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Part I Charongpun Musikavong 

Item 1 

1.1 (4 points) how many types of adsorption mechanism in water supply process? Briefly explain. 

1.2 (3 points) what is the major mechanism that controls the adsorption by using (1) granular activated carbon 

(2) powder activated carbon? Briefly explain. 
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1.3 (8 points) the activated carbon is used for removing phenol 10 kg/m3  in raw water. The activated carbon of 5 

kg is used in this experiment. Use the given information to determine (1) amount of phenol that is removed (kg) 

(2) the concentration of phenol in treated water (kg/m3) 

Given 

• q = 12.5C 

• qFM +CFS = qM + CS where qF = amount of phenol in activated carbon before adsorption; M = 

weight of activated carbon; CF = concentration of phenol in raw water; S = volume of raw water; q = 

amount of phenol in activated carbon at equilibrium; C = concentration of phenol at equilibrium 

• There is no phenol in activated carbon before used in adsorption. 
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1.4 (10 points) use the information in the laboratory experiment for design wastewater treatment to remove 

TOC from 5 mg/L to 1 mg/L at flow rate of 840 m3/day. In the experiment, the fixed bed granular adsorption is 

used. Determine 

	

i 	Design bed volume (m3) 

	

ii 	Amount of activated carbon requirement, (kg) 

	

iii 	Breakthrough time (day) 

	

iv 	Breakthrough volume (VB), (m3) 

	

v 	Cost of activated carbon per day (baht). When the price of activated carbon is 60 baht/kg. 

Given 

Laboratory experiment 

• Flow rate in the experiment is 2 bed volume/hour 

• Amount of activated carbon is 3 kg 

• Carbon density is 550 kg/m3  

• Breakthrough volume is 2000 L at TOC <= 1 mg/L 
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Item 2 Ion exchange 

2.1 (12 points) the laboratory experiment to determine the ion exchange performance of resin is presented 

below. 

• Amount of resin used is 0.1 kg 

• NaCt is added to the resin to create the R-Na. 

• The resin is cleaned by chloride (CO. 

• CaCl2 is used as titrant. 

• During titration, concentration of CC and Ca+2  are measured. The results are presented in Table. 

Given (1) Molecular weight of Ca = 40, N = 14, H = 1 

vco 
(2) EC = - 

R 
(3) Density of resin is 450 kg/m3  

(4) Wastewater for removal of NH4+  = 5,000 m3  

(5) Breakthrough occur at C/Co = 0.5 

Throughput volume, L Cl-  (mg/L) Ca+2  (mg/L) 

0 0 0 

5 2 0 

10 8 0 

15 44 0 

20 65 0 

25 70 0 

30 71 0 

35 71 6 

40 Co = 71 27 

45 35 

50 39 

55 40 

60 Co = 40 

Use given information determines the amount of resin for removal of NH4+  from 20 mg/L to 2 mg/L. 
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2.2 (10 points) the experiment for removal of hardness uses column diameter of 10 cm, resin height of 2 m, 

resin density (wet basis) of 850 g/L, and flow rate of 0.2 m3/h. From this experiment, the hardness of 15 eq is 

removed. Use this resin to remove all hardness of 400 mg/L as CaCO3 at flow rate of 300 m3/day. 

Given 

• Moisture of resin = 44% 

• Breakthrough occur at 67% of resin capacity 

• 1 meq/L = 50 mg/L as CaCO3 

Determine 

1. meq of hardness that is to be removed per day (meq). 

2. Mass of resin (dry basis) (kg) 

3. Mass of resin (wet basis) (kg) 

4. Mass of resin at the removal efficiency of 67% (kg) 
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2.3 (5 points) Explain the utilization of ion exchange process for the water treatment and water purification 

process. 

Item 3 Advanced Oxidation Process 

3.1 (5 points) what are the chemicals that are commonly used in the advanced oxidation process of 

environmental engineering application? List the name for only two compounds. Briefly, explain the reaction of 

these two compounds for removal of organic matter in water. 



