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1.4 &

IERKP EERLPRRHBRY A FRAFT T &k
AHFELEEHL v I B¢ - RIS FRER
FEFAEBETLBARRSF 0 Fla kR 2 AHFEHAFRE - 4
BRPEIFIER -2WARME -ERZ pH H 7 5RER
(eggshell with membrane » ESWM) -~ %4k % (eggshell
membrane» ESM) % & 334 (eggshell without membrane »
ES) wri-kip R BB T 2 B PR REAEANF
EAl* > T2 R UriF kY 2 FE e 2
PRt B - Ruz2Fpr LA L ELLR
FRIB R FIRLB AT RR - BEET 0 =R
27402 s PR F R PRI R 2 B e @ 4 o TR
i SR B fF REFR 24 P FAER
25 C B sy o uvid 9091 % (33wH
08g~433 kA 100 m/Lg pH5.76) £ 100 % (%5
HE 029~4WI LR 25m/L 2 pH52)e § a3
EFEENELRBARA FALRLIHT » FRTENF BFR
24 -} pF SRR E 029 23T kR 100m/L Hgaa
WI2wmgFAuFid 791 95 (45 C & pH 5.76) &

1



58.0 96 (45 °C # pH52) 2 W 3&RBI % 731 9% (45 C
2 pH 576) & 59.8 % (25 C& pH 4) - 5= ik » 3%
I BEUCZE 3OOV J ans W AT o X T A
AR At € 4B



Im. =

oAy R4 L1 ERFEES 6680044 F B (R
Beh¥L2 A €0 2011)  det B-REE 5 2 -E (600/37) 2
11 %#E Qi F oM rad? WYL S F QwFo
LRI AR 3 S8 ASAILE Bl WA R
Rfgfis FRb RGP 24 BlA & (by-product)
EfIr248¢ BB RAFTEAL L LRTHRERRES
¥ (Weietal, 2009) - EF1 EFBEE > R F1 ¥R

F1¥EZ2HIE A4 A ERL BBk T ZIVER

v

PELELEER i EmlBP e HBREE S THIELA
FEERLBRERAKRY 2F7= A FHRKFRH TR
AEE gV s Qd bR B S BR AL 2 FR
Mo LTI AREY 2 enp; ot Rk §7 2
EFELR i E vy TR S SRR o
SR ELIERKERENES T L R oA S 4
RJZ > REBE SR E B AFALEFEGT o PR E
EERA KA ANE ) PEREEKE TR F R
RZEBIIFZE-AREIPZEIRNEERT P2 g2 3
e% 3 H Ba 8 (Hernandezetal., 2012) » fe % $omd® > 5%

3



CERLEERBFRAF I RFALNIE P RIE BT
R o BRBLELAERY AR GE LN RE
* oo & BT RRRKE L AR 5 Ak
BN YRR oReiR-kiBRY 2 £ &% (Huang etal,
1996 ; Jai etal.,, 2007) o i& * % SRex R L & §H R - X
R-gd ~Fr i fI? 2 N p RBREY LR LAERR
(Wei etal.,, 2009) » 3-4x1 & & & 5 BUEE4TE » B F 2275 1pap
22 3%k (Herndndezetal., 2012) » &2 33w b1 ¥ A&k
PLEER A BAFE AT LG Rk ARIES i
Amv on wSRER - BEOEER 3 OCRRIT S X AR R
T2 PR s s BAE - SRR RR CEBRZ
PH RJZT » = SR H45 8 422 v % > ndpan aE F
PLEBRREFL  IFRFEINRRAFHASE JI® B0

RIAR 2 B e



L. + feig+
-~ 28827 %

TER2ZTHELBARAY 50 (gem’®) BRI B 43
#(Fe)2 &£ % > o4 (Pb) ~ & (Cd)~ & (Cu)~ & (Cr)->
& (N4 (Zn)z & (Hy) #-£&pA k-2 FEE
FrigEap ki 1R BE-1FE

