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Abstract

The criticel assexsmenis of the effects of artisonal pold milmg o e envirmsmend and living beéingy war
carried out in Shango arca (4km by 4km), Minna, Novth Central Nigeria, in arder to assess challenges
ausociated with arfisamnal gold mining. During the feld observarions af the whole mining site were made
sor iy for gy the plhyveleal effect of mining on the lowdy and soils in the study orea. Represemative soil
sarmples were randordy collected from the surface from mined and um-mined araas within the mining sites,
The zafl samples were anahzed af the National (ev-soience Research Laboratory (NGRL), of Nigerian
treological Survey Agency (NGSA), Kaduna for trace elemerts wring X-Ray Fiuorescence (XRF) method.
The averge concemtration of these efements was compared with the miblished crustal average
rnceniration of the elemanty in upper continental crust. Rexults of field observation reveal that mining
acttvity residtvd in physical environmental impact such as land degradation, destruction of vegetation,
erorion of solls ahd degrading water guality. Results from. the labaratory amalyses shaw that soily are
comamirated with elementy xuch ax Cu (27.7ppm), Cd (006 ppmy, Hy (0.62 ppm) and Ag (0.35 ppm) and
generally show high status when compared to published standard for upper continental crust. While, Zn
{4 8ppm), Ni (7.1 7ppm), Mn (207ppm), P (0. 55ppm), A (O.4ppm), Co (0. 55ppm), Ma (0.1 Gppm), and
Zr (129.8ppm) are rated low in line with the published standard; other defermined elemems ruch as Cr
{37 Bppml, Fe (31, 1 ppm and Aw (. 2ppmg are high. These elements can easily be absarbed be plants and
subsegquently occumulate in their tivsues. When such plonts are eventually eatent by man, it moy fead o
different health protvlems such as slow growth rate, fiver and kidney profilem, High concenrrationaf these
elemients in plant Hizsues meay causes different probiemy such as retarded growth and poor cfop vield
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Inireduction

Mining can be desenibed as the processes involved in the extraction of mineral deposits from the surface of
the enrth or from beneath the siurface. The exploitation of natursl resources of any tvpe; be it metallic, non-
metallic minerals and fossil fuels (petroleum, conl and namesl gas) play pertinent role in the cconomic
development of any nation { Ako e al, 2014) These includes; the potential rise in the level of foreign
exchange earnings and gross domestic products of such countries, mining activities may ultimately lead to
the diversification of countries economy and prometion of jeb creation in both private and public sectors.
To this end, the importance of the mining sector can never be over emphasized and has been published by
severnl authers ((¥baje and Abba, 1996, Obajeer af , 2005; Nwajiuba, 20000,

Artizanal Mining i o low resource, poverty driven and localized mining operations where simple,
incxpensive lools and equipment are utilized in the extraction of mineral { Brodshaw etal,, 1997} Thistype
of mining is commonly practiced in the poorest areas of & country. Howsver, it has been identified as
means of livelihood adopted primarily in nural arens (Vedga, 2003), This type of mining is somefimes
referred to as“informal sector™, which is usaally putside the legal and regulatory Trmework ( Azubike,
2011).Opafungo (2010) reponed that, the informal, unorganized, unplanneéd and uncontrolled nature of
artisanal mining can be viewed negatively by governments and environmentalists: simply because of its
potential for environmental damage, social disruption and conflicts.

Artizanal mining 15 one of the mechanismis by whick air, lnnds, soils and water are polluted and degruded
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{Akoet al, 2074 Ademoroti, 1996), It also hos considerable effect on the ecosystem and biodiversity,
Furthermore, artisanal mining may also result-to clearing of vegetation which reduces essentinl nutrients
and organic matter of the soil. Thus, reducing biological activity and leading to decreases in productivity
of the sgil| Pandey and Kumar, |996). The act of artisanal mining operations directly or indireetly affects
bath the Bving things {including human) and non-livings things through the physical and chemical
modification of the sl environment (Ratcliffe, 1974), The use of gravity conceéntration methods such as
panning and sluicing during processing poses health problems. Also, toxic materials are released into the
environment, posing huge health risk to the miners, their families and the immediste communitics
(Asubiie, 200 1), Despite the mminent dangers posed by this artisanal mining activity to human and the
environmental components {land, air, water, soil animal), it has continued 10 spread due to large scale
poverty, especially, in third world countries like Africe. Lack of jobs; growing unemployment and lack of
political will on the part of government to formalize the sector, In sddition, the ather means through which
the people may be affected include drinking contaminsted/polluted  water, food, inhalation of

contuminated dust, oral ingestion of particles especially by children and through breast feeding (Ako ctal,
2014),

Mining of geld has being lefi in the hands of artizanal miners who do not have enough resolrees and
edaguate equipment and technology required for the mining sctivities. Minna and i environment
particularly the Shango area guffer in the hands of eriisanal miners. This work therefore, studies the
environmental problems associstéd wilh artisanal gold mining in Shango using both feld observations
nnd Inboratory enalyals of soil samples.

