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Abstract

Quarrying of rocks has contributed to the developneé many developed and developing nations. Howetie
entire process generates particulate pollutiomhénenvironment. The high level of particulates gatesl at the
drilling and crushing areas depicts them as hazangs. Moreover, quarry workers and communitieigdivin
proximity to these hazard zones are exposed towsihiealth risks. In view of this fact, this resdawas carried
out to determine the trace element concentratidgherdust from Ric Rock and Satzen quarries, tabéish their
extent of contamination and deduce their possibledn health implications. The results of As, Cd, Cw, Cu
Ni, Pb, Zn and Mo were interpreted based on theliuRon index (anthropogenic factor), enrichmeméx and
index of geo-accumulation. The interpretation réagahat the Rick Rock dust is practically unpallitwvith As,
Cr, Co Cu, and Ni with deficiency to minimal ennicént, unpolluted to moderately polluted and enidcihith
Zn. The dust is also extremely polluted and seyeegiriched by Mo. On the other hand, Satzen dust is
practically unpolluted by As, Cd Cr, Co, Cu , Nb Bnd Zn with deficiency to minimal enrichment.idt
practically unpolluted to moderately polluted anttiehed by Mo. With respect to the selected elememtd
their contamination status, Rick rock dust has bmeriaminated with Cd, Pb, Mo, and Zn and Satzest kas
been contaminated with Mo. The elemental enrichnretiie dust samples collected from Rick Rock qué&sr
higher than those from Satzen quarry and can bibwttd to oil spillage and emission from trucksl atiesel
powered generator which is the only source of posugply to the quarry and work throughout the ki
quarry operations. This enriched the elemental eoination in the dust. Satzen quarry, on the dtlagd, uses
electricity from Power Generation Company whichmétiated such enrichment contribution in the dust.
However the enrichment of Mo in the dust may bahatted to oil spillage and combustion of fossiéffdirom
heavy duty trucks used for the quarry operatiorocBemical analysis of quarry dust from Ric Rock &Satizen
quarries showed that the concentration of traceetts in the dust exceeds the permissible limibgatVHO.
Some of which are very harmful to human health eatevery low concentration exposure. It is certhit long
exposure of quarry workers and those living in elgsoximity via Inhalation, ingestion and percutame
absorption can result to various health challengjés. release of these trace elements in high coratem by
quarry companies enriching their concentrationha environment, polluting air, soil and both suefeend
ground water which variably affects human, anima @lants through the chain causes diseases amduale
death of man.
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1. Introduction

Quarrying is associated with dust particles whichstitute one of the most invasive and potentiatliating air
pollutants. Atmospheric dust occurs in various feintluding as fugitive dust from excavation, fromad hauls
and stone blasting or from point sources suchilsxgr crushing and screening. Dust reduces Misjbivhich
poses potent threat to both human health and thieoement (Plumlee, 2004; Sudhere, et al. 2012).

The complex mixture of gases that makes up théredanmosphere has been altered much more signifjciant
the recent time by human activities that range frdomestic energy utilization to large scale indabtr
operations which are largely responsible for atrhesig pollution.

Air pollution is a major environmental problem affimg both the developing and developed countriethe
world. The effects of air pollution on human headite very complex as there are different sourdesetby
producing varying effects (Sudhere, 2012; Plum2&84).
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Although there are various air pollutants, the aiois of particulates is quite outstanding from gjiesr which
have both micro and regional effect. Air pollutiand ground vibration arising from blasting, crushiand
emission of noxious gasses have negative impadtsioran health and well-being (Oguntoke et al, 2009)

Solid materials in the form of smoke, dust and wasgpor generated during quarrying operations arelly

suspended over a long period in the air. Moreguarticulate matters in the air are capable of b&iagsported
from the point of generation to areas far remo@dce particles of varying chemical composition iateled,
they lodge in human lungs; thereby causing lungsirments and respiratory problems (Last, 1998;kenc&

Pope, 1994). According to Deborah (1996) and Natiomdustrial Sand Association (1997), dust gemetditom
granite quarrying contains 71 percent silica aruhlimg such a dust results in silicosis which ipatde of
disabling an exposed person and subsequently teatksath. A report by the Environmental Group ififGenia

showed that respiratory illness caused by partieutaatter are responsible for more than ten thalskeaths
and sixteen thousand hospital admissions. Th#hheare cost of this illnesses was put at $132ianil in

addition to millions of missed work days and schabkence each yeamfw.angelfire.com Deborah, 1996;
Douglas, 1996; Bart, 1993).

