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Evaluation of Treatment Efficencies of Pollutants in Juksancheon
Constructed Wetlands for Treating Non-point Source Pollution
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To evaluate the water quality in Juksancheon constructed wetlands for treating non-point source pollution, the
removal rates of nutrients in water and the total amounts of T-N and T-P uptakes by water plants were
investigated. Chemical characteristics of T-N and T-P in sediment were investigated. The concentrations of
BOD (Biochemical Oxygen Demand), COD (Chemical Oxygen Demand), SS (Suspended Solids), T-N and

T-P in inflow were 0.07 ~1.47, 0.60 ~2.65, 0.50 ~4.60, 1.38 ~ 6.26 and 0.08 ~ 0.32 mg L'l, respectively. The

removal rates of BOD, COD, SS, T-N, and T-P were -10, 51, 66, -3 and 5%, respectively. The maximum

amount of T-N uptake by water plants in August was 368.7 mg plant'1 in the 2™ treatment stage by Nymphoides

peltata, 1314.6 mg plant” in the 3™ treatment stage by Iris pseudacorus, 1160.4 mg plant” in the 4" treatment
stage by Nymphaea tetragona GEORGI, respectively. The maximum amount of T-P uptake by water plants in

August was 121.7 mg plant” by Nymphoides peltata in the 2™ treatment stage, 268.7 mg plant” by Iris

pseudacorus in the 3™ treatment stage and 212.0 mg plant'1 by Nymphaea tetragona GEORGI in the 4"
treatment stage, respectively. Organic matter contents in sediments were not different. Contents of T-N and
T-P in sediments were higher in spring. Microbial biomass C:N:P ratios in sediments in spring, summer,
autumn and winter were 117 ~140:1 ~4:1, 86 ~126:5~6:1, 68 ~101:2 ~6:1 and 47 ~138:2 ~4:1, respectively.
We could conclude that Juksancheon constructed wetlands show high removal efficiencies of COD and SS.
However, improvements of management in winter season should be considered to improve the removal

efficiencies of pollutants.

Key words: Juksancheon, Pollutants, Wetlands, Removal efficiency

x

A

%
)
@ e

douf ApR|9) ASTFHOR §
gL feo] Aot oiSo
VR YIS WS UosI Ao U
(Chot et al., 2011; Kang, 2012). Heldi=o] 914
4 ooz 7oA e Aot Q)
oA dwh el oJ3t ] oAee] 35 of
ow, 220 29 9| LuyEe] Wslo] ufet

£ by

fr o

2 o

=3
B
ol
o &

o

- =
™

ol o X 2> o
-
30 o oo L
tlo
-1m
Boof

3:2—}01

A0 2012, 7,19 £ 2012, 8, 17
5 AAR
*2 AR} : Phone: +82617503297
E—mail: chojs@sunchon, ac kr

g 5ol 'ﬂﬂo}@l 4= 90l Bl AT} SehaA
= FodY W nYOAYER Qg
Aot E’XHA] %32 9t} (Kang, 2012; Kang et al.,
2011; Park et al,, 2008). ©]of| A5 & A7 424 B3t
g M Le st on ANA Heto 2 t}ost g
EH«I 1E5AE AT 29 A5 Aaet 2l
S Aot YA 54E FaL Qo dEsAelA 4

S| FR714E f7180e) iclﬁik ey

¢

=
S 3 A&l 94?‘?* %—5** Ao &
4=, AxksE 9 eRgolt) (Kadlec and Wallace, 2008). L &
=]

Gl s AA=, dFEo]



el AdE g SAR desAe eded Hekas gt 643

AEA Y] ol ol AAE, EEvkE] A9 2=
FA ol Wow] 20~30C Aolo] £ LS AT
735 gERkgo] iRt Zo® od#A et (Son et al,,
2012), 91 AA 27122 Aok g tf7] F o2 o]Fo]
A9l doJupA] &kl 422} (sorption), YAA% (biomass
storage), ZroJE- £3] (residual burial), 24 (sedimentation),
W3} (transformation) 2 A&7 0% (movement)o] S+
Q7)o Aol vl AR HOR W Z97h o
o]t} (Yang, 2012).