Study Area
Location, Extent pud Accessibility,
The study area s located within latitude 67 36° E to 6% 37E and Longitude 3° 38N 40 9° 39N, The area is

acceasible through the Tunga-Chanchaza road and other minor footpath behind the College of Education
Minma,

Relief and Dralnage

The aren is marked by low hitls ms well o3 plain lands. The area is drained mostly by Shonge River which
kv, extends into Chanchaga.

Climate and Vegetation

The project ares [ies within the sub-humid tropical 2one, and has 1 mean annial rainfall that ranges from
D 1o L 320mm, 1 experiences two main altemating seasons: dey and wel seazons. Ruinfull Tasts from
Aprit/May o SepiemberiOctober, characterised by moisture Iaden South Westerly winds blowing from
the Atlantic Choean, while the dry season Insts in-betwesn with predominantly North-East trade winds. The
vepetation pattern of the study area i basically moistsovannaoh, characierized by mixiures of trees, shrubs,
grasses; and herbs,

Land 1/sa

Farming end small scale Gold mining ix the main occupation of the srea, Crops grown i the sreainclude
maize, guinea com.

Grenlogy of Shangoarea

The-study area consisis of two main rock types. These include the schist and the granites . The schist has
beseny intruled by ihe granites and form sharp contacts al some ploces while inferred contacts in other
places (Aksed o, 2014}, The schist is more abundant than granite ind covers sbout B0% of the study area.
They are generally lowdying, light cologred with:-characienstic mediom fo coarse prinned texture.
Mineral components of the rock consist of quartz, feldspar and mica. The schist Is slightly weathered and
foliated, The foliation s manifested by displacement of schisto-city the rock generally trend in NW-5E
directionand generally dips betwesn 307 - 40% NW,
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Materials and Method )

The method used for this research consists of fieldwork, mappingand laborstory analyses. During the
Meldwork, soil samples were collocted from the mined and unmined sites. Also; field observations were
made to determine the physical environmental £ffect of the artisanal mining. The soil samples collected
were further prepared before taking to the laboratory where their trace element contients were analyzed.

Field Work. Field wark was cammied out within the Shango area of Minna to map the various rock units
imderlying the area. Subscguently, the mapped rocks out crop in the area were described based on their
colour, texture and field relation. Furthenmore, representative soil samples were randomly collected from
the surfiace using a shovel from mined and un-mined areas, These semples collécted were described based
om their colour, texture and carefully put in polycthylene bags and labeled accordingly. The poirits where
samples were collected in the field wese plotied on the base map at the appropriate locations with the help
ofa Garmin Global pesitioning system (GPS). Atotal of six soil samples were collected and were used for
geochemical analysis in the laboratory. During the field work, observition of the mining site was done so
as to evaluate the physical effect of the mining on the area. ‘Observations were equally made on the
agricultural land use because of the Tarming et vities going onin the area

Laboratory Work

Snmple Preparation

Sample preparation for X-ray Fluorescence (XRF) was done on six soil samples obtained from the field in
fine with the procedure described by Akoet al, 2014 This was followed by analyses at the Naticnal Geo-
science Research Loaboratory (NGRL), Kaduna. The 5ol samples were sun-dried for nbout 24 hours in
order to remiove the meisture contént. Coning snd quartering was eamied out by pouring each sample on a
cardboard paper and then armanged in cone form. A metal rule was vsed 1o divide the coned sample into
fourequal half, two halfwere taken oft diagonally and then the process was repeated till atepresentative of
the whiole bulk sample was obtained. About 50-35 g of vach snmple was pulverized using the Ball Milling
machine {Retch P 200 or- 400) to fine powder and was sieved using a mesh sieve of 75 pm. The sample
was re-crighed and re-sieved 1ill every bit passes through the sieve. About 30-35 2 was weighed on the

weighing balance and then packaged in the labeled zample bag with details of the specimen before the
nrealysis.

