ISSN(Print): 1225—-7672 / ISSN(Online): 2287—-822X
DOI https://doi.org/10.11001/jksww.2026.40.3.403 |

HIZ20[E M| 1™slEl QACsE 0|E¢t
Microcystis aeruginosa®| M2|X x| I7}

Evaluation of physiological inhibition effect for Microcystis
aeruginosa using QACs-coated Zeolite

X 1. 090|282 . 3. Al = x|&1
HZI' - 0|23 - U - wrHA' - FH

Kyung In Chae' - Woo Hyoung Lee” - Keugtae Kim® « Jungsu Park' - Jin Chul Joo'"

'Fstiitstn ZiMEdE sk}

‘0= MEZZZa|ct TSty ES8AZs 0}

‘sarjstn gasEnsm)

"Department of Civil & Environmental Fngineering, Hanbat National University

’Department of Civil, Environmental, and Construction Engineering, University of Ceniral Florida

’Department of Convergent Environmental Science, Dongguk University

0

548 OAME AZ3I2, Ol OI&3I0 E=2F Microcystis aeruginosa®f| thet M4 7|8k 2|2 AR 7hsdat gie
AHE QHYHE A4 H20IM BIISIRILE H82 QAGs T8 OF © & =50 IE A2 #3}, Chlorophyll-a (Chl-a),
Phycocyanin (PQ), pH BiSH QAL U} ZASLC AR, BH EAM BA(SEM, EDS, FTHR), TOC 7|8t 82 T7} 12|31 microcystin
NS SHUCZ £ MY A, QACs-coated Zeolite 2|0z AlZH 0| T2t HSHO| =A MZTE 2SI M|
S48 g Ct. EE5t QACs-coated Zeolite Z0M= R2E! AZ2t0|E L sodium silicate-coated

o
2 dl= YOI 43t 22 E 31EHE(Quaternary Ammonium Compounds, QACs)2 Sol-Gel 342 Eall A220|E HBHO|
i H

pp. 403-425

E
Y
o
[l
™
n
rir
o)
T
Is)
2]
N
n
:Q

Received 9 April 2026, revised 12 May 2026, accepted 20 May 2026.
*Corresponding author: Jin Chul Joo (E-mail: Jincjoo@hanbat.ac.kr; Fax. 042-821-1476, Tel. 042-821-1264)

1 &3l (4AD / Kyung In Chae (Master Student)
S| R+ SACHZ 125, 34158
125, Dongseo-daero, Yuseong-gu, Daejeon 34158, Republic of Korea

2 0|28 (14:) / Woo Hyoung Lee (Professor)
0|2 E22|CH SHTA| HEH S22|Ct 5218 4000, 32816
University of Central Florida 4000 Central Florida Blvd.Orlando, FL 32816, USA

3 23l (14 / Keugtae Kim (Professor)
MSEA| 27 TS2 12130, 04620
330, Pildong-ro 1-gil, Jung-gu, Seoul 04620, Republic of Korea

1 834 (042) / Jungsu Park (Professor)

HAZHAl R8T SACHZ 125, 34158

125, Dongseo-daero, Yuseong-gu, Daejeon 34158, Republic of Korea
1 3213 (4) / Jin Chul Joo (Professor)

Al R8T SACHZ 125, 34158

125, Dongseo-daero, Yuseong-gu, Daejeon 34158, Republic of Korea

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Journal of Korean Society of Water and Wastewater Vol. 40, No. 3, June 2026



I AH22I0|E HHO| YSHEl QAGSE OI=8H Microcystis aeruginosa®| 4212 A Tt
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zeolite 22401 HI5H Chl-a2t PC7} o 3A L4 3f Fo, E3| POt 4 QIASH

