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Assessment of Treatment Characteristics and Process Applicability for
Converting an Existing Co—Treatment Pretreatment Facility into a
Dedicated Treatment System for Mature Landfill Leachate

Min-Soo Noh, Jae—Hyun Kim"
Department of Fire and Environmental Safety, Keimyung College University, Daegu 42601, Korea

Abstract

This study examined the process configurations for converting an existing co-treatment pretreatment facility into a
dedicated treatment system for mature landfill leachate following the discontinuation of food waste leachate inflow. The
target leachate exhibited low biodegradability, with a biochemical oxygen demand/chemical oxygen demand (BOD/COD)
ratio of 0.18 and a high total nitrogen concentration of 640.7 mg/L. Aeration tests showed limited organic removal
efficiencies after 7 days (BOD 30.3% and COD 27.2%), indicating the limitations of biological treatment alone. In jar-tests
comparing inorganic coagulants, polyaluminum chloride (PAC) exhibited relatively favorable COD removal characteristics,
whereas both PAC and FeCls showed high total phosphorus (T-P) removal performance under the tested conditions.
Powdered activated carbon adsorption tests showed reductions in BOD and COD with increasing dose, and 2,000 mg/L was
selected for the pilot plant considering both treatment efficiency and dose. Based on these preliminary results, two
non-biological pilot process configurations were evaluated. Plan 2, which incorporated powdered activated carbon
pretreatment (2,000 mg/L) in the pilot-scale equalization tank prior to chemical treatment, sedimentation, filtration, and
adsorption, achieved higher overall removal efficiencies than Plan 1, with removal efficiencies of 82.3% for BOD, 95.8% for
COD, 96.7% for T-P, and 88.5% for color. These findings suggest that the incorporation of powdered activated carbon
pretreatment into physicochemical processes can be considered a practical alternative for converting an existing
co-treatment facility into a dedicated treatment system for mature landfill leachate.
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(a) Plan1 (Coagulation — Sedimentation — Filtration — Adsorption)

PAC | [ NaOH | | Polymer Jﬂi
m_ll;_ —ta” ; — 7
I Hﬂ il B0 F—r—
¥ ‘ ii 0 ] - 1
Leachate =p |!J ‘ : r wsp Treated water
I
| &‘_ ‘ y - & ____JIh

Equalization tank Chemical coagulation/reaction tank Sedimentation tank Filtration (bio-ball)  Adsorption (activated carbon)

(1501)
700 700 500 mm (510 210.% 300 mm} (0400 x 450 mm) (8100 x 1,050 mm) (2100 1,050 mm)

(b) Plan 2 (Equalization with powdered activated carbon — Coagulation — Sedimentation — Filtration - Adsorption)
[Lmletedadivated carbon ] PAC [MaOH_J _ Polymer |

s Treated water

Equalization tank Chemical coagulation)reaction tank Sedimentation tank Filtration (bio-ball)  Adsorption (activated carbon)

Fig. 1. Schematic diagram of the pilot-scale treatment system (a) Plan 1 and (b) Plan 2.

Table 1. Water quality analysis results of the raw leachate

Parameter pH* BOD COD SS T-N T-P Color® BOD/COD* BOD/T-N* T-N/T-P*
Leachate 7.7 36.2 198.2 22.0 640.7 1.2 365.8 0.18 0.06 534

Values are expressed in mg/L unless otherwise indicated. * Dimensionless. ° Unit: degree (or TCU)
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Table 2. Analysis results of plain and seeded aeration experiments for leachate

Aeration alone

Microbial seeding + Aeration

Day

BOD (mg/L) COD (mg/L) BOD (mg/L) COD (mg/L)
0 102.6 172.3 102.6 172.3
1 115.6 165.3 91.6 165.3
2 125.6 142.6 85.6 153.6
3 110.8 140.3 76.5 143.5
4 101.6 138.6 74.5 143.2
5 99.5 141.6 72.6 132.6
6 98.7 135.6 70.6 1285
7 95.6 143.4 71.5 1254
Removal efficiency (%) 6.8% 16.8% 30.3% 27.2%
= 7ol 242 oF 6.8%%} 16.8%2] A7 HER A g2l #7128 AAE At 51 2 24
ot W, ndE A r1d-heME 74 F BODS} H844< 772 dESHIT
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COD Removal efficiency (%)
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Coagulant dose (mL/L) Coagulant dose (mL/L)

Fig. 2. Effects of coagulant type and dose on COD removal efficiency: (a) first jar test and (b) second jar test.
@, Alum; B, PAC; A, FeCls

w - (a) w ) (b)
g g
0 01 02 03 04 05 0 01 02 03 04 05
Coagulantdose (mL/L) Coagulant dose (mL/L)
Fig. 3. Effects of coagulant type and dose on T-P removal efficiency: (a) first jar test and (b) second jar test.
@, Alum; B, PAC; A, FeCls
200 Plan 1
180 l (a) —— B0D (b) W Plan 2
60 | --8-- (0D 100
80 ? e %
- | 7 7
= 60
5 ] . ] ]
e (. .
T a0 || ] ] % %
: ' '®n
. .
0 | |
0 100 500 1000 2000 3000 0 é %
Powdered activated carbon dose (mg/L) BOD coD T-N T-P Color
Fig. 4. Changes in BOD and COD concentrations with Fig. 5. Comparison of removal efficiencies for BOD, COD,

powdered activated carbon dose. @, BOD; B, COD T-N, T-P, and color between pilot plant processes.
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Table 3. Comparison of pollutant concentrations and removal efficiencies between pilot plant processes

Plan 1 Plan 2
Parameter Influent (Leachate)
Measured value Removal (%) Measured value Removal (%)

BOD (mg/L) 36.2 9.8 72.9 6.4 82.3

COD (mg/L) 198.2 24.8 87.5 8.4 95.8

T-N (mg/L) 640.7 547.4 14.6 100.6 84.3

T-P (mg/L) 1.2 0.231 80.8 0.040 96.7

Color (degree) 365.8 66.5 81.8 42.1 88.5
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