Chamieal Analvais The powdered samples wene nonlysed for Trace elements-wsing X=ray Fluorsscencs
[ XRFY machme, model; PANvileal, af-the National Geo-sciende Research Labormory (NGEL S, of
Migerian Geologieal Burvey Agency (NGSA), Kaduns, The sofvware used for the nnalysis was Millipal £,
|t this method, about 10 g of esch the six prepared samples was welghed inte the 2ample cup of the X-roy
Fluorescence machine and Em.hrsl.'.l:l according 1o the method described by Ezeaku, 2011. The ‘mean
goncentrittion of each element in the samples was compared with ‘Wedepaohl, (1995 and Taylor and
McLennan, (1985} average concentration of elements in upper continental crust. Values that comrespond or
fall below the éxpected limit were accepted s safe while values above the limits indicate very high
concentrations of such elements in the sail which can cause serious environmental problems ip planis and
animuls mcluding man.

IResults and discussions

Litholegy and Field Relation

I'he study area consists of two mam rock types. Thess include the schist and the granites (Figurs 1), The
nchist has been intreded by the granites and form sharp contacts al some ploces while contacts is only
inferred in other places. The schist is more abundant than granite and covers about 9% of the study area
(figure2).
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Figurel. Geological map and cross-section of Shango showing the rock units in the-shudy arra
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Figiure 2.5haws photograph af schist being the dominant rock in the sty ared, They ore generally low-
fving. light coloursd with characleristic medium to coarse grained texure, Mimerol componenis of the
rock consist of quares, feldspar and mice, The sehist s slightlyweathared and foliated . The rock genarally

trend fre NW-SE direction and gemerally dips between 30° - 40° NI These rocks are joimted and the foints
are Jiifea winh qsTeis weln.,

The granites cover sbout 102 of the study dren. They intruded the schist and are 1i ghtincolour, Texturally,
they are coarse prained. Mineral constituent of the rock consist of quartz, feldspar and muscavite. The
granites bave not been affected by weathering and are slightly jointed.

Field observation
From the Field ohservation carried out, it was revealed that artisunal gold mining in the study drea has
resulted in numerous phyvisical spvironmenta) impicis on the study enviropment, Some of them are

hightizht=d below:

Farmiand reductionand Land Degradation
It was observed during the fieldwork that, the effect of srtisansl gold mining in the study area has led 10
destruction of the natwal landscape as result of excavation of zoil wsing shovel end diggers. This will

further exposed the 5ol 40 erosion as the land cover are remeved duning such excavations (figure 3. Thus,
redueing tarmland.

Figure3 Photographs showing how natural landscape hay been desiroyed due to artisanal miming in
Shange (zource:fieldwork)
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I'hey were ohserved pockets of pits found in the study area, These pits can be attnbuted to, or may have
been crealed as aresultof the localized artisanal mining activity in the area (figure 4)

Figured. Shows the praoject student in ome of the pit created by the mining activities. This pit may became a
preteniial veservoir for palluted weder ard dengerous habitat for repeiles such as snoakes which can cause
Fecerm fer e

Drestruction of Vegetation

The clearing of the sie for mining activities has resulted in loss ol vegetation, This may further degenerate
into deforastation it not adequately checked Large amounl of vegetation has been destroyed and this
exposes the 301l 1o erosion and makes it unsuitable for crop production (Figures),

Figure 5_Photograph showing the effect of foss afvegeiation on land (source, flaldwork)

Degrading of Water Quality

sine waste may increase the total solid load of water bodies which affect the quality of water in the
study area (Figure 6). Water contaminated as a result of the gold mining may pose human health and
enviranmental risk
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Figure 8. shows a photograph of an griisanal miner panning gold in the Skango River: This has turned the
wrler Brown and may further lead fo polfution of the water; thus, posing threats o both man gnd animal
health, (Senrce: fleldwork)

(G eochemistry of the soll samples

The results of (e concentration of elemeants in-the soils of the study area-along with the mean
copcentrations, a5 well as comparism with guide for Meomum Allowable Concentration in Lipper
Continental crust: Wedepohol {1995, Tay lorand Mclennan, (1985 ) are presented intable 1

Table1: Geochemical data of the concentration of-elements (ppm) in s01ls from Shango arca coriparsd
with averige concentritions of the elements in erustal rock

