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Estimation model for leakage potential of hazardous organic
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Leakage potential estimation of hazardous organic chemicals (HOC) from solid waste
landfills is an important issue to manage environmental pollution and health risk of
HOC. In this paper, a mathematical model was presented for deciding HOC attenuation
in landfill layer and direction of HOC leakage potential, i.e., whether will HOC be
tranported upward with landfill gas or downward with leachate. By an application of the
model to 3 case scenarios,the following conclusions were derived.

(1) The direction of HOC transport depends only on Henry's constant, H. In principle,
HOC will be tranported upward with landfill gas, when H of it is more than the critical
Henry's constant F.., which is defined as the ratio of superficial flow rate of leachate to
that of landfill gas. On the other hand, HOC will be transported downward with leachate,
when it is less than H.,. However, when H of HOC is nearly equal to H.., it will be
transported to both directions.

(2) The more amount of landfill gas generation is, the more number of HOC will leak
upward with landfill gas.

(3) Attenuation of HOC in landfill layer depends on %-Kp, which is the product of
HOC degradation rate constant, & (d=!) and HOC solid distribution coefficient, Kp (mL/
2). It is expected that in solid landfill layer HOC would easily attenuate in about 1/1000
of initial concentration if HOC is transported with landfill gas/leachate in solution.
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potential, transport model
(Accepted for publication, June 24, 1991)

[(Xx—7— Y] EEZHnsid FERWE B3k R FEe7,
T T
[Frt 346 H2408 53]

Bull. Inst. Public Health, 40(2) : 1991



He EF B8 #HE-F KR 165

1. E L&z

Vb b REHTH E O T AR Ak, A
ALY E (Hazardous Organic Chemicals,
LIFCid HOC) 0 & » TR RS AT 5 Z &0,
EHRHEEENTWAE, HOCIC & 2IREMR- ) 2
7 &l - EE T 5 22012 1E, HOC @IRERICEIT S
Zgh M B GIC BT B IEME L FEHi £ 4T, 2 0ER
FHECESL L&heT, BIELHREZED 5 LEN
HoL. FOEE, FESNEEEHO DI RERLSSE
2Bt 3 HOC miRE~DiRHEFEM» 2, L,
FREVLIEREL Ty 5 k5 iz, 29 HOC 55 F K-
TEEFRTLOATE(, RARCARALTERTS 2
OAAT S THEBFELAILILHETHLEYS
5.

Jury 633, £z Ao 72 HOC #%, #H (B H),
RE, aBoOroRBErETIBEPL LEET L0
UM FAEFEETARREREL, U0 LD, HOC %
SR, POTHREICRE~OFESRHELITI 2L
FRELTCWE, ZOEFATE, AAME, A3, B
A (W) P HOC BE QBT FESER, —k5
WMEIGEE, SERETORRHBELEL TOEREY
HEL, LBEBNICBIT2ANEETHRE (MEEE
A) Ry (REFERICES) EAREAHEE LT3,
LT, O BEYrER, HOC o
RFE~OGFERLE, ~> ) —EH, RU—KSEENR
(FzibbmE) »32TH 5,

KWL, Jury L20# 7 #1855 BE L -
LOTHSE, EISXAFETE, W53 N EltE
W HBRO I, BRI ZAREL A0 LBR
i 1L, HOC @ (RE~ k) DBRENFiL, Jury
LADFEZ T BEKEBERPEICL ZKTERICL B1R
LN, VAR THBZEELLNS, TR, #
E L AT BN BT AN FunnFL
{TCE) o»28hic B3 2 BEEVIF 70 -9% £ i sy
A FE O B 2 8 - O, BALG3EC 51T 5 HOC
DEHE (BHA~OFEH), HEE (KR~
S EYENTOWK) FFETZETAREL
B,

