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Part I Charongpun Musikavong 

Item 1 Adsorption process 

1.1 (10 Points) the batch adsorption experiment used wastewater of 1 liter and activated carbon of 1 g for 

removal of phenol. The initial phenol concentration and phenol concentration at equilibrium are presented 

in Table 1. 

i 	Develop Freundlish adsorption isotherm and determine Freundlish capacity factor (K) 

1 
Freundlish intensity parameter (—), and Freundlish Adsorption Isotherm 

n 

ii 	Use Freundlish adsorption isotherm for determining the amount of activated carbon per month to 

remove phenol from 300 to 1 mg/L. The wastewater quantity is 2,000 m3/month 

iii 	Determine cost of the activated carbon per month, when the price of activated carbon is 60 Baht/kg 

Given 

Freundlish Isotherm 

(Co — COT/ = x 
= KCeu" 

m m 

log(2---c  ) = log K + —1  log Ce 
m 	 n 

Table 1 Initial Phenol (Co) and phenol at equilibrium (Ce) 

Initial Phenol 

(mg/L) 

Equilibrium 

Phenol 

(mg/L) 

150 5 

250 12 

300 17 

340 23 

370 29 

400 36 

500 50 



, 	s 
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1.2 (8 points) the breakthrough curve for using XAD-4 resin to remove phenol is presented below. 

In the experiment, the flow rate and bed depth are varied. Use this curve to design the phenol removal 

from 100 mg/L (Co) to 10 mg/L (C) 

Determine 

	

i 	Amount of resin (L) 

	

ii 	Amount of water that can be adsorbed (L) 

	

iii 	Amount of water per volume of resin (L water/L resin) 

	

iv 	Kilogram of resin per day (kg/day) 

Given 

- Flow rate 5.2 x 10-8  m/s 

- Bed depth 0.098 m ( 

- Flow rate 500 L/day 

- Surface area of column = 0.051 m2, DAX-4 density = 1.2 kg/L 

o 0  

flow raifs;,.. 	bed dcpth 

010.'s) 	fm 

O , 	I.10 	009 

• t2'111' 09K 

A X 2* lit' 	08 

O I,2 "Iii 	(IMP 

10 	15 
	

25 

t X 10
3
(s) 

The breakthrough curve for using the XAD-4 resin to remove phenol 

10 

O. 

6 

0 4 

0.2 

G_01 
0 
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1.3 (5 points) for the carbon adsorption in series, what are the lowest number of columns that must be used? 

Draw the breakthrough curve for explaining the removal of organic matter by each column and briefly describe. 
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Item 2 Ion exchange 

2.1 (15 points) use the information in Table 2 for determining the removal of nitrate in wastewater by ion 

exchange 

	

i 	Determine the highest amount of water that can be treated by strong base anion-exchange resin 

with exchange capacity of 2 eq/L. 

	

ii 	For removal of nitrate at flow rate of 10 m3/day, what is the amount of resin needed (Uday)? 

	

iii 	The regeneration process causes the deterioration of resin by 1% per day. The regeneration is 

done every day. The additional of resin must add to support this loss. Determine the amount of 

resin per month that needs to be added. (L) 

Table 2 Wastewater characteristic 

Cation Conc., 

mg/L 

Anion Conc., 

mg/L 

Ca2+  80 HCO3 250 

mg2+ 21 CC 82.0 

Na+  45 NO3 80.0 

K+  16 F- 20.0 

Given 

Molecular weight Ca = 40.08, Mg = 24.31, Na = 22.99, K = 39.09, H = 1.00, C = 12.011, 

0 = 15.99, Cl = 35.45, N = 14.00, F = 18.99 

Approximate selectivity scale for anion on strong-base ion exchange resin 21@1 

0 HCO3 = 0.4, Cl = 1.0, NO3 = 4.0, F = 0.1 

- 	XA+ and XB+ are equivalent fractions of A and B in solution 

X A+ and X g+ are equivalent fractions of A and B in resin 

X " B+ XB+ A+ 
> 8

+ 
	= K 
1-X " B+ 	 1 -XB+ 
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2.2 (5 points) provide three examples for using the ion exchange in the advanced wastewater treatment 

process, briefly explain. 

