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Evaluation Methods for the Removal Efficiency
of Physical Algal Removal Devices
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5o} 4§ Foltt, olef3t /%5 H2AA felt vas] el o5l A4 BEL vl-HelI
o}, B AT HE thYE HBHH 2ol oA HRAAGAE AHgste] AA AL AT At
S Fgolol, H2AA BES B/1E 5 G BEIE AL AWET, 52 AA AN $A8 &
eX9] F, P8, FRED-a0] FERRE A< T F FRRP-al B FAFACK-a)E AL
Sk, B3 A o o] Ma, A Fe) &Y WAL} AChI-aZFE B SoIA 1 mg/me] F2

2d-asEs Agshed 283 AYL-(WD)E Aldsteint, 2] A% #iﬂoﬂ*i 222d-ad F= A
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Tk & Aol AR ol 54 HRAIAGA ] 524752 6.64%/day (EH%E MR o A, of
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Abstract: In response to the periodic occurrence of cyanobacterial blooms in Korean freshwaters,
various types of cyanobacteria removal technologies are being developed and implemented. Due to
the differing principles behind these technologies, it is difficult to compare and evaluate their removal
efficiencies. In this study, a standardized method for evaluating cyanobacteria removal efficiency
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was proposed by utilizing the results of removal operations using a mobile cyanobacteria removal
device in the Seohwacheon area of Daechung Reservoir. During removal operations, the decrease in
chlorophyll-a (chl-z) concentration (AChl-a) in the working area was calculated based on the amount
of collected sludge, the efficiency rate, and the concentration of chl-a. Additionally, the required
working days (WD) to reduce the chl-a concentration to 1 mg/m? in the target area was calculated
based on the area of the target zone, the maximum daily working area, and the efficiency rate. A
method for calculating the cyanobacteria removal capacity was proposed based on the reduction
rate of chl-a concentration in the water before and after the operation, the treatment capacity of the
removal technology, and the water volume of the target area. The cyanobacteria removal capacity
of the mobile cyanobacteria removal device used in this study was 6.64%/day (targeting the
Seohwacheon area of Daechung Reservoir, approximately 500,000 m2), which was higher compared
to other physical or physicochemical cyanobacteria removal technologies (0.02~4.72% / day). Utilizing
the evaluation method of cyanobacteria removal efficiency presented in this study, it will be possible
to compare and evaluate the cyanobacteria removal technologies currently being applied in
Korea. This method could also be used to assess the performance and efficiency of physical or
physicochemical combined cyanobacteria removal techniques in the “Guidelines for the Installation
and Operation of Algae Removal Facilities and the Use of Algae Removal Agents” operated by the
National Institute of Environmental Research.

Keywords: cyanobacteria, cyanobacteria removal capacity, water sources, Daechung Reservoir,
removal efficiency evaluation
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Figure 1. Structure of physical algal removal devices. Module 1 (D buoyant, @ main frame); Module 2 (3 algae thickener,
@ transfer hopper); Module 3 (® screen conveyor); Module 4 (® sludge remover); Module 5 (@ separator of

algae and waste, (® algae collector)
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Table 1. Amount of collected sludge and water content and chlorophyll-a concentration in sludge

Water [Chl-a]" in sludge Operation Sludge Collected [Chl-a] reduction
Date content area Chl-a in water*

o) | mPEWW | medW | gy | keww | kedw | (mg/m)
Aug. 19 93.4 - 50,000 2,250 148.1 - -
Sep. 01 92.7 - 10,000 375 272 - -
Sep. 10 90.3 0.141 1.454 70,000 2,750 265.9 0.387 5.523
Sep. 15 94.6 0.096 1.784 80,000 3,500 189.0 0.337 4215
Sep. 17 90.5 0.083 0.876 40,000 1,750 166.4 0.146 3.643
Sep. 18 93.2 0.108 1.597 40,000 1,375 93.0 0.148 3.712
Oct. 07 95.6 0.071 1.635 80,000 2,250 98.0 0.160 2.003
Oct. 08 95.1 0.148 3.000 40,000 1,400 69.2 0.208 5.188
Oct. 14 97.7 0.113 4.883 10,000 250 5.8 0.028 2.827
Oct. 15 972 0.099 3.519 50,000 1,300 36.4 0.128 2.562
Average 47,000 3.709

