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Summary

The specimen was taken from the pond artificially created at the golf course,
the algae was controlled as move and fix, and the specimen was periodically
taken over 2 months, and the concentration of Chlorophyli-a was analyzed. And
based on the concentration result of Chlorophyll-a, the optimal conditions of
algae removal using ultrasound through the power, frequency and ON/OFF test
of the ultrasound were elicited. And to maximize the effectiveness of algae
removal using ultrasound, the experiment was performed by adding dusting
powder, which was scoria as environment—friendly natural material, widely
distributed throughout Jeju-do, targeted for extracting the proper condition of
scoria and ultrasound appliable to the field, and reaching the following findings.

1) The observation of Algae showed that Aug. 23 through Sept. 10, dominant
species is Cyanobacteria containing toxic materials, Anabaena spiroides, and
Chlorophyll-a is 106.82ug/ £ ~549.90ug/ £ . Staring from Sept. 14, Microcystis
areuginosa is dominant species, and the concentration is 61.17ug/ £ ~1628.84ug/
2. It is higher than Chlorophyli-a concentration in other lakes or reservoirs
about 10~40 times.

2) The comparative experiment of ultrasound frequency(40kHz, 28kHz) and
power(40W, 80W, 120W) showed that the frequency is low as the finding of
existing studies, and with power in high condition, the removal efficacy of
Chlorophyll-a was high. But in case of high-concentration Chlorophyll-a, it
sustained a constant value without any change 30 minutes after exposure in
spite of high power, 120W.

3) The ON/OF experiment of ultrasound with power at 28kHz, 120W and
exposure time between 30~120 minutes to explore the effect of ON/OFF during
the exposure time of the ultrasound generator on the removal efficacy of algae
showed that the removal efficacy was kept regardless of ON/OFF time. It can
save 30-minute power and periodical exposure of ultrasound contributes to

removal efficacy.

4) With jar-tester stirred for about 30 minutes at 200rpm, and precipitation time

._vi_.



at 30min, 60min, 90min, 120min, the maximum removal efficacy of Scoria was
49% at 2g/ ¢ after 90 minutes, and the optimal condition was 125m, 2g/ £ .

5)The removal efficacy at concentration was 849 ~93% at 30 minute exposure
time of ultrasound using the optimal condition of ultrasound 28kHz, 120W, and
that of Scoria, 125m, 2g/#. And the removal efficacy of Chlorophyll-a at
exposure time of 120 minutes showed the value of 99% or more, which

indicated the largest removal efficacy.

- vii -



A2 gEA FAoT AIYEL 7tgs P AFIL Y BAES IR
AYAR U 2uAg W F4 B WA FF42 Yok oA £EANEF A
23 gro @RE 3x BAA, FBA, $44 FWAA 2 750l GIHT
2 g3 olgd¥ 7155 Ay gAAE FAL ARFA FAS%E Al
QugE Zestc Ty gREY dRe #4U] RE%se] dEd A%
% u24l(Algae Blooming)2 2 @£ 715 AAsa ok 27 AR ¥

e o

P o

279 WAHoz s B FYEE AsfAsn AR 3 HY ¥ o
3 sdotge] WE 5. AEd B ¥ MAWN V€ @RAE 2
2, 099 A% £9¢ 234 % A0S AFE 08T AL ¥ ¥E

ok

gatn BANAEY 715ARE zdsdE 5 FERE JEdg 2RE 3A W
28 =ZF TEF JUE 2F $o2 Ud F ded 17 F2FE E4E4
s AMste AuAd e nAA Hedl F2F F o BT F2HA 5
22 7HIAE Aoz dAA Q. HEAVEL AUVTE Ade F2{IT 2R
g 22 MHS stSol ofAE R0 ARSE Ao dd) HAAdn Az A
# 9N n3 HA?

BoJo3ts} cyanobacterial bloom& #ojd7] A@ wyeze AA A, 3}
9 gEety Aeubgol gtk TZY BREe AR HEHRL Y= EHA A
gugozt 7AH FA Ze WAS Sid £33 ALE FUses WHoE
Z7](Aeration), A (Sedimentation), & #(Filtration), & #}(Adsorption) FX&
5 2 qo. #sd Aggeze 3 2 FH(Coagulation & Precipitation), 4}
8(Oxidation) S Ut AEsd Aoz nAAE APy, FANES
o] 8% Wy Fol ok



o] 2 sstd Moy AxAE Foiste BYL ET(algae)S AAGLR
A o|S2 Ho|z e EuvldztA] WHAE FE T, AL J = F(cyanobacteria)
o ZE7 2adEA 2QQez AgaA Hu, A2AL BT Apgol wE W
ol AA B opuje}, AzA ) FHE 5 el FHHA AepAlol oFd T
27k 0@ BAZL BAsA B

2o 22 Aggoz Aol AFoA ALEHAAE NEEE, #7323
Holo]A] 23 09 EAZ 9 54 "R 2FAA @TF= I - dgHoz B
o A7 +95o} gom, 28HE ol§ 2FE AsE ATE Oswald 3V
zaAagoz 2837 AEAE olgdE Ao e AFEHA. Raman 59
o 3zao 2eHE olgad 2FJ AAGGE, 25% A Hhek A¢H 3%
0. Tsukasa”= 2898 o4t =7 AXE 33 & &+ Yot BT HAS
Nagaraj®= 52739 Cosmariumg W3o= zenAE s 2FE AA 3
dohe A7 Qoh. REMEYE FZAEQ Rhodomonas $& 7HAL &3 A
2 Axagd. 42 AFAME Nakano 500 2&3E ol 83k 120W, 28kHz
AN 327 wadeE ¥/ sd"da A% Bohi FE FEF
(Cyanobacteria)?] S4&2<¢ Microcystins& 23 Q9o E3HEE AZF3A
. FWAHE ZFAACN A A7= 4 =) zovte] ZFAAY E&FU
2 A 94 JAP=ERTOE £3 BB =E JFFEY 3o ¥osit
T ANSGD, 71E A7 ZFAATLE w7l AR 3 A Wi g A3t
E AT oA A HAY.

NE ATFNE A5 EFA 55, AFA TAA 4¥E AU Y =
QY ABAE 2z S Fr1Hez AxdE ¥ R YIS Sl APAHe=
w250] glo] 2F9 ol wyoez AF F3Hwater bloom)@-do] ®lW3A &
q#A B B QFdME TR AFAANM 27 AH AAE 28 AAE
e 2eWE olgd ZFAA 4P £k o =AW AFo2 24
g ARAE Yoz ARE AFsd 2FEAL A3, 284 7 B F71
Hoz A2 #4849 Chlorophyll-a®l =& w39k, 243 Chlorophyll-a
o ¥% ANE 7|22 2&%e A, FuF % &% ON/OFF Ay & T3
o 2892 olgd ZFAAY FH 2@ AU 2N 2558 o 8%



zeAA Aee ZUsey] A AEAE e 4WE rysgon, AX

A AEd Q7 2xdn o J8BAH HAAM2Q scorad AHEHALH,

B AR NE 2879 F35 ¥9sh 38, 223 scoria®l A4, ¥4 = T
2 AR A 2PL =Fsed 1 2Ho] g}



1. =3 A{A &4

zxx AR 75 BFE AT FAAZAY J5H Fdol ¥5 Ao 9
B8 2= A5459 AFAZAY 7159¢ AR UG ok $71A &S

# o 2 9t LuFAEAY 7%, AR.22ANY 715 /MR AT

27 AZHE ASE 2 o F2 NE S §FE 2HH
A Ho) =4 o) AAZ FAE Ik HAE WA A 2IAEHE *e¥
2 238 & 9= AFAY AL 35 A £E2F 2H R A5 ZaAA F
o) qUAE #H2AT e 2HAZAHY JE2 Fig=

439 Hg 2 soe 239 F5%ol wet Fole o, FRAC ol W
By gq g e PFdd FFH AL A¥E FUEYA X Eg 29
A golA Hol B Al 271 $5d A8 AA WA =53, oA @ % R
wast guz 294 Hol A2 73X 2 AsFe 2@l € F Aot 12
7 odd ARAY £92 BAEFE 0|88 A4 o358 Aol B2 fEstal
AN 715AHE 2dse 5 EAE dehle 357 ek



2.