It is established that particulate concentrationstitute hazards to humans that either work atrgisites or live
in proximity to quarry sites are exposed to regpimaand other disease caused by exposure to platécmatter.
Due to the dilution and spread of particulate nmatieother locations, workers at the quarry sitesexpected to
experience multiple episodes of respiratory ailmehan people who live at distance away from tharryu
(Dockery, 1994; Plumlee, et al, 2004; Qamar, e2@01).

Inspite of the known effects of inhaled quarry dissthuman health, there is paucity of researchhenttace
element composition of these dusts and their plessitfect on human health. This research work ésefore
aimed at determining the chemical composition efdhst particulates from two different granite quaites in
the Jos Plateau area with particular referencesterchination of the potentially harmful elementsi@®) in the
dust and their possible health implications.

No related work has been carried out in the studg.aThis is the first detailed work on the studsaaand even

in the entire Plateau State. However, related wbikee been carried out in the Western and East@nnop
Nigeria, other parts of the world and documenteadefeample Aribigbola, et al (2012), Omosanya, K.&hd
Ajibade, O.M (2001), Oguntoke, et al, (2009), Nwilm al; (2012), Lar, et. al, (2013); Deborah (1986d
National Sand Association (1997, Natural Resouf@efense Council (NDRC, 1996) and Enger and Smith
(2002); Olufemi, et al (2014); Chiemeka, (2011)ekwu et al (2010) and Amaka, et al (2014).

1.2 M ethodology

1.2.1 Location, Sampling and Laboratory Analysis

The study areas are located in Fobur amdeZdVlista Ali in Jos East and Bassa Local Govermiraeea
respectively (Fig 1). Ric Rock lies within Latitu8®%019 and 953 30 and Longitude %0 30 and 91030
and Satzen lies within latitude 10 0” and 104’0” and longitude 850'30” and 852’17’ (Fig 1)

Dust samples from the Ric Rock and Satzen quawm® sampled. The suspended rock dust produced by
crushing the rocks into aggregates were samplegrdmity settling on paper placed at specific disemin the
direction of the prevailing wind. The dust colletten the paper were placed in sample bags, seatedlearly
labeled.

Geochemical analysis of the dusts was carried dlBCaboratory, Canada using the ultra trace Indedtyi

Coupled Plasma-Mass Spectrometry (ultra-trace IC3)-M determine their trace elements compositibis &

multi-acid digestion method which combines a stromgjti-acid digestion that dissolves most metalshva

choice of ultra-trace ICP-MS analysis to give niaal value for all elements. In this method, a5@.2plit is

heated by HN@HCIO,-HF to fuming and taken to dryness. The residudissolved in HCI. Although the
method is considered near total, it only enabldg partial digestion for some Cr and Ba minerald arides of

Al, Fe, Hf, Mn, Sn, Ta and Zr. In addition, vol&#tion during fuming may result in the loss of Asand Sb.

1.2.2 Calculation of Index of Geo-accumulation, iEnment Factor, Pollution (anthropogenic) and Intaggd
Pollution Index.

The assessment of soil or sediment enrichmentaounation or toxicity can be carried out in manyywaarlhe
most common ones are the index of geoaccumulatidrearichment factors (Lu et al, 2009). In this kydhe
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index of geoaccumulation (Igeo), enrichment fagtfF) and pollution index (anthropogenic factor) éideen
applied to assess heavy metals (As,Cd, Cr, CoPbli,Cu and Zn) distribution and contamination ia tlust of
the two quarries.

Index of geo-accumulatiois a qualitative measure of the extent of metalypioh in the dust. It was calculated
using the geo-accumulation index proposed by MullE369). This Igeo of heavy metal is calculated by

computing the base 2 logarithm of the measured erdration of the metal over its background conegiun
using the mathematical relations (Muller, 1969).

I-geo=log(Cn/1.5Bn)

=log(Cn/1.5Bn)/log2

Where Cn = Measured concentration

Bn= Background concentration

1.5 is the factor compensating the background @ataiection factors).

The classification of Index of geo-accumulatiorgée) according to Lu, et. al, 2009) is given onl&&b

Enrichment factor (EF) has been employed for tlsessment of contamination in various environmemtzdia
by several researchers (Loska et al, 2003). Itimersadapted to assess the contamination of various
environmental media is as follows:

