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£ 21ollA= Chitosan nanoparticles (CNPs) @} Lactococcus lactis (L. lac) S SZAZ AFE3SI0] phthalates®] &-2F
Z12Y3I3AT}E. CNPsi= Tripolyphospate (TPP)9}e] 7h A3 Fato] Azl om, Az Foll L. lac.]
5351 L. lac.-CNPsE A3kt BE 2= Fourier transform infrared spectroscopy (FTIR)S AR5t
< s ekt 2719 EAE ERISFSITE. Adsorption isotherm 2} adsorption kinetic - 5357 CNPs,
L. lac. Bt L. lac.-CNPs 9] F2 7155 4l vlZ|U5& gRleigint. = dxfel tisto] DBP 4! DEP o] &3 75
Langmuir adsorption isotherm model U= Freundlich adsorption isotherm model ol 2335} 01 o]= Ux}e] %
o] o] dA (heterogeneous) BR= A& 2] gt} F& A5 Pseudo-1%-order model UH= Pseudo-2"-order
model ¢l 3831 21, o]i= DBP & DEP 2] &&o] x| ¥ o] thekst z-87]59 oJste] Euld FaRth= 4
A7V =} 4 AY Foll ot shehA Fato] AujAqls vehdnt. HFA R, 41 wE o2 CNPs Y
L. lac-CNPs 8] Az7} 7Fssh, 714 o 248 andos AAT 5 e #8829 FaARA AR 5= 9l

S b

Abstract — Chitosan nanoparticles (CNPs) and Lactococcus lactis (L. lac.) were used as adsorbents to evaluate the
adsorption performance of endocrine hormones, which are phthalates, in the healthy food packages. CNPs were produced
through the cross bond with tripolyphosphate (TPP), and L. lac.-CNPs were prepared through the introduction of L. /ac.
during the preparation. The various functional groups of all adsorbents were identified using Fourier transform infrared
spectroscopy (FTIR). Adsorption isotherm and adsorption kinetic confirmed the adsorption behavior and mechanism of
CNPs, L. lac. and L. lac.-CNPs. The adsorption behavior of DBP and DEP for all particles was more suitable for the
Freundlich adsorption isotherm model than for the Langmuir adsorption isotherm model, which means that the
surface of the particles is heterogeneous. The adsorption mechanism was more suitable for the Pseudo-2"-order
model than for the Pseudo-1%-order model. This means that due to the presence of various functional groups on the
particle surface, the adsorption of DBP and DEP is dominated by chemical adsorption such as electrostatic attraction
and hydrogen bonding rather than physical adsorption. Finally, it was confirmed that the preparation of CNPs and L.
lac.-CNPs can be performed easily and quickly, and it could be used as a cheaper adsorbent that can effectively
remove phthalates.
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FepnE o] Az TG oA REEA] SHtE= S4Q1 7haAlE
AT T8 T ZekaE e 7k S =ol7] Slste] @ FER AL
§-¥]o] gt} Phthalates &= 7P Y] 0 & AREH = 7HaA|=, 7}
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Table 1. Common phthalates and their uses in industies
Phthalate Full name Molecular weight (g/mol) Products
o
/\/ . .. ~ .
(¢} .
DBP dibutyl phthalate 278.4 (LMW) Ir;qattefia;ihes}llvlc?rsl; cos gletllc, nltli(;, dyes, food wrapping
0~ aterials, pharmaceutical coating
o
o
o Toothbrushesm auto-mobile parts, tools, toys and food
DEP diethyl phthalate 2222 (LMW) ackagin ? ?
o._~ packaging
o
LD
DEHP o di(2-ethyl hexyl) 390.6 (HMW) polls, shoes, medical devices (plfistlc tubing and
o\/t/\ phthalate intravenous storage bags), floor tiles
[e]
o
0 TN .. Balls, spoons, toys, gloves, straws, rubber, inks,
DINP O S di-isononyl phthalate 4186 (HMW) clothes, food and food-related uses
o
S VN
0.
BBP benzyl butyl phthalate 312.4 (LMW) Car care products, food wrapping material, sealants

% wo] AL-§-%+= phthalate = Dibutyl phthalate (DBP), Diethyl
phthalate (DEP) -] ATH1]. #id A AlAIZ o2 oF 8107 E9]
ZvaA7F RS a1 QLo H, Table 1914 &= A A AME-5 31 9l
phthalates WEFYSITE. Phthalatesi= ZeFE matrixell 32 %
7] oF7] wjiE-ol] Agtelo] efsto] Ak ol AA| AFg-Eh=
EoE FollA B4 B AbelAl A == = AvH2,3].
Phthalates®] 7]+ T2 % 7 78] & AF&E& 71X benzene
dicarboxylic acid =, B AF&< alkyl, benzyl, cycloalkyl, phenyl
= alkoxy 50| #8712 o] F0] 4 3lt}. Phthalates 2] 7 ©] Bl
54 7 le 2 AREe] - W dolof] &J8) Asix 1 A
(High molecular weight, HMW)¥} #] #2}%(Low molecular weight,
LMW) ©.& #FE ) 31 A5 phthalates 2] 54, UlaEH] &k
4 oM T2 A EAEA] FAAIRE, FH 9] Thel faldt dde
vHthE A7 A% Q7] Wil ARGl 2 & sfjofsith A &
A} phthalates & A2 77 #lE 7|1X]= 5 Wdr] & =42
%] European Union’s REACH (Registration, Evaluation, Authorization
and Restriction of Chemicals) 94 1313t &4 2 F-F3kaL QITH4-8].
FAA phthalates®] AAS 93 W2 A7) A& 11 9l o E3)
2hS o) 83 A AT 7P S A o Sy Qi)
Fatolete dol= 1881'd 59 2] =881 Hiinrich Kayser7t
AREBFATHIL. F2Fol=E fF-2(A A, 71A)7F 2| <}k 3k
o FAPE A u, 7 ] BAH B Adwol sF5He d
IS oth BAEES A tE Ao R SalEAY HAFshes &
o= k2, S2R) Bl A2 v Fdshes Tolth
TR 2ol = FHARE A, zeolite, 2] 7HE S5o] Qo) 15
ek 7] B2 854 SEES S 2 ARET, 1
A 2H87] 9 71 A7) o] EEA] BAS 2EE T Q) wizel