PN
EN

(Algae)

1) 2% (Algae)® 54
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A1 EYGY ABL e ASAEL e Aotk JdUAE F¥EE F
= A2 Z (I, embryo)E FAE AL AYE AETE JHEUG.

Quy oz 2= 1 A77} Imd HAE AEH 60mel o2& Wyl °]27]
A= =8 sttt 2FE 276 wEt 20~200m ¥ A microplankton aglx
2~20im®] nanoplankton, 2ym °©18¢) picoplankton® & & <+ ATt

E3 A Fo] wet 244 (planktonic)d AN A (bentic) o2 EFHHT, E FH
M9 ol 2RE holoplankton, 132 AXN A¥FH F{E W2 WHl = FTFH
2 meloplankton°) gt #c+1®

ZEE B2d A= 3SAEZE FPAL 3 23 Ho| e A BE X
A AdA HolAl&e FEFzEM AHANA Fad 4¥E FII o
20 9% FYAALL e 374 QAT E= GAE AB2H ZHE TR
A3 AR S we FadAd EAsE R FAN 2Fe F 2w Fol st

g2 A4 9 5o e =5 dyd wel AA =2F, #2H, T2F W
228 oz BEHM, o]lF chlorophyll-as 279 F/HE AR Al &3t

g o szd fUHE §7123 JFFFE AFHLA o AAHo=
s FAS5PL zdstd LTl FrEA FIFe Aol vEy
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(1) &7 (Diatoms)

AAgee mat Regds Aoz UHdAs, AMddE F99 big JAE
Sol A4, £ B0 2i 2o 2 FE ¥FRE A Fol Ao

MY HEs) gE FERFE Fd w2 gad ZUe] 8F2Fd 98 2
o 83 LEL B, H34 g N A4 2d PuE A& douAY
MY g ol L5 9 Yoludh F2 MATEIEZ FEA o} UHFE
. 540 SPAE, FHe BIAFE, g5 4RA AL TR WEE E
o) Ao 228 A¥L du Yo, NF A4E APdE AHAA AHE Ao
AL, BoA vl 2L olAnE PN AEYo| ddte A A
A7 kol o}FU FATE 59 AFAME AE Peyt 4Y 22 EARE
#A$7t @t} Fig 21 ¥ A FZ2FE Asterionella spp., Aulacoseira spp.,
Cyclotella spp., Stephanodiscus spp. & °1t.

Fig. 2.1. Microphotographs of Diatoms(a: Asterionella spp., b: Aulacoseira

spp.. ¢ Cyclotella spp., d: Stephanodiscus spp.).m)



(2) &% (Green algae)

Do A 7HA Bo) RAHY, &8 EF, HFE71Y HARE, A7y 48T
270 453 T UYT A AL

Juin oz AU GFxvld Be Fo] FAHI, FHA LY WMo o
2ojAch G2 HUY FERF HlE dF Ay $3LL ¥ Holth Iy o
g AstA HA YA, AAEA 59 P8 g Ao

A GAEA MEL gF AT oy HEEZA FFHE TAC AT A
o) gou, ¥AZ FAMS fAMNS Azt AAE VE AdzAE e A
o] o SAEATE ANt Auade HHo) A FRHE Ak Fig. 22¢
WEAHS =2§2M Eudorina spp., Micractinium spp., Pediastrum spp.,

Scenedesmus spp. °1t.

Fig. 2.2. Microphotographs of Green algae(a: Eudorina spp., b: Micractinium

spp., ¢: Pediastrum spp., d: Scenedesmus spp.).m)



(3) & =% (Cyanobacteria, cyanophyceae, blue-green algae)

ZBE 3A Y2F, X2F, F2F, GUEZF $o2 Ud F dedW 2 F
gzge E47 oA G 4L A I FERFE S7HA G
g ZoA RAHE £(B)o2 E5E & Atk 5714 F(H)22E Choocoadles,
Osillatorials, Nostocales, Stigonematales, Pleurocapsale® vdc fE38ES A
Aae Aoz g8 FEF4 L Anabaena, Aphanizomenon, Cylindrospermopsis,
Microcystis, Nodularia, Nostoc, Oscillatoria &t Umezakia solt}. FEIPYES
QuE oz B E4 Hold wat A} AFFOE FFHIT

QRe Uzg Z o 5% FEFI 548 HAE e €A At 33
2e AARGE AN GZFHIL T BL HAY AHFolU AT EC AR
t= moz s Helgn Ax AMAN dA B3 H3uh Fig. 238 HEHY
3252 Anabaena spp., Aphanizomenon spp., Microcystis spp.°|th.

Cc

Fig. 2.3. Microphotographs of Cyanobacteria(a: Anabaena spp., b:

Aphanizomenon spp., C: Microcystis spp.).w)



Fig. 245 AEstdQ BN dxFe £FE o & 7 UA=S =AAF
ket

M. aeruginosa
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Fig. 2.4. Classified diagram of Cyanophyceae.”

@ Microcystis spp.

nojopsiy sAolH SZ2ILL doslE dE FozA FHe T A E7}
78 248 IAE P FA JuE T EFS key= Aged THE
sed FRFL FASYSAY, Aol FE2E AFEE e IR
o MY HAy BEoz o2 ATHM. wesenbergii). ¥ H22 £E3™, 52
EgasdA 2 AAHA Fevh JFEE M FERAC FRIEAE 4ol %,
220 e AE, 712Ad F2 283y ¥IF FNA AP wAste 5z
Ao surgt 2HUE oy AFAY A $F IAFHE fagd. 4% F
M= +AEQ microcysting BAsE Hol &A UG



@ Anabaena spp.

eqAWe 54 EgaEoE U FE& ok 7Y, $4Pe) A AA @
Aso] A4 ET: UAYe) AANE FAsH, A dA 431, FE9 g7 g
A2 Y2EE AL Qon, F2xnAE Fe EFAE heterocystist FH XL
R aknete)E 7HA 3 o o5 A WA WAL F E79 key® AHE-5 3L
gt} g0 & o8 shgol F2 TASH, FIYF FAIM HBFLE oA 3}
o =z@AS e $FEE /HH FEBA FRHIE S AL, T3
suAE Ut AFHAAAE $AFAE A, ¥ FL A=Y AdF

9l anatoxing AAstE Aoz 2HA Utk

® Eudorina spp.

