|

IRT interactions  P-values
! ( 142 0.0157
1+3 0.2680 .
7 | +3 0.1581 |

——— ' )
*TRT = treatment; 1 ontrol group; JE group, | group.

¥ = * Sienificance level P<0.05.

uq

¢ STLW = starung live weight.

A significant Spearman correlation coefficient of 42.49 % for the vanables live weight gain

and treatment was found at the P <0.05 level.

There were no histological lesions found in the kidney and liver sections made, with all the
treatment groups kidney and liver sections having a very simiar miCroscopic appearance
(Appendix). No visual macroscopic evidence of fluorosis was observed in any of the tissues

examined.

The water intake increased with increases in body weight, with an average water intake of
29.28 I/ steer/ day, and an average ingestion of 350 mg F/ steer/ day for the first 60 days

of the trial and 600 mg F/ steer/ day for the second 60 days of the tnal (Figure 7.1).
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Figure 7.1 Water intake and F ingestion in Bonsmara steers
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7.4 DISCUSSION

The non significant differences between treatment groups for starting live weight enables the
differences in growth recorded later between treatment groups 10 be atunbuted 10 the
treatments themselves. This is so as all other factors were similar for the groups (housing,
nutrition, etc.).

The type ITI SS for the effect of TRT on final live weight show starting live weight to have
a significant effect. This is to be expected, and although there were no significant
differences in starting live weight between treatment groups, it is incorporated as a covariate
due to the obvious effect it has on individual steer final live weight. The type II SS for TRT
effect on final live weight also indicates that TRT had a significant contribution to final live
weight, with the F + TDS group having the highest value, then the F group and lastly the
C group. Although only the F + TDS group were significantly higher than the C group, the
indication is that the two groups receiving F in the drinking water performed better than the
C group which did not receive F. This trend was also found for live weight gain differences
between TRT groups, but with both the F + TDS and the F groups recording significantly
higher live weight gains than the C group. The type lII SS values indicated that starting live
weight did not contribute significantly to the live weight gains, whereas TRT did, and
therefore the differences in live weight gains are most likely due to the presence or absence

of F in the drinking water.

A more accurate measurement of differences between TRT groups are the hot carcass weight
values (no vanance due to gut-fill at time of weighing). The similar trend found with respect
to hot carcass weight differences between TRT groups once again indicates that the group
receiving F + TDS performed better than the group not receiving F. The F group recorded
a higher hot carcass weight than the C group and, although this was not significant, it
indicates that the presence of F in the drinking water at 20 mg/l did not adversely affect the
growth of the steers, but rather appeared to promote it. This is also indicated by the positive
significant correlation found between live weight gain and TRT. The similar grades attained
for the treatment groups indicate a similar stage of maturation at time of slaughter

(differences would have vast implications for a feedlot scenano).
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The absence of histological lesions in the kidney and liver sections made, and the lack of
macroscopic fluorotic lesions in the tssues viewed, indicate that the presence of F in the
drinking water did not have an adverse effect in terms of the manifestaton of fluorosis.
Were the steers not slaughtered but continually exposed to F ,this would most probably have
occurred for the F group first, and then the F + TDS group (based on findings in Chapter
&), but the growth results and the histopathological results would indicate that this would not
occur on the dosage level used in the trial, within the time frame taken to reach market

weight.

As explained in Chapter 3, it is not the dosage or concentration of F in the drinking water
as such that is the crucial factor, but rather the ingestion in mg/day. This enables the

trapolation of the effects observed in the trial to other environments, using the guideline
of 350 mg F/ steer/ day from weaned (approximately 200 kg live weight) and gradually
increasing to an ingestion of 600 mg F/ steer/ day for the final stage to market weight. The
stages were approximately 60 days each in this trial, but would be less in a feedlot scenario
(not more than 110 days total), and hence due to the shorter time/ dose / exposure interaction
a higher ingestion would probably be found over the final stages, but would not result in
adverse effects manifesting themselves in terms of growth. Similarly, a longer ume /dose
exposure interaction might occur in extensive conditions, but would seldom be more than 130

days.

The results seem therefore to indicate that the philosophy of rather using a concentration of
a water quality variable in conjunction with the production system, species and environment,
all of which determine the effect of the concentration on the animal, as opposed to just a
concentration as a guideline, is correct. Using the current guidelines available, the water
source used in this trial would have been classed unfit at 2 mg/l F (international) and at 6
mg/l F (local), but for the time/ dose/ exposure interaction from weaned to market weight,
=0 mg/l F was used without any adverse effects on health or growth, This philosophy is

particularly relevant for water quality vaniables that are potenually toxic and specifically

those which are cumulative in nature.




7.5 CONCLUSION

Similar findir =5 10 those made with SAMM wethers were made with Bonsmara steers with
respect 10 a anaking water concentration of 20 mg/l F not having an adverse effect on health
or growth from weaned to market weight. The absence of histopathological and macroscopic
lesions further indicate that due to the chronic nature of fluorosis and production system in
question (mutton and beef production - weaned to market weight), sheep and cattle may be
exposed to F concentrations far in excess of the recommended guidelines without the risk of

adverse effects on production or health,

The F/TDS interacton referred to in Chapter 4 would seem to be applicable to beef steers.
This is borne out by the F + TDS group having significantly higher live weight gains, final
weights and hot carcass weights than the C group. This highlights the need to take into
account the relevant synergistic and antagonistic interactions between water quality variables
(in conjunction with environmental and nutnitional interactions) in the assessment of the

impact a given water source will have for a given livestock watering scenario.

The conclusion 1s thus that beef steers may be allowed access to a water source under
conditions that result in the ingestion of approximately 350 mg F/ steer/ day from weaned
to an ingestion of approximately 600 mg F/ steer/ day in the latter half of growth to market
weight (less than 130 days total exposure). In this range of F ingestion there should be no
adverse effects on health or growth, nor any possible consumer product hazard. A TDS
concentration of 3000 - 6000 mg/l can possibly allow for higher concentrations of F to be

ingested.
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CHAPTER 8 THE EFFECTS OF CHLORIDE AND
SULPHATE SALTS AT VARIOUS TOTAL
DISSOLVED SOLIDS LEVELS ON THE
PALATABILITY OF WATER FOR FRIESLAND
STEERS

8.1 INTRODUCTION

The following points have been outlined in previous chapters:

. the water quality vanables F, Cl, SO,, and TDS had the highest incidence of potential
toxicity in the assessment of subterranean water samples (Chapter 2);

. the water quality variables Cl, SO, and TDS are involved with the acceptability of
vater primarily via their effect on palatability (Chapter 4);

. taste appears to be the limiting factor in most water sources with high concentrations
of the vanables, due to the resulting adverse effects on livestock production via
reducing the water intake, hence feed intake and performance, rather than kidney
furction being the limiting factor (Chapter 4);

. some waters which were classed as fit for livestock were refused by livestock, and
the opposite was also found to occur (Chapter 2);

. sheep tolerated highly saline waters after a slow incremental adaptation period,
without any adverse effects on health, growth or kidney function (Chapter 4);

. significant decreases in water intake were found with manipulation of varying ratios
of CL:-TDS:SO, ratios over varying TDS concentrations and within set TDS

concentrations (Chapter 4).

Due to the higher sensitiviiy of cattle to salinity as opposed to sheep, extrapolation of results
obtained in Chapter 4 and hence guideline recommendations, cannot be assumed to be true
for cattle, particularly with reference to specific concentration ratios and levels.

Contrary to the chemical treatment pattern used in Chapter 4 for the sheep, where it was
found that the sheep exhibited an ability to adapt to highly saline waters with slow
incremental adaptation, in this trial the animals were only given saline treatments for a 24

hour period and allowed a 2-3 day recovery period on fresh water. This was in order to gain
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an accurate assessment of the iniual resoonse t0 a chemucal water treatment that was not
influenced by previous long term exposure to a similar chemical treatment.

The aim of the trial was to investigate a possible existence of a “ zone of preference” for
Cl:SO,:TDS ratios over increasing saline ranges as shown in Figure 8.1. The ratio lines for
each of the TDS concentrauons represent possible combinations of Cl:SO, ratios for that
specific TDS range. As the TDS concentration increases the location of the optimal water
intake would be the "zone of preference® and would conceivably change as the TDS

concentraion 1nCreasecs.

Having the knowledge of where the "zone of preference” lies would enable a2 more accurate
assessment of the effect of a water source on the palatability and thus acceptance of that

water source 10 a sensitive ruminant model.

This chapter deals with the effect of Cl and SO, salts on the palatability of wai'r for

Friesland steers.
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8.2 METHODS

Due 1o the higher seasitivity of dairy cattle as opposed to beef cartle, dary cattle were used
as the experimental animals. Ten Friesland steers (180 - 220 kg live weight) were used as

the expenimental animals.

Housing and health

The steers were housed indoors, and haltered to an open system, individual water and feeding
trough system. The halters had approximately 3 meters of free - movement lead attachment.
This method was used in preference to housing the animals in crates as it allowed for greater
movement and easier handling and cleaning operations. The condition of the steers was

constantly monitored.

Adaptauon penod

A 6 week adaptaton penod was required for the steers to become accustomed to the housing

chemical treatments). The steers were adapted to a standard grower raton which was fed

ad lib. Feeding and cleaning was camed out twice per day

Water treatment
The water treatments were administered using NaCl and Na,SO, (AR - grade). The steers
o 0

were allowed free access to the treatments for 24 hours. Following the treaiments the steers

received fresh water ad lib for 2-3 days before the nex: trearment was administered.

The water treatments given depended on the response of the steers to the previous treatment

If the response to a specific variable concentration was a significant decline in water intake,

the responsible vanable was not administered in an increased concentration.




The following treatments were given:

(@)
(®)
(c)
(d)
(e)

Increasing SO, concentrations;

Increasing Cl concentrations;

Ratios with a TDS concentration of 6000 mg/l;
Ratios with a TDS concentration of 10 000 mg/l;
Ratios with a TDS concentration of 13 000 mg/l.

The treatments are presented in Table 8.1.

Similar statistical analysis were used as in Chapter 4.




Table 8.1

Chemical treatments administered in the drinking water to Friesland steers.
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8.3 RESULTS

(a) Increasing SO, concentrations:

Treatments | - 4 were found to have a significant effect on water intake at the P <0.05 level

(Table 8.2). Treatment 4, with a SO, concentration of 5666 mg/l was found to result in a

significant decrease in water intake compared to the other treatments (least squares means).

The other treatment interactions were not significantly different.

Table 8.2 Effect of increasing SO, concentrations in the drinking water on water intake

in Friesland steers.

TRT4 - 5666 mg/l SO,.
* significance level P <0.05;

¢ significance level P <0.05.