* Chlorophyll-a concentration

® ww, wet weight; dw, dry weight
¢ Not determined

4 Calculated using eq. (1)
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Table 2. Change of environmental parameters in operation area according to algal removal operation

. Chlorophyll-a
Date Gt Water Temp. | Conductivity P DO C = Effici ;
(oc) (p.S/cm) (mg/L) onc. emovai ) 1ciency
(mg/m?) %)
Before 30.1 541 9.19 134 34.8
Aug. 19 37.0
After 282 289 8.50 10.7 219
Before 25.8 285 8.64 8.8 137.6
Sep. 01 73.5
After 26.3 303 8.13 8.6 36.5
Before 27.1 353 8.53 9.8 333
Sep. 10 13.7
After 25.0 360 8.39 10.0 28.7
Before 24.8 294 8.98 9.4 86.4
Sep. 15 552
After 26.5 308 8.56 8.8 38.7
Before 24.7 336 8.72 8.7 39.8
Sep. 17 42.5
After 26.2 276 8.54 8.1 229
Before 252 322 8.41 8.8 434
Sep. 18 27.6
After 272 289 8.34 9.1 314
Before 22.0 299 8.17 8.4 455.1
Oct. 07 82.9
After 227 254 8.92 10.3 77.7
Before 20.7 289 8.10 9.5 1413
Oct. 08 10.6
After 21.2 328 8.13 11.1 126.3
Before 194 325 9.01 9.6 204.2
Oct. 14 63.4
After 19.5 235 8.76 10.8 74.7
Before 19.9 299 9.16 9.8 29.4
Oct. 15 8.5
After 19.5 247 8.72 9.8 26.9
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Figure 2. Change of chlorophyll-a concentration in operation
area according to algal removal operation.
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Table 3. Change of microcystins concentrations with time when 30 ppm of polyaluminium chloride was treated

Concentration (pg/L)
Sample = = - - ; -
Microcystin-LR Microcystin-RR Microcystin-YR
Untreated water nd* 0.22 nd
30 ppm, 1hr nd 0.13 nd
30 ppm, 4hr 0.19 0.37 nd
30 ppm, 10hr 0.13 0.44 nd
30 ppm, 24hr 0.11 0.24 nd

* under detection limit, <0.1 pg/L

AAE oA MCsoll &J_t A Ap o] ey gt Oli,
WHO (MARA7]F)= HemolA MCs 5 5739l
7V 7ot 210 2 de %l MC—-LRe| tiste] 1 Hg/L
o] A A 587|234 A5HY o H(Falconer et al,
1999), el & MCsell thgh 71202 Hekstqitt
(Fastner and Humpage 2021). =3t WHO= Z14
44> (recreational water)oll a4 24 ug/Le]
71&S AAstack(Fastner and Humpage 2021).
2 AFA FHAE A2stls W HEH MC-
LR} MC—RR®] Htj %2 747} 0,19, 0,44 ug/L
2 WHOY| W8 8ol izt FA44 38
715 ofstil7] Wlxzoll S UAl A2 Al &%= MCs
of ot =] A7 O = ohEn

H
To0= Vc}:‘xg_‘ 1:!]1]]51—
3. 0|84 =ZNMAHEXI =27 HA &2
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A FATE AR FY FeIA 2/ AAZE A
AbstgITt, o] 54 m2AIARA 9 Pl &
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& 2R2Y-ad| Fk P Chl-apiein)& A3
ek AMlA Chl-agge 28 2HS T3kl A
A LA ol 23hE SRR -a9] ke dw/day)

olm, WAD:= 4 29 2| (m*/day), D= 2 =
A m)oleh, A(1)& ARgsko] 2 1ol A agl
SREI-a s AR
o] %L

