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M.Sc. (TECHNOLOGY OF ENVIRONMENTAL MANAGEMENT )

KEY WORDS :BINDER / CURING TIME / LEACHABILITY / SLUDGE FROM BATTERY
WASTEWATER TREATMENT PLANT

NARUMOL SARAPIWANICH : (SOLIDIFICATION OF SLUDGE FROM BATTERY

WASTEWATER TREATMENT PLANT BY USING BINDERS). THESIS ADVISORS

USANEE UYASATIAN , M.Eng., WINAI NUTMAGUL, Ph.D., NISAKORN KOSITRATNA,

M.Sc. 84 p. ISBN 974-665-592-2

This rescarch was conducted to investigate the solidification of the shudge collected
from battery wastewater treatment plant by using binders. Ordinary portland cement, fly ash from
the lignite power plant, rice husk ash, and sand are used as cementitious binders. Compressive
strength and leachabilily of solidified samples were tested to assess the effectiveness of binders to
fix heavy metal (Pb) in their matrix. Leachability was determined by the application of

the extraction procedure (EP) toxicity test method of the US.EPA and on accumulated test.

The chemical characteristics of fly ash from the lignite power plant contained calcium oxide
10.66% , silicon dioxide 39.60% , aluminium oxide 23.94% and ferrous oxide 12.60%.
The chemical characteristics of the rice husk ash contained calcium oxide 0.26% , silicon dioxide
52.60% and ferrous oxide 0.04%. The leachability of the sludge was 11.73 mg/1 . It contained lead,
586.50 mg/g for dry sludge, and the moisture content of the sludge was 72.15%

The study results were that compressive strength varied with the curing time and inversely
varied with the volume of the sludge. The leachability varied with the volume of the sludge and
inversely varied with the curing time. From this study, ordinary portland cement, with the fly ash
and sand at a ratio of 0.5 : 0.5 : 2 was the best binder. The combination ratio of binder to sludge

at1:0.025, with a curing time of at least 14 days was the optimum condition.
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#1833 extraction procedure (EP) toxicity test Y84 US.EPA UDREZNATDUNITHZ AL 18U

1

TanzminTau33 accumulated test ifomslszandddany

1.5 denudwnilFlumsise
d'dw < o o/ oy P a
Ls1 maazneyw  lunitimneds  minagneusnszuutinimitdeveslseunsa
d' é 3 C% d' [ =4 X% o’/‘ dy Y n'/
uuemed s Taveminiiundaunlunisisensed Igur asia
. ¥

1.5.2 Jaquszanu Tuniimaneds JudnudiledanaudnmSageaTam uaztudnug

e SaunudnmumsonaaguesTanmy

[ g g . s J P
153 Jaqueslean lundmneds iaeedinlud Udwnay wazidraesinluduay

o
bd

=y
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! 4 . q . d'dy =3 A a =Y
1.5.4 MSHABIUININAZABY (solidification) TuNTIMINGDY YLIUMSNUMTAVFITUNTTIA
asluninazneuiedinanuaivisalumsazasvesTangwiin Tnev v dnyazidiu
&' =~ as o Q=8 o/ 4-3 = as 3
Homenn U ¥ INUA NN IMENMUATUIAZLAINAIRNINTY
1.5.5 Manasuuy nued mavhyudimud maazaey taznsie sauldidhdundnium

Tunsifiad Tneuuwundefi1d Tuina 5x5x5 cm® AMINATTIUES ASTM C 109
4l o
1.6 Yszlaniimadazldsu

161 Wlumsiinidszaniamlunistitaninazneu
o o 1Y) 1A
1.6.2 mmmawﬂmmw’ﬁumsimmnmnmmnﬁﬂaumwuazmsﬂmﬁauqmmﬂé’au
o Q@ L% é L

163 annsamdaveudsldvaelszinnluvunumsfeadudssldun mnazneusinlyeny
o d'dy a d
waanUAIAe3 Uunay tazidaeedn lud

1.6.4 annynansdunulumssiiaveds

1.6.5 munsarhwansnanes lihlszgndl¥iumnasnoudlszinnau 14
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2.1 NIZUIUNIHANUUAINDT

A O.l 1 3 o 1 o
uuamsiazm Wunvashazaundsaulugdiaiudriodundeanu TWiheen lulFau
] [ 4
dlunszuanss (5) vuamesidulsznouvdnasil
1. 1ldon (case) nlfonuummeInl¥ udseeniilu 2 Uszian fe nldeanaradn daulna
a o o ar [ a 3 o
dunaradnyiia Indedau awnsathaduinldmudeulndl] Snwiia 1dus nldenmauds
t [
niouldendr  wlhenyiailiilymiunmsite  uazdslilamduaisonnasildduuas
Tunldenens 1wy leneauanea
2. udus1g (electrodes) LWUTWUIN uozuHUTWAY Udauillszneudidiny Ao
a o o o 2 1 M 4
Tasvihdaednneed Tanzaziomaunads  uasmad  Fuludrunauvesaziieen lud
° LY :’ [l A v o T ci v :‘ = 4
pIafwzoy 11 uezmsdsadsvesuameiudazyila  wiusgiguluhedonlas loy
&4 ﬂ ° v A a v = {l o
Fuilupsadwzoudamanisonemilsey senlasuitluaznadama
T 3 3 é g 1 ¥ a’ [:3
3. UHUAY (separator) IWNefivziuUAUTqUIALAZINUTIRALBRnInfY sududead
A 3 ' & daze o 44
uAununianunguivostmalasladlvaiu’ld  wivduilddmsvuuamedia il
laun #3% raglaa nszawlonds ‘luTasnesaTnae#fy (micro porous polyethylene)
8/ [ [
daulszneuvewnunmilegnirn ludluwmmasussiiadfnsoudvasfividuars
4 1 a a a S o ] [~ P
sznevvesnneiu 1y laeendu uazasivdunsd dueglumaiesnsinwviaey

3
a

1Y
9 4 ° o w
4, u’m’lﬁ!ﬁﬂiﬂsblﬁﬂ tﬂuﬂiﬂﬂmmwﬂ’l’uﬁuﬂizmm 10-15% m&ﬂadmnmﬂﬁum

(forming) uazlda nsadwzduinlfifofuacieen ladiluasidamta armududu

anauvnnallszun 3-5%
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[y FaneuasdmTuLUameTLsEe gadmaradn dudu

" 4 o 1 1 -~ o 1
Tumskaauuames szihdiunauussesn lasuazmsldaslunia 1 ldulfeunlas
Tifunsiangy (sponge lead) MmdrvifnseuaiiliilaeldTansnanveaziafiiu

a o 9/ d'ﬂ Y ltl ﬁ & 43 a a da 3 o
Tﬂ‘iﬂﬂiﬂﬂ'lﬂu'ml Ui W FTussuMIRAALaZNaNETINATUIINATEUIUMTHAA

o P
aanaraslugiii 2.1

casting
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Toaziian
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oxide manufacture
¢ NN é]ummzf%
mixing
, ¢ —> Qjmqmzf";"s,
pasting hdheihanuazen
¢ ——>  {unsneia
pre-heat drying
v
drying & curing
i —— > TonIne1nd Form,
washing Hurenzia
¢ — »  dhennnsdn
drying
¢ ——>»  duazeoy,
plate preparation KRz INIHLLTS
¢ —>  unnzi
group building
——> {funneia

buming — fuminzi, lemzin

;

battery
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mngﬂ‘ﬁ 2.1 mmma?mm‘?umumsNﬁmmnma’%unzuaﬁyﬁtﬁm‘fu ) &it

A13Mae  (casting) 1%’mﬁau?qu‘lugﬂmﬁ'mﬁwamzﬁ"'oﬁ’au nieude TanzHaw
LATINGITTTT B uaz‘l‘?ud'awhqq dnnmaeufigungitszinn 450-500 eeruwaiFon
Twifihmasu 111nu:uﬁlzgnmia‘lﬁ'ﬁ']uﬂ?ﬂuaz‘i‘;mhuﬁﬁ'mmsehaq 2109TAIBUTIAUNTD
inSeedns 1wi’lgumuf:ﬂzfiaiﬁ'tﬁﬂéjuwmzf“i"r‘v’;ﬁﬂmﬁ'un?mmzmnmn‘iﬁﬁqﬁunﬁ’um
vnewlny uazereifaleazfannimasy Srquingiti1difiu 450-500 oerruzaiFen

nInAneen 19 (oxide mamfacturs) ©109zldAziauvs, aviamsdaiiuviow, azd
feunawiding unzazfigilademssnay iuSagRunAeuliiiuasiieenlad Tagdslidad
fupssuiuniitond veadia (ball mills) w3eTae3Enaeuliaziazareudauieinea
agll1fiian1siAveendiau (oxidation of molter lead) afuwauﬁmmﬁmméjumﬁ'man"quﬁ
vnmsvubionsnziieen lud aznInmshnImazeIAaZges Ny IR aens

MIHAUINAR (paste mixing) 19wenzfiaoenlad uuSeudama asusuiuan a1snay
fnilu iden nsa dndu msilszneudan weniuTaedEnauseiiesianeiunaenna
w‘%’awﬂuﬁazﬂ‘i"’amwmmfmﬁnﬁf'imuﬂamfiﬂ‘lﬁ'aﬁﬂﬂuwwmzﬁmwwé’w‘?mqﬁu"lﬂﬁq
inSoanm tanihidennasdehaazeanemiandes

ATAZING (pasting) nztnunadasludInsadeiioniemniostns sﬁav‘iﬂﬁ'&ﬂuun’uﬁm
%1mfuuviuﬁmﬁazxmuﬁ'ﬁrwgm'i1"th‘i11ﬁ'uﬁ'aﬁﬁaaeinsam%‘o‘luq’j’aumuumueu
udniv iy Blunsusiieson 3o eduuns %umuf:ﬂzdﬂ‘lﬁ'uﬁﬂéjuwmzﬁ"’maﬂ"lmﬁ
vazinmsazaamadinsvudomadintud sauteluvazeuusiulfitesuada

MIPUUAUIAZIABITY (plate drying and curing) uw'uﬁwrﬁmumsazlamazanﬁa‘lﬁuﬁ’a
udrndesazinurunigdsnanzgmill Bluussnnwiiigungiou fawdu ritern
malfisouninmeluiusty  FeeznBeunlasiludnlassadansfavasmanton
ﬁuﬁ]zqnv‘iflﬁuﬁe afumaui‘:fia‘lﬁ'lﬁﬂﬂuwmzﬁnmmsauﬁq‘lﬁuﬁq unz lensasndenesy

NSOUIAY (plate drying) uAusNesWeiuaTeSoufesudr ewgninliuieda033
suluduiotesevsiinegivi vieewih ki TasmsnaluTdndeoudirug Tusdounse
1Nauuﬁwumiumm%’auﬁﬁmﬁﬂuﬂizﬂnﬁmm’hfiaﬁ'aﬁﬂéjuazamuazwmzﬁ‘amnuﬁu

AU
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A1 UALAZANUAINNY (plate preparation) nwiumqﬁvhumsvla%’uunzanuﬁ'«ué’nzﬁm1

