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Abstract Analyses of water samples from Mikei, Osiri,

Masara and Macalder (Makalda) gold mines of the Migori

gold mining belt of Southwestern Kenya were done to

determine the level of heavy metals using the Energy Dis-

persive X-ray Fluorescence technique. The concentrations of

the heavy metals were; copper (29.34 ± 5.01–14,975.59 ±

616.14 lg/L); zinc (33.69 ± 4.29–683.15 ± 32.93 lg/L);

arsenic (958.16 ± 60.14–18,047.52 ± 175.00 lg/L) and

lead (19.51 ± 5.5–214.53 ± 6.29 lg/L). High levels of

arsenic and lead were noted. These heavy metals are not only

dangerous to the lives of miners and the local inhabitants;

they are also a threat to aquatic life since these waters finally

find their way into Lake Victoria.
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Mine water

A number of studies conducted in gold mining areas e.g., in

the Witwatersrand have produced increasing evidence that

mines frequently contaminate adjacent environment with

heavy metals, salts and radionuclides, (Bowell et al. 1995).

Heavy metals are of particular interest for a number of

reasons; firstly they show a tendency to accumulate in the

sediments and the soils, have a long persistence time and

are non biodegradable. Secondly, they are ubiquitous in

sediments and soil arising from both natural and anthro-

pogenic sources with pathways including inheritance from

the parent rocks, application of water as well as local and

long range atmospheric and fluvial deposits of emissions

from dust and mining (Deb et al. 2008). While in com-

mercial mining there are some measures of environmental

control, in artisanal mining there are no control measures

and the mining environment is littered with tailings,

overburdens and open pits.

Trace amounts of metals can be found in minerals

constituting mineralized rocks. The size reduction process

like crushing, during ore processing increases the surface

area of the reaction of rock/mineral particles thereby

accelerating oxidation and/or chemical weathering and

hence the release of metals (Getaneh and Alemayehu

2006). Many of the metals are essential at low concentra-

tions for plants, animals and human health but at higher

concentration they can be toxic. In some cases the con-

centration of metals in different environmental media can

exceed the maximum tolerable concentration and can cause

harm to life; a number of case histories have been docu-

mented and reported from different parts of the world

(Getaneh and Alemayehu 2006).

Due to the presence of gold and copper, we expected

many heavy metals to be associated with the artisanal gold

mining activities in the Migori gold mining belt as reported

elsewhere in the world (Getaneh and Alemayehu 2006;

Ogola et al. 2002; Serfor-Armah et al. 2006; Veiga and

Hinton 2002; Weast 1968). This study was therefore meant

to assess accumulation of heavy metals in the mine waters

in the Migori gold mining belt and make relevant
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recommendations to the miners, the local populace and

government authorities.

Materials and Methods

Eleven water samples were collected from Osiri, Macalder

(Makalda), Mikei and Masara gold mines for heavy metal

analysis. Ten of the eleven water samples were collected

from panning ponds dug in the ground near the crushing

sites, one each from Masara, Osiri A and Macalder. Three

and four water samples, respectively were collected from

Osiri B and Mikei, the eleventh sample was collected from

one of the freshly dug mines at Mikei. At each sampling

point, the bottles were rinsed at least three times with the

water before taking the sample by immersing the bottle to

about 10 cm below the water surface. The samples were

tightly sealed and brought to the Nuclear Institute of Sci-

ence and Technology, University of Nairobi for analysis.

One hundred mL of each water sample was precon-

centrated by adding Nitric acid, where the pH went below

3.5; ammonium solution was added to adjust it upwards.

Two mL of 1% ammonium-1-pyrolidonedithiocabomate

(APDC) solution was then added to the preconcentrate

before stirring for about 30 min, this was followed by

suction filtration over a 0.45 lm nuclear pore filter paper

(47 mm in diameter) and left to dry.

Although there are many X-ray fluorescence techniques,

the energy dispersive X-ray fluorescence (ED-XRF) tech-

nique was preferred for this analysis because it offers non

destructive and reliable multi-elemental analysis capabil-

ity. This technique also requires little sampling and sample

preparation. The ED-XRF spectrometer used in this study

consisted of a X-ray generator as the excitation source

operated at 35 V and 20 mA; Canberra Si (Li) detector, an

ORTEC spectroscopy shaping amplifier model 571, OR-

TEC high voltage supply bias model 475, ORTEC liquid

nitrogen monitor and a Canberra multichannel analyzer

(S-100) interfaced with a 486 channel personal computer.

Each filter was run for 500 s and the spectra collected by

the Canberra detector with energy resolution of 195 eV for

(Mn-Ka) X-rays at 5.9 keV. The characteristic X-ray

spectra obtained from the samples was evaluated by non-

linear least squares fitting using the AXIL-QXA software.

Figure 1 shows a typical ED-XRF water spectrum obtained

from the analysis.

