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Evaluation of Leaching Characteristics of Bottom Ash and Waste Tire
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Abstract : The purpose of this study was to determine any detrimental effects on surrounding environments by using bottom ash,
waste tire, and mixture as a fill material to raise the ground level. Three different initial pHs (4, 6, 8) were applied to bottom ash
and initial pH of 4 was used to waste tire and mixture. Among 7 heavy metals, Pb and Zn were exceeded drinking water stan-
dards but their concentrations decreased below drinking water standards within 1 PVE. Among 5 anions, sulfate exceeded 10 times
of drinking water standards and further higher partition coefficients resulted in increased PVE of 8.21. For the mixture of bottom
ash and waste tire, its concentrations of heavy metals and anions were decreased due to the dilution effect and lowered PVE from

8.21 (BA) to 5.89.
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Table 1, Fundamental data of the bottom ash sample

Proximate analysis ‘ Contents (%)

Moisture content 047
Volatile matter 207
Fixed carbon 077
Ash content 96.70
Elemental analysis
N 1.161
C 1.136
S 0.286
H 0.185
O 0.0786
Chemical composition
SiO» 63.2155
AlOs 18,9522
Fex0s 7.8265
Ca0 35125
MgO 1.4541
K20 1.3101
TiOo 1.2544
SOs 12192

Table 2, Composition of Tire rubber and Tire

Tire rubber®® ‘ Tire
Compound  Weight (%) Compound Weight (%)
Rubber polymer 621 Natural & synthetic rubber 49
Carbon black 310 Rubber compound 37
Extender oil 19 Other compound 13
Zinc oxide 19 Bead wire 4
Stearic acid 12 Cord fabric 10
Sulphur 11
Accelerator 07

Fe,03 > Ca0 >MgO £2 2 Si0,9} ALO;, Fe 039 AJHo|
ZY7+ 63.2%, 18.9%, 7.8%% A2 90% o)A A5kl 9
25 & 4 JUrk(Table 1). XRD £4& F3) vhgo4ies 5
2 quartz, hematite, kaolinite, mullite, illite, magnetite, side-
rite, feldspar 59| FE=2 FAH UFS & &+ AUk
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Algol| AMEE mE }sleFE S Aldrich Chemical Co.,
Milwaukee, WI, USAo| A 3} A3}t

ffluent Reservall
(500 mL)

Reduction

Sampling port

|/' Forous stone

Glass fiber

Glass column

Influent Reservair
(500 mL)

0.64 mm Teflon® tubin/

0.16 mm Teflon® tubing

- .
| ]

T Sampling port
O

' >

Pump
Fig. 1. Schematic of column test apparatus,
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AR (A Q)2 &8 & 4= ) 2 =AY REEE st
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HFH O] o= <10%om B o7 T HHHS B3 D
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2.3. EAutH
AY A5 0] 234 AHEE(As, Cd, Cr, Cu, Ni, Pb,

S

Zn)2 Elan 6100 inductively coupled plasma mass spectrome-
ter(ICP-MS)& ©]-§stof Z£A3k3Ath Eet=n} ukel= 2.0
kW, WZ G422 15 L/min, % (nebulizer) 714 G5
1.0 L/min, ¢}2]& 22 kPaz Lxum BAsT) Ak
g ZH3517] Yot 5892 Aldrich Chemical Co. (Mil-
waukee, W)l 5k} ALgaHlch. 24 A ARl =
The 2ol o7 RIS WA 98 LU
(standard addition)& AFgalgIch™ 42(Hg)o] AL 4o
E A 7](flow injection mercury system)ES AFE5lo] HEZ
B A5 THFIMS 400, Perkin elmer).

28 &4 A=zl dis 6719 &ol(F, Br, NOy,
NOs, POs”, SO4)2 Ion-chromatograph& ©]-8-3}o] 243}
At A% Ton-chromatograph+= Alltech Model 651, 641
Series 200 (Perkin-Elmer)o| ™, HZAS 2HAJ5H7] €3t 5
212 Aldrich Chemical Co. (Milwaukee, WI)of| 4] <£¢15}o]
ARSI AREE A -2 TonPac AS-16 ©]H 100 mM <]

sodium hydroxideE eluent® A5} T).