Chlorinated organic by ozone with 

and without UV radiation 

Note: At pH 6-7 Ozone dose rate 

= 1.4 mg/L-min 

'..0.1/41/41/4.—__,_____11 1-)lorohiphon.\ I 

I richlorome.thiwo 

( V ) 

Trialoroothylclic (I V ) 

lir■ . ))111-1,1icitIoloinLqhx• • 1/4 1. 	) 
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3.2 (10 points) the treatments of chlorinated hydrocarbon by (1) ozone and (2) ozone and UV are presented in 

Figure. Use this information for answering question below. 

o.s 

().6 

o 
0 I0 10 
	

?() 

Timt• i min) 

1. When ozone is used for treatment bromodichoromethane 500 jig& in groundwater at 2,000 L/min, 

determine the maximum percent removal, the residual concentration of bromodichoromethane and the 

amount of ozone requirement (kg/day) 

2. When ozone and UV are used for treatment bromodichoromethane 500 pl,g/L in groundwater at 2,000 

L/min, determine the maximum percent removal, the residual concentration of bromodichoromethane 

and the amount of ozone requirement (kg/day) 

3. Comparison between the results in item 1 and 2. 
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3.3 (5 points) balance the oxidation reduction equation between (1) phenol (C6H5OH) and H202 Li,at (2) phenol 

(C6H5OH) and Mn04. 

Given  

CaHbOc  + dO° 	 aCO2 + (b/2) H2O 	d = 2a+b/2-c 

H202 	0°  + H2O 

2 Mn04-  + 2 H2O 	2 Mn02 + 30°  + 20H- 
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Part II Watsa Kongnakorn 

Item 2 

2.1 in the Table 1 that shows the surface water quality to use as the raw water for portable water production. 

Please propose the water treatment process with membrane technology. 

Table 1 Surface water quality for one industry 

Parameters Results 

Chemical characteristics (mg/L) 

P7'1Ln5:,41117ilnio (Total Hardness expressed as Calcium Carbonate) 195.80-267.71 

MA (BOD5) 2.00 

cliai (TOC) 4.50 

@1591 (Chloride expressed as Chlorine) 7.99 

LLMILL11111.,IIMLV1 (Ammonia expressed as Nitrogen) 4.83 

An (Iron) 0.34 

6611111111?1(Mn) 0.67 

lAlv@i,wi (Fluoride) 0.053 

681aviAlo (Sulphate) ND. 

vi@li,i,o1 (Cu) ND. 

iflfltil (Zn) 0.03 

LVW11,17:1013 (Cd) ND. 

ai5n (As) ND. 

lu5liig (Br) ND. 

Physical characteristics 

6.64 l'IH'Ila.16`ntInw4i-11 (pH) 

S (Colour) 2.1 

miwtitl (turbidity) 2.55 

Biological characteristic 

MPN Coliforms/100 mL 10 

E.coli/100 mL 1.9,iosn'il 	2.2 
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2.2 Design RO process for the water product from desalination plant. The feed and permeate concentrations 

are 2500 and 500 mg/l, respectively. The flow rate is 1200 m3/d. The %R is equal to 60% at 25 atm and A 

(permeance) is equal to 3x10-5  ml.m2.hr.s.atm, respectively. 
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dliiii 1 0.514iiui Iginr,-.31A 

/Mil 1 rn-rilnuninoicu 
1.1 (4 fiziaru) nalnfrin14fulto9ainnI1t..5tailfirinAn@al -@launolot4wzni 

1.2 (3 fit'LLIA.1) 66@tIvii@nPl.ni,oluninvrifucil iAtAmulliviA'ird@lnlnoiTuot-imiliiiitivinui,n10 (granular 

activated carbon) 66atn15v41v 1-luti-ruriOugutrum (powder activated carbon) ,168'trisIoE411Aill 
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1.3 (8 Ar.taru)j-qramTAu@alhd@tioFj 10 kg/m3  cimi-arif-TA'oA"-niti-rtgiOuviloolinnweiTuumulAjaiallol (batch 

adsorption) triv-Ituti-rurianYtigritig@ 5 kg 116i1 Isotherm ciihmuolivii-101Aueakinfi-4o1,tiLvillo (kg) LLatmi-Ya., 

LiwihiliNniliqa(kg/m3) 

• q = 12.5C 

• qFM +CFS =qM + CS Lila qF 	Iiiant-OilauLtuutlesiioinallf-imitilm; M 4-a j-rwL7frdol -p-iall; CF 1J 
flTaiLiiLiftemlala@ltultnilru; s 	 q 	11iLlaiAlLa.h..n_ruriA--JnmlciNviaLqo u C 
Alen  flymiLihrimed@lilaatitiViNoaliqa 

