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Seoul National University
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Environmental Engineering

MIDTERM EXAMINATION

TIME ALLOWED: 75 MINUTES
October 27, 2014

1. Students may use two double-sided, A4 notes prepared in their own handwriting.
Mechanical or electronic reproduction of any notes are not allowed.
I 255 AME0H A4 EX 5 H0l 2Ret HES H0H AU AMEE = U
LICE Ci2t, BFEZ SSEotHU SAIS 2SS SIHELICH)

2. Students should bring their own calculator which is not pre-programmed with formulae

I H“o

from the class.

(HLDIE ALESHE, =0t 23 E A0 Z20E N U2 otELICH)
3. Be aware that the cheated student will get 80% of the lowest score in class! There is

no tolerance at all.

(XIS Hi2t 20|, PHHIAE & 22 &= ZMESY 80%E ROUHELICH BF

fl= Bl EYotA ZSLILH)

02t

4. Make sure your answers includes units if appropriate. Watch your units! Prepare your

answers in a logical, easy-to-follow format.

(HEALEOl UAS ES, & HAS J|Yotn, F&E HAE METNAR. €2 =

cl &0l OIGHSHIl &l JITHGHA AI2.)

5. This exam contains 10 questions. Each full question is worth 10 to 25 points. Total

points = 165.
(2 AIE2 10 2oz RFHD-N A0, 2 22 i8S 1080lA 258 LIC.
ZFS 160F 2 LIC)

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/em’
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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)

Answer) conjugate acid: H;O"; conjugate base: CH;COO

i1) The pK, for acetic acid is 4.75. Calculate [CH3;COO]/[CH;COOH] when pH=5. Assume
activity=molarity. (5 points)

Answer)

_ [CH30007] [Hﬂ _ —4.75 _ —5
K = (CH.COOM =10"*", [H']=10°M

|CH,COO]

Therefore, W:

1.78

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 (HCO;) and carbonate (CO;™) concentration in rainwater? Assume
activity=molarity. The partial pressure of CO, in the atmosphere (Pco;) is 1077 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, = COj +H', K,=10 """

(15 points)
Answer)

This is an open system.
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Using the Henry’s law, [H,CO,*]= KyP oo, =10 Y5 Matm - 10735 atm=10"° M

H'|[HCO;
Lo, ] [1}[00 *]3 l_ 10°%%, [H]=10"" M
2 3
S [HCO;1=2.00x107° M

[7[co; ]
[HCO; )

—10.3

~[00}1=3.98x10"" M
Or, if you used the equations presented in the lecture note,

loglHCO; | =—11.35+pH=—11.35+5.6 =—5.75
[HCO; 1=10""" M=1.78x<10"° M

log[CO;} 7] =—21.68+ 2pH=—21.68+2 - 5.6 =— 10.48
[CO}1=10"""" r=311x107" M

*The results of the two approaches are slightly different. This is because the equations
presented in the lecture note are based on pK, =6.35 and pK, =10.33. In this question, [

truncated the values of pK, and pK, to the first decimal point to make pK, =6.3 and
pK, =10.3. This resulted in the differences in the values. Answers using either of the two

approaches will get full points, if there are no calculation errors.

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

the structure and ii) the function. (10 points)
Answer)

i) the structure: the DNA has 2’-deoxyribose as sugar while the RNA has ribose; the DNA
has A, T, G, C as bases while the RNA has A, U, G, C; the DNA is double stranded
while the RNA is single stranded.

ii) the function: the DNA stores and transfers the genetic information while the RNA
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transfers the genetic information from the DNA to ribosomes to make proteins.

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)

Answer)

For a CMBR, following equation apply:

C}'i, nal

_ kg,

=e
qmti(d

1 C}‘inal 1 —1
k=——I = n0.1 =0.230 mi

t " C;mtml 10 min " i

i1) Calculate the half-life of pathogens under chlorine disinfection. (5 points)
Answer)
The half-life of a first-order reaction, t;;

In2 In2

p =02 M8 s 0min
Y2 kT 0.230 min !

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

200 m’. Answer the following:

i) Calculate the retention time of the CMFR. (5 points)
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Answer)
The retention time, t

200 m?

