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# # 4289664820 : MAJOR ENVIRONMENTAL SCIENCE

KEY WORD : HEAVY METALS ,ADSORPTION ,PRINTED CIRCUIT BOARDS,CONCRETE

RUBBISH
THOSSAPRON POORAHONG : EFFICIENTCY OF SOME HEAVY METAL REMOVAL
FROM PRINTED CIRCUIT BOARDS INDUSTRAIL WASTE WATER BY CONCRETE
RUBBISH MEDIA. THESIS ADVISOR : ASSO. PROF. THARES SRISATIT, Ph.D.121
pp. ISBN 974-17-1719-9

This is a laboratory scale experiment to study the efficiency of concrete rubbish to
remove 5 metals in waste water from printed circuit boards industrial. The experiment was
divided into 3 parts. First was physical study of concrete rubbish properties which found
that concrete rubbish has 10.5057 sqg.m./g surface area . For concrete rubbish size
distribution there are 15.00%,46.67 % and 27.67 %by weigh for 0.5-0.6mm.,0.6-0.8 mm.
and 0.8-1.0 mm. respectively and cation exchange capacity is 30.1 cmole/Kg concrete. The
second was batch experiment to determine contact time, suitable pH and adsorption
isotherm for removes Cr”” Cu”’ Ni* Pb” and Zn”" from 10 mg/L synthetic waste water. From

batch study found that Freundich isotherm can use to describe the adsorption process.

0.4525 0.2531 0.3410

Freundlich isotherm for each metal are y = 0.1348X , Y= 0.7724X ,y = 0.7416X ,

1.8844 0.4458

y = 0.1034X and y = 0.7398X for Cr,Cu,Ci,Pb,and Zn respectively. The third was
1.80-m. depth adsorption column which found that.concrete rubbish has maximum 50 %
removal efficiency for Cu, Ni,Pb and Zn in waste water form printed circuit boards with in

30 hr. operation.
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=3 a a o o o %:I = a a
2. Anwiszananinwlunisuniinlansuin 1@ aann 1999 UNa A LRI TN NN LA

EFananaLAMAaLNIA

1.3 YALLUANITANE

a

1.AnauanTRvesAsaaunsniasanld suldun Aunia(Surface Area)iffunns

Twsa(Pore Volume) Aanaviunuiudi(Density) ‘ﬂu’]méfqué(Effective Size) ANANNID 1UNNg
LL@ﬂLﬂ?}Iﬂuﬂ?m(Cation exchange capacity)

2 AN AN OUENN NN NILAZNLATITIAN ”mm@qﬁwﬁwmimmuLmem3ﬁm€
Teun Aomew(Turbidity) m"wmLﬁmm’m%ﬂumﬁotal Dissolved Solids, TDS)ALa(pH)

NAILAS(Cu) F9nLA(Zn) mzAa(Pb) Tagilen(Cr) TniAa(Ni)
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WUIRAR WANNITHAZNUINERLNEIT B

2.1 NTHAALKINATANN

WENA9RINNA (Printed circuit boards) AaaasBdnInsiini i miuidenasmlsznay
BN LW thin fiber epoxy LL&Q%Q@%"NLZ%ML%@NN@??%WJ"N@\?ﬁﬂ?tﬂﬂﬂﬁi’]ﬁ‘] LENA9ATT
Izl lugmanvnssusing 1y penfiawesd nsdniidens maaesedld ey
11

WA TN H B EA091I9TLNNAS

1. WUy single —layer

2. WUy Multilayer

PR ANTUILLY | LAYAYIATLIE L8 LE099 IR AT BN sARazL TS
BMUATY WK AT AN TAE AR LA

2.1.1 NIUARALENINATANN (Coombs,1990)

TUNFLARUNINATRNNTIY 2 THANTUADWEHAUTIMH AU
v 1
Tnafdunaunisnanursasiinlnsasaeuanalugii 2.1

2.1.2 '?Tumuﬂi:ﬂ@‘]_l%u"](I\/Iiscellaneous Operation)

s Y | z y o

Tupeniiiudunaunaziineulssneygtnaniauasuuiuay  anisauds  vise
autilAueasanLLLEW

1.Solder mask

vy S N N y .

Tupenilidudiuneuntsdesiuuiugununasidngnezusunisauluniends Tnanas
Ifansiaiannan Monomer @iia Liquid Photoimageable \AREULHUNWNRI189TWII WAL
lddnunasdansnlalaan  du Liquid Photoimagiable fiazidaguaniwidutuldutlasiugu
UEUIRERTUAUTuAe W Exposure Step

2. Solder Application

?/ dgj [ dl o G o‘d‘ a a dl

dupautazilunismenianzglnaninazlsznauasuuiaesasinw s ugiiany

Y o a o ¥ nl/ o a o dl dl d:j/ 1 ?:/ QI :j/
1QﬂULLNQQQW?WNW TmﬂmmzmummmumLﬂ@N(Solder) INHNTRARULDETVRLTUADL LTHAN

! |
=

wsinsgusiag Tin/lead alloy Niswnuganzld siasnanisldftdon @anilsyau(Flux) e

doaliFnmeantlszan(solder) AusaiugLnaniuazianes Tinllead alloy Nguldlan udald

1 1 v
fimaNilszanii(Solder) L%ﬂllfqﬂﬂ?ﬂiL‘ﬁ/’]ﬁU%ud’]uLLNm\W?ﬁNW



1.

LUy Single Layer

Core Preparation

NISHAALNIINATNNN

- UFuan winuRaneautin ldwaay Film 41150 nadnans

Resist Application

Operation

i- LAADL Film

Exposure Step

i- AEILEY UV 1189Aa78

Developer Step

Y .
-9 Film 280

Etcher

U9

T- LAABL AIRATE NAIULAN

Oxide Line Step

- §19 Film Neguutunasuns

v
o o

- NATU NBILLANAAN

Resist Strippers

2. bUU Multilayer Single

Lamination Press

- Usgnudu Single Layer
A 4

Panel Curing Oven

l - LTI

Panel trimming

and Drilling

- FALBINT NN

Preparation

- [maNTu9aslneinng

¥

TUAVLNDILLAN

Making Hole

Conductive

Drilling Hole
. ———P
Cleaning
- largdmiy

TN LARZT

717 2.1 NITLIUNITUARUNINATWHA (Coombs, 1990)
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3. Outer Layer Formation

v

Resist Application Operation

- ANNANAZRA

- LAAB1! Film

Exposure Unit

- QLAY UV A91IUH0T8

Fuunllfiaenisgunesuns

Developers Step

- 414 Film 88N

Electrolytic Copper Plating Line

v
v o

- NATUNBILANAAN

Etcher Step

Y .
-2 Film a8n

Resist Stripper

- AU LT U BIWAS

p Tin and Tin/Lead Alloy

- gunasund foel i

71171 2.1(s18) NITUIUNIINARUHINATANA (Coombs, 1990)

Tin and Tin/Lead Alloy Strippers ——— P




3. Legend Stenciling

2’/ dw [~ - o & o a 1 ng a erdl [~ =

Tupeniifunislddyanwnl  Arefunasieasliduuiunuungasasiniiaiasay
5REILAN

4. Miscellaneous Coating Operation

Tuunensel AZANIARBLHITUUAIENITLIUNNIN AR IWITHd N T oN
1l328114(Soldering) ¥saNaLNNIUUE

5. Solder Mask Stripping

TuRaUI UMK AR URNT I HEBNAINTINNY B9 1ULNNTTLIUNNTEE
AarNIuRDUNLAEAN 11 N131A9EMad(Gold Plating) N13MIAINAraIATUgATINEIAILIGY
Mazaedurse(Solvent  Cleaning  Operation)  N1INAGALTLITULENATRNA(Test
Equipment)
2.2 NN1URIUNFLIAINNTZLIUATHAALKIINATNNH (Coombs,1990)

dl o al a = nI/ 1 v |

NNNR9UNRLAINNILLIBNINAR AR IA NN esia L @ unsouLieentoduans
glipAa UALAINN1IATUIL ( Rinse water ) wazi@eiinnannansai lunszuaunig

v
ar

HARNUNABNL( bath dumped ) Tagu@sivaasdauiaonduduraslany lurunnsnaii

dl 1 a A o dgl

T lUWAAZNIZLIUN TR RN ATl

1) NITLILNITLFTEINT UL

YN omm—— = P mr——

- Y NABAINNIRTUNY TeazlFtindaAiReans

2) NILUIUNINNAINALNILAS(exposure + developer step)
- YA8RNN13R9T Film 28na1nT1I1U TIA9FARefannasatsdunss
~ YR ENTUINUNAIRINANEY Film aan

3) NFTLAUNNTI AL NaILAIN lifeIN3(etching step)

%; al all a 4%/ o d‘ = aa dd‘ Y o

- d@siinanannssLaunsianesiad aalgmuaniRsuan A ldne
% d b k0> 1.0, . . .
[Uanasumd(etching) @eNiNaNsARNNlWA1(Ammonical/Alkaline  solution)
iradlanianiRlunsaH,SO,/H,0,)Wsa CuCL/HCI Taaindanliinasins
uaemlsznaunan
- YUALAINNIIANTUIUARILNNTTANDILA

4) nszuounsguuuL I Infua a4 WA (Electro Plating uas Electroless Plating)
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CuS0, / H,S0, Tuanunargnisldnunndenlfazinuanifidunsa uay

= [ o o %’I al
AnagwaaiiuagAlsznaunanlusnias

'
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- TunszuaunsguiegldldlWin - erdenszusuniamiaeiassznausion

CuSO, / CH,0 / NaOH @aazliundanilanantifiduswuazinesunsiiog
Tugilansisenaudsiauiu e fianlas(CH,0)
Tunn91iTRtN A s AN ATUAINIZULNNT I A WAz ke NI uaa9d91AS
1. 11'1@m’mmi@’m(Rinse)%umwﬁqmﬂﬂ@:mum?ﬁi’m LIUNTTUIUNNTTL
o = I o 8 . - = D o® o
N9TUALNNTTA v duduIaelansminaindn waasl3umnAnnnngn Aagldnszuan

nstindusn dlvdidunan Tagerdematianaiametinlszneuiu  ivetinangtind1edu

1
¥ 1%

= U a = o o dl 1 %’ = % 1 1 73 .
U visensldweliandudeuuantiimesuasieg lud@anausnldiud  unisld  ion-
exchange resin s

2. tidadunaanaisad lunszuauniaia(Etching) waznI9gu(Plaiting) NixAans
< o v o ~ ! - - ! o a -
Tedaoududuresarsadniand L usnaz i e NiRLAnseiulUauaiavesansia
o o T A A . | & ° o ' ¥
4 Tnenin@efid cheating agent dstlusgfiazuanhilininnen neuazdngnszuounig

] % v [}
Tiiasaanianeznaulansanladsalyl

2.3 NFEUNMUNNSLNTANIAEAINNTZUIUNITHAALNIIIAT NN

o

UIRLRIMNATNIN AR INNIZUAUNINARAZIURa LN 19N TRAL
%’ al a 1 o 1 %’ a dl 3 £ dl

1. ddgannzuaunIsNanazgnarusnuazas hlfasuindegainusinnmusan
waztlfuannliundadguantimaeudasd | udanesludiillaadoulugiazszneul
finel A19BUVTERINGN Photosensitive ‘organic-monomer Tanesinee uaz chelating agent ‘lu
[ % o di/ = 1 1 %; al dl
dalfuananiiaziimoandinduneslans lui@ananign

2. i ludn Fuanmudnaziiullgialfuaianudunsasissaansa H,50, Tde
ANLTIUNTAANNL TN 95U 2 - 4

3 undsndiunistiusianuiilunsasnsauliudazdslidsdausin FeSO,.3H,01Ma

. 1 dl | %; a = a d‘ a

ANAZNaU Chelating agent Aeitztuatlutiide uazinaineIniA aziinnznel 1e
Fe(OH), nasann19ten FeSO,.3H,0 udatidaazgnasliiadennazneumauanazneu Fe

a 1

(OH), aanlillasildaaliluaduaanandsliidingiamiusing

a



4. dufnawaziilui@miuanaznaulavzminileduat iunn@s e ludeiiaziing
mu@34ﬂ'”nmmLﬂummmwmﬂ’nﬁmzij 9-105 é’fmma‘lﬁmgum PAIANN AR
I ' PRIy ai ' ¥ o a L . = <
dunsasieasnudan  Taveidedue luddeazinanisnnaznet(precipitation)iluanduda
wauantat]lulAt (metal hydroxide)

901 al dld & 1 1 o o/ a a 6 0 o o

5. udendaznaulanslansenlafuaruaasagazgnasliddunininame fdmiuay
nrnauaadlanslansanlamuantiulaenszinunig Flocculation TIRTNNITN4FINIUTEN LAY
A8l mrnauaNfnag

.4 = . = Y y 4 4 o
6. M9 nNRznauaNFad LA RenduIasinn lausraznauN ueuaL NI
wdoulanegfuuwarivadueenllgdnses
o 3 v dl < dln/ 1 o %’I al 1 dl %; all
7.fansasinuEnn lunnsnseaesudsndvatausauastziuegiutingdy  neunuiy
dutensasaluadingnetaunidiusi(Activated  Carbon)  1ienndnlansndanasmvanat

annleasu siall
o 1 o o 6 o £ dl o o dlo/ 1 9°/ al 2
8.t Ui duAarn M lunsinan langfdeanalviues luindaatifoanssuau
1 v 1 v 1
N1IAARARNY  (Adsorption) HeUNARMHIUEENAINANEWANTUATAzgNATIAaeLINaUNAY
Uaaseanlilgniauen(Effluent)sialyl
o o Y % o i// ) o aoJ =l v
annseuaunstintatnefuasisaagiduunuisduneunssuaunistingdaudels

Aananalugiln 2.2
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NNTHAR

FeSO,.3H,0

I

H,S0,

2

<_

N EQ

Ca(OH),

10

Polymer

l I

S

Clarified

v

Discharge

AN - AN TINUHAR NN NATRNAN TN UNNR SN NAAR

ST IPREEN

Sludge return

—

Sludge

Adsorption

column

-/

Dewatering

Dispose

Filtration Clarified

column

./

Flocculation

Sludge

—>

Dewatering

917 2.2 UNUAIN9LNTAUILREANNNIZLAUNTHA R LHINA TN

Dispose
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2.4 walulagn1sindnuge

Tunistitipin@aanissnundlanewindsduag luin@esiu awnsaninldlaaende
nszuRUnsasinglnatinanlsiTananaatinasa N usase lUTi(Patterson, 1985)

1.N3ANKAN (Precipitation) lunailaaugiilavsiazasatluin e lugilaasuds
(Solids)a@ N7 e lasinsnnasinglaatinauilasa Uil

a al dll o aaa o a [ dld
- madnaseiierindgaseaiulanstnemns Aauanslsznauninanu
211170 N7 ZANLUIRN 111 NTAN Fa s (ugu
- maasusngagaesdiiseued Inandsananshvinlipandudurelanziien
v 1 % 1 1
anad tewn N19U5uAANIlLnIARNY
2.M999uAzNau  (Floceulation) | Liunszinunnsmusanmznaundatluude i
X 44

1A lueau annsoannznaulsiia

3.13AnAENen (Sedimentation)  Hunszuaun1si g lunnsuenresudeannainun
InednssenavraalanziiAanuuuniiundd azannznawleds nevusunistanidlunssuay
N3FARANNNILLIUNIIANNANLAZANIIINALNDL

40130384 (Filtration) unszusunisienaadniaaanannin  Ieevialinszuounisg
n7esnas M AUAL N UL ALANLAZHIIUABE N INAIN1TOWEN A IALINIIANAZN AN
=
LAEIn

a o —_ - - - & Aol =

5 AanTLATULAZIANGY (Oxidation-Reduction) tlunszLqun1snaalnnnislasu
1 dl v | a v 1 dl o [ b7l 49{ 1 o [ % &
Aarilszqina A uilunsleaas agluginanunsnndnladdiieay wu nenindn Taenlus
AR leNuaNun

6.nszuauN2wANLUAUL 924 (lon Exchange) tlungztnunaniani didanilavy
pRp P pRp A, 4 Py & o > 2
Pidszauan wireansdeznatfilszqay Werhuduasansuaniaeuiasgnauliluduiiug
NN A AT

7310958904 14T4 (Reverse Osmosis) WIWNTELUANTRENTNRaNANUNLEE  Ine)

v 1 1 3 ¥
1AN17851usaAue LA i wEle (Semi-permeable Membrane) \Eellazaanlitinuay
ansuaiannuls aaiuarliinnaraauazundandanuidudugeay nsvuounistseqld
o ¥ = %/ a d‘ Y v
NANIUNINUATFBIANIALIANADIN N B R TIdN Aot

8.N9gARARIRETINUANUE (Activated Carbon)  iasannauinsus Wuanshi
ﬁ %

NHILATANNNIUGININTNUNRseings Wedndaiuinduazyinlinaanssine] saums
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Tanziagluindegnauldlugnguiasivuiioaesduiidud  uaznszuaunsiifesdlnisagL

u

]
a v v

v
ANATUNTNTBIUNAENIUIAIE

)}

2.5 NYRHYMSANALNAUNILAN
nisanaznauntvAiflunszuaunisiasuanseg lugtansazae e lugdues
e« £ X o pRpR g ] g ° =< = aa &
Wi BAUALAN1TANAANIARTNINHAAANIa A HUNI89ANTTIN  TalnaneRsinaanaiiy
NILUAUNITIANTELAUNINTVFATINAIENIZLALANIIIN Y
= dl a al d’ o aaa o dl 1 90J a
1.n1sanNaniesaInnIsiNasalinei1lisen lnensaiuansazatsey luiie
uanslsznaunazareninlitasas Gelunisnidanlancianalduannisiils i lunisindn

1%

angdnazaeluun (Zn") Az Mhegudalns(Na,s) Tasaainldn aziadfizenls

o

g s (ZnS)Teazanein lftassanAsganis

=)

2+ 28

Zn + S

2.MaanuaniasaInNslaguannanisazang (Solubility Equilibrium) 1unnsindn
Tanznararaag lurnsoedsd inleanisanaiseiinetsunemaasin@a Irgeau dedunns
nandndunadlansenlaslasaulunn  Anudnduasdlaaurasiansluarsazaiaazan
o o = — d . .
av esannisineuadnaail lavzdauinazaeulegluglazneu fvaunis

2+

Zn + 20H » Zn(OH),s)  .ooeenn (2.2)

3.n9ulaBug ) Ree9d1Tazan BN sn viranavansia hllunisiin iAo

ansnlunisazaneiianas anasullegluanusduaeguds
1 [~3 = di o o 901 al a b7

agelsfpunsanaznaunsialivenidnlavzaanainiide dauldansilsznay
waneatia laun lansanlas afueuus wazda s Teusiazatinusazatinazannznoulany
Tugiusnsineiu nsldansiaiinantianunsnldusniuzesaniulu Buiamiieswa iin 1
a aaa = | dl 901 = o dd‘ Y a 3| d‘
nadfiseefiszudelansiazaneluidaiuasiadn Wiiadunzneu feaimnsauanesn

S o e = .
AMNUN L@ﬂﬂ")ﬂﬂﬁ‘guquﬂ’]ﬁ“ﬂu"‘]mﬂiﬂ
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251 nisnidalanesnanianeazna laasanlas(Metal Treatment by Hydroxide

Precipitation)
Tanzluszuutinialuszuutiniaunds  avegluglvianiiuaesidiuazaisazans

nanlunistintTalaneuminsasnismnmnznaulansanlasAanislsunianaada1sasant (AN
dudureslansenlaslessw)sranininansaintlansanladvzenilfinalansenlas leaau
du Yuane S luannzdushseslavslansenlas nagmuaududulesauszwing
T@mu@ﬂﬁm@niﬁﬁ@mﬁﬁuﬂ'ﬁmﬁ'm@@mm‘mmm Seanunanuanslfieauns

[M™[OH-T" Ko - (2.3)

e [M™] > wnupadndulesaurasians lurifidseauon n
[OH] £ unuANd NI laaauaslansan s luin

T 4 om A o
Ksp £ UNUANANTINAADIN19AT AT AT NN RNTIY

v 4
o a =K

Wainuaavzaloan Wasllluin@analaveazaised  inlinegrasidngea

a v o o A 9 ~
uaziiuANdNdueslaasanlaflasay WanudNduraslansanlas laaaudAiuinan
i linaguanNidndusslaaauszndlanzuas lansenlasiAunndiAipsinagninis
azang Belpandanaad 1ae 1inedlEfiaY WeszlLay AN 1T NaNAADNITLILINGY STULAY

dFusnldluianisnazinliiladusuniuiuanasmaationngn  wioszuvuaziudaiding
4 o A o o S g 8 v o

ANNNZANAABNATIUIN  AnuAnnIsAInann  leaewaeslavzied lunndaazsnsdaivlan
sanlaflaau AaflunznanlanslansanliduazmannznauasnuiainansazaIsaunszyiaug
AuANdnduresleasuisaaslutn@awinduAiamnagunisazae  Tauvdauiaeiay
flapsazansag luindall, adilsfimumnitessesindeasas lanclansenlafazainiem

o U P R Ve ool o @ 5 o
azananduasiiegluin@alian  assesiuanianzlansenladniluaesudeeanainiigds
naufEnIzLNUNIaNTRN (AdpfinaaunIsaraataslanzu1eTiafuantfialuniged

2.1)
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= . = - a A =
F13NN 2.1 mﬂ\mm@@mmmzmwm‘ﬂwﬂamﬂﬂ%mmwum‘w 25 ANANLTALTEIA*

