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Abstract

Microcystis aeruginosa (M. aeruginosa) is a cyanobacterium species that can form harmful algal blooms in freshwater bodies
worldwide. The use of Artemisia asiatica extracts to control M. aeruginosa inhibition will be environmentally friendly and
promising. Artemisia asiatica extracts removed successfully upto 88% of M. aeruginosa pH 8 at 25 °C of temperature. These
results was indicated that the amount of 2.24 g/L Artemisia asiatica extracts was removed 1g dryweight/L of M. aeruginosa.
The kinetic data showed substrate inhibition kinetics and maximum growth rate was obtained when the M. aeruginosa was

grown in medium containing 2.5 g/L of initial concentration of Artemisia asiatica extracts. In the various growth control
models, Luong model showed the highest correlation coefficient of 0.9916. Therefore, the Luong model was the most suitable
control model for the growth control of M. aruginosa using Artemisia asiatica extracts. In conclusion, the growth control of M.

aruginosa using Artemisia asiatica extracts can be applied in the field without controlling the temperature and pH of rivers and
streams, and it is possible to control the growth of M. aruginosa efficiently in a short time. The natural extract, Artemisia
asiatica extracts, can be a promising inhibition due to its high efficiency and low dose requirements.
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TS B falgt =F W4 (Harmful Algal Blooms,
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2, A7 9 TR IYPHA LS 4 HABs #H
wel At 7 FF 10 9 A% I & AeR A
o} (Grattan et al., 2016; Ralston et al.,, 2011).

HZ FEUFAAE o] 7kA] 8Rle = Qlstd fnirt
ZR7F R LR FUkskaL e, o2 st AFY
23 st 4ol Bol gstEo] 7a glof, AHAES
AFskaL Ak FWedA B 2RE AEEE TSR
H B7AE 7&2F Za5EH 2d87As 52F 183

E7H MR s F2 927 984S olF YUtk B
o] 9J&H A4S Anabaena, S5732 Microsystis7} %
% ATk (Choi, 2016). FEutete] g5t iy
oA oFHo| W] 85 Anabaenai= Filamentous
CyanobacteriaZ4 A1 5L 7FA3L 1.2 H, Mosquiro
fen 9 AEH A= 2 AFAEY SHEZS A
2 $ 9leH, Geosmin 3-MIBE A3t} (Hallengraeff,
2010). Al eawe HAZE Al 5 ppte] FEAME HAHE
=2 F Qlol #xEY AFLE gz 2 A
7HA gzl H4L YL Fdol A, & Bold 4
A AARA ¥, G2/ Mlcrocystls t 55 AF4A
4 1 &Y 7ted 2 YT #¥HE AeE By o
Microsysting A3t} (Paerl, 2012). Mlcrosystinoﬂ )3t
Tl 1996 B, 1931d Q3o i EETel

i,

g ol%m

Journal of Korean Society on Water Environment, Vol. 33, No. 4, 2017



442

A drAEom, olo] ol World Health Organization
(WHO)E MicrocystisZ {15t #ASt= S48 &0z
859 Microcystin &HFS 1 pg/l olstZ2 FESIAH
(Grattan et al., 2016; Ralston et al., 2011). °]&3 FHS
TR e FEFE EHFOE oY 34 F &
Foll A Ab= Cyanobacteriumo|H, A AAF o= gz £
¥=o] Qlo] wEA] A oF & F3l F4H ZFolth
olgigt fral =R/E AAs] Al EF, sty 1
I BETH P A7 ol 2ol IPEL vk (Chen
et al., 2012; Choi, 2017; Jin et al., 2017; Meullemiestre et
al., 2016; Wu et al., 2012). Z&} o3 2&3l9 9
e & EYF PTG Iy, dlsea g 2
A 9 shehy WH2 AYae&Fd &840l oA,
sheterE S AHEAS A9 A "AEe 543 ud
e o ZAH % | At o] Aok (Pei et al,
2014). =il A ﬂ o 7b¢ Bol AH&ske WS FER
5 AX¥ste dolth Iy oje Hy =S A
e ¥, z%al Hl-go] o] £t} (Choi, 2016; Nakai,
2000; Sengco and Anderson, 2004). ZZol| AZAl= B4
oA FE&¢ SdH AZHlEE 4o IA =F AA
AE MEste] e Foste] 2R AFIJoU, /A
Al e 1tel 1,2005HolH, Z2 55 o= A7t
t 2T 3 XY S2AAE YAE A 19499
&o] dasith TS H& "WAHY sty A=A, 2
of AMgSt7loll= AP vl&o] T (Kang, 2014).
wetx] AeEjA] GFFE mAA G AHE, LEEY
37 A 27 AjA Y o] Hasirh

