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Abstract

Project Code: MRG4780102

Project Title: Effects of humic acids on the retention of heavy metals in cement-based

stabilised soil

Investigator: Assist. Prof. Apichat Imyim (Ph.D.), Department of Chemistry,
Faculty of Science, Chulalongkorn University, Pathumwan, Bangkok 10330, Thailand
E-mail Address: iapichat@chula.ac.th

Project Period: 2 years

The properties of extracted humic acids from heavy metals (Cd, Cu, Cr, Pb, Ni, and Zn)
contaminated soil had been studied to understand of their influence on metal sorption
onto soil. The results demonstrated that humic acids decreased metal sorption onto
soils. The retention of six metals in cement based -stabilized soil containing humic acids
had been studied. The compressive strength of concrete mortar decreased when the
amount of metals and humic acids in soil increased. The TCLP test was performed on
the stabilized soils, the results elucidated that humic acids in soils decreased
significantly the leached amounts of cadmium and nickel. The leaching behaviors under
the factors affecting metal releasing were investigated. These factors were pH, fype of
leaching medium (deionized water, potassium nitrate, acetic and humic acid solutions),
liquid fo solid ratio and contact time of leaching. The metals could be highly released at
low and high pH, while their releases were moderate at neutral pH. The amounts of
released metal depend on the type of leaching media. The metal solubilizations from
stabilized soil with and without humic acids were distinguished different especially in the
case of nickel and lead species. The increase of contact time of leaching enhanced the
cumulative amount of leached metals; however, the leaching flux reduced. The results of
the tests lead to identify the necessary input parameters of a leaching model. The
leaching model takes into account the transport phenomena coupled with main physico-
chemical reactions in the saturated pore system of the material as well as in the eluate.
The model provides the concentration and the cumulative quantities released for each

species.

Keywords: Heavy metal, Humic acid, Stabilisation, Leaching, Contaminated soil
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1. UM
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wasaFlindngWeiduaivandinduilunyddgadanunordaslumaimihidn dWinas ssdui
wanilaoulaasu uaasanuduniauaziiassussnauidsfaunulans e uanmnﬁﬁﬂgl,l,aawwanvlm
sendfimunsnadanuszivleasvaaslanzldisuiu (1,21 lanewinlu@uiagnadalitumsdadin vafiy
a da & a = B a P | 4 a &
nsduiifannndwiaulanendnfiundsiuluigdu 8] malulafilemsluanm@ulwilan
lanzvulinaeds uwisnssiadionsa masiadeasiafian nygaiulasfs uaznsldafunid (4]
tﬂ‘) o o b A Q4 Qs I} L% o A v Qs v %/
uanmﬂuﬁq%‘mmml’ﬁnuamamwnawsLta:Lﬂm%mwm:mNgmamnﬁuvl.mmﬂul“mmﬂszmﬂ
a A '3 e - s o T . age .
ATENTNRULN 6 (W.¢1. 2540) [5] famavhldiduwvesudeuazmadSuaiios (Solidification/ ' Stabilization)
) ~ o P d o ar o oS o as ~t =
Tmﬂl’ﬁgumuu&ﬂma@ﬂixmu Wesdnanmsiedaunvadlansrrineirdonaurauioiita (raunia) wia
M ulFds:Tomt nasihfauaaunsalddrdansadlulddsz oo lusssumdneunaunIadasauadany
5 f oA Ry o 'Y o = 1Y A o A .
unanbhatsnanane e mﬂmlﬂam%unhnauﬂaunswgmamaan‘lﬂ‘l& nsAnsnifadunnadaniy
‘ @ A @ A e & & v o vdv o
AzABRRENITWWInIzanpve lansnindnduiedinduuaniludadnualunanulszinale] mmgw’lm
surh g lunmavmnemsdasddasvadlansninluszozen uasifwesasliatwlunisdasnums
tutlaupaslansniinluundsihsssumauazilosnunaniznudafiwiaday andadvadnsadlinludun
& ¢ o a o 7 S - o @ P A ar o aw & &
Wumsnefwanulanswin ihesilidugrslumsirdamsefaufivaslanswinld luauwidefiezfinm
an I i o A e as a d e [y P a a
sut@nmaiumsrefiinaveiniadfindulanswinludunufadosdofufiuud ussdnuaninazes
= = 1] o a o/ A =3 ~ J b -1 A’
nmmuﬂﬂamimmmaﬂamvmnlunauﬂaun‘%fmnm61alwnmsuamuﬂmﬂaunugumwﬁ wananiaz
Y o b e« 4 - o : @ o
#59uuudnaeansre  (Leaching Model) Aillwasasfialunmsrinuenmsszaruvaslanzninaindon
<t t e a E P> as . . . a a,
ABUNIARIFUNANINTITUIG lagaznuanmsindeun lasefiunisuns (Diffusion) AUNIAANWEZ V8
lasausatlaneiunsadaiin

2. n3addn

81352800 (Humic Substances, HSs) iusslusssumanfiasnnsdasaasrassnisuasdad
azauaglm‘iu fuaznaunazunain wddlailu 2 dssian (1,21 ewsud@nisazanoiinda
nsadafin (Humic Acids, HAs) azanasnaulusniazansnia pH 1-2 uaz n3aWadn (Fulvic Acids, FAs)

ae & a a
azangldluyn pH lwnwidsiisulaawzniadadin
= o &) = Ad 1 e v
niadfindumnsdunidniiluanasmalngjuszdudau (Complex Macromolecular Substances)
fanaluianatlszanne 2000 - 400,000 Da Hgasae1941869Ud CioH,05N 19 CroHegOseN, Hlasaainafilal
. as A
wiluauaagn 1-1
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niadrdniiumnsifinseslsndnidoutudismouaivhan fimyWaridunivanddn mfuaila
finef uazlaasenda Favh WansElindautidlumsiiaduasndonnulossusaslanldd svunsafedu
slsznauBetou wasiamsuwani/fwlanan uardilautiasaad Fe(li) Sn(v) V(V) uaz Crviy I (1]
HATIBUANIRIINTITEIMSRer B tanvssasilinlunaonsdiia ld@nin EDTA uazil
Nenumainduaisonvesasilinnulaneninraiesfiaiiu Am Cm Cu Cd Co Eu Fe Hg Mn Ni Pb
Sn Th VW U uaz Zn [7-9] maiAeasidsdenvedlansniniuasdaiin Lﬁm'm%gﬂﬁuan%ﬁn Ui
°uaoiamﬁtﬁﬂmﬂ%osﬁauﬂizmm'lﬁwhﬁuéwummawgﬂﬁuan%ﬁn FIAMUTUNIZBEINIRATNS
sdauazuanaanuwlifuiusfiovaslany uasfadiuvasasiaiin lagi lusesfialosniwuasans
Befauanaiaruiaufa Cu> Fe = Al >Mn = Co >Zn [8]
AsEIRIAIRLEA IS (Stability Constant, K;) vasasdifindulanzminfinaeds (2] loud
ADnNINTaduas ultrafitration 35 EDTA competitive exchange reaction 3% Size exclusion/gel permeation
chromatography A5uanifuwlasaw uazis Electrophoresis
Tam%ﬁnhauaglu“/\zagﬂvlaaauu.a:mﬂ%défauluamfa:auqa ﬂa%’uﬁlﬁmﬂl”aaﬁums@ﬂ%wm
lasauvaslanzlas@usznaudas [3, 10]
- ﬂa%’uﬁ&uﬁuﬁﬁumign@@%’waa‘[am’tuau‘lﬁud exchange adsorption UWAREI184 clay
wazR1IENN MmaisaaBadaunuasdiin nmafia occlusion dulaiasaaenladuas OEn
Hvin wnin wnamila uazdu 9

