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Question 1


(a)   
The atmosphere is conveniently arranged into different regions according to the
 

variation in temperature with altitude.

· Provide a sketch of the vertical profile of the homosphere showing the major regions, the temperature variations and the penetration of UV radiation.

· Explain why the region above the homosphere is called the heterosphere.








(5 marks)


(b) 
Despite the cease in production of CFCs by the major industrial nations compounds 
 

in the early 1990s the stratospheric ozone depletion problem keeps getting worse.

· Draw a Lewis dot structure for ozone.

· Describe the Chapman mechanism for the destruction of ozone in the stratosphere.
 

· Using the "Rule of 90"provide a formula for CFC-12.

· Why did it take many years (50) before it became apparent that ozone depletion due to CFCs was a problem?








(6 marks)


(c)   
In the tropics the concentration of the hydroxyl radical in the troposphere is elevated with respect to the temperate regions.


· Discuss the formation and typical reactions of the hydroxyl radical in the troposphere.

· Give an example of a primary aerosol particle and an example of a secondary aerosol particle; the formation of which type of aerosol could involve the hydroxyl radical?











(5 marks)

Question 2

 
(a)   
The water cycle is important in maintaining the temperature of the Earth and 
 
providing a suitable environment for biotic life.  

· List the major reservoirs (>1%) of water in the water cycle.

· What significance does the latent heat of water have in moderating the global temperature.

· List 2 standard chemical tests (not including pH) that are typically carried out in water quality measurements and provide normal values for unpolluted seawater.












(6 marks)

(b)  
pH is an important parameter to measure in  water studies. 

· Show the typical range of pH you would expect for natural freshwaters and seawater.

· Why is there is a smaller pH range for seawater?

· Calculate the total alkalinity (meq/L) of a river water sample given the following data: (i) pH = 10.6, (ii) due to equilibrium conditions 
[HCO3-]= [OH-], (iii) carbonate alkalinity 3.0 x 10-4 M.
 









(6 marks)

Question 3 


(a)   
Soils develop from the rock-forming minerals and organic matter by the process 
 

of weathering.

· Define each of the following classes of rocks and give an example of a mineral that belongs to each class (with chemical formulae):
  
i)  sedimentary rocks. 

      

ii) igneous rocks.


· Describe the weathering of the two classes of rocks described above using balanced equations to illustrate your answer where appropriate.









(6 marks)



(b)   
Soils have stratified structures and each layer in the structure has different 
 

physical and chemical characteristics. 

· Sketch a soil profile labelling the O, A, B, C horizons and indicate what type of material you would expect to find in each horizon.

· Define the various components of soil humus.

· What is the clay mineral fraction of a soil?









(6 marks)


Question 4


(a) 

In the atmosphere surface chemistry is important in determining the concentration 
 

of non-volatile materials that are present in the gas phase.  

· How can the concentration of aerosol particles be measured? 

· Define the terms chemisorption and physisorption.

· The concentration of aerosol particles and gas phase benz[a]pyrene emitted from a fast foods establishment is 51 g m-3 and  75 pg m-3, respectively. Calculate the concentration of benz[a]pyrene adsorbed on the aerosol particles.
 [ Kpart 0.14 m3/g]










(5 marks)
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(b) 
The following EH vs pH diagram illustrates the speciation of copper in a freshwater 
 
environment in the presence of sulphur. 
 
A waste rock dump containing 
 
chalcopyrite CuFeS2 is exposed to the 
 
elements and the run-off ends up in a 
 
nearby creek.

·  Suggest some of the inorganic Cu species that would be found in the creek water as a result of this run-off when the pH is 4 and the creek is well aerated.

· If the run-off water ends up forming stagnant pools before entering the creek how could microorganisms influence the copper species present in the run off water?

· Copper is a trace element in the oceans and it will show either conservative or scavenged behaviour, explain what these terms mean.

 




















(6 marks)

Question 5


(a)   
Define the following expressions :

· Accuracy.

· External Standard Calibration.









(2 marks)



(b)
Describe the apparatus you would use for sampling and the methods you would use 
 

for analysing the following samples :

· Sulphur dioxide from a smelter chimney flue.

· Atrazine( concentrations in river water.

· Cadmium concentrations in soil treated with sewage sludge.










(5 marks)

Question 6


(a)   
UV-Visible spectroscopy is a widely used analytical technique. 

· Sketch the typical features of a UV-Vis spectrometer.

· Describe the principal of operation of this instrument.

· List two analytes that could be analysed by this type of instrument.









(5 marks)


(b)   
In the analysis of pesticide residues in food samples Gas Chromatography (GC) is 
 

the most widely used technique.   

· Sketch the features of a typical GC instrument and include details of the column, detector and the type of output that can be obtained.

· How would you calibrate this instrument for the analysis of DDT residues.









(5 marks)


(c)   
Water quality testing at a typical municipal analytical laboratory involves a number 
 

of steps to ensure high quality analytical results.

· Describe the passage of a water sample from a secondary treatment station as it passes through such a laboratory including details of two analytical methods that would be used on such a sample.










(4 marks)

Question 7


(a)
Radon is a significant health risk to the human population causing an enormous
 

number of deaths due to lung cancer each year.      222Rn  ( 218Po   +    particle
· Using the equation above illustrate the principles of conservation of atomic number and conservation of mass number.

· Explain why 222Rn is such a problem gas.  










(4 marks)


(b)
Water and carbon dioxide are the dominant greenhouse gases, they are 
 

supplemented by CFCs, HCFCs, methane, ozone and nitrous oxide.  

