[M 1586.000300 001] Water Pollution Control Instructor: Yongju Choi

Homework #2 - Solutions

Due: April 04, 2018 (Wed), in class

1. You drank three bottles of soju last night. You want to know how much ethanol you
drank and how it can be translated into calories. Assume that soju is a pure 17.8%'
ethanol solution in water (volume ethanol/volume solution) and also that when ethanol is
mixed with water, the total volume remains unchanged (for example, 1 L soju contains

178 mL ethanol and 822 mL water). Using the following values, answer the questions.

density of ethanol = 0.78 kg/L
density of water = 1.00 kg/L

ol sea =4

1) Calculate the mass concentration (in g/L), molarity (in M) and mole fraction of ethanol

in soju. (10 points)
Answer)
MW of ethanol (C;H;OH) = 2x12+1X6+16<1=46 g/mole
i) mass concentration
0.178 L ethanol/ L solution < 0.78 kg ethanol/ L ethanol X 10° g/kg =139 g/ L
ii) molarity

139 g ethanol/ L solution 302 M/
46 g ethanol/mole ethanol

iii) mole fraction
Moles of water in 1 L solution =

(1—0.178) Lwater/ L solution < 1.00 kg water/ L water X 10°
18 g/mole

9/kg = 45.7 moles/ L

3.02 mole/ L

=0.062
3.02+45.7) mole/ L 00620

mole fmction(ethcmol) = (
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2) Estimate the mass of ethanol you drank (in grams) and the energy obtained by the
intake of ethanol (in kcal). The enthalpy of reaction for combustion of ethanol is -295
kcal/mole. This means that by 1 mole of ethanol you can get 295 kcal of energy (at
maximum). A bottle of soju is 360 mL in volume.
(Note: The lethal dose of ethanol is approximately 6 g ethanol’kg body weight. This
means for a 60 kg person, 360 g of ethanol can kill. You may get some guide to
protect yourselves from drinking soju by the calculation.)
(10 points)

Answer)

i) mass of ethanol

139 g/ L><0.36 L/bottle X 3 bottles = 150 g

(One bottle of soju contains 50 g ethanol. Considering the lethal dose of ethanol, to ensure

safety, you should not drink more than ~5 bottles in a row!)

ii)

Energy obtained

Moles of ethanol intake: 3.02 mole/L><0.36 L/bottle X3 bottles = 3.26 moles

Energy obtained: 3.26 moles <295 kcal/mole = 962 kcal

. The BOD first-order reaction rate constant for a water sample is determined to be 0.25/d

at 20°C. Using the modified van’t Hoff-Arrhenius relationship, i) determine the rate
constants at 4°C, 14°C and 24°C and ii) calculate the time required to degrade 50% of
the UBOD in the sample at the three temperatures. The temperature coefficient & is
given as 1.135 for 4-20°C and 1.056 for 20-30°C.

(15 points)

Answer)

k

1,

:k 0T*20

Lo
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4°C: k, =025 x 1.135'* =0.0330/d
14°C: kK, =025 1.135"" % =0.117/d
24C: ky =025 1.056* 20 =0.311/d

Time required to degrade 50% UBOD (see the difference!)

L/I,=05=¢ """
_ In2
bty = T
g In2
; =——=21.
40 4y = Gogsoy ~ 210 days
g In2
14°C: t1/2 = OT’Y/CZZ 5.92 days
] In2
24 C t1/2 = Wl/d: 2.23 days

3. Using the following data for water sample analysis, answer the followings.

Ions Concentration (mg/L)
Ca*’ 76.0

Mg* 26.8

Na* 23.0

K 19.6

Cl 37.2

SO~ 192.0

CO;™ 2.7

HCO5" 136.5

1) Determine the acceptance of the analysis. (10 points)
Answer)

Following tables can be constructed for concentration in meq/L:
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Cations lon weight Concentration (meq/L)
Ca’’ 40.1 3.79
Mg’ 24.3 2.21
Na* 23.0 1.00
K" 39.1 0.50
Sum 7.50
lons lon weight Concentration (meq/L)
Ccr 35.5 1.05
N 96.1 4.00
Cos” 60.0 0.09
HCO5 61.0 2.24
Sum 7.38

| ¥ (anions) — X(cations)|= |7.38 —7.50| = 0.12
0.1065 +0.0155 %< X(anions) = 0.1065+0.0155 %< 7.46 = 0.22
As the analysis result for the sample satisfies

| X(anions ) — X(cations)| < 0.106540.0155 X X(anions ), it is acceptable.

2) Determine the sodium adsorption ratio (SAR). In terms of the SAR, is the water

acceptable for irrigation? (5 points)

Answer)
+
SAR= Q(N“ ) = L0 _ 577
\/(Ca )+ (Mg ) \/3.79+2.21
2 2

The water is acceptable for irrigation.

