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Abstract: Wakwa is an intensive cattle-grazing area in Northern Cameroon. The present study was carried out
to determine the physico-chemical characteristics of different samples of spring waters commonly consumed
by cattles in this area. Water samples were collected 1n dry season (February and April) of 2002 from four
(Walkwa Palestine, Massagali, Djomtari and T.ahoré Vina) springs and analysed for their mineral (N, C1, PO,*,
HCO,, Ca, Mg, Mn, Al, Zn, Cu, Fe, ammoniacal nitrogen) and organic matter content using appropriate and
current analytical methods (Absorption spectrophotometer, Inductive Coupled Plasma Atomic Emission
spectrometry (ICP-AES) and Colorimetry). Mineral content of the waters was found to vary very significantly
(p<0.05) with sources. Of all the springs, that of Lahoré Vina was found to contain the highest levels of such
elements as HCO;, Na, Ca, the Mg, Na and K. In general, the levels of Mn and organic matter (0.05 mg, 1.4 mg
of O], respectively) found in the Tahoré Vina springs were higher than the E.P.A recommended levels. Equally
high in these waters were the levels of such trace elements as Al and Mn. Zinc concentrations were highest
i waters obtained from Wakwa Palestine Springs. Iron levels in the different waters did not vary with source.
Based on an average daily consumption of 21 litres a day water from the Lahoré Vina springs grazing animals
could meet their requirements of Na and Ca. On the same basis, the other sources can supply only about 14%
and 5% of daily requirements for Na and Calcium.
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INTRODUCTION In most tropical countries, grazing cattle generally
use surface water like rivers or lakes as well as the springs
to satisfy their requirement of water. Because of the

universal solvent action of water, many chemical elements

Water 18 an important requirement for ammals. It
accounts for 50-80% of an animal weight and 1s involved
1 every physiological process: transport of nutrients and
other compounds to and from cells; digestion and
metabolism of nutrients, takes part in the metabolic

and compounds are found in solution as 1ons, molecules
and radicals™. The quality of ground water consumed by
grazing ammals 13 of much importance especially with

reactions, elimination of waste materials by urine, feces
and respiration'!. While the water found in plants is
absorbed directly from the ground, that in man and
animals, is obtained through daily intake with food.
Several factors such as physiological state, Mille Yield
(MY), Dry Matter Intake (DMI), body size, rate and extent
of activity, diet composition mcluding types of feedstuffs
quantity of milk produced? influence the quantity of dry
matter intake™ a high consumption of fodder increases the
water requirements because of the loss of water by feces

and urinest.

respect to thewr growth and reproduction. In this
conmnection such waters need to be characterised with
respect to such factors as organoleptic properties (odor
and taste), physiochemical properties (pH, total dissolved
solids, total dissolved oxygen and hardness) presence of
toxic compounds (heavy metals, minerals,
organophosphates and  hydrocarbons), presence of
excess minerals or compounds (nitrates, sodium, sulfates
and iron) and presence of bacteria'. Although water is

toxic

not a major source of minerals, all essential mineral
elements occur to some extent in water™™. To some extent
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and depending on the source the salt (NaCl) and to a
lesser degree, Ca, S and Mg, may be present in significant
quantities m water for some species'”
contribute to the satisfaction of the daily requirements of
the animals drinking such waters.

In Adamawa Province which 1s a major cattle rearing
area of Cameroon, there are several mineral springs which
have long been known and used by shepherds for mineral
cures of animals’?. A number of these have been
characterised as producing waters of high concentrations
of such minerals as Na, K, Ca and Mg™” and as such may
be making significant contributions to the mineral
requirements of the grazing cattle that drink from them.
Generally, such grown waters have been reported to be
easily contaminated'™'?. According to Nunez-Delgado™™,
the faecal droppings of cattle represents an important
source of mineral and organic matter contamination of
such waters. Other forms of contamination of such waters
have been reported to decrease their overall
performance ™. As of now, no specific studies have
been carried out to determine the contribution of spring
waters to the mineral intake of grazing animals in the
Adamawa region. A knowledge of the exact composition
of these waters will be necessary to attain this goal.

