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Abstract

An experimental research was conducted in order to study the treatability of municipal

landfill leachate using a combined physio-chemical and biological treatment .

The leachate was obtained from Nanjido landfill site in Seoul. Several sets of
bench-scale sequencing batch reactor(SBR) and physio-chemical reactors were used as

experimental apparatus. This experiment lasted for about 2 years.
The results are as follows:

1. The characteristics of Nanjido landfill leachate were pH 7.4~8.2, BOD 79~450mg/L,
COD 998~1460mg,”L, NH3-N 1380~3412mg /L, T-P 26~7.0mg /L, color 880~1992 unit,

and heavy metals are a very small amount.

2. Either physio-chemical or biological treatment of Landfill leachate alone did not work
well. So for the adequate treatment of leachate, it was necessary to deal with the

physio—chemical pretreatment before biological treatment.

And it was found that both electrolysis and ozone treatment are better pretreatments of

leachate than others.

3. In this study, landfill leachate was effectively processed by two step : first by

electrolysis pretreatment, and secondly by SBR treatment.

Thus, the study showed considerable substrate removal of raw leachate, even though the

rate of COD removal depended on HRT.

Key Words : treatability, landfill leachate, physio-chemical treatment, sequencing bath

reactor(SBR).
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HZ AFHOZ FTHAE 53 2¥UY pF
si7b AT dom, awrd 27 AgE
2 AAAM AXF, rtA o] FFHD
At

a8y 271y HFAHESEZA  AAWH
(Sanitary landfil)e] €& EB7193n, de2®
A&d Agog Qo

Syt 3¢ 275 HFHoE A&}
A% di YA (Landfil)= #743 218(1993)°] <3t
A 622N vt AA 2879 8%
< A oy o] F dFEe] A%H B
2ol 2% mPRgr] Hoe =HF|A BH3}
3, 68 287 d@AdqA FAHE 2312
dajre {2 B2 B4 o] APHT glo
U olAztAx Fubuiel Aejel gloh(o]l 23 9,
1991; $£&49], 1992; 73, 1994).

28 7] gzely BAs= HZE9(leachate)
T3 QRE P A vfAEH UAA &
I, A& g AeAdo] nugtAY, Az
AEHT YA FeozA FA FAS AdF
o §ALYEL FAAI e AFolM HU
9Ho= #Aol An="Hn UtHHA G,
1992, §9.4, 1992; US EPA, 1977, Ahlert and
Kosson, 1990).

P AN FAHE A& 35 A3t
7] dalMEe EIHA AHzpiete]l ATE 5 L
o F2 AMEHE dubEQ HEie gAY
X} g4 2 - 35 AETE s o8
A, A FAAsee WA, 1

uk o,
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Table 1. Specification of physical, chemical treatment

oF

re

i MyPAR Aol JH(Christensen, 1992;
Mcardle, 1988).

olF YA A2 MPAle FaiHHel
Ao, MPYAE AAZFA T d ATte] T
U o] Wie AEFE AAS 7 A3 W] ofY
o2 A7 AFHE FE5E Mstoopwt it

aglx dhgoke HRAze Ao A
AZE EAY 7bsAde) oernz FoJt a4
2 de, gAY dFAMe AN RS
A AXoff mp2 BlgEFo] FAA FHu F
= BAFAY Fslet AEE Aerled] s
upe} B2 JFvh AP Jok(EFH, 1990; ©l
A B, 1994).

