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298 Fuj ALANH F7140 2 MASH: o] thS3t7] 9Itol IR $57e) R 2AA 7%l AL
S0} 4§ Foltt, 0|23t /145 H2AA felt ] uhe] o5l A4 BEL vla-HelI
o}, B AT HE thYE HBHH 2ol oA HRAAGAE Agste] AA ML AT At
S Fgolol, H2AA BES B/1E 5 G BEIE AL AWET, 52 AA AN $A8 &
eX9] F, P8, FRED-a0] FERLE A< T F FR2P-al B GAFACK-a)E AL
gt B3 A o o] Ma, A Fe) &Y WAL AChI-aZRE th SoIA 1 mg/m'e] F2

2d-a5es Agshed 283 AYL-(WD)E Alstint. 2] A% #iﬂoﬂ*i 222d-ad F= A
e, AR el A2 S5, A i 99 A FFeRTE 52 |Abehe Wi Akt
Lk & Aol AR ol 54 mRAIAGA ] 524752 6.64%/day (EH%E MR o A, of
500,000 m*)o]len, o= the &2 - 91ekA m2A|7| 7159 H2A41715(0.02~4.72%/day)°ll B3} &
< ZoR eyt & Aol A AAIRE 2/AAAE F7F S B8kl SuiolA A8Hal e =
ZAA 71ee] v BrPt 7R AolH, wE@datekele] R9skal Sle TERAAAE dAeY %
H2g 2RAASE ARSA- LM =214 e = o18H 59 2747714 2747 s 2 AA
e 7R WSk ‘%“SEE 8ol 7 Aoz weber)

E

FR0{: =5, =XAPS, 448, Y5, HASS Wt

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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ol 7HEolut ol s =Y HARE Yo7 e gtk al, 2013; Byeon et al, 2016), Y¥HA o2 Ea|d 3
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27 AA 712 224, ehd, AEeH, 54 T ALR HuET glom AFEHA S W A
FHOZ s 4= QILHKEC 2012; Lee et al, 2013; & A AlB7HA] Holel A-A, 2] A FiFol whek
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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)

o] 7ksstH, AA7 ZAH|o]o]= stainless AH =
32mesh?®] AT O L= o] it} &ejA] A|A
7le Aade] 238 27 £9XE AAsE 9A
Bejqoh BejHE Had 5 Qs A3 HE o]F
of A TRl F/dS HAT 4 A AAEU, 4"
257 g4 AlY e U7 Hd R 52 &
2] & Ao gof 25k, A7} o] Fojxict,

ol 5-4] HZ2A A= 20154 89 19U E 109
154712 AT A3 =99 SATMERFEE
A AR 36721'31.2"N, 127°33'39. 1"E)o| A -
A2HoK(36°21°04. 7N, 127°33'48 4" E)7HA] TL7kol| A

i
Sok o) 25 HH W o] A3t AL oz
2PHAL}, %2 47 YL SUAE 4TS F
A olRg goto 2 gholeln, $YH 272 o154
=2A7425 AHgate] 27155,

$HAIE PACI%)}E AMgSE o, folg 59
3 7% vl 93] fekely) ujo) 3u) 54 &
oS ARG, 5] % S S o 30 mg/L
7} EHES AT, $3 AR B 3~41710]
glom $7 Yo wet whg A7he S &
WA ALE 9 kg AR ZREk] A B AT
o S APt olFA H2AAGA | 19
2He] M9l 25 WA Fo] me} 10,000~80,000

mio] 9o, 191 Hi 57 WAL 47,000 meol ek
A2E AH AT fP] 2

Aom, ZAF A7 AY AT 2 RSt B4
FEL2 AR Ao =2, pH, §E42(DO)
A7 E(EC), 222 —a, 27 T7HE Az
e s BAsIoH, 7 &2A9] Apolle &1
2| A, g FREY-—g B E B0
SA R 2 422 pH, DO, EC: Fi8 434
LA 27](YSI 6600VD, YSI Inc., OH, USA)E A}
g3to] Aol A SA3ACE FAR F ZEED-a
o] s AL AT YA 7| (MOE 2016)0f] whet
A A £ ZREL-a FFE &
2] 1 g wet weight(ww, H5-E&%=%)E 254100 mL
o A% &, AL AFHAA7|E et EA5