Flanen: LI ] 3 L3 & L& Mean  Sadqobel Tode 2 crams
. {1503

b Y - ] iE) [ BX.  Ua8 Tiopm  Z0ppm  low
As 0.3 n3 .5 B2 07 o4 0.4 20ppm  LSppm Low
Cu 30 32 20 2% 25 1 7 143ppm  2%ppm  High
i 4 10 2 5 16 6 717 156ppm 20ppm  Low
Ma 320 192 190 s 175 W0 20 SZippm  600ppm  Low
Cd 0.7 0.5 0.5 0o 0.6 s 062 0,00pgen  SHpph  High
Co 0.3 0.6 3 0.4 10 07 0S8 1l6ppm  {0ppm  Low
o 0z 01 0z 0.8 016 02 016 1.4 L3 Law
Hg 0.8 0 0.6 0.6 04 04 062 (0S6ppm  40ppb High
Ag 629 030 030 046 0 020 035 00S5ppm  SOppb  High
Ir 160 W #: 0wn 102 10 1298 %pm 1Mppm low
I 27 12 10 8 15 17 148 Slpgm Tlppm  low
Cr 18 Al 3 M 61 40 378 - . -
Fe I M3 322 M 281 300 3L - . -

An 0.2 0.3 0.1 - 0.1 - 02 -

From the regiltin table 1 and the bar chart in Ggure 7, it was revealed that Pb range from 0.9ppm to 0. 2ppm
and has 4 mean concentration of 0. 58ppm. However, when the mean concentration of Pbin the study aréa
wis compared to the averape crustal abundance determined by Wedepohol, 1995, and Taylor and
Molennarm, 1985, it shows o low status, This indicated that the concentration of Pb inthe area is not high
with respect to erustal abundance, The low level of Pb in the study area indicates that, the artisanal mining
i the ares las not release Ph into the soil and thus cannot be connected. Several reports{Ako et al, 2014;
Hongu etal, 2005 WHO, 1996 and Csher etal, 2006) stressed the fact that, Pbis transported i water, fagd
and sofl and may pel sccumulated in plants tissues and animal’s tissue and may affect humans who est such

141



— o af Taforaeadion, Ednomion, Solence amd Teeknmlogy [JIENT) M, I Moy ) e

plants and animal products, Pb content in food may alse, be due to air pollution. It mey get into human
body or system through food and drinking water (WHO, 1996), Ling et al., 2006 and Nagajyoti etal, 2010
further reported that, Ph in human body and plants can causes brain and kidney problems and affect plants
morphology, growth and photosynthetic processes.

The result ontnble 1 and figure?, shows that, As concentration in the soil range from 0, Tppm 1o 0. 2ppm,
with and 8 mean of 0.4ppm, when compared to standards, it has a low status, Ako et al, 2014 reporied that
Arsenic gets into the food chain through their accumulation. in plants. [t causes cancer and death from
respiratory and cardiovascular failure in human, 1t also results in change of skin colouration. However,
from the findings of this work, has a low status with respect to crustal abundence. This implies that, if does
not pose any inmediate healthrisk to the mining environment of shango,

Cu,Ni, und Mn ranges from 32ppm ta 20ppim, 16ppm to 2ppm, 320ppm to 165ppm respectively. Also their
respective mean concentrations are 27.7ppin, 7.17ppm and207ppm, However, compared with crustal

abundance determimed by Wedepohol (1995) and Taylor and Mclennan (1985), they. show high, low and
low status respectively.

Mean Concentration of elements in Shango
C 50
a
9 2040
[
E
iy
tp
L 1 100
. T
" S0
F il
: Ph As Cu NI Mn Cd Co Mo Hg Ag Zr In Cr Fe Au

clemenis

FigureT. mean congenirmiion ofelements in the soilsin Shango srea

The results-in table | have shown clearly that, the meian concentration of Cu 5 higher compared to the
published crustal averages, Cu is an important micronutrient for plant (Thomas et al, 1998), It is essemtial
at low concentration but hazardous in plants; animals and homan ot excessive level. According to Ako et
al. (Z014), high ingestion of Cu leads to liver and kidney dnmage. 1t slows down the growth of plants and
cauves leal chioross (Lewis ef gl 2001, Cu content 35 generally high with highest concentration ol
lpeation & in the sudy ares.