B =FdAe 484 FEAM dA vidA
S oz A tg 71Ee] &

¢

PEeS

%:]%“?‘% =T

AARE nigo g IS5 B - g3y Ay

w02 23 Air Stripping, 22X g 2 Al
O

A AEs By, YEHH AYWYo e
H #e A+ (Hosomi, et al, 1983 Wei-Chi
Ying, 1989)7} A H 1 Sle A& EHEAEH
AYE FHOE &t H7E WHA NN T
T &5 @AAA NP HHF AP
s oM asFHolu, FHHA HEao
A 7bsAE 28 Bakes | 3 FFHo] 3ok

Treatment method Specification Manufacture

Coagulation JAR TESTER(IL) KOREA

Air Stripping Diffuser for fish KOREA
Reactor 4L(Acryl) KOREA

Ozone Ozone generator Fischer 503, Germany
Reactor 2L(Cylinder) KOREA

Electrolysis Metals(8W x 8L x 0.5D) KOREA
Reactor Volume 4L(AcryD) KOREA
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Table 2. Specification of SBR system

Unit Specification Model & Manufacture
Reactor Acryl(5L) Korea
Timer Micro-processor IBM 16Bit - XT
Peristaltic pump Multi-head(8 head) Minipuls 3, Gilson
Refrigerator 400L,minimum 3 ° C Whirlpool USA
Aerator Diffuser for fish Korea
Air flow meter 0~5 L/min Dwyer USA

Table 3. Summary of analytical method

item method
pH pH/Ton Meter(Accumet 550)
BOD5 Standard Methods 17th-5210
COD Standard Methods 17th-5220(Open reflux Method)
TSS Standard Methods 17th-5240(Dried at 103~105° C)
T-N Brucine Method
NH4-N Standard Methods 17th-4500(Phenate Method)
NO3-N Brucine Method
T-P Standard Methods 17th-4500-P(Stannous Chloride Method)
Metalics Atomic Absorption Spectrometric Method(Perkin-Elmer3100)

Table 3% £t}

729 A¥FAX+= Table 13 2T}

T3 FE5o AERH AHAPE Astd AL
48 d£3E4 A& A HERe 44 4%
olzdnoz 5/E AFsd ALY, 2z
whe 2ol GREEHL 4LE YUY Y+ F9
£ peristaltic pump(Gilsoniit Minipuls 3)& AHE
&on, aAXE 60rpme EEE AM-3IY
i, 24 E solenoid valveE AHg3ld fEH%
£ 39

E3 FY¥EI, 71 247, g ®FH 2
solenoid valve® computerg& ©|€3% Micro-
processor® AF Aol 3god, E3 urg R &
=% d9F3A #A% 95t xzAZAL
HA4d J25XE o83t & HETICE &

=

pHE Z+zt 239 2 A o3 BnAs ¥
Ao, FFEFc YAEREEAE ol
o] BAEYTh F2A(T-P)# FAA(T-NY A
Hele BALATAUEEA, 191 KoS:0s
At 119FE71E 7] (autoclave) & AME3le W
Wg Hon, NOs-Ne JESFFAEHE o83
dot. 2%te] FEL ulF9 Standard Method
(17th: APHA, 1989)el 9 A3l B84t

222 SBRe| 2dz=d

Table 4. Operating condition for SBR

A3ty AP Hot.

AL & A 7171 B GAT 1EL

Table 29} 2o}

I

22 Ay

221 4

2434 488 &

FEY FAEPIYLS

Operating mode Time(hours)
Fill 2.0
React ‘[MIX 10.0
Aerate 6.5
Settle 15
Draw & Idle 05
Total cycle time 12.0

A& AELH HHAg) AHSE SR =
AgA FFeeAEAY XUz £HAE FH
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o 67HEAE HEAIEA gz MLSSHE
S 4000mg//-5000mg/I2 #AF FelN J&+
g AHTAxAL AU AY 4¥e FP3)
o A 22 FHRxAE Ay

O

223 clEZH s =X

BN P349 442 HBoR Y25E 4
29502 UEANY 499 3250 U 4
B9 AN A%E doier] da AgAs
& zAse 49¢ 9GS =AY ATAS
9 44 % $3¢ 9gn 2o

Table 5. Composition of synthetic wastewater

item chemicals concentration
COD Glucose(C6H1206)  1400mg/L
N NHA4C! 70mg/L
P KZ2HPO4 14mg/L
KH2PO4
Buffer & FeS0O4
Minerals  MgS04
CaCl2 trace
MnSO4
NaHCO3