Items 3 Nutrients removal 

3.1 (4 points) describe nitrogen removals by (1) pre-anoxic, (2) intermittent aeration, and (3) post-anoxic. How 

many tanks for each process? What is the reaction in each tank? 
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3.2 (5 points) draw the simple diagrams for nutrient removal 1) removal of nitrogen 2) removal of phosphorus, 

and 3) removal of nitrogen and phosphorus. Briefly explain the nitrogen and phosphorus removal 
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3.3 (10 points) wastewater treatment system uses pre-anoxic, aeration, and sedimentation tanks as presented in 

the Figure. Use the given information for determining 

i 	Xb (g/m3) 

ii 	Volume of pre-anoxic (m3) 
	

Internal Recycling (IR) 

iii 	Amount of nitrate removal 

Given information 	Influent wastewater 

(g/day) 

Effluent 
---11. Anoxic Aerobic Secondary 

Clarifier 
(0) ---.- 

water 
Wastewater characteristic 

Parameter 	 Concentration (g/m3) 

BOD 	 140 Return activated sludge (RAS) 

bCOD 	 220 
Waste sludge 

rbCOD 	 80 

NOx 	 30 

Parameter for Design 

Parameter Unit 	 Value 

Flow rate m3/d 	 2,250 

Temperature °C 	 20 

MLVSS g/m3 	 2,370 

Aerobic SRI d 	 13 

Aerobic volume basin m
3 	 850 

RAS ratio Unit less 	 0.6 

SDNR (at F/M of 1.6 and g/g-d 	 0.28 

rbCOD/COD = 0.36) (20 °C) 

- Nitrate concentration in return sludge (RAS) to Pre-annoxic = 6 g/m3  

- Hydraulic retention time of anoxic tank = 1.5 h 

Q(SRT) Y  (So — S) 
- Xb = [ 

V 	
][

1 + (kd)SRT
[ at Y = 0.4 gVSS/gCOD, kd = 0.088 g/g*d 

- Internal Recycling (IR) = (NOx/Ne) - 1.0 - RAS ratio 

- F/M = (250/Vbbx (Xb) 

- SDNRT = SDNR 20(1.0201-20  

- NO, = (Vbox)(SDNR)(Xb) 
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3.4 (6 points) Wastewater treatment plant is designed to remove the nitrogen and phosphorus. The rbCOD is 

essential substrate for nitrogen and phosphorus removal. The rbCOD is used for removal of nitrogen as the first 

priority then the rest is used for removal of phosphorus by degradation of microorganism and adsorption to 

sludge. From the given information, determine the amount of rbCOD for removal of nitrogen and phosphorus 

(g/m3). Is the phosphorus level in treated wastewater below standard? 

Given information 

• Flow rate = 1,500 m3/day 

• Phosphorus in wastewater = 11 g/m3  

• rbCOD in wastewater = 100 g/m3  

• NO3-N that must be removed equal to 1.5 g (NO3-N)/m3  

• P • x,biomass = 150,000 g biomass/d 

• rbCOD/nitrate ratio = 6.6 g rbCOD/g NO3-N 

• 10 g rbCOD/ g P is phosphorus removed by biological phosphorus removal 

• Phosphorus content of heterotrophic biomass = 0.015 g P/ g biomass 

• Phosphorus in treated wastewater must be lower than 1 mg/L 
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Item 4 Advanced oxidation processes 

4.1 (5 points) briefly explain four mechanisms for destruction of organic matter in water by using advanced 

oxidation process. 

4.2 (5 points) how many mechanisms for destruction of organic matter by ozone? Briefly explain. 

4.3. (5 points) how to enhance the advance oxidation of organic matter by hydrogen peroxide? Explain the 

mechanism. 



Flocculation 

Coagulation Pumping Station 

	J 

Reservoir 

IA 	  

Page 14 of 17 	 Name 	  ID 	  

Item 5 Water reuse 

5.1 (8 points) from the diagram below, fill types of water reuse for A, B, and C. Explain the definition for each 

type of water reuse. 