EF=[Cx/Crefl]Sample/[Bx/Bref|Background

Where

Cx= Concentration of the element of interest

Cref= Concentration of reference element for ndizaton

Bx= Concentration of reference element in the érathenvironment

Bref= Concentration of reference element in tHers:mce environment
A reference element is often the one charactermetbw occurrence variability, such as the commamed
elements: Al, Fe, Ti, Si, K etc., (Duzgoren-Ayd2Q07; Li, et al., 2001; Sezgin et al., 2003). Tlassification
of Enrichment Factor according to Manno, et al,@2&0given on Table 2.
Pollution index (PI) and Integrated Pollution Ind@Rl) are also commonly used to assess the envieoh
quality (Dose Anjos, et al., 2000). The pollutiodéx was defined as the ratio of the element cdretéon in

the study area to the background content of theddmce of chemical element in the continental ciTisé 1PI
of all measured elements for each sample was dkfinghe mean value of the element’s PI

Pollution (anthropogenic) index is calculated frorathematical relation as shown below:
P1 (AF) Index= Cm/Bm
Where Cm=measured concentration in dust
Bm=Background concentration
Dose Anjos et al., 2000 gave a classification diufion Index (PI) as follows (Table 3).
2.0 Results.

The result for the trace elements (in ppm) fordhest from Ric Rock and Satzen quarries is giverTable 4.
The distribution of the elements in the dust fréma two quarries is described below:
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Arsenic (As) concentration in Ric Rock dust rangesn 0.4-1.3ppm with average concentration of (p@8n.
However, sample RR3 has the highest concentraliahlé 1) from 0.5-3.9 ppm with average concentratid
1.62 ppm and Satzen

Cadmium (Cd) concentration is higher in Ric Rocktdelative to those of Satzen. It ranges from @2®ppm
with average concentration of 0.265ppm and ranggaitzen from below detection limit (<0.02)-0.09ppiith
average concentration of 0.052ppm. However, very tmncentration below detection limit is recorded i
sample SQ10 (Table 4)

Chromium (Cr) concentration is high and generailtgilar in dust of both quarries. It ranges from gipén with
average concentration of 6 and 6.7ppm for Ric Rackl Satzen respectively. The highest and lower
concentration is recorded in Satzen samples OE®#&&I(Table 4).

Cobalt (Co) concentration ranges from 0.9-1.1ppRick Rock samples with average concentration @5 @nd
from 0.8-1.6 in Satzen samples with average conagmo of 1.08ppm. Some samples (SQ1, SQ4 and 80Q5)
Satzen displayed higher concentration relativénésé of Ric Rock Samples (Table 4)

Nickel (Ni) concentration in Ric Rock samples ranf®m 0.6-0.9ppm and has average concentratidsppri
and ranges from 0.8-1.6ppm in Satzen samples asdaverage concentration of 1.13ppm. However, some
individual samples showed higher concentrationustdgamples (SQ1, SQ4 and SQ5) from Satzen quarry.

Lead (Pb) concentration is very high; it rangesi88.23-44.64ppm in Ric Rock dust samples and 20rb9-
29.93ppm in Satzen with average concentration di3tand 20.58ppm respectively. The highest conatotrs
are recorded in dust samples from Ric Rock quarry.

Copper (Cu) concentration in Ric Rock samples rangem 2.26-3.08ppm with average concentration of
4.00ppm. In dust samples from Satzen, it ranges B@B6-1.95ppm with average concentration of 1.p#%f
can be seen that the concentration of Cu in sanfifges Rick Rock quarry is high relative to thoserr Satzen
quarry. However, sample SQ1, SQ4 and SQ5 from Batzewed slight distinct concentration among thesot
samples.

Zinc (Zn) concentration is very high and maintaim#most the same concentration in all the duspsesrfrom

Ric Rock. The concentration ranges from 154.1-13h® and has average concentration of 154.93ppm.
However, the concentration of Zn in dust sampldiected from Satzen are far less than that of RICKR it
concentration ranges from 47.4-78.7ppm with avecageentration of 62.75ppm.

Mo concentration in dust samples from Ric Rock esmnfyjom 7.14-15.36ppm and has average concentration
10.01ppm. It ranges from 1.53-3.93ppm and has geecmncentration of 2.70ppm in samples from Satzen
quarry. It can be noted that Mo concentration irstdsamples from Ric Rock is high compared to its
concentration in dust samples from Satzen. Thedsighoncentration recorded in Ric Rock in samplel RR
(Table 1)

The Index of Geo-accumulation (I-geo), Pollutiomér (Anthropogenic Factor) (Pl) and Enrichment Bact
(EF) are given on Tables 5 and 6. They are usddt¢opret the contamination status of some selebtsy
metal levels in the dust analysed from the two desr

The decreasing trend of average metal level shdhatdn Ric Rock dust, Zn>Pb>Mo>Cr>Cu>As>Co>Ni>Cd;
where as in Satzen dust, Zn>Pb>Cr>Mo>Cu>Ni>Co>Asfables 5 and 6)

