SRR R EEAER @R 9(1) © 89 ~99(2006)
J. Korean Env. Res. & Reveg. Tech. 9(1) : 89~99(2006)

SIH4REH ORISR AT Lthel YRR B4
=2

o}
S

Ofok

A

£
El

2733}

B

Nutrient Uptake by Reeds Growing in Subsurface-flow Wetland
Constructed to Purify Stream Water

Yang, Hongmo

Department of Landscape Architecture, College of Agriculture and Life Science, Chonnam National University.

ABSTRACT

The growth and biomass of reeds(Phragmites australis) growing in a subsurface treatment wetland
system were investigated from April 2003 to October 2003. Nitrogen(N) and phosphorous(P)
concentrations in above-ground(AG) and below-ground(BG) tissues of reeds were examined and the
removal rate of N and P by reeds were analyzed. The system, 29 m in length, 9 m in width and 0.65
m in depth, was constructed in June 2001 on a floodplain in the down reach of the Kwangju Stream
in Korea in order to purify polluted water of the stream. A bottom layer of 45 cm in depth was filled
with crushed granites(15~30 mm in diameter) and a middle layer of 10 cm in depth was filled with
pea pebbles(10 mm in diameter). An upper layer of 5 cm contained course sand. Reeds were
transplanted on the surface of the system, which were dug out of natural wetlands, and their shoots
were trimmed 40 cm in height.

The height and density of the shoots averaged 237.7 cm and 244.0 shoot/m’, respectively, when the reeds
grew fully. The maximum biomass of AG and BG tissues were 1,964 and 1,577 g/mz, respectively,
and the AG : BG ratio of biomass was 1.26. Mean AG and BG dry weights were recorded as 1,355
and 748 g/mz, respectively. The AG and BG tissue concentrations of N averaged 12.37 and 10.01 mg/g,
respectively, and those of P 2.37 and 2.03 mg/g, respectively. Inflow to the system averaged 40 m’/day.
The concentrations of total nitrogen(T-N) in influent and effluent were 8.4 mg/L and 3.2 mg/L,
respectively, and those of total phosphorous(T-P) were 0.73 and 0.38 mg/L, respectively. The total
removal of T-N and T-P by the system during the investigation period averaged 140.2 and 9.7 g/mz,
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respectively, and the total uptake of N and P by the reeds were calculated as 24.39 and 4.73 g/m’,

respectively. Average removals of about 17% of N and about 49% of P by reeds were recorded. The

N and P concentrations in AG tissues were significantly different among the three zones of the system:

near to inflow(Stl), in the middle of system(St2), and near to outflow(St3). The N and P concentrations

in BG tissues were also significantly different among St1, St2 and St3. N and P concentrations in AG

and BG tissues of reeds growing in Stl were higher than those in St2 and St3. The height and density

of shoots of reeds in Stl were larger than those in St2 and St3. Significant amounts of N and P in

the influent were taken up by reeds in Stl.

Key Words : Above-ground biomass, Dry weight, Nutrient uptake, Shoot density, Subsurface flow wetlana
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Figure 1. Schematic plane of the subsurface-flow treat- 208.8 shoot/m At} 909 Tols §9H 9} §EH

ment wetland system constructed on a flood-
plain in the down reach of the Kwangju
Stream. Reeds(Phragmites australis) were
transplanted on the surface of the system.
Black squares represent the sampling locations
for the examination of shoot height, shoot
density, and nutrient uptake by reeds. Stl
denotes the zone near to inflow, St2 represents
one in the middle of the system and St3
designates one near to outflow.
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Figure 2. Monthly mean height (cm) of reed shoots at
the three locations(Stl, St2 and St3).
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Figure 3. Monthly mean density of reed shoots(shoot/m’)
at the three locations(St1, St2 and St3).
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Figure 4. Average monthly height(cm) and density
(shoot/m’) of reeds growing on the subsurface
wetland system from April 2003 to Sep-
tember 2003. The height and density were
calculated from the values of the nine
sampling locations(Figure 1).
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Table 1. Above-ground biomass of Phragmites australis growing in constructed treatment wetlands.