Fanazanusuitemsondmivnmibszanduradniedundenunnoiae llvziadums
azfaenmsvatazanuay '
C MIRNGUIAUTIA (group building) UAUTIALINUASUNUTIAAL owiiuriiaiiesy
udwmFeduiluniuay 'n::t;]nﬁuni'mﬁ'mfluﬂﬁunuiumqhnﬁmiuﬁguﬁ'uag’nawszninur«iu
WINAZIANAY 1509190 TIMANIZAGUUIAUTIAUIN  wIevIuAUTaY  Tagmmiz
sentsaeaduAu UV n'a”lﬁ'nﬁﬂﬂummzﬁ"maﬂ"lqm"mnmsaemwiuf'?un’fﬁzm'w
AuURLTIUAsINATS AANANATEe

71315281 (burning) Tudumounmlszamil ARUUAUTIAIZYNTUAIINOIUTANGY
wivsgandsnlszmuienmsdszanuyuiusigldsnfuihsad  mslszaeninld
Taons1deendinunieissuqihldyudvarmeoudalfasiatszaudnlfiduammy
fidoants S0e1ld38 castonstrap TnsnrsguyuAusgisaiunduasluuvdedi
azfaszmuvasummeguda deliinalenzfannmsidias Tufenngdgaduns
sz nzidadunaziaeen ladvnasussqnandetazmsdiBsariuig

M
=

2.2 msthiavudennlssnuwnantuamed

:I A -~ o) i = z o : %4
N URINAANNTZUIUNTHAANDAIRBSTINANINTUABUMTAWTINANNAZAIATEIINT

L 9 b
uazmsanuazearuanu luszniwnnaa Tasmwzluduasunsnaumad Tasiude

A a &’ ot {l s (a M A lﬁ ° Y] : 3 A a

Anavuilismimdiunse  uazlidfinuaznafetuediiudauinn  dulniu@einann

a 4 ' o o 2 .
asyuaumInaaves Issauihnsdnyesgadalldeszuntiniaiude  uuy  chemical

¥ T (] T :‘ P 3 o @ :‘ s A
treatment foudnesasguvanhmsue Fdlvunsumsiniaiude Awaadlugali 2.2
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anthracite filter

Ca((iH)2 AlziSOQ3 +kuriﬂoc l %
—P —
waste water pH adjust rapid slow holding tank treated water

tank mixing mixing sedimentation ¢
tank  tank tank drain
—» sludge
filter press

) 9 1 4
314 2.2 Guaeumsthdarinde

ngilit 2.2 aunsaesuetumeumsthiaiude lga

1. ﬁ’uﬁﬂmnnszmumswﬁngnsqusmijﬂaﬁ'ﬂﬁ’nﬁa

2. 1‘;1nﬁﬂ‘luudaz1jngﬂdqpi1u”lﬂé’i~16’»1ﬂ§'nﬂn1wsémmﬂu nIe-AN Tagnisiay
unaiFonlaasonlud uaz TnReylansen lod

3, ﬁynﬁtmnﬁ'\iﬂ%’uammzm’fujﬁ'amm%‘q (rapid mixing tank) 9iNITAY
egiifioudamaneliifeselumsanazneu nﬁ'mmfw%'ujﬁ’amu%ﬁ (slow mixing tank)
axfinmsi@niien kurifloc e I¥aznevs IR TsATY

4. 1hiuiteenaindaniud witgfisnazneu (sedimentation tank) tWeion
aznewTansmiinesnnmirla

5. vhlaifiduesnin vzihlie holding tank UAZVEATY anthracite filter ADUITY
fensanmmind sﬁaTﬁﬂ’nﬁmﬁﬂﬂﬁﬁ?mmﬁathwm,gmffiauﬂﬁauaaﬂqivies:mm%

6. daunznouilegdniinvesiuanazneuszinuduniesianzneuiesaioen
i fdaTasTiilsnauediilnend (secured landfill)
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; $ o @ w1 ) 1 9 | & aa
iesnnaznsuiiiuszumhtindnan fazmiuileusgluilFuiuge Flinusouss
v A =3 A .é o [K) o (1 T
aedalixdauazdunaden WeaznudigiumelulSnugeesgaazaueglusume uaz
issmnazhaufiuarsihisaredlusssund fudhgiremeludFnamnn uazlimsazau
] o o s oo LR a g a v o
agluszauguiiunannu e ldifaduasedesumenaziianmsiuihe  fivvesaznai
~ J A A\ as -3 \J
avuluudazauszuandreiu hilawds uazanudwnuvesudazau (6) Tasanis Tsausd
fiuazi szuniseendly 2 dnywede
-~ = ar L% a L) o n'l 9 o t:l =
yiiaReuway dnzifaningliame Aumsazdadh hliduswouunn Suluaziiia
3 14 14
aflun3dezlionmsiag T defl thaeziisalans aszmeni thauauihadeuludtes eudeu
r ° @ o [ a o a g 1
W04529 fioayn gevtszdt enmeldanelu 23 Fu dwmSumsudfivasidunsd dauwn
= (] a 9 v a [ A 2 9
wiionsnlszam 15U nganda aquant faanuduay luiigaeivdeme1a
o 4 o s ) A o n'l T ¥
silpgesy  dnmalunsdinldsuasaziifiazdes uazazaveglusimesuiionns
= é’ 4& L] 3 P = a o/ é o
MU FazwueInsed 4 Yu lagluszezusn Unsdavesdiviis uazideiion anan1iy
k4 [
danguuasdanily sumamlsilsou  szezemsuaasiuusn fensidienis Tnssde
= ~ 9/ T W 9 =2
quinen edsuzuInumthmn weuhivay Wewyn szezguuss Temsgnideazuuse
\ Qs ﬂ' Q‘l s L4 =~ -1 as
Twfuensaduld Usngvesaziameisi: wu mlen femssumavestszam

9
dauilate Tannzduau emsdugege inssunumsinuvesdssamluaues

a e z g 2 o s A o~ A a '
Tumsienell nhnzneuiiunFesiaaznoundng iesnInnInaznoURING1
- 1
T TansmindudleowsglurlFinags Tasmmzilfinuazia sufludenihwthiiaseu

ilida ieflesdumsumsnsznreves Tanesmingdunadey
d
2.3 YJudnudiilednuaua

Yudnuddesauaudiiiuiagrendwiidifolumdamnss Taufleyudnmdnaudy
w3 Ay washdaesandaufimnzaue: 1dneunta Sudleudeiaudaneiifidneunia
fudasenumy Yuduudesanaudiundafusiilgnnnsuagudiaduihumasiafine
111nmsmm"mmrmiuqﬁqmngﬁq«ﬂszmm 1,400-1,500 ° C auilszneuvesasiseney
Tujudnndiledanaud TaoRadunlesirud Tasimin uaaslumsed 2.1 (7)
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3 v A4 e
mawi 21 dudlszaeuvesmsilszneulufuinudilesauaua

mssznou S (%)

Ca0 63.8
Sio, 202
AL, 54
Fe,0, 29
SO, 2.6
MgO 1.5
K,0 0.5
Na,0 0.3

A : USeye Suanlsziady, 2529 (7)

4 Y Jd an =Y
@arnasilszneudhsduivesjudmudutmseen lvavessquanition  §an  egiin
nzmnsTfiseuaisadai idmalszaouiidy 4 wialdud lesuanifouddine
TaunaiFendaing TnsuaniBevegiiua uazmasunadouegiiluves lsvi
:/’ A o P | 4 asey = d o o o d!l
a5szneuns 4 viladsnaniinaseguaniavesusnudleiauaudasil
lasunaidoudaing (tricalcium silicate) vzdhlffudmudsudideldisa Iimdege
uazianuiauNIn
launniondaina (dicalcum silicate) vevilijudnudfuuselas Iddegs une
inannueution
lnsunaiFoueglitu  (micalcium  almminate) vz lffuBnudiianisnedn
L A as 3 o W o/ 73 W L1 L4
wufitmaudmi Wanwdeuge TaseldmdeSunssdadndesluiunsnuazez hildi
a 3 [T | o [ 1 Aaan = an
dnvuamnm udeeiitss Tenilunsesalfiznves lasuan@ending
wasuaadenegiilumes1sW (tetracaloiim  aluminoferrite) vzvhiffumudinn
v e ] o v 9 [ P D) 1 = ey < 9 1
msfedeaesIala uadniwes daufeutesnilasunafenegivainios dauns

9 W&/ o/ ar T A L]
1ﬁ’nmqs‘uusqm"lmflumﬂmmuau

TuuSnmdeiimalsznevveslasunadoudaine  (C,5) uozlaunnFoudning
€9 swdutszine 70-80% uaziludnrvguainuiuswenjudnudilesauaud

2 -
mszaziusdinsdnulaeld  xray diffraction tefvzAnasYsznoy lasunaidoy
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Fana (C,8) awilszneulaunaifsudding (C,8) uazdnlszamandou-gaina-lansa
(calcium-silicate-hydrate , C-S-H) FuflufrdelfiRamslszaunnsiuddvesyudmud
tesannudndannnaalfisnlansdu uaaddiiiuinSnuves cao uae sio, samdy
A 80% c?‘femsﬂizﬂauﬁgqﬁmﬁnﬂuﬂumﬁﬁnﬂumﬁﬂsznaumﬁ'mﬂm"lmnmaﬁmu%ﬁm

aa A [ 0o o o ot
uazlaunadendtinadezvhldudnudmlesauaualimasunswaldge
v 'd
2.3.1 msislszianvenfudnudlesauaud

ASTM tasdninaunasgiurdanuaigaaimnssy Wen. 2525) uyagjudiug
Vesauaudesniiiudsznnlngiq 5 Uszinn (8) fie

1. Yusnuddesauaudsssnm (ordinary portland cement) dIMFUMADAES
W19 1) 1oy v ovu amuﬁuuaz‘h’f'ﬁ'm1u’v’i"lﬁﬂg'“lufrmazmn1ﬁé"ua;uum

2. fuiniuddesauaudviiadanilas (modified portland cement) dwiulffiuau
szinnfifeanisnudemedania ldthanens wy aureadudeu aounsa fumefuiy
wieuSnai Tawidusiunssasr linnen'ld

3. uBnudsialiiduds (high cnergy strength porfland cement) dMTUNY
fideems s s wu ouvdinmssnessuse audy

4. YuSnudriafiisasnimdoudt Gow heat portland cement) dmiulFiuaIu
neadeAeUATANIN

d a a 4 ]
5. Yusmudriiadrudamialage (sulfate resistance cement) lAUA wanmie iy
msneadeluusnulndnza

23.2 Ufismsenaudandimh

UffSenlamsu (hydration reaction) WhulFSefifatusevirafuSnmddnh
mildifansneduazudedia 1Iﬁﬁ?maza‘fuagjﬁ'nmﬁJsznau“luﬂw‘ffmuﬁ?ﬁmﬁﬂiznan
mdﬁrfn:ﬁ1ﬂﬁﬁ?muazﬁ§w§wn¢iaﬁ'uuazﬁ’u waanauelfasn lamsduiiveSons e
1 SWUAINA (cement gel) UsznoudreunniFon-Fana-lamsa  (Cs-B) Uizinndewas
50-90 Tavalfanas  unzuanifenlensen’led Snlszanadesas 20-25 quaniiAvedimud
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o .3 1o/ - aa A A o “ﬂ 2
mamzwagnmmawau-mamn-"lamm mnzuﬂsqu«qﬂ UANHUSIUURANNHEIVNN

