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Abstract

This research project was designed to investigate the efficiency of drinking water process
and improve the quality of dnnking water. Source water obtained from Lablae Community,
Amphor Warinchumrab, Ubon Rajathanee, was used in this study. Four different materials, used
in drinking water process, were manganese, activated carbion, cation exchange resin, and anion
exchange resin. It was found that manganese resin provided low iron and manganese removal,
possibly due to low concentrations of iron and manganese in source water. Activated carbon
could adsorb natural organic matter effectively while the rejections of dissolved organic carbon
were approximately 74.2% 1o 88.5% with incrcasing weight of carbon from 0.5 gto 2.0 g. It was
observed that cation exchange resin ranging from 3 to 10 g could remove calcium, magnesium,
and hardness approximately 35.7%-43.2%, 10.5%-13.7%, and 25.1%-31.2%. respectively.
Anion exchange resin provided relatively low sulfate and nitrate removal, indicating higher
concentrations than those of drinking water standard. However, this resin could remove nitrate
cffectively when it was cleaned with 10% hydrochloric acid (HC1) before used. In the drinking
water process, anion exchange resin should be carefully cleaned and regenerated with
hydrochloric acid in order to improve sulfate and nitrate removal and to provide high quality of

drinking water and long-term period of operation.
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2.1 n3zuIUMsuazngu Tl umsaanihau

Aszvaums lumsHamAaeituas huudasss  StunousoaziBeavateda
saaluns195Emeeng e ﬁﬁnquf}ﬁﬁdixnaunﬁ?rﬂyﬁi”mﬂiw 9 AU sufuludauiio:
nfi'lﬁufuﬁﬂunﬁnﬁﬂﬁ’]ﬁ"uﬂ?aﬁmzmﬂTﬂuﬁﬂﬂﬁﬁﬂu"lﬁuﬂwﬁ’u nAsguineI Yol
furGaiiay uﬁ:mmﬁﬁiﬁuﬁmﬁ’um‘mﬂ“mfﬁu

FretunszunEraaThANTInntes T8 maldnsedaeasinemiladlelad
msldiuiuiudvioueninifnamsuon  (Activated  Carbon)  TunszuIuRTIAATY
(Adsorption) ﬂ'l':‘ﬁ1ﬁ'ﬁiﬂ11uﬂizﬁ1ﬁ‘LI'E!ﬂ‘lf‘liﬂﬂl%ﬂ'l'ikiflﬂlﬁéﬂuﬂ‘i:i!il*’lﬂ (Cation Exchange
Resin) ifiomidamisunadon (€2 uazuniid@oy (M) daumsiiamisazateni
asmiliznevveniuihnlizgan wu Tuase (v0,)) el (P0,”) Fanla (50,7 as

o — a = = ‘ .
l5a (1) dudu annseildTaoldmsiann/Aouszywiinay (Anion Exchange Resin)
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(Microfiltration)  azmimiadauuaiizoinaia laolsumanaii i lomn (UV) fonim

HTUAIZUIUNTAT 9 uATeEgnuUsiaieni1Tu3 lnnae 11/

2.2.1 msmaamanuazuseamialauarsuuamida

115 1$MINTOMVVELIMTEE (Manganese Greensand) @13 UMTAMANIAZINANTTH
Tasmstlsznaudaoms1eiie) Green Sand) Aidaudaouaniiadans (Manganous Sulfate,
MnSO,) azmiuin Wil¥iAR Manganic Oxide (Mn,0.) HAI¥1 W8I 5100784 mssIag
FretaiilTinuveumdnuazuamitain iifiamsnszuaunseandaduTnolisandou
Fudnlszneuildifanmndouasminuasuenilaluglvesmaanaznews Fe(OH),
oz MnO,  msnldounszurunsvestalaTasnudalid (1s) Taonssuoumispend
wiih I fansnlfoumnfudarlofiasdantn  nmiminuazeradie hivanzneu
W3Bi3Un11 (Regeneration) dunsnydino 1 ldnsneuves Fe(OH), naz MnO, 8NN
2y mshnwazsaae sy (KMo, welilSinuues Moo, Hanm
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222 ﬁﬁzﬁiuﬂﬁﬂﬂ‘iﬁl (Adsorption) Tﬂﬂ"ﬁfﬂimﬁuﬁnﬁ {Activated Carbon)

ASEUTUNISHATY (Adsorption) Ffluﬂs:muﬂ11'?'m1ia:mmf;mmrmﬁﬁvhm;iuu
a?ﬂﬂﬂﬁ?ﬁiﬁﬂﬁ‘]ﬁﬁiﬂ (Adsorbent)  dafausauuiuifas s aravenin M
vpaudanSonlavoaidani f‘hH":'-’u"luﬂEmnuﬂﬁﬁﬁm{wﬁuﬂ:tﬁuﬂﬁﬁwiﬁﬁﬁ‘ﬁa;j“lumlﬂ
iduveamarliglumafiduveads Wy mslddmmniudrSononfondamiven
(Activated Carbon) Tumsiidamsfioglumsazawinonssuugadudi Tladludufi
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'l!EtiL'riE'L‘}I.I.E’L:‘HFJQll%ﬁﬁﬂﬂ‘iﬁﬂ‘}uﬂ'lﬂm‘j‘ﬂi'.:.'-_"'IT'IU (Diffusion) naznsnszv10TABTIAME N
1NifiUI909 (Convection) TURABARAIUIINMTUNIATEIGVDIHITBUNICHILINAITTANTS
ARFUTgNTuTRRYeIT AT ey ﬂfui‘gﬂﬁmﬁﬁmiﬁﬂ%n (Sorption) RaduARIvaatiny
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L

AUMSITHTUATY annsouaad lanat

log(q) = logk, + llogC,
I

2) Langmuir Isotherm H@unisnatine

x abC,
q = _ — —_—
m 1+ b,
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laoiinT = iy dinussdaisduiigngasuasruimiminues
m
aufiuiua
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1) MIWITHIERTINAY0 absorbent T 1Flumsaaduaisdunso
zr- ol . at — a --;I & o
2) naaguilunsrusumsidounduld Taon o annsavaanaluiosasingg
AAFuve4 luanavihiiudasimimedives Tuanannia
. ] = e o Sl 5 i [ :1'
ATTHIRIAINUDITUNTT Langmuir isotherm AT IR lpomaas TUBEWINTTIUNY

IuATYTHAZ A IHARUNUYDINT AT

[ 1 G
q ab a

2.2.3 mifiaalszgveslesenlunlasmamanilasulizguousdu
= e =y owe Jd or =1 g = .:I’,
sUmnvaasuRlFlumsmasewesuisoiiidnvazdivda  mslssuini
niguaumsi ldmsuanalaoulszyusslossuninlessui hideamslnh  lessufidmlu
] : r: [ = =1 N | ] ] a o
wiuinzuannf@ounlszefudaiiduveandanSeoSondt Adsobent drudnunzmsido
=5 i a : oy ] T | =
Y29UTFUZDY 1MILUY Packed Bed Column TAofihAugnA1udng Bed Column Tudirmg
¥ ' M
PINVUAIAN (Downward) W309MA1TUUY (Upward) ausiavoasau idadl
2131 isauvHadszquan

1. sFuyiayszguInuunTwfoy  (Sodium  Cation Resin)  daulnnifldlu

b i i B

nszuaunskaaiAL Und husduitilszguinestingums Active Group Miilumisdalvliin
g o = oy ‘I\ = l:l” -

Sulfonic (SO, ) sw@anula@oy Tujlves SONa sFusdatiannsnldlumsmianny
3 foATin = + =i + G W

pszavvaniogluglvomnadon Ca uasuumilFoy Mg @unsamialananny

NSANUVUAITUBIUA  (Carbonate  Hardness)  uazainunszaian lilsuuunisves

(Noncarbonated Hardness) ﬁnﬂ'l'iﬁlﬁﬁ‘ﬁuil'lﬂﬂﬁuﬂﬂlﬂﬁﬂuﬂﬁ‘@] L%ﬂuilﬁﬁ&ﬁ

RNa, + CaCO; — RCa + Na,CO, (carbonate)

RNa, + MgC0O, — RMg + Na,CO, (carbonate)
2RNa + CaCl, — R,Ca + 2NaCl (noncarbonate)

2RNa + Ca(HCO,), — R.Ca + 2NaHCQ, (carnonate)
ﬂll. LI e Ty ] . ] =
Taon R vhnudyanuainlaumussy
a4 3 - ] ) :+
ningumstiaay mauanalasonlszgizvilessuiswnadon  ca uoz

o 1+ m.oa . ol e - I Fea = g -
uuniFon Mg Taofiaguiimiisy ca® waz Mg DPinudusauluanzilaonda
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ok + PR P - , L o
mAruoann (Na ) unud milhbasnunssdeas dumsdsznauiusiy Fe uas

