SHEEARAMEE|R], H 28W H152(2002)
Kor. J. Env. Hlth. Soc., Vol. 28, No. 1, pp 51~66(2002)

ATHE MY|7| R BlES0| EBHOI X2
oo 25t o471

ZYEH - ARE*
QAN ek BT s, * 3 Al 2R

Effective Treatment System for the Leachate from a
Small-Scale Mumicipal Waste Landfill

Young-Ha Cho' - Jae Hyun Kwon*

Graduate School of Public Health, Inje University
*School of Environmental Science and Engineering, Inje University

ABSTRACT

This study was carried out to apply some basic physical and chemical treatment options including Fenton’ s oxidation,
and to evaluate the performances and the characteristics of organic and nitrogen removal using lab-scale biological
treatment system such as complete-mixing activated sludge and sequencing batch reactor(SBR) processes for the
treatment of leachate from a municipal waste landfill in Gyeongnam province.

The results were as follows :

Chemical coagulation experiments using aluminium sulfate, ferrous sulfate and ferric chloride resulted in leachate
COD¢;, removal of 32%, 23% and 21% with optimum reaction dose ranges of 10,000~ 15,000 mg/ £ , 1,000 mg/ £ and
500~2,000 mg/ £ , respectively.Fenton’ s oxidation required the optimum conditions including pH 3.5, 6 hours of
reaction time, and hydrogen peroxide and ferrous sulfate concentrations of 2,000~ 3,000 mg/ £ each with 1:1 weight
ratio to remove more than 50% of COD in the leachate containing CODc, between 2,000~ 3,000 mg/ £ .Air-stripping
achieved to remove more than 97% of NH3-N in the leachate in spite of requiring high cost of chemicals and extensive
stripping time, and, however, zeolite treatment removing 94% of NH3-N showed high selectivity to NH' ion and much
faster removal rate than air-stripping.

The result from lab-scale experiment using a complete-mixing activated sludge process showed that biological
treatability tended to increase more or less as HRT increased or F/M ratio decreased, and, however, COD removal
efficiency was very poor by showing only 36% at HRT of 29 days. While COD removal was achieved more during
Fenton’ s oxidation as compared to alum treatment for the landfill leachate, the ratio of BOD/COD after Fenton’ s
oxidation considerably increased, and the consecutive activated sludge process significantly reduced organic strength to
remove 50% of CODc¢; and 95% of BODs.

The SBR process was generally more capable of removing organics and nitrogen in the leachate than complete-mixing
activated sludge process to achieve 74% removal of influent CODc, 98% of BODs and especially 99% of NHs-N.
However, organic removal rates of the SBR processes pre-treated with air-stripping and with zeolite were not much
different with those without pre-treatment, and the SBR process treated with powdered activated carbon showed a little
higher rate of CODc, removal than the process without any treatment. In conclusion, the biological treatment process
using SBR proved to be the most applicable for the treatment of organic contents and nitrogen simultaneously and
effectively in the landfill leachate.
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Table 1. SBR operating conditions at each experimental phase
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Unit: hours
Operating Phase-1 Phase-2 Phase-3
Condition R1-1 RI1-2 RI-3 | R2-1 R2-2” R2-3  R3-1 R3-2¥ R3-3”
Pre-anoxic(mix) | 11 - 22 11 11 5 11 11 11
Oxic(mix & air) | 24 24 24 24 24 36 24 24 24
Post-Anoxic(mix)] 11 22 - 11 11 5 11 S 11 11
Settle 2 2 2 2 2 2 2 2 2
HRT(day) : 15 15 15 15 15 15 15 15 15
Note: 1) Pre-treated with air-stripping ~ 2) Pre-treated with zeolite ~ 3) PAC treatment
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2 gy A= Hy 6,212 ng/ L 2 ¢ = SHH AstE o] 15T E 50mg/ £ ~ 2,500 mg/ L B
o &5 pH 7.6~8.89) oF el g e W3S Al 39 2F 8 %ollAl 21%71412) COD A7