% (Artemisia princeps var. orientalis)< =33 (Com-
positae)ell &ot= THdAd RO 2 dAA7FA EIH 4004
9 Artemisia & A& 7h2H 300 oFo] I At
I itk Tl A AASE 3004959 &2 AEiR Ho
a2t 74 48 2 el AolE Holal 1ok (Choi and
Ha, 2014). Bora and Sharma (2011)2 Artemisia asiatica
Q9o FZEE9| Bacillus subtilis® S Azt &4
o™, Melguizo et al. (2014)= Artemisia vulgaris7} -3F
I e EYPEECE R0l s B4 Jles TR
ATk st mEA B A= A dFs v
XA G A AsFQA & FEWN(Artemisia asiatica
extracts) S ©|&3te] Alofute g ote] dFolH F/4d F3l
&5 Microcystis aeruginosa (M. aeruginosa)® A 7A] o
AZE A sRem, ol fiEo AZHE Tteds
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Table 1. Culture medium and cultivation conditions

gelstazl skt
2. Materials and Methods

2.1 Microcystis aeruginosa HH ¥

2 d7e EvE FHNY EE2F 4% (Microcystis,
Anabaena, Aphanizomenon, Oscillatoria) SNA 71 8
SHA *HEE AA S U= M. aeruginosas % FEXE
ol gste] @Al 2 AA HAEE SIHT M. aeruginosa
(KMMCC-973)2 IMHIA & o] &35t 25+1 °C %9 &
271914 597 S48t AHgstAth PlAER s $
sto] Wl g7]9] FY2 LED (Light Emitting Diode)S AH&-
393, LEDY FHHE A9 Bd FP-60-12 99 25
7] (AD & Lightmg, Suwon, Kyonggi-Do, Korea)E A&3}
Aok BE BLS HolA olHE FFHR LM, LEDE
white A4, ZE+ 3,000 Ix, FF7]&= 16L:8D 18X
7AA stk FAFHR wiFERAR IMeA S JES
Table 1] YeRH ST
2 EN (Artemisia asiatica extracts)
2 AzxA E2 10 g9 A &S 50 % o
€ 200 mLol| ¥ A4 242417 Ho|AR S AlA
FZ 9t FEd FEES 045 uym (Whatman)9] @2
g9 ZEz oq3dF & - FE7] (EYELA N-1000,
Rikakkai Co., Ltd. Japan)Z °C olstll A FEAI AT

q
50
ANeEes SN ¥ & FEES M aeruginosa®) @7‘]'

i

12

22 %
% 789

=
22 0
o=

AA ATA AgoAr. 43ATA ik 0% A

o 22802 183 58 T2F 35 18 1Y E

o, ol %99 THE 2489 e, A, 2

229¢ 28 A549 WYA, B9, BEaEe] 17
O

29 A 7]
2012).

Z 2 £ 3¢ (Choi and Ha,

=

AEL Batch o2 APsI 2™, M. aeruginosa i
Iz H]s=5HA LED+ white A4, =& 3,000 Ix, &
F7]+ 16L:8DZ 9tk tgdt s=o WE M. aeruginosa
FHEN 1 LE 2 L HolAd ¥a & FE24S 494 Y
of wat I &S (0~25 gb) FY3ty rtavlg ukE
o]-gst sttt AAA Yol wet & FEAFH T

