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7

FFE =2, Zua-CAMolER 1AE vAxRT A= fAHE AL 5 e vAET vE s

A9 §E T8
Bowwe] wa mAER vE ngs PHe ouAEE vole AL Fuleli WAl b)EuE wAEE vl

T =4 1.
2 AL ol&ste] T wHzF v=E FAstE W 2 o7 vAERF ¥ =E AHL(Macyl homoserine
7

o
(@]
e
o
=
o
=2
(i
olo
>,

ojuf B o] wE A7) a)dACl uMEF vlo] e A FH|ele "@AE, a-DUAZRFE wFE A s
AGAIZE vt ©Al9, a-2)dlld LA AT &, ulgETIdA wldE A RRTS FYsE 9}
-pHAEEE MHNZRFE UMY EE(sodium alginate) &o] &
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ojmj mAlzF= A FeE FHlH=d, 2 e B e Avnw g g
a~DHAR, MAEFE EFETIAA T dFARE v Ft

O]UH A7) AAzFE AU AT~ A= IVt (Scenedesmus  quadricauda: S.quadricauda)Ql 7o) vpEkA sk
, BG-11 medium®] wjAI 2 wjFE7]elA 5L vl g},

3714 g7 mlAERF /H]Lﬂtﬂ’\‘j)\ FA=gdstsve dgols &3] 2AEE 527 (Chlorophyceae) wj&E-wh2:

(Scenedesmus) 2] &9 Y hALES 3= UM ZF Fo|t}.

A7 Auldaf2 Fugdsheos 2, 4 = 8 /9 983 AMXE(cylindrical cells)7} dH=Z wdE o] A
(colony) = %‘@ﬂﬂ AE ?ﬂEH?a, 273 8-20pm, % 3-6.5um Alo]2 ThFE 4 9o, 7-13um ZHole] 11 7ha

H 1.60¢ BG-11 medium(pH 7.0-7.2)3} A 25C<] wjkg&7](Sl1Fwo ) oAl nlek= <]

P mAlERE E

=

A ZFY 83 dUdA FF Z wolena FXE Y8 209 wioh wiAE mASS ™, optical density

=
at 680nm(0Dgg) THE=E Zred: 243 & dbEa)E

# 1
32 51 (ng/L)
Macronutrient NaNO; 1500
KoHPO, 58
MgS0, - 7H,0 90
CaClg . ZHZO 36
Citric acid 6
Ferric ammonium citrate 6
( FeC()H507NH4OH )
EDTA . Naz (Nazcl()HmNzOs) 1
Na2C03 20
Micronutrient H4BO; 2.86
MnCl, - 4H,0 1.81
NaMoO4 . 2Hg0 0.39
CuS04 - 5H,0 0.079
x 2
Ea iz
Reactor type sequencing photo-bioreactor
(SPBR)
Medium BG-11
Reactor volume 2L
Working volume 1.6L
Aeration Type Air mixed with 10 % CO.
Flow rate 40-50 ml/min, continuous aeration
Temperature 25C
Shaking intensity 120 rpm
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Light Intensity 6500 lux
cycle 24/0(L/D)
color ool daylight (6500 K)

83 UE2 a2)SAR, Y AT A &, sgFE A s mARFRS s

ol HAZFE FHE A, AA7] @A U= VAZF(S. quadricauda)E dry cell weight(DCW) 300mg 4=
A},

283 g a-3)HAR, 8" vARFE FYgol Ade ).

oluf a-2)All A =R vAZEFE 2500rpne] FEE 587 F Ad AR 9, 1mnl7t HESE FY5
of Adgsit}.

g8 g a-4) AR, AdEE vAxFE UMIEE(sodium alginate) 9o E35le] wAZzF{ v}
o|Q AL A|zx3r},

olwf 10%(w/v)e] LUAMUEF g AIES vAMRFE 1:1Gv/v) HEZ Z35te], 569 LAHoE
(alginate) WA|ZF wvlo]2 A (300mg/ 30ml)S A|Z3hc}.