340 EFAECZ AA ZANN AW AXE ToIH e AEE 7}
A g3, ZAE 32 64709 AEZ olFo|A AEE 424 HdsHo 73 E
= B3¢ o2 ZAE AL §3ALY IF IAHE AL gAe viny
AL 4549 E718 2= £20] e AFH F= ¥, dFTAHA
HAYE Sy AFAE A dRdFE FEES
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2) A&)e] ZF(Algae) TAE H3 A

1) 29Ed §9 AT

252 SAsE /3 APAoy AN PEe IR AU AdsRE Aol
o o2 gaAAE FEolY =AM JFE(Fa/) A FTAHI A A
F9 AR L MAgo] Wast 1gn AAAN =@ wEE AHEHE A& F
Astejol M, JFE 49 BAY & =S A WuE 34, FAHEH
gad A2e 9o FARgE Fasdt EAdNE A2t A § IYIFE
AAGEY Bod nEASAIE YA stiol s, AdMAAE FFde] TH
@ o4 2 A5E WEEHA YES sAdok BT

(2) 24t A2

AFE AEAY 2GS APute Mg FxF FRAE Adst= PHE 3
0% zge oA WYl AYHo2 Yol Wastn HEA ZEHeE ol &
& qUARS Foas WPo o|Re Aol APHY| A& F& A qolnt
a9 ze T U aAHY FE Atk 71RA A dFE EF Bnoe
25 £4QTn, FHAL AFdde HoA ¥R 2R VRS A A=
wolg aRE 24 4 Ao E2R £3 gslA ojm @ sstepEeiut 23
de dosx gonz FARAM oH SHARE FA Feve FHl A
o 2y A3 Heds Mxugo] Bol EW, At AT AGEL, B &9
Ay =3 Ao We FAAN Hgo| EsH THel At

3) +4 4B 5% 27 AA

24 JES £ 27 Aoe AAHeZ A ALHA gon, &A FFAA
2o} &30 Havel 59 By 24 ol FE olgde WPwel rusHR 3
g2 o)z Aol WY YEF TAL 4Ased Wi $8 EFFAES Mol
J} HE BAE 2REE 2uaX g FA@ 488 544 AL A

Ta Bgege 1820 50089 Aol W WE AFE ARE T2 v
= Qug a3y, olde FASFe FF A P oy}, Euvle SAAAT
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d¥g= gt

(4) AAE A2 (Sediment dredging)

savtcte] E2A5E AHE(sediment)e Yutdog 34 Asis o Fad
2A7F (= A Z9 Fuolrk. olE @ AAEAE Z2F FAZE FEY T A
= 9gF7 RETE Xl gU7] Wi, AR ol AAEY FH NS s
algae bloom & Alojgr}.

=M %Eqtd] sedimentol] 7tetgkol & LU EZE resuspension NZozA 3]
3 20 odae 2 & gk =F 24 A olF ABEA i A ol 3
A Zersop @

(5) AZA|(Algicide) T8 ZFAA-FIF

w2} A3 2e A5dAA geHe 2EPow 2F YL AAHE ¥
Wo] AANoZ oYy W HPY 2HE Aot WHE T AH&3EA 4
o, 239 2RE Aoy Add g QiAo AgIe HAETAS ZE
oz 2% BAL JAGE BHoz AU B ¥ =F7F UEhb qd
olg EAd FAEL FosE Ro| nigAs, ojn LAY 2F BEE 23
so] 9§ A7t SHEAL 238 FFo2 HYAINE 8L A HEE =
o £3t@ o] oju] HAY ALE HEo| o2 w9 o] op.*

(6) 413](Lime)

FAE oo 43E AgsE WHE AN ded, H3Ae AL HAANAA
AASE g8 ez pggste F8 IR d9 §=F #2A8 7 3
o =@ Qo 17 Yo E pHASLE A% F4 9 oA AAE et 2, ZFA)
¥ AAE ARANPosN ZFAY J&E s 9. 2F HAES 3 A 71 =
FAETHE 2 AX g9 E27 £F5o2 HAHA ot 3@ o] 2T
298 Hsted AHAgo) 7t5¥ Aoz Bt Y HydAANY dE2
a2 oo We Wo Hau Lol w$ AH AAHeZ HEHV A= 7471 d&
Aoz gpadnt?
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(1 BEE ol &3 =FAA

zz HzA4 24 A AP W ALHANE FEE Fol& F2elE UA
(SIOH, Si0)7F 439 a5 23¢ ¢34 - FF¥ste FAA7IE o2 HE
422 AASY FEAAL} A4S ol ¥e RS FTAN A FAH
= Aze] 23 EWdol Wol 2R ARHE A Aol WY HERT
Zel ] FEE 0|87 Microcystis AALFL v F2o0 o8 2AHd vl e,
o] wxol o5d HANAGE 0§ AALE ZANME QAL A7t A2
+% ggol ¥%Y A2 EMHAL.

(8) =&} (Ultrasound) °] & ZHAA

282 AA AR 9T G2 - 2F Sol @ AFA Ae 25 FAE T
o 23 9do] HAs: lth oo WF Al WHe 2% ede) A TheAel
A3, A7 pose] a3 ez 2e5 A PPl At 234 A
4837 A¥RLe 28 AEZAL o 2 FAAA 2{FE AA R AFEAE
ol
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3. =& %W (Ultrasound)

1) 2839 o7 49

zoud Azt 743 F94(20Hz~20,000Hz) S Wold e & 2§
o, = 20kHz ol Z%4 dge ol&sn, & Fogs dgd EQL §839
Aesn Qo 2e3E 71AF AFdols B3 WS T3 A%t 753t
g &x= 27 FoA 3M0m/sec, MF FoAM  1,500m/sec, FEE B39
5000m/sec® EAo] 9@ FE &7t HaETH zenE 718 T8 AVHAY
ANsS DY T, A2 BUAT AFAE A7HA AZS Z1A-A Az
2 wae #9092 og 2e&de Az ¢4 19219 ZF29 FARP
Langevin)ol <3} Az ZA7(MESID, 2 F o woo AFe AFE F
Ae BRoz & ZAZLEA AAF AT U] AHAA 3L At ®

(D 2&3%9 38
2o S04 247 593 $8 2 555F $422 AA oAk
504 288 2eHE N3EA o]§F Ao FFLHSonar), ATHAI,
247, g7 2o2x WAAE F3) 287 2 WA 2 ukAl oS o] &
$ A 99X 2 AHE dehd & g ol ARE ol&F I fAHe
& 4+ 3o

seize 282 28HE oUAR o8& RoZ PIAY AAA AASFE A
H7), N2 g2 439 AHE HE F37), kgl 258 A7 A9 T3,
za2gg A2 Bole £37, olu FB 58 M2A %= 547, Z5
A UeE drld Y L9EL AAsE A7 Tl At
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Table 2.1. Application and characteristics of ultrasound.”®

Field Ultrasonic Appilcation example
location sensor, distance sensor,
reflection a fish finder , sounder, snowfall
measuring instrument
slow electronic distance and thickness measuring
wave velocity |instrument, ultrasonic microscope
Information ultrasonic sonar, communication
application directivity ultrasonic speaker, distance measuring
instrument , remote control
under water . .
> washing, processing
diminution
unborn child, the kidney diagnosis
diagnostic fat, gall-stone, joint,
nondestructive, endoscope
welding machine, bonding machine
heater s :
. dryer, ultrasonic, soldering
hi washing, washing machine, toothbrush,
washin ) ) ,
Power 3 rice washing machine
application ultrasonic grainder, mess, cutter,
processing jewel machine, aged liquor,
ultrasonic mixer
sterilization, removal gall stone and
sterilization cerebral thrombosis
The others .
ultrasonic_mess
extermination rat, mosquitos exterminate cockroaches
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(2) ¥% @’3(Cavitation)