Table 2. Characteristics of the leachate from K city municipal waste landfill

Parameter Mean Median Range SD. C.V.(%)
CODwn(mg/ € ) 1718 1402 426 ~ 4607 931 542
BODs(mg/ ¢ ) 596 356 58 ~ 2560 533 894
NH3-N(mg/ £ ) 1389 1180 103 ~ 6171 1295 93.2
NO3-N(mg/ ¢) 03 0.7 0 -~ 9.0 1.2 400.0
0 ~PO4(mg/ 2) 42 44 10 ~ 87 17 404
Cli(mg/ ¢) 3323 3400 633 ~ 5767 790 238
Alkalinity(mg/ £ ) 6212 6220 420 ~34000 3039 489
SS(mg/ ¢) 196 150 45 ~ 1375 175 895
pH - 8.1 76 ~ 8.8 - ~
Fe(mg/ ¢) 3.03 24 021~ 7.28 2.87 94.7
Allmg/ £) 1.28 1.47 0.27~ 265 0.75 58.6
Cr(mg/ &) 0.06 0 0 -~ 0.48 0.14 57.1
Pbimg/ ¢) 0.14 0.13 0.10~ 0.20 0.04 286
Mn(mg/ ¢) 0.43 0.20 0.05~ 1.10 0.38 88.4
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Fig. 9 Effect of leachate COD concentration on COD removal during
Fenton oxidation of the leachate.
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a&0) E94I1, 20AA = 7] Mzo] AFE A
%302 AAAEC] S8R LH, 20417 B7) F
o otz ol A0 AL pH 9, 10, 11904 2+
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AARE] o 4%01]/\1 Aase] 17A17F & <k 80%
7F AAHRIL, 22417F o] F o= oF 95%2] AAES
nolo &717F A9 ¢tad A& 4 F Ui
(Figure 11). 3+ air—stripping 2] A&tswd
AAfHo] F43] DARH, R ol A § pHE
Az sloio &tar, DA SR ot} Fara
9 whgoz Yr|ede futets BARET vl go]
Bo] B who] glAgt M Fgo] vie- zhdste]
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Fig. 10 Effect of reaction time on NHs-N removal during
air-stripping of the leachate at different pH.
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Fig. 11 Effect of reaction time on NH;-N removal during air-
stripping of the leachate at pH 11.
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2) Zeolite A €]
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Heldgo] YR et (Figure 12). Zeolitew
ol2w sy 9 EgErdel vidol Holum A
%ko]% DEFEX2A B3] NHevoll tfét Mg Ado]

+ ¥1, OE FA v8] AAEES} vle- wE
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Aoz A 7] " 1o SR UoHeyt
ofz}l Asre] drold distein kAl A
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Fig. 12 Effect of reaction time on NH3-N removal during
zeolite treatment of the leachate.
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Fig. 13 COD removal efficiency in bench-scale activated
sludge units at various HRTs’
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0.5014< e BEsE Aert adyeln,
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BODs/CODcrB]7F 0.0452 =3] w2dith A &4of
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FEE 442500 mg/ ¢ & F ?Jo}oi pH 3.59 =4

stoll A datsl el g ok ARl ALFu)Eo)
FE 7,500 mg/ £, pH 6.8¢ ZAstlA AxeE
3 A7 Table 304 BE vke) ), HelAls) =
& A FEFE F57F CODer @ CODMno] 212t
1,210 mg/ £ & 436 mg/ 4 2 YER} A& E &0l
46%%} 50%0l Bahe yhd SArd-En]gol odt &
A= 28% 8 E Y CODS 59%2] BOD7t AAE
o] Hedxka} %2 ¢ :@gol 453 Eod) ey
B8 285 AR F BODE 2318 7181
BODs/CODcrE] ¢+ BODs/CODMaHI = ZH2} 0.22%F
0.662.2 F7ieted HEFod Td IF ey
T2 F71 8] AR #7152 AEE o] BOD
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o) AESH FH-E FIAA £ AR wd
1=

Table 4= MRS W satdn) g S5 A
T X E AR Ay AESE E44S 473
3171 slsted /MM 0.1, AFAIE 24, QA&
CODP=100:1Z &/} &AEFE Fd&A 5o
2 1297 At 2942 o Qi) Aeakst
2l CODer @ CODMn A A&} 242t 48%,
51%8A SAtdulg 2|42 25%° nj8 <ok F
AT Helaggo] ¢33 Aoz Jedka, %%?
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Table 3. Comparison of organic removal efficiency for the leachate pre-treated with Fenton’ s reagent and alum

