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ABSTRACT

At present, domestic and wild animals are being exposed to various substances and energies which are foreign to
the habitat in which they live. Pollutants from anthropogenic activities enter into the livestock production systems
and then ultimately into the food chain. Many heavy metals accumulate in one or more of the body organs in food
animals and are transmitted through food chain, causing serious public health hazard. Heavy metal pollution in
Zamfara has become a serious health concern following the identification of acute mass lead poisoning crises in
north-western Nigerian state, in which over 10,000 people were estimated to have been affected. Studies in the area
have implicated a few other metals in the environmental media. Current levels of Cadmium, Chromium, and Copper
in forage grasses grazed fredly by livestock in five natural pasturesin Dareta village were examined in this study. A
range of 0.37 - 0.96mg/kg, 3.48 -22.75mg/kg and 1.89 - 240.30mg/kg was recorded for Cadmium, Chromium and
Copper respectively. Satistical analysis revealed a positive correlation between metals under study suggesting same
source is responsible for the present of these metals at the concentrations determined. Except cadmium, there was
statistically significant difference in metal concentrations across the sampling stations (Anova, P < 0.05). The
implications of these findings to livestock and public health are fully discussed.
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INTRODUCTION

That our environment is under increasing presstom fhuman activities world over is by now beyondate.
Various anthropogenic activities such as burninfpesil fuel, mining and metallurgy, industries anahsportation
have led to the production and/or introductionudstances or energies into the environment reguttinleleterious
effects. Pollution of the environment has significampact on living organisms. Adverse impact oflygmn on
domestic and wild animals in the form of specifiemical toxicities, behavioural changes and popradecline
are well documented in developed countries [1]. Waarveys involving human population in industrialining
and urban areas in developing countries have aldigdted toxicities due to toxicants [1, 2, 3, Hpavy metals,
pesticides, effluents and other agro-chemicalssarae of the major causes of environmental toxititjivestock
[1]. The wide spread heavy metals contaminatiothélast decades has raised public and sciemtiféezest hence,
special attention is given to them throughout tlegldvdue to their toxic effects even at very lowmcentrations [5].
The high levels of heavy metals found in water| aod fodder have significant impact on livestocktjgularly
when the given metal is in the form that is bio&lde. Animals and humans get exposed to non psittesievels
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of these heavy metals mainly through ingestionasftaminated food and water. Inhalation and absamptirough
the skin are other important exposure routes. Apoirant feature of heavy metals is that, the chahfmrm in

which they are present may change during passagegh the intestine or storage in animal tissué tiey are not
metabolized. Heavy metal toxicity is one of the onagurrent environment health problems and is [k

dangerous because of bio-accumulation along the &win. In general, toxicity depends on animalcise and
dose and length of their action upon the organigm [

Heavy metals are generally present in agricultsodk at low levels. The input of heavy metalsdd §om various
sources may prove detrimental to plant througlujitteke to toxic limit, thereby facilitating its entinto the food
chain. There is possibility of biomagnificationtoikins as it travels up in the food web. The tranghctor of heavy
metals from soil-plant may be an indicator of thenp accumulation behaviour [5]. Forage plants wrgpecific
conditions may absorb toxic metals from soil aslaslfrom metal deposits on the surfaces of planispexposed to
a polluted environment. Ruminants such as goatsepsland cattle feed on grasses which have absanhed
accumulated elements from the soil over time. A benof reports have confirmed the transferenceasiet metals
from contaminated soil to plants and from plantsitestock [6, 7], Regardless of all this, tracecamts of some
metals like copper, cobalt, zinc, manganese andnaium are essentially required for a normal aniarvad plant
growth [8, 9, 10]. Excessive amounts of metalsrimmal feed and feedstuffs are most often due todmactions.
Contamination of animal feeds by toxic metals canbe completely eliminated considering their levels
distribution in the environment, although can b&imized with the aim of reducing both direct efiecin animals
and indirect effects on human health. Metal contertissues and blood of animals that live in ptlareas is
usually elevated and risk of acute or chronic paiisg is increased [2]. Excessively higher levelshafse metals in
blood and tissues of animals suggest an exposilver éiom the air, soil, water or feeds or all thesurces [3].

