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The characteristics of leachate on Open-dumping landfill
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= Abstract =

The Nanjide landfill site which is located in Seoul city boundary is the biggest one
among the finished landfillings in Korea. But it has caused many pollution problems
including leachate, because various wastes have been simply disposed at Nanjido landfill
site without any sanitary treatment systems and installations to keep it from polluting
around from March, 1978 to December 1993. In order to suggest the efficient treatment of
leachate and the stabilization level of landfill at simple landfill site such as Nanjido. water
balance method was applied to elvaluate the behavior of leachate of Nanjido landfill site
treatments of the leachate with relation to characteristics of waste and related conditions
and amount of leachate from 1994 to 1997.

The results of this study were as follows
1. The new method as applied to evaluate the amount of leachate, considering the capacity

of moisture content in waste. The amount of leachate calculated for 10 years by new

method to be, 14,038m/day in the most amount and 5.094m'/day. in average amount.
which was almost same as the amount calculated by general method with a bad
condition of covering soil. but it was found higher than the amounts calculated by the

HELP Model. the most amount. 14 038m/day. and average amount, 5,094my/day.

2. The decomposition of organic materials was slower in simple landfill site than in
sanitary landfill site.

The concentrations of COD. BOD and SS were found decreased obviously since 1996.

3. The concentrations of heavy metals in the external leachate were estimated lower than
those of heavy metals in internal leachate and concentrations of heavy metals in the
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refined leachate were also estimated lower than those of heavy metals in general
leachates, depending on amount of 8S. The concentrations of Fe, which were higher
than those of any other metals in 1997, were found decreased obviously and those of
other heavy metals were lower than allowance limit.
4. The concentrations of Cl” in both of internal leachate and external leachate greatly were
decreased through rainfall exceeded 260mm but not decreased through rainfall below 80mm.
. pH values of the leachates indicated that the leachates had reached stabilized status.
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The average temperatures of internal and external of leachates were found 39.6T and
22 8¢ respectivelly. The number of E. colifom was found gradually decreased.

6. The SRB seemed to be more survival at 30C than 50¢C, and it was evaluated that most
of it was mesophile and distributed widely up to the maximum of 9. 180MPN/ml
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Fig. 1. Sampling points at Nanjido Landfill site
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Fig. 2. Change of T-COD in Nanjido leachate

Tablel. Result of Measurements of Nanjido landfill leachate effluent.
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Fig. 3. Change of T-BOD in Nanjido leachatc

unit:mg/1

Leachate effluent

95 96 97
(Ave. +8.D.)

\“\ Division ‘
B 94
Parameters \
Temp.(T) 33.8+4.0
pH 7.9~8.3
Cl (mg/1) 3020674
S04 (mg/1) 22+3.4
ORP(mV} 75125
Conduct® (1/¢) 23.6+1.9
TOC(mg/1) 592+108
TCOD(mg/1) 1120+250
SCOD(mg/1) 802+197
TBOD(mg/1) 151426
SBOD(mg/1) 114+21
NHsN{mg/1) 674+119
NO3-N(mg/1) ND
T-P(mg/l) 2.5+1.5
T-Nimg/1) 1614+152
SS(mg/1) 56+13 \

33.8£7.4 30.6x4.0 28.8x11.3
8.3~-8.3 8.0~8.7 8.0~8.7
3063919 2331+426 19981626
91+12.1 297=173.1 1771262
21+50 8630 17.6129.2
20.2+3.6 15.422.0 18.2+7.6
7311563 459+260 7291631
1058231 679£531 5794394
1067444 398208 464274
4324280 169+98 111+69.7
1754106 114169 62.8+31.4
697173 528+284 791430
ND 23.7£18.3 29.0£27.8
13.5+1.8 4,9+2.6 5i3+2.5
18912552 1638375 13274570
91+27 49+39 32.7+23.3
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Table 2. Result of Measurements of Nanjido landfill internal leachate.
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unit:mg/l

Internal leachate

T Division
" 94
Parameters TR
Temp.(T) 41.8+1.2
pH ‘ 6.8~8.5
Cl (mg/1) 2645+ 731
80,% (mg/) 39489
ORP(mV) \ 96+ 34
Conduct.(1/9) 26.5+1.9
TOC(mg/1) 1214+205 |
TCOD (mg/) | 974+418 '
SCOD(mg/1) 8384376
TBOD(mg/1) 9924+999
SBOD(mg/1) 1608749 ‘
NH3;N(mg/1) 7451223
NO4+N(mg/1) ND
T-P{mg/1) 5.0+1.6
T-N(mg/D) 1689+ 241
SS(mg/) 212+73 |

95 96 97
(Ave.=S.D.)