TMOIME QACs 28 57t S7IEeE MA 4 K7t 72| 0| LEIL S oAE ahe
0|23t ZT0| THHIZ FA|=|0f, Y= AIZ _n_dOiIA‘IE AY +F2| US40 RAIE 7tsHE SRISIACE SEM, EDS Z FT-IR
2A Zik= HIZ210|E BBO| Si 7|8t 27120 QACs 7| S=20| e EAlets /-7 | £ ZEE0| YHEASS ARSI
TOC 7|8t ZHY HWItolM= Sol-Gel 2% A&7t T G2 N80 Y2 BE ZYE 20|, Sol-Gel HESA7I QACE 3
E22 44 &7 dAlE 7tsgS LIERCH O_HIj, microcystin-LR, -YR, -RR, -LA, -LY, -LF § £2 6Z2| microcystin® 2=
22| ZHOIM AESHA OISR LIENCH Z815tH, QACs-coated Zeolitee= M. aeruginosa BIZAOIAM A4 Zk4a 221 9l 1A
L, J2|1 B8 AR A YE 0| HE3Y |2 | 7tsdE B2, Sol-Gel 7[8t Y3t T BHR| EAlo| HIOH g2 oKy
Z0O|M Ralst 22 LIEIHCH TR & ¢ols MA J[8E 2| HQt H42 S SHUE £HERIe82, M|l MZE ¥EE

=4 228, 2G4 QAG & T HEisd 2 oy 4840 oigh 7t S+t BL2sith
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ABSTRACT

This study investigated the inhibition potential and repeated-use stability of a functional zeolite medium in which quaternary
ammonium compounds (QACs) were immobilized on the zeolite surface through a Sol-Gel process. The prepared QACs-coated
Zeolite was applied to Microcystis aeruginosa (M. aeruginosa) under laboratory-scale conditions, and its performance
was evaluated based on visual changes, chlorophyll-a (Chl-g), phycocyanin (PC), pH, pseudo-first-order decay constants
(k), surface characterization (SEM, EDS, and FT-IR), TOC-based leaching assessment, and microcystin analysis.

The results showed that the QACs-coated Zeolite treatment promoted visible discoloration of the suspension. Compared
with uncoated zeolite and sodium silicate-coated zeolite, the QACs-coated Zeolite induced greater reductions in both
Chl-g and PC, with PC showing a more sensitive response. The pseudo-first-order decay analysis also indicated that the
apparent pigment decay rate increased with increasing QACs coating concentration. In repeated-use experiments using
the same medium for three consecutive cycles, similar trends were maintained, suggesting that the material retained
a certain level of reactivity under repeated-use conditions.

SEM, EDS, and FT-IR analyses suggested the formation of an organic-inorganic composite coating layer on the zeolite
surface. TOC-based indirect estimation showed that Sol-Gel-coated samples exhibited lower leaching tendencies than
the simply impregnated sample, implying that the Sol-Gel network may suppress the release of QACs into water to
some extent. In addition, six major microcystin congeners were below the detection limit in all treatment conditions.
Overall, the QACs-coated Zeolite showed the potential to induce pigment reduction, flocculation, and sedimentation
of M. aeruginosa, while maintaining a certain degree of reactivity during repeated use. The Sol-Gel immobilization approach
also appeared advantageous over simple impregnation in terms of leaching stability. However, because this study mainly
relied on pigment-based indicators and qualitative observations, further studies are needed to evaluate cell viability, toxin
partitioning, direct QACs quantification, ecotoxicological safety, and field-scale applicability.

Key words: Harmful cyanobacteria, Microcystis aeruginosa, Physiological inhibition, Quaternary ammonium compounds,
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1M 2 TR A A =227 AH(algal bloom) 2] HAY W9} ZF
=7} Z7}8}al Itk (Paerl and Huisman, 2008). ©]2]gt
Nz FAT wAlskel AFgiste] TR Qlzk B mRAALS B sl faldER(Hamful Algal
2742 092 djzo| SthEwA, AAN ol Blooms, HABs)®] Tt 2418 fukslel Sae] €
P 2 dFAR) A f9o] A FART  E F7h $EAL 1, dolie wH 5L 2

o)t} (Smith and Schindler, 2009). o]} &7 o oFs} o E3F S84, 5%
(eutrophication), =¥ 7jdto] wE HA|¢Ho =71, o] A st ALFA -
7|5 3to] OJgt 22 AFGo] BRhH o 28-St A et al., 2022).
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=5 HABsS Suets 2o Yzm % shjel
Microcystis €2 712 A3 (gas vesicle)E ©|83F 5%
Z Ho A (Walsby, 1994), extracellular polymeric
substances (EPS) 7|HFe] &4 &4 (Xiao et al., 2018),
aen Bx A4 SEe dgem SEW
(surface dominance)& LEM) =
A 1t} (Byeon et al., 2016; Igwaran et al., 2024). ©]
23t Aejeta EAJ o2 913l Microcystiss= thot &
o - sjoty Aeent GuEel Aolst ofelgn,
WA B4 B4 WS W DT B B
ko] nEr),