! d & a a aan [ g
azuvHIaan %illﬂ'lilﬂﬂﬂgﬂimﬂﬁ‘u

2(3Ca0.8i0)+6H,0 _____  3Ca0.8i0,3H,0 + 3Ca(OH),+Si0, (1)
2(2Ca0.8i0,)+4H,0 — )  3Ca0S8i0,3H,0 + Ca(OH) +Si0, (2)

k4 v ¥ 14
dupeuvenfisenlamsdu  Ae ilemsFmudilesauaudnaudusiudufadiy
lamsanounnd Taolasuanidondang uoslaunni@ondaing szusndaeenitiu 2 dau
Asaasluaynsf 1 ey 2
ana d’ o A d' a a d s o aa
UgnsenizduiuluSesq Tnshunadoueenled susndaesnninuaaidendaing
TilihuunaiSoulansenlad niemsilsznouunn@endainagavind§somuahl
s 13 4
ardsznevinannlgnse lamsdu e 2 dau'ldus
an & . P s
L. unaiFen-Faina-lawsa deligasiaiiiu 3¢20.5i0,3H0,0 Fuiludadsza
A o aan [
2. unniFenleasenled  Wumsiamnsedulgisee 1188 nddiasszney
Mmnzauswinlfise
A a o o anan a :’ o <2 g a e
iosnnlasunadenegfiue  winlgasndmiidadann  Sedewwauilsy
T H 1 s J o
2l urhwdia  Aevualvfiiiung iiedaszeznminedliuuiuTaglnsunniFeuegliua

o ORI U o

wihlpisnfudesuvesdnilanindldy IilluunadoudaTvegiina lamsm daauns

3Ca0.ALO,+ 6H,0 — » 3Ca0.ALO,6H,0 3)
3Ca0.ALO+CaSO,2H0 — .  3Ca0.ALO+3CaSO,3H,0 +3H,0 (4)

unaiFondaTwloglinm lamsniifntuil Tdefonsndonieh Emmieled (etiringite)
ﬁﬁ’nymzui‘lumiam'mé'wx%mﬁﬂ%mauq“lmuﬂaﬁmuﬂqﬁm $ehinzmeiunzezn/fouhl
GhuTuTudaTvegiliua ufiaﬁaawaai’fmﬂﬁgnv‘hﬂﬁﬁ?munuﬂ witithuaaiFuuegiing
laasa

dumasunadenegii lues lsfl winlfifeniudlduecdn naveal§ase
wldunniFevegliuaunzuanFouda e lsvidaaums
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4Ca0.ALO, Fe,0,+ CaSO,.2H,0+ Ca(OH), — » 3Ca0.(ALO,Fe,0,)CaSO, +CaSO,2H,0  (5)

=4 I~ 4
2.3.3 ANUHUIHITIVNFUUA

.3 Yo o M y v o
anuudiswesneunia Jusgiudasiduveuhdeyfudiud Tumamguiesld
o ]
deudnudaniiy 042 : 1 TaslFazeznmlunsiy 28 u eihldifadfiser lamsdu
1 a °y 1 a 3 1 :’ 3 d'g &
stnauysel  mad@uhdnduiinnnidesas 025 venimiinuGmudly flendy
P o o :‘ or = ° Yy & A T W L= 1 o ¥ ; -
Fudmniwaz Yaquauduezdii isnudiunedmazianziunivsunazinanuieu
4 . g ) ¥4 @
gailviiszmesenll amalagseuqasuniavzraeliiiunsndledlunsunia
P g 4 aan e :’ o '

wizineeen laatsuilelfnsomuniitugaawds nezszvede lldnsunua
e o (il o 19 @ ) &2 = o q 9 S Ao w
g uneunsndlegiternmeumsadud llunudadinasi 1dasunialididianas

1 :I e 3 L4 QU 4 ‘é Qo L
uadninfes maumsadaenaummuiudnlszamdugiszanns sedamaldiilulnsusy
o o 3 [ ] 1 :l s 1 [ e ar [ :l
i Aludandiuszuhahmnjufiuuddeseglusrdiivingay yenningasidauveah
A at J v o X3 1 Qs
deludududy  anumdauswesneuniadiusgfuanyaizglininzvinavesTaguay

wa P 'Y a a g = 9 =
awiamaniivesdallszay  yflevesiuduua  eguesABunIa  MInszijanients

FunpunTa MU LIaEMIUNNENAINITMABUNTA (7)

2.4 Tagoalgaiu

amanasge ASTM  Waammnevesdrin "leaTwanr e Saeiifidanmie
Fanunzegiuniussfilszneundndlnediuewds  liflquauialunstalszam
st Tsanninl§Asouniifuunaionlsasen ledigungfilng Rersalseneviii
quania lumstadszaiu 9)
arstfoyTearuesusis1dii 2 aqude
1. wdesTemuitlontssund AetagfiRavinmssudavesgunld waziiu
wyu Hudu
2. mmtleaTamudunsied fe Tagitldvinmsmunszuaummenandeulasns
wSagauitlansssuna 1Bun Aumdies fuva Fuiidanuduesitszney Sy
Bdunoy dudy



o - - 3 v
JuFNAINGas WM INTIRGUTA M. @na TuTagmsusmisdaadon)/ 17

ann [ [ o o
2.4.1 UfiFewesiaquesTeamfuduFnudlesauaud

s o |oaa o oa & aaa
TaqrlesTaamamnsovlgseiuuandeoulensenludoass  Amfevndfse
ﬂ'l \J s : ) o - { QN A
laasdusznindudnudninh mehliifemsSandntiquanialumstalszawdaunse

'E']ﬁ'ﬂ'lfl‘l.l;]ﬂitl'l‘lﬂlﬂﬂ‘lnm\iﬂllﬂ'ﬁ

2 g
Yuaaun 1
2(3Ca0.5i0,)+6H,0 _____ ,  3Ca0.28i0,3H,0 +3Ca(OH),
2(2Ca0.8i0,)+4H,0 ______  3Ca0.28i0,3H,0 +Ca(OH),

14 [}

Juaauf 2
3Ca(OH),+28i0, ____ o  3Ca0.28i0,3H,0
3Ca(OH)+2AL0, ___,  3C20.2AL0,3H,0

VINANMTITUR 1Jﬁﬁ?mﬂaﬂquwﬁﬂ‘lua‘]gumuﬁﬂmmﬂz‘lwﬁ’:umumﬂﬂﬁﬁ?m
lowsiusiath doiu Ssmamsainmsienmiasunssalusius ngves)ufnud
dofauaudnmiditrazdniniudnudlesaunug maizuanideoyleasen ladvinlgisen
Audanluiagues Teanudanffeugifumsdund nﬁ’\mnﬁmztﬁﬂﬂﬁﬁ?ﬂﬂams%’uﬁu

lums3sendeil FogqulosTammiithunld Idud  Srneedin’lud uasSidwnay
Snwaziia lged

hoeednlud  ShiSaqmieiion ldnnmsm InfiniuthidemacduTssmmaa i
Tumslddmiududomauiuee 18dnestmisniansm ndveaswiudszany
fovnz 20 Teeriminvestiuiiu idvesnuniuszed luanmdredulagawise
ue1&idu 3 wande

1. 181 U1m1 (bottom ash) =§eﬁwm1mg'uazmmﬁ'wm

o 4 o) @ o :'
2. 203U (slag ash) iThudinaenazate imeiluasnsufimiwesarmmiendeti
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3. §mey (fly ash) Hudriitidanzisun Taofidrilazans liwdouduude
FouninddeudezgniuTaeniessuaznewdl (electrostatic precipitator) u&agnaa
Tulfigafiy

it igaethudnonlssnadosn: 80 vewumuadlivinadud 003 ToAwns
9 0.42 findas unzwu'hué'mamzﬁmmmﬁnn*hﬂu%muﬁimﬁuﬁﬁ'sﬂ'wﬁ’mﬁ’mﬁﬂ
ot 2iwenfuinug  Taswaifesssfidiedeudnenansudanan sailidaes
ﬁuﬁzifuaﬁﬁuqmauﬁ'ﬁmmdmﬁwf?«mndwﬁ'ummmﬁwh«qﬁ'u uinsziiedn Tudflyanein
dumisiisedulumadefusshl fquauifvestufuianaiy Tawiialaléry
UszneumaniiitdaesudinesTdis sio, , ALO, , Fe,0, , C20 , MgO, Na,0, K,0, SO, liaz C
Fareraslumisdi 2.2 V';"qfrfhuﬂizﬂasudmmdﬁ:ﬂzﬁmmamﬂ@haﬁ'u‘luﬁﬂﬂ?mmmuuma’qﬁ
mma«ﬁmamfuq t‘fn“lumsnjﬁﬁﬁﬁaiui‘luﬂmw1¢iamsﬁm’1’maU"lﬂ”l%mumﬂzmmiamsmu

AUAMA LA AU ANTIARNY

maafi 22 quasiamunaiilugilfesas veseen ludludrassinludeinTseliih

e 9.819

month 8i0, | ALO, | FeO; | CaO | MgO | KO | NaO | SO, acid bage slaging fouling
% Y% % % % % % % % % index index
JAN 46.96 | 2640 | 1204 | 779 2.08 1.83 064 | 225 | 7336 2438 1.05 0.212
FEB 5070 | 2454 | 1211 0.87 1.01 1.97 034 | 226 | 7524 2230 0.99 0.160
MAR | 4440 | 2261 | 14.27 9.91 149 201 052 | 380 [ 67.01 2820 1.49 0.220
APR 4287 | 2288 | 1612 | 9.80 172 2.06 0.50 354 | 6575 30.20 201 0.227
MAY - - - - - - - - - - - -
JUN 4035 | 2294 | 1434 | 1241 | 263 247 107 | 352 | 63.29 2292 1.95 0.557
JuL 40.63 | 2370 | 1620 | 1L10 | 2.60 234 083 | 360 | 6433 33.07 1.90 0.415
AUG 39.56 | 2047 { 1465 | 1501 | 3.09 214 L4 | 394 | 60.03 36.03 216 0.685
SEP 3822 | 2123 | 1515 | 14.24 | 336 213 137 | 485 | 5945 36.05 225 0.828
ocT 3777 | 2230 | 1438 | 1434 | 3.27 242 109 | 443 | 60.07 35.50 151 0.645
NOV | 4183 | 2204 | 1261 | 1346 | 3.05 232 092 | 38 | 6384 32.36 1.87 0.464
DEC 4398 | 2495 | 1371 9.37 234 266 0.73 226 | 6893 28.81 179 0.305
AVG | 4248 | 2310 | 1414 | 1130 | 240 221 083 | 348 | 6557 30.89 172 0.424

wn : ma Idhdhenfauvsdszmalne, 2536 (10)
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AWNINTTIU ASTM C 618 (9) Tauvelszinnveadaesnamnsntinnlddmsuau
9
asunIasanily 2 Ussian fail
1. 16108 class C sxfidautlsznenves sio, + ALO, +Fe,0, aglurlFinu hidwi
50% awemadlumnad 23 desgludsziavarsdesloaw Idnnmsnowfudlszom
igifoviednlud  dudwitwasadfifinumivewtes  woznuhiiSine  cao
Ly < T é o —aa ¥ an = ~ a Ay
ludfinedmnnndt 10% Fuginlfitemanisudinuezegiinludnes Halfase
P S o g P g wa 9 o
lainsdu e it 1000 class iliguanigadedwua
2. 10y class F oxdidauilszneuves Sio, + ALO, +Fe,0, aftudSinahidndn 70%
Awaasluasd 23 SadhalszanasdesTean ldnnnsmsudualsznnueuns leg
A A aw Y as o e [ Py < o 1 a
wielyiide  Tiwdsowmadeunamseiiffinumsveugs Sanundwswneshu iy

d. - \ i < d’
ninanput Ul sZINEY

q' a | = 9 a ]
MmN 2.3 ﬂﬁﬂﬂi%ﬂﬂﬂ%’l\?lﬂﬂ‘u@\‘l!ﬂ'Iﬁﬁlfl‘]f“ﬂﬂ'l\l‘]

a'?waﬁm
class F class C
Si0, + ALO, +Fe,0, >70.0% >50.0%
SO, <50% <50%
moisture content <30% <3.0%
loss on ignition <60% <60%

