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1. 
(a)   
The troposphere is of essentially uniform composition.

· List the 5 major constituent gases in the troposphere with their approximate concentrations.

· Why does the stratosphere not have a uniform composition?

· Detail the chemistry that results in the formation of ozone in the stratosphere.











(5 marks)


(b) 
Chloroflurocarbon compounds were the first atmospheric pollutants observed to have 
 

a significant global rather than a local effect.

· Give an example of a CFC compound including the chemical formula.

· Why do chlorofluorocarbons migrate to the stratosphere while other gaseous pollutants, such as the nitrogen oxides, do not?

· Detail the chemistry that results in the accelerated depletion of ozone in non-polar regions due to the influence of CFCs.



 







(5 marks)


(c)   
Aerosol particles are common throughout the troposphere.


· Define a secondary aerosol particle and give an example.

· How do cloud condensation nuclei (CCN) function in the formation of clouds. 

· How would you measure the concentration of aerosol particles smaller than 2.5m in an urban environment?











(5 marks)

2. 
(a)   
Water plays an important role in the chemistry of the environment.  

· Describe two physical properties of water that help moderate the Earth's climate.

· What is the exogenic cycle as it applies to biogeochemistry?












(4 marks)

(b)  
In a freshwater system there are a  wide variety of acids and bases which help control the pH of the water body. 

· List the major acids and bases present in a non-polluted lake.

· Why is alkalinity as important as pH in determining if a water body will support biotic life?

· Calculate the hardness of water in mg CaCO3 equivalents / litre for a sample of bore water which had the following analyses :   
 
Mg  200ppm
   Ca 300ppm
CO3  250 ppm  
SO4  110 ppm
 Is this a hard or a soft water?












(6 marks)

(c) 
The rivers are one of the smaller water reservoirs in the hydrologic cycle.   

· List 6 major ions present in riverwater.

· List 6 major elements present in the crust.

· The average ionic composition of river water is not very similar to the average crustal composition, why is this the case?

(5 marks)

3.
(a)   
Geochemistry concerns itself with the chemistry of the rock-forming minerals.

· What is the difference between a rock and a mineral.

· Give an example (with chemical formulae) for each of the following:
  
i) a halide mineral


      

ii) a silicate mineral.

· Provide two mechanisms for the chemical weathering of sedimentary rocks using balanced equations to illustrate your answers









(5 marks)


      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
3.
(b)   
The soils in Far North Queensland frequently have low CEC (Cation Exchange  
 

Capacity) values with the majority of the CEC coming from soil humus. 

· What is a soil CEC value and why is it important for soil fertility?

· Define the various constituents of soil humus.

· Why does the presence of soil humus contribute to a soil CEC?









(5 marks)


4.
(a) 

A common pollutant from coal fired power stations and lead/zinc smelters is sulphur 
 

dioxide.  Sulphur dioxide has an appreciable solubility in water and when a raindrop 
 

falls through an air body with a high SO2 concentration it absorbs the gas which 
 

then increases in concentration inside the raindrop. 

· Calculate the concentration of aqueous sulphur dioxide in a raindrop that is in a parcel of air containing a gas-phase concentration of SO2 of 2 ppm.  The Henry's Law constant for SO2 is 1.470 mol dm-3 atm-1.

· Explain how apparent aqueous SO2 concentrations higher than those predicted by Henry's Law may be obtained.  Provide a balanced equation to support your answer.










(5 marks)

(b)   
Sketch a pE - pH diagram for water including the stability of water lines.

· What chemical processes occur outside the stability of water lines?

· You wish to find out where water from a pond lies on this diagram, what measurements could you carry out?

· Why do microorganisms often control the pE and pH of stagnant freshwaters?

(5 marks)

5. 
(a)   
Define the following expressions :

· Method Detection Limit (MDL).

· Internal Standard Calibration.









(2 marks)



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

for analysing the following samples :

· Volatile organic vapours in workplace air.

· Heavy metal levels (Pb, Cd) in river water.

· Soil from a transformer site contaminated with polychlorinated biphenyls.










(5 marks)

6.
(a)   
Colorimeters are widely used for detecting analytes in water such as NO3-, 
 
Fe2+, Reactive phosphorus (PO43-). 

· What is an approximate IDL for this technique for PO43-?

· Describe the principle of operation of a colorimeter.

· How is a colorimeter calibrated?









(5 marks)


(b)   
Ion Chromatography (IC) is frequently used for the analyses of anions in water.   

· Sketch the features of a typical IC instrument used for such analyses and describe the function of the membrane ion suppressor.

· Give an example of a stationary phase that could be used for the separation of anions such as NO3-, SO42- in a water sample.