Ma  inamsuanalao ldsui

2. wFuialszIInAInIaun (Stong Acid Cation) annsoduiunis laluss

L | = @ . L e o ] - o = L -
AEYNNT B INARaYeesFa IWin Sulfonic (S50, ) ‘ﬂuﬂmmmm'ﬁuniﬁﬂﬂmﬁﬂ
o i | F - ' - e = = A dana
UANAT UMY HN I (pH 1 -14) meoalszanmunsouanlasunusaustiat laun
=i Tt = e 2+, o 1 — + w5 7+ =
UAmSuy (Ca” ) wunwey (Mp ) oMan (Fe ) uwwisey (Ba ) @nseuthou (8¢ ) #5o

3

- 1+ = = = o
il (Ma® ) aunisinatuainmsuannlavnlszy Geu 188
2RH + CaCl, — R,Ca + 2HCI (noncarbonate)

msmadszeannsoi 1@ Taoldnnududuveansauilalasnassn (HC fiay
dudugalszinn 13 M dildAemsuandd@ous lalaseunduhfisdu awnsoih

navuidau1aan

3, ERUTHAlsEIIInUILNGATaY  (Weak Acid Cation) anninuannaoulszy

1 = = 0 A o [ & i o
Tugasshiesiidiunadsinafitnnuiiuds B4INRAYBIMIATIUEN lyian
(Carboxylate) (pK, = 4.8) higunsouanaildnmfiewdi sduriaiiannsaiianny

NTZANMUUMTUBINA  (Carbonate  Hardness)  ud ldamnsonisanimnizdian sy

»
=1

I = ar
ATUDIUA (Noncarbonated Hardness) @ an0guUaTy 13 1A

2RCOOH + Ca(HCO,), = R,Ca + H,CO, (carbonate)

= ] ] a_ » : =
Tasaralirdurtialszyuanuunsann @sniienuRTzANNIgIrianen 1

= (L L] L4
NTEAUUATIUDINA  (carbonate  hardness)  Wazaunszanan Bilduuumdusma
¥ o o i & - a 1 a
(noncarbonated hardness)  duirwuyHalszguanuuunIasauiea lMmmzaunIzAN

] =1 4 - s i

WUUATTUBIUA (carbonate hardness) o4 lanadefvsassurialszyuanuuunsasou
D NITAARIVDIAIVDINTIRZA WML (ol dissolved solid) Taof lufinisifiuunan
Tadon wonuiniimsduivvenlszoi lddniussustimlszguanuuunsaun  tsavinaa

M337uAIUBINTAM VN 131an (carboxylate) MnlszylaTasulosnuy
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2132 surialsygay

1. irugialsE9a1ua190n  (Strone Base Anion Resin) Uag 2 uul Aafl uu

Type 1 N1l Active Group wunan Cuaternary Ammonium Has Methyl Group Aaagan laa

| S = s
11U Type 11 ¥ Active Group (1JUWIN Quaternary Ammonium WiBUATY Methyl Uag Ethanol
G me S [t R ) ] "o ot 8 a e [ ' =4 s
Group fIAFANTIA LA Type I Fasmifliavildhiinadszninaiiny (pH) 1-13 Waan
L o . - i ar L] a
HaveIlandunlved Quatemnary Ammonium WinmmniAdhuusuazianda 18 lugaiies
AINTT7

aunsi lamaalseyauii 1ddail

2ROH + CaCO, — R,CO, + Ca(OH),
2ROH + MgCl, — 2RCI + Mg(OH),
2ROH + H,50, — R,S0, + 2H,0

ApdEuriatizyaunuudan Aldiialuasa (N0, ) fiduTuawmnnly

sigye o & = Ve o
i ladunnuSinuveslueiags aansadiouaums 1adadl

ROH + NaNO, — RNO, + NaOH
RCI + NaNO, — RNO, + NaCl

msfamsnanlaoulszavesaumsdiaiy iipaninaavesilanFunilues
Quaternary Ammonium N33ud3 lauseiulaasenlys o) Teseu silfiAanissiuds
i = = o o o Ay = o ' us
senan lm@ouny leason lad (OH ) Mldmie lsdoulaasonlad (NaOH) d1uaumsnia
= = ¥ [ o o e eV .
nannmstanilfoudszy ssrdinlumsafussunilansunilues Quaternary Ammonium
5 = - A [ o ¥ o [ = = a
Wissnn lumsalisimssdaigaininas lsamdiaanisswives TnAouiunas lsa

uwnu Taen binfaswnlasdifies  dauduiveenlszyTaoldTeva W detavesauns

¥

nianalszy il

RCl + NaOH — ROH + NaCl
R,50,+2NaOH — 2ROH + Na,50,
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2. EHuyUAlsEIauIIuaNenY  (Weak Base Anion Resin) (3%uituuii Active

Group 1TUWIN Polyamide wzifanisuani/oudnlseyauvansa wu I o, uay
ror " e = o i " — — - e ] =l
NO, Az hinannlfeunulszynsagouru €O, HCO, v5e S0, muAmlgnzil

W
A
FdH

2RAOH + CaCl, — 2RACI + Ca(OH),
2RAOH + CaS0, — RA,50, + Ca(OH),
RAOH + NaNO, — RANO, + NaOH

maimaaudreTealy Tdaunsaail
RAC!I + Na0O — RAOH + NaCl

213 Awrlnmasmisuen (Separation factor)
Taom hWmmsduhicunsemidalessunndami 9 du dmfumsuonszndinlszy

= o ] v o = s
aosviialudnidu Anlduaauninmoinmsuen (Separation factor, o) e ladail

distribution of ion i between phase y. fx.

o, = =
" distribution of ion j between phase y; %,

LT i a’ e o 5o .-:‘I
anszy levouves lumsanazaan’lsd anso@ouninaosmsuon 1ddai

YnlXy _ Yw¥a _ @u1glCqlC) _ 4,Cq

Zyia = =
Yalxg YaXy  (ga/g)CyIC)  g4C,
Tauii Yo = equivalent fraction of chloride in resin, g, /g
xq = equaivalent fraction of chloride in water, C, I C

g, = concentration of nitrate on resin, eq/ L

g = total exchange capacity of resin, eq/ L

concentration of chloride on resin, eg/ L

oLy
o
Il

C, = nitrate concentration of water, eq! L
C = total ionic concentration of water, eq/ L

C = chloride concentration of water, eq/ L
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HaannmIvUAIves lesaurasduitandefuduegiulszyuasloson  ¥iiauns
looau uasylipvausdu mauil 21 uaRwansmsivivealsyyleasufitaamay
59 ’ o e
Tavldfurnmes msuonitiuaazia

a1919% 2.1 mstuAevealszylassuninoedu

IsfunfiadsEauan wuunsaun isfunfialsegay wuuuaus
dseguan By mias HsEgau [
Ra®* 13.0 Cr0& 100.0
Ba™ 5.8 Se0,* 17.0
Pb** 5.0 50, 9.1
sr* 4.8 HS0, 4.1
Cu* 26 NO, 3.2
Ca 1.9 Br 2.3
Zn® 1.8 HAsO,* 1.5
Fe™ 1.7 Se0,> 1.3
Mg™* 17 HSO;* 1.2
K 17 NO,™ 1.1
Mn®™* 1.6 cl 1.0
NH," 1.3 HCO, 0.27
Ma” 1.0 CH:COO~ 0.14
H 0.7 F 0.07

T Clifford, D. A, (1990) “lon Exchange and Inorganic Adsorption”  In Water Quality and Treatment, American Water
Waorks Association, Fourth Edition, McoGraw Hill, New York.
wang sdwimenihan polstyrene divinylbenzene Souifuda Innm (50, ) Raddudonfil (Selfonate functional group)

- - 4 L R
J'I“I"Inl'li'l-l\"-l'lmﬂ'l-lll-ﬂ'l.l polystyrene dianylberzene 1FaudaY quatemacy amine T sl |'!|'|‘T1J {Sulfonale functinnal group)
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2.2 Tunsulumseaming

