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1. Students may use two double-sided, A4 notes prepared in their own handwriting.
Mechanical or electronic reproduction of any notes are not allowed.
(YRH ZFE MEGSIH A4 EX & Z0l 228 HES HH A0 A2 = U
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2. Students should bring their own calculator which is not pre-programmed with formulae
from the class.
(HLDIIE AFESHE, = 2HEE ZA0 Z2OHE N JA2H eHELICH)
3. Be aware that the cheated student will get 80% of the lowest score in class! There is
no tolerance at all.
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4. Make sure your answers includes units if appropriate. Watch your units! Prepare your

answers in a logical, easy-to-follow format.
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5. This exam contains 10 questions. Each full question is worth 10 to 25 points. Total
points = 165.
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Use following values for physical constants and properties, if needed:
Atomic weights: C, 12; Cl, 35.5; H, 1; N, 14; O, 16; P, 31; S, 32.1; Ca, 40
Density of water at 4°C: 1 g/cm’
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1. The dissociation reaction for acetic acid is as follows:
CH,COOH+ H,0 = CH,COO™ + H,0"

1) Indicate the conjugate acid and conjugate base for this reaction. (5 points)

i1) The pK, for acetic acid is 4.75. Calculate [CH;COO)/[CH;COOH] when pH=5. Assume
activity=molarity. (10 points)

2. Rainwater is naturally slightly acidic (pH=5.6) because of the dissolution of CO,.
Assuming that the CO, dissolved in rainwater is at equilibrium with atmospheric CO,, what
is the bicarbonate (HCOj5;) and carbonate (CO32') concentration in rainwater? Assume
activity=molarity. The partial pressure of CO, in the atmosphere (Pcoz) is 107 atm and the
Henry’s constant is 10" M/atm. The dissociation constants for carbonate species are given

as follows:

H,CO* = HCO;+H', K,=10 %

HCO, = CO} +H', K,=10"7

(15 points)

3. Briefly explain the differences between DNA and RNA in the following two aspects: 1)

the structure and ii) the function. (10 points)
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4. To study the pathogen removal kinetics, you conducted a laboratory study using a
completely-mixed batch reactor (CMBR) and achieved 90% removal in 10 minutes.
Assuming that the pathogen removal kinetics follows first-order reaction, answer the

following:

1) Calculate the first-order reaction constant for pathogen removal by chlorine disinfection.
(10 points)

i1) Calculate the half-life of pathogens under chlorine disinfection. (5 points)

5. A chemical degrades in a steady-state completely-mixed flow reactor (CMFR) according
to first-order reaction kinetics. The influent concentration (Ci,) is 20 mg/L and the effluent
concentration (Coy) is 5 mg/L. The flow rate is 500 m’/hr and the volume of the tank is

200 m’. Answer the following:

1) Calculate the retention time of the CMFR. (5 points)

i1) Calculate the first-order reaction constant. (10 points)

i) You are asked to improve the effluent quality to 2 mg/LL and you simply decided to
make the tank larger. What should be the volume of the tank? Assume that the tank still
works as a CMFR. (10 points)
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6. Answer following questions:

1) Briefly explain the differences among bioaccumulation, biomagnification, and

bioconcentration. (5 points)

i1) Indicate the changes in nitrogen oxidation state for nitrification and denitrification. Give
your answer in the following format: nitrification - A to B; denitrification - C to D.

(5 points)

i11) What are the two main elements (nutrients) that should be controlled to prevent
eutrophication in lakes and coastal areas? List at least three sources of the nutrients. (Three

in total, not for each) (5 points)

7. Prof. Choi came back to Korea after living in the U.S. for exactly five years. One day,
he was shocked by the news that there was carbon tetrachloride with a concentration of
0.05 mg/L in U.S. drinking water. Prof. Choi drank 2 L water everyday, and he stayed in
the U.S. for 350 days per year during the five years. Assume(!!!) that his body weight is
65 kg and the averaging time (AT) is 75 years (=27375 days).

1) Assuming that drinking U.S. water during the five year stay is the only exposure route
for carbon tetrachloride, calculate Prof. Choi’s lifetime chronic daily intake of carbon

tetrachloride. (15 points)

i1) The carcinogenicity slope factor for oral intake of carbon tetrachloride is 0.13

kg-day/mg. What is the cancer risk for Prof. Choi? (5 points)
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8. A watershed receives 120 cm of precipitation a year. The average runoff coefficient of
the watershed is 0.35 and the runoff contributes 100% of the river flow that drains the
watershed. Infiltration is estimated to be 7.0 x 107 cm/s and evapotransporation is
estimated to be 45 cm/year. Determine the change in storage (in cm) in the watershed in a

year. (15 points)

9. Landfills in Korea should be equipped with a clay layer having a hydraulic conductivity
of <107 cm/s and at least 1 m in depth. For a clay layer which just meets the criteria (in
other words, hydraulic conductivity = 107 cm/s and 1 m in depth), how long (in years)
will it take for the groundwater flow to pass the layer? Assume that the porosity of the
clay layer is 0.4 and the difference in the piezometric head between the top and bottom of

the layer is 1.0 m. (10 points)

10. You took a water sample from a river and analyzed it to obtain a BODs of 8.0 mg/L
and a DO of 50 mg/L. The BOD decay constant, k, is 0.15 day'. The BOD decay
constant is assumed to be the same as the deoxygenation rate constant, kg. The river flows
at a speed of 0.5 m/s and the reaeration coefficient, k;, is 0.25 day’. All parameters are
determined at 20°C, which is the same as the temperature in the river. The saturation DO

concentration at 20°C is 9.2 mg/L. With these data, answer the following:

1) Calculate the ultimate BOD in the water sample. (10 points)

i1) Calculate the distance downstream of the river (from the sampling point) where the DO

level will be the lowest. (10 points)

ii1) Calculate DO at that point. (5 points)