o Elop
dlo J

2

4 ox o 2 @
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7V el AHgE 3 g FAACIT Ywe] F1 Seo] Hol

LHAIRE, 1180 RiskA i 918 Aol Algk o]t 10].

o
o

£ 73 Qo] FARARA AR 7Fs/do] Ak 11-13].

A 52 AESA Aol ARS-E = vAE Kok AlxE o) T
&t 28712 FAR AEAo] 7Fs g BHolrh AlxH o] 287
+ carboxyl, phosphate, amine, sulfonate “12] 11 hydroxyl 5-©] 3}
o [14]. MBS ABEAS wE Y =2 W w3 vl
T2 o] Stk AR W) sta F ot oFel| wistell 578
oA A = Qe YA W&, A 9l AAFgo] BrFsst
U= A o] 9ltt. ofg] AFE Fote] wAE ARES v E
o] A&t e st 7o) vAE A WS Bk vks
shoba W A} [15-17). Bo3h TR-AFe] AFR-O & Q18ke] 9J}o)
7] Aet7} 7k staL, Z1A4 AEE #0157 FIEH18).

£ AF|A & Chitosan nanoparticles (CNPs), Lactococcus
lactis (L. lac.)yE phthalatesg A A= F&A 24 A3 o
7171 CNPs += ionic cross-linking method & &3] 417 W=7
Az 4= lom, 7k Il L lac s 715 L. lac Tl
CNPs7} WA =32 L lac-CNPsE A3 4= 9lth. CNPs, L.
lac., L. lac.-CNPsE AF&-3F] 2 7}4] 9] phthalate (Dibutyl phthalate
(DBP), Diethyl phthalate (DEP)) 2| #|A &&& 57433k o U
o7} F&A| 2] -5, phthalates &] F= 2 4 AlZto] AA &0l
WA= QEE GRIsk F2 A vAUSS ERlsk] gk,

o< &2 (Langmuir & Freundlich adsorption isotherm model)

¢
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H(Pseudo 1%t & 2" — order model)S AFE-3FA T} &
BP 3! DEP A7+ Freundlich adsorption isotherm
model ¥} Pseudo-2"-order model ©] # &3hS 01519 11, o] =
DBP % DEP &-2to] Ad7]4 Q1 =4 At 9l o= A&
7|22 5= 3j8H 210 7 AlojH= RS ofv| sttt

o

)
e 3
2o o] g3t

il

2.4

2-1. M2 ¥ HA

2 A3 of| A A2 Sodium Tripolyphosphate, Sodium chloride +
Sigma-aldrich (USA)*lIA %) 8F$1 3, HPLC Water, 99.9% Ethyl
alcohol, Difco™ Lactobacilli MRS Brothi= Duksan(Korea)ollA]
Q43311 Glacial acetic acid += Dagjung(Korea)2] Al55-& ARSI T
Z2}~8 87 © 2 22l Di-butyl phthalate (DBP), Di-ethyl phthalate
(DEP):= Duksan (Korea)ollA] T-4131ict. Z2kAE 3 5279
FA} 29 2 54 U Stock solution A% ¥H8-S Table 29 U
ERAEt.

A3 7F ¥igkE)= pHE 574517 918191 pH meter (Thermo, USA),
AzE Rl 775 F5A3H7] $8H Dynamic Light Scattering
(BI-9000AT, Brookhaven, USA), &.oF &l -7 #2415 £]5}¢9 Scanning
Electron Microscope (S-4700, Hitachi’s, Japan)S AF&-3}53 T, 2H-8-7]
249& $15F9] Fourier Transform Infrared Spectroscope (Vertex70,
Bruker, German)s A3t} Phthalates®] A|A A =5 5743517]
$]3Fod Gas chromatography (YL6500 GC, Youngin, Korea)S A}
gkt

2-2. AN

2-2-1. Chitosan nanoparticles (CNPs)] Az

oFo] t}E Chitosan powder (1, 2, 3, 4, 5 g/L)E 60 °CollA 1 A|
ZF 5t Acetic acid 50 pl, HPLC water 20 mlE Y11 £Hd3] 5o
St} Chitosan solution 8] 25 & 4202 W3 & 5 AAs}t
A wHEE 1 10 ml2) 0.1 (w/v)% TPP solutionS H-21S AR
sto] 8] & e A7siglnh 1 Al BF S AlAE F,
5500 rpm, 20 °CoflA] 20 & &<t A4 2% 3t F, HPLC water
20 mloll TEA] ARATSSITE. o9} 2 ZIelA] Fruj o] HEf
olo] A E| v o] Chitosan nanoparticles (CNPs) 7} A 2 5] 3128
LERdITE 5 271 shellA 5 /L BUF 52 559 Chitosans A
4319] CNPsE A% A], Chitosan®] $H13] F7<roll 354 ekol %1
akA] ekSATH19].