Tavzlansanlas FpaTINARINNTAZANE(KSD)
Al(OH),(c) €4——» A" +30H 1.0x 107
Ca(OH),(c) ~<€4——»Ca” +20H 5.0x 10"
Cd(OH),(c) €&——» Cd” +20H 2.0x10™
Cr(OH),c) ~ €———» Cr +30H 6.0x 10"
Cu(OH),(c) & ———» Cu’’ +20H 2.0x10™"
Fe(OH),(c) —~ €———pFe’ + 20H 5.0x 10"
Fe(OH),c) =~ <€————pFe’' + 30H 6.0x 10"
Mg(OH),(c) <———» Mg’ +20H 2.0x10"
Ni(OH),(c) =~ €———— NI’ + 20H 2.0x10"°
Pb(OH),(c) = €———» Pb" + 20H 25x10"
Zn(OH),(c) =~ €«————»7Zn" + 20H 8.0x10™"

*Pu Sawyer,McCarty,and Parkin,1994

2 5.2 flade NN AAAN1IANAZNAUNINLAN

- AaudnNnn luNrazangaestanslansanlus
Tanglansenlodusazatiniaanainisnlunisazaraininessine windu Tane
uwaiandanuaniBLannmasn(Amphoteric) 1w 4nz@ nauns lasien mzia dniiaay
¥ YY) dl' P ' @ | - X = < Ao B
azaei iteaaiFeeiiaarnmnuidunga-Araingy - aubqeuilenvinlipnannsaly
o A~ T A oa X s . X o Iy
nsazaeRngn Waiaaresindaivsausielllans laasanlafivataznduazanelsiuan

Juanswuanslugla 2.3 Aaiunsidnlanzesnaindilnanissnaznauniaad i 0

=® |

TavzazarawaanindiAranaisnlunisazaeluiiamgaaduldlfon wanainazd

dl 1 1Y A a a A e ¥
ﬂ@iﬂ'ﬂu?ﬂm@%ﬂﬂ]ﬂ Lﬂjullﬂ%‘@ﬂlﬂﬂN’ﬂﬂﬂ‘ﬂu‘ﬂ’ﬂﬂi@ﬁﬁﬁuuﬁ]ﬁiﬂﬂumﬂL‘]_Iuﬁ]u

= =
= WRTLAZUTHIUANTLAN

dl dd‘ ¥ a v dl v a s o £ -dl o %’
Hasannansaan e liinaliminanznaulansanlas azniutnnyduniasaaaiin

'
a a

a v o 2 ~ ~ PRIy o = = = Ao 6 o
AeAg AINUNITALANN IR TUATLENIMIRIANIAR RN HFesA lenaN a1 lpn
AHANNID U sazaneunvaslanslansanlafannga Tunstindasnisindnlavzuane
a v [ o £ =l dl =l a
FRANFDNAUA T UHAINARAIVINLBTNUNIZEN Tunseiradlanzwaninmasn n1g

AILIANTLETIRNTNIALARYINaH19sziTRTEds Hestiuarliaunsanidnlanzaanainiids
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- HOUUNN

HATBNgUMHAriNasan1smnaznaunisaizedlan:  lunsaifinaiadfizenig

1
a

dd‘ [ aaa % ay yaa d? % aaa all a [~]
wRfulfisangeanuFeuazannznaunuei ldangumnigaan  wididfisennnay
Uffsenmemnuien  avanazneunuai lFangumugia - dunsldainAiasinagainig
azansiasuwlaaiiagunginlasull

- A g lunsvindasen
N v o dd‘ a 04 1 aI/ =X
nsANAzNaUNIARAesaIAtal lunIsnIuNaNasIAR AN I NszanaatingTian

= v o o 1 | 9; o dd‘ ¥ = a 1
wazilaniadudatuszndnslasaudie i Auaiananld ANTAN LT AU WE0
avane Mitieesedldinatlunisnaunasuiundniganlgsazaaninlén wenaniinisnaudie)
dl U dl a = [ o [ % a [~ |dld a
Wwalinznauniiailenadudatunadupznanawinlunilanuadasgeuazuanaaniag
nsanAznauledie

- lenawiTeton
laaaunansann 1w ke lud (CN) wanlulilsl Wara1sanwInAwALY W EDTA
annnsaiia leaswdsiaudadasiulansvaterialuinds lessuwdstauniiiatiuayds

INNIANAZNAUNIIA



Concentration of dissolved metal (mg/L)

1 [ Jevon, |
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7171 2.3 uamspudniugszndnannsnnzneulanzlansenlafuasda lnfniaasiie

AN : Eckenfelder,2000
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2.6 n19ngay(Filtration) (Metcalf & Eddy,1991)

! ! ! 14
nsnsaaiflunszuauniauileildesinqunsuanslunisindnsesudsiuanuas et Tui

a a

B9z ldnszununsliui@ennnunisindaduy Aagi(Secondary  Treatmentiunniauniay

q

Uaazaangunasinnisuan  wananuniansasesldlunisniidnaesudaninaTun1euagain

% 1 . - . o v o o 1 Y 1
N1IANAZNAUAILATN(LIme precipitation) wazelaldiilunistintanaumntin(Pretreatment) nais

'
1

Nazidngaeninunndusi(Activated Carbon) Kflusiu

2.6.1 ANBLLN1INTA(HNLAL,2538)

v

n17N2a0NATIULE 2 ANHELE ABNITNIAILLLAATWRAINTBI(Surface Filtration)waznns
NINLLLAA T RNI89(In-Dept Filtration)

1. NINTAIULRAANATUNTE(Surface Filtration) 1T11N1TNTBINZNDUNLUIUABELINTD
ANNYU  ATYNANALUATAAA B LUTTasaINTeY  arsnsaseadudn  ulwladunsyd
A 1 < ¥ a a :j/ ] 2 A
YIRLNANTAY N N19NFRIRLLAARSTUNIaIR AL LA 3 Ly Ae

- wun M usdunsed Seanannsaetn ukulane vireuiuladansnyy

o

9 74P B I =
- LLUUI“T]LLVNT]?@\?(POFOUS Media) 3 m&muﬂmmmm@mmquummmLzm §INK

1
=l 1

gan ity zdfmmzn@mmzm’wmjumghﬁw:ﬁm@g’umm\mm%umm

WA 9N 097 LAREILAINANTIBEN 1T Diatomaceous Earth 1uNARDL
Al gaunaLan Fenseaiifazifanszuaunisnsesidmiaaiuusiunses

2. mam:mqLmuﬁmﬁﬁﬂu%umm(|n-Dept Filtration) FnnIn e NULLaTINAN T
Alulsaueantnlssily  arensesfinealdiufenss  udifiesdaarunsuesgnniasasd
aalunninisnsesuutiais  AzneuanguAsilenadn il uduresasnsedld G
A1:170ULN TN TR ARNANEHUZANINIE -+ KK - WNAINERTINTEY  LLNANNTNARNS
1989 WNANNTANTIN2 VAT IR UANT PN AN SN2 BeafaT0sa1ns0 WEadn
LmIgaAnns g lnasiuneg

2.6.2 NANN17NI89UN

nalnnisnsasindsznaugaanaln 2 naln(Euaw, 2538)

1 nalnipdeuineansueiasednananses( Transport Mechanism) &17U291A%¢
gnsnnaeudansnsesliaesdnene dnrnusnidurssansitaunmdnndd 1
lumnsau LﬂumimﬁﬂuﬁlmzﬁuiuL@Q@ﬁlﬁmmnmmwém:maLmumﬁmﬁﬂu ( Brownian
Diffusion) %amﬁﬂmqmﬂmmwé( Diffusion Force) ﬁﬂwm:ﬁmmLﬂummm@ﬁﬁmmmiﬁnj

n41 1 lupseu AazAaeunANNEUNI9NTIaTe9ln wadaaadendnmnansnsed(interception)
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Turnusinuteadns s aEn uﬂﬂmnﬁzﬁma‘?umwmmﬁﬁmmmiutyﬂ”\‘lm@mnmzﬂ@uluﬁﬂ
yafinaeuidmansnsesld nanalpaaglAeruinLaznIsnszaneawa( Size Distribution)
finnudndtysienalnninndentieresansuaauaes dmansniesesnsann Werwmanes
ansuzauanafaunaanndd 1 luasen nisunsnszanaaziilusnnnlfansuanuaeaiilan s
dinansnsaslaunnan LufiLfi@mmmmmﬂmu@@ﬂﬁmmmslmainqu 1 lA90% TNALATIN

winaasansuaauaagazlunumaAnlanisainalnnisanmaenanuasfinAna( Intercept )

HIGH [ _ —
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| ]

.

i

b

Li.

r

{5 &)

= NET TRANSPORT

g EFFICIENCY

S

= o TRANSPORT

& TRENSEORS REFICIENCE EFFICIENCY DUE TO

- I DIFEPSIEn GRAVITY FORCES
LOW I 3= L B
0.01 01 o 10 100

PARTICLE SIZE (pm)

917 2.4 UssBninnlunisindeudnasisunouaasauiumum(Yao, 1971)

- Lrrearmlines

Parixcle rapeciones "—{

Al INTERCEPTION
Bebl* SEMIMENTATION
C-Cr DIFFUSION

/,

Atignary parische’

5
7

gﬂﬁ 2.5 wgnana bnlunspaaudinga1suaiuaesdnuna13nsed(Yao, 1971)
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2.nalnn19duaNsuaIUASE (Attachment Mechanism) #19ua9ua8 1A lunja1asn
AENOULATINZAABE UUANINIEY YTamN AN Tutednesendneaansas vinliaunsnnges
aananuinld u@ﬂmﬂﬁﬁqﬂmﬂgdqmmmﬁﬁmm@m@ﬂﬁmmmLﬁﬂ@@ﬂmﬂﬁﬂﬁﬁfm Sy
dnendenalnuuuidluauaunslauenquausifaeiiufenisgafiaia(Adsorption) kaznNg

Manaiszq inaaspasseas iiilunand(Charge neutralization)n1sgamniraiilunaln

' | 1
o A |

AdunvinliineaasfaInnInINIZAULLATINIBY VaAdunduLuANINIRIeL naw (U7
2

[

.6)
=

Water being filiered
=
-
< % \

2
<z
<

Filter media

317 256 nalnnsnseviinluiATasnsamsTeILLUngedi3a(Yao , 1971)
n1n2agunlnanAana Ny aeduUUNNARAN1INIANTNANNTYN  ANIANATNALLAZNNT
a % dl a dla £ ZJ/ A 1 -dl =) 1 a ng
AaAne  Taflunalnnianianinazii anRovtngestunsaeirad A Nanlding 2-3 1980
a ¥ ° v a = P Y Ao ool = > = ¥
Honth vinliifianisgeoyideian LATRINIAUN AN U A AR NA lNN1N TR daILLILILNE 15

IAANNTN A9 DITUNTAY LAZIAANIINIANBL AN AND
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9NNl anAana lnyNaaILLUNNARANIINIAIUNANNTYE  NNIANALNAULAZNNT
a % dl a dla £ ZJ/ A | Qi =S 1 a :i’
AaAne  Teflunalnnianianinazii anRovtingestunsasirad A uanlding 2-3 1980

a o ° v a = -~ Y Ao o = ¥ P o
Honth vinliifiannsgeoyideian LATRINIANUN AN U A AAZENA INN1INTaeeAaInLILILNe 13
IAANITNTA9RLNTININTUNTAY LAZIAANIINIANAL AN LAND

2.6.3 tad NANAAANITNIDILIN

=
1.N17E T8N UINBUN TR (Pretreatment)

%’/ a a4 o 1 9/%’/ 1 dl il/ dl Y o aiol
N1INIAIUNALNN AN ULALIFISS Nﬂ@:ﬁiﬁ\l‘lﬁuql@LV]’W]ﬂﬁ?ﬂ\i%l‘ﬁ'ﬂﬁ]i’mqﬁ‘ﬂﬁ"ﬂﬂmﬁﬂ

q

1IN HAIANNNITIARARBEALATAIIuIINADE lWNRszqa LIl auansnsesnil Tania

o o '

lunsdudauazinzAaiiaeilldunn namrentfauniInIey AlANEAYFan1TNIas
difluating

2. AUNATBIAINTD

a o‘tdl ¥ o d‘ 14

1NATe9aNINI0TunITAnesiatusn ldnvueansTnuzaasATaangay  winld
ANINTDUIALAN 11U M98 ATNARUIAIUNINGS UWsl 818in19nsasdu Aeiiluilaqiiuasinig
Tdanssine)(Filter Aid) 1y an3du viselnames Tedoglinsldansnsesawinlunls uazgey
d o
\Aeanmn

4

3.AMNINUNAL

90J a dl ¥ dl [ dyl % = goJ a 1 A 1 a %7/

waundetesnseduiladeddnasfamrantinauiaunisnasiTell Tneng 1

AuNHANTUlAY 20-25 WiaaA NN AINNINTBNIATALIATS WANINAINTUNINNGN AQg
% = o yOJ 1
azsesiin1stiudennininiiney
4.ANNNUNTDITUN T
AuvaasiunsaaiunntmesidiAyinawualenianisduiascuinedns
WIIUADLILAYAITNIANTN N NARALIc A BNINNITNTY ASUUNTFTENIN AR WELNTRsAag
duntgldsslenidunsasldnaanisainuan

2.6.4 U32ANBNINNITNIA

wsaangasidy  Hilsr@nBnangesinlunianidnassudsiazaisumnuaasfag lunin
arsansnuane|lsziny 1w ANy uuANEY a1uie laia wanuardinzangneantdiad
[ = | dall a 1 £ dl 90} [ ac o o
WAY  viFadansARFNAeuntiinianges  n1sinisnsestindlunssudslunistntndszinm
= [ % 1 ya a o o o 1 d”n dJ |
nanmuaznieal  unaldegngldaninasessaudsmanesn faulsmaitideuniiaily

T A oA a = o
AANUINANATEINTEY ANAIUNUNURIAUATAINTANLEN
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pNAaNNInlunanse(Filtrability) D uiladendrAtyunndniladeau uazinen
Te9iuAnANTRFANTesANTIUAR LA ARAAREATaL UL ANAINNIaluNNINIasRna
diudpalnenismnansieiisine)adly wu Tauenguaus viselnagidninslas deazdqailiy
UgsnnuantiFaasinneunazinlingas

AMANITAT89419N 9949 1ULATEINIBNNNBNENAFaN19NN9UTB9LATEINTB LA KA
TUNALATIUINUDIANINTBS ANNIUTBITUNIBY NNIFLNFITBNANINIEY  ANINANUATNNT
grudaausuludunes lngiialiilss@nEnnaesdenseas NETUANIUIATEIANINIBN
« o - — - X
LANAY A THNTLTIAAAIUTBAINANTILANTY

a

2.7 NMIRARRARI(Adsorption)

a a A a 4%’ a X a [ =
m@@mmmm%ﬂuﬂmﬂgmimmmummmwumm@wmum Inenflunssuunindany
7 GV 1 dy dla < o
LLﬂZ\NﬂQWNL‘lIJJ‘iIu‘H@Q‘U@\‘]‘lﬁZ\](ﬂT’H ‘ll'ﬂ\‘lLMZ\]’J)?ZMQ’]QW‘HWNQ‘H@Q‘H@QLL‘II\‘ILL@ZI?]')‘EI@\‘I11/T@L@Q nne

A
o A

ARANIALLN BT LNITA LA NAIUDIRNTUTDIN AN NI U DIANTN LT N U R T LN

£

o o

& 4
Hoduda nezusunisiiasisnif mIuiLLERMENANARsEUdNe 2 anterleT) Wy 1eeudeiy

apaiad  vesudeiufing  Inedluianarienaasesfngnandy  azEandnsagnaaRnNn

! 1
G Aaa | a a

(Adsorbent)d1a83L \wmMLﬂuﬂmemﬁqgﬂmmmm (BEN3aN3 M

L1l

a a

BANI(Adsorbate)

1
= al

Tneinld  mounisgeRnaRsamsauLididusesuuLndaNuanssiuetdniaupe
, e —— m— : o .
Physical adsorption mLﬂuﬂizuqumimmﬂmma‘:umﬂmL@Q@m@u WA  chemical

. dl [~ dl a % o =l 1 o dw dl
adsorption  UIUNILLAIUNINAANIIATNHUEENIUANIENIWNTHLANATBIRIYNAAUATAUN
a v dl [ o a a
Haresredutaniduiangannia

ANHLANG193Z19 4 Physical adsorption kaz chemical adsorption #eaznaNqg@gLl

-
161791 (Faus uazAly.1987)
. . | d‘ I a v A 1 1 a s 1 o

1.-Physical-adsorption-tflunszuaunisiliianoslisadndadidnnsauszudng o

o dgj dl o/ o 2 a g ¥ dl
AaLAzAIgNan NIzunun1eil Wunssinunsausadunaulidng tazfagudiiiiasain
anAENITuNIIRIFagNAA I LUANLRNT99600A  Ws chemical adsorption AziAiAN1TATN

o = a 49( ' o o d”a é’ ¥ o [ ¥
Ausenaal  Nntusyudwiageuazdagnas  taanszusunisiiiiatuwdoariunauldenn
N1

a

. . @ o X ‘o -
2 physical adsorption wunszuauniL ‘lluLL‘].I‘].IhJ@’]LW’]%LW’]%@\?L@WW%U?LQMI@

A
LTI LUNRNITBAIAIO AR AN LL[F]Lﬂ@VLﬂVIQVN‘W

o

unaesagannia Tneluanazesi
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¥ ]
A aa o a a

gnaaasnsauareui i EvaRwiiuiiiaresianeiafald Wanedl Chemical adsorption

al
% !

| d a o A a A a a a d’
WunszuaunsIiNARNIZIAN LA N LNUAVTALT RN LT U ALTI Ui

2.7.1 auAAN1AARANI(Adsorption Equilibrium)

i v
nszuauniIgainialuansazatsazifnadesiuaududuaesan sl ludoni

'
a

azaNEuATLLNWENTevteduds  lunszuaunisgesatanaiulltusagnaafnialuans

¥
a

J a a 1% ] d‘a < d‘ a o o a all
@:mmm@mgﬂ@mrﬂmm"Lquuwummm@wmumiﬂmm 1ummummnumgn@mmmmmn

Y & ¥ o ] o a a a o

AaRARaudafiazne e NiauNALeaNNI4atTazant wazsagnananiandelignasfniaiay

a a a

v
v a

ANAARARINADAANTUTW  NITUIUNIFAINNANINTNFLTUNATUAABAAN(Faust LAY

u

Aly,1987)

[

dl -] [ lﬂl [ Qs a a ] dl Y a a
Wantenresudiilugagesaialdasiilluaisazasmwaliiianszusunisgasia
a A o o t:ll dld < dl o a Aa 1
WA m@lum\m@muwmmmmmwaﬂﬂummuzﬁwmm\‘]meﬂum@mmmm‘ag ‘ﬂﬁ"]ﬂ{]

dla d? oA [~3 a a o/ a a dl = o
ﬂ’]ﬁ‘VlLﬂﬂ‘ilimﬂﬂtllL@Q@ﬁlu@"]i‘@tﬂflﬁlﬂ@:igﬂﬂmmﬂm'ﬁmﬂﬂﬁ@ﬂm@mﬁiﬂLﬁ"ﬂﬂ“’l LASUTUSLAEIN LS

U

a _a o = SN T

TanaluansazansignansntaLusagaiaroudofazdoundusanuduiy - Adnsnig

a

o ] (-

idaufinalulanasiignaafnRaaINalsazafedfagaRaRawinfudnIniseaeudinatuana

a k1l U

a a

FRQNAARANINALEENNN Iz LILAI7a AU UAZINAAN 19 NITUNINANAANITAARARY

d ¥ o a

(Adsorption Equilibrium) "4 mmm@um%hmuma‘LﬂmﬂuLLﬂmmmLmuwum@qmmmmm

Q a a

©

'
a 1 a a A Ao

mﬁqﬁ"lummvmﬂmm’mwummm‘umLL‘}N @ﬂwmvm@mm@mimmmmmu HANBEUSLANIS

o = a

Fio TuuTadunanaating [u et anmna s Tmﬂﬁqiﬂﬁmmmi@mﬁmﬁwuﬁmum@

q a

I
a

QoA RN

2.7.2 tladgndnasan1snfnmn

1), WWNAULALNUNNIBIAAARAEY

a a

ANHANNNIN TUN9AARARIN AV TNANAUS TR AN UNRIA NS LazdnINnIsga

1
a A a

AANINH 'JLﬂu‘ﬂM?W@QuNﬂNMﬂUﬂIuWﬂ@ﬁi‘@ﬂﬁlﬂm’l Imﬁlﬂ@iﬂﬂ’]ﬁ‘ﬂﬂ[ﬂﬂa'lﬁa'lﬂ’mu'ﬂﬂ?lﬂ\‘l’&’]ﬁ‘ﬁ

a a

llﬂiﬂJIWN@tM@Vﬁ]ﬁ"]ﬂ’]ﬁ‘mmﬁ]ﬁaﬁ Lﬂu ARTIRA qummunmmmmmmmmmm mmummmmm

'
I !

