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Abstract — Chitosan is a natural polymer that has many physicochemical(polycationic, reactive OH and NH, groups)
and biological(bioactive, biocompatible, and biodegradable) properties. In this study, chitosan nanoparticles were pre-
pared using poly-y-glutamic acid(y-PGA) as gelling agent. Nanoparticles were formed by ionic interaction between car-
boxylic groups in y-PGA and amino groups in chitosan. Chitosan(0.1~1 g) was dissolved in 100 ml of acetic acid (1% v/
v) at room temperature and stirred overnight to ensure a complete solubility. An amount of 0.1 g of y-PGA was dis-
solved in 90 ml of distilled water at room temperature. Chitosan solution was dropped through needle into beaker con-
taining y-PGA solution under gentle stirring at room temperature. The average particle sizes were in the range of 80~300 nm.
The prepared chitosan/y-PGA nanoparticles were used to examine their removal of several heavy metal ions(Cd>*, Pb*",
Zn*", Cu®" and Ni*") as adsorbents in aqueous solution. The heavy metal removal capacity of the nanoparticles was in
the order of Cu®" > Pb*" > Cd*" > Ni*" > Zn?".
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71 E%k(poly[B-(1,4)-2-amino-2-deoxy-D-glucan]y> A2} A9 5
AR AL 79w 71819 NopAe7 )& dotrdstste] of
U7 2 X BRAA PofR|i= o8] AREA HA At 4ol
t}. 7| B4R D-glucosamine?} N-acetyl-D-glucosamine= THAIZ
B(1-4) glycoside Ao 7 A E]o] QITH1.
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ZegvaF 22 poly-y-glutamic acid, y-PGAY a0} 7|2}
yIIEEAT|7} ofutol = Aty FFEAR] AR S5 Za
opufo]=o] FEE ApAX o WATHE Fol&A] atAe]Th7].
1937 Ivanovics 5l 23l Bacillus anthracisolx] 22 LA o]
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2[8], ¥2] Sawamura’} FHE2EQ! WEAA 2|3t Bacillus
natto Sawamura”} A3k A3 ARERE 2 A2 A S TH9)
y-PGAE T84, Fol7d, ABHald 2 2189 opueAl ui
X}AZHE A L A T3, 7545, SPEE, 29K,
2 A A 2A ARkl A At W T ko] XaE 1l
H]'O]i Mot 10,11]. 7| EA WA Alxesto] ek 4
A ARE 913 FedD AAH, AAE ek el
Aok Toll g5t o7t HuEUTH12-14]. 71 EAF YhegdAte
a5 2 9 A A Bek A2 tripolyphosphates A SHA|
2 O, 7|EA YedAE Alxste] FEA 02N E Y F2o|
gAY 15], Tl AAE 218 J1EAR AR IAE Al
Z5F o= lov16], oF7HA y-PGAE ASHA = o] g-ato] Az
H 7B e SIRE TE S A 2 Aol 83 o= By
] Bt
o= ‘/]'»‘t‘ﬂxl”— a 17]7]' 100 nm ©J&to]H, quial EHEH
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3 % 1 8] e A2 EHC’ UrEMﬂUr 7H
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£ ATl S40] fla Awslde] £oH E el A
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o] AA s8E vlwsglth B3 a5 52 § 7|EA] s5E
golstA s17] S8l 71EAF LIRS E3eh= alginate I =5 Al
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2% 200,000~500,000, =5 80% ohE GHmlel 2t A AlE-S
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o Chitosan was dissolved in acetic acid (3% v/v).
— Chitosan solution was drepped through needle
e into beaker containing y-PGA solution.
| Chitosan/y-PGA nanoparticles |
3B)
I Sodium alginate was dissolved in chitosan/y-PGA
b nanoparticles solution.

— Alginate solution was dropped through needle
.
r;: ]

D D
|

| Alginate beads containing nanoparticles

into beaker containing CaCl, solution.

Fig. 1. Preparation of (A) chitosan/y-PGA nanoparticles and (B)
alginate beads containing nanoparticles.