- ﬁm’fnﬁmuqumsﬂdaUaaﬂmmaﬂam Idun myazany nMstafoudy WaTNIRIFMNTES
malanzninliagludu na'lnfiReadaeldun mmamﬂ‘é‘iuuﬁixqmn n1sgadu N3
anaznausty aznauitliszatsusslansninludn igu Cds, soi-Cu,  Cu,Fe,0,,
Pbs(PO,)Cl

finsfneiduansiilin lmanmagamusznisldludhudns 9 adidaifissaziswmia
Wi 1, 2] 1w nezaumsiae lesiahs LLa:qmé'nwnwmaamﬁaﬁnﬁ"lﬁmmma'wm 9 lusssuma
FPn1Iana mnmnua:nwsﬁﬂﬁu‘%qﬂ%ﬂjaams%aﬁn nildidudgadu (1] naFuazdas
#din (1] asumaaiuazlalainenvasmsgadumsiainiulassusedlans [9] aAnusansnzaInaiia
stznaudetaunulansdrag [12] anugnsolumseandrs (13) mslfidumseilunszuamms
ﬁuﬂulué‘muan{w Lﬂué‘h@@%maamsﬂw.ﬁauimmawq:a en9Balanzwinuas liphophilic substances [2,12]
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o o Pz P “ P a9 o ] - ° v & ol o et
mananmueseunvaslanzlufuwaunliiuwunige fanmsrinlmlluvasudaymsdsuaios
& aa X @ e =) @ e w @ o A & P 'Y
[14] So3Enmsiudermue szdvudeisdvlunasdsaing uilsdsznalngds 3mmaluifeadas
I I o o & 4 o dq va © 4 « P a6 . o I's
nfumwamaqﬂs:munumuﬁmﬂau mmqﬂs:muﬂ‘l’mmnLﬂua'\sauuma LEU FLUWH
g o o 8 a P= o v a
Fidiunwde blast furnace slag lawnalnassnisditdanisieieufinensvinldifaaznaulaasenled
=y g I~

meluuadndvauds [15]

muhfauasunia lddanauwiah Wlflunwnesiutulfidluizgdwiondagiuarns [16]
WataunaunIagu NN URITITNTA ﬂ:ﬁﬂﬁtﬁﬂmsa:mmta:mmwsfns:mﬂmaa‘[amwﬁnaang
Faeday Jellanuindlundesdnwuansenudafauiasannanasvinnmsmdaniath Wlf ervdszne

Qs d LY s L A 4 Y ar

NIENTHIANWNTINALUN 6 [5] IdruusnasilunisanasTaintauaaunian leannszuaunsile
denssuaumadusiosuazmaildifiudouudadrofudiamd wezaudaiwua EN 12 920 [6] 1
[ 4 8 & Az' e/ 3 A o as .
fnualidasfnwinansznudafiniaden neunazsinauunltlng

4, nMINadauNIIaTang

JEmsfnwRansznUdeFIIndandasedud T Imaeiifinnsiniadondt mmareunis
azantl (Leaching Test) lanutisaaniilu 2 theinnda ,

o numassuiaidulyauinmet Lﬁavmaaumﬂ‘%mmaﬁﬁgn'ﬁ:ﬁn‘lﬁ (Leachable) 91n#&9
UfnauazTand laildusn uaztfanareuideyfnauss Sagililfudldrmunsmennt
wWietiuafiusattosuysainiala

o nuEnageuewIGIuLsTImRRaNgAnsINTasasNafieluszazenT (Long-term Behavioral

Leaching Test)

AMARaUNITaZANY (Leaching Test) temidaudsfimunsnrmengdnssumsasaouazms
uwinszmwaamsuaﬁw‘tm:ﬂzmaaangj‘é\aumﬁauﬁ 3 nMsnagaufa [17]

1) mafinmasddsznaumaaduasasacaulugniunialnssveaiounaunia (Pore Water
Simulation and Maximum Leachable Fraction Test) '3?:“1qﬂszmﬁtﬁama{tﬁﬂi:ﬂaumuﬂﬁ
vasmsazmslugrijuzasieunaunia uamﬁsmmg&gmﬁmwﬁq 9 sunInazangla

2) msAnEnTwavasaftaT (pH) demIazalsuadsT (Influence of pH Test )
i’ﬂqﬂsmeﬁtﬁa‘mmmé’uﬁuﬁizmwamwmsazmUﬁumﬁm (pH)

3) msnsmassaefiiuiedduiune (Dynamic Leaching Test) i’mqﬂizaﬁtﬁam
Binmssfiasmosenaintounsuniafinmens 9

ﬁmﬂsﬁand'rmxl’&ﬂuﬁmﬂs‘émgﬂ (Input) THMI¥ e MTRTABUAZ N TUNINIZIUYBIRTT
o A 1 . . 1 goma s v P v a aan o o
uaRw Fefimsuwsnszany (Diffusion) wuulifidiisoneldhanifeades uasuuufedjisoueiianeiia



{ o o ., o o o . = o
mMaaRawn MIvhwngaInsdadafl LLIIReIN1IT (Leaching Model) [17, 18] Gvanansariuiy

¥ 2 ) ‘i‘ L = 1 as : t:‘ Qv as ar 9/
anududuniadSinaasds 9 fiazaweanainfaunaundanazuninzasesn luihndudaiudan
ABUNTA T4 IR 619 9 1d

5. &3undn

winnudtofeany memldiiusesudswazmadSusdosvesvandolanswindasFaudidu
Taqusznudathauninans uaslumadstunsdnmauinsaeiasununusszsdilin Tufourndan
HiuAisulasthannn mnudnmsdnsnnasssmsiafinludutwdlaulavznindufivmendsmahdadas
mydiusiusuasmavinlwiivsasudsluszosunazszaranidilifinamonuisoudednsle woides 2
unaufidwioidesiio
- Theodoratos Wazams [19] sﬂﬂms'l’ﬁn'mmnaumnmsﬂ'\ﬁmfwLﬁaqmuwauﬁuﬁuﬁ
Ynidloude Pb zn uaz Cd wuhsusasamsazaszaslansns 3 wiale
- Hwang uaz Batchelor [20] lﬁgu%muﬁﬁﬁ Fe(ll) 1ilnassiisznautSuadinsauwianiia
Faadareafunulunaaiuludin wuiasiraiinludulidsnadedjAse3aenduazny
wd eI TN URWER

saiulunuwdssihsnmanidmuiiumaiefiaazeinsadafindulanswinluduiiiuadiosde
Uniaud uazdnwdnwavasnsadailindensneduaslansminluteunauniafifaudwilon uanani
AEILULEIREINTITE (Leaching Model) fitfluiasasfiolunisviwiansazansuaslanswinainiau
ﬂaun‘%mmgjmdaﬁﬁﬁﬁuma Tagasumanmsiaienilagarfonisuns (Diffusion) AunsIiaRuszT04
lasauvaslanziunsadqfin

6. Jagulzavdvaslasens
1. Anwsniwarasniadiindemsasvaslansninluduiudeumendinimiiadsmsyiu
wigsuazriniluvesuds
2. Anwwg@nsiuluszozena (ong term behavior) 289N1IAZABLAZMNIUNINTZIE VI AREHAUN
PINMITZNOUABUNIATILAITLAN 9
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1. Dsinueagy

Y‘hmnﬁuéﬁazmauﬂwﬂaumﬂgéﬁauﬁa flouwszaaaauindn nasiwisa dawmdasynslnms
I@uﬁmﬁyﬂauﬁixé’ummﬁn 0-15 %, $1947% 20 39 sutimsin 5 nn. Aslus ua ﬂqmﬂé’ﬂﬁvﬁwﬁu
waznoniessinlsl uasioudandsanfifawaunnii 2 uu. senlasazunseson uisdudadnaaanilu 4
s aait

#ufi 1 Sunin Original Soil (0S) W lUdnmsuiiavasdn

fuft 2 thaudatnauninlans Cd Cu Cr Ni Pb Zn Sunih Metal Spiked Soil (MS)

