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Preliminary Phosphorous Removal Rate in a Natural-type
Constructed Wetland for Stream Water Treatment

Yang, Hongmol)

" Dept. of Landscape Architecture, Chonnam National University, Kwangju

ABSTRACT

A 0.19 hectare natural-type wetland for stream water treatment demonstration was constructed and
planted with cattails from April 2001 to May 2001. Part of its bottom surfaces adjacent to levees
have a variety of slope of 1 :4~1:15 Two small open water areas were installed, in which
emergent plants could not grow. Removal of nutrients from stream waters was a major objective of
the wetland. Waters of Sinyang Stream flowing into Kohung Estuarine Lake were pumped and
funneled into the wetland. The lake had been formed by a salt marsh reclamation project and was
located southern coastal region of Korean Peninsula.

Volumes and water quality of inflow and outflow were analyzed from July 2001 through December
2001. Inflow and outflow averaged 120.4m'/day and 112.1m’/day, respectively. Hydraulic retention time
was about 3.1 days. Average total phosphorous concentration of influent and effluent was 0.19mg/ ¢
and 0.075mg/ ¢, respectively. Total phosphorous loading rate of inflow and outflow averaged 12.05mg
m? day” and 4.44mg m? day”, respectively. Average total phosphorous removal rate in the wetland
was 7.61mg m” day™.

Seasonal changes of phosphorous retention rates were observed. The wetland acted as effective

phosphorous sinks in the initial stage of the constructed wetland.

Key words : constructed wetlands, phosphorous removal rates, sedimentation. adsorption, precipita -

tion, sediment-litter layer
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(mechanical treatment) 7] & 2
1 e obF glo], tiFE AA A 2] (natural
treatment) 7| {2 AFHEAE & Q
AFHFA Y Q1o AAEL A vl
A7t o FEo] th(Kadlec, 1989). °l= &
Bhcycle)} A&7 EAdoA 7]
= FANA 7] TR o]Fste Fol
3 E3l8hA £87|zteo] #or, olF
| B8], & FXANAM 7] Tz o
Fol A9 gla, BE38H &37]7ko]
154 o] Yth(Folelich, 1979). ©]¥
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FA A Qe {78l 2 §27, o]
I} Al Q4 (Ca-phosphate, Fe-phosphate,
Al-phosphate) 2] JEH| 2 A ulgtel] F7= o] o
T2 AAES FAA A /715 AATG
2 FANEY A Eo] HHFo] FAHH &
A upete] A A-ZAAE F(sediment-litter layer)oll
95% ©]’¢o] &) tth(Faulkner and Richardsosn,
1989; Kadle and Knight, 1996). -5 & 42
9o BYE T3l FFEE A9
At A FAY NFER F
520 JANE $30] B e
FHH, 5x71 Fo] FAuted 3
of FFHAY A9 dFIt FXuk
Hoh #7] 19 w3ie), &3 ¢
| R Qo] FAFFLE &3
7V ZolAAl "k FAA Q19 Al
FAZ FYEH= Q1 FapFe] JEF
, AAZ] §EHRY oW F&4
7} GotAY, & 7] AAFRTY HoH
T AFET}L EFolAA "ok
AFFA Qo] Fr|Hoz2 FYP=HE

AR A o]2A He ATE
(Nichols, 1983; Richardson, 1985). Aj =
AFFA ] A AAEo] Fxoez =
|717ko] AAXH A AL HA A}
%7} A tHMann, 1990). A7} BA3ska Q)
Hdolel e Ql AATHe] A o2l E,
Aol 2]3t E<U(sediment burial)o] A&} H]
3 2ol AA+ 7153 cH(Howard-Williams,
1985). A FYH-2] 1 A o] E3Pte o
ol2w, ¢l 3} Yo] FEF Ho=w Ity o
A A @ th(Hammer and Kadlec, 1983).