RE-REE-FFE-RA2EF TR HBF 20 F
#3153 + £ Ak (Srivastava et al., 2009) » H ¢ § &
§A2AEFFEEBIBRLK I NAIREHE A
fRz # O REFELEBERAIFEBRERATREF
2ARR B IES» TR > FHERF K3
AR RBERALIEZET  FEREF TR
B2 4402 2 25 (2 0 2000 ; Kobya et al., 2005) » %
TER2ZBRREF B2 TiRP Y diE>= >4 7i5ES
Peaa ZAAP R TRELEBEARATERS > (TR
31 A 4P F2 548 (Jaietal,2007) % 42 J£31% X &
BE A2 REE PR RRERT  FRFHEL L
1FREB-EEBFATFR2Z BT A T2 50 H
INEARAEBRY €8 XS 244 (Naseem and Tahir,

5



2001 ; Dahiya et al., 2007) -

“~FE&A
FEE£HS & (Au)~42 (AQ)~ 4k (Ni) 2 4823 4o
g (Rh)~4 (Pd)~4% (In)~4 (Pt) 24 2V &2
EAHEPRER - FELELERBEFENNI BRI LR
CRaERETERT R # AR B TS (£
2006) °
(-) 4
B4 FF ERER 20 - FHARIER
¢ o442 B3 A 28> %A 8,908kg/m’ > %58 2,913 °C>
8k 2,913 'Co A AR+FE 58.69 Be#r4¢ % 10
o5 4 2R 2N -WAEES (F02006) 42
BRNPE - F2BREBE S HERE QO FBLF

&

A BT RN EEE S GER VARRT
SEFH - CEZEPIEIBLEER BLEARTS
HrZFIRFLET ARkl AR ¥ R
o1 E¥R2EE B mENFLEHZ- (Yan
and Viraraghavan, 2003) e £ A1 ¥4cf 48 ¥ - HE  H#

6



PESTHAARF - HREZFEER PR 4 ¥
ALk LFLHGgEF ARIFEMLPH 2
MARIAFRAFLIEH B EFHBFLRRLLG
oA REDAMESREBLF L (Yangetal, 2009) -
# International Agency for Research on Cancer (IARC)
RSl BT 2A BRBF T AR HAHET N L KRS
(Fockbd dmgd > 2011)c AREFRE >LHWE £
Bé 5 R RRAP %k F AR 47 k2 W TRE
EBEHIFRIrd 1 (RFF > 2012)c BABFALKY &
IR AR SR SEINLE. Si08 "$= R Py R RN RS
B2 AIER A I L& & Fok (Srivastava et al., 2009)
RER BT RE R FRAF F5 Rl =i
3 gokipr? 240G ¥ 22 (Yangetal., 2009)
(=) &

Ri4d ¢ AR/ R A L2 FHFE 01% »FF
MHEFEAEBRR » 4L KB LA AP o 45 9
SR ERGETHaERE £ B RE 96178 °Co
R+ B 47 %A 10,490 kg/m® p$tR 3 F£ 10787 &
R AR I %% d o Aotk TSR

7



4d'°5s’ (& » 2006) - 427 HB 2 L EETE FET A B2

501 kAT REF TR E RS R Y HREL &

)
4 ¥

T

Table 1 Nickel concentration of water control standard for

effluent, drinking, and ground water

5 - 25{(2) - 25?:(3)
R aekEREY g opER
WK B TOREE

&
(Ni)

1.0 mg/L 01mg/L  0.1mg/L 1.0 mg/L

Dagimok : T Bk Tk A R2 2 RF T RAZR w2
A imk o
Of — g &7 JoRRRFRERPA 23 Tk o
Of gt $ - Sgraeh 23 7ok o
(% %% > 2012)