ﬂ'I‘JFIﬁ'i"I'L{'I?ItHiH%i‘tﬁﬂﬁﬂltﬁ‘liﬂ'ltﬁﬁ %qﬁnwﬁhﬁnuuﬂm:nﬁnﬂ1ﬁm1ﬂma:ﬂ1
ldiwivaonidisinmnms  wwdnedouiiag larnuuaziasanssuiumsnans
lim’lzﬂlﬂuﬂ1'3Hﬁ'3‘|1{'|$lu'JlE‘i‘q‘ll’)ﬂ:luﬂ'ﬁmtﬁﬂﬁﬁ?]ﬁ1ﬂ§1.[ﬁi‘l1u1]':izﬁEl‘LiT’i'I‘iﬁi'!HﬁﬁE‘l'NLmS
wain Tumeundn 9 daif

w
L -

» ] » " w w
L msguiiay  Taodnahauilslunmsedmibud 2 Ussinn ae unlszihuazii

[l o ¥ e L Fras LT i = 5 1 H
waatean  hutuseuidumsquihAudinBreudhdnssuumssaadie i

¥ L3 ar "t -‘:‘ = = 3 d’
dunznavansgluievin uarfufiinlsz@nFnmvomnszuaunmnEnsndas usnuniiiy

e
et n s

a a e ) e & el ow oA = ST ralE o
nsdimbauiTinuyiunidneudiag IMHiai s aadTagiunTanaige
i * ¥
wupiice  femsiAunasiuluglvosmsazmaiieimedeyiunidnoudhgiuneuvos
= : k- 4 ‘!J: e I T Y] : v = :I ]
nazuumsaan lutuaouidTunsdin iz hiaasiisaimi hinasihnininva
szhlasass s newidailyminisgadeandsndn 9 dhlilmelueyioafi@ases
o u’: A one o :d = e | u“-th g4
31 SN MINaIaRT Tl nunassuinuuie linhau14
sy n’: a.-!p = 1 g L4
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mrnsosmnwiadolFundidodinsieioe (backwash) Nnnfatauntsnda

A a s e =y =i e =4 i ] i
mamagaamlsniazyaunioiazauasniyeglumiannses wazdsldomadiuna

= . o a & - o
TurTInIsas oA W Mo utduunIoMuiluyllssfnsnm reseneration)

i 1 ] ol o :- --'1.II o we i i =
3. MINTBIAEANFAYAUNTH TwduaeuiiilumsmdamsuvavasuuazainioTon

o W > 2 P o e
VUTAMIENDUUITIUIRIN UL mnﬂllﬂﬂtﬂﬂﬁu“lumuﬁa‘lm A8 N13N584 (Filtration) Uazn1g

Wuwolsn (Disinfection) Taufigunsaidifn 1un lodunsizd wsiia nazvapayl &9

Unsaidanainlsz Toniaradu Fumnslunisie 2.3

maei 23 dszlomivesginsallumansesmzshdesaunis

= b e d

riagUnsol Uszluwviveagingal
wr « v
lodunsiz | nsoumwiu uazmsuviuase
=5 =) s kS =
GERFT AssagauNIdve najuazmsuauassYINAAn
oy ] .-.‘ij = = o
naonayl AUFBIAUNTO

. neanTuRuETIS.

w ¥ - m e - = o
ummqm:ﬂmnuﬂwhmﬁﬂmﬂuwmqayn?n'?unnnnnmuﬂﬁnungﬁn_ nRsa L.

AN AT TUNTIO T TR 2543,

¥ » »
4. mavssywan  Tuduneutilumavssyphasmsuzlauazaiind  Taomaeyn

FUADIFIUNTTRIAIUTZBAUAY

-=:. -::_ = s Ty 1: dll
234 IRF THYIMEIVBINUMIGHAnHIAN

: ri ::-:I. L [ L g ¥ = [T ' :r oL
wnsgnnbaviiilsegludssma’lneg Tumnasgusdatusigamunssnins Ina

o A - = = e =~ -
wazinasguguaihanlumsuzussyillaciin Taslinoaz@oadasiai 2.4 8125

H »
M1 2.4 ATTINHAAT UM gATIHATTINTILS Tn

ATgT

nnmmmuagage | nosieylangags

RN -i’-rﬁqmnmﬁ'l wHan (Maximum (Maximum
Acceptable Allowable
Concentration) | Concentration)
EMEAM | | 3 Cglour) dardtiu-Tnusad 5 15

{Platinum-Cobalt)
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VOLE Ly

e L) JHFI'SE'I'I-.I
Lyt —
waminLAgage | inwtoylasugige
ndnyus dvfinmn i W (Maximum (Maximum
Acceptable Allowable
Concentration) | Concentration)
2 si (Taste) ] Lo il afion
3.0éw (Odous) = Tt Tiithifizafine
4.a70u (Turbidity) Fim mna giin 5 20
(Silica seale unit)
S.arnunilunsa-riapH) - 6.5-8.5 9.2
mangi 6.5t (Total
MR 300 1,500
Solids)
T.aiin (Fe) R/ 0.5 1.0
8. daniler (Mn) unn, 03 0.5
9 mdnunziiniile (Fe&
Hafa. (.5 1.0
Mn)
10 naanma (Cu) una 1.0 1.5
11.dansd (Zn) unE; 5.0 15.0
12 Fadoy (Ca) un.m, 75" 200
13 unflidoy (Mg) un.a. 50 150
14 damla (50,) un.a. 200 250°
158004 (Cl) una: 250 £00
16.Mgonlsd (F) N i, 0.7 1.0
17 hwasa (NO, ) un.ia, 45 45
1 B danammaasn Irium
(Alkylbenzyl unn. 0.5 1.0
Sulfonate, ABS)
19 HTuangumiaus (Phe
un./a. as phenol 0.001 0.002
nolic substances)
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UIATE T
neEidwvagana | inosieyTauga
qudnEE Aviinunimi ¥y (Maximum (Maximum
Acceptable Allowahle
Coneentration) | Concentration)

adluin | 20,450y (Hg) i) 0.001 B

21.a2i7 {Ph) una. 0.05 -

22 ordiadin (As) un./a. 0.05 =

23 sdiing (Se) unJa. 0.01 -

24 Tasidion. (Cr

unm, 0.05 G

hexavalent)

25 1w lud (CN) unJa, 0.2 =

26 unmidiou (Cd) un.ja, 0.01 =

27 wuisey (Ba) um.. 1.0 -
nHRe 28 . unAuAri AN aaR YA InTodidegnunan 500 -
17N EHALAT

(Standard Plate Count) .
(Calonies/cm )
29 Bibu (MPN) Indvaiussiuningy viouni1 2.2 -
Ao 100 amnm
UAIAT
Colifarm Crganism/1 {0
';m‘

308101 (E.coli) "aifi =

wigmg: ooy Toubiggadunasifoygalfdmiminalminhumeienoi e 133 Tnaduns

FanITne E‘lﬂﬁqmﬁ‘ mumzoglusznhanusitmuagags fnnusioyg auqmﬁﬂ: whilsimhiindoannn
utrag 1A

'i'I'Inﬁnﬁ'ﬂﬂﬁﬂ;u'lﬂlf_{dn'i'lﬁ;ﬁ'muﬂ udzlnEuy ﬂ'!ﬁll'lﬂlﬁl'II'l'i'I'i'ia'I'l'l'rE‘l-lH'lulJ'lﬂ'i] i EnEs
o TmBIYp IR LNTE A MR (Total Hardness) SR ns &1 susded il uiad oy
niuniA fffinwdind 300 fisdnsusedes Wasiniiudu lauenagunsassfunmnsfens
viwade i

0il175 fnfnfurofnT Gon dioew

75 014 150 flapniuRednT Gon 1f1n5=n"1:|1_rmnma

150 84 300 findAnFurnans Gon vnseds

300 fimdnfuAnaaT Gon nszdiam

Ubon Rajathanee University



Ubon Rajathanee University

wingaia TlTuwis 250 SadnivdAeias donaFou doaihEuwalid 10 iinfiniuAndaT (Gafniunonay