An unusually high number of deaths (400 -500), pritg among children under age 5 in several villagd
Zamfara State, northern Nigeria, was reported imdil&010. The deaths were traced to massive emagatal
contamination from artisanal mining and processihgold found in lead-rich ore. The grinding of thie into fine
particles resulted to extensive dispersal of least th the villages concerned [11]. Investigatitwysa coalition of
National and international organizations confirmtéd report with over 10,000 people estimated toehbgen
affected. High soil lead levels some time excee®®@,000mg/kg were observed. An immediate remextiaif the
villages was carried out. Dareta village was remedi between June and July 2010. Studies aftaethediation
exercise have implicated a few other metals. Thidyswas carried out to assess Cadmium, Chromiach Gopper
levels in forage grasses graze freely by cow, gadssheep in the area.

Mining is arguably the largest anthropogenic sowfteineral contamination. Geochemical processésgapon

mining wastes initiates the process of transpottiegvy metals from contaminated areas and redisinidp them to

the surrounding soils, streams, groundwater, timgsiegering the health of the surrounding ecosystedhhuman
population. The presence of some metals in alnbptazes facilitates the increasing possibilityesfposure to man
and animals [6, 12].

Humans, as the final consumers in the food cham,tlaus the likely recipients of high levels of mials from
‘contaminated’ food and may accumulate high comegioins of some minerals in their tissues [7]. Aoalation of
the investigated heavy metals (Cd, Cr and Cu) iade grasses could be useful indicators of possilde effects
on livestock and the consumers. Numerous studie® tiaked excessive accumulation of heavy metals to
development of health abnormalities which incluckrdiovascular, kidney, nervous and bone dise@sgsirment
of reproductive function of males, spontaneous tidmar still birth, blue line on gum, mottling ofeth, low birth
weight and abnormal pregnancy, gastrointestinalbiddy and language delay [2, 3, 5]. Although metake
essential nutrients, they have a variety of biodbhehfunctions in all living organisms, and impartandustrial
uses. Their potential toxicity to humans and angnisila source of concern. It is therefore necedsamyonitor and
control their levels in consumed food. The measer@nof metal levels is helpful not only in asceariag risk to
human health but also in the assessment of envatahquality [13]

MATERIALS AND METHODS
Sampling

Native pastures are the major sources of feediffarent ruminants in Dareta village. Five feedsitgs or pastures
where cattle, goats and sheep are grazed freelyndrthe village were selected for the study. Thstysas or
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feeding sites were designated as sampling statbn®; 3, 4, and 5.respectively. Grazing animatsenfollowed
and forage samples corresponding to those consibyele ruminants were collected from each pasttoeage
grasses were collected from three different pgdetssampling station, stored in polyethylene bagkteansported
to the environmental technology division, NatioRasearch Institute for Chemical Technology, Zarigea for
analysis.

Sample preparation

Samples from each point in the sampling stationsewet into small pieces, air dried for 5 dayshe taboratory
and thoroughly mixed together. The samples wergepizied and passed through 1 mm sieve. Digestiainaxfe
samples (1g each) was carried out using 5 ml o€eatnated nitric acid, according to Awofolu, [14].

Metal analysis

Metal analysis was carried out using flame atontisoaption spectrophotometer AA-6800 (Shimadzu, Jppa
National Research Institute for Chemical TechnoldARICT), Zaria-Nigeria. The calibration curves nee
prepared separately for all the metals by runniffgrént concentrations of standard solutions. Tstrument was
set to zero by running the respective reagent BlaMiverage values of three replicates were takeneéxh
determination and were subjected to statisticalyaig The metals determined includes, Cadmiump@fwm, and
Copper.

Data analysis

Data collected were subjected to statistical tegtsignificance using the analysis of variance (AKK) to assess
significant variation in the concentration levelsthe heavy metals in forage grasses across thee sampling
stations. Probabilities less than 0.05 (p < 0.08)enconsidered statistically significant. Correlatcoefficient was
used to determine the association between the heatgls in the samples @at= 0.05. All statistical analyses were
done by SPSS software 17.0 for windows.

Analytical Quality Assurance
In order to check the reliability of the analyticakthods employed for heavy metals determinatiachdns coded
IAEA-336 was also digested and then analyzed faligwhe same procedure.