718 S Alzd MAERF vlele Ag olgste] mARF HES AT

kv

< AR, FHE VAT vo]l e AS o] gt 7o nAER HEE A4

olw 7] a)y@Ae] Al o = A3k (CaCly ) &Nl At A o] mAlzRF H=
S dAsk=d, FHlE 47 ol 71 glo] A9 ¥ F, UE(Wd 1.45 mm)& ©]&3t
o, 40rpm®] == Rk Q= Sh(w/v)el dsbdE &l Inl/mine] HE2 AHstrA TP HER P4

Eide

3] )

=

iy
I
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iy
o

> I~
AstdEF &

ol

8 T W= 7 A dde BHE] flste] FAdE vi=rt
Z TdolA dARFE HoAA fAAA T

gl A7 gHez FAAE TP rHEF ¥ =(200mg/20ml)E 303 Ul Fof AgAIZl FH, 0.85%<]
° 23 g Wg7]ol 87T

Lo

< oOWAR, FEe vAERF HE=E AHLY RESAIA, mAlRRY Mo mARR HE=EE

7] AHL N-(3-Oxooctanoyl)-L-homoserine lactone: 30C8-HSL) = 7|4 Z1dlE &ejx 2 ZF-dH ol 13
T &A1 agE FgodA 7 =Y Als2 4R o=, adEEe HAgel
S S o HgH ez whEY] gt AdEES.

X
i)
~Y
rr
=
0
c—
rlo
=
ne)
w2
)
o,
o

k1
o
K
K
i)

7] AHLel gk AR = okgo] [£ 3]3 2.

#Z 3
P =4 4R
Hzjer 241.3g/mol
s}eh4] C12H1oNOy
T o\ N nH W/\ﬂ/\/\/CH3
o o o

o714 AHLel wisf Awnw, €9l ALS] F=i= 50-5000nME, £37]F Seb iRk R vAEFI e
AL &S sdap =5 A 5 jla, F gz e] 454 A (quorum sensing) & F=3H7] 8k
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AHLE o gt 3o wal 10mg/ml-ethanol®] TZ=Z L3A1Z] H, 33 ZHFo] 1008] 3]43Fe] 100ml =
A48N(stock solution) &2 ARG o™, F9 - &5 wA A, FFol FHs AHAZRF vlEo] =&
AZRom, fgxzros e vER sAH eSS ARE-Si).

ojmf wigE B HERNG AHEY, Y] vAxRF HEE A E

Q= BlY¥EA(cultivation condition)S THEA Fo] ALY IS E2lsisio
702 o] eyt

7] wkgTle] WgEAT $AEAL ofdle] [E 415k [E 515k 23, % 2t wAESH 44 LA wI)E

#% 4
Y5 oozl Eggganl
Light Condition Dark Light
Intensity 6500 lux
Cycle 24/0(L/D)
Color cool daylight (6500K)
Aeration Air Air mixed with 10% co»
Z5
o PRERT
Reactor type Sequencing batch reactor (SBR)
Influent Synthetic waste water
Reactor volume 500m]1
Working volume 300ml
Temperature 25T
Shaking intensity 120rpm
Hydraulic retention time 1d
Solid retention time oo

A =z

gis

Ho
tlo

—

471 (3 4] AR A= whgr]e] wiek 231S vekdal, [# 5]l AlEF Hl= wher] e
7

G954 olFESE (0D, N, P 2512 98 E=(glucose; COHI206), SHRH o)< (ammonium; N, ), ©l

al
o

ko] (phosphate; PO;&)Sq JEl 2 AxH).

A7 F-45 dAT e EL ot [ 6] 2 [ 719 EH
X6
i THT A #-8- (Stock solution)
%= (mg/L) 5% (g/L) THEFHIL)
Glucose(BULK) 300 - -
P-buffer [KH,PO, 8.5 34.3 0.25ml
K,HPO, 21.75 88.8
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MnSO, - 5H,0 8.15 83.2 0.1ml
FeCl; - 6H,0 0.25 2.6
CaCl, - 2H,0 30.81 434.0
MgSO, - 7H,0 22.5 227.3
NaHCO; 672 - _
(NHy)»S04 (BULK) 262. 3% - -
*adjust pH 7.2 with NaOH

¥ 7
= oD | N | P | T0C
mg/L
Inf luent 321416 | 59+3.6 | 92402 | 120+ 10

A7 Frdel =Y AHLT AESEEES Y59 CD9 TOCE FsAl7lEd, ol& &Al(solvent)EH AR
ey HwELe 3o, §U44Y (D¢ TOCEEE 548+18mg/L(control: 542+18mg/L), 171+
14mg/L(control: 168+ 14mg/L)E “ERAITHN=9).

of7|A 2 drg o %éz]]]anﬂWE%H] TS 9 AxE vj=e £d B4 9 on= 724
B2y tgy gk,

= whg7] kst V1) ALY &8 ©
Zz5d B4, §718 &4, BE3sg=E
FAE o7 dissolved oxygen(DO), , turbidity, soluble chemical oxygen demand(soluble COD),