el i i g o
=1 I'If‘:l'lJ‘.-J'f'l-ﬂl-;'i'l'li".ﬂl?l.ﬂillljﬁii

widaian: aliEmAnssn A MR 332 Orn, 25200 sonana RTINS N

HARAWTQATIHATIL WA, 2511 GoimunaT e ALY aAT A3 Tha Afui lus s

L 95 ROUT 68 3 TuT 4 nanginu 2521

maei 2.5 nasgunumwhdinlumyuzussiitlaain

i o t ; anaIg I
ALANYLE Ariiguami WY :
finusioy Taugaga)
MM 18 (Colour) auzugiia(Hazen) 20
. Tifindu
2.nfu (Odour) = . ! -
(bsunfunaniu)
3.amriu (Turbidity) Fanmnagiia 5
(silica scale
unit)
4. rwmrmiilunyn-a1a (pH) - 6.5-8.5
il Salummsianya (Total Soilds) unsa, 300
6.anunszaimun (Total Hardness)
G 100
(Aruihupn@oua i venm)
Tamy (As) un.f. 0.05
By (Ba) un., 1.0
9 unmdon (Cd) una. 0.003
1aeelsd (Cl, Anoudlunnatu) un.m. 250
1 Tradion (Cr) un.m. .05
12.n0aR (cu) un.Jm, 1.0
1 3.oiéin (Fe) un.fa, 0.3
14 mzfiz iPh) unm, 0.05
1 5. uamiia (Mn) unJa. 0.05
l6alsem (Hg) un.fa, 0.002
17. hwasa (NO,-N, dnoudululane) unia. 4.0
| & Wuen (Phenols) un.m, 0.001
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|
" g . ; flunasgiu
R ATTREA T HHam ¥
lnmeioy laugaga)
19 2870 1Se) ./, 0.01
20.0u (Ag) un.n 0.05
21 .dandn (SO,) una. 250)
22 @apsE () un.ia, 5.0
23 viee’lsd (F) (Funufudganiyg un.a, 1.5
24 peqilifion una, 0.2
25.nfien (Alkylbenzene Sulfonate) unm, 0.2
26.Tarn Tust UL, 0.1
M | 99 Tadiedy (Coliform) 100 va. 22
28.8.Tnn (E.Coli) 0w B 100 un A779 liny
29 yaumimhbidsTin(Disease-causing
By 8100 ua, CERLATOT
bactenia)

uvdafinn: dszmanssnssEmagy R 61 (we 2524) Goaid Tnnlunmuefdaain A lus s nyunu
. o weoa e o e -
o 98 aouil 157 (niluiim) aadufl 24 dusiou 2524 §318ud Taitudu Tao dssmanssnsamsragy
L | = A 3 o ad Y w el a
ayui 135 (ne 2534) Sog i Tnalumruzussgiiaaiin (aiud 2) aadui 26 quaTTuE w2534

A luwiador iyt ey 108 aeuf 61 asfuil 2 oo 2534
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3.2 msaanuuumsnaany

3.21 manaaounuyhiderios

nsnazevnuy luideriias i laluiealfiansvesnndnimnssuni
AUZIRINTINMIARS  WHIIneduaa sl ms?srm11'flﬁﬂ°ﬂﬂﬁmlﬂ5:ﬁﬂﬁﬂwmmm?
¥iara q Tuusazdureunsnamitay TaufiswazBuauanalddadn i

1) MEINATBUXITULINTIA (Manganese Sand) Lﬁaﬁﬂy1ﬂﬁ:ﬁﬂﬁmwmﬁﬁﬁmﬁﬁn
waz iseniialug Taofinswuemilanie Manganese Sand ftls¥noudoaisuanilals
98N 1A (Manganese Dioxide, MnO,) lﬁﬂ“ﬁﬁsﬁﬁﬂ'ﬁummﬁﬁ'lﬂﬂaﬂ‘lfuﬁ'ﬁﬁwmmwﬁﬂﬁ
IRANTEUIMSasNT AT (Oxidation) aansnldfusafineWifamseendindu
Tluamdsunlosusaniun (Potassium Permanganate) T Tunal3msumaniitiaasn
ldthiasmmanuaysquusmila MIMIATISIYIUABOUAZ AN M iads
Telasiudad & nduunsse  auaiAanmonmussmsusmitaura 18 luns1es
32

MIIN 3.2 QuaudAnanenmYBmsanii

AR CRELPLE

i o o -
ANBYMENTINIBNIN (Physical Appearance) Wadiaad

YR (Effective Size) {o—E Taanes

3 ﬂ* =3
duled@nEANuTIWEY (Uniformity Coefficient) A i

ATTUHUTHY (Bulk Density) 1300 e/’

AU INT0 lUNITeBNTATY (Oxidation Capacity)

1.5 g of Fe/L. #30 0.7 g of Mn/L

e & e

manaaounuy hirsisaniodlunisnae iy Bach Test 7 IdimInagouads
uniirmniAIsinvesgurudune  eAnunlsz@ntmmvosmsumamialumsiiia
smdnuazsiquemile TaonmessstSinuasuamiad 05 afu 10 nfn
uaz 20 3y USmanhEredeildnameulszinu 70 daddes Tumausiiilsinns
Uiz 100 daddes  Temldesfiiniswdilaonos shaker AaoaszoznaIING

& = s & - o E TR | !
naaouimualin 24 9Tue desnnasfifamsuannnnlszyddonnzauma 4y
nai ldnageuniniiunainsnageuiiniaiTus aesaTue  mwd s wndaTue &

= - .:;- o = .::.- i " | i @ b= o :
i lus Fudsilun FunlasaTvaesdduds T fediuAazriinagminndinggin
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ﬂ?u1mm§mmzuum'1ﬁﬁﬁHaamﬁmﬁﬂﬁmﬁﬂﬁﬁﬂuﬂqmmﬁ’r‘uﬁn"lmnmnnnﬁ;umlim
YBLATTAINEATI
manaraulfuamdniazmamiamusain ldanGiveaniife  Sandard
Method (1995) TauldumgilumsifouiunmasgivenSinaminiasinenile Tngi
s Humagifinnuenaduniifu 510 nTumnsias 525 W luwas dmiuniniidaved
USummanuazismilaaudidy nsMATBUMIgAF U TaoHFmsnuanmiiioi
‘lé’Tﬂz;ma‘ﬁ’wi*rmmm1ﬁﬁﬁ’1mfm§uu?qn’ﬁ"ﬁnu ndssninneundsneufisedninninues
gsimilaalTinaesmnmamila iinsvnmsmafs Bisusha
mﬂmﬁEvmﬂ"mfhr-laﬂ'ﬁm'rﬁm*s1x}fmmn’l’u1’1’u11mummﬁﬂﬁﬂﬂﬂghﬂ‘?mmﬁmmﬁﬁu
vied
2) msnageuMTTuAYSaueRdMIARII Y (Activated Carhon) tiBfinu
Usziminmmshiiamstunid TavAnumsgaduresmssuns s sues (Natural Organic

il T gt

Matter, NOM) fifiAedmiuiud Tnsmaniumanudidusesmsmiveuiong  (Total
Organic Carbon, TOC) wasmsmmamdniussznindmsgadu laoms ldnisganiu
uds WisumagIinTeTIRdUR 254 1 Tuwns (UV,, ) HazaTduiuyasmsamsveu
Wavue awmaiuAn I udunfueui1éin Granular Activaied Coconut Shell Based
Carbon IN39 DEO 8/30 Taorunimaasusin ASTM Tasswmsiudannsaldlszondld
fT‘J_Iﬂ‘E:U'mﬂﬁﬂ'ami:ﬁﬁfﬂ‘lf{Watcr Purification) M3Mianau (Deadorization) msfisad
(Decolourization) M3N1ARaDI Y (Dechlorination) 1A ﬂ'l'iﬁ'lﬁ'ﬁ‘:’r‘l'iﬁuﬂ":'muﬁu'l (Removal of
Organic Compounds in Water) faunmauiamamonmaesdeiuiuaduaaluais e 3.3

nisnaaeunuy hidaiios i"imﬁ’mimﬁ'uﬁuﬁaxﬂﬂﬁnuﬁmfﬁmdnwwwuﬁuuﬂ
lﬁaﬁﬂmﬂ5:ﬁﬂ%‘ﬂ1wm‘iﬁﬁ€fwt-:sqmTﬁuﬂ?ﬂﬁisuﬂﬂﬁﬁm{mﬁnﬂuﬁ Tasnismanaunia
AfSinmediniudiiy 0.5 03y 1.0 %y uaz 2.0 01 VBinuhiedeildnaney
Uszinm 70 Hadaas lumsuziilSmanlzsum 100 faddas Tamnlasshtifianisgada
YoadsBuN3ETsTumA TaoldinSoamt shaker #1unaiildmamoumisfunamsmaney

v T aeeda Tue g Tus vnda Tue fudaTue Fuddlug dunlasa Tusuasiay

s 8
-

a5 Tua
nnaroulhinuvestimiudnn 02 ndu i 3 pdy deAnuIMIgATUYR.

asduniininanoyTinuvesdwiuiug Tasddesldiiiansaaduiiszozinat 24 41T

Ubon Rajathanee University



MIWN 33 Auandanumen o umniug

Ubon Rajathanee University

GRTLET CREGRETIGE
NINIZNIBVBIVUIA (Particle Size Distribution)
+8 (2,36 mm) Max. 5%
B30 (2.36-0.60 mm) Min. 90%
=30 {0.60 mm) Min. 5%