Water Consumers 

• 

B 	  

C 	  

Disinfection 

Wastewater Treatment 

t . _ 
Water Reclamation 

Filtration 

Sedimentation 
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5.2 (7 points) how many types of groundwater recharge by using treated wastewater? Draw pictures and briefly 

explain the operation criteria of each type. 
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Part II Watsa Kongnakorn 

1. In the membrane system, what is the main factor that the designer and operator have to remind and 

awareness? (4 points) 

2. Please explain the mechanism and specify all the driven force from Fig.2.1 (13 points) 

Permeate 

Driving force 
Figure 2.1 Mass Transfer Mechanisms 



4 
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3. If you want to design the oily wastewater treatment plant, the particle of oily is equal to 5 micrometer. Please 

explain the pretreatment of wastewater before use the reverse osmosis for recovery. (8 points) 
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d-ruil 1  o.5141ATI.th  

1 nInnuni5v4u 

1.1 (10 Azar) -inn-15vioa@lnqv1'h66Uum (batch) to 	6StrdiLim 1 Sou,atlid-rufilSii.oi 1 ni'lniin-i5vioaal 

Aati-i4a-a"tma -Ifmii@kiaililtl@a32.ivilli,Lar,i-Ai.l@giafr-vraL t a$iilt,i,eolltioryilfti 1 

mnoi"-onynAl Freundlish adsorption isotherm Liatv- wig K (Freundlish capacity factor) 

—
1 

(Freundlish intensity parameter) LLar,?ilm-11 Freundlish Adsorption Isotherm 
n 
Freundlish adsorption isotherm Amintlilying-i-rurim7wifialn-159-ioIlli,uni517-164-4011.11authl' 1.2a 

flTmviiarillAvilfiu 300 ilaniiivioSm 115 D'915 2,000 Qnu-wiriaimvi@aiou 

vraPhAladi@on'in 1 ilaSniiivi66m 

iii 	wiriiiiNlovi@aivutilari-nlialicinueliTuAlmrilanilJat 60 invi 

Freundlish Isotherm 

(Co — COV x 
	= — = KCB un 
m m 

log(-1) = log K + 1  log G 
m 	n 

01111ill  1 fl-YaitAihrooliA111@aCiaAtt (co) Lia.aiii■itt@afianlitaa.wla (Ce) 

Initial Phenol 

(mg/L) 

Equilibrium 

Phenol 

(mg/L) 

150 5 

250 12 

300 17 

340 23 

370 29 

400 36 

500 50 
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1.2 (8 finititi) 	 XAD-4 	 lotinnTooaaSiVinnn56rr6" 81,16o51m5lcoaLot bed 

depth IliffnnviLuInvIvifiivruoIi@@fll,LIJUnnwilWAllaaluilloltrviFrilaihrrru 100 mg/L (Co)1,1/iLviS@ 10 mg/L (C) 

	

i 	trianail,T11.1.117114311111151/191@1 (S05) 

	

ii 	IiiLlaill1171V141131A (Sc ) 

	

iii 	IfiLlf1.111Via,5;81.1 OV1511@SV15) 

iv 

- Flow rate 5.2 x 10-8  m/s 

- Bed depth 0.098 m 

- 1116h9Jgo51n151,v11 500 Uday 

- 0.051 m2 	DAX-4 iimlart41,1961,111.1L11161.1 1.2 kg/L 

40* 4440 .uyso 0 0  
---4-  

? 	 IIIV/ 

ler/ 

ivil d,zyth flos% ralk:,  

(ro.'.'s.,1 	 im 

3 Viii' 01159 

3 	i'lli' 0 t.19K 

x 1 	Ill' 11117S 

I 	2,111. 0_{17 

o 

•  

A 

o 

25 

t x 103  (s) 

XAD viinmcAlu@a 
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1.3 (5 fiztictru) ni51i1Hahlinlnp5ukmtinufilia.TwILLuu@tinuLitlarimhviiI 611,111-1M,41R@A'Ini@d-11.1auriHahtl 

totli-romm,aolannWit,rioiltainoiar,H@Aiitl vii'mvil6guiErthtFiviSnivuni5filolouA'Ivni 
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/Mil 2 ni7u,anvirAutnJ51.1 

2.1 (15 fitaiu) i:InFinyUltninvianafifa@nauuttrunl5u,anaZ"ErulltNIS■i@ri--10 -11,14voml-ILSF_Sie.iiunwt_i-rtToLLA"-3 

