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Prince of Songkla University

Faculty of Engineering

Midterm Examination: Second Semester Academic Year 2008
Date: December 23, 2008 Time: 13.30-16.30%

Subject: 223-515 HAZARDOUS WASTE MANAGEMENT AND DESIGN Room: A205

Name Surname ID
Question 1 Total Score Score
1 5
2 8
3 30
4 15
5 12
6 5
7 15
8 10
Summation 100
Charongpun Musikavong

December 2551
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Question 1 (5 Points)

1-1 What are waste characteristics that are used to define the waste to be the hazardous waste? (5 Points)

Question 2 (8 Points)
2-1 Explain the meaning of following terms

Resource Conservation and Recovery Act (RCRA) (2 Points)

Superfund (2 Points)

2-2 How many types of standard that is established in Applicable or Relevant and Appropriate Requirements

(ARARYs) for controlling the remediation of hazardous waste site? Explain in brief detailed (4 Points)
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Question 1 (30 Points)

3-1 The factory designs to use hydroxide sedimentation process to treat wastewater that consists of lead (Pb).
According to standard, the concentration of lead in treated wastewater must less than 0.05 mg/L. By using
the pH of 9, does concentration of lead in treated wastewater lower than standard? If your answer is no, then,
what is the lowest pH value that could be used to decrease the concentration of lead in treated wastewater to
be lower than standard? (8 Points)

Given kofleadat25 °C =2.5x 10" (the treatment process was operated at 25 °c)

Mw of Pb = 207.19 g/mol, Pb(OH),(c) <--~--=>Pb ~ + 20H
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3-2 Estimate Henry’s constant for m-Xylene in water at 20 °C from vapor pressure and solubility data. Compare
to the value that was calculated from this equation, InH = A/T + B, (the comparison should be expressed in
term of percent different) (8 Points)

Given m-Xylene information: Vapor Pressure (Pvp) =10 mmHg at 20 oC,
Solubility at 20 °C = 1.75 x 10" mg/L,

Molecular weight = 106.18 g/mol,

H=P,/S,
A=-334%10"
B =6.28,

T = Temperature in kelvins
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3-3 The concentration of cadmium in water from reservoir is found to be 100 ppb. Determine the concentration of
Cadmium in the fish from this reservoir. Determine the dose of cadmium that could be uptaked in to human
body within 1 year (365 days) for (1) 20 g of fish is eaten everyday and (2) 1 Liter of untreated water is
drunk everyday. Compare the risk between these two activities.

Given BCF = 81 L/kg, BFC = Cmg/C (8 points)

water
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3-4 According to graph, (1) Examine ability of groundwater material, river sediments, lake sediment and biomass

for adsorbing organic matter from high to low (2) Rank compounds (tetrachlorobenzene, trichlorobenzene,

dichlorobenzene, and chlorobenzene) that easy to adsorb by material from high to low. (6 points)

log K, (53 [m" x 107Vkg (3}

K, as a function of organic s
carbon content fi.

’
L
4‘:‘4 ™ o e
7 < 1, 2, 4, 5-1etrachlorobenzene
* L7 A& 1 2 4-trichlorobenzens
7’ & 1. 4-dichlorobenzene
-1 . chlorobenzene -
-3 -2 1
Groundwater River Lake Biomass
material sediments sediments
Orrganic carbon

log foc (kg org. C kg”"')

Relationship between organic carbon
content of solid materials to
soil-water partition coefficient for
selected benzene compounds. {After
Stumms, 1992.2%)
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Question 4 (12 points)

4-1 The contaminant concentration has been found to be 400 mg/L for the arca of a site represented in the plan
view in the Figure. The ground water contour are spaced at interval of about 50 m. From the test boring, the
average thickness of aquifer is 5 m and hydraulic conductivity is estimated to be 1 x 10 cmy/s. For each meter of

length as measured parallel to the river, what is the contaminant loading rate in kg/year? (8 points)
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4-2 Draw the picture to explain the movement of Dense Nonaqueous-phase Liquid (DNAPL) and Light

Nonaqueous-phase Liquid (LNAPL) in subsurface (4 points)

4-3 Regard to terms as shown in the following, (1) determine terms that related to retardation (2) determine terms

that related to attenuation

(3 points)
®  Sorption
® Biodegradation
®  Hydrolysis
®  Cosolvation
"