Type of Treatment

Raw
CODcr (mg/ ¢) 2241 1210 46.0 1619 218
CODwa (mg/2) 830 436 50.5 638 215
BODs (mg/¢) 218 264 -21.1 89 59.2
TOC (mg/2) 1666 302 81.9 543 674
BOD/COD; ratio 0.10 0.22 0.06
BOD/CODun ratio 0.25 0.66 0.14
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Table 4. Biological treatability of the leachate pre-treated with Fenton oxidation vs. alum coagulation

Parameter ;f:;gé alum treated Parameter ’E:::f;i alum treated
COD¢, CODwma
Influent(mg/ £ ) 1210 1619 Influent(mg/ £ ) 436 638
Effluent(mg/ £ ) 630 1208 Efftuent(mg/ £ ) 212 479
% Removal - 479 254 % Removal 513 250
BODs TOC
Influent(mg/ £ ) 264 89 Influent(mg/ £ ) 302 543
Effluent(mg/ £ ) 14 26 Effluent(mg/ ¢ ) 181 370
% Removal 94.6 1.7 % Removal 40.3 32.0

Table 5. Performance summary of SBR processes for treatment of the leachate with varying operating conditions

. R1-1 R1-2 R1-3
Parameter Influent
Leachate  Effluent 9% Effluent % Effluent %
(mg/ 2) (mg/£)  Removal (ng/€)  Removal (me/£)  Removal
CODc¢r 3070 1299 577 1624 471 - 1417 53.8
BODs 292 30 89.6 79 728 68 76.7
NH3;-N 1890 506 72.0 526 70.9 466 74.2
NO3~-N ~ 800 - 1041 - 947 -
NO2-N - 4 - 186 - 80 -

Note : Effluent concentrations are mean values

3) SBRell & =84 A2 54 WSt 38 &0 NHs—N9| F5& 37 vz

¢ 299 =AY T HEF A EF AEHHOR Frkete] 22 9 Aabg) wheol o
239} SBRE o] 8% F Ao euldG AAE R &3] o] FfAX] ok A& & < 3U3LIL, pre-anoxic
U2 HRTE 1592 st 2 &AM F48A10HE 4 post-anoxic VA7 BF Fo]7 R1-1 =
27 3 26947 3719 SBR HHgxE AT A FEFY NOs-NEL7F P #0327 NO.-N9|
€ Table 5ol YeRd vk} 2tk 2t @AV o Folnl FER B2 ¥ obyz Wsge] Hagix, NO-N
R1-1 #Hg%2) CODcr | BODs AA&E] 22t o] sk R1-1 Wh-&3e] vls) 433] w1 A&4
Z7heto] S HE S HaL ST 013

o

57.7%% 89.6%=% 7H& ¥3%il, NHs—N& pre- o7

anoxic ©AIE 224170 2 7 A & R1-3 HHS- FAbA 717 (pre-anoxic & post-anoxic @A) Foll
2o 74.2%F 717 Bol AAE 5 Figure COD/NH|7} 3o g2l g) whgo] &ids] dolu} &
14014 B upe} Zro] z7oll& 3719 W% 25 Aa AAEo] S8t B0l g B Ay

7} YR ERZ At 259 CODerFE7F At 9] thAF AE9) o) COD/NS 1|7} S 7 S0l =
A5kl e, 154 HRTY leycle® vls2gh Al NO«—=N7} u|x A=A 3 A QU2 {F&5H7]
149% 71402 R1-1 % R1-2 v+83= A2 uFolti3ad o] o] AR RE 37 v F
AYe CODesERE SHE FE5E A3, 712 AA D dx AA SHA 7 AE4A 374
E3] ZE dAE FR1-1 4 < pre-anoxic ¥ post-anoxic HAIE 11AFO.E F
CODer A& &4 Vbl 9k R1-3 vb8-2 & A 43 R1-1SBR #F&-%2] 218 & 4= 9},

o7 8&259 CODerEE7 2718t e vt
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Fig. 14 Effluent CODc: concentrations of SBRs’ for treatment
of the leachate with varying operating conditions.
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Fig. 15 Effluent NH3-N concentrations of SBRS’ for treatment

of the leachate with varying operating conditions.