RESULTS AND DISCUSSION

To evaluate the accuracy and precision of our &isalyprocedure, a standard reference materiaicbeh coded
IAEA-336 was analyzed in like manner to our sampld® values determined and the certified valughethree
(3) elements determined were very close suggettmgeliability of the method employed (table 1).

Table 1. Shows the results of analysis of referenceaterial (Lichen IAEA -336) compatre to the refererce value

Element (Mg/l) Pb Cd Cu Mn Zn
A Value 5.25 0.140 4.00 55.78 29.18
R value 4.2-55 0.1-2.34 3.1-4]1 56-f0 37-33.8

Five feeding sites or natural pastures were sealeittethis study. Three sampling points were estabH in each
pasture area. The mean levels, range and standaiaidn of cadmium, chromium, and copper in foragasses
across the five sampling stations are presentedbie 2. The distributions of each metal acrossfithee sampling
stations are presented in figures 1-4. The trertiofetals was as follows: Cu > Cr > Cd.

Cadmium has been labeled as a major environmeoliaktgnt since it is easily transferred into thedachain and it
is not known with any significant biological funatis. Rather it produces varied harmful effectsnimals and man
on exposure, which may result to undesirable biodbal and physiological alterations. Plasma horrhchanges
and abnormal liver function have been observeaimscthat were exposed to Pb and Cd in industredsaf15, 16].
Cadmium occurs naturally in soils as a result & teathering of parent rocks. It has a relatively lcrustal
abundance. Anthropogenic sources are much mordisagn than natural emissions and account fouligjuitous
presence in soil [17].

231
Scholars Research Library



Udiba Udiba U. et al Arch. Appl. Sci. Res,, 2013, 5 (3):229-236

Table 2. Mean + S.D, and Range of Cadmium, Chromiurand Copper in forage grasss across the sampling stations, Dareta villag

Nigeria
Elemen Sampling stationg Mean + S.00 Range
1 0.84+0.07 0.77-0.91
2 0.6€+0.2C 0.47-0.8¢
Cadmiun 3 0.81+0.2: 0.64-0.9¢
4 0.71+0.07 0.65-0.78
5 0.58+0.22 0.37-0.82
1 19.5+2.29 16.25-22.75
2 10.44+1.61 8.84-12.06
Chromiun 3 4.65+1.1! 3.4&-5.8¢
4 6.82+2.0( 4,8¢-8.8¢
5 3.80+0.38 3.56-3.98
1 218.27+22.03] 196.24-240.30
2 11.12+2.56 8.56-13.68
Coppe 3 11.8+0.79 11.00-12.58
4 14.40+1.( 12.8(-16.0(
5 2.53+0.6¢ 1.8¢-3.1¢
Cadmium
1 -
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Fig 1, Distribution of Cadmium concentration in forage grasses across five sampling stations, Dareiflage, Anka, Nigeria

Cadmiumconcentration in forage gras ranged from 0.37mg/kg - 0.88)/kg. The mean cadmium level across
sampling statioshowed the trend: stan 1 > station 3> station 4 > station 2 > statior The highest concentration
of 0.96mg/Kg was recorded in station 3, the lowest corregion of0.37mg/kgat station 5. The mean values w
as follows: 0.84+0.07mg/kg, 0.8Q.21mg/kg, 0.71+0.07mg/kg, 0.66+0.20mg/K@58+0.22mg/k for station 1,
station 3, station 4, station 2 asthtion 5 respectively (table 2, figure The differenc in cadmium concentration
in forage grasseacross the samplingations was not statisticallgignificant (ANOVA P > 0.05). Thresults of
statistical analysis also reveabositive correlatic between station 1 and station &t®n2 and station 4, station
and station 5, and between static and station 5 suggesting same sousceesponsible for its presence at
concentration determined in the st. Only the correlation between station 4 and statto was statisticall
significant at 95% confidence level. The correlas between station 2 and stationahd between stati 2 and
station 5 were statistically significant at 99% fidence leve A negative correlation was observed between st:
1 and station 2, station 1 and station 4, stati@nd station 5, station 2 and station 3, stati@n@ station 4 an
between sti@gon 3 and station 5 suggesting different sou The correlation betweestation 2 and station 3, stati
3 and station 4nd between station 3 and station 5 was statistis@nifican at 95% confidence lew