A AQEA] UES TR olga] 1
ol e A=A o tigt o] A7 =ch= FRle] 1o
), QAEH ] AA ApAol7] wzof shrA el W
S8 A WY oGRS Helsh] AT e B
o] o] 8= 9t} (Choi et al., 2011; Kim, 2010). aF]uk
A7 A2 HIF e dd FUS Adsh] Sl 24
B AFHAEE Bl AT vlbet 29 B0 A3 &
AZA 7152 D] FashA] FskaL glof ofef thgt 2]
g 2to] BlREloloF F Rolel,

web B @ nEed A7 ol
SAY edEH Aoaes BB S8l SAM e
Aol A A7 Aotas, PAAEY ASEE 9 HEEY
sfetel S48 2Ast

Mz H A

BAE FA AFEA) 1908 250 £ B4

T oy

& Table 10|4] W= u}9} 7Ho] BODE %4F 1.28 mg L,

Table 1. Chemical characteristics of raw water used (n=12).
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Fig. 1. Location and schematic of Juksancheon constructed wetlands.
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Fig. 2. Monthly and seasonal removal rates of BOD, COD, SS, T-N and T-P in effluent in Juksancheon constructed wetlands.
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water plant in Juksancheon constructed wetlands.
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Table 2. Organic matter, T-N and T-P contents of sediment in Juksancheon constructed wetland.

Date
(Month/day) Treatment stage oM T-N T-P
% mg kg']

™ 3.8 (20.6) 0.28 (+0.04) 50.1 (£10.6)

2™ 3.6 (20.8) 0.31 (+0.06) 143.2 (£25.1)

Apr. 5 3" 3.3 (£0.4) 0.26 (+0.04) 188.3 (45.7)
4 4.6 (+0.6) 0.28 (+0.08) 242.7 (£36.5)

st 3.9 (£0.7) 0.08 (£0.02) 86.7 (+48.5)

6" 3.1 (£1.1) 0.11 (£0.03) 12.6 (£1.7)

™ 3.7 (£0.7) 0.12 (£0.02) 36.2 (£3.4)

2™ 43 (£1.0) 0.16 (+0.03) 743 (+21.9)

. 7 34 4.1 (£1.1) 0.15 (+0.02) 121.9 (£31.7)
' 4 4.1 (+0.8) 0.17 (+0.04) 94.3 (+21.4)

st 3.4 (+0.6) 0.12 (+0.04) 61.4 (£15.6)

6" 2.8 (+0.4) 0.11 (+0.03) 114 (+£3.4)

1 4.0 (+0.6) 0.08 (+0.02) 40.9 (£56.4)

2 4.4 (+0.7) 0.12 (£0.03) 69.6 (+21.1)

Aug. 28 34 4.5 (£1.0) 0.13 (+0.02) 61.6 (£16.4)
' 4* 3.8 (x0.9) 0.14 (+0.03) 107.1 (£15.4)

50 3.7 (£0.5) 0.11 (£0.04) 423 (+16.1)

6" 3.5 (£0.6) 0.12 (£0.03) 13.7 (+3.4)

5 42 (+0.8) 0.09 (+0.02) 34.3 (+3.8)

o 4.7 (£1.0) 0.11 (£0.03) 49.5 (£5.4)

Oct. 27 3;1 4.2 (£0.5) 0.14 (+0.02) 73.8 (+4.8)
4 4.4 (£0.6) 0.16 (+0.04) 136.5 (21.1)

5n 3.8 (£0.4) 0.10 (+0.03) 46.4 (£15.4)

6" 4.1 (£0.7) 0.14 (+0.04) 18.9 (+2.4)

™ 4.0 (£0.5) 0.10 (£0.02) 32.2 (£3.5)

o 4.5 (£0.6) 0.10 (£0.02) 473 (£2.9)

