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Abstract In order to control algal bloom, which causes environmental problems such as eutrophication
in freshwater ecological environments, many attempts have recently been made using biological approaches.
Among them is filtration using bivalve. Algae control with filter-feeding bivalves is emerging as an eco-friendly
method. In this study, bivalves collected at Baekje weir in Geum River in Korea from Jun to Sep 2020 were tested
to find out the possibility of algae control using filter-feeding bivalves through laboratory experiments. The Unio
douglasiae, Anodonta woodiana, and Anodonta arcaeformis collected from Baekje weir were put into a water
tank (2 L) containing Clorella vulgaris, and as a result, the average filtration rate was 95.9% per animal after 24
hrs. Calculating this with the Chl-a concentration converted to a calibration curve, it was found that the average
of 154.84 pg L™ of Chl-a was reduced. Based on this calculation, the possibility that one bivalve can eliminate
Chl-a in one month is 0.0005%. It is expected that the effect is 20.14% when there are 40,000 animals. These
results indirectly showed how effective bivalve’s ability to control Chl-a in their habitat is. Although this study
was limited to calculating the algae control ability of aquatic ecosystem based on the filtration rate of bivalve
and the corresponding Chl-a reduction rate, it is thought that it will be used as basic data for integrated research
from various factors and viewpoints (phytoplankton, aquatic plants, benthic organisms, and sediments) through
additional research.
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wo] o]FojA| 1 glom, E3] ojuju 7o) ofa} 44 (Filter-
feeding bivalves)Z o83+ 2F Aoj7} HejHsAd o
2z} Qlth(Pouil et al., 2021). o3 A4 o]ufjTj
e FFo Exsks 22 gAY f71E, dEEot, AE
A EFIES st EFL 7R 921 (Vaughn and
Hakenka, 2001; Dionisio Pires et al., 2005; Lee et al., 2009),
59 gAY E3& AAske A=A DH (Biofilter) 2
A A& F3L At (Reeders and de Vaate, 1992; Cho et al.,
2021; Géba et al., 2021). o]g AT HFE o] &3 5
Z A 3} (Water purification) AFH 24, QET I (Zebra
mussel, Dreissena polymorpha)g ©]-838t AU (Naddafi et
al., 2007) 9 &%} A+ (Holland, 1993; Smit, 1992)%¥al of
Yzt Diplodon chilensis, Anodonta anatina 52| ThH¥gt 0|
ol FHE0 2 45 L 25 ol dg A7} B
3% 31 Qlth(Soto and Mena, 1999; Chen et al., 2001; Pires
et al., 2007).

=AY W2 (Unio douglasiae), B2 (Anodonta woo-
diana)®} A 0| (Anodonta arcaeformisy= $-2|vhet &
9] sk Ao AASt= EA QD Fa4t 3R (Kil,
1976; Kwon and Choi, 1982)2, B3 % © ¢o] AFk FtojA]
= AES Qe 2SR ERIEL Stk @At HRE
do g ofibgof thet thekRt A47F HuEa glom (Kim
et al., 2001; Kim et al., 2004), E3] &z7]9] AL o2 j
ol vl S XS F71E (2F) =0l FIL 94.2%=
A5 =2 Ao A ch(Hwang et al., 2004; Lee et
al., 2008a; Park et al., 2008). 3} -2 A AIA|of A5}
= 271} Yol oo WAT S A= A
Heg Aow, E35] I thA o] ojibgof tigt Hie

A8 Qiek ol2F 7o 98 Bk ol sRo] st oz
AP B5 FPARE ojhgo] gt ARE 27 Aol
of BE3 4 Yk ABSY H2L AR WA 7|
Ho] digt 71277 Wasith B3 oldurE 25 Aol
o Zgal7] g3 A Aw L Aol v FF 5
o] A7t Wasi

B Ao 27 WA R R AN Bz, B
270, gole] ofzhee Zgsigon, ol o I &
2 AAlskE olujalRe] F1t fuke Hjolg BHsI

[S]
25
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1. ZAF XA L ZAL A7

2 AFE st S0 YIX|3 WA H (Baekje weir, B)
oA 20208 6LlA 9¥7tA] 47Y B2t WY 13] 343
3 4 AE AR QY AL HAEh 2AF - 9
AR A 900m A H o2 B} w7t EAH oF 400m
ol AAA 9] ARz 48 93 shto] FREE
T7HE 24 50mA Fof 77+ W 871 A (site 1~site 8)°]l
A 2ARE AASHTH(Fig. 1).