3 H¥EZEm H 1

izt

1. FEsel EM2LY

B AN 2A4E A8 APAY FE5e
NgA BAE BYAe A24E Yoz &Y
on) AgE 199249 2994 19943 690] A
WY 284 A3 BAY AFE Table 63 2
o},

AHe A&+ AH44e pH 75~82 BOD 79
~450mg/l, COD 998~1460mg/l, NH3-N 1380~
3412, T-P 32~5.1mg/l, " %=(color) 890~1992
wite] HHE ehhz e, FILFE o
(Pb)e] 0.4~2.47mg/l, E(Fe)o] 06~0.8mg/l, 71€t
gde vjgo] AEHUG

ki
3000
Concen| -
tration -
(mg/Ly //‘“ NieN
2000 Calo /'
S
1000
e BOD
L T e
° N

%22 4 6 8 10 12%.2468101294246
Date (month)

Fig. 1. Characteristics of leachate in Nanjido landfill
site by year.

Fig. 1olM RE 24 293 Agro] ZH gl
o2} FAALo] izt ¥WEstin gled, BOD,
COD, A X (color) & tlH& Al7te] Zxgdl ot
2 Gy Za3m oy, drJelyd A
(NH3:-N)& 234 71532 o

32 &+ Y28y dExNal(HES
ot elZH 2 EgtHEl)

WP HE25< ddos o AE25AAY
AERH AeAdRE F43r] Ao AEF
243 vsd AFASFE AL F, FE249
FHFL 5%, 10%, 30%, 50%, 211 100%E &
YA A wgxe JIAAAES F43 FAAe
Fig. 29} Zth addA BE J&59 48T
AErte S Gotny] sty AFuFS &5
E EFAE Ade FE5Y FHFol 1Y
o wet Z+ ¥rgxe R7IECOD)AAL] Za
3 ot FEF9 FHFol 10%Y Hfole
B%AEY CODAAES Jerdon, 30%A 7%
2 82%9 CODAALEA Wz EAL & A
He BAHA ¥ AoZ Yot 509%04
9 F&57t XIFE Afole JFE weEY &
gAe AZAHL F3dgdoy, duZHId 9
A U AE floco] SAAHE Aol THHY)
AR £ FE25HE BdE02 FYNE
Sl R &8A9 tiRio] sjA o] A
AR Aol BFHAL, FEFY FHo] B
A&A ol A= NFAAI AU o]FolA A

% oM >

_120_



EANZE WY A5 A @@ A7 273

gt Aoz Uebgth(Fig. 23 2).

Ccop W 20 %

Removal

Efficiency

(%) 50 %
50

L 100 %
]

0 100
Time (Day)

Fig. 2. Removal efficiency of -dandfill leachate by
mixed ratio.

Chian %@ Ham(1974)9] <3% BOD/COD7}
050142 Z7|W YA LAsHe AEFA 7
S MEdA Ay &33 e}, BOD/COD7} 0.1
o3kl AFole &3}y st afFHolw,
AEEH Hgrt 2dsidn Raustn 3.

A& AL BNE EBd HAEF9
BOD/CODHI7} 008914 03102 HFHo 2 015
24 "oy GRaA Edo] gorng JEs ¢
o2y AEYH At oS 571 A
E3 B} AR blude Bo ALEFAT Fihol
o] tgog ¥FEo] EPARIA(1977) 93}
W dRYoldAre AE HAF S AT A
E8A AdFY FLH 9FEAEA g
U, oF 480mg/lol o2 HYoz EAA A&
HAZH AL 2Yste Rog HuHI S
Kol AESH Al AMaJozA zEgE 7}
A0 e, U we FHE Fo] XFHY
d2aA FAHAA Buox BODIN:PY FAw
7} 100:660:12A4 A4V dFez EANFOEH
BB W 93 GEAIYVOZE YEFE
AZE ¥ & g& Aoz fdddy.

o] o] Aol HotEo] ¥ AYPo] AHEE U
4 AEFY Aede FEFUY vEAZRE
BESH HYrt Brlestnz A3 & Ay A

€8 t4 desE AERY PP AYdn
A Byde ANUAZAN £ - #33F My
Hol Agd ¥ HEHY s IPHAY £&
strstel (AT & P& EHH o
e ALAN F AHolof A2 HY
gd.

