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THEORETICAL STUDY ON LONG TIME-VARIATIONS OF DISSOLVED CADMIUM
CONCENTRATION IN LEACHATE FROM MUNICIPAL SOLID WASTE LANDFILL

TF #@ - HER EF - WilE—
Yutaka DOTE*,Nobutoshi TANAKA®*,Keiichi KOYAMA®"

ABSTRACT;A set of equations is developed for calculating the concentration of total
dissolved cadmium,|Cdt|,in leachate from municipal solid waste landfill,and then the
variations of ICdtI over long period of time are calculated according to some as-
sumed scenarios on the time-variations of various conditions in landfill layer. The
set of equations contains both precipitation and complexation reaction equilibrium
of Cd with OH_,Cl",CO32' and S“7,adsorption equilibrium of Cd,massbalance of Cd and
S, production and oxidation rate of H,S,and so forth. The scenarios contain the
time-variations of pH,Cl” ,gas concentration of CO2 and 02,methane production period
and rate,and so on.

Consequently,when amount of S in waste is more than Cd in mol ratio and also st
is formed in the early stage of landfill,lCdt| in leachate will be never more than
107 mg/l at most,in spite of volatilization,diffusion,wash out and oxidation of
H,S.
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U, £ BHREOBEAICK Table 1 Conditions of adsorption experiments
PHRB O 12D ICHEIEICRIERE 40,25 | Packed materials| A.R. Ash C2.Ash
Solvent D.W.* AS W %x D.W.* A S W %% D.W.»
Mz THd. HRIITAE AR pH 5.6~5.7 6.5~6.7 | 7.5~7.6| 7.3~7.5 | 7.3~T7.4
S . C1 [mg/1] |8.7~15.6 | 18600~19200 | 390~773 | 18000~19000 | 190~220
Ti%0.1,1,10mg/1& L. AshT(40.01 1C (/1] 1t 62 63 2218 blmbd it
~1000mg/1. C2.AshT{10.1~10000 Na [me/1] 12~16 3900~11000 | 93~116| 7760~10000 | 50~64
. P . K {mg/1] 14~27 110~140 43~120 | 130~160 5
wg/1OBTH —F—WICEILE YT | ¢o [ne/1] 6~7 109~190 96~250 |  100~220 76~92
S, oHIZE . IC.C1,Cdix Mg [mg/1) 1~2 340~560 2~20 160~400 | 0.4~7
0.45u XAV TS T4 VY —TE *:Distilled Water. **:Artificial Sea Water
AU EABIZHOWTHI 1 T T T ;
W LEBICITRRS 2 an0.3808.] == 0 T T T T T

q=8.5[cd?*]
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FHZ DB > TVEH. FTHOLBEMZ 202N~ [Tmanill M.R.* | LR *+
D 5l T3 — 3 = P < Total volume VvV  [e?] 2 2
Y RALTYS 2 l/ ¥ ? VEITO. REFNEIT A Solid phase volume V. [m?] 0.6 0.9

BEBED L) REELERTOPIZOVWTOERKHE | Liguid phase voluwe Vo [} | 1.0 | 0.7
p - - 1N e . £ N Gas phase volume Vi [m?] 0.4 0.4

ERpCL LT 5. AV NA-FAY POYRBRMEETable | 0T AL [l ) )

2247, Temperature T (K| 313 | 293

. - L o o Solid phase densit [ke/m3] | 1700 | 2800

(B) BHOTH WARROHENDRBIO >+ A vsi; f:aztfone"m T 6 nI‘-J 0.2 | 0.2
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REETEHOIHEL» ST 2. ) peoldBRBALSKE Z600HHE TIL. EHROSR L SEHEHAD
DORBBOBRIC LV 0.8atnk R, BERARIED T2 85HKEY» SORBIEOB L PHB LB SR
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3. c) BEGATENOH,LOEL B, d) peo b UMD Satmt SFA L. pooe=0.0latmiZ 2
Lizld+ 0 —EThHs. e) BEREMRIOABRAEL, BHRRTT 2. BEETEEL W,
(F) ke 2AOF DT F Y+
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MTHsLEXT. RATHBQ XHELTHZ 5,