M. aeruginosa T+ €9 10 mLE FR Al FE35F

Microorganism Cultivation conditions

Culture medium

Microcystis aeruginosa

(KMMCC-973) 25°C 120 h

M

Culture mediums

Composition

JM medium

Ca(NO;)2H,0 4.0 g, KH,PO, 2.48 g, MgSO,7H,0 10.0 g, NaHCO; 3.18 g, EDTAFeNa 0.45 g, EDTANa, 045 g,
H;BO; 0.496 g, MnClL,.4H,0 0.278 g, (NH4)sM07;0,4-4H,0O 0.20 g, Cyanocobalamin 0.008 g, thiamine HCl 0.008 g,
biotin 0.008 g, NaNO; 16.0 g, and Na,HPO,-12H,0O 7.2 g in 200 mL deionized water.
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ol 2,500 rppme2 2027 AL F FEAES AE
St M. aeruginosa ¢ AAES &3
o & FEN =} M aeruginosa® Y&
ggrom M aeruginosa T & FEIS BEFA Y
gth pHE 3~107k4 0.5 mol®] NaOH$ HCIS ©] &3}
o 2AFOH, LEE M. aeruginosa’t T2 JFHN A
z7Fed $HE AAste 2FRUYES A8t 15~35 °C
T A 2EEAA, AP F olidsteid U= R

ARE 2016 8EFE 129714 A
, WrESte H dHolHE AHEStATh
AP e miAEs S8ES Y5t A9

3|
=
L L Ly
MeE wgstel Agstarh

2ze) gRHS A T
X-ray diffraction (XRD)+= (XRF-1500, Shimadzu, Japan)
AHgSte A o}‘ﬁ\:} &Y AE FEIAE AEA 7t
B3, EHAHOR B¥she HiolH, Aas < 5%
A =9 FILsH xlﬂ} %= Chlorophyll-a (Chl,)<
500 mLE GF/F (g 0.45 pm, Whatman) ZEZ 43 &

7 el AE gn 24

oX o rfo

2 (100 mmHg) stollA oAt o, F715 AASL
90% oMM ECR /G SolA 12412 B MAE F2
stod, §FEA7] (TD-700, Turner Designs)E ©]&3le &
FEE SHT T, Cnl, #o2 FASAT Chl,Y sEE
ofef 9] 2] (1)& ol &3t Atstarh

Clpw = 13.95X ODyg, —6.88 X ODpyq,.) 1)

M. aeruginosa®] A|AE&
£ ol &3t ALtetAth

< Chl, 3783 5 ol9 4 (2)

P Chl 5 — Chl,, 100% )
= —X

i o 2)
A7NA Chly3F Chipe 247 ¥tg A9 7] 5=9 dkg
F9] F=Zolth M. aeruginosa® BZFEL ol 2ol A
Abst AT,

X —X

p=In(——77) 3)
t,—t,

v ARE (M), X 2 = 27 2 97 Wg A

T M. aeruginosa &% (g/L), 221 = #FATT (hE

Haldane, Double exponential, Edwards, Luong, Webb,
Moser 12|32 Teissier® =49 (Owhondah et al, 2016;
Halmi et al., 2014; Debasmita and Rajasimman., 2013)&
o] &3t BA3519 T pHE pH-meter (ISTEK, pH-20N)<
ol-gstd FFsAT EE AP 59 ol ¥E Y3t

of P4t FlolHE A&t

3. Results and Discussions

31 5 FEY9 £
& (Artemisia asiatica)® T F71H9ESZ = thujone,
cmeol, camphor, limonene, mycene, terpineol 5°] UM,
7]E]— A ET O 9 vER A, Bl, B2, C&F E& (Fe),
F (K), ZF (Ca), & (P) & TFTF H&ol =0l
9}4 (Ryu, 2011). 53] %49 @%ﬁaoﬂh Aoy Hiol

g Aol Yov AANAA T, T, 3F
& 2 g4e 5ol 9o, d g FEP R
2 WY, 8% 43E 59 Tx0l Ax RS 2 243

