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A study on application of eco-friendly follow-up process connected
with livestock wastewater treatment plant using the upflow
constructed wetland
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ABSTRACT

This study developed an up-flow wetland providing either an eco-friendly follow-up process of medium-sized public treatment
facility for livestock manure or a non-point source pollution controller near livestock farms. The four bench-scale up-flow
wetlands were operated with four different bed media sets. The removal efficiencies of the wetland effluent for CODCer,
TN, TP, SS were 35.2 %, 29.5 %, 31.2 % and 52.2 % for set 1(Blank, without reed, with bio-ceramic), 40.6 %, 43.4
%, 42.2 % and 55.4 % for set 2(with bio-reed & without bio-ceramic), 45.2 %, 48.7 %, 46.6 % and 66.3 % for
set 3(with bio-reed & bio-ceramic), 32.9 %, 27.3 %, 29.3 % and 54.1 % for Set 4(with reed & bio ceramic), respectively.
The set 3 condition having a mixture of bio-reed and bio-ceramic showed the highest efficiency in the bench-scale evaluation.
This study suggests a mixture of bio-reed and bio-ceramic as suitable bed media in the construction of artificial wetlands
near livestock farms. Soils including the bed media were monitored during the evaluation for trace elements. Soil analysis
results were satisfied with the Korean Soil Contamination Standard. This study showed that the up-flow constructed
wetland was feasible to treat the effluent livestock wastewater treatment facility.

Key words: Eco-friendly follow-up treatment, Livestock wastewater, Non-point source, Nutrient removal, Upflow constructed
wetland
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Fig, 1. Conceptual diagram of the upflow constructed wetland.
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Table 1. Media configuration of the upflow constructed wetland
Classifi-ca Set 1 Set 2 Set 3 Set 4
tion Media Height Media Height Media Height Media Height
Underwater 100 Underwater 100 Underwater 100 Underwater 100
Soil 300 . Soil 300 Soil 300
- Soil 500 - -
Bio ceramic 200 Bio ceramisc 200 Bio ceramisc 200
Media Ceramic 100 Ceramic 100 Ceramic 100 Ceramic 100
block block block block
Fine gravel 100 Fine gravel 100 Fine gravel 100 Fine gravel 100
Coarse gravel 100 Coarse gravel 100 Coarse gravel 100 Coarse gravel 100
Total
. - 900 - 900 - 900 - 900
height
Charact-e Control . . Bio reed planting and Reed planting and bio
. . Bio reed planting . . . . .
ristic (No reed planting) bio ceramic media ceramic media

pp. 359-370

Bio ceramic Ceramic block

Fig. 2. Media and base materials in constructed wetland.
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Table 2. Characteristics of effluent from livestock wastewater treatment plant (Unit : mg/L)
- T-N T-P CODg:
Classification
1st 2nd 3rd Ave. 1st 2nd 3rd | Ave. 1st 2nd 3rd | Ave.

Concentration | 1202.12 | 1170.21 | 1191.48 | 1187.93 | 127.07

129.83 | 136.59 | 131.16 | 4062 | 4187 | 4125 | 4124

Table 3. Effluent quality limits of livestock wastewater treatment plant(KMGCL, 2015a) (Unit : mg/L)
Classification BoD cob SS Czl)llfl(ilr’gn N TP
(mgl) | (mgl) | (mgl) | 9N (mgl) | (mgl)
Public treatment plant 30 50 30 3,000 60 8
Treatment plant by livestock wastewater 30 50 30 3,000 60 8
treatment manufacturer
Treatment plant by object of | Special area 40 - 40 - 120 40
permission discharge facilities | Other area 120 - 120 - 250 100
Treatment plant by subject to | Special area 120 - 120 - 250 100
report discharge facilities Other area 150 - 150 - 400 100
2 7](TN: 600]3}, TP: 8 o|sh)2 2§35l T2 S ¥ ek 54 ol(ion)o] et AR AsE
2ok 3919 HEE FHOR 28] sHete] 9% WA gofop shk. ulehd 290 Ul QlEeA Eob

2 ARESHTE fdaed e Addne] st
£ FlA AFHEZE o]&sto] F=Eo] aE Al
FA]7Fel HRT(Hydraulic Retention Time) 24 hr(Q=70
mifmin)© 2 23 FshES Ao,
oggde] g AFaAel Helaee B
fefol ATHA FURSk FERAN AN o}
Ko, 201449 3L 44714 60d 5 F 50319
Al&e] tfsf CODg, T-N, T-P, SSE 3 H5EAIH
BT} Standard Method @] A SRS F8-5f0] EA15)
9ITHMOE, 2014; APHA, 1992). COD £-A%9] 7<=
e ABHAR o COD W om Hol
IR E e R RESEES
S AEska glek ol WM 718 Askeo] g
& R71EE FTFoA 25 ~65%21 whd, S8 &
7% A 95 ~ 100%e] 4] T §71% &
ol mrt ASel BAE 5 otk Sl
Standard Method®] COD FEZWHoz EHAS 3}t
(John, 1993).