2-2-1. Lactococcus lactis (L. lac. )34 2] A=z
MRS broth 55 g/LE DI waterel] %I %, AutoclaveE AH3-3}

Table 2. Structure of DBP and DEP and methods of preparing stock

solutions
Phthalates DBP DEP
Molecular structure @M ©¢/\
~N o~
Molucular formula C,6H,,0, C,H, 0,
Density (g/ml) 1.05 1.12
Assay (G.C) (%) above 99.0 above 99.0
Boiling temp. (°C) 340 295

o 121 °CllA 15 w3+ B33t 200 ml MRS B4 Y| L. lac. ¥l
okl | ml & HFsle] 3714 ZAA 37°C, 12 A17F E<1 ek
3ot vl okE 7S 8000 rpm, 4 °COlA] 105 F<t 94 Bk
0.9%2] B3 saline solution®. = 23] A|&3}11, B&3) 382 9
alo] HE saline solution®ll #4+(0.1 g/ml) A7 B33FH20].

2-2-3. Lactococcus lactis-chitosan nanoparticles (L. lac.-CNPs) 2]
Az
M ZTHE 5 129] Chitosan powder (1, 2, 3, 4, 5 g/L)S 60 °Cll A
1 A1ZF 59 Acetic acid 50 ul, HPLC water 19 mlE ¥ 11 $+313]
=6]3=3]t}. Chitosan solution®] &L 5 A0 2 W = 5 1 ml9)
L. lac.-saline solution (0.1 g/ml) = L3 wRksh 41013l 1
AZF ot it 3 A A WS 15 10 ml 0.1 (wiv)%
PP &5 HelE ARE-ste] Axs] dhe A A7kl 1 AIRE
SQF HEES AIAFE T, 5500 rpm, 20 °CollA] 20 - FoF 94 #
3t %], HPLC water 20 mlol| 2 A Aj&2Akskd Tt 1 A3,
CNPs .t} k7t ©] 312 9] Lactococcus lactis-chitosan nanoaprticles
(L. lac-CNPs) EFlo] A== 218 18 4= 9JT}H20,21].

E

—
<
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A

2-2-4. 873 F 23~ Phthalates®] #| 7423

CNPs, L. lac., L. lac.-CNPs®] phthalates®] #| A &85 #2135}
7] 919] 2 71X 9] Aol %t phthalates = DBP, DEP S AR-&F3AT]
AA AL batch model A HH5- £ 5=(450 rpm), HH-5- 5= (room
temperature), Y& 53] (10 ml), &A1) 55 (2~50 g/L), 2.9 &
219 3552(5~5000 ppm), HH- A17H(0~48 hr)2] 2710 2 As)5iT).

o] g ol Al 0] CNPs, L. lac., L. lac.-CNPs$} phthalates=
Sk F, 450 nm syringe filterE AFg§-3F0] 29 542 F2o]
H YR delFo] GC-FIDE AHEsto] &2 d$-9] Ajol&
=
2}7)| 2] &-2-5(adsorption capacity)?} A7 & & (Removal efficiency)
A9 58S sk T2 H otk v Fa5T
AAGEE Tk 2= ek Zlo)th:

12

N fo

Tt oX [l olo

Mo

_ v
0=(C-C)x~

&< 100
= X
==z

1

s
ofy
oft
oft

A7, Q (mgllys FAFOE FAAL & H24
H329) o, g o) A EEE FAAG SR FH2e)
w9 B FAEAL) 2] S0 vE WS ek

37°C, 12hr

Incubation

Lactococcus lactis

8000rpm, 4°C, 10min |

l Centrifugation

Washing & Dilution
using saline soln.

Scheme 1. Preparation of Lactococcus lactis.
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50°C, 1hr 25°C, 1hr 25°C, 1hr
Dissolve in L. lac.-diluted | TPP drop
HPLC water saline soln.
5500rpm, 20°C, 20min
Centrifugation L’ ( ) & - A
%L ’ = Chitosan or
actococcus O
) ractls ; CNPs layer
S o ‘y.,:j
Disperse in o & .
HPLC water X Aggregated CNPs
T~ L. lac-CNPs )

Scheme 2. Synthetic procedures of CNPs and L. /lac.-CNPs.

