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1. 
(a)   
The atmosphere is vertically stratified into the major regions the homosphere and 
 

heterosphere.

· Describe the differences between the homosphere and the heterosphere in terms of  the  physical and chemical characteristics of these regions.

· Calculate the partial pressure (torr) of oxygen 2 km above sea level given that oxygen comprises 20.946% by volume of the permanent gases in the homosphere.











(5 marks)


(b) 
The ozone layer above the polar regions is susceptible to rapid depletion of the ozone  
 
 
in early spring.  CFC's are the chemicals at the origin of this rapid depletion.

· Give an example of a CFC compound.

· Discuss why there are CFC's are at the polar regions and how the chemistry of the CFC's results in rapid ozone depletion.

· Why is the ozone depletion only a problem in early spring?











(5 marks)


(c)   
Aerosol particles are common throughout the troposphere.


· Define an aerosol particle.

· Aerosols may be classified as either primary or secondary aerosols.  What do these classifications mean?  Provide examples to support your answer.

· List two types of cloud condensation nuclei (CCN) and describe briefly how they function.











(5 marks)

2. 
(a)   
The hydrologic cycle is concerned with movement of water through the hydrosphere.

· Sketch the hydrologic cycle :  indicate the main reservoirs with relative sizes and the major fluxes between these reservoirs. 

· List three physical properties of a water body that are important in determining the biotic suitability of the water body.

· Define the terms total alkalinity and base neutralisation capacity (BNC) of water.












(5 marks)

(b)  
A variety of acids are found in both freshwater and marine environments. 

· List the typical major acids in a non-polluted river.

· The bicarbonate / carbonate system acts as a buffer in the riverine environment. Explain how this buffer system functions using equations to detail your answer.

· Calculate the pH of a natural water given that the atmospheric CO2 concentration is 350 ppm, KH for CO2 is 3.38 x 10-2 mol l-1 atm-1 and Ka for the following equilibrium is 4.45 x 10-7.

CO2(aq)  +  H2O(l)   (   HCO3-(aq)  +  H+(aq)










(5 marks)

(c) 
The rivers of the world run into the oceans and yet the average ionic composition of 
 
the oceans does not resemble evaporated river water very closely.   

· Discuss this statement with reference to the major ionic fluxes into and out of the oceans.

· List the major ions in ocean water. 

· Two major elements of the geosphere, silicon (27.7% abundant in the crust) and aluminium (8.1%), are found in low concentration in river water and yet rivers are constantly carrying significant mineral loads.         Explain this apparent anomaly.

(5 marks)

3.
(a)   
The soils which are relied upon for most of man's agriculture are formed, in part, from 
 

weathered rocks.

· Sketch the key features of the rock cycle.

· 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 oxide mineral
b) a sulphide mineral.









(5 marks)

(b)   
Soils have a vertical profile which is a result of the soil formation process. 

· What are the typical constituents of a C horizon in a soil.

·  In the A horizon there is frequently substantial organic content of which two major components are humic acids and fulvic acids.  
Give an operational definition of each of these acids and how are these acids important in metal mobilisation.

· What are the base cations in a soil and the base cation saturation?









(5 marks)


4.
(a) 

Surface chemistry is important in determining the concentration of organic materials in 
 

the aqueous environment.  

· [image: image1.wmf]JAMES COOK UNIVERSITY
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The adsorption of the organic compound 1,4-dintrobenzene on a clay-fulvic acid complex is described by the following Freundlich isotherm :  [is] = 0.40 x  [iw] 0.4              
Using the above equation calculate the distribution coefficient between the sorbed state and solution for this organic compound when the concentration of the organic in solution is 15 x 10-6 M.
· How is the organonitro compound likely to bind to the 

clay-fulvic acid complex?

· Define the terms chemisorption and physisorption.   










(5 marks)
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(b)   
The following pE - pH diagram illustrates the 
pE limits for water.

· Make a quick sketch of the diagram into 
your answer book and illustrate where
you would find the following :

· The reducing limit for H2O

· The oxidising limit for H2O

· Swamp (bog) water

· Organic rich saline water

· In an anoxic environment electron 
acceptors other than oxygen are used
by microorganisms.  Give an example of
another substrate that is commonly used.

· How could you determine that this substrate
is being used by the microorganisms? 

(5 marks)

5. 
(a)   
Define the following:

· Instrument Detection Limit (IDL)

· Matrix blank.









(2 marks)



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

for analysing the following samples :

· 2.5m particulate matter (PM2.5) in polluted air.

· Volatile organic compounds (VOC) such as diesel in river water.

· A sediment contaminated with polychlorinated biphenyl (PCB) residues.










(5 marks)

6.
(a)   
Non-dispersive infrared (ND-IR) is used for the analysis of carbon monoxide, which is 
 
a common pollutant resulting from automobile emissions. 

· What is the approximate IDL for this technique?

· Sketch the typical features of a ND-IR spectrometer.

· Describe the principal of operation of this instrument.









(5 marks)


(b)   
High Performance Liquid Chromatography (HPLC) is widely used for the 
 

analysis of relatively non-volatile, polar organic compounds in water.   

· Sketch the features of a typical HPLC instrument that could be used for this analysis and include details of the column and detector.

· What is the difference between isocratic elution and gradient elution?

· Give an example of a mobile phase that could be used for the elution of a relatively polar organic mixture.









(5 marks)

 (c)   
Quality control is an important aspect of analytical chemistry. 

· Describe how quality control is implemented  in water quality testing at a 
 typical municipal water treatment laboratory.

· List two analytical techniques that are in use in this type of laboratory and the analytes that are detected.










(4 marks)

7.
(a)
The monitoring of radiation from nuclear decay processes is of concern in areas where 
 

there is either processing of uranium minerals or re-processing of nuclear fuel. 

· Alpha radiation and beta radiation penetrate tissue to different depths.  
Using examples that illustrate the formation of these forms of radiation explain why this is the case.

· 14C is used for the dating of carboniferous materials.  Explain the principles behind this form of radiodating. 










(5 marks)


(b)
An enhanced greenhouse effect is the result of man's activities in disturbing the 
 

radiative balance at the Earths surface.  

· List the main greenhouse gases.

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

· Explain the terms direct radiative forcing and indirect radiative forcing.










(5 marks)


(c)   
In Eastern Europe several large cities are still susceptible to the form of air pollution commonly called London smog.  

· Explain in detail the nature of the pollutants and the conditions required for the formation of a typical London smog.

· Why is this type of smog referred to as a reducing smog whereas the photochemical smog common in cities such as Los Angeles are oxidising smog?










(5 marks)


8.
(a) 
Acid rain is common in Northern America and Europe. 

· Describe the major components of acid rain and their mechanism of formation.

· Why are the oceans around regions where there are significant acid rain events not susceptible to the effects of this acid deposition whereas lakes in such regions generally are?









(5 marks)



(b) 
Dichlorodiphenyltrichloroethane (DDT) was the first modern synthetic 
 

compound to be used on a large scale for the control of insect pests.



Initially, the compound was thought to be non-problematic in the environment as the 
 

chemical has a relatively low human toxicity.  

· Draw the molecular structure of DDT.

· DDT biomagnifies in the food chain, what does this mean?

· Discuss the properties of the compound that cause it to persist and biomagnify in the environment.









(5 marks)


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

and the toxicity characteristics of the element. 










(4 marks)

TABLE OF FORMULAE

pTotal =  pi





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




%i = ppmvi x 10-4
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 ]
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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

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
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