· Describe the physical basis for these gases functioning as greenhouse gases. 

· Aerosol particles and cloud cover have an important effect on the radiative balance of the Earth, explain how they may influence global warming.










(5 marks)

 (c)   
In large cities such as Sydney and Melbourne photochemical smog occurs frequently while for smaller cities such as Adelaide and Brisbane this is not the case.  

· List the pollutants and the conditions required for the formation of a typical photochemical smog.

· Why do the smaller cities generally not suffer from photochemical smog?










(5 marks)


Question 8


(a) 
The East Trinity site (ex-coastal mangrove swamp) in Cairns is to be developed.  
 

The soil on the site is a mixture of actual acid sulphate soil and potential acid 
 

sulphate soil, creek water draining the site is elevated in levels of aluminium and 
 

arsenic which is periodically discharged into the harbour.  

· What is the difference between a potential ASS and an actual ASS?

· How would you suggest remediating the site given the above information.









(4 marks)


(b) 
Toxic organic compounds are frequently produced in the manufacture of consumer 
 

chemicals.  One of the most notorious examples is the toxic biproduct 
 

tetrachlorodibenzodioxin (TCDD, dioxin) which was produced during the 
 

manufacture of the Agent Orange - a herbicide mix of 2,3,4-T and 2,4-D.

· Draw the molecular structure of 2,4-D (2,4-dichlorophenoxyacetic acid), what class of herbicide is this and how does it function?

· Draw molecular structures for two of the congeners of TCDD.

· Describe the toxicity characteristics of TCDD in terms of the mode of action, the toxic equivalent and the type of physiological response that results. 









(6 marks)


(c) 
Lead has an ancient history as a poison.  Describe how lead functions as a 
 

toxic metal pollutant by covering how the metal enters environmental systems and 
 

what damage it does when it gets there.











(4 marks)

TABLE OF FORMULAE

pTotal =  pi





[i(aq)] = pi KH
pi = (%i / 100) patm




%i = ppmvi x 10-4
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Flux = A / 

ai = [i(aq)] x (i





pH = -log10{a H+}

[BNC] = [HA] + [H+] - [OH-]



[ANC] = [A-] + [OH-] - [H+]

[alk]tot = [HCO3-] + 2[CO32-] + [OH-] - [H+]


I = ½ ( ci zi 2
pEo = Eo1/2 / 0.0591 at 25oC



pE = pEo - 1/n log ( [Red] / [Ox] )

For the cell reaction aA   +   bB   (   cC  +  dD               
Eocell = EoRed - EoOx
Ksp = [cation]c[anion]d




Q = [cation]oc[anion]od

Lifetime(i) in ocean = Inventory(i) in ocean / Input(i) from rivers
IAP = aCationn+ x aAnionn-




( = IAP / Ksp

F = vg [ig ]
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KOW  = i(solubility octanol) / i(solubility H2O)



BCF = [i(organism)] / [i(water)]

Ephoton  = hc / 





 = K2/K1 = k2’/k1’ = tr2’/tr1’
A =  l [i]





I = k Po [i]
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ln No - ln N = k t   




 t½ = ln2 / k

EBE = mc2





mrem = 1 rad x RBE x 10-3
R  =  8.314 J mol-1 K-1




1 atm.  =  1.013  x  105 Pa = 760 torr

T(K) = T(oC) + 273.15
TABLE OF EQUATIONS

{CH2O}   +  O2  

( CO2   +  H2O
pEow   22 
(Go -475 kJ/mol

5{CH2O} + 4NO3-     

( 2N2 + 4HCO3- + CO2 + 3H2O
pEow  21   
(Go -448 kJ/mol

{CH2O} +3CO2 + H2O + 2MnO2 
( 2Mn2+ + 4HCO3-
pEow  18 
(Go -349 kJ/mol


{CH2O} +7CO2 + 4Fe(OH)3 

( 4Fe2+ + 8HCO3- +3H2O
pEow  9.2 
(Go -114 kJ/mol

2{CH2O} + SO42-   

( H2S + 2HCO3-
pEow  4.5 
(Go  -77  kJ/mol


2{CH2O}  

( CH4 + CO2
pEow  4.1 
(Go   -58 kJ/mol
3{CH2O} + 2N2 + 4H+ + 3H2O 
( 4NH4+ + 3CO2


(Go    -56 kJ/mol

CO2 + H2O + h 

(  {CH2O} + O2

(Go +478 kJ/mol

CaCO3 + 2H+ 
( Ca2+ + CO2 + H2O

CaCO3 + H2SO4 + H2O 
( CaSO4.2H2O + CO2
2CaCO3  + 2SO2 + O2 + 4H2O
( 2CaSO4.2H2O +2CO2
4FeS2 + 15O2 + 14H2O
( 4Fe(OH)3 + 8H2SO4

KAl3Si3O10(OH)2  +  3C2O42-  +  10H+
( 3AlC2O4+ +3Si(OH)4+ K+


2NaAlSi3O8 + 2H2CO3  +  9H2O    
( 2Na+ + 2HCO3- + 4H4SiO4 +  Al2Si2O5(OH)4

2SO2 + 2H2O + O2
( 2H2SO4    (Mn cat.)

CH4 + OH + 2O2 + 2NO
( HCHO + 2NO2 + H2O + OH

CH3CHO + OH +O2+ NO2 
( CH3COO2NO2  + H2O
106CO2 + 16NH4+ + H2PO4- +106H2O ( C106H263O110N16P1 + 106O2 + 15H+
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