Aofidlnas  dhsnsiedeuiid dngiunianielulnssgnacuauing A IBANELaNy

D

Fund1 Film  Diffusion ﬁ\iﬁuﬁmmmi@mﬁmaf;%ﬁmmﬁuﬁuﬂﬂuﬁmdquﬁuLﬁumu@uﬂ’
NAWAIANINAFRARY  luneasadninnismasunnaluiudnsnisgefiaie nsgaRANn

Az HlUgR I AUNN AU LU AUENANNB981TA AFIAKY
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2). ANWULURNANIAARAK?

v
ANANN17D TUNNTaTAN N TevaIaT At uasTadsagnaran el udadud Ayl

o

NIYARARY  NI9RARANIAZINNIUNEAINAININ TUNNIATA LN TBIFIYNATALARAY
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[HesannTunisgesaia  FagnasaisazfedgnuenaanaIndaiiazany aluntaeun Al

—

dl = A %)I val A o | val = =K dl
Nasagnazatalanantdlunisazanalui ldpvzeunndoaduleenldnuariusstinmiian

o

3 dl a a v o 2’/ dl %; v v A 1 a a
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a a

155 wenantlawisaesiuianasassiagnaraiefdeflpnuduiusiunsgafnRauNgnsINIg
dl dl a =) = = o/

wasunngluwsailunalnnisasuaunIggeiaie AmNa N0 uNIaRRARAz W lsNNEL
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3). o

= aa a ] S = dl

Aaadaninasaniagernaiy Wesannlalnsiauleaan uazlansanlaslaasu aruiem

a a 73R % [~1 a a d‘ XK a dl =

gnaamnRe lfAeudnsudausg N199ARARYS leeauaN RIINANIENLILEIAINALeTLDIANT

azane uenaniiieadsdinasenisunnseiulesenuaznisazanatiivesan s fog

4). gRUnnH

)

nsgamanalaevialiiilunssuqunisateaauiau (Exothermic reaction) AeliAYIN
A lunisgaRnRAz RN AAAY wsidnsFalunisnaRaaargluie

QOIMNAATU AsaNNIg

—>
A + S . heat............. (2.4)
Wa A = @1IQnAARANY
S' = Wuiin

o

dl a dl o Y a all aana agll a a ]
WegnmnRidasuasininansilasuannaedlizen wenaiilgmumn)idatinase
Ao NdINsnluMsgRRa o Inelasuulasmoauginsolunisazatsaesasuneatingos
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4
a K o !

amsndalunnagamniaTuiunsundneuenuaznisunsnely drszuuianuiy

a a =

[ OI a6 9; dl % o 1 [~ ] -&I dl
Uaupn V\Imumsﬁqmm@um@mmmammﬁwmm’]LL@::Lﬂu@ﬂmmmm@mmumm

Tanadnliuiaresasgasaiastiunisunsniauanfaziiluiladaniiundnsnizanisga

a

Anda Tunensedudnannuiulaugeasinalanune vinlintsunsnielududadeanmun

a a o e

dmsnganisgeiaie  lunsilresigaiatouuuaedny Avntulouneludafifemanuga
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T S VI PN I
2998130 AN IMAH NN AR9989 Seazinlianslun1sgafnRagaay Wesainmnu
1 4
Thalougaan
6). lNadNHa

6

Tunstlaasiagaiatowuupedny  wadudassdunmiimesniuasallssd@nsnim

nsgaRaRauavegnsldueests  Taednanlunisdudainiuuaraonududuaesio

4
a Aa [ =< o

QNAARAAILALBNENIT HNIULDITIRARARILILAANTAZ WAL uietalaAn aldudad
ANNANTUS UL AN WNIIRARARINENTIT WL Sndesnandndainua
emnandNEaNNNzaNLee Wuas Iifinaseilszdnsniwnisgasatoas

2.7.3 lalnnesnninesaiia (adsarption isotherm)

TaeinliiBunniaaefingneanqnangaazinaudanNduduassognaaluais

1
a a P

azaneNINTU TUNINTTLIUNIRARARY UBNIMIBNFIgNARGE 1 ulaeiuinsgaRnka 7

1
=

Wuistuirasandudu o qaannaluaisazatsnguugiash Gondn lelanannisgase

q a

17 (adsorption isotherm) lalnmannisgesaia lunisuassiBunnaessagnazanai

' 1
a a Aa =K o [ a

gnaeRAseiaeIesanIgARARe  TNANRUSILAY NN pannaluatsaa e NgMnH

a

70
psh Talamannisgefiniainansgtuun ssuaaslugid 2.7 giswaedlalnnaunisgasniio

o)

1 ¥ 1 1
LideyaneniunszuiunIngefiaie  AnEuUENIgARARITRINUNFNgARRARL UL

k1l al

nanszuaunIeRais gilivveslelamenniagamnialaevialuielfidu 5 wuy Auans
Tugn 2.7 waillelamesnisgaiafouuud 1 unisgasnRodeluanaiesiumnaouuio

1094199ARARY  uuunwAedunIsgaRaRataa NNl A nauA I TULUEN T IRARARY U

a a a o a

atnglafinudniunisgaRataNiinsyndIvansazatadaiudagnaafala iU ARARIN
3

a

v ! !
Huaesudeiu lalamennnageistedinaveslusesglunufe wuui 1 L-shape waziuud

'
o a a a4

e 5 dedAnwuziily s-shape InanspARARLLLIL L-shape aziflunsgaRnEanEuana

v
= 7 a o a

nepRRRANEN TR UENLENTBIAIR ARBRL WaziindssunauaINdaazanaies dou

a

a

WU s-shape HIUN19RARARATNASIN  ALINLANFNNTEUINFARYNAARRARLTLFARARARARNY

a

wazsEnINdanaRaRaiusagaRnRa  RanalnnNInARARaTN  (Co-operative adsorption)

k1l
1
=

TnenReulanavinlaltnennisgafniouuy L wee S dnaziinduaisazaaffagngasn

a k1l

RafAsdNdua1wing(Rouquerol,1999)
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Talamennisgamaraivaazluuy WukaniaInnasimwIAFuazdunnainnis

2

2.7.3.1 lalnnannispasamauluadss (Langmuir adsorption isotherm)

aNNFAFIUNUIIUTesILILSNad e lnaNnsgAR AR LU LLATAS A
i %
1. TaNAQNAARABE LTI N UL ULUN LRI 1998199 ARARNY

= = a a
2. {luanaiaadlulsnognanin

a a A

¥ 1 ! ! &
3. WuresLFngARaRaRaunieu San unlasAnwzaesiumtn

4. NAWUNNINARARIN AU NLFIM

nsgaRARnaInansavasinaasnaRnia wanslifeaunng

X =(X,.bC,)/(1+bC,)
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1 v
=

oy X = Bundagnazanaignaeinsanisatinminaassanara@laaninmse

Tua)

|
= %

X, = Bunusagnazaannngangnanfniveaiauluguma(Monolayer)
(HARNTN/NFU viTe Tua/nsu)
£ v %3 dl a a o o =
C, = anudnduressognazaraluansaraienqaanna  (RaAn3N/NTN vise
TWa/ang)
b = AN NNANINLBINIIAARARA

dle X1dhg X, uaz C, 1 g 00 azidauaanaslsiiu
C./X =(@IDX )4 ©Co X )  iiom (2.6)

Wallsuns maEndng C/X M C, Fuiludunss azilanudu /X, uazqnsauny y

WinAL 1/0X uaziianasag C, azlfannaduns Ae

/X =(@LIX )F@ICHLIBX ) oo, 2.7)
@aungszngng 1/X fu 1/C, Tailudunsy aziaoudu 170X, uazqadnunu y win

U 1/X, ANANNTT 2.6 WAz 2.7 uandlangiin 2.8

1/bX,
1/X

LANGMUIR
} 1=1X, ISOTHERM

1/C

717 2.8 lelamennizgamniauuLuaasiag
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2.7.3.2 VL@T%LV]@NM?@@@@Q’JLLUUﬁ%ﬁ (BET:Brunauer-Emmett-Teller adsorption

isotherm)

= o %

TaTmnennisgasaiauuuiianwmwnianlelanannisgamstauuuuasiag - Toe
mnmi@mﬁmmuﬁmﬁm (monolayer) tfun1sgARALLLYATETY  (multilayers) TILAAY

Tuanalufugasstatuuen sxiluiBuunadlianadun 2 gafa dwhaafuiuduaw se

1 Tpeiuanslfsagunig

X = (X.bC,)IC, -C,)(1+(b-2)C, /C,) ... (2.8)
oy X = 1Buasagnazansignaafnsdevdaetininaasdanany (Raaniu/niu vise
Tua/nsu)

1 v
= %

X, = UsudagnazangninigangnanfaivadinguEuduiata(Monolayer)

a

(RAANSU/NTN 1178 THa/nTH)

C, = mfmLﬁu%ummﬁqgﬂmmﬂummmm%mmu@a(ﬁaaﬂ%/ﬂ%ﬂ vive Tua/
ang)

C, = mmLﬁu%uﬁluﬁwmﬁqgmmw (Radn3u/n3u viva Tua/ans)

b = ﬂ'wmﬁw’mwﬁwf]ummmi@mﬁmﬁq

“’\’]ﬂ@‘&lﬂ'ﬁﬁl 2.8 @WNW?ﬂLﬂgﬂuiﬁLﬂu
C,/X(C, -C,) =@/ X_b)+((b-1)/X_b)C, /C,) ...... (2.9)

Wealaunaszndng C/X(C-C,) nu C/C, Tludunsanaaaudys (o-1)/X b uay

o

AARALNIY WU A/X, b AINaNnNg 2.8 WAz 2.9 uanslFAsY 2.9
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(A-1)/AX
1/(C-C)X
BET.
} 1= 1/AX_ ISOTHERM

c/c,

€

917 2.9 lalmnennizgaRnRauuLLnd

2.7.3.3 lalninenniignsauauILWuaaT (Freundlich adsorption isotherm)

'
a a

ANNNINTAARARI LU NI WA AT LT uuNIraeRgalunNsaBUNENIARARY lWsTLL

o

=<~ X 4
WAILURAD TINANNITANL AD

X fmEKCET b4 NN .. (2.10)
Tne
X = USinusgnazaiefignania(mgsiseMole)
c, = psidnduaesiignazaslugisazaafianaunaua/ans)
K = ﬂ"]mﬁé&’uﬁuﬁ‘ﬁumwmmiﬂumﬁ‘@mﬁmawmﬁfmmq
1 = ﬂ'ﬁmﬁﬁuﬁuﬁ‘ﬁuwﬁqmmmmi@mﬁmﬁq
m = ﬁmﬁmmmi@mﬁmﬁq (N5W)

Y o

ANANNTIN 2.10 @mngnlauanniz gl logarithmic MHAadl Aa
log(X /m) =logK +1/nlogC,. ... (2.11)

[HaLTEuNgIMIENINg log (X/m) it logC, aziludunsaniaaudu 1/n uaz log K qasinunu

y 293 log (X/m) 7 logC, = 0 (C, = 1) AMNANN9N 2.10 Uaz 2.11 uandlamsgiin 2.10
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I/n
log X'M

7 FREUNDLICH

} 1=1logK ISOTHERM

log C,

9117 2.10 lalamennisgaia i uuILWguaRT

[ %

2.8 DIAARANILLLABANU(The Adsorption column)

u

a

TunszuaunIIAaetul Batch UsNnuaedfagasntanfuiiauuazeanaazgn

o a

nanashluansazaneiidngnaamaia  wWelinain1sdulaniunzanaunIzLIuNIanRn

v
o a

AOIRELILIGTE WARARLAZAIINAARARIAALYNIENAINANTaT AR UEWATAAY

u

NFLLIUNIINEARAANN L Faans luasazansl

Tumsdszgnaldeunszuaunisaasiaie  dadunszusunisniaesmadvizesndlia

Tuariuatingsiaties. dnagnisldnszuauniagasinialuiigafsiouuuaedn Geazifage

u

a a 1

AanaussqegnielutiiuasliaesnacvizesesivalnaniuuaiinnszuaunnIgAnRo@Ia1s

Q kTl
'

nlaifasnisaanainaadlva  nszudUNNIRARARL At AT INRARARIULILABANITALE

1/92ANBAINANIINTLLINNNINIZLAUNNTUUL Batch (Faust baz Aly /1987)3AFNAINIZLIY

naaRARa uNgARARALULARANY. 419gaRaRIAzdNEaTugzaneNNfgnanRAnEatng

'
£ o a a 0 o A

plaliay AFageRARAsinFamaudlutaTesiugnfnte Gausazdiusydudanuansazans

a

Imlitlvatuegaaeana) - dudunasldinasliamingeinioldifiuanaummuesi
ﬂmq‘lﬁmﬂﬁmimwﬁmmL*?J’N%Iummmmzmaﬁmﬁ(rﬁTfmmazifuﬁmﬁumm:mﬂﬁ'ﬁmmﬁu
%’ummﬁqgﬂ@mmﬁm@mm) S ansednuALNSZMNULL  Batch ﬁmmvﬁuﬁmmﬁqgﬂ
@miummzmmmmmf‘;"ﬂm(lﬁmmﬂqﬂ@mﬁmaq'a@ﬂmﬂmm:mm@ﬁ@m)

2.8.1 The Breakthrough Curve W% LIAN13018MNIa417(Mass Transfer Zone)

a a o e

\Nadnsazane lnaiuduressianaiey ludagaintouuuaedny  wtiipa( Wave

% 1
=X =

Front)¥3aiamnngmunads(Mass Transfer Zone)azinluiiaaInnazuaun1snamnRagns

1
a

v ! !
azaeludu Auanslugd 2.11 wassnaaauudaspondudusessognaafinionioues
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a a o

NAARARIFNANNANTANTURIRARARY Waarsarareluadudn llludusagafaie fagn

a

R

o

v ! ¥
NAARARITNTULLAITUFINANAUNILAIDIAANAATDIFINAA W UULUFIAA

a

ANNAY

=)

A

EA0)
D)

1
a a % =

praligaRaRalFaufnANaINnslunsgaRnatawds Ndudaasiihiludunnszuounisge

a

=)

¥ 1 ¥
ARAAATULATAIDNAARARINNAIQNAAGNLFIAARARY LSANANIARRARYeELEING

=)

WANTIENEINNIA(Mass Transfer Zone) ANMNULNUBIIATNENHNIaLAUAUTIAde AN R8N

] o

U Fagnaafnianadlualsazany ANBUEIRIFIARARARILAY hydraulic Factor 183GigA

o—

a a dl ! nﬂldl ol/ 1 o Aad‘dﬂldn
AANILAN u@zmmnmmaﬂﬁnwuqaLﬂ@@uwmqiﬂ@uﬂiquamaqq@mmﬂqma@mmmmq NIALLTENIN

M breakthrough TeuNEANAATIFRYNAARAN lLAIEAIgABRNAINTIRARARY

u a

wuupadRiudn seuandlugilin 2,12

ADSORBENT LOADING (X/M)
WA e T TEESE W .

X/M
s 31 Saturation
(Exhausted)
M!ii
Transler
one
BED
DEPTH

gﬂﬁ 2.11 @wannsonewmdaa(Mass Transfer Zone) TUENAARANLLULIAB AN
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ADSORBENT LOADING (X/M)

TOP

BED DEPTH

BOTTOM /

TIME T=0 T4 T:2 3T/4 1
. Ciwn =
Exhaustion
=
- A
z2<d
i
aZg
w W oo
wf.i! —— g g From
o
(8]
-4 f
COUT PUSI—

Bresninrough

TIME IN OPERATION

917 2.12 anwaulaerialllunisvineuaesdsgasatauuuradNl(Faust uaz Aly,1987)

AMTUTHNAITBUN NN AR AT ULLILIARANTAUNSET9N99A Breakthrough Taifluqad

1
=

UANININRARARIULLIABANINAANAIN D lunsNTARsuINVTatias AL

1
a a A

Tnvassanaiaglufigafaie aIBIATaNFINAANTY avFelTuImg

v
o o o/

Wi RadULLLARANIALNI LI Breakthrough axAnaa

a

Y v o a Aa dl 1 o a Aa dl al Y v A
A NdnduresdagnaaRaRof lnaiwisgeRaNe WalnaAudndy  1aiTe
UFnn AUk ARAdULLLABRNIAUNILANTN9A Breakthrough Azanas
- A oA X - Y4, o s
NATURIANTATAEN AN HENBTINIU  1IaFTaLiNInsn e uigaRe
FULLUABANIAUNITINNNAA Breakthrough azanad Liasagnaeiaiaduans

= % 9‘; v v
Anrsumnsnlutinledias
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a o

- dmnnsluavesansludegafniia(hydradlic load, volume/areatime) — LHadm9

v '
o A o

nsluanInauavTalTuAs N Ui aRadULLLARANTAUNILIND9qA

Breakthrough a&anag

|
=

fladefannatandeduiuioulalunsiil Breakthrough curve ugilsia S usilu

Ry A o a a PR oA ~ Yo 8
@']?@:5@']?]‘1/]1]1@@@% NTRAINNAARNANININNITNRUIAND W?ﬂﬂ?mmﬂﬁﬂq?ﬂ?:ﬁﬂqﬂﬁﬂfﬂﬂﬂuqL@ﬂ

Ell a

o

A3q azdfladeauiusinsaunmunansieaed Breakthrough curve 1 Nsutiedunsgngm

a a a

AaRa NsunundagnaefaRaldliafesagnananialan usu 9win1i breakthrough

a u

curve 13J'L’flugﬂﬁ'3 S

2.9 ARUN3A(Concrete)

%
=R

paunssiiluianneadia Fauadeuiunye s Angauun ldnudulaseaie

&9

o o

PDINANTINAANNINAN WTN AT AR uaNAsy auldun n91e AU Uy nmauazdidiu

Q
1 1
% o ] a = o 1

pnedndaunnivun tassaiwpaunaafiviuiuegialliun Au A @iredeAns Wuouu
us  evAtlsznevrespeunsan ldanulseiallannsauiseentdifusesdaulun e

%LuuﬁLW@ﬁ(Cement Paste)LL@:f@QNmN(Aggregate)

|
=

= L & | ] 1 =l 6 o %; dl a ana
1. BNUALNAR (Cement Paste) tUdIWNANszUd N WHNUAT LYY Talanal)nsen

= o A o

Nl \ o g 3 > o 8 v o PRy
NANLANNLTEINDN 1E1Lm°]m(Hydratlon) ?gﬁﬁqq\iﬂquﬁ‘wqiﬁﬂ@qﬂLﬂuQNQWN@m@NUWQULﬂqz

q

[ %

wdunudanNan
= o . o Y a
2. Tanuan(Aggregate) visaunanEEndINan Iaevinldldunniutes nsm uay

nIaneu

1%

Fanuaruiamnaualifluaawlsznm

- daauaNazRun(Fine Aggregate) NN IARNANTHIUIAAN  A1N1TNABAHIY
ATWNFNIATIFMLes 4 Telfun nae
o =KX o dldil 1 1
- Japuanngl(Coarse  Aggregate)unnenedanuannanaulsliaunsnaanciu
pruNIeNImINguLes 4 d9ldun Augesviansan
e X = = - . y P a .
yananilulilemaunIna1alansaan i (Admixture)  LMIWANTAN NN (Chemical
Admixture)WTa@NHANINNULILILIEE) (Mineral Admixture) ldiAnasluaaunzsNel3ulse

o

TipaunsnaniizaaaunsnNudaaudolAnaNTRaunfaInIg

|
o

A o \ L X o aNd A = = o an
LN@‘HW@QHWW\T’]LV@WHNWN@Nﬂu@sz@L??_mL'ﬂqusﬁ\iﬂqﬂq?ﬂLmﬂuLﬂuLLNuﬂmﬂJiﬂ N

wanlugiin 2.13
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YT 47
g

= &
GIROI
e 4J sy
wefin  —
7978 L »| AeuNIA
a e
fuvisansn p

717 2.13 naeFendeesAtlsznausiieaeenennan (§1914,2537)

2.9.1 UuBunus

Yuiwuiiduian@endszaunliannnisuawingy - FaAnAINNITRIAUEANFNS)
auldun  Auu(Limestone)vzanuilugna(Marl) - MuAWMEEN(Clay)Wsaiiuan(Shale)ludn
doungnsiad wanaNifeNalnIsENWsAN( Iron Ore) Wratiudu(Gypsum)muaauanily
dl o vl a £ = e‘di o o o a 1 A
WatsuilplilamuasTRanseanis  Judimusidenaniudanaazainaniiutenvizansan
Aungeveny NaznaneliluAeunsn B9l auINALaNast AN LTI WAZ NN UAR i1

1 ¥ !
Yuiwusinnaatuldnuninigaluiladivldundwimismlasnuaud(Portiand Cement)

2.9.1.1 a9A1lsenaniua el [ uT LN
aeAlszneureuiimudlsznaufasanstlsznaus T nanuAAEINTANALAY
= a @ 4 ela Rps P = ~
uwraLdNegHualudud Aty TelhannisingALANeIAUsEnaLNIARTBILAR TN
aanlaf(Ca0)danaulaeanlas(Sio, egiianaanlsf(AL0,) uazairaenlas(Fe,0,) lu

%

pdauNzasiATwEaw(Clinker)

o

popURdlunsrEa T s uivldidy 2 1in

1. demumiiWianauaadeuiludoulvn)(Calcareous  Material)  dvae/lugtivas
CaCO, léiun #iviju(Limestone) Auganaas 13a 4oan(Chalk) Autjuaia(Marl)

2. ﬂi:mwﬁiﬁ@@ﬂhﬁmm%ﬁn@u(Siog uazag it (ALO,) Wudauluny

(Algrillaceous Material) l@uARLANUTaRLTA(Shale) AUAYTRALUTLEL(Clay)

Hutuau(Slate) Bansmanilinsznaudausfiusine wu A1led usi(Kaolinite)
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aalasi(llite)  wazNewsneslalus(Montmorillonite)  @iluanssynasainan

Aad  aa RPN S . o ala - PR
@QNLuﬂmsﬁ@Lﬂmwmu’m@ﬂ(Hydrous Aluminum Silicate) NHAIALUTLNAUNILARN