Y
soluble nit ogen(so uble N), soluble phosphorus(soluble P)ol tisle] EAS s o Z B35 Eo
5

A oupge obdlel [ 819 gk,

e
4
l

Soluble COD, soluble N, soluble P #2412 mAEo] dir&goz gk Jg 21sty] flste] 0.45me] &
G2 2 HE ol gdte] ofBE F BALS ABH,
# 8
e A
DO DO meter
pH pH meter
Turbidity Turbidity meter
Soluble COD Digestion solution for COD vials, High Range BT A
Soluble N High Range Total Nitrogen, Reagent Set
Soluble P High Range Total Phosphorus, Reagent Set
a8 f7)18Y Ao =® dissolved organic carbon(DOC), ultraviolet absorbance at 254nm(UVsss), specific

ultraviolet absorbance at 254nm (SUVAsss), 18]3L Fluorescence-Excitation Emission Matrix(F-EEM)el] tf3a}

=4S APaion 74 BAZE g A e okl [% 9]ek &, vEVHAR 0.45m =] 2
HE olga] o3 & BAS paAvn
F* 9
& R
DOC TOC analyzer
UVss4 absorbance GG A
SUVA254 UV254(0m71)
DOC(mg/L) 7100
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| F—EEM RF-5301 spectrof luorometer |

@ 5 oge BAYOR, R/ 0@ 4P £Ho] b5

N
rr
He

o714 FEENS BF S4E e F7182 4

n

g
A
X

to &

Al H =]l 1000AU(arbitrary wnit)& @A REF 32k THTE ol &ste] g4 &
& olg VI (Arc lamp)E o|-&3H, 220-400nme] excitation wavelength®} 280-600nm<]
emission wavelengthS Z+ZF 10nm, 1nm ¢ PR o8 A7A5to] FEALS AS311, Rayleigh® raman scatter

A EIE 3 RS

TORE

il
ot

°
o

s

z
i)
(o

=
obef] [E 1017 o] =43 94 dMAA (protein-like) F71E% FUA (humic-like) F7]& JHo=z
o] HEg

X 10
Peak name Excitation (nm) Emission (nm) Component
Peak T1 220-240 330-360 Protein-like
Peak T2 270-280 330-360 Protein-like
Tryptophan-like
Peak A 250-260 380-480 Fulvic-like
Peak C 330-350 420-480 Humic-like

w3, HEIIGE B4S AAEE =Y, 3E33EE (per- and polyfluoroalkyl substances; PFASs)S &
10%¢] PFASs(PFAC-MXA Native PFCAs and PFASs Solution/Mixture, Wellington Laboratories)& A}-&3hch.

10%9] PFASs+= perfluoro-n-butanoic acid(PFBA), perfluoro-n-pentanoic acid(PFPeA), perfluoro-n-
hexanoic acid(PFHxA), perfluoro-n-heptanoic acid(PFHpA), perfluoro-n-octanoic acid(PFOA), perfluoro-n-
nonanoic acid(PFNA), perfluoro-n-decanoic acid(PFDA), potassium perfluoro-1-butanesulfonate(PFBS),
sodium perfluoro-1-hexanesul fonate(PFHxS), sodium perfluoro-l1-octanesul fonate(PFOS)o]H, o]&9 =& 3}
stz EXL oflgflo [¥F 1113 #ar, T3k PFASs= AAE = /1E7])4-(0rganisation for economic co-operation
and development; OECD)<] PFASs #FWo wa} e47F 770 o] 4¢l perfluoroalkyl carboxylic acid(PFCA) =
& g7t 670 o]l perfluoroalkyl sulfonic acid(PFSA)E 71 Al& PFASERa A&t ¥ ©Aa 7i47) 7
7§ vIRkQl PRCA =& &2 7H7F 67] olskel PFSAS &> Ab& PFAS 2har A3},

£ 11
S R A Log Kow | &3l= pKa
(g/mol) (mg/L)