=—F7—=04hr
500 m>/hr

0

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

For a steady-state CMFR, following equation apply:

.G
out,t ].+]{7t0

1 ( 20 mg/ L
k=— —1|= -
to\ Ct 0.40 hr \ 5mg/L

1): 7.5 hr !

1ii) 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)

Answer)
Again, using following equation:

Cin

C:)ut,t = 1+k’t0

Lo Go 1 1 (20mg/L_
" k\C 75 '\ 2mg/L

out,t

1)2 1.2 hr

The volume of the new tank, Ve

V.w=Q-ty=500m*/ hr- 1.2 hr =600 m’
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6. Answer following questions:

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

bioconcentration. (5 points)
Answer)

Bioaccumulation: the uptake of chemicals by an organism from either water or food (in

other words, accumulation via water or food)

Biomagnification: a process that results in accumulation of a chemical in an organism at
higher levels than are found in its own food (in other words, accumulation only via food)

Bioconcentration: the uptake of chemicals from the dissolved phase (in other words,

accumulation only via water)

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)
Answer)

Nitrification is a process of nitrogen oxidation from ammonium (NH,') to nitrate (NOj);
and denitrification is a process of nitrogen reduction from nitrate (NOj3) to dinitrogen gas

(N>). Therefore, the answer is as follows:

nitrification - -3 to +5; denitification - +5 to 0

iiil) 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)
Answer)
Nitrogen (N) and phosphorus (P).

Sources (three of the following): Human waste, animal waste, phosphate-based detergents
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(for P only), agricultural runoff, fertilizers, food-processing wastes

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)
Answer)

The chronic daily intake, CDI,

or= f (CRED)]

7
AT
The chemical concentration, C=0.05mg/L
The contact rate, CR=2 L/day
The exposure frequency and duration, EFD= EFX ED= 350 days/year - 5 years = 1750 days

Therefore,

2 I/day - 1750 da 1
CDI= (0.05 mg/ L) fday - 1750 ys}(

=9.83x107° kg—d
65 kg 27375 days) 9.83 107" mg/ kg —day

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)

Answer)

Cancer risk= CDIX SF=9.83 <10 *mg/kg— day - 0.13 kg - day/mg=1.28 10" °
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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/year) in the watershed

over a year. (15 points)

Answer)

Input processes: precipitation (P)

Output processes: River flow out (Qou), infiltration (I), evapotranspiration (Eg)

The change in storage of the watershed, AS

AS=P—-Q,,—I-E,

AS=120 em/year— 120 em/year - 0.35—7.0 <10~ " em/s - (86400 % 365) s/year— 45 em/year

=10.9 em/year

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 c¢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)
Answer)
The Darcy velocity, v,

Ah _ 1 _
v=K—=10 7cm/s . —m=1() 7cm/s
L 1m

’

The seepage velocity, v’

1077 _
n 0.4

The time for the groundwater flow to pass the layer, t,
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L 1m
t=—= — — =12.7 years
v 2.5%10" "em/s - 107 % em/m - (86400 < 365)3/year

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 5.0 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, k;. 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)
Answer)

BOD,=L,(1—¢ ™)

L,= o = ot =15.2mg/L

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

level will be the lowest. (10 points)
Answer)

The time to the critical point, t.,

1 l k. - D k. —k,
e~ k. —ky n[k‘_d C kL

T a

The initial oxygen deficit, D,
D, = DO,—DO=9.2mg/L—5.0mg/L=4.2mg/L
The initial ultimate BOD, L,

L, =L,=152mg/L
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1 z [0.25{1

1 1
;= : 1y 1(1_42%}/]:. 025d '—0.15d ﬂ
©025d 0154 " | 015d

0.15d ' - 15.2mg/L
=3.07 days
The distance to the critical point, L.,

L =v

c river

- t,=(0.5m/s - 86400 s/days) - 3.07 days = 1.33<10° m =133 km

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

The critical deficit, D,,

kL, , _ — Tk
Dc __d (e ki, e L,.tu) + Da(e k,.tL)
k?” - kd
D = 0.15 day ' - 15.2mg/L o~ 015+ 3.07 _ ;=025 - 3.07
© 0.25day ' —0.15day "

)-i— 4.2mg/L - e 0% 307

=5.8mg/L
The DO at the critical point, DO,,

DO, = DO,—D,=9.2mg/L—58mg/L=34mg/L

_‘IO_