Microcystis < 2/ olF et A 1=
Z~#|(anatoxin-a), Aﬂ:‘E%é\jﬂ]
(cylindrospermopsin) thoFst =45 AAISY /\(HFH
Aot A fiE 7t AoRE B 9
(Paerl and Otten, 2013). ©] 3 microcystin-LR-2 T 21
laksta s AAE Fall IHAIES Al2EE B,
8 Az qushe, Wy wE Al gk A L A
TA o FHLAT JFS v & 911‘% (Batista et al.,
2003; Svirdev et al,, 2022). Lo 227 =MW o]
2t 7] g o ool 2E3tE ‘E-*}—‘Tgr [
=29 &Y =& 7FsAE A7lIE glo] (Kim et
al,, 2023), ty =9 AR A HFo|A Y &5V A=
W B/ F wE 9% A T ok (Stewart et
al., 2006). wefA] =ZFARS A A A7 <l
A g A0 dES BEE BAEAR A4
Ha glow, ol EHHC A g A9t
&Aoo SE I ok,

A A4 A BROIAE H2F S 99
sfobE 7|9k AL=A| 59, FE ALZ, 283} Hel, 7]
A A 5 ket Alolrge] WaEw gt
(Byeon et al., 2016; Liirling and Mucci, 2020; Jang et
al., 2021; Kang et al., 2022). 181} o]t 7]& 71-&
E” Z]?SX—]O] Q-‘GT—Ok.—E'-_ _F?"_O‘:; HOP/KTS_ 7_?71—2(_—]‘?_]_ xﬁ@— a
= 71 5= Q= BhE, 3kek AR A, 23F @
A P54, vEH M=ol dg 9, Hwat oy
an) 8 A B 54 5 olg S 2129
o] £kt} (NEIWPCC, 2015; Balaji-Prasath et al., 2022).
olo] ujzl Mol set kB X3 fgol Tl
Asehs, thopet of4) o] 7154 24 A5
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1= Uetfl= =242 484 Ut (Loontjens, 2012).
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¥ (Chen et al., 2020)3} Zo], Az ARS 11
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AH22I0|E HHO| YSHEl QAGSE OI=8H Microcystis aeruginosa®| 4212 A Tt

5
AYA oA e oA BN BAsA 7
AF o=, (1) ARbol W AR A2ba Wk () M

aeruginosa® Chlorophyll-a (Chl-a), Phycocyanin (PC),
pH W3l (3) HHE ARG WE oA 5 FA o &,
4 AF =048 M aeruginosa®] FAF DAF 7
At ArE 2o, 5) AY T AR S
microcystin 6%9] HAF = HAHO

Al getolE EHA A QACs F
3 FAFHAAFE 1] 7 (Scanning  Electron  Microscopy,
SEM), ofqx] BAME XA E3Z7|(Energy Dispersive
X-ray Spectroscopy, EDS), 12|31 E2]of|HZF & oA
347 (Fourier Transform Infrared Spectroscopy, FT-IR)
A& AAstel o, EHo| 1143k QACsY| 4%
L= 71542 AESH] 93 QACs-coated ZeoliteS
DI watero]] 24 h =273 & total organic carbon (TOC)
BAE Ssenh ¥ ATs ol AnE Ful
o] QACs-coated Zeolite®] M. aeruginosa AA| 754
W ARR P, Pl &= 540 ditt 7=
AmE AAlskaLa} ¢lct