5 A1}, 2.00~5.52 mg/m?®
. Bt 3.71 mg/m?o] Y tH(Table 1).

it ke i) < LOOODOO |
WAD(mday) x D(m)

Chl'aredumun (mg m3) =

A Aol A o5 s2AARA Y] 2 dY
2 A2 500,000 m?/day® AA = 921 (Shin
et al, 2014), & A-tolA AARE 2 4Y o
Zk9] WAo] 80,000 m?] I tH(Table 1), thHZ oAl
suict 714 08 =27k WAL Sl Alekd
4] o] WAL oF 500,000 m2o|BE2, A3}
A S A A o5 F 5XAALAE AHE-5H
AA 2Ae AAE of 2 28U oF 6.3Y9% A
APE[ Tt M Fae] ook FRRD-a9] 5
TE 1 mg/m® AZst=d 283 2 Y(WD)=
2205 ARg-ste] AlLFe 4= Qlet, A(2)o1A Arear
A i o o] HA(ME F4xE] 98] WAL
F 500,000 m?), WAD,. = %_“Q o)) 2He] Wo|u,
Chl-Gyeguciionr= 21104 ALFE 19 2
S2EI-a9 = 7 ﬁ’ah% Lrebd
1 HgH ol =
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o] #<jo] Wasichs ojujoje},

Area(m?) y (mg/m’) 2
WAD(m?/day)  Chl-Gyyge0(mg/m?/day)

A dtelA] 2AHE theret EEl 4 AlA 7149
e £ 120~36,000 m?*/day?] 9] FtHKEC
2012; Table 4), A5 A3HH Zae] 220 (2)
500,000 m?)ollA] o] 5 7|&& Fad] 99 4] 1
m ol Y= 525 AATTHH 13.9~4,167U0] &
S5 Aoz AL

WD(day) =

Tr’
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Table 4. Removal efficiency and removal capacity of the physico-chemical algal removal technologies

Ml R T o Removal(ol/ioi)‘ﬁciency" Operz;lrtri:})/t(li ;Slume Removal Ca(}zzt;ity (RCspok)°
Integrated organic matter removal vessel 29.9 30,000 1.79
On-site pressurized floating method 65.5 36,000 472
Ozone microbubbles 91.9 120 0.02
Aggregation floating using Water Health 85.5 3,333 0.57
Water circulation device using sunlight 53.6 11,520 1.23
Super Dissolved Air Flotation (SDAF) method 90.6 3,000 0.54
High-speed processing system using Zimentos 97.8 10,000 1.96
Water treatment system using non-contact plasma 90.6 2,100 0.38
Mobile algal removal device (This study) 41.5 80,000 6.64
*Ref) KEC 2012.
® Removal efficiency of chlorophyll-a
¢ Calculated using eq. (2)
=2AA7IEY] B5& F7HE 0 71ed 524 AN &2 =52 AAEES Hehle Bt 7
AfE s ARgSle A Bt 439k 2ol A4 4= E5ol AAEeHY. tiAti £AlA A8 Thedt
Aof gt &=%2A 75 (Removal Capacity, RCy, )& 7S AR el s2AATE B ozt
ANz Aol HAT Zlo2 dekEs 4(E)A 2 Aol A A|gkeE Hhet o] A2 S LTt =
REE 52 A ATLE(%)Z 2] AT S04 S22 A gt A7t A A = ojoF & Zlofet,
eae] S ARG, K A el RIS B S sk o, A
3L, Ve A Selo) 4 St wx wg 4 Y] eiRiHe) S(eF 56.8u)0] S A A
ol 1 m7HA] 29 2=8)o|c} 9 7% 4 % 2 F T3 &7 'IH—r°1| B|Sg S
9] B} Siavo] H]sl mz WAYo] FeFstth(Noh et al,