Biological Uptake

Complexation
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Question 5 (12 points)
5-1 According to the subchronic oral toxicology experiment in animal test as present in the Figure and the data in
the table , determine (1) no observed adverse effect Level (NOAEL) (2) lowest observed adverse effect level

(LOAEL) and (3) reference dose (RfD) (7 points)

Toxic response

1 10 20 30 40 240 260
Dose(mg/kg-day) ——————»

Given

Area of uncertainty Uncertainty factor
Variation within a population 10

Extrapolation from animals to humans 10

Extrapolation from subchronic to chronic 10

Extrapolation from LOAEL to NOAEL 10

Modifying factor 1
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5-2 From hypothetical dose-response curve for a typical complete carcinogen of hazardous waste A B and C,

Express the possibility to create the cancer of hazardous waste A B and C from high to low. (5§ points)

A

Hazardous waste A

Hazardous waste B

Hazardous waste C

Excess tumor incidence (percent)

Dose of Test Chemical [mg/kg-day]

Question 6 Draw the diagram of waste management cycle. The diagram must demonstrate types for shipping of

hazardous waste from factory to final destination (5 points)
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Question 7 (15 points)

7-1 Draw the diagram to explain the handling process of hazardous waste that start from waste generation,
followed by recovery/recycling, treatment and land disposal. In addition, express two sub processes in each

mentioned processes (5 points).
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7-2 According to the following information, how many containments those are required to construct for storage

the hazardous wastes A-J? (10 points)

Given

Hazardous Waste A: Acids, Mineral Oxidizing Agents (2) *

Hazardous Waste B: Caustics (10)

Hazardous Waste C: Ethers (14)

Hazardous Waste D: Hydrocarbon, Aromatic (16)

Hazardous Waste E: Metal and Metal Compound Toxic (24)

Hazardous Waste F: Nitride (25)

Hazardous Waste G: Epoxides (34)

Hazardous Waste H: Oxidizing Agents, Strong (104)

Hazardous Waste I: Reducing Agents, Strong (105)

Hazardous Waste J; Waste Reactive Substances (107)

*( ) = Reactivity group as shown in Page 15



Page 13 of 15 NaME...ccit e D
Question 8 (10 points)

Groundwater is contaminated with m-Xylene (C,H,;) 5 mg/L. Design air striping column for removing m-
Xylene in groundwater to lower than 200 lg/L. Determine liquid loading rate [mol/(s-mz)], stripping factor (R),

height of transfer unit (HTU), number of transfer units (NTU) and height of packing column

Given

K,a=0.0155s"

Q,=10L/s

Density of water = 1.0 kg/L

Molar density of water = 55600 mol/m’
Temperature = 20 °’c

Column diameter = 0.61 m (2 ft)

Air to water ratio (Q,/Q,,) = 30

H’ = H/RT, Ifie R = 8.205 x 10° (atm —m*/(mol-K)
InH=A/T+B o A=-334x10°B =628
R=H’ (Q,/Qy)