PFBA C:HF,0, e A& 214.1 2.14 214 0.05, 0.4
PFBS C4Fy05S 300.1 1.82 344 0.14, -3.27
PFPeA CHF0, 264.1 2.81 196.5 0.14
PFHxA CeHF 1,0, 314.1 3.48 27.12 -0.1, 0.569
PFHxS CollF 15055 0 AME 400.1 3.16 6.174 | -0.21, 2.575
PFHpA C/HF 150, 364.1 4.14 3.65 -0.17, 0.84
PFOA CeHF 150, 414.1 4.81 0.481 -0.2
PFOS CallF 17058 500.1 4.49 0.104 | -0.22, 2.606
PENA ColF 1705 464.1 5.48 0.06 0.14
PFDA C1oHF 10, 514.1 6.15 0.008 -0.21, 1.01

o714 PFASs #241& 93}o] liquid chromatography-tandem mass spectrometry(LC-MS/MS)E AR&3&}aL, FYH
PFASs9] X% 100pptolw, 7]17] Aol AER FYd4 s5& oldle] [& 1219 Z).
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3t dry cell weight(DCW),

[

_?,1

o e} ves} g

1

& A

a8 Zg-dA o] E(Ca—alginate) HIES ZH& BERALAUVER &9 (0,
(CaC04) &

[0104]
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[0106]

[0107]

[0108]

[0109]
[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

2IMES 10-2023-0163699
Ede g9 v =2 mixed liquor suspended solids(MLSS) =5 Ao ZH AXEM | cell counts
& G AR FE BACA AR P FUsHA L%%W-
depoll Aol A S4% DCWeF cell counts= H|= 17/l (/bead) §E2 THEHS I, Aral2 ofgel .

(A —B)x 1000 (mg) . dissolved bead volume (ml)
Sample Volume (ml) number of bead (bead)

Dry cell weight (mg/bead) =

A i cell weight after drying (g) + GF/C filter weight (g)
B:GF/C filter weight (g)

dissolved bead volume (ml)

number of bead (bead)

Cell counts (cells/bead) = cell concentration (cells/ml) x

24 A WAER vEe 47 0 ulE ) WAER SEE o [ 1319 2
% 13
5} 5L 271%7
Diameter 3.85%0.09mm
Dry cell weight 5.44mg/bead
Cell counts 2.6x10'+1.6x10" cells/bead

AT ol AYT THgel U WANA HEAZE A @ B, =
X“lmﬂ8%f¥%gzwﬁhli@°B&f&%%zﬂﬂi%%ﬁ%ﬂ,ﬁiﬂi wob A AER wh
}= o

2 dgo] w2 Ag doMe +d Az Fo b= dES e d
chlorophylls(Ex=655nm, Em=667mm)& ©|&3}i, AL&3k 7]7)
RED YREEREOZ o] #HYS 233,

Hiel ¥ ownel 9 AA el wWE AL wEF] wE wWARF W= w3l FE 9F BHS AA

—~
)
e}
>,j ~—
i
of
ol
-
2
o
=
—t
e}
—-
=
s}
=
oY
w
&
@
=
o
@
-0,

= =
shl=d, Ado] AM8E v M ZEF(S.quadricauda) &= EFFFUNALE 3t vAHZRFE, 2AGIJAT F FEHAS
Z 7 (heterotrophic conditions: H)¥}, £&<94Z7 (mixotrophic conditions: M) O 2 ¥ 3lF-A8E 33k
=
w3k, sleAE] T TAFoR wFXA He dEgol AILES =E3AIH Y I JFgS E2lshr] HE FEEAS

7t 4 A= A4 AlZ T ouj=9] orA s} AL 42 (a ccllmatlzatlon)a AR Aol S =E3ANT F
gz vlE WbV E Hy, S dxd vls ghE71E Ny, AHLS =E3A71A] @2 T5YYx vE BRE

ofo] WM& 7274 &4 9 fUle A4S AEd, AR A vE fAd 9% = F de A
Q1 D09t pH= H71e] FaFo= ofefel [F 14]9 #Zo] dASA FAHAL, My & Mool pHE 7.0-7.1 = 10%
of olitsteavt 23 w79 Fom optsteaTl A&How G Hy o Hyo(8.5-8.6)°l H|sto] v

% 14
e sl F599%21 RO
H\\ /o Hw/ M\\ /o M\\ /
DO mg/L 7.6+0.3 7.7+0.6 7.6+0.3 7.6x0.2
pll - 8.6+0.1 8.5%+0.1 7.0+0.1 7.1+0.2
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[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

SIE S 10-2023-0163699

HH-S-7]o] 2531 soluble COD, soluble N ¥ soluble P 5%9] 423 = T 4a, & 4b, = 4c 2 o9

