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Question 1 / Vraag 1 

1.1. Ca lculate the activity of Ca 2+ and SO4
2- in a solution of 0.050 M Ca(NO3)2 and 0.010 M MgSO4. Use the Davis  

equation, assume A = 0.5. / Bereken die aktiwiteit van Ca2+ en SO4
2-in ‘n 0.050 M Ca(NO3)2 en 0.010 M MgSO4 

oplossing. Gebruik die Davies vergelyking, neem aan A = 0.5.     (8) 

1.2. Define chelation with reference to the specific l igands involved in the soil solution and discuss the influence 
i t has on the plant availabi l i ty of trace elements  and a lso soi l  forming processes . / Definieer chelasie met 
verwysing na die spesifieke ligande betrokke in die grondoplossing en die invloed op die plantbeskikbaarheid van 

spoorelemente en ook grondformasie.         (10) 
 

Question 2 / Vraag 2 

 
The presence of arsenic in the soil environment i s of great concern and enters the soil system through pesticide 

use. The toxicity of arsenic in the soil environment is dependent on its speciation. Arsenate (AsO4 
3–

) i s  not as  
toxic as  arsenite (AsO3 3–) and a lso not as mobile in the soil environment. / Die teenwoordigheid van arseen in die 
grondomgewing is ŉ groeiende kommer en beland in die sisteem deur die toediening van sekere gifstowwe wat 

gebruik word. Die toksisiteit van arseen in die omgewing is ŉ funksie van sy spesiëring. Arsenaat (AsO4 3–) is nie so 
toksies soos arseniet (AsO3 3–) nie en minder mobiel in die grondomgewing.  

Answer the following questions with the information below: / Antwoord die volgende vrae met die informasie 
wat hieronder gegee is: 
 

Fe(III) reduction 
Fe3+ + e - = Fe 2+    log K = 13 
Goethite 
α-FeOOH + 3H+ = Fe3+ +3H2O   log K = -0.02 
 
Arsenate speciation 
H3AsO4 = H2AsO4

- + H+   pKa = 2.3 

H2AsO4
-
 = HAsO4

2-
 + H

+
   pKa = 6.8 

HAsO4
2- = AsO4

3- + H+   pKa = 11.6 
 

Arsenite speciation 
H3AsO3 = H2AsO3

- + H+   pKa = 9.2 
H2AsO3

-  = HAsO3
2- + H+   pKa = 12.3 

 
Arsenate reduction 

0.5 H2AsO4
- + e - + 0.5 H+ = 0.5 H3AsO3

0 + 0.5 H2O log K = 10.84 
0.5 HAsO4

2- + e - + 2 H+ = 0.5 H3AsO3
0 + 0.5 H2O log K = 14.22 

 

Fe(III) hydrolysis spesies 
Fe3+ + H2O = FeOH2+   log K = -2.19 

Fe
3+

 + 2H2O = Fe(OH)2
+
   log K = -5.69 

Fe3+ + 3H2O = Fe(OH)3
0   log K = -13.06 

Fe3+ + 4H2O = Fe(OH)4
-   log K = -21.59 
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2.1. Which of these two As spesies chemistry i s close to that of phosphate? Give sufficient proof. / Watter een 
van die As spesies se chemie is naby aan die van fosfaat? Gee genoegsame bewyse.   (6) 
2.2. What i s the dominant arsenate and arsenite species at pH 7? / Wat is die dominante arsenaat en arsenite 
spesies by pH = 7.          (6) 
2.3. Can goethite prevent the reduction of arsenate to arsenite in the soil at pH = 7? Use above information to 
derive the appropriate chemical equation. / Kan goethiet die reduksie van arsenaat verhoed by ‘n pH = 7. Gebruik 
bogenoemde informasie om gepasde reaksie vergelyking uit te werk.     (10) 

 
Question 3 / Vraag 3 

3.1. Compare inner sphere complexation and outer sphere complexation  on minera l  surface on hand of 
appropriate illustration as  wel l  as  the environmental  relevance thereof . /Vergelyk binnesfeer en buitsfeer 
kompleksering op mineraaloppervlaktes aan hand van gepaste illustrations en ook die omgewings relevansie 

daarvan.           (10) 
3.2. Discuss  the bas ic characteris tics  associated with cation exchange reactions . / Bespreek die basiese 
eienskappe wat ge-assosieer word met katioon uitruilingsreaksies.     (5) 

3.3. Humus has a myriad of functional groups including carboxyl ic ( -COOH, pKa = 5) and a lcohol ic functional  
groups (R-OH, pKa = 12). What will the net charge of organic material be at a pH of 6? Substantiate your answer 

with appropriate reaction mechanism and ca lculations . / Humus het verskeie funksionele groepe insluitende 
carboksiel (-COOH, pKa = 5) en alkohol (R-OH, pka = 12) groepe. Wat sal die net oppervlaklading wees van 
organiese materiaal by ŉ pH van 6? Staaf jou antwoorde met gepaste reaksie vergelykings en berekeninge.(5) 
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