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Question 1


(a)   
The atmosphere varies considerably in temperature and pressure with height above 
 

the surface. 

· Name and provide temperature and pressure conditions for all regions up to and including the thermosphere.

· Indicate the major chemicals present in the troposphere and the major chemicals present in the thermosphere.

· Explain why there are such significant differences in the chemical composition of the troposphere and thermosphere.












(6 marks)


(b) 
The catalytically accelerated ozone depletion that has occurred in the Polar regions since the 1970s is due to the huge amounts of CFCs that were released into the mid-latitude regions by man from the 1940s to 1980s.  

· Provide a chemical explanation for the origin of enhanced depletion of ozone during the polar spring.

· Why is the reduction in ozone over the poles a significant environmental problem?








(5 marks)


(c)   
Aerosols are formed by many different means at the Earth’s surface.


· Define an aerosol particle.

· Describe one technique you could use to collect aerosol particles.

· Draw a Lewis dot structure for the hydroxyl radical.

· How can OH( be involved in the formation of certain aerosol particles?











(5 marks)

Question 2

(a)  
In the oceans there are major elements, minor elements and  Dissolved Organic Matter (DOM).  The minor elements show either (i) conservative behaviour, (ii) nutrient-like behaviour or (iii) scavenged behaviour whereas the major elements show only conservative behaviour.  

· List the 6 major ions found in ocean water. 

· Explain what nutrient-like behaviour means for the minor elements.

· What are the main components of DOM?

· Describe two routes of formation of DOM.












(5 marks)

(b)  
Alkalinity and pH are important and readily measured water quality parameters. 

· Define the alkalinity of water.

· How would you measure the alkalinity of a water sample?

· A freshwater has a CO32- concentration of 0.0500M, bicarbonate concentration 0.000500M and hydroxide concentration of 0.00500M.  Using these ions only calculate the alkalinity in meq/L, the pH and establish if the water is acidic or basic and if the water has a high or low alkalinity.









(4 marks)

(c) 
Groundwater plays an important role as a source of drinking water for public 
 
consumption in may parts of the world. Lakes are another widely used supply of 
 
raw water for municipal supplies.

· Sketch a profile of sub-surface waters illustrating the regions of water distribution down to the zone of rock-flowage.

· What is recharge and why is it important to groundwater flow?

· How do microorganisms result in significant changes in the redox characteristics of the water in a lake system once eutrophication is established.











(6 marks)

Question 3 


(a)   
Weathered minerals make up a substantial component (>95%) of soils.

· List the 8 major elements which make up the crust.

· Give an example of each of the following minerals, providing a chemical formulae for each. 
(i) an sulfide mineral
(ii) a carbonate mineral.

· Indicate using chemical equations how these minerals may be chemically weathered to form water soluble ions. 









(5 marks)


(b)   
Soils have distinct profiles with considerable variation in physical and chemical 
 

composition. 

· List 5 soil parameters that are typically used to define a soil.

· List the various components of soil humus.

· What are the base cations in a soil?

· How would you measure the cation exchange capacity of a soil?









(5 marks)




Question 4


(a) 

Henry’s Law is important in determining the pH of rainwater and also the pH of 
 

freshwater.  

· Calculate the pH due to dissolved carbon dioxide in a raindrop that is in a parcel of air at 2.5km (mixing ratio of CO2 at sea level is 370ppm).   
KH for CO2 is 3.38 x 10-2 mol l-1 atm-1, 
Ka for the following equilibrium is 4.47 x 10-7.

CO2(aq)  +  H2O(l)   (   HCO3-(aq)  +  H+(aq)
· Describe briefly the Two-Film Model that is frequently used to explain the transfer of gases from the gas-phase to solution-phase. 










(5 marks)

(b) 
The speciation of iron in the aqueous environment in the presence of sulfur is 
 
illustrated in the following stability field diagram.
 
Acid mine drainage occurs in waste rock dumps where pyritic material has been 
 
processed.  

·  Suggest some of the inorganic Fe species that would be found in the surface drainage occurring off such a waste rock dump.

· To neutralize the acidity lime is frequently used.  What effect would liming have on the mineralisation in the drainage water?

· What processes occur outside the stability of water limits?
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(5 marks)

Question 5


(a)   
Define the following expressions :

· Composite sample.