1%

AftyAn SO, ALO, Uaz Fe,0,

¥
A

FudowndngAumanil Aazfianieindjisamaniiuassansaiuduanstsznenly

qQ

'
=

sUidmijunazi@ennan ﬁﬁmﬁﬂim@umﬂﬁqﬁ
1. lpsupa@enEamne (Tricalcium Silicate,C,S) ?ﬁlqﬁ@;mmwmﬁﬁﬂ 3Ca0.Si0,
2. lawpaiisnd@amne(Dicalcium Silicate,C,S) -~ Hgnsm1ualias 2Ca0.Si0,
3. lnsunainagiiua(Tricalcium Aluminate,C,A) Hgnimnaaiiae 3Ca0.AlLO,
4. wnsAatenagi lumaslsvi(Tetracalcium Aluminoferrite),C,AF Hgmsn aiaiiag
4Ca0.AL0, Fe,0,

anstlsznaumauidpdrululumuuilesauausag feuanslunaem 2.2

;19097 2.2 @ansilsznenndnAnyaesuminuslafauaus

Oxide Formula Amount( % by wt)
Portland cement
Tricalcium Silicate 3Ca0.Sio, 46
Dicalcium Silicate 2Ca0.Sio, 28
Tricalcium Aluminate 3Ca0.AlLO, 11
Tetracalcium Aluminoferrite 4Ca0.AlLO, Fe,0, 8
Gypsum CaS0O,.H,0 3
Magnesia MgO 3
Calcium Oxide Cao 0.5
Sodium, Potassium Oxide Na,O, K,O 0.5

uananigsianslsznat@u@nnlinasaInnisiig 1w Mgo TiO, Mn,0, K,O uay
Na,0 delziluagifluswudesilaisuiuiwinuiinuiansnasdsenevlnsunaides
FANA(C,S) lauAaiandanm(C,s)muiuiuilfannie 70-80 % 1a9iFunuianue

2.9.1.2 Upjisensendnayuriuin(Hydration of cement)(3in riedvdes,2538)

nsnesuazuienresdiuusd fnanUgisenlawety  vesesslszneuuesdinnsd

14
Tnenljisefinuluassdnenife
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- endanisazany nefdwudazarataunne ina leaauluaisazans leaauiie
¥ X e eua X
Aulaznaniunalinaasdsnaulusaunn

= aaa 1 [~3 aaa dal = é’ dIQ [~3 1 0

- maAedjiensendneeds  Uisentifisaulnensaiieveesudslnglian

Husaaldansazans

Ufisenlamsduresdinuianfiong 2 danwoe nelugasusnazerduansazanauas
dossie laziinUisensendneaguds
TutudwmidefnuausmatlsznavdetesAtlsznaunaiastingallisenlamsduunn
1 [ (% z
FNar eIt
- Ufienlawmstulesiaaman@ane (19 C,S waz C,9)
wAAENERINAAziALseAuiuna Ca(OH), waz Calcium Silicate Hydrate #1911
nrndlusalseans sanandlugunim 2.12

2(3Ca0.8i0,) + 6H,0 ———— 3 3Ca0.2Si0,.3H,0 + 3Ca(OH), ......(2.12)

yraeuls 90

2CS + 6H0 ————p CSH, + 3CaOH), .. (2.13)
2(2Ca0.8i02) + 4H20 ————»  8Ca0.2Si0,.3H,0 + Ca(OH), ...... (2.14)
viraldeule

2C,S +  4H0 ——» CSH, + CaOH), ... (2.15)

andfjisenlawmsduninaa aziin Gel 989 Calcium Silicate Hydrate,CSH ilaudamnazs

o

AnwnusndnAnyaaaliznishe Tanaildadnane uarigngu uazld Ca(OH), luna

o

waan 1 B l@ssinasii g ouantRdusasagnaman (12.5) (gUn 2.14)
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S =
W& B
ASO
n{'-!‘“"ﬁﬂ“j’“%'
SN

0 & W

Ca(OH), CsH Ettringite

9117 2.14 LAAIANBUTIAILAATINTALNA LaLATH

aaa

- Upisenlawmaduaeslnsunaideanagiiun(Tricalcium Aluminate, CAl )

aa

Ujenlansiures nsuraiduuegiun axdstuiuiiiila wasnelffanisuden
atinemAEa MU Fagunen 2,16
3Ca0.ALO, +  6H,0 ———— 3Ca0.ALO,6H,0
wrallauld CAI + . 6H,0 ——————» BCAH, - e (2.17)
ilasaniifenlansiuredinmunadoveglunfsluethemade  Aedniadnty
sfu(CaSOA.2H20) ashllunszuaunisuny uimus ?ﬁlqLﬁﬂlﬁmﬂﬁ‘ﬁ?ﬁﬂﬂmﬁﬁummim
AR TN DGR Eusfuﬁlﬁmqiﬂ%ﬁqﬂﬁﬁ?mﬁu C,Al Wil Ettringite Uuiz8981AA
C,Al A4ANNNT

C,Al + CaSO,.2H,0 —  » 3Ca0.Al,0,.3CaS0,.31H,0 (Ettringite)
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dl dl a oI/ A 1 dl o anna a [ . . [~ a
\Ha Sulfate Tnangudumdeldiiesnenazind)isenawiniy Ettringite faziin
lamsdunes C,A saaunsyiv@ugaifiisan tne Ettringite Miinaziasuliilu Monosulfate
3 ) 9
- Upisenlawstureunnszunaiianagiliumnaslen
Unsenlamsdues CAF azfinludaesiu tnefl CAF azinlisendu Suduuas

Ca(OH)2 Maflueyniandgldramilandinaes Sulphoferrite Asann1sf 2.19

4Ca0.AlL0, Fe,0, + CaS0,2H,0 + Ca(OH),
————» 3Ca0(Al0, Fe,0,).3CaS0, .......... (2.19)
naannainUfisenlanedulngsintesarsssnaunaniad aviin CSH gel uay

Ettringite AABLALLWEATINUG AlHa Ettringite viaalUAaziialamsdudngqaudsingn

V%
Nl

Dormant period _J‘ Setting Hardening

e

I-_|J
- -

B
|

NN : da 2537

=b.

6

st 2.15 uamanisinadisenlamstusaznisimunlnseaiisaesdiusdinas

1
-

p = a M Iy = - - Ay
ANgUN 2.15 AuansuLaunIgie lansdunas IANaF19eT N uENAs Tnain s
Azuanssedudnn Ca(OH), uans Aoagilivaen UazHAn Ettringite uansosdududy a9
angtlaziiudnlugosdalnauen Ufisenlamstuazieliiiin Ca(OH), waz Ettringite #A%a7N

v U ¥ !
1u CSH gel azGuiinulneigUiadudulaeny uazudsann 24 dalusiull C,S waz C,8
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azinlfisenlamsfuindudule CSH nanailuiandentszaruianuaninduaeunss

g9nusialdl

2.10 NUAULANET

Aziz, HA. et al 2001 $1N1INARBINIAR NOIUAIANNIIREF AT Tiaanadiudy
221914 2-60 mg/L TaevinnsAneEuiaili 2 daume N1IMAaeILLL Batch BT NNINARES
AOENITLIAUNNINGSN N1INAABILLUL Batch #N13ANHIGANATN 3 UL A9 Hiutjw(Limestone)
oundus(Activated  Carbon)  SASHUUWNANTNUAINUA  49UN1IMARBINIELIUNIINTEN
dunsztnunenseauu ety #9ainnnamaaeduLLBatch wudn Ainaudiudureamedung
f1 (0- 20 mg/lL) uazMdFnasie Autudien (Funnasdng 0-20 n ) % narndadienll
NNUN(EeENI1 80%) Lwi‘ﬁ'mmLiu%’ummwmum@;q(BO—Go mo/L) waldiiuuiias(0-40

n5N) % N1INN9AAzANaN( 80 % aulil) wazlunimeaadfaaiuAIRNET WLINHaNIMLAAN

I '
1 a al

prsidlunsasnaiuduil 7 feaneesiimniisty Tneddleld Fuusnntu AvieTeesans
avaneineazilinanty  saddediminduunniuiszsumilenfiermesansazanaazd]
AlauANFNIULAENUN UEENEAINNNINIARNEILANHAININNGT 90 % Lﬁ@’lﬁﬁﬁugué?\wi
20 niuaLl)

Tun1sMAaeININIas asinis et naty wudiansszaneafiaananndansasiliand
TBNELTsNnl 7 108 8 1Ay UsLANBANWANINAANANNIN 90 % ludna 10 Suusn 7
Retention time 2.31 1d. Surface Loading 4.07 m’/m’ per day LLﬂﬂumwmﬂmLﬁ@ﬁﬂH’]m?
UsuArmuitunsasnedlnasanisnidanasuasiseld wudilszdnsninnismnanaaudng
pdaugaslsiindnlss@ninmnesadanauasluaisazatelilduniannnsasuulasen
AaLuNTAANeNaLAEn

Aziz, H-A. -and ‘Smith, P,1996 NAaasindn Mn lutindadansi manudad 1
mg/L A8MATIANIINIAY TnafliutlsifiinsAnenae 101995INaTe ANIVINT99TUNT0s
YUIAYBIAINTDY WATEMTINITNTAY  TUN1INAABIRLIL Batch AUFAINANN 3 Tila Wud1 Huu

A a

H % NIN1AR Mn NINTIgA TB9AINIARETNL WaTNaenINaIAL lunisfnmiladeniedinu
ANTHTUNTAITUNTEY WU % NITANEA Mn AAMNUUITLNIES 500 mm. NINAI1 A1 250
mm. TunN13ANE1T1Ad8 Fa99UIATAIFAINANY AU 2 AUNA WLGIFANANAUIA 2 mm. N1T

Aan Mn 16 85% A9uFnnaNaUNA 4 mm. &1N10RNEA Mn 18 82 % dqulunia@nen
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tlademiesudngnianses 9 10 ,20,40 uazs80 mi/min Tneldiuudusonaslunisnses

1 dlo/ ol % a a o v aa 1

WL ‘Vl‘ﬂlﬁlﬁf’m’]?ﬂ?@\‘iﬁqiﬁﬂﬁ‘Z@VIﬁﬂqWﬂW?ﬂ’WWl’l@ﬂ’m
Weng,C.H., et al 1996. AnwUfdniugniaaiiszndng Cr (V) uazann1Aed
Wﬂuﬂ?‘m(Hydrous Concrete Particle)sluﬁﬂéfauﬁ\iLﬂ’a"wﬁ(Synthetic Ground water)Wua1 na

llﬂﬁ@m/]Lﬂﬂ‘lllwm’)‘ﬂ'ﬂ\i'ﬂiéﬂ’]ﬁﬂ'ﬂuﬂiﬁm 3 ﬂ@iﬂm’)ﬂﬂu A® redox reaction, Adsorption Laz

Precipitation Tmﬂ‘wwLmjLﬂuﬁqﬁwummiﬂmﬂﬁmﬂﬁ'ﬁ?ﬁmi:mw Cr (V) fUaYNIARBUNTA
Tnendiaiies 4 Cr(vl) T lsiaudansiziasilizandu Fe” NunainesAtsznaunaunss
ANgzUAUNNg reduction Nl Cr(ill) agludalaaudunmzilazgnaruaNfeAIA

-ﬂl = 49{ ! 1 = %’ ya o c
N9aYAEYes Cr(OH), wazazanaznaniiafiiasgeay ddulutasiieraestinlifudansnzi

a

5909 4-9 nalnnisgeRaReazflunalnuanlunianndna Cr(vi) Insndnalnaduayunisia

f
a ! A

ﬂizmummmmmﬂqﬁﬁ@mmﬁmmm@:ﬂ@uL%\isﬁ@uﬁﬁqmmﬂ@uﬂ?‘mﬁu HCro,  denwudn 7
107 6 N3tEA Cr(vi) & 100 % usilefhemaesinldAuduassidusng RaadAmneunin
avdulsmanlatias(Less Protonated) %Qﬁ’ﬂﬁﬂﬁﬂﬁﬂﬂ’ﬁ‘ﬂ%ﬂ@uL%Q%ﬂuﬁaflﬂ@\‘]@iéﬂ’]ﬂ
ﬂ@‘h&ﬂ?ﬁlﬁms\lj(weak surface complex formation)

Feng Chin Wu 1999. AnE uavasitagsianianamnaia Cu(ll) mea lalagiu tned
Chelating Agent 4 1iipAa EDTA , Citric acid, Tartaric Acid Wa¥ Sodium Gluconate Glu‘ﬁﬁ

=

Redaumaed wud lplamuiinouainsalunisgeanaia Cu(l) 169 2.5 mole/Kg wsitiad

b

a

Chelating Agent A1AINATNNID NNIRARARIARNAY TWNNTANENTNBTFAN VLG Nalnd

]
=K o

o o A o Y a ! dl A a
Z\ﬁﬂfyﬂ'ﬂﬂqﬁ‘ﬁ‘utﬂﬁ‘ﬁ]@uﬂ@\ﬂﬂimsﬁ’]u TN WNANTZLUNIFaLLaIAS NI1TNANIT

Coordination 32114974 Cu(ll) fulalnanunldlasuTdsnan wazn1sinelectrostatic interaction

1
v o o a a A

3299 Cu Paudafy Chelating Agent il lalnmnuiisuthlsmen %uﬂuﬂ@iﬂm@@mmmmm
Aananlalnau ﬂ'ﬁﬁLmﬁmmmmiumiqmﬁmﬁq cu(ll) Tneidl Chelating Agent tuAe
3.1-4.2, 5.0-5.8, 5.0-6.0 LAy 5.2-5.8 A5 EDTA , Citrate, tartarate La¥ Gluconate AN
A0 TUN9ANHANNIINIRARARINLIANANNIINIIAARARITEY Langmuir ANNNTNABLNE
nszuauNaialéar® > 0.99 lunnnaid Fatuazlad Chelating Agent) lagfiiAIAN
anisnlunIgaRaia 1w 0.5 mol/kg, 2.6 molikg, 4.29 mol/kg WAY 2.48 molkkg &ML
EDTA, Citrate, tartarate Wae Gluconate AMNATAL

Lee MY. et al 1998. Anmnstndansinluinedanmeifianudady 10,50
waz 100 mg/L AenzAedt)(Crab Shell ) 4uIA 25-100 mesh  WL4INTZUIUANATNDL

1
a aa

(Precipitation ) lugil PbCO,uaz nsgasaRanEavasnzaastiilunalnnanlunimidnnzin
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Tulnidaduaed Uss@nininluniamndn Po Iaiuet ludesileatiasndi 3 uazwusile
v

2+

1 1 1 v
Flasaudausuloun cd” cu® Fe* uay zn”" AMeAuNId NI uENALIaIAE A9 INAI

dudu  ldvnldlss@ninannianidnmnziaanaseselitiadnAyuanannanaanaududuans
TagauiaNazlA1NINngn 100 mg/L TunnsAnenatauaainisemelss@nan nnisnian
peinluindadanzinudi 99% ae4 Pb Tutn@sdaunszvignindnlanialunan 2 4aTug
PR Y ¥ a v o 2P A o A | o ¥ o
MY 3 AnnudnduBENsuIenzia InenldicurinaeinsaesiAyinty 0.5 g/lasdinias
&umprzd Tunimmeaesiepaududuans ionic strength wudn NaNO, 1.0 M llfuasianns
nnanRziaag N Nltd1ATY

Dimitrova, S.V. and Mehandgiev, D.R. 1998. ¥iNn13@An=N1TA1aA Azialuwinide
AWAINTIANLFAINANAEAZNTUAINIINIUNQINAN (Cranulated  Blasting Furnace Slag)
AU 4 TUA( < 0.25,0.25-0.5,0.5-0.631a%0.63-0.8 HaaLums) TunsAnEansatduasp

1 % o dl ;% 1 dl % o d‘ o
AMHNIILNTIAANI91D947198 2 A UTHAREN S U W19 e T TN AN T UN NN AAE
1,2,3,5 Uaz10 54 v lweiAanuEe 100 sa1/09 Winan 5 F9luemas WUINNNLeTEN
o , B4 & o L L . = Py
A1209471782A2 1109 3.0-6.0 LAMNLBTTNEANTUIENING 1.5-3.0  WAMINNLOTITNALUD
= [ a‘ d’él 1R =R =K 1 o o al/
AN9785ANE > 6 WATNAINIINARadNNaulNDe 0.5 TunNsAnHIIIRaTsAe % N1INIESRRZAY
Tugnsazanenudnes < 5.5 nszuaunisgaiaounszuaunisudnluniaindn usni
w1 > 5.5 NITUIUNIIANATNAULTIUNTZUANAN AN AN ANA ALAT LT N1 2N 11n13
nndnnzifensgaRaRIaguEae 4.0-7.0 TAEAUALIWIATEININALNTUY AauiiaTiung
anlunsindnnziodanszusunisanpznewagudag 57-:9.0  lunisdAnsndeEnnmnin
ALNFUALNIINNGARLAY WUANHAANLIETNIUNINAZNTE % NN ARTHNAZLNNTLLA LD
NANTNANLTHIININAEAFUMIANTY 1 st minudA ANa 1170 lUNNIRNA AL
Tuansazanzazanad a1 nalnnnidn  Po Hadududenuaslaildsaanszuaunisen
mrnanisiiasiiagaInANdNiugssdne | O aunatrasruiliunin-Ansaeslenasinei
.00 WOONT ] UhY LD 5

AYANLDANNIAINNINALNTUTIN AN ADUTN9AN I Buunnaznfun Idasiinawyinle 1w
ANTANEIANMNANNUSIZNINN %  NIInNaaRzAafUAIANNdNTLENFuTa A lE U SN NI
ALNFU 1 NFW/Aa17azae 1 aRT LATLaT 5 wudn1gnianias Pb T laiiludngauiununia
AUNIZABININAZNTY  wazlunIIANENDINANNIINIIAARARINLIN  ANNNINIIAARARLUD
Freundlich a1113088u1ENaiiAN9gARRRG 1A

Dimitrova, S.V. 1996. AnmnisgaRaRa(Sorption)tane 3 4ila Aa Cu Zn uay Ni lu

PRLduAzFANNdulNgEag 107 D9 10 ° M srasninazniuanauaanlang lu
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NN9INARANFAINATDINAFNTRAAN1IN1ERTANE  WLINAANNIT NI UARITNRLAILAT1 RN

(5x10° M) Maanduia 150 w7 naguasuazdansd gnindnm 100 % dau SniAagninanle

72% uinandnduGnsiureddanzluid@edunmigaindt  Tueandudawindu wudd

o o

NBIUAIYNNIAR 60 % AINZAYNNNAR 46 % uAzliniiagNANen 32 % wasnudNdndIuaes

al

%
=)

nsnAntanzlsznns 75% Meaulugeananduda 75 wiiuan lunsAnsnieanninisge
Aafaraslaveiaatntinluansazargaaududuinunudnganunsnesune ldfaaannisnig
AARANNT8Y Freundlich wazdArAanatmnsalunagamniadwinlanzusazatinfe 2.1 x
10° mol/g A uFunesuad , 0.95 x 10° mol/g @11iL WnLNa uaz 1.58 x 10° mol/g &usy
fanz@muansu

Wunun 2543, Aneivilsz@nsnannianianansuy(lugil Anion, HAsO,”)lutinds
Fumrzfaonudndu 1 mg/L AassananaidsEAeunI® 4 2110(0.50-1.00,1.00-1.75,1.72-
2.00 UAz2.00 - 2.36 Aaawns)lnautisnimeassaaniiuaesdiume nsvaAaaILUL Batch
wazn1anaaedluiugeiaiauluAeaN Tudouedn1meAaesiul Batch WUINANAANIIAA
AaRafistuianaInsdula 5 4alie lun1smaaesnerfieainizansenszLaunIIge
a a 1 = 1 a a o o v a o
AANG WG LAMABUNIALAAZTHANAINAINI90 1UN1ENNAAATMY LA INALALNY NILALIN O
a | ¥ A o == L Y A o =
FUAY LaznLINWaTIa9 A datAIIsinasanninaaasianlnaipesiue Tunnsanen Tu

a a

nsmaaeulelamennisgamnionudn lelamennisgamntauuy Freundich winnzaslunig

1 lun1meaeLNINIARANTIY  LASNU LARABUMANNTUIALANNGY HANANIIARRARNY

N9 WAL luNImAae NN ARARIULLLABANINLAN  IWNATRY Lﬂﬂﬂﬂuﬂ?‘ﬁlﬁﬁﬁluﬁﬂlﬁﬂ

a
%
°

' a o o i ¥ a !
fn%ummmmiﬂum?mummmmamiéﬂuﬂ?mmm'mmnm']
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PYUADUBASNITANUUNIGIAE

nsraeATaiun1s3de@Iannmaans  (Experimental research) %1n19MAaed
syAuvieedfjiiAng (Laboratory scale) WviesifjiFnnsyarles(Solid Waste Laboratory)

NPRTNIAINITNANARTRILINADN ARMZAAINITHANARNT RNAINTINUINENAE

3.1 LNUNITNARNDY

v
%

Tun1nnidsAsatliaaaniily 4 4ouAe

doui 1 ?im:r’l@mm\lﬂﬁLL@t’ﬂdﬁﬂﬁ‘tﬂ'ﬂUﬂj'ﬂQLﬂiﬂﬂﬂuﬂ?‘mﬁﬁlgﬁﬁmﬂ’]ﬁ‘ﬁ’ﬁﬁ/ﬂ
NWNNIELUNTN
1. surface area
2. density & porosity
- bulk density
- skeleton density
3. SEM of surface
4. size distribution (effective size )
5. adAdszneunuail Anlaginatia X-ray Diffraction Spectroscopy
NNLAS
1. CEC(Cation Exchange Capacity) NNARBIAEAT Direct Method

I = A o o o [y =
A3UN 2 ﬂﬂ‘t‘mﬂ\‘]@.ﬂ’]'ﬂz‘wLMquﬂﬂJiuﬂq?ﬂq?ﬂq“]ﬂiﬂumﬂunm(N”! A LATARLNT A

1. da9aaInisidnganiazanna(Contact time Ja8an1snnan tany
2. dosiierEusunmEnzanlunindnlans
3. lelamenngnpiinfawuL WiwAT (Freundiich Isotherm Test)

AU 3 ANHIANHULUDILNLALAIN TP ULANI9A TR HA

1. N
2. runlaveminluglansazane

ANTR9LINA AN TIaUNA(Total Dissolved Solids)

w

4. AnA Nt uIeLNA(Turbidity)

doui 4 Anwnilse@nininlunisgamnialaanismaaesuiigARARLLILABANL
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3.2 98N15VAAaY