TRT* Means (1) Standard Significance values®
| Deviations = ) ‘_'1I
P 0.0101]
F 4.35
R? 0.266
] 23.7 i 5.355 Least squares means’
1 2 21.6 5.146 :
" 26.4 4.115 | IRT interactions ~ P-values ;
E 4 15.7 10.832 142 0.4994
143 0.3862
1+4 0.0135
2+3 0.1276
| 244 0.0632 |
| | 344 0.0013 |
"TRT = treatment TRTT - 1000 Mg/l SO, TRIZ - 3000 mg/l SO,. TRI3 - 4000 mg/l S0,;




(b) Increasing Cl concentrations:
Treatments 1 - 4 were found to have a significant effect on water intake at the P<0.05 level

a significantly lower water intake than TRT 2 and TRT3.

s

(Table 8.3), with TRT 4 yieldin

Table 8.3 Effect of increasing Cl concentrations in the drinking water on water intake

nesland steers.

Means (1) ‘ Standard | Significance values®

Deviations

' MODEI i

0.047

A

“




(c) Ratios at 6000 mg/l TDS:

The treatments administered were found to have a significant effect on water intake
(P<0.05). Treatment 1, with 2 maximum SO,:TDS ratio at the 6000 TDS level of 0.68,
was found to differ significantly with TRT 2 - §, recording the lowest water intake. None
of the other treatment inmeractions differed significantly.

Table 8.4 Effect of manipulating CL:TDS:SO, ratios at 2 TDS concentration of 6000
mg/l on water intake in Friesland steers.

TRT* Means (1) Standard Significance values®
Deviations
MODEL
P 0.0064
F 4.11
j R? 0.267

1 28.40 5.0376 Least squares means®

2 36.70 3.945

3 36.80 5.3083

4 34.50 5.9675 CRTmmactens Povaliey

5 34.70 6.1833 1+2 0.0012
1+3 0.0800
1+4 0.0142

* 1+5 0.0115

2+3 0.9668
2+4 0.3625
2+5 0.4047
3+4 0.3413 i
345 0.3845

TRT4 - 2000 mg/l SO,; TRTS - 3000 mg/1 SO,.
* significance level P<0.05;

¢ significance level P <0.05.
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(d) Ratos at 10000 mg/l TDS:

Water intake was significantly affected by TRT at the P <0.05 level (Table 8.5). Treatment
1, with the maximum Cl:TDS ratio at 10000 mg/l TDS of 0.6, recorded a significantly
higher water intake than TRT 3 and TRT 4. Treatment 2 differed significantly from TRT3,

s e B B s

where the SO,:TDS ratio increased from 0.227 to 0.3, having a higher water intake than

o o
J
ITRT 3.

g/l on water intake in Friesland steers
[+ W T B e =~ & _ e " L 9 ——— ™ - - =N
T'T™ “ - 1 tea " 4 o - ' | ot |
TRT Means (1 Standard ; Significance values .
£ ‘

- | - — = — — —— ——

I ' MODEL 1




(e) Ratios at 13000 mg/l TDS:

The treatments administered had a significant effect on water intake (Table 8.6), with the
treatments 2, 3 and 4 all having significantly lower water intakes compared to TRT1, which
had the lowest SO, TDS ratio of 0.

Table 8.6 Effect of manipulating CL:TDS:SO, ratios at a TDS concentration of 13000
mg/l on water intake in Friesland steers.

—— —
TRT* Means (1) Standard Significance values®
Deviations [ - —
MODEL
P 0.0261
F 3.46
R*  0.2239
1 : 28.8 14.109 Least squares means*
2 |18 $.020
3 17.3 5.596
4 18.3 7101 TRT interactions P-value
1+2 0.0143
143 0.0089
1+4 0.0160
2+3 0.8484
2+4 0.9619
3+4 0.8111
“TRT = treatment: TRT1

TRT4 - 4080 mg/1 SO,;
* significance level P <0.05;

* significance level P<0.05.

The resuitant effect of the ratio manipulations on the zone of preference is shown in Figure
8.2.
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()  Health
During the adaptation period one of the steers tended to bloat in response to the ration, but
this ceased after 2 days. There were no other incidents for the remainder of the trial.

8.4 DISCUSSION

8.4.1 Increasing SO, and CI concentrations:

Sulphate was tolerated until a level of 5666 mg/l SO, (TDS = 8332 mg/l), where a
significant decrease in water intake occurred. Prior to this level water intake increased with
the increase in salinity, suggesting that the steers responded to the increase in salinity without
experiencing an adverse effect on palatability. The Cl treatments resulted in an adverse
effect on the palatability of the water 2t a Cl level of 7800 mg/1, with that level not being
significantly different from a TDS level of 1666 mg/l from TRT 1, despite the increase in
salinity to the 13000 mg/l TDS of TRT 4. Similarly to the SO, treatments, water intake
increased with increased salinity until TRT 4.

8.4.2 Ratio manipulations:

For the 6000 mg/l TDS level ratio manipulations only the highest SO,:TDS ratio of 0.68
resulted in a significant decrease in water intake. As it is unlikely under natural conditions
to encounter a water source with such a high ratio it would seem that for a TDS level of
6000 mg/1 a SO, ratio of grearer than 0.5 is the upper limit of reasonable nisk. For Cl:TDS
ratios however, it would seem that the maximum ratio of 0.6 could be used safely in this
TDS range.

For the 10000 mg/l TDS level this upper limit of reasonable risk would appear to occur at
a lower SO.:TDS ratio of 0.3. The highest C1:TDS ratio of 0.6 appears to not have any
adverse effect on water intake, having recorded a significantly higher intake than the
SO,:TDS ratio of 0.1. The significant increase in water intake from the SO,:TDS ratio of
0.1 10 0.227 highlights the variation in intakes that can occur for a set TDS level depending

on the ratios present.
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For the 13000 mg/l TDS level the zone of preference would seem to lie at 2 SO, TDS ratios
of lower than 0.153. Ratios greater than this (tested to 0.313) would therefore not be

recommended for cattle watering.

8.4.3 Summary

The resulting shift of the zone of preference (Figure 8.2) indicates that the zone shifts
towards the left, favouring Cl, as the TDS level increases. Otherwise stated, the ratio of
SO,:TDS at which an adverse effect on palatability can be expected decreases as the TDS

level increases.

he philosophy that a: different TDS levels, different ratios of Cl and SO, to TDS are
acceptable, would therefore seem to be correct. More importantly, the argument that using

single values of water quality variables as guidelines is incorrect, would also seem to be

O

orrect is 1s illustrated in Figure 8.2, which attempts to indicate that as the ratios move

away from the zone of preference, the following occurs:

. the risk of an adverse effect on palatability (and hence on producuon) occurring

Jp——. .
1INCTECAases.,

. the importance of a slow, small incremental adaptation period becomes greater;
. management of the water source becomes more cntical;

. Il uE d ams ter1s Fam e - v M . - - I F w0313 >
. synergistic and antagonistic factors become more important as a method of utilizing

the water source optimally (ie. nutnitional status, water demand due to physiological

siage and production requirements)

\
. ey - el S

By using the above philosophy as a guideline, as opposed t0 the guideline tables that are

currently In use, a water source is not declared unfit for stock watenng based solely on a

concentration of one or more water quality vanables. Rather, the variables that exert a
significant effect on palatability are used in a guideline which predicts a preferable
combinaton of those vanables, and affords the manager of the water source with the

possibility of still using the source by making use of management tools, either in the form

form of adapting the stock to water or manipulating factors affecting the water needs of the

animal. The above menuonad method creates an awareness of potenual hazards associated




with a particular water source, and therefore indicates the need to monitor the animals water,
feed intake and performance.

The risk with using waters with combinations that fall far to the right of the zone of
preference is not only that concerning a reduced water and therefore feed intake, but also a
physiological hazard associated with SO,. This is in the form of diarrhoea, and is also
influenced by the type of SO, salts present in the water., The guidelines therefore need to
bring this to the attention of the water user, and these factors must also be taken into
account, along with the other factors such as nutritional status, water needs, production level
etc., when assessing the suitability or possibility of using a water source which is potentially
hazardous.

The risk with using waters with combinations are to the left of the zone of preference is
primarily one of reduced water intake due to an adverse effect on palatability, as Cl exerts
an adverse effect on palatability at a level far below that at which it has an adverse effect on
kidney function (Chapter 4).
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8.5 CONCLUSION

Knowledge of the palatability of a water source is important in classing a water source as fit
for use or not fit for use, not only for predicting a decline in water intake, but also for
attempting to estimate possible solutions and risks involved with highly saline waters. The
use of a "zone of preference” in a guideline system using the three water quality vaniables
with a high incidence of potentally toxic levels, namely TDS, Cl and SO,, is 2 more
accurate method of predicting the effect of a water source on livestock and offering possible

solutions to water sources with high concentrations of these variables.

This is relevant for southern African livestock production as in many of the extensive regions
the water sources available have salinity levels in excess of the levels currently recommended
in the guidelines used for livestock watering. The use of the ratios of Cl:TDS:SO, for
specific TDS levels to predict the effect of a water source on livestock watering would appear
to be correct, as evidenced by the significant decreases in water intake by Friesland steers
exposed to ratio manipulations in this trial, Although the results are in terms of the specific
ratio values and TDS levels species specific, the rationale behind the results would appear

to be valid, and therefore find application for livestock in

This philosophy has formed the basis for further research in developing an index system for

water quality guidelines for livestock watering. The title of the follow - up project funded
by the Water Research Commuission 1S * An investigation into the quality of water for

livestock production with emphasis on subterranean water and the development of a water

<

quality guideline index system® (file nr: K5/644/0/]
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CHAPTER 9 WATER QUALITY MONITORING AND INDEX
SYSTEM

9.1 WATER QUALITY MONITORING SYSTEM

Everett (1980) defined monitoring as "... a scientifically designed surveillance system of
continuous measurements and observations, including evaluation procedures”. Everett (1980)
points out that the U.S. Environmental Protection Agency has defined four types of
monitoring. These are :

a) Ambient trend monitoring

b) Source monitoring

¢) Case preparation monitoring (legal procedures)

d) Research monitoring.

It is principally a) and d) that are referred to in this chapter.

9.1.1 A NATIONAL GROUND WATER QUALITY
MONITORING SYSTEM
The reader is referred to the Water Research Commission report (WRC Project No. K5/482)
ttled " The development of a strategy to monitor groundwater quality on a national scale®
by Parsons and Tredoux, 1993. A similar philosophy is stated in terms of establishing a
network system and the development of an index system for water quality in that they should
start at a low level and work towards the ideal, with improvements being knowledge-based.
The implementation of the proposed monitonng system is vital to the development of the

index system for water quality as it provides data needed to formulate guidelines for local
conditions.

