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Abstract:  In this work we present the results of a methodological 
research on the chemical speciation of heavy metals found in surface waters 
of an area polluted by mining activities (in the Western Carpathians). The 
surface water samples were collected in two seasons (summer and fall). 
Each time were performed in situ physical-chemical measurements (pH, Eh, 
conductivity, temperature) and analytical determination of total 
concentrations of some metals (manganese, copper, zinc, iron, cadmium) 
and anions (SO4

2-, Cl-, PO4
3-, NO3

-). Analyze of chemical speciation of these 
metals was made using the PHREEQC program which allowed us to 
determine the distribution of studied elements.  
The concordance of the results obtained with this program with 
thermodynamic predictions arising from potential - pH equilibrium 
diagrams - Pourbaix type justify the compatibility between the program 
calculation and experimental data. 
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INTRODUCTION 
 
The speciation of a metallic element in an aqueous ecosystem corresponds to different 
chemical forms that may be encountered depending on the metal characteristics of the 
environment. This will depend of physical-chemical conditions, such as temperature, 
red-ox potential, pH, chemical complexity of the species that are present [1]. 
Subsequently speciation in surface waters, a metal may participate in countless chemical 
reactions balance from its point of emission up to his place of residence. The chemical 
forms of an element have different ecotoxicological properties, so its speciation 
determines its reactivity and its degree of nuisance. The chemical risk management and 
the choice of a method for rehabilitating a polluted site by a toxic metal do not depend 
only on the total concentration of the metal but also of its chemical speciation.  
In this study we present results from the researches for assessing chemical speciation of 
heavy metals - Cu, Mn, Zn, Cd, Fe - present in surface waters in an area polluted by 
mining activities. Surface water samples were collected in two stages (summer and fall) 
and were subjected to physical and chemical investigations in situ and in the laboratory. 
Heavy metals speciation was performed using PHREEQC software version 2 [2], a 
computer program able to simulate chemical reactions and transport processes in natural 
or polluted waters. This program is based on chemical equilibrium of aqueous solutions, 
interaction with minerals, solid solutions. 
In order to complete the chemical analysis were evaluated processes that are changing 
the chemical characteristics of the surface waters investigated. For this purpose was 
started from the assumption that the dissolved chemical species are in equilibrium with 
each other. This assumption allowed the use of thermodynamic models of aqueous 
solutions to calculate the distribution and activity of dissolved species. 
 
 
EXPERIMENTAL  
 
Sampling site 
 
In the region of the Apuseni Mountains, part of the Western Carpathians in Romania, 
metal mining activities have a long-standing tradition. These mining industries created a 
clearly historical beneficial economic development in the region. But their activities 
also caused impairments to the environment, such as acid mine drainage (AMD) 
resulting in long-lasting heavy metal pollution of waters and sediments.  
Surface water samples were collected in two sampling campaigns - summer and fall - in 
order to identify and assess the meaning of metal components concentrations variation 
in different seasons. Sampling sites were chosen based on the proximity of pollution 
sources. 
 
Sampling procedure 
 
Sixteen surface water samples were collected in June 2009 and September 2009. 
Collecting single sample was done by filling laboratory bottles (previously cleaned and 
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rinsed) with surface water in the middle of river. Then samples were transported to the 
laboratory and stored prior to analysis at the temperature of 4 ºC.  

 
Analytical procedure  
 
Input data used in this study are the results of analytical measurements made on the 
ground (in situ): pH, red-ox potential Eh, temperature and in laboratory for determining 
the concentrations of chemical parameters - copper, manganese, zinc, cadmium, iron, 
sodium, calcium, magnesium, potassium, sulfate, chloride, phosphate, ammonium, 
nitrate, nitrite and dissolved organic carbon. To remove suspended matter before 
cations, anions and metals analysis, samples were filtered (filters of 0.45 mm pore size). 
Ion chromatography Dionex was used for determination of anions and cations. 
Determination of heavy metals - Mn, Cu, Zn, Cd, Fe - was done using flame atomic 
absorption spectroscopy NovaAA. Quantitative analysis was performed with five point 
calibration curves and detection limit for analytical procedure was 3 µg.dm-3 for Mn and 
Cu, 1 µg.dm-3 for Zn and Cd and 4 µg.dm-3 for Fe (Figure 1). 
 