33 A&+ S2laEs A

WEA A& g 8 Uy 2dx
A4 3H(Z%3, 1990; Chian and DeWalle, 1977;
Christen, 1992)& vgo % Alum¥ Lime(Ca(OH)z)
£ o)12% $3(coagulation)d A&EF F9 3
A &3 2 drYold A2XPES AAN 9
o pH w®izte] @& Air stripping, AFAEA
Calcium hypochlorite(Ca(OCL)2)$} 2.%(0Ozone)-&
o] &3t 3834 23l (chemical oxidation), L&
g4, 94, 2 F9 HFE olEF AFHAE
(electrolysis)oll 93 HZ 9 AP +P3
3 Table 63 2t}

B Ay A8dE #AEF4Y FE #718(B0OD
9} COD) %387} 2a, Mx(color)et &R Lol
A4&(NH:-N)9| =7 U3z w2 w9
AEES FHoz AHRYE {7 AHE F
CODY 7% EE Hyold ¢4 AHZ
2lo v, BODE g9+ CalOCl: XA AAE
o] ¥3, 1ytell A9} Air stripping 2] A|
Y ZtAHY, 2EAIS AsxeF Fole
BOD7} Z7HH3 At olRE  Medley 9}
Stover(1983)7} ¢E & A47182 <! 2.4-Dinitrophenol
< ddoz Y3 LETANYAYIAM EXMHF
COD+ #Z43%3 BODe= 7kl BOD/CODH
7} 00290 JdEsAE4e] BOD/CODHIZF 0.192
Z718te A& WEl upeh o] EHYAME 2F
3 AfHPA] R4 COD7}F 4HatE o] o3
4 EAdg AgHe e Adgdy, B Age
2 2 FAFY 71Fe dside 983 wE &
gleng oo gt 47 ¥ AL § A3 E o]
of & Aeg AlRET. AxARY A% pH 129]
9] Air stripping® 500ml/min ©]49 L&A g
Al 50% oldel AMA7L 7Hsta, Ve Yo

- 121 -



274 o]

Table 6. Results of physical,chemical treatment of leachate (unit : mg,1)
color(unit) pH BOD COD NH4-N BOD,COD
CHEMICAI COAGULATION
Alum 500mg /L 12125 17 66.0 1185.0 1696.0 0.05
1000mg L 11318 75 60.0 1120.0 1572.0 0.05
Ca(OH): 500mg,/L 10745 81 42.0 1164.0 1408.0 0.04
1000mg /L 1054.2 82 30.0 1140.0 1384.0 0.03
Alum 500mg /L 693.8 17 60.0 998.0 1457.0 0.06
+Ca(OH),1000mg /L 815.0 74 788 1011.0 1481.0 0.78
Raw leachate 1644.6 8.1 215.0 1450.0 1790.0 0.15
AIR STRIPPING
pH 4 1512.8 51 155.0 1189.0 1287.0 0.13
pH 6 15148 75 150.0 1135.0 1312.0 013
pH 8 14579 80 140.0 11150 1285.0 0.13
pH 10 1417.1 10.0 135.0 1109.0 1109.0 0.12
pH 12 1024.0 124 140.0 1018.0 988.0 0.14
Raw leachate 1824.2 77 185.0 13400 1830.0 0.14
CHEMICAL OXIDATION
Ca(OCl); 500mg, /L 954.6 8.2 30.0 1128.0 1360.0 0.03
1000mg L 872.7 8.0 25.0 1077.0 1279.0 0.02
Raw leachate 16776 8.1 215.0 1450.0 1790.0 0.15
Ozone 100ml, min 11135 8.0 250.0 1408.0 1540.0 0.18
300ml,”min 963.8 81 264.0 1040.0 1063.8 0.25
500ml,'min 796.1 8.0 284.0 1037.0 987.0 0.27
Raw leachate 1387.6 7.3 200.0 1450.0 1885.0 0.14
ELECTROLYSIS

