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Removal Velocities of Pollutants under Different Wastewater Injection
Methods in Constructed Wetlands for Treating Livestock Wastewater

Seong-Heon KimT, Dong-Cheol Seo”, Jong-Hwan Park, Choong-Heon Lee, Seong-Tea Lee’,
Tae-Uk Jeong’, Hong-Chul Kim®, Yeong Rae Ha, Ju-Sik Cho'**, and Jong-Soo Heo*

Divison of Applied Life Science (BK21 Program) & Institute of Agriculture and Life Science, GyeongSang National
University, Jinju, 660-701, Korea, IDepartment of Bio-Environmental Sciences,Sunchon National University, Sunchon,
540-742, Korea, ZGyeongnam Agricultural Research and Extension Services, Jinju, 660-370, Korea, *Busan Metropolitan
City Institude of Health and Environment Research, Busan, 611-813, Korea 4Department of Pharmaceutical Engineering,
Gyeongnam National University of Science and Technology, Jinju, 660-758, Korea.,

In order to effectively treat livestock wastewater in constructed wetlands by natural purification method,
removal velocities of pollutants under different injection methods in constructed wetlands were investigated.
The removal velocities of chemical oxygen demand (COD), suspended solid (SS), T-N and T-P by continuous
injection method were slightly rapid than those by intermittent injection method in full-scale livestock
wastewater treatment plant. The removal velocity (K; day'l) of COD by continuous injection method was .38
d" for 1% bed, 0.13 d" for2"' bed, 0.17 d" for 3" bed, 0.05 d"' for 4" bed and 0.17 d' for 5" bed. The removal
velocities (K; day ™) of COD in 1%, 2", 3", 4™ and 5" beds by intermittent injection method were 0.210 d”,
0.086d"',0.222d",0.053d" and 0.137d", respectively. The removal velocity (K; day'l) of SS by continuous
injection method was 0.750 d” for 1 bed, 0.108 d™' for 2™ bed, 0.120 d”' for 3™ bed, 0.086 d™' for 4" bed and
0.292 d' for 5" bed. The removal velocities (K; day™) of SS in 1%, 2", 3™, 4™ and 5" beds by intermittent
injection method were 0.485 d”, 0.056 d”, 0.174 d”, 0.081 d" and 0.227 d, respectively. The removal
velocity (K; day™) of T-N by continuous injection method was 0.361 d”' for 1 bed, 0.121 d" for 2" bed, 109
d" for3™ bed, 0.047 d” for4" bed and 0.155 d”' for 5" bed. The removal velocities (K; day™) of T-N in 1%, 2",
3", 4™ and 5th beds by intermittent injection method were 0.235 d”, 0.071 d”, 0.171 d”, 0.058 d"' and 0.126
d’, respectively. The removal velocity (K; day'l) of T-P by continuous injection method was 0.803 d-1 for 1*
bed, 0.084 d" for 2" bed, 0.076 d' for 3™ bed, 0.118 d" for 4™ bed and 0.301 d" for 5" bed. The removal
velocities (K; day™) of T-Pin 1%, 2™, 3", 4™ and 5" beds by intermittent injection method were 0.572 d”', 0.049
d’,0.090 d', 0.112 d" and 0.222 d”, respectively.

Key words: Livestock wastewater, Water plant filtration, Activated sludge, Natural purification method,
Removal velocity.
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Table 1. Characteristics of the livestock wastewater used.
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pH EC COD SS T-N T-P
(1:5) dS m’" mg L'
6.8+0.7 2.64+0.28 10,639+2,451 9,400+2,514 5,024+1,127 7254102
Table 2. Characteristics of the filter media used.
Mixed filter media pH EC oM T-N T-P
(1:5) dsS m’ % e mg kg e
Al 8.0 0.06 0.59 11.1 30.5
B 7.5 0.05 0.69 16.2 51.4
Mixed filter media K Ca Mg Na Fe Cu Mn Zn
mg k'
A 15,688 69,373 2,484 308 3,741 1.35 149 85.5
B 1,643 1,451 1,009 324.1 2,972 114 114.6 52

"A: Mixed filter media in VF bed (Coarse sand : Broken stone :
B: Mixed filter media in HF bed (Coarse sand : Broken stone :

Calcite = 3 : 2 : 1),
Zeolite = 3 : 2 : 1).
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Fig. 1. Particle size distribution of the filter media used.

A: Mixed filter media in VF bed (Coarse sand : Broken
stone : Calcite=3:2:1),

B: Mixed filter media in HF bed(Coarse sand : Broken stone
:Zeolite=3:2:1).
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Fig. 2. Diagrams of constructed wetlands with filtration bed

and activated sludge bed for treating livestock wastewater.