In Ric Rock dust, the Enrichment Factor (EF) of s, Co, Cu and Ni are 1.62, 0.45, 0.48, 0.50 addahd
their respective calculated Index of Geo-accumotatire -0.45, -2.32, -2.24 -2.17 and -0.68. Thed-i less
than zero (I-geo<0) which indicates that the dsigiractically unpolluted with these elements widlidency to
minimal enrichment. Meanwhile, the Enrichment fast(EF) of Cd and Pb are 4.00 and 3.08. Their e
index of geo-accumulation are 0.82 and 0.45, th&ds than 1 (I-geo < 1) indicating that the dsistnpolluted
to moderately polluted and moderately enriched wetpect to Cd and Pb. The enrichment factor (EN)mis

6.66 and its Index of Geo-accumulation is 1.57ggd- <2) which is an indication that the dust is erately
polluted and severely enriched with Mo. Zn has mmcament factor of 4.62 with an Index of Geo-acalation

of 2.27 which showed that the dust is moderatelsttongly polluted and moderately enriched by Zrales 6
and 7, Fig 2).
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The pollution index (Anthropogenic factor) of Asy,GCo, Cu and Ni are less or equal to one (PI<B.Th
pollution of the dust by As, Cr, Co, Cu and Ni fdaw pollution intensity. Cd and Pb have pollutiomdex less
or equal to three (3) and falls within the middklgtion intensity. Mo and Zn are highly polluted the dust
with their P1 greater or equal to three (3) (Tabléig.3).This also conform to the other paramedtated above.

In Satzen quarry dust, the enrichment factor (EAs Cd, Cr, Co, Cu, Ni, Pb and Zn are 0.88, 0(x.80, 0.54,
0.17, 2.0, 1.88 and 1.88. Their respective IndeGed-accumulation is -1.35, -1.53, -2.16, -2.064,-30.10, -
0.26, 0.36 and -0.26 which is an indication thet dsipractically unpolluted by these elements. Muite the
enrichment factor of Mo is 2.88 with Index of Gemzamulation of 0.36. This showed that the dushigaliuted
to moderately polluted and moderately enriched loy(Vables 8 and Fig. 3).

The pollution index (Anthropogenic factor) of AsdCr, co, Cu, Ni, Pb and Zn are less or equalvm ).
This reflects low pollution intensity in dust fro®atzen quarry by the stated elements. However, M@ h
pollution index less or equal to 3 which depictsldie pollution intensity in the dust (Table 8, F&). This also
conformed to the other two parameters describedeabo

3.0 Discussion

The results showed that the concentration of thasomed trace elements is higher in Ric Rock dumst ih
Satzen dust. The measured concentration of As,GedZn, Pb, Ni, Cu, Mo, and Co are high in the dust
exceeding the WHO/EPA guideline values as showirainle 9.

The Index of Geo-accumulation, Pollution Index dftichment Factor indicated that the dust sampiech f
Ric Rock quarry is practically unpolluted by ArsenChromium, Cobalt, Copper and Nickel and deficieto
minimal enrichment by these elements. It is ungetito moderately polluted and moderately enrichigd Cd,
Pb and Zn. The dust is moderately polluted andregvenriched by Mo.

In Satzen dust, the pollution intensity showed dost is practically unpolluted and is deficient nonimal
enrichment by As, Cd, Cr, Co, Cu Ni and Zn. It ippalluted to moderately polluted and moderatelyiotred
with Molybdenum.

EF values ranging between 0.5 and 2.0 can be cenesidn the range of natural variability, whereasos
greater than 2.0 indicates some enrichment cornepg mainly to anthropogenic input (Shakeri e28l09)

From the above statement, dust sampled from Rik Roenriched with Cd, Pb and Zn as a result of enatt
anthropogenic contribution because their EF istgrethan 2.0 and less than 5. On the other haeddtst is
severely enriched by Mo as a result of greater raptigenic contribution because its EF is greatanth
5.However, As, Cr, Co, Cu, Ni have their respeck¥eless than 2.0 and therefore, their elementadeatration
is probably entirely due to crustal or natural oriflables 5, 7 and Fig. 2).

Conversely, the enrichment factor (EF) of Mo intdsempled from Satzen quarry dust is above 2.0es®dthan
5 which is an indication that the dust pollutioatss results from moderate anthropogenic contobuths, Cd,
Cr, Co, Cu, Ni, Pb and Zn on the other hand, haed respective EF less than 2.0 which indicates their
elemental concentration is also probably entirelg th crustal or natural origin (Table 8, and Big.