2. 5 MAXe| £3F

2y

A} F2= FAO| A Petite Ponar grap (15 X 15 cm, Wild-
co)Z ©]83tH site 194 site 87FA] AUZA RALE =85}
Ak AYA 9] 13- Wentworth Grade Scale (Wentworth,

1992)& 71202 3ol B BAEH TS B3

Geum River

Fig. 1. Map showing the sampling sites in the Geum River (BJ: Baekje weir, St: Site 1, 2, 3,4, 5, 6, 7, and 8).
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t}. 20209 6o A 20209 9€7IA| Q] =919k o] High
ARE A7 LAY TEHEALE FFSHT A=
£ o]&3sto] B4t 0|38 2 & 42 (Temperature,
Temp, °C), pH, €& A2 (Dissolved Oxygen, DO, mg L™")
4 g% (Turbidity, NTUYE SA392H, B d&olA
o534 $2=27](YSI pro plus, YSI, USA)$t Foi-§ =
A (HACH 2100Q, Hach Company, USA)E ©o]|-&3}o] &35}
gth -85 A=k (Suspended Solid, SS, mg L)} GE24-a
(Chlorophyll-a, Chl-a, ug L)} 7% 20208 &89} =
A stgo] % B 17 ¥ 27 Y BYUEF
AR I (Lee et al., 2020) HloJE F 2 AL AR ¢}
T HollA] i 2AE AIE ARGSHAT

3. MZE AR AHE

e A= o E AHT + A= 405
m~1.0m)S I3} (Ryu et al., 2017) YA L] Z- 2|4
HE FHEZRE 2m, 7ol 10cm7HA] HEE =217 (50
cmx30cm)E sHE Eo] AP L™, 10cm o] 7o
oA Aalste olufslFo] e 4 R &S ol&3 AA
23] We Bagste] skt @A HHE ofv)
= A= IF=2 (Kwon et al.,, 2001)& ©]-83t 7
ston Fue ANSE BT e, AAE Lustol
R AAT | FeodidY f8 +2@0L)l <

WA Ho A 23t o]uj = F2] Length-weight relationship
AL WA o] A 2 AR A e
shzre] A% FHA AR HPZAEE )9 317
A ghe vlmate] 37 AS=g Brieks Yo Py
H8HA AFEE o] $hth(Petetta er al., 2019). o] ol 7 47704
of szfe] Eoiglis ol B AL AASL HEAZ T2 )%
9] B9 A A3 thS 5z} (Shell Length, SL), Z+3 (Shell
Height, SH), 123 Z+Z (Shell Width, SW)& 3351
S5 459 FAE x3T F 5 (Total Weight, TW)
£ 0.1 g714 27K % $F AWyt 32 o] (SL)Y
23 olgste] AR thstel HFEES ol A2
o]-8-5te] AASIATH(Le Cren, 1951; Petrakis and Stergiou,
1995; Froese, 20006; Petetta et al., 2019).

TW =aTL®

TW = Total Weight, TL = Shell Length (a, b: parameters)

o
ox
i)
ox.