O

o] ANAEE(EC)] MES HAe}r] gate] Eopm
U B HAIA(WT-1000B, Mirae sensor, Korea)2} ©|o|E] 2
A% Adolel Aton Serel AE Sk
rt] Eok20] COD, T-N, T-P, 325 9 97| & r‘g,et pH,
=45(As, Cd, Cu, Ni, Pb, K, Mg, Ca, Fe)¢] =244
& A Sistel were g m}a} £y

Fig. 3, 4%} Table 40f YeR ME]-(Flg 3, Fig. 4, Table 4).

+A717Hset Y49 Bt == CODe 117.6
mg/L, T-N 28.4 mg/L, T-P 2.7 mg/L, SS 684 mg/L=
vetgton, AdaFEAeA Hgd &9 Hd 5
AL o3 Ak

Set 1(t2A)S CODe 78.5 mg/L, T-N 20.1 mg/L,
T-P 1.8 mg/L, SS 28.5 mgLE Ueh} B Hease
CODcr 35.2 %, T-N 29.5 %, T-P 31.2 %, SS 52.2 %=
b,

Set 2(H}o] ©.ZT):= CODg 71.5 mg/L, T-N 16.3 mg/L,
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T-P 1.5 mg/L, SS 27.1 mg/LZ H )T CODer

40.6 %, T-N 43.4 %, T-P 42.2 %, SS 55.4 %= UEpgth.
Set 3(Hfo] o4t & Hlo] AL COD: 64.7 mg/L,

T-N 147 mgL, T-P 1.4 mgL, SS 21. 6 mgLE B

2] T8-S CODe 45.2%, T-N 48.7%, T-P 46.6%, SS

66.3%= EFTH

1. Set 4(QukzZt] & BFo] ©.A|g}1])= CODc: 80.3 mg/L,
T-N 20.8 mg/L, T-P 1.8 mg/L, SS 29.0 mg/LE Bt

XY EE&L CODe 32.9%, T-N 27.3%, T-P 29.3%,

SS 54.1%= UFERgT).
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Fig. 3. Change of COD, T-N, T-P and SS concentrations and treatment efficiency of each bench scale constructed wetlands.
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Fig. 4. Maximum, minium and average value of T-N, T-P, SS in the bench scale constructed wetlands.

Table 4. Maximum, minium and average value of concentration and treatment efficiency in the bench scale constructed