3.1. &tk 2 M(total elemental analysis)

v ofj o] et F3=F &4 Ait= Table 3o Q.9F= o]
oAtk Asit Cd& AZEA AT, Zno] 714 £ FES
Uehdon Cu, Pb, Cre] £o8 Azl z4stgt

Table 3. Results of Total Elemental Analysis

Element As Cd Cr Cu Pb Zn
Con, (mg/kg)  ND* ND 224 449 327 8204
 Non-detectable,
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Table 4. Results of the leachate concentrations from CLTs

Leachate concentration (ug/L)

Material pH . . > >
As Cd Cr Cu Pb Zn Hg F NO, NOs PO, SOy
BA 4 (0.1 (01 300 65.0 80.0 2,0000 <01 2985 674 1,289.0 (60,0 1,940,000
BA 6 (01 <01 200 80.0 710 11,5000 <01 340.0 998 1,5627.0 (600 2,066,000
BA 8 0.1 <01 210 420 768 12490 <01 3740 740 2,0340 (600 2,391,000
WT 4 (0.1 <01 410 350 <01 1,6320 <01 2617 15.0 2214 ¢50.0 22,743
BWT 4 (01 <01 170 310 460 14310 <01 447 8 213 213.0 (600 1,619,451
Korea® - 500 100 500 1,0000 500 1,0000 10 2,0000 - 10,000.0 - 200,000
U.S. EPA’ - 100 50 1000 11,3000 1500 50000 20 40000 10000 10,0000 - 250,000
WHO® - 100 30 500 20000 100 38,0000 60 15000 2000 50,000.0 - 500,000
% Numbers in bold exceed the DWSs of any regulatory agencies,
® DWSs defined by Korea Ministry of Environment,
° No standards defined, (represents below detection limit,
4 DWSs defined by US Environmental Protection Agency.
° DWSs defined by World Health Organization,
"DWSs for bromate, which is a byproduct of ozone treatment,
32. 5380 302 s ¥ FHIIE 80 L* """"""""""""
AP Ao §E5o] EqHE SHEAY s 70 Bey\ T Babnd
s, 0)5 EPASH AIAR A7 HWHO)S B2 #A71E 5 00 \W o BAGHD)
o) = L = . \E ¥ P
3wtk S48 FEE Solee vre Awe 2 0 \y
A& 2ol Tabledo] eIt As, Cd Heel A9 g e \ N OIS ()
AESE(MDL) o2 Z3o] E9lal Crit Cugl F$ 4 g U\
c
FRE ol wER 240 Hoou £47% olslelr] 8
=]
fio] o] JFL FAE P Ao BRI P ©
o] A-9-= HEtolof(waste tire, WT)olA= HE0] HA| &
ko 27| pHE 22t vl o #i(bottom ash, BA)9| 7
-2} dglo]o]e} BAE =3t3H(bottom ash + waste tire)
BWT2] 7 3H4(50 pg/L) % WHO (10 pg/L)] 7|&& =
Teteieh. Zno] A9 57hA] AW mE|A 1% o]Ate] 20009 T
- ! BA (pH 4
BE7t BEEAG Sole BAAT POSE AETE oY \ B
ou], F, NO, 9 NOs'E 7|24 U2 AZE itk SO~ 5 1500 A ® BA(pHS8)
o] A= FEIYWDE A&7t 2e AN =287]% s B WT (pH 4)
N c A BWT (pH 4
9 27 e B 71F200000 pgL)T} vl A BA 8 —
o] A% 10v) o4 Zustglon, BWTE WT9 sj5an  § SR
of 93] BAQ] Aguct ofz gastdon £47FRY 8
N

Pbi} Zno| §E5E5E= Zt=o
Fig. 20 A= fﬁ.
EPAS} WHO?| 2% S
el FA =R %3 FANES fEFEET EX =
o2 e UehRA ghtTi(Tabled 23

Pbi} Zno| HEL W= o] wi
shout, diitEo] 1 pore volume?] A]
nESRL SEndS 2 r 2%
FodRac e wuAsE Tadm SE7E
7] Y3l Z2]&= AlZHpore volume of effluent requlred to
meet MCL, PVER)= AA5}o] Table 50 Q oFs}4ith

N e

of
_r,

Pore Volume of Effluent (PVE)
Fig. 2. Effluent concentrations of (a) Pb and (b) Zn in the lea-
chates from the CLTs as a function of the pore volumes
of effluent (PVE) (DWS: drinking water standard).

Aol (80,9 &= 2ER fitting A=
2}5ho] BB 27]27 2ol Fig. 3¢ Lkt Qlrk. 3t
o B B 227122 500 mgL (WHO), 250 mg/L (U.S.
EPA), 200 mg/L (KME)QId] ¥5] BA AlRojAE 27] &
2000 myLE EISHe WE R Figol HHE Uk
WTO] A9 227 mgLe] 27552 HolZglolt 7|%n

cHEkad Zats|x| | M327 &7 2010 7 |
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Table 5, Partition coefficients, maximum concentrations, and pore volumes of effluent required (PVER) to meet DWSs for Pb, Zn,
and SO, for BA (bottom ash) and BWT (mixture of bottom ash and waste tire)