A ol 7o &4 - ol3tstd alsx o
3 morshu ool FIL UlAL WA Tl
AE sty Yste] FAE EA (Principal Component
Analysis, PCA)S AAJSIGTE FAE E42 R (ver. 3.6.2)
Z2 IS ARESHT T 8 A HiRt A= 42
LOG (x+1) ¥ FdJ-F4 A3} (min-max normalization)
o2 Bghet & AR B4 Ak

oo

s

A
ol

HI

5, AlZZaASE 22N

0O -

1=

Agof AMgH AEAYL YEAYAIE (Korean Collec-
tion for Type Culture, KCTC, Daejon)2H ] HoFHFS the
At =279l Chlorella vulgaris (KCTC AG10002)& ©|-83}
Aok 712X 2 422 BG-11 medium (KCTC Media No.
466: Medium BG-11 for blue-green algae) (Rippka et al.,
1979) AAuR | oA Bl ¥t 2A1E wix]= v 871
53810 121°C, 15 psi 27004 1587 A FH T 27
Y& 248 &% 25+ 1°ColH F= 7000 luxolct. F37]
B 16:89] 25t A] wjestglom 23 HH o A
o wjekstgit. C. vulgarisE %27) A1 W& 1.06 % 10° cells
mL™'¢t 27] Chl-a H= 27.03ug L' 7]&0& 3}o] 0,
0.5,0.1,0.01, 0.001 ¥ 0.00018) 2 A5t oH, NE 4=
= Lugol’s solution (2|& $% 2%)22 C. vulgariss G
3t & o] Sedgwick-Rafter Al 0|85t Fetdn|7
(2004l; Olympus, Japan)oll A A4=3}9 3 Chl-a =5 242+
SAste] Aol e AFAS A4St (Tantanasarit

etal.,2013).

6. O|IHIHE o2tE =

ojmjuiF ATES S5} flste, WA AP 219 &
Z3E 8 AR o )FE 3¢ 5¢F A4 (Starvation)
AZl % wjoke ABERIE C. vulgaris (13.84 X 10° cells
mL™)7} & 2L9] £E3 o} 2 ARz 20 ol FE 2
Z+ I7RAY 2o Bttt A 58S gt A=
oM FE $= FY £ 0,05, 1, 3, 6 E 247k A}
QL kg HasfEHHA FF 10 cm SHEOIA 100 mLE
At At AEEFAEY 25 &R A=)
Sk T3 o|ufj s 7 A AR Chl-aE AAT 7Fs S
A5st7] flste] AEE oago] ATE Aol st
o C. vulgaris A1 D=E Chl-a¥ =2 FARIFL “H
T2+ 3 257 AU 2YEF A3E 1A (Lee ef al., 2020)
F 2 A7 ZARAY FYg B4 2020 69FEH o€t
A ZAHE Chl-a £3%9 ZAnke} Blwstgle}. T3, o|ufjsiF
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o clzhgo] e Y WSS BAT) YIstel T
4 247)(YSI plus, USAYE ©]g3fe] v} 2j5= Aot 2t}
o zol4] -2, ADEE, DO, pHE ZHsH0H, o]
of e T3 33 Wk Astach
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1. O|HEHF MAIX|He| S2|X 2t Hs}

ZAA 9] EEjd 3 £4% A= Table 13+ 2
o} 20209 695 E E 7] TE £9 AR F&50] F
7ystgon, Fu g4 797 8YE 7+7} 1.56, 1.60m s
£ 29tk o1F 9974 f40] L15ms 2 FAE 6
YEE 9Y7HR] BHAH Cobble} Pebble?] 3HA; L2 =
A H &L A EE Z 0| Gravel2 A2 Hislz} ¢lgd
o, 2 (Sand)et & (Mud)2] Hl&o] 6dFE 9U7HA]
Y7} 54.3%, 72.6%, 83.8%, 18|11 71.3%L.2 Z7}= Ao
2 UENT o] 625 E XPHE 2O YA o= <l
fr&ol F718te], ERlF o= A7} 718E Sand@t Mud
735 A3 @4o] UEhd B E o] sHt 271 HatE Ae
2 Bt (Homer et al., 1990; Uehlinger et al., 2003; Park
etal.,2012).