The concentration of cadmium in this dy was found to be within the recommended limitd- 20mg/kg for a
normal plant [18] The maximum tolerable level of cadmium in feed@ppn [19]. This implies that cadmium |
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forage grasses does not pose any toxicologice to livestock and humans in Darefamean valu of 0.94mg/kg
was reported for forage grasses arolead slag contaminated sites in Ibadan, Niggrd. Cadmium accumulates
in the kidney and liver causing kidney dysfuncteond liver failure, interferes vh the metabolism of Calcium ai
Phosphorus, causing painful bone diseases, iniaddd being a teratogenic and carcinogenic adeating food ol
drinking water with high Cadmium concentration tates the stomach causing vomiting and diarrheaortd
exposure can also cause irreversible damage tarhe[17]

Chromium (Cr) is most commonly found in naturetwo oxidation statechromium (lll) and chromium (VI)
Chromium(lll) is ubiquitous in nature, occurring in air, ta, soil, and biological aterials.It plays an important
role in the metabolism of living organis. Other function of Chromiunnelates to its effects on growth, lig
metabolism, immune response and interactions wiitleic acids. Increased growth rates have beerrdedaon
various animals due to Chromiu0]. Chromium is an essential nutrient for animals Bubkic for plats even at
very low concentration. Various plant parts havdalde amount of Cr concentration. Legumes may a@arnore
Cr than most other foods [21]ntestinal absorption of trivalent Cr is low witBtamates ranging < 0.522 to 3 %
fasted animals [21]. Although @mium (lll) is relatively harmless to most animal speciggestion of a hih
dose of Cr (VI) has deleterious effecHigher levels of chromium (VIthan the allowable limits are toxic
livestock and it badly affects the reproducipotential of ruminants [21]

Chromium
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Sampling Stations

Fig 2, Distribution of Chromium concentration in forage grasses across five sampling stations, Daratilage, Anka, Nigeria

Chromium was detected in the following order actbgssampling statiorstation 1 > station > station 4 > station
3 > station 5. The concentration ranged betwee@ 8ntl 22.75mg/k The highest concentration of 22 mg/Kg
was recorded in station 1, the lowest concentratip3.48mg/kg at station 3rhe mean forage chromium lev
were as follows: 19.5+2.28g/kg, 10.44+1.61mg/kg, 4.65+1.19mg/kg, 6.82+Xfiflke, 3.80+0.38mg/kg for
station, station 2, station, 3tatior 4 and station 5 respectively (table 2, figure 2he difference irchromium
concentration in forage grassasos the sampling stations was statisticalignificant (ANOVA P <0.05). Station
1 was significantly higher thastation 2, station 3, station 4, and station 5ti@ta2 was significantly higher the
station 3 and station 5. Thiesult of statistical analysisso reveals positive correlatic between all the stations
suggesting same sourieresponsible for the presence of chromium atcthrecentration determined in the st.
The correlations between stationand station 2, and between station 2 and st&iare statistically significant
99% confidence level while the correlation betwstation 1 and station 3, station 1 station 4, station 2 and
station 4 and between station 3 and station 4ignifisant at 95% confidence lev

Chromium has beenonsidered as an essential trace element for mdradoratory animals, because it play
variety of roles in the metabolisms of both animatgl plantsThe concentration of chromium ihis study was
several folds higher than tleeitical values fa Chromium (0.00005-0.0005 mg/g¥ suggested by Tokaliogfor a
normal plant [9, 18]The maximum chromium concentration has rreshold limit, budifferent reports suggestec
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concentration between 0.03 to 1 mg/kg in sam[22, 23, 24]. Chromium concéation for livestock requiremel
ranges from 0.3 to 1.6 mg/k@hromium levels higher than these values are txiovestock and it badly affec
the reproductive pential of ruminant{8]. Chromium was therefore implicated in this st. Grazing on forage
grasses from these pastureay cause toxicos. Long term exposure can cause kidney and liver daraagvell a:
circulatory and nerve tisie problems [1i. A range of 0.156 9.285 mg/g was reported in the srange Pakistan
[25].