The release of these high trace elements concemtratto the environment through the activities cpfarry
companies enriches their concentration in the enwirent there by polluting the soil, air, surfacel gnound
water. Quarry workers and those in proximity arenigh health risk due to long exposure to thesé higce
elements concentration either through direct ingespercutaneous absorption, inhalation or bioaudation in
the human system through the food chain. The tedements and their possible health implication®eased
with deficiency and/or excess are as discussediwbelo

The Arsenic concentration in the dust ranges fromtd 3.9ppm in Ric Rock and from 0.4 to 1.3 inZ&at
exceeding the WHO permissible limit of 0.05ppm ([Ea®).

Arsenic is regarded as human carcinogen from exefow levels of exposure, having no possible ez
metabolic function for human. Its low level expasgauses nausea and vomiting, decreased prodeétRBCs
and WBCs, abdominal pains. It long term exposureses darkening of the skin and appearance of smaik
in palm soles. Other effects include abnormal E@Gorexia, fever, fluid loss, goiter, hair loss, dwehe,
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herpes, impaired healing, jaundice, keratosis, égdand liver damage, muscle spasms, pallor, peaphe
neuritis, sore throat, weakness and interferes thighuptake of folic acid.

Cadmium is highly toxic non-essential heavy metad @oes not have a role in biological process vindj
organisms. It can be toxic even in low concentregidts concentration in the dust ranges from ®26.29 in
Ric Rock and from less than 0.02 to 0.09ppm in &att is found to exceed the WHO permissible liofit
0.005ppm (Table 9).

Cadmium is very toxic, its long- term exposuredweér level leads to build up in the kidney and guesidney
disease, lung damage, and fragile bones. Hypeaensirthritis, diabetes, anaemia, cancer, cardawas
disease, cirrhosis, reduced fertility, hypoglycerhisadache and strokes are some it long term effect

Lead is a toxic metal even at low concentratiorelevThe concentration of lead in the dust rangmfB8.23 to
44.64ppm in Ric Rock, and from 20.59 to 29.93ppr8atzen which both exceeds the WHO permissiblé tifni
0.015ppm (Table 9).

Diseases associated with deficiency of lead isrecbgnized but those associated with excess expasiirer
through ingestion or inhalation can leads to vasetof maladies, including: system hypertensionstrga
intestinal pains and bleeding, pulmonary edemamémedestruction of red blood cells; liver necrosiginey
failure encephalopathy and other central and pergdervous system disorder. Chronic toxicity ézad to
systemic hypertension; skin disorder such as eczkyperkeratosis, melanosis, ulceration and skitees

Chromium concentration in the dust ranges from Fgpm in Ric Rock and from 5 to 9ppm in Satzenhbot
exceeding the WHO permissible limit of 0.1ppm (T&a8).

Chromium (Il1) is essential to maintain the metadmol of the human body; it is effective in managetmain
diabetes and it is a cofactor with insulin. Itsdifincies result in defective glucose metabolisnpehnljpidemia,
corneal opacity. Health effects associated witheegcexposure causes irritation and generationsidris in
skin, respiratory tract, and gastric and intestimgcosa; contact dermatitis, pulmonary edema, akigteey
failure, Long-term risk for lung cancer, pneumoasis from exposure to Chromites dust.

Cobalt is an integral component of vitamin B12 noales; is an essential element needed in human foody

normal physiological function. It concentrationtire dust ranges from 0.8 to 1.1ppm in Ric Rock fapch 0.8

to 1.6ppm which are above the WHO permissible liofitd.1ppm (Table 9). Health effects associateth wi

deficiency includes anemia and anorexia. Exces®siimn results to Cardiomyophathy, hypothyroxism,
polycythemia (excess RBCs), cancer. Excess inbalatcauses respiratory irritation “Hard metal”
pneumoconiosis. Percutaneous exposure causesatlergnatitis.

Copper is an essential element for plant and anhealth. Its concentration in the dust ranges fi26 to
3.08ppm in Ric Rock exceeding the WHO permissilfléinoit 1.00ppm and from 0.86 to 2.71ppm in Satzen
exceeding WHO permissible limit except for samptedad E8 that has Cu concentration which falls el
permissible limit (Table 9). Its deficiencies letmd Anemia and menke’s syndrome. Health effects catal
with excess inhalation and ingestion are Wilsoméedses (associated with Cu buildup in organgstimal and
liver inflammation, hemolysis (destruction of retbdd cells, with diffusion of hemoglobin into summding
fluids), and hyperglycemia.

Zinc is an element that is also essential for huewash animal health. It has an important role inahelism,
growth and general well being. It concentratiorthe dust ranges from 153.8 to 157.6ppm in Ric Raut
from 47.4 to 78.7ppm in Satzen, both exceedingMh#O permissible limit of 2.0ppm (Table 9).

