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Question 1 (25 Marks) 

a) 	 Using diagrams, examples and or equations write short notes on the Octanol / 

water partition coefficient, Kow, as applied in environmental chemistry. 


In each highlight the environmental relevance, methods of determination and where 
applicable give methods of estimation using Quality Structure Activity Relationships 
(QSAR's) [15] 

b) A model environmental has 6 major phases; air, water, soil, sediments, 
suspended solids and biota. It has an area of 1 Ian2 and an atmosphere of 10 Ian high. 
Soil to depth of 3 cm covers 30% of the surface, while the rest is covered with water 
to an average depth of 10m. Water has a 3-cm layer of sediment, contains 5 ml of 
suspended solids per cubic meter, and 0,5mlm-3 of biota. All phases are 
homogeneous. 100 moles. Pp-DDT is discharged from a factory to this environment 
until steady concentrations in each phase are reached at 250 C. 

pp-DDT has the following characteristics at 25°C. 

Ksorb (soil, 2% organic carbon) 1,700 

Ksorb(sediment, suspend solids, 4% organic carbon) 25,400 
KB (fish, 5% lipid) 	 77,400 
Kow 	 1,,555,000 
H 	 2.3 mole-l m3 Pa 

i) 	 Determine Henry's constant, Z values for water, soil, fish and sediment, and 
suspended solids, respectively. [5] 

ii) 	 Establish the overall distribution of the pollutant in this environment using the 
fugacity concept. [3] 

iii) 	 In which phase is DDT dominant, explain. [2] 



Question 2 (25 Marks) 

a) Using any of the pollutants and sorbents given below, write short notes on any 
two of the following mechanisms ofSoil Sorption as an environmental fate property. 

(i). Ligand exchange [5] 
(ii). Surface complexation [5] 
(iii). Protonation and Ion exchange [5] 
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b) Using thermodynamic assumptions derive the Langmuir adsorption equation. 
[3] 

c) The sorption ofphenol on a slit loam yielded the following results: 

Equilibrium Concentration mg/l 

0.08 

0.20 

0.32 

0.40 

0.53 

Toluene 

Sorbed (Jlg/ g) 

12 

33 

49 

67 

83 



i) Verify whether or not this sorption follows a one site Langmuir or the 
Freundlich Sorption Isotherm. [3] 

ii) Determine the appropriate constants and comment on their magnitude. [4] 
iii) Given that the solubility and vapour pressure for toluene is 67000 mM L-) and 
0.2 mm Hg, respectively, using mobility and retardation values determine whether 
or not it poses any risk for ground water contamination if the soil bulk density is 
1.7, porosity is 0.25 and fractional organic carbon is 0.2%. [5] 

Useful relations: 
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Question 3 [25 Marks) 

a) U sing short notes compare and contrast advection and dispersion as forms of 
pollutant transport in aquatic environments. [15] 

b) 	 A truck which is carrying water containing 1275 mg/L benzene overturns and 
spills a volume of water sufficient to saturate a thin acquifer over an area 5 m2

• 

The acquifer conatins ground flowing with an average linear velocity of 0.45 
mlday. Assume that DL and DT are 2.1 m2/daY and 0.21 m2/day repsectively. 

There is a nearby private well at a seasonal cottage. If the center of the spill is 
located at Xo=O and Yo=O, then the location of the well is x= 72 m and y=5.5 
m. The owners of the Private well are away for the season and will not return 
for another 200 days. If there is no degradation or retardation of benzene as it 
moves through the acquifer, what will the concentration of benzene be in the 
well when the owners return? [10] 
Useful relation. 



Question 4 [25 Marks] 

a) 	 Using an example ofyour choice define the term "risk". [5] 

b) 	 You are an environmental consultant and have been asked to conduct a risk 
assessment on a site on the outskirts of a city selected for domestic housing 
development. Outline diagrammatically the steps you would take in this 
evaluation. [15] 

c) 	 Daily intake values and reference dose for Cu, Zn, Cd, inorganic arsenic and 
organic Hg from oysters are as follows: 

Metal RFr dos Intake dose Intake dose 
Jiglkglday Jiglkglday Jiglg 

Cu 40 373 909 

Zn 	 300 531 ·129.3 

Cd 	 0.5 0.340 0.832 

As 	 0.3 0.484 11.8 

Hg 	 0.1 0.056 0.178 

Evaluate the risk associated with these elements at a maximum daily oyster intake of 
139 glday for an adult weight of 65 kg and comment on your results. [5] 

Useful relation: HQ= EFrx xSFIxMCS 
RFDo xBWaxATn 

Where: 

Efr: Exposure frequency (350 day/yr) 

EDtot: exposure duration (30 yrs) 

SFI: sea food ingestion glday 

RFDo: Reference dose, oral (mglkglday) (TOI) 

MCS: metal concentration in edible portion of food 

ATn: average time (30 yrs) 

BW: Body weight. 