—

FELIFET AIICEFLFL P BRI FER
NAZGE s PR AFAET - 2 RE2 #0 %
FWELRPRE ARG AR LR F LRI
TEE-CF1R-TFEZHRET A DL AT
(Huoetal,2009) - 4§ £ S H48 T R R B RR > &
B2 AR AEEALE Pk 2 2 Na-ATPase 2
K'-ATPase 2 it @ ¢ H 33 3 & hd B8 5 ek
(Morganet al., 1997 ; Huo et al., 2009) -

ARFZEF RNk E&T R AT FEZ A
®owi 058 005mg/ll 1™ (RiF¥F »2012) &3
FLRRFHAEDNTRE* 20 i BPF v ZE
ZHEe PRt AT IPEFLE e A s HETEY
T~ EREH - CENEEIRIIHZI > A Fh2 W F
BRAAFF LR NUETRETIRER £ RS
CHRAEBAIRFELEFBEERT LETE v IF
HE o NI AHFHEVHHRERBZR P BHER

=R L EAF M (3 0 2009 5 Raju et al., 2009)

» # ok Eg2 (wastewater treatment)
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3

I T REFIER RO HER TR Bk

9

P EET R o PR REALR T A A S IR
(pretreatment) » — & &J2 (primary treatment) ~ = & &2
(secondary treatment) ~ = % gJ2 (trimary treatment) 4c
B % &I (final treatment) & (Arami et al., 2008) - = &
FoREIE > A & RIUAK ~ iéi'ﬁ > ?ﬁ»"ﬁ SRR B R
3 MRRBFRED B RIL > UL FF R AMAT AR
&R F4E (Doanetal., 2008) o = B -kEJ2 » H P ek
%—&&ﬁﬁﬁﬁiﬁiﬁﬁiﬁiﬁﬁﬁ%’*&1%
BFRE ~FiR® ~F 1% -~2%pAE - RBC 2 (2
F4 %) &% Xuetal,2009; Chojnacka et al., 2005) ¢
B IR AR BRI BB RGN BRIRRE
FLARFFT R kP -~ FRR - ISKELER
B+ 2 L2 3 8 0 P2 T LFIE S RiFRE
R HBE %32 o Dahiya 8 4 (2007) #F ME &R

BEoK RS A BE2 W R E 2 TOT o

> RN RIE

B4t (adsorption) fdn*t FE4p-F 48 ~ Hip-iRAR - H

10



22 EERBLARKABRENR
Table 2 The comparison of advantages and disadvantages

to the conventional metal removal technologies

RRE # Bk B

CEKEER WRIERIHAY TR S

FEET AL AR

§ B R BT %4 B EFHiiTe
#
T F BRRAFSAER FRYITER
B3 L4 B B FRRER kBT E R
P FRNETALFR S oakIERK
FoA R
LBy B RS BREBER Y EEWE  FRAER kBT IER
ek

(Dahiya et al., 2007)
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1P-FAR ~ RAP-FAR ~ RAR-F AR R RAP-RAPIM LY 0 K
BAAZPFPTRARASBWHPPLBTRARACT G 2 4
B (AP RF) 2% (378 > 2005; Cerveraetal.,
2003) - 1R FFP £ (IUPAC) 42> 32
FH-5 3G (adsorbate): & 5 2 fie* 2 = FRIHZ =
“+# (adsorbent): H 2 & & 3 3 5 B8 (activesite) -
BREE P FRERGIET » 3 AR GRARGTRE L
Ad o fi 24P (adsorbed phase) (% > 2005) - /& 4p %
B FI1Efr S R1ERR LR N EFSH G EL RS
feR 1 £ Rk L AJLR R S8l BEok (301995
Arami et al., 2008) o & ApeX ¥ IT* 22 ¥ F 7 Jg & "WHR-3
o R-a A2 B F-BR= F2ApT 8% > e iR
BEFs~FL - #BL4A2844 > FBF-24E
AFRELRZVELA o FRFR-BFLERAA
(affinity) 4%+ > plex it 4 438 (Mezenner and Bensmaili,
2008) ° i3 F-a M 2 Afrs SR F AR A B RETT
A2 M BF-3ALA o4 AR B FARMY AR
R o lgﬁfé)i{%ﬁ* » BB AR AR 0038 F R R
IR PR AP AR (3 0 1995) - B T AR A AR

