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Abstract: Harmful algal blooms (HABs) have become an increasing concern in terms of human
health risks as well as aesthetic impairment due to their toxicity. The reduction of water pollutants,
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especially nutrients from non-point sources in a reservoir watershed, is fundamental for HABs

prevention. We investigated the pollutant removal efficiencies of a constructed wetland to evaluate

its feasibility as a method for controlling non-point sources located in the Annaecheon stream within

the Daecheong Reservoir watershed. The overall removal efficiencies of pollutants were as follows:
BOD 14.3%, COD 17.9%, SS 50.0%, T-N 19.0%, and T-P 35.4%. These results indicate that constructed
wetlands are effective in controlling pollutants from non-point sources. The seasonal variation in

removal efficiency depended on the specific pollutants. The removal efficiencies of BOD, COD, and

T-N were stable throughout the year, except during winter, which might have been influenced by

lower microorganism activity. In contrast, T-P showed a consistent removal efficiency even during

the winter season, suggesting that the wetland can reduce external phosphorus loading to the

reservoir. Regarding the effects of pollutant loadings on removal efficiency, the effluent concentrations

of all pollutants were significantly decreased compared to those in the influent in case of middle and

high loadings. This demonstrates that constructed wetlands can handle high pollutant loads,

including the initial runoff during rainfall, to prevent reservoir eutrophication. Despite the various

strengths of wetland water purification, there are limitations as passive treatment. Therefore, more

case studies should be conducted to suggest optimum operational conditions for constructed

wetlands, taking into consideration reservoir-specific characteristics.

Keywords : constructed wetland, non-point source, nutrient, harmful algal blooms, Annaecheon stream
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Figure 1. Geographical locatoion of study facility and layout of each unit

Table 1. Specification of the unit in Annaecheon wetland

Unit Area (m?) Capacity (m?) Depth (m) Water level (EL.) Floor height (EL.)
Sediment basin 2,130 1,888 2.5 77.0 74.5
Retention basinl 6,220 3,104 1.4 76.0 74.6
Retention basin2 4,980 3,471 1.8 76.0 74.2
Marshl 4,420 1,725 1.5 76.0 74.5
Marsh2 4,700 2,874 1.5 76.0 74.5
Total 22,450 13,062 -
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Table 2. Descriptive statistics of pollutant concentrations in inflow and outflow

) Concentration (mg/L) Removal Efficiency
Pollutant Site - - o
Avg. (S.D.) Min Median Max. (%)
In 2.1(1.2) 0.3 1.8 8.5
BOD 143
Out 1.8(1.0) 0.1 1.5 8.9
In 3.9(1.6) 0.6 3.6 10.6
COD 17.9
Out 3.2(1.0) 1.0 3.1 6.9
In 5.6 (16.0) 0.2 2.8 183.3
SS 50.0
Out 2.8(3.4) 0.3 2.0 27.6
In 3.743 (1.256) 1.743 3.617 10.759
T-N 19.0
Out 3.031(1.312) 1.037 2.906 10.435
In 0.070 (0.167) 0.008 0.046 2.130
NH3-N 40.0
Out 0.042 (0.046) 0.000 0.029 0.390
In 1.836 (0.935) 0.198 1.666 7.694
NO3-N 26.5
Out 1.350 (1.057) 0.009 1.194 9.468
In 0.110 (0.172) 0.017 0.069 1.785
T-P 354
Out 0.071 (0.111) 0.006 0.047 1.337
In 0.050 (0.072) 0.000 0.025 0.593
PO4-P 46.0
Out 0.027 (0.034) 0.000 0.017 0.181

Table 3. Correlation between pollutant removal efficiency
and rainfall during 2014-2020

Pollutant

Coefficient

95 percent confidence interval

BOD

0.113

-0.104 ~0.320

COD

-0.033

-0.246 ~0.183

SS

0.090

-0.126 ~0.299

T-N

-0.052

-0.264 ~ 0.164

-0.262

-0.451 ~-0.051
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Table 4. Seasonal average and range of pollutant concentrations in inflow and outflow