111 : ASTM 618-97, 1997 (9)

Fidunay dundanadtl@nnnsmunay  Swnaudunansadildennsdin
lunaedsemal@iunavinlffhudomasdmiundelevh 5oz 198 unauily
dunaulumshdgnielinanivingguqlumsiimid  ilinunandenldasei
uasliFinannndide bl l@iunidlss Tovd Fumaudniidonnsddnilszma 20%

9 I3
Tamimninvestanlden (11) ssddszneumuniiveadwinay uaadluaswit 2.4
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. t4d
MIn 2.4  esfilszneuvestidunay

chemical composition 130 (%)
§i0, 91.16
ALO, 0.51
Fe,0, 0.86
Ca0 0.57
MgO 0.24
SO, Trace
Na,O 0.07
K,0 2.88
C 0.54
loss on ignition 0.28
specific surface area (blaine sq.cm.per gram) 12350*
specific gravity 2.13
porosity 0.65

*95% passing Sieve ASTM No. 325
301 : Wickrama K_B. Weragama, 1984 (12)
Aan 2 Aa <1 ' 4 a ana =L
mawunauuuitle  szligamilugininiliaanates  Whdemsfalfaseuaad
' A = P wa Y o ' A~ A o
vmunasRemnaianiaamenulesTvan - daumswuurilanienaugunisn ud

H 4 1 T oy aa $ é L]
wldudunauiduesTomuinlded§asenudinift Inssatradiu cellular 3¢ liifundn

vInMsEnE MY dniunautnuwnd 456 ¢ w4 $aTue it lgeeiiS e
Fanougeie 93% Tamhwtn fniddwnauhiueu 72 $aTug vz ldnawaziden
Uszmnar 22,000 eswwudmas/nsy e 1-15 sl ezldnrwaztee
11-13,000 AT WIFUANAT/ATY wazdualuszeznadudy ¢'ldanuazioen

- s é 1] ar
5-8,000 AN RIFUAIAT/NTY FIATWAZIDIAZUANANA WA (13)
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av o s Q 1 0 a o 4
madsimetumsiudwnaunlfilss Tend daunminmdauduud Taoide
a :’ -~ ¢ 9 a = Ul Ia J aaa hl o
winihadusmudidwnavesifauanidenleasen ladaassiiuninlfise lamsdu
o ° ann o A d ] § a
vosduud  unzunaiFonlaasenledsaszesdninlfiTindudanmiiedluidunauia
Il an 3 = ar 3 P} an lll A a aaa \11 )
hunadondding lamsatundn fafu unaidoudanalaesafifannlfiselanssy
= de s I o o o > = ' P
vasgududunavszinnni luuduudlesauaua Usziand 1 ssediufen
b 14
fimsfny Taemahyudsudiusssunwansuldunavuazih Taeldsandau
v 14
awqiu  udnhlbwdedufousine 5 ganadisudmes  wudulenaudidmna
= o o :’ o’: 0 o [ é d o 13
adlutjudnug - sanmsrsmeventhsusishdusaszanauilenlefirudveudgety
H ] s o o o Q' ‘3 ' a o o
uaziiionaid 1y 00 Tu didedavziindudn 20 wesiaud S1am An'luiug didesafes
mifeudnud 100 nlesirud nansnarsumdsavestoundendsii ldnasnnnainil
28 3 11NN 50 A TaNTN/MITNTURINAT (14) uazINdeyad NN dIun1TATININaZ Y
=t g 1 as =y an 4 o d’ C
Tasdisuvvegivdfinugineulasen lud uasidunavin 1dnnnsmnd 450 ¢ uw 4 v,
4 Iaa 4 1 o = ’ s g
wilnlesiruasaneu lneenludgends 90 nlefioud (15) FaqeniluuFmuding dntu
o o o aa 4
dnlesiudiiige  Smudidunaviinlesigudsaneulaeenludgedis  Fuineiinald

a s n' &’ 1 l-g’ o o t $ o ¥ o ;
nsaTelitszAninmtediu uat i rguiuluiiiteundend il gl sdesuns sadng
oW ~ d' w
2.5 mandaveadaiiiludunne

Tsai W0y HSU "lﬁ'a?mﬂﬁa%”'umauuaznszmumsf‘hﬁ'ﬂma«ﬁﬂﬁsi‘luﬁumw
Falszneudre  nsztaumETANMIEN M (physical treatment) AFTULIUNITNIUAL]
(chemical freatment) ATEUIUNIANINTOU (thermal treatment) UAZNTEUIUAITHNTINY
(biological treatment) 5’3115%15“%1'6!!%\1 (solidification) uaznﬁf'iﬁmfuqﬂﬁ'w
(final disposal) (16) ﬁ'mﬁmsmazs’éﬂﬂ“lugﬂﬁ 23 éﬂuﬁﬁwndnﬁqmmdauﬁa

(solidification)
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(recycle)
reuse €K
p| physical pretreatment
hazardous — (recycle)
waste
chemical treatment
| p! physical treatment g final disposal
thermal treatment T
biological treatment _| solidification |—
h 4
non-hazardous
waste treatment

5141 2.3 Aszanumsiwavesdendusuasie
1311 : Tsai, C.E. and HSU, C.P., 1985 (16)

Robert (17) na1231 ypaunisildifludeu (solidification) Hunisl§3snnmenniag
o o o v
munll Il Tassadnvesveude Taelivumsiwesdeiiiuveuvailieglugilves

vauude Mediedensidn

Micheal D, Lagrega, Phillip L. (18) Aa1191 ywumaiididudeu (solidification)

IJ Q s ar 4 o 3 3 i e <

tszneudie vewdsmh llswiuiagidiusuasie esauihuaudeiu uazrelifa

asfiuaudse aanwBanguinzaamsrzazawvesveudls hviinmsiieenuuuin

. ] td
edesdunisazmrsvesminaiiid uveudeduanonazmshuileuvesasfivasy
3 Y 'd [ ' A o -g = Aa

Aunaden Jaguszasdvesvuaumsdsndn eafunavewduileuininnumuse

Y ' S o o “ o w o &

ThihdwdwlddesunzlTasadiifunwduss Taodmuandnd dy 4 4o Tumsinia
s [- 24 J
yauResuase il



JudiaInnde wunnoksyde . (malulatmsuSmsdunaden)/ 23

1. dsinlysdnvazmemenmvesveudelinzanlunsindeuineveads
¥ Aa 3 19} o
2. MaaaftuiirvesveaduieflesdunToannsgadeaisuaiy
o _ @ o A U
3. firdeanuaunse lumsazatevesasuaninied luvede

4. msfwamsiiyeonnveude

Bamns (19) lafmuannudssmsdmsvvuauman fidudeuvesmsfiv msduasie
uazveudeidamnliaedt
- auilquanddhinsmnh hifagisemaniuazasivrunsogadasy iy
vaude'lan
- gondidmiuisamnsalfonidnendimsedouveadund
- Fevveudsmsihnnaudeinazmehionnsoimld tasifufifiadmsy
ﬁ’uﬁaﬁ’uﬁﬁasﬁqﬂ SesTiguaiasd
1. FanuamumudnyazYa
2. Nuatiavesannzdlonants uaznsudedmsvaewmandia
3. faanmumuserimiinuazusenalda
4. asdnien
5. 1920210 (leachate) Aa70g IMIRRATNATg 1Y
6. fod lfuvuinvesvesdanaiu'lal
7. Wssndanazannsohweadeauina 1§ wu Sidnos (fly ash)
8. itlnauazdechivi e Tnquseasdau
9. Sl Feeiimmumnzaufuveds

Shively W, Bishop P. 1182 Brown T. (20) na1231 vuauntsvnldiiudeudlddmsums
fitaveuds Uszneudie maliamslddumd, msldmsdesToa, msléwaadnldun
W3y toz Tndtediau, nsldeesniiin Tndwes, euuadyndy, war-Fwud uos naa
Findu Taodiseazdonluamsiei 2.5
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o = 9 o ] o o o J
msnnsaudonldmailaudazdszion Ainsannniletensi

a o o o
1. Jagilszasalumsiiniia

2. Auauinvesvaudy A ruaiinaznenin)

o
3. siavastuasu lunistiia

4. IEImstanisveade

dq go
5. asguildia

6. sunuinlslumsmidaveuds

Shukrow A.J., Pajak, A.P. Uaz Touhil, C.J. (21) ldagideddeids dwsunszuiums

k4
o g ko A
wlnhidudoudis 7 3% dsagalluased 2.6

Wiles. C.C. (22) ‘lﬁ‘ﬁﬂ'Iiﬂ%‘l.l'ltla\‘lmﬁﬁﬂﬂlﬁﬂﬂﬁﬁﬂﬁ’lﬂuﬁ,ﬂ‘u Tasswunamanyue

vasvedsaaadlua1s19N 2.7

3 o @ 4 o a
MmN 25  nszvaumsmdiavesdenilusuasiedrensyhlhdudeu

nszumsiidiiudou
(solidification)

=
Jyazioun

1. cement based

2. pozzolanic (lime based)