12



Py oo ARG EIBRY N FIM AR R o SR -
BRI AR o R R s R aeR AR 0 R ARIA S
WREAT S soRlE Ao R Hatsgs £33 %
2 (3T% > 2005) o R MHITH 2 4R NF L L LR N
Wi 4 (g2 ekt (physical adsorption)s 2 g2
L 4T a2 “ F et (chemical adsorption) » 3
Wded 3 HroF (80 2005) o g 4o iR B BEE
ARR AT M ATREIARERARABIHE
LR HRIL AN 0 RRER AL~ B

BREIAZBRRSFE I T4 (Ishikawa et al., 2002) -

I~ RS
RIS F LA BREDESREFTH B H
RI % 3B ord B3P @ A5 32 42 (% - 1986) -
VIR BB BT AL PLARFEA 30 R
oW 1 #F7 (4> 1983) -
(=) %k
2 FH2 P s (ovary) ¥WaRHF L ERAY > 2 -
APAE A XS AR T AW L RIPE T @Y

13



2 3 $RagELEaRGLiRLR

Table 3 The difference between physical and chemical

adsorption
i P B3 K v B e g
wX it $h = 10 Kcal/mole 20~100 Kcal/mole
S Led # TERE
g ik %
Bx Vit Hord ko sod+k Ho3 kst

X ¥t

#1ER ARCERE S ERUEB-E=T £ )
LT AR T HE 3 EHERE

(3% » 2005)

14
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W 1 ez 45 k3o
Figure 1 The breeding system of hen.

(+k » 1983)
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L4 > W RCPLFEREFEHEBN - AFF i
FREFEIR CFTHREZEL IBmMmM I 1mmigR
2. 4 pikie o e €82 40~60g-ipie2 FE A
B GLfH EARERRA R TE R EE S L
AR PR R S R EEY 30~35cm £§ 17-~23¢
(+k » 1983 ; 3E » 1986) -

(=) W g

#er ¢ (oviduct) 2% 70~75cm > 3§ R #ha p

Rk R A U 2 AR S BRI R YRR I
WEE > RPVERTPEABE c RFIAPRAT LR
A2k (infundibulum)~% % R (magnum)~#328 (isthmus)-
+ % (uterus) % t&ig (vagina) ¥ 7 %4 (+k» 1983 ;
Kupittayanant et al., 2009) ; &L 8% £ 5 sflw~g  (funnel)
ER T~10cm hig e E B0 TP KL Rk AR R
voPEHEIRAIERREFY 15-25 A4 H A BB
LR PR g v b AR B A 3
5 W HEepvs ¥ 2 384 £ 30 ~35cm (521986 ;Mann etal.,
2003) H B EER > A R S B4 RB P WP R
WA AP c FTREFYE 3~35 /) RWT &

16



WA s R K 9~1loms 3t iR 3 R 2
FOE o CP M W IRES FBO DR FH o %—?;}ijuv\ﬁ&
30 R2ZIERF T 0 B BT R ARSI ALR KRR o Bt

d 5 BERRL R ALFHERE > AR 2N RO

o AR B2 PR I B A o PEMIRT S

BYggHE D P %gaibﬁwijrjr}: b o g ol

W2 fEid P R (3R 0 1986 ;Mann et al,, 2003) - #r#5
IRy 1.25~15 /) e pES TS+ ¥ E“:fﬁi}éa:ﬂﬁ’wﬁ’
RED AR Rk R P L - Wk
fiE > P8~ M“ﬁ"\%‘ﬁifxf}w 5~6 /] B FlFv ke 2
ek i3 K'-Na'z Ca™ 2 4ejpam a3 3v & &