SA ZoA 2eTE BAANAW, AA 2 AAAM A7IE g3 2&a9
oato] Ao 7R ege Agolmz FrHoE ¢ -4 gtz o] AT
A7t ALEH AF Fo| AFo| e FE, F AT AU ol FHo AA
2o xo} Q= 27 59 st2st s}, FFA RS gl &gl A
o] W, AM7t FEHo] T A FFol FAAN FFL F F& HEA,
del e 7|E7t B & 7|EZ Wse] ddd A ol a4 I
(cavitation)©] 2 &ch.¥

z2AAN AsHE 2879 Age FEAP ds WE 71¥9 B3,
g5 FTx 8ol F&@ Wl dstd 71E7t HASA 24 go] gojdth. o
A9 AP 2o AFoR AF V¥ W2 YR AA &o| FF
mzolxE AT A A FH(cavity)ol AEH FEFHAN HRsE SE
o] gtgWslo) ostd 2R AEZYL HsE dAE oL R o|ch®
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(3) 74u) o} A (Cavitation)d] LAFHA

zoste] ZAtEe wFE7|2 & gFPol wAEy] wWEA AA &ol &TF
(cavity)ol 24, &9 wF7ld 23 AN 2o TS FA3HA 2
gtelo] oja) F23 WP wEHos T, BAUFY ol ol 3t
22z Zwo] Aot Aotk o] #3¢ Fig. 250 HebAH

{-)Pressure Cavity maxdimum .
Cavity growth growh compression ¢ regrowh

(+) Pressure Cavily Cavily collapse

Fig. 2.5. Formation and collapse of cavitation bubbles.*”

D 4=, BRe H2H HAHA Aueold WE A4 (nucleation)
@ 44" AvlelolA W& A7 (bubble growth)
@ 2R ez 4FE el HE

2 X 7] (collapse)

so) o8 &8 7] e o] A (accoustic cavitation) &l IA A FAu glol A
o] A4, A%, 2ANE FANA JUAZ A@H 3, HE B A w5

o
a
)
=2

fr = B

2.2(~5000K), ZH(~1000atm)3Elol E& 73t YHZ iRl s
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(4) 744 =)o) A (Cavitation)

© 2&% FH%
Ages xenel Avdeds) 3AAL Fashi, ANHIAY
2 2849 AR o olgE¥ 2%

F 347t

5
ANt 343 HE

FABA

5o ot @A AJPFIN A

sadt 289 Fagst o
e HEE ol gl AHg A Aok aATL FAEN
Haxgol F7hea AAT SE

L o2 Fas ggde

z9l Fx4 ¥ 53& Table 2201 &

zuze REe HAo AA =AM, 7hul &l
2% 9455 }F2
= olgd Y AH L 743l o] &HD

ek

Table 2.2. Characteristics of oscillation frequency band.®
I 28kHz 40kHz A0~90kHz| 60~200kHz 1MHz
tems
single wave| single wave multiwave| middlewave| megawave
Washing cavitation particle
cavitation cavitation cavitation
principle acceleration acoeleration
Particle 9500~
acceleration 1500 2500 more 5000 100,000
5000
(&)
Standing very
power weak weak None
wave power
diffract diffract
Wave straght straght straght
power power
Removal more
more 3/m more 2/m more 1.5/m more 1/m
particle 0.1ym
ultra-preci
precision precision
Appilcation washing washing sion
washing washing
washing
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@ z&% 29 |

203 A7E S50 BHe] MYzl @k UFE A Afele B AAE
A357] 498 Azt Gule B ojzt AERe FYE FobAA ok 5
8 w5 Ae EAE AT 9 28 237 5 8% AL V1=
shejof @t
@ E9 38 : dxe EAFHo] AW Al s ol H(cavitation) ZEE AX 1t F

y
n

Fol=1t.
& geo

ror

| 2242 AuHolA ZxE AR, VX FE F7tac

® A (viscosity) : Aol R&FF AN

® 9714 2 : 259 Aulelo]A(cavitation) ZE= WIF AR AAZ @77
9 Bolq 283 25 AY 2% AP A¥A AME ZoAY zAFe s =2
=2

B
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2) 2859 2FAA WAUF
z2enE WA ZRY AA4E A7 As AFAZ RUAA =9, AF
A2 £8 ST B0 we 5L @ o HE HEAUAE o] &% Jl=
Z B9 xeu MAL BE Aded w AAFde] AFH VF £ e
28 3o BAsE Av H o] A(cavitation) AT 2 AT NHEEE o] &gt ®
sz 2o7E ZAEY, Fisd Agste AT TS, A28 ATATE
geo) REE st 9X7t AAUA AP
A 1TPROIEE gy, WHFe] ASulolA Aulse el BEE FEHA, oA

o MAN ol2n ARz FAY Bl FAY Aotk F ARxS £A9 %Ol
o wal AAse] F7b asEn Agzue] 28 E2(overflow) FH 29 LX) u
g} cavitation =7} ¥stdn.

Az gae) 29 ARS F2 AulHolA @l g3 o]Foin FHu] = ol A
Ade xevhe] AgtEe wFsz o ol WAy WE A &5 TF
(cavity)o] LAST The Z¢Se) BFsld) o8 Zdsa w2 4} 1eg
uetl = BUAY olae e gstd £& Zwo] doju= Axtoty”

Fig. 2.6. Wavelength of ultrasound.®
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4. % °](Scoria)

1) AF=EYW Fol9 £X

sol= Aol lold AAM, A, F4 Fo2 AA A Az Fdsx, A
4 (Redish-Brown), %2 4 (Yellow-Brown), % (Black) 3 o}3] M (Dark-Grey) &
om AEY & gon Folk 9 Awo] Ax ¥ VTS AAx g IEAY
gojzlz sojglel MH Al I Y= RIAHRE FOE EFH7E da
22 PESD Qo Foz pFse od g &9 . 31814 E4 Tol A
A72 ¥ AZEY $ol9 EXE FUE FuAA Fig 27 < o BAFT A
gg 9z SHPAT diHoz ALA Fol7t 207 Aoz 7Hd wel £¥3
Roz Uegen olse 53 FAXL A wel AE Aoz yeiygd. o
oz fz4 Sol7t 9 Ad, 4 Fol7t 57 Aq 2L 34 Fol7t 6

Ao BEstE Aoz vegoen A4 Fole F2 et A HollA X3}

= Ao Yez Ao

o r\r

H:

Fig. 2.7. Colorific distribution of scoria in Cheju Island.®
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4o]9) MAE 374 (Yellow-Brown), 2174 A (Black), %34 (Dark-Grey) agx

A 7+ 4 (Redish-Brown)o] JEH, & A7 A= &2 (Redish-Brown) VA&

AH s AHesgen Fig 282 Fol9 SRR

Fig. 2.8. The sampling location of scoria.
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2) Scoriad] £8H A

QepyATE AE7t 4 AEAA AR EnRE FHPl Lo L R

o AQ Ao 2AL dE FITD wrE o7,

A8 @age) zad Fus

A o B RAESE AUl AgE ARS) 2UE 2ATI AT RS

wojol & Aolth Fig. 29& & A7l Aeg AeE A F AW =¥

¥R Ny #FFAF(Cw,

o NET FH39 AT

Table 2.3. Samples gradation.”

Specific
Location Color Cu
gravity
Jimi-oreum(A) Dark-Grey 474 1.40 2.10
Darangshi-
(; s Black 5.05 156 2.65
Darangshi-oreum
(; Redish-Brown 155 161 277
Darangshi-oreum
o Yellow-Brown 492 1.31 2715
\;\ — ) 100
\\ —8-A 14 X
\ 'c‘.\ —A-B 18
N »c |7
\ >0 |®
AN :
AN 40
NN B
N U P
Ny S

Grain size{d,mm)

Fig. 2.9. Grain size distribution curve with scoria.”
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3) Scoria®l 33t3 54

Table 24 & XA ¥3EA7/(X-Ray Fluorescence, XRF)E o)l &3] 3}EAS
AA G Aot 714 @l FAS Hi(Ratio of Weight)ol®, LOI(Loss of
Ignition) 950T 9] &EM NEE €& F9 FAE 2R3 950T2 &xolA
ey Ao 2AY Hleolth FAHEL SiO+ALOs+Fe0s2 gago] oF 5% 2%
t}. Table 25 SEMEA ZA#Z $ojo AL ¢ AU AR R A ofF X
23 73S 7HAD A4

Table 2.4. Chemical composition of scoria.”

