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Summary

Previous experiments have shown that aquecus sodium silicate ingested in drinking water may
maodify the gastroiniestinal vptske and{or) tissue refention of ceriain trzce elements, inchuding keavy
metals. The present experiment iested, with a mineral balance trial using sheep, the hypothesis that
dietary silicic acid could modify uptake, retention and(or) biclogical effects of dietary Cd. Twenty-
feur wethers were fed a fibraus diet of ground alfalfa hay and ccttonseed hulls ta which cither 0 or
150 ppm Cd was added as CdCl; and 0. .5 or 1% silicic acid (as dry matter of 1he dict). Body weight,
feed intake, excretion of urine (volume; and feces (weightj. digestibility of dry and organic matter,
retenticn of nitregen, and packed cell volomes of Rlood were not affected ky either Cd or silicic acid
{p < .10). Cadmium decreased (p << .05} Ca refentian and inereased (p <.01) Mg retention. Silicic acid
decreased {p < .05) K retentian. Siticic acid failed (g <. 10) 10 madify the retentian of added dietary
Cd. Bedy relentian of K, Mn, and Niin response fc silicic acid varied with Cd levels. 1f Cd is interfering
with mineral retention, silicic acid may be effective in preventing tkis interference
(Key Words: Cadium, Silicic Acid, Mineral Retention, Skeep)

Introduction

There is concern about trace elements and
organa-metallic compaunds contaminatian in the
agricultural ecosystem (Munro and Charbonneau,
1978}, Cadmium is of grimary focus (Anonymous,
1971) and is of concern to livestock preduction,
as sewages ceontaining Cd are cammonly used as
pasture fertilizers. Studies cn polluted grasslands
show that grasscs accumulate Cd and cattle grazing
these grasses deposit Cd into hody tissues (Mins-
hower, 1977). Other studies have shown that rats
and cattle fed diets containing Cd, retain Cd in
their tissues (lchnson et al., 1981; Comls et al,
1983). Excess cadmiuvm wilt cause disorders such
as renal dysfunction, growth inhibition and tumars
(Flick et al., 1971). Methods that amelinrale Cd
concentrations in the food chain are neceded.
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Siliceous substances Tarm saits of silicate jons
under certain cenditions (ller, 1955) and have
been used in sewage treatment to complex heavy
metais into insoluble farms (Ceonner and Gowman,
1974). The passibility of such precipitation cecur-
ring in sheep with the ingestion of aqueous sodium
silicate in sheep was investigated by Bruce (1978),
Sodium silicate in drinking water gave variable
results due ta inconsistent water intake. In this
study silicic acid powder added directly to the
diet was used in a mineral balance trial with sheep
t0 examine the hypothesis that dietary silicic
acid could modify uptake, retention, and(or)
hivlogical effects of dietary Cd.

Materials and Methods

A mineral balance trial in metabolism crates
was conducted, with 24 wether sheep All sheep
were placed on a roughage diet cf 50% alfalfa and
50% cottonsead hulls (tahie §). Cadmium at 0 or
150 ppm and 0, .5, or 1% silicic acid was added
to the diet and used in & 2 x 3 factorial arrange-
ment of treatments in a randomized complete
block, each block consisting of four animals
Cadmium concentration was tased on published
levels of chronic texicity (Underwood, 1977),
and silicic acid concentrations were based an
Tumen culture experiments {Bruce, 1976).
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TABLE 1. CHEMICAL COMPOS TION OF SHEEP
DIET LUSED IN THE BALANCE TRIAL
{PERCEANT OF DRY MATTER!

Component Content
Dry matter (5%) 9s.5
Ash (%) 15,2
N (%) 2,104
Ca (%) 1.79
PS(%) 23
Mg (%) .30
Na (%) .3C
K (%) 2.23
Cd (ppm) .01b
Cu (ppm) $.0
Fe (ppm) 1020

Mn (xpm) 50

Ni (ppm) 6.6
Zun (ppm) 26

413.13% crnde protein.
5Cd content of diets with added CdCl, was 146.7ppn:.

Wethers were selected at random from a group
available for cxperimental work and placed in
individual stalls that made collection of urinc and
feces and measurement of feed intake possible.
Feed was mixed daily with Cd and silicic acid
mixed in small fixed amounts of water and then
incorporated into the diet, The sheep were weigh-
ed, hlood samples were collected by ugular veni-
puncture and treatments imposed for an 8 d die-
tary adjustment period. Urine and fecal collec-
tions were started at the end of the adjustment
period and continued for 7-d. Feed was provided
ad libitum, and intake was measured. Drinking
water was provided ad libitum with automatic
watercrs. At the end of the coilection period the
animals were weighed and blood samyples taken.

