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Comparison of Nitrogen Removal in Reed Wetlands with and
Without Open Water Purifying Effluent from a Treatment Pond

Hongmo Yangl)

" Dept. of Landscape Architecture, Chonnam National University, Kwangju, 500-757.

ABSTRACT

Nitrate(NO3-N) and total nitrogen(TN) removal by a reed wetland with open water(Wetland 1) was
compared with that of a reed wetland without open water(Wetland 2) from March to October 2002.
The two wetlands were 25mL by 6mW. An open water area, 3mL by 6mW was designed at the middle
of Wetland 1. Reeds(Phragmites australis) were transplanted into the wetlands in June 2000. Water
of Sinyang Stream flowing into the Kohung Estuarine Lake located in the southern part of Korea was
pumped into a primary treatment pond, whose effluent was discharged into the secondary pond.
Effluent from the secondary pond was funneled into the wetlands. Inflow into the wetlands averaged
about 20.0m3/day and their hydraulic retention time was approximately 1.5 days. Average NO3-N
removal by Wetland 1 was 117.61mg/m2 - day and that by Wetland 2 was 106.39mg/m2 + day. NOs-N
removal efficiency of Wetland 1 and 2 was 37% and 34%, respectively. TN removal by Wetlands
1 and 2 averaged 226.80 and 214.54mg/m’ - day, respectively. TN abatement efficiency of Wetland
1 was 43% and that of Wetland 2 was 40%. NO;-N removal efficiency of Wetland 1 was significantly
higher(p=0.038) than Wetland 2. TN removal efficiency of Wetland 1 was also significantly higher(z
=0.044) than Wetland 2. The wetland with open water was more efficient for removal of NO3-N and
TN than one without.

Key Words : Surface flow wetlands, Nitrification, Denitrification, Rhizomes.
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o] HHEI AstAEo] HH MAFHEA, 294 FHo] WA FAF7t BAHAY AAAFA
Tt Aoz e s E Aoty o RO A 25 9] DA THEPA, 2000).
3 AFHEAE 83t UATHEPA, 1993a; Mitsch ~ FA 73 dr|o]l5S $3lsle A3 a s
T, 1998). HF THAAME JIFFAE &8st & Ny S Ao R JFRE A S,
SHHGE Aslste Wietel] &Aool ol Yl AFFEE tiriet FEHY HES Fste 7]
g(solEdT4, 1999). ZY ATt FA BEHOZ §EFH HikstEs
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©F 25%©°] tH(Faulkner and Richardson, 1989;
Spiels and Mitsch, 2000). =24 w39 A, o
o, F2hol| gl AAFE i g JUFe
2 gt A Eo] 43
ZIALER AEHY
=2 HEokE F oy, &
AR ity oA AR
FA A 7] Fo=Z o]F3lH, o]F
Ao A ALt A AL
A}-5-5=H (surface-flow) 5 <] ol A
2] &= +9&

s Be] HAT 5

KN
=

2= h=]
54 2ol

o
ol
do ox

70 4= F-(open water)2} 1L

Qe oz A

A SFTHEPA, 2000). 7] 53

=
[ox

X

g ANE A

N i
o

L g
il
p-)
e %

gt 1e Mz
2
TN
3 2%
&t
B i
oy
N
M

Jo
jins
4
N

4
1>
il

L
N
K=

e A A s
[
z
Q
T
e.
g
E.
=
®

fu
[
s,
o
- of

2

|
Y

o >
jur]
=
9, !
e
2
e
o
s

ft odtt rir ofy
o

&
1>

o

P

—-—‘_{o
2

off ox Al N
ox M ro

2
o
)
&2

66%7t Zxo] F5Hol AAPS BAHAG

o] AT HAFE 4B A3l 24D %
AN z=H A AERIE e FAS} AR
e FA49 AaAA vudTE Tt Jhe
E7b ALaAACN E&HANE ATy =

L2
o] At

A
=
)
B
2
ofr
ok
)
&
o2l
o

w
»
N
N
Y

Ny d
N
o M
o AX
&

>
do
¥
g
oy
N
BN
N2

I
o
w
B
i
3
= o
B xR

it :E

¢ (o

o

rlo

Lo
2

(Figure 1, Table 1). 7}
& 12%E AA S
Aol Sakselol o

24T &+

4 4
l Jr

1)
o

Q] 37

o % g
b1

k
f

Jo

iy

4
Y

Mo Ob ot
:Oé
4
1
flo

2
o X2

&



S A5E Aohahe

dus

Ao} A4

A7 W 39

ol o A

Table 1. Design parameters of the wetlands. Wetland 1 had an open water area and Wetland 2 did not.