Place Si0; | AlOs| TiOz |Fex0Os| MgO Ca0 |Na0 | Kz0 | MnO | P:Os LOI | Total
name wt% | wt% | wt% | wids | wtds | wtdé wt% | wt% | wt% | wi% | wt wt%
Jimi-ore
4351 | 20.82 287 1261 406 5.32 212 1.68 019 0.48 6.24 99.90
um(A)
Darangs
4899 | 1453 242 12.27 793 873 2.67 133 0.15 045 0.14 99.62
hi-oreum(B)
Darangs
4860 | 1428 2.38 12.30 7.46 821 3.02 163 0.15 052 083 99.37
hi-oreum(C)
Darangs
4345 15.63 279 1462 825 6.99 1.42 0.58 0.18 0.49 582 100.22
hi-oreum(D
o : aLol
1 0 0 % @P205
/ BMnO
< 80% @K20
S / W Na20
s 60% ®Ca0
= . MO
2  40% DFe203
o / oTio2
@AI203
20% msio2

0% A B C D

Sample Location

47

Fig. 2.10. Chemical composition of scoria.
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4N

Table 2.5. SEM results of each colors of scoria.

Jimi-Oreum
Dark-Grey
(A)
Darangshi-
Black
Oreum(B)
Darangshi-
Redish-Brown
Oreum(C)
Darangshi-
Yellow-Brown
Oreum(D)

_25_



4) Scoria °| 8 ¥%

AZE 98 A A de A glE Scoria™ g de e, AR
#, 71e} 3] So] EgH e A= A, 4A A=A d& A=
Aeg AUz Yo, E@ sHdol AW FAE AAL YA ER, ScoriaS
oxg FH5L AYL Yt R B ATAES 2asdt® Scoria® FW

870 S¥o] Bow FEg FFEHL AxFA FEF daste ARAH 71T

& 7HAx Ao
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o Ag 9 49y

1. Ag 2L AEFEXA

B AgoA ALY ZHE AFEW A ST AFAAA 2007. 8. 24-10. 29
717+ Sot 2-33]e] AA ARE AFARe, olhe] AFAES F&L& 16~28T
olx, olw) @ujAoz HAFY AF} VYR FE FEF Microcystis, Anabaena R}
1= 3

Ultrasound$} &4, 2FAA a2 AHE® Scorias 034 LA AFAL
n o]l M(#20~40, #40~60, #100~200) o] &-8te 7 (500m:0.85~0.425 mm, 250
m:0.425~0.250 mm, 125/m:0.150~0.075 m), =¥g/ 2, 2g/¢, 48/4), A d
(Redish-Brown, Yellow-Brown, Black, Dark-Grey )& Be dgoen Al8d =
s @) o} Redish-BrownE dry ovenolA 110T 24N 7t B¢ AXAA EHFA

Fig. 3.1. The sample colors of Cheju scoria.
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283 AHEE 25T A ZAEE Fig. 3.1¢] Yehigle. Ultrasound
ut 4 3} %] (Hansonic Ace, UG-600ST)<= zu47} 28kHz, 40kHz <) dFgoli, =
oxs wAsEs AFR A7lE 300 mm (L) x 200 mm (L) x 70 mm (ED°I%
zo3 2478 28L& 40, 80, 120W AA linerdtA W3 &AL, FHTE
z}z} Ax 89 APHA 289 @A E Generator, Power Meter, Transduer

oz FAHY Ux, BEE 7S 38cmx38cmx40cm@ ¥ & 577 Lolth &

2 x9) AAL stainless steelo|® %9 FAE 11 cm o|t}.

—1,Cooling

water

GENERATOR
=
2e0®
o===' o
Sample

o 0O 1
POWER
METER

TRANSDUCER

Fig. 3.2. Schematic diagram of ultrasound system.
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2. A8y

23 48 B{ZF 122 A5 Lugol's §422 AT F 24N g
o] AA e} TIAdo)n A ¢ 24 A v B (Axiolab, Zeiss) 100~40081 8] wWl&2 =
gezaegd 2335 424 AAY & R 2 -sAdAL

zovte] WA 27Q Fu4(28kHz, 40kHz), B H (0, 80, 120W), =& A3, 4,
6, 8, 10, 30, 60, 90, 120min)& A5 A¥E FAT

Scoria®l AW YA L ATXF=E AR s, ARA A= 128
beakerd] W& F A BHE soria® 97, FEEE TR} beckero] ¥ Fig. 33. ol
jar-tester(Chang shin science, C-JT)E o]&3t 200rpmolA 3087 WHIAIZ
%, 30min, 60min, 90min, 120min A F A5AL AHA A chlorophyll-a(ug/ £)
o 358 QYD

B Ay AT AaE ZZF AFAAA A F He ¥ HB~50mE
28] GF/C filter(247 )& ol &3 AFsi 9% SIAES Yol MqaFF
go] U F, AL ATAANG A T2 AT chiorophyll-a% ¥43t% ™.

283 AFANA AT A5 148 beakerol B % scoria® A, =
Wz #¥3to Fig. 329 transducerd] &¥L wE2AZ WE Fuy, AY
g zAsdE Y F, FALATAANIRA wat A8
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Fig. 3.3. Adsorption process of algae and scoria by jar-tester.

280 QAN EPoE o ANE §dog 229 HAxE 328d F29
o) EJEE 663, 645mm, 630mm, 750mAM 57 5o} chlorophyll-a(ug/ £)F& A4t
s wwolth. {4335 A(HUMAS, HS-3300 UV/Visible Spectrophotometer) &
FREE SA}AT

o2 ugAgdo o HEQO)EAE Hste] fEAo 3ol 663nm, 645nm,
750nm, 630nmeld Aol FFEE FA}R 9 A4tA o) wel chlorophyll-
a%g At

_ Y — ¢ supernatant (ml )
Chlorophyll — o (ng/m') = ¥ Ffiltering sample (L)
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Y=11.64X1 - 2.16X2 x 0.10X3
X1=0ODess - ODmo
X2=0Dsss ~ ODrmso
X3=0ODexn - ODmo

o714 ODE &%= (Optical Density) el ot

248 go] AN

R. C. F = 0.00001118 x r x N’

R. C. F = Relative Centrifugél Force(g)
r: @AE27) 2Ee) ¥wAE(em)

N : SA&E(pm) 2 A FAT.
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<
i)

<
e
K
™

1. AFA 959 27 54

T A ZEFh) JFeE =44 AFA A 2007. 8. 24-10. 29 7)1t B¢ 2-3
o] A N=2E AFsd =/ FAE st Fig. 412 tiAgojuj A H3A
@ u] 7 (Axiolab, Zeiss) 22 2008je] wi&olN ={E #I Aoty AT A&
o] 258 @2 A, Microcystis aeruginosa(®), Anabaena spiroides(¥) 59
JzE7 $AZEoz EARE R BIY F AW exzoz FEAd:
Microcystis aeruginosa$t Anabaena spiroides= Oscillatoria, Aphanizomenon,
Cylindrospermopsis, Nodulari, % Nostoc =3 o E4L HAse EE2FE
ozl ok 53|, Microcystis aeruginosa< VA= microcysting, Anabaena
spiroides= A7 %59 4% anatoxing AAdsted £A AejA S} AAA A - Zt
Aoz ¥sE Fon 2usn ok O 282%= Ceratium sp.(Dinoflagellata),
Cryptomonas  sp.( Cryptophyceae), Asterionella sp.(Diatoms), Scenedesmus
sp.(Green algae) 5°| #&& =HATh

Ngol $AFoz ZA%E 279 MAFS =R & chlorophyll-a(ug/ £)2
2 B 3 o
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Microcystis aeruginosa

( Cyanobacteria)

Anabaena spirodies
(Cyanobacteria)

Ceratium sp.
Di. ellata

Cryptomonas Sp.
( Cryptophyceae)

Asterionella sp.