Cd, Coand Moranges from 0.9ppm 1o 0, 5ppm, 1.0ppm to 0.3ppm, (. 2ppm to 0. | 6ppm respectively. Their
mean concentraions are 0,.6ppm, 0.55ppm, 0.16ppm respectively, Cd has a high status, while Co and Mo
have kow statas respectively. The research shows that mean concentration of Cd is higher compared to the
published crustal concentrtions. Crops grown in soils with high Cd concentration lead to chlorosis,
browning of roots and death of plants{Sanita di Toppi and Gabbrielll, 199%; Wojcik and Tukiendorf, 2004;
Guoet al., 2008). Akoet al, 2014 also reporied in their work thel, in human, source of exposure is through
ingestion of food and water and inhalation of dust. High Cd concentration may cause kidney damage.
Generally, it was observed that Cd concentrations inall the sampled locations are high.

Hi, Ag, Zr and Znrange from 0. 9ppm Lo 0. 4ppm, 0. 46ppm o 0.20ppm, 212ppm o T8ppm and 27ppim to
Eppm respectively. Their respective mean concentrations sre 0.62ppm, 0.305ppm, 129 8ppm, 14.8ppm.
After comparing with Wedepohol, 1995 and Taylor and Mclennam, 1985, Hg and Ag have high status
while #r and Znhas low stots respectively, [ occurs naturally in trace quantity in the-carth crust {Cava o1
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al, 2004}, Berznset al, (2003) reported that mining of ore expese human to mercury, Mercury
contamination is passed through food chain to human. 1t is toxic to the reproductive and nervous system
(Frumkinefal, 2001} High Hg content interrupt metabolism in plantz (Messer et al,, 2005). The result an
table 1 indicates that, the mean concentration of Ag is hi gher compared to the published crustal averages.,
Akoetal, 2014 reported that, Ag gets into human through ingestion and inhalation.

Cr, Fe and Au range from 61ppm to 18ppm, 38.2ppm to 27 3ppm, 0.3ppm 1o 0.1 ppm respectively. Their
mesn concentretions are 37.8ppm, 31,1 ppm and 0.2 ppm respoctively.

Comclusions

Artisanal gold mining is a means of livelihood adopted in partsof Shango area. The research preliminarily
conelades that antisanal gold mining activitics are harmful to plants, animals, humans and the environment
where such activities are carried out. Some of the physical immediate environmental problems inthe study

areq are land degradation, landscape destruction, deforestation, soil erosion and loss of soil quality and
degradation of water quality,

The result of chemical analysis of the soil samples shows that, Cu, Cd,Hg, and Ag are high while Ph, As,
Ni, Mn,Co, Mo, Zr and Zn are low when compared to published/estnblished data for concentrations of
clements within the upper continental crust. Artisanal mining activities have the potential 1o introduce
thege elements into the environment. These elements with higher conesntration may cause potential 1o
plants, snimal and humans. Most especially, if such plants are eaten by man, they aconrmulate in the tssues
and thus tead to different health problems,

References
Ademoroti, C.M. AL 1996, Environmental Chemistry and Toxscology. Foludex Press Lid., Ibadan, Nigeria.
215pp

Ako T. A, Onodoku UL 5., Oke 5. A, Adamu I. A, Al 5. E., Mimodu A.. [brahim A. T,

2014.Environmental Impact of Artisanal Gold Mining in Luku, Minna, Niger State, North
Central Nigerin, Journal of Geasciences and Geomatics, 2014, Val. 2, Ma. 1, 28-37.

Arubtke, A L2011 The Technology of peaty soils in Mozambigue and Angolas. Transachons of the
Sthipternational CongressofSoilScience, Leopalkivilie 3: 528-4711

Berzas, N, |, Garcia-Bermejo, L. F.,, Bodrguez, M, and Doimeadios, R. C. 2003 Distribution of mercury
in aquatie enviropmeant ol Almaden, Spain, Envicon: Poblut, 122, 261-271

Bradshaw, A D.19%7. Restoration of mined lands - using natural process. Ecological Englneering, 8: 255-
265

Cava, M. P, Rodenss, T. E., Morales; R.A- Cervera, M. Liand Guardia, M, Cold, 2004, Vapouratomic

fluorescence. determination of mercury in milk by slurry sampling using mulli commutation.
Analytical Clinical acta,, 506, 145-153.