=
g

2. M= ! Sy

2.1 M, aeruginosa®| HjHitH

Aol AHE-E HE2F M aeruginosa GAEE =¥
YA EeEAd2 oA EeFutol
AFESEATE. B E M aeruginosa A 52 %S Sigma-
AldrichAF2] Cyanobacteria BG-11 Freshwater Solution2-
R 2 AFESF o, 21 500 mLe] cell culture =2}
AF(VWR, Co., America)o]]l BG-11 v x]e} U459
M. aeruginosas 7JE3) 4 At Hl &F(subculture) 2] S
2 359tk M aeruginosa v 9Fo] AF&% BG-11
Hj x| o] 402 Table 10] A|AISHATE viQF 212 =
= 25+ 1C, 3= 80 pmol-photons/m” * s (6000 LUX),
HFE7] 14:10(light/dark), WHHEE 70 rpmo 2 AR
slo] ZFHjeF7IoNA st o, MdE AlEe
o|F Agle ARSI

2.2 Hi22l0|E EM 2 Quaternary Ammonium
Compounds (QACs)

A& 2Fo] E(Zeolite)= F2x(Si)et &Fu]E(Al)o] A

Table 1. Composition of BG-11 medium and dosage of each
component per liter used for the cultivation of M.

aeruginosa
Volume (mL) Component Addition (mg)

NaNO; 1500

K;HPO, - 3H,0O 40

MgSO0;, + 7H,0 7.5

999 CaCl, - 2H,0 36

Citric acid 6

Ferric ammonium citrate 6

Na,EDTA 1

Na,CO4 2
H;BO, 2.86

MnCl, - 4H,0O 1.81
ZnS0O, - 7H,0 0.222
! Na;MoO;, * 2H,0 0.39
CuSQO, - 5H,0 0.079
Co(NO3), + 6H,0 0.049

1000

A F2(Si04, AlOyE o] F0] 32+ AX} Fef= uf
g4 vy 234 dFulE FAEEER dHA
AT} (Singh et al., 2021). Al&eto]E o= F L%t
H]Alg=(micropore, 0.3-1 nm) I} =& HFEHZA(40
WS e 24 S0l EAIsle] olelgt 724
Exom Qs tlaket ol 9 wAl e
=48 velo] 37 otolA FaH(adsorbent) 2
o] A (filter media)= g 2] &&= o] 2t} (Yokoi, 2016).
S5] ALolE ERE S B4E Uehhnz,
FATHE W= QACseFe] AA7A Ao 2-gS 59l
®H 143} 71538l (Hosseinpour and Rahbar-
Kelishami, 2025). 3 Aol o]2lgt B4L o
3}o] QACsE Sol-Gel 78 Ao 7 Al&ofo]E HH
o ABTFORA, W A% 7|8 oA 753 1Y
oFHAS FAlol Rl SFHTt (Marini et al.,
2007; Salim et al., 2017).

Sol-Gel ¥Hg-2 &3l F4E Si-O-Si U ELIZ Wl
QACs7} 14skd A, 5oz =3t §&
(leaching) & AASFHA = Al&etolE W} HZ5}
£ x5 EE gl del 4% 7 o)A (contact
killing) &7-5 Uehd 4= ik ok, AA 8% -4
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i 3'a i i(e) 5
4 9 v Qe diEh HHAd2 F7HEQ1 HEol 2.3 Sol-Gel2 &8st MIZ2I0|E #H QACs &
G asith, Ago] Ags ALeolEt & 7% e
AA AlE&eto] E AFEKMI zeolite CO, USA)0] 3L,