3. thermoplastic

4. organic polymer

5. surface encapsulation

vouRuszganansluduud W unzd AN, tazildosly
utsoundieda (thudoudomd

vouRvazqanauiufuan  unziagituaiaduloTyaw
i idraon Hudy éaﬁﬁmauﬁu’i‘wﬁ'ﬂﬁnﬂamu%
dweudeuhlduds  Iaswfeundwanldnszaedieglu
waaAnAdeu U WAy wie Infety hoeWa
Budrnwnzuei

m«ﬁu“lu1'?11usmzqnwfmﬁua"lﬂwﬁma{ (gelling agents w50
urea formaldehyde) HBIANIT A151S9URATOT (catalyst) Henld
$hfurouitas Tndwesazudein

vouRuazgndaldimediu Winluudunfouiuenvesveaie

4 'Y A [ A ad A 4 _a a
“Qﬂ”ﬂﬂﬂﬁ’JUﬁ"ﬁlﬂﬂﬂ BU Tﬂﬁlﬂmﬂuﬂiﬂ 203NIUN ITHUY
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H o o 4 s I3 i
M3 25  nszvrumsisavesdsiidiusuaiedrensvi liittudeou (de)

nsguumsiividudeu swaziva
(solidification)
. Ao Qs p= PR a o a
6. self-cementing annliguauiadiuasdoud oy unadoudara tazuaa@oy

ol AiRnonnsiiiavosdognamnssy Taun msmiame
Fames laeon ladannsniwwnauiunznouveuuiionae
Wuté1d  TaeTaqil9fnumiafidedensindoutouass]
snwansa i idos

7. glassification and production of | AEMTGUATIEINA 1Tu  MnsMETASIE  Tunsoezim
synthetic minerals or ceramics aaufunsrsud masy I narsiudunauvesdmsedana
Funsie¥  (synthetic  silicate mineral) (o dloetunts e
autupswiignazazar  aunsotlidade TuTaglidedd

¥
o

- | P
‘ll‘iJ’mﬂ‘ISmJﬂ‘iﬂUSSQlﬂuﬂNﬂ 2

fn: Shively W, Bishop P. i4a% Brown T., 1986 (20)
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o A 1 o\ =
1. cement based - Jagilsismgn - vouReiiduasBuviFiing
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2. pozzolanic (lime based) - ¥ Fagfinauiisrngn - miloumaiianis 149G wud
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- m3 ldidaemitudumey

Wluntsirdaveudes 2 wiia
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mefi 2.6 eufieudeidedavesnsiialagitmldiiludou @e)
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3. thermoplastic

4. organic polymer

S. surface encapsulation

6. self-cementing
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mani 26  nSsuisndeddaidevesmsiiialagitinlnidludeu @e)
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UszIMvesvIums fof Yordte
v A A da
- Avanisinsedienlisnume
HazussuRln WY
- youdenliunaifondamnnio
9
Fardage 9219fuT5a hild
7. glassification - vouReignuasudauida - quugiigeernildvoude

o A
gnazaza1n Idieunn BUsUYIEDINUN

- msussynierodueglunasia | - Aeudurldtmnndmsy
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1u1 : Shukrow A.J., Pajak, AP, 4182 Touhil, C.J,,1982 (21)
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dulsznouves cement based lime based thermoplastic organics polymer
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M2 medavesmsimidiludeuswunaudnvazvesveude (de)
duilsznovung cement based lime based thermoplastic organics polymer
voudy (UP)+
3. Fadn finasomanoAIved | muizey fmsuanvinld Mz
Fiuuauazuanld
1l Fudaia
TG
4. halides fin1suns voevee | Hn13uns vosves | fnsuansinld Mngau
iy uaslinasoms | (@0 uazlnadoms
flofadaw floAadY
5. Tangmin Mgy Mz mnzaw fefiosa1ezd
N1582210904
Tanzminesnin

ﬁm : Carlton C. Wiles. (22)
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@ a d a
P18 TaemsaruguilSnafuduudiduasiuveude
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6. Yagn1diisngn
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9
LG

] o o a ad a a ° @ o = 4
1 Simanzan lumsfidamssuns sunariianezimena lnmsudedavesgua

a o & ] M
2. waafuain ldaunsagnszazan idluannzhiifitesd

3 y \l L] 1]

3. msiiuimiinvesveude Tasnisnaealeduudesii a1 199 elunrsvuas

= 0w A 1
youde hlddamuuy
2.5.1 nalnmsdady Tanzminludagduud

Bishop (23) I dhnsdny e IsuRnRunsrazaeTaveminonveudeiis
asznumsiiiufou Taai s idud Yusnndiledauaud iszinn 2 maazneuitidilu
nnazneudunsededlugdTansleasenled Taveildlumsdnude uaadon Tasdloy
unzazi 195 damhdeduud sy 0.5 msanunalanstadu Tavzniinluveads
figniinldiludou ﬂqﬂwamsmaa\ﬂﬁ’ﬁaﬁ

nnnsnaaeumsszazamelaeldnsaezdin  Mnsweazmenaderuiiinau 15
a%e thinasaviasitier uazmamihieng wuh sftesvesnsadivhumsyzazaudaiion
annuFenn suifeunsiiluadedt 15 daumaamiiudeazmy sxfiauiniu Tastunsadt 15
aafudniignazazarel@zmiedennn Felianlsznn 1.7% yosrmamniuaiei
T T Tavanauiiudesgaazazawesnunnnlutasdy nazasnsmudinuauds

2, . 24 7
asef 15 amrmiudwazaudansszazarnluasai 15 Auniny 18.3 meqlg

¥
TudauvesnalansBadulan:  snnsneneswategassihlinsuihlanemin
swezeglulassadvesdoundsnielugilinueie wu aglugnjuveslaseaiunely
' <] & a o ° ann A v I o
vesfoundouds wiegimzAanumisguiy  uazdnlfneualinumsilsznenludmud

¥ 1 = J =4
lrc\::mnwaﬂ1ﬂmaaauam‘lumummmutmazgnwazmﬂﬂanm“lﬁ'mﬂmﬂﬂs gy

lunsiifiTansmingniveglufeundmienglugnu  wienzdefagniu Taug
winfunsezgrazazaseemnafieiumsrazmevesinauiiudie Fannnans
nansamsgazazaeveunaivaniylilumedeafudmandudi Fofudafuiiugn
Tunaiisuenvzegludeuvdeudclugiunaiionlsasenled Tavedamgnyuuazinizia
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. 9 o

dmsulasisunasasiiuninnanisnaasswugluuumsgnrzasamendieny

aa é d (1 [ < o o S =& -é 1

msvzazmevesdaneuduiiuaniiegludiudseneuvesjuGmuduaznsie duiududed
o o ] an [ (A (]

Tasflsuuazazizgnindnedluinssadrvvesddnewnnaiuiiulanzlaasen ludhoglu

Q'l \J 4 =) 4‘ (-7
gusu  meszazasvedInsdiomazazmdeuiunnfziiaiuy  dasnsyzazaisves
3 o '3 [ 13
TanzuniingesilligdminideMounusasINITrLaza1eNaInaZIuINATTLAZAI8UDS
1 : J a ] [~ :iu
Tanzleasonlud uansiTanziiaesilszmnizanssiuiusanieluTassaduhidudeuves

an, 4 aa g [-3
Fam uazgnyzazaseentiie Tassadevesdimilgnihang

a [ & v 3 2
TuvnzFunanjudinudinsdiuraudug miieserlisgalszana 12-13 ¥l
] (L] 3 ] & d 8
unalioudulvg hiazmerh uezeglugilunadionlsasenladduiuvewisioglugwyu
a ' a o by Ly aaa ' o a s
vosdua  dauTasfionezaziaszazmnhla wasfidauludfiTonisneavesdug
s ° aan o aa [ T g o 1

wazdulilléhez IdvinlffSondudane  vinaumgdendniifsefine ldiunaiionszgn
syazawesnuusuRenInuamnmiiudl  doulasiliounazazizgaysazaesninlng

g o an
YUBYNUNMITAZAYYBIYAINA

9 9
mevdsnsnareuMsszazals Iaamnziiminudwesmsisvuanudmden
k4 [}

msnanesrzazay 15 A3y Wiinaasfignezazaiween lililszana 50-70% wealSunu
& ' v v O T P a a o Ay
Nanuansunsnanes uandll Tanzminmaesy Tasliunadion Tasdioy uazazna vdeeg
50 , 85 war 75% ewdwy wazd laveminnidlumslszneulasdnaluduud idun
agiifion man uazFaneumiesg 90 , 98 uoz 80% MWAWY uazuniFoumieey 8%
o« & ngld 8 14 I & o Q2 a w % =]
AniuvInHanTInaassiitwaasiiriui Suudiulsimunsotafany Tansmin 188 uaz

o o o a st d o o
tnﬂ‘VIﬁ)z%’l‘lm‘i‘lfzﬁzmtliﬁﬂzviuﬂﬂﬂ f‘m1ﬂ°ﬂ!uuﬂﬂll"l\]ﬂ'3llg‘aﬂ\1ﬂﬁ11

Poon (24) I@vnmsdnuinalnmsdaduvesdensfuazsenTaomaiinnis1¥dmud

naadUNITYTaTae ﬂ'liﬁﬂ’ﬂ‘lﬂ‘l{ﬂ'lﬂd'lﬂ‘] fe scanning electron microscopy (SEM)
a ] . . o &
N5 AATIHESANG §8 x-ray diffraction (XRD) agLnamananes Idasil

Wield SEM Tmsizvidiededudi hiimsnas TnReudananseTanzminlag
- as s n'l g * 4 a’ ae
wunadusiveslfitelamsdniuldug  sinhiidnvazithudulovewnaiFon-Gana-

ul < daw ‘i‘] |~y = a o
giaIn WANNURNTIUSE ‘Nﬁﬂﬂﬁﬂﬂ‘ﬂﬂ\i ettringite l!ﬂ%N'ﬁﬂ‘\lﬂ\illﬂﬂl‘lm‘unlﬁﬂiﬂﬂ%fﬂ
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4 = a/ \ A sy T T L4 1
diedmawiidmeehfimsnan Tnfoudainaua linay Tansmin WU IUBNIINVZWL
a  w aan o A v an g gy
wanfuatvesfnselanstuninanuud: nuhliuaadoudainanadie el¥  SEM
Tnnevdeeitnsraudineilszanu 2%  wuih lifindndulevesuaai¥on-aning-
1 . . [~
lawsaunsninveaanifonlaasenlss  udnuningilvasaves  etringite 1@wluvina
1 1 =) 4 o’ ’ﬂl 1 J e
sazwuiiuiunazlSuglvamasuvesTuTudamla  uenvnlifanuyesindmaunng
& [ 1 dw d w a 3 d' a (%3 ﬂ o o« Jﬁ
Fepaarmartoztudatiiudemunsnaudine@iilu 6% uazvINHANIIATIZHAIY
1R =) L4 IS an = <.
XRD wuiwianveunaiFeu lansenladniell lasunaidongfinanans wanves ettringite
-3 (.4 A L] [:3 1
Tngjyu nazdanumsh biannsoswunldiuiuasesls

1 o/ U A U 1 o

duludrednifidsennaved nawanmateunsszazaie wuitilsunuilsen
d'n'i :1, 12 ° = = o o 1 Ad £ = o
171 vasenuunadudisusiinsnanes nuhlianumguladifesdudreaenlifosmua

P aa a e v oo T A o =y aa A o P [
aaru TRendaing uazlianuwiudinidesndmuanay TsRondane Wildinsanaeg