41.5+12.5 39.3+1.1 40.8£7.9
t.h~8.5 7.5~8.6 7.33+8.63
290642625 23124549 2509+1629
141+45.2 254+82.9 200126
-8+43 46164 ‘ -10.6+136.4
20.3£15.7 17.3+4.4 17.9£13.2
17822611 2019+559 25639+3221
1612+1828 ‘ 851+222 ‘ 1504 +1896
1263+1351 598+ 248 107321247
40766823 185341125 1211£1710
25494248 13034793 | 75521048
980850 7194403 1091930
18.2+1.9 150.4+31.3 37.3£37.8
16.0+14.0 T:5£2.9 | 6.6x5.3
2223+1936 1487+390 1708+1577
173133 166+29 108+71.5
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Table 3.Concentration of Heavy Metal of Nanjido landfill leachate effluent.

unit:mg/l
\\ Division ‘ Leachate efflugnt o
o ‘94 95 96 97
P:.n'ameters\\_l (Ave.£8.D.)
Fe(unfil.) | 8.28+2.38 5.70+5.20 3.94+0.78 { 3.56%+3.5
(fil.) 4.28%1.10 Lb1£1.23 2.33+£0.57 1.4+0.9
T-Cr(unfil.) ‘ 0,92+0.34 0.66+0.42 0.29+0.26 ‘ 0.2+0.2
(fil.) ‘ 0.45+0.09 0.47+0.29 0.22+0.20 0.09+0.18
Mn(unfil.) | 0.14+0.02 0.09+0.04 0.19+0.19 0.12+0.08
(fil.) ‘ 0.11£0.02 0.06+0.03 0.08+0.04 0.08+0.06
Zn(unfil.) 0.32+0.11 0.36+0.52 0.18+0.14 0.15+0.15
(fil.) ‘ 0.18%0.12 I 0.07+0.04 0.0840.07 0.09+0.13
Cu(unfil.) 0.06+0.02 0.05+0.01 0.16%0.15 r 0.05+0.06
(fil.) 0.02%0.01 0.03+0.00 0.08£0.04 ND
Pb(unfil.) 0.07%£0.03 0.04x0.01 0.16x£0.08 ND
(fil.) ‘ ND ND ND | ND
Cd(unfil.) ND ND ND ND
(fil.) ND i ND ND | ND
T-Hg(unfil.) ‘ ND [ ND ND [ ND
(fil.) ND ND ND ND
Table 4.Concentrations of Heavy Metal of Nanjido landfill internal leachate. o
unit:mg/l
\ Division Leachate effluent
e ’— 94 95 96 97
Parameters T (Ave. =S.D.)
Fe(unfil.) ‘ 15.29+0.98 15.70+17.70 ‘ 15. 81_2 33 4.0+4.6
(fil.) 2.03+0.76 ; 1.70+0.20 1.95+0.70 0.9+0.9
T-Cr(unfil ) 1.18%0.50 ' 1.00+0.70 0.70+£0.54 0.7+0.7
(fil.) ‘ 0.6540.28 0.70+0.40 | 0.63+0.52 ‘ 0.22+0.25
Mn(unfil.) 0.61%£0.13 | 1.00+0.94 | 0.89+0.33 0.22+0.22
(fil. ) 0.10£0.05 0.20+0.22 ‘ 0.:13+0:15 0.09+0.05
Zn(unfil.) 2.7240.58 3.20+2.83 3.02+1.33 ! 0.89+0.78
(fll 2.10+0.71 0.70+0.40 ’ 0.63+0.26 0.20+0.20
Cu(unfil. 0.33£0.12 0.50%0.15 ‘ 3.29+£2 97 0.99+1.24
(fil.) 0.06+0.07 0.30+0.16 | 1.93+2.05 ‘ 0.35+0.54
Pb(unfil 0.09%0.02 [ 0.10£0.12 | 0.14£0.09 ND
(fil. ND ND 0.04=0.01 ND
Cd(unfll ND ND ND | 0.0120.02
(fil.) ND ND ‘ ND ND
T= Hg(unfﬂ ND ND ND ND
(fil. ND ND ‘ ND \ ND
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Table 5. Result of SRB of Nanjido landfill leachate at 30°C and 50T culture in "94-'97