A+ (Jeong et al.,, 2014). Melgulzo et al. (2014)=
& (Artemisia asiatica)o| A FE3I g Eo] H|A
antibacterial activityS R I3 od, &9 Hge F&
A AT EF T2 JANY A3} %]-cﬂ]ﬁ]-oﬂ
7 e AR B t} (Choi and Ha, 2014).
2435t A3E Table 2°ﬂ L}E}
Wil & FEdd = E}%kf?} nd & ol FFEHA 3
A ZdE HJEo] 313.13 mg 2L TFR-o|E A
0] 367.69 mgo] FH ASS & F A
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9 5o Gtk AUl B BAurolmo To) BE oz
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(Melguizo et al.,

s Jee

g€t

3.2 Ctkst D HIL O|R|= HE
321 pH

Yekd o o FZol Zolu aHlelA & F e dEHY EE2F
M. aeruginosa® AADS AWE F e AojrdL Q) M. aeruginosa= B SHERE TASte /3 52
Table 2. A composition of Artemisia asiatica extracts (per 100 g)
Composition Energy | Moisture Protein Carbohydrate | Dietary Fiber Ca P Fe Na
Content 71 kcal 728 g 51lg 212 g 8.9¢g 2132 mg | 62.7 mg 39 mg 10.6 mg
Compositions K Mg Vitamin A Vitamin Bl Vitamin B2 Niacin | Vitamin C | Polyphenol | Flavonoid
Content 982.6 mg | 25.7 mg | 3012.5 pg 0.18 mg 0.28 mg 078 mg 28 mg 312.13 mg | 367.69 mg
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olth, dwrzgl oz ARG A pHE 6.5~85 F=o}
(Paerl, 2009), BAIE st FS pH/} d5stHA 5%
Faro] gL A, 3 =zFH o] AsfAHA pH7]'
dedte o e8] dojdth Bxddo] dojue oy
k39 pHE 9 €789l pH 7.7~94% L&A Ut} (Choi,
2016). & &9 pHE 8238 Z2HHo < 477 E U
FEAG o] & M aruginosa Aol pH7F
YotR7] fJ5td & FEN FE 3 gL, 27|
Chl-a¢l B% 8 mg/m’S ol&sle] AFaAth FAAFE
(UN)Z ZAFGML7]1F (OECD) & FA7IFlA F3
FAZIEY &Y FILEY 7S MEW Chl-ad 5=+
0~1 mgm’es FHNIYE 1~25 mgm's HNFYL, 2.5~8
mg/m’'E 9%, 8~25 mg/m’'e ¥9Y¥ 293 25 mg/m’
ol HPLoezE FESIAL Utk (Gllbel’t et al., 2005). @
A 2 AFEE B9 523 £ F9¥Y JE
ol 230 Chl-a¥ %7] =& 8 mg/mi s A4
A7 pH 3 ~491A+= 35% °]3te AAES YA
oy, pH 7~99 WM 70-88%9 £ AAEES Y
etk 53], pH 8% 9oA& 247 869} 88%< 713
2 AAES Ueo] AHdEddA 42 pHET €2

E2 pHAAM o E2 AAELS YeEAdh o=
g Futst le shdolu 4 59 pHIE 7.7 <]
=151 pH«l Z4 glo] sk ol %
o] 83t M. aruginosa AA

—%_
%5

,d
oo 2 OB
)
tlo
e
A
ol

of g MH2

|
& FEAL o] &3 M aruginosa AoloA &7t H
- g
[}

A T2 pHO mVIAZ Fas widsolth M.
aruginosa?t &8ss Al7I7F @utE ez 5N THE
Holm, ol spHoly 7Y F&o] HA 22°C o|dd 2
olth (Choi, 2016). WetA 2= WE AALEL & F
Z9E o] & ZXA Y FFHE s AFE & F AU
t T8 Widgolth A¥2 J8E AT ZY 2=
£ Zoksle] 15°ColA 35°C7HA] WEE Fo] Aoj&S
389w AFA3 15°C, 20°C, 25°C, 30°C I

80 A

60

Removal [3)