Dec. 18 31:‘ 3.9 (£0.3) 0.13 (£0.04) 71.6 (5.6)
4 42 (£0.4) 0.15 (+0.03) 135.3 (£10.9)

st 3.6 (£0.5) 0.11 (£0.03) 44.1 (£6.8)

6" 3.9 (20.4) 0.13 (+0.04) 18.6 (£2.8)

"mean + standard deviation
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Table 3. Microbial bi C, N, and P contents of sediment in Juksanch ted wetland.
Dat Treatment Microbial biomass Microbial biomass Microbial biomass
atc
stage C N P
mg kg’
Apr. 5 Inflow 630.2 (+237.3) 23.5 (£6.8) 5.4 (£1.4)
Effluent 671.2 (£302.7) 48 (£2.5) 48 (£1.3)
e, 28 Inflow 678.0 (£200.5) 380 (+12.4) 6.6 (£0.6)
& Effluent 387.3 (£73.4) 20.8 (+7.6) 45 (£12)
oct. 27 Inflow 5172 (£177.2) 32.4 (£13.6) 51 (#2.1)
: Effluent 322.5 (£170.1) 12.7 (#5.5) 3.3 (£0.4)
ee. 18 Inflow 4424 (£121.1) 28.4 (+10.1) 7.8 (£0.9)
' Effluent 289.6 (£100.5) 9.1 #72) 2.1 (202)
"mean + standard deviation
2 TP 3leko] Yol A1, 89, 10¥ 2 129L 13.7~107.1 Q oF
mg kg ', 18.9~136.5 mg kg ' Y 18.6~135.3 mg kg =
e or _
= HolS BOlx| @3t Cho et al. (2009)0] B33 S 01T Al ARAISI) FAHI0] SIAIE B4 Q1T
i A 515 = &)
sholet= Slaax|Hh oS sty ST ulawsh VL o) geers B4 WK s 220149 9%
= > A = _ _ o)
FOH e RS OM TNRTPAAVIRE an Auns, suame) 18R 55 9 B8
O =H 7%
B 2 AlE /. slsla] B4 Brsidch oA s Heag
51‘4_73 ?_].%L}E\‘X]lﬂ E_]?S}%Q,] }\]ﬂoﬂ E]'—LET microbial o CODQ]' ss= Zﬂﬂ‘é‘]—_ﬂ ﬁ‘ﬂ”@gi 1%.%]\_ -_111_/‘\1_3 ?l%v_
biomass L AT A= Table S A RUTH 0] 20 oz dudn Fewe 24 A
8230l microbial biomass T2 biomass C2Q| 3¢ Z¢ T-N @ T—p B22k0 2o Wef A ) 28 S Lefolg
7k ~ ~ o103 0 ; o o _
4426785k 290671 mg ke OIS, blomass N g 0w aohmpape rehole BRBY OM B
A ARl 557t 24 24~382F 5~21 mg kg ©]% o A7|daE 2 2pol7} 919, T-N 2 T-Po] 3heke. Ko
AL biomass PE] 5 fUFF FERIE A S8R5 g gymom x)y)) wistel weh WolAA Ag7A] we
,1 - . . . . .
mg kg °]9{th, A2 HAE microbial biomass C:N:P2| H] aleke ox]5t9itt E|ZAEY microbial biomass C:N:P2]
oo oolH o =4 AN 1T A—p _ .
90 QolHol 0=yl 7b7} 57~117:4~6:19} 8f3 140: e B o2 719 U ALo] 27F 1HT~140'1~411 8
1~5:1% biomass Cof Hl&o] f-e HSHA felA 6~126:5~6:1, 68~101:2~6:1 L 47~138:2~4:1% L}e}
S7FEe BEUIE, AR microbial blomass GNP g 2 aggeAt gast Qo) Aeligol R, A
RS OIS, 7RSS AR A ATTUOLTAL 8 o g ysimgo] Wop 4o REkEe WS SR