[3 15]s} 2t}

# 15
&5 FE9Ed £ gEn
HW/ o Hw/ Mw/ 0 Mw/

Soluble COD 93+2.8 92+4.2 93+2.1 94+1.9

Soluble N 24+4.8 26+4.5 40+6.6 38+6.2

Soluble P 42+6.7 38+5.6 95+5.6 96+5.2
BAATE wevle) AASE AN Fo B4 Az Aol sany FARE 9L Ad & ot
yl wk$-719 & soluble COD & 18-26mg/LE 95-97%%] =& A S HYPEd, o= vAHERFI F 771

< AA

B9 Xedy AL $A42 AMEE eSS 7|FEN G o838 AoR BT
Hyo, Hy2l 75 soluble N& 44-45mg/L, My,, My 36-37mg/LZ ZHZ} 24-26%, 38-40%2] AAES BAEd, v
MEzFe AMESEY T34 5 sh<l TCAZ|ZollA] T ES 7| EEFEF24H (ketoglutarate) 7F G 2g
7 A%ste] SFEo]E(glutamate) & #4337 Wiol F&59 ¥ (Hyo, Hy)olA soluble NoJ AZFE A},
Mo, My PIAIZF 334 tALE Hy,, HyBET oF 15% O 52 AAES BYAw, &7F38t 9 soluble
Nol &7 g},

upeha] Eodge] wE uAZFE 2] Y] Wi vE= JF7hx "o ©X
shading) &3¢ 3o m F3HA thalzl Aale Ao m Hola, T3 nmAxHFe =8
o},

Hyo, Hyd A5 soluble PE 5.3-5.7mg/L, Myo, My 0.4-0.5mg/L 2 ZHzZb 38-42%, 95-96%<] AAES B
I, Hyo, Hy9l pHE 8.5-8.6 &2, 912Fo] &8 2 pH(E3]| pi>8.5)olA st H|=9] Zgolat Agtste] Z

a5,
#4kd (calcium phosphate)?] FEHIZ IAE 4 7] wEol, JAE FA 23} soluble P7F ZAF ).

Moo, My= PIAIZF(S.quadricauda)d] W2 ¢ ¢ 81 34 ALz ¢lsle] =& AASS B
Zo W& soluble COD, soluble N, soluble P A A& 2Fo]i= YEFYA] oo} obAS A FAES & 4 AU},

webd wAEF =g ol8@ d5Ag A, ueHaol ALY w=FS e Ggd dFL FA Y= Aow B
BT}

s

718 422 DOC, UVasy, SUVAssy 2 F-EEM FFE4S a3 aL, DOC, UVass, SUVAy, A A¥= = 5a U
A = 5c¢t #).

M

T
T
o

N

ot

3

—

w

o

=)

7

~

=
fru
©

X

Lo

HH

(o

22

2

o

d

e
k]

HE

rlo

w

=

=

o

o

o] Hxste] A¥rEW, DOC FEE Y ke
COD AAET} w7 FA = %‘Q#fﬂ 1A DS MR 71E2R FJA o] &31%17] wtolt).

D AFRFEA Wy FHEOIA 53}

Ho

83 U] WS oy SR FHE 0.11-0.17cm & BT,

A ergkom (< 0.001 en ), F945 oHl F7HE FEFY W FHEE HAZFZEE fo9 §7]180l0

P

SUVAs5= 3.61-4.38L/mg-me.& elEd i, =F 8 7|24 (algal organic matter: AOM)S =& v] &9

TA f71ES EFEA glo] 2 L/mgm ©]8ke] BhE SUVAs #hs Hol: o= 4eA s Aol whall, SUVA
[e)

o
ol we RAF DC FES £F o F/1RAL Aste] A Wy EFEZ Aste] L WAy @ I
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[0135]

[0136]

[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]
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=
0
c
fo
kr
e
-3
=)
il
(w)

0C % 2ol HolX| kL, Vo 9F SUVAy #h2 AHLO] =FF WHS7]dA W e X

o}, 1 Aot BAGOR feldA g

£
—~
ko)
Vv
.o
o
(@]
~

FE FdE gl

FEA A3 v vgeE 9
Q1 peak T1, peak T20lA] =

e oft 4

o]+= intracellular organic matters(IOM), extracellular organic matters(EOM)< peak T2o0|A 733+ 42
w31, AOMS peak T1, peak T2, peak A, peak ¢ £O 2 ZE7l =tom | peak T2S EHER AGz, o] 944
2 soluble microbial products(SMP) Al 9oz B, rAE &4 #HHo] g vAE &5 s A
Aol 7hs3ie.