20

pH
Fig. 1. Effect of pH in Artemisia asiatica cultured of M.
aruginosa (Artemisia asiatica concentration: 3.0 g/L,
concentration of Chl-a: 8 mg/m’, mixing rate: 100
rpm, mixing time: 3 h, T: 25 °C).
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35°CllA Z2F 52 %, 80 %, 88 %, 90 % 1 91%E U
Eho] =71 Bl wek M. aruginosa® AAEC] &
S3ATh ole & FEH) H2ETE 20 Ex &
&0l syl w2 A2Eue &2 M. aruginosa
9] AAgo] 7 Aoz ALEHT o7 APje B
7F 4 A% 885 999 A s1He & gutF ez
22°C o]l A& Zoithd HZd $HEL AAGH
AE M. aruginosa’s Aolst7] g A7 H L& FE stk
dWtH oz 27t OO?M w2 52A4 S/ 9
o AeoA ﬂ:é: 9 = 171:%% Helles & &
bl

AL A% HE&All

o
% 399 3= AHsse
4

o
28 A7 F A, M aruginosa®l AT E2E&S T Al
Z 4 Qlol w Fa3 wi/] wolth Fig. 39 80% ©l

29 M. aruginosa AAES TFd & FELY &4
w2t Jet Atk ARA2 M aruginosa AAETS & FF
Ao FFBAE 099582 =2 FFAAE YA M
=7t 37VETE M. aruginosa AAE A &

. 9F 1 g dryweight/L

aruginosa®l &
FE99 IE TTEIESS ¢ 5 o

Ne=
9 M. aruginosa’s AAst=H 224 gLy & FEHo| I
a3tk AdFAFel 9std Choi (2016)2 7HA &=
2,02 gLAA M. aruginosa® AZAAE RIsATh &
AFANA AR & FEAL <F 224 g/LY FEANA M
aruginosa® AEE A4 F o] FHHAE o] &F M
aruginosa® AZAARTE & FEY & FEd0] I
82 s & FEA2 7]'Jﬂ A% "t AejA ] WA

= 54

oR

gro] Yo} &7 F3FHFo|th ESF Chen et al
(2012)= R3FHA WY ?l FAANER Sagittaria trifolia
(RE) F=9, Lemna japonica (/NT-818), Stratiotes aloides
(A2VEH) a2 3 Radix Astragali (B7] ¥e) F29 &
& o8&t M. aruginosas AAL AFH 6~8Y9 B¢
80~90%%] AALES BASHTh FANES ol &5t M
aruginosas AAY 2 AeHAN v+ 54 9= <
S 713e] o AW HE FALEY AGS A &
A3 895 EF77F oy ddol vk 2y & F
S ol &3t M. aruginosas AZAAL ¢ o= A

5!

o

F

=

29

BAHQ WE vaske] Bk AR AALL
Eol, AHAC] mAE S4ol glol JBF w2y
WE A%F gAst s,

3.3 MANN 2=

M. aruginosa® JZA|oe] ZEot= & FEH A
FEE gotRar o 7HA] AZRDES o8&t H|a
EXA5H T B Ao A= Moser, Tessier, Webb, Haldane,
Edwards, Double exponential 1] Luong Ed 3 22 t}
It Bl S o] &3t & FZEH o] Maruginosa®l A o
A= TS EHsRth d58 449 2ds2 384
Mond #g2lolH, vkt 27 met ZA2lel oz wi7p
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FES 9adol=std Mond2dE& 74, HIASIHTH
9 A VA2 AE ZFY 712 A
3t2v, Haldane B84 A 7149
3t 4 AENE HEsr] A& dE AgH
, Moser= Monod®] R4 & uj/] d4 (dutzdoz)z
Holeste] mAE A ZHE SA™Hold T
ZE2A 20 ST (Halmi et al., 2014). wEkA]
oA ThFe AARDES o] &t AFAHAE Hlw
olfr= AAdolEHE A E&ES 7] Yo Aot
Ae vlolHE @] fgelth ol#g ARASS
o] &3te] MW EA T = AL M. aruginosa 43E HOlHE
o|gste] g9t Bl wiEFe 27| e A5t
o 83171 witolth
Fig. 49 & FE99 = WE M. aruginosa® ¥Z5
&% 4 (WHE JeAdh 4827 & F599 5% 2
gLAAE wt F7FtAem, 2 gL oY & FE9 5
ue 1

oft =

® E
g

o

! b

N g,

W rlo

ST

oo oo @ ¥ N, S N (B
= Mo

ox rol mol et [y

EolAE ARG BLFALE T 5 ATk w1 gLol
A 0.16 (b)), 15914 0.17 (b") 283 2 gL oA 0.18&
Uehlol 1~2 gLe) & 329 FEAA Z44E7 AA
I ERHYLS L & AN FRANN & F3
ol &3 M aruginosa®l AA AJANAN ppme 2