9.1.2 ASPECTS OF CONSIDERATION IN MONITORING

The U.S.Geological Survey's National Stream Quality Accounting Network (NSQAN)
(Steele, 1974; Hawkinson, Ficke and Saindon, 1977; Briggs and Ficke, 1978; Smith, Hirsch
and Slack, 1982) is an example of a broad scale frequency measurement of water quality
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variables. The advantages are cost related and influenced by the following factors (Sanders
et al., 1987):

(a) availability of continuous measurement instrumentation,

(b) ease of sampling and preservation of samples,

(c) cost of analysis,

(d) relative importance to specified objectives,

(e) inherent seasonal vanability, and

(f) field logistics.

The statistical requirements determine the second consideration and need to be identified

prior to network implementations.

The obtaining of a representative sample 1s superimposed on the problem of insuring against
chemical change. There are guidelines for the methods of sampling (Sanders er al., 1987,
Hem, 1970}, but the sampling site variation that can occur has been illustrated in Chapter 2.
Stnictly speaking the sample from the borehole is necessary, and has as such first prionty,
but experience from the field trips made would suggest that samples from the reservoir and
dnnking trough (in decreasing order of priority) are also of valuable use. Should a problem
be suspected with a water source then all 3 sites should be sampled, but generally the first
< will do. This is due to the reservoir not being cleaned on a regular basis (loss of water
incurted and cracking of reservoir in the sun prevent regular cleaning), but the dnnking
trough can (and should be) cleaned daily. The sample from the reservoir should not be taken
from the top (scoop or from overflow pipe) but rather from the point of entry into the

drinking trough as some water quality vanables vary significantly with depth.

The design of monitoring networks and analysis of data (in this case for use by the livestock

producer) both need information regarding the vanance of water quality vanables over time
as these have been shown to be important. Seasonal vanation implies that the approximate
level of a water quality vanable can be predicted for a given vear. A conceptual illustration

1s given in Figure 9.1.




Mean annual water quality variables can often be considered to be random, daily, weekly and
even monthly may be serially correlated.

Concentration
of / Serial correlation
Water Quality A
Vanable -

variation

ume
Figure 9.1 Conceptual illustration of seasonal variation and serial correlation (Sanders er
al., 1987).

Trend monitoring makes use of existing wells which are incorporated into the design of a
regional ground water information gathering programme (Miller, 1981). The knowledge of
trends can be of valuable assistance to the livestock producer in determining his sampling
frequency and site, and be of assistance in his stock watering management. Trends are often
discovered through retrospective evaluation of data. The trends which are determined may
be in ume, across space or both. An example of this is the F, TDS |, SO, and Cl variables
that have been identified as main vanables of concemn (Chapter 2) which was made possible
by a retrospective review of data available. Trends through time were not possible due to
the amount and nature of the data used, but are evident across space to a limited extent in
the regions investigated. Both trend analysis (across space and time) are lacking for the
period 1987 - 1990. Correct sampling sites, methods, frequency and strategies are needed.
Having identified the variables of concern (Chapter 2) further knowledge of trends across
time and space would be valuable.
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A water quality index should provide quantitative measurements for water quality that are
understood by decision making laymen (Landwehr, 1974). The weighting of the water
quality variables is usually determined subjectively. An example of a2 water quality index is
a sequence of "weighted® water quality vanables
WQI = L7 _, wq,
where WQI = water quality index

w, = weighted factor of i* water quality variable

q, = quality level of i*® water quality variable

n = number of water quality vanables
w, = weighting term depends on importance of the particular water quality variable
g = quality level subjective measure of ranges of water quality variable from 0 - 100 (least
to most desirable).
An impontant factor is the possible loss of trend identification when using a WQI, and here
a weighted linear combination of water quality vanables (although not an index) can be used
to detect significant changes in water quality for a region with very short length of records

(Koch, Sanders and Morel-Seytoux, 1982; Koch, Sanders and Morel-Seytoux, 1980).

.2 WATER QUALITY INDEX SYSTEM

The scarcity in the relative abundance of water, the increase in pollution levels, intensity of
livestock production systems and their expected production levels and economic returns have
placed more emphasis on the essential need for good water quality as a prerequisite for
livestock watering. Unfortunately, livestock producers tend to underestimate the impact of
water quality on livestock even though it is significant for both intensive and extensive
production systems, albeit for different reasons. Furthermore, the only guidelines available
are international guidelines and local guidelines which are based largely on the former with

few locally established variables.

The variation in the environment in which livestock production is practised is one of the main

factors to consider. Quite often ideal or desirable water quality is not available for the

majority of the time in many of the extensive regions, and therefore water quality less than
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the "ideal” must be acceptable. The maximum permissible level for many variables change
accordingly. In this case, the lowest or poorest quality that can be used before steps are
needed to improve it must be known. In many intensive systems the producer requires water
of a high quality and anything other than ideal is not acceptable as it could result in
suboptimal production. Here the most beneficial combination of water quality variables must
be known and the maximum permissible levels will be related to the economic goals of the
specific systems. Furthermore, for each of the above mentioned extremes, changes in
conditions for example, environmental or market induced changes can alter the specific
variables and their values that are relevant. During drought conditions for example, the main
objective may be the maintenance of the nucleus herd, and in this instance the animals need
only survive and not perform on the water source. In certain intensive systems the life span
of certain stock may be short enough to prevent certain variables from having an adverse
effect on the animals production, whereas in many exteasive regions the exposure ume 1is
longer and the cumulative effects change the maximum permissible levels of certain

variables.

Water quality guidelines can also change dramatically for different livestock species mainly
due to the different environments in which they exist and different tolerance levels related
to the physiology of the species. Different water quality vanables, vanable levels and hence
guidelines can also apply to the different stages of a given species, be they physiological
differences or man induced differences, both of which relate to growth phases, production

types and levels (intensive or extensive).

The interactions between various vanables in a water source are of the utmost importance
due to the synergistic and antagonistic effects they exert. So 100 are the interactions between
the water source and the other factors that cumulatively affect the amimal important. These
include mainly pasture and climatic conditions usually pertaining to extensive systems and
production systems such as intensive swine/poultry/feediot producers where the environment
is controlled to a certain extent.

These factors give rise to different conditions of use for water quality guidelines. Some of

the guidelines can be flexible and others not, for example, toxic heavy metals have a fairly
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constant effect and are not as flexible as salinity. This gives nise to the formation of

guidelines envisaged which must incorporate all these facets in the form of an index system.

9.2.1 STRATEGY FOR DEVELOPING GUIDELINES

The approach to be taken centres around (A) identifying the main types of livestock
production and the water source common to them (subterranean or surface),(B) identfying
the main variables of relevance in these water sources and their impact and (C) developing
guideline levels for the respective livestock production systems in the format of an index

system.

From a realistic point of view the guideline systems cannot accommaodate all the vanous
facets of relevance and a compromise is needed in this respect. So too must the system be
practical in that while incorporating all the facets possible it must be user fnendly for the

farmer

An index system lends itself to these problems as the format envisaged will enable it to be
flexible, with more or less factors being incorporated, depending on the production system
and the producer’s financial and practical ability to manage a water source. This implies that

the system must offer various recommendations for the same water source and use depending

on the aspects mentioned




9.2.1.1 IDENTIFICATION OF LIVESTOCK PRODUCTION SYSTEMS AND
WATER SOURCES COMMON TO THEM.

This phase can be carried out by data assimilation of the main types of livestock production
systems and the water sources used by them.
() Database
(1) Extensive and intensive systems
(ili)  Specific systems
(a) Dairying
(b) Beef - extensive/intensive feedlotting
(c) Sheep - extensive/semi-intensive wool & meat
(d) Poultry - intensive layers,broilers, geese, turkeys
(e) Pigs - intensive & semi- intensive
(f) Goats - extensive mohair & meat, semi intensive milch goats
(g) Horses - extensive ranching, intensive stabling, breeding & working/sporting
horses
(h) Aquaculture
(1) Ostriches - extensive and semi-intensive
(j) Intensive small livestock
(k) Game - monogastrics & ruminants

(1) Communal water sources for human & livestock use - surface and subterranean

9.2.1.2 SELECTION OF WATER QUALITY VARIABLES

The importance of this step 1s made clear when reviewing international standards where it
is seen that different variables are listed as being relevant due mainly to the different
environments of the respective countries. This occurs within a country as well and so

vanables of relevance can differ for different environs within RSA.

This phase thus rests on the successful completion of the previous phase, with the main
obstacle being the lack of accurate and recent data on water samples from the water sources.

Due to the changes in water quality for a given source over ime and the increase in pollution
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levels, a water quality monitoring system is vital. A recommendation would be made to
farmers to participate in this programme by monitoring the water quality on their respective
farms at a frequency based on the variance within the water source. Water samples should
preferably be taken from more points than just the borehole for example, such as the

reservoir and drinking trough.

Once a clear view is obtained of the variables present, they must then be evaluated to identify
which variables are of primary importance. This is done mainly through the use of already
existing standards to assess the potental nisk of toxicity for the variables occurring. This
goes hand in hand with the livestock production system using the water source, as different
variables are of relevance for different systems and species. The probiem area here is the
lack of specific guidelines for these variable factors and the obvious danger is that as local
standards are not as developed and intemational guidelines must therefore be used, the
possibility of incorrectly assessing the importance of specific variables based on these

guidelines is present.

The compleuon of this phase would result in specific variables being singled out as having
the most significant impact on the livestock production system for the water source in

question,

9.2.1.3 VARIABLE VALUES

Internationally established values can be of use as broad guidelines, but as is evident when
reviewing the guidelines, different countries have different values for the same variables.
This 1s s0 as the vanables pertaining to certain vanables differ between countries. Due to
the fact that vanables of little significance have proportionately less research directed at
them, many vanable values are based on assumptions, and extrapolations are made across
environments and species that are often inaccurate. A further problem is that the present
guidelines seildom, if ever, take interactions between variables into account which result in

inaccurale assessments of the effect certain levels have on livestock.
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The above mentioned points lead towards the preference of an index system as opposed to

the present tables which give single values for variables. The determination of the values
must therefore relate to the effect of the specific variables on the relevant livestock,
production system and physiological stages concerned. As mentioned some will be more
flexible than others and so vary over a wider range.

The starting point to arrive at these values is to work with the variables that have been

identified as posing the largest concern in their specific situations.

Literature surveys are then conducted on these variables allowing the planning of biological

trials to take place which will investigate mainly the following:

@)

(1)

(iii)

Testing the impact of variables at the levels commonly occurring and at the
upper range of these levels on growth to slaughter weight. This is the first
region that the index system must assess the variables impact on, with one
of the main considerations the presence or absence of possibility of the
variables accumulating in the soft tissue and so posing a hazardous health
problem to consumers. This is an important phase as often levels used as
guidelines are conservative as the vanables effect may have detrimental
effects over a period of years -in this case since the stock are slaughtered the

maximum permissible level changes.