(Diatoms)

Scenedesmus sp.

(Green algae)

Fig. 4.1. Algae identification by a microscope of 200~400 magnifications.
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2) Chlorophyll-a(ug/£) 3% ¥

S XY AFANES WAL 2007. 8 24-10. 29 712t B¢t 2-39 BHLE
A2 M43 chlorophyll-adl &= 2 AFE Fig. 429 HebAH. A 3} o)
A B5o|, chlorophyll-a® =< AA 68 pg/ LN HI 1628 ug/ L 7A & 9
#EL Y3, ol AR= AurA Q) FAFA Y chlorophyll-a2l ¥xt Bl
Ao W$ EL g Hole ALE, 7 s¥e 3449 chlorophyll-a8] HWA
et 688 p/ Lo vld, 10~0uAE = Ueldtt ol PN AFAL
chlorophyll-asl %7} £& °l& < axAe] EAA FrHoR HAEIHE o
9 vz So| AFAZ FYH] FE2F o] WA o2 chlorophyll-a2] 27t =
A Jgys Rez Az@rh ol¥F FTEZAW AgA FxFe WALE
chlorophyll-a¢] ¥ =7t 3718t 4 FA%4sE zeje B 9 ol FHE
Qe ApA2He) ABH J5H FAL Agee A o2& 5, A
s A&A}E 7HALA At

7123 chlorophyll-a®l ¥% W= Fig 429 AF7I1Ztel BFFA wHE
chlorophyll-a¢l ¥=¥3E e, Fig 432 A7) Fe3 BEFe] A
= Jveld 2otk Fig. 42014 HXol A8 AF 712t B¢ WA F+F4 2
4§ BAS Reln AT 8¥ 24%-10¥ 5d 717+ St 200 moldel AF B+
7} 3-43) HAE AAE A &R0 chlorophyll-adl =5 A gol=ge
Aoz uehgch 2#Y vlZb WA #E 109 529-23% Ftol = chlorophyll-a
o 27t 343 z7lstA A H3 1,628 ug/f nA Z7hstg. B °olE 10¥
240 AHE B3 Adolw, Aul F Feol A” g fZd A% A=
FA49r.
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s £
2 100 é
~— o
k4 200 2
> 3
e 1 300 %
g 400 o
-5- Q.
0 500

Date

I Precipitation{mm) —a— Chlorophyll-a(«g/t)

Fig. 4.2. Variation of chlorophyll-a with algae(sampling was conducted every
2~3 days from August 24 to October 29).

2000 50 ‘i
o
3 1500 2
b
2 ©
g ]
—t (o}
> 1000 £
Q. (]
2 500 e
% g
(']
© 0 <
&b

—
| =@=\Water temperature(TC) —&— Chlorophyll-a(zg/l) |

Fig. 4.3. Relationship between rainfall and water temperature.
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2808 o|l8F ZFAARA FiHF NAR e ue Fast AFH nF e
AR e AANAe 27], $& Fo = we g2 2 A9 AANEE 23
% & (cyanobacteria)el 2, 27]& 3~10m olw, 7}% EAJ He Z2H=2A4, 2 A

o) MA 28kHzo 40kHzo) ¥ PE A

1) Fu5e A BE AASA

500

—o— A0W
—@— BOW

. 400 e 120W |

<)

S—

K

t? 300

b3

£

8' 200

| "9

L)

i

o 100 |

0 2 4 6 8 10 30 60 90
Exposure time(min)

Fig. 44. Removal of chlorophyll-a with ultrasound power and it
exposure time at 40 kHz(40W, 80W, 120W).
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g

| —— 40W
\—.—BOW

120W

o

(=]

o
T

W

o

o
T

2

Chlorophyll-a(xa/t)

-
(]
o

o

o 2 4 6 8 10 30 60 90
Exposure time(min)

Fig. 45. Removal of chlorophyll-a with ultrasound power and it
exposure time at 28 kHz(40W, 80W, 120W).

Fig 44= #Ad F3a5 d3& A2 nEAage 98, d% HE T
Chlorophyll-a & $X=7t 410 pg/£ < Q22 o) gatd, &3 40kHzANA Z8 3
w2 |7+ Wste] W& chlorophyll-a AAFZ Uebd 2= olth @A, &
T Z3o] 40, 80, 120W 4 Aol =EAT] B onol w 326ue/ £, 2198/ £,
220,/ 0 2 & WHE L AL, ol F w57} BAasAT WEAA & WEE §
2t} 40W, 80W, 120W= 2}7} 34%, 46%, S55%= Ago] ¥&4% Chlorophyll-a
AA 7 FAAD, AALEL Hd 5BBE, =2 A3 FE A& F U Fig
45% 28 kHz, chlorophyli-a 410 pg/ £ QoA 2o 283 =EAT W 3lol] wh
2 chlorophyll-a AMA#E Jetd Aolth. AYAT, &% ol 40, 80, 120W
M wZAZre] 2 B W 187ue/#, 154ue/4, 10508/ £ 2 Agel #&TFH
chlorophyll-a AA7t 54%, 62%, 4%MA Z4QAL, APl ¥ETFH &AL
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o] @& chlorophyll-a AAF £ Z748e ¢ & AT

Fig 44~45% $%dnd 25%< 293 Znsd vasd gl FHE
o2 ez, Lami 30 AAE wl&d G 2ok AW =2AL 60%
o)z 7ta %ol ¥AsAT Guangming =8 0|3l chlorophyll-a =&
zem =2 zwo] A #AEAR, 973 A7t A 3@ <t 3} =lo] chlorophyll-a
= ZadA ggun 23sAd

ZEARE 4BAZ YE & Utk 27 qAad, 238 A, FREA,
wE3A. 27 AFeAS =F AN zen HEFe 2F T AN
e ue we xoth FAT AN 2HE T gEHolxn AT GA
A Rt o % 432 neolth® ae#N 9 Azl =EARE Z2F€ A4
A7 gn 94 FEE AASE Aoz B 2T Lee %) ostd 2
27N 22938 =20 4% =27 IO gz AAZLES Uedh. ol =
2 2o mE A 2AL 2 sop Bk o2 A 60F o]% chlorophyll-a®l
w57 AAHAE o|FE AT
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9) Z2F(Algae)s) s54¥ AA 54

Fig.44~Fig45 ol = chlorophyll-a g9l 410 pg/ 2 AN T Ag& H
2 A¥ad, A4 AAQA 120WE o] 8§33 34, yedz 4¥E FAH-

1000
—— T/t
—a—410m/¢
~ 800 962,/1
=2
2
® 600 |
>
8
2 400 |
e
L]
& 200 |
e = * * * * -
0 L " 1 L | H J 1

0 2 4 6 8 10 30 60 90
Exposure time(min)

Fig. 46. Removal of chlorophyll-a with it concentration(ultrasound
condition : 40kHz, 120W; initial chlorophyll-a concentration : Tiug/ £, A0ug/ £,
962ug/ £).
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1000
—o—77mlt
s00 | et
=
g
"@7600 -
S
3
o 400
S
o
5
200
0 \l ———T— T ———i+—H—i—a

0 2 4 6 8 10 30 60 90
Exposure time(min)
Fig. 47. Removal of chlorophyli-a with it concentration(ultrasound
condition : 28kHz, 120W; initial chlorophyll-a concentration : T7ug/ £, 410pg/ ¢,
962ug/ £ ).