2T, IHECREKCEL D HOCHZICKE T L0
I EWHBNT, H AL D HOC #iko Bk if

FEBHEICE~S. Shen 6103, BEHI19814C HOC
DIRSLHL b DFIEAOIEEL - WIS R RENCEC
Twv 5 L, Hwang" M3k & o HOC o KRR
TGy 7 AFERNEEAM L, Farmer &% 1 (B
+) PTH HOC naFiigic L 27 7 v 7 xR
% 3K#5, Thiobodeaux 5 '#fk LIEep ORENEH & H18
HHEICHET O RAEE S 0BEHEN O B TR
HOC ##iffid B L THET A HH 7 Z v 7 AR
&, BBNHNERD LUl 7 TROSFEET ABAICi
SN L BRM T 7y 7 AEMET SR L 248
ELTwE, EELOKRCTOMR GG, L) B
B4 A OMEFERREHFATWE (0, B
FUSE # B L T devs) &, RO ETHEALLZHR
BT LEMEREENR L L TV EANIIRLT
AAFRIIESL P A & R £ 2R~ 0%,
Bz L 280 L FEFCHESTW D S THES S
5,

2. HOCoHHER(NE) - pBSEoRER

2,1 BEl-BMSETHER (L8 BEicow-Tizg
ZER 1))
HOC oA & BIAHR oA B85, FiREERC
L OERHAENG,

C=K:C, n

= 2T Clug-HOC/g-solid], C.[ug-HOC/mL-lig-
uid]id A, FEAER TR C, SRR K3, +
BT HEREER H BT 5 2 LT
5. Thbb, KR TEH#INSD Koot £H- EOM
iz k &¥F, HOC BANETH B,

Koo =Kp/foc (2}

—7, BEIEYEM - R o SRIERER L BT
HBZ L, TCEICH L THEELI L N#EErHLAT
V3®, B, TCEZHT 4 188 Koo mEFIES LT
150mL/g'”, 195mL/g'® % ¥ S 0527, B
HIK Ko {=Kp/ fore - Jom T E B EHR) 3140ml/g
MET, RHKDOEEGTERRER b/fuw) D
ERME0.302 Z- T2 X, BHIKD K litE0 %
MU D &2 ~ 38 R3 v, 72, BERABRIA
@) Komi50, #ix12~16 (Kpe=27~36), &Y oFL

Bull. Inst. Public Health, 40(2): 1891



166 BB BT 2 A BRI WY OEEFE T T

2T 4 Neb (THE) ST (Ko =100), H ULy =
N (224 7 13299 (Koe=780) TH 5. BEHTOH
g T Ric T AN S bbb, BEYD
Kif, 2oz icE~NTREVWEEILILL (L
L, %7 TCE LUAoREL 77— 5 id%w),

2.2 [-ERHERHER

A OSREECRVRO 3RO~ ) —RH
BaEd s (Fl2id, Sok2)).

CG = HCL (3)

2 2T G Lug/ml-gas) i3 EHFPOERFRE T, HOC
D~ ) = H (-1, %< ARESTOOER
Bt s REOL THETELZZ L 2L
Twgh B2, XBk2)).

EHLIFTCED H %, 15, 20, 30CTHEL,
0.257, 0.325, 0.445% BT %%, HOC» H wHiH
{2, Hwang'"»5R L TV 57(35.3>107% (Phenol) &
2.4 (Trichlorofluoromethane) ¢, Jury &40,
7.6x107% (Monuron) # & 140 {(n-Octane) & ., HOC
DH R KELEESR-> TN 5,

BT, BEWRE THIESBES L T 50 THER
MRS BREOHEFETLEIENTREINSE. £2
T L 13K H ) NaCl 8B % 0~5mol/L £ TR
R TEHIK-K-EABN TCED K.k H ##l%EL
29 FofER, Keldl—4.3, HI31~-5.5F ¥l
72, 2% Y, kpotiaafFiEl k- T HOC idkH &
NEMEPEECAREINBE T R E®RT 5.

23INHEREE

Jury 57103, BRI # AR & L 0 577, FEEEl~
@ TCE W HENIFIEYIc L & &, #HH & BEFAM LY
FEHE I B R O AN OB EHERIZ L Y
MR KE W EIE LY, ROBESRE - wEEEHY
W DT 27 TRRATE 5.