unit:MPN/ml

TP e Division 30T 50T
Site e Mar. Jun. Sep.  Dec. Mar. Jun. Sep. Dec.
94 Leachate No. 1 ‘ 64 24 240 240 4.8 3.3 3.3 343
effluent No.2 49 0 2.4 49 34.8 0 33 3.3
No.6 348 24 240 240 49 2.4 24 79
No.7 2400¢ 24 790 790 34.8 2.4 7.9 79
Min.-Max. (0-2400< 0-79
Ave. +8.D. 345,2+603.4 29.2+29.3 -
Internal No.3 2.4 24 i) 24 34.8 3.3 23 23
leachate No.4 2400¢ 348 2400¢  2400¢ 0.2 0.2 0.9 23
No.b 4.9 4.9 4.9 4.9 3.3 4,9 49 49
Min.-Max, 2.3-2400¢ 0.2-348
Ave +8.D 635+1068.6 39.7£97.9
95 Leachate No.1 22.1 24. 24 24. 24 4.8 172 24
effluent No.2 91.8 91.8 240 240 348 240 240 130
No.6 2400 790 940 2400 348 348  91.8 91.8
No.7 940 940 940 240 54.2 79 34.8 542
Min.-Max. 22.1-2400 17.2-348
Ave. £8.D 673.7£762.5 133.4+126.5
Internal No.3 4.9 130 130 348 54.2 5432 17.9 13
leachate No.4 9180 9180 9180 9130 23 0.9 0.9 09
No.5 0 4.9 1.3 0.8 109 79 3.3 54.2
Min.-Max. 0-9180 0.9-542
‘ Ave. x8.D 3085+4501.0 116.2+201.8
96 | Leachate No.1 24 24 24 24 24 17.2 240 13
effluent No.2 24 130 54.2 240 130 7.9 130 49
No.6 348 49 130 2400 24 17.2  91.8 348
No.7 2400 172 240 940 348 17.2 348 542
Min.-Max. 24-2400 0.9-348
Ave. £5.D 386.9+718.5 82.6x107.4
Internal No.3 34.8 130 34,8 2.3 23 345 13 33
leachate No.4 9180 2400( 9180 9180 3.3 0.9 2.3 243
No.5 0 7.9 0.8 3.3 3.3 7.0 49 4.2
Min.-Max. (9180 0.9-54.2
Ave.+3.D 9512.84+4076.8 12.6+16.5
97 Leachate | No.124 24 24 24 230 13 2.3 24 2.3
effluent No.2 240 54 240 930 49 2.3 240 2.3
No.6 240 240 240 390 24 24 918 23
No.7 240 940 940 210 348 24 240 2.3
No.8 490 940 940 2400 49 49 49 0
Min.-Max. 24-2400 0-348
Ave. £5.D. 498.8+563.0 60.9+97.9 )
Internal No.3 3.3 13 34.8 243 23 4.5 13 3.3
leachate No.4 9180 2400 9180 9130 3.3 0.9 2.3 2.3
No.5 0 79 0.8 343 3.3 7.0 49 4.2
Min.-Max. 2.3-9180 0.9-34.5
Ave £3.D 2500.4+4085.0 2201248
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Table 6.Contents of SRB, APC. of Nanjido landfill leachate