Ak &R FgrgRRYH YA Ax FH T
22 -4 X2 KA 2% $7E AlEZs
UrE A AFAHAY7]E(MOE 2016)0] whet
2459 A& 500 mLE £E-EN(HE5E 2%,
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§oto] ASHE AASH wHerdon, g A4 Hr ol wheh EAskAT
& Sedgwick—Rafter Chambere] 1 mL.& £33t
3 168 A= WA A7) 1L, Fskdn] A (Eclipse E600, I, A3} 9 312
Nikon, Japan)& AHg-dto] 257 SHEE 2736t 7| )
25190} 1. 27 M7 2ol e 2 Het 24

= TaoA stA7|o F8 1 27 HF T Ao FHofA 20151 8 19UFF 10
Microcystis 4 F25= MCsS A= Aoz oF A 15U7HA] 1030 AA =AH 257 £0A|Y 2

A 9t Carmichael and Boyer 2016; Chernova
et al. 2020). MCs+ 71743 A o] 2Foll A= Al
Wol &5k, Az APE A WEE o] =48 A&

A &= 718 4= QJTHWert et al, 2014; Walls et al.
2018). wheba] BsH B S ARESto] 2R A7

P ES BEU RV
o]5.8 ST B} giet. olof £ Aol
R e
35jo] YRR EL7L YEEEA Hlsl] Sisto] 4
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Aol A A A=

=7} 30 mg/L7F HEE F5k
10 AIZH, 24 AR 3L 3 A B S
Askoict &

o 29 ol
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=

= 17,200 kg wwi 13] 29 A] 250~3,500 kg ww
HAHL, Bt 1,720 kg ww/ 3] o] cH(Table 1), 4>
A" &84 9 tﬂ'—rgt Ht 94.0% (90.3~97.7%
HeDolet, Fa S8 FHoREEH ALE T
sA Y Az FF2 5.8~265_9 kg dry weight
(dw)ollom, 13] ZHAA] AAZFS Hat 109.9 kg
dwolgltt, +AH &2 23d F2=T-a9
SE 32 29191 99 109 AlRHE 245 e H,
Bt 10.74 mg/g ww (7.12~14.82 mg/g ww)o| 31T},
S0 A9 g W AAT R AutE S22
—a9] A|AZE 94.0 kg dw/day (1.52~361.5 kg
dw/day)°]tHTable 1).