Tortal urine was collected daily from cach sheep
into glass jugs containing 10 ml of reagent grade
concentrated HClL Ten percent aliquots were
sampled and compcsited over the 7-d (rial. The
samples were stored at 4 C. Feces were collected
using fecal bags fitted individually to each sheep.
Rags werc empticd, contents welghed and sampled
twice daily. Ten percent of daily collections were
camposited, oven dried for 48 h at $5°C, ground
i a Wiley mill through a 1 mm screen, and
thoroughly mixed. Dry matter (DM) was deter-
mined by oven drying to constant weight at

105°C. All chemical data were adjusted to DM
basis. Feed samples were treated in the same
manner,

Samples of uring, feed and feces were analyzed
for ratal Kieldahl nitrogen {N) (AQAC, 1970).
Samples of feed and feces were ashed at 600°C for
6 b for determination of organic matter and ash.
In preparation for mineral analysis, small samples
of feed and feces were wet ashed with reagent
grade concentrated HNQO: and subscquently with
72% reagent grade HC104. Urine was brought to
room temperature, agitated, and filtered ta remeve
coarse particles. An atomic absorpticn spectropho-
tometer? was used to measure Cd, Ca, Fe, K, Mg,
Mn, Nj, Na and Zn in urine and solutions from wet
gshed samples of feed and feces. Phosphorus was
measured spectrophotometrically by the molyb-
devanadate method (AOAC, 1970).

DM digestibility, organic matter digestibility,
bady weight changes, nitrogen balance and mineral
balances {mg retained over period of the trial) for
Ca, P, Mg, Na, K, Cd, Cu, Fe, Mn, Niand Zn were
calculated. Diffcrences among means between
treatinent groups were tested using factorial
analysis of variance as outlined by Steel and Torrie
{1960).

Results

[‘eed intakes during the 7-d balance triai
averaged 8.4 kgfsheep for all groups with no
effects (p < .10) due to Cd or silicic acid treat-
ments. The dietary nutritive value was not high
enough to preclude bedy weight losses at the die-
tary intake maintained by the sheep (table 2).
Volume of urine and weight of fecal excretions,
DM digestibilities, organic maticr digestibilitics
and g of N-retained were not affected {(p < .10) by
treatment (table 2).

Each of the six dicts were measured for Cd
content after mixing. Cadmium balance data were
calculated for the three groups given Cd at 130
ppm Cd, The Cd in the O ppm Cd diets was below
practical detection limits. The Cd balance data
{table 3) do not support the hypothesis thst
silicic acid in the digestive tract would complex
with Cd and reduce its aksorption. Sheep fed 1%

2perkin-Flmer model 403, Perkin-Elmer Corp., Norw-
alk, CT.
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TABIF Z.

CADMIUM AND SILICIC ACID ON MINERAL RETENTION

WEIGHT CHANGFS, DIFTARY INTAKE, AMCLNT QF FECAL ANN URINARY EXCRFTION,
DAY MATTFER AND ORGAN C MATTER D GESTIRII ITIFS OF THF DIET, AND NITROGEN
RETENTION BY SHEEF FED VARIED LEVELS OF SILICIC ACID W TH AND WITHOUT

CADMIUM3
Treatment

Cd (ppm) C 0 C 150 15C 150
Silicic acid (%) 0 .5 1 4] 5 1
Observation Values, total per head for 7 days

Weight change (kg) =711 -.8(2.4) 12 -1.6(2.8) -.8(2.6) -.4(1.8)
Intake (kg) 8.3(2.1) 8.8( .9) 7.1(3.5) 7.9(1.5) &.7( .5) 9.6(1.2)
Feces (kg) 4.6(1.4) 4.2( .5) 3.8(2.2) 4.1( .7) 4.7 .2) 480 .7
Urinc (1) 6.7(1.4) 7.4(1.8) 7.6(3.0) 7.5(2.2) 9.8(1.9) 8.4{1.5)
DMDb (%) 45(8) 47(2) 47(4) 48(2) 46(4) 51{4)
OMDE¢ (%) ST 54(2) 55(3) 55(4) 33(5) 56(5)
N retained, (g) 67(31) 66(8) 29(40) 61(20 55(17) 71(20)

4V alues

are means and (standard errcrs) fram 4 sheep. There were ne diiferences fce any obseyvatior be-

tween treatiments: (p << .1).

bDr‘,f ma
S0 rganic

TABLE 3.

tter digestibility of diet.
matier digestibility ol dict.