Ty ~—_ | Site 1 B Iﬁ;oachate eff’ lgent ! Internal leachate
Palameter T min. max. Ave. £8.D. min. max. Ave. =S.D.
'94 | SRB30T(MPN/ml) | 0 2400 345.2+603.4 | 2:3 2400 635+1068.6
SRB50C(MPN/ml) | 0 79 2924293 | 0.2 348 39.7+97.9
APC(cfu/ml) 1.0x104 1.0x106 1.9x 108 4.5%10! 4.5%10° 9.3x10°
95 | SRB30T(MPN/ml I 22.1 2400 673.7+762.5 0 9180 3085+4501.0
| SRB50T(MPN/ml) 17.2 348 133.4+126.5 0.9 542 116.2+201.8
APClefu/ml) 16107 4.0x10° 2.8x10° 302.5 7.7%10° 2.6x10°
96 | SRB30T(MPN/ml) 24 2400 386.9+718.5 0 9180 2512.8+4076.8
‘ SRB50C (MPN/ml) 0.9 348 82.6+107.4 ‘ 0.9 54.2 12.6+16.5
APC(cfu/ml) 2.7x108  7.7x106 1.4x108 L6x10%  8.3%10° 1.2x10°
97 | SRB30T(MPN/ml) 24 2400 498 8+563.0 0 9180 2500.4+4085.0
SRB50%C(MPN/ml) 0 348 60.9+97.9 ‘ 0.9 34.5 22.0+24.8
APClcfu/ml) 1.6x104 5.2x10° 1.9%10° 1.0x10° 2.6x10° 4.8x104

- 426 -



5. QYUNE U BUAHAT

Table 5.69 dukdde 2= 2R #A7L
e ARAESAN d Bel BAHgEd o o
AAe s el b dUAFSE e
o 4 9

FuAedde] Bxe 43

1

;O

=,

tlo

2 Rt A

of glgd Aez wohg PEAZF NodAHES
50T A oFF Re & Mol 30T Wekle
¢ & MPNEAE Yeplgln ezt 285l

No.5214-& 30cHeh 50CcHde] o £& Aoz U
el gadgdE Ay 2 SHA A wekA
Halale AL ¢ ¢ 99 =3 Fx 9 180MPN
/mlE 423 FEesA dEHen 30TdA &
AE gho] 500&3 zAHG B2 kS Holm 3l
i EEe] shaddiglfe FeAFos Addr

6. pHe} 2=

Table 1,2¢] Yehd w]AEnks dAe Fa3k 8
olF9] el exE WRHESIE Hat4l,
39.6TE i dopxm glon YRrAEFE I
33.8¢ColMd 22.8C2 HA 3 =

& £ gl olF Rz} 50¢0l *
o o}% a7t 3% 283U e 4 AU

Autdo g AEA7|E AXA(RESpH) $440A &

oo
3
2
25

concentration(mg/l)

&3
NO 1,2,6.7.8 : leachate effluent @ &
NO 3,4.5 internal leachate

O No.1 O No.2 O No.s OONo.7 (ONo.8 ENo.3 ENo.a ENos

Fig. 6. Change of Fe in Nanajido landfill

92y oA 259 At A4 o

gt xRS Al

94
wiA o] g st A utzt %‘?Mv_wzp REy

s AT s
e WP W
| Belsigey

ﬂr*] R s Fdso
g . GEHARHAPC)

z2
o
1.

BRzsdA o o

a4 £
1& 5 9

Aol A= H7E Al

thafl T8ARE T 93uzA e vy rIzhe EEste] o
Aoz F 3de] Aute 96T AEF S
< H71E5A 2 AVEAE 2d MeE EFAE
Mo A5 wATS Asketn UIFEH 91dst
A Ao A% 5 FAsle FAEHS AL &
Ag Azhe ogd 2o,

1. A5 HAel dal #H7Ee] F2& Hi
g £ ode 42 ndd Fse e 1
ohgich 1 whylel oj&f A4de 10879 #E
o] MAlEe Stegmanne BE 2% 2714
Mo A& PF LAY Askbin Ao #
& ez A 14,038m/d, Hit 5,094m/Y

o T

olni HELPRWo|Ae] A4kl Hd 14 849
/Y HE2 350m/E Boe g2
LR %},

uk A 2Ee
A 2

NO 1,2,6,7,8 : leachate effluent
NO 3,4.5 : internal leachate

O Ne.1 O No.2 O No.6 O No7 [ONo.8 B No.3 ENo.4 ENo5

Fig. 7. Change of TOC in Nanjido leachate



2)

3)

B

AellA e B Amg el Bl
7k %3 COD, BOD, 83%e
1 248 obal7] Asiglet
FASTED 9RAEe7t Al
Hr} ojagl zlo] Hukd oz g
Sl 71 @t AZkE 97d s
BA% Hehio
o)steltt.
oToﬂ —‘]C’H}\it
260mmel e 7
wib =27 Astet