C; (mg/Ly= F24 A F2HEe] 27] §5%, ¢ (mg/Ly= F2HA°l
V(Ly= A FEEA] Wk ),

m (@R F2A| & 2vgirH22]

Fig. 1> Chitosan?] 557} Uie YA} F7]0] w|x|i= d k]| of
sto] DLSE 4 38lo] UEhdl 210 1,2, 3, 4, 5 g/L Chitosan¥}
0.1 wt% TPP7} AF&-E It}

A7 st Fu) o] TPPE AH8-3F312S W, Chitosan?] & %o w2}
CNPs:= 365.3 + 3.254 nm $-E] 914.2 + 2.987 nm, L. lac.-CNPs=
544.6 + 5.576 nm F-E 1617.1 + 7.570 nm&] YA FAE AL
13T whebA Chitosan?] %71 AR 7]ef J&kS R
the A8 & 4= QM) w3k 122 552 Chitosans ARSI L
AAE A Z5FS v, CNPs ol B]3F] L. lac.-CNPs2] A7} 6%
A AP Z o2 Hol 2 L lacoll &3+ A o7 A7ty

Fig. 2= CNPs, L. lac., L. lac.-CNPs 2] B.F3} 17| 5 SEM image
el Rolt}, 5 g/L9 chitosans AFE-3Fo] A 23 CNPs:= <
400 nme] A 181 o7 FAAE AL & S Uk L lac = oF
500 nm2] -3 2] 4, Zh2 R e Alo] BOIQlE A E A5,

2000 Dones =
L. lac.-CNPs = E

E1200: ® §§ .~
T -8 28 N §§
MEEEL |

Concentration of chitosan (g/L)

Fig. 1. Diameter distribution of CNPs and L. lac.-CNPs with differ-
ent concentration of TPP.
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150KV 12.1mm x20.0k

Fig. 2. SEM images of CNPs, L. lac. and L. lac.-CNPs.

ML= vl ek H 0 7 o] Fo| X A& ERISIATE. L. lac.-CNPsi=
°F 1000 nm2] T2 QIZ7} L. lac. o} FL3HAl 7] 4 £
S e Alzo] 1Rl ] Yl EASISIT. L lac.-CNPs 3
W2 L. lac.°ll chitosan 5] AN, 4 el = CNPs7}h
o2 Bx7 FE 2 EAlSHE ZE ERIBIKI

Fig. 3> CNPs, L. lac., L. lac.-CNPs2] 214715
Fato] Sk Aot

CNPs 1 Z oA = chitosan2] 543 35141 3600~3200 cm™ (-OH,
NH, stretch (overlap)), 1537 em™ 2} 1376 cm™ (N-H stretch), 2890 cm!

spectroscope%

N-H, R-SO3H

Transmittance (%)

L. lac.-CNPs

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'1)

Fig. 3. FTIR spectra of CNPs, L. lac. and L. lac.-CNPs.
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—p
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Fig. 4. Functional groups on the cell wall of micro-organism.

(C-H stretch), 1058 cm™ (C-O stretch)7} YR 18] 32 TPPS]
E4J ¥]=21 887 em™! (P-O stretch)©] LEFY 71 © & Ko} chitosan}
TPP2] ionic cross-lining gelation®l] 2]$+ CNPs 7} & ¢ A&
& Sl

Fig. 4= 823 3-8 A3e] 319 27| E vebd Zlojt}. L
laci= CNPs$} H]=8E 24875 714w FTIR 22|32 B3t ] =gt
d 5 Kol AL st 23]. L. lac. 1EEoA 3673 cm’!
(-OH stretch), 3600~3200 cm™ (-OH, NH, stretch (overlap)), 2972
em! (C-H stretch), 1643 cm™ (N-H, R-SO;H stretch(overlap)), 1230 cm™!
(C-O stretch)ellx] 5341 I35 ViepdTt.

18 —I—Growth curve of L. lac.
Lag :Exponential: Stationary : Death
1.54 | : : .
: "
€ 1.24 :
g |
g 0.9 E
A 0. :
o |
0.3- :
]
0.04 l-l'r(
—
0 4 32

Time (hr)
Fig. 5. Growth curve of L. lac..

[A]
Y =0.96359X - 1.73148
R? = 0.96908

5000 4

4000 4

3000 4

2000 4

Area (mV s)

1000 4

74 18
Ri(min)

0 1000 2000 3000 4000 5000

Concentration (ppm)

Area (mV s)

Table 3. Analytical conditions
Model
Column

YL6500 GC
Agilent HP-1, 30 m, 0.25 mm, 0.25 um
DBP : 100 °C (1 min) - 20 °C/min - 300 °C (1 min)

Columntemp. b+ 100 °C (1 min) - 20 °C/min - 250 °C (1 min)

Injection temp 250 °C
Injection method split 1 : 20
Injection volume 1ul

Carrier gas He (20 ml/min)
Detector FID
Detector temp. 280 °C

L. lac.-CNPs 1|3 ]| Xi= CNPs ] &4 39} L. lac.2] B4
937} A S4E A0 F Hol CNPse} L. lac.2] Ago] & o]F
ozl Z& & Q.

Fig. 5% L lac B 3717 Z7, 37 °CollA kS shv] 2479 A
it} wjeF S AFHsto] FFEE S5k, 600 nm Il X €]
38h4 = (Optical density, 0.D.)2] H3}LE 19 Ao|t}. L lac. 2t
2o mPEL WA © 2 595 nm B 600 nmelld Hof) S =S
HERNZ] wlzell o) Aol A = &7 AlZkatt 600 nm ol A <]
FH T HIHE AMEE L lac. 2] A% F4S VeI 0-4