6~126:5~6:1, 68~101:2~6:1 L 47~138:2~4:1=2 L }E}
o biomass NO| Hl&E thE A& H]sto] ofFo] oF
7F =91t} Microbial biomass C:N:PQ] H|S-2 A|7|¥H= ¢}
o7k ey f7l= el &, oF, 7R 9 A=
AlZ17F ol wheba] Wolxl= A3ks yEhllar, d
gredol of 5ol Hisl &, 7k % A&l Yol Qg5
A FFEF ARRRIALE AR Zog et Seo
(2005)°]l oJ5tH, AFFAA nlgEe] o FYHERE
AEshdor A2 4 2% BOD'T-N:T-P9| H|E0]
100:5:1 A== dEA Q=] & SAP d35A= ols
7z} wjs) 2 o) Ao Haugo] shsiel
ool 4, A4 W HABe] AuE vl B v, &
P QIE5A= CODeL SS A|AA&o] st A4 &
o] g3} Eof glout, BOD, A4 3 9l 59 LHEA
stago] Wol 549 Holas = fItt /iAol T

Ao g et

£
=
a

ol
=

Sl

o

ox o

sk

7iAlo] Wagt Ao whehE

At At

o] =R PA-HRT AT 7] A
Yo A ATRe] AFQl ESF o] =E-2 2010W HFE (W
LIl o] Afoz At [NRF-2010-0025548,
NRF-2010—359-F00003]2] X ¥o & $=35}9S

215 dlo}

Rl i

e
o
=

o]

—

V)

HO

1

APHA, AWWA, WCEF. 1995. Standard methods for the
examination of water and wastewater (19th ed.). p. 4-112.
American Public Health Association, Washington DC,
USA.

Brookes, P.C., A. Landman, G. Pruden, and D.S. Jenkinson.



648 2ol AEA - A - oV A -

1985. Chloroform fumigation and the release of soil
nitrogen: a rapid direct extraction method to measure
microbial biomass nitrogen in soil. Soil Biol. Biochem.
17:837-842.

Cho, J.S., J.S. Heo, Y.M. Chun, D.C. Seo, H.S. Bae, Y.C.
Kim, M.J. Han, W.Y. Park, J.S. Yim, Y.S. Chun, S.K. Park,
Y.J. Park, and S.E. Kim, 2009. Alternative of optimum
management and analysis of removal efficiency for treating
the wastewater in constructed wetland to upper region of
Juam lake. Yeongsan River Environmental Research
Center, National Institute of Environmental Research,
Ministry of Environment, Gwangju, Korea.

Choi, I.LW., S.D. Moon, D.C. Seo, S.W. Kang, B.J. Lim, J.H.
Park, K.S. Kim, J.B. Lee, J.S. Heo, and J.S. Cho. 2011.
Evaluation of treatment efficencies of pollutants in
Bongsan constructed wetlands for treatmet non-point
source pollution. Korean J. Soil Sci. Fert. 44:1089-1094.

Choi, K.C., O.U. Kwun, Y.D. Kim, Y.H. Kim, W.S. Lee, J.Y.
Lee, S.J. Jun, and S.K. Jung. 2004. Annotation for standard
methods of water quality. Printed in Dong Hwa Technology
Publishing Co. Korea.

Gerrites, R.G. 1993. Prediction of travel times of phosphate
on soils at a disposal site for wastewater. Water Res.
27:263-267.

Greenway, M. and A. Woolley. 1999. Constructed wetlands
in Queensland: performance efficiency and nutrient
bioaccumulation. Ecol. Eng. 12:39-55.

Jenkinson, D.S. 1988. Determination of microbial biomass
carbon and nitrogen in soil. p. 368-385. In Wilson, J.R. (ed.)
Advances in Nitrogen Cycling in Agricultural Ecosystems,
CAB International, Wallingford.

Kadlec, R.H. 1997. An autobiotic wetland phosphorus model.
Ecol. Eng. 8:145-172.

Kadlec, R.H. and S.D. Wallace. 2008. Treatment wetlands
(2nd ed). p. 267-348. CRC Press, Boca Ration, FL, USA.
Kang, S.W. 2012. Characteristics of nutrients uptake and
release of submerged plants in Boknae reservoir around
Juam Lake. Master Science Thesis, Sunchon National

University, Korea.