Hid o MEFRFRAFEC > LR RI&EH 4 (Lammie et
al., 2006) o Hs % ¢ 2 4F & FAR RIS ILR L AT 2 ) 3 0 Ak

AR R e RRRRINT T SEa4H T M2 R
p# (carbonic anhydrase) (& » 1986 ;Ha et al., 2007) - 4% d

BRI E A5 B2 844cW 2 #ro (Nesheimetal.,

1979)

A v 2 o R

17
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Figure 2 The chemical changes in egg shell formatting.
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FLWEAEFFE PR P 2L d AP kX
S A XA S IR NS S E ¥ =8
4@ 3 P77 (Fk 0 1983) o FTiE F2 30 Rd AR L 2k
B3¢ BALR POl 2 fFE0 #re s (Nysetal, 2004) - ik
BEd 2 k- Boka ¢ FIF RS2 A R0 00
& P kB F0 A2 Rk ERRF (chalazae) # 34
24 HAEL 1 3 F4EY L =% (k1983 3 0 1986) o
BF2LERA¥ 5 45~759 H¥ 1 55~659 KE %
(£:1983)cm * 1009 $F-H ¥ s0ip 2 4ok 4 (5 >

1968) -

=N i
FERHE2FEZ 10~11 % 3WF RIS 0 L=

R (Riveraetal.,1999) - p & = F' 8¢ fh42 &k (mammillary
layer) » %3 fREREHF 0 T LE W TEL 0 LBRHE

¥ AL FES (mammillary knob) £ 5t g %
(mammillary core) » $“ 8¢ &4 > 3-8 5 20 ym> #
Pasd TIFWAS 3 LEE R Y (Tsal et al,
2008) « FoFFHE i SPESE S AL 2 Fo WerEA YR

19
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B \EaiiEE
W 3 i e

Figure 3 The structures of egg.

(+k » 1983)
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% 4 $FF G 100g ¥ 2 i B eL L

Table 4 The chemical components of 100 g egg edible

portion

% 2% F o F oy
BREF (%) 13 0 0

#E (keal) 158 49 351
ki (g) 4.7 88.0 51.0
F F (9) 12.3 104 15.3
BE (9) 11.2 g 31.2
¥ (9) 0.9 0.9 0.8
% & (9) 0.9 0.7 1.7
& (mg) 55 9 140
B (mg) 200 11 520
4 (mg) 1.8 0.1 4.6
& (mg) 130 180 40

(3E,1986)
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B B2 % & (spongylayer) » )it 3-8 B R 2 3/45 7
= fRERELS R E S &K R (cuticle layer) - &
£ XL EARFY (mucin) $pEFRY F (4> 1983; 3% -
1986 ; Tsai etal., 2008) - H 5 & H5 5~10 um > #Fi
WEEEZEE > 2 RBRWR A TR AG ndﬁ’]
PEARZARY O FRABIHI AR EL G 0 R H
LR TP S RF FEREE BHFR S
HBA LR TP A B A REF (P 1983)
A REE: AEBIELG > REEFH FF L
W IER NRABEIER o }gﬁa“#ﬁg#?; 3 2
FIF AR N SREE THOEFREL 94 % 4
BRI L 1% 2B 0045~ 137 % i3 ~4

1\»

BApe® ($k - 1983; Tsaietal, 2006) » ¥ & 7 fcE 2 Fr e
B BRWF N7 E T 4% LPEFY TR S ENES
¥4 (Shoji et al., 2004; Tsai et al., 2006) » H B & ¥ 3
0.26 ~ 0.36 mme v ¢ k+udg (Legthorn) F-4x2 T35k
B A 032 mm o & F9 F & FF =R
(hydroxyproline) » ¥ 2 > &2 % 4 S f e 7 iR
R T EEOEAR BRABISARLA R CYRF