Country Influent Length(cm) Source
Australia Tertiary 106 ~ 146 Greenway, 2002

Poland Sewage 216 Obarska-Pempkowiak and Ozimek, 2003
Germany Storm water 150~220 Gries and Grarbe, 1989

Czech Sewage 114~332 Vymazal and Kropfelova, 2005
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Figure 5. Biomass(g/m’) of the fully-grown reeds in
the surface of the subsurface wetland system
at the three locations(Stl, St2 and St3).

Table 2. Above-ground biomass of Phygrgmites australis
growing in natural and constructed wetlands.
The biomass represents maximum values.

Wetl Biom:
ctland Locality | Characteristics © 355
types (g/m’)

Scotland” | Mesotrophic lake 669

Scotland® | Eutrophyic lake 3,975

England” | Polluted lake 4,424

Natural

Korea” | Estuarine area |670-4,650

Korea” Salt marsh 2,980

Korea® | Estuarine area 3,504

Germany”| Subsurface flow | 1,360

Constructed| Czech® | Subsurface flow | 2,088

Austria” | Subsurface flow 3,100
Source : 1) and 2) : Ho, 1979, 3) : Boar et al., 1989,
4 Zj‘%:;!% 1975, 5) 1 A&F35 - WE0], 1983, 6) : &
e 5, 1999, 7) : Gries and Garbe, 1989, 8):

Vymazal et al., 1999, 9) : Harberl and Perfler, 1990.
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Figure 6. Dry weight(g/m’) of the fully-grown reeds in
the subsurface wetland system at the three
locations(St1, St2 and St3).
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Figure 7. Above-ground and below-ground tissue con-
centrations of N at the three locations(St1, St2
and St3). The concentrations were obtained
from the fully-grown reeds in the subsurface
wetland system. Bars represent standard devi-
ations.
192 g4
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E}%tTH(Tanner, 1996).

DDXL T 2o A3E 18 Z(normal
probability plot)9} B8] Z(boxplot) S &
sto] FAEA ] &8 HolHe FX7} At
BEZAT FARRS ST Y9 E a

0.059 A %‘ﬂ%‘— TUE, FEFE o AR

(p<0001), A Qeke
245 1H(p<0.001). Al §
?fl-El:J,]. ?51-31:1: ;(]_0]7}

l
THp<0.001, Table 3). FHF-lA e 2

o Aot Ashef Aag@at AgFe]
FHot TdFolM sk Ao 2ag
T ARFEG w52 & F AT ol FAF
AN AdAske Arizh At Qe WA F43
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I i B E o

0.0035), Q13T 2)2R9)l 251571 2}o)
A THp<0.001, Table 4).

Table 3. Summery of oneway ANOVA statistics. N and P concentrations in above-ground and below-ground tissues
of reeds growing in the subsurface wetland system were tested at three locations. Stl denotes zone near

to inflow, St2 represents zone in the middle of the system and St3 designates zone near to outflow.

Elements P.lant Locations Sour.ce of SS df MS F D
Tissue Variance
Stl Between 1065.829 2 532.9145
Above St2 o 156.5464 < 0.001
Si3 Within 204.251 60 3.4041
N
St1 Between 407.8415 2 203.9207
Below St2 . 95.7353 < 0.001
i3 Within 127.8025 60 2.13000
St1 Between 15.4014 2 7.7007
Above St2 o 47.3011 < 0.001
St3 Within 9.7681 60 0.1628
P
Stl Between 5.0723 2 2.5361
Below St2 . 17.9568 < 0.001
Si3 Within 48.4742 60 0.1412

SS : Sum of Squares

MS : Mean Square
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Figure 8. Above-ground and below-ground tissue concen-
trations of P at the three locations(Stl, St2
and St3). The concentrations were obtained
from the fully-grown reeds in the subsurface
wetland system. Bars represent standard devi-
ations.
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TH(Spiels and Mitsch, 2000). Ztl+=
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Table 4. Summary of ~test statistics of N concentrations in above-ground and below-ground tissues of reeds
growing in the subsurface wetland system. P concentrations in the above-ground and below-ground

tissues of reeds were also tested.