ARFAME S4aFY Tl FFE
Aiet A& AANHH o2 Hslate] &
T2 N

o2

R
>
O_; rlo
O
ol
o

2

Lo
e

N

O M oo of o o i —
o of fo M B o X BN gy fr o

o

2o

}

(i RO
0 ¥ 2 o
O
AﬁLrﬂo@

«

oo
(o mlo

et 2 rlo
o
=}
o

X

Lo

rlo

- BN

= ox ¥° o)
o o

Ol
fr

My e fr ool Mo

FHANE el 24E 54
559 £4990 BT Bl FAHEA,
REE AL AU Ad FrEE 49



st

S

zxH-o

| 7hsste=
= 2

27:]]

&

7(] %%_

I~
o

32

%)
gmo
frares
KHENME%EO
ox}m_w ﬂn7n1_m
wMﬂ%PMEAWAOM.mEbZIF
]ozoxo 0 N =0 o
Lu%fr%%@mwﬂwﬁm
= W R ziod%(.ﬂm
17) E.*_EE =0 ]Eaz
aﬂl. mﬂ_iurﬂonuT ol
,m“quw\mzoﬂlATzimM ﬂa% _
,T.\ME_/EMEQO_)LL_LE%%E. = E
casokxﬁsv.m&r]or_ @ﬂr. m\m
% ﬂodl A_ — ~ =0 &ommo WH\\ = —
il RS 1uﬂ_ﬂ_.fw30x }d.LdM ww:S
=N = = _ A X — .Fm: X T <
w 5 A__Zm_ﬁ? w B K5 E RPTR
uwcmoﬂﬂ%u%ur.% ngLtnzndl.E_nv_Au ,,,\\ = ﬂmﬂxmﬁn
NﬂME_Eﬁﬂﬁlmvxﬂwnﬁ%]ﬁnﬁ (- wzo_nﬂ7_]a.m
AT(HD_I‘MI.MA.L’&‘@I”.W LMO] = K,D| _EEE\MW(\]WG
ﬂmo m ,Iﬂ ‘UI R = = ﬂ = dﬂ ‘HMU ‘.Lﬁ ) 5 » 5 O_E @M E.:l A XO T o @\ ;A_.E :._O
ﬁatmmAfrmTWﬁumﬂ,ﬂom% : e = J}EQTzoEmﬁmov Iz
) ﬂ%;ﬁd(. « écs 7y = 2 A_ﬂﬂ%@uzufm1arﬁo
- 2o J}vuAF v IS A I K
omx WmoT%:ﬁeﬂo.Wioo#an,m_ > lw, w_,ﬂ}ﬁu_uo,ﬂ_,ogeM_ -
sﬁﬁ,sgm%émmmﬁm - £ ¢ Mvwﬂ%gﬁupwﬁﬁq
Q_ocd|]¢| ,ImﬂZ 55 1053}?1 = ouﬂL
= TR S mfu 5 E Aﬂaxﬁa_M]ATg@mo::E
EE e xww@ww@ sz @1?1%%@3&& s
el anm:{ s HOWAMUI afﬁwoﬁs
i N o - 0! — N
- P o s T N e g 4@5#%@% %wﬁaﬂ%
B oo 35 E_JHTAQ %%o_fgﬂ;o%
eTE o T RS = - % Pmamﬂm)@mdé
]ATW ]ﬂ%ﬁkooa ° n_.x6,_§x o WWu_ o1 oF
o) oF o‘mmﬁ,._/rw_‘olewu A - LIHJHAFHH_AW_-Z% ﬂloW
) A|n Ahlr#ni] i & AIMA lafm W w