ATIUHU MUY {Apparent Density)

Min. 0.50-0.58 g/cm’

AT (Maisture)

Max. 8 (% wiw)

AT (pH)

5-10

w

Auhfo (Surface Area)

Min. 850 rn:."g

Carbon Tetrachloride Adsarption

Min. 30 (% wiw)

3) PENAAEUSFUNIEIUIN (cation exchange resin) (MAANNTZEANEATHATS
o 3. 5 a + ey - = ¥
vanufaorusnmudutuyswnaFoy (Ca7)  uuniiSon (Mg ) uazanunszdanvenh

o gy = ) . 5
(hardness) l?fﬁuﬂ1‘ir11ﬂﬁﬂu1‘f]utﬁ'°‘ﬁu°ﬁuﬂ polystyrene sulphonate cation exchange resin lenou

1 =+ e = -
pdlugtlvaaNa quamniEnemonmusasduilszginnuans 8 luatsiei 3.4

M3 3.4 quamiEmamemwyeasFnlszauan

AR

T15A 19813

TnsaaiiauoaTndiuas (Polymer Matrix Structure)

Polystyrene Crosslinked with 7% DVB

A (Type)

Gel Strong Acid Resin

ﬂxﬁfuﬁﬁﬂ?ﬂ {Functional Group)

R-(SO,) M

71313 (Appearance)

Clear Spherical Beads

Uniformity Coefficient, LIC

[
f171U%U (Moisture Content, %) 45 - 50
fI1M8% (pH Range) 1-14

<16

YUIAAZIING (Screen Size Range)

55~16 (U.5. Standard Screen)

msnageumsrEusiauInuu lidamioanIe T mMsNaR eIy Baich Test 1D

AmnmsuannfavulszyuanvewnaFouiununilidos Tavldihdaod o sueuduna
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ManAraUAIIT U IR IuARF gz s Sy IHUDIIIHITUNTIMINT I 0.5 ndy

LOASY 2.0 nfU3 A3y 505 uRz 10 ny AWAWY drunTut e msuun TG uugs

¥ ¥
==l e

NATBUNDUTINMEI I TURITMEADIN 3 050 S 051 LAz 10 N3y awawny  Usuiasues
WmegnnlEmageulszing 70 fadsas TaomisFniminuosnsisSunasdnisio
adlumruziifmnslssum 100 fiadaas uazlaobiifamsuanildouseasznig

':‘F‘I‘iT‘-‘HlﬁuuﬁﬂDg1uﬁ1iﬁfémmﬂﬁ"liﬁﬂﬂ‘j:ﬂU".Iﬂdluﬁ”'!ﬁ‘]Elﬂ'Nﬂiu ca” waz Mg Wudu
ﬁima1ﬁ1%'ﬂﬂfmmLujnifluﬂﬁﬂﬁﬁﬂuﬁﬂﬂﬁ}'dTM ae9d e s Tua wndaTus fu
#Tus  FuddTus Aunlada Tuanasiduas Tue lﬁaﬁnmﬁqnmﬂﬁuuuﬂaﬁum-s
anilaoulszguanlugisnaidindn SEM TN NATINMINATOLIETIRG D130 shaker
ARBATZ LI NAT DL

manAraUHB AT e msunaEon uundiFou taznunsediaeni
aunson & Tasisms lawmsash (Titation) ATMUIATTIUYDITT lunilede Standard Method

(1995)

4) MInARESFUIlTEIAN (Anion Exchange Resin) ifeAnumlssamaninnis
u'ﬂnuJ?'nﬂmmaﬂﬂmﬁm’fqumiﬁﬁﬂi:i‘:w iy Twasa (NO, ) Fanla (S07)  dau
AU ANTAYBIETS L‘iéuﬁ'ﬁq ﬁfuﬁﬁﬂgﬂtLUU ]‘\."['Z?I-I:_}l ariin styrene divinylbenzene copalymer
armannsalunsini (Water Retention) 132301 58-64% w15 loooui1duannlaou
Ussydmivmssanalszgavedluglvesnanlsd @) ameft 35 AR MAUIAN
nummﬁmm-?éuﬂ'i:qau

MIN 3.5 AuasianInomwasguilszaay

AR CREGELURN
Tngaaina ( Polymer Matrix Structure) Styrene divinylbenzene copolymer
#la rﬁ?’u ﬁﬂﬂ%ﬂ {Functional Group) -N'(CH s
ANBUZNINBNIMN {Physical form) Ivory Beads
ATIUEITD iﬂﬂ‘]‘m%ﬂ (Moisture holding capacity) 583-64%
lavou (lonic form) Chloride
Uniformity Coefficient, UC S 15
Maximum reversible swelling CIl— OH : 25%
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minareu inadlsswessgulszyauldnaneuiline s niu 10 5y uaz 1s
e i': ad v @ 1k =
iy Taolahdieieenguanduin menaceunisiiunmagouvosms lumsa (NO, )
e = ol e & o . 1 = P ‘e - e
uazdaa (80,7 ) WefnnIhiiResRanafsuRuszesnn R e e uT 159 T
Ao lue awdilue wnilue fudlue Fuasln  fuuled Tauesiduse Ty,
e [T = E e o o
MTIAMATITUYBISs hasauazaaola Taolddmsaanavueuasfinmoniy
WL 410 W Tuwas ez 420 wiluwas awddy Taoodoanuduiits=niiea

o :’.: y i i - =
Lﬂ’i’mmm«ﬂﬁ’ﬁmﬁnwuﬂﬂnﬂm’:ﬁaﬂﬂﬂmmagj (UV Adsorbance)

3.2.2 MInATaUILURADIIID
] .ﬂ.: A ) o T ) azy aq
msnaTeuLIUAaiont 18 ludesl§uamsninininnssuail ARy
=y a' = i = = o
IINTTUMARS  wmImedsguanEnil Tasdumsnareuvesniisdinlszyauiilely
»

& 8 P ' - il =
mafiams lumsaluidaeds Wesnms humsanuiiiarmduiuguazfunasg
o d o 5 P T = I 4 e
waiidmua 1lsanu 4 Hadnfudedas nismanoulaeldnedmivinanimeasiigy

= q o booe = : £t -*:'.
235 WUAAT  UASITUAUALANANIIAY 045 ruEmAs umiinvoasdulizay
f = [ G Lt 1 =
Uszinw 5 ndy danhieduongrduagniludidsso Taeld i peristalic
s W ae = o i = s | & an P e 3
pump 833115 Inaganlugulif 30 Tafwasaou® (L min ) Fatluriangmliund
W '
8n31n13 Iva Tan14hi7 DI neumIMATeUI ITMiuhAed e syuruaua
S e S - - & = w e
wimangnilusiumissdulszgay omanududuunems lunsafrmuasdn

o i - ) Lol o i 5 1 = -

TanhumetameinnTnseziaunSinavenidadia Arumsuann)dnnlszefioanin
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1INNBauud
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3.3 pUnsnivaznsasdieflilumside
3.3.1 1AT03iDNTIZHAIIGANAUUES (UV-VIS spectrophotometer)
lﬁ?ﬂﬂﬁﬂ%tﬂ?“lzl'tfﬂ'l'if‘iﬂﬂﬁmlﬁd (UV-VIS spectmphutomcmr}'{'u UV mini 1240 210
“ e . : 4 - . o # <
UTHN Shimadzu corporation (Japan) 1WATBILBILLL single beam 5 nm nldmssiaiaman
=t o 4 o i o B Yy A A
wanitia huase davda saznsganfuumavosmsaunid  annsoi 1@ Taoldindeails
= : = - - 1 A o
‘:Ilﬂﬂm'lft’ﬂ'iﬂ'l'if]ﬁﬂﬂmtmg“l (UV-VIS  spectrophotometer)  [RBAIAIMUTIATURA 1911015
L] = ~ d“i‘ g s
AANAHUAIIZUANAIINUAIMLIATS MY Standard Method (1995) Taoarwonaauilaiu
maamseRd msuman uuamile laase wazdama Daohiu 510 wiTuwas 525 wily

b 4 a b i ~t b 2 o ae -lﬂ‘
a3 410 W Tumas uaz 420 v lwyss ey AIMIIGANAHUAIUBIMITOUNIUIAN

Ubon Rajathanee University



Ubon Rajathanee University

AnwEnAuniY 254 wiTuwes Avuduiusizn s insganauudaza iy

YaamsHanuia 19 lunInin 3.2

0.35
0.30

y = 0.00314x
0.25 R® = 0.399
0.20
0.15
0.10
0.05 1

0.00 = T T T T
0 20 40 B0 80 100 120

Fe concentration (ng/L)