§uil 3 idnundunadlintuglmzazmy nealidrin nlufifle 4 ﬁqmﬁgﬁﬁaa Bundn
Humic acid added Soil (HS)

fufl 4 dhawndunsedfinuazlany iulufitie 4 T ﬁqmﬂgﬁﬁaa (3811 Metal-Humic acid
added Soil (MHS)

a v

aunInualurawaadnfigninnies Tog il lawigs
2. NISANHIANTAVDIAK NITLYNNIATINNURLAITRISNBULIANY

Anwauifang g vasdn 0S léun pH, Cation Exchange Capacity (CEC), Organic Carbon
Content, Y‘hmsamnnw%aﬁnmnﬁﬂmUmsaﬁ”ﬂLta:ﬁﬂﬁ'ﬁgﬂ%mw‘?%mmgmmaa IHSS Anwnanuue
wazsSinamesnsadadin MunefiedudnusasiUninsalnd g3iddasinlnslnlawe’ Wauaniven
Twlasian sandiau lalasiau amunsamiy amwnsaaiuends snwnsalaasend lasiiisniimasas
a9

2.1 Soil pH

NRUAUNUEITAZAE 0.01 M CaCl, ludamdu 1:5 nau 5 wifl Aslkuasudauauden 1 $alus
UazI@ pH TaIEITAZANY

2.2 Cation Exchange Capacity (CEC)

uadu 0S Tfvmweidinnin 425 pim Falifivmain 5 guauiuasazaty 1.0 M NH,0Ac (pH 7.0)
25 mL 1281 60 W1 LEUNIAIT 2,400 rpm Wi 30 WH wenFITAZABRELAY nTasFsazaplutaae
1331na7IW1a 100 mL §eduiindadiniesuea 95 % 20 mL 3 a5 mIszmefidofunulwnaia
13unasneau Yiutsunesiaznidiunm Ca, Mg, Na, uaz K dasinafin AAS uaz w3

exchangeable H' ion ¢85 BaCl, method



2.3 Organic Carbon Content

UG OS 0.5 g Aumsazans 1 N K,Cr,0, 10 mL 16 conc. H,SO, 20 mL a37ie 137
anunniivias 20-30 wifi W@t 20 mL weil¥idh i @ ferroin indicator 5 nea TnnsadomIazay
0.5 N Feso, anlddhamiana (T mL) vimsasansusduaslninsadedinisdontu @ mL) dwam
Organics Carbon Content AIENMY

% Cqg = (B-T) x N x 3x 1.14 x (100/mg oven dried soil)
% Organic matter = % C,, x 100/58

2.3 Heavy Metal Content

1#3% microwave assisted acid digestion EPA 3051 Part A amalavSunmlans Cd, Cr, Cu, Pb,
Ni, U8z Zn @28l ICP-AES

2.4 myanansadlinauIBnagivuag IHSS

du 0 shwiin 10 gleaslumnanwanainwaanafiau @t 250 mL Y50 pH vasmsazansly
agaendng 12 e 1 M HCI 13013 5 mL wihvasssuunm 1 $11us @un3fg 15 wift 19
aazay thaufiwdani@iu 1 M NaOH uaztl3u pH vasmsazanslivint 7 éae 0.1 M NaOH 15y
anasuasansazanoliivingy 100 mi dsudalulasauaslumsszmow 1 wf asuasnaunoly 24
$lug ursfaduanansazany Uiusn pH sasmsazanslfiviiy 1 dao 6 M HCI aanald 16 Falus i
uArlulananasluamsazaomm 1 wifisnads wundiasusnnsedindaiiuvesudddaanin vinse
%aﬁnﬁ‘lé’lﬁ'u‘%zjﬂ%fﬁnﬂgﬂﬂﬂmia:mulu 0.1 M KOH wazifin KCi tialwld 0.3 M K iunsfasuanans
wnaaeioly thasasmefwdeaidn 6 M HC T pH 1 aafaly 16 Talus lwndRasuannsadaiin
wusli 0.1 M HCI0.3 M HF seagvasudefiwiadie 0.1 M NaOH uasnaniuisduwani/fonloaau
Dowex-50x @374 1Y 15 wift nsasusnisdusen shasazaef ldusuniiasusnnsedafin ouliuted
80°C tfivlumantlaadin Sunnsanindi i1 SHA

2.5 ANNNIATIN AANNIAATUanda anwnsalansand

PIRNINNTOANSUANTR ; WaW SHA 20 mg Al 0.2 N Ca(OAc), Y3415 10 mL G
Umenufa CO, $1wn 40 mL wehwn 24 5219 lnimsadae353@ pH U 0.1 M NaOH ﬁqmauga pH
ihnu 9

WARNWNIALEATENT : WAL SHA 20 mg U 0.2 N Ba(OH), Y3815 10 mL suudalulasiauas
lussazaiowin 1 wifl weiwn 24 5300 Inimsadae3sia pH U 0.2 M HCI ﬁgﬂauga pH AL 8.4



2.6 USuoman

Fnsadafin 0.2 g léluagfwnazdila duhmin shluldluangungil 500°C ww 4 Talu
fsngidaliiiu suhunindnass sudsvenhwinfefinaud

3. ns@nms adsorption isotherm

?mmmmmmmmmmnﬁmmﬂ%ﬁauﬁammmmm‘lum‘sg]ﬂ%waansmﬁaﬁnﬁaﬁﬂiﬁﬁu
lasau va9lane Cd Cu Cr Pb Ni uaz zn las3F adsorption isotherm lasnan@n OS 25 g AU TAZANY
Tavznsura 6 sfiafinudad 0-125 mg/L lussazany KNO, 0.25 moliL (I = 0.25) #3a13197 2-1 tuth
1 210 rpm W% 1 F2189 LTUNSALS 2,500 rpm wm 25 Wl nsasEsazny waswiUSumaeslansln
gsseany vnmmasasluimeadoiiulasld HS fiUSunn HA ity 0.25 uaz 5.0 %wiw

@519 2-1 Banadavzidulu OS uas HS (1=2)

Batch Concentration of each metal Amount of each metal Amount of each metal
number spiked to soils (mg/L) (mg) in 25 g soil sample spiked to soil sample
(mg/kg)
1 0.000 0.000 0.00
2 8.333 0.625 25.00
3 16.666 1.250 50.00
4 33.332 2.500 100.00
5 66.664 5.000 200.00
6 125.00 9.375 375.00

4, nsdSuadnys

fnmaandunsutausesuedund-autwiion Lﬁana”m'\dmﬁlﬁmnﬂﬁuuiaimgsﬁqﬂ i
MIRABADUNIA 4 7 fa Sutwilon (S-0S) futwdlanfiaTanswin (S-Ms) futwilauiiduansin
fin $1984 (S-HS) uazdndwilaufitaumsBatinasdauaclansmein (S-MHS) lagrinmsmwssluuuudis
218 5.3 x 6.0 x 4.6 cm” NelivasaauLdif 28 u wasmisiasuia@Eimonmnuastanvasudoe
A9 2-2

5. nMInadaunIazang

2 ar [=3 s
51  wilSumvaslanzuiinly pore water vasnanvasudosuaness

vanausasudlSuatosidlismainni 1 mm nruvadsnvindneaanleasw @) lu
aaM & Liquid to Solid (L/S) ¥inAL 200, 100, 50, 10, 2, and 1 mL/g #381319 2-3 lumzusTlaain



1 A o o as o/ as
L‘JJEJ'\"IJB()NWJY]QNV\QM 2511°C W% 7 14 NIDIRIRSRIUAILNIZAIBNIBI Whatman no.42 1a pH waz

wSunalane Ca, Na, Cd, Cr, Cu, Pb, Ni, and Zn lusnsazanueinaias ICP-AES

A5 2-2 FNUALTINMEMWLRZATINTIA

Physical properties

Method /Description

Density (kg ma)

Ratio of weight of solidified block to bulk volume

Bulk volume (cma)

Apparent volume

Moisture content (%)

Loss of water during oven drying at 105 °C for 2 h, ratio of mass of water (g)

to mass of concrete

Specific surface area

(m*)

Contact surface areas of concrete block

Water absorption
capacity, WAC (% )

Amount of water (cm3) sorbed into the solidified matrix to its solid mass,

performed by immersing a monolith in deionized water (L/S=20) for 14 days.