Diseases associated with Zn deficiency are anqreigarfism, anemia, hypogonadism, hyperkeratosis,
acrodermatitis, enteropathica, depressed immum®mnss and teratogenic effects. Health effects &stsocwith
excess ingestion is hyperchronic anemia and inibalé& metal fume fever at high doses.

Molybdenum is an essential element necessary forahuand animal body to perform it normal physiotagi
function. The concentration of Mo in the dust rasmdem 7.14 t015.36ppm in Ric Rock and from 1.53 to
3.93ppm in Satzen and all exceeds the permissibiedf 0.15ppm (Table 9).
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Health effects associated with Mo deficienciesgn@vth depression, keratinization effects and hypeemia.
Exposure to excess of Mo causes high uric acidkems and urine, loss of appetite, diarrhea, sloawgn,
anemia, “gout-like lesions and molebdenosis.

Nickel plays some roles in body functions includamzyme function. In very trace amount, it may baddicial
to activate some systems. It ranges in the dust i@ to 0.9ppm in Ric Rock and from 0.8 tol.6ppnSatzen.
This concentration is found to exceed the pernlisditmit of 0.02ppm(Table 9).

Health effect associated deficiency is not recogphizut exposure to Ni inhalation results to chrdmanchitis,
emphysema, reduced lung capacity, cancers of tigednd nasal sinus. Ingestion of Ni can resulteathl (due
to cardiac arrest), gastrointestinal effects (nauseamps, diarrhea, vomiting), effect on bloodeij kidney.
Also, it can leads to neurological effects (giddimeveariness).

4.0 Summary and Conclusions.

Quarrying of rocks have shown to have contributedhte development of many developed and developing
nations. However, it generates and releases platécipollution in the environment. The high level o
particulates generated at the drilling and crushireps depicts them as hazard zones. Moreoveryquarkers

and those communities living in proximity to thésezard zones are exposed to various health risks.

The study investigated the trace elements condenirim the dust of Ric Rock and Satzen quarieddtermine
the concentration of trace elements in the dustadsal to deduce their possible health implicatidrte results
of the geochemical analysis were interpreted basethe Pollution index (anthropogenic factor), elnment
index and index of geoaccumulation using some tEldcace elements (As, Cd, Cr, Co, Cu Ni, Pb, &ah do).

The interpretation revealed that:

i. The Rick Rock dust is practically unpolluted witls,ACr, Co Cu, and Ni with deficiency to
minimal enrichment, unpolluted to moderately patiand enriched with Zn. The dust is also
extremely polluted and severely enriched with respeeMo. On the other hand, Satzen dust is
practically unpolluted by As, Cd Cr, Co, Cu, Nb &1d Zn with deficiency to minimal
enrichment. It is practically unpolluted to modergtpolluted and enriched by Mo.

i.  Even though biotite Granite is the rock been qedrin both areas, the dust from the Ric Rock
quarry have higher concentration of the trace etémeompared to the dust from the Satzen
quarry. This is as result of moderate to severrapbgenic activities considering their enrichment
factors relative to those in Satzen quarry dusth\Wéspect to the selected elements and their
contamination status, Rick rock is not contaminat@ti Cd, Pb, Mo, and Zn and Satzen dust has
been contaminated with Mo.

iii. The elemental enrichment in the dust samples deliieitom Rick Rock quarry is higher than those
from Satzen quarry and can be attributed to ollegpg and emission from trucks and diesel
powered generator which is the only source of paupply to the quarry. This enriched the
elemental concentration in the dust. Satzen quarryhe other hand, uses electricity from Power
Generation Company which reduced such enrichmenttibation in the dust. However the
enrichment of Mo in the dust may be attributedit@pillage and combustion of fossil fuel from
heavy duty trucks used for the quarry operation.

Geochemical analysis of quarry dust from Ric Roc#t 8atzen quarries showed that the concentratidracé
elements in the dust exceeds the permissible $ietiby WHO. Some of which are very harmful to hurhealth
even at very low concentration. It is certain thaig exposure of quarry worker and those livingclose
proximity via inhalation, ingestion and percutangaipsorption can result to various health challenBé& Rock
quarry workers are at high potential risk than 8atguarry worker because the trace element comtimts are
much higher and extensively contaminated in RickRagst relative to Satzen quarry dust. The reledsbese
trace elements in high concentration by quarries earich their concentration in the environmentrebg
polluting the air, soil and both surface and growater which variably affects human, animal anchplaves
through food chain which may cause diseases anttaladeath of man.
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Table 1: Classification of Index of Geo-accumulation (1-geo) (Lu et al, 2009)