Question 5 [25 Marks] 


a) With the aid of diagrams, examples and appropriate reaction equations, write 
short notes on the following terms [10] 
i) Chemical speciation 
ii) Sediment stratification 



b) Given the following equilibrium equations for carbon dioxide in water.using 
charge balance calculate the fraction dissociated at pH 6.8 for the following 
species: 
i) H2C03 [2] 
ii) HC03' [2] 
iii) C032. [2] 

H2C03 -.= H+ + HCO'3 loglOK] -= -6.4.. ======~" 

HCO'3 -.= -= -10.3.. ======~" H+ + CO~- loglOK2 

c) The diagram and equilibria given below illustrate some oxidation/reduction 
chemistry of mercury. 
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U sing equation 4 and 5 show the equilibrium lines represented by 

[2]i) 

iii) [2] 

iv) Using the speciation diagram for mercury discuss the aqueous chemistry of 
mercury in surface water systems. [5] 



Question 6 [25 Marks] 

a) With the aid of the 12C_NMR and infra-red spectra below and any other 
pertinent facts compare and contrast humic and fulvic acids. . [15] 

Fairbanks soil 

Webster soil 
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In your discussion include genesis reactions, chemical and physical properties, 
separation (extraction) techniques and any other important similarities/differences. 

b) Using examples explain the role of humic/fulvic acids in pollutants transport. 
[10] 

In your analysis include the role of functional groups, complexation, binding capacity 
and its role in oxidation reduction reactions in the aquatic environment. 
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TIlE PERIODIC TABLE OF EL'EMENTS 
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19 20 21 22 23 24 25 26 27 28 29 30 
31 I324 I( Ca Ti V Cr Mn Fe Co Ni CII Zn Go Ge 

39.10 40.08 Sc 47.90 50.94 52.01 54.9 55.85 58.71 58.71 '63.54 65.37 69.7 72.59 
44.96 

37 38 39 40 41 42 43' 44 45 46 47 48 49 ,SO 
5 Rb Sr Y Zr Nb Mo Tc Ru Rh' Pd Ag °Cd In Sn 

85,47 87.62 88.91 91.22 91.22 95.94 98.9 IOU 102.9 106.4 107.9 ll2,4 114.8 118.7 

55 56 71 72 73 74 75 76 77 78 79 80 81 82 
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32.9 137.3 174.9 178.5 180.9 183.8 186.2 190.2 192.2 195.1 196.9 200.6 ·204,4 207.2 

87 88 103 104 105 106 107 108 109 
7 Fr Ra Lr Unq Unp Unb Uns Uno Une 

223 226.0 257 

51 

Sb 
121.8 

83 84 

Hi Po 
208.9 210 

, 
i
L t 

Lal1lbsnides 
57 

La 
138.9 

58 

Ce 
140.1 

59 

Pr 
140.9 

60 

Nd 
144.2 

61 . 

Pm 
146.9 

62 

Sm' 
150.9 

63 

Eu 
151.3 

64 

Gd 
157.3 

65 

Tb 
158.9 

66 

Dy 
162.5 

67 

flo 
164.9 

68 

Er 
167.3 

69 

Tm 
168.9 

70 

Yb 
173.0 

AClinides 
89 

Ac 
227.0 

90 

. Th 
232.0 

91 

Pa 
231.0 

92 

U 
238.0 

93 

Np 
237.1 

94 

Pu 
239.1 

95 

An1 
241.1 

96 

Cln 
247.1 

97 

DI, 
249.1 

98 

Cf 
251.1 

99 

Es 
254.1 

100 

Fm 
257.1 

101 

Md 
258.1 

102 

No 
255 

Numbers below the symbol indicates the atomic "'lUses; and the numbers ahm'e the- symbol indicates the atomic nllmbel's. 