Pore volume Volume of voids = bulk volume to volume of sorbed water ratio
(cmslblock)
Porosity Pore volume to bulk volume ratio

$11979 2-3  Liquid to solid (L/S) ratio, volume of deionized water and weight of crushed material used

Batch Number | Liquid to solid (L/S) ratio | Volume of deionized water Weight of solidified
(n=2) (viw) (mL) materials (g)
1 200 50 0.25
2 100 50 ’ 0.50
3 50 50 1.00
4 10 50 5.00
5 2 50 25.00
6 1 50 50.00

52 wWIANNEANTNKS TN I pH YasizzuaslSammsgnyzyaslansuinuaazaia

vatauvaudiuiaiiys (S-0S uaz S-HS (5%wiw HA added)) Wilaweidnndt 1 mm 5

283494 5.0 g laluzranefiofiduaua 75 mL @unsatundn 2 molil Y3unas 25 mL t@unsalurdn 05

moliL w3amazanaladylansenlad 0.5 molL UiulRinasgarovesssazanewinny 50 mL (LS =

10) lap5u pH vasmsazaeldiilugng 3 - 12 wwedwesnsn 30 wifl Asnsazaeliidrgauga 7 Tu

NIIRIIRTALFILNITANWNTOI Whatman no.42 3@ pH uaznidSunmlans Ca, Na, Cd, Cr, Cu, Pb, Ni,

and Zn lumsazanadioinias ICP-AES




53 dnwiniszzalgaisazang KNO, arsazaignsaasdin uazarsasargnsadadin 1

1 1 as 0‘/
TEYUSLIANGOW ] Uazn1an ﬂ??&la’?&l??ﬂ?%ﬂ?i@ﬂ%’ﬂ%’l

W udLSuieus S-MS (1,500 mg kg metals added soil) sananuuuwasanun’ly 28 Tu ua
favvasndeluasazanodnsg (leachant) shauazanuduTUTaIENTATALTAN9 Y WRAIFIATTWT 2-4
Tagl¥iisandmanSinasmiasmodeiufiinvastauvesudoriniu 3.0 m¥m® lumausfivindas PET
2110 1.5 303 70 pH Buduveimsazay Wasussazaanisaniam 8, 16, 24, 72 $alu9, 1, 1, 3
dlandi uaznng Lﬁamuﬂs;ﬁanmi'mﬁv'wmwhﬁu 100 4 (F991519 2-5) WusazBIINMIURDY
fEUAaTASI NTBIMNTAZAIIRILNTEATHNTE Whatman n0.42 38 pH wazwiSunmulane Ca, Na, Cd, Cr,
Cu, Pb, Ni, and zn lusnsazaudnuinias ICP-AES

A3 2-4 Types and concentrations of leachant taken into account for influence of contact time on S-

MS samples
Type KNO, (mo!L'1) AcOH solution HA solution
of leachant (molL™) (mgL'1)
Concentration 0.25 0.0510.10 1020 | 2.0 10| 20 | 40 | 200 | 400

611919 2-5 Leaching time of each period and cumulative of contact time for batch leaching test of S-MS

(monoliths) in an unsealed PET bottle (h: hour, d: day, w: week, m: month)

Period 1 2 3 4 §) 6 7 8 9

Leaching time 8h | 16h | 24h | 3d | 1w | tw | 3w | 1m | 1m

Cumulative time (days) 025 | 1 | 2 | 5 |12 |19 | 40| 70 | 100

5.4 @nwn13%¥A28 TCLP

2 L . _ . 4 ™ a °
TCLP w38 Toxicity Characteristic Leaching Procedure Falaualay US EPA i38nsanana 1
Qs Qs 1 a Vet ‘. -~
faaudeuaiinsanatng (S-0S, S-MS, S-HS, and S-MHS) fualdfizwiaiinnin 9.5 mm ufiaas 25
g ldlumanwmafnuua 500 mL 1@usmTszatunsaazd@n 0.1 M (pH 2.88 £ 0.05) Y3113 500 mL Ta
v A v v v S VM a6 ° e o . v o ' oS &
dhlkwiin wanliidniunaly 1 snfiad wazih ldwendroesaautndnanusa 30 saudewd Wuwam
< @ & ) . I ° o @ a
18 T7lug wasNtiunsasasacmurwuNuTwlowtrme 0.2 pm iasazaneluvinWilunsan pH
N : [y o d o a & a by o P
dnin 2 ensalunsn 65 % e lBenevundSunmlarens 6 wilabwihosdiuinaiia AAS w3a
ICP-AES Namsmaamaﬂaﬁagﬂﬁ 3-22
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6. UWLUAABINIIBERTAY (leaching model)

v ° a Ao o Y
Ranlduvudraesmsszazay (leaching model) vadlaaauludnansifienungulasandungda
o . ¥ as aan A a X as o
7N 2 Y83 Fick N%’]ﬂl"ﬂ"lﬂﬂﬂgﬂiﬂ'ﬂﬂﬁﬂlﬂ@mu ﬂ\']gl‘ﬂ 2-1

|
Scenario Q:I:D Ob | Dc,(t)

Ci)
(¢)
z=h A
‘e ’ Eluate of volume V
i with solute concentrations :
L R in liquid phase C’(t)
(2.0 R in precipitate form S’(t)
S(z.%) ?

Porous monolithic sample with
solute concentrations :
R in pore water C(z,t)
R in solid phase S(z,t)

3uf 2-1 wwudreesnarzazany [21]

lasaufifiarsondie ca”’, Na', K, Cf uae Tanzwiin laodauaagdio
—M3Bzazaned Na', K, CI 1A nn1suws (diffusion)
~MITZazANEYed Ca’ 1iANFNAANITaZANBUaY Portlandite uszmsinfeufidronisunslu pore
solution
—msTEarasvedlanzrin Lﬁamnauqamsaxmmm:msmﬁauﬁé”sUmmwﬂu pore solution
—am;amsazmm'ﬁm%ﬁniwmsmﬁauﬁ ﬁt’uﬁaam;mﬁﬂﬁqns] nauarszznIf losawafauiinm
—pH 2asmsazaeldarnmsdnuam o nanla g nslu pore solution wazEsRzMEMEUENTaY
2a9udd (eluate) Iﬂﬂﬁ’lmmmnaumiamgaﬂ‘izq (electroneutrality equation)

—Debye—Hiickel activity model IFdwane thermodynamic equilibrium T pore solution WAz eluate.

fouvesuds @anawgw) ﬁmwwﬁmmmaa‘laaau‘lumsazam‘lugw;ul,ﬁﬂﬁ'u C(x,t) unzluvasvzuauds
Wiy Six.f) sTFSAsnwIInglu eluate daanudutn C'(f) uaz S'(f) sszay eluate intsauuas
Inaliuuanaaiam (steady or renewed (flow rate Q or sequential renewal)) iazAIM T wy o gTIFEN
Tnariwdnunwinny /(o).