, Pb (50 ug/L)a Zn (1,000 pg/L) S0, (200,000 ug/L)
Medium Vs (cm/sec) 5 S 7
Ko Crnax PVER Ko Crrax PVER Ko Cnax PVER
BA (pH 4) 489x10™* 0.027 80.0 0.85 0.02 2,000,0 047 1.00 1,940,330 8.21
BA (pH 6) 489x10™ 0.034 710 051 0.20 1500.0 023 073 2066210 675
BA (pH 8) 489x10™* 0.072 76.8 0.70 1.56 12490 0.29 0.90 2,391,000 792
WT (pH 4) 378x10* N.A. <0.1 NA. 11.07 1632.0 095 N.A. 22,743 N.A.
BWT (pH 4) 518x10™* 02 46.0 NA, 017 14310 0.49 0.99 1,619,451 5.89
@ DWL, P Partition coefficient (L/kg), °Maximum effluent concentration (ug/L), dRequired pore volume of effluent to meet DWL, *N.A. = Not
applicable,
2500000 0.25 100
; | BA(pH4) | [l Partition Coefficient " B3 Maximum Concentration
N < BA(pH 6) DWS (KME) 5
3 2000000 T e BA(pH8) = 0.20 - . 80 %
g 1\ BWT (pH 4) 3 5
£ 1500000 } § 015 60 &
£ g g
g 1000000 '\ DWS (U.8. EPA) DWS (KME) g o010 40 2
"(‘:)-q & -‘é‘; g'
w o =
0.05 20 &
=
b ¥
o e e saoo % 0.0 0
0 4 8 12 16 20 24 28
Pare Vol f Effluent (PVE) 1400
‘ore volume o uen'
o Partition Coeffici 2500
Fig. 3. Effluent concentrations of sulfate (SO4) in the leacha- 12.00 = “‘”'_"”“ oe '°"’“‘|.
tes from the CLTs as a function of the pore volumes = B8 _Maximum Concentraton s000 &
of effluent (PVE) (DWS: drinking water standard). g5 1000 3
:é' : DWS (KME) 3
2 8.00 : . 1500 g
_ g : 3
o 2L proluz S S £ er=ch BASH WT g -5 g
Lo 1= - o 6.00 : : 2
£ EF BWTY] 4% sjamte] o3 BARTH: 2 5 g - N L 1000 &
- _ _ E= : S 3
(1,619 mgL)2 HEol Hgont 712 ol4olgleh 2§ 4 . g
7] =7t &7) Wi Poat Zno] A9-ehe thA 4 200 . 0 =
' Tt = =
71%8S WHEEL7] YA ®eh 71 AIZHPVER)O] LR35} H B i Im A .
t(Table 5). BAS] -9 6.75~8.212] PVER (pore volume of BA(pH4) BA(pH6) BA(pHB8) WT(pH4) BWT (pH4)

effluent required to meet maximum contaminant level)©] &
T-=™ BWTE| 749~ 5.899] PVERC| a3kt of7]A,
5.89 PVERZ A-UO] 35S Vet & off 5.89xV whE
o] Bo Ay FWHE AZHS oulgict.

3.2.2. 0| 7|4=(transport parameters)

Pb, Zn2} SO~ 2] Hj Al4=(partition coefficient)= &
e olgstol §EARA BHASE fitingslo]
TH(Table 5). BAY|A]2] Pbe] HuljA|l4== pHE 57}9}
of Z71st9 00 HhEr(<l PVEAN S48 27%55%)
= 3714 pH A3 BEFoA 7IEXE 2t s
wo] A& 2] pHot: AWAol gt Ao WYHg e
L, Sl Alg= pH 5719} B Eo] 2o F7153ickFig. 4).
Mo BujAgrt 2w SR Qs egEYo] A
fFrEEo 7IEXE 23 A 7|EA 051 sEE Y
ol AJ7to] wo] AX|gh, B Aol 7]EX] o8}

=

[e)]
=
A

7}

rr

Fig. 4. Partition coefficient and maximum concentrations of (a)
Pb and (b) Zn from the CLTs (DWS: drinking water stan-
dard),

2 Wel7ks o) dels 7R PVERS] gro] 7] pHEH:
2 dAphyol gl Ao TGtk PVER ghe 0.85(%
7] pH 4), 0.51(%7] pH 6), 0.70(%7] pH 8)°|3l o1, o]=
o7l 7] pHE| ZAA Pbe| 27| FEFEL 7|2
25T BA HEA ] F355]9] 085 WEY 94
AEste] fEEY 1 o[ F9] f3 Pbo HEL 7]EA
olstel AL julgith WIS S 55504 Pbo H&
9] ghgrom, BWT(sEloh4leh setolo o] EgAel 4
° WT7} &3tg o Pbo| HulA 47} 02 Lkgo &

ol ol

S AN
SAPSIE

E
T

43 F7tgou et B4 o5 71EA ]
st A&
$EUYNN FBE BHY0 £ BUL TP

4

Bl A4 52 2| A A S (retardation factor)7} F715H= 43
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Fig. 5. Partition coefficient and maximum concentrations of SO,
from the CLTs (DWS: drinking water standard).
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