Copperis an essential trace element required for bothtpggaowth and animal nutritiorlt is required at certain
concentrations for normal metabolic processes diotuthe regulation of the activities of a variefyenzymes an
in the oxidation reduction procef26, 27} Copper could be toxic when ingested in excessvemeh deficient ca
lead to impairment of biological activiti [28]. The minimum requirement for animals is slightly lég than the
minimum requirement for plant growth. Sheep hal@ger requirement for copper than cattle. Sheep haveuzde
copper at levels between 6 and 10 ppm. Cattle recaibout 10 pp. However levels of up to 20 ppm a
recommended for cows during late pregnancy andrdpidly growing yearlingg{29]. Copper toxicosis occurs
following the ingestion and accumulation of excessimounts of copper in the liver. All species suisceptible t
developing copper toxicityAlthough chronic copper poisoning (CCP) is commoithwnany animals, it
particularly common with sheepeedwith 10-20ppm are likely to cause death within two daysdss copper ove
time results in accumulation in liver which canrbiasd into blood stream upon stress [30,.

Copper

250 A

200 A

150 A

100 A

Axis Title

Stnl Stn 2 Stn 3 Stn4 Stn 5

Sampling Stations

Fig 6, Distribution of Copper concentration in forage grasseacross five sampling stations, Dareta village, Argk Nigeria

As indicated by data in table (2), the mean lewdlsopper recorded we218.27+22.03, 11.12+2.56, 11.840.
14.40+1.6 and 2.53+0.64 for statior station 2, station 3, station 4, and stattorespectively. The trend of copj
across the statiorfellowed the order station 1 > station 4 > statbom station 2 > station (Table 2, figure 3). The
highest concentration of copper in forage (218.25kg) wes recorded asampling station Jand the lowest
concentration (1.89mg/kg) at sampling statio Statistically significant difference in copper centration wa:
observedacross the sampling static (Anova P < 0.05)Station 1 was significantly higher than statiors@&tion 3,
station 4 and station B strong positive correlation was observed betwalethe station indicating same source is
responsible for the presence of copper at the ctrat®n determine The correlation between station 1 and sta
2, station 1 and station 4, stat 1 and station 5, station 2 and station 4, agithéen station 4 and station 5 w
statistically significant at 99% confidence levéhile the correlation between station 1 and stalipatation 2 an
station 3, station 3 and station 4 and betweetion 3 and station 5 were statistically significabt®©5 % confidenc
level.

All the samples analyzed from the three samplinigts, sampling station 1 indicated higher level than ibemal
value of copper in plant, agreeing to gross contation of the sites with coppeThe minimum ‘alue recorded for
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station 1 was 196.24mg/kg. Grazing animals in faisture area has serious toxicological implicatiooth to the
animal health and human especially in Nigeria af a® several other countries where meat and nfilkattle,
sheep and goats are the most common sources @firoMost animal species absorb copper throughsities|
intestine. Sheep, however, absorb copper througtsrirell and large intestine. Sheep also store ompper in the
liver than other species thus uniquely susceptibleopper poisoning. Common clinical signs incluféer, dark
red or brown urine, diarrhea, weakness, jaundiak difficulty breathing. Concentrations of Cu in dge grasses
from sampling station 2, 3, 4 and 5 are within theommended limits of 5.0-20.0 mg/ kg for most siteek [18].
Only pasture area 5 is fit for grazing sheep. Ageanf 4.01 — 8.78 mg/kg was reported for foragessgga around
lead slag dumpsite in Ibadan, Nigeria was repdisgi

CONCLUSION

Heavy metals, such as cadmium (Cd), chromium (6d) @pper (Cu) are a group of potentially toxic pmunds

(PTC) that are of concern when dealing with theliuaf animal feedstuffs. The supply of safe fga@ducts to
animals is crucial not only to safeguard animalltheand welfare but also to reduce human exposupmtentially

toxic compounds. The results of the present ingattin clearly depict that cadmium level was wittfie tolerable
level of cadmium in forage across the five natyadtures. This implies that cadmium in forage gases not
pose any toxicological risk to livestock and humamsDareta village. Chromium and copper were seiiou
implicated in the study especially at samplingistatl. Except sampling station five, the pastunesreot fit for

grazing sheep which are uniquely susceptible t@ribrcopper toxicity. This study concludes thansfer of

chromium and copper contaminants from forage geasseanimal products cannot be completely ruled aonat

recommend that studies on chromium and copperderndivestock grazed on natural pastures in Ddvetaarried
out to enable the authorities concern take appaitgodecisions.
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