N33 (pg-TCE/ {(g-solid-d) ] :
0 =2+ (1—f) K (K,C—C) )
MR NS AT f L RS E e R Kea i RE I
MRS L2z, EFEICBh B 2 Lid#EL VA5, BRER
T ATI=0.2, Kags=0.04h7% BHKRTS=
0.4, Ksas=0. 050" DRETH - (VTR
mm ELTF). B K& b L Kol BN ORE

EHIC RSN, Lid 2o RiEe 3 o+
LI EERMICTES AL, ERORIME
TRINAEEE XA DB, BRCNET S L3R
vk EBbis,

SHEMOSEAEECBL T, &7 A i oMmS
SEEEASN R s kBT A - P B T
FTLHELTENY,

Ao BEH

Jury 5211, w {20 HOCIC2»w{ LB P T
R (B D &iBH & 1L T 15d A oo (FBE ) £ T)
252 TCvEA B L ERZECHEIZERS TV B L,
BESESKERCHEDECKE TEELET, B
LREHEAETH 5 I EDH G LT B,

Bl & TIOIFFR & AL BRI R RIEH O EHFa S
BEBMKRLF 0L E, £TIBRSLZERIIES
NTwREFEBEERNDE I LI EXFERL S, %4
DFE, FREL Y IRAEFEATH 2RESES
N5 EDERFBLATWS, HEEHOSESITRE
Y s O A1 & HIE O F S I S e i 4
AITERMIC SR EN, BEREMOSEILL R
Y r L THBRERRBEFLN AT e i T
LRGSR RS AL, Blh, FRYrEECE
TN LR E e & J g, R TCEiZ#
HiCHRE RO LR B BRHEEAON
DREECHERERRAR OB E N, B
D WP E L OBALEM O RV EEEE T L4
AN - 100 ks 4103, BREE s
MELRL-Y oo d DB E kT, %
BELTREL EottnBRrbh 2BESEIN T
LigA, AEBERFERSES AR ERRRES
BRI L - THB3 . ZLNEEDN L, AHE
FEREFIR—REET L L TEFRZ LT, gy
—HCHERBIC L THBENZ Z G,
520~232528) R - £ OBAID, THLDOERIEE
FEROMEPEED L £ o ELWE TH B2,
B2, Vogel 52 F |+ 7 7 oo IR REME
FEA TETABIERAE L Y, I X TCE, > 2/
FErz-l-YreniFlLy, JunnFLvicl
BERNTNG (25, seoxFr s s Z#b
RE~OEHRIFzHE-ELTWE), ZNLOHRD
M, SEOETEHRSE L T 5 Bouwer b2 N

Bull. Inst. Public Health, 40(2): 1991



He EF -0 EE-F HEE 167

P LBREGT T TCE 5@ O2EEIINI0ETH
HEEbNS.
HFEBETIC 2 Tid, BEOE (A 7 > FlFEH
Thvipr EZEZ LR T3} PHET L4, SR
RN DL, DA B = X LM I
i FBEBERE T LI Eht S,
HAFEICL ZMTARETH TCEX1,1,1-+ )
T 0L OEAEEIZ0.003d (CREEEZ30d) & mﬂ
TR B,

it,%%%mm mm sz, TCE I3 BRERE
HEZEMB N T bEREY T (RER) 2, TR
EE(%E)H,@%WI@E@EQ@A@%&?%
BHex, REEER -, BHIKT0.02420.0050"
(=i RAZ9N) , BRIk = A 0. 0037 =0 0008h -+ (238
#190h=7.8d) TH -7z,

A E (ug-TCE/ (g-solid-d)] © % =£Cs  (5)

2Tk BREOTERS NS TREHEEES
'(“r?)%. UJ:ﬂ)»_&:ﬁ"’o, AN SRR ER L B
FEZEMRR N T, JUREAT A S 2 HOC 2885, - 0
KEwWkaL 20k THRTE S,

3. EEMERAICLET 5 HOC oAt

TR L o EFEN PO FERRIERE T AT
K25, s F--EHMOYERE ()
BEACTBUGEER FHAGA DI o b o Th%
RAEHENG,

Wit BURERT T & B BEEME N O BRI T % 2E W T
THREL TV EI MR ECEEIEIN T
5. Lo, HOC ¢»BESE iz BT 2 IR E %
MBI FHE T A Fikx, Jury 570 L CB®ET 5 &
TiUuE, T L IICRET DL WTHH I, T/,
s, WkNoOS T L0, Fhe bk
BA (BAORKEOWEREZ) CLzorbks
M TH 5, FHo— NIRRIC, FESEYE T RE R
BT RGN R Dot KRN THE TR 55T
HRCERT2LATHLEZ EEHL L T
B0,