The present study was therefore carried out to
determine the physicochemical quality of some spring
waters of the cattle rearing region of Wakwa m Cameroon
80 as to ascertain their potential as source of mineral for
animal nutrition.

and as such

MATERIALS AND METHODS

For the present study, four mineral water sources
(Masagali, Djomtari, Lahoré Palestine and Lahoré Vina) in
the Wakwa (located at about 10km from Ngaoundere),
commonly visited by grazing animals were selected
for water sampling. These sources were springs that had
over the years been converted mto wells to satisify the
mcreasing water needs of grazing ammals i the
region**”. The geographical co-ordinates of these
different sources are as represented in Table 1. Walkwa is
located m a soudano-Guinean climate with one dry season
which generally goes from November to March and one
rainy season which goes from April to October™. The
sampling were carried out in dry season (February and
April) which 15 the period during which the ghest
numbers of cattle visit the sources for water. Samples
were collected in cleaned polypropylene bottles and
quickly  transported the laboratory for mineral
chemical analysis.

Water pH was determined using a portable
pH-meter (PICCOLO-ATC brand) while conductivity (x)

to
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Table 1: Geographical sitiation of the points of sampling

Sampling points Longitude Latitude

‘Wakwa palestine 7°25783N 13°54194E
Djomtari 7°22132N 13°60731E
Massagali 7°21713N 13°59775E
Lahoré Vina 7°21983N 13°60102E

was determined using a TACUSSEL CD-60 resistivimeter.
While the bicarbonates, carbonates and chlorides content
were determined by titrimetric methods!” the sulphates
and nitrates levels in samples assayed according to the
colorimetric methods described by Rodier™ Also a
method described Rodier™ which makes use of the
oxidative properties of permanganate was employed in the
determination of the organic matter content of samples.

Samples passed through a 0.2 pm filter were digested
with concentrated nitric acid and analysed for calcium,
magnesiumn, sodium, ron, aluminium, manganese and zine
using Inductive Coupled Plasma Atomic Emission
spectrometry (ICP-AES) while copper content was
assayed using .atomic absorption spectrophotometry
(Varian SpectrAA-600).

All analysis were carried out in duplicate and all data
obtained were subjected to statistical analysis by
ANOVA. In the case of significant variation, Duncan
Multiple Range Test (DMRT) was use to copper
individual means. All statistical analyses were carried out
using the software S-Plus 2000.

Based on the assumption that tropical cattle about
20.9L of water in dry season!”, the results of the chemical
analysis of the waters were used to estimate the daily
mineral intake of the amimals from the different sources.
Estimation assumed an average body weight of 250 kg live
weight per animal (tropical livestock umt) and a daily food
intake of 6.25 kg dry matter™?". These figures were used
1n the calculation of the daily requirement of cattle for the
different minerals analysed. Tn this respect, the following
recommendation of the expected mineral composition per
kg dry weight of forage was taken in to consideration!®!:
0.3% (Ca), 0.2% (Mg), 0.06% (Na), 0.8% (K}, 40 mg kg ™'

(Mn), 50 mg kg™ (Fe), 30 mg kg™ (Zn) and
10 mg kg (Fe).
RESULTS AND DISCUSSION

pH., organic matter and ammoniacal nitrogen: Analysis
of results of the pH measurements for the different water
samples exhibited a variation between 6.07 and 7.12
(Table 2). The recorded pH wvalues fall within the
acceptable range (6 and 8.5 for cattle™.

On a comparative basis, water from the Lahoré Vina
source contained the highest amount of organic matter
(OM) (10.5-22.4 mg of O/1). OM values for the other
sources ranged between 0.7 and 4.7 mg of O,/1. The high
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Table 2: Physical characteristics and major minerals concentration