1

& . o v A A 5 . .
ludaunasuds slffazaoldinfonfichugansazaumenaniinuaues concentration gradient 1w

WUILNY X u,azl,ﬁﬂmsazmU/mnmﬂauﬁmauqamﬁ AIRNANS

4, 2 “ E
<y ér(« _& (2-1)
ar &x dr
o “
tla D fa diffusion coefficient of the considered element
boundary conditions (Huasit
“Alanansvastawvasuds (x=0):
ac
s lsmg =0 (2-2a)
dx

_fisaudia eluate/material interface (x=h):
aC b
D= e = k(€7 = Cleet) (2-2b)

o - » ) o o .
L8 k (m/s) 1D mass transfer coefficient 32119 eluate NU pore water Natda

Kinetic equations (2-3) pnNwINIIAURUATTN I

{%_f:;k((:—ﬁ}ﬂ) £ 5> 00r(S=0mdC > Ceg) 29
l ;} = 0 if not
Twinze (eluate) uouatlddoing g anihnuadaang (flux) andauvesuds INMIiaRaufisanan

(flow rate Q) uazifinsuqanIIazaY Izlel

e ) R T (O oy ; (2-4)

( %c; =k -} S >0 (8 =0and €' >

3 : (2-6)
l f = 0if not
C,, and C'eq are the saturation concentrations of pore-solution and leachate.
FUNIFUQALIIEY (electroneutrality equation) 2 &6N1T (2-7) gmﬁu'lmwamaomm
z.C,+C, = 7.C_+Cyp,
Z H Z OH ( 2~7)

Y.z.C'+C' =Yz C+Clyy

° v, . 3 ' s a Y a
imuald kinetic constant k (molim’s) fisgennn Wandiinannsuniiniu th CC,, mTazanBue

fgegnauazsiianNanaznaunui o1 C<C

o VIUTY (F1) azanuniui
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FUNNININUG (partial-differential-equation system) 1@ auuaziucsllsunsy MATLAB

ar

@ - 2 a . &
AandvessllEflag (mmolim” s) waeanmWALLIaN Ti (leaching sequence) 734

8 o 2
Ti = [L&i;__ffi}_} (2-8)
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uni 3

WanIINaAaaILauniIvn Il
1. auvABsHRNduaziadivastin

Lﬁuéﬁazhaauﬂm’ﬂaﬂ‘[am%ﬁnmn@ﬁamﬁa flauwszamaanini naariwisa Jnlasynlsimg
A s r as o~ el -3 A 1 v Vs = 1
ATTAUANNEN 0-15 cm nitngan 10 Alansy vhunieauliuds enwazualdiiuwne inndt 2 mm

v

Hapdunsanas Insernidiunmlans Cd Cu Cr Pb Ni was Zn lasmeaila AAS uas ICP-AES laxadad

4 ) a
A13191 3-1 ﬂ‘%mmia%:ﬂwulum

Tane  duady glkg (n=6) sd. WY, kg
Cd 4.45 6.58 1.3-17.9

Cu 27.72 3.21 24.8-32.0
Cr 42.32 529  36.7-48.8
Ni 33.70 7.38 28.6-44.4
Pb 48.61 8.24 40.4-59.6
Zn 82.75 6.45  76.4-91.3

A13191 3-2 FUUATIRRNAUSLIAN VB IA

qUTA i JUU@ fin
Soil Water content (%) 6.8 CEC (me/100g) 10.1
Soil texture clay loam Bulk density (g cm ) 0.95
pH 7.34 Particle density (g cm ) 1.4
Lime potential 6.2 Total organics C (g kg") 2.1
Organic Carbon (%) 1.5 Loss on ignition (%)

Organic matter (%) 37 LO-1at480° C 63.4
Humic acid (%) 0.38 LOI-2 at 1 1000 C 18.8

2. MIMAANIATINNURZNIRIANHIUSIRNIL

o = =9 = as '3 v o n{ Y- 3 =3 el 1
mmnwﬂm@\mmnmn@ﬂ@zJmsamﬂLLazmlvmsqwﬁmmﬁmmﬁwwnaa IHSS WuinGudatng
o =9 - v Qs A
fins@a828in 0.38 % wiw LLazﬁnmqmanmnw leuadsansen 3-3
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H @ a a d o e A w '
Gl’li’mﬁ 3-3 aﬂ'lsfm:’fuadﬂ‘i@lﬁ’mnﬂaﬂﬂv‘m‘ﬂ’mﬂuﬂ’nE)f;l”l\‘l

13 C 418 % FAWNIATI 7.7 melg

5N H 4.03 % gnmwnsaanivanda 1.1 melg

3N N 0.48 % RNWATA LaaTBnd 6.6 melg

% ash content 211 % k

FTIR spectra 3397 cm™ (OH) 2913 cm™' (aliphatic CH)1680 cm ' (C=C, C=0) 1060 cm ' (C-O)
Absorption ratio (465 a2 665 nm by UV-Vis) 0.85 (pH 4) uaz 0.96 (pH 11)

3. msdnsEn adsorption isotherm

msdnmlalaineun1sgady (adsorption isotherm) Fn1snaaasii LS il 3 win 24 Falug
o
Langmuir adsorption isotherm #uguN1IN 3-1

C._C . 1 (3-1)
c.C, bC,

s

il C, ﬁamwmﬁwﬁmaﬂamﬁmqa (mglL)
c, ﬁaﬂ%mmiamﬁg@%uummuja (mg/mg)
C, ﬁaﬂ%mm‘[amgpgﬂﬁg}@%ﬂﬁumamﬁa (mg/g)
b shesftmasuaadie (Umg)

A . o . A Y ve H
Wawaaanmvlszwing C/ C, fiu €, veslanzudazsiialdaizUil 3-1 (a-f)

—8— no HA added to OS (1=0.25) & blank OS (I=0, DI water)
—#— (0,25% wiv HA added to OS (I=0.25) —%— 5.0%w/w HA added to OS (I=0.25)

LE+05
Cd
8.E+04
P —
I
/"' | —X
et |
g GEH04 =]
< / ’
Iy
o 4E+04 x —
]
/Ol L
2.E+04
ﬁ = N
0.E+00
0.00 1.00 2.00 3.00 400 5.00 6.00 7.00 8.00
C‘(mgL")

gﬂﬁ 3-1 (a) Langmuir isotherm of adsorption of Cd onto soil samples at 25 °c
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—8-— no HA added to OS (I=0.25) =-&— blank OS (I=0, DI water)
—#— (.25%wAv HA added to OS (I=0.25) —%— 5,0% wAv HA added to OS (I=0.25)

SE+H04
Cu

6.E+04 P
E
E 4E+04
g ==
3 A

2E+04

/g:ﬁ:;’::lﬂ
0.E+00 J/
0.00 100 200 300 400 5.00 6.00 700 800

¢, (meL")

gﬂﬁ 3-1 (b) Langmuir isotherm of adsorption of Cu onto soil samples at 25 °c

4E+04
.
3E+04
./
BN / "/
-3
E) /./
£ 2Er04
J
g / ofia
e ]
LEH4 ==y
L Y
/ L]
QE+00
0.00 100 200 3.00 4.00 5.00 6.00

C, (meL")
gﬂﬁ 3-1 (c) Langmuir isotherm of adsorption of Cr onto soil samples at 25 °c
7.E+05

6.E+05 /e

~ SE+05
g /

Ni

E}: 4.E+05 7
(5: 3.E+05 /
2E+05
LE+05 X
0.E+00 e b

0.00 2.00 4.00 6.00 8.00 10.00

-1
C,{mgL )

31|ﬁ 3-1 (d) Langmuir isotherm of adsorption of Ni onto soil samples at 25 °c



4.E+05

L Pb
3.E+05 /\\
3.E+05

2.E+05 A
2.E+05 /

LE+05 7/ : x\x(»-
5.E+04 T
0.E+00 #& <

0.00 2.00 4.00 6.00 8.00 10.00

C.JC,(m gL‘l)

C, (mgl ")
3ﬂﬁ 3-1 (e) Langmuir isotherm of adsorption of Pb onto soil samples at 26 ‘c

2.E+05

//u Zn
LE+05 o ———x

p—
8.E+04 /

/ 2
4.E+04

0.00 2.00 4.00 6.00 8.00 10.00

c/C, (mgl’)

¢, (mgL™)

gﬂﬁ 3-1 (f) Langmuir isotherm of adsorption of Zn onto soil samples at 25 °c

A s A ar o o Qs d‘
Luawaacﬂanszmwaﬁ%mmTamwgwu (mg) UuAK 25 g ‘lﬂmgﬂn 32

—+—Cd Cu - Cr —#— Ni —* Pb —*—Zn

Amount of metal retained
onto soils (mg)