Long term trials on testung the effects on reproduction, health and
performance. Impact determination can be made via in-depth physiological
trials over a shorter penod that would elucidate possible problem areas that
might occur in later stages and thus require longer term research, are the

vanables cumulative or not etc.

The affect of variables on the palatability of the water. This is one of the
principle determinations the index system must make, as often the problems
experienced with low water quality is that the adverse effects are indirectly
caused by a decreased water intake which leads to decreased feed intake and
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(iv)

(v)

(Vi)

thus performance as opposed to a direct adverse physiological effect.

The levels at which vanable effects are ionic as opposed to osmotic. This
is more concentrated on the less flexible ranges in which vaniables tend to
have toxic effects irrespective of the other variables present in the water or

environment.

The calculation of how the above mentioned levels change with vanation in

mainly the following:

(a) Temperature, humidity, evaporative effects

(b) Energy, protein and mineral ratios of rations and pastures (different
rations and seasons)

(c) Interactions between vanables (synergistic and antagonistic
interactions)

This 1s of paramount importance as the acceptable levels of vanables depend

on the effects of the variables on the animal which depend on the animal's

consumption of the variables. Anything that changes the water intake or

absorption and excretion of that vanable will change the acceptable level,

and 1t 1s on this point that the index system concentrates

Manipulauon of water quality with management procedures (principally

adaptation and watenng techmques) and admunistration of alleviatory

chemicals.

(8]
N
.




9.22 FORMAT OF GUIDELINES

The envisaged format will cater for mainly two scenarios. The first deals with variables that
possess toxic properties which have an adverse effect via certain physiological pathways.
The second scenario concerns those variables (or combinations of variables) which result in
an indirect adverse effect on production due to mainly their effect on the palatability of the
water. The first scenario deals thus primarily with ionic effects of specific vanables as
opposed to the second which deals with palatability effects of combinations of variables. In
both cases the water intake is of major importance, but in the first it is the correlation
between water intake and the ingestion of the ion that is relevant, whereas in the second case
the correlation between water intake, feed intake and thus performance is of relevance
(Forbes, 1968).

The following sections illustrate briefly the envisaged water quality index system (fluoride

1s used as example). The index is still in its formative stages and is thus not complete.

9.2.2.1 POTENTIALLY TOXIC VARIABLES

Water intake is first predicted by the use of tables. Table 9.! is a brief example of the factors
that are included. Table 9.2 gives a guideline that could be used in estimating water intake.
Once water intake is known an estimate of the ingestion of the variable in question can be
made. This i1s needed as it is not the level of the vaniable in the water source that is the
critical factor, but the water intake and thus ingestion of the ion with the synergistic and
antagonistic factors that influence the uptake and metabolism of the ion that are the critical
factors.

The following illustrates this first step.
WI = x(Litres/day) - (by use of Table 9.1)
y = (WI)(mg/l of WQV)
where y = estimate of ingestion of variable in mg or g per day

WQV = water quality variable.
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The estimate obtained (y) will then be used in a Table 9.3 to assess the suitability of the
water for a defined use. The combination of the variables that fall into this category will
then be incorporated into a regression that also takes into account the categories of variables
that affect the palatability of the water to yield a value WQI that will be used to assess the

water sample for fitness for use.

Table 9.1 Factors of importance in esumatng water intake.

B e, )
Temperature and Humidity Estimated Water Intake
| cold wel (litres/d)
hot dry
I| Synergists and Antagonists Estimated effect
a ‘ !
1! Presence of Ca, Mg | Synergistic /antagonistic

!
i Salinity - low < 1000 ppm '

medium 2-10000 ppm
high 10 - 20000 ppm

> :Hllll p;)m

Protein % of ration =

Fat % of rauon =

Energy level of ration = LE
ME
HE

Other (liveweight)

——

Estimated Water Intake (litres/d)

————— e e

s On

(o)

(may be included in Table 5.2 - depen

vanable)




Table 9.2 Average daily water intakes for livestock (Ensminger er al., 1990).
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Body Weight Condition Water Intake
(kg) (vd)
51 growing 0.3-5.7
69 growing 5-7
93 growing 8-9
119 growing 11-13
148 growing 15-17
189 growing 7-23
354 growing 23-30
LS 464 pregnant 30-38
1-2 yrs 454-545 fattening 30-34
2-8 yrs 545-726 lactating 38-95
2-8 yrs 545-726 grazing 17-34
Sheep 9 growing 1.9
23 growing 1.5
68-91 grazing 1.9-5.7
68-91 grazing 8
(salty)
68-91 hay+grain 0.4-3
68-91 good pasture <19
Swine 14 growing 1-4
27-36 growing 2.645
36-57 growing 4-7.5
91-180 maintn. 5.7-13
91-180 pregnant 15-19
91-180 lactating 19-25




Table 9.2 (cont).

Chickens 1-3 growing 2.7-5
3-6 growing 5.7-11.3
6-10 growing 11.3-15.2
9-13 growing 15-19
mature non-laying 19
mature laying 19-28

mature (90°F) laying 34
Horses mature 45
-

Table 9.3 Fitness for use - Vanable = F.
Animal : sheep (specify breed)

Production System: (intensive or extensive)

y (WL.mg/1F) rSlauggl*.:cr Reproduction Genetic material 40 - 45 kg
mg/d
- S s S
- 3 $ s (after sw)
- S S (arter sw) q
s Q (after sw) ns
| q ns ns >
; ns ns ns
S = suitable T .

q = questonable

ns = not suitable

Fitness for use 1s defined as s = suitable, ¢ = questionable and ns = not suitable. The
questionable use imphes that the water could be used for a limited perniod of time depending

on the vanable concerned. The not suitable for use implies that watering the specified

rn
N
w




livestock with this water source should be avoided at all times.

The various categories in Table 9.3 will depend on the animal, production system and
variable concerned. The categories must be motivated and important points need to be
presented for the specific variable. An example of this is given with reference to F :

(i) Slaughter weight :

In this case there is no danger of F being deposited in the soft tissue and thus being a health
hazard for human consumption at the levels listed. If growth to the target weight is not
adversely affected by a level then the level is suitable, even if F is accumulating in the hard

tissue at this level and might result in adverse effects over a longer period of time.

(11) Production system:

The higher levels will be different for the various types of production systems. An intensive
system has a shorter ume period needed o reach the target weight and thus a higher level
would be suitable as opposed to an extensive system where the exposure to the ion would be
longer. In the intensive system the increased water intake would not result in a significantly
higher ingestion of the ion as a higher percentage of moisture is obtained from the feed and
the sheep tend to drink with a fuller rumen with a less acidic rumen environment, all of
which is conducive to less F absorption from the digestive system. The increased protein
% of the ration that is usually found in intensive systems (particularly feedlots) also has a
synergistic effect. There are many other dietary effects that may cumulatively have a

significant effect and these are referred to in Chapter 3.

(1ii) Genetic material:

Younger animals in the growth phase are more susceptible to F than older animals whose
skeleton and dentition has already been formed, and they have thus conservative levels
applied to them. There are specific variables that have noted affects on the reproductive
processes and the nature of these will determine the fitness for use.
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(iv) Reproductive stages :

Cenain variables cross the placental wall and are deposited in the foetus duning formation.
If the amount deposited increases significantly with increased levels in the drinking water
then fitness for use levels will alter accordingly. The same philosophy applies to the levels
in milk and the absorption of the variable by the suckling young. In the case of F it appears
that neither placental transfer nor milk F concentration are significantly altered in sheep with
increasing levels in the drinking water (for sheep and cattle - the opposite is true for poultry
with respect to egg producuon).

During certain stages of pregnancy and lactation animals may become more tolerant or
susceptible to specific variables. In the case of dairy cattle the large fluctuation in water
intake between the dry period and lactation result in significantly different amounts of F
ingestion and thus exposure of the cow to F. A large vanation in F ingestion is more
deleterious to animals than a consistent intake and thus the fitness for use will alter

accordingly.

Not all vanables will be as complex as F in this case as some are less flexible and more
toxic. For these primarnily dietary and environmental effects will be of importance as it is
water intake and thus the ingestion of the ion which is the most important factor in setting

a suttable level for fitness for use. Table 9.3 would thus In certain instances have less

categories or only one category. The production system and breed may not need

specificatuon for some vanables.

9.2.2.2 VARIABLES THAT INFLUENCE PALATABILITY

Here a mathematical equation could be used to estimate the water intake based on the vanous
factors present that affect palatability of the water for the specific animal.

The equation would be of the following structure :

Animal = (specify amimal)

(y) = q + a(x;) + bixy) =+ K




(y) = value that will be used in Table 9.4 1o predict water intake

a + b = weighted coefficients for vanables x, + x, (slope)

X, + X, = ratios of variables that are the primary factors that affect palatability, such
as CUTDS and SO/TDS

K, = single factors such as temperature, production level

q = regression constant (intercept).

Table 9.4 Estimation of water intake.
I (y) value

0

10

A (y) value of 0 - 5 would be required for TDS< 10000mg/l. This is to satisfy the
physiological need for water intake (osmotic effects) for a specific TDS level. For TDS
levels of 10 000mg/1 to 20 000mg/] the (y) value required would be between 5 - 9. Above
a TDS level of 20 000mg/! the (y) value required would be 10. This is unsuitable (salinity
too high) and water samples and equations that yielded (y) values of 10 would be classed as
not suitable for use. This cut-off point could vary for species, environment and production

systems, and each scenano would have a cut-off point determined for it.
This estimated water intake will then be used to assess the fitness for use by using tables such

as Table 9.2 to judge whether or not the estimated intake is sufficient for the animals
requirements.
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9.2.2.3 COMBINATION OF TOXIC AND PALATABILITY EFFECTS

Both effects must then be combined to form an index that assesses the overall suitability of

the water source. The following method is suggested :

WQI = ax + bz ...
where,
WQI = water quality index value (0 - 100)

a + b = weighted coefficients for independent variables x + 2

X value for toxic effects

il

z = value for palatability effect:

For the toxic effects, x could be calculated as follows:

x = 1-10

where,

(demarcations for ns, g and s are vanable specific)

For palatability effects, z a similar method could be used

z=1-10

where,

1-3 = adverse palatability effects

4-6 = possible adverse palatability efrects

las

7-10 = no adverse palatability effects.

The less toxic the sample, the higher the x - value. The less unpalatable the sample, the

hugher the y - value
The end value for the WQI will be between 0 - 100. For specific species, environments and

producuon systems certain WQI values will be suitable, others questionable, and others not
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suitable.

This system does not only produce the one value that assesses the suitability of the water
source (WQI), but also produces fitness for use values at various stages throughout the
calculation of the toxic variables and palatability variables used to calculate the WQI value.
This enables the livestock producer 1o see the nature and source of the adverse effects that
may be expected were stock allowed to drink from the water source. Using the Tables 9.1 -
9.4 in conjunction with Table 9.5 the producer can apply management skills to change the
acceptability of the water source should the WQI value be ns.