G . E@? _alx 1 i3 zoﬁﬂm LLH,@HmMﬂao
@r_ommcr Il iﬂm.,_d__eﬁu %ﬂiﬂ mﬂazogshﬂ.}pﬁr21
T s 0 ) o:ﬂio o T s ) 1JT.%1ﬁomﬂ@h%
x ;B o= lmjo1mo o ﬁﬂﬂzxa A%dr ﬂ_ﬂ%u_ oF
T N — A OALmﬂoL — = d N B ~ ATJE( or_z_l
x 2w K ﬁsz}A o_J_smoﬂoﬂ g o ﬁaomaef r®
%@wm i %%m%ﬂqw% wwwa1%@xﬂmﬂo m%gfﬁw;
it i = mz%ﬂ%wu ja\¢m%>%§¢zx53 #wMgﬁ
_xLMo,m\H K 3 g_.inmo <N oy o_allloﬂaml.v LJl_uﬁou].b e
S o A_ao aov:ue wgﬁv7lorm1v9§v£ 2og e
H%% = %Mm,g}ﬂﬂﬂ uﬁmﬁuﬁwﬁ .,buulhéédﬁo_jf1§ b o
o o Ioz%wu7mu 7 mﬁﬂmﬂ.%ﬁomx%Aaﬂz,_;lﬁmrL]oﬂﬁTﬂuT B E
mﬂmﬂﬂxﬁ o_Elﬂiovmﬂm o iﬂ%]gk,ﬂ%ov_/A4mﬂﬁTm.,o1ro_u
o _iuf 70 om@ﬁl o o Ldﬂﬂ]]7,|za‘m,|uau@ J_HI..l,cuﬂ_“/ulrﬂ;o
o_uw_e -~ m_%wa wue._m_”] hﬂgﬁiﬂuwﬂo_d)aﬁ%ﬁo}]@ ;omomo,mu,
EEE qgi%q.wg a@%l@mhmﬂ@oAm}gg 3
N _._mkq_ﬂ*ﬁl H_leﬁ M]AU%OL1A“.m oO&ﬂLoﬁoz_XaTL_ooEE_edM
L.Wonm duim %‘%Moooﬂv]i_o»a(\ﬁloe?.dwﬂLd‘ szlmaﬂEoATLl
1F¢u0i_oﬁo¢.a1wnvéﬂ§ zATzwLawﬁm}Jhgaﬂ]rov ﬂ%.h
lo%oﬂnqumioﬂ@éaa%} Lmﬁuﬁomxma@smwf%ﬂm@wﬁ
— _1] f .= @ o o !
P Mémﬂiwr.mﬂmm_ﬁﬂﬂﬂm@& @réaﬂﬁq
l]ﬁ]wr o o T 8w S 5 e
147 | o % .ﬂ;oo@_‘ w T - }xhloﬂk A
W oy }‘WX:O _e]dl.o],mw_ﬂrﬁ1§e__o1 o 1Y
ﬂmoarw;1e1rﬁxmxo }ouﬂﬂ%ﬁ.@ﬂ
Houmouto1@7zod|h§d|11_m0_umnmao€mn1.|
:oiﬁq ﬂ%%e#ea.z W]ﬂEoWdl;o
élon_ﬁﬂ‘l_..n‘ljuo‘ﬂl.h_ﬂmnﬂfl ‘WMOW
OQO*LMXAMML.;O e‘ﬂolurc‘:‘_ B
i_.Wr\ﬁu_ﬁ _sbﬂo@@o_nafmﬂu
ioi‘_lll__l,m.LiHTo_HHTAT;o
o T { ,m,ﬂﬂuﬁuﬁ
q_.i Tl‘yl ~
n7nﬁﬂr o 4
éu_.i,.,mrﬂﬂme‘aa
%@.Wo
0

1ol A 0

o

p=]

A=

5 (weir) S A
a4

EXCRS
ne



FA9 LAEHAAA AT guryo=z
& &(concentration efficiency, CE%)Z €}
A7t Btk FEEELS XA

=

=

-

-

.