2
BN

3 QACs-Gel 812 o] &3 A&efol= wwl

A 71 E(sieving)2 8] 3.356 mm WY URE A
oo . y 59 9L Fig 1o] AAskgch A2 2 Az 3y
o

okt Al&EtolE= A9 A DI water= 33] AlH ‘ )
3 5, BAT Bl AT Al 744w E 71 A& ROl 2 300 62 QACs-Gel goldf EAR
o] g-3to] 80 rpmO.E 24 h EoF wuksle] o] 2 %, 80 rpm oA Z1A 4 wRE7]E ©]83}o] 24 h
GBI AR fHEAS AASAE ol ssCof 3 S SHOHA. of HBE 5of Sol Gel W o
o 7F A %5} g9 2BS AAsA) 7 QACs A& A&eto|E HHo| &2t 9 11733}
o el 429 OACsGel go  FEE RESHT Mg $R Folt Ageols %
© ANFEE(sodium silicate, powder)S o] &afe] ol SO A R QACS-Gel= AASE] 3l
37% FANFES Qoie A zet &, o] 4ol 30 mL D Waters HA3] e AlHskglom, o 55C A
= DI water 450 mL9} 35131 80 rpm 2|4 6 1A 24 heet Axste] FSf Algetel=
b ol wuistol Zulaeln olF OACs mos  E U AWES ergsleiant Azdom Azd
Alkyl Dimethyl Benzyl Ammonium Chloride (ADBAC) ~ QACs-coated Zeoliter= 72 A2 Hagh & Aol
¢} Alkyl Dimethyl Ethylbenzyl Ammonium Chloride ARESFlE.
(ADEBAC)7} E¢l Zeku|(1:1)2 Z3He 3, & AJEO AlZetol E o] ZJahAl 2 QACs-Gel2 Sol-
% QACs 3tebo] A= AA) Qo] ¢t Hlw= gz O TeoR BAE ASAQ HlEHAsiloxane
B A A Quat Plus, IM™ME AMgsteic g 4 VRIS RG] Sa Ao e
FAE AY 2o vt EPEo] G 7, Fopm 0 Ao WHSHIE (Gong et al, 2012). WL A

AFOIHE 4G AE Ul S5 QACs 4 ADBAC o T van der Waals § 55 gl sjvret

o} ADEBAC®] BFAR 155t 0m, o5 19 2
8% B7Hs F QACs 7|20 wlwshech

Y
/(,‘\‘j)\/CnHZnH & Ze0|ite . '&‘
HsC CHs cl O

o
(O=0

OO0
n=8,10, 12, 14, 16, 18 =

1 e ses

- Alkyl Dimethyl Benzyl Ammonium Chloride (C,;H33CIN) DI water washing
- Alkyl Dimethyl Ethylbenzyl Ammonium Chloride (C3H,,CIN) |

X
4. Drying QACs Coated Zeolite
_________ . e at 55°C 24 hr -
28388 DDDDD

O0

=214 ¥ F2(physisorption)] 7]¢1st= A2 3
A5t (Rossetti et al., 2017).

pp. 403-425

1. Sodium Silicate 37% 2. + QACs Mixing 3. + Zeolite Mixing
+ DI water Mixing at 80rpm 12 hr at 80rpm 24 hr
at 80rpm 6 hr

Fig. 1. Schematic illustration of the Sol-Gel coating process for QACs immobilization on the zeolite surface.
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A[Z2I0IE B0 Yol QAGE Ol8%

s

St Microgystis aeruginosa®| 44212 x| Tt

2.4 QACs—coated ZeoliteE &8t M, aeruginosa
ofH| Alg gHH

H o3 79tH A 7| (autoclave) S ©]-85lo] H
250 mL AzEeiaas Aed AWd
(batch scale)= 785} th QACs-coated Zeolite ] M.
aeruginosa A W3- GAXR O & Frstr] 98 1
4 3 2 49 @A T Aol 1
32 QACs-coated Zeolite?] TH7] oA 7I=ALS
3}7] QJ3t screening test® Y3 H oW, 24 h ==
Chl-a®} PC B3-S B A3l t) o] 23} AlgL |
F AolA Eelel A 7S viEge =, At
o7 AFH =F 2HolA Ma 7N 94 vESY
A oifio} oiAlel ks A1G THs R BRI 9
B 72 h Eek Seldleh. wE AY 24L 3uE
(302 sasGon, e BAGWOR ¥
ARt 7] M aeruginosa 5= 4. X
cells/mL, Chl-a= 80-110 /L *2]oj Al