ZFAA &S 717bol| 22 19.4~30.1CY W
=2 SAE =, Aol ofet FFHTE S Al

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 Coms Removal Efficiency’
(°C) (nS/em) (mg/L) | 0 Y
(mg/m’) (%)
Before 30.1 541 9.19 13.4 34.8
Aug. 19 37.0
After 28.2 289 8.50 10.7 21.9
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 55.2
After 26.5 308 8.56 8.8 38.7
Before 24.7 336 8.72 8.7 39.8
Sep. 17 425
After 26.2 276 8.54 8.1 229
Before 252 322 8.41 8.8 434
Sep. 18 27.6
After 27.2 289 8.34 9.1 314
Before 22.0 299 8.17 8.4 455.1
Oct. 07 82.9
After 22.7 254 8.92 10.3 71.7
Before 20.7 289 8.10 9.5 141.3
Oct. 08 10.6
After 21.2 328 8.13 1.1 126.3
Before 19.4 325 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
Zboll 913t gFo] AA| LpebdtH(Table 2). 2 7| % Eeh(Park et al, 2005; Kim et al, 2019). wh2}
% 9 UL 4R, A FL AL B A 2 P DI} AR AL 2 A2
A 2, A, shrellA DO2E EColl= @r F 3t sto] 27| 9 & ofnjeith g2F A
Ao, 2 29 AFO] Aol G ASZ e o] A5 pi 7 59,0 WSl p 8,086
Wk HeAolA 22 S ekl pH 6 olstoll A= |
Z2AA 2 7o) A 2] A pHE 8.1~9.29] 25 Ao AajElthReynolds and Walshy 1975).
olow] 2] Fol 8,1~8.99 WA AR A EF %& pHOAL THE 257 Hla) dEFA A
AZ1E AQlstar, o] Al7]of 29 3 pH7F 2F Hor AAH 995 HotA Hrh(Paerl and
adtglon, A = Hat 0.19(-0.75~0.69)0] Tucker 1995; Ji et al, 2017; Yang et al, 2018), ut
Slth(Table 2). YA SUAL SABIOH)% 24l 279 $AR Qs 312 pHrt tei7he
Agsto] flocsr B4k oA pHE H4aAl7] T ko] AA =AY, F2Fol Bls e 27
A9k, PACS] 7% 2419 7125 7HAAL 3lo] & 7F SAlskaA fral ERfrol o3t sl Hrert A
A oA SAsIoh whg ol SIFk pH et & B 4 gk
thal @A ek (Cheong 2008). £+ 5ol $ AA AAJA A2 2 Ftol A 222D
L B/RIAHOO, )& 250l JHRL ] R —a] B U HEF ATS UES Aol AR
o ol5o] HTHFAT A% prk 453, 387] &2 APESHEt A9 TlH 4o A 2REa-
of A4 & pHO A5-E Hx WAY A RE oA a®l s 29.4~455.1 mg/m*lgloH, A &
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3wl 21.9~126.3 mg/m'ol tFigure 2). &9 7] el A0 BoEr,
A5 FEER-a AFLS BF AL G5~  AY VI F 630o) AH AY Ao 27 FF
2.0% WAolglon], sk S Aol et o} A Wi EASISIEFigure 9. 43 8 %
37 vehdt, 222259 %%} 35 mg/m? o] %—Aﬂ:‘?—’,\— ?:_155 ,717~101,200 cells/mLe] 3

51 7Aoo A& Hat 19.8%0]921, 35~100
mg/m? ¥ o= Hat 41.8%, 100 mg/m? o]AHY
0= P4t 57.6%2 AES Vet 2y
7H) Ao} alRol|l A EREL -0 HEES HAH
Az}, 2H] A-30] zjo|7} Y= Ao @ VRt
test, p>0.05). whehAl 2] ?7%1]&1 a2z 29,9
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Figure 2. Change of chlorophyll-a concentration in operation
area according to algal removal operation.
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according to algal removal operation.

Aﬂi" ulE_J /U’-L]'Z‘”—,—
(R)=0.7602 E}(Qﬂ““ p<0.05), &%} &
2] oA RFAMES UE= 1,558~18,882
cells/mLollo™, AAREL Bt 72,1%°] L,
39.1~93.7%2] WA 2] 7ol Al - gt
F= Jx 7l Microeystis &o19lom, 2F¢] A-
A& A 25 2 Microcystis®] B+t H| &2 7217}
66.4, 60.1%% 2 T A|Rol|A] WofoLt SA1ZQ

[e] o
fo8e 9

2 =0

3T AN

A H(paired t—test, p=0.58).

2. 2% A MM HER=EL

=
=y T'_'A—-il

=
=)
3

= 1 Alzto] kst A A

fth, MC—lysine—arginine (MC—
]7 A= &4 (0.1 ug/L) olskE
, 4 A7ko] Aaet & 0,19 ug/LE HE
Fashs 43S UE Sich(Table 3).
MC—tyrosine—arginine (MC—-YR)%] A$ HE A
oA HETA olstY #hE HE ST MC-
arginine—arginine (MC—RR)& & A|Zoj|A] 7]
= “%Eﬂ A A o2 10AIZE7HA] S7Fstetrt o]
= 7] 6}oﬂr:} Y T4 AR A MCse] FH749
3 F A Ao T2, P E H|ES
=