4) Air—stripping ¥ 2] ¥ SBRA#
AAY AAE ulgl ez AT LA 27
(Pre Ax; 11hr, Ox; 24hr, Post Ax; 11hr, Settle;

S50l Malgetof 2t o7 61

2hr) & Zg3ate] AAYE 3lA &2 FEF AEE
913k SBR W2 (R2-1), R2-13% z} 234 4]
7F 2718 SU3}A slal air—strippingol 28] A
2 & 3 AEF ANEE T3 SBR ¥-EER2-2)
9 Z7) A 7HS 3641702 A A 313 Pre AxS) Post
AxE 5AIZE, Settle 241718] 27118 € WHeFR2-
39 Ay £&E 30Y 7 A

CODcr AA E-5-& ¥Hg-x R2-10llA HF 58.2%,
- R2-2 45.6%, WHE-Z R2-3 59.6%2 Z7|
7He 36A17ke 2 3§ H&%iiﬂ AAEE) M =
Fout Auta o & Ro—1 W2} & zjol7t sl
©, BODs ﬂ]}]ﬁt‘—ft 37H W2 B5F HgFoF
92% o]%9 & AAEE 2o Ft v
NHs3—-N 7517‘139__0 L PFAHOoFT R2-1 e R
94.3%, R2—2 ¥r-3-Z 98.7%, R2—3 W% 95.5%
F Ueltont Faks 349 wigE Azte] &
R2-3 WH-e-%9] 79 NO—N9| FH2 vy &2
Qﬂ %ai 7;—)_&:4 c} ] }OL_‘E R2—1 H]'o_l_q_ air—
stripping# 2] & ¥ ¥-§-Fel H3) && NOx—N %4
&2 YeRIITH(Table 6).

Fig. 16°14 Xz uvps} 2ol 37 wkgx9] F24°
R T SOO]Z_]' o]—;ﬂ E] CODCr <) E%‘ T",—X].S]—ﬁ_o_ﬁily

>

gO

60%01] 7}7/}~r z%alﬁge Trzl 3} ubd R2-2%

AZ 45% FJL 9] CODer M TES Ve air—
stripping A 27} #7148 AAZE &S T4
A2 e & Uk E3 25 NH-N 5os
Z71ell= R2-1 @ R2-3 F ®kgzo)A A7 &0)
Azst9 01 109 o] FHE & air—stripping A 2] 8
R2-2 ¥-&29] NHs—N =9} FAFIch 281

Table 6. Performance summary of SBR processes for treatment of the leachate pre-treated with air-stripping

R2-1 R2-2" R2-3
Parameter Influent
Leachate  Effluent % Effluent % Effluent %
(mg/ £) (mg/ 2) Removal (mg/ £) Removal (mg/¢)  Removal

CODcr 3780 1582 58.2 2056 45.6 1529 59.6
BODs 804 43 94.6 79 92.2 35 95.7
NH3-N 2004 114 94.3 26 98.7 89 95.5
NO3-N 24 145 - 61 - 178 -
NO:-N - 79 - 8 - 99 -

Note : Effluent concentrations are mean values
1) Pretreated with air-stripping
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Fig. 16 Effluent CODy, concentrations of SBRs' for treatment
of the leachate pre-treated with air-stripping.
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Fig. 17 Effluent NHs-N concentrations of SBRs’ for treatment
of the leachate pre-treated with air-stripping,
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B35 oy 521 =30 (Figure 19, Table 7). ©]
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Fig. 18 Efftuent CODq, concentrations of SBRs™ for treatment
of the leachate pre-treated with zeolite and PAC.
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Table 7. Performance summary of SBR processes for treatment of the leachate pre-treated with zeolite and PAC

R3-1 R3-2" R3-37
Parameter Influent
leachate Effluent Removal Effluent Removal Effluent Removal

(mg/ 2) (ng/ ©) ) (mg/ £) %) (ng/ £) )
CODe 3665 944 74.2 885 759 855 767
BODs 873 16 98.2 17 98.1 15 983
NH3;-N 1765 23 98.7 20 989 18 99
NO3-N 12 166 - 32 - 200 B}
NO»-N - 2 - 1 - 1 -

Note : Effluent concentrations are mean values
1) Pretreated with zeolite

NHs-N conc, mg/

2) PAC treatment
600
500
400 |
300
200 4
100
0 -
0 4 8 12 16 20 24 28 2

days

Fig. 19 Effluent NH3-N concentrations of SBRs’ for treatment
of the leachate pre-treated with zeolite and PAC.
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