Point d'eau Mois pH % (us) HCO, (mg 1™ Cl (mgl™ 80,(mgl™) Ca(mgl™ Mg (mgl™) Na(mgl™h K (mgl™
Wakwa February 7.12 321.35 331.78+0.75 6.66+0.13 4.15+0352 1.53+0.01 14.11+0.03 2.58+1.98 3.46+0.18
palestine T April 6.84 356.07 332.31+3.00 1997+0.13  5.04+0.22 17.47+0.21 14.11+0.13 5.06+2.27 13.33+0.35
Means 6.98+0.16" 338.71+20.05° 332.05+1.81° 13.31+7.69° 4.60+1.00° 19.50+2.35* 14.11+0.08* 2.32+1.61* 8.4045.70*
Djomtari February 7.04 219.19 202.25+0.75 2.57+0.13 2.65+£0.11 11.80+0.02 11.58+0.27 11.73+0.36 4.71£0.18
April 6.66 165.90 180.04+3.88 5.44+0.09 3.52+0.05 11.44+0.12 10.02+0.01 3.21+0.44 12.83+0.71
Means 6.85+0.22% 192.55£30.77* 191.15+£13.02* 4.01+1.66* 3.10+£0.59* 11.62+0.22* 10.80+0.91* 12.47+0.91* 8.77+4.71*
Massagali February 6.45 202.34 201.72+1.50 11274013 1.76+035 15.41+0.02 19.42+0.74 4.71+0.76 1.71+0.18
April 6.36 226.87 207.56+0.75 3.11+0.13 3341022 15.67+0.07 8.67+035 1.79+1.22 5.21£0.18
Means 6.4140.05* 214.61+14.17* 204.64+3.51* 7.1944.72®  2.55+1.10° 15.54+0.15* 14.04+6.23* 4.02+1.30* 3.46+2.02*
Lahoré Vina February 6.96 4711.94 2749.80+135.13 89.7326.40 13.75+£0.34 404.53£10.77  130.84+8.92  291.40+£2.76 58.46+4.42
April 6.92 4897.25 2590.54+30.03 §7.33+1.00 13.44+0.13 380.90+9.88 139.2145.75 269.51+1.00 65.95+£3.01
Means 6.94+0.02%  4804.59+106.99° 2672.96+121.47° 88.53£3.9%° 13.60+0.27° 392.72416.04°  135.02+7.81" 280.45+17.58° 62.21+531°

Table 3: Estimated major mineral intake of an average 250 kg cattle

Ca(g) Mg (g) Na(g) Kig)
Daily requirement* 18.8 12.5 3.8 50
Lahoré vina 7.28-8.45 2.66-2.73 5.15-6.09 1.22-1.26
Others springs 0.22-0.45 0.17-0.27 0.23-0.48 0.04-0.25

*Calculated from a daily food intake of 6.2 kg dry matter

concentration of OM recorded for water samples from the
Lahoré Vma may be due to the fact that the water
contained in this source is practically stagnant and as
such, the activity of biological organisms could have
contributed to raise the OM content. In addition, this
particular water source showed less signs of pollution as
evidenced by levels of such pollutants as N-NH,, NO, and
PO,*. Except of Wakwa Palestine source with a nitrate
level of 0.05 mg 1" of NO,, all other sources contained on
the average less that than 0.01 mg 1™ of N-NH,, NC; and
the PO,%.

Conductivity and mineral content: Conductivity of the
different samples varied sigmficantly (p<0.05) with
sources with individual values ranging between 180 and
2750 ps. The kind of spring significantly mfluences this
variation. Water of the Lahoré Vina had Ighest
conductivity compared to that of the other sources.
Conductivity values for water samples taken from the
Lahoré Vina varied from 4712 to 4897 s as against 166 to
356 ps for the other sources. As such the conductivity of
waters from the Lahoré Vina source highly the limiting
level of 2500 ps, recommended for water for grazing
animals. The high levels of conductivity observed in the
samples of water from Lahore Vina directly translate its
relatively high content major mineral as opposed to the
other sources.

The Table 2 shows the anions content of the
different water sources. The levels of the different anions
measured are lower than the critical recommendation for
cattle water. The exception to this observation was in the
case of the Lahoré Vina water source with which
contained HCO; (2750 and 2590 mg 1™') in amounts much
higher than the recommended limit (1000 mg ') for water
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for cattle. The levels of Ca, Mg, Na and K were equally
quite high in samples taken from the Lahoré Vina source.
With particular reference to Ca, Mg and K values
recorded in the samples from the Lahoré Vina were higher
that those recommended for water for cattle. The level of
Na m samples from this source was relatively high
{269 and 291 mg 1'"). On the whole the water from the
Lahoré Vina is saline in nature. It has been shown that the
consumption of water of high salt content tend to
increase water intake and decrease the quantity of milk
secretion in cattle!. With particular reference to the effect
of mineral consumption on milk production, there are
other studies that tend to support a contrary view!™.
According to these authors it 18 the consumption of high
levels of chloride and sulfate and not sodium that is
detrimental to milk production. Based on this later view
point, it can be said that the waters from the different
sources in Wakwa do not pose any danger to milk
production as their levels of Cl and weak SO, are
quite low.