29 FxoA 018 YERAATE o1& 4 (h)E %
A9 7t Z7Hge wE x&Hoz AAadte] 10 gL
% FZd FToAE 0.02 WHE ZFas9eH 20 gL

X
rr

= o

01 (WHE Zaste] AY Apgach 42 5%

FEHdANA M. aruginosa®l F21°] 4ol fre=

Zd4 FdE ol9dd gsE, <, F, ZF, 12

T o] vFeR IHHEO o] EFHA =Y
A

o] 32 FLoNXE= M aruginosa® ¥
o
[e]

o A

o
Z A8"t ol2R o= A rd Zad e

[e] 1<

o Mg oo £ iy 0 2 o gy v

of o oft oy

A
] 6 mg/L o]l M aruginosa® AZA 17 U
ERINES 18

& FEY°] M. aruginosa®l gZA N mAE FEFS
Foluad B Aol BAS olgstel 4Y FAE ¥
Asgen, I ZFAEZ Table 391 YeERAATE Moser,
Tessier, Webb, Haldane, Edwards, Double exponential 12]

=

[t

y = 0.5004x- 0.0324
R*=0.995

w
L

Chla concentration [mg/m?)
[ N

0 1 2 3 4 5 6 7

Dose of Artemisia asiatica [g/L]

Fig. 3. Relationship between Chl-a concentration and dose
of Artemisia asiatica extract (mixing speed: 100
rpm, mixing time: 3 h, pH: 7, T: 25 °C, Standard
deviation varying + 3%).

3 Luong 2RO ppn= 0.167~0.1812 YEAAoH, 4
A2 R*E 0.8997 ~0.99165 YeR Aok 53] Haldane
g2 2dsd vaste 089979 /b U2 ARAS
Yer o™, Luong22 S 099169 7Hg & AaA
& etk A & FEQE ol & M. aruginosa
ol AFAANE EAF AoJrd e LuongEdo] 713 AT
St e Aord S o] &gt £X4% Z#E Fig 5.
o YJeERN AT} Tessier, Moser 18]l Webb i 7HA1 <]
Ho]E & 0] 8313 2™, Haldane, Edwards, Double exponential
33 Luong B2 A tlo]HE YT ZE B
oA 2~25 gL & FE4 =N ypns YEH
Rem, I o4y sEAXNE M. aruginosa® HIFAE
7b dASA Aasies € F Utk ol A
Aste A3 dolE 3 2d ol w7y
HEE SR 54, Bg4d ot

Table 49 gt FHE o|&F M. aeruginosa Ao
g 9 Aol gs JeE Ath Microcystis7t &4 k= &
4 &Z24Ql Microcystine HEIZ AL 7Ix3 loH, o
HHE 02 M. aeruginosa APEBANE ME¥rozw S&HT)
(Chen et al, 2016). W&tX M. aeruginosa A A=
Microcystin®] 4| E¥to 2 L& H % AEZ FE o} 3
o APgAFed 9stH & FE9L2 Microcystin®] HE =
A Z&std & JAS= 27 vk ¢t
(Jeong et al., 2014; Corréa-Ferreira et al., 2014). &, & F
SN2 M. aeruginosa AA B ol o] FFo
Hol = EHEZQ Microcystin® FAAA L= FA]0|

g & Atk Aotk M. aeruginosas A A7 $1% BE

4y e

1o

i
el

Haste] AoiRez ulgo]l A-stH, FE AsHHoltt
(Chen et al., 2016). 53] FHAEE °]&3 M. aeruginosa
o] Ao MHE HAZ JP Beol AdEar A AIgE
o] o ZAge THol AUtk AAsHolY AFA € T
29 M. aeruginosas E9F, §3t8 WHoz ALY 7
Fole pHY 2% T TS ®ol won, HAxAS
Z37e 4A gtk B AFlA AHES & FE92 UV-
activated persulfate® Pine needle exracts$} W]t M.