V,(m*/day)
V(o)

AT B F4x8] 429(9F 500,000 m?)o]H,
o] Aol Al 4241 1 me] FAl|A 2L F=Ygtct
H A oo A &FH(V,)2 500,000 mPolet, A
& 71&S g 2E 500,000 m*e] Aol et =
AAF RCsom)S AATEE A3, 0,02~4,72%/day®]
gom, AA 71e 49 Az S| HXA|ATE
AtEshed a8k 9Qlo @ 2H8sh= o R e
thTable 4), & SAFolA AFEE o] 54 =24 A%
2]9] 524 A5 (RCsoox) 6.64%/day= 71E9] 7]
&o vlgl] A Yetsict,

w27} Aol B o) e e o] 7
an, gyere BE, A3, 54 5 dite
O] Aol w271 HAYsH| wite] o5 Aol
2-g 7hs 3t w2 A A7) Jdo] Hasict, A

Removal Capacity(RCy,; %/day) = RE(%) x 3)

2014). 53] A%
T2 DA =

F ol A5l M3 Fae)
2 @40l 74 ol Lol

pul

Adoz g &x7t F7]H oz dAysta gk
(Kim et al, 2003). A3} ] Aol £ 43123

2} ch4:0] F4 Al 4e] WElo] 7] el of
Aohe o5 Ao F WARSI] oF 1202
ZFA| 8O et al, 2004; Oh & Cho 2015; Kal et

al. 2020), ZAd] 4:010] 2 Al 7HEY TT
2 F4)0) A4F G 2 Wk, Fu|zio)
7o) B Aol A8 ARl A

Rk 459 W SRR ool YT BEE I
AFEIE, o] 28 A9l Fae] Sololq &
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ZFAALN], fErtexy Eepxar v E 23
ot theFsl 71&0] 485 thKim et al. 2013; Oh
et al, 2013; Oh & Cho 2015), 3}t 0] 52 A A
ago] IAU, AHH], Gl ulel A2 gFo]
Zop A3pH =3} 22ttt Ao A 525 A
Ast7)o) gA7E 01914 2 Aol A o] 4]
FAAGA = foll Adglo] shdolu 3 4ol A
-8 7HsdtH, Xo AT aat A &Ado]
o oop et AT SIS0l *EST 0 R B
wlo] mx WA 27 B FrkgA] 7|7kl B AE-
3 22 9l 714 BH71E 9 H(Byeon et al, 2016).
2 Aol A g3 A3H Aol A o] AR
oF A3, 7122 7]%l Hsl mx2AA S0l Hol
oo}, it Ao = AE- 7l~ohﬂ I

iy
&
o
=
a9l MCs® fr&0] 27] el
7
=

=
o4

o4 Hx

A O A HOA BT S A

V. 48

FU) Aol A 77140 WA Sz o
2317] §Istol Thapt SRl S2A7ISo) e
o] 4g Folh, oleidt 7|45L K& A7 Y7t
che7] fe] o] 50) AALRE uliL-HA] e
of i}, & Aol NE A4 STt A S
A 7149 SEZAALE W g3 A 2} 5
7140 % A g @ A

=178

A~
== T
4911 m7AH] A9 58)2 o]

8
(Ez2 gy 83t =
%A A5 (Removal Capacity)®] A4+ 53 B7t
Y-S AQFsEGAct, o] WS E-gato] IufjollA] 4
51 Y= 52 AA 71e9) vw Brpt 7sE A
ol Y sHo] YL = TRFAIAA
A 4289 9 AEE 2FAABE AEAR ﬁﬂ*ﬂ
83 B B 3shy B3 2734 A 7| =

AA s L AA 58 H7HE BAsh= WY OE &
£ 78 Ao R wetEnt

XA}
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