N —lo{; r& m)"

o4

m* W
O oo w
o o
>,
N
ol
o,

124 Aol A= () F42 Zﬂgﬂ}ol , (i) QACsE
3R] 9Fa1 sodium silicate¥F T 83 sodium silicate-
coated zeolite, (iii) QACs 15 mL (0.18 w/v%)E 3E3Fst
QACs-Gel= B3t QACs-coated Zeolite2] 37}2] 24
2 AA3}al, M aeruginosa©l] 24 h FQF =EA|A A]
2k Aol WE Aeld oA ARe Bk

274 AeloA= QACs-Gel 7|8F Y of79] s
2= v|wdlr] Y3l 4714 ZA[A (0.30 wiv%), B
(0.57 wiv%), C (0.81 w/v%), D (1 03 wiv%)] & AA5}H
now, F7Hom A&t EE QACs g
A ZA[E (6 wvh)l E3sto] F 574 20
v Wkt 2 2 AL 72 h 52 M aeruginosa®] =
SAIFoH, ATt wE Ma wHskel pH W3S H
i - ZAEHATE (Fig. 2). &3P A9 T8 5 24¢
QACs-coated ZeoliteZ 55 °Col| 4] 24 h =t AAZx3SH
5§ 27004 28] F7b wkE HALE o, of e

AL 7o) A EHAD vheRel A BE yn e Ao wotel
g 4 QIEE 17 g9 QACs-coated ZeoliteE T3+
Intact Coated Zeolite with Coated Zeolite with Coated Zeolite with Coated Zeolite with  Soaked Zeolite with

Zeolite QACs (0. 30(w/v)%) QACs (0. 57(w/v)%) QACs (0. 81(w/v)%) QAGCs (1 03(w/v)%)

Control
250mL

Zeolite QACs-Coated Zeolite

Initial Concentration
Chl-a: 80 - 110 pg/L

QACs (6(w/v)%)

YWY NYNE

Fig. 2. Schematic diagram and photograph of the lab-scale experimental setup used to evaluate the physiological inhibition

of M. aeruginosa by QACs-coated zeolite.
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2.5 M. aeruginosa M= SEf Ha} L

25

Chl-a, PC

QACs-coated Zeolite =0 WE M aeruginosa®)
e oA makE ke s AlEe] Fe st
£ A5 ZF S48 ARolA AlRE 48T A
gt & 2ar-gol(Lugol’s solution)S FU3 143 &
LA 47| (Marienfeld,  Germany)?} — Fstan]7
(DN-10A, Samwon Scientific Industries, Ltd., Korea)<
olg e A B L WES BT, i A
7t WE Chl-a2} PCO % W3l ofghs 43 =
H7I(YSI Co, USAYE o]gsfo] 7k Alzhejel= 33)
w240 BRgre A8,

AIZbof| W2 M. aeruginosa®) Chl-a®} PC T4 As
2 Eq. (D AAE FAF AR} 7S =44 (pseudo-
first-order decay rate) Ld-S 2]8-5l0] AFS)sISct.
A QA e ESE BEe A7k 2 = W

e 9 sepilH@R BEY 5 Yol 71E 25
Aol Aol A 2R AYE vl o4 EEL 7

Sl= A2 de &85 9t} (Liu et al., 2023). Eq.
(DoIA k= FAF D3} TaseAlaxh"), = 2T
ZHh)& QvletH Cp, C= 22t M. aeruginosa®l A&
AIZE A (=0)1} A AIZHD ol A 2] Chl-a, PC(1g/L)2)
FEE YErdch

ln(C,/CO)

—k(hr )= A7 Eq. (1)

2.6 QACs—coated Zeolite EHO| QACs FE! EAM

=]
2y

QACs-coated Zeolite A& FHO| vA|1x2e} 94
24 BI517] 915 SEMI} EDS £42 a5}
t}. SEM A o= Hitachi (Japan)©] ZHAAFY A
REGULUS82302 ARg3slgom, At E &S ¢
af AxE A2 xEW ion coaterE |83t °F 10
nm =7 9] WPt ZHS AAT ¥, oF 5 um AJoF
M4 3 kV A7I g xAem B4, of
= B AR W B4 Wstel QACs BEEO| B