} i 4

uennfiNaveInIT AT Ly XRD taz SEM wu liwudnlsen 1éinlgnsedu
) 4 d A = aa
Fuamaavia TReudang

t 4 v 9

vinwanisnaassfiansaaglladnalaflddaduTangmimiviidnyus

uana e 2 nalnfle
N N . o n’;’ o aan s a o I
1. chemical stabilization loveuvesTanzmintiuenzinljfseriuniaiusinla
. : > ¢ gm . 4 g s o
nnlfiso lamsduvesduud sldinamsdsznoufudontunlmiddadatulasads
v L) 3 ’ 1]
vosFmudinad Iaauihezlignguiatiuinnne nieewznanldn aawannsaluns
] ] cf ] H t a [ 3
Furhuiinadena Indszianiiies Aund Taseadrvesdimudni Tanzwiniadaegiiy
o RX__g q YA [ o v
Wanate Suih IdifSunalessuvesTansminsa lvasenunn
9

2. physical  entrapment leeouveslanzwiiniulildinl§Asnduntadual
4 oy Q'I A ! o 1 L4
Aldnndgnsnlamsvuvesdiuug  Fuiluh/iddudaegfissalugiuTasadreduug

4 &
miniu s idmrwannselussduiuvesfoudiudiuiinadenisgnszasmevesTany
] a A a1 :f an & aan
wifn  lims@vaseauivusdasy Sidhaes wie Fannfu Wudu Feezllvinlifsen
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fuuaaiden leasen lvaudanaunaiFoudaina lamsaite hliduresisinatuaessy
=Y o/ A
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2.7 MInaaeumIveazalel (leaching tests)
] J to o o a d
psnATIUMTYZazaIeliseen lAvatedivusdiuiagszasdlunsins e
:i 9 1A @ ] acy =% r \ -i =
i‘]il!ﬂ"lW‘Ui’]\‘iﬂ'ﬁﬂﬁ’ﬂ\‘lﬂ'ﬁ‘Vlﬂﬁﬂ‘l.l Tﬂﬂcl‘]fﬂill‘lmﬂ']ﬂﬂ'lﬂﬂ'ﬁ IPNMTIATHURAIDE N UASIATOIND

AUANANNY

Conway Wag Mally (25) lduds3Smisneaeueenilu 2 3%As msnameveds
Aelileq (batch tests) ltaz n1snAnEUIUABANIT (column tests) ¥4 ATINATBUULUABITDS
(batch tests) dunsnaaeumsszdnlaslfdedrasduiafuveanarildlums
¥202a10 (extract solution) lunwuzedNABItaARBAT NN NATOY  HIUMS
naveulunedin! (comn tests) Hushmnaneulunedinidwwssyiaeswmsio
nagevsuiiy taztleumsildmeneuriuneduiiatederios

lusfaninadeunsyzazalsvesmsiionldneds  msnadeuediederiios (batch
tests)  uaz mInaaeulunedunl (column tests) i‘]ﬂﬁ;ﬁ’umsaammmﬂ?mﬁaﬁm%’ums
nAReUatNABIieY (batch tests) vz 1¥iunINATBUMIIZaTaBYRwBEBRuToz il
fdalasnisienau

U.S.EPA (26) 1A muads toxicant extraction procedure (TEP) ti‘lu‘i%ﬁ“l%’ﬁ'qﬁ'u
doan ldfimsdanuazl$ulyeiimslus  extraction procedure (BP) Fufluiidienld

a/ as A
Tuilegiiu dwuaadluaisieh 2.8
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.
M 2.8 WTeufisunaaauMIYZaZAIY extraction test procedure
MINAAUMIFEASAY standard leach test (US.EPA) toxicant ASTM Method A | extraction procedure
extraction procedure
Lifnariredems 28.6 ¥y frvthems Tﬁsszmﬁnﬁé'lqa 350g Mniined1ales
danfifhvewie) 100 A5 (0.5% il
vouwdy) waoudl
YUIA 9.5 HanmAs
2. MsAILUAI0E19NS usnvouvad Inuly uenveuvad lauly
0.45 lunsou pressure filtration 178
pressure filtration centifugation
3da5dinveunan 10:1897:1 10:1 89 (S 8:1) 4:1 20:1
ABuB T Gudu16:1)
4. ehsiilEmadoums buffer acetic acid 138 bnffer acetic acid ASTMTypeIV | 05N nsnezdan
Yzazaw Thindu 30 sodium hydroxide Water 4 fiadnTu ¥oq
fethems
5. MsAUUiies 4952 Tiififmun 4852
6.myuziilinaneu myuzila lifmua wnthanhatlash insesnaunde
insediofifouni
75 nenmaznmild rotating shaker 24 %), | mechanical strirring 24 ¥¥. | rociprocating shaker | IA30eMIUABIIBS
48 9731, 2491,
8. ATUUNVDUNA? AsoshunsEA centrifugation ¥50n599 ATOIAUATEATY ATRIUNTEAY
voadia nseslonfrvua AunsEAATBINIA NOIVUIN 0.45um | ATBIUVUIA 0.45 um
0.45 lunioy 045 luasou TavldinSeansos
wuLRNNA
nisANAY

fan: USEPA, 1992. (26)

P w °
Tumaruand 2 hedszmansznsasgaamnssy adud 6 (w.a. 2540) Tddmuadtns

Y] o o & & .
‘vmtmtun15afzazmwawaatﬁﬂaumwwmunﬁmmuﬁq Tﬂﬂjmﬂ'ﬁﬁﬂﬂﬂ'ﬁ extraction

14 [ 4
procedure AT 1ENLIDEAVBIVUABUNITNATBUAH (27)

ar T slﬂ ar 8 0 T [}
i. mmamm‘]é"lm umnmmnuuiaumuwzuniwmmﬁumuﬁunmqg

N584 9.5 Uaaag

ar U 4 Qs [ 4 - Oy o/ .74
2. Wded i ldmin 100 iy @udaeafia (leachant) wieunsadunsizy

& y & ° o a [T | ]
‘lﬂ‘l!ﬂ?ﬂll‘il'lﬂﬂ'lﬂﬁ‘uNﬂﬂﬂ17ﬁ3ﬂ1ﬂ‘llﬂ\iﬂiﬁﬂ'lﬂztl‘ll!lﬁ::ﬂiﬂ‘luﬂiﬂ ludadau 80 qo9_ 20

o v
Tastiwmiin susaniiunsas (pH) vesdrunduiidnsiioigy 5 udasalsulSinas

11 350%G g¢
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¥ aa : o/ o/
vosvesnanlisardmlSinasveniadady 20 vh (@iaddas) venimin (3W)
YBIAIDEN

o 1 & v A [ . A o
3. ihdedNNnauNdY WEWMATEIN UV UUUNYYU (rotary agitator) NUBATT
4 o S
msviagu 30 seuANT Agaugll 25 ssenwaded iflunat 18 T
4. nsesasazaedaoniunsalsufvinafuriuguings 0.6-0.8 luaseu

-] A T L=y = as
5. iweammirmunsnseudy linseimulSinannududuveansmin
d o |24 o °
2.8 nadiinasgrusmiumshiaveudelasmailiiudeu

3 o ey n' = & W ai Qg 9

sswsaseAMMAITY  Iadmusdnyusiasquanidvesdalfgansedaginhild

{ Qs A [-] W

udrlumenuanit 1 Fedsemanseniagg iUl 6 We. (2540) Iagfimuaguauia
& Y] y P 2 A& o

voarsfignezdnld dude’llil anfigneedeld umsduliowihmsaianidieds

@ a g A a/ ow a o/ I o s e

nsadans  nagmneilSna Taveminhonhafaawwdnnasindmuands  Tlfna
o : o t o A T 1) & dy f.-.ia: 7 <

Taneminlmhadanhfunsesnnndinilaamilsde Tl lunttezaanduamzas

s/
iszianTanzniingitiv (29)

Arsenic 5 mg/l
Barium 100 mg/1
Cadmium 1 mg/l
Chromium 5 mg/l
Lead 5 mg/l
Mercury 0.2 mg/l
Selenium 1 mg/l
Silver 5 mg/l

Tumarmiadl 2 MedsymAnsenseeammnssy atiufl 6 (. 2540) Iddmua
wininasiineiisihaegn dide n wieilsdulfganieTanihilduds dadelald
dmivdafgandeTagi hildudafiiumsilsuedes  (stabilization)  uazasvh iy
Aound (solidification) ﬁ)zﬁ'mﬁflmﬁuﬂ'ﬁﬁada"lﬂﬁ @7
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1. aunsafuuseA (unconfined compressive strength) FMAABUAMINATIIY
ASTM D 1633 n3e D 2166 14 hiffesnd1 3.5 AlanSuremsuwudiues niedesdnnia
Suwiinfinaudnuuiieeyluvquilinay (seoured landfill) Rod1a1lnondt

2. famumuuduhidnd 115 fudegnnadiues

5. SSneaududuvesmssuaneluiiada (eachant 36 extraction fluid)
Sullanaatlunsasiaes  (eachate extraction procedure) evATELANFYa
wazSan i Wiluds Wiunshmequiiozuefeseteauysel  andimsfiseylums
afna1s Aoumsi Wilnay

Qe t=i ¥

=
2.9 NUIVWUNNEIVDY

aw 41 ¥ o o 3 -~ d A o = d o
e sevaeudsaisduaselasldfuiuug vies|uBuuanauiy
o v A o 1 aa A A a a o o @ A a é’
dalszenudiduniiiuuvasganoy emulszansamiumsndy Taneminifatiuan

' é o i y
gAEMATIUAIY FagnanIsnanesladsdelui

nguUl  (28) ﬁnmmiﬁﬁﬂmnauﬁmﬁamnmsﬁ1ﬁ'mi’1tﬁumaaﬂszmumsaguiaﬁs
Tae3imsndende Faquszanfldldud Yudomdleauaus Jufundnandidunay
lusamidau 0.5 : 0.5 YuSnudnmiidhassanudlusasdan 0.85 : 0.15 Sasdndld
dmSuiidiassaudensiefio 1 : 2 a"mﬁmﬁ'ﬁqﬂszﬂmeia% Ao 1:05 WimsAny
miiafaquszauiivnzan Tasnageumideiunsda NARBUMI$IFuAWITU8 RCRA
sazauANWMS 19911959 s'mﬁ"'eﬁnnﬂmm%’umwan1ﬂﬁw SEM Wan1sanyIwuh
silavestaquszafimneanie  YuSsndrmudnesdinlud  TaenSewfounn
mm’mu15n“lun156153azmwaaﬁmﬁaﬁaanmszw51@’:’6@1]53':11111?:"4 3 gila TaelidlFuna
MNAZAPUIMINUAD  10%  HaznINAINIAIs IS8R szﬂmmﬁ“l%maﬂuﬁﬂmummgm
¥o1 ASTM A0 1, 3, 7, 14, 21, 28 $u wdenihnideuseteiliiudundnauiacy
anludifuSaquszan  ndnnmsandufimmnzauvenjuFuuddeidaesinlud
Tasihnsulsmdasdinveudiaesi 5, 15, 25, 35% mnazneudinia 10% shlnadey
Midesuuseda uazmsaduie 2 35 wuh Asandauveudiaseniiy 35% dusasiday
fonzay e liarasuussagegaunzamanselunsezazamevesiinifa

