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Location of Contamination 

• Near Dessau, Saxony-Anhalt, Germany 
• Contamination is due to old filling station of 

these  arsenic warfare agents during WWI and 
WWII 



•  Source zone is the location of contamination 
• Water was also sampled downgradient of the 

source zone. Around 1 km away. 



Source Zone-02 





Downgradient-04 

*Arsenic is in micrograms per Liter 

•  Significant drop in arsenic from the source zone to 
the downgradient. 





Orpiment 
• An orange-yellow arsenic sulfide mineral 
• As₂S₃ 
•  It is naturally found in low temperature 

hydrothermal veins 



• HAsO₂- Arsonite 

• H₃AsO₄- Arsonic Acid 

• AsO₂- Arsenic Dioxide 

• AsO₄- Arsenate 

• HAsO₄- Hydrogen Arsenate 

• H₂AsO₄- Dihydrogen Arsenate 



Hypothesis 

• Hypothesized that Iron Oxides were 
precipitating out of solution 

• Arsenic is adsorbed onto the precipitating Iron 
Oxide and is taken out of solution 

•  This would account for the significant drop in 
Arsenic from the source zone to the 
downgradient zone. 



• Used inverse modeling to see what happened 
between the two areas. 

• But in order to use this, I needed to know the 
composition of the aquifer, but this information 
was not given in the paper 

• An average till composition was used: 
▫  Quartz 
▫  Calcite 
▫  Anorthite 
▫  Albite 
▫  Montmorillonite 
▫  Goethite 



Source Zone-02 



Downgradient-04 

*Arsenic is in micrograms per Liter 



EQUILIBRIUM_PHASES 1 
    Quartz    0 10 
    Anorthite 0 10 
    Albite    0 10 
    Calcite   0 10 
    Montmorillonite-Ca 0 10 
    Goethite  0 10 
SOLUTION_SPREAD 
    -units    mg/l 
 Number      pH       Ca     S(6)       Cl       As     N(5)    N(-3)      Fe     O(0) 
      1   7.445   91.625   146.75   13.325   6.1875   5.6375   0.1025   6.125   0.5825 
      2   5.436     69.5      172    25.33   0.0563      1.9    0.067    5.63     0.39 

INVERSE_MODELING 1 
    -solutions      1        2 
    -uncertainty    1      1 
    -phases 
        Quartz 
        Calcite 
        Anorthite 
        Albite 
        Calcite 
        Montmorillonite-Ca 
        Goethite                  
    -range             1000 
    -tolerance         1e-10 
    -mineral_water     true 
PHASES 
END 







EQUILIBRIUM_PHASES 1 
    Quartz    0 10 
    Anorthite 0 10 
    Albite    0 10 
    Calcite   0 10 
    Montmorillonite-Ca 0 10 
    Goethite  0 10 
SOLUTION_SPREAD 
    -units    mg/l 
 Number      pH       Ca     S(6)       Cl       As     N(5)    N(-3)      Fe     O(0) 
      1   7.445   91.625   146.75   13.325   6.1875   5.6375   0.1025   6.125   0.5825 
      2   5.436     69.5      172    25.33   0.0563      1.9    0.067    5.63     0.39 

INVERSE_MODELING 1 
    -solutions      1        2 
    -uncertainty    1      1 
    -phases 
        Quartz 
        Calcite 
        Anorthite 
        Albite 
        Calcite 
        Montmorillonite-Ca 
        Goethite                  
    -range             1000 
    -tolerance         1e-10 
    -mineral_water     true 
PHASES 
END 



Equilibrium Phases 



Equilibrium Phases 



EQUILIBRIUM_PHASES 1 
    Quartz    0 10 
    Anorthite 0 10 
    Albite    0 10 
    Calcite   0 10 
    Montmorillonite-Ca 0 10 
    Goethite  0 10 
SOLUTION_SPREAD 
    -units    mg/l 
 Number      pH       Ca     S(6)       Cl       As     N(5)    N(-3)      Fe     O(0) 
      1   7.445   91.625   146.75   13.325   6.1875   5.6375   0.1025   6.125   0.5825 
      2   5.436     69.5      172    25.33   0.0563      1.9    0.067    5.63     0.39 

INVERSE_MODELING 1 
    -solutions      1        2 
    -uncertainty    1      1 
    -phases 
        Quartz 
        Calcite 
        Anorthite 
        Albite 
        Calcite 
        Montmorillonite-Ca 
        Goethite                 
    -range             1000 
    -tolerance         1e-10 
    -mineral_water     true 
PHASES 
END 



EQUILIBRIUM_PHASES 1 
    Quartz    0 10 
    Anorthite 0 10 
    Albite    0 10 
    Calcite   0 10 
    Montmorillonite-Ca 0 10 
    Goethite  0 10 
SOLUTION_SPREAD 
    -units    mg/l 
 Number      pH       Ca     S(6)       Cl       As     N(5)    N(-3)      Fe     O(0) 
      1   7.445   91.625   146.75   13.325   6.1875   5.6375   0.1025   6.125   0.5825 
      2   5.436     69.5      172    25.33   0.0563      1.9    0.067    5.63     0.39 

INVERSE_MODELING 1 
    -solutions      1        2 
    -uncertainty    1      1 
    -phases 
        Quartz 
        Calcite 
        Anorthite 
        Albite 
        Calcite 
        Montmorillonite-Ca 
        Goethite                  
    -range             1000 
    -tolerance         1e-10 
    -mineral_water     true 
PHASES 
END 



Summary of Results 











Goethite 

•  2 of the 4 possible solutions had Goethite 
precipitating out of solution at 

1.097 x 10⁻⁴	
  moles	
  of	
  Goethite	
  per	
  unit	
  of	
  solu2on	
   



Adsorption 
•  the adhesion of atoms, ions, or molecules from a 

gas, liquid, or dissolved solid to a surface. 
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