2. WKL ojofmiFRel & =Y A =

2020 6€REH 9¥7IA] 470 ot WA HAA HF
H o|ujslF+= U2 (Unio douglasiae), BZ7N (Anodonta
woodiana) B A 0| (Anodonta arcaeformis)®] 3EL2, &
AATE 470k, F S-S 10.17 kgo] Uk (Table 2). o] 5
D27} 26mH (F T 1.31kg), D27} 157 (F S
6.59kg), tiA o7} 6ut2] (F FTF 2.27 kg) Rtt. Hastie et al.
(2000)Z} Nesemann et al. (2005)°] W2, o]zl F-o] A4
A (habitat) 3}g-2 U¥HA o2 majel Ha Ao gt
oj9} FARRE 3M} AL 7HA= WA Bl gxIle B2
M7t F2 E3E8kA Ulen, I oo o]zt AlAlsh= A
oz yepgtth A-E o|mjui 7ol s§Z =27 (Shell Length,
SL)= 8.6~13.5cm (mean 11.3cm)°|3 ZF 7fAE & &
2 80~302 g (mean 203.8 g)0| AT} o]uljulj 7o szt =7
7} Z716HE & Fo| F71kE A2 UEhgt*=0.95,
p<0.001, n=47) (Fig. 2). o] A= F7]|9} F ST
5t thre] B 9} S A TH(Lee ef al., 2008a; Kim et al.,
2009; Choi et al., 2014).

M
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20209 6¥RH 997HA) 4L F olHF 2 F

Table 1. Physical characteristics in sampling sites of Baekje weir, Geum River, 2020.

Substrate composition (%)*

Month Watezr (;epth Wa(ter velg():lty
Cobble and Pebble Gravel Sand and Mud m fmsee
Jun 20.7 25 54.3 3.03 0.40
Jul 8.8 18.8 72.6 2.80 1.56
Aug 1.9 14.4 83.8 3.60 1.60
Sep 10 18.8 71.3 2.17 1.15
*Boulder (>256 mm), Cobble (64~256 mm), Pebble (16~64 mm), Gravel (2~16 mm), Sand and Mud (<2 mm)
Table 2. Comparison of bivalve species collected from sampling sites of Baekje weir, Geum River.
Region Mean
n TW (kg)
Scientific name SL (cm) SW (cm) SH (cm)
Unio douglasiae 26 7.33(1.07) 3.62(0.4) 2.66 (0.43) 1.31(0.02)
Anodonta woodiana 15 15.2(2.53) 10.53 (1.75) 5.95(0.96) 6.59 (0.18)
Anodonta arcaeformis 6 13.83(2.39) 9.85(1.82) 5.68(0.78) 2.27(0.19)
Total 47 12.12(0.8) 8.0(0.78) 4.76(0.26) 10.17 (0.09)

n: number, SL: Shell Length (cm), SW: Shell Width (cm), SH: Shell Height (cm), TW: Total Weight (kg), The numbers in parenthesis indicate standard

deviation
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H Sk (Table 2)7 o]3}5}4 217 @ Q1 (Table 3y 2§
sto] o]ujujFol FIFS v BHRUL BA3] Y3t

of FAHE EAL ol (Fig. 3). TRl 7MY ¥
2 FAHE EX9] A|13AE (Principal Component 1, PC1,

cumulative proportion 0.65)Z} A23AdE (PC2, cumulative
proportion 0.90) B3 o2 AAtE FAHAE B4 A=
Z=3.02PC1 +1.88PC22.2 ARFAE7A| ] &7 &

2 90%E Uetiglet. Al1FAd 2ol Al 2ot H(r=0.33),
$40=0320] 718 £ el ABBAZ Yehpon, 3
© =3} Azhr= —0.33), FRA = —033)= M 2L &
O A HAZE itk A2 Rl A olul Rl TxA
(r=0.38), A 0] (r=0.52), o]5}3H4 22191 & (r=0.50)°]
M =& 49 ARBAE vetllen, 927 r=-0.12)
7} 7P & 9 AUEAE Uit ol 2iES
WA RO} Je® QIFt f& F7IE DO F71H¢} s e
o we] Hu7} Fobslel emet 3 B0l FrhHe AL
2 goEs WAE 7o 2 Qlsto] 97 WolR| 1, {4