• 



A 

	

Page 4 of 12 	 to 	  1111-R 	  

1.4 (10 points) llifil@adawmin-5-vioaalui@TdhlAni5iiti-ivildv'fo@nu,uun1513-117mInFitritIld@lontallii'lrgi-i 

TOC Lviiriu 5 mg/L 6mln-151,maLvi-A 840 m3/day iouetii9@6v6i,v uu fixed bed granular adsorption LLar-ifiesinun15 

11-iToklilii TOC otilriu 1 rns/L losnu4-graivigd win 

	

i 	i-i bed volume ii@@nauu, m3  

	

ii 	IfiLing-i-raiiialvil7i$1@lni5, kg 

	

iii 	FilLwir/iLno breakthrough, day 

	

iv 	rillfili101S111 breakthrough, VB, M3  

	

v 	?i-11.11--mvio5tail@f-Tivtio1id-rufliaTuAimriIaniiiar, 60 Inv 

riTtinali 

ni5tloa@aili@511h'176ni 

• 6mini51mait1,411,uni5ooa@lwilriu 2 bed volume/hour 

• 113Diagiii.ift;Aut-mmoa@lailt-Tu 3 kg 

• Carbon density n-milo@lvviiriu 550 kg/m3  

• triLlmj-rt71 breakthrough vviiiiu 2000 L (r.iil TOC 1M 8 rd i/vvi 1 riu 1 mg/L) 



Page 5 of 12 	 TO 	  

/7017; 2 niuLan6LlAuct17:1 

2.1 (12 fit UMW fmvioaollui@llihiWinilt,iiovrwiawramolum5aanvalota.15,2-111@li,56iitruiloviiriliivilunl5Iou 

• IiLT`iivtfilinw 0.1 

• vi-inITAIRJuNtosli?matimoi,talowla@1,5g (NaCl) LIN@II;12:1$11ttanarjEruth4,111.TJ R-Na 

• (co 

• 1110,15m$`1'-giLvIaLilulwagwi (CaCl2) 

• T4,-vd-ilYT-inli,vionlvbili-imivii-w-nlivia,PihrtiN Cl LL at ca' 	 vaej-1u65iitilkalo-1511 

Throughput volume, L Cl-  (mg/L) Ca+2  (mg/L) 

0 0 0 

5 2 0 

10 8 0 

15 44 0 

20 65 0 

25 70 0 

30 71 0 

35 71 6 

40 Co = 71 27 

45 35 

50 39 

55 40 

60 Co = 40 

fiivicuoii  (1) j-rvilln@tm@lro@l Ca = 40, N = 14, H = 1 

VCo 
(2) EC = 	 

R 

(3) Density 6LI@J resin 	 450 kg/m3  

(4)1J31.119171.1-1iiivialf-714o NH4+  L1/111TIJ 5,000 m3  

(5) Breakthrough LA011 c/co = 0.5 

NH4+  hl ia.mihrrru 20 mg/L 11%f  

2 mg/L 
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2.3 (10 nritatu) fmvioaolfilw-naJnIz,4-111111,1@lq‘iiiin-15141m@A'Irtl.nrioLAtmiTuQuEinall 10 cm RTIL?„11Tal!i.6711.111,i 

fl@AirtILVilfTU 2 m fl71L1,11.11661:11-MILA1,4 (wet basis) i'wilvitu 850 g/L 6min151.viaLviifi1 0.2 m3/h 

breakthrough ri'ioa-yiLmtqi-111,di 15 eq1:21@f@ln-111i1L5iiteu.i.loati-361.11,17\1@f-i -mirnTihl 400 mg/L as CaCO3 

L'ilfSMII@EJI.lifittmini5lvlaTmliwiitiu 300 m3/day 

• RT11.141.171@l65€731.4iMiLvilfiu 44 % 

• Breakthrough Lrloii 67 cY0601 654fu Capacity 

• 1 meq/L = 50 mg/L as CaCO3 

@1141 

1. meq 611@1 hardness iiklf-i'iuovi@TLI (meq) 

2. 2.-1-011@l65711.1 (dry basis) (kg) 

3. malml,5611115'13.11.11 (wet basis) (kg) 