I-geo Class Pollution Intensity

Igeo<0 0 Practically unpolluted

O<Igeo<1 1 Unpolluted to moderately polluted
1<lgeo<2 2 Moderately polluted

2<lgeo<3 3 Moderately to strongly polluted
3<Igeo<4 4 Strongly polluted

4<|geo<5 5 Strongly to extremely polluted
Igeo>5 6 Extremely polluted

Table 2: Classification of Enrichment Factor (EF) (Manno et al, 2006)

Enrichment factors (EF) Degr ee of enrichment

<2 Deficiency to minimal enrichment
2-5 Moderate enrichment

5-20 Severe enrichment

20-40 Very high enrichment

>40 Extremely high enrichment
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Table 3: Classification of Pollution Index (Pl) (Dose Anjos et al., 2000)

Pollution (Anthropogenic) Index ( Pl) I ntensity of pollution
IP<1 Low

1<IP<3 Middle

IP>3 High

Table 4: Results of Geochemical analysis of dust samplesfor the Ric Rock (RR1-RR4) and the Satzen
Quarries (SQ1-SQ6) in partsper million (ppm) for trace elements.

Samples

Noo RRL RR2 RR3 RR4 SQL SQ2 SQ3 SQ4 SQ5 SQ6 Average
Mo 757 995 7.4 1536 267 3.65 3093 153 282 692. ,gq
Cu 254 308 226 271 195 086 115 097 157 157 1.35
Pb 4204 4464 3921 3823 2923 2059 2211 21.226428.27.96  24.96
Zn 1542 157.6 1538 1541 787 521 474 54 716 7276275
Ni 08 07 06 09 12 1 08 08 14 16 113
Co 11 08 11 09 14 08 08 08 14 16 113
Mn 411 379 378 362 184 134 127 157 180 17515950
As 08 13 39 05 13 04 04 1 09 13 088
U 136 147 129 151 138 88 91 112 118 12 1112
Th 572 593 628 598 481 291 332 343 489 48 4027
Sr 40 41 42 37 10 8 9 8 10 10 917
Cd 027 025 025 029 009 007 004 007 004 <0.02 0.06
Sb 024 031 018 023 032 016 016 021 024 024 022
Bi 041 014 008 009 009 004 005 007 009 007 007
v 2 1 2 2 2 2 2 2 3 3 2.33
Cr 7 5 5 7 8 4 5 6 9 8 6.67
Ba 291 287 290 243 50 32 29 36 44 41 3867
Cs 43 36 37 36 18 19 19 19 19 18 187
w 4 36 35 36 31 19 22 22 26 29 248
Zr 97 1081 1015 1427 1824 121 1126 1705 136.25.414 144.68
Sn 8 73 76 68 61 68 63 67 48 49 593
Be 12 11 13 13 14 9 10 16 12 10 11.83
Sc 19 17 16 17 09 06 06 07 08 09 075
Y

1179 1134 106.1 152.7 267.2 159.8 162.7 183 201282.1  196.05
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Table 5: Summary of the mean concentration, Index of Geo-accumulation (I geo), Pollution Index (PI)
and Enrichment Factor (EF) of some selected heavy metal contents of dust from Ric Rock Quarry, Fobur.

Elements | Conc (ppm) I-geo Pallution (PI) Enrichment Factor EF)
Range Mean | Range Mean Range Mean Range Mean
As 0.50-3.90 1.625| -2.17-0.79 -0.45 0.33-2.6 1.08.3348.90 1.62
Cd 0.265-0.29 | 0.265| 0.82--0.9p 0.82 2.65-2.90 268.97-4.30 4.00
Cr 5-7 6.0 2.59--2.10f -2.23 0.25-0.3p 0.30 0.3BO0. 0.45
Co 0.8-1.1 0.95 2.50--1.97 -2.24 0.26-0.37 0.32 404@.55 0.45
Cu 2.62-3.078 | 4.00 -2.70--2.85 -2.17 0.21-0.26 30.30.33-0.39 1.50
Ni 0.6-0.9 0.75 -1.00--0.42 -0.68 0.75-0.30 0.94 .1211.69 1.40
Pb 38.23-44.64 41.03] 0.35-0.57 0.45 1.91-2.3 2/0B.88-3.35 3.08
Mo 7.14-15.36 | 6.67 1.66-2.77 157 4.76-10{24 4.5 14-15.36 6.70
Zn 153.8-157.9 154.98 1.04-1.07 1.06 3.08-3.15 3/108.61-4.73 4.62

Table 6: Summary of the Mean Concentration, Index of Geo-accumulation (I-geo), Pollution Index (PI)
and Enrichment Factor (EF) of some selected Heavy M etal Contents of Dust from Satzen Quarry, Cor ner
Mista Ali