This allows for the manipulation of poor water (within limits) and thus greater usage of the
water source. By making allowances for manipulations (watering management, licks,
alleviators, adaptation, and diet manipulation are a few examples) after a WQI value is
known, the index system can be used by those who do not have the ability to the necessary
management practices, while those who do can apply the necessary measures within their

capabilities.

Figure 9.2 shows a schematic presentation of the entire index system.
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Table 9.5 Water Quality Index System (combined).

. WQI FITNESS FOR USE
Beef Cattle Dairy Cattle
| ] ns ns !
. | ns ns
| . ns ns v
| . ns ns
- | NS ns
|
- q "5
» ‘ q ne
|
» ] 3 ns
ﬂl) S ns |
| - ! S q |
|
. | ) S
|
‘ - 3 S |
!
X . S |
| - S 5
1
' 10K | § S




THIRD STEP FOR TOXIC VARTRRLEZ
———— T

Figure 9.2 Schematic representation of index system.

FINAL STEP
Wl ! FITNESS FOR USE
Beef cattle Dairy cattle
1 ne na
. ne ne
100 a 8

. ! 1
Y(WI.ppm) Slaughter Genetic Reproduction
waight material
I
i * n " a
| * n q ne
_ESTIMATED WATER INTAKE _ SECOND STEP
FIRST STEP TOXIC VAR ABLES
4 Eastimated Water Intake 1
cold wet L/d
- -
hot dry |
synerglete & Antagoniests Estimated effect
Ca, Mg synergistic/antagonlistic
Salinity - low
<1000ppg:

FIRST STEP

THIRD STEP FOR

PALATABILITY VARIABLES

Production

Water requirement
(L/d)

Beaf cattle
Dairy cattle

PALATABILITY VARIABLES




CHAPTER 10 FUTURE RESEARCH PROPOSALS AND GENERAL
CONCLUSIONS

10.1 FURTHER RESEARCH PROPOSALS

10.1.1 Water quality monitoring system

A water quality monitoring system is recommended that is on-going to verify the status of
F, TDS, CI, SO,, NO, and other vanables that are potentially hazardous to livestock. This
recommendation is not limited to the designated region referred to in this study, but should
incorporate a country wide data base. Seasonal fluctuations and the true concentrations that
livestock are exposed to in the drinking trough are two of the most important points that the
water quality monitoring system should provide. The design of the water quality monitoring

system will depend on factors mentioned in Chapter 9.

10.1.2 Research regarding fluoride

Mechanistic tnals are needed 1o invesugate :

(i) NaCl - F interaction: The mechanism for the significant negative correlation found in the
second tnal is not clear. A decrease in absorption of F from the digestive tract is apparently
not responsible (Chapter 3). Storage of F by bone tissue is the primary mechanism for
removal of F from body fluids. Kidney excretion is secondary as F has a high affinity for
bone. After the apatite crystal and fluorapatite has formed F cannot be removed without
resorption of the crystal. If Ca or Vit D are limiting factors then the increase in osteoblast
acuvity caused by F may result in poorly mineralized matrix. Sheep excrete 50-90% of
dietary F 1n the unne. This proportion decreases as the F level increases. The amount of F
entenng the nephrons/unit ume 1s dependant on the glomerular filtration rate and upon
plasma [F] (Whitford and Pashley, 1979). The renal ciearance of F exceeds that of Cl and
1s less than creaune (Rosenberg. Oikkonen, Neuvonen and Leander, (1981); Jamberg,
Ekstrand and Ehrmebo, 1983). Diuresis experiments have yielded conflicting results, but a

general conclusion is that F clearance is positively correlated with urine flow.
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The urinary pH may be important in determining the proportion of F that is resorbed in the
tubules (pH < 5.6 resorption of F is >95%, pH > 5.6 yields an increase in F excretion). The
pH dependence involves the formation of increased amounts of HF as the internal
environment becomes more acidic, therefore alkaline urine yields a relatively higher F ion
concentration compared with HF, thus the F ions remain within the tubules and their urinary
clearance is thus high.

If the above is true, implications of mild chronic acid/base disturbances would have an effect
on the retention of F (mild alkalosis would be less susceptible to F than mild acidosis).
Aldosterone is suppressed by salt, and Na diuresis is induced by a low rate of resorption of
Na in the proximal tubule and osmotic retention of water in the collecting duct by Na. An
increase in the salinity of the drinking water can result in Na diuresis. The absorption of Na
in the proximal tubule is reduced with an increase in salinity so that extra Na in the distal
tubule retains water and produces diuresis that removes both salt and water. High potassium
loading of the tubules and increased urea infiltration leads to an increased water tumover.
When sheep ingest saltbush, which is high in K and Mg (alkali-ash) the K is removed as
KHCO, or K,CO; and the pH of the urine increases to levels between 6 and 9.3. As
mentioned sheep and goats may respond to Na receptors in the CSF as 2 mechanism for

diluting the plasma and increasing the Na concentration in the urine.

The mechamsm described above could offer an explanation for the observation in Tral 2
with the saline treatments and bone [F], and further investigation into the validity of this
mechanism would not only clucidate the alleviatory effects seen in the regions visited of
fluorosis, but would also open up an interesting field of study concerning the intakes of
various grasses and bushes in the NW Cape region and the influence thereof on urinary pH

and renal F clearance.
(1) Alleviators: The use of boron as an alleviator of fluorosis and the ability to alter the

effects of high F levels in the drinking water by use of diet manipulations and watering
techniques are zareas that need further investigation.
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(iii) Species differences: The response of other livestock types to high levels of F for growth

to market weight should be investigated (pnimarily for index system categones)

10.1.3 TDS, CIl, SO, and NO,

(1) A trial based on the results of the second tnal investigating the response to unpalatable
salts with set ratios and different TDS levels with larger intervals of concentration changes
1s needed.

(i) The ability of primarily flavouring agents and a higher energy level to alter the response
found in point (i) above should be investigated.
(ii1) The effect of NO, in the dnnking water on digestibility of certain forages, and research

regarding the adaptation of ruminal microflora to increasing NO, concentrations in the

10.1.4 Extensive region trials

The findings of the trials mentoned above need to be vernified under field conditions. This

will enable the formulation of the index system to be such that it 1s relevant w0 field

condiuons and will lend itself to use by the livestock producer.




10.2

GENERAL CONCLUSIONS

Guideline levels for water quality variables and the specific variables considered to
be relevant differ between countries and emphasize the need for each country to have
own relevant variables and levels of acceptability.

The need and importance of ground water as a source of water is increasing.

The water quality variables F, TDS, Cl, SO, and NO, were identified as the variables
of main concemn for livestock watering based on their incidence of potential toxicity
in the designated regions (NW & NE Transvaal and NW Cape) and southern African
region. Rescarch emphasis regarding livestock watering is placed on them.

The importance of nitrate and nitrite in ground water appears o increasing as

worldwide trends seem to indicate rising ground water levels of nitrates,

The present system of assessing the suitability of water for livestock appears to be
inadequate, largely as a result of its lack in ability to account for species differences,
livestock production system differences, synergistic and antagonistic factors, and

environmental influences.

A F ingestion of approximately 96 mg/ day/sheep (25 kg live weight) and
approximately 122 mg/ day/ sheep (42 kg live weight) over 107 day exposure period
to market weight did not adversely affect the growth or health of SAMM wethers.

The vanables Cl and SO, affected the palatability of water negatively (decrease in
water intake for SO, and water and feed intake for Cl)) at ratios of 0.57 - 0.6 for
SO, TDS and 0.4-0.6 for C1:TDS. Sulphate appeared to have an adverse affect on the
palatability of the water at lower levels than Cl. The adverse affects on palatability
did not have significant affects on live weight or growth to market weight, or health
of SAMM wethers (TDS levels of 12000-16000 mg/l for SO, treatment and 20000
mg/1 for Cl treatment).
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Broilers tolerated F in the dnnking water (20 mg/l) over a 49 day growth period

without any adverse effect on production or health (average ingestion of 18.4 mg/l).

Layers tolerated F in the drinking water (20 mg/l) over a 72 week laying period
without any adverse effect on growth or production (results for production up to week

35 analysed). Carcass weight tended to increase with increasing F dosage.

Taste, and not kidney function, appears to be the major factor in determining the
suitability of saline water for livestock.

Fluonde in the dnnking water at 15 mg/l in the second trial yielded the same results

as F in the dnnking water (0-20 mg/1) in the first trial.

A strong significant negative correlation was found between increase in salinity of the

drinking water and bone F concentration (metacarpal bone).

Bonsmara steers tolerated F in the drinking water (20 mg/l) without any adverse
effect on growth or health (ingestion of approximately 350 mg/ day/ steer iniually,
to approximately 600 mg/ day/ steer over final growth stage) over a 130 day exposure

period.

A TDS concentration of 3000 - 6000 mg/l appeared 1o improve the final carcass

weight of steers exposed to F in the dnnking water at 20 mg/l

Varying ratios of CLL'TDS:SO, with constant and increasing levels of TDS were found
to have significant effects on the palatability of water for Fniesland steers. The
results suggest that a "zone of preference”™ can be calculated to predict the animals
response to certain Cl and SO, salts, and to thus determine the adaptauon penod

needed and effect on production.

The need for a water quality monitoring system that continually monitors ground

water quality so that reliable, recent data that can be used for statistical purposes can
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be obtained which is representative of the variable levels which livestock are exposed
to is emphasized as this information is lacking and necessary to formulate an index
system for the different livestock production systems and environments.

An index system that caters for toxic and palatability water quality variables and the
different livestock and production systems is envisaged that will adequately assess the
suitability of water for livestock production.

Further information is still needed (geohydrological and physiological mechanistic
research conceming the water quality variables) to formulate the water quality index
system.

Research needs and relevant factors have been identified for water quality variables
and these entail primarily toxic variables that influence the health and physiology of
the animal, and palatability variables that influence the water intake of a water source,

interactions between these vanables, species and environmental factors.