SEVEN.OAY BALANCE DATA FOR CALCIUM, CAD MUM, COPPER, RON, MAGNFSIUM,
MANGANESE. NICKEL. FFOSPHCRUS, POTASEILM, SODIUM, AND ZINC BY SHFFP FEC
VARIED LEVELE OF SILICIC ACIDWITH ANC W THOUT CADMIUM#

Treatment
Cd {ppm) 0 0 0 150 150 150
Siticic acid (%) 0 S5 1 0 .5 1
Hlement Body retention of elements {7-d, mg)
Calciumb 2(13) 6(8) —~4(15) ~1{5) —17(11) ~8(8)
Cadmium < .01 < .01 < .01 94(51) 86(100) 197(164)
Copper §(10) 15(14) -1{(8) 3(6) 2(€) 9(5)
[ran 1{1) 0(3) -1(2) o) (1) 21
Magnesium¢€ 2(3) 241) 3(4) 3(2) 4(2) 11(5)
Manganesed 30(46) 31(16) 47(89) —16(17) 14(24) 38(39)
Nickel® 29(8) 21(7) 14(6) 13(5) 18(4) 26(6)
Phosphorus 0(2) 4(6) -2(5) 0(3) —-1(2) 3(2)
Potassinmf 3(4) —2(3) - 2(2) —11{4) -6(3)
Sodium 14(4) 14(3) 9(4) 12(2) 11{2) 15(3)
Zinc 13(34) 14(11) --8(26) 4(22) —-7(20) 23(13)

3Values are means and {srandard crrors) fram 4 sheep.
DMeans of 0 and 150 ppm Cd (3 and  9) differ (p <.05).
CMeans of 0 and 15C ppm (d (2 and 7) differ (p < 0.

dCd vs si
€Cd vs si

"Means af 0, .5 and 1% silicic acid (

licic acid interaction (p <.08).
licic acid interaction {(p < .01).

1. 7and -7) differ {p <_05); Cd vs silicie acid interaction (p <.C5)
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silicic acid with 150 ppm Cd retained the most
Cd, hut this group was also the mast variable.
About 90% cf added dietary Cd was excreted in
feces.

Cther elements measured were affected by the
treatments. Calcium rctention (takle 3) was de-
creased by the 150 ppm Cd treatment (P < .C5)
and unaffected by silicic acid. Body retenticn of
Mg was increased (p < .01) with the additicn of
Cd (table 3)..Silicic actd
retenticn of K (p < .05), with an interacticn (p
< .05) occurring between €d and silicic acid on K
retenticn (table 3). Manganese retention was
affected by an interaction (¢ < .05) of Cd and
silicic acid (tatle 3). The Q ppm Cd diet group at
0% silicic acid refained more Mn than the respec-

treatments decreased

tive 150 ppm greup. Opposite effects were noted
at .5 and 1% levels of silicic acid. Nicke] retenticn
was affected by an interaction (p < .01) aof Cd and
silicic acid, but nat influenced by either individu
ally (table 3). Nickel rctention in 0 ppm Cd diet
at 0 and 5% silicic acid levels was higher (1 < .01)
than 150 ppm diet grour. The silicic acid and the
150 ppm Cd diet group had higher (p < .01) Ni
retention than did the 0 ppm (d diet with 1%
silicic acid. Sheep mineral retention responses to
the silicic acid levels varied with the Cd levels for
P, Na, Fe, Cu and Zn (table 3). The general trend
in these cases was for 0% silicic acid and O ppm
Cd tc retain greater amounts af mineral than 0%
silicic acid and 150 ppm Cd. With the addition of
1% silicic acid, the group with Cd added tended ta
retain greater amounts of these minerals,

Diseussion

Dietary silicic acid did not affect the retention
of dietary Cd. The additicn of silicic acid to the
diet decreased K retenticn by sheep in this study.
Smith and Nelson (197%) previously reparted that
sadium silicate depressed in virtro digestibility of
forage NM, but this was retieved by a mixture of
minerals containing Mg, Mn, Zn, Co and Cu. The
sheep balance data show that retention of Ma and
Ni varied with the level gf Cd and silicic acid.
When Cd was present and silicic acid levels in-
creased, retention of Mn and Ni increased. This is
direct evidence that dietary silicic acid and Cd are
ahle to modify retention of certain minerals.
Cadinium affects metakolism of essential minerals
{(Fox, 1974) and from the data presented here also
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affects ahsorption. However, hased on this study,
it is not possitle te determine whether solubility,
ahsorption characteristics or some other factcr
mediates the effects. If Cd is interfering with
mineral absorption, the present study indicates
some degree of effectiveness by silicic acid in pre
venting this interference. These effects are impos-
tant ohservations and need continued investipa-

ticn.
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