22



v OFRIME SRR S Rk d W RRLFY T
*FEEaORps s Flam Rt B 2% R 39 (collagen-like)
(32>1986) 3#idmF#F S mit » WFAFE E SR
FRAERF > » FRAPERLKEC > L& TR
“REHLF ISR (pore) FIA)LE 9 x 10
~ 22 x29um o FRZFHAFT T RER P - 4
#r5% (Fk 0 1983 5 3k » 1986 ; Tsai et al., 2008) o 3z v w5
ZLEVEDFIEL XA ROPIaFEL 2 - F 0
BRI B GRAZIVE o F 3 %EY 6000 ~ 8000 B o
AFN T A G P IE- @Ak 16~90/cm’

Mgk % Y 78~149/cm? (38 5 1986) o

AN }ég‘;iﬁ

F-#%% (eggshell membrane) ¥ it 33 4~5% - d
B R A5 A %] L k&K (outer shell membrane)
g ) BOE (inner shell membrane) » 1k S22 F 2 42
GFRAFETTRANZPRETRP > BRI LA d ]
B2 10um T Rmis s Ly o HRwL o g 2 3R
?]??Hii#%-iﬂ d &3¢ (keratin) X HR] Ed A kg

23



W 4 FR2Z4FHT T BAKER -

Figure 4 SEM photograph of eggshell.

(Tsai et al., 2006)
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2aLF-v  (mucin) 2 $= Fore L n p B FlF 39 o
d & F-9 B339 9t (k> 1983 ; 3% > 1986)
30 A 3@ frdlp TRI[RL-AERLSFHEHR
’f?‘ R RFETHETL LWL BRI RS fEIRR
£ 30 R s 7 %A BE PTUREN S8
ARG - R BF Y FH 359 (38 2006) - 3-
B2 BR- 45 50~70 pmet BB RERL B S
BRH¥E 50 pme & FBEP RBPEZ w P AP
BOpHE P ERERRSENE Y 20~22 pmo B
BEEAE) NS BRET RS PR & %
(e TFE R AR FrEhr ReEd o d
ERZS 25 um (k> 1983 ; 3 » 1986 ; 3% » 2009) o W
5 58w FHNT 3 BEKM (Rivera et al., 1999 ;
Tsai et al., 2006) o 3895 — & 2~ 2R3 12 47 fe e i
Fa -HiaHA PR SARY W TAFEE Y
HEPHEFEAIBFLEFE - BEFT R 2F
Py - BB R EZ RS ERIAS (3% 0 2009

Ishikawa et al., 2002) -

25



e

A 2,BkU X3, 5d Sme

W 5 FBEZFHITFRREN -
Figure 5 SEM photographs of eggshell membrane.

(Tsai et al., 2006 ; Rivera et al., 1999)
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R 5 A RRME > $ERH 38% 0 7 iEE
e é@?i/ﬁl~/¢ e o B ERY o F A ERY HgF
PRAR IS FRIRE > MR LR BB LT
FRRERGFCF IRV RS TR R
# % (Schaafsma and Beelen, 1999) .4 7 3 & * 34
TRerdiB? S-RE P * B LEREI FR
(Yoo etal., 2009); )1 & B4k 4¥EiEfs 2 JARIT 5 2 0 2
BB > FPEIFRABEFRT L0k RS AR F
f2A-% B 48 (Weietal.,, 2009) - 38K v iF5 7 %

R~ AR ERLEY 452 F 4 (% > 2006) 14
FRIESR R T Rk 2 € £ R 3R RIS
BHSEE A H 4o @ 5 (20-50°C) 0 @ ¥ pH 6~ i
25 0g/L &248k AR 7 mg/lL £ & 40 min p iE 3]s T
Hewsgd v 96.43 % (Yeddou and Bensmaili, 2007) - &
BT T2 & F VAR IE NP MSORBHER R A s
EEE AR E (2045°C) 2 v M £ B F 0 2
3 10 g/L 2w Rk R E D 4e o 0 13 pH 7 > R
* g 759/ 2R RERE 28 mog/L Y iE 95 %