*Pre-treatment : 1% water plant filtration bed and 2" activated
sludge bed.
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Fig. 3. Removal velocity of COD in the water according to the hydraulic retention time in livestock wastewater
treatment plant by natural purification method (2 : continuous injection, [l : intermittent injection).
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Fig. 4. Removal velocity of SS in the water according to the hydraulic retention time in livestock wastewater treatment
plant by natural purification method (A : continuous injection, Il : intermittent injection).
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W y=-0.071x - 0.232 (Re=1%)
A y=-0.121x - 0.340 (R=1%)

W y=-0.126x +1.004
(Re=0.957*)

A y=-0.155x+1.707

(Re=0.993")

W y=-0.058x - 1.388 (R:=0.968")
A y=-0.047x - 2.053 (R=0.949")

W y=-0.171x + 1.317 (R:=0.992~)
A y=-0.109x - 0.553 (R:=0.991*)

21 28 35 42

Hydraulic retention time (days)

Fig. 5. Removal velocity of T-N in the water according to the hydraulic retention time in livestock wastewater treatment

plant by natural purification method (A : continuous injection, H :

intermittent injection).
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Fig. 6. Removal velocity of T-P in the water according to the hydraulic retention time in livestock wastewater treatment

plant by natural purification method (A : continuous injection, H :
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(r=1.000 ), 22} LA Z= In(C/Co)=—0.071 x HRT(day)
-0.232 (r=1,000"), 3%} B7|AZRLE In(C/Co)=—0.171 x
HRT(day)+1.317 (r=0.992 ), 42} &7]A %% In(C/Co)=
—0,058 x HRT(day)—1.388 (r=0,968 ) & 5%} @7|AZ=
In(C/Cy)=—0.126 x HRT(day)+1.004 (r=0.957 )O.& X0
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2}, 32}, 43} 9 53} Zg|zol|A 242} 0,361, 0,121, 0,109,
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At ol A AALE YA A%E Fe H¢
FlollA A4 EItEE In(C/Co)=—0.803 x HRT(day)
(r=1.000"), 23} LA ZLE 1n(C/Co)=-0.084 x
HRT(day)—1.108 (r=0.939 ), 3%} &7]A%L In(C/Co)=
—0.076 x HRT(day)-1.119 (r=0,994"), 43} @7|AHzx=
In(C/Co)=—0,118 x HRT(day)—0.057 (r=0.939 ) & &7]A]
%= In(C/Cy)=—0,301 x HRT(day)+6.838 (r=0.929 )O.
e Aeze] HAAe 1w Ko A¢e Holow 7t
g3 Fet A SAAETLRE In(C/C)=-0.572 x
HRT(day) (r=1"), 22} B&2| A2 In(C/Co)=—0,049 x
HRT(day)—0.741 (r=1,000 ), 32} &7]AZ% In(C/Co)=
—0,090 x HRT(day)—0.1564 (r=0.984"), 4% d7|Az=
In(C/Co)=—0.112 x HRT(day)+0,527 (r=0.835 ) & 5} &
714 %= In(C/Co)=—0,222 x HRT(day)+4.145 (r=0,984 )<
2 AL AT Afot Bdt FFog o] Hoj A
< Btk AASE AFRe 457 99 49 17 2
2}, 3%}, 4z} 9 57} A 2| 2o Z+Z 0,572, 0,049, 0,090,

Table 3. Removal velocity constant (K) of pollutants and comrelation coefficient (r) in livestock wastewater treatment

plant by natural purification method.

Continuous injection

Intermittent injection

Items Stage K (day‘l) Corre.lation K (day'l) Correl.ation
coefficient (r) coefficient(r)
Ist bed 0.377 1.000™ 0.210 1.000"
2nd bed 0.129 1.000” 0.086 1.000”
CoD 3rd bed 0.174 0.993" 0.222 0.983"
4th bed 0.052 0.978" 0.053 0.998"
5th bed 0.169 0.982" 0.137 0.958"
Ist bed 0.750 1.000™ 0.485 1.000™
2nd bed 0.108 1.000™ 0.056 1.000™
SS 3rd bed 0.120 0.998" 0.174 0.990"
4th bed 0.086 0.968" 0.081 0.993"
5th bed 0.292 0.979" 0.227 0.970"
1st bed 0.361 1.000™ 0.235 1.000™
2nd bed 0.121 1.000™ 0.071 1.000™
T-N 3rd bed 0.109 0.991" 0.171 0.992"
4th bed 0.047 0.949" 0.058 0.968"
5th bed 0.155 0.993" 0.126 0.957"
1st bed 0.803 1.000™ 0.572 1.000™
2nd bed 0.084 1.000” 0.049 1.000”
T-P 3rd bed 0.076 0.994™ 0.090 0.984"
4th bed 0.118 0.939” 0.112 0.835°
5th bed 0.301 0.929" 0.222 0.984"

* and ** denote significance at 5.0 and 1.0% levels, respectively.
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