= = ) A o o Iy =
3.2.1 ﬁﬂ‘]ﬁf’]ﬂ\?@ﬂqqgﬁﬁ]’]\i"mLﬁﬂqgﬂﬂluﬂq?ﬂq?ﬂq@ﬂtﬂﬁﬁf @"JﬂLﬂHﬂﬂuﬂ?msLu@ﬂqqgﬁ

batch

1) ﬁqqmmﬁuﬁmﬁmmmﬂummqmm@ (Contact time)

ANINARBIUITIINAIUNNZEN N Tpe

=

- daareaunn Wlddwminlndines 1 nfuninnga ldasllluaangilauyauna
250 Na. A119uU 3 Ty
- ihindsdamazrmwrenldaawn 50 14 1dagl Tumangianyaua 3
. Y ; 4 . e O .
- dmavisunelimganuezesadn Inenadniuns 5 win Ngumgiives
ANNISI72UNNTIEN 200 sa1FR10%
- UAIANNEIAULARINNANAINUA THIRNTALAEN ANINTRILE NLAARLNTAREN
Taeldnszm1nIng Whatman L s 42
o d‘ v o 1 [~ 1 v o s 1
- 11198 TANR LHaNNN1INged M1TaAAHTNNIAcNY waatn lUdmAN TN
Tansiae
- R UTuReuNnaa s ULE Asgaanatni el 10,20,30,60,90,
= o [ £ ) o A 1 % 1%
120,150,180,240,30048% 360 1% AINAIAY WAt ldaAeT wasAANdnduaaslany
4
Anan
o 4, A o o = —ai— ol ¥ =
- MuAsa N udRnendesulneUas L dsdns 2N 1 lunn e aeailutinge
o o‘d‘d =l a dl A
Fupssinilanzadn 4 aaNuas
- plot graph iWagasaNINIARRRaTNganns
, o~ .
2) DWNLATNLUNISAN
N13NAABIITMANANNIT UNTARAIMNAZ AN i Iae]
- daasnaunis Wilauaminindiaes 4 afu-wannga ldashluaangilauyauia
250 Na. 271191 3 Ty
o 96/ =l [ 3 e‘d‘ = ¥ o 1 [~ 1 o %’ al
- dnndsdaensiwsendundiuaianudunsasne  Inelfuieresinge
dupseilidandu 4 deuansazaty NaOH 0.1 N wdagaudadaunssiléiaiuau 50
ua. ldaslTumongiany a1uou 3 99m
- dnmaisunalimgiuuezasann  Agnmnines AvaEseunIsaen 200 saL

sawd Tnaszazinanluadn unaGudngannaanisgaana fldainnisionimeass

T URaUEaIT A NN AN
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- PAIRNNENAUIFRAINAINAINUA U1A1FAZALN LFUINTRLEN LA AAUNTAADN
Tneldnszm4N 789 Whatman 1uas 42
o dl v [ 1 1 v o [ 1
- Pg1raransi lfainn1nses 1daA1AanNTiungac1e  wanun llSaAN AN
lanzniuan
o 1 a o 3’/ U 1 o all = %; = o/ '8
- NININAABITULALNTLNINARATUAY  wALSLI AN e TR daATne
fneidnsazanel HCI 0.1 N way 419axansl NaOH 0.1 N Tagtsuaimanuiilunsasne ity
5,6,7,8,9 ANNANAL
o 4 = o o > 3 sy a Y A o o
- NNEWAEIAUNIINININAAAIT WAL A AW RATeNA AL ATz 1D lunng
@ 6 A o iy = AP
naaatluliNdsdaneilanzan 4 alafwiae
3. &8 Isotherm NN2@ARARILLLNGUAT (Freundlich isotherm test)

nanagal lalamennisgainianiiag

1
=

- dupnnaunss Wlanmninlndides 0.0100 nduanfign ldagliluaangiauy
AU 3 190
o T o o=l v o = o = o '
- dnh@esssinasanldundiumes Wlddanufionimaassmaauiiu
NIAANTIMNIZAN udaaan 50 ua. ldasliluanagiauyusiazaan

IS4

- nmaisnuallmgnisesesatn AenmITes ANEIseuNIsaEn 200 saL
paui taescazinanluatn WwnaEudngannaanisgasaie Nlsainnimianimeaass
Tudunauirastiea eI Zas

[ % 1 ¥ dl o o dl ¥ =

- wAsangIulaRNnAaINAILA HANTazanei lANINIadIINLAARUNTAEN

TnelnseA11na0s Whatman tuaf 42
o dl v o 1 1 ¥ o o 1

- hansararailiainnnanges WadasANElunaaas udainhildnATunm

Tavznmae
o ! = o ¥ ¥ ' a H o =

- 0INNINARRNTBIANIRUNITNAASIL 1Y ~usAy | dvtinawpeuns  Iae

\aguidis 0.0200 , 0.0400, 0.100 , 0.200 , 0.400 WAz 1.0000 NFN ANANAL
o 4 A o o T v o a 5 oA o o=l
- MWRERAUNIMIINIMAReT Y willaeurinresindsdunszinldlunig

| % a o o’d‘d = a dl A
naaauduiasdunmeinnlavean 4 sianmas
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322 mmagauilsz@ninnlunisgaiaialasnimesauuysaiiedluinnsa

HLUUARANY

TUABUNIINNNNULBITIAAFANULLIAB AN

1
=

% a dl a v Y 1 -31 v & (5%
- guin@aianannissnuuneasasinwludsiuanauliuudaiune s
Aduiludainidad miuilaeass(down flow)giegaRntanuLABANY
- dasatndenag oufUA LA IANA LI NN ATUANTBIIAINNEIT g AR
a o o & d‘ v o Y o a a [ !
Aauuupesnd  Taatlfuandanansensliidananasluadndigafstiouupedniininndinig
= e P oo A, A, = a4 o X
Tuaaenniansvia(@naldainszautinnas wledulAsAsuNsaAsisALIgITIY)
- dnlarevialviinludegefaiouuuredniluasen
- ivseeneinszAtiAeNges1e IR AM AR UNTA Uit ARARauLLABANYT AD
9261 0,30,60,90,120,150 Az 180 LinfiNAs NNUiadaTlug
o o 1 % a dl o ' 1 a o dl A '
- thdratrai@enlilildnAraemidunsa-Auazdea i Bunnlasiivaant

TuuFazdaaaan

'
14 a % o

= 1 ¥ ¥ = dl A I ¥
A@sunsnszud s idudurasiFunnlansivassdeaoudududusiuny
Usnnmnsrassinet e iWeu1qn Breakthrough aaiiluqanisc@vinnlunnsgasntoves

LA AAUNTANNA

dayan1ININIMAReS TegARARILLILABANY

o o =

WvinvesAraeunes lwluaugaRnRauLLARaNY 620 NiN

o 5 o a o pRE—— a
‘ﬂﬁ]?’]ﬂ'\?bl,ﬂ@ﬂ.l‘ﬂ\‘]uql,@ﬂ IR LTHNINITNAARN 40 NA/UN KT8 2.4 ART/TN.

sy iviauviatarreunanluluiefafioutueedn 15 LURANAT
- msdusedtadunn 1 el eGuiunssduacnanduuunieun uas

1 ¥
sruINnLfatieay Tanng uarestinds ludeanAntaunseasuiii e lwaaan

a

=

- gAnmeasaiednaniinasesinidaieanainluiegaiaiowuuae dnities
NITaWINAL 50% 1998R9N9 INALHE BNINNNIMAASY

LULANABININNIULRTIAARARUULARANUALAAS UGN 3.1



wWein 7 200 2AUFABWNN
wuian5,10,20,30,60
90,120,150,180,240

90/ al o g ¥ v QI v
UNRLAIATIZN AMMNLANTULTHNAU

aa9lanz 10 PPM 50 wa.

300 WAY 360 WINRINANAL

v

2971 TNY 2U1A 250 1A, 3 UIA

+ LAMARLNIA 1.000 NN

'

Ihtaanaanidingdanna
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> Bunaulave
Naaiaansinge
UNRLAIAIZI AN N BN F
aagtanz 10 PPM Usuan
=
b Niact
BG4 — 9
el 7 200 sauAauAT 19A3LmN 2R1A 250 1A, 3 U9
A v = B
ANNTZHZRANNEINFA RS 1 lARARUNIA 1.000 NTd +
o > Y dh 3
qqnﬂq@mm@@qﬁ@uﬁﬁq u’]L@EW]‘LITUWL@‘H 50 UA.
; FNaulangian
P2
1A Lac -
; WiaTsne]
=
PUNIZEN
y gy
WAL A9LATIZNLSY
WAt a0 50 WA
1 al
< TdiAAaunsnaglyl
v 0.01,0.02,0.04,0.1
1AL TNY PR .
0.2,0:4 uaz 1 nSuadlyl
L ML 250 14, 3
Wwel 91 200 321F8WN
pnszazamdnganna
ANNNIINARBINBLNLIN
TN aulanen TN

VATARNTA TIHUIINGNS]

A = = | A
gﬂcl’l 3.1 zﬁﬁ;ﬂﬂ’]ﬁ‘ﬁﬂwﬁﬂ\i@ﬂmmijL‘Viil’]:;'&ﬁd

Tun19n13na R lanzeneLANARLNTH MEN19Y batch
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A

A

| v

A

Waste Water Tank

pump

I

Y

N
Y /
Upper
Storage Tank
<7
14 \irAaunIn — ] Dept 0cm
>
211m 0.5-1.0 ’
—— Dept 30 cm.
Dept 60 cm.
. 1 Dept =90 cm.
Yy Dept =120 cm.
Dept =150 cm.
Dept = 180 cm

[: :] Efﬂuen!

7 3.2 uaRIINIIMNULAZ LN TN IR9TANTNAARITIAARARILLLARAN
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3.3 vAzasiia aunsal wazasLARN LT lunuIaY

3.3.1 gUnsnlduiuEEaNIARAIUNTA

- g’iﬂum’m%‘@u - WTB Binder. Germany
- ﬁmm’?mﬂ@ﬂﬁu

- AZUNTNAATUNALLAT 18 LAy 35 L

- DNWANARN

3.3.2 NITLAITN LA ADUNTE

v
o

=l =l dl o = o d”
nsmse L AEAaunTnetn il lin1mase sl Tunausail
= dl % £ a oA = a a
1. 99UIINLARAAUNIAT LEAaNHesl RN 7ARUNTAT89NIATTN R AINITN
Tasn wanamnANNazeIacsllan NedaAnsunRnagoan
I = dl | ' o= =3
2. sl AnAUnIATLT NN FRIUNAENAY
) = allal [ 1 9 dl 1 dl 1
3. tAMARUNTANNIUIAAINAN]  ldeTestasuun  Taazelas A
ABUNTAAIHAIAD TUIATENIN Tx1x] LIURLNAT
4. AMAAUNIAN PBINIARIUIA tagld sieve a1m 1wWas 18 way 35 tnef
un19ARIUATE AHARLNTANHIUIAANNTN 0.5 NN.(lBNNT1 sieve
was 35) azpnAnsantastAEAeunsandaualunndt 1 . (lugindd
sieve 1118518) AaLgnAReaNITUIL
5. UARAeLNTeN I8 ldainANdzananaasaetilan wdatnldann

Wisianauaziiulddmsuninimeaadsalyl

3.3.3 DN9LATENTNIRIAUAIIE AUSLNINIINARDY

¥

vRedanmsmssan I dvsuianiamaas TAENssRUR
10 g3azanalpnlandansnzf wIaNann - Standard ‘solution §1FLA AT
WmALA Atomic Absorption Spectrophotometer Ineitluansazane Chromium (I11) Nitrate
(Cr(NO,)/HNO, 3% azaneluin deionization WldANdduTiFeans7 10 mgiL
2. A17AZANUNBILANAIATIE WFENANN Standard solution &MUFLALATIZAAE
WAlA Atomic Absorption SpectrophotometerTmmﬂumm‘zmﬂ Copper (l) Nitrate

(Cu(NO,),)/HNO, 3% axaeiluiin deionization lifldaanuiduduinsiaanisi 10 mg/L
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3. a1sazansiininadunsnzd wIaNann Standard solution @MFLALATIZYGNE
WANA Atomic Absorption Spectrophotometer lagiiiluansazang Nickel (1) Nitrate
(Ni(NO,),/HNO, 3% azanelurin deionization WldAsdindiiigesnis?i 10 mg/LmgiL

4. gnsazanERiIdaAZY 163NN Standard solution @wSALATMZTEAe
WATA Atomic Absorption Spectrophotometer lagiflugnsazane Lead Nitrate (Pb(NO,)
L)HNO, 3% azaneluiin deionization W lEANMdudURFRINN3T 10 mg/L

5 @nrazanedanzddaumnzyi wWigNaln Standard solution @1MFLAAINZIRAY
WALA Atomic Absorption SpectrophotometerTmmﬂummmw Zinc Nitrate

(Zn (NO,),/HNO,3% aranalutia deionization Wilsaruidudunsiasnisi 10 mg/L

3.3.4 wiznsanazglnsninldlun1sdinssinmuanifueAr AR LNTH

NWNIELNTN
- Surface area: Specific Surface Area Analyzer Micromeritics Instrument
Corporation ASAP 2000 V3.03 1448 N,- BET (Brunauer-Emmette-Teller)
- Porosity, Bulk density, and Skeleton density: Micromeritics PORESIZER
9320 Vv2.08
- SEM of surface: Scanning Electron Microscope (SEM): JEOL, JSM-
5800LV Scanning Microscope. Japan.
LA
- aaplszneumaAl Wavelength Dispersive X-ray fluorescence
Spectrometer Philips Model PW 2400
- Cation Exchange Capacity : ﬁmm??lml,ﬁfazﬁ’mivurlﬁﬂ Ammonia #2835

Direct Method

3.3.5 gunsaldmitldnaandluniasfifingg
_ pRastalLLa BN 4 Fumds - AND HM-300 Japan.
_ |pi¥eaaein (Shaker) : Orto Alresa model TA 002
- Lﬂ?ﬁlﬂﬁmﬁmm : Desktop pH meter PHL-20, DKK Corporation. Japan.
- N?LANENTRI Whatman No. 42

d g dese o aem
- gaATaduiaf 1 luiesdJiiRn1sau
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. ~
- TANAULAN LT

3.3.6 gunsainldlun1sdnsziiFanalany

sasasezmenimueLteududilalnslWiniimes : Perkin Elmer Instruments,
Analyst 300 Atomic Adsorption Spectrometer. USA.

A A a & ~ ~ Y aa
-LATANHNANLATNIEVRNALIIZNAUNIUAN AR LAARLNTA ANRIE X-ray
Fluorescence Analysis: Wavelength Dispersive X-ray fluorescence

Spectrometer Philips Model PW 2400

3.3.7 aunsalduiuldlunimasaguiiniseiied (Column test)

podnazAfenla Wud uANdnae 2.0 MWURWAT 819 200 LEURLIGS
Auau 1 padul UanaviesieriugatienatLANnig g

ANLNNAERN

fawanadin

tfaurin

v v
TATIFNA NI LAAANTANITNARBNTNAARANIULLABAN
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HANISNARDILAZIANTUNANITNANDY

HANNsANENLUAVEN NN RTane 5 18a TUNRIANAAAIUNITHLNIINATANN
% o = ij/ ! A
PREIFINANLALARUNTA 119 4 duAD

= n 3 = io) & o a o

4.1 panmsANHIAMANLTALAzaIAsENALARIARABUNTAN LDV N15IE

4.1.1 ANBEUSNNNNLAIN

=] o = dl o dl

HANITANHIANHIUENNNILNTNIDUAEARLNTAN 1 1UN1TNAABIAILAAS T1MITIN

4.1,4.2 uprgii 4.1-4.2

[ﬁlqﬁ"]\‘lﬁ 4.1 ﬁﬂﬂmz%%m’]ﬂﬂqwsﬂ@ﬂLﬁi&fﬂ'ﬂ%ﬂ?‘lﬂ

ﬁﬂiﬂmzﬂ’]\iﬂ’]ﬁlﬂqﬂ/\lﬁﬁﬂﬂ’] HA
Surface Area 10.5057 sqg.m./g
Porosity 32.97 %
Total pore area 35.512 sgq.m./g
Density
- Bulk Density 1.5070 g/ml
- Skeleton Density 2.2482 g/ml

m'ﬁi’]ﬂﬁ 4.2 N1INTLANLUAIUAITUA Lm‘:fﬂ'ﬂuﬂ?‘ﬁl

ANE LY LN AN Anda14(% by weigh)
WA LANNGN 0.5 TAALNAT 10.67 %
YUA VI 0.5-0.6 HARLNAT 15.00%
YUIATENINN 0.6-0.8 HARLUAT 46.67 %
2R IM0na1 0.8 - 1.0 AARINAT 27.67%
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4.1.2 ANWUTNILAN
1) wan13AzdesAlsznaunnauAlredArAaunIAlatnAlA X-ray Diffraction
Spectroscopy AdudnalUA1T197 4.3
P - = . o o o ¥ a
ANT NN 4.3 9ALTZNALN AN URILAEARUNTANAULAZUAINITNARBINIAA lane LAY

ARLITNAARANILLILADANY

Contents(% by weight)

\AHeAUNTA  Na,0 | MgO| ALO,SiO, | P,0.| SO,| CI |K,0 |Ca0|(TiO, |Cr,0,MnO |Fe,0./CuO [SrO | L.O.I
reuniImaaes | 0.13| 1.83| 3.43(37.66 0.05| 1.540.05(1.20 [34.74 0.09[N.D. | 0.03|1.43 IN.D. | 0.02| 17.48
WAINIMARES | 0.26| 1.42| 3.78| 54.12 0.41| 1.40{ 0.18{1.59 [12.98| 0.10|N.D. | 0.04|6.47 |1.93 | 0.01|15.41
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2) CEC (Cation Exchange Capacity) "9aa24a2e3a Direct Method Aduandlis
NIANUIN A

| a A 1 o
AN CEC 1a9LAAAUNTANAILNINL 30.1 cmole/Kg concrete
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% remove ANMNANRUS TEUIA LT % Zn remove
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AnAa(nnd 4.5)

AMNUANTNARDY. WL Frezinar lunTgntau Wasidudieasninidniiniia
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4.3.3 HAN1INARAL Isotherm N19AARANILULIWIUAT (Freundlich isotherm test)

Tunmesemaaey lalmmennisgaRARawLL WIWAT NAN1TNARBIAILEAILUAIN

7 4.28 D4 4.32 AINAGL

Cr
04525,
SAS) y = 2.6961x
2
R =0.6797
o
/f'—.
>
o
=l
* o4 |~
/
//

3 ¢ | »

i

£ / 00

g

X

0.01 0./10 I 1.00 0/00
Ce(mg/L)

i 4.28 laTamenniagesnRauLL Freundlich a9diAEAnLNgs LUt AadaAInzl

TPgLile

(1 UTINABLNTAIZA979 0.10 —1.00 N5N)

0.2531

y=0.7724x

R’ = 0.8449

° XIM(mg/g)

A E— e

o

Ce(mg/L)

NAILAS(HNUITNABUNTATLUIN 0.10 —1.00 N5H)

i 4.29 TaTamannisgefniauuy Freundlich a9iAHAnLNgA LUt AdIATZT
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Pb y=0.1034x "
Ul 2
R =0.1695
0.f10 1.p0 10}00
* *
8 oS
£ aLys
= )
X 4
7.
/
7
* o |0
'%Je(mg/L)
i 4.30 lalamannisnafalauuil Freundlich 384LAABLNTA WHNAAULATZTRLAY
(1IN ARLNTATLYUIN 0.10 —1.00 NFN)
Ni y=0.7416x""
190 2
R =0.8789
»

% —

g =0 _‘-——""'—’-—F—F— *,

s Fo= o

= ——

0.10 "] 1.00 10100
® *
-Ce(mg/L)
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X/M(mg/g)

Zn y=0.7398x %
H9-09 2
R =0.9803
»,
b 4
,._a-d"'"'
/—'
1) Ve
/
—
0] | 1.00 10,00
010
Ce(mg/L)

n il 4.32 TelinennnegpARRILLL Freundiich TeuAsaeumaalutdaduaszidngd
(ﬁmﬂﬂﬂfauﬂ?mmdw 0.10 -1.00 n54)

ANNANIINAZAL Isotherm NITAARANILLILNIUAT szminalavzusiazeialurin

AURUATTUAARAOUIIAILNA 0.5 - 1.0 NAAWAS WUdn AnAeumIAT N mMAaesd]

pmAMNIn U peRaRalanzusazaialimaiy  Inedaunisnisgeiniafauandlumn

?’1\‘1‘17]' 4.4
P19 4.4 mumimi@mﬁmaqmmLﬂm@uﬂ?mluﬁﬁLaﬂzﬁ"\umwﬁﬁmj

Taventin ANN1TNTAARAHD R’

JGEENE y = 0.1348X>% 0.6796
NBILAY y = 0.7724X" % 0.8449
Andia y = 0.7416X>*""° 0.8789
Az y = 0.1034X"*** 0.1695
fanz@ y = 0.7398X>"* 0.9803
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LHaNANTNAMNAINNTD IUN1INAA TaNETY 5 TTAURLAMARUNTA FRMNLNMIN

Y o

YRILAMABUNTA ANNNTDAUIIAAINdNNTIa T AN LART LA LA F9T

1 v
AN9NN 4.5 LanaANa1nnn lunniaalanzuin luinda dansziisnasionang

WrrAauNTARAauiaragnuin 1 Anudnduaestanzmin 10mg/L

Tanzuin ANNNANNNTD 1UNNTANA A AN (Mg/gLAARLNTR)
[GEEI 0.382
NBILUAN 1.383
Unina 1.626
ﬁlzﬁl/’) 7.923
&nza 2.065