On a general basis, the different sources studied are
likely to make sigmficant contributions to the daily mineral
intake of grazing amimals which drink from them. Table 3
shows the estimated major mineral mtake of an average
250 kg cattle from the different sources. A cow of that size
drinking fully from the Lahoré of Vina source would be
consuming about 1.2 to 1.3 g/day, of potassium which
represents about 2.6 to 2.9% of it recommended daily
intake. Similar estimates made using concentration values
of the other waters show that the average intake of
potassium would be much lower and within the range of
0.03 to 0.59% of daily potassium requirement. Other the
apparent estimated daily potassium intake from the other
are low, there 1s no course for alarm as it has been shown
that tropical amumals obtain sufficient potassium through
grazing™>™,

With respect to magnesium nutrition, it has been
reported that tropical pastures are generally low in their
content of this mineral and as such tend not to satisfy the
daily requirements of animals which graze on them'®”. The
magnesium profile of the different water sources do not
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Table 4: Trace minerals concentration

Fe Total soluble Fe MO (mg N,
Point d'eau Date Al(mgThH (mg I (mg I') Mn (mg I™) Zn (mg I'") d'0y/0) (mg 1™)
Wakwa palestine  February 0.39+0.07 0.15+0.01 <0.01 < 0.01 0.11£0.00 1.30+0.14 < 0.01
April 0.07+0.02 0.19+0.03 0.20+£0.02 < 0.01 0.06+0.00 3.70+0.14 0.05+£0.05
Means 0.23+0.1% 0.17£0.03* 0.10+£0.12° < 0.01° 0.09+0.03" 2.50+1.3%° 0.03+£0.04°
Djomtari February 0.30+0.02 0.28+0.04 0.06+0.01 < 0.01 0.02+0.00 4.30+0.14 < 0.01
April 0.24+0.01 0.07£0.02 <0.01 < 0.01 0.04+0.00 0.65+0.07 < 0.01
Means 0.27+0.04% 0.18:0.12° 0.03+0.04° < 0.01° 0.03+0.01* 2.48+2.11* < 0.01°
Massagali February 0.17+0.04 0.05£0.02 <0.01 0.02+0.02 0.02+0.00 1.50+0.28 < 0.01
April 0.05+0.02 0.04£0.01 0.06+0.00 0.02+0.01 0.02+0.00 4.70+0.14 < 0.01
Means 0.11+0.07a 0.05£0.01* 0.03+0.03* 0.02+0.01% 0.02+0. 007 3.10+1.86% < 0.01°
Lahoré vina February 0.33+0.03 2.53+0.48 0.11+£0.02 0.10£0.03 0.02+0.00 22.40+1.84 < 0.01
April 0.51+0.04 0.27£0.01 <0.01 0.00£0.00 0.03+0.00 10.45+0.35 < 0.01
Means 0.42+0.10° 1.40£1.33" 0.05+0.06 0.05+0.06° 0.02+0,01* 16.43+6.98° < 0.01°

Table 5: Estimated trace mineral intake of an average 250 kg cattle

Al (mg) Fe (mg) Mn(mg)  Zn(mg)
Daily requirement* 312.5 250 187.5
Lahoré Vina 6.90-2.74 5.16-52.88  0.42-0.57
Others springs 0.96-8.15 0.79-5.85 0.38-2.30 0.42-2.35

*Calculated from a daily food intake of 6.2 kg dry matter

provide any hope for helping the situation. Hstimated
magnesium intake from the sources is very low. From the
Lahoré Vina source, estimate contributions to
recommended daily intake will stand at 0.003% and less
than 0.001% for the other sources.