Although the findings in this investigation relate to ground water a similar philosophy
applies to surface water, the factors being more complex due to the increased role of
microorganisms and the larger fluctuations on a daily basis in water quality variable
levels.
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CHAPTER 11 APPENDIX

In this chapter histopathologic reports, water analyses and vanous staustcal analyses are
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REPUELIER VAN S.A
ADMINISTRASIE VOLFKSRAAD
tria' 1 DEPARTEMENT VAN LANDBOU-ONTWIKFEILING

VERW No: W2/5 KANTOOR

NAVORSINCSIN
Privaatsak X
PRETORIA
0001

TITUUT VIR GROND EN BESPROEII
9

-~ W0

21/06/9"
WATER ONTLEDINGSVERSLAG NO: W 78-50/91

RESULTATE: me/l dp= se/l dpe
S totaal 194.58

Fluoried (19 0.01 0.18 Natriu= (23 1.62 <7 O

" 8 S AN . . -

Nitriet (456 0.00 0.00 Kaliuz (39.1 0.20 7.7

Nitraat (62) 0.03 Lol Kalsiu= (20 .25 25.0

Chloried (35.5 0.74 . Magnes:ua(12.16) Bs 10.3

- 3 a n Bl

Sulfaat (48) 0.80 38.4 Yster (28 0.00 0.0

Karbonaat (30 0.00 0.0

Bikasrbonaat(61 T 178 1

i sbonaat ‘ ( 2

Totaal, Subtotaal 1.68 194.5 Totale 3 p -
Min 64.1 =
Totaie Oy DSe StOWwe 211.1

Na Karbonaat(s3) 0.00 0 Tyd Hardheid (50) e.10 108

Na Bikarbonaat (84 0.00 ( Perm Hardheid(5C 0.0 0

Alkaliteit (S0 e.10 10!

>4 NAV EiCCiTiese Gel -4 vers=oe
7.6¢ 8.00 S8 J4.0 s5/m by 25 grade
VAN Direkteur N.I.G.B NAMMNY L

DATUM: 91/06/20 Sender Nc No !
.
ey
- - - ~ L) '

RHITANSTE NO: R 39.00 r

BESONDERHEDE VAN WATER MONST
FENMERF VAN HOUFPR: Plastiek Botte!l

LAS NOMMER 78-30/91
* FRorreksie vir enige viugtige stowwe, HC03/2 of.. H D03 HP




1
trial REPUBLIEK VAN S.A

ADMINISTRASIE VOLESRAAD
DEPARTEMENT VAN LANDBOU-ONTWIKFKELING

VERW No: W2/5 FKANTOOR
NAVORSINGSINSTITUUT VIR GROND EN BESPROEI:
Privaatsak X79
PRETORIA
0001

21/06/9

WATER ONTLEDINGSVERSLAG NO: W 79-S50/91

RESULTATE: se/l dpa me/l dpa
Subcotaal 201.1

Pluoried (19) 0.01 0.18 Natrium (23) 1.68 38.7

Nitriet (46) 0.00 0.00 Kalium (39.1) 0.18 7.5

Nitraat (62) 0.03 1.9 Kalsium (20) 1.25 25.0

Chloried (35.5) 0.83 29.5 Magnesium({12.16) 0.85 10.3

Sulfaat (48) 0.80 38.4 Yster (28) 0.00 0.0

Rarbonaat (30) 0.00 0.0

Bikarbonaat(61) 2.15 131.2

Totaal, Subtotaal 3.82 201.1 Totale 397 282.5
Min 65.6 *
Totale Opgeloste Stowwe 216.9

Na Karbonaat(53) 0.00 0 Tyd KHarcheid (50) 2.10 105

Na Bikarbonaat(84) 0.05 4 Pez= Harcdheid(S0) 0.00 0

Alkaliteit (50) 2.15 108

pH PHS NAV Electriese Geleidingsvermoe
7.60 7.99 1.64 35.0 mS/m by 25 grade C

VAN: Direkteur N.I.G.B. NAMENS: o . Oveu

pP/Sak X79, Pretoria W.N.N.R. WATER SOuece 1

VERW:

DATUOM: 91/06/20 Sender No: No 2

KWITANSTE NO: R 39.00 Cmyp |

BESONDERHKEDE VAN WATER MONSTER

KENMERK VAN HOUER: Plastiek Bottel

LAG “O!IMER: 79-90/91

* RKorreksie vir eaige Exqtiqe Stowwe, HCO3/2 of.. HCl+HMNC3I+HF». ..




trial 1

trt—2 | RE:

- . v XE
1 m AT -
SN L UUR
T T R— P e i
WAVJURS LG a L vVa v —earnOZ 0
-t W ~ Y
SFamvaas A
. - - - . s InL
A . 3 warrtaaw s 4 L -~ 4 -
' ® " - - — — =
13 nwq o 16 , . S Nartrius 1.8 41 8
» > - - s £ o 4 ” ] - - . " . ™~ R =
Py - . V. VL AalliLll s
8- aas D4 - - ~a.S1LC2 &V ‘o . ’
-, - o : 16 2 Marmas -t ‘. A T -
1 4 & AgNeslu -
slU.sdat - -8, ster «S v .
. > 33"
A 3 ) ¢ . L F
~ S - -
o % B ag e ad’ ¢ ’
A Larbonaat § — —
. .. . v - SIIT »
A % 3 - - - .
-2 -~ 3 Sen y .
KN 2ANSIE N k ’
- n 7 " . -
- N . - | 2 v - ' - . o
e SV - " - o T Pep—
- POSTEeRsS.E - Clla g Vawny uay < 5 S : = «HND S e} .




trnial 1
trt—3

VERW No: W2/S

REPUBLIEK VAN 5.A
ADMINISTRASIE VOLKSRAAD
DEPARTEMENT VAN LANDBOU-ONTWIKKELING

KANTOOR

NAVORSINGSINSTITUUT VIR GROND EN BESPROEII
Privaatsak X7S

PRETORIA

0001

14/08/91

WATER ONTLEDINGSVERSLAG NO: W 196-%0/91

RESULTATE: ne/l dpa me/l dpa
Subtotaal 170.0

Fluoried (19) 0.54 10.18 Natrium (23) 2.05 47.2

Nitriet (46) 0.00 0.00 Kalium (39.1) 0.4 .3

Nitraat (62) 0.02 1.2 Kalsium (20) 1.09 21.8

Chloried (35.5) 0.48 17.0 Magnesiux=(12.16) 0.656 8.0

Sulfaat (48) 0.47 22.6 Yster (28) 0.00 0.0

Karbonaat (30) 0.00 0.0

Bikarbonaat(61!) 1.95 119.0

Totaal, Subtcotaal 3.45 17¢.0 Totale 3.54 252.4
Min 59.5 =
Totale Opgeloste Stowwe 192.9

Na Xarbonaat(53) 0.00 0 Tyd Hardheid (S0) 1.75 es

Na Bikarbonaat(84) 0.2 17 Pern Hardheid(50) 0.00 0

Alkaliteit (50) 1.95 a8

PH PHS NAV Electriese Geleidingsvermoe
7.89 8.09% 2:19 32.0 =S/m by 25 grade C
VAN: Direkteur N.I.G.B. NAMENS : J.Meyer
P/Sak X79, Pretoria U. Pretoria

VERNW:

DATUM: 2/8/91 Sender No: No 3.1

KWITANSIE NO: R 39.00 : ' 3 l

BESONDERMNEDE VAN WATER MONSTTER

KENMERK VAN HOUER:

Plastiese Houer

LAE NOLMER:

155-30/91

= Korreksie vir enige viugtige stowwe, HC03/2 of.. HCL+HNO3eHF:...
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ACMINISTRASIE VOLEKSRAAD
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Privaatsax X7%
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ann
www
1a/0ala1
FA* -
WATER NO: W 187-90/8
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NN

trial
REPUSBLIER VAN S.A
w'ater ADMINISTRASIE VOLKSRAAD
SOUrce DEPARTEMENT VAN LANDBOU-ONTWIKKELING
VERW No: W2/5 KANTOOR
NAVORSINGSINSTITUUT VIR GROND EN BESPROEIT
Privaatsak X79
PRETORIA
o001
13/09/1991
WATER ONTLEDINGSVERSLAG NO: W 226- 91/92
RESULTATE: zse/l  dpa ~ o ze/1  cdp=
Subtotaal 146.4
Fluoried (19) 0.00 0.00 Natrium (23) 1.01 23.1
Nitriet (46) 0.00 0.00 Kalium (39.1) 0.14 - P4
Nitraat (62) 0.11 6.8 Kalsium (20) 1.10 22.0
Chloried (35.5) 0.48 17.0 Magnesium(12.16) 0.70 8.5
Sulfaat (48) 0.52 25.0 Yster (28) 0.00 0.0
Rarbonaat (30) 0.00 0.0
Bikarbonaat(61) 1.60 97.6
Totaal, Subtotaal 2.7 146.4 Totale 2.95 205.5
Min 48.8 *
Totale Opgeloste Stowwe 156.7
Na Karbonaat(53) 0.00 0 Tyd Harcdheid (50) 1.60 80
Na Bikarbonaat(84) 0.00 0 Perm Hardheid(50) 0.20 10
Alkaliteit (S0) 1.60 80
pH pHS NAV Electriese Geleidingsvernoe
7.59 8.16 1.06 29.0 =mS/m by 25 grade C
VAN: Direkteur N.I.G.B. NAMENS : J. Meyer
P/sak X79, Pretoria Universiteit Pretoria
VERW:
DATUM: 91/09/10 Sender No: No 1
r
KWITANSTE NO: R3S.00 oup

BESONDERBHBEDE VAN WATPFR MONSTER

FENMERK VAN ROUER: Plastiek Houer

LAB NOMMER: 226- 91/92

* Korreksie Vir enige vluqtigé_gfowwg, HCO3/2 of.. HCL+ENO3+HF+.
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trial 1 REPUBLIPX VAN S.A
ADMINISTRASIE VOLKSRAAD
trt— 3 DEPARTEMENT VAN LANDBOU-ONTWIKKELING

VERW No: W2/5

KANTOOR

NAVORSINGSINSTITUUT VIR GROND EN BESPROEIINC
Privaatsak X79

PRETORIA

0001

13/09/1951

WATER ONTLEDINGSVERSLAG NO: W 228- 91/92

RESULTATE: me/l dpm me/l dpm
Subtotaal 185.7

Fluoried (19) 0.61 11.50 Natriu= (23) 1.85 42.6

Nitriet (46) 0.00 0.00 Raliua (39.1) 0.17 6.5

Nitraat (62) 0.10 6.2 Kalsium (20) el 23.0

Chloried (35.5) 0.53 18.8 Magnesium(12.16) 0.75 9.1

Sulfaat (48) 0.63 30.2 Yster (28) 0.00 0.0

Rarbonaat (30) 0.00 0.0

Bikarbonaat(61) 1.95 119.0

Totaal, Subtotaal 3.82 185.7 Totale 398 267.0
Min SS.S =
Totale Opgeloste Stowwe 207.5

Na Rarbonaat(53) 0.00 0 Tyd Hardheid (50) 1.50 S5

Na Bikarbonaat(84) 0.05 4 Pera Hardheid(S0) 0.00 0

Alkaliteit (50) 1.95 98

pH PHS T NAv Electriese Geleidingsvernoe
7.34 8.07 1.90 37.0 =aS/m by 25 grade C

VAN: Direkteur N.I.G.B,
P/sak X79, Pretoria
VERW:

DATUM: 91/09/10

EWITANSIE NO:

NAMENS : J. Meyer

Universiteit Pretoria

Sender No: No 3

R39.00 ("“PB

BEZONDERHEDE VAN

KENMZRK VAN HOUER: Plastiek Houer

WATER MONSTER

LAB NOMMER: 228~ 91/92

* FKorreksic vir enige viugtige stowwe, HCO3/7 of.. HCl+ENO3i’s...
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trial 1 ADMINISTRASIE VOLKSRAAD
trt—4 DEPARTEMENT VAN LANDBOU-ONTWIKKELING
VERW No: wW2/5 FANTOOR

RAVORSINGSINSTITUUT VIR GROND EN BESPROEII
Privaatsak X79

PRETORIA

0001

27/01/1992

WATER ONTLEDINGSVERSLAG NO: W 338- 91/92

RESULTATE: ne/l dpe me/l dpa
Subtotaal 187.3
Fluoried (19) 0.84 15.98 Natriuva (23) 31.0
Nitriet (46) 0.00 0.00 Kalium (39.1) 0.20 8.0
Nitraat (62) 0.12 7.4 Ralsgium (20) 1.05 21.0
Chloried (35.5) 0.93 33.0 Magnesium(12.16) 0.95 11.6
Sulfaat (48) 0.82 39.4 Yster (28) 0.00 0.0
Karbonaat (30) 0.00 0.0
Bikarbonaat(61) 1.50 91.5
Totaal, Subtotaal 4.1 187.3 Totale 3.55 258.9
Min 45.8 «
Totale Opgeloste Stowwe 2131
Na Rarbonaat(53) 0.00 0 Tyd Hardheid (50) 1.50 75
Na Bikarbonaat(84) 0.00 0 Pera Hardheid(50) 0.50 3
Alkaliteit (50) 1.50 75
pH pHS NAV Electriese Gc!cxdingsvcrxoe
8.06 8.22 1.35 42.0 =S/m by 25 grade C
VAN: Direkteur N.I.G.B. NAMENS : J.A. Meyer
P/sak X79, Pretoria Universiteit Pretoria
VERW:
DATUM: 92/01/15 Sender No: 4
f
KWITANSIE NO: R39.00 VWP

nowply .

BESONDERBEEDE VAN WATER MONSTER'

KENXMERKE VAN ROUER: Plastiese Bottel

LAB NOMMER: 338- 91/92

* FKorreksie vir enige viugtige stowwe, HCO3/2 of.. HCL+HNO3+HF+...




trt—5 REPUBLIER VAN S.A
ADMINISTRASTE VOLESRAAD
DEPARTEMENT VAN LANDBOU-ONTWIEKERELING

VERW No: wW2/5 EANTOOR

RAVORSINGSINET
Privaatsak X79
PRETORIA

0001

ITUOUT VIR

‘_
:
L&

EN BESPROEI:

27/01/1992

WATER ONTLEDINCSVERSLAG NO: W 23239- 91/82

RESULTATE: me/l dpa ze/l dpa
Subtotaal 202.2

FPluoried (15) 1.47 24.05 Natrium (23) 1.42 32.7

Nitriet (46) 0.00 0.00 Kalium (39.1) .21 8.1

Nitraat (62) 0.12 7.4 Ralsiu= (20) 1.10 22.0

Chloried (35.5 0.95 33.7 Magnesiu=(12.16) 1.00 12.3

Sulfaat (48) 0.82 39.4 Yster (28) 0.CC 0.0

Karbonaat (30) 0.00 0.0

Bikarbonaat (61 1.60 97.6

Totaal, Subtotaal 4.76 202.2 Totale 7 2772
Min 48.8 *»
Totale Opgeloste Stowwe 228.4

Na Farbonaat(s53) 0 C Tyd Eardheid ( &0 80

Na Bikarbonaat (B84 0.60 c Perm Hardheid| S0 25

Alkaliteit (S50) 1.60 8c

pH pHS NAV Plectriese Geleirdingsver=oe
B8.33 8 18 1.36 45.0 =S5/a by 2° grade C
VAN: Direkteur N.I.G.B. NAMENS : J.A. Meyer
) P/sak X79, Pretoria Universiteit Pretoria

VERW

R a%/n1/1¢ Condar N

DASTN: 92/01/19 sencer No:

5w I
Ov.u,)‘? - JMA?JG«;::,{ {'//mé

¥
= rUdfu camply

35;;.“.}3‘1‘:.‘:?’):’: YVAN WATER NONST™?P®

=

FENMERK VAN EQUER: rlastiese Bottel

LAS NOMMER: 339- 91/52

* Roireks

e vii enuge viugtige stowwe, HCO3/2 of.. HCLleHNCI+HT e,

'

- - ——— — — c— . G ——————




t rial REPUELTEX VAN S.A
ADMINISTRASIE VOLKSRAAD
trt—4 DEPARTEMENT VAN LANDBOU-ONTWIKKELING

VERW No: W2/S KANTOCR

NAVORSINGSINSTITUUT VIR GROND EN BESPROEIIN
Privaatsak X79

PRETORIA

0001

27/01/19%2

WATER ONTLEDINGSVERSLAG NO: W 336- 91/92

RESULTATE: ne/l dpa me/l dpm
Subtotaal 219.6

Fluoried (19) 0.97 18.38 Natrium (23) 1.43 32.8

Nitriet (46) 0.00 0.00 Kalium (39.1) 0.23 9.0

Nitraat (62) 0.20 12.4 Kalsiu=z (20) 1.20 24.0

Chloried (35.5) 1.10 39.1 Magnesium(12.16) 1.10 19.4

Sulfaat (48) 0.96 46.1 Yster (28) 0.00 0.0

Karbonaat (30) 0.00 0.0

Bikarbonaat(61) 1.70 103.7

Totaal, Subtotaal 4.93 219.6 Totale 3.96 298.8
Min 51.9 *
Totale Cpgeloste Stowwe 246.9

Na Karbonaat(S3) 0.00 0 Tyd Hardheid (50) 1.70 8%

Na Bikarbonaat(84) 0.00 0 Perm Hardheid(50) 0.60 30

Alkaliteit (50) 1.70 85

pH pHS NAV Electriese Geleidingsveraoe
7.37 8.12 1.33 48.0 mS/m by 25 grade C

VAN: Direkteur N.I.G.B. NAMENS : J.A. Meyer

P/sak_X79, Pretoria Universiteit Pretoria

VERW:

DATUM: 92/01/15 Sender No: 2.4 e

KWITANSIE NO: R39.00 ’ (F ’ - l
BESONDERBHEDE VAN WATER HONZ?!R gi

FENMERK VAN HOUER: Plastiese Bottel

LAB NOMMER: 336- 91/92

* Kerreksie vir enige viugtige stowwe, KC03/2 of.. HCl+HNO3+HPe...
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RATION FOR SAMM WETHERS FOR TRIAL 2 (tested chemical egquivalent for
protein = 14.6 (balanced to 14.66))

Table J.S. MODERATELY HICH ENERCY DIET (25kq werhers)

FEEOSTUFF INCLUSION ME PROT Ca v F PRICE
RATE (M /kg) (g/kg) (G/kg) (3/Kg) (G/kG) u

Haize mee!l Ji.8an 12.9) o3 0.2 2.0 e 360.00
Kalor: 3000 7.96\ 11.4 20 8.9 c.8 2] 625.50
Tet 42.52\ 7.9 60 1 ¢ 329 200.00
cCotronseec 1%.02% al.?73 487 .S i3 .% 16E 720.00
Urea 0.52%2 2860 $%0.00
Feed limeg 0.60n 38C.C 3l .00
NaHCO, 0.50\ 187¢6.00
CiCaP 0.50% c60.C e8v.3 £8%.29
Salt (Nacl) .54y 80.00

TOTAL 100. 00V 10.18 146.6 5.2 3.7 179 RI6.26




trial 2

water REPUBLIER VAN S.A
source ADMINISTRASIE VOLESRAAD
DEPARTEMENT VAN LANDBOU-ONTWIKEELINC
~VERW-NOT W2/5S— KANTOOR

NAVORSINGSINSTITUUT VIR GROND EN BESPROEIING
Privaatsak X79

PRETORIA

0001

1861/92

WATER ONTLEDINGSVERSLAG NO: W 428 S1/92

RESULTATE: ze/l doa =e/1 e
Subtotaal 200.4
Pluoried (19) 0.00 0.00 Natriua (23) 0.56 12.8
Nitriet (46) .00 0.00C Faliua (35.1) 0.01 0.%
Nitraat (62) 0.29 18.0 Kalsium (20) 1.40 25.0
Chloried (35.5) 0.72 25.6 Magnesiu=(12.16 1.55 18.8
Sulfaat (48) 0.09 4.3 Yster (28) 0.00 0.0
Karbonaat (30) 0.00 0.0
Bikarbonaat(61) 2.50 152.5
Totaal, Subtotaal 3.60 200.4 Totale 3.92 260.5
Min 76.3 =
Totale Opgeloste Stowwe 184.2
Na Rarbcnaat(S3) 0.00 C Tyd Hardheid (50) 2.50 125
Na Bikarbonaat(84) 0.00 0 Perz Harcheid(50) 0.45 23
Alkaliteit (50) 2.50 125
pE pHS NAY Plectriese Gelerdingsversoe
P T 7.87 .46 31.0 =S/m by 25 grade C
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DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE :MWI TRT 1-4&
= FOR TRIAL 2

DUNCAN GROUPING MEAN N TRT

A 70 3
A 70 1
B 70 o
C 70 2

(Means with the same letter are not significantly different)
TRT Control

Fluoride
Chloride
Sulphate

& W
(3 ]

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - CONTROL GROUP
DAYS (1-70)
— e ————

—_——— ————
DUNCAN GROUPING MEAN N WEEK
A 7.0514 7 g
, 5 6.2343 7 7
c . 5.6114 7 s
c o 5.5750 7 10
c D $.2771 7 2
c D 5.1829 ? 3
c D 5.1686 7 4
c D 5.1543 7 B
c D 4.8657 ? <
D 4.7114 7 1

e ——
(Means with the Same lettier are not signitficantly diffterent)

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - FLUORIDE
GROUP DAYS (1-70)

DUNCAN GROUPING MEAN N WEEK
. 5286 7
. 4686
.3400
.2686
.0743
.9914
.77
.7200
L6629 :
.£343 ?
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Means with tThe same letter are not significant.y ciite
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DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - CHLORIDE DAYS
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DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - SULPHATE GROUP DAYS (1-70
DUNCAN GROUPING MEAN N WEES
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NCAN MULTIPLE ANGE TEST FOR VARIAALE M - CHLORIDE GROUP DAYS 1=70)
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DUNCAN'S MULT RANGE TEST 1} VAR L M -0 ~= DAYS 1=40
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DUNCAN'S MULTIPLE RANGE TEST FOR VARIABRLE: MWI - SULPEATE GROUP - DAYS (1~
70) - (BY TRT)