· Secondary standard.









(2 marks)



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

for analysing the following samples :

· 10m particulate matter (PM10) containing dioxin in a furnace flue.

· A river  contaminated with the pulp waste from a paper mill.

· A sediment contaminated with Hg residues from a chlor-alkali plant.










(5 marks)

Question 6


(a)   
Various forms of spectroscopy are used in environmental analytical chemistry. 

· Sketch the typical features of a NonDispersive-InfraRed spectrometer.

· Sketch the typical features of a Ultra-Violet/Visible spectrometer.

· List a typical analyte that would be measured by each method and explain the differences in the principle of operation of these techniques.









(5 marks)


(b)   
High Performance Chromatography (HPLC) with mass spectrometric detection 
 

has recently become a routine technique – called Liqud Chromatography-Mass 
 

Spectroscopy (LCMS).   

· Sketch the features of a typical HPLC instrument and include details of the column, detector and the type of mobile phase that would be used.

· Explain what advantages MS detection would hold over the regular refractive index or diode array detectors.









(5 marks)

(c)   
The water for a municipal drinking supply must be monitored to ensure that it meets NH&MRC guidelines.   

· Describe how a drinking water sample will be analysed in a commercial laboratory including the quality control steps and details of the typical analyses that will be carried out.










(4 marks)

Question 7

7.
(a)
Nuclear fission is the process that provides the energy in nuclear power plants.  
 

This source of energy is widely used in Northern America and Europe but very few 
 

new plants are being built.  

· What waste products are to be expected from the fission of uranium and why are these waste products a problem?

· Fuel cells are an alternative energy source that may be used extensively in the next decade.  Provide details on how these cells work and what makes
them in some ways a very clean source of power.










(4 marks)



      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
(b)
The infrared characteristics of water, carbon dioxide, methane, ozone and nitrous 
 

oxide make them greenhouse gases. The mixing ratios of several of these gases has 
 

increased dramatically this century  producing a small but measurable degree of 
  

global warming.

· Describe the greenhouse effect, include in your description the radiative balance at the Earth’s surface. 

· How does the elevated level of CO2 produced by fossil fuel combustion impact on the radiative balance?

· General circulation models (GCMs) are used to predict the extent of global warming.  What is a GCM model? 










(5 marks)

 (c)   
In the South East Queensland region the physical conditions and chemical inputs required for the formation of photochemical smog are met.  As a result the Queensland EPA monitors the air quality closely to ensure that smog formation does not become a significant health hazard.  

· List the chemical inputs and the physical conditions required for the formation of a typical photochemical smog.  

· How does a photochemical smog form and what are the secondary pollutants. 

· What type of measurements are being made in Brisbane to establish the occurrence of smog events?










(5 marks)


Question 8


(a) 
The east coast of Australia has extensive regions of  potential acid sulfate soil 
 

(ASS).  Developments on these sensitive soils have transformed disturbed areas into 
 

actual acid sulfate soil.  

· How do acid sulfate soils develop?

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

· What site and laboratory measurements would be required to establish the presence of an potential ASS.









(4 marks)


(b) 
When early insecticides, such as DDT, were developed there was no evaluation of 
 

the persistence of the chemical in the environment.   Modern insecticides in contrast 
 

are designed so that they degrade rapidly in the environment.  

· Provide an example of one of these modern insecticides explaining it’s method of operation and how it is designed to biodegrade in the environment.

· Using DDT as an example illustrate the key problems associated with organochlorine insecticides that don’t biodegrade readily.

· Another class of persistent organics are the PolyChlorinated Biphenyls (PCB).  Draw 2 examples of congeners of this family of compounds.

· Give one example of a method you could use to dispose of a soil contaminated with DDT and PCB residues?  









(6 marks)

(c) 
Mercury use in industry has resulted in many cases of mercury poisoning.  
The most famous case occurred in Minimata Bay in Japan in 1956 where the chemical methyl mercury was found responsible for many fatalities.  

· Describe how methyl mercury would have formed in the sediments from the Hg(II) catalyst residue which was the industrial waste that was dumped in Minimata Bay.

· What type of toxicological effects are to be expected from mercury poisoning?










(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 / 
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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)  = Inventory(i)  / Input(i) 


GR= P± R- ET-MR
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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