Concentrations Plant tissues N Mean+S.E. t Value p
Above-ground 63 12.234+0.5702
N 2.982 0.00355
Below-ground 63 10.207+0.3703
Above-ground 63 2.372+0.0803
P 3512 < 0.001
Below-ground 63 2.022+0.0589

N : sample numbers, S.E. : standard error



0543 ATEANA 4

s dujo) JPAR FE 97

oo 35} AARE FH, Qe
delz 14H7IE ek

=
my
ru

>
i

|25l AR o] Fol 98 & FUF
3L 2639cm, EE 264.5 shoot/m’
ot 247 D5 ZALA] AlZE o] A
i3 Zj_EH91 Aol st Ao Ay o
TAAFL 1,964 gim’o|om, |&}3 FiAy
A e 1,577 gm’E ZAHE T AR A3}
BogA ko] vEe 1252 AR AYA|Fo]
= Uebdth f9959 AA o] TR
St E} =%om, T AT A
A gk Zvzt 2,496, 2,117 gm* S B ATh
F AN AR} A FdE AF
1,355, 748 g/m’S B Ytk AR A
© 1812 AAR7} =4 ekt
=) Bt Aagg e 7
} 1237, 2.37 mg/gHo™, A3HE Hit 24g
3} 918k Zk7} 10.01, 2.03 mg/gA Tk
TF a=0.0590A A=FS FYF, U, =
FolA Agte Ao 2)dH 6“’% 29
Q19 ghgo] ApolE KA (p<0.001), Al $A]
ZF A A} Q19 R Aolvt e A
O 2 YERHTHp<0.001). F24F a=0.05014 A
5o} Aol e Aae] gl zolzt
AR (p=0.0035) %2} AspF-ol e
9 FFE AolE HATHp<0.001). U5l
N SEn zog 7242 7o 24y AL}
stopA| 1 Aol e A9t A9 YE A

i‘/}E}

e
o ”

ol

Hz rle -lﬂi

Z
RG]
o 77}
e o

s e
LN

A

N

ol |
o,

AG7RE AR AALY Aash 21e] e

Z¥7} 1402, 9.7 gm’E AFEEon, 2377t
27t 5 AA9 Q19 e 47 2439

gi’, 473 gm’Z AFH AT A7 A2
oA Helg Aot Qe Fol A it F45
o AAE i} A9 F 4 17% 9 49% =
Uehgth 2ozt dagrA o] Aae) 9 A A
A g dEe 59ee :

B ATAE 2o A F s} 2l
FS 27} 223 A4S o 2o A3
o B4 6}315} Wﬂ“xﬁw} 5% 1@@}011 ]
El

Y
& 5 93

ox
2
o
)
ﬂl

=834 26 1 53-71.
A 1975, 2] AEF e
w3 AT A= A] 18 ¢ 129-134.

FAHE71E9. 2000 EF 2 AEA EAY
3 - 3 A - 13 1999, HIFYAE
o] BRI AL} o] FEk A

ejeks] =] 17(1) : 27-34.

SH. 1999. FAMIEAS g 9 2 vEd
29 %«1 ALANE A [8AH A LO-S—
| 2 AR-EA Al 2H, Al 8] 4]
32(5) : 111-113.
745 2000. FHLLATHAI L.

T=E11mo’o

Adcock, P. W, and G. G Ganf. 1994. Growth

characteristics of three macrophyte species

O

N

in a natural and constructed wetland system.
Water Science and Technology 29 : 95-102.
Allen, S. E., I. A. Parkinson., H. M. Grimshaw and
C. Quaraby. 1974. Chemical analysis of ecolog-



o2
ofols
o

98

ical materials. Backwell Science Publishing :
Oxford.

APHA(American Public Health Association). 1998.
Standard methods for the examination of
water and wastewater. Washington, D.C. :
American Public Health Association.

Boar, R. R., C. E. Crook and B. Moss. 1989. Regres-
sion of Phragmitalis australis reed swamps
and recent changes of water chemistry in the
Northfolk Broadland, England. Aquatic. Botany
35 1 41-55.

Burgoon, P. S., K. R. Reddy., T. A. DeBusk and
B. Koopman.1991. Vegetated submerged beds
with artificial substrates II : N and P removal.
J. Environ. Eng. 117 : 394-407.