De=Dg s ﬁc/g (6)

Jury 52, BRI LS FEAOHOCIIHL TRER

@ FHLERE Do ald, (EEOMEN LT T)
Dea=043m¥/d T—5E L LT v & LT 5 (E#
DHE L2 HEH AP D TCE @ Dy 130.86m2/d T
# 09, Hirschfelder iz & % # (L #EEE$0.703
m?/d Th ), Tz, MR £ IERFEBNL. 405
74 e AHE O S GEBAIR10~200, S Lo gk
FREmML2E L AL RTS8
Tex 3510,

—7F, WHEANOEE, Ko ERARALOREDE
PCoERE Lo NaCl F v — Wi EEE (4, S,
Em—nfa =7 TR L 2 AT AR (2.5cm BT
WIFRME), BEHDKRE (BifEl S5cm LIT) L S & %cm) o
B\l Pe(=VL/DY#3 1 RET, Fhb L #HT 2
&, WABCRS) iRl D =0.2m3/dBEL &Y, =
n@Nﬂnmm¢%%#&ﬁﬂommde;0ua

PIRE C, HLIRERESIC L 2B TH -1,

BlEoz ko s, BEARIEERLEET 20T,
F o, FARRIZEAEICEILT 545, EEGS G- FIE
U EB0T, wINOLERED —E X L TER®D
TELZEHNTEL, 85I, REBWT L2, K&
HADED L) i BEFETHEILADEET LT 2
DAL, L L, BEY (ER) 0FN %k
Vi, BHIZEZDEN 2 A AHTNDE & T LOIE RN T
HAH S, MBEEKERE V, (ZEERE & W5 6,
ThRL2Lo) BTEE (EHFM) *IE R
HE Vi EmME Lo 5, Ld TR T LM
el b s (z £ LR D), THFSETEE

BT S, (K1)
aa(EL“ * VLaCLJFDLa G 'gl'_ Bs 05 (n
L
Ll 8 g @
G
aact‘S_QL"'?'c (9)

:m%?wtgﬁwf,zﬂﬁTL&fiitﬁﬂi
iR ARG (RGN ELIL (BT, A
L THR-BIHT—2nE s 275 T), lﬁl@&?ﬂml&ﬁ%ﬂ%‘
quid AP EH T, SEREE iR EETE 5

EL, EhiRTT 5 & AR EHEN B,
@;ﬁ_ aC, — , aV.C
e i Ay

Buli. Inst. Public Health, 40(2) : 1991



168 BEEEMNE A BT A A EA L E OEHFME T T A

C{;Ouf
in landfill gas
=
z=L :sS
Ve <
v, T ‘
i A
CLmU) 1
——3 =0 =
; R
ol
T t
Vo
V.
z="L ::E
S
Cl,o“(f)
in leachate i
Fig.l1 Schematic diagram of HOC transport in sanitary
landfiils
+{ 6, ¥ }ya_
(Pe), ' (Pe)s J 3&°
- [faCL+ (1-HpIC-C)] W
G GG nG

TITRDLE I UERATESEALTWS
W|ARTTEERS | r=¢/(L/ VL),
SRR c=z/L
mATBE O =C/G* G=G/KGY)
(CLridEBIRE) {12
SKTLA AT L Vem Vo/ Vs
(Void %7 2 %)
Fiz, ROBKIT AT A—F—FFR LT
psbs
7778+ Hb,
8= (Keas) (L/ V), x=k{(L/ VL)

6 He,
¢~ He’ ¥ 6.+ Ha

(Pe} =LV,/Dx, (Pe)G_LVG/DG
ERERA T BATONCB LR ETH L, £2T,

K

(Ve/V) 8

HWWBOH LESIZHOCOBERER SN, TORE
Il Cn( it LT, FAPBRTREERCRENS R
FotwEasn, BIETHIAGERCBELLE
= nipEOEL (Co#(f) %, EHERBRDETES,
PR LBERTELA 2HET LS. #0 AHHOCH
HEEroBTERCHLOPFADL I LT, HOC
DRI BT 2RI E RIS, el AW,
ko kS emBWc N, A= 1 THEREL L (O
), A= 0 CIREEL (&R9#) TERT5.