3T

-

i"ﬂ/‘i MC-RR2] in57} 713

MC-RR 3ol 7P¢ 7] el $3AE Aest
A2 A MC-RRY] S %7} 714 =7 Lehd 7o
2 gk

MCst= 7HEAR A QI7HS 23st 7k, =4 A
Eo7 548 Yefd= A2 dA Joh(Shi et
al. 2021). 19989 Ha}a Caruarud] 9= AAE
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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 &Jgt A Apd o] HhAy gt Oli,
WHO (MIARA7]F)= HemolA MCs 5 =739l
7V Zet 210 2 de%l MC—-LRe| tiste] 1 Mg/L
o A 5872 A5 o m (Falconer et al,
1999), Lol & MCsell thgh 71202 Hekstqitt
(Fastner and Humpage 2021). =3t WHO= %14
44> (recreational water)oll tisiAx= 24 ug/Le
71&& A5tk (Fastner and Humpage 2021).
2 AFA FHAE A2stles W HEH MC—
LRI} MC-RR9] Htj 2L 712} 0.19, 0.44 ug/L
Z WHOY| W8 g5l izt FA44 38
715 olstl7] Wlxzoll 3 UA| A2 Al <%= MCs
of ot =] A% O % ohEn

=]
To0= Vc}:‘xg_‘ U]E]d'

3. 0|34 =XMAHERIY =27 MH 28

Aol d #71d SAe] ERRE-a v
A AR DR A AN 27 AATE A
AT o4 H2AAGA &9 A 2
222 -a9] 18] & AAFZ 0.028~0.387 kg dw
Weolg Wt 0,193 kg dwolgith, 2 7k 1 m
T FL o] FREH a7t FEITHAL
7138k wl, 2ol ofdt =2 T a0 AlA g
2] A9 Fu =Y A1)& ARgste] A 3t
& 2R2Y-ad| Fk FEFH(Chl-tpiein)& A3}
et AMlA Chl-agge 28 2HS T3tk A
A" &R 23hd S22 29 -39 kg dw/day)

olm, WAD:= 4 29 2| (m*/day), D= 2 <
A m)olet, ()& AHste] 2 3t A e
SRET-a v AL
o] WAL

A1t 2.00~5.52 mg/m?®
. B 3,71 mg/m?o]tHTable 1).

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

Chl'aredumun (mg/ m3) =

A Ao A o5 HxAALA Q] o dY

2 A2 500,000 m?/day® AA = 921 (Shin
et al, 2014), & A-tolA AAR 23 4Y o
Zke] W 2lo] 80,000 m2o]ItHTable 1), TR Z A
sfuict 714 0 &2 mxrF HAYSHIL Ql= AlShd
4 499 WAL ok 500,000 m2o] &, A3
A S A A o5 F 52AALAE AHE-5H
AA RS A of 2 A8 U2 oF 6.3UR A
APE[ Tt M3 Fae] ook FRRD-a9] 5
=5 1 mg/m® Aat=d ast ZALd(WD)=
A(2)5 AR&-8te ﬁlé}@ ‘ilE} A](2)o A Arear=

Sojo] gl e

F

2F 500,000 m?), WAD, % @
Chl-tigor AN AR 12

S22y a0 5w L%% Urehw
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©
&
<
o
=

N
EY
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>.
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>
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ujy
fu

of Aglo] Bashcs ofulo]ct

Area(m?) y (mg/m?) 2
WAD(m?/day)  Chl-tyyg0(mg/m?/day)

A Ao A 2AbE tFet 224 AlA 71<9]
] &S 120~36,000 m*/day?] WG tHKEC
92012; Table 4), AT AaH Z2e 29 (0}
500,000 m?)ollA] o]5 7|&& Fad] 99 4] 1
m Wol| = 525 AlAgH 13.9~4,167¢0] 4
Q5= Aoz ALE I,