N
2 ol o,
H1 af

i fr S de r

O

o & ol ‘ﬁkﬁ \
tlo il ’(
T o
(T
2 rr 32 .
o A
X
rsL rir

rir

fr Ho o O
LG
2

Aee

pHe WAz ohdalidelel 248 Holg
HELEE IdE dA) yr %39 6T, &
7b 22.8C2AM A3} delAln glvk oo wi}
Y FFE AAse 23S el 9o
dAE iAo stdsldre E23AY o
A7l whgk g2n | 50cET 30T 7 *3
& 5 =

SR A= A7 EGA L A -(96), 1997
M2EEA  dAE oA o slEAl 71247
LA

AL 11, 1994
A9 A 38 3 s

| Aol (Abote
NGO =22 gAgaAy

A&, 19-140,

CFEE uiga dAEe
11-24, 1995
CHZE gAY JE5 ogFeal
#Hatrgels] | 1989

LEAAZ B Y ] 87 o 2 AL
A5A, A2%. 65-78, 1983
G. Tchobanoglons, H. Theisen, S. Vigil
Integrated sclid waste management, McGraw-
Hill Inc, 381-540, 1993
gt EASV SRR QA S50 a2y
=83]7] 10,443-462, 1993

Al L AR A R EEAL A Y )

sELEEICE

o}i

roH oot
fjéri.‘i“oéﬂ-ﬁ

=
ok
plo
oit,
o

)
,_4

i

2o o oY of g

e

.J

2AF B 1996

10) Standard Method for the Examination of
Water and Wastewater. 17th edition

1)Ed7le © #2454 A7E EGodryad
9. 1996

2)Lu, J. C. S., Eichenberger, B. and Stearns,
R. J. Leachate from Municipal Landfills,
Production and Management. Noyes Publ. .
Park Ridge, New Jersey. 1985

13)Peyton, L.. and P. R Shroeder., Field
Vertification of HELF Model for Landfills.
ASCE. 114, EE-2 247 1988

14) &=H71833 : HrE Aerle
714, 103-149, l993.

15) @=7144 © 7]4hd B, "94-"96

16)H. J. Ehring : Menge und Vertelung von
sickerwasser auo Muelldegon- ien. Muell
und Abfall, 3, 1980

.{’Hﬂ T2 oNE A7 28

FY - 28H7)E @A 9] AE4e

$AATAR . 13, 345-351,

=1} Aol -y, Est

=
S
&

il
© o
=

.%‘%

3
o et o

FN ox e

s
O
=

3 A8 HAFT N, HF
H7180] iy 9 oyl
THEEATYR 317-386, 1993
200 M. D. LaGraga : Hazardous waste manage-
ment McGraw-HillInc, 133-223, 1994,
21)E. S. Chainand F. B. Dewalle : Sanitary
1andf111 leachate and their treatment. J.

O o
o] &
13
2l

Eng. Div.. A. 8. C. E.. 103(EE2) 411~
4311976

22)T.J. Booker and R.K. Ham:Stabilization
of solid waste in landfills. J. Env. Eng.
Div., A, 8. C. E.. 108(EE6).1089-
1100.1982

23)E. S. K. Chianand F. B. Dewalle.

Sanitary Landfill Leachates and Their
Treatement. J of Environ. Eng. Division.
ASCE. Vol, 102. April. 1976.

- 4285 -



o4) fEkE) SRS I4uk, HEEN O EEY Heavy Metal Ions in Leachate. B3V L

TR SEOFEHKTRTS BERMEORE KL 2t Vol5. NO3. 89-97. 1994

B fig. 34-37,12, 1993 o) THE, i AL BILE RS OB
25) 0l S A 7t aFEo| &7 e LA RTAT AT bkl M R JTRS A SR R T

(1), gh=rmbehaet 1990, ks 22373 9 g A] Vol. 23, No.3.pp2T-
26) K. Takamizawa, H, Shamoto, H. Horitsu, K. 39, 1997

Kawai. T. Suzuki. T. Mori, . Fukunaga.,  28) 58 KR pmsy M s} 174t 1

and H. lida : Distribution of Sulfate reducing TEMPERETET 2,148 -167. 1996

Bacteria at a Sea-based Solid Waste Disposal  29) A%EH, IWHE— ¢ HHREHIS KT 5 0KO

Site and Their Role on In solubilization of e & £ o R EEK, 20,11, 1978

— 429 -