Z=HTUx NTU
HTU = L
MwKia

R

NTU:( R Jln((cm/cm)(ze_nﬂj
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Reactivity group
ﬂNgo.i Name
; Acids, minerais, non- KEY
oxidizing L.
g T, Reactivity
2 |oxidizing 2 code Consequences
L 5
ids, organic Hi3 :
3 |Aeids, org H Heat generation
Hu R
4 |Alcohols & glycols H{F|P|4 F Fire
e G Innocuous and nonflammable gas generation
5 Aldehydes P|F|P 5 . .
fudeny GT Toxic gas generation
H .
6 |Amides H et 6 GF Flammable gas generation
Amines, afiphatic & A E Explosion
7 laromatic 8T H H 7 . s
[ _ P Violent polymerization
Azo compounds, diazo [ H | H] HIH - B .
8 |comp. & hydrazines | & [6T{ 6| G| H 8 S Solubilization of toxic substances
3 HH [
9 |Carbamates R 2 8} May be hazardous but unknown
) i
10 {Caustics HIH|H H G |10
| Example:
Cyanides AR 6 " .
" H | Heat generation,
H F H 3 :
12 | Dithiocarbamates & & % & ool 12 F fire, and toxic gas
3 .
m & M GT| generation
13 |Esters H|F G H 13
H
14 |Ethers H|F 14
15 [Fluorides, inorganic 67| a7 |67 15
Hydrocarbons, H
16 |aromatic 14 16
v HH Hlw H
17 |Halogenated organics ar GFT GT| G GF| H 17
HIHHH W H HIH
18 |Isocyanates G|F|G|P P8 Plafu 18
61 ]
H H
19 [Ketones HIF [ H|K 19
Mercaptans & other GT [ H H
20 {organic sulfides SFlE 6 H\HIH 20
Metals, atkali & alka- GF [GF [ GF [ GF | GF | GF | GF | GF | GF | GF | GF [ GF [GF H |GF | GF |GF
21 jine earth, elemental HIH PR EHH R R R eT i ELHIR | 0
Mes?s. otﬁeretﬁnentai GF | GF [ GF E GF H |6F H
22 |&a 0YS 25 powaers, U H FluliH E[H 3 2
vapors or Sponges FIE 6T £
eﬁls, of eveementa GF [GF H [
93 |& alloys aT fheels, rods, | H | H F F 23
rops, moldings étc. | F | ¢ I
Metals & metal com-
24 pounds, toxic sis|s s|s s 2
- GF | H | H | GF |GF [ OF | GF | GF GF| U [GF|GF|E
25 (Nitrides r; GF rE« H UG |U[H|HIH H H|H %
K H H GF
26 (Nitrites g} FT H Y P S|H|2
Nitro compounds, H " H H
27 i F H £ &F &F 27
organic & ¥ ¥
Hydrocarbons, H W
28 al%/phatic, unsaturated | M | F H 3 28
Hydrocarbons, H
29 aﬁlphatic. saturated i 2
30 Peroxides & hydro- 2 E 'F( E GHT ? 'r{ E ? 2 H|E|F ? E E 1; 'S 'S 30
peroxides, organic Elar arler ar &
] H H oF F H
31 |Phenols & cresols HIF 8 13 H H 31
Organpphosphates, H[H H
32 Rgs ﬁgt,lo%tes. GT|GT u 4 # u 32
0sphodithicates
T [HF
33 |Sulfides, inorganic GF | BT | 6T H £ H GHT 33
] H|WIH][H HIH HH H w(H HW H# H
34 |Epoxides plpiP|P|u PP LARAR] plele PP PIPIU]P 34
10 Combustible & flam- H|H H H H
| mable materials, misc. | 6 4 § o & 101
: HIH[® H H
102 [Explosives £ £ £ ! ’E* 'g 'E* 'E* E|E DEi rEi rEi rEi ?\02
103 Polymerizabie plP|e P PP PIP|PIP|P PP P H
compounds H|H|H H H|H|U H|HIH{H H H|H H £ 103
104 {Oxidizing agents, H HiH [ H[H[HIH]|H HH H HlH|[W[H[B[HIH]|H HiH|BIH[H W[ W H a0 Hla[H
strong 67 GT|FIFIF|F|E|F EIF|F|F FlaT{F|F]F|F|F]|F FAF|E|F[FI{G|F|FI{F|F|FJE]F jron
erlar| —jer GT|GT [eld GrlEE E|6T 6Tl6T|G ! 6 ar
105‘Reducingagems' HIH|H{HIGF{GF|H|H H [ H H | GF [ GF [ GF H|H H | GF |GT GF{H [HH
strong GF|F1GF|GFIH|HIGF|G 6T| F E|H|H|H GF| E €| H {6 HiIHIE|P|F |05
61 £F H GF | E
Water & mixtures Y GF | GF [ 6T
196\ containing water HH 8 6 HiH S|H Gt & “;l
107 z‘é‘g&‘;ﬁ;@“"e Extremely reactive! Do not mix with any chemical or waste material! i107‘
. - T T T T
1 zj 3 | 4 ‘ 506 l 7 ! 8 [ 9 {wo]n |w2‘wlu‘15||sw]m|19\20‘21 !22lzs‘z4lzs]26i27!zslzslso|ax[32Jas|34[101‘mzlwalm‘a[xosl‘mepm‘

Compatibility chart for storage of hazardous waste.?