Fig. 462 &% Z79 40kHz, 120WolA »2A7H2, 4, 6, 8 10, 30, 60,
90min) W3lol @& %4 chlorophyll-a AAE Ueld Aol 94 F22E ¥
T Tiug/ 2, 410pe/ £, 962ue/ £ A FEA TE zzz9 AALEE AT =
on w3z 2% 7zt 222% Fx7 F43 AR 28 o|Fe &£F s
seou 2 Wst= gt 28dA 2229 $EE A7 Mw//, 223ug/ £, 385
w/ L2 AARES 30~60% Ve, 9080 F22IFET 45pg/ €, 1628/ £,
304pg/ £ 2 A AAEE 68%AT

Fig. 47¢ Fig 46% v) 2 3te] 28kHz, 120Well A w2A7H2, 4, 6, 8, 10, 30, 60,
o0min)el %= chlorophyll-a AAE Yebd Aolth. U4 E25W FLE TTue/
2, 450ug/ £, 962ug/ £ 1.
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293 wZA7to] Fig 463 Zo] =&zl & 28 gzz4 57t ¥4
5 W3 olFo] 2 W3t Zo| gt 28 F22W W TxT Zvzt 26ug/ 2,
133ug/ ¢, 285ue/ £ 2 AA E8L 66%, 68%, 70% °lth.

Fig. 46.~Fig. 47¢ 2% AgxEolA 2= chlorophyli-a d AE =
Z A7) 28 FAF #Asn, OEAANE £2FLE Zasgt. a5xe] 97
Q22 GE olfze FE WsEe A YNk 28kHz s 40kHz Aduj RFE9)
chlorophyll-ax &% =% ¥ 9473 Azl W, B E£F d4AY ;S A 3
o AAF #FAZE AATH
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3) & v o)A ¢ ON/OFFd @& ZFAALE
w oage 2898 A4H02 w20 3% BYHe =& AL wel
2 Agolt. o2 Astel, AAALE AW AFAEARE Fetg & AT
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.E, 70 |
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o mi10m /2
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(B)0~30 ON and 30~90 OFF

Fig. 4.8. Removal efficiency of chlorophyll-a with at ON/OFF of
ultrasound(operating condition : (a)0-90min ON, (b)0-30min ON and
30-90min OFF 28kHz, 120W; initial chlorophyll-a concentration : T7ug/ £,
A10ug/ £, 62u8/ £).
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>
g
70
(7] »
2 artomt
962/t
60 1 ) i
0 30 60 90 120
Exposure time(min)

(C) 0~30 ON ,30~60 OFF and 60~90 ON

Fig. 49. Removal efficiency of chlorophyll-a with at ON/OFF of
ultrasound(operating condition : (c)0-30min ON, 30-60min OFF and
60-90min ON 28kHz, 120W; initial chlorophyll-a concentration : Tiug/ €,
A10ug/ £, B2ug/ £).

B Age 289 $4xAE& 28kHz, 120Wel A =&A17tE 30~90% Atoldl &
7 ON and OFF 4d< 3

Fig. 48~Fig. 499 &4 27L& (a)0~9%min ON, (b)0~30min ON and 30~90min
OFF, (c)0~30min ON, 30~60min OFF and 60~90min ON 2= chlorophyll-a&
= T7ug/ 2, 410ug/ £, 962ue/ ¢ 7tz vl 4% 39k Fig. 48 (@< 0~90%3t
zon 2YFXES ON 43¢ & A4 Tiug/ 22 W AAZLE 75%, 88%,
89%, 92%2 %713t L, 59 962us/ 2= A AT 22t} (b)E 0~30min
ON and 30~9%min OFFQl Z$-ele Tiue/£ 2 o 3027AAE F7HEest, 30~
90min OFF 7|ztolle AAEo] 8B%AES aA&A dee 25E AAE
A% AALE) OFF7It] g 7234944 Fig. 49 (©< 0~30min ON, 30~
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60min OFF and 60~%min ON¥& 77ug/¢ 4 AA L &AE 5%, 83%, 89%,
91%2 7+ OFF Aztel BAgel AAZE &7 gAct. neEel 41008/ 2,
o62ue/ ¢ EE 2 WBE Qo) AAA AALES e

o] AT 2g3 ¢AEL VYHLE xFHAE AALge #aA &3, FA
5191}, o2 918 30~60min OFF EANZS 9% & AUt
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3. Scoria®l &% chlorophyll-a A A
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wort wzart odort]
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=
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500/m 250 m 125/m
Particle size(m)

Fig. 4.10. Removal of chlorophyll-a for particle size and concentration
at scoria(Jar-tester condition : 200rpm, 30min).
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Fig. 4.11. Removal of (a) chlorophyll-a and (b) efficiency for
particle size and concentration at scoria.(Jar-tester condition

200rpm, 30min).
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Scoria®l  U7AWG00m, 250m, 125/m), evWl(lg/l, 2e/8, 4e/4) o] &3}
chlorophyll-a® AA3E Wil scoras ztzt x=¥E jar-testerE 200rpm,
q027F muk, 308 AA F ASAE AR EHE ZH Fig. 410 ¢ #2oh
chlorophyll-ax© 250 o o 2/7, 4g/ 29 AALEE 41%, 42% 125(m Ad o 2g/
2, 4g/ 298 AAEL 485%, 492% 24 125md ™ AAEE 7%= ¥, 2g/
¢ 4g/e FEANA BPRE BEE A8 ¥MIRHA, scoriacl] 9@ ZFAA
A% qAG 97 L FEE 125m, 2¢/2 22 ZAEUL, scoriad o] g3 =FA
A s gz, 73 ussz @A gol Agda e FEES o4 ZF/A
ojo] TE AT A EF 125m, 2g/ 2 °l R zAoln AN FATH?

o] A3 Scoria Al chlorophyll-as 50%3% AALE JEhdx, 2599
chlorophyll-a Hth AAEE&] 68% ==, 522 Zuar] 8 A 9%
2 754& JveEdth

Fig. 411& Fig. 410¢] jar-tester& 200rpm°l A 3087+ ®¥k ¥ A A1ZH30min,
60min, 90min, 120min)ol @& Chlorophyll-a rxwst AF3Ac

I F 308 AA AALELS e 1g/4, 2g/4, 48/ ¢ A} 17%, 26%, 28%=
2g/ 2, 4g/ £ 9 AALl HIEAL, 60RAAE ghatstA Aol 08 olFE
= ws Zo| AT 908 Y W Scoria % 1g/2, 28/2, 48/ ¢ du 36%, 49%,
A8%2 2/ 0T 4g/ £ 2 Aol7h YA
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Fig. 4.12. Microphotographs of precipitated attached algae at sooria

in 120min(jar-tester condition : 200rpm. 120min).
Fig. 412 Fig. 411914 125m 7314 200rpm, 30min @331, 120min %o
A AY scoriad @U|FLE BFT aPolt}. scoria’t Microcystis aeruginosa<

Faato] A8 Aoz AR ¥tk



4 xoute} 23 olto] & chlorophyll-a A A

1) Chlorophyll-a 359 9%
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——T1Tmit
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§ 200 |
0 - 2 - i o ) y 7
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(a) Exposure time(min)
100 —
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©
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5 —o—77mlt
g 20 —@— 450m/1
o 962/
0 _____;'-:7 L ! ! L
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(b) Exposure time(min)

Fig. 4.13. Removal of chlorophyll-a (a) and efficiency (b) by
ultrasound(28kHz, 120W) and scoria(125im, 2g/ £ ).
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Fig. 4132 2899 H3F Z 79 28kHz, 120Well scoria®] 125m, 20/ 0 E ¥F
o xxMz AY¥L Agch 2&H x=F ATl 02 w 733 gade AE
o > 9t} Z7te] B5 Tiue/ L, 41048/ £, 962ue/ £ AA 1208/ £, Ope/ £, 98us/
¢ 24 84%, 89%, 0%7A AA gt =2 Azt 120849 W 994%, 99.2%,
993%2 100%°l 7HAE gg& YERIAT