2-3. 7|E4Hy-PGA LE-QIRIQ| ®|IZE Y H|=9Q| M=

| EA R eQIAE A3 98l Fig. 1A YR ble) 72o] 0.1
~1%(w/v) 71 EAF 410 mlyS WA BALE] 84 y-PGA £
N (90 mlye] H71 H]A el "ojrie] Aol x] WHIAZ|HEA] 71 EALyY
-PGA W= SIAE AlxsisiTt

71 EAHy-PGA WA} 3 BI=E Alxsb7] S8l Fig. 1B
o YERd kel 7Fo] 7| EAby-PGA Whr Z2o]= £ 50 mlo]
sodium alginate= 47F8}0] 40 °C2 71 wykebaA fajsle] 7%
AHy-PGA W32 271 sodium alginate(0.5 wt%) 5915 Al
3llct. o] golo] R A0 & YhE F CaCly(100 mM) 40|
@71 A A7lsle] v =E Azl v =2 F7)&E vlse] &
A} el 28l 24 7Fssh, v =9 A7) 1~5 mmE 288t
k. 71EAF BB SRR SA0] | wirkA] 2 x| Al sto]
ARE3ISATE

24. Z245 5 A

SHE AANYELE 352 07 3191 0m, 250 ml B A ZH2t 100
ppme] ZF=H, W ok, 7], U T S FvfE VR
Aby-PGA Ui ZZ0]T= 8450 mly} 71E4Hy-PGA YA
FH3 U= (6 9= TEE T8 200 miell B F AelA 150
pm O & WHIAZ|HA] 0, 5, 30, 60, 1205 7FA 0= 13]0] 10 ml &)
AFsE Ale] F 0.20 pm AJFA] BEE of#5E 5 Ao AL
gairt.
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7] 915197 y-PGAS] 9k 0.1 wi%e= 1143k 7| BAke] &
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Fig. 2014 & &= Ql5ze] 788 WA Alxg = lslom,
7|EAe] FE7h ShEE dRk7](OF 80 nmy= A9kal(Fig. 2A),
7NEAL §5T7) #2575 JAE SAE WS B AU ThFig.
2B). B3t 7|4k E57F 1 wiver] 739 §1RRe] A715= oF 300 nm

T IR 2717 SRl om dAre] = S0l ESith(Fig. 20).
o]i= ARRE y-PGAC] HE| 7] EALS] SFo] o} y-PGAS EeMHi=
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FNEA LheSlAbo} HlEe] F34 FH 5YS 2k Slslol
27] FE40] FES 100 ppmO A slo] A7t whE
0] SIS S BRI Fig 3% HA 7] ol Fgoyel
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A gole] Ao] thal Bokle & 5 itk kbR elg

Fig. 2. TEM photographs of chitosan/y-PGA nanoparticles with vari-
ous concentrations of chitosan; (A) 0.1 wt%, (B) 0.5 wt%, and
(©) 1 wt%.

(B)

Fig. 3. Photographs of (A) chitosan/y-PGA nanoparticles and (B) algi-
nate beads containing nanoparticles in heavy metal solution.
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Fig. 4. Comparison of residual Cd**, Pb**, Zn**, Cu** and Ni** con-
centrations using (A) chitosan/y-PGA nanoparticles and (B)

alginate beads containing nanoparticles (¢ :Cd*", ll: Pb%",
Jo: Zn?, @: Cu?, A: Ni?Y.
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of oJall At ywAF TIARA, Ca?', S, Ba?* T2 T2 27}
ol =7 A3 315} & vEhdo] 27t 0]-301 95 S8l o)A
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Table 1. Removal of heavy metal ions on chitosan/y-PGA nanoparticles and alginate beads containing nanoparticles

Nanoparticles Beads
Heavy metals — - — -
Initial conc. (ppm)  Residual conc. (ppm) Removal (%)  Initial conc. (ppm)  Residual conc. (ppm) Removal (%)
Pb** 100 0.06 99.9 100 2.09 97.9
Cu* 99.5 0.01 100 99.5 28.1 71.8
cd* 100 92.8 7.38 100 452 54.9
NiZ* 97.0 91.6 5.56 97.0 61.2 36.9
Zn** 99.9 96.4 3.50 99.9 77.1 22.8
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