Result and Discussion

The levels and detection limits of chromium, manganese, Iron,

cobalt, copper, zinc, arsenic and lead are reported in Tables 1

and 2, respectively, where copper, iron and magnesium were

registered in all the samples collected. Concentration of cop-

per ranged from 29.3 ± 5.0–14,975.6 ± 616.1 lg/L. The

average levels of copper at Mikei and Osiri B were 81.504 and

31.377 lg/L, respectively. Iron level ranged from

261.7 ± 29.7–77,903.1 ± 3,203.1 lg/L. Zinc level at Osiri

A was the lowest, 33.7 ± 4.3 lg/L, while the highest level of

683.2 ± 32.9 lg/L was registered at Macalder panning pool.

Average level of zinc of 183.2 ± 13.2 and 44.9 ± 6.5 lg/L

were registered at Mikei and Osiri B, respectively. Absence of

gold and mercury were noted in all the mine waters. For

mercury, this could be due to its high density that makes it

settle at the bottom of the pond with the sediments.

Fig. 1 Typical ED-XRF

spectrum of a water sample
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Arsenic was detected in Macalder and Mikei samples,

the highest level of 18,047.5 ± 175.0 lg/L was registered

at Mikei, and this confirms the study by Odumo et al.

(2011) that found the level of arsenic to be higher in sed-

iments at Mikei. This level is high compared to results

from Adola region of Ethiopia where its average was found

to be 92.8 lg/L (Deb et al. 2008). However, the concen-

tration is lower than 72 mg/L registered at the Iron Duke

mine in Zimbabwe (Williams and Smith 2000). Even

though the miners don’t drink these waters directly, they

use them to clean their hands before eating at the mines.

Cows, goats and sheep also in many occasions especially

during dry periods drink these waters. The situation is

worsened when this contaminated water find its way into

the nearby rivers leading to direct domestic use by the

locals since the rivers are their only source of water. The

high level of arsenic can be dangerous to the miners and

their livestock since it is toxic to both animals and human

beings. However, the high level of arsenic should also be

exploited if the concentration is economically viable since

pure arsenic metal is used to produce crystalline gallium

arsenide which is a semiconductor used in computing and

electronic industries. It can also be used in agriculture,

livestock and general industries (Winde and Sandham

2004).

Lead was also registered at higher levels from Mikei,

this poses a threat to the lives of the miners since lead is a

carcinogen. Other heavy metals like cobalt, manganese and

titanium detected in some of the mines at low

concentrations.

From this study, the concentration arsenic, copper, zinc

and lead in the Migori gold mine waters is high and the

miners should therefore be made aware of the conse-

quences of their exposure to them. The miners should be

educated on the possible ways of protecting themselves

from the exposure to these heavy metals. Proper procedure

of disposal of the mine wasters should be followed to avoid

further contamination of the environment. It is also sug-

gested that a further study be carried out to verify the

results of this study using other methods. Though con-

tamination of the rivers in the area had been done, theT
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Table 2 Detection limits in

water samples (lg/L)
Element Detection limit

Ti 30

Cr 25

Mn 15

Fe 12

Co 10

Cu 8

Zn 7

As 20

Pb 10
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concentration of these metals should be investigated

downstream.

Acknowledgments We thank the Department of Physics, Univer-

sity of Nairobi, for funding this research.

References

Bowell RJ, Warre A, Minjera HA, Kimaro N (1995) Environmental

impact of former gold mining on the Orangi river Serengeti N.

P., Tanzania. Biogeochemistry 28:131–160

Deb M, Tiwari G, Lahiri-Dutt K (2008) Artisanal and small scale

mining in India: selected studies and overview of the issues. Int J

Min Reclam Environ 22(3):194–209

Getaneh W, Alemayehu T (2006) Metal contamination of the

environment of placer and primary gold mining in the Adola

region of southern Ethiopia. Environ Geol 50:339–352

Odumo OB, Mustapha AO, Patel JP, Angeyo HK (2011) Multiele-

mental analysis of Migori (Southwest, Kenya) artisanal

goldmine ores and sediments by ED X-ray fluorescence

technique: implications of occupational exposure and environ-

mental impact. Bull Environ Contam Toxicol 86(5):484–489

Ogola JS, Mutulah WV, Omullo MA (2002) Impact of gold mining in

the environment and human heath: a case study in Migori

Goldbelt, Kenya. Environ Geochem Health 24:141–158

Serfor-Armah Y, Nyarkoh BJB, Adottey DK, Dampare SB, Adamako

D (2006) Levels of arsenic and antimony in water and sediment

from Prestea: a gold mining town in Ghana and its environs.

Water Air Soil Poll 175:181–192

Veiga MM, Hinton J (2002) Abandoned artisanal gold mines in

Brazilian Amazon: a legacy of mercury contamination. Nat

Resour Forum 26:15–26

Weast RC (1968) Handbook of chemistry and physics. The Chemical

Rubber Company, USA

Williams TM, Smith B (2000) Hydrochemical characterization of

acute acid mine drainage at the iron duke mine, Mazowe,

Zimbabwe. Environ Geol 39(3–4):272–278

Winde F, Sandham LA (2004) Uranium pollution of South African

streams: an overview of the situation in gold mining areas of the

Witwatersrand. Geol J 61:131–149

Bull Environ Contam Toxicol (2011) 87:260–263 263

123


	Energy Dispersive X-ray Fluorescence Analysis of Mine Waters from the Migori Gold Mining Belt in Southern Nyanza, Kenya
	Abstract
	Materials and Methods
	Result and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


