Examination, Science of Environmental Change. FFR 166
Oct 22,2010, 14.00-19.00 in V-buildings

Note ! The time is 5 hours.

Aids:
-Pocket calculator of category a “Chalmers-approved calculator”:
Casio FX82, Texas TI30, Sharp EL531 (checked by teacher on duty).
-Language dictionaries.
-Physical and mathematical tables.
Teacher on duty: Sten Karlsson, extension: 3149, mobile 0737-553398

Grading scale: 40, 60, 80 points (of total 100).
A maximum 14 points from hand-ins and oral presentation is added for grades 4 and 5.

(The points are weighted and rounded to nearest halfpoints.)

Write structured and if possible be concise. Use figures if they make your answers clearer.
Your answers should prove good understanding of the subject.

Note! Always start on a new paper when you turn to the next question. Write your
exam code on every paper.

Note! Your answers should be in English.

Evert Ljungstrom:

1 a/ Which is the name of the element and how many protons, neutrons and electrons
do you find in the isotope *’,,CI ? (2)
b/ What is meant by a “strong acid”? (1)
¢/ What happens during “oxidation” of an atom or substance? (1)
d/ How is the concept of pH defined? (1)

2 a/ Laughing gas (N,0) is a common oxidising agent when very hot flames are
desired. Write a balanced reaction formula for the process where methane burns with
N,O, forming carbon dioxide, molecular nitrogen and water. (1)

b/ You have 3000 g of the iron ore Fe,O,. How much (mass!) pure iron could you
produce from this starting material? It is done by reacting the ore with carbon (coke) at
high temperature, also producing carbon dioxide. 4)

3 a/ Find out if the gas phase reaction CF,Cl, +2 H,O ---> CO, + 2 HF + 2 HCl
could be spontaneous or not.

A G° (CE,CL,) -439.4 (kJ/mole)
A G° (H,0) -228.6
A G’ (CO,) -394.4
A G° (HF) 275.4

A G’ (HCI) -96.3 (3)



b/ Comment on your result and the fact that CF,Cl, belongs to the CFC-group of
chemicals, known for its stability. (1)

4/ Describe briefly the main anthropogenic and natural sources to the atmosphere for
nitrogen oxides. 3)

5 a/ The sulphur containing compounds that are emitted (anthropogenic and natural)
to the atmosphere disappear through transformation into a stable substance — which?

)

b/ Describe in as much detail as you can how SO, is transformed in the atmosphere.

4)

¢/ There is one single species that is central to reactions in the atmosphere. It is
sometimes known as the “cleaning lady” of the atmosphere. Which is this species
(name and formula)? How is it formed? 2)

Sten Karlsson

6. a) - Define turnover time, used when dealing with materials fluxes and
reservoirs in the environment.

- Why is the turnover time for carbon dioxide in the atmosphere much shorter
then the residence time for CO, emitted into the atmosphere by humans?

b) Water is in the atmosphere in the form of gas molecules and clouds (ice or
droplets).

- Describe the interaction of long-wave (heat) radiation with these two forms,
respectively.

¢) Order from largest to smallest the following four global fluxes of energy: the
creation of kinetic energy in the atmosphere, the creation of kinetic energy in
the ocean, heat flow from the crust to Earth surface, and the photosynthesis.

7. a) Give the energy quality (i.e., exergy/energy) for these renewable energy
flows:

- wind energy

- energy bound in photosynthesis

- solar energy

b) The in Sweden very popular air-to-air heat pumps have in tests an energy
COP (heat out/electricity in) of 5, when they pump energy from outdoor air of 7
°C to 20 °C indoor. (This value holds for measurement at 50 % of maximum
load.)

- Calculate which energy COP an air-to-water heat pump should have, when
pumping energy from the same outdoor air (7 °C) to hot water of 60 °C, if it had
the same exergy efficiency as the air-to-air heat pump described above?

(3p)

(4p)

(3p)

(3p)

(4p)



8 For atmospheric science,
- define the adiabatic lapse rate and the lapse rate, respectively,
- and explain how these concepts are used when discussing atmospheric
stability. (4p)

b) In the ocean there are different inorganic carbon species dissolved.
- Which species?
- In what direction (increase/decrease) will the concentrations of each of these
species change as a consequence of an increase in the biomass reservoir in the
ocean through enhanced photosynthesis? (4p)

9. Describe the principal compounds and processes (including N oxidation number and
energy changes) in the biogenic turnover of nitrogen. (4p)

10. Describe the biological pump and its effect on the carbon fluxes and reservoirs. (5p)

11. NO, emissions are still a major environmental problem. Identify the three major
processes contributing to NO, emissions in burning of a fuel and the sources of their
nitrogen, respectively? (4p)

12. a) Define global warming potential. For a specific gas you can calculate a
value of the global warming potential. Discuss which factors will influence the

value you come up with. (4p)

b) Discuss the relation between the concentration of a greenhouse gas in the

atmosphere and its radiative forcing. (3p)
Rod Stevens
13.a) Define the following: (5p)
a. Virtual Water Trading
b. Confined aquifer
c. Artificial infiltration
d. Exogeneous water
e. Renewable Fresh Water Resources

b) In the figures below, identify the water reservoirs indicated by A-D. (2p)

Water Reservoirs

All water Fresh water Liquid fresh watel



Stefan Wirsenius

14.a)

What is weathering and what important functions does weathering have in the
biogeochemical cycles? (2p)

b) What are “secondary minerals”? Describe how they are formed, and specify
major categories of secondary minerals. (2p)

15.

Explain the mechanisms of how harvest of biomass may cause soil acidification -
describe the mechanisms by making a drawing of the relevant flows in the soil-

plant profile. Also describe options for alleviating soil acidification caused by

harvest. (4p)

Kjell Wallin
16. (3p)
The process of natural selection can cause the average appearance of a character to
evolve. An example of such a character might be body mass in the cod. Such a change
will alter the cod’s value as a resource for us humans. Three typical changes can be
recognized
1. The average body mass change over time.
2. The average body mass does not change, but the population
variance decreases.
3. The average body mass does not change, but the population
variance increases.
How does natural selection look like in these three cases, respectively, that
make such changes to occur?

17. (5p)
An optimal use of a resource depends on the objective of its use. Thus, there is not a

single best way of using a resource, independent of the objective. For instance consider
open access fishing in the sea. How and why does an optimal solution differ when the
objective is just to produce as much food as possible compared to gain as much money

as possible?

Thomas Backhaus
For assessing the risks of chemicals in the environment, an evaluation of their hazard
and their exposure is necessary.

18) The environmental hazard of a chemical is often described on the basis of the so-
called "base set" of data, i.e. data from algae, daphnids and fish. Describe the reasons
behind the selection of these test organisms and briefly discuss its limitations. (4p)

19) The exposure to a certain chemical can be evaluated either via modeling
approaches or via actual chemical-analytical measurements. Briefly discuss the pros
and cons of both approaches. When would you use which? (4p)
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