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1. 
(a)   Describe the Chapman mechanism for the formation of ozone in the stratosphere.











(4marks)


(b)   The hydroxyl radical plays a key role in the oxidative chemistry of the troposphere

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











(4 marks)


(c)   Aerosol particles from a variety of sources are common in the troposphere.  


· Provide two examples of common aerosols.

· Describe two methods for collecting aerosol particles.











(4 marks)

2. 
(a)   Water quality is generally established by carrying out a series of standard tests.


· What are the differences / similarities between a Chemical Oxygen Demand (COD) measurement and a Biological Oxygen Demand (BOD) measurement. 

· A freshwater may have a high alkalinity (50 meq / L) and yet be only moderately 
basic (pH 8.3).    Explain how this can be the case.












(4 marks)

(b)  Humic acids and fulvic acids are found in both the freshwater and marine environments. 

· What is the operational definition of these substances.

· Marine humic acids and riverine humic acids have quite different chemical structures and functional groups.  Why is this the case?

· How is complexation with these substances important in mobilising trace metals. 









(4 marks)

(c) In the oceans the minor elements show either (i) conservative behaviour, (ii) nutrient-like behaviour or (iii) scavenged behaviour.  

· Using molybdenum (Mo), nitrate (NO3-) and aluminium (Al) as examples explain what this means.

· List the major ions in ocean water. 

 (4 marks)

3.
(a)   Chemical weathering proceeds via a number of different mechanisms.

· Provide two mechanisms for chemical weathering of minerals using balanced equations to illustrate your answers.

· Give an example of each of the following  (N.B. provide a chemical formulae for each) 
a) an evaporite mineral
b) a carbonate mineral.









(4 marks)

(b)   Muscovite mica, [KAl3Si3O10(OH)2]2, and the 2:1 smectite clay mineral montmorillonite,K+0.5(Al1.75Mg0.25) (Si3.75Al0.25)O10(OH)2 , are common in the inorganic fraction of soils.

· Sketch the layer structure of one of these minerals showing how an inner sphere complex can form in muscovite and an outer sphere complex can form in montmorillonite.











(4 marks)

(c)   Tropical soils have high CIA (Chemical Index of Alteration) values and low CEC (Cation Exchange Capacity) values.

· Explain what this means.

· How would you determine the soil CEC value?









(4 marks)


4.
(a)   A raindrop has a high surface to area ratio and readily absorbs gases which then undergo 
 
further reaction. 

· Calculate the concentration of aqueous nitrogen monoxide in a raindrop that is in a parcel of air containing a gas-phase concentration of NO of  2ppm (0.0002 atm.).  The Henry's Law constant for NO is 2.0 x 10-4 mol dm-3 atm-1.

· Explain how apparent aqueous NO concentrations higher than those predicted by Henry's Law may be obtained.










(4 marks)
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(b)   The following pE vs pH diagram illustrates the

speciation of iron in the aqueous environment.

· In an anoxic environment where there is substantial

alkalinity in the water being studied what are

the species of iron likely to be present?

· Why are microorganisms common in anoxic

environments whereas other organisms are

often completely absent. 

(4 marks)


(c)   Sketch a picture of the geochemical cycle of nitrogen.  On your sketch:

· Indicate qualitatively the size of the main reservoirs..

· Indicate the main chemicals involved and the direction of fluxes.

· What are the anthropogenic perturbations to this cycle?









(4 marks)

5. 
(a)   Define the following:

· Spike sample.

· Composite sample.

· Equipment blank.









(3 marks)


(b)  Gravimetry is still commonly used in environmental analysis.

· Provide two examples of the use of this technique.









(3 marks)


 
(c)  Chlorpyrifos is an organochlorine insecticide which is in use on the banana harvest in FNQ.    

A farmer spills a large drum of Chlorpyrifos while loading it into his spraying unit.  The spill is very close to a small drainage ditch which leads into a tributary of the Tully river.

· Describe the sampling program you would carry out to monitor the effect of the spill.










(4 marks)

6.
(a)   Chemiluminescence is used for the analysis of NOx and O3 in urban atmospheres. 