 
Figure 1. Analytical procedure steps 

 
Statistical data analysis 
 
PHREEQC version 2 is a computer program that is designed to perform a wide variety 
of low-temperature aqueous geochemical calculations. PHREEQC is based on an ion-
association aqueous model and has capabilities especially for speciation and saturation-
index calculations [2]. 
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RESULTS AND DISCUSSION 
 
The basic coordinates of Pourbaix diagram for all sampling sites is shown in Table 1. 

 
Table 1. Evolution in time and space of pH and Eh parameters 

Summer Fall Sample no. Eh (V) pH Eh (V) pH 
1 0.127 4.3 0.057 5.6 
2 * * -0.010 6.9 
3 -0.02 6.9 0.017 6.3 
4 * * 0.125 4.3 
5 0.22 2.6 0.216 2.7 
6 0.213 2.8 0.210 2.8 
7 * * 0.009 6.4 
8 -0.03 7 0.130 4.2 
9 * * 0.033 7.1 

10 -0.02 6.9 -0.032 6.9 
         * – not been sampled 
 

Analysis of the results obtained using the calculation model reveal the followings. 
 
Copper speciation 
 
Concentrations of copper chemical species calculated for all water samples analyzed in 
both campaigns show that this sample is found mostly (> 98%) in the oxidation state I, 
the rest being of oxidation state II. Among the chemical forms of copper in oxidation 
state II is distinguished primarily ionic form Cu2+, but also chemical forms of CuSO4, 
[Cu(OH)]+, Cu(OH)2 as can be seen from Figure 2.  
 

a. b. 
Figure 2. Distribution (%) of major chemical species of copper: 

a - in the summer campaign; b - in the fall campaign; 
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From Figure 2 it can be seen that there are significant differences between percentage 
values calculated for the chemical species identified between the two sampling 
campaigns. 
 
Manganese speciation 
 
Ionic species of manganese calculated for water samples submitted to analytical 
determinations show that manganese is found only in oxidation state II (99.99%), other 
oxidation states not being detected (Figure 3). Among the chemical forms of manganese 
(II) were remarked species like Mn+2, MnSO4, [MnCl]+, MnCl2.  
Note that analyzing the results obtained for control sections 3, 6 and 8 show the 
differences that exist between the weights of identified chemical species, Mn+2 
concentration are decrease in the fall campaign over the summer. MnSO4 is found in a 
higher share in the same checkpoints in autumn. Acid mine water 5 finds a decrease of 
MnSO4 and significant increase of [MnCl]+, and in the fall campaign the manganese 
appear in the sample as MnCl2. 
 

 

 

a.  

 
b. 

Figure 3. Distribution (%) 
of major chemical species of 
manganese: a - in the 
summer campaign; b - in 
the fall campaign; 
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Zinc speciation 
 
Ionic forms in which zinc was found in the investigated area shows a majority of 
dissolved ions Zn2+, as well as ZnSO4, [Zn(SO4)2]-2, [ZnCl]+ in either campaign (Figure 
4). If zinc is found in a decrease in free metal ion concentration in the second campaign 
for 3, 6, 8 checkpoints, this decline was on account of ZnSO4 increase. [ZnCl]+ is a 
constant presence in the two campaigns, except for June in which the growth is 
important. Also in autumn occur new chemical species [ZnOH]+ and Zn(OH)2 in the 
control sections less affected by anthropic pollution. In control section 5 are occurring 
ZnCl2 and [ZnCl3]- species, species absent in the other water samples collected.  
 

 

 

a.  

 
b. 