Wb fF FEFe 58 peak T2 WAZXFEEEH 7198 77

= MR R FES Bloy, e Ale =E3A7A 42 7

= %%O] 7}_%6—]’-—]17 Hw/()q— Hw/q 6513'6]—70}—1;—

Aol ulskel FrhRE Wl N, Hadd

BN

= AFsta AFFE shiA A - AEEAY, ARl AFEs 2Asks S
d FEY velevs giool mldstel AAEM, 7E sk B dux e w3

ol

Hy,ol mAlzRf= AHLe] AE#AR 2hgsto] SWPe] Aol 7k HRdaL, oldll we} peak T1, peak T29] 337

A Aol o] Fo|z wMZF FHAS} WS A AEQl peak T1, peak T27F A5A A&zt

o

GxAd wel ¥gE F-EEM A3E 2931, Hy WH 571 Hy02l peak T1, peak T2&
ML 2E#H2AR A% SWP 57} F3FOE, My WH 2" M9 peak T1, peak T2 FAH SHAZRY &3
wo] ZHAaE A

A

255} 51 52 (PFASs) #4295 = 77 [1# 16]9 YEflide.
F 16
3 hia AF 5%=(ng/L)
PFBA(C=4) B> AlE 85413
PFBS(C=4) 7o A& 8445
PFPeA(C=5) B> AlE 73+11
PFxA(C=6) 7o A& 73£8
PFxS(C=6) A = 2347
PFHpA(C=7) 71 A 6245
PFOA(C=8) A = 567
PFOS(C=8) 7 AV 2347
PFNA(C=9) A = 742
PFDA(C=10) 7 AV 942

T 73 [¥ 1618 AHREEAE, B2 5 g QEXLos AHegon e AL PFASs9F, 71 AL PFASsZ
i H

T g odar, MRS AL =F FFol Adgle] Wl whEr] B HlRd AAES Bl

[e]

RS

7]

a8 shgh=it AAES Adolsisledl, 53 &4 et Skl wet AlA o] AR Frteks A

rr

KeN
=

ok



[0149]

[0150]

[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

[0162]

[0163]
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s AT

7o X} 9] PFASQ PFBA(C=4), PFBS(C=4), PFPeA(C=5), PFHxA(C=6)+ u] wr-27]o] thsle] z+z: 34 +£10%, 29+
4%, 26+11%, 34+x7%(n=16)9] AAEEL HFa, 71 AlLE PFASS] PFHxS(C=6), PFHpA(C=7), PFOA(C=8),
PFOS(C=8), PFNA(C=9), PFDA(C=10)% 7+7} 8145%, 50+4%, 55+5%, 82+6%, 88+4%, 38+ 15%(n=16)2] A|AE&
S By,

PFASs+= vil-¢- <tAst Eda2x 9 A4S ALt T2 F&d 93] AAYNE FFo=
FA A5 A& (hydrophobic interaction), 22 Al&Ee] PFASsE  AA7
interaction) 2.2 #A|AEE Ao] XujF ol thalE 71 AFE9] PFASs7 B & A 4SS W),

X o
CQ
o -
1-0{1 r\l
JEi
/-\

@

@

s}

&

=

o

»

iy

o

=

o

oleldt ol 71 AM4S] PRASs & e Abe] PRASs Muh B B CF A&(254S S T Qo] a5
2 vAER Bl 97 FHEo) ) Aol PRASsTE &

T3k, e AlE S 8/1E ZHE PRAS £ PFOAQ] AAE-S 55+5%, PROSS A A& 82+6%%, AEA(sulfonic
acid)2 7R i PROS7F 7H52 4k (carboxylic acid)S 7FAIAL i PFOA HUk AAE] & AL & 4 A

o

1= PFOS2] AdiE4ko] PFOAS] FHEAAlHtl o W& =83 =(water solubility)E 2ral, PROS(C8F17S03H) 7}
PFOA(C7F15COOH) Xt} o ®-2 C-F A%S zt7] wliol, A= PFOS7E ¥ 48k 244 5A4S XY & d+ =7
S UEHFoEN o et FaES Hel Aoz dudEd

Ao, 22 A& 9] PFASsE 71 A& 9] PFASs(51-81 %)l HI8}e] wre A A (26-34 %)& Hlo).

ol < 3 79 W2 Y A ;S Ze PRASsE FAE B F UAR ol A4S va, vAERF
(pKa=3.5-5, "M/ Mxd)et dxvle]E(alginate)(=3.5) E3H, FHEA7]9] Foz SHIE wr| o
ol AH7IAQ] dhrE o g Qlste] F& A3yt dojdt ow vk,