Q= FEEIRTE X R =1600m/y X 0.5=2.2X10"% m*/(w2-d) ----(2)

gl AV UHEBCHEI A AREREE R L. BAZTHOBEAER=2 nol/ (w*-d) . BHABEOH A Rc=
0.6 mol/(m*-d) & FBL. HFAREH (A5 R Tk, BEA&THTQ:=0.1 m*/(s?-d) (at 313K), B2H
BHETQ:=0.03 u’/(@2-d) (at 293K) &4 3. B ChoOHEIIVWThOLEERHNAKEZDIIREL Th 2.
(G) AV BREDYF YA

CLUIMITEBICHEBIEL. 20% BHICLAFROBICL->THLTEEEZ 5. £, Cd-ClEik%
AZCUERIEREA T UCL LD LI, 2TOCLICL THRET 2L EA2TLL, chiBgTiRCll=
€] &35, ->T. CloPEARNZEXRATEES. V.dCll/dt=—Q.Cl] ----(3) ch %<
sxAices,  [Cll=[Clleexp(—t/z) ----(4) 22T T=V./Qu ----(5) ¥HBEEICLleiE. —
BEZEE L CRAZHE T TIE5000mg /1. HEHIKEE I ClE10000me /1 & I 2, £ 12 [C1]{410me/1 %
THOLEBIFOEE—ETHIELE



() BEERDhOC SEHEBOHRT

Table 3 Parameters used in calculation

A e 3 H R 4
BATHEBRABRETOAN F 19 4 81 Landfill of .. Landfill of I.R.
ﬁl{JS.SOa‘?"—SU)ﬁfiE’ Aca, Aes, Lss DR / o) Anaerobic Semiaerobic | Anaerobic | Semiaerobic
i s o 2E/AL [(w/d 9x10°° X107 £x10-2 4x10°2
A Table 3ICRT, BHIBHOBATIN | o o 3 " g s
S, XKIONOBHPSNHLTEHEAET |9 (i 0.1 - | o3 -
e Aes  [me/keld 786" 7861 | 43 45
HHELT BHBAEHEELLLDTHD. | 155 [ng/kgl? 373 373! { 6670°2 6670°2
. 2 " ™ s = | Kse[(mo1/1)2] 10-27 10-27 10-27 10-27
NS rbj"f‘ PNTH, %gmq DA F 2 Q. (n/d] 2.2x10° | 2.2x10°* | 2.2x10°% | 2.2x10-3
TAPRCHBETELZNS, MDY | dca? [mg/ke]? 1.79 1.79 20 20
4 g s e e v [-] ‘ 0.05 0.05 0.01 0.1
TN LTRTBERICRRBOARET S | ) o 5000 5000 | 10000 10000
L, Ka [1/kgl 210 210 g 1600 1600
g te = H ~6. ~6. ~T. .
3. 2 REHEAE I ABEC) 0t 2 8.5 | S~B5 4 TS 1.5

*l:Literature 9, #2:Literature 10, #3: Dry Base
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(A) St:ﬁﬁfi‘éﬁﬁ}fjﬁf(d)ﬁ.‘ﬂ X Table 4 Equilibrium constants used in calculation

AYN=PAY PNTRGEREEE R, MR & o= tog Koool | 6.5
DA HBEXZEL, 28 ChLBIBEARE T S8 |l 820 | -20.90) log Kyee#l [-10.3

1 Bse -33.97 | log Kasi%2 -7.0
CREHOFSEEMT 2, SKONTOMENEELS | o0 0 |7y ] o kirtez | -12.9

LRRWC B, log Be2 3.26| Hc#3 3.9%x10°2%4
log Bes 2.94 2.4X10°2%5
V. d{[CdS] + [HeS] + [HS]1+[S]}/ad t + log Bt 6.38| Hoe3 10-344
g J— — log Ksi -12.07| Hs#3 8.77+%4
{Ve/(RT)}dps/d t Q. {[H-S] + [HS] + [S]} low Kovel | 270 13 65