A:fCWUMUfO%ﬂm (14)

4. Eirgs

Ao HEgd, |Eir#ic kit s HOCoisHEE:
AP —= FT A ETHDHH, EIHF A
BEET A, I TOBIMIFES VD & KB
6, 7 AAGEEEE 6, REWEMEEE ok, 2L
TAMECR I OL S ckET 5, BAKEL600mm/
y, BHEE0.5, 6.=0.5, HOC #Bhi%E L=10m &
B¢k, Vi=4dmm/d &% Y, AEBE CRENE) i
L/Vii22280d £ B 0T, BMEER R 10 L JicikE
Lz & 25 B ez L3RI Db 325
Tt TOWEL LM Vo/ VIR BEE S L T
1ok IED, SO ET—HT-o&E) L L,
{ZoiH ) Ak, SES ARG L TELLE
EVi LN, TARERORY S I 0DLF ) A AR
bl b HLbHHFLW)

Pe %2, JKAEICDWTid, Rl L 7-EELNER
TR REES L OAOTIET, (Pe) =10+ 8
vz, BABIC 2T, B ORU6) T D =0.43m2/d,
:=0.5, £€=20: B¢ &, BESAB T (Pe) =818
LR AT, MRETE1IAOL JICHEELL. B,
LIV, Vo/ Vo, (Pe)y, (Pe)omixEMEIE AR CELT
A A BT, BRI T 2 RENSES
TH)Z TRy 5.

B Lo, BEREWBNO Y AEESIC DT
FHBETH L, — 23 AR sE R —
ThHHEFEL, Lid HOC mREEAFRIEME
HFRICEET A EW ) P F ) 4T, HESHIZKROE
SlRHATESL,

Bull. Inst. Public Health, 40(2) : 1991



He 5% - 8 EE - %

HE 169

Table 1 Landfill conditions{scenario)
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Fig.2 Relationship hetween attenuation ratio A and Henry’s constant 2 when each
gas and water has a piston flow pattern, that is, Pg, and Peg =0 (calculation
condition : §=0, for gas velocity scenario of Eq.(15) and incombustible refuse
layer scenario)
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for incineration residue layer scenario for incombustible refuse layer scenario for mixed refuse layer scenario

Fig.3 Estimation chart of HOC attenuation and direction of HOC leakage potential when each gas and
water has a piston flow pattern, that is, Pa and Pe, = co {calculation condition : §=0, for gas velocity
scenario of Eq.{15))
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Fig.4 Relationship between attenuation ratio A and Henry’s constant A on gas
velocity scenario of Eq.{16), that is, constant gas velocity distribution (calcu-
lation condition: #=0, for incombustible refuse layer scenario)
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Fig.5 Estimation chart of HOC attenuation and direction of HOC lezkage potential on gas velocity
scenario of Eq.(16}, that is, constant gas velocity distribustion (calculation condition: §=0)
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Table 2 Leakage potential estimation for various HOCs
No. HOC H Ko K, P K. in_incombustible re.fuse
=] Imlig) [mlfg] [a) [ml/pd)] [Sakage = atienuation
1. Methyl bromide 1.5 22 2.2 (0.000693) 0.0015 gas low
2. 1,1,1-Trichloroethane 0.9% 113 11 0.003 0.033 gas large
3. TCE 0.4 150 15 0.003 0.045 gas large
4. Benzene 0.22 83 8.3 (0.000693) 0.058 gas large
5. Chloroform 0.12 29 2.9 (0.000693) 0.0020 gas & leachate  large
6 . Napthalene 0.05 1300 130 (0.000683) 0.090  gas & leachate very large
7 . Ethylene dibromide 0.035 44 4.4 (0.000693} 0.0030 leachate & gas  large
8 . Bromobenzene 0.90062 150 15 (0.000693) 0©.0610 leachate large
9. DDT 0.002 240000 24000 0.00018 4.3 leachate  very large
10. Nitrobenzene 0.001 71 7.1 {0.000693) ©.0049 leachate large
11. Triallate 7.9x10+ 3600 360 0.00693 2.5 leachate  very large
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