Kang, S.W., D.C. Seo, M.J. Han, J.H. Han, B.J. Lim, J.H.
Park, K.P. Kim, Y.J. Lee, I.K. Choi,, Y.H. Lee, J.S. Heo,
and J.S. Cho. 2011. Characteristics of nutrients release by
submerged plants in flood control reservoirs within Juam
lake. Korean J. Soil Sci. Fert. 44:271-277.

Kim, H.C. 2010. Assessment of non-point source pollution
reduction using constructed wetland. Ph.D. Thesis, Konkuk
University, Seoul, Korea.

Newbold, D.J., J.W. Elwood, R.V. O'Neil, and A.L. Sheldon.
1983. Phosphorus dynamics in a woodland stream ecosystem:
a study of nutrient spiraling. Ecology. 64:1249-1263.

NIAST. 2000. Methods of soil and plant analysis, National
Institute of Agricultural Science and Technology, RDA,
Suwon, Korea.

Park, W.Y., D.C. Seo, I.S. Im, J.K. Park, J.S. Cho, J.S. Heo,
and H.S. Yoon. 2008. Optimum configuration filter media
depth and wastewater load of small-scale constructed
wetlands for treating the hydroponic waste solution in
greenhouse. Korean J. Environ. Agric. 27:217-224.

Reddy, K.R., R.H. Kadlec, E. Flaig, P.M. Gale. 1999.
Phosphorus retention in steams and wetlands: a review.
Crit. Rev. Environ. Sci. Technol. 29:83-146.

Seo, D.C. 2005. Development of treatment process of
biological nitrogen and phosphorus in sewage treatment
plant by natural purification system. Doctor Thesis.
Gyeongsang National University, Jinju, Korea.

Seo, D.C., B.I. Jang, I.S. Jo, S.C. Lim, H.J. Lee, J.S. Cho, H.C.
Kim, and J.S. Cho. 2006. Selection of optimum water plant
in constructed wetland by natural purification method for
municipal sewage treatment. Korean J. Environ. Agric.
25:25-33.

Seo, D.C., S.W. Kang, B.J. Lim, J.H. Park, K.S. Kim, J.B.
Lee, H. Kim, J.S. Heo, N.I. Chang, H.H. Seong, and J.S.
Cho. 2011a. Evaluation of Aquatic Ecological Characteristics
in sinpyongcheon constructed wetlands for treating non-point
source pollution. Korean J. Soil Sci. Fert. 44:400-407.

Seo, D.C., S.W. Kang, H. Kim, M.J. Han, B.J. Lim, J.H. Park,
K.S. Kim, Y.J. Lee, I.W. Choi, J.S. Heo, and J.S. Cho.
2011b. Evaluation of treatment efficiencies of pollutants in
Boknae bio-park constructed wetlands. Korean J. Soil Sci.
Fert. 44:263-270.

Son, Y.K., C.G. Yoon, J.S. Kim, and H.J. Kim. 2012. A study
on seasonal nitrogen treatment characteristics according to
design of constructed wetland. J. Korean Soc. Wat.
Environ. 28:94-101.

Tanner, C.C., J.P.S. Sukias, and M.P. Upsdell. 1998.
Relationships between loading rates and pollutant removal
during maturation of gravel-bed constructed wetlands. J.
Environ. Qual. 27:448-458.

Vance, E.D., P.C. Brookes, and D.S. Jenkinson. 1987. An
extraction method for measuring microbial biomass C. Soil
Biol. Biochem. 19:703-707.

Vymazal, J. 2005. Horizontal sub-surface flow and hybrid
constructed wetlands systems for wastewater treatment.
Ecol. Eng. 25:478-490.

Yang, H.M. 2012. Phosphorous removal in a free water
surface wetland constructed on the Gwangju stream
floodplain. J. Korean Ins. Land. Arch. 40:100-109.