3 A o o £ L e
findge  Weiifeudlediannagauanuaiviio lunisfuilSinuninagaouTaely
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by A o T = A \J \J 4"
Fuaudiaesh 35% mmsudsanlSunaning 10, 15, 20% WU ¥)AAUNBNATOL
9
Qs o/ ol ~ = 1 4 lé &
1095 U5 90A uazmﬂaumswzazmwmumnauﬁmmmmgmmnm uanlTuna

v s [-74 L ] A H Qs 1 'U
nnazARUIINY 15% Wudasdufimnzay tiesnndouslediel Tassadefisudanu

1) L (-7 1 ] A a8 1 o
miundeusresnnlflSuuninaznoumiif 20%

Leangoon (14) Anuiaguszmufimnzanlunsiidifludeu veudefidnmn
dmnTssaudennis  @nwnlasdion  uacasdunsd)  uazvead@ooinTseny
iiineusinnes @nymeins azda Ayn) SaquszamilFlunsmanes 1Bun Judund
neiidunay  Judnudnaditnosinlud uSnudnandidunauiazidaesin lud
Yududnaudaniyfu uazﬂu%muﬁwﬂuﬂwmsaz&“faﬁ'mnau Tagviinsdnym
Saqusyamfimanzan  widandauveaiwedund  uasdnmwavnmslsanSino
mnazaey TatmareummWE I lunTYEazme wud Tunisnaneuiiosdy ewn
Fumuvesiaquszandes i lunsdnuaded donnnimalszauia 5 ngu Tagioisan
nneiaTuusen TaeldensiduvesiaqlszmudelSinanineity 1 : 03 Sasidu
vesdnquszaudenaieniny 1 : 2 annsadennquitednld 5 agu e Jaqusza
fnnudnudsmdidunouisand 07 - 03 JudnudnmditaesinTud
fisasidau 0.85 : 0.15 ﬂu?ﬂuuﬁwﬁu%&ﬁmnammzuﬁmaﬂﬁﬂ"luﬁ'ﬁﬁmﬂd'm 07:02:0.1
uag 0.7 : 0.1 : 02 uazi’ﬂ@ﬂszmuﬁﬁw1nﬂu=§muﬁwau$ﬁn11du°7ié’m1dm 09 : 0.1
iferhAeudesieniniis s aquundandinveaiedund nuhmnazneuninTseny
WenniiadesnisiSusandaunimedmuduinndininazneusinlseaiunin
wiineudnmes  dmiunmdenSaguszamiimnzaniiqa  Taensudsmsasdiuves
mnazneuseIaqUszm VI 0, 0.2, 03, 0.5 1Az 0.7 wm’1ﬁauﬁ’msha‘fﬂ%’i’aqﬂszmu
fhomudnudradidunaunazdinesin hudisasdan 07:02: 01 dudagilszan
ﬁmmzﬁu‘ﬁﬂ@ﬁm%’umnmnaumnimmﬂannﬁ’a nnaz’)’ﬂﬂﬂs:ﬂ1uﬁmuwﬂuﬁqﬂ

a/ = o~y L g A
dmiumnaznouninlssnundariineudnines Ao taqilszauiiinnyudnudnau
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uglia (29) ﬁnmmmmmsn‘lumiﬁ1a1uqvﬁ'nzﬂauiaﬂznﬁnﬁ"'lé’mnffnﬁﬂmnms
Sias 1z Tealudes§iams Tasmsv IdiudeuTagulszondild 1dud dudmd
uan|udndnoudnesdnlud  Fanlsivhasdnmfe  Sasdauveudaesdnlud
daﬂ,u%muﬁﬁ 10%, 25%, 75% dastdunauvesaznou lavzvtindeTaquszanu laeulsa
dasdiuvesninasneudedaglszaumiidy 01, 025 05 Sasdmnauveai
defaquszaulaelfdandin  Yudnudnauntasedn ludniny  50% uazdasidiu
yasmnazneuneiaglszamuwnny 025 TﬂmnJwhé'm1ﬁ3u1§1¢iai’ﬂqﬂszmuwhﬁ'n
035, 0.5, 0.6, 0.75 manuilunsa-mevesasazaeildlunsatalanewin Taedmuad
fern1flumsanaegiugae 210  uazszeznmiunstndivesdoudmud Tasldseoe
na lumsunein 1, 3, 7,14,28 3 mmmﬂgﬂwan'mmam'lﬁﬁ'u{

1. nmivsandaunauvesazneuTanzusinas hludadszauesiinavh s
fuusesaiimaan  Tuvssfimanumuunidsuisiudntes  nsszazamovenlsen
Tasiloy nazminfisufivduamSnaaznen Tansminfiiindu sasrdunauvesazney
Tangmindedailszaufimanzauniiy 0.25

2. madivnlefiaudvestnesinludrznin 075 ashludalssameziinamls
AT LN IS AN AU WU UYBIAIDENAARY n1ﬂfsaza1waq1jsavlqe§u‘luwzﬁ
nswzazaeveslasiienanas  uaznuifisaTdunauasneu Tanzmindedlsya
whty 025 ludalszanhifidhaseinluddiudadiunsnaufinnzanlunsiia
dsen  uddadaummuinzaulunsiisaTasdoniuldsandiunauazaeuTanzmin
aedlszmuauaaiuua ludnlszauiiidaesnauetdae 50%

3. Sandamanidedlszanmigy 05 dusandndmngavdmiuaminly
Hufeu

4, ssﬂznm‘lumsﬁnﬁwaﬁﬂﬁ'fhﬁﬁa%’mmnﬁﬂuazﬂ'nwmuﬁmﬁnqﬁu fum
Ay Idveniiinianng msvzazasveslsenuas Insifisulisanasmuszezna
Tunstin uazesiaAeusuasiinendeszeznaimsty 28 Su

5. azneuTanewinfirunshidihdeudemuszandiidnesanludnaveg o unz
50% fflszezamlumsiiv 28 Tu figuenniamemen i lananasguvesdaulfgais
msnldidlufey dmfuguantddunsvzazmeveTansminnuinlseniisgededneg
Tunustinasguesy ud Tasdodddndunaeiinasgu
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a a e el T Y as a v g

6. UszAnBammshaegnifissoznaniv 28 Ju vesdalszmuniidasseg 0%

fiswiiy 264% dwiudsen NlsznEnmdnnadmsulasdien uasliauiiy 80%
o ar A o & ] a A ° &

dwmfuman Tuvazfidilszandifidaoved s0% fisz@niamlunshaegnidsen

AU 30.7% vee AT Iliouvinny 50% uazveuwanimiy 90%

Rijal (30) ﬁﬂmmsv‘iﬂﬁ’sﬂuf‘fﬁlummﬁuﬁamnﬁmﬂﬁﬁ'ﬁﬂ17 Tangminiildlunsdnm
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322 wFesflounzgilnsalii i lumsnageunsszazaeves Tangmin
1. AZUNTITOUTUIA 9.5 ..
2. msesdauazdeansiion 4 fumia

. ISZUBNA (cylinder) YUIA 200 VA, LA 1000 LA,

. 03AgU w39 (erlenmeyer flasks) U11A 500 XA LAT YU1IA 250 WA

. v0U5uUS1A5 (volumetric flasks) YU1A 200 XE.

. NIZINUIAM

.10 11 (hot plate)

. INTOUVEMUITI (agitator) AIUT2 200 58UANT

O 00 NN N W A~ W

. NTEAIYNTON (whatman filter paper) (wes 42
10. finines vum 250 ua.

11. Yile (pipet) W19 5, 10, 100 VA

12. pH meter

13. OUA9ENS

14. YN

15. 1504 inductively coupled plasma
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1. nsadfaySadudu (1,50, conc.)
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iR YEaTa eI R NAZNow
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ludasrdau 0.8:0.1:0.1:2, 0.7:0.2:0.1:2, 0.7:0.1:0.2:2, 0.6:0.2:0.2:2, 0.5:0.25:0.25:2
Tavynnguinetldsasdanvesiagilszay : mangneuiild whiu 1: 0.2
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fifimmassuussdarmanasinasg sz iamuaso lumsreasatenzaaiiga el lums
nanswioll Tarmdssuuseda MoutmnasguainlssmensyTsanugaamnssy atui 1
(W91, 2531) xm..,mﬂ';nutmnsaiumswazmﬂmaﬂamwun fenfivanasgualsemanszns e
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3.4.4 MsAinMSaIdNvesnAznouAeTagYsza iz ey
3441 wisufousete Amnndaquszanilfnnmmanesi 343 Taeld
dns1dmsznindfinamnazneude Taqussanuyiniy 0.025, 0.05, 0.075, 0.1 uag 0.15
3442 ThAeudehamereuddusdaunzanumuanlumsnzatovesnzia
fiszoznarlunsu 7, 14, 21 uag 28 Su
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wazanuaselunsyzazasveinzduieldlumsnaassse 11/

3.4.5 NINATOLNITFLaTABYD lavieniin 1av75 accumulated test
3451 thieudetitldnnmananesii 344 Faflszeznmlunsty 28 Hu
v lunsaezdan USums 500 fadans Aimarudiunsadie (pH) i1 5
3452 tnhfudfeusessfinm 1,3,7, 14, 21, 28 uag 56 JuaninsievSuna
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3.4.6 BNAABUMTFLALAWUDS lanzniin
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3.4.7 myannzimysinauanududuveslanzmin

Y 1 o a an 1 d
347.1 Uulamsazatedledniude 3.4.65 swau 200 daddns lafinmesauia

: Y
250 findans Aunsa luaSadudu (HNO,conc) 10 finfians Tadlenszenuidn i luaswy
wuiodos  (diges) Aawlvoouq weumlih  osudreduszmelivumdolszing

a aa 1 9 o 1 LY = 1
5 indans eonIfmetuiaazifonvazdoy

3.4.7.2 dehanlsudsuasdlsvaadsulsinas iy 200 adans wdni'll
ATOIAILATLATUNTOY whatman twe] 42 Faegnn i luSnszifunies inductively

coupled plasma

3.4.8 My 1zvideyn
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4.1 paaulinvesdaquszeny

4.1.1 haevdn lud
a oA aa n’:’ dy o Y1 a o .ﬁ’ a
dhaoedn luanlFlunmsitensell  shanvnvuumswn Indowmuihadomas
{ ] o d { o a a o
lselih  winnz  wduhe  namsfnesndszaeumuniifdrdgvoudrassdnlud
3 = 0= aa [ N

wud JSnaunadoneenled (Ca0) 10.66 % Ysuudanoulasenled (si0,) 39.60 %
YSuaeglidionsenled (ALO) 2394 % unumAneenlud (Fe,0, 1260 % (3wazden
fanseit 4.1) iaseivhinldtadiuiaquesTaau dass F iffesniniidwnlszneuvesdanou

a 2 1 4 [y
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= o = A aa 4 a a 4 g I'4
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1 ) 1o v g @ a g d
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aa 4 2y a 4 o '8
Fanoulavonlun (5i0,)42.48 % USunsiegilifloueen’lun (ALO,) 23.10 % uazmanesn lua

) a ~ ol g 4
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MANUIN

Extraction Procedure (EP) Toxicity Test method and Structural integrity Test

1. Scope and Application

1.1 This method is employed to determine whether a waste exhibits the characteristic of
Extraction Procedure Toxicity.

1.2 The procedure may also be used to simulate the leaching which a waste will undergo if
disposed of in a sanitary landfill. Method 1310 is applicable to liquid, solid, and multiphase

samples.