Pollutant Site Spring Summer Fall Winter
in 2.0 (0.3-4.1)* 2.0(0.8-5.2) 2.4(0.4-8.5) 2.0(0.9-6.2)
BOD (mg/L)
out 1.8(0.1-7.4) 1.6 (0.3-3.5) 2.0(0.6-8.9) 1.8 (1.0-6.0)
in 3.9(1.8-7.2) 4.1(2.1-9.1) 4.1 (0.6-10.6) 3.3(1.4-8.8)
COD (mg/L)
out 3.1(1.3-6.0) 3.5(1.3-6.9) 3.3(14-54) 3.0 (1.0-5.0)
in 3.4(0.4-14.0) 8.9 (0.4-183.3) 7.1(0.2-77.6) 2.9(0.4-11.2)
SS (mg/L)
out 2.4(0.4-11.6) 3.7(0.8-23.3) 3.5(0.3-27.6) 1.7 (0.4-4.4)
TN (mglL) in 3.469 (2.105-6.677) | 3.341(1.752-9.041) | 3.673(1.743-8.691) | 4.490 (2.651-10.759)
-N (m
¢ out 2.642 (1.037-4.776) | 2.645(1.192-8.271) | 2.901 (1.183-6.664) | 3.957 (2.205-10.435)
NH,N (mglL) in 0.060 (0.011-0.219) | 0.055(0.012-0.152) | 0.054 (0.008-0.148) | 0.111(0.010-2.130)
-N (m
’ ¢ out 0.031 (ND-0.170) 0.038 (ND-0.175) 0.038 (ND-0.105) 0.060 (0.003-0.390)
NOLN (mg/L) in 1.931(0.914-4.025) | 1.474(0.640-3.376) | 1.623(0.481-3.543) | 2.316(0.198-7.694)
-N (m
’ € out 1.244 (0.076-3.908) | 0.984(0.009-2.294) | 1.094 (0.055-2.281) | 2.096 (0.072-9.468)
TP (mglL) in 0.074 (0.022-0.265) | 0.109 (0.017-1.785) | 0.152(0.021-1.101) | 0.105(0.028-0.394)
-P (m,
out 0.047 (0.006-0.261) | 0.085(0.009-1.337) | 0.078 (0.015-0.287) | 0.073 (0.015-0.198)
POL-P (mgL) in 0.030 (0.001-0.173) | 0.045 (0.005-0.593) 0.074 (ND-0.385) 0.048 (0.002-0.241)
-P (m,
! ¢ out 0.013 (ND-0.104) 0.026 (0.001-0.152) 0.033 (ND-0.179) 0.038 (0.001-0.181)

* Numbers in parentheses indicate the range(minimum to maximum) of data
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Figure 2. Seasonal removal efficiency of major pollutants
during 2014-2020
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Table 5. Interval of inflow pollutants concentrations

Table 6. Wilcoxon rank sum test p-value for inflow and

= = outflow concentrations for each interval
Pollutant Low Middle High
BOD (mg/L) <14 14-24 >24 Pollutant Low Middle High
COD (mglL) | <29 29-43 ~43 BOD 0534 <0.001%* | <0.001**
SS (mg/L) <1.6 1.6-43 >43 COD 0.372 <0.001** <0.001%**
T-N (mg/L) <2.956 2.956 -4.243 >4.243 SS 0.045%* <0.001** <0.001%**
T-P (mg/L) <0.039 0.039-0.126 >0.126 T-N <0.001** <0.001** <0.001**
T-P <0.001** <0.001** <0.001%**
] UH_,_oﬂ g Hal= -{ﬂ:z] _‘?__Og oﬂ 9}\0—] = Q3 9] x]_ *, *¥*: significant at 95% and 99% confidence level, respectively
2 2185k (Li et al. 2018), B2, 21¢] - A3
02§ 2 L W] o] feliale] n oo SATHp<0.001; Table 6). E3, 35w 73kl A

B4 AA EAS 24T a7} It (Wu et al,

2015). S-S AP ER AL G w4}
7] Slo) S PBAL §UBES A T o]
2 729 AR BEE BARAT, S8 1 TS
AR GUSE BN 18914, 35915

Z'
271202 B83) FUSE} 189 vjTHe] A% A
= (Low), 15-9] o] A} 35.9] o]atel AL Z7ke
(Middle). 38-9] 23}9] 7$ 1% (High) & 23}
SAck(Figure 3; Table 5),