WD(day) =

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

el R T o Removal(ol/ioi)‘ﬁciency" Operz;lrtri:})/t(li ;Slume Removal Ca(}zzt;ity (RCspo)°
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 W 7led 524 AN &2 =52 AAEES Hehlie Bt 7
AR WS ARESlE A Hok AQ)9F o] A = ESol AXEeY. diit i FAM A8 7Tt
Aof gt &2A 75 (Removal Capacity, RCy, )& 7S AR HellA= m2AATE B ofyzt
ANz Aol AT Zlo dehEs 4(E)A 2 Aol A A|QkeE Hhet o] A2 S et =
REE 52 A ATLE(%)Z 2 AT S04 S22 A gt A7t A A = ojoF & Zofet,
o] S ARG, K Al el R B Sl Aok o, A
3L, Ve A Selo] 4 S wx wy 4 Y] eiRiHe) E(eF 56,80 S A A
ol 1 m7HA] 29 2=8))o|c} 9 7% 4+ % 2 F T3 &7 'IH—r°1| H|Sg S
9] B} Taxo] H]sf mx WAYo] FeFsith(Noh et al,

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

AT B F4x8] 429(2F 500,000 m?)olH,
o] ZJ%of|A] 4241 1 me] FAl|A 29 FYgtct
A oo A &FH(V,)2 500,000 mPolet, A
& 71&S A 2F 500,000 m*] Aol ek =
AAF RCsom)S AATSE A3, 0,02~4,72%/day®]
aom, AA 71e 49 Az S| 52 A|A TS
AtEshed a8k 9Qlo® 2H8sh= Z o0& e
thTable 4), & S|4 AFEE o] 54 =2A A%
2] 9] 52 A A5 (RCsoox) 6.64%/day= 7129] 7]
&o vlgl] A Yepsict,

w27} Aol B o) e e o] 7
an, el BgE, A3, 574 5 dite
O] Aol w271 B | wite] o]F Aol
28 7hs 3t w2 A A7 &9 Jdo] Hasict A

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

2014). 53] A%
T2 AT

F ol 4591 M3 Fae)
2 @40l 74 ol Lol

pul

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

2} ch4:0] Z4 Al 4e] WElo] 917] el of
Aohe o5 Ao F2 WARSI] oF 1202
ZFA| 8O et al, 2004; Oh & Cho 2015; Kal et

al. 2020), ZAd] 4:010] 2l Al 7HEY TT
2 $4)9) A4 G 27 Wk, Fu| 7o)
7o) B Aol A8 ARl A

Rk 4579 W SRR ool YT BEE I
AFEIE, o] 218 Aol Fae Sl &
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ZFAALN, fFErtedx Eepxar AuE 23
ot theFsl 71&0] 485 thKim et al. 2013; Oh
et al, 2013; Oh & Cho 2015), 3}t 0] 52 A A
o] IAU, AEH], Gulof| ulsl A2 8ol
Zop A3pH =3} 22ttt Ao A 525 A
Ast7)o) gA7E 01914 2 Aol A o4
FAAGA = ol Adglo] shdolu 3 4ol A
-8 7HsdtH, Xo AT at A &Ao]
o oopet AT SIS0l "EYT R B
wlo] mx WA 27 B FrkA] 7|7te]| B AE-
3 22 9l 7142 B71E 9 h(Byeon et al. 2016).
2 Aol A g3 A3H Aol A o] AR
oF A3, 7122 7]%ol Hsl mx2AA S0l Hol
B opue}, divti A o= AE- 7l~ohﬂ I

iy
&
o
=
a9l MCs9 fr&0] 7] o],
7
=

=
4

ol E4 Hx

A O A HOA BT S A

V.48

FU) Aol F7140R WA Sz o
2317] §Istol Thapt SRl S2A7ISo) e
o] 4g Folh, oleidt 7|45L K& A7 U7t
che7] fe] o] 50) AALRS vl B
of it} 2 Aol NE A4 SxTh A S
A 7149 SEAALE W g3 A 2} 5
7140 % A g% @ A

12178

A~
== T
4911 mAH] A9 58)2 of

8
(Ez gy ¢ 83t =
%A A5 (Removal Capacity)®] A4+ 53 B7t
Y-S AQsEoAct, o] WiE E-gato] IufjollA]
L1 Y= 52 AA 71e9) vw Brpt 7ksE A
ol Y IsHo] YL = TRFAIAA
A 4289 9 AEE 2FAABH AFEAR ﬁﬂ*ﬂ
83 B B 5shy B3 273AA 7| =

AA s L AA 58 H7HE BAYsh= WY OE &
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