4.3 NANTANEHIAMANIAURIUNALATIAINTTIULHINATANN

HANNIANHANANTTATBINAEAIN I WA TANHATLA A WA 4.6

1 4 1
F1979% 4.6 wanspuandRvesdds N ldlunimeasslutegeiniowuune s

NIV HFAT NA

NaT Lafs 71

Enlanglugansazans

- VI@QLLNLQ;SIEI(mg/L) 0.75
- ﬁﬂLﬁ@L'ﬂ?ﬂlﬂ(mg/L) 0.17
- mﬁ'“q(mg/L) 0.61
- danz@(mg/L) 0.15
7 TAsifles (mg/L) N.D

v 1

ANUDIUTNAT AN TINUALDA
(Total dissolved Solids,mg/L) 417

ARG ULaAT (turbidity, NTU) 2.6
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a a
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aglun@eanudndudial nesuaseady 0.75 mg/l Hnfaedy 0.17 mg/L mzia 0.61

a a o 6

mg/Luazdanzd 0.15 mg/L TunsmaaesazilasstindeluatuisgaRntalwULABANINTN

v
o =
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aa o al | I
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mumI?Tq@f;iq\imnﬁfﬂumm@ﬂmmLﬂwﬂ@uﬂ?‘mnﬂ 30 EURANATAILANILAL O wudimg(A

a

Rntnvisanaunayan uiigaRaNg) 30,60,90,120,150,180 wuRmmAs(Mlanedegamnia)

nafivsdedaniung 1 - dalieuazazgfdadninnisaresin@entinnminig
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1
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a u

o

25 fananswd Tnadadasnisinanlatadigasatioeany 180 wwAmAT Inefdnsnig

Tnarasindaadeluts o
TN ARBIN AR LN TN NINTRITIRARARY il
fnsnsvad sz = 38 mi/min
NHIELIR
fmsnisvald Hydraulic Surface Loading 321374 40 to 200 I/min/m’(ASTM D 9322)
Empty Bed Contact Time = [Bed Depth (ft) x 7.48]/ Hydraulic Surface Loading

(Faust and Aly1987) 6 (ft) x 7.48 x-3.1051 (gal/min/ftz)

e 14,4599

Bed Volume (BV) PRILALABUNTA = weigh-of adsorbent /.adsorbent-bulk density
£ 621 (g) / 1.5070 (g/ml)
= 412 ml = 0.01455 f

o

NUMNTNFR(A) 1090 ANIAARRRY = 1a
= 3.1416 x 0.03282 ft’
= 3.3815 x 10° f°



77

ANNANUANTULAMARALUNTA = 6 ft

HAN1INARBNIEANENINN3RARARI8ITIAARARI LU LARANIATLARS TN N

4.33 19 NIN7 4.39

Ans1n19 lua(mi/min)) o 7 - o o ,
AN m'i'l.umlmu’lmﬂium@ﬂ'ﬂmmmtm
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IMYI[OH]" = Ksp
WM™ = pnaddusesTane i Relusmiag molell
[OH] = A e lansenlaslasey ddldaind fie
pH = —Iog[H30+]
14 = pH+ pOH
pOH = -log[OH ]

Arnudnduasslansluin 10 mg/l Andupandndu
NBILLAN = 10 mg/L = 0.01/63.55 = 1.5736 x 10" mole/L
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naguANidnduadlasauisaayiaiy
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AT N -1 WaN1INAaesFaladuiareslasiay

181 AT AN 2 ATIN 3 Laas sSD

W) | [cr] | % removal pH | [Cr] |%removal| pH | [Cr] |% removal| pH

5 4.36 56.4 572 | 4.64 53.6 5.67 | 517 48.30 519 | b2.77 4.11

10 2.10 79.0 7.04 1 1.80 82.0 7.17 | 2.00 80.00 7.27 | 80.33 1.52

20 1.02 89.8 740 | 0.91 90.9 7.461 1.03 89.70 7.44 1 90.13 0.83

30 0.77 92.3 7.50 | 0.77 92.3 7.46 | 0.65 93.50 7.55 | 92.70 0.69

60 |0.26 97.5 7.53 | 0.30 97.0 7.60 | 0.38 96.20 7.76 | 96.90 0.65

90 1.08 89.2 7.77 | 1.07 89.8 7.68 | 1.25 87.50 7.76 | 88.67 1.01

120 | 1.77 82.3 762 | 1.88 81.2 71 W70 83.00 7.66 | 82.17 0.90

150 |2.02 79.8 7.75( 1.82 81.8 7.66 | 1.90 81.00 7.74 | 80.87 1.00

180 | 2.21 78.0 7.71 | 1.89 81.1 7.74 | 1.63 83.70 7.70 | 80.93 2.85

240 |1.63 83.7 7.78 1 1.92 80.8 7.79 | 1.86 81.50 7.79 | 82.00 1.51

300 |1.23 87.7 7.65| 1.63 83.7 7.76 | 1.06 89.40 7.80 | 86.93 2.92

360 | 2.07 79.3 747 2.36 76.4 7491 214 78.70 7.62 | 78.13 1.5

199N - 2 N@ﬂ’ﬁ‘ﬂﬂ@‘ﬂ\‘lﬁ“ﬂ\‘lLQ@’]ﬁNﬂT@ﬂﬂ\W}@\‘iLLﬁ\‘]

v 1 v 1 7 1 1
181 AT AFaN 2 AN 3 Laas sD

(W#) [Cu] |% removal| pH | [Cu]l [%removal| pH | [Cu]l | % removal| pH

5 1.89 81.1 6.61 | 152 84.8 646 [ 1.54 84.6 6.62 | 83.50 2.08

10 0.38 96.2 6.82 | 0.62 93.8 6.76 | 0.8 92.0 6.74 | 94.00 2.10

20 0.17 98.3 7.09 | -0.25 Orfmd 7.09 |-0.19 981 A7 |- 97.97 0.41

30 0.10 99.0 718 | 10.08 99.2 7.18 [10.11 98.9 7.38 | 99.03 0.15

60 0.09 99.1 755 0.11 98.9 7.45 ( 0.09 99.1 7.54 | 99.03 0.11

90 0.10 99.0 7.54 1 0.09 99.1 7.5 10.09 99.1 7.51 | 99.07 0.05

120 | 0.09 99.1 742 | 0.16 98.4 7.31 | 0.09 99.1 7.45 | 98.87 0.40

150 |0.12 98.8 769 | 0.13 98.7 7.62 | 0.07 99.3 7.59 | 98.93 0.32

180 |0.13 98.7 7.37 | 0.07 99.3 7.33 | 0.07 99.3 7.37 | 99.10 0.34

240 |0.08 99.2 7.62 | 0.09 99.1 7.62 | 0.07 99.3 7.53 [ 99.20 0.10




AN34 N - 2(518) RANIINAABIETAIIAN AN AUDINDILA

94

o =
ATINT

2

AsIN 2

AN 3

A
bRRNE

I[N SD
W) | [cu] | % removal pH | [Cul |% removal| pH | [Cu] |% removal| pH
300 |[0.08 99.2 7.57 | 0.07 99.3 7.8 | 0.07 99.3 7.73 | 99.27 0.05
360 |[0.06 99.4 747 | 012 98.8 7.42 | 0.09 99.1 7.57 | 99.10 0.30
AN314 N - 3 HANNINARRdFeInaduTaTesiiniAa
L[N ﬂ%ﬂﬁ1 ﬂ%‘l/\‘iﬁ 2 V’W%‘;\Tﬁ 3 lﬁlaﬁ SD
(W#) [Ni] | % removal | pH [Ni] | % removal| pH | [Ni] |% removal| pH
5 1.41 85.9 7.42_ L7 82.90 743 | 1.84 81.60 7.55| 8347 2.20
10 1.27 87.3 760 [ 1.14 88.60 763 | 0.9 91.00 7.66 | 88.97 1.87
20 0.32 96.8 7.74 | 0.46 95.40 7.69 | 0.43 95.70 776 | 9597 0.73
30 0.46 95.4 769 | 0.38 96.20 7.81 | 0.24 97.60 7.76 | 96.40 1.1
60 0.13 98.7 7.83 | 0.15 98.50 7.85( 0.14 98.60 7.79 | 98.60 0.10
90 0.12 98.8 772 0.11 98.90 7.85 | 0.12 98.80 7.84 | 98.83 0.05
120 [0.13 98.7 7.68 0.1 99.00 7.68 | 0.1 99.00 7.79 | 98.90 0.17
150 |0.08 99.2 7.99 [ 0.09 99.10 8.07 | 0.08 99.20 8.10 | 99.17 0.05
180 |0.09 991 7.94 | 0.06 99.40 8.04 | 0.11 98.90 7.94 | 99.13 0.25
240 | 0.1 98.9 8.04 | 0.08 99.20 8.01 | 0.1 99.00 8.00 | 99.03 0.15
300 |[0.11 98.9 7.95 0.1 99.00 7.92 | 0.08 99.20 790 | 99.03 0.15
360 |[0.08 99.2 7.87 | 0.09 99.10 7.86 | 0.11 98.90 7.85 | 99.07 0.15
AT NN -4 Nf\]ﬂ’]?V]ﬂ@'ﬂ\‘]g'ﬂﬂL’)@’]ﬁﬂﬁ@m@\?mxﬁb’)
L[N ﬂ%‘;\i‘ﬁ" ﬂ%}\‘iﬁl 2 ﬂ%‘;\jﬁ 3 L’ﬂ?llf;l SD
(W) | [Pb] | % removal pH | [Pb] | % removal| pH | [Pb] % removal| pH
5 0.72 92.8 6.57 | 0.65 93.5 6.65 [ 1.12 88.8 6.59 | 91.70 2.53
10 0.33 96.7 726 | 0.34 96.6 7.28 | 0.35 96.5 7.29 | 96.60 0.10
20 0.37 96.3 7.44 | 0.326 96.7 723 04 96 7.37 | 96.35 0.28
30 0.45 95.5 7.44 | 0.45 95.5 7.47 1 043 95.7 7.46 | 95.57 0.11
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1987 ATIN1 AN 2 ASIN 3 LaRs SD

(W#) [Pb] | % removal| pH | [Pb] |% removal| pH | [Pb] | % removal| pH

60 |0.41 95.9 7.54 ( 0.41 95.9 760 | 0.42 95.8 7.64 | 95.87 0.05

90 0.4 96.0 766 | 0.46 95.4 7.62 | 0.49 95.1 7.71 | 95.50 0.45

120 | 0.57 94.3 768 | 047 95.3 7.77 | 0.51 94.9 7.56 | 94.83 0.50

150 |0.54 94.6 770 0.6 94.0 7.72 | 0.56 94.4 7.70 | 94.33 0.31

180 |0.57 94.3 7.75 | 0.59 94.1 7.72 1 0.65 93.5 7.78 | 93.97 0.42

240 | 0.6 94.0 7.76 | 0.59 94 .1 7.78 | 0.62 93.8 7.82 | 93.97 0.15

300 | 0.61 93.9 7.82 | 0.55 94.5 7.83 | 0.52 94.8 7.85 | 94.40 0.46

AN9949 N = 5 HANTINAABSTANA AN ArR9dans

T T
o o

A1 AT ASaN 2 AN 3 Lo sD

W) | [zn] |% removal pH | [Zn] | % removal| pH | [Zn] | % removal| pH

5 2.84 71.6 6.69 | 1.71 82.9 6.09 | 1.85 81.50 7.06 | 78.67 6.16

10 0.48 956.2 7.21 | 0.44 95.6 7.38 ] 0.38 96.20 7.50 | 95.67 0.50

20 0.42 95.8 7.82 | 0.24 97.6 7.76 |1 0.28 97.20 7.60 | 96.87 0.95

30 0.21 97.9 7.69 | 0.21 97.9 7.60 | 0.21 97.90 7.68 | 97.90 0.00

60 0.31 96.9 7.65 | 0.21 97.9 7.69 | 0.28 97.20 7.57 | 97.33 0.51

90 0.16 98.4 7.72 | 0.16 98.4 7.74 1 0.16 98.40 7.80 | 98.40 0.00

120 | 0.13 98.7 7.83 | 0.15 98.5 7.8110.14 98.60 7.85| 98.60 0.10

150 | 0.12 98.8 7.85 [+0.411 98.9 787 (0.14 98.60 7.70 | 98.77 0.15

180 | 0.13 98.7 8.04 | 0.13 98.7 8.04 | 0.16 98.40 7.92 | 98.60 0.17

240 | 0.11 98.9 8.04 | - 0.1 99.0 8.02 | 0.09 99.10 8.00 {-.99.00 0.10

300 | 0.09 99.1 8.04 | 0.11 98.9 8.00 ['0.10 99.00 8.04 | 99.00 0.10

360 | 0.10 99.0 8.04 | 0.09 99.1 7.97 { 0.10 99.00 7.98 | 99.03 0.06
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A9 N — 6 NANINARAINIINIAATATINLNNNET 4 — 9
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AT 1

ASIN 2

AN 3

28 %

pH SD
Gluﬁu pH el [Cr] | % removal pH 7ine | [Cr] |% removal pH #ine| [Cr] | % removal [removal
4 7.87 | 0.95 90.54 7.95 0.84 91.63 7.79 0.89 91.09 911 0.55
5 7.92 | 0.83 91.66 7.78 0.60 93.96 7.84 1.03 89.72 91.8 0.12
6 7.87 | 119 88.15 7.97 1.45 85.52 7.93 1.19 88.13 87.3 1.51
7 795 | 1.22 87.78 7.96 2L 87.27 8.02 1.31 86.93 87.3 0.46
8 8.02 | 1.10 88.98 8.03 1.44 85.57 8.05 | 1.30 86.98 87.2 1.71
9 8.08 | 1.36 86.41 8.09 1.39 86.08 8.07 | 1.04 89.59 87.4 1.44
l?]’]?’]\‘]‘ﬁ' n-7 Nf\]ﬂ']ﬁ‘ﬂ/]ﬂ@@\‘lﬂ%fﬁ”l“ﬁxﬂﬂﬂﬁLLﬂﬂ‘ﬁlﬁL‘ﬂ"ﬂ 4-9
pH ﬂ%‘l/\‘iﬁ 1 ?’I%\‘lﬁ 2 ﬁ%\?ﬁ 3 Lf?lalf;l % SD
G;Nf;m pH el [Cu] | % removal| pH 78l [Cu] | % removal|pH sl [Cu]l | % removal | removal
4 7.75 | 0.09 99.1 7.76 0.07 99.3 7.74 | 0.10 99.0 99.1 0.15
5 7.79 | 0.05 99.5 7.8 0.07 99.3 7.86 | 0.07 99.3 99.4 0.12
6 7.72 | 0.06 99.4 7.88 0.06 994 7.93 | 0.05 99.5 99.4 0.06
7 7.79 | 0.08 99.2 7.84 0.08 99.2 7.8 0.09 99.1 99.2 0.06
8 7.84 | 0.05 99.5 7.88 0.02 99.8 7.92 | 0.03 99.7 99.7 0.15
9 7.7 | 0.05 99.5 [N 0.07 99:3 7.74 | 0.04 99.6 99.5 0.15
ﬁ]’]?'}ﬂﬁl n-8 N@ﬂ??%ﬁ@‘ﬂ\‘]ﬂﬁ?ﬁ’]ﬁﬁﬁﬂLﬁ@‘ﬁlﬁmﬂ 4-9
pH ﬂ%ﬁ‘ﬁl 1 ﬂ%\‘i‘ﬁl 7 ﬂ%ﬁﬁ 3 L’ﬂglil % SD
le;l/u pH e[ [Ni] | % removal pH g [Ni] |% removal|pH el [Ni] | % removal| removal
4 7.78 {-0.40 96.0 7:80 0-64 93.6 777+ 0.66 93.4 94.3 1.45
5 7.78 | 0.49 95.1 7.85 0.45 95.5 7.83 | 0.62 93.8 94.8 0.89
6 7.82 | 0.59 94.1 7.79 0.55 94.5 7.83 | 0.75 92,5 93.7 1.06
7 7.92 | 0.64 93.6 7.90 0.83 91.7 7.89 | 0.78 92.2 925 0.98
8 7.92 |0.49 95.1 7.94 0.66 93.4 793 | 043 95.7 94.7 1.19
9 7.95 | 0.16 98.4 7.94 0.21 97.9 795 | 0.19 98.1 98.1 0.25




B‘l’ﬁ’]\‘]ﬁ N — 9 NANNTNAARINIINIAARL
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NANWRT 4 - 9

pH ﬂ%ﬁ‘ﬁl 1 ﬂ%\iﬁl 2 ﬂ%‘iﬂﬁl 3 L@?QIEI % SD
GlNl;l/u pH el| [Pb] | % removal pH e | [Pb] |% removal pH el [Pb] | % removal| removal

4 7.95 | 0.30 97.0 7.93 0.32 96.8 7.98 0.26 97.4 971 0.31

5 7.98 |0.20 98.0 8.00 0.24 97.7 8.05 0.37 96.3 97.3 0.91

6 8.07 | 0.30 97.0 8.07 0.39 96.2 8.04 0.43 95.7 96.3 0.66

7 8.07 | 0.54 94.6 8.07 0.68 93.3 8.09 0.65 93.5 93.8 0.71

8 8.07 | 0.59 94.1 8.14 0.55 94.5 8.12 0.62 93.8 941 0.35

9 8.11 |1 0.70 93.0 8.07 0.69 93.1 8.08 0.69 93.1 93.1 0.06

A9 N — 10 HANINAREINII RNz ATINLeT 4 — 9

pH p¥ed 1 REP A¥et 3 WAt % | SD
Lf‘lﬂﬁu pH "el| [Zn] | % removal pH 718 | [Zn] | % removal pH 8| [Zn] | % removal| removal

4 7.32 | 0.46 95.4 7.47 0.26 97.4 7.50 0.32 96.8 96.53 1.03

5 756 | 0.34 96.6 7.41 0.31 96.9 7.45 0.29 971 96.87 0.25

6 754 |0.18 98.2 7.71 0.21 97.9 7.66 0.19 98.1 98.07 0.15

7 7.64 | 0.35 96.5 7.69 0.29 97r1 7.66 0.30 97.0 96.87 0.32

8 7.61 |0.20 98.0 7.75 0.18 98.2 7.80 0.20 98.0 98.07 0.12

9 7.84 | 0.14 98.6 7.60 0.21 SIS 7.78 0.22 97.8 98.10 0.44
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;13199 N — 11 wanmaaasn1anadau lalinannisgamniarasigunt TuindsTasday

dwiinyuM)(@) | ColCr(PPM) | CelC (PPM) |  X(mg)  |X/M (mgig)
0.0996 10.000 2.700 0.365 0.1832
0.1009 10.000 2.270 0.387 0.1915
0.1002 10.000 2650 0.368 0.1834
0.2003 10.000 0.396 0.480 0.1199
0.2000 10.000 0.291 0.485 0.1214
0.2005 10.000 0.359 0.482 0.1202
0.4000 10.000 0.087 0.496 0.0620
0.4015 10,000 0.060 0.497 0.0619
0.4006 10,000 0.084 0.496 0.0619
1.0000 10.000 0.105 0.495 0.0247
0.9995 10.000 0.098 0.495 0.0248
10013 10.000 0.100 0.495 0.0247

B399 N — 12 uansmaaadnisnaaay lalmmaunisganntovesliuae lui@aneduns

dwiinyuM)(@) | ColCulPPM) | Celcul (PPM) | X (mg) | XM (mg/g)
0.1000 10 6.86 0.1570 1.5700
0.1007 10 6.81 0.1595 1.5839
0.0993 10 6.86 0.1570 1.5811
0.2010 10 5.36 0.2320 1.1542
0.2005 10 5.37 0.2315 1.1546
0.2004 10 5.57 0.2215 1.1053
0.4006 10 3.00 0.3500 0.8737
0.4001 10 3.69 0.3155 0.7886
0.4004 10 3.28 0.3360 0.8392
1.0002 10 0.11 0.4945 0.4944
1.0003 10 0.18 0.4910 0.4909
1.0010 10 0.15 0.4925 0.4920
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R399 N — 13 uanaaesnIanagal laltinannisgaRatavassuaT Tuidaiinfa

ﬁ’mﬁfﬂﬂ”u(M)(g) Co[Ni](PPM) Ce[Ni] (PPM) X (mg) X/M (mg/g)
0.1004 10 6.57 0.1715 1.7082
0.0998 10 6.60 0.1700 1.7034
0.1002 10 6.67 0.1665 1.6617
0.2006 10 5.90 0.2050 1.0219
0.1999 10 5.66 0.2170 1.0855
0.2002 10 5.61 0.2195 1.0964
0.3996 10 1.92 0.4040 1.0110
0.4001 10 1.99 0.4005 1.0010
0.4004 10 1.99 0.4005 1.0002
1.0005 10 0.38 0.4810 0.4808
0.9998 10 0.30 0.4850 0.4851
1.0006 10 0.25 0.4875 0.4872

B399 N — 14 nansmnaesnamaaay lalmmennisgafntovesliuae lui@anzio

ﬁ’mﬁfﬂﬂ”u(M)(g) Co[Pbi](PPM) Ce[Pb] (PPM) X (mg) XM (mg/g)
0.1006 10 0.964 0.4518 0.2246
0.1004 10 0.762 0.4619 0.2300
0.1000 10 0.759 0.4621 0.2310
0.1996 10 1.166 0.4417 0.1106
0.2001 10 1.136 04432 0.1107
0.1996 10 0.932 0.4534 0.1136
0.4006 10 0:942 0:4529 0.0565
0.4011 10 0.709 0.4646 0.0579
0.4006 10 0.845 0.4578 0.0571
0.9999 10 0.844 0.4578 0.0229
0.9997 10 0.707 0.4647 0.0232
1.0005 10 0.622 0.4689 0.0234