(5 marks)


      
      QUESTION CONTINUED ON THE FOLLOWING PAGE
6.
(c)   
In water quality testing at a typical municipal analytical laboratory a wide variety of 
 

techniques are used.

· A water sample from a water treatment station has come into such a laboratory.  Describe the normal procedures that would be carried out on such as sample.

· Describe the analytical methods that would be used to detect Cd and total phosphorous in a water sample.










(4 marks)

7.
(a)
Nuclear fission is the process at the heart of nuclear power plants.

· Give an example of a nuclear fission process. 

· Explain, in general terms, why fission releases more energy from a kg of uranium than chemical combustion releases from a kg of coal?

· Beta radiation and gamma radiation may be released in a fission reaction.  
Using examples illustrate the formation of these types of radiation.  










(5 marks)


(b)
The greenhouse effect is a normal part of the radiation balance at the Earth's 
 

surface.  

· List three major natural greenhouse gases.

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

· Explain the terms global warming potential and relative warming potential as they apply to the large quantities of greenhouse gases that are being added to the atmosphere from anthropogenic sources.










(5 marks)


(c)   
London has been found recently to have photochemical smogs in the summer while in the past, in particular in the 1950s, it was very susceptible to "London" smogs..  

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

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

· Why has London not suffered from the classic "London smogs" in recent years whereas it does suffer from photochemical smogs?










(5 marks)


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

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

· How would you determine the presence of a potential acid sulphate soil on a site?









(5 marks)



(b) 
Organophosphates (organothiophosphates) are widely used insecticides in 
 

Australia.  

· Draw the molecular structure of one commonly used organophosphate insecticide.

· Does this material biomagnify in the food chain and what does this term mean?

· Why have these rather reactive compounds replaced other much more stable compounds such as Lindane and DDT? 









(5 marks)


(c) 
Discuss the environmental effects of cadmium 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
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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 ( [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

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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18/VIII



1
2





1

H

1.008




13/III
14/IV
15/V
16/VI
17/VII
2

He
4.003


2
3

Li
6.941
4

Be
9.012










5

B
10.81
6

C
12.01
7

N
14.01
8

O
16.00
9

F
19.00
10

Ne
20.18


3
11

Na
22.99
12

Mg
24.30
3
4
5
6
7
8
9
10
11
12
13

Al
26.98
14

Si
28.09
15

P
30.97
16

S
32.07
17

Cl
35.45
18

Ar
39.95



4
19

K
39.10
20

Ca
40.08
21

Sc
44.96
22

Ti
47.87
23

V

50.94
24

Cr
52.00
25

Mn
54.94
26

Fe
55.85
27

Co
58.93
28

Ni
58.69
29

Cu
63.55
30

Zn
65.39
31

Ga
69.72
32

Ge
72.61
33

As
74.92
34

Se
78.96
35

Br
79.90
36

Kr
83.80


5
37

Rb
85.47
38

Sr
87.62
39

Y
88.91
40

Zr
91.22
41

Nb
92.91
42

Mo
95.94
43

Tc
98.91
44

Ru
101.1
45

Rh
102.9
46

Pd
106.4
47

Ag
107.9
48

Cd
112.4
49

In
114.8
50

Sn
118.7
51

Sb
121.8
52

Te
127.6
53

I
126.9
54

Xe
131.3


6
55

Cs
132.9
56

Ba
137.3
La-

Lu
72

Hf
178.5
73

Ta
180.9
74

W
183.8
75

Re
186.2
76

Os
190.2
77

Ir
192.2
78

Pt
195.1
79

Au
197.0
80

Hg
200.6
81

Tl
204.4
82

Pb
207.2
83

Bi
209.0
84

Po
210.0
85

At
210.0
86

Rn
222.0



7
87

Fr
223.0
88

Ra
226.0
Ac-

Lr
104

Unq
105

Unp
106

Unh
107

Uns
108

Uno
109

Une
. . . .












57

La
138.9
58

Ce
140.1
59

Pr
140.9
60

Nd
146.2
61

Pm
144.9
62

Sm
150.4
63

Eu
152.0
64

Gd
157.2
65

Tb
158.9
66

Dy
162.5
67

Ho
164.9
68

Er
167.3
69

Tm
168.9
70

Yb
173.0
71

Lu
175.0

89

Ac
227.0
90

Th
232.0
91

Pa
231.0
92

U
238.0
93

Np
237.0
94

Pu
239.1
95

Am
241.1
96

Cm
244.1
97

Bk
249.1
98

Cf
252.1
99

Es
252.1
100

Fm
257.1
101

Md
258.1
102

No
259.1
103

Lr
262.1
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