UV absrobance at 510 nm

: B i 1 = o
A 32 audiui s uamimIganauiraaga LR IMsIHEn

AL IR A aAuasssH T Ireesimga Taeim oy 0.999

o o ' ol 3 ar =
aums amudniuivesimnisganduiaanzamduduvessindouiiuams Tade
UV absorbance at 510 nm = 0.00314x[Fe™]; r* = 0999
Taof 17277 whdu audshussamamaniimibodu luTasniuanans (ug/L)

- e onr ' | - 2
AN 33 AN F U S HT IR IN T ANA U AAS AT
» q
wmiE Arudui it aFudurs sz handeamiiaiga laoiidl £ MmNy 0.9983

o i | - e - 3
TUNIg ﬂ?11]ﬁul‘iﬂfﬁﬁﬂ11iﬂ'!ﬂ"l'iﬁ]'ﬂﬂﬁ‘lamﬂ’.l'lldﬂ'l']ﬂﬂu 525 'I-.E'IT‘LIllI'i’I‘HI.T‘IE'E‘ITI‘HI.%IJ“I.I'H'IJEH

iy
=

Arsuanaangasldaa

UV absorbance at 525 nm = 0.0004x[Mn™ 1. r® = 0.9983

Taudt () iy nwduunimaemiia mibaihylyTnsniudedns (pg/L)
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0-1 2 y = 0.0004x
R = 0.9983

UV absorbance at 525 nm

0.00 < T 7 T |
0 50 100 150 200 250 300 350

Mn Concentration (ng/L)

1NN 3.3 ﬂTliuﬁ'uﬁufizﬁiufhmiﬂﬂﬂﬁmmumtﬂ"nn[ﬁﬂ%lﬂjﬂ:ﬂﬂﬁliﬂﬂl'f'm

AR 34 urasnnuduiuisndiedinsganiiuuaaasaiduduesms lu

Ly x F ook ms [
wsA ANUALRUTN NEBABATUATITE IR Mg laviinn »~ ma 0.9921 @

y

0.9 0.0912x
y=0.
0.8 1 R? = 0.9921

QT -
0.6 1
-5
0.4 -
0.3
0.2
0.1 -
0 < . : .
0 2 4 6 8 10 12

Nitrate concentration (mg/L)

UV absorbance at 410 nm

M4 anudniuissniaminsgeandungamennududue e luasa
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AuMTIAAIATINF U UEI TR0 saanAuiEIiiaumIARINIL 410 wilumasuas

¥
&t =l

i o n s
armdduresms lumsanaadlags

IV absorbance ar 410 am = 0.0921=[NO; |: r- = 09921
Taufi [NO, 1 My ardyiurasas hwasaimbeduiiaaniudedns (mg/L)

:: B i " =) 5! L
NIMN 3.5 llﬁ‘F'IQH1‘I]!T:'!'I!'Il'll'l.-lﬁ“':'lx'I-'i”.l'la‘lﬂ"lT"I'I.'i'EiJ'31I'I.f'l'l-illlﬁquﬁ?_",ﬂ']'Il.!l'ljlll“ll'lril‘l.lﬂdﬁ'l'i‘!fm“n"iﬂ

1.8
E 2 e
ﬁ o
e 1.6_
E 1.5 1 y = -0.0048x + 1.7363
e ol R* = 0.8704
4]
a 13
o
2 12
w
> 1.1
-
1 ; ; .
0 10 20 30 40 50

Sulfate concentration (mg/L)

e [

amdas  audnussrimnsganaunauazaduiuresmsFana

amdntutraatanesmliAhafigai 60 i Hinannmanudiiuiiaigy ¢
" s 3 o : : i = =4 = =y

ds=uat 0.97) INFITATH T UMTTANIMUARIA 0 T3 4 W Taodann 7 30 Jud

Anaumsa s s mIanfuEIinmoInaY - 420 Wi Tuasiun

suduvedama weadldda
UV absorbance at 420 nm = —0.0048x[S0O;"] + 1.7363; P = 0.9704

Taui 50, ] yhtumdnamsdaniaiminiuiiadniudedas (mg/L)
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- P 3 “ = [ . o e ¢
ORI uﬂuﬂuﬂ*nmﬁ’ummaarﬁmﬂﬂuwmammﬁawmﬂmﬁqgwauﬁﬁa’luﬂﬂrl

3.3.2 4ﬂéaaﬁa’iiﬂ'ﬂm’iﬂ1'5'uauﬁaiﬁmﬂmamﬁmﬁﬂ' (Total Organic Carbon, TOC)
niesiiodinseimiveuiannveamIsBunI0 (Total Organic Carbon, TOC) U
TOC-VCPH v03UTHN Shimadzu Corporation (Japan) tﬁum?aqﬁaﬁ‘lﬁun'lﬁmmﬁmi
AUV BuNS A nhdIethe TR 3.6 umRRIIFUTI TR AT AT BN R
HAEAIMIAANAUIAITIALENIAAY 254 wi s Taol$idetenngeidus
t':nﬂﬁﬂﬂuﬁ“nﬁuﬁ'iw“h«:msm{uEJm{mnﬂwmﬁ'a"mﬁﬁua:r‘i1nwﬂﬂﬂﬁuumﬁ
ATmtnand 254 1 Tuwas waaaldded
Dissolved organic carbon = 34.688xUV,, :r° = |

Tawf UV, . fumImsaanauimsinuoniuf 254 wilumas

0.6 —
=
o
2 0.5 y = 34,688x
S R? =1
1) 0.4 -
&<
o o
= £ 0.3
o 02
=
a
D T T [
0 0.005 0.01 0.015 0.02

UVas4 nm @bsorbance {cm'1}

2 -

lﬂr = ! 3 ~ -5 = o
1N 3.6 ﬂ':l'l‘l.l‘i‘l'.'l.lﬁ‘li‘ﬁ"J‘:'I-'i'J'Il'i"l‘lﬂ'l'iﬂ'ﬁﬂﬁH[lﬁﬂilﬂﬁﬂ’l"ll]lﬁn‘ﬁu'ﬂﬂdEH'I‘T;'FI.I'FI'I‘J'UE]'U

3.3.3 wseaiaimnzimm s 1Hvh (Conductivity meter)
é & o3 i a !
ingaatindmsera N it Wi (Conductivity meter) U inoLab Cond Level 2 910
138N Wissenschaftlich-Technische Werkstatten (WTW) GmbH & Co. (Weilheim, Germany)

' : gyt .
whunsesfiofldlunsinneimmah A olS i lesouioghinidedi 15U
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| - r i - = 2 -
leaouiidluszaunazdiudszquan  wansmizodhlyTnsFonddosuings (usem)
=] = e v ] = ol ow g g
win dadTwudomuALAs(mS/em)  MWA 3.7 wasuduiuEen i ue

Lo L ¥ o e ' o CTIEY T ' W e = [ e
lnAuynan |s ANUNINTIH l'll'h)'i'lfﬂl OTATHAUNHEIZ V1480 'IlJI.'IJjJ"LI“r‘lJ‘LIﬂd lRounan lsd

¥
=]

wazand1 I ueeatluayns 186

NaCl concentration (M) = 9.39x10™° x(conductivity, uS/em), r* = 0999

Tavfi A1 conduetivity Timiamiu Ty Tas@munoudiuns

0.25

&
o
|

y = 0.00000939x
R? = 0.999

=
i
(8]

|;NaGI Standaﬁ:ﬂ

Concentration (M)
o

0.05 i 25 DC

0 o T T T |
0 5000 10000 15000 20000 25000
Conductivity (uS/cm)

- s bl ' g o " a
AWA 3T AanuduiusIsnIaeTuTutea vRsuaas lsduazainiai Tvh

1.3.4 insesiennzrmanuilunsauaziua (pH meter)
inFeaiindinTizianuilunsauazUa (pH meter) 34 inoLab pH Level | 11n51m
Wissenschaftlich-Technische Werkstatten (WTW) GmbH & Co. (Weilheim, Germany) lﬁ‘u

4 A agw ! i ' W o
w3 o ldmamsumnnuihinsauasurvonhdIe ll.f!ﬂ‘h"l_l'i’!_r‘i'fﬂ"l‘r'ir]mn'lﬁlﬂ
A M T RLE
3.3.5 1A383123ARNHUYY (Turbidity meter)