+

w3k, Al 7]2e o b, wEe] fmAldl Cal ool x| Ee] FFEA](Lo]L)9} PRASs(S0]L)
AR E SlE 7tud S sto] AA &S F 5 U

AHL :=Fol W& PFASs AIAE zbolE UElA &9k=dl, A7) PFASsE Aal7l obd =2 FZho] o3 A|A
He B, gy ol AL =F-2 "ARF H|=9] PFASs AlA & 98-S T4 %v Foew dAoET | 1 A}
£9] PFASs7F M| ZFobe] 254 AErgoz o x1&9) PFASs BT} =2 A AES Helth,

93 MM EF s BAS AERY HER2RE g HE nARR FEE B4 1, & 8a WA 8cof [%

Jell veEp et

¥ 17
6&—% Hw/o EHH] HW/ @—i% Mw/o EHH] MW/Z:]I——/J\—'%
Turbidity 35% 52%
ODsso 34% 42%
Cell coutns 44% 42%

% 8a WA 8csh [E 1718 F2F #9) - HE3FE ARA0R wANERE §E59 SS yEE v=RRE 98
o]

HE AR sEea

Kl
m}n:m
4

Mot My 7t Hyot By BT O 52 22 nMx2F s=5 293, M9 turbidity, 0D680, cell countsi= Hyp
of ulsl zkzb oF 105%, 88%, 742% U % BEFS HASW, My Hyol wlskel ztz} 50%, 65%, 774% 7+

ke

[e]

ftllo
fz
32
T

ol FHAYEAG Hste] EIYEA MAZRI O B ALES 7] WEoR BL, Wzl
= o]z

3 F=
ek mAlEFe HEE Aol
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B3 (p<0.05), My,

5

=

=

o

N

n
=)

A=

stel @ mlg

1=

[$)

=

wolx| eEAL wlo]

sl Hyo B Z42F 35%, 34%, 44% A&

RS TH(p<0.05).

=

—‘% Hw/og} Mw/ooﬂ H]
(e}

&7
Aol A= Hd 8wl 74

2]
ok
=

_"

“d

o

=
T
=

A7

=
=

A 2F7F A

L
o

ol A
/\]ZJ_ HW/Q]- Mw/%

2] turbidity, ODg, cell counts © T

o

My THE] 22 52%, 42%, 42% FHg

AHL
2=

[0164]
[0165]
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so] fAo] gabev)
55 EYIFRAolA ALY =FU)S MARFY ¥ AR ALY AW FFo g e wy
ZFe Kol v 7S L EeE ek H o g spgsk 4 gt}
HE A7 0 oHE g nAER $EE EASY, WYl $4 A F s 470 wE g vARF B
(DCW, cell counts) &4 Z3E = 14 2 = 15¢ olgle [3% 1814 7.
X 18
z‘%}% Hw/o EHH] Hw/ ﬁ—i‘% Mw/o EHH] Mw/ %7}’%
Diameter 4.8% 3. 7%
DCW 17% 19%
Cell coutns 7.2% 16%

= 1403 = 159 ofefe] [# 18]& AW, 24 F om=e] AALS & 8 3d AWH 2 T8 AIMA
SAstol s @ g, HIE U mAEF s HEE 59 5 359 oA 54 F v=

Rl Sl
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*Ao] F

Liﬂl

g ovEs 21 A s njste] A4 F7H17-32 @3k, DOWE 4 (13-70 %) Skt
Ao T7hs =] WA (swelling) A4, DOV fHas AAvo|Ee] &a= A% A=z, A T v=
e REEAY sk gole (o, B)o) #9 B, ulsel Beld - shehy shelo] A&How shsjH we

A olE udgE 7HA AL Y= ZF-LA Yol E(Ca-alginate) 2 o] okald 4= Q7] wjiolth

rr

FA o] E(Alginate) = SHBHE 2t ZYWE B pH ol A >
fo] o 4A7)4 Ao A W= Qe Wa ¥AE 4 A

3 cell countsghe Wl¥EA 7Y AAE zbold wel Z7|ZA v SE&9gU%xA v== A (76-78 %) 5
L

A, E3td gz A v=s F7H36-59 %) 3T}

Hyo B1E9] 21738 4.7240.06mm, M= 4.89£0.08mm=Z, M7t Hyooll HIEke] 3.6% ©f & A7S 717},
83 Hy W= DOWeE cell counts™  1.99mg/bead, 6.2><106cells/bead, Myo= 3.97mg/bead, 4.1X
107cells/beadi, MyoZF Hyooll B13Fe] 99%, 468% 3= kt).