· Indicate the typical features of a chemiluminescence spectrometer.

· How does chemiluminescence differ from fluorescence.









(4 marks)


(b)   Gas Chromatography is often used for the analysis of the chemical constituents in the 
 

natural fragrances of plants.   A sample containing 12 different compounds is to be 
 

analysed.

· Sketch the features of a typical GC instrument that could be used for this analysis and include details of the column, detector and the output that would be expected.

· How would you calibrate this instrument?









(4 marks)


      
      QUESTION  CONTINUED ON THE FOLLOWING PAGE
6.  
(c)   Describe two methods of chemical analysis that are used in water quality testing at a 
  
 
typical municipal water treatment laboratory.










(4 marks)

7.
(a)
Ionising radation has both useful and harmful effects in the environment. 

· Using examples illustrate the difference between alpha radiation and gamma radiation.

· A radioactive isotope of carbon, C-14, is widely used in radiodating.  This isotope decays by alpha decay with a half life of 5730 years.  The decay events can be measured using a Geiger counter as a number of counts per minute. The activity due to the presence of natural abundance C-14 in living tissue is 15.3 counts per minute per gram of carbon.  A sample  of fossilized wood has an activity of 2.6 counts per minute per gram of carbon in the wood, how old is this sample?










(5 marks)


(b)  The greenhouse effect is a natural phenomenon that is being disturbed by the addition of large quantities of gases from anthropogenic sources into the atmosphere.  

· List the main greenhouse gases involved in the 'enhanced greenhouse effect' .

· How do these chemicals effect the radiative forcing in the atmosphere.

· GCM models are used to predict the magnitube of global warming discuss some of the limitations of these models.










(5 marks)


(c)   In Australia photochemical smog events occur in several of the larger cities.  

· Explain in detail the nature of the pollutants and the conditions required for the formation of photochemical smog.

· What are the toxic effects of smog on humans.

· What measures have been taken to reduce the generation of urban smog in Australia. 
 








(5 marks)


8.
(a) 
Acid sulphate soils are common on the Eastern coast of Australia. 

· Describe the mechanism of formation of actual acid sulphate soils.
· How would you determine the presence of an actual acid suplhate soil on a site?









(3 marks)



(b) 
Paraquat and Atrazine are commonly used herbicides.  Highly toxic Paraquat is not a 
  

problem environmental pollutant whereas pollution in the waterways by Atrazine is 
 

widespread. 

· Explain this difference in environmental behaviour.  
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(4 marks)

Paraquat



Atrazine


(c) 
Discuss the environmental effects of lead in terms of the anthropogenic inputs and 
 

the toxicity characteristics of the element. 










(4 marks)


(d)
List the four major categories of waste materials. 

· Give an example of each class of waste.  

· Sketch and detail the key features of a modern sewerage treatment plant using 1o, 2o and 3o treatment.









(4 marks)


TABLE OF FORMULAE

pTotal =  pi





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





1 ppmvi = (1 x 10-6 x 100) %i
pz = po exp(-z / H)  where H = 8.4 km


 = p M / RT
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Flux = A / 

ai = [i(aq)] x (i





pH = -log10[a H+]

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



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

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


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



pE = pEo + 1/n log {[Ox] / [Red]}

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 ]






[image: image3.wmf](

)

]

[

]

[

r

1

F

l

g

i

i

-

=



[image: image4.wmf]][aerosol]

[

 

]

[

K

g

(aer)

part

i

i

=







[image: image5.wmf]]

[

]

[

 

K

w

s

d

i

i

=




[is] = KF [iw] n





[image: image6.wmf]100

x

O

K

 

 

O

Na

 

 

*

CaO

O

Al

O

Al

CIA

2

2

3

2

3

2

÷

÷

ø

ö

ç

ç

è

æ

+

+

+

=



[image: image7.wmf]2

/

)

]

[Mg

]

[Ca

(

]

[Na

SAR

2

2

+

+

+

+

=






[image: image8.wmf](

)

SAR

0.015

ESP

100

ESP

=

-










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

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+
PERIODIC TABLE
CH2041:03
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