Using the same approach for estimating daily intakes,
the Lahoré of Vina source was observed to be a good
source for calcium intake for animals which drink mainly
from it. Estimates show that this source will potentially
contribute between 45 to 46% of the daily requirement of
calcium of a 250 Kg animal. With respect to sodium,
estimates indicate that contributes to daily intake from the
same source will much ligher (147 to 167%) than the
recommended daily requirement. Estimates for the other
sources show that calcium intake will vary between 1.3 to
5% of daily requirement while those of sodium will vary
between 6.3 to 14%. In view of the fact that the daily
calcium requirements of grazing cattle in this zone is
hardly met by forage consumed™, the potential
contributions of these water sources to daily intakes
cannot be underestimated. Equally worthy of note 1s
the fact that sodium is one of the most deficient mineral
elements in pasture®™ ™™ The different springs studied
thus constitute good sources of this element for
grazing ammals. Infact it 1s for this reason that shepherds
are said to have been using these springs as far back

as the 19th century™™.

Trace minerals: Table 4 present the trace minerals in the
different water samples analysed. Total Fe content varied
from 0.04mg 1™ (Massagali) to 2.53 mg "' (Laheré Vina) ;
Al concentrations from 0.05 (Massagali) to 0.50 mg 1™
(Wakwa Palestine) and Zn content from 0.02 (Djomtari,
Massagali and Vina Lahoré) to 0.26 mg 1! (Wakwa
Palestine). The high values of scluble Fe and Mn were
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estimated at 0.2 mg "' (Wakwa Palestine) and 0.1 mg I”'
(Vina Lahoré), respectively. With respect to copper, it was
observed that all the water sources contamn very low
levels (less than 0.01 mg 1) of this element.

With the exception of the Lahoré Vina whose Mn
concentration was found to be Iugher than
recommendation for animal grazing water, that must be

B all other trace elements were low in

lower to 0.05 mg 1
samples collected from the different sources. Thus
values of 0.2 mg 1", 0.5 mgl", 1 mgl" and 5 mgl”
were obtained for Fe, Al, Cu and ZnP*? However,
these waters bring some non negligible trace elements
to grazing animal.

Based on the average concentrations of manganese
in samples, estimated calculations indicate that the
consumption of water from the Lahoré Vina source can
cover up to 1% of their daily requirements of these
elements (Table 5). The relatively low levels of
manganese in the other water sources go to add to earlier
reports of low concentrations of manganese in fodder
within the region™. Grazing animals in this zone thus run
the health risks associated with manganese deficiency.
The reality of this will have to be investigated in future
studies.

Zine levels in the different waters are such that the
sole consumption of the waters by ammals could be
estimated to contribute between 0.2 to 2.7% of their daily
requirements. Earlier reports of studies m this region had
revealed that fodder for ammals was generally low mn their
content of zinc™. The present observation of low levels
of zinc in the spring waters is thus a matter of concern for
sound animal nutrition. The situation becomes even more
worrisome when it is observed that Fe levels are relatively
quite high in the water and in a situation of nutrient
interaction, could further impair the absorption and
bioavailability of zinc as well as of copper. In deed such
interaction would normally go to aggravate problems
related to Cu bicavailability®™, as well as that of
deficiency that has observed in tropical
pasture[as,zs,aﬁ]_

been
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CONCLUSION

The spring waters of the grazing zone of Walcwa
contain varying concentrations of HCO;", Ca, Mg, Na and
K. Of the different springs, the Lahoré Vina contains the
highest concentrations of theses elements and as such
can make important contributions to the daily requirement
of grazing amimals for these elements. The other springs
contain relatively low levels of the different elements
studied. The Wakwa Palestine, Djomtar: and Massagali
springs are poor sources of zine, copper and manganese
but could contribute about 0.59, 5 and 14%,
respectively of the daily requirements of grazing animals
for K, Ca and Na. Of particular note 1s the fact that these
springs are relatively good sources of sodium which has
been reported to be very low m amimal fodder in this zone.
Studies to evaluate the exact bioavailability and status of
mineral nutrition in grazing ammals m the zone under
study need to be carried out for a better understanding of
the mineral nutrition status of the animals.
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