02
0.15 {
*
- =
= o1
=2
0.05 *
L 4
4 4
0¥ - - - -
0 5 10 15 20 25

Artemisia asiatica concentration [g/L]

Fig. 4. Effect of Artemisia asiatica extracts concentration on
the specific growth rate (mixing speed: 100 rpm,
mixing time: 3 h, pH: 7, T: 25 °C, Standard deviation
varying + 3%).
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Table 3. Estimated parameters of various substrate inhibition models

Model Equation Parameters R’
Moser i = mSUK, + S n = 06732, K, = 0.8245, u, = 0.176 0.9613
Tessier 1= [l - exp(-S/K)] K, = 0.5425, u, = 0.172 0.9245
Webb = {S[1 + (/KK + S + (SY/K)} | Ki = 1.168, K, = 0.3315, 1, = 0.169 0.9357
Haldane U= mS[K, +8) + (1 + S/K)] Ki = 1131, K, = 1.123, 11, = 0.167 0.8997
Edwards 1= [mSIK; + S)] exp™ K; = 4314, K, = 0.8173, 1, = 0.174 0.9586
Double exponential U= tylexp( - S/K;) - exp(-S/Ks)] K; = 4576, K, = 024, 1, = 0.179 0.9542
Luong = 1mSIKs + S)(1 - S/S,)" S, = 19.84, K, = 0.7108, 1, = 0.181, n = 2.657 0.9916

where 7 and p, are the specific growth rate and maximum specific
concentration (Artemisa asiatica extracts in this study), the Monod half saturation constant and the maximum substrate inhibitory
concentration at which no growth was observed, respectively. n is the constant which accounts the relationship between g and S.

—E. f
EY
? '
8
0 5 10
Artemisa asiatica concentration [g/L]
@ Tessier B Moser A Webb
¥ Edwards Double exponential +Luong

15

X Haldane

20

E Experimetal data

Fig. 5. Specific growth rate by various substrate inhibition
models (Standard deviation varying + 3%)
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growth rate, respectively. S, K, and S,, are the limiting substrate
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Table 4. Comparison of Microcystis aeruginosa removal by various materials

. .. Water | Biodegrad- Cost .
M 1 R« 1 D Reft
aterials Conditions emoval | e able (USD/g) isadvantage eference
UV-activated persulfate 2 h, 1500 mgL | 982% | Yes No  0.82~1.13To%¢ tiﬁzguiz‘s’t SPECISS Wang et al,, 2016
Montmorillonite with Cu,0 |pH 7, 3 h, 04 g/L| 90.4% No No 0.16 ~0.62 Metal toxicity Gu et al, 2016
Chitosan pH 7, 7.31 mg/L | 46.45% | No Yes 0.11~0.34| insoluble in water Pei et al, 2014
Saline extracts of Monringa o Long time Carvalho et al.,
Oleifera Lam seed PH 7, 50 mglL | 789% | Yes Yes 0.06~0.15 Low removal rate 2016
High cost .
0, ~

Polyphenol pH 7, 7.5 mg/L 61% Yes Yes 0.18~0.24 Low removal rate Nakai et al., 2000

Toxic t ti i
Methyltert-butyl ether pH 6, 100 mgL | 85% | Yes No | 05~09 | O¥C 0 aqualic SPECISS| o et al,, 2009

Damage cell intensity
Caffeine pH 8, 2 g/L, 82% Yes Yes 0.07 ~0.13|Toxic to aquatic species|  Choi, 2016
Pine needle extracts pH 7, 2 g/L, 98% Yes Yes 0.01 ~0.05 - Choi, 2017
Artemisa asiatica extracts pH 7~8, 3 gL, 91% Yes Yes 0.01 ~0.03 - Present study
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