DUNCAN GROUPING MEAN N DAYS
A 5.763 3 3

B A 5.453 3 7

B A 5.380 3 5

B A 4.898 § 1

B L) 4.814 5 2

a8 A 4.325 2 e

B A 4.025 2 4

8 3.015 2 &

S —— ﬁ
(Means with the same letter are not significantly different)

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - CHLORIDE GROUP - DAYS (40~
70) = (BY TRT)

DUNCAN GCROUPING MEAN N DAYS
A 7.4425 < S
B A 6.9750 - 6
B A C 6.5375% K 4
B A C 6.4525 - 7
B A C 6.3075% - 3
B A C 6.1050 “ 2
B D c 5.572% E 1
D C 5.3100 B 8
D C 5.2375% < 9
| D c 5.1440 S 10
; D 4.4380 5 11
(Means with the same .etter are not significantly cifierent)

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWl - SULPHATE GROUP - DAYS (1~
0

o — — e

DUNCAN CROUPINC MEAN N JAYS

A 5.&000 3 3

A 5.4780 < 2
| A £.46133 3 S
| A 5.0500 5 1
| A 4.2200 2 "
| A 4.1050 2 4

x

eans with the same letter are not signiticantly different)

DUNCAN'S MULTIPLE RANGE TEST FOR VARIABLE: MWI - FLUORIDE FOR - (SELECTED
INTERVALS)

T

DUNCAN GROUPING MEAN N DAYS

. 6080
. 5060
. 2800
4.1533
3.8800
3.8100
3.4300
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PEARSON CORRELATION COEFFICIENTS FOR SULPHEATE GROUP - DAYS (&0-70)

MWI 0.23502 0.436%0 0.45477
0.5753 0.2791 0.2576
- —_— - = —
* Significance .level p<C.05. 2
MEANS AND STANDARD DEVIATIONS FOR THYROID GLAND WEIGHT AND HOT CARCASS
WEIGHT FOR TRIAL 2
LEVEL OF N THY ‘ HOoM T’
TRT MEAN SC MEAN sC {
| . i
R 2 g - 5S 0.16 | &5 . 1.89 I'
! . - 1.47 C.54 | 22.4 5
K | 5 1.48 0.2 | 25 2.22 !I
| & | S 1.20 .32 | 24 48
L — —r — — — ]

TRIAL 2 : THYROID GLAND WEIGHT AND HOT CARCASS WEIGHT VALUES
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TRIAL 2

: [F] IN METACARPAL BONE SAMPLES AND REAL F INTAKE
u=a :

TRT ; [F] in bone (ppm) Real F intake (g/70 H
days)
2 787.0 4446.5
2 707.1 4446.4
2 $38.7 4272.1
2 1030.9 4272.5
2 665.9 3699.3
2 6€38.5 3699.0
2 982.4 4883.1
2 861.B 4550.1
2 841.1 4550.5
2 802.1 7581.5
1 §26.5 7581.4
1 §73.3 6308.3
1 741.3 6£308.4
1 586.8 §131.3
{ 1 | 613.0 §131.4
| 1 646.9 3625.4
| 1 689.3 3625.3
| 1 688.7 5680.8
| 1 682.5 $680.9
| 1 | 858.1
TRT - 1 = SALINE WATER
2 = FRESH WATER
TRIAL 2 : Neansg:gd :tanﬂfd deviations for Livcvcights (1-9)
bL;g}gefggz __"___‘FIRT Mean s.D.
Lwl 1 32.8 1.10
| 2 2.2 | 3.56
| 3 2.8 | 1.30
|4 32.8 | 1.30 -
| Lw2 | 1 33.6 { 1.95
| 2 33.6 4.51
. | k| 34.0 | 1.58
— | 4 34.2 | 2.38
LW3 | 1 36.0 | 2.55
b | 2 i 35.8 4.20
i | 3 | 36.2 1.64
: | 4 36.0 2.73
LW4 1 38.0 2.74
2 | 37.6 5.94
3 | 38.6 1.95
| | 38.8 3.49
LWS ) 39,2 2.38
l 2 38,6 5.12
i 3 39.¢& 2.16
| é o | 39.4 - 3.04
| Lweé 1 41.4 3.36
| 2 40.4 $.83
f 3 41.6 | 2.88
’ 4 41.6 | 2.70
}LwY 1 42.4 | 3.68
1 2 40.3 4.57
1 3 $2.6 2.60
| 4 43.2 3.19
| Lwe 1 43.8 3.70
' 2 41.8 4.99
3 46.0 3.8)
| 4 45.4 2.88 |
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AVENAVE FEEL inTAKE rvR Thainu
- — e —————

AVERAGE FEED INTAKE FOR TRAIL 2

on SHEEP NUMBER
18 Kl 1 3 19 16 11 17 15 13 9 6 21 22 20 8 12 2 7 14

2.b2 2.06 | 2.34 | 1.59 | 2.20 | 1.61 1.77 | 2.20 | 2.40 | 2.41 | 2.04 | 2.06 | 2.04 | 2.42 | 2.12 | 1.64 | 2.31 | 2.07 | 2.36 | 2.7

2.08 ) 2.13 | 2.59 | 2.02 | 2.15 | 1.83 | 2.2)1 | 2.35 | 2.33 | 2.34 |2.26 | 2.21 | 2.15 | 1.85 | 2.46 | 1.86 | 2.34 | 2.22 | 2.05 | 2.51

2.01 | 2.38 | 2.41 |1.73 |1.63 | 1.17 | 2.03 |1.28 |1.96 | 2.16 | 2.09 | 2.02 | 2.53 |1.86 | 2.49 | 1.71 | 2.16 | 2.20 | 2.21 | 2.51

1.96 | 1.89 | 2.20 | 1.70 | 1.82 ] 1.23 | 1.80 | 1.51 1.80 | 1.98 | 2.05 | 1.90 | 2.42 | 1.61 | 2.2] 1.57 [ 2.10 | 1.95 | 1.88 | 2.25

W a W N e

1.84 | 1.73 | 2.13 | 1.59 | 2.02 | 1.48 | 1.64 | 1.72 | 1.42 | 1.49 |1.88 | 1.67 |2.18 | 1,35 |1.88 | 1.45 |1.92 |1.63 |1.65 | 1.98

IAQ 2.02 1 1.86 | 2.12 1.65 | 1.89 1.28 1.32 1.61 > 1.5 | 2.18 1.85 | 1.76 | 1.46 | 2.03 | 1.57 1.99 11.78 | 1.99 | 2.15
I 7 2.01 1.90 | 2.0S 1.80 | 1.90 1.45 1.50 1.78 s 1.48 | 2.02 1.90 | 1.96 | 1.57 | 1.82 1.68 | 1.92 | 1.65 | 2.02 | 2.20
8 1.65 1.72 1.86 1.67 1.98 1.38 1.69 1.82 . 1.76 2.10 1.82 2.25 1.42 1.96 1.88 2.05 1.74 1.94 1.98
9 1.73 | 1.66 | 1.98 | 1.69 | 1.91 1.34 1.80 1.78 . 1.85 | 2.16 | 1.95 | 2.55 | 1.45 |1.25 |1.84 | 2.14 | 1.85 [1.78 | 2.00
10 ] 2.34 | 1.74 | 2.20 | 1.85 | 2.04 | 1.68 | 1.86 1.79 . a-1% 12.03 123.2% 1 2.43 11.74 '] 2.9 1.95 |1 2.29 | 2.18 | 1.84 | 2,01
- — e S AL S Wt S
TREATMENTS:
CONTROL CHLORIDE SULPHATE FLUORIDE
iB 16 Kl f
4 11 6 12
1 17 21 2
3 15 22 7

19 13 20 14




Trial 2 : Blood samples
CHLORIDE (MMOL/L) BLOOD SAMPLES
Sheep SAMPLE
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Trial 2 : Urine samples

CHLORIDE and CREATININE (MMOL/L) URINE SAMPLES

Sheep no. SAMPLE
1 2
Cl Creat Cl Creat Cl

- | 362 B 354 5.4 626
2 107 2.4 173 3.8 154
3 261 5.2 325 6.2 486
4 275 7.0 290 4.1 450
S . . .

6 134 1.8 28B4 5.0 357
7 7S 1.3 . . 202
8 . . 180 4.3 228

w

312 7.0 413 7.3 324

—
o
.

11 369 6.6 411 2.2 392
12 21 1.5 122 2.3 .

13 234 1.9 336 1.7 418
14 93 1.2 . . 133
15 344 5.8 319 2.4 .

16 288 6.5 275 1.8 412
17 364 1.5 484 3.8 524
b 260 2.5 282 1.9 392
19 . . 394 5.5 438
20 190 2.3 85 1.0 341
21 . . 115 1.5 304

22 69 1.4 276 5.9 240

3

Creat
6.9
5.4
2.3
1.4
11.9
7.4
8.2
10.1
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Fakulteit Veearisenykunoe
epartement Patciogie
Fassnr 1012) 546 0047
10 Junie 1882
Mnr T de Sruyn
Bestuurder Kleinvee-genheid
Universiteit van Pretoria
PATOLOGIEVERSLAG
Oﬂs verwysing: 3116'\—_‘ (\-.
Datum ontvang: 10 Jumie 1982
Eienaar: Universiteit van Pretoria
Adres: Martield
Tel: (M) (W) 437311 uitbr 232
Diersoort: Ovine Geslag: Manlix 1D/ Naam: Nr 15 Rooi corplaayie
Monster: Karkas
UITSLAG: ..-ahqe eceer“ van die brein. Matige nefrose. Erge kongeste van die milt
Haemon s gontortyus 1+ Trichuris gvis 1 »
Histopatologie: Matige brein eceem veral in die hippokampus en serebelium en plek-plex in grysstof
van serebrum. Erge nefrose (degenerasie en nekrose van kronkelbuisselle met hialien druppel
gégehE'afle en proteen Cruppelis n gig¢ lumens) met heelwat ney "3’-'?!6 INtersusiee! in nmerkoneks
teenwoordig. Die nier madulla was erg kongestief gewees. Mauge fokaal gecissemineerce nekrose
van cie lewer
Kommentaar: Die brein letsels kan wees as cevolg van sout vergiftiging of tiamien {vit B1) tekorn
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'n infeksiesiekte nie.
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M.G. Colle‘:: MMedVerPath)

Mede Professor : Departement Patologie
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17 Junie 1

Koste van hierdie ondersoek: R35-00 -
Faktyurmnommer:

canonus.

ligte, akute serebrokortikale nexrose
Hulle mag a.Q.v. skok wees. Die lewer letsels kan toksies van

verwews. Tredeon, e men =)

Key words: Sheep, suspected cerebrocortical necrosis, nephros
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