Open water
Length ~ Width |Water depth Porosit Levee Height| Area X
(m) (m) (m) y (m) (m2) Length | Width |Water depth
(m) | (m) (m)
Wetland 1 25 6 02~0.3 | 0.65~0.75 1 150 3 6 1
Wetland 2 25 6 02~0.3 | 0.65~0.75 1 150 - - -
- Influent NO;-N# TN €HFAAZFS FAF F=
cnvella] wetons - %) NOSN} TN 93, 49 #9% %
R KBS ¥ FANAL NFoR BEHGL
AT x4 NO-N# TN A&l 2te]
o 7 J=AE AFE] A8 AEs o83t
Effluents=-m Wetland
tAAe FARAeH, rARE PCE SAS
(Ver. 8.1)E 8319t}

Figure 1. Schematic plan of the wetlands purifying A% Zoje] A £ARE Imxim A2 &
effluent from a treatment pond. Wetland 1 S o] &3l 2AF BASFE =AsgT XA
had an open water area and Wetland 2 did Ao Gol, ZFPH Zo AT 7|
not. No scale. B
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Table 2. Growth of Phragmites australis in the wetlands. ZAZIZE A A FE2S 205CHoH,
A3 =z 10 O =~ W 229 0 7171
Height Stem E—%?—Q} EH»J—?_‘J TT=ET _E_r‘l_\_ s anl
Height | Stem increase increase 21.6, 21.3TCHAY. 3¢ F-H 8E71A] 2] A
Date (cri) (No, /mz) between between Z718ltk 9939 1099 E GolAE FAE B
meas(urer)nents mézz;?ur/en;)ent S\ﬂ;\_g_ui, @@?‘ﬂ Z,‘—%O] EH}.?‘E.E}‘ —-}:ZJ_— %7_]]
cm o./m

Uelgth 39 ~89 Alo] AP fE2+ €3
200(2‘)5'7' 566 | 457 : : Foee 7h7h 130, 163, 209, 23.8, 272, 28.4
Tgoen, ETE 129, 16.1, 204, 23.4, 267,
200176, 873 | 1325 ;’2; 1260'; 277CE e 94, 109 A3y #5
(54%) (190%) & A FFL L 252, 1750000, hrTe

2001510.8. 1085 | 1623 ;i; gg; 25.1, 172C o}
®) (24%) (22%) 2R WHETE A fdE o] AT}
Total g9 | 1166 279 494 NOsN FAEEE 238mg/LE
increase - - . _ . )
(ba) | O2%) | 355%) TY3H o, NO-N HiH3H& % 317.04mg/m
(%) : % increase. - dayZ ZUth A 279 {FEF NO-N

Table 3. Average hydraulic loading, NO3-N and TN removal for the Wetland 1 and Wetland 2 from March to
October, 2002.

Types Parameters Units Value
Approximate area m’ 150.0

- Inflow m’/day 20.0
Outflow m’/day 19.4

Inflow NO;-N concentration mg/L 2.38

Outflow NOs-N concentration mg/L 1.56

Inflow NO;-N loading mg/m” - day 317.04

Outflow NOs-N loading mg/m” + day 199.43

NOs-N removal mg/m” - day 117.61

Wetland 1 NOs-N removal rate by mass % 37
(Experimental) Inflow TN concentration mg/L 3.98
Outflow TN concentration mg/L 2.36