3) Estimate the pH of the sample. Use for pK,, value of 10.3 for the dissociation of
HCO; into COs> relationship. (6 points)

Answer)
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[HCO, | = 2.24 mM

[COZ™] = 0.045 mM

K. =10 103 = [H+H0032]
a2 [HCOy
KolHCO{] . 224mM 9
VaE —[0032] =10 X 005 MM 2.49x10 " M

pH=—log[H"] =—10g(2.49 < 10" °)=8.60

Instructor: Yongju Choi

4) Determine the alkalinity, total hardness and carbonate hardness in mg/L as CaCOs.

(9 points)

Answer)

i) Alkalinity

Alk=(HCO; )+ (coz )+ (or ) ()
(OH) is obtained as:

— 14
(oH™ __
2.49%<10"° M

Thus, (OH) is negligible. So is (H') of course.
Alk=(HCO; )+ (COZ ™ )= 2.2440.09 = 2.33 meq/L

In mg/L as CaCOs:

2.33 meq/ L <50 mg/meq= 117 mg/L as CaCO,

ii) Total hardness

rH= (a4 (Mg*")

Total hardness in mg/L as CaCOj:

=4.01x10 %eq/L=4.01x10" % meq/L
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(3.79+2.21) meq/ L < 50 mg/meq= 300 mg/L as CaCO,
iii) Carbonated hardness
As it is found that Alk<TH, CH=Alk.

CH = 117 mg/L as CaCOj;

4. B &0 EAistE §71248 8H CoHLONOR BT 4 kil 7Pdatat
A A 4 sHe ABRAVIE F TOC J1EOR IVE :
A

(o]
22 V539 COD 71FE THEsIE71 T12o Saa S o] §3A] Q.

rr o
r

CoH O,N+12.50, — 9CO,+TH,0+ HCO; + NH,

Rrx: HgdA-AE = http://www.law.go krof| A] ArolE 4~ Q12

(15 points)
Answer)
C1oH190;N2] COD/TOC ratioS +*o}9,

12.5%32 g COD
10x12¢ C

=3.33 g COD/g TOC

V&g ofde TOC 7]F0] 6 mg/ll o]d}o]B 2, Z[FZ A2 PIEoh= &9 COD 2
20 mg/L Y. w}epA] COD Z[&9] 9 mg/l ©]o}E PFEolA] H5

5. 10° M acetic acid (CH3;COOH; HAc) is dissolved in pure water. For this solution,

answer the followings.

1) Draw the pH-pC diagram for 10° HAc and mark an intersect of the plot that satisfies

the charge balance. Estimate the pH of this solution from the intersect. (5 points)
Answer)

The pH-pC diagram is drawn as:


http://www.law.go.kr
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Charge balance: [H'|=[Ac |+|OH ]
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The intersect that satisfies the charge balance is shown above. Note |H'|=[Ac"| and

[OH ] < [Ac] at this point.

Solution pH = 3.9

2) In the acetic acid solution, 10° M sodium hypochlorite (NaOCl) is added. On the 107
HAc pH-pC diagram, plot pC for HOCl and OCI at the Cr of 10° M. Mark the

intersection of the pH-pC diagram that satisfies the mass balance and charge balance.

Estimate the pH of this solution from the intersect. How does the solution pH change

by the addition of NaOCIl? (10 points)

Answer)

pH-pC diagram for 10° M HAc and 10° M HOCI:
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Mass balances:

Cr s = 107% M=[HAc]+[Ac™] (a)
Crvwoa = 1077 M=[Na"| = [HOQ] +[0Q"] (b)
Charge balance:

(Na ]+ [H 1 =[0a | +[Ac | +[0OH ] (c)
From (b) and (c),

(HOA]+ o™ |+ [H] =0 |+ [Ac |+ [OH ]

[HOQ) +[H '] =[Ac | +[OH] (d)

The intersect that satisfies (d) is shown above. Note [H'|=[Ac”], [OH | <[Ac”], and
[HOQ) < [H] (pH = 3.9, p/[HOCl]=5.0 — [H'] = 107’ M, [HOCI] = 10°° M) at this
point.

So solution pH=3.9.

The solution pH did not change by the addition of NaOCI. This is because in this system
HAc controlled the pH.

3) From the pH-pC diagram, estimate the concentrations of HOCI and OCI in the solution.
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(5 points)

Answer)
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p[HOCI] = 5.0, p/OCI] = 8.6

[HOCI] = 107" M, [OCI] = 10%° M

6. A pH buffer is made using a weak acid and a salt of a conjugate base of the weak
acid. For a pH buffer made using a weak monoprotic acid (represented as HA) system,
develop a program that can calculate the concentrations of the weak acid (HA; with any
pK. value) and the salt (MA; M represents a well-ionizing metal (i.e., perfectly
dissolved in water to be M") such as Na and K) that should be added to make a pH
buffer solution of any pH and Cr value. You can use any program including Microsoft
Excel and MATLAB.

(50 points)