100

13199 N — 15 uanmaaesn1aadal lalinannisgaRntavassunt luudadanya

fimﬁmJﬂu(M)(g) Co[Znl(PPM) | Ce[Zn] (PPM) X (mg) XM (mg/g)
0.1005 10 6.50 0.1750 1.741
0.1001 10 6.20 0.1900 1.898
0.1005 10 6.28 0.1860 1.851
0.2005 10 4.41 0.2795 1.394
0.2002 10 4.44 0.2780 1.389
0.2004 10 4.49 0.2755 1.375
0.4007 10 2.20 0.3900 0.973
0.4001 10 2.39 0.3805 0.951
0.4000 10 2.02 0.3990 0.998
1.0000 10 0.36 0.4820 0.482
1.0007 10 0.36 0.4820 0.482
1.0008 10 0.35 0.4825 0.482

R399 N — 16 NANIINAABIERATINIT WA LTI ARARILLLIUY

A1 $m91n7 VA a1 #m37n17ua A1 89107 A (NA./
(FaTa4) (N4 /U7) (FTaa) (HA./117) (daTya) i)
1 38 113 50 ue 51
2 38 14 50 26 51
3 40 15 49 27 51
4 40 16 50 28 51
5 50 17 50 29 51
6 55 18 50 30 45
7 58 19 54 31 43
8 58 20 60 32 41
9 57 21 56 33 39
10 57 22 56 34 37
11 60 23 54 35 30
12 53 24 52 36 20




P3N N — 17 HANIIMARBINIaTIasUFatg Wi ARARILLILILY
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KIAN pH pH pH pH pH pH pH
(Falus) (OmN) | (30Tw.) | (60a) | (90mN) | (120w) | (150 @) | (180 )
1 7.15 7.32 8.24 8.61 9.32 9.61 9.83
2 7.27 7.27 8.04 8.43 9.01 9.34 9.53
3 7.03 7.29 7.97 8.52 8.74 9.20 9.40
4 7.19 7.28 7.84 8.31 8.65 8.75 8.95
5 7.16 7.45 7.79 8.19 8.36 8.55 8.75
6 7.14 7.55 7.72 7.73 8.07 8.30 8.55
7 7.20 7.76 7.71 7.85 8.05 8.15 8.23
8 7.14 7.43 7.49 7.72 7.93 7.97 8.25
9 7.09 7.80 7.95 8.02 8.19 8.30 8.43
10 713 7.79 8.02 8.10 8.12 8.22 8.30
11 7.08 7.5 7.90 7.96 8.10 8.26 8.32
12 7.21 7.78 7.88 8.04 8.13 8.18 8.21
13 7.14 7.92 7.96 8.14 8.26 8.37 8.58
14 7.10 7.97 7.97 8.07 8.17 8.24 8.32
15 7.11 7.06 7.19 7.14 7.27 7.48 7.34
16 7.07 7.18 714 7.06 7.31 7.22 7.40
17 7.03 7.12 7.02 7.32 7.29 7.24 7.05
18 7.16 7.32 7.25 7.14 7.22 7.54 7.14
19 7.20 7.14 7.13 7.22 7.39 7.23 7.11
20 7.21 7.45 7.56 7.52 7.58 7.65 7.53
21 7.16 7.32 757 7.45 7.61 7.52 7.52
22 7.02 7.39 7.42 7.35 7.70 7.48 7.57
23 7.12 7.37 7.34 7.40 7.43 7.41 7.80
24 7.14 7.62 7.76 7.64 7.84 7.74 7.75
25 713 7.52 7.85 7.67 7.84 7.69 7.73
26 7.16 7.52 7.79 7.55 7.64 7.79 7.77
P97 N - 17(6i9) N@miwmmﬁLfammﬁﬂﬁfmﬂﬁﬂuﬁq@mﬁmﬁummm’q
IR pH pH pH pH pH pH pH
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(%QTNQ) (0.) (3074.) (60 ax.) (90 @w.) | (120 «d.) (150 d.) (180 d.)
27 7.09 7.44 7.57 7.41 7.68 7.60 7.59
28 7.18 7.55 8.00 7.99 7.77 7.83 7.68
29 7.21 7.57 7.70 7.68 7.92 7.80 7.81
30 7.18 6.36 6.63 6.40 6.21 6.83 6.25
31 7.24 6.29 6.74 6.82 6.70 6.74 6.29
32 7.16 6.47 6.74 6.76 6.58 6.25 6.19
33 7.14 6.52 6.24 6.52 6.65 6.46 6.54
34 7.15 6.28 6.60 6.22 6.14 6.82 6.14
35 7.11 6.34 6.27 6.20 6.35 6.73 6.36
36 7.20 6.68 6.45 6.65 6.28 6.30 6.55

R399 N — 18 NAN9NARBILLIUTsAz ATt YadtnFaatna luiInARRAR LWV

1A TDS TDS TDS TDS TDS TDS TDS
(°fJI/’J<I:3J\‘1) (0.) (80 w.) (60 aN.) (90 aw.) | (120 au.) (150 1u.) (180 1u.)

1
2 4.220 4.100 4.130 4.130 4.105 4.250 4.590
3 4.230 4.720 4.610 4.519 4.275 4.495 4.460
4 4.116 4.460 4.440 4.405 4.330 4.635 4.650
5 4.125 4.350 4.460 4.485 4.535 4.430 4.470
6 4.105 4.765 4.670 4.550 4.435 4.300 4.380
7 4.205 4.150 4.090 4.255 4.215 4.200 4.155
8 4125 4.230 4.170 4.205 4.190 4.200 4.160
9 4.115 4.205 4.035 4.175 4.130 4.030 4.250
10 4.220 4.250 4.180 4.025 4.160 4.085 4.215




AN3I97 N — 18(51) HANNINAABITBILINATANE TR ARt U ARARILLLLYY

1IN DS TDS TDS TDS TDS TDS
(%Tm) (30 «#w.) (60 Ix.) (90 n.) | (120 =N.) (150 d.) (180 )
11 4.010 4.015 3.985 4.010 3.975 4.010
12 3.865 3.885 3.985 4.015 3.950 4.010
13 3.765 3.775 3.820 3.850 3.905 3.925
14 3.840 3.680 3.950 3.855 3.720 3.790
15 3.775 3.875 3.805 3.685 3.825 3.890
16 3.935 3.730 3.765 3.730 3.745 3.690
17 3.890 4.090 4.300 4.205 4.090 3.680
18 4.050 4.145 4.150 4.080 4.145 4.090
19 4.145 4.160 4.155 4.185 4.000 4.085
20 3.940 4.115 4.185 4.160 4.190 4.140
21 3.960 3.940 3.935 3.950 3.995 3.985
22 4.005 4.090 3.930 4.010 3.955 4.090
23 3.885 3.860 3.960 3.885 3.910 3.885
24 3.980 4.050 4.175 4.065 3.880 4.445
25 4.205 3975 4.320 4.130 4.385 4.350
26 4.315 4.425 4.270 4.100 4.415 4.225
27 3.935 4.045 4.315 3.925 4.140 3.920
28 3.950 3.800 4.085 4.050 4.210 3.980
29 3.950 4.390 4.205 3:955 4.311 3.965
30 3.825 3.980 3.580 3.750 4.105 3.830
31 3.700 3.560 3.615 3.700 3.775 3.650
32 3.550 3.540 3.590 3.330 3.625 3.600
33 3.405 3.660 3.450 3.500 3.560 3.365
34 3.580 3.660 3.740 3.575 3.455 3.420
35 3.585 3.560 3.620 3.805 3.565 3.460
36 3.630 3.635 3.620 3.760 3.360 3.540
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F19799 N - 19 nanImaaesANdNdunesuasluiIgARARuLLLY

194" [Cul(PPM) | [Cul(PPM) | [Cul(PPM) | [Cul(PPM) | [Cul(PPM)(150 | [Cul(PPM)
(%‘Em) (30 «n.) (60 ©N.) (90 1.) (120 «#.) TN.) (180 «#.)
1
2 0.46 0.44 0.38 0.38 0.36 0.47
3 0.46 0.36 0.30 0.27 0.26 0.41
4 0.43 G314 0.32 0.28 0.24 0.42
5 0.44 0.36 0.33 0.33 0.23 0.43
6 0.45 0.43 0.38 0.36 0.33 0.40
7 Q¥ 0.44 0.42 0.38 0.36 0.44
8 0.47 0.46 0.45 0.41 0.38 0.45
9 0.50 0.45 0.42 0.40 0.38 0.46
10 0.48 0.46 0.43 0.40 0.40 0.48
11 0.49 0.48 0.48 0.43 0.42 0.48
12 0.50 0.53 0.47 0.45 0.42 0.49
13 0.52 0.48 0.54 0.45 0.42 0.47
14 0.54 0.53 0.48 0.46 0.43 0.52
15 0.53 0.58 0.47 0.46 0.52 0.47
16 0.52 0.51 0.47 0.46 0.45 0.49
17 0.54 0.50 0.50 0.46 0.46 0.52
18 0.54 0.53 0.49 0.49 0.48 0.51
19 0.54 0.52 0.51 0.48 0.46 0.53
20 0.53 0.55 0.52 0.51 0.50 0.57
21 0.54 0.56 0.54 0.53 0:52 0.59
22 0.55 0.55 0.56 0.53 0.53 0.61
23 0.57 0.59 0.59 0.57 0.56 0.59
24 0.66 0.70 0.69 0.69 0.69 0.73
25 0.66 0.67 0.72 0.71 0.68 0.73
26 0.70 0.68 0.71 0.71 0.71 0.70
27 0.71 0.72 0.72 0.71 0.70 0.70
28 0.68 0.71 0.70 0.72 0.72 0.70
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;13197 N — 19(sia) HanIIMAaasANdNdunasLas Ut ARRARALLLILYN

1991 [Cu](PPM) [ [Cul(PPM) | [Cul(PPM) | [Cu](PPM) [ [Cul(PPM) [Cul(PPM)
(%LQTNQ) (30 «#iw.) (60 Ix.) (90 N.) | (120 ¥y.) (150 u.) (180 Tu.)
29 0.72 0.76 0.75 0.74 0.76 0.74
30 1.06 1.05 0.92 0.90 0.90 0.89
31 1.14 1.01 0.97 0.95 0.94 0.93
32 1.16 1.14 1.05 1.02 0.98 0.99
33 1.35 1.34 1.20 1.14 1.10 1.16
34 1.34 29 1.31 22 1.20 1.13
35 1.40 1.39 W29 ™Sl 1.22 1.16
36 1.46 1.32 1.28 1.34 1.1 1.10

;13999 N - 20 AP INAaesANdNduinda ludegaRaiawLLILY

1A [NiJ(PPM) | [Nil(PPM) | [NiI(PPM) | [Ni](PPM) [NiJ(PPM) [NiI(PPM)
(%QINQ) (30 7w.) (60 1H.) (90 @x.) | (120 @u.) (150 1u.) (180 1u.)
1
2 0.13 0.13 0.15 0.15 0.16 0.16
3 0.17 0.15 0.15 0.12 0.13 0.15
4 0.15 0.13 0.12 0.12 0.12 0.13
5 0.12 0.12 0.12 0.12 0.12 0.11
6 0.11 0.12 0.10 0.10 0.13 0.11
7 0.11 0.09 0.12 0.12 0.11 0.11
8 0.10 011 0.11 0.08 0.10 0.09
9 0.09 0.10 0.09 0.08 0.10 0.09
10 0.07 0.09 0.09 0.08 0.09 0.08
1" 0.12 0.10 0.12 0.11 0.12 0.11
12 0.14 0.14 0.13 0.11 0.12 0.12
13 0.1 0.12 0.10 0.12 0.11 0.12
14 0.12 0.12 0.12 0.13 0.11 0.13
15 0.12 0.12 0.12 0.11 0.11 0.12
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FIN3199 N — 20(sia) NanINAaasANdNdutniialutegARARALLLLYN

1991 [NiJ(PPM) | [NiI(PPM) [ [NiJ(PPM) | [Ni](PPM) [Ni](PPM) [Ni](PPM)
(ﬁlﬂlcl:ll\i) (30 «#iw.) (60 Ix.) (90 N.) | (120 ¥y.) (150 Tu.) (180 )
16 0.1 0.12 0.12 0.1 0.13 0.14
17 0.13 0.13 0.13 0.13 0.12 0.12
18 0.15 0.15 0.13 0.15 0.15 0.12
19 0.13 0.12 0.14 0.12 0.13 0.13
20 0.13 Oxl:2 0.14 0.13 0.13 0.13
21 0.13 0.12 0.12 Ols3 0.13 0.14
22 0.12 0.13 0.13 0.11 0.13 0.11
23 0.11 0.08 0.11 0.08 0.08 0.07
24 0.07 0.08 0.07 0.07 0.09 0.07
25 0.09 0.09 0.08 0.08 0.09 0.09
26 0.08 0.07 0.05 0.07 0.07 0.07
27 0.08 0.07 0.07 0.07 0.08 0.10
28 0.09 0.10 0.09 0.08 0.09 0.08
29 0.10 0.09 0.09 0.08 0.09 0.10
30 0.25 0.22 0.23 0.24 0.21 0.24
31 0.25 0.24 0.23 0.23 0.23 0.21
32 0.25 0.27 0.24 0.23 0.23 0.24
33 0.26 0.25 0.24 0.24 0.23 0.27
34 0.26 0.23 0.26 0.25 0.25 0.28
35 0.27 0:25 0.25 0.27 0.25 0.25
36 0.29 0.25 0.25 0.26 0.25 0.25

106



B399 N — 21 uannImaaesANdndunzAn luisg AR LY

1IN [PLI(PPM) | [PRI(PPM) | [PL](PPM) [ [PLI(PPM) [ [Pb](PPM) [Pb](PPM)
(%QTNQ) (30 d.) | (60 aw.) (90 N.) | (120 au.) (150 ©d.) (180 d.)
1
2 0.618 0.621 0.619 0.628 0.629 0.616
3 0.606 0.608 0.617 0.617 0.609 0.612
4 0.628 0.617 0.618 0.619 0.627 0.611
5 0.619 0.62 0.628 0.629 0.627 0.619
6 0.622 0.616 0.62 0.618 0.621 0.619
7 0.618 0.621 0.618 0.621 0.612 0.616
8 0.621 0.615 0.62 0.619 0.622 0.619
9 0.622 0.621 0.617 0.622 0.628 0.623
10 0.619 0.622 0.621 0.624 0.623 0.622
11 0.618 0.621 0.629 0.628 0.622 0.619
12 0.621 0.622 0.623 0.613 0.622 0.621
13 0.63 0.628 0.629 0.631 0.627 0.619
14 0.629 0.624 0.629 0.621 0.622 0.623
15 0.622 0.623 0.623 0.623 0.631 0.628
16 0.622 0.621 0.632 0.631 0.628 0.618
17 0.618 0.621 0.628 0.632 0.627 0.631
18 0.621 0.621 0.628 0.63 0.628 0.627
19 0.619 0.622 0.625 0.632 0.625 0.631
20 0.621 0.622 0.621 0.622 0.628 0.628
21 0.631 0.621 0.624 0.624 0.622 0.618
22 0.622 0.631 0.628 0.627 0.622 0.625
23 0.631 0.628 0.619 0.621 0.632 0.619
24 0.622 0.622 0.625 0.629 0.632 0.62
25 0.621 0.631 0.628 0.618 0.622 0.62
26 0.622 0.628 0.615 0.629 0.631 0.633
27 0.629 0.621 0.628 0.632 0.621 0.619
28 0.629 0.621 0.632 0.629 0.619 0.626
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131991 N — 21(sia) nanismaaasaRdndunzinludgafniouiuuv

1991 [PLI(PPM) ([PL](PPM)| [PL](PPM) | [PLI(PPM) | [PbI(PPM) | [Pbl(PPM)
(ﬁlfﬂm\i) (30 ow.) (60 N.) | (904N.) | (120 aN.) (150 d.) (180 «d.)
29 0.627 0.623 0.629 0.631 0.621 0.631
30 0.627 0.624 0.622 0.621 0.629 0.631
31 0.623 0.619 0.628 0.618 0.622 0.625
32 0.631 0.629 0.62 0.622 0.627 0.627
33 0.631 0.635 0.629 0.622 0.632 0.628
34 0.619 0.621 0.622 0.618 0.622 0.631
35 0.623 0.632 0.627 0.624 0.621 0.619
36 0.621 0.628 0.622 0.629 0.625 0.632

R399 N = 22 HANNINAAEIANMINIUAINZA uig AR AR LLLIUYS

AN [Zn](PPM) | [Zn](PPM) | [Zn](PPM) | [Znl(PPM) | [Zn](PPM) |[Zn](PPM)
(‘ﬁéfﬂm) (30 1u.) (60 Tw.) (90 o) (120 1u.) (150 wu.) | (180 =au.)
1
2 0.09 0.11 0.1 0.10 0.09 0.12
3 0.09 0.10 0.08 0.09 0.07 0.06
4 0.10 0.09 0.10 0.09 0.08 0.09
5 0.09 0.09 0.09 0.08 0.08 0.08
6 0.11 0.09 0.09 0.08 0.09 0.09
7 0.09 0.09 0.10 0.09 0.09 0.09
8 0.09 010 0.08 0.08 0.08 0.09
9 0.10 0.09 0.09 0.10 0.10 0.10
10 0.10 0.09 0.09 0.09 0.10 0.10
11 0.11 0.11 0.12 0.10 0.12 0.11
12 0.08 0.12 0.10 0.11 0.09 0.12
13 0.13 0.08 0.10 0.09 0.09 0.12
14 0.10 0.10 0.10 0.09 0.09 0.09
15 0.09 0.12 0.09 0.09 0.11 0.09
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dl 1 Y Y o a o a a '
FA1TNN N - 22(FA) N@ﬂ’]ﬁ“ﬂﬁ@‘ﬂ\‘]ﬂqqmLﬂNﬂu@ﬂﬂt@iMﬂﬂ@ﬂmﬁNQLLUULL‘V]\‘]

1Ia1 [Zn](PPM) | [Zn](PPM) | [Zn](PPM) | [Zn](PPM) | [Zn](PPM) | [Zn](PPM)
(%Im) (30 =x.) (60 Tw.) (90 =x.) (120 y.) (150 @) | (180 =a.)
16 0.09 0.09 0.08 0.08 0.08 0.08
17 0.08 0.09 0.09 0.10 0.09 0.09
18 0.09 0.09 0.08 0.13 0.11 0.09
19 0.09 0.07 0.09 0.09 0.09 0.10
20 0.08 0.08 0.07 0.08 0.08 0.08
21 0.08 0.08 0.08 0.08 0.08 0.08
22 0.08 0.09 0.09 0.08 0.09 0.10
23 0.09 0.10 0.08 0.10 0.09 0.10
24 0.11 0.10 0.09 0.09 0.09 0.09
25 0.10 0.09 0.10 0.09 0.09 0.08
26 0.10 0.10 0.09 0.09 0.10 0.10
27 0.16 0.10 0.10 0.10 0.09 0.09
28 0.09 0.10 0.09 0.09 0.09 0.09
29 0.11 0.14 o=t 0.11 0.14 0.11
30 0.09 0.13 0.10 0.08 0.09 0.09
31 0.15 0.07 0.07 0.08 0.07 0.08
32 0.08 0.09 0.08 0.08 0.08 0.12
33 0.07 0.14 0.07 0.07 0.07 0.07
34 0.07 0.06 0.14 0.09 0.09 0.08
35 0.07 011 0.07 0.14 0.08 0.08
36 0.10 0.08 0.16 0.08 0.08 0.07
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AMANUIN A

Ammonium Acetate Procedure for Cation Exchange Capacity (CEC) Determination

In this laboratory practical, we will determine the CEC of soil using the method applied in
soil classification.

1. Place 3 g of 2-mm air-dried soil sample in a 250-ml Erlenmeyer flask, and add 100 ml
of 1 N NH 4 OAC (pH = 7.0) solution. Shake the flask thoroughly by hand and allow it to
stand overnight (cover the flask mouth with parafilm).

2. Filter the soil with light suction using a Buchner funnel and No. 2 filter paper into a
clean flask. Add a small (25 ml) portion at a time.

3. Filter the soil with an additional 100 ml of 1 N NH 4 OAC (pH = 7). Check for ca’ -
close vacuum, lift funnel carefully out of flask, transfer 3 drops of filtrate from funnel end
into a test tube, add 3 drops 1 N NH 4 CI, 3 drops 1:1 NH 4 OH, and 3 drops 10%
ammonium oxalate. No precipitate indicates the completion of filtering. When the ca’’
test is negative (no precipitate) save the cover and filtrate for the later determination of
exchangeable K", Na",Cca ', and Mg2+.

4. Filter the soil with light suction using 200 ml 1 N NH 4 CI followed by 100 ml 0.25 N NH
4 Cl.

5. Wash the soil with 150 to 200 ml of isopropy! alcohol, add a small (25-ml) portion at a
time. Test for CI' : Remove funnel as in step 3; add 10 drops of filtrate and 10 drops of
0.1 N AgNO 3 to a clean test tube. A precipitate (AgCl) indicates the presence of
chloride. When the chloride is no longer present, empty and clean the collection flask for
step 6 (discard filtrate).

6. Filter the soil with 300 ml of 10% NaCl (in 5 to 6 portions). Save the filtrate in a clean
bottle for CEC determination.

7. Transfer 20 ml of the filtrate to a microkjeldahl flask, add a spoon (calibrated) of MgO
powder, and distill 40 ml of the solution into 5 ml of 2% H 3 BO 3 . Titrate the boric acid
solution with standard H 2 SO 4 (0.01 N). Refer to the following instructions for using the

microkjeldahl apparatus.
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Microkjeldahl Distillation of Ammonium for the Ammonium Acetate

Procedure CEC

1. Turn on the rheostat to the heater and allow the water to boil.

2. Prepare the steam distillation apparatus for use by opening the lower stopcock on the
steam-bypass assembly and closing the upper stopcock, which is connected to the
distillation head. These should be the positions of these stopcocks while the water heats.
3. Add 5 ml H 3 BO 3 indicator solution to 100 ml beaker marked to indicate a volume of
40 ml, and position the beaker under the condenser of the distillation apparatus so that
the tip of the condenser is in contact with the side of the beaker.