%59 chlorophyll-a A%, 253 ZAE ASdlE 908 F 43 @&
2 YEIQ=H), scoria® $UE WE =A% @ Aade A& ¢ F 3
o}

__50_



2) Aado] @& chlorophyll-a®] AA% wliL

100
—eo— Ut d
e Scoria N
80 | n | Uitrasound* scorial
Ei
¥ 60 |
s
£
g 40
S
5
20 i h & & -
0 1 1 | J
0 30 60 90 120

(a) Exposure time(min)

—e— Ultrasound
—a— Scoria \
Ultrasound + scoria
1

Chlorophyll-a(/!)
W
o
=)

0 30 60 90 120

(b) Exposure time(min)

Fig. 4.14. Comparison of chlorophyll-a of by ultrasound, scoria
and ultrasonic and scoria(initial chlorophyll-a concentration : (a) 77ug/
£, (b) 410pg/ £ ;ultrasound condition : 28kHz, 120W; scoria condition
: 125g/ £, 125m).

_51_



1000
—e— Ultrasound
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800 | Ultrasound+scoria‘:
L
1:,3 600
>
&
Q.
o 400
o
=
O
200 |
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(c) Exposure time(min)

Fig. 4.15. Comparison of chlorophyll-a of by ultrasound, scoria
and ultrasonic and scoria(initial chlorophyll-a concentration : (c)962ue/
£ :ultrasound condition : 28kHz, 120W; scoria condition : 125g/¢,
125¢m).

Fig. 4.14~4.15.& a)ultrasound, b)scoria, c)ultrasound and scoria A2 FE
W u@ Ayoldt. 2o HHxW 28kHz, 120W 9} scoriad) AAHEZA 125,
2g/ & AH83te] chlorophyll-a®] =& Azt e exd dudgsy 493 A
A&&EL = Jehlido

ultrasound, scoria® %% =% 0% ¥ A#83% A3, chlorophyll-a ¥ 77ug/
£, 450ug/ £, I62us/ £ 02 AAFEC] 84%, 92%, 93%= =2 ARE YEdH
w2 Azte] ARESE HHsd AAELEE 2 5 AR

wZAzbo] 1208 ® chlorophyll-a AA&E &S BF 99%°lde] Adx & o
Eh it
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3) =& Aol BE 2FAAY AAs A3

(1) Microcystis aeruginosa

afdr

Fig 4.16. Microphotographs of Microcystis aeruginosa with the exposure
time of both ultrasound(28kHz, 120W) and scoria(2g/L, 125¢m).

Fig 416 &3 =37%l 28kHz, 120Ws} 2zejobe] 2g/L 125molA I HE
v2aa =27 B2 ZFAAE v ASAA BFE 2P

Microcystis aeruginosa®) 94 739 A®7 73, 4%, AdHE PAst
o 2 "z YAt o5 AFEE Z1 ), AFEA F3 dAE
wod, 2898 60min =& ¥, TAL A 2HIL 2 &7 & TA7
ANE 2, IR ZHFEL JFEJ HIH FA AW, AEHE Aoz AEHE

Iy

o 9Oomin Fole ZR £7b FAsm, dolle 2FS THE ¥4 A
Roz poth 28% x2 12min Folt AW countingel € WF z77 &2
A
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(2) Anabaena spiroide

Y
agT

Fig. 4.17. Microphotographs of Anabaena spiroides with the exposure time
of both ultrasound(28kHz, 120W) and scoria(2g/L. 125¢m).

Fig 4172 ultrasound ZZ< 28kHz, 120We}  scoriad) 2g/L  125mell A
ultrasound® =23t =2 Ao ©E Z2FAAES BUIAHAA #Fg 19l
t}. Anabaena spiroides® ¥FE T9, g8 AEs P dFs9 Ad EE
gAY e ¥AHY A, §FEIE Axsdsit d4d=e Ao
Anabaena spiroides E& 2724 H3XE ZL 9ol AFEA &8 HE W
gue Eg0] ok 2&%E 60min =& ¥, §FRFE IR 2F7t 2%
sto] o]s) MEsL 2=z, MAMFsE FAsR 120min %ol HA counting®] B
ng 2§7F gasst
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Sy A TZAY AFes 2HE AFAE HELE NBE AFsd $3FA
z82 AFFYL, 208 FL FUNHE ANae A%t chlorophyli-asl &%
= A3t 24 @ chlorophyll-ad) %= A7xE 7122 2899 AH, F o
m 2o ON/OFF 4% 5¢ $3a 2&%E olgd 2FAAY A 2AT =
2zqo. 282 2&RE &Y =FAAC Eee ZusEts] s AxAE
H7hste AP S FPsgon, AXAE Azso ve 2Esz Jdew A¥FH
AAYEQ scoria® A3 &3 e AHE At

o)

u

D 2748 B9 FAAez AFEd Asd ZF(Algae)E ©AF A, 84
nAny 9¥10Y7AA $HFL SHEFS Wxss GE2F24 Anabaena
spiroides®} 3l chlorophyll-a< 106.82ug/ £ ~549.90¢¢/ £ °1%}.

991493 = Microcystis areuginosa’t $AEOIRN, FET 61.17p/ £ ~
1628.84ug/ £ °oIt}. ©E s44 ASFA Y chlorophyll-a xxrth 10~408 =

2 7ko) 0% olF2E & W3 flo) LAY #e 7A A

3) 23 BAFALY x=2NL F A% (ON/OFF)ej 22 % ZFAALE
oape dolm ] A8 28kHz, 120WelA SIS 30~1208 Aoldl x&
ON and OFF 4% A%

(2) 0~90% 7+ &3 LAAXE ON 482 & a7, A% =9 Chlorophyll-a
A= 90%7tx AAHAG REEA %628/ L= 308 °olF Ae A3t
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AN

(b) 0~30min ON and 30~%min OFF 48<% A$de 15Ee 9%62pe/ £ &
Ao w2A7 608 o] F2 AARLC o #2FHAT

(¢) 0~30min ON, 30~60min OFF and 60790min ONA¥<S sttt 1 a3
OFF Ajzte] @AYol AALE0 #A =Ach 029 AHE ANT
Q1 EAN &3 =&5 AALL J1d3s AHXE et A,

4) Jar-tester® 200rpmeld 3087 =yt ¥ A A H(30min, 60min, 90min,
120min)°l @& Chlorophyll-a =¥ 3} 283 A

@uk F 308 74A AALE scoria FY FEE 1g/4, 2/ ¢, Ag/ £ B 17%,
269%, 8% 2¢/2, 4g/£ 9 AAL] HIEAL, 60BN = WA a8
7t 908 o]F =2E W3 Zo] iUtk V&Y W scora FE g/ 2, 2/ ¢, 4g/
oA 36%,  49%, 8% 2g/£F 4g/ £ Z Aol AN

scoriad] ANAALZES 08 F, 2¢/2Y W 49%= HA Z2AL& scoria Y730l
125pm, S5 =7k 2¢/£ 22 e

5) xewte] HH=A 28kHz, 120W ¢ scoria®] HHEA scoria Q17 o]  125¢m,
293 x5 2g/¢8 A83t4 chlorophyll-a wZ2A7o] 308 o uW F=olA
AAF L] 84%~93%2 YEIRT 1AL =F 12082 w¥ chlorophyli-a Al
ARLe 2% 99%ol4te] A3 e vehiol Ao AARES Vet Ao
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