AlIr Pollution




Photochemical smog permeates the Los Angeles basin most days of the year. While this problem is not
unique to the Los Angeles area, conditions in the basin are well suited to this phenomenon. As early as
1542, explorer Juan Rodriguez Cabrillo named San Pedro Bay "the Bay of Smokes," because of the heavy
haze from native fires that cover the area. The surrounding mountains and frequent inversion layers create
the stagnant air that gives rise to these conditions. Automobiles feed the basin with the primary pollutants
of hydrocarbons (RH) and nitrogen dioxide (NO,). The ample sunshine drives atmospheric reactions that

create the strong oxidants of ozone (O3) and peroxyacetylnitrate (PAN). These oxidants are particularly
destructive to human health, vegetation, and materials.

Consider the following conditions.
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Using a "box model" approach, we can determine the steady state concentrations of the elements involved
in the reaction between the pollutants and the sunshine. The "box model" considers the air volume defined
by the area of the basin and the height of theinversion layer. Air enters at one end at the wind speed given,
and exits at the other end. We assume that air in the "box" is perfectly mixed. As such, the above
conditions can be represented by the following "box model."
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The steady state concentrations of the pollutants involved are determined by Cyement = ﬁ]ﬁ , expressed in

units of moles per liter of air. Assuch, the concentration of NO, is:

(224" 10" ® moles/m? min)40,000m) ., 1m?
NO, ™ (180 m/min)(2,000 m) 100 L

=249" 10" ? moles/L

and the concentration of RH is:

(108" 10" * moles/m? min)(40,000m) . 1m3
RH ™ (180 m/min)(2,000 m) 100 L

=1.20" 10" 8 moles/L.



The sun provides energy to the Los Angeles basin on a clear day at a maximum rate of
Enax =507 10% J/m? min (i.e., at noon). Since we recognize that the sun will not always radiate its maximum
energy, we determine the average energy radiated by E, =25~ 10* I min. The energy fromthe sun, E,
starts the following series of simplified reactions:

E
NO, % % ® NO+0
k
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0,+0% % ® O,
k
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O+RH % % ® RO (ahydrocarbon radical)
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O3+RH % % ® RO

Ky

NO, +RC % % ® PAN
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On the basis of these reactions and the original concentrations of the pollutants involved, the concentration
of each element can be calculated at each time step (i.e. at discrete intervals). To simplify the problem, we
will consider the concentrations of NO,, O,, and RH constant because they are continuously being
replenished in the atmosphere (CN02 and Cgy were given previously). Also, wewill letx =Cq,y = Cos, z=

Cro, and w = Cppp. Given that the change in concentration of an element is equal to the concentration of

the element CREATED due to reactions minus the concentration of the element CONSUMED due to
reactions minus the concentration of the element LOST with exit from our "box model", we can determine the
concentration of oxygen (C,), for example, by the following equation:

u
X (+1) - X (n) =kEaveCNo, - Ka2CoX (1)~ kgCri X (0) - TX ()

which simplifiesto

_a® uo
x(n+1)—é - kZCOZ- K3CrH - I_ﬂx(n)+k1EA\,ECNoz

We can also determine the concentration of the hydorcarbon radical (Cro), for example, by the following
equation:

z(n+1) - z(n) =Kk3Cry X (N) +k4Cry y (N) - k5CNozz (n) - %z(n)

which simplifiesto

U
z(n+1) =kgCgry X (N) +k4Cry ¥ (N) + gi - KsCno, - Egz(n)

Since the oxidants involved, ozone (O3) and peroxyacetylnitrate (PAN), are harmful to humans as well asthe
environment, it is important for the city to determine when these elements reach levels that will seriously



effect those within the area. Using the techniques that you have studied, complete the following
requirements:
Requirement 1:

a.  Using the concentration of oxygen difference equation as an example, write the equations that will
determine the concentrations of ozone, y (COS) and peroxyacetylnitrate, w (Cpap)-

b. Writethe system of four difference equations generated, and express them using matrix notation.

Requirement 2: Given the following constants and initial values:

Cno, = 2497 10 %molesL  Cgy =120" 10" ®molesiL.

Co, = 0.0085 moles/L k; =207 10" ®m?1J
ko = 1.5L/molesmin k3=50" 10*/molesmin
ky=3.0" 10°L/molesmin kg =1.0" 10°L/molesmin

andinitia valuesof x,y, z, andw (Cg , CO3 Cro,andCppy) arezero at sunrise (n =0).

a Use Derive to find the characteristic values (eigenvalues) and the characteristic vectors
(eigenvectors) of the coefficient matrix for the system you developed in requirement one. (NOTE:
Keep your work in scientific notation; don't round to the fourth decimal place.)

b. Give a general solution to the system of dynamical equations. What happens to the
concentrations of oxidants O; and PAN after a long period of time? Verify your conclusions by
iterating the system on Quattro Pro.

c. Make agraph of the concentrations of Oz and PAN during a 12 hour day. Use discrete intervals of
one minute.

Requirement 3: A high cloud layer attenuates half of the sunlight. How does this affect the long term
behavior of the oxidants? Be quantitative in your analysis.

Requirement 4: A weather system reduces the height of the inversion layer to 1,000 meters. What is the
impact on the long term behavior of the oxidants? Be quantitative in your analysis. (HINT: you will need to
recal culate the concentrations of RH and NO,.)

Requirement 5. Comment on the validity of the model. Is the assumption that the concentrations of NO,
and RH are constant reasonable? What is the impact on your model and your ability to solve it if these
concentrations are not constant?



Partial Solution to Requirement 1. The system of equations that model the concentration of pollutantsin
the Los Angelesbasinis

u
Co (+1) - Co (M) =ksEaveCho, - K2Crnio,Co (M) - kaCriCo (M) - | Co ()
u
C03 (n+1) - Co3 (n) = szOZCO (n) - k4CRHC03 (n) - E C03 (n)
u
Cro(nN+1)- Cro(n)= k3COZCO (n)+ k4CRHC03 (n) - k5CNOZCRo (n) - L Cre (n)

Coan (1) - Cpan (M) =ksCro, Cro () - 1 Coan ()

Rearranging the equations gives us

Co (N+1) =Kk1EaveCno, + Co (N) - K2Cno,Co (M) - k3CrHCo () - %Co ()
Co, (+1) =kyCo,Co (M) + Co (M) keCrrCo, (M- 1 Co, ()

Cro(n+1) = k3COZCO (n)+ k4CRHCO3 (N)+Cro(n) - k5CNOZCRo (n) - %CRO ()
Cpan (N*1) =ksCno,Cro () + Cpan (M) - %CPAN ")

Simplifying these, we have

u
Co(n+1)= g?' k2Cno, ™ KsCrH - | gco (n) +k1EaveCno,
- uo
Co, (1) =kyCo, Co (M) + g?- KaCri~ L oCo, ()
_ % ug

U
Cpan (N+1) =ksCpo Cre (N) + ?' EgCPAN ")



Our matrix equationis
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