W = 0.00012L2994

900 1 Re= 09578

n=47 L
Regression coefficient=2.994

& 700 - .
% 600 - .
& 500 -
% 400 -
S 300
200 1
100 -
0 . :
0 50 100 150 200 250

Mussel length (cm)

Fig. 2. Relationship between total weight (g) and mussel length (cm)
of bivalve collected from the Baekje weir (Geum river) (TW = aTL?,
TW =total weight, TL = Shell Length, a, b: parameters, n=47).
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8 Aol gt wﬂom—— SECEDES R IES:
797 9L TS AR olstats &
kgl 6@4 8Y& Aparel Hagolgich

olufgi 77t A& A A Chl-aE AAT 4 A& 7FsAES
d1&317] Y3t C. vulgarisE 34 (0, 0.5, 0.1, 0.0
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Fig. 3. Principal Component Analysis (PCA) for biological factors
and environmental factors in the sampling sites of Baekje weir (WT:
Water Temperature, DO: Dissolved Oxygen, SS: Suspended Solids,
Chl-a: Chlorophyll-a, NTU: Nepthelometric Turbidity Unit, UD:
Unio douglasiae, AW: Anodonta woodiana, AA: Anodonta arcae-
formis). The red letter indicates bivlaves.

Table 3. Characterization of water quality in Baekje weir from Jun to Sep 2020.

Mean
Parameters
Jun Jul Aug Sep
Temperature (°C) 24.36(0.3) 20.2(1.03) 25.95(0.81) 21.27(18.13)
pH 8.58(0.23) 7.3(0.16) 7.53(0.37) 7.5(9.79)
DO (mg L™ 11.96 (0.79) 8.98 (0.59) 8.75(1.15) 10.6 (24.85)
SS (mg L™ 17.74 (2.46) 34.48 (4.35) 79.48 (33.33) 33.13(12.22)
Chlorophyll-a (mg m>) 116.48 (18.13) 24.2(9.79) 34.78 (24.85) 22.97(11.19)
NTU 14.06 (6.5) 26.55(8.5) 88.61(7.9) 29.32(14.9)

The numbers in parenthesis indicate standard deviation.
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Fig. 4. Calibration curve between C. vulgaris cells density and Chl-a
concentration (r2 =0.9878).

(y=2E-07x +1.4833, 1’ =0.9878)% AAs¢ 1
2 el =3 F C.ovulgaris®] H|E 2
Chl-a2 ¥8HE 2h& ATHFig. 4). AAS 1 gk
(p<0.005)Z §oJ5 Lhekgteh. oleigh vl Al A
2 ME Uz WE Chl-ad HFAG TAE R
Tantanasarit ef al. (2013)2} F-A}sFSE T

5. Azt Zatol| mE ojofmFRL| kg 24

ojufjuf 7o) jI-g-S otk 7| Yt YA o|wjuiF
£ T mtd Hol = (C. vulgaris)©] & 219 of2d =
of £t AYPsIYlen 3% BF 27 5YFH o R ks
skeith. ol FE FYSHA] 2 o2 x4 tx7
Me C. vulgaris®) NEZ =7} AF A& AA 13.84 x 108
cells mL™'o| 4] 24A17F & 13.28 x 10° cells mL™'& A¢] 7+
AEA] FUAT, D2, 2N, A olE 22t of2E &+
Zo| Y3 BE AR A= Algto] At wht Hol
E C. vulgaris®| NZ57} aE= o] F36HA S4 =
Ack(Fig. 5). 3] o|mjui7F FY T 1A7HLE HolB&E &
29| ZHaZEo| g WA Ao 421 x 10%cells mL™
(69.4%), BZN= 478 x 10% cells mL ™" (65.2%), HhH ol
5.14x 108 cells mL™! (62.4%)2 Z+AdHs AFL BYoH,
AY T8 AR 2447t Foll= 242 94.8%, 96.3%, 96.6%2)
A vEE Ui loh webA ojmiui® 359 Hdt o}
B2 308 T 28.64%, 1NZF T 65.64%, 3X7F = 80.18%, 6
A7t 3 87.92% 1)L 24A17F T 95.90% =2 LrERtTE o]
3 A= Lee er al. (2008b)T} Lee et al. (2009)] o] 53
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Fig. 5. Filtration rate (FR) of three bivalve species according to in-
cubation time (UD: Unio douglasiae, AW: Anodonta woodiana, AA:
Anodonta arcaeformis).