o T

=
E4e P EDS HAoJL AMETEK A2
Agatel AR EHel da 2L AYHoR By

& 2
bpom, QACse] 71918 4= 9l B4 ¢

=
| 4% olRE B 1Y 24 sAS naKo

ofs

Y

o & 2839t} (Ezeodurukwe, 2018; Druvari et al.,
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Fig. 3. Time-dependent changes in the color of M. aeruginosa suspensions under different treatment conditions.
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Fig. 5. Time-dependent changes in Chl-a, PC, and pH in M. aeruginosa suspensions under different treatment conditions.
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Fig. 6. Time-dependent changes in Chl-a, PC, and pH in M. aeruginosa suspensions during continuous reuse experiments
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Fig. 8. Mean = standard deviation of pseudo-first-order decay constants (k) for Chl-a and PC during repeated-use experiments.

HEQl 012 2Tl e 2 |
A B c D E A B c D E
0 0
>
© 1l >
o - @©
[] 0 St
o 2y |
o < [ £ 10+
T 3t O N
S o e 7
X A o X A5
LX 5| £
T pre -20
£ o 0
o a b
7@ s ()

A_Coated with 0.30% QACs
B_Coated with 0.57% QACs
C_Coated with 0.81% QACs
D_Coated with 1.03% QACs
E_Soaked with 6% QACs

C4d>mO

Table 2. Pseudo-first-order decay constants (& and R* values for Chl-a under different experimental conditions

Cont Chl-a
Exporiment | A B C D v
k(x10°hY) R* |k(x102h?) R® |k(x102h") R® |k (x102h"Y) R* |k(x102h?') R?

EXP. 1 -2.840 0.995 -2.980 0.958 -2.670 0.948 -3.360 0.981 -4.920 0.985
EXP. 2 -2.630 0.969 -3.850 0.900 -4.650 0.993 -5.780 0.993 -6.560 0.995
EXP. 3 -2.500 0.974 -2.500 0.962 -3.110 0.978 -4.910 0.963 -5.260 0.978

Table 3. Pseudo-first-order decay constants (& and R* values for PC under different experimental conditions

Conti s

Conins | ; : : :

k(x10*h") R®* |k(x10%°h") R® |k(x10°h"Y) R?® |k(x10°h") R* |k (x10*h") R?

EXP. 1 -13.390 0.908 -13.480 0.978 -14.20 0.974 -15.01 0.911 -14.18 0.936
EXP. 2 -5.200 0.997 -5.450 0.981 -7.580 0.955 -12.22 0.980 -20.56 0.928
EXP. 3 -2.970 0.829 -4.720 0.924 -8.140 0.914 -13.72 0.933 -15.13 0.941
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Fig. 10. SEM images of (a) intact zeolite and (b) QACs-coated zeolite at 10,000x magnification (3 kV).
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Fig. 11. Comparison of EDS-determined elemental compositions under different experimental conditions.
Table 4. Elemental composition of samples under different treatment conditions, as determined by EDS
Flement Intact Zeolite Control | QACs-gel Coated A|QACs-gel Coated B|QACs-gel Coated C|QACs-gel Coated D|QACs Soaked E
Wit% at. Wit% at. Wit% at. Wit% at. Wit% at. Wt% | at.
C 0.9 1.5 3.9 6.4 7.5 11.5 10.3 15.8 41.3 52.6 6.2 10.1
(0] 54.8 67.1 50.4 61.8 55.3 63.8 50 57.6 37.2 35.6 48.9 | 59.3
Na 4.5 3.9 2.9 2.5 4.3 3.5 6.1 4.9 1 0.7 2.6 2.2
Al 6.2 4.5 5.7 4.1 5.4 3.7 4.6 3.1 1.8 1 5.5 4
Si 30 21.0 33.3 23.3 24.4 16 26.5 17.4 17.7 9.6 324 | 22.4
Cl - - - - 0.1 0.1 0.2 0.1 0.2 0.1 0.3 0.1
K 2.7 1.4 3.1 1.6 1.9 0.9 2.1 1 0.8 0.3 3.7 1.8
Ca 0.4 0.2 0.7 0.4 0.3 0.2 0.3 0.1 - - 0.4 0.2
Fe 0.4 0.1 - - 0.3 0.1 - - - - - -
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