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MIDTERM ONE

Name; SOL_W\ OMNS

The exam is worth 100 points and has four problems. Make sure to read each question
carefully, and allocate your time wisely. You must show all steps of any calculations you
perform. Put a box around each final answer. Use the paper provided. You may use the
backside of the paper if you need more room. Make sure your name is written on the top of
each sheet.

Problem Score

4

Total

Other details about the format of the exam (same as what was sent to you by email):

As always, you are expected to conduct your own work. The seats are very close
together, but you MAY NOT look at your neighbors exams. Mi will be monitoring
the classroom for wandering eyes.

All you need to bring with you is a pencil, eraser, and calculator.

Please fill the seats in the middle of each row first, otherwise students that arrive late
will have to interrupt an entire row to get to a middle seat.

The exams will be passed out when you arrive to class, but you may not look at them.
Everyone will start working on the exam promptly at 11:10.

You can tear off the top sheet which has the equations. You do not need to hand this
sheet in at the end.

You will not be allowed to ask any questions during the exam, because it is not possible
for students to get out of their seats without disrupting their neighbors. If you feel you
do not understand part of a question, re-read it carefully several times. If you still don’t
understand, make an assumption that allows you to continue and write a short note
explaining what your assumption is.

The exam will end promptly at 12:00. When Mi announces that the exam has ended,
everyone must put down their pencils immediately. It is not fair if some students stop
and others don't. Mi will be very strict about this. You will hand your exam to the
person at the end of your row, and then Mi will come and pick them up from each row.
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1. (25 points) Consider the composition of a groundwater that is in equilibrium with
CaCOj), the main component of limestone. The composition of all the species in the
water is not known, but the concentration of calcium is measured to be [Ca*] = 0.1
mM, and the pH is measured to be 8.5. You may assume that there is no air present.
The acid dissociation constants for carbonate species are: pK,y = 6.35, pKyp = 10.33,
and the solubility constant for CaCOs) 15 Kgp =5 x 107 M2,

a. What is the dominant species that contributes to the alkalinity of the water
under these condifions?
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b. Calculate the alkalinity of the water in eq/L.
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c. If this water is pumped out of the ground and exposed to the atmosphere, will
the pH increase, decrease, or stay the same? Explain why in | sentence.
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d. If this water is pumped out of the ground and exposed to the atmosphere, will
the alkalinity increase, decrease, or stay the same? Explain why in | sentence.
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2. (25 points) MTBE (methyl tert-butyl ether), which has the molecular formula
CsH;»0, was added to gasoline in California for several decades in an effort to reduce
air pollution. Unfortunately, MTBE migrated into many groundwater supplies
through leaky storage tanks. The California Department of Public Health has
established primary and secondary MCLs for MTBE in drinking water of 13 ppb and
5 ppb, respectively (represented as mass fraction).

a. What is the difference between a primary and secondary MCL? Explain in
one senlence.
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b. A groundwater in Monterey County has a concentration of 3.6 x 10 mol/L
MTBE. What percent removal is necessary to just meet the primary MCL?

Covwert |Zpph 4o mel/L
MW MTBE = 80y 4 0Y+ W ® €9 glme)

S pp = (‘5“04& 9 W%YW"E‘;“ _ e xwo T mel /L
L- )

(5{; OV - |G ¥ o~ |

3%
e

; Or-
C/vae"’/%y ﬁ(ﬂ}(%ow{‘gmoi/gw o ()Qk@.(

Ty commovel = 2LTIE 5,99, o
3V ’
305071 54 - A0S g/l .
347 ™ g o B F@




Name CE111 MTI1, p. 6 of 9

¢. If the odor threshold for MTBE is 20 ppby, will someone be able to smell
MTBE in air that is in equilibrium with the contaminated water in part b (3.6 x
10" mol/L MTBE)? Ky mrae = 1.8 M/atm, and the total air pressure is 1 atm.
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3. (25 points) MTBE can be degraded by aerobic bacteria that are naturally present in
soil. The degradation rate is first-order with respect to the MTBE concentration. An
experiment was conducted in which the concentration of MTBE decreased from 2.1
mg/L to 3.5 pg/L. in 2 days.

a. Calculate the first-order rate constant for the degradation of MTBE under
these conditions.
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b. How long would it take to reduce the concentration of MTBE by 99.9%7 If
you are not confident about the rate constant you determined in part a, you
may use a value of 5d°. !
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c. Draw a graph showing the concentration of MTBE as a function of time.
Label the characteristic time on the graph.
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4, (25 points) Acid mine drainage is released from many abandon metal and coal mining
sites. The acidic drainage is due to the activity of bacteria, which oxidize metal
sulfides. One example reaction is the oxidation of iron sulfide, shown below. All
species in the reaction are shown, but the reaction is not balanced. Note that the iron
is not oxidized or reduced in this reaction.

7 7 2 2 H 4
aFeS, + b0, + ¢cH,0 > ‘dFe®’ + eSO~ + fH'
a. What is the oxidation state of sulfur in FeS, and SO,*?

F{:SZ? -
S0477 ¢ Tl

b. Balance the redox reaction (determine the values of a, b, ¢, d, e, f)
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