27



2 Bt F (Mezenner and Bensmaili, 2008) o 343 #-4F
RYEPBEE 30 Ri4c#id » LA T §F MEEHRF - 1Y
120°C B B A4c#is » A RGP T BEEH Y F HHEH
SPAET 2 g FNEE pH 2 Ak o3 pH 6~ SR
*§ 250/l 24504k kR A5 80 &2 60 Mg/l F R
3hr» v A w7 94 & 9317 % (Zheng et al.,

2007) -

4 BRI AN

PR & 30 FERFRREE PR T EER
BEARMEEWURR 2] 7 WS BR o & 35 Fenn
A3 FLIRLE -SS @E2 AR 88 A S
FREFGF o PR EFY BEG AFL AR R
Wk s e HERF AT R LY A F
20 AFF AT TH 859 (Hh 0 1983) o Hd PV
KB B ER RS > UBER (05 M B@) 2
ABRFE FEFE 1428 9% BRES TR IR
N REEN TN L RS Lt TR
Rk 2 FEEP R 2Rl 2 & (350 1986) -

28



A AFBOCHEL R &2 E2 sa 4 A W3 pH
2362 3@FEEGERRS cHE (D& ()~ &
42 g T oW P iE 147 mg/g ~ 618 mg/g ~ 98% %
79% o ¥ = 3 » F 4c » 0.1 mol/l NaOH £ 0.1 mol/l
NaCN p¥»> &35 2 st 92% b -3 pH 12> AB92
£ AR14 74w 828 g 89.6% 14 F 2 Mgt 4 o
B¥HFEEEBE T FZ B 4 (30-50°C) &
& (1) (5-65°C) 2wt + SLE R P Z A T % > HHit
(30-50°C) 2 & (I11) (5-65°C) 2 %t 4 BIEE B 2
b b o Tk FEORRRME &2 SR F R
PR R L A B e o BF TR FEUET L BRCRER AR

- B AR F G AR FAE w g U oRB R
BT RUSEYY ¥

-~ Hu Rl oA

R RS R AR i~ B HE B
WEAI R R BB K (chitosan) ~ % %3
(alginate) ~ # % (zeolite)~&:2 (clay)~ A & &% (lignin) %
B (fly ash) £ % AEEA RS L L2 X 4

29



(Ishikawa et al., 2002) -
(-) B~ RpE
BoFRARLPFF >R NI FHL w7 B

B2 hERE R AL R ERZ AR R H P
CBRLEPES T T ERR AT FLRRS kR
BRAFLZPFE - B FLiF¥ A R23R5mEIRS
FawgaE (B0 2002; Rorreretal., 1993) - A~ R
AT RS L pRi iR n,f-i WA 202 fpilorid
Ao i & ¥ kE ¢ 2 % (Raeand Gibb, 2003)- &
T F i3 % 1000 ~ 3000 % N-z @Ry FoRceEH
(2-acetyl-2 - amino - 2-deoxy-D-glucose 2
D-N-acetylglucosamine) 14 B-1,4 k474 = 2 BEFR
EpodmtmEEY A 400 A (380 2009) c 11 B R
PETES VR > ¥ pHS RFET » 30 A 4AP 4 B[R
75% &332 77% 433 > T FEFRI g4 A5 pH
b2 q b A3 pH 89 B4 F i 100 %
(Cervera et al., 2003) - ¥ ¥k 242 g+ i 815 &
796 mg/g (Bailey et al., 1999 ; Babel and Kurniawan,

2003) -
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(=) *F4

AT RIS R RRR LT E A FTRZ -2 £ %
AR B RBARE Y 0 L AH KL 408
SRR SR 37 