0.0 2.0 4.0 6.0 8.0 10.0

Amount of each metal in test solutions for 25 g blank soil, I=0 (deionized water)

1 o a a a by
311 3-2 (a) aanadanzAigady (mg) Uudiu 08 25 g asazaiusnasiath DI



— Cd Cu - Cr —8— Nj —=#— P} —A— 7n
6 —
o
g
é . 5 —
S o
o E
g 3 4 -
Q —
g g
S g 3
£ 8§
: 2
<
|
0 T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0

Amount of each metal in test solutions for 25 g no HA added to soil, [=0.25

311 3-2 (b) ﬁ‘%mmiamﬁw%’u (ing) U@k OS 25 g F1IATAIAINAIIAE KNO,

—t— Cd Cu - Cr —&— Ni —=" Pb —&—Zn

Amount of metal retained
onto soils (mg)

0.0 2.0 4.0 6.0 8.0 10.0
Amount ofeach metal in test solutions for 25 g 0.25% w/w HA added to soil, [=0.25

311 3-2 (¢) ﬁuwm[amﬁ@lmeiu (rng) Ui HS (0.25 %wiw) 25 g R1IazauaInasfia KNO,

U

17
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-+ Cd Cu - Cr —&— Ni —=— Pb A Zn
o 4
(53
k=
= = 3
g =
g g
S o
- o 2 7
E 8
5
1 -
0 # T T T T 1
0.0 2.0 4.0 6.0 8.0 10.0

Amount of each metal in test solutions for 25 g 5.0% w/w HA added to soil, [=0.25

317 3-2 (d) U‘%mm‘[amﬁg}m?u (mg) LAk HS (5 %w/w) 25 g R1IasasaInasfia KNO,

mIgadusad Cd Cu Cr Uaz Zn Wuwvuwanfoifenududuveslansed %aLTJumsQWEm%o
MEMWAULT WY (morolayer) [22] §auMIgadL83 Ni kaz Pb uandsaenty wudnsgaduifiald
g@qmﬁamwmﬁuﬁwaﬂammwﬁu 66.67 mg/L (56 mg Ni Uaz Pb per 25g soil) 13U 0.25 Uaz 5.0 %
w/w HS-KNO,

ﬁmsmmigwﬁwaamﬁ‘; a3t 31 (e) wazgul 3-2 wuh msgwﬁumasmﬁmu OS-KNO,
Wi Wennududurasasialuasasaeiiiaviiv ﬂ‘%mmgoqﬂﬁmﬁagﬂ%ﬂﬁmﬁu 2125 u8z 1.1
mg fWiLAR OS, 0.25 ez 5.0 % wiw HS-KNO, (25 g) anudey aamududuvasasialuasaszany
g«aifuﬁwlﬁn'ﬁg@%’um:ﬁaama mmﬂuwammnﬁmwrifm'i’uga arnndadiuaadedauiunsedfinuas
ﬁmiazmuﬁgﬁu ﬁegﬂ%ﬂﬁﬁaﬂm

Lﬁaﬁfﬂ’ﬁm’la&lmwmwguﬂﬁﬂi (Freundlich equation) ﬁmumiﬁ 3-2

C,=x/m = K:C, (3-2)

e C, ﬁammﬁu'ﬁ’umaﬂamﬁauqa (mg/L)

C, ﬁaﬂ%mmiamﬁgwfuummu%a (mg/mg)

K. mmﬁmaaw?uﬂam
i n = 1, K, sansaunulag K, azléin

K=C/C, (3-3)

nnsuszunme distribution coefficient K, (L mg') aguuauuagmﬁhmﬁmﬁuﬁm aslanzen URZENGANTT
gaduifialdluig 24 Falus
INEUMIVRINTUART TWNTaMIAN K, 106301719 3-4 A1 K, 184 Cd Uiz Cu Tufiu OS-KNO, aaas
atafiiaindnilonSouAnufiuan 0.25 uaz 5.0 % wiw HS-KNO, luunizfish K, 183 Cr Ni Pb uaz zn
Liuandrsiuluduudazaiia



611918 3-4 soil distribution coefficient, K, under various soil sorbents

19

Sorbents K, x10° L mg™)
Cd Cu Cr Ni Pb Zn
OS-deionized water 9 9 6 6 13 13
0S-KNO,4 20 20 6 7 9 9
0.25% wiw HS-KNO, 7 7 7 6 11 11
5.0 % wiw HS-KNO, 8 8 6 7 8 8

A ar a o X . o =t 'y o d o e
Pnulansigaduuudusian 5 tintiuetnedn g uastivwalivesilisanaduduvaslansly

s X A4 a a a e v A A, v a o & ey o v
RUTACRUENUDY Luaﬂ%qﬂ@uLsuaM@]QW’JUIaﬁz ‘Iiﬂ&lﬂ’llﬂmﬂmﬂi.!ﬂ’l CECn pH Nen 615\1“@'@01“‘;%“’3’]

a o &
mmuqamsgmumﬂmmu

anuguWuSvaInIad inuas a1 I unIs luanluaIazanu@Inaty KNO, 0.25 mol/l fv

mmmmmhmsg}wfu §MILAU OS uaz 0S-KNO, finnwsuisnlunsgagulansgenit HS

Wasnnniadlinfesnddaunvlaseueslansiazanuihlddaogy 3-3

O5e 0%/, o, OH
¥ v
e o~ 7 ~0
e I
OH o~
[¢] OH (¢] O-—M
>c~ \\C/ N
O ¢}
C= s
Sy 2+ . C
O + M prse— N

gﬂﬁ 3-3 Postulated reactions between M”" W&z humic acid function groups influencing a water-soluble

complexation [44]

d_a a a &, o e . ' a a. v d Y o
Welufinsadlinunniu i K, vssduivlanzdrulngianss innzifesafidaunazasin dazun 34

Soil 5 + aM™ (aq) 4

g ma——

Ky

HA-SOH(S) + aM"+(aq)

water soluble complex

Soil (a-b)Mg) + BM™ g

13la mole of metal ions (a>b), M" : metal ion with n charge

< ar a v s a
31]?’1 34 amqami@mmm:miazmwaemsmwaﬂam-nmmm

Soil(b)M ¢y  + HA(a-b)M™ (g
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4. mydSuanys

o . o « o a & o . e e o o
AN EIMHENIBUT 8T ITuA-autwon L‘é‘zana@mmuwlwmmﬁmmaﬂgwq@ s
. «  je P S P o & ad a e a & d o a a v oa
waavaIullTuRDoS 4 70 fd Audwilan duthudaui@ulanzwin anduwtoui@us1igiind 98
wazdudwianflduansiiindrsd wazlansmiin

msannsansmasdduud-auludiauwivan 5 sansmainmd 4 lassandmduame
gadw (C/S) \u 1:1 1:1.5 1:2 1:3 1:4 uaz 1:5 ymvasvasndalsusdosluuuurwa 53-mm x 60-mm
x 46-mm Holudaduiiunm 28 Tu udrneasenanuuy vitausesudaniasinsiunsesn Tauacs
a13197 3-5

M13191 3-5 ANNTILUIIOA (compressive strength) wesuaIudIUsuIaDyT

Batch Water Cement to soll Weight of Compressive strength,
number (%o wiw) (CI8) ratio concrete (g) (MPa)
1 40 1M 228.9 1.16
2 44 /1.6 219.4 1.03
3 47 1/2 195.5 0.59
4 55 1/3 193.8 0.19
5 55 1/4 189.5 0.19