4. 2.1--oli@l6541uLil@thr.S.af1lmf'1filo 67% (kg) 
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2.3 (5 fitiL61.41.) \i@''6u-lun-151.115e,utntann_loutl5:11111ilitrtkne,ucuOvil.J5ttii 

foil 3 nIvinuil-1100niiiojuitatOoninfiiii.444 

3.1 (5 finttit) ltin9i--2d-min 2 015 ma@vu@tunoill 

1ViiEn/21?mfu4Y-2CrillnItIn-150onqnoi'lioni.n116 



Chlorinated organic by ozone with 

and without UV radiation 

Note: At pH 6-7 Ozone dose rate 

= 1.4 mg/L-min 

Ilexa.•hiorohiplien\ -1 

0chloromethitue 

-------___IL!N Itchloroilipholl 1 (L'V) 

icric i 1 A' 

11(01,1ndtch1cil 

1 0:W01_1111 1CW 

0 H 2(1 
	

7' 

Time I nun) 
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3.2 (10 At'LLIAI) f11516211@l661-2EjlalE1361,atf11514.11g661,1i")161.1 UV 6cAM1117910"15f141 chlorinated hydrocarbon 61,00 \NT1 

1.0 

0.6 

ta 

1. nurgtillgtunlul@dilLky-AciAlvCrri_Toal bromodichoromethane 500 1,g/L Itn.i-rulonaiii6m. imai,vinricu 2,000 

L/min 	 (vd@igiu) 	 66at1.b1'1t-11tg2ftifikA2s (kg/day) 

2. n5a11 2ii@t1fui-3Lfi1J UV LINM.111791?1-15 bromodichoromethane 500 lig/L linllulo-ialt&yaviaLviltiti 2,000 

L/min wirrtht,Svi&i-vvvjlem (vti@iLCIvi) 	fn-11.11,66411,11711,140 Ltardil.rai@lsn.Sikiti (kg/day) 

3. L.IfiErt.niiinutibraagEnnt6h-iniilam56.1 
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1.3 (5 Re,661-11) wvhf-n5aLqn@lmtltifilionlial TAll uaa (C6H5OH) riu (1) H202 u 	(2) mn04 

timiruoli 

C,HbOc  + dO° 	aCO2 + (b/2) H2O Lil@ d = 2a+b/2-c 

H202 -111' 0°  + H2O 

2 MnOl + H2O ----"- 2 Mn02+ 30°  + 20H- 
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d-rufi 2 0.51 (25 fiziitu) 

1. IiIR512*-11,111111,71raVilLIALltaL6iNlail.ILLVI111k11.1f115NSM1110LIA@llj 1:015-1tLVIVII0 

1 flgunivitTijiii-iihroolt141-rugomn153411"-Aiiivilmth 

Yloni5illo5'WmiTre,vi Nain5m-AIR5-inXi 

villulli (4'-nnw611u mg/L) 

RT111115tk111;11141J0 (Total Hardness expressed as Calcium Carbonate) 195.80-267.71 

ill4 (BOD5) 2.00 

ffil@qi (TOC) 4.50 

Fiagwi (Chloride expressed as Chlorine) 7.99 

L01.41011 1,111,M56VII (Ammonia expressed as Nitrogen) 4.83 

An (Iron) 0.34 

aliln-nla (Mn) 0.67 

141Ti@g5A.  (Fluoride) 0.053 

ilaLA0 (Sulphate) ND. 

11@l61,01 (Cu) ND. 

?Tlf-ir,S (Zn) 0.03 

66MELVJEJL (Cd) ND. 

al51111,1 (As) ND. 

i1J51,LA.  (Br) ND. 

Gtenaani 

6.64 i-im-IL6Nn5o4-11 (pH) 

S (Colour) 2.1 

R-innili (turbidity) 

hviii 
2.55 

MPN Coliforms/100 mL 10 

E.coli/100 mL 17@uf17i 2.2 
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g, 
2. 	la@nu,1J1i5r.111i Reverse osmosis voi@NSwaiat@ionai5ataltn:i@on-il 500 ilaSniiigioSm Vu6o5innwib1 

1200 ,,nu-witia.m5vi@-711wintrivia.',Lamfl-ymiLiavih/LnSnunl 2500 riaSni'Lvi@Svi5 	 % Recovery 

Lvilriu 60% 	25 atm (2500 kPa= 2.5x106  kg/m.s2) azArthOvit6mIrmIviaGo@III-iesiicuaancuTu 

(A) = 3x10-5  ml.m2.hr.s.atm 
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