1303110 TANIINYU (Turbidity meter) 31 Hach Ratio/XRuurbidimeter TuinTaaiiafi 14

as ¥ u,l r ] - & owe W [ -:llt.u e i
AANTTIHYHVDIWIRAIDUEUHEY D10 38 llﬁf‘iiﬂ']"lijfﬁ.lﬁllﬁ‘ifﬂIﬂ']'lll‘l,!u"ﬂ’.lﬂ‘lﬁyfmﬂ'lﬂ']'ﬂl
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b=

fufidlusahanaige AuduiuE s N puiia lanudnuuiiiluaiod

-

-
=]
1

massuosauiuams laa

Measured turbidity (NTU) = 1.0006x Standard turbidity (NTU ), v~ = 1

wt 1 1

f"hu'mﬁgm%mamaunﬂﬂn"qtﬁ]rh"ll‘ﬁ’f;ﬁmr'ﬁ'-.Jv"rl’ﬁ“Tﬂ'lﬁ'ﬁa TaouananIng

st Sudunseiiinige Taslidr ~ oify 1 vaRsfahediwnasguaunso i
= P W = AW gf = Srices o o v = %u o

aans s eiilnd@uaauidaldess  Aniueunsoldimedinnasgnanlddmiuns

B4 i

Snszitiiogeed i ldnaguruaua
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Standard turbidity (NTU)

Measured turbidity (NTU)
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oy s
pHaniaiag

4.1 HamIsuAnEINsZYINMsHART AR
4.1.1 ﬁ’an'szn:v.mﬁn?muaxamé{nymzﬂaaﬂ1ﬁu1uiﬁaa11;ﬁ’md1a

XA a .- 5l i 1 | ' e e T T 0
vhaufssalurethuduuadau nafliiiemsus Inameluniasny Tnounaa
H Ground water J

Y

1 Reservoir _]

:
|_ Pump _I

¥
[ Manganese Tank | -~ Feremoval |

| Carbon Tank | — Qdor, color, organic
L |_ removal

| Cation Exchange Hesiﬂ-«——— Haﬁ-‘:g:’;‘;{;’;zual
- ¢ : Chloride, sulfate, —|
Lﬂ.mun Exchange Resin l—-——~ nitrate, phosphate
L removal

l— 1 um Filter H Particle removal J
1 um Ceramic .
‘ Membrane ‘ 4——L530teria removal |

:

l UV light l -4——|— Disinfection _l

:

L Package |

|

h

[ Sale |

i 41 SumBumEHAATANYBIEUTUALID

Ubon Rajathanee University



Ubon Rajathanee University

0.4
e Cation exchange resin
A2 ——3 niy
g 03- o-5 Ay
- - 10 n3u
=
5 (D2
@ average = 0.131 mg'g
K
o
@ 0.1- i
- average = 0,085 ma'g
q T S
i) average = 0.044 mg/
0 # . . —

0 4 8 12 16 20 24
Operating period (hrs)

AT 4.16 ANUAIITRMIN I ALLATE ORI S 2181 S NAT e

dulizuan manuaunsomsidauuniiFou Taomdelswiny 0.131 Haansudsnsy
0.085 ladniuAoniy uag 0.044 Hadniudeniy dmivifuvesainisdudssgunmiig
3 A5U 5 Riuuaz 10 A3y AwdTdY mimsiualveanaiouiinunnlusanaisesnis
nadeuisInHarsn Tl I LN ilFouRiia Tavee lusananuenisnareuuuy
Inl von o
Liisaiing

A 4.17 nermadulssdninaniznisveamniiFon Taol¥mmstulszauan

14 o a = =t 3/ = Lo B B )

vinnanuhmdulszaninEnszneveamniiFou Taoldmnsdulszpuaninnioeas
Aufsnavssmesdulizqn  mdmlssdninenisnovaniiouiaimiomn
2.69 inaansAoniy 168 iliaddasAeniy uaz 0.93 HanamsAeniy dmiulSumues
sl IzuInmiIng 3 nu S N3y uaz 10 A5 MNEIAY

ami 418 uaanrugunsalumsidalessuTavmssdudsyauan nnnswl
wuNAmE T lumsidauaadouiisniganiuniid@ontivamaanuanin luns iy

= ] e ¥ | TR = s - g} §
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10
Cation exchange resin
8 1 -<-3 n¥u
o5 nsu
o & -~ 10 niy
=]
£
o
& v 4 =
> Nﬂe =2.69 mLig
2 = E’“ M auamgé‘m
e T R e 1
W average = 0.93 ml/g
D 'Er' T i I [}

0 4 8 12 16 20 24
Operating period (hrs)

3 i = ey =1 g o
i 417 dulszininnaznevesunilidoyTaoldasadulszguan

%1314 AmNuanN 0 st AvamaEuuidHane T uls e N3 1N T2 118U 3

b ey o me P Ao =
unmEsuiRunnnmdAlsanimansznevownnildoulaslFmasaulszauon

1
Cation exchange resin
-g_: 0.8 - K. = 12.4 mLig >
E
c 06 -
ks ]
E 0.4 - -—-3 niu (Ca)
= X —+-3 n¥u (Mg)
(=] -0-5 n¥u (Ca)
7
T 0.2 Ky = 2,63 mlL/g %5 n3u (Mg)
d ¢
0 !

0 4 8 122 16 20 24
Operating period (hrs)

A 418 Aanuasnlunsiialessulasessaulizguan
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Cation exchange resin

/ a

Kd ,.(2:1"il Kd, Mg {']
~

D 1 [ [ T 1
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Weight of cation resin (g)
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Cation exchange resin
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Cation exchange resin
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LNt

3 niu 10.65 0.131 2.69
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10 n3u 3r22 0.313 3.17
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Quantity
i L :‘
f14¥nU 1 (reservoir) 3
8
w17 (pump) 1
Manganese tank (¢ 0.4 m, height 1.6 m) 1
Carbon tank (¢ 0.4 m , height 1.6 m} 1
Cation exchange resin tank |
(b 0.4 m, height 1.6 m)
Anion exchange resin tank I
(0.4 m , height 1.6 m)
YuIANIDa 1 pm filter 2
nTBAars 1N 1 pm Ceramic membrane filter i
waoagd UV light 1
Package 2 (20-liter container and 750-m! bottle)
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| HuiisTn (Parameter) winiia mnaala

]_ A1 uNIA-A19 (pH) - 6.12
AT UAT (Alkalinity) mg/L as CaCO, 85
717131 17 (Electrical Conductivity) pS/em 455
A1 (Turbidity) NTU 1.20
bRV s cm | 0032
f'f'l‘fﬁuﬂd";'ﬁf‘ﬁ‘:ﬂ'bmﬁ (Total organic carbon, TOC) mg/L 111
uviroc L/mg. m 29
nanlsd ) mg/L 485
ATTUNTEA9 (Hardness) mg/L as CaCO, 1433
HAAITEY (Calcium) mg/L as CaCO, 89
UL (Magnesium) me/L as CaC0Oy, 343
(an (lron) mg/L 0.043
LM (Manganese) meg/L 0.390
Twuinsa (Nitrate) mg/L. 19,64
dauvia (Sulfate) me/L 323
Hinoalndvlosy (Fecal Coliform) MEN/100 ml <2

FRdItiTIu 7 Fona Wt 2546
njﬂigmHﬁﬂﬁ’mq{qﬁﬁ’twnﬁmﬂuﬁnﬂﬁﬁ‘llﬁ‘iﬁu 5 NTU @ mwmiusiaisazaiusunss
anuaTaoialihszneudaonsadain (humic acid) uazyadn (fulvic acid) @0
Uffsoiunassuilfifaasnousd ety Trhalomethane  (chloroform, dibromo-
chloromethane, dichloro-bromomethane, bromoform) T'FiHﬁ1ﬁ1i§u11?ﬂﬁﬁ'ﬂ1ﬁ’ﬂimﬂm 1.11
mgll Faehilanier  mnmaandunaalaoldimagdtiuiiy 0032 em | uanananis
QANALLEINTIAD double bond YD benzene ring TuTassadieveamsdunis sasidauves
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® Kilduff, J. E., Mattaraj, S., and Belfort, G. (2004) “Flux Decline during Nanofiltration
of Naturally- Occurring Dissolved Organic Matter: Effects of Osmotic Pressure,
Membrane Permeability, and Cake Formation,” J. Membrane Science, 239(1), 39-53.
® Kilduff, . E., Mattaraj, S., Wigton, A., Kitis, M., and Karanfil, T. (2004) “Effects of
Reverse Osmosis Isolation on Reactivity of Naturally Occurring Dissolved Organic

Matter in Physicochemical Processes,” Water Research, 38, pp.1026-1036.
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®  Mattaraj, S. (2003) “Flux Decline during Nanofiltration of Natural Organic Matter:
Impact of pH and lonic Strength,” Journal of Ubon Ratchathani University, 5(1)
{January - June, 2003).