& F3 50 A3t7F A9 QI lag phase, 4 ~ 10 hr S35=7}
T3 S 7F8R= exponential phase, 10 ~ 17 hr& 3 52| A3l
71¢] §li= stationary phase, “12]31 17 hr O] FH = 3= &
27} dojili= death phaseE Q15T

Table 3 Dibutyl phthalate (DBP) % Diethyl phthalate (DEP)2]
5745 $Isto] 44$ GC-FID 24 kS el 3o|o) DBP2}
DEP7} GC-FIDE &3l AZH & Ak 47 th2m, 542 #
S St 20E st

Fig. 62 DBP2} DEPS] ‘5=l 2 GC-FID analysis®] 14 H
slekS JERd Aot

E.E DBP ¥ DEP solution®] 5%+ 5, 10, 50, 100, 500, 1000,
5000 ppm© 2 F=H]3IIth DBPE 7.43 mindllA A& =7} 92
oM Y =0.96359X — 1.73148 (R? = 0.96908)2] A& &
Stk DEPE 4.85 minoll A & 3271 B2 01 Y = 0.72305X
— 1.1151 (R? = 0.9998)2] 7=4-& At

Fig. 7-> DBP % CNPs, L. lac., L. lac.-CNPsE A}-4-3F DBP ]

4000 47,
Y =0.72305X - 1.1151
2
3000 + R" = 0.9998
2000 4 ”
1500 g
1000 £
1000 - w £
&,?:“3“‘,@
50 ¥
1 J w“'
o o 45 ar A:‘ (mmf;.I 53 55
L) v L v ] v L v ) v L
0 1000 2000 3000 4000 5000

Concentration (ppm)

Fig. 6. Standard curve of [A] DBP area at 7.43 min and [B] DEP area at 4.85 min.
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i CNPs

' CNPs@DBP | X |
: : ! l
WW
I 1
I |
| 1

L. lac.@DBP

Transmittance (%)

L lac.-CNPs | :
1

: | I

1 |

1

1

1

L. lac.-CNPs@DBP ! :
1
| | |

T T T Ll T Ll T L)
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1)
Fig. 7. FTIR spectra of DBP, CNPs, L. lac. and L. lac.-CNPs.

L. lac. ) \
] ]
] ]
]
L. lac.@DEP :
1
1
L.lac.-CNPs ! :
] ]
| ! :
] ]
L. lac.-CNPs@DEP, ) \
| ! |
| ! |

4000 3500 3000 2500 2000 1500 1000 500

Transmittance (%)

Wavenumber (cm”)
Fig. 8. FTIR spectra of DEP, CNPs, L. lac. and L. lac.-CNPs.

&2 H5-2] M3}E IR spectroscopes E3F0] =74 3F Ajo|t),
Fig. 82 DEP @ CNPs, L. lac., L. lac.-CNPs= AH&3F DEPS] &2
%1%-] W35 IR spectroscopeE -5-ak0] 5743 Ao|t}. Fig. 9=
FTIR dataZ B} % DBP U DEP9} &4 9] #-27] Alole] 4
&3S HERIT

DBP 78| o)4= 2960 cm™ (C-H stretch), 1724 cm™ (C=0 stretch),
1288 cm™! (C-O stretch), 740 cm™! (disubstituted phenyl with ortho)2]
£ 913% 21813tk DEP 22 Zof| A& 2983 em™ (C-H stretch),
1720 em* (C=0 stretch), 1273 cm™ (C-O stretch), 742 cm™ (disubstituted
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O, R O R
O/ /R' 0/
o—Rr + ,N\ — N’R + R—OH
H \

H
o
Alcohol

Primary amine Secondary amine

Hydrogen bonding &
Electrostatic interaction

o

Amide bonding o—R R<o
O,
\ P
0—R K R R
H o
OH <
TN M NH3®

Fig. 9. Interactions of phthalate with functional groups of CNPs, L.
lac. and L. lac.-CNPs.

phenyl with ortho)®] 54 335 &R15}31t}. DBPS} DEP: ester
710l EQlE A AL Aol g zto] glell= thE A T34
zpo) 7} Qitk, 12 Q181 FTIR ZLef 2 H3t H]523t 7] 3.5 Kol
Z& GRlsigltt.

CNPs, L. lac. 2 L. lac.-CNPs9]
DEP&2} A%-9] > vlwshd ,%
A =27 AEA UERt AoE B
DEP?] F&to] % o]Folxl & ¢

Fig. 10 CNPs, L. lac., L. lac.-CNPs2] T)r%kf& &A=&

k1
BN

7 stellA] DBPE] AlA F&ol theh F2kA] o] s gRlgh
ZA3}olt}, Fig. 11 CNPs, L. lac., L. lac.-CNPs2] T}eFgt &2H4]
L 271 8lelA] DEPS] AA afol st FaA w20 4TS

=2

sjelet Azjolct, 2t dlolelel A [AR= FAAS) Fiel uhe

5, [Ble E3A9] ol uE AA &8 JeRjict
AA AL ohgah e 2304 AA] Sl vhE S
(450 rpm), HH&- 5 (room temperature), ¥+-& A1ZH(24 hr), ¥-g- 5

(10 ml), DBP @ DEP?] 7] %%(100 ppm).