-ifiNa76R5-itivilitin-rtArti662i(oluo1n5-11ii 2 

	

i 	wAit15Intialivqiierun5trOifiolAvie6'mlooli strong base anion-exchange resin ,tegil exchange 

capacity Lvintiu 2 eq vi@k5 

10 m3/day 	resin l'uar,f1So 

	

iii 	filvnalin150114,?InivultaLviate,5A resin CAMM111/11.1iiv@EJM% 1 Lotkliln-156h resin a,1111,161Lvilriu 

trilnariOnLan-mluvnlISiutAalli resin v15liiliorffivi5 

015141 2 Nan1511,MininYSe.in..inmoLLAJionvuud-riwoi167Y-glivi 

Cation 	Conc., 	Anion 	Conc., 

mg/L 	 mg/L 

Ca2+ 	 80 	HCO3- 	250 

M92+ 21 	Cl- 	82.0 

Na+ 	 45 	NO3 	80.0 

K+ 	 16 	F- 	20.0 

ri-wru 
- Inallaaqa121 Ca = 40.08, Mg = 24.31, Na = 22.99, K = 39.09, H = 1.00, C = 12.011, 

0= 15.99, Cl = 35.45, N = 14.00, F = 18.99 

- Approximate selectivity scale for anion on strong-base ion exchange resin '121 

0 HCO3 = 0.4, Cl = 1.0, NO3 = 4.0, F = 0.1 

XA+ U, XB+ Aa equivalent fractions 1_1@1 A at B luan5atam 
X A+ um; X"B, Ala equivalent fractions TN A u 	B lu resin 

X " B+ X8+ A+ 
> 8

+ 
	= K 

1-X" 13, 	 1-X13+ 
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2.2 (5 fir,111.11.) Mai'-)nti-onnIi.ntatuouilaniAJA'EnAJ52.),N11.1m5II-117otIlLSo4upn 3 '91'2Ei via@mtlatunuto'?Ylord 

/Mil;  3 ni5ri'-i'o015@lvmltrti-ILSEJ 

3.1 (4 fir,Lani)1681J`lEJf11515TM1.11g151,V11108f15ttin.1 (1) pre-anoxic (2) intermittent aeration Lt,at (3) post-anoxic 

u,a2.1111{,Lviatt-ilLnoqiiitrant'lil 
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3.2 (5 fiz661.111) lt,;i1E11.161,raLt-g@d-11 -1Ent,aoln5tu-nin-niaill-riinma-rvin560.1J111u011 1)1.11Imm.1 2) rloari@i'a u 	3) 

1,1.11 156A11 	rl@mAloi??i U 	@51J11=1mAn156-4o Iltamm.1 Lot rl@avlaija IoE416/ni 
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3.3 (10 fitLii.iy) 5 VAJ1.1 1:h 1701111LS ait-T1 pre-anoxic iurititY4LainiFi Lot tiNnotn@u `1'1,?,1)1141/Thljalti-rtinali m@cu 

i 	wich Xb (g/m3) 

ii 	otfiliivi%il Pre-anoxic (m3) 
	

Internal Recycling (IR) 

(g/day) 

Aerobic Anoxic Secondary 
	

Effluent 

Clarifier 
	water 

Influent wastewater (Q) 

EJ 

(gim3) 

BOD 
	

140 

bCOD 
	

220 

rbCOD 
	

80 

NOx 
	 30 

Return activated sludge (RAS) 

Waste sludge 

fiTtiluniloonuvu 

6minii,via 	 m3/d 	 2,250 

Temperature 	 °C 	 20 

MLVSS 	 g/m3 	 2,370 

Aerobic SRT 	 d 	 13 

Aerobic volume basin 	 m3 	 850 

RAS ratio 	 Unit less 	 0.6 

SDNR (VI F/M thr,vit-Li 1.6 LLat 	 g/g-d 	 0.28 

rbCOD/COD = 0.36) (20 °C) 