Graphite-Graphite 1180.9 78 2455 879.7 17405 0.28
Graphite-Lead 462.6 79 344.0 808.3 1670.0 043
Iron-Graphite 693.6 8.7 304.2 804.0 1395.0 0.38
Iron-Lead 3300 8.1 268.4 1134.0 11820 0.24
_Lead-Lead 8487 86 220.0 994.7 1670.0 0.22
Raw leatate 1729.4 78 2335 1350.0 1840.0 0.17

* Reaction time: 50min.

£ 929 AAT TFs s

E8 4E(color) ASolE A% ¥e AT
8% AANYA 4PE AALN dergo
W, 230l Am? Ca(OH):E EH& 2%
AN 47 FasAT

34 AE4o HYM(HAMMT M
gt Hal)

WA2HAANN BAHE BE5E
2 Aa7) QN A F25S dpos 4

FAFRAN 89 23, 25, Y24 A
BA8ds 4 Ay ZF JE2FE AU A
4 gle ALE Jege b, JEFE HAA
g3t7] AT Fte) R 294, A, A
37 d=Art ofug, 2 AN 23T
ARHHPE A7eA HAh

EAYAME g0 43AHE o &5
o] AAYEA FHAUS =%Yste BOD/CODH
F7AI1R, AL AEE FaAA FFE
ol AEAH Aertsde FNL F Ao
7IEEE AEHUAY WEF SHEN 77

do 4
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ER3g SAEAC T FHEHol & AP
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e, 1 Ade Fig. 3% 2ok

1000 Wwi::lyuc
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Fig. 3. Chronological COD variation of -electrolytic
treated leachate by HRT.
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Fig. 4 COD removal efficiency by HRT
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FAZHHRT)ol 2999 605%, 254 ¥u 70.6%,

334U 731%, 5¥4¥W 77.2%, 11 109¥
A9 81%9 CODAA#LZ#AE Yetxtern, BOD=
HRTol #Aflel 9%5%0lde] AAHNLH, *
Hog gulols Axo] AAT FutE Ut

4. 8 &

H718 vgRNA e JE5d dF &
S3HQ AHAWgo A gRAEFY A4S B4
&1, 283, 3%y, AEHH AgHe s
A&59 HHZFHE B3 TAHZIENEA
dA BAse AESFE FPAYN7] A% 2
Az 4L FEL &3 2o

AR, & A7 AHEE U A& ABe
pH 75~82, BOD 79~450mg/l, COD 998~
1460mg/l, NHs-N 1380~3412, T-P 3.2~5.1mg/I,
A% (color) 890~1992 unit®] HHE Yep 9l
ed, £3£F5 (Pb)o) 04~247mg/l, A(Fe)
o] 0.6~0.8mg/l, 152 ulFo| HEHAUD

X, A& B3ty ANedgES =9
331y gEAgneays A& AEEHY A
7} ogl¢ Aoz JEsd 2gdq £ 434
4 AEF9 B AETRF HFe A% AAZ
] BOD/COD®IZ} F7HH& L&A A
7} B2¥ Aoz woEr).

A, A& RN Z(SBR)E o433ty F7|
o] wiYR HAEFTY HEYH AA oAF
g Hoslr) A% 4Edd A3 9 7132
AAEL A5 FHFe] F7HEd et dA3)
Aadgen, 30%7Ae MEst sHEsdod,
I ojae] Hfole HESA Ast Bhed A
o2 Yepd v, AEFE AEGH Pygoz A
Ystuad Feels AXEY 2 et WA
gurgto] FFHojol & oz wrEd.

dA, 4719 &84, 3543, AE%H Az
He S5ty &5 HYAMHE AT Ucte
24 gAY AEFE ASIEAEAEHA
Wo g Agsld HRT 25¥¢0| Y A$ &5
71A(COD)AAEHA7} 70%°]4olH, BOD+= HRT
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