CNPs, L. lac., L. lac.-CNPs&] 3557} 2, 4, 6, 8, 10, 20, 30, 40,
50 g/LZ Z71stol wef, F2e A Al on o whE A
A &5 A3 F71sISIT
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Fig. 10. Effect of adsorbent concentration on DBP adsorption of [A] adsorption capacity and [B] removal efficiency.
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Fig. 12. Effect of initial DBP concentration on DBP adsorption of [A] adsorption capacity and |B] removal efficiency.
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Fig. 13. Effect of initial DEP concentration on DEP adsorption of [A] adsorption capacity and [B] removal efficiency.
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Fig. 14. [A] The isothermal adsorption curves of DBP by adsorbents and fitting curves of [B] Langmuir model and [C] Freundlich model.

Table 4. Langmuir and Freundlich adsorption isotherm parameters of DBP adsorption

Adsorbent Langmuir isotherm

Freundlich isotherm

Fitted model R? 0, (mg/g) K (min) Fitted model R I/n Ky (L/g)
CNPs C/0Q.= 3.02491 +0.00787C,  0.9636 127.0648 0.0026  InQ,=0.20244 +0.57978InC,  0.9745 0.5798 1.2244
L. lac. C./Q,=12.90986 + 0.02359C,  0.9253 42.3908 0.00183 InQ,=-0.21511 + 0.46045InC,  0.9802 0.4605 0.8065
L. lac.-CNPs  C/Q.= 1.88157+0.0052C,  0.9322 192.3077 0.00276 InQ,=0.4191 + 0.6201InC, 0.9865 0.6201 1.521
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—o— L. lac. 25004 o L./ac. . e L. lac.
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Fig. 15. [A] The isothermal adsorption curves of DEP by adsorbents and fitting curves of [B] Langmuir model and [C] Freundlich model.

Table 5. Langmuir and Freundlich adsorption isotherm parameters of DEP adsorption

Langmuir isotherm

Freundlich isotherm

Adsorbent Fitted model R Q,,(mg/g) K (min) Fitted model R I/n Ky (L/g)
CNPs C/0,.=15.9877+0.00803C,  0.5382 124.5330 0.0005 InQ, =-1.48121+0.71019 InC,  0.9766 0.7102 0.2274
L. lac. C/0,=66.10456 + 0.50658C,  0.9862 1.9740 0.00766 InQ, =- 1.01654 + 0.20839InC, 0.957 0.2084 0.3618
L. lac.-CNPs C/O,= 941401 +0.00482C, 0.5374  207.4689 0.00051 InQ, =-1.43066 +0.78218InC,  0.9955 0.7822 0.239
isotherm model= = A]$F Z1o]t}, Fig. 15[B]¢} [C]:= 2+ Fig. 15[A] oA & A S 2 Ko} Freundlich isotherm model ©] DBP %! DEP
9] dlolH & g e Z C, vs C/0,8] Langmuir isotherm modelZ} o] 5z dlolg] Ao Ageks o =t
InC, vs InQ.2] Freundlich isotherm model:& =413 Z1o]t}. Langmuir F2 w9 A S5, Wb 25, % 2 pH To] Fa
isotherm model¥} Freundlich isotherm model-> 7] &2 <] &% Z70 A A- A Adef|A] dAsh=s S2E F& e g
tlole| & Amsl7| flalx Uiz o= ARE-FIT) S8 A o ARgsit) F2 WAYSS 24 FEA1Y E84
Table 4+= Fig. 149] 7} 52410l ti gt ghetu|H & epd 2ot 52 334 B g firh B84 S22 okt 1E21 van der
Table 5 Fig. 158] 2t 5240l digt gepn]el& vrepdl Zlolct, Waals 3ol 23l wgat, sl8ha] F2h-e- Ax}e] o)5-E xdhah=
Langmuir isotherm modelellA] Q,& ©%2] Hd| F25-5 et 714

U= L. lac.-CNPs®] Q,.©] CNPs$} L. lac.2] 0, Hth & A& &
<= %)t} Freundlich isotherm model |4 1/n 342> X 9] o] & AJ 3}
o] 9lom, B FaAo tiste] 1/n gtol 07} 1 Alo]ol] E4)
sto] FaF T2410] Sl S s =1 9l 32 o] 7t
5ottt #EF4 0= R*gko] DBP ¥ DEP Al A A B 2ol
t3Fod Langmuir isotherm model X .t} Freundlich isotherm model

Qe 4 AF 52 Zst Aol o3 Aysh}31].
&S g Aol EAlshs 29 w39 AlA £EE ol
Sh=d] AR} th% 4 © 2 Psuedo-1%-oreder model} Psuedo-
2" order model©] $).0.m, &2 379 <] WIAUZ A gl ARE-SHH32].
A R? ghol 19 7172 32 7FA]H, Psuedo-1%-order model2]
R? gko] Psuedo-2"-order model®] R? gtE.t} Athd &-&to) &g
A Fabo] ARt AS oJvldit), o] 9} w2, AaAIS R? 3k
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Fig. 16. Effect of adsorption time on DBP adsorption of [A] adsorption capacity and [B] removal efficiency.
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Fig. 17. Effect of adsorption time on DEP adsorption of [A] adsorption capacity and [B] removal efficiency.
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A 74 A3 WEE-E = (450rpm), ¥ (room temperature), dQ,
H1-3-%.37](10ml), DBP % DEPS] %7]% (1ooppm), B9 = = k(0,~0)’
E(lOg/L)/l 10l AABHAT.