Frumkin, H., Letz, R., Willimns, PL.; Gerr, F, Pierce, M., Sanders; A, Elon, L., Mannings, C. C., Woods,
). 8., Hemzberg, V5., Mutller, P and Taylor, B. B.2001. Health effects of long term mercury
exposire among chloralkali plonts workersoAm. 1, Ind, Med, 39, 1-18

Guo, 1., Dal, X., Xu, W, and Ma, M. 2008, Over expressing GSHI and As PCS] simultaneous]y increases
the tolerance and accumulation of cadminm and arsemc in Arabidopsis thaliana, Chemosphere 72:
1020- 1426,

Ling, C., Ching-ying, Y, Hung-Chang, L., Hsing-Jasine, T, Ming-Jers mnd Bor- Cheng. H
2006 Effect of mother's consumption of traditional Chinese berbs on estimated infant datly intake
of lead from breast milk, Sci. Total Environ., 354, 120-126.

143



= Jaiiresl o lyfermmiow, Eduearon, Selemey aud Technalegy (MTEST) Bel 280 | ==

Messer, R L, Lockwood, PE,, Tseng, W.Y,, Edwards, K, Shaw, M., Caughman, G. ., Lewts, JB. and
Wataha, 1.C. 2005, Mercury {1} alters mitochondrial activity of monocytes at sublethal doses vin
pxidative stress mechanisms, Jour Biomed Mat ResB 75, 257-263.

Magajyoli, P €., Lee, K. D, and Sreekanth T. ¥. M. 2010 Heavy metals, occurrence and toxicity for plants
Environ: areview. ChemLett, B 199216,

Mwajiuba, C.L. 2000.Socie-Econamic Impact of Selid Minerals Prozpecting on host communities. A
study of Okaba, KogiState, Nigeria. Technical Report to the Nigeran Coal Corporation, Enugu,
Wigerin, p 59,

Ratcliffe, D. 1974, Ecological effects of mineral exploftation in the United Kingdom and their

Significance to nature conservation. Royal Securify of Londor Proceedings. Series A, 339: 355«
372, '

Sanita di Toppi, L. and Gabbrielli, B 1999 Respeonse fo cadmium in higher plasts. Environ Exp
Bot 41 105-130

Obaje, M. G and Abaa, 5. 1.1936. Potential for coal-derived paseous bydrocarbons in the Benue Trough of
Migeria. Petroleum Geol., 19: 77-94,

Obaje, NG, Negbuna, Al, Moumoun! &, Ukaonu, CEZ2005. Geology and Minaral Resources of
Masarawa State, Nigeria & preliminary Investigation, Paper presented at the 4th Masarawa State
Agricultural and Sofid Minerals Exposition held at Agyaragu, Masarawa State, Migeria, 21-23
March, pp. 1-27,

Opafunso, Z 0. Overview of Artisanal and Small Scale Mining of Gold Operations in Migeria. Lacture at
Federal University of Technology, Akure, Ondo State, Migeria, 2011

Ciabver, Lo, Leclere, Lo Wiersma, G B, Hess, T, and Guigepps, V. E 2006 Heavy memal contamination
fronm higtorie mining in apland 4od] and enunnne sediments of Egvpl Bay,

Maine, LISA, Esuarine, Coastal and Shell Sciencs, TO 1<), 159170

Pandey, 0. D and Kimar, 5. 1996, Impact of cement dust pollution on biomass, chlomphyll, nutrients and
gruincharacteristics of wheat. Emvirpmmental Ecology. 14(4): B72-875:

Teylor, 8. B and MeLennan, 5: M. 1985. The Continental Crust: its Composition snd Evelution
Blackwell Scientific Publication, Oxford

Thisrmas F, Malick C., Endreszl, B, C. and Davies, K. 5.1998, Distinet responses o copper stress in the
halophyte, Mesembry anthemumry stallium, Physiol Plant 102: 360-366.

Valga, M. M.2003. Mercury in artisanal gold mining in Latin America: facts, Tantasies and solutions,
UMIDD Expert Group Meeting - Introducing new technologies for abatement of global mercury
pollution deriving from artizanal gold mining, Vienna, Austria,

Wedepohl, K. H.1995. The composition of the continental enust, Geochim Cosmochim Acta 59 (T), 1217-
1232

Wojeik, M, and Tukiendor!, 2004. A. Phytochelatin synthesis and cadmium lecalization in wild type of
Ambidopsis thaliann. Plant Growth Regul44: 71-80.

World Health Organization (WHO) 1996 Lead, cndmium and mercury. In Trace elements in human
mutrtion and health. Geseva! WHO,

= 144