{Qs/(RT) bps—{ZE/(ALRT )} ps+R: Vi *1:Literature 13, #2:Literature 14, *3:Literature 15
‘ -+ (6)  sa:at 293k, #5:at 313k

ENS1IED (CAS] ZCASH B2 BEICRAL-LOT. F1HLETHE - BHbOSOELEESE L.
B2ETRHPOSOELLFEEARL TWVWS, ALFE 1IHEER. KOBRHICLBKPOSOHE). $H2HIEIN 2
DFENIC L 25D OSOBE. FI3IHED THRIKC LAKMHTOSOBE. F4HTBEAESROHREET
I 2SOBBH D NE. BPSOBILRIBICLZHEIEETNZTNERL TWD. B, SOEEYAOREIZ
WTER L B> TWT, LEFOS 17 VBEZOLOBMMDEA TV REXCBERECHY. SO
REEMEANORETERTXBLE L. &KiZ. [HS], [BS]. p: % [S] TEBRT 2. GilLAKEORREEN
Kast, KaseZFWT, [HeS], BS1 2 RATET.

(S} =(H] [S]/Kase ----(7) [H:S)=[H][HS]/K:s(={[H]?[S]/(Kss1Kas2) ----(8)

oL S OISR OHenry I BRI T 2 T3, ps=H: [BS1=Hs B}?IS1/{Ks:1Kasz) -+ (9)
PLEoBER % 6) AL TRET 2 L ROBIC S,

dIT-S]/d t == (Q./V.)B-[S]—{H:[H]?/(VIRTKs:1Kass2)} X (Qs+ 2 E/AL)[S]+ Rs ---(10)

2L [T-SI=[CdS]+ B [S] ----(11) B1=B-+Hs[HV/(V.RT) ----(12)
B:=1+M/Kooo+[H/(Kasi1 Kazs) ----(13) [T-SlEZUNRN—MAY MNROSSEBERECREL -
HLDTH 5B,

(B) R.DFEH

BAECHEBVHOERENW. HEE R, BEHKATMOEAE MR L 2SO4H5 I RERICEL 5 &
Lice. ZOBAEOEKER.d t [mol/IliFRXTCHESh S,

Rodt=vVspsles (Rl Ass)/Vi - (14 v AR TEALLSOBHET, ERLLSOH S
CA DRULRICHA T NASOFATH S, T FHIKHETH - BXEEHOBAICE. MR TRU R,
BEHIBRIE O S ERA 2502 AINEE R =8.4x10* [wol/ (kg-d) IBBH I N/-D T, SOURHEE KX T
#£¥. Re=vRiVsps/VL ----(15)

RIZ, SOBARISE LTI SOBRRUT X 2BEBIEA B 2 5. X120 4 22 & 32 2B ESOB{LEE
HE-AERICLORD TR »poB1IABEOhS, FhEccTrE2RXOLHHELUT 5,



Rs=—Kko[02]%5(8:(8])"-?2%—Kkol0:1821S] ----(16) #iz poek [0] & DEIZKDHenryHl 555K
MF5ET5.  [0:1=Hopoz -+~ (17) HobEBTHY. ke=2 (wol/1) ! (min) '&5X6N T3
DT, RKAB#EITS. Rs=—kpoafB2[S] ----(18) ##FL k=keHo=3(d-atm)"' ----(19)

(C) CdicB¥ 2 AEAOESR

CABL THEINZ 2L s R s,  VidI[I-Cdl/d t=—Q.[Cde] ----(20)

zZT  [T-Cd]=[CdS]+ [CdCOs (s)] + [Cdi ]+ [Cd(a)] ----(21) [CACOs (s)]id. CACOsZRRYER % MARAEIC,
[Cd(a) | iZEMNOREBL2BRBECZHhTHhRELLEDDTH .