wetlands (Unit : mg/L, %)
Concentration coDer N P 55
Aver. | Max. | Min. | Aver. | Max. | Min. | Aver. | Max. | Min. | Aver. | Max. | Min.
Influent 117.6 | 196.0 46.0 28.4 42.0 14.0 2.7 4.2 1.2 68.4 106.5 35.0
Set 1 78.5 174.0 24.0 20.1 37.0 10.0 1.8 3.0 1.1 28.5 52.0 13.0
Effluent Set 2 71.5 141.0 23.0 16.3 30.0 6.0 1.5 2.9 0.6 27.1 51.0 5.5
Set 3 64.7 134.0 21.0 14.7 39.0 7.0 1.4 2.1 0.6 21.6 51.0 6.5
Set 4 80.3 170.0 24.0 20.8 39.0 11.0 1.8 3.1 1.1 29.0 70.5 15.5
Treatment CODcr T-N T-P SS
efficiency Aver. | Max. | Min. | Aver. | Max. | Min. | Aver. | Max. | Min. | Aver. | Max. | Min.
Set 1 35.2 53.7 10.8 29.5 50.0 7.1 31.2 63.3 6.7 52.2 84.5 16.3
Set 2 40.6 65.9 19.8 43.4 70.8 19.6 42.2 77.4 12.9 55.4 92.9 23.3
Set 3 45.2 69.5 21.8 48.7 68.0 27.6 46.6 80.0 16.7 66.3 91.3 38.1
Set 4 32.9 62.9 8.3 27.3 44.0 12.0 29.3 54.8 8.3 54.1 80.0 13.0
364
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Zjel o7t a& 2pol7F ESHA UERAL Qlo HE AAE vE A= ot &, El o3 &
oloztizt dubdtiunt AgLE MED TEE A §71% W P12 A3 o3 Zd 5oz A
Yo 7ot Aoz AR EHTHMOE, 2005). T-N & AESS Ao 2 Azt thReddy et al., 1998). 121}
wo| Fat dHA Qi AFEAY AaAA A% AWEAE TP FHo| gt Eakgero] EAa}T of
. uggel ol AAEBAR, ARl o G BFE 2o clo] HelA Leln §EHo] 5
old wreel F2-37 5ol o8] AAHAS Ao durt 9550 TP lny} w7 Uehbs Aol
2 AyZr=Elth(Faulker and Richardson, 1989; Spiels and ) O WU(Gerrites, 1993), & Q35X 9] ZHL <19 &zt
Mitsch, 2000; Gersberg et al., 1985). QA3x5XoA < o] o}z doji}x] ok ,\#E TohE o)
Table 5. Treatment efficiency of constructed wetlands(MOE, 2003) (Unit : mg/L, %)
Influent
Classification HRT Treatment BOD SS T-N T-P Note
efficiency
Influent 6.9 20.9 3.7 0.12
Bio- .
i0-Park(JAPAN) 0.5h Tre.a‘Fment 28 49 15 91
efficiency
Influent 3.1~104 ' 7.0~42.0| 1.4—~4.0 | 0.08~0.33
Shinjung lake(KOREA) 1.9h Treatment | 9.1~78.8 | 4.3~89.5| 0.1~55.0 0~49.7
efficiency (49.2) (65.7) (23.9) (27.4)
Influent 2.82 0.185
Senegawa(JAPAN) 5h Treatment 17 91
efficiency o
Influent 3.4 0.23 x
Sannogawa(JAPAN) 5~10h | Treatment °Lg.
. . 32 39 o
efficiency =
Influent 6.0 15.4 5.8 0.198
hi i KOREA 1.
Shinyang river(KO ) 5day Tre'aFment 58 65 57 57
efficiency
Influent | 5.1~151.0 3.32~51.0 | 0.53~11.0
N i ~
orth Americal DB 4~14day Tre'a‘Fment 64.8 70.1 543
efficiency
Influent 3.88 5.60 10.36 9.05
Lakel FL(U.S.A -
akelamd, FL(U.S.A) Treatment | g o 16.1 80.8 53.4
efficiency
Influent 27 51
Canon Beach, OR(U.S.A) 10~ 14day Tre'aFment 778 78.4
efficiency
Influent 13~46 12~49
West Jackson County, 12da Trea‘znent
MS(U.S.A) v - 62~93 | 53~89
efficiency
Influent 5.1 7.7 11.9 6.3
Hi D. 4~27
illsboro, OR(U.S.A) day Tre.a‘Fment 40 247 50.7 30.7
efficiency
6.5d Infl t 49.8 1.8
Des Plains o Tn tuen ¢ T-N:
River, TL(U.S.A) Loamen 86~90 | 61~92 65%  NOsN
efficiency
Non-point source management Treatment
_ 76 30 49
(Management manual) efficiency
Journal of Korean Society of Water and Wastewater Vol. 29, No. 3, June 2015
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3 &2 guslr)o= n|E3t AdFo] Qlo] x|&F
9l &of W2 Fgu|wrl g Hoz AgHch
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U= Al BEgSol Kt 200 mm Z o]
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HA7H 2

2 oz
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Az vesten, B¢ 7l gdS 4 35d F
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2 UERGTHTable 7). 71& 7F&Ex U Eu]-ofu] A}
&l e AFtollA A5t B B
gt S5 FS UEA At AFAA
oA i FRoJstEde] o HEH N
2 pr e Ao A Q] AEoerR A tigt U E
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Table 6. Analysis results of soil organic matter and nutrient matter in the constructed wetlands