ol ko] T3t Buole FAZ
A 2 7 Wi
()9 AL 27] MA 4221 25°C gt A=
gon A7AEE (b= 2L 7t F2gt Aol
© HolA] ghgtont, §& Abax(0)% pH (d)=

Bt E3 oakg
o (Fig. 6), 5

ol He)
of we} Pt EotslA ke 458 Uehigle ol

ojujgFo] HAl 5 F SFe gt 0.9 At HEo]
COy9 3712 sty yepd A3E HoZth(Kim et al.,
2008). E3F, 24A17F 3 HZ}o] jHE EIsHA S o HARRE
A A=A Forom, FAAQL ojmjaFoll A Ueht=
AURkAQl izt B

Aoz At Chl-af] FEE HI2FoIA 00014 24
ANZEHA B 168.34pug L'oA] 163.16pg L' 2 = ¥
37t AY g oy AdFoMe =& ARORREE 244
7t Zof wrzAle] 9 10.16pug L7, B2 7.7pg L7, A
o] 71pg L'&2 B 832pug L (£ 1.61)E Chl-a =7} &
A FaEE AL R Yepyth nabi] 2 AgA] ofuf
W57 1k2]7F 24X 7H(EFR) Fetell 2T iH] Bt 154.84
pg L7'9] Chl-ag Afshe Ao2 AU Lee ef al.
(2020)0] w2 WA E] 6H] HF AFHL 1,6428 m’
02 B Chl-a= 1108 mg m 2 BE1E o] gt} o2 3t
Aol i3t Chl-a2 THAFSHAE 181,948%F mg m ™ol g
gk & Aol A 4SSt ofuljulF 1] ] ¥ Bt Chl-a
A7 4800.77 mg m 2 AT WA RO ojujwF
A A3H(2018~202049)0) w=H AFF 49 vl2] 7} LA E
L AoF B (Lee ef al., 2020)E|0] glomZ oJujsE |
olg)7} g 5ok WA 2] Chl-aE AT 4= = A=

ol



O|IHIHF 352 g =

3

45

(A) 28 - --UD B) 40+ -e-UD
-0-AW =y -0-AW
) 27 A -9-AA g 35 -0-AA
< -O--Control @ -O--Control
s 26 4 S 30
g 2
5 2
2, 254 g 25
: :
5 24 - g 20
<
= 3 % 15 -
22 T T T T T T 1 10 T T T T T T 1
0 0.5 g 3 6 24 0 05 1 3 6 24
Incubation Time (hr) Incubation Time (hr)
© 84 D) 104
_— O O
5 4
o0 6 1
g
§0 \ ’ 8 -
> 4
8 --UD + = ]
'§ -0-AW
S 2 4 -9-AA 6
.é’ -O--Control -O--Control
0 T 5 T T T T 1 5 T T T T T T
0 0.5 1 3 6 24 0 0.5 1 3 6 24
Incubation Time (hr) Incubation Time (hr)

Fig. 6. Measurements of environmental parameters of water tank containing bivalve species in laboratory experiments (UD: Unio douglasiae,
AW: Anodonta woodiana, AA: Anodonta arcaeformis). A. Water temperature (°C), B. Electric conductivity (uS cm™), C. Dissolved oxygen (mg

L™, D. pH.

Table 4. Simulation results for bivalve’s filtering ability in the Baekje we

ir of Geum River.