#71839] 273 BOD, COD, S8 F54 o=
FUSE W Ik PR £54 F 52 49
4 =ro) H|g) BEAH R SolalA 7aE Ao] 3

iﬁﬂiﬁw] 71 ol A7) 7 ot SRR SelE ¢
Hol7h AAo] o3t A28 olstE fE%e

& FoF 2o o A3t FE5] o] Foldle
2 4= Qlek, ey AE i 1kl A= BOD, COD, SS
o] Aela&ol 42 —14.9%, —15.7%, —69.6%=
S b RUEY A UEET SA W AL
ARRE AYAE O] Rafjol 2f QS B ATollAl
AFFA A 2 A Aol Yehh= 78 f%1e

2 HE9 =0 (Lee et al, 2012; Seres et al, 2017;
Choi et al, 2021), 9914 % 97]E H%7} ujo ot
& AS US Y 2 2 ddEn ss9 A4
%+ Ys= 1.6 mg/L o4 4.3 mg/L olste] F7F

Hi n

o

(¢}

. (2)BOD ,, (b)COD o (©SS
. ¢ —~ = ~ :
& 210 . -
g E 3 g%
a =
=1 S 5]
24 g 6 - . £ 40
g £ . . E
| * e 2 4 % [%I 5
L . . o 9
Q g 20
g 2 5] é % 5
8 = % é ; . o 2 % g . o l_|__'F_I
ol . ol = =+ ey
Low Middle High Low Middle High Low Middle High
o (@TN L, ©TP
E . LI — 95" percentile
.
Q . 2 10 « | 75% percentile + 1.5*IQR
> 8 S R ) A S A, 75™ percentile
é . é 0.8 = »»»»»»» Mean (red line)
= = i i
E s 1 e Median (black line)
= L % ] 0.6 I 25% percentile
g 4 % g ol =/ | il 25% percentile - 1.5¥IQR
2 % " g . @  seeszes 5t percentile
3 2 v % n 3 02 * : Mann-Whitney U Test p-value < 0.05
e ** : Mann-Whitney U Test p-value < 0.01
0 00 Lt == @’ == *#* : Mann-Whitney U Test p-value < 0,001
Low Middle High Low Middle ngh

Figure 3. Boxplot of inflow and outflow concentration of BOD, COD, SS, T-N, and T-P for inflow concentration interval during

2014-2020
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= s
T 7bolA] 65.3%2] & AAEE UEHY, U
et otdaeE Agago| S7leke FHE 4Y
& 2ot 1EE9 f9sEE 42.9%7F A5l ¥
Attt o= AFH Ant 7|17he] YIS |
0 JRAe] o] FHEEL o|ake] Wit
2.2mg/L1d| ¥l s 7k Bt 15.6mg/LE
Aestd oy JgsA A A &5 B 5
AL 5. 4mg/LE HF A2 Zh4ol| ol gt ilE

0] 887} Sl Y] A FAIA ] A

<

FFAFA T-N, T-PY 4% 71547 th2A
A FelA el f25 F 5= sAHCR
T8t 2ol 7} lgro] FIE ¢t (p<0,001; Table
6). F-+EHo] 7|ofsk= B0l Atz o2 & BOD,
CODet th2 A A4, 9l 32 &4 24 Hl&
o] z+z+ 90.3%, 69.5%%.2# DTN 2 DTP] A €]
&L 21.8%, 53.2%%tt. olof whet A5= 1t
ME T-N, T-P] AHe|ago] 2127} 21.1%, 14.5%=
s W A ol el FskA A2lE Aem w
St 7 AA L dolA T-N2 sk +
7F21.1%, Z7Hs % 17H18.1%, %% 17 18.8%
o A ags Hof fedFstel whE Aago 2
o|7} A7) ket thit F= 71 DIN/T-N H|&=
AFLoA 0,810]910H, AEk 1o A= 0,935
B AFE oA 824 A vlgo] AidoR
ot A &4 Bhgo] des| Yoyt s
ZHETE T-N A|AREO] A Uehd 202 s
o}, WhHo| T-P= 2§ 17104 54.8%% Ase
9 S s ol Hgf FEE] 2 AYasS B
otk sk Fotol Ao =2 A ag vht 2l
TH5A A A oA EaE] ] 0¥ (Kang & Song
2004; Choi et al, 2008), T-P] 44 H&7} 1%
T oA IR Q19 HlEo] 40.5%% A3k <l
549 GASHA (Kim & Park 2020; Park & Cho
2023) YA Qlo] Ao & w2 Kio] AA7} ¥
o] T-P A ago] ozl AL geher},

4, A=E XMI|EE

ATHA9 A7 eFell vk A2l ag Wst E4e
stolslal, S48 93 7|2ARE BHHslA} 2014
AE 20209 54 717t Aol whE e HEHY A
= AP ass BAsKI 24 A3 RE 2T
Aol A &= FEA AT AAHA Fo,
AR LFEH Apojofl A B 7HA] frARRE E4o] 2l
¥|%{tt, BOD2E CODE| - 2% 717t 7ol uh&
A aed] S48 FolstA EAsHA e,
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Figure 4. Yearly trends of removal efficiency and concentration
of BOD, COD, SS
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20170l BODE] 7% A2 ag2 5.4%01% 2,
COD2| A|AZEL 25.7%% BODS} t2 A COD2)
Aelago| w2 A7 vgttt, 18y 11 99 o
717 St A Axd A g Sto] A
02 B|53t AFE Yep ik (Figure 4). ol Al
Afgo| A7EE LAAE AR A, 544 {7

2o| 24, MAE YA F 2 209 G

2o Az goEr v, 57184 % Ssk

=1 JeEgo] 4945 F S 5L 71700 A

202 FolAlt ARS By, ot 9 B4R

2GRSt T2 Aol g BN D= Lo
A

FU2o] 0.9 mg/Lolut F-&4= 20| 1.5 mg/L
2 570 ) AR Ale) Sl 0 2] A 5
o SJa) AA LI 3 A, F Y5
=75 JHor AAHE SS AdFs=7t AA AA
£0] ZobA7] flzolt, fie T =t &
of A2l A& FAHA S7Fehe AR T-PollA =
s (a) T-N "
—-—- Inflow conc.
---a-- Outflow conc.
- —— l(zel‘noval efficiency | 25
d
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Figure 5. Yearly trends of removal efficiency and concentration
of T-N, and T-P

SRIE =T, AFFAAA T-PE A A7} =2 4]
Aol oJgf o] Folx | UATH FHA &= (threshold)
ols}o] @ HHstofAl= AAEo] FUF-stol Bl st
7] gE o &2 A= H(Nairn & Mitsch 1999). T-N
2 A 2 F4 Rt wE AARENA FelE A
I A 2 A A mge] QoA E HAL
Qa1 ARl EAE el lth(Figure 5). $HAl
7]k Hieh o] Qlg-5A W A 3 AAE= vl
el ogh Aalst-ddo] 328 7|HM O & s §E
SOl SEgE AlZte] A =Y, AR AFAI
Jo] & W37} gll7] WiZell A ase FARRE 4
FS U Ao g gt

4;:00

[ea

Iv. 48

2 ATE B4 ) B2 AolE 91F 1H oGy
A7 913 AAE el 28 F5A B71et
7] $130) 201418 RE] 20209719) 712k 52t R

o SHhR AFHAY F0 0YEY HARE
: ket g AN Ezsd

L ed&=4d AejasS 247 BOD 14.3%, COD
17.9%, SS 50.0%, T—N 19.0%, T—P 35.4%=
AFHAE Soll LFEHo] At o2 A A
= A2 Yepylth 53], U4 5 SSe= -
o] ko g Hat 5% 5.6 mg/L, HY 0.2 mg/
L~183.3 mg/LE & MES H3ou f&+
FEE 2.8(+ 3.4) mg/LE YA o= A2
o] Fat w= U HA} AA Folso] 271 %

o 2 NE ke Hojoe avpHoR .85
o

-0 ngE] B AstE =] 93t
37} =2 AlA 7]4¢l BOD, COD, T-N9| 7
A e ggo] th2 Aol ulal WA Ukttt 1
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