Classification 1st(2/6) 2nd(3/10) 3rd(3/24) 4th(4/7) Average
T-N(mg/kg) 361.64 456.09 671.18 837.85 581.69
T-P(mg/kg) 141.14 172.94 171.49 198.23 170.95
Sel 1 COD(%) 0.13 0.30 0.08 0.15 0.17
Moisture contents(%) 21.05 25.54 21.00 23.56 22.79
Organic matter contents(%) 1.18 1.57 1.26 0.6 1.15
pH 7.23 6.62 6.93 7.26 7.01
T-N(mg/kg) 236.11 323.98 619.58 600.33 445.00
T-P(mg/kg) 89.84 163.54 177.59 223.52 163.62
Set 2 COD(%) 0.13 0.22 0.11 0.18 0.16
Moisture contents(%) 22.57 24.50 22.57 23.99 23.41
Organic matter contents(%) 3.16 1.02 1.04 0.8 1.51
pH 7.6 7.13 7.33 7.17 7.31
T-N(mg/kg) 373.60 248.49 385.39 1,029.69 509.29 =
T-P(mg/kg) 142.59 158.48 215.81 230.26 186.78 §_
Sel 3 COD(%) 0.15 0.27 0.09 0.23 0.19 &
Moisture contents(%) 19.20 23.56 22.29 21.93 21.75
Organic matter contents(%) 1.77 1.04 1.12 0.6 1.13
pH 7.53 6.76 7.42 7.37 7.37
T-N(mg/kg) 289.91 311.40 431.21 528.55 390.27
T-P(mg/kg) 86.23 154.15 135.52 178.23 138.53
Set 4 COD(%) 0.07 0.41 0.12 0.10 0.18
Moisture contents(%) 19.86 26.69 21.86 21.46 22.47
Organic matter contents(%) 1.76 1.46 1.15 0.6 1.24
pH 7.68 6.78 7.31 7.33 7.28
Table 7. Analysis results of soil inorganic and heavy metal in the constructed wetlands (Unit : mg/kg)
Classification Mg K Ca Fe Ni Cu Zn As Cd Pb
1st 880.70 275.19 | 3,085.29 | 154.91 13.36 6.27 72.84 4.64 1.16 33.03
Set 1 2nd 1,180.54 | 366.39 | 2,323.11 | 128.77 37.53 13.90 77.10 5.12 1.69 34.43
Set 2 1st 1,254.93 | 355.28 | 3,646.25 | 189.00 25.45 11.04 68.96 5.07 1.56 35.15
2nd 1,125.10 | 253.46 | 4,278.39 | 165.29 20.26 12.12 92.07 4.71 1.58 33.61
Set 3 1st 989.43 226.93 | 5,424.85| 131.28 16.98 6.16 57.33 5.20 1.60 33.81
2nd 1,111.56 | 243.57 | 4,672.60 | 152.75 16.48 8.84 53.28 4.84 1.58 34.29
Set 4 1st 714.94 234.60 | 2,243.61 | 124.81 8.31 10.29 86.34 5.34 1.60 36.83
2nd 1,410.55 | 305.62 | 2,475.54 | 174.42 13.46 9.80 76.08 4.97 1.72 35.17
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Table 8. Environmental standard indicators of soil in Korea(KMGL, 2015b)
Anxiety criterion Measure criterion
Pollutant
1 Area 2 Area 3 Area 1 Area 2 Area 3 Area
Cd 4 10 60 12 30 180
Cu 150 500 2,000 450 1,500 6,000
As 25 50 200 75 150 600
Pb 200 400 700 600 1,200 2,100
Cr6+ 5 15 40 15 45 120
Zn 300 600 2,000 900 1,800 5,000
Ni 100 200 500 300 600 1,500
F 400 400 800 800 800 2,000
Organophosphorus compound 10 10 30 - - -
PCB 1 4 12 3 12 36
CN 2 2 120 5 5 300
Phenol 4 4 20 10 10 50
Benzene 1 1 30 3 3 9
Toluene 20 20 60 60 60 180
oA 50 50 340 150 150 1,020
A= 15 15 45 45 45 135
TPH 500 800 2,000 2,000 2,400 6,000
TCE 8 8 40 24 24 120
PCE 4 4 25 12 12 75
Benzopyrene 0.7 2 7 2 6 21
12 Ndsh7] ffste] A 29 AFFAE AZst
w0 T e e e of FAAEY AR, B AAFH 7 SOl
WE A 58 B 4718 2 S5 B4 59

08

06

EC(dS/m)

o4 B 23 27175 7] Bt == CODc
117.6 mg/L, T-N 284 mg/L, T-P 2.7 mg/L, SS 68.4 mg/L
2 Yepen, dgEAA AeldE fEed B
) ; o 5 0 s AP ESS Set (RO AL COD 352 %, T-N
Operation period(day)

Fig 5. Changes of soil electric condu(cti)vity in the constructed 29.5%, T-P 31.2%, SS 52.2%%.2.14, Set (o] 2.2,
etlands ¥}o] @ A|2hu))i= CODer 40.6%, T-N 43.4%, T-P 42.2%,

SS 55.4%= utERgT) Set 3(Hlo] ezt & HEO| QA

4. 7E;| E o] Hot A &8 CODe: 45.2%, T-N 48.7%,
T-P 46.6%, SS 66.3%= L}EFEO ™, Set 4(dRHAd] &

02

0.0

B Ao AT FAFE FEHE 33H  HRo|2Agk])i CODe 32.9%, T-N 27.3%, T-P 29.3%,
‘“4/\]’5 Tl g ZJQ].;Q;Q/\]/HJ_} A5 2FA %3} SS 54.1%= el
A ZaAFgA U BAR oA FEA §EEHE= 2) "ol ] & XS ARl wE as9
H A 0 99S A7HEE 2> 9l AMGEEA] olT L= oS AmE7] f18f] AR F(Set 1), Bio]leZdt] 4]
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