= v o v a @ . A A P
MNANTNA 3-5 wudideuvasuden 1 uaz 2 Iddamsiuusadainnnin 1 MPa Fulludiigawed
tounasudssunsoi lilsnay wIavinldlunmsdenssalomle uwdvasudaSuatosyad 2 I8andm
8 A a . P - « ar o - o a ‘
C/s gan a)aLaanamswaauulunﬂstmsﬂumaaumaﬂmtamus’q@auﬂ fFmIunisnaasddaly

fnvnasesSinansaidindensiuusisavanausesuds vinnmsnaetauzasudlasnsidy
nsadafinfisanain (%owiw) 6149 Gud 0.1 — 5.0 % hnsndavesudalfuadosluuuuming 53-mm x
60-mm x 46-mm Asliudeduiiuman 28 Y uiIneassnanuuy shiawsasudsuniadnsiuusda
vtoﬁ"waﬁ'agﬂﬁ 3-5
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Eijﬁ 3-5 AMMITULTINUBIDILTIUTULEDYY NBATFIUAN 6 VAINIATIUNNLAY

ni s a a 'a. A o 9 w4 @ o « a
ﬂqﬂzﬂ'ﬂ 3-5 WUT\ﬂ']SW]SJﬂiﬂﬁ?NﬂNNa'ﬂql‘Wﬂqﬂ']ﬁiﬂLﬁ'\‘lﬂﬂ‘ﬂa@’ﬂaﬂu'ﬂﬂﬂsutaﬂﬂsa@ﬁﬁ IRV Al
a a da o ° 'Y ar @
TNIRTINNTHANLININ 'Y]']l“ﬂqiiﬂtﬁﬁﬂﬂuaﬂaﬂ

AnwnavaslSunalansdenisiuusidavasiauraduds inmsndertewvasudlasnisdu
ssazaslane Cd Cu Cr Pb Ni Uz Zn (Rzansanninge bata) lasdSunmlansudassiainiuuas
WBunmrufidusdly daie 0 - 7 glkg Fmsnasvasudsliuaiosluuuy dolwudeduiinnan 28 u
udINaABANINULY tnausIudunIadIMISUNTIan Vlﬁwaﬁagﬂﬁ 3-6

0.5
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;'2 e
v /«?0.3
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g
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Q
]
0
ot 2 3 4 5 6 7 8 9

Concentration of metals added to soil gkg_l
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P i a & a ° @ [V o o X & W o
Nz 3-6 wohmadalanzna 6 sfie dildmsiuussdaiudumsnssnsniinalansviiy
o . o a s o A ~ X v P o 5t
1.0-2.0 glkg lemsiuussdagegauazaaasanudeduiiisdiunmlanafindu udtiSoufouduvaauds
USuadosh liiinadulans nudn madulanzinarildmssuussdasandatnemnn

mIndavawdaliuiaiios 4 ga Ao dutwilow (5-08) Andwilauidnlansntin (S-Ms) du
Uwidlouilidumsgaiing 1951 (s-HS) uasdntwiiondidulaneninuszniadatin (S-HMS) drudam
faunEnvaanaTuiaiosait Sumd 31 % G 41 % uasri 28% wazanef 3-6 twssudaliudos
waszzfiallwBinulaneranuasiomsazasuazaaiadodinmadia AAS was ICP-AES lenae
TR 37

‘i as 3 -~ as ~
@391 3-6 AATIRIUHENVAILTILULRDET

ofia 1anz (g/kg) n3adain (Fewiw)
S-0S S -
S-MS 1.5 -
S-Hs ‘ Z 5
S-HMS 1.5 5

A1397 3-7 W mlanensnualuyasudaduaiossiiadne g

Element Total content (mg/kg), n=3

S-08 S-MS S-MHS S-HS
Na 2,053 9,540 5,483 -
Ca 545,094 513,912 389,428 531,214
Cd 69 2363 2127 73
Cr 248 2226 2115 255
Cu 104 1694 1489 99
Ni 108 4716 925 100
Pb 132 1914 2208 125
Zn 105 1761 1044 100

5. MINARAUNNIALANY
a as U [
5.1 wnuSanmpaslanzuitnlu pore water 2astanvasuds
° - v = ar N li‘ Vo i 1 :‘ A
desudaliuaiiosdiacng (S-HS uaz S-0S) Aualwiuwaidnnit 1 mm wuaglwihn

Uennlesan laomruadidanaIwyasvanadazaIndiyiniy 0.5 1 5 10 50 waz 100 mi/g ¥l
1 L2 d 1 A\ Q‘: Q‘I k2 = o A LR
wehdpeensiudaisHuiaauqansazmounm 7 3u nsssmnaszmon lddonszansna
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v ) A £ (<7 0 . A ) 1 ° =
waf 2 ududsmsazanenldsanitu 2 dw drunitah e pH wash ldSenzdmSunuasalsd
ar a 4 o s 8 v & = a 3 v a { o o
luazdanaloasu Bnarunitavhluvinldiilunsan pH dnin 2 daonsalundn 65 % wathldFeszdm
Wiunulanzni 6 silalwihazdiomnadla ICP-AES (Fin1anases 3 A39) KANINARDIURAIAIFUN 3-7

B . ' & A o
1A 3-7 wudimsazaipzeslansdna g lu pore water unTwile LS aand uniiu Cd uas Cr
P> o a a
finnsazaunsf whazifiannanzaudivaslanzluamsazans pore water miazanvaslanzain S-0S
uaz S-HS uandrsnuats ldfivedany

s o 1 ;‘ Lo @ ) -~
5.2 w1m*uua<uwu§sxwma pH maa%’rzszuazﬂsmmnﬂ‘sgnmwaa‘[amwummaz%%ﬂ

o @ e o P P [y « . i & o
wrasdilfuaiiosdetng (S-HS uar S-08) Aualdliawaiinndn 1 mm  anurlushi
a a P a wel K P ° '
Unannlesau uasi@unsalundn aslhiedivdr pH - Wiidnenag aglute pH 4-12 lasiwuadn
s 1 13 t ar o 1 3/ A ¥ v 5 lav U o Qs
danduvesnmdezaids whiy 10 Whldaddsieatanaduiinsilfwfeauqadunm 7
v v & v . v o & 1 1 4 o 1
asassTazanefldmanszaenTanues 2 usuthasazaenldeaniiu 2 §w drumitahluwien pH
=i ' 4 o I3 v P ° . 3 a P o = &
anawniah luvihlWidunsed pH dindn 2 dasnsalunin 65 % Wath lliemedwilSinmlansny 6
sialwhrzdzinaiia ICP-AES (fMn1Inaaad 3 A39) HANINARBILAAIAIZUN 3-8

A . a o as - & a X oo o
nngUf 3-8 wuhmaazaeveslansynriiannvesudaliuatioms 2 silaliuiy pH 2esa3azang Lile
uRsuisunmsazansvaslanssiiadolny nuhingdnssunrazasfuandrenanaasudaliaiios
b4 a o & R a o e Av = a o [ i oa d e A
14 2 wila as¥h Cd Cu Ni uaz Zn azansanauidiuaiostldmafunsadlinldanin dundiusiiosn
P a a A A & a a o dw. w o« ‘
fimadunsadaiin lasdsuuszazmilngdnsunsasmomlonlansdudadulumsseasndunse wd