MAEFE SHEFFEA Aol EFIEEAANAM Y we AFES Bl wiel Myt ¥ = vAERF

Hos Hyool W8k wlz=o] A4 DOz 2Hastar, Mye Myl vstel 4727 DO, cell counts WY F7}a}
Sk,

o)t wjoyz

L

N

&

Aol wet AL Fdo] tE F A2 AR, M7 6 2 FAAY o 52 uHERF TRE B
olmg &gz AHL =% nH= FAF fHo] =S ).

el uhel AHLe] FEo] tE2 oldlel] AeHo™, AHLY w=Fd wE A
total growth ¥4 33},

bE Aols w7 slstol

oN

tlo

Total growth 412 RE&7]3F &t HI=2R Y 22d nAx®F 43 &4 5 5, H= W9 mAzF &

gito A AL on, = 16 2 otgfel [F 19]9 UrE‘rLHMI:}.

£ 19
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Z7td Aoz Fldr)
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[0232] B oage

A 2L 7} BE thoel wE 9 75sk o AA o7 spssithE HE o HffL 7401
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m= 03

quadricouda HY 2 El +d 505 gx|lic| = HHJ'IE E- |
HIE (200 mg/ 20mi) .
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Soluble nitrogen (mg/L)

Soluble phosphorus (mg/L)
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1 without AHL
with  AHL

Heterotrophic

Mixotrophic

—J without AHL
with  AHL

—

Heterotrophic

Mixotrophic
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k1
N2

Dissolved organic carbon (mg/L)

Ultraviolet absorbance at 254nm (r:m'1)

Sa
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3 without AHL
with  AHL

0.5

Heterotrophic

Mixotrophic

0.4 -

0.3 -

02

0.1

0.0

[ without AHL
with  AHL

Heterotrophic

Mixotrophic
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k1
N2
4

Specific ultraviolet absorbance at 254nm (L/mg-m)

10

[ without AHL
e with  AHL

k1
N2
N

Fluorescence intensity (AU)

12000

Heterotrophic Mixotrophic

10000

8000 -

6000 -

4000 -

2000 +

[ Heterotrophic bead without AHL
Heterotrophic bead with ~ AHL

peak T1 peak T2 peak A peak C
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4000 - {7
3000 -
2000 -

1000 -

Fluorescence intensity (AU)

— Mixotrophic bead without AHL
Mixotrophic bead with

AHL

k1
[N
N

peak T1 peak T2 peak A peak C

Long-chain PFASs

Short-chain PFASs - PFCAs: 2 C7
- PFCAs: < C7 - PFSAs: = CB
- PFSAs: < C6 ; |
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B neterctrophic, wih  AHL
go { E=3 mixalrophic, without AHL
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;3 60
§
£ '
@
2 LT
5 | A | | |
e = 3 g Tl A Tl & al
W\ iﬁ@\. ??93?‘@ ?g\"”.\ ??wgk P?w}.\c‘ (8 ?&05\ q?&\ ﬂ@
EH8a
150
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with  AHL
120 A -
—
=
e M1
—
=
=
£ 60 |
=
= T
30 -
0

Heterotrophic Mixotrophic
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Optical density at 680nm (c.m'1 )

Cell counts (cells/ml)
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Heterotrophic
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with  AHL

Heterotrophic

Mixotrophic
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(a) Initial

(c) H,,,,, fragment

(e) M, fragment (f) M, fragment
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100

The number of cracked beads (pieces)

Diameter (mm)
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60

40 -

20

ZZA without AHL
EE=s with  AHL

55

Heterotrophic

Mixotrophic
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o
1

:h.
14,]
L

)
o

35

C— Initial bead
without AHL
= with  AHL

T

Control

Heterotrophic

Mixotrophic

_31_

ZIHSd 10-2023-0163699



Cell counts (cells/bead)

5e+7

de+T -

Je+7

2e+7

Te+T -

== Inilial bead
EZZA without AHL
E=3 with  AHL

Control Heterotrophic  Mixotrophic

(a)

3 Initial bead
7773 withoul AHL
E== with AHL

7

Control Heterotrophic.  Mixotrophic

(b)
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(n) Imitial

(b) Hy {c) H,,

(d) M, (e) ML,
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