- -3 nu, 	trtm1.1.1 m 	n 	n 	61 (RAS) Pre-annoxic Lvilfiu 6 g/m3  

naivitifintil anoxic viiiifieu 1.5 61t-AL1 

Q(SRT) Y  (So — S) 
- Xb [ 	][

1 + (kd)SRT
] Lot Y = 0.4 gVSS/gCOD, kd = 0.088 g/g*d 

V 

Internal Recycling (IR) = (NOx/Ne) - 1.0 - RAS ratio 

F/M = QS0/V.(Xb) 

SDNR-T- = SDNR 20(1.026)
T20 

 

NO, = (Vnox)(SDNR)(Xb) 
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3.4 (6 nz11,141.1) 5tuuti-nTolliCht-jna@numuLiiatTioal5ltao5LTuu,aa,'AowN@Ta 191EJ1-1 rbCOD 

riitiaJoalual511.11.915LvuLLanAl@mnl@ija luni5Ei@uaaiuNailyail rbCOD Lii; @1'316111.a9-15m.lt-im.1 d-ASiLIAS@v.141117,,m1117o 

rl@arl@iia tomAINvoloTakintl-rilolooni5d@Emialouar.,innwiTuIoumin@uSvolg 	 rbCOD i/1141 

Iuni513-nTob..11915LvuLLanAl@wol@Taluviti-mnii.,91@n.L. LLatv-wiTtAl@aciAloTact76viSoItnIT01---iil@inintana15ptivilaLi 

• j09151/1151VialY1CAIEJLY1161) 1,500 m3/day 

• phosphorus Iutlit,SEJN'1L't4 	11 g/m3  

• rbCODItri.:111,SoNlaiiiiu 100 g/m3  

• NO3-N iiklEi@oaa-lovi6u1wInFlommali-oli@l5tuu&i-ILYVitiu 1.5 g (NO3-N)/m3  

• p
x,biornass — 150,000 g biomass/d 

• rbCOD/nitrate ratio = 6.6 g rbCOD/g NO3-N 

• 10 g rbCOD/ g P is phosphorus removed by biological phosphorus removal 

• Phosphorus content of heterotrophic biomass = 0.015 g P/ g biomass 

•  d'111-19-1n11.1 phosphorusluiliFilkeiFiTt7ain'in 1 mg/L 
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410fei 4 Advanced oxidation processes 
4.1 (5 fiti,tin.01i17nfinit umnalfiluni5v7ialoolAnniatniiCAu$huf-mu-yuni5@@ALoiflrkliq41 4 nalnloOflord 

4.2 (5 fitivini) na1nn15Liloqf15ol@an4J6wthet1a.@ItuilrinAn 

4.3 (5 Otani) fri5t,not103EmonqurhrmllolomuLt1@i@uilviritionAivi6k191Lilunn5toulif@tbvihd-hillipon 

Liard.ounalailn6TALfloilu 
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i 1 0 il 5 niTil-nlinffinnliavai 

5.1 (8 fizi,m) -inuseuf,jiikrt,l -illailifi'ivvlau,aol'61frilt-lie,n1w7-lalunln-mliilinA'uln141 (water reuse) Lotli@tum 

R-riLvilnEmln-15INiTun-ailn -nlooeTlytrti 

Water Consumers 

A 

I 
B 	I 

I 

• • - • - • - • - 	I 

I 

C 	I Wastewater Treatment 

I 

Disinfection I 

i . _ 
Water Reclamation 

I 
Filtration 

IA 	 

t 

Sedimentation 

Flocculation 

Coagulation 

Reservoir 

Pumping Station 
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5.2 (7 A:31,1411) f1151.11Mr,intni511-117oLtA'-)1;thrrufinnixd-Uhfinnwh,Crun-151At li-non-rwamaatatreAnn5 
`i-u.1.11.1n15 ii@i-irioluniwilLiltini51,tnwiarloE4wtrU 
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dlcuii 2 @.ini MARI 

1. In the membrane system, what is the main factor that the designer and operator have to remind and 

awareness? (4 Points) 

2. Please explain the mechanism and specify all the driven force from Fig.2.1 (13 Points) 

Permeate 

x 
Driving force 

Figure 2.1 Mass Transfer Mechanisms 
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3. If you want to design the oily wastewater treatment plant, the particle of oily is equal to 5 micrometer. Please 

explain the pretreatment of wastewater before use the reverse osmosis for recovery. (8 Points) 
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