4. Attach the kjeldahl flask containing 20 ml NaCl filtrate and MgO powder to the
distillation apparatus. Then seal the funnel with the peg stopper, and immediately
commence distillation by opening the upper stopcock on the steam-bypass assembly
and closing the lower stopcock.

5. When the volume of distillation reaches 40 ml, rinse the tip of the condenser, and stop
the distillation by opening the lower stopcock on the steam-bypass assembly.

6. Determine NH 4™-N in the distillate by titration with 0.0139 N H 2 SO 4 . At the end-

point, the color changes from green to a faint pink.

References

Chapman, H.D. 1965. Cation exchange capacity in Methods of Soil Analysis. Part
2.Agronomy Monograph 9: 891-894.
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1.1 Titrate A1 0.1504 M H2S04 26.4 m

1.2 Titrate 11 0.1504 M H2S04 25.2 m

LAAAUNTAULIA < 0.5 NARLNAT

o/ 1 dl
AIBEIINN

2.3 Titrate N1 0.1504 M H2S04 39.1 ml

2.4 Titrate 1 0.1504 M H2S04 19.8*2 ml
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AN 0.1504 M H2S04 39.1 ml &Hiila H2S04 = 0.1504*26.4/1000 = 0.003970560 mole

usl 1 mole H2S04 MR NeAAL NH3 2 mole

v sample 1.1 § NH3
sample 1.1 & NH3
NUBLARIITY
sample 1.2 1 NH3
sample 2.3 A NH3
sample 2.4 1 NH3
Remember
1 equivalent
1 cmole

1 meq

2zl Sample1.1.AA W 1 kg

Sample 1.2

=
RN

0.003970560*2 mole
0.00794112 mole

0.007580160 mole
0.011761280 mole
0.011911680 mole

1 mole
= 1/100 mole

1/1000 equivalent

H191N Sample 25.0042 g

411N Sample 25.0036 g
N1’7N Sample 25.0288 g
411N Sample 25.0038 g

0.00794112 mole x ~1000/25.0042

0.299597668

mole/kg

0.007580160 mole x  1000/25.0036

0.303162745
0.301380206

30.1  cmole/Kg

mole/Kg

mole/Kg
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AMANUIN 3

Designation : C136-95a
Standard Test Method for

Sieve Analysis of Fine and Coarse Aggregates1

This standard is issue under fixed designation C 136; the number immediately following the designation indicates the year of original adoption or in

case of revision. A number in parentheses indicates the year of last revision. A superscript epsilon

This standard has been approved for use by agencies of the department of defense. Consult the DoD Index of specifications Standards for the

specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 this test method covers the determination of the
particle size distribution of fine and coarse aggregates by
sieving

1.2 Some specification for aggregates which
reference this method contain grading requirements including
both coarse and fine factions. Instructions are included for
sieve analysis of such aggregates

1.3 The values stated in Sl unit (SI unit and units
specifically approved in Practice E380 for use in S| units ) are
to be regarded as the standard. The values in parentheses are
provided for information purpose only.

1.4 This standard does not purport to address all of
the safety concern, if any, associated with its use. It ‘s the
responsibility of user of this standard to establish appropriate
safety and health practices and determine the application of

regulatory limitation prior to use.

2. Reference Document

2.1 ASTM STADARDS:

C 117 Test Method for Material Finer-than 75-l.um
(No.200)Sieve in Mineral aggregate by.washing

C 125 Terminology Relating to Concrete and
Concrete Aggregates

C 670 Practice for Preparing precision and Bias
Statement for Test Methods for Construction Materials

C 702 Practice for Reducing Filed Samples of
Aggregate to Testing Size

D 75 Practice for Sampling Aggregates

E 11 Specification for wire-Cloth Sieve for Testing
Purpose

E 380 Practice for Use of The International System of
Units (SI)(The modernized Metric System)

2.2 AASHTO Standard:

AASHTO No. T 27 Sieve Analysis of Fine and
Coarse Aggregates
3. Terminology

3.1 Definition-For definitions of term used in this
standard, refer to Terminology C125.

4 Summary of Test Method

4.1 A weighed sample of dry aggregates is
separated through a series of sieve of progressively smaller
openings for determination of particle size distribution.

5. Significance and Use

5.1 This test method is used primarily to determine
the grading of material proposed for use as aggregates of
being use as aggregates. The results are used to determine
compliance of the particle size distribution with applicable
specification requirement and to provide necessary data for
control of production of various aggregates product and
mixtures contain aggregates. The data may also useful in
developing relationships concerning porosity and packing

5.2 Accurate determination of material finer than 75
Itm(No.200) sieve cannot be achieved by use of this
method alone. Test Method C117 for material finer than
75 Am sieve by washing should be employed

6. Apparatus

6.1 Balance-Balance or-scale used in testing fine
and coarse aggregates shall have readability and accuracy
as follows:

6.1.1 For fine aggregates, readable to 0.1g and
accurate to 0.1g or 0.1% of test load, whichever is greater, at
any point within range of use.

6.1.2 For Coarse aggregates, of mixtures of fine
and coarse aggregates, readable and accurate to 0.5g or
0.1% of test load, whichever is greater, at any point within the

range of use



6.2 Sieve-The sieve shall be mounted on substantial
frames constructed in manner during sieving. The sieve shall
conform to Specification E 11. Sieves with openings larger than
125 mm(5in.) shall have a permissible
variation in average opening of + 2 and shall have a nominal
wire diameter of 8.0 mm(5/16 in.)or larger.

Note-1 It is recommended that sieves mounted in frames

larger than standard 203 -mm(8 in.) diameter frames be used for testing

coarse aggregates

6.3 Mechanics Sieve Shaker- A mechanical sieve
shaker, if used, shall impart a vertical or lateral and vertical,
motion to the sieve, causing the particles thereon to bounce
and turn so as to present different orientations to the sieving
surface. The sieving action shall be such that the criterion for
adequacy of sieving described in 8.4, is met in a reasonable
time period.

NOTE-2 Use of a mechanical sieve shaker is recommended
when the size of \the sample is 20 kg or greater, and may be used for
smaller samples, including fine aggregates. Excessive time (more than
approximately 10 min) to achieve adequate sieving may result in degrading
of the sample. The same mechanical sieve shaker may not be practical for
all size of sample, since the large sieving area needed for practical sieving
of a large nominal size coarse aggregates very likely could result in loss of

portion of the sample in used for small sample of coarse aggregate or fine

aggregate.

6.4 Oven — An oven of appropriate size capable of
maintaining a uniform temperature of 110 + 5 C (230+9 F).

7 Sampling

7.1 Sample the aggregate in accordance with
practice D 75. The size of the field sample shall be the quantity
shown in Practice D 75 or four time the quantity required in 7.4
and 7.5 (except as modified 7.6) whichever is greater.

7.2 Thoroughly mix the sample and reduce it to an
amount suitable for testing  the applicable procedures
described in Practice C702. The sample for test shall be
approximately the quantity desired when dry and shall be the
end result of the reduction. Reduction to an exact
predetermined quantity shall not be permitted.

NOTE-3 Where sieve analysis, including determination of

material finer than the 75Lm sieve, is the only testing proposed, the size of
the sample may be reduced in the field to avoid shipping excessive

quantities of extra material to the laboratory.
7.3 Fine Aggregate The size of the test sample, after

drying, shall be 300 g minimum.
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7.4 Coarse Aggregate The size of the test sample

of coarse aggregate shall conform with the following:

Nominal Maximum Size Test Sample Size,

Square Openings, mm. min, Kg
9.5 1
125 2
19.0 5
25.0 10
37.5 15
50.0 20
63.0 35
25 60
90.0 100
100.0 150
112.0 200
125.0 300
126.0 500

7.5 Coarse and Fine Aggregate Mixtures The size
of the test sample of coarse and fine aggregate mixtures
shall be the same as for coarse aggregate in 7.4

7.6 The size of the sample required for aggregates
with large nominal maximum size is such as to preclude
testing except with large mechanics sieve shaker. However,
the intent of this method will be satisfied for sample of
aggregate larger than 50-mm nominal size if a small sample
size is used, provided that the criterion for acceptance or
rejection of the material is base on the average of result of
several samples, such that the sample size used times the
number of samples average equals the minimum size of
sample shown in 7.4

7.7 In the event that the amount of material finer
than the75Um sieve is to be determined by Test Method
C117, proceed as follows:

7.7.1 For aggregate with nominal maximum size of
12.5 mm or less ,use same test sample for testing by Test
Method C117 and this method. First test the sample in
accordance with Test Method C117 through the final drying
operation, then dry sieve the sample as stipulated in 8.2
through 8.7 of this method.

7.7.2 For aggregate with nominal maximum size

greater than 12.5 mm, a single test sample may be used as



described in 7.7.1 ,or separate test sample may be used for
Test Method C 117 and this method.

7.7.3 Where the specifications require determination
of the total mount of material finer than 75Um sieve by washing

and drying sieving, use the procedure described in 7.7.1

8. Procedure
8.1 Dry the sample to constant mass at a

temperature of 110+5 C(230+9 F)

Note-4 For control purposes, particularly where rapid result
are desire, it is generally not necessary to dry coarse aggregate for the
sieve analysis test. The result are little affected by moisture content unless
(1)the nominal maximum size is smaller than about 12.5 mm;(2)the coarse
aggregate contain appreciable material finer than 4.75 mm ;or (3) the
coarse aggregate is highly absorptive(a lightweight aggregate, for
example). Also, sample may be dried at the higher temperature associated
with use of hot plate without affecting result, provided steam escapes
without generating pressure sufficient to fracture the particles, and
temperatures are not so great as to cause chemical breakdown of the

aggregate.

8.2 Suitable sieve size shall be selected to furnish
information required by the specification covering the material
to be test. The use of additional sieve may be desirable to
provide other information, such as fineness modulus, or to
regulate the a mount of material on a sieve. Nest the sieve in
order of decreasing size of opening from op to bottom and
place the sample on the top sieve. Agitate the sieve by hand or
by mechanical apparatus for a sufficient period, established by
trial or checked by measurement on the actual test sample, to
meet the criterion for adequacy or sieving described in 8.4.

8.3 Limit the quantity on a given sieve-so that all
particles have opportunity to reach sieve opening number of
times during the sieve operation. For sieves with opening
smaller that 4.75 mm, the quantity retained on. any sieve t
completion of the sieving operation shall not exceed 7 kg/m2 of
sieving surface. For sieves with openings 4.75 mm and larger,
the quantity retained in kg/mz of sieving surface shall not
exceed the quantity retained be so great as to cause
permanent deformation of sieve cloth.

NOTE 5 The 7 Kg/m” amounts to 200 g for the usual 203.2
mm diameter sieve (with effective sieving diameter of190.5 mm) with
openings smaller than 4.75 mm. See appendix X1 for the maximum amount
that may be retained on sieves of various sizes with openings of 4.75 mm

and larger. The amount of material retained on a sieve may be regulated by
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(1) the introduction of a sieve with larger openings immediately above the

given sieve or(2) testing the sample in a number of increment.

8.4 Continue sieving for a sufficient period and in
such manner that, after completion, not more than 1 mass %
of the residue on any individual sieve will pass the sieve
during 1 min of continuous hand sieving performed as follow:
Hold the individual sieve, provided with a snug-fitting pan
and cover, in a slightly inclined position in one hand. Strike
the side of sieve sharply and with upward motion against the
heel of the other hand at the rate about 150 times per
minutes, turn the sieve about 25 strokes. In determining
sufficiency of sieving for sizes larger than the 4.75 mm sieve,
limit the material on a sieve to a single layer of particles. If the
size of the mounted testing sieve makes the described
sieving motion impractical, use 203 mm diameter sieves to
verify the sufficiency of sieving

8.5 In the case of coarse and fine aggregate
mixtures, the portion of the sample fines than 4.75 mm sieve
may be distributed among two or more sets of sieve to
prevent overloading of individual sieves.

8.5.1 Alternatively, the portion finer than the 4.75
mm sieve may be reduced in size using a mechanical splitter
according to Practice C702 . If this procedure is followed ,
compute the mass of each size increment of the original

sample as follows:

A=(W,/W,)*B
Where
A = mass of size increment on total sample basis,
w, = mass of fraction finer than 4.75 mm sieve in total sample,
W, = mass of reduced portion of material finer than 4.75 mm
sieve actually sieved and
B = mass of size incremental reduced portion sieved.

8.6 Unless a mechanics sieve is used, hand sieve
particles larger than 756 mm by determining the smallest sieve
opening through which each particle will pass. Start the test
on the smallest sieve to be used. Rotate the particles, if
necessary, in order to determine whether they will pass
through a particular opening; however, do not force particles
to pass through an opening.

8.7 Determine the mass of each size increment on
a scale or balance conforming to the requirements specified
in 5.1 to the nearest 0.1 % of the total original dry sample

mass. The total mass of material after sieving should check



closely with original mass of sample places on the sieve. If the
amount of differ by more than 0.3 % ,based on the original dry
sample mass, the result should not be used for acceptance
purposes.

8.8 If the sample has previously been tested by Test
Method C117, add the mass finer than 75Lm sieve determined
by that method to the mass passing the 75Um sieve by dry
sieving of the same sample in this method.

9 Calculation

9.1 Calculate  percentages  passing, total
percentages retained, or percentages in various size fractions
to the nearest 0.1 % on the basis of the total mass of the initial
dry sample. If the same test sample was first tested by Test
Method C117, include the mass of material finer than the 75LL
m size by washing in the sieve analysis calculation; and use
the total dry sample mass prior to washing in Test Method
C117 as the basis for calculating all the percentages.

9.2 Calculate the fineness modulus, when required,
by adding the total percentages of material in the sample that
is coarser than each of the following sieves (cumulative
percentages retained), and dividing the sum by 100; 150 Llm,
300 1m, 600 Wm, 1.18 mm, 2.36 mm, 4.75 mm, 8.5 mm, 19.0

mm, 37.5 mm and larger ,increasing in the ration of 2 : 1.

10 Report

10.1 Depending upon the form of the specifications
for use of the material under test, the report shall include the
following:

10.1.1 Total percentage of material passing each
sieve, or

10.1.2 Total percentage of material retained on each
sieve, or

10.1.3 Percentage of material retained between
consecutive sieves.

10.2 Report percentages to the nearest whole
number; except if the percentage passing the 75 Llm sieve is
less than 10 % ,it shall be reported to the nearest 0.1 %

10.3 Report the fineness modulus, when required, to

the nearest 0.01.
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11 Precision and Bias

11.1 Precision — The estimates of precision for this
test method are listed in Table 1. The estimates are based on
the result from AASHTO Material Reference Laboratory
Proficiency Sample Program, with testing conducted by Test
Method C136 and AASHTO Test Method T 27. The data are
based on the analyses of the test result for 65 to 233
laboratories that tested 18 pairs of coarse aggregate
proficiency test sample and test result from 47 to 222
laboratories that tested 17 pairs of fine aggregate proficiency
test sample(Sample No. 21 through 90).The values in the
table are given for different ranges of total percentage
passing a sieve.

11.1.1 The precision values for the fine aggregate
in table 1 are based on nominal 500 g test sample. Revision
of this test method in 1994 permits the fine aggregate test
sample size to be 300 g minimum. Analysis of results of 300
g and 500 g test samples from Aggregates Proficiency Test
Samples 99 and 100 (Samples 99 and 100 were essentially
identical)produced the precision values in Table 2,which
indicate only minor difference due to test sample size.

NOTE 6 The values for fine aggregate in Table 1 will be
revised to reflect the 300 g test sample size when a sufficient number of
Aggregate Proficiency Tests have been conducted using that samples

size to provide reliable data.

11.2 Bias Since there is no accepted reference
material suitable for determining the bias in this test method,
no statement on basis is made.

12 Keywords
12.1 aggregate; coarse aggregate; fine aggregate;

gradation; grading; sieve analysis; size analysis
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MARUIN 9

Designation: D3922-89(repproved 1993)( 3)'
Standard Practice for
Estimating the Operating Performance of Granular Activated

Carbon for Removal of Soluble Pollutants from Water

This standard is issued under the fixed designation D 3922;the number be immediately following the designation indicates the ear of original adoption or, in the

case of revision, the year of last revision. A number in parentheses indicates the last year reapproval. A subscript epsilon (3) indicates an editorial change

since the last revision or reapproval.

3" NOTE - Section 13 was added editorially in September 1993.

1.Scope.
1.1 This practice covers the determination of the
operating
capacity of granular activated carbon(GAC) to remove soluble
pollutants from water. This practice can be used to determine
the operating capacity of virgin and reactivated granular
activated carbons.
1.2 This practice can be applied t all types of
water,
including industrial waste water, potable waters, sanitary
waters and effluent waters.

1.3 This practice is recommended to determine the
operating capacity of GAC on a weigh basis for removals of
the following from water, but not limit to these :

1.3.1 Removal of color,

1.3.2 Taste and odor,

1.3.3 Toxicants,

1.3.4 Surface active agents,

1.3.56 BOD, from sanitary waste waters, and

1.3.6 TOC from industrial waste waters.

1.4 This standard does not purport to address all

of the

safety problem, if any, associated with its use. It is the
responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.
2. Reference Documents

2.1 ASTM Standard :

D 1129 Terminology Relating to Water”

D 1193 Specification for Reagent Water’

D 2652 Terminology Relating to Activated Carbon’

D 2867 Test Method for moisture in Activated
Carbon’

D 3370 Practices for Sampling Water from Closed

Conduits”

E 300 Practice for Sampling Industrial Chemicals’
3.Terminology

3.1 Definition:

3.1.1 For determinations of terms used in this
practice relating to activated carbon, refer to Terminology D
2652,

3.1.2 For determinations of terms used in this
practice relating to water, refer to Terminology D 1129.
4.Summary of Practice

4.1 The operating capacity of the GAC is
determined by passing the water sample at fixed flow rate
through a bed of GAC contained in column until the effluent
quality has degraded to a predetermined level.
5.Significant.and used

5.1 This Practice can be use to determine effluent
quality obtainable when treating a water sample with GAC of
removal of soluble pollutant, and is generally performed at 20
C. However, other temperature may be used and recorded.

5.2 This Practice can be used to compare different
type of GAC
6. Interference

6.1 Insoluble material, such as oil, emulsion, and
solid particulates, will interfere with the adsorption of solubles
by the GAC. These materials must be removed by suitable

means.



7. Apparatus
7.1 The test assembly consists of the following:
7.1.1 Column, vertically supported,25.4+2.5 mm.
(1.0+ 1in.)
inside diameter and approximately 92 cm(36 in.) long.(The
inside
diameter of the column should be at least 10 times the
average
particle diameter of the GAC being evaluated. Connection
shall be
provided at top and bottom for admission and discharge of
solution
and back wash capabilities as described in 10.3. Adequate
means for
measuring flow and through-put volume shall be provided.
7.1.2 Support for GAC-A suggested support utilize a
60-mesh screen of a material compatible with the solution.
Other support such as glass beads or pea-size gravel may be
used.
8. Reagent and Materials
8.1 Granular activated carbon (GAC)
8.2 Reagent grade water, Type IV.
8.2.1 Purity of Water - Unless otherwise indicated,
reference to water shall be understood to Specification D
1193.
9. Sampling
9.1 Collect the water sample in accordance with
Practices D 3370.
9.2 Collect and prepare the sample of granular
activated carbon(GAC) in accordance with Practice E 300.
10 Procedure
10.1 Measure a volume of GAC sufficient to provide
a length -to-diameter ratio in the column of 3: 1in a
graduated cylinder. Weigh the GAC to the nearest 0.1 g,
record the weigh, then transfer the GAC-to a 1000-mL
Erlenmeyer flask and add enough reagent grade water to

completely cover the GAC.
NOTE- Determine the moisture content of the GAC in

accordance with Test Method D 2867 and record.

10.2 Stir the GAC slurry and place on a hot plate.
Allow the slurry to come to a vigorous boil for 10 min. Remove
the flask from the hot plate and allow the slurry to cool to
ambient temperature. The purpose of this procedure is to

deaerate the GAC.
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10.3 Transfer the deaerated GAC in slurry form
to the column in small increment, keeping a layer of water
above the GAC during the transfer. This is best accomplished
by filling the column one-fourth to one-third full with water prior
to transferring the GAC slurry. Remove any remaining air
pocket in the GAC by back wash the column to a 10 to 25%
bed expansion for 2 to 5 min while tapping the column.

10.4 Pass the water sample to be tested down-flow
through the carbon column at a flow rate of 1 to 5 gal/min/ﬁ2
cross sectional area(40 to 200 I/min/mg).

10.5 Periodically sample the column in fluent and
effluent and analyze of the pollutant of interest. The frequency
of the sampling will depend on the expected length of the run.
Itis important that accurate of volume through-put be
maintained during the column study.

10.6 Continue the column study until the effluent

analysis equal the influent concentration of interest.

NOTE - 2 If a layer of a suspended material forms on the top of
the bed , it may be necessary to remove it using an aspirator

NOTE - 3 This step may require an extended period time to
complete when determining operating performance with water that contain
low concentrations of adsorption constituents. That is, low concentrations
of haloforms and haloform precursor may be found in some municipal

potable water systems. The time period could be week or even months.

10.7 Plot volume through-put on the horizontal axis
and the corresponding effluent analyses on the vertical axis
11 Calculation

11.1 Integrate the area between the influent curves
to the end point as agreed to determine the quantity of
pollutant adsorbed. It is convenient to determine quantity in
milligrams or micrograms

11.2 Determine capacity as follows:

Capacity, mg/g(ar 1La/g)

= (mg(or Ug/g)-adsorbed)/carbon, g

Where

Carbon, g = original weigh x (1- (% moisture/100))

12 Precision and Bias

12.1 The precision of this practice is limited by the
precision of the test method used in determining the
concentration of the constituents.

12.2 The bias of this practice is limited by the bias of
the test methods used in determining the concentration of
constituents.
13.Keywords

13.1 activated carbon; granular activated carbon.
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