® Mattaraj, S., and J. E. Kilduff. {2003) “Using Reverse Osmosis to Remove Natural
Organic Matter from Power Plant Makeup Water,” PowerPlant Chemistry Journal,
5(1), pp. 31-35.

® Kilduff, J. E., Mattaraj, §., Sensibaugh, 1., Pieracci, J. P., Yuan, Y., Belfort, G.
(2002) "Modeling Flux Decline During Nanofiltration of NOM with Poly
(arylsulfone) Nanofiltration Membranes Modified Using UV-Assisted Graft
Polymerization", Environmental Engineering Science, 19(6), pp.477-496.

®  Kilduff, J. E.. Mattaraj, 5., 1. P. Pieracci, and G. Belfort, (2000) “Photochemical
Modification of Poly (ether sulfone) and Sulfonated Poly (sulfone) Nanofiltration
Membranes for Control of Fouling by Natural Organic Matter,” Desalination.. 132. PP -
133-142

® Mattaraj, S., Chongrak Polprasert, and E. S. K. Chian. (1998) "Kinetic
Characteristics of Constructed Wetlands for Treatment of Domestic Wastewater in
the Topics”, Overseas Chinese Environmental Engineers and Scientists Association
(OCEESA) Journal, 15(1), pp.13-17.

® Mattaraj, S, and E. 5. K. Chian. (1997) "Removal of Hardness and Dissolved
Organic Matter (DOM) using Nanofiltration Membrane”, Overseas Chinese
Environmental Engineers and Scientists Association (OCEESA) Journal, 14(2),

ppi29-33.

6.2 HEAUATINITIU 9 (140 Proceedings & Presentations)
*  Kilduff, J.E.; Mattaraj, S_; Belfort, G. (2004) “Factors Affecting Flux Decline

during Nanofiltration of Natural Water,” Presented at NAMS 2004, the North
American Membrane Society National Meeting, Honolulu, Hawaii, USA. (June 26-30,

2004).
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Kilduff, J.E.; Mattaraj, S.; Belfort, G., (2004) “Flux Decline During Nanofiltration
of Naturally-Oceurring Organic Dissolved Organic Matter: Effects of Osmotic
Pressure, Membrane Permeability, and Cake Formation,” Presented at the TEth
ACS Colloid and Surface Science Symposium, Yale University, New Haven, CT.
USA. (June 20 -23, 2004).

Mattaraj, S. (2003) “Effects of Operating Conditions on Nanofiltration Performance
of Salt Solutions,” The 13" Conference of Thai Chemical Engineering and Applied
Chemistry, Srinakharinwirot University, MNakomnayok, Thailand, October 30-31,
2003, $-03, pp. 1-15.

Mattaraj, S. and LE. Kilduff. (2003) “Effects of Natural Organic Matter Properties
on Nanofiltration Flux,” Proceedings of the Fourth Regional Symposium on
Inflastructure Development in Civil Engineering (RS1D4), Kasetsart University,
Bangkok, Thailand (April 3-5, 2003), pp. 1051-1060.

Mattaraj, 8. and J.E. Kilduff. (2003) "Nanofiltration Membrane of Surface Waters:
Impact of Salt-NOM Interaction on Solution Flux", Proceedings of the 2™ National
Environmental Conference, Environmental Engineering Association of Thailand,
Khon Kaen, Thailand, pp. 503-510. (Jan. 22-24, 2003).

Mattaraj, 5. (2002) “Removal of Natural Organic Matter by Reverse Osmosis
Membrane,” Proceedings of the 8" National Convention on Civil Engineering, Khon
Kaen University, Khon Kaen, Thailand (Oct. 23-25, 2002}, ENV-201-206.
Mattaraj, 8. (2002) “Nanofiltration Membrane Fouling: Effect of Solution
Chemistry and Natural Organic Matter,” Proceeding of the 8" National Convention
on Civil Engineering, Khon Kaen University, Khon Kaen, Thailand (Qct. 23-25,
2002}, ENV-195--200.

Mattaraj, 8. (2002) “Effect of Solution Flux Decline on Nanofiltration Membrane by
Natural Water,” Procceding of the 3™ National Symposium on Graduate Research,
Suranaree University of Technology, Makhon Ratchasima, Thailand, pp. 337-338
(July 18-19, 2002).

Kilduff, J. E., 8. Mattaraj, 1. P. Pieracci, and G. Belfort. (2000) “Photochemical

Modification of Poly (ether sulfone) and Sulfonated Poly (sulfone) Nanofiltration
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Membranes for Control of Fouling by Natural Organic Matter,” Proceeding of
International Water Association Conference on Membranes in Drinking and
Industrial Water Production, Volume 2, Paris, France, pp. 239-248. (Oct. 3-6, 20007,

® Mattaraj, 8. and J. E. Kilduff. (2000) “Crossflow Membrane Filtration For Removing
Natural Organic Matter: Factors Affecting Flux Reduction,” Proceeding of the 32™
Mid-Atlantic Industrial & Hazardous Waste Conference, Troy, New York, USA, pp.
373-384, (June 25-27, 2000).

® Mattaraj, 5. and J. E. Kilduff. (2000) “Crossflow Membrane Filiration For Eemoving
Natural Organic Matter: Factors Affecting Flux Reduction,” Presented at the 74
Colloid and Surface Science Symposium, Lehigh University, Pennsylvania, USA
(June 15-21_ 2000).

® Mattaraj, S., I. E. sensibaugh, 1. P. Pieracci, G. Belfort, and 1. E. Kilduff {1999)
“Effects of Natural Organic Matter on Membrane Processes for Pollution Control.”
Presented at the 1999 Annual Meeting of the American Institute of Chemical
Engineers (AIChE), Dallas, Texas, USA (Oct. 31-Nov. 5, 99).

6.3 Oral Presentation AN 158uANmnsys s

® Kilduff, 1.E.; Mattaraj, S.; Pieracci, LP.; Yuan, Y ; Belfort, G. Modeling Flux
Decline During Nanofiltration of NOM with Poly({arylsulfone) Membranes Modified
Using UV-Assisted Graft Polymerization,” Presented al the 226th ACS MNational
Meeting, New York, NY, September 7-11, 2003, (Oral Presentation).

. ﬂ't'i‘U‘i‘i{.I"itfl?.ﬂdﬂ"l‘j‘i'fﬂf‘lT.T'Iﬂ§WU1ﬂili1!1ﬂ$éill1Flﬁlﬂl] (30 Hawan 2545) Ams
IINTIUAAT nwﬁﬂmﬁuﬁuaswmﬂ lgﬂd Reverse Osmosis Membrane For
Remaving Dissolved Organic Matter 11612 Mathematic Modeling of Water Quality

® ). E. Kilduff, Mattaraj, 5., J. E. Sensibaugh, J. P. Pieracci, G. Belfort. (2001)
“Modification of ~ Nanofiltration Membranes for Control of NOM Fouling,”

Presented at the AWWA Annual Conference, Washington, DC, USA, (Juns 17-21,

2001).
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®  Mattaraj, S. (2001) “Effect of Solution Composition on NF Fouling by Natural
Organic Matter,” Presented at General Electric, Schenectady, NY, USA, (Oct. 31,
2001},

® Kildulf, J.E.; Mattaraj, 5.; Pieracci, 1P - Yuan, Y.; Belfort, G. Modeling Flux
Decline During Nanofiltration of NOM with Poly(arylsulfone) Membranes Modified
Using UV-Assisted Graft Polymerization,™ Presented at the 226th ACS National
Meeting, New York, NY, Sepiember 7-11, 2003, (Oral Presentation).

® Mattaraj, S. and J. E. Kilduff. (2000) “Nanofiltration of Surface Waters: Factors
Affecting  Flux and Rejection,” Presented at the NYS AWWA Conference,
Syracuse, NY, USA (April 11-14, 2000).

6.4 INOUWUT

* Mattaraj, S. (2001} The Influence of Natural Organic Matter (NOM) Properties on
NF Fouling, Ph.D. Dissertation, Rensselaer Polytechnic Institute, Troy, NY.

® Mattaraj, 8. (1995) Kinetic Evaluation of Constructed Wetlands for Treatment of
Domestic Wastewater, Master Thesis (M.Eng.), Asian Institute of Technology,
Patumthani, Thailand.

®  Mattaraj, S, (1997) Removal of Dissolved Organic Matter (DOM) by NF membrane.
Master Thesis (M.5.), Georgia Institute of Technology, Atlanta, GA, USA.
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