Inflow TN loading mg/m’ - day 531.06

Outflow TN loading mg/m’ - day 304.26

TN removal mg/m’ - day 226.80

TN removal rate by mass % 43

Inflow NO;-N concentration mg/L 2.38

Outflow NOs-N concentration mg/L 1.63

Inflow NOs-N loading mg/m’ - day 317.04

Outflow NO3-N loading mg/m’ - day 210.65

NOs-N removal mg/m” - day 106.39

Wetland 2 NO;-N removal rate by mass % 34
(Control) Inflow TN concentration mg/L 3.98
Outflow TN concentration mg/L 2.45

Inflow TN loading mg/m” - day 531.06

Outflow TN loading mg/m” - day 316.52

TN removal mg/m” - day 214.54

TN removal rate by mass % 40
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Figure 2. Monthly average NOs-N removal for the
wetland with an open water area and one
without from March to October 2002.
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4, 74, 89, 9¥ol= A¥ T NOy-N A AH
o] i EA uEhgon, 39, 49, 1084
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Iz

F FA9 NO»-N AAFo] H=d 55 BA
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8ol Z+7+ 143.20, 136.58mg/m’ - day= 7}& =
Qtar, 3ol 27 81.44, 77.92mg/m’ - dayE 7}
gt

o

FEANA AAEE NO;-NeJ H= 6~
00mg/m” - day©] TH(Bachand and Horne, 2000).
o} tHZT 9] NOs-N A AZF Jjz o=z
ol &3 FAo A NO:-N Al A e
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© 2 0]F 3%t} (Faulkner and Richardson,
1989). 442l NO+-N Fr#Fol =555 54
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Figure 3. Monthly average temperature versus NO3-N
removal for Wetland 1 from March to
October 2002.
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Figure 4. Monthly average temperature versus NO3;-N
removal for Wetland 2 from March to
October 2002.
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Figure 5. Monthly average TN removal by the wetland
with an open water area and one without
from March through October 2002.
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AF T} 2T NO-N A2 &9 Hio] 2
togke AF7HE 0] fFY4FE a=0.05914 717+
0] (p=0.038, p<0.05), AP} thZT2] NO»-N
A go] gatpeta 2d 4 gtk wEkd A2
7] NOs-N ] 2]8(37.40+5.99)0] thZT2] |
8(33.70£6.76) Bt} ETha B 5 glo], AR
7b A= F27F NOsN 2ol A& o] Act TN

6.71)°] tZF9 TN A #]$(39.60£6.93)H.t} =
ta 2 5 ok AFEI dE 547 INAA
M= & Aol

v. 2 8

APFA A 2= 2d 2 2002
o FAuteS 9lon, 239 ALHES AXA
WA FXulge] AAEFo] A=A wet
A vl kg E FA2 NOs-NI TN AAE
AT = de 2HUGY ZAIE HAY
BEFAFZFe ok 20.0m’dayol o, H A
FAIZEE F 159010tk FYg HAFed
205CHeH, MFHEE X AP Mg
7 gl dz2TY fE Hused 474

21.6, 21.3C4QTh

Y4 NOs-N Hi 5=+ 2.38mg/Li o, A
T FE5FY NO»-N HHF5EE 1.56mg/LI L
NZET &9 NOsN HHsEe 163mg/L°51
o Age} ZF2] NOs-N HoAAZFS Zt
7} 117.61, 106.39mg/m’ - day Q1. H, A A Z-S 7]
FOZ NO-N HaAAEL 447 37%, 34%
ot #Y5 TN ig%%ze% 3.98mg/LR o™, 43
T 2T 55 TN Hases 47 236,
245mg/L2 AT 279 TN B AZF
© 7}7} 226.80, 214.54mg/m” - day Tk A A S
ZIEo®2 AT xR TN BHAAES

Table 4. Summary of t-test statistics for NO3-N and TN removal efficiency (%) at Wetland 1 and Wetland 2.

Pollutant species Reed cell types N Mean + S.E. (%) t Value D
With open water 27 37.40 £ 599
NOs-N 2.13 0.038
Without open water 27 3370 £ 6.76
With open water 27 43.39 £ 6.71
N 2.05 0.044
Without open water 27 39.60 £ 6.93

N : sample numbers
S.E. : standard error

p : p-values obtained by t-tests assuming equal variance.
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