F HiE
o -
R

=

e £ of

o

4
= o
= H
dr ol
o krl
o

N
S

of = 2y Jo

s
AZIZE 2AAE dEFAe dF T TP

AAEL 54~62%°10 YTy L9E

2 Agd 45
90%°lth. AT 54
S 1ty DYANT &Y
Z Yedid J1FFAY
2tk A9 7E, 2¢
o FA 9 =
Table 1S ZA717F H
i 2 fFE5Y Ha TP
A& T YEdT A
S 1204m/dayH o 3
fday ATh FdFet 7 E
Z} 0.19mg/ £, 0.075mg/ £ ©] AT}

b1
g
@
~
N
)Y
D)
=2
X
C —
8
=)
2 N
® fu
to i
AL
i
onl
o
[0 o o ~ fo of i

1o
WoHr bl rf
O o

o rlo oft np
o i e

B
A
o

2

2
9

o L

o
jine
of
o) ES'L'
E )
i

.

o
ol
2

ot

S}

Jo =Y
—

oft

flo

= e
T
5 o

T,
=

\ ol
g
o Jo =

4.44mg m> day'® 2
2 7.61mg m> day'”

Figure 2014 79 ~99 2] TPA A &°] 10¥ ~
1299 AAERY =0} 7€ ~999] A& =&

%
E3EH, FF =
W pH7F £87TH(Yang, 1992).
74 ~999 pH7l 108 ~129 T}
fre 7¥9~9499 5247 9
Ao 7 ALg ¥t} Figure 2914 108 ~
A AAS AFAEC] AFS B FE Al

4
Fela Hze) AAE FUSA ge A2 F

o
>
©
%
N
it
o
o Hu
S
3 H
>~
&—!—‘
o
2
2
L
=(I)L_l’
o )

FRY FA 4o o] WY &
5z27F A Al "tk Wu and Mitsch (
Aol ostH stHsE Asste
Mol X Aetes 520 i P dEH
o] 03g P m ollon, 5o gajE 19 o
66%7F =x2] AFoz AAHAH.
AFAE JAFFA Y Faog AAAA oA}
9 o1x}o| t}(Watson and Hobson, 1988; Philips
and Crumpton, 1994). L& A ALo] 2+ 7

o=
F AFAZES Z2A ] APES o= A=

Y gtk 49 =9 K& 444 QA9
Ao Fadteh AFEAY B ARALE

2 5~1492 AAskar A tH(Watson and Hobson,
1988; Mitsch and Gosselink, 2000). ¥ <13 <54
o AFAIZ 3192 2 Ho &3t v
9] 3}x 4= A3} Olentany Wetlandse] H A F
AZFe ¢ 39 Aol

Kadlec and Knight(1996)= <135 A9 TP 4
Z| A 7 (balance removal) RE o & 12}gH+ HF

2 d(first order areal model) 2 A A SFATHZ4] 1

Fz). o) male HujoM £9F 200 7 9
TEAY K5 % FES P U5
o =

A& TPEES 7122 < A AL A< (rate



34 &

oot
td

k
1n(% :_Z .......................................... (1)
Ci = FdFe FAFE(gm)
Co = #&EFTY FTAFT=(Ym)
q = 83t F3}E(m/yr)
k = AAZS (mfyr)
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yr(Kadlec and Knight. 1996), 13.3m/yr(Narin and
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Table 1. Average hydraulic loading, total phospho -
rous input, and total phosphorous removal
rate for the constructed wetlands from July
through December 2001.

Parameter Value
Size Approximate area(ha) 0.19
Volume(m'/day) 120.4
Inflow TP Concentration(mg/ # ) 0.191
TP Loading(mg P m” day™) 12.05
Volume(m'/day) 112.1
Outflow TP Concentration(mg/ # ) 0.075
TP Loading(mg P m” day™) 4.44
Removal Rate(mg P m?> day'l) 7.61

TP Removal

Removal by Mass(%) 62

—&— TP Removal

mg/m day

Figure 2. Monthly average total phosphorous removal
rate in wetland.
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Figure 3. Monthly average temperature of influent and
effluent.
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