B F2A diste] 27]0l= S35 AlA a8 54sH
S7Fh= WhE 53 755 Boln] DBP 2 A= ©F 6 hrs o] $--
E] DEP ] AlA= ©F 4 hrs o] 56 F2H57) 10 wpE AA &
2 W7 719 gl B3 Aol =Ealgivh A0 Kol

o714, O, (mg/gy= M3t ¢ (min)ol| A o] F2HAle] F2e F2=]
&, 0. (mg/g)= B FR oA FHA 2 S22 <, b, (¢/
(mg min))& Psuedo-2"-order model®] 4% 50|t} ol =0
ofl i ¢ =¢4 Q =094 Q, = 0l tidle] AEEo] Psuedo-2m-

L KA ARACE S I AR S0 4 342
2k o2 o537 2t} i) CNPs: 5.500 mg/g (DBP), 2.770 mg/ T

g (DEP), i1) L. lac.: 4.540mg/g (DBP), 1.150 mg/g (DEP), iii) L. 1 .1

lac.-CNPs: 6.250mg/g (DBP), 4.440 mg/g (DEP). O ko QO

27)o= DBP @ DEP ¥A17} £24] o]% wwlo] 24 Rejop
W=7 g5sto] 2 £k whEn, AlRto] AdeS 7had &
73 F-91= Qlato] F&F £ Zojus Zlow A7
71A, O, (mg/gr= AR ¢ (min) oA 9] FEA] T2 F2=2
%, O, (mg/g) &= FHAH ANA F2AN N F2HE F2E2 < &
(min™) -2 Psuedo-1*-order model 2] &5 A<Folth. o= =04 ¢
=13 Q=014 _Q‘ =07l \ﬁﬁé}ﬁ 21355 0] Psuedo-1%-order model model 2 [B] Pseudo-2™-order model . LFERA 210] T} Table 6.2
9] 7 dutAQl FEQl AF W74 0 = veRfolZItH36]: .
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In(Q,- Q) = InQ, -kt E] dojzl Zpzte] FarA ol gk shete|E ghe UFERISITE. Table
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Fig. 18. Adsorption kinetics of DBP on adsorbents fitted with [A] pseudo-1*-order kinetic model and [B] pseudo-Z“d-order kinetic model.

Table 6. Kinetic parameters fitted to pseudo-1*-order kinetic model and pseudo-2"%-order kinetic model of DBP adsorption.

0 Pseudo 1st order Psuedo 2nd order
Adsorbent .exp . 0, k D . [0) ky D
(mg/g) Fitted model R? e, cal L Fitted model R? e, cal .
(mg/g) (min™) (%) (mg/g) (g/mgmin) (%)
CNPs 5.500 Q-0 = 0.5876 1.2340 0.00177 77.5630 10, = 0.9997 5.5319 0.0057 -0.5798
) 0.21029 - 0.00177¢ ’ ’ ’ ’ 5.70088 +0.18077r ’ ’ ’
In(Q-0) = vQt=
L. lac. 4.540 0.45599 - 0.00223¢ 0.9447 1.5777 0.00223 65.2481 873967 + 021737t 0.9998 4.6005  0.0054 -1.3315
In(Q-0) = /Qt=
L. lac.-CNPs 6.250 127402 - 0.00224¢ 0.9794 3.5752 0.00224 42.7969 13.12923 + 0.15539¢ 0.9982 6.4354 0.0018 -2.9667
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Fig. 19. Adsorption kinetics of DEP on adsorbents fitted with [A] pseudo-1*-order kinetic model and [B] pseudo-2"%-order kinetic model.

Table 7. Kinetic parameters fitted to pseudo-1*-order kinetic model and pseudo-2"-order kinetic model of DEP adsorption.

Pseudo 1st order

Psuedo 2nd order

Qe.exp
Adsorbent (mg/g) Fitted model R? (%;g;g) (m/icrlfl) (f/z) Fitted model R (%g;;') ( gm/;lmin) (51)
CNPs 2770 0.1512586_'330:17& 09177 11717 000176 57.6989 21_359;/&;3590“ 09982 27854  0.0060 -0.5573
Lolac. 1150 _1.12“2(%6:%%;“% 0.6258 03158 0.00117 72.5348 29.9885”9%;8856& 09994 11291  0.0262 18162
Llac-CNPs 4400 MOCQU 05034 06T 00011 so2s7o 7 YU 09996 43053 00125 21515

e 247 o83 2t} i) CNPs: 0.5876 (DBP), 0.9177 (DEP), ii)
L. lac.: 0.9447 (DBP), 0.6258 (DEP), iii) L. lac.-CNPs: 0.9794
(DBP), 0.5034 (DEP). 523+ AT O, #4F A3 S Fate] dofxl
Ouops Bl 3HA thE¥ 2tk i) CNPs: 77.5630% (DBP),
57.6989% (DEP), ii) L. lac.: 65.2481% (DBP), 72.5348% (DEP), iii)
L. lac.-CNPs: 42.7969% (DBP), 80.2579% (DEP). R>%ko] H] i %]
AL 0, oo Occar A018] 2 H2K(Deviation, D)= ©]5F<], A&
tlolee}e] gt A3 ERAA] kot