Brix, H. 1997. Do macrophytes play a role in con-
structed treatment wetlands? Water Science
Technology. 35(5) : 11-17.

Corbitt, R. A., and P. T. Bowen. 1994. Constructed
wetlands for wastewater treatment(In Kent,
D.M. ed., “Applied wetlands science and
technology”) New York : Publishers Lewis,
pp.221-241.

Green, M. B., and J. R. Martin. 1996. Constructed
reed beds clean up storm overflows on small
wastewater treatment works. Water Environ-
ment Research, 68 : 1054-1060.

Greenway, M. 2002. Seasonal Phragmites biomass
and nutrient storage in a subtropical subsur-
face flow wetland, receiving secondary treated
effluent in Brisbane, Australia(In Proceedings
of the eighth International Conference on
Wetland systems for Water Pollution control,
University of Dar es Salaam and IWA) pp.
242-253.

Gries, C., and D. Garbe. 1989. Biomass, and nitro-
gen, phosphorus and heavy metal content of

Phragmites australis during the third growing

season in a root zone waste water treatment.
Archive Hydrobiology, 117 : 97-105.

Haberl, R., and R. Perfler. 1990. Seven years of
research work and experience with wastewater
treatment by a reed bed system (In Cooper,
P. F. and B.C. Findlater eds. “Constructed
Wetlands in Water Pollution Control”). Perga-
mon Press : Oxford, UK. pp.205-214.

Higgins, M. J., C. A. Rock., R. Bouchard and B.
Wengrezynek. 1993. Controlling agricultural
runoff by use of constructed wetlands(In
Moshiri, G. A. ed. “Constructed Wetlands for
Water Quality Improvement”). Lewis Pub-
lishers : Boca Raton, FL pp.359-367.

Ho, Y. B. 1979. Shoot development and production
studies of Phragmites australis(Cav.) Trin.
ex Steudel in Scottish Lochs. Hydrobiologia,
64 : 215-222.

Kadlec, R. H., and R. L. Knight. 1996. Treatment
Wetlands. CRC Press, Inc. Boca Raton. pp.
717-737.

Obaraska-Pempkowiak, H., and T. Ozimek. 2003.
Comparison of usefulness of three emergent
macrophytes for surface water protection against
pollution and eutrophication :
Bielkowo, Poland(In Vymazal, J. ed. “Wetland-
Nutrients, Metals and Mass Cycling”). Backhuys
Publishers : Leiden, The Letherlands. pp.215-
226.

Parr, T. W. 1990. Factors affecting reed(Phragnutes

case stusy,

australis) growth in UK reed bed treatment
systems(In P.F. Cooper and B.C. Findlater
eds. “Constructed Wetlands in Water Pollution
Control”). Pergamon Press : Oxford. pp.67-76.

Reed, S. C., R. W. Crites and E. J. Middlebrooks.
1988. Natural Systems for Waste Management
and Treatment. McGraw-Hill : New York.
pp-173-232.



st AREAdA Adske 2] dYER I 99

Spiels, D. J., and W. J. Mitsch. 2000. The effects treatment. Water Research, 30 : 2287-2292.
of seasons and hydrologic and chemical = Vymazal, J., J. Dusek, and J. Kvet. 1999. Nutrient
loading on nitrate retention in constructed uptake and storage by plants in constructed
wetlands : a comparison of low-and high- wetlands with horizontal subsurface flow : a
nutrient riverine systems. Ecological Engi- comparative study(In Vymazal, J. ed., “Nutrient
neering, 14 : 77-91. Cycling and Retention in Natural and Con-

Tanner, C. C. 1996. Plants for constructed wetland structed Wetlands”) Backhuys Publishers :
treatment systems-A comparison of the growth Leiden, The Netherlands. pp.85-100.
and nutrient uptake characteristics of eight = Vymazal J., and L. Kropfelova. 2005. Growth of
emergent species. Ecological Engineering, 7 : Phragmites australis and Phalaris arundinacea
59-83. in constructed wetlands for wastewater treat-

Vrhovsek, D., V. Kukanja and T. Bulc. 1996. ment in the Czech Republic. Ecological Engi-
Constructed wetland for industrial waste water neering, 25 : 606-621.

%% 2005 128 138