2. Summary of Method

2.1 If a representative sample of the waste contains > 0.5% solids, the solid phase of the
sample is ground to pass a 9.5 mm sieve and extracted with deionized water is maintained at a pH
of 5 & 0.2, with acetic acid. Waste that contain < 0.5% solid are not subjected to extraction
but are directly analyzed. Monolithic wastes which can be formed into a cylinder 3.3 cm (dia) x
7.1 cm, or from which such a cylinder can be formed which is representative of the waste, may be
evaluated using the Structural Integrity Procedure instead of being ground to pass a 9.5 mm sieve.

3. Interferences

3.1 Potential Interferences that may be encountered during analysis are discussed in the
individual analytic methods.
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4. Apparatus and Materials

4.1 Extractor : For purpose of this test, an acceptable extractor is one that will impart
sufficient agitation to the mixture to prevent stratification of the sample and extraction fluid and
ensure that all sample surfaces are continuously brought into contact with well-mixed extraction fluid.

4.2 pH meter or pH controller: Accurate to .05 pH units with temperature compensation.

4.3 Filter holder: Capable of supporting a 0.45 um filter membrane and of withstanding
the pressure needed to accomplish separation. Suitable filter holders range from simple vacuum
units to relatively complex systems that can exert up to 5.3 kg/cm3

4.4 (psi) of pressure. The type of filter holder used depends upon the properties of mixture
to be filtered.

4.5 Filter membrane: Filter membrane suitable for conducting the required filtration
shall be fabricated from a material that is not physically changed by the waste material
to be filter and does not absorb or leach the chemical species for which waste’s EP extract will be
Analyzed.

5. Reagents

5.1 Acetic acid (0.5 N): This can be made by diluting concentrated glacial acetic acid
(17.5N) by adding 57 ml glacial acetic acid to 1000 ml of water and diluting to 2 liters. The
glacial acetic acid should be of high purity and monitored for impurities.

5.2 Analytical Standards should be prepared according to the applicable analytical methods.

6. Sample Collection, Preservation, and Handling
6.1 All Samples must be collected using sampling plan that addresses the considerations

discussed in Chapter nine of this manual.

6.2 Preservatives must not be added to samples.
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6.3 Samples can be refrigerated if it is determined that refrigeration will not affect the
integrity of the sample.

7. Procedure

7.1 If the waste does not contain any free liquid, go to Step 7.9. If the sample is liquid or
multiphase, continue as follows. Weight filter membrane and prefilter to 1 0.01 g. Handle
membrane and prefilters with blunt curved-tip forceps or vacuum tweezers, or by applying suction
with as pipet.

7.2 Assemble filter holder, membranes, and prefilters following the manufacturer’s.
Place the 0.45 pm membrane on the support screen and add prefilters in ascending order
of pore size. Do not prewet filter membrane.

7.3 Weigh out representative subsample of the waste (100 g minimum)

7.4 Allow slurries to stand, to permit the solid phase to settle. Wastes that settle slowly may
be centrifuged prior to filtration.

7.5 Wet the filter with a small portion of the liquid phase from the waste or from the
extraction mixture. Transfer the remaining material to the filter holder and apply vacuum or gentle
pressure (10-15 psi) until all liquid passes through the filter. Stop filtration when air
or pressurization gas moves through the membrane. If this point is not reached under vacuum
or gentle pressure, slowly increase the pressure in 10 psi increments to 75 psi. Halt filtration when
liquid flow stops. This liquid will constitute part or all of the extract (refer to step 7.16). The liquid
should be refrigerated until time of analysis.

Note: Qil samples or samples containing oil are treated in exactly the same way as any
other sample. The liquid portion of the sample is filtered and treated ass part of the EP extract.
If the liquid portion of the sample will not pass through the filter (usually the case with heavy oils
or greases), it should be carried through the EP extraction as a solid.

7.6 Remove the solid phase and filter media and, while not allowing them to dry, weigh to
*+ 0.01 g The wet weight of the residue is determined by calculating the weight difference
between the weight of the filters (step 7.1) and the weight of the solid phase and the filter media.
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7.7 The waste will be handled differently from this point on, depending on whether it
contains more or less than 0.5% solids. If the sample appears to have < 0.5% solids, determine
the percent solids exactly (see Note below) by the following procedure:

7.7.1 Dry the filter and residue at 80 ¢ until two successive weighings yield the same value.
7.7.2 Calculate the percent solids, using the following equation:

weigh of filtered solid and filters —- tared weight of filters x 100 = % solids

initial weight of waste material

Note: This procedure is used only to determine whether the solid must be extracted or
whether it can be discarded unextracted. It is not used in calculating the amount of water or acid
to use in the extraction step. Do not extract solid material that has been dried at 80 c. A new
sample will have to be used for extraction if a percent solids determination is performed.

7.8 If the solid constitutes < 0.5% of the waste, discard the solid and proceed immediately to
step 7.17, treating the liquid phase ass the extract.

7.9 The solid material obtained from step 7.5 and all materials that do not contain free liquids
should be evaluated for particle size. If the solid material has a surface area per g of material
> 3.1 cm’ or passes through a 9.5 mm (0.375 in) standard sieve, the operator should proceed to
step 7.11. If the surface area is smaller or the particle size larger than specified above; the solid
material is prepared for extraction by crushing, cutting, or grinding the material is in a single
piece, by subjecting the material to the “Structural Integrity Procedure” described in step 7.10.

7.10 Structural Integrity Procedure (SIP) :

7.10.1 Cut a 3.3 cm diameter by 7.1 cm long cylinder from the waste material.
If the waste has been treated using a fixation process, the waste may be cast in the form of
a cylinder and allowed to cure for 30 days prior to testing.

7.10.2 Place waste into sample holder and assemble the tester. Raise the hammer to
its maximum height and drop. Repeat 14 additional times.

7.10.3 Remove solid material from tester and scrape off any particles adhering

to sample holder. Weigh the waste to the nearest 0.01 g and transfer it to the extractor.
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7.11 If the sample contains > 0.5% solids, use the wet weight of the solid phase
(obtained in Section 7.6) to calculate the amount of liqnid and acid to employ for extraction by

using the following equation:
W = W,-W,
Where:
W = wet weight in g of solid to be charged to extractor;
W, = wet weight in g of solids and filter media; and
W, = weight in g of tared filters.

If the waste does not contain any free liquids, 100 g of the material will be subjected to the
extraction procedure.

7.12 Place the appropriate amount of material (refer to step 7.11) into the extractor and add
16 times its weight of Type II water.

7.13 After the solid material and Type II water are placed in the extractor, the operator
should begin agitation and measure the pH of the solution in the extractor. If the pH is > 5.0, the
pH of the solution should be decreased to 5.0 &= 0.2 by adding 0.5 N acetic acid. If the pH is
< 5.0, no acetic acid should be added. The pH of the solution should be monitored, as described
below, during the course of the extraction, and, if the pH rises above 5.2, 0.5 N acetic acid should
be added to bring the pH down to 5.0 = 02. However, in no event shall the aggregate amount of
acid added to the solution exceed 4 ml of acid per g of solid. The mixture should be agitated for
24 hr. and maintained at 20-40 c (68-104 F ) during this time.

7.13.1 A pH meter should be calibrated in accordance with the manufacturer’s specifications.

7.13.2 The pH of the solution should be checked, and, if necessary, 0.5 N acetic acid should
be manually added to the extractor until the pH reaches 5.0 - 0.2. The pH of the solution should
be adjusted at 15-30, and 60 min intervals, moving to the next longer interval
if the pH does not have to be adjusted > 0.5 pH units.

7.13.3 The adjustment procedure should be continued for at least 6 hr.
7.13.4 If, at the end of the 24 hr extraction period, the pH of the solution is not
below 5.2 and the maximum amount of acid (4 ml per g of solids) has not been added,
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the pH should be adjusted to 5.0 & 0.2 and the extraction continued for an additional 4 hr, during
which the pH should be adjusted at 1 hr intervals.
7.14 At the end of the extraction period, Type IT water should be added to the extractor in an

amount determined by the following equation:

V = 20W116(W)-A

Where:
v o ml Type II water to be added;
w = weight in g of solid charged to extractor; and
A = ml of 0.5 N acetic acid added during extraction.

7.15 The material in the extractor should be separated into its component liquid and solid
phases in the following manner:

7.15.1 Allow slurries to stand to permit the solid phase to settle (waste that are slow to
settle may be centrifuged prior to filtration) and set up the filter apparatus (refer to steps 4.3
and 4.4).

7.15.2 Wet the filter with a small portion of the liquid phase from the waste or from the
extraction mixture. Transfer the remaining material to the filter holder and apply vacuum or gentle
pressure (10-15 psi) until all liquid passes through the filter. Stop filtration when air or
pressurizing gas moves through the membrane. If this point is not reached under vacuum or gentle
pressure, slowly increase the pressure in 10 psi increments to 75 psi. Halt filtration when liquid
flow stops.

7.16 The liquids resulting from Steps 7.5 and 7.15 should be combined. This combined liquid
(or waste itself, if it has < 0.5% solids, as noted in Step 7.8) is the extract and should be analyzed
for the presence of any of the contaminants specified in 40 CFR Part 261.24 using the analytical
procedures ass designated in Step 7.17.

7.17 The extract is then prepared and analyzed using the appropriate analytical methods
described in Chapters 3 and 4 of this mannal.

Note: If the EP extract includes two phases, concentration of contaminants is determined by
using a simple weighted average. For example: An EP extract contains 50 ml of oil and 1000 ml
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of an aqueous phase. Contaminant concentrations are determined for each phase. The final

contamination concentration is taken to be:

(50) (contaminant conc. In oil) + (1000) (contaminant conc. Of aqueous phase)

1050

7.18 The extract concentrations are compared with the maximum contamination limits listed
in 40 CFR Part 261.24. If the extract concentrations are greater than or equal to the respective

values, the waste then is considered to exhibit the characteristic of Extraction Procedure Toxicity.

8. Quality Control

8.1 All quality control data should be maintained and available for easy reference or
inspection.

8.2 Employ a minimum of one blank per sample batch to determine if contamination or any
memory effects are occurring,.

8.3 All quality control measures described in Chapter 1 and in the referenced analytical
methods should be followed.

9. Method Performance.

9.1 The data tabulated below were obtained from records of state and contractor laboratories

and are intended to show the precision of the entire method (1310 plus analysis method).
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