AdHA © 2 Pseudo- 15‘-0rder model < iﬂ L °]31 HEF A7t

Pseudo-Z“d-order modeloll A 3 7F4]2] &&A ol sidah= A
T 32 247 t31 2t} i) CNPs: 0.9997 (DBP), 0.9982 (DEP),
ii) L. lac.: 0.9998 (DBP), 0.9994 (DEP), iii) L. lac.-CNPs: 0.9982 (DBP),
0.9996 (DEP). B=5t ARHE Q, o w7 S S5l oIl 0, 5
v w3hdA o33 2t i) CNPs: -0.5798% (DBP), -0.5573% (DEP),
ii) L. lac.: -1.3315% (DBP), 1.8162% (DEP), iii) L. lac.-CNPs: -2.9667%
(DBP), 2.1515% (DEP). 3 R} 0, oo Op e A1019) 22 8
Zh(Deviation, Dy& ©]5-0], A3 dlo|eeke] kst A3 et
et

Pseudo-1%-order model®} V] 1.3} S i, Pseudo-2"-order model
©] DBP ¥ DEP xﬂﬂ oA BE %&‘ﬂl of ﬂ% }O% Zﬂiﬁ’}% el

S57F &2 %“21 o] ohd qu”]’g <l Ei.ﬂ% &% §}§‘ij‘ 2]
&) Aloe A& & = Ut F CNPss} L. lac. 2] TRkt 287
=°] DBP % DEP ‘#%}9] ester®} hydroxyl group #+2] 7
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TR U ek ATS BYs] B3 Fo] o] FolAli Ao
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=
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4.4 E

£ AT A= CNPs®} Lactococeus lactis (L. lac.)®] ¥ 248
719 A& o] &35 FARNEA Y] AT S g1t FAAE
A& AHE 7Hs A& gh)lskr] f1ske] 2 7HA 9] phthalates (DBP,
DEP)?] #1171 585 RlsISiTh

DLSE ©]8-3}0] chitosan®] %F©] CNPs & L. Zac -CNPs®] J#k
A7)0l G X = FE RIS SEM imageE 551 L. lacie
°F 500 nm2] vjek TS 71 AS ER1EHT) L lac.-CNPst=
1717} ©F 900 nm ©]H o] “71] ‘:ﬁElHUr T FH
CNPs7} EA8k= A& ERIBISIT FTIRS 5ato] 7 dAke] ¥
29715 ERlskela, 71 €5 phthalates o}e] Hke- & ¥
o] ¥igkE FAste] At 29 =dol A ow FAE TS
gl
g&ol F2A] s=
& AlZre] mjX]= 4 'L% =7 3}3L adsorption
s, L. lac. 3 L. lac.-CNPs

isotherm ¥} adsorption kineti
s < 47kl thste] DBP

[¢)
o] F2 A% Y iAYUEES st ﬂE]'
2 DEP9] &2} A5 Langmuir adsorption isotherm model X.Th=
Freundlich adsorption isotherm model®l] 2] $+3}31 © 1, o]= {1 x}-9]
o] o]8 A (heterogeneous) B A 2Jv]sit), & WAYSS
Pseudo-1%-order model B.TH= Pseudo-2"-order model°l 233}
o, o]i= BPB, DBP 3l DEPS] 520 x| 31 9] vhedet 28

o )
mlo
f
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ol
2 2
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Phthalate”] 37 322 #A|AE 93t Lactococcus lactisE -3+ Chitosan Nanoparticles®] #1% 33

7150l gste] 284 FREohE 3714 18 ¢4 A
o)t 384 Fato] Azl vkt

AA7IA A8 A Agtel] o)t getA] FAWE IS A,
phthalates®] 7|4 A3 A ¥}+= 0] w4 EA}o] 4 DEPS] A7 7}
DBPS] A|ARLE a&0] H3%& 302 A7t 18 BE
A Zex4 DBPE] Al A7} DEPL] Al AR a8&0] =2 7S
2 ZRluo], 5t ThE 3184 FAR] amide bondings: &3] F&o]
RS A o2 AZFEFSI T Phthalates®] ester (R-COO-R’) <k
chitosan®] amine (R”-NH,) ©] amide bond (R-CONH-R”)Z 2 %}
8l F4HE 2 aleohol (R’-OH)S AJd tt}; DBP:= butanol, DEP=
ethanol= 2tz A4 1 & of| A phthalates®] &7l ethanol ©] ™,
2xEEE]ol 9] Y] (Le Chatelier’s Principle)ell ¢35t DBPS] 2
HE&-o] DEP &) F2 W& Rt Al S A o w2 Azagint.

HEFH o=z, 43 wE YO FE CNPs 2 L. lac-CNPs] #A|2=7}
7Feshd, 717 29 E4E 9407 AAT 5 = Au] &
o FAAZA AFEE T e IRlint

ol

of

7@ A

i 201515 7RI ShL aje] A gl of g A ]l
(GCU-2015-0090).
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