Figure 4. Distribution 
(%) of major chemical 
species of zinc: a - in 
the summer campaign; 
b - in the fall campaign;
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Cadmium speciation 
 
The same chemical forms of cadmium are identified. This metallic element appear 
mostly in the form of free ionic Cd2+ in most sections of control, the lowest values being 
recorded in the mine water sample and the point after confluence of Foies stream with 
Abrud river to reach the Aries river at a rate of over 90% (samples 5 and 6). Between 
the two campaigns is a noticeable decrease in the percentages Cd2 + against a slight 
increase of CdSO4. Form of [CdCl]+ is in significant increase in the fall control sections 
5 and 8, as CdCl2 in samples 5, 6. Form of [CdCl3]- appears only in section 5 (Figure5). 
 

 

 

a.  

 
b. 

Figure 5. Distribution (%) 
of major chemical species 
of cadmium: a - in the 
summer campaign; b - in 
the fall campaign; 
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Iron speciation 
 
Iron appears only in oxidation state II, in both sampling campaigns, the main forms 
being: free ionic Fe2+, FeSO4, [FeH2PO4]+, [FeCl]+ and [FeHSO4]+ (Figure 6). For these 
forms the concentration variation between the two sampling campaigns is similar to 
other metal species investigated: decrease of Fe2+ and increase of FeSO4 between the 
two campaigns; also note the increase of [FeCl]+ concentration in sample 5 in fall. 
It should be noted that this variation of metal species concentrations is due to climatic 
conditions: first campaign took place after several days of rainfall that led to increase 
the flows of investigated river - hence the phenomenon of dilution, and the autumn after 
a period of lack of them with much reduced flows from the first sampling.  
 

 

 

a.  

 
b. 

Figure 6. Distribution 
(%) of major chemical 
species of iron: a - in 
the summer campaign; 
b - in the fall campaign;

 
Analyzing Figures 2 – 6, a similar evolution over time for all metals is observed. 
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Red-ox potential – pH Pourbaix diagrams 
 
In an attempt to properly assess metal speciation of Mn, Cu, Zn, Cd, Fe in water 
samples subjected to chemical analysis we compared the results obtained by calculation 
offered by PHREEQC model with Pourbaix diagrams (pH red-ox - potential) (Figure 7 
a - e). Analyzing the diagrams from Figure 7 it can be seen that for each analyzed metal 
it is a great overlap between the chemical species predicted by the Pourbaix diagram 
and that calculated with PHREEQC. For the pH and red-ox potential of our samples - 
pH in range 2 ÷ 7, Eh in -0.03 ÷ + 0.21 mV range is found that metal oxidation state and 
all the species were correctly identified. 
 

a. b. 

c. d. 
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e. 

Figure 7. Pourbaix diagrams for: 
 a – copper; b – manganese; c – zinc; d – cadmium; e – iron.  

 
 
CONCLUSIONS 

 
Metals in aqueous systems can generate chemical species that may exist in different 
quantities. These species can not be identified by a simple analysis of water samples and 
could only be calculated using the results obtained by analyzing all the physical and 
chemical parameters determined and the PHREEQC program. 
In conclusion, analyzing the results we can say that this computer program that uses real 
data on the concentrations of chemical species in water is a valuable tool, very useful in 
understanding the steady state of heavy metals. 
 
 
ACKNOWLEDGMENTS 
 
The work has been funded by the Sectorial Operational Programme Human Resources 
Development 2007-2013 of the Romanian Ministry of Labor, Family and Social 
Protection through the Financial Agreement  POSDRU/6/1.5/S/16. 
 

 
REFERENCES 
 
1 Mizuike, A.: Recent developments in trace metal speciation in fresh water, Pure & Appl. Chem., 

1987, 59 (4), 555-564;  
2 Parkhurst, D.L., Appelo, C.A.J.: User’s Guide to PHREEQC (Version 2) - a computer program for 

speciation. Batch reaction, one-dimensional transport and inverse geochemical calculations, US 
Geological Survey, Water-Resource and Investigation Report,  99-4259, 1999; 

3 Pourbaix. M.: Atlas d’équilibres électrochimiques, Gauthier-Villars, Paris, 1963.  
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