2] ~ & a 44 a a a %, ‘ a. a .
lunztiuslandisuuszazmscmsandunimsiduniadlinlddnit nsadlinmunsntieaans

azagvadlansle

Iy

5.3 ﬁnmmwzé’fwaﬁazmﬂ KN(‘J3 fgsazananInazdan uardsarangnIndadin il

$ Qs 3’ N
IHYZLIATAN 9 HATZHIANANY Wl&l'ﬁﬂi%ﬂ"li@ﬂ‘ﬁﬂ%’l

iauvalialating (S-MS) nFsiminuasrRuiinvasadalfusdysudvhmug
padaliuaivsdmathasassdafusiioswmaanesiiang g Gl avazane KNO, 1uTh 0.25
mol/L fTazantNIAayTaniTug% 0.05, 0.1, 0.2 Uaz 2.0 mol/L uazaInIadadnidiautu 10, 20, 40, 200,
waz 400 mg/L TaginualiBunonih dldizunaniu 10 whasiuifavewesudSusdosivin s
1ng warszozamlunisugie 6 9alus 18 Falug 1 31 2 T0 5 31 7 T4 20 T4 30 T4 usz 30 Tu
oy Tastomsszmofilgldlunmousitasfinudnh v hiiunsed pH dindn 2 densalunin
65% viath luvhnsiamzimdSinaleseunas Cd Na K Ca aselsduasdmna drvasudsazae
THanae Lm:mﬂammm‘mhﬂﬁgﬂ%w13’:'1’11aa’uamﬁaﬂ%”maﬁus (Fnsnenss 3 ad) ‘lﬁwaé’ogﬂﬁ 3-9 -
3-18
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—4— S-HS —%— S-08
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3~ " 3 pH N36 d b Pb
2 1000 B~ ur’/ \ P
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‘s =3 e g 10 / A g +
8 £ w N : R H 12,02 |
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O 10 ppm HA < 20 ppm HA 4 40 ppm HA
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5.4 @ns¥n3¥zA8 TCLP

TCLP w38 Toxicity Characteristic Leaching Procedure %amuatwa Us EPA §itnsenana 1
Youdaliulatiusdiatig (S-0S, S-MS, S-HS, uaz S-MHS) fuelifawaiinnit 9.5 mm anwfiaas 25
g lalumanwaa@nauia 500 mL 1uasazaonInazdd@n 0.1 M (pH 2.88 £ 0.05) U3uas 500 mL e
ehlvafin nenlWidniuialy 1 anfiad uazih ldwndoedasiagndsanma 30 saudewdt e
18 ala witmiunsasssazaoinuuswlamIIWA 0.2 pm shasaraneluvnlWidunsedt pH
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6. Wandnivzazany (leaching flux)

R o 2 o . .
PnuuLIaeImIrTEazay nnWHanduesaiEdla g (mg/m's) vas S-OS AU Ti (leaching

sequence) LilalHinTzen9 9 urasdazun 3-20 - 327
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Abstract: Humic acids (5% w/w) was added to heavy metals contaminated soil containing
Cd. Cu, Cr, Ni, Pb, and Zn. The stabilization/solidification by Portland cement was done for
humic acid added soil (S-HS) and original contaminated soil (S-0OS). The solubilisation of
the metals from both concretes was investigated at different pH of leachant ranging from 1-
12. Regarding the dissolution of the mietals in leachates from both materials, the results
showed that the dissolution was mainly controlled by the pH at equilibrium. Leaching
behaviors of the same metal from both materials were different. Cadmium, copper. nickel,
and zinc were better dissolved form $-0S than $-HS. In acidic medium. chromium and lead
had the similar leaching behavior as other metals, but in basic region their release from S-HS
was greater than that from S-OS. Humic acids can reduce the dissolution of the metals.

Introduction: The land disposal of industrial wastes is one of the becoming serious
problems. Heavy metals are concerned because of their increasing abundance m the
enviromnent which are released into soils from a wide range of natural and anthropogenic
sources, moreover their relatively high toxicity even at low concentration. Once released into
the soil matrix, heavy metals can impact environmental quality and human health via ground
water .and surface water. Humic acids are composing the greatest part of the organic
substances (biomass) on the Earth. They are yellow to dark brown polymers, contained in all
soils, waters, and organic-containing sediments [1]. Knowledse of the complexation of heavy
metals with humic acids is of great importance in the understanding of metal (bio)availability
and mobility in natural aquatic systems. Accordingly, man has set up complex treatment
processes or inmobilization technologies to prevent and control the pollution. Most common
treatment options for metals-contaminated sites are stabilization and solidification (S/S)
technology. The partial use of solidified materials in civil engineering applications, such as
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landfill and construction materials is of great interest nowadays. However, it is necessary to
develop appropriate tools for the environmental behaviour assessment in order to avoid
abusive use of the materials obtained by waste solidification. The study of the pollutant
release from a material under specified leaching conditions represents one of the
enviromental assessment tools [2]. This research focus on the Acid Neutralisation Capacity
test (ANC). aimed to study the pH influence on the waste constituents release (solubilisation)
in steady state conditions and to study the influence of humic acids on solubilisation of heavy
metals from cement-based stabilised contaminated soil.

Methodology: Original contaminated soil (OS) was sampled and the contents of Cd, Cu, Cr,
Ni. Pb, and Zn were determined. Humic acids (5% w/w) was added into this soil (HS). The
stabilization/solidification by Portland cement was done for humic acid added soil (S-HS)
and original contaminated soll (S-OS). The experimental study of metal solubility according
to the leachant pH was carried out on finely-homogenized, crushed materials in order to
rapidly reach solid/liquid steady state conditions in sealed PE bottles. Contact solutions using
maintained at various pH values between 0.5 and 12 by addition of nitric acid or sodium
hydroxide solutions, regulated the liquid to solid ration (L/S) of 10. About 5.0 g of 2 mm
ground S-OS and S-HS (5%w/w HA added) was weighed in 75 mil PE bottle. Then 25 mL of
deionised water was added into bottle. After that. the mixture pH was potentiometrically
adjusted to maintain equilibrating at values ranging from 0.5 to 12 by addition of 0.5 M nitric
acid/sodium hydroxide. This mixture was mechanical shaken for 30 min. The suspension was
settled for 7 days. After that, the mixture was filtrated two times through Whatman no.42
filter paper. The filtrate finally was measured the pH and re-acidified to pH around 2 by
nitric acid addition. The amounts of metal were determined by an ICP-OES. Each batch was
run in duplicate. The TCLP test was performed for both materials.

Results, Discussion and Conclusion: The leaching of heavy metals trom crushed mortar at
various pH values was shown in Fig. 1. The extent of metal solubilization depended on the
pH, degree of complex ability of humic acids, and the nature of chemical pollutants. For S-
OS. the amount of released metals increased as the pH of the system was decreased. In
principle, this will be related with the sclubility constant, K,,. For all studied heavy metals,
they were encouraged as they had some similarities in their chemistry in solution that
depends on pH. However, the shapes of the solubilization curves were different as seen in
Figs. 1. The amounts of Cd, Cu, Ni. Zn, and Pb (except for Cr) being leached from the S-HS
were relatively lower than form S-OS under the leachant pH of 6-8.

These results also indicated that metals in the concrete matrix were strongly retained in such
a solidified matrix. For S-HS, the leached amount of cadmium proportional decreased with
increasing of leachant pH. The solubilization of nickel species was comparable to the
cadmium one: however, under alkaline condition its solubilization was invariable.

In the case of lead solubilization under different pH conditions presented in Fig. 1, there was
a valley feature. The least aggressive leaching (pH ~ 12) resulted in more increasing of lead
release caused by a high pH maintained at the surface. Owing to the amphoteric
characteristic of lead at high and low pH of leachant, its solubilization was low for the
natural pH-leachant. It indicated that releasing of lead was prone to the chemical conditions.
The chromium solubilization under different pH couditions was presented; the solubilization
vs. pH relation was a hill features (pH of 5-12). contrasting to lead one. The amount of
leached chromium increased as the pH of the system was downward to about 5. and then
leached amount increased with pH increasing up to 10 followed by descending of leached
amount again. These features were also observed in the copper. lead, and zine releasing



illustrated in Fig. 1, respectively. In the last, it can be concluded that the metal solubilization
in stabilized soil was a function of pH of leaching medium and the presence of hwnic acids.
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Fig 1. Concentration of Cd, Cr, Cu, Ni. Pb, and Zu versus pH of (a) stabilized humic acid
added soil (S-HS: ¢) and (b) stabilized orginal soil (S-OS; =)

The TCLP results of S-OS showed that the concentration of all metals leached were below
the TCLP regulatory levels. While, the concentration of Cd leached from S-HS was higher
than the TCLP regulatory level,
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