(D) EWRETOBEHER

9. [C0:]1%IC Tt peoeTRIT L HEZ S, [H00:]1E peoDEICHenryHIBR O THET B L,
[H2CO:] ¥ peoe & OBHCIZROBEBRAE D LD, [H2COz}=Hcepcoe ----(22) ZCOREEEBEOBBEEER
Kact.KacoZBHHNWTICO: JIROBICET L BT E S,

[CO:1=(Kaci KacoHc/[H]2) Pco2=B3pcoz -+-(23) 2T B:=Kac1Kac2Hc/[H]Z2 ----(24)
KiZ. CAOOH . C17,CO:2 2 XM T 2 b XAOMY TH 5 (FFEEER L. B3R THLEEHNWS) .
[Cd(0H) ] = Bna [Cd]/[H]™ (m=1~3)----(25) [CdCla]= Benl[Cd][C1}" (n=1~3)----(26)
[CdCOs] = Bc1 [CAI [COs}=Bci B:slCdl Peoz ----(2T) % ZT. CAOOH €1 ,C0:2 KDL TH [Cd] & L
TRATET. : : :
[Cde] = [Cd (OH) ] + [Cd(OH) 2] + [Cd (OH) s 1+ [CdC1] + 4 E (e1) tmgr1y |
[CdC12] + [CdCL:] + [CACOs] = B 4 [Cd] ----(28) -_—N‘-
F2IEL Ba=Bo/[Bl+ Boe/[HI2+ Bao/[HIZ+ . | Frotein Gas generacion

t— decomposition

~n

o

Bei[Cl]+ Boz[C1]12+ Bos[CLI*+ Bc1Bspeos §4_ SR Tr— i
R .
WA N I AR (Cd ). RATHET 5. mhE K- Fhnetration]
(Cde] = [Cd] + [Cdo ] = (1 + B4) [Cd] ----(30) s AN =
Kz, [Cda)]%2. 2MORRPSC TRET - oL
B eRRic iz 3. 5 05 N > T
[Cdl@)]= (Vs psKa/V.)[Cd]=B5[Cd] ----(31) :' 0 Fpon = | 1
1220 Bs=VspsKa/VL ----(32) 10 100 1000 10000
Pk [T-CAliEXRTEBTX 3. , Time (&)
[T-Cd] = [CdS] + [CdCOs (s) ] + (1 + B o+ B5) [Cd] a)Envxrc:nmental con?ltlons ]
.- (33) ]
iz [Cdl & [COs]. [S] & DRI ERADEFESH 2.
Ks12[Cd] [C0s]=B:spcozlCd] ----(34) 2
Kse= [Cd] [S] - - (35) <

BEMEDIIODIE. CC0: LR P CASTERE % fE 2
BATHS.

ikt e[Sl E [Cd ] &M< fzbizid, K (34),
(35) DAREFHEFBEBATNIEDIZ. KD4HD
Ba&®ZL T PHEOLVEERE, OCIC0s EBE K
CCASTER 2 R U 22 W IR 5@ CACO: T B A3 A B L

log Conc.

CASTERR T AR U 2 WG A @CAC0 TER T A & ¥, c 160 s 5000
CASTER RN ¥ 2 5@ CAC0: 7L B, CASTE R 5 5 Time (&)

VS by(cd.],[cd],and [s]
L TEBBA Fig.3 Time-variation of (Cd.),[cd] and (8]

- HEICHWENAI A —F%Table3 2. AW (landfill of mixed refuse,anaerobic region)
IEH & Table 4 CENENTR Y. WAHEXOBE



i, EULERIKIC &L Y. At=2 [d]T20000]

(R9554F) & CHite > o 2 ' '

4. YIalb—-va iRy &% FProcein decomposition \\

4. 1 [Cd ] BB dO- [€1) tmg/1)

(A) BAZH WAEHOHE S -2 6031 tng-ci)

3. 1EHTRLEBRBEESECORBIFAR o4t /-
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