Elements | Conc (ppm) I-geo Pallution (PI) Enrichment Factor EF)
Range Meann Range Mean Range Mean Range Mean
As 0.40-1.30 0.883 -2.00--0.79 -1.35 0.27-0.87 590. 0.33-1.06 0.88
Cd <0.02-0.90| 0.052 <0001--3.12 -1.53 <0.2-9.00.520| <0.20-8.81 0.78
Cr 4-9 6.7 -5.22--1.74] -2.16 0.2-0.45 0.34 0.8 0.50
Co 0.8-1.6 1.08| -2.50--1.50 -2.06 0.27-0.583 0.36.050-0.11 0.54
Cu 2.26-3.08 1.34% -2.99 - -2.5§% -34 0.19-2.57 10.10.07-0.090 0.17
Ni 0.8-1.6 113 | -0.58--042] -0.1p 1.00-2.0p 1.410.02-0.03 2.00
Pb 20.59-29.93 25.02 -0.54--0.0p3 -0.p6 1.03-1.50.25 | 2.43-35 1.88
Mo 1.53-3.93 2.88| -0.56-0.81 03¢ 1.02-262 1.92.5-3.85 2.88
Zn 47.48-78.70 62.7% -0.66— -0.07 -0.26 0.68121.1.26 | 0.99-1.65 1.88
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Table 7: Summary of Quantitative I ndices with respect to Trace Elementsin Quarry Dust from Ric Rock

Quarry
Elements Mean |- | Mean Mean Summary of contamination
(ppm) geo PI EF
-0.45 1.08 1.62
As Practically unpolluted with deficiency to minimal
enrichment
0.82 2.65 4.00
Cd Practically unpolluted to moderately polluted with
moderate enrichment
-2.32 0.30 0.45
Cr Practically unpolluted with deficiency to minimal
enrichment
-2.24 0.32 0.45
Co Practically unpolluted with deficiency to minimal
enrichment
-2.17 0.33 1.50
Cu Practically unpolluted with deficiency to minimal
enrichment
-0.68 0.94 1.40
Ni Practically unpolluted with deficiency to minimal
enrichment
0.45 2.05 3.08
Pb Unpolluted to moderately polluted and moderately
enrichment.
1.57 4.5 6.60
Mo Moderately polluted with and severe enrichment
2.27 3.10 4.62
Zn Unpolluted to Moderately polluted with modergte
enrichment
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Table 8: Summary of Quantitative Indices with respect to Trace Elementsin Quarry Dust from Satzen
Quarry.

Elements Mean |-geo Mean PI Mean EF Summary of contamination
(ppm)
-1.35 0.59 0.88
As Practically unpolluted with deficiency to
minimal enrichment
-1.53 0.05 0.78
Cd Practically unpolluted and deficiency o
minimal enrichment
-2.16 0.34 0.50
Cr Unpolluted with deficiency to minimal
enrichment
-2.06 0.36 0.54
Co Unpolluted with deficiency to minimal
enrichment
-3.4 0.11 0.17
Cu Unpolluted with deficiency to minimal
enrichment
-0.10 1.41 2.00
Ni Unpolluted and moderate enrichment
-0.26 1.25 1.88
Pb Unpolluted with deficiency to minimal
enrichment
0.36 1.92 2.88
Mo Unpolluted to moderately polluted with
moderate enrichment
-0.26 1.26 1.88
Zn Practically unpolluted with deficiency to
minimal enrichment

Table 9: Measured Concentration of some selected Heavy M etalsin Dust from Ric Rock and Satzen
Quarriesand WHO (2000) maximum per missible limit in water.

Heavy metals (ppm) | Measured concentration | Measured concentration | WHO/EPA
rangein Ric Rock dust (ppm) | range in Satzen dust | permissible limit

(ppm) (ppm)

As 0.5-3.9 0.4-1.3 0.01

Cd 0.25-0.29 <0.02-0.07 0.01

Cr 5-7 4-9 0.1

Cu 2.26-3.08 0.86-1.57 2.00

Ni 0.8-1.6 0.6-0.9 0.02

Mo 7.57-15.36 1.53-3.93 0.15

Pb 38.23-44.64 20.59-29.93 0.05

Zn 153.8-157.6 47.4-78.7 5.00
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FIGURE 1: MAP OF PLATEAU STATE SHOWING THE LOCATION OF THE STUDY AREAS.
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Fig. 2: Chart showing mean values of I-geo, Pl BRdagainst elements for dust from Ric
Rock quarry.
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Fig. 3: Chart showing mean value ofl-geo, Pl andag&inst elements of dust from Satzen
quarry.
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