Month Water stora}ge* Chl-a:k3 Toltal Chl-a*_’; Expecteq reduction rate/ Expected rejduction rate/
(10000 m”) (mgm™) (10000mg m™) 1 bivalve (%) 40000 bivalve (%)

Jun 1642.13 110.8 181948 0.0003 10.55

Jul 1561.35 353 55115.65 0.0009 34.88

Aug 2241.70 42.53 95339.5 0.0005 20.14

Sep 1217.28 34.13 41545.76 0.0012 46.21

Mean 0.0007 27.94

*Lee et al., 2020, **water storage X Chl-a

0.0003%°1, 10009217} 94& 7-9- 0.264%, 4%+ wke} 7} 91
S AL 1055%9) A7 A0S Holk Aog Akt 4= )
t} o|¢} Z+e HRAo 2 7 8, 999 A4S Aotk 4%t
utE] 9] ool 2l Chl-a A& AXlste] Hd 79

9] A2 34.88%, 842 AL 20.14%, 992 AL 4621%2
& 4= Uch(Table 4). o]g AIte olujglj{Frt 444
oA ATZOZ Chl-aE AT 5 Y= 7FsAE AATH

o AA = o FE Fot A 27 AolsEe
Btz faiale ol ofyt HESFAE, 4

AE AMAE, e 75

3ok SFXT(Kim et al., 2013; Gudimov et al., 2015), &
AFolMe A HollAl ojufsj 7o oAiteit ojo wE
Chl-aol| AZH&e] 7|9tste] A 257 Alols8S A
stk

Y AEES THHer 1
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X
a3

0]

2 AelA= 2020 6€ollA 9¥7ER] 47hE Fet -
et shd 5 S WAE 2 AAsks T2, B2
oF iAol 5 AYste] MAA EAS AHELL, 0|59 o
TS AY APE 5ot SAste] AFAAS AEstGin
WA EA A QY T2, BRI, Aol 24417t 52t B
T 154.84 ug L7'9] Chl-aE AAIRLH, o]= Ay $2
QL) W AEZH3E C vulgaris (7] Chl-a=168.34 pg
LHE <F 24417 gholl AAT 4= e Aoz eyt
2hA], & Aol ARERE TR, H2IY, A ol7F A+t 4
ok ut2) 7} A3 A9 (Lee et al., 2020), 64 FHg St oAt
5= Chl-a® A &= 10.55%22 251 799 73
£ 34.88%, 842 79 20.14%, 999 AL 4621%2 %
T 27.94%9] A7 ATE g 5 Qi o3t A= Tt
Aoz ojmjuj 77t MAX A AB}H 2 Chl-aE AA
T AL 7S AT AARZ o7 E St 5
A S 257 AlolsdE B7tst7] flsiA e olmuf iRt
ofet AEEHAE, £AE, AXNE, B8 E, 15 59
4G5S THHORE 1ol SHA|TE & AoA= oful
9| 79] &3} o]of| WhE Chl-aof] AZHE 7|4Hkste] =43
A 27 AlolsgS At & dF 252 A o
et a3t WA 9] B Aol 712HQ FEE A
T Aoz AlrEH

e

N

MAEE Ydd@dista sigsdastat, HAta),
e (K-water, G A7), AYA (At A4k
AT AT ), A Z (A ClNE HE), 2
ARt sfsastat, ng

~

MAZIOIE AdA4: Fely, Bae: Held, 24 el
4 U49E, A5 E ARAF HGE, B4, FA4, AR
A, g, 9

T A, U d, 93 242 494l
A

A PGAL G, B4, A1 By 2 AR 4,
AGAL LA, AT F1A, AT 25 FA

O|aHEHA E A3 =89 ZE Azl= o|a|lTAol FE9]
RS g =yt

i)

S TH| K-WATER (2020 K-water 7{*}3 R&D ZHA))2}
NRF-2018R1A6A1A03024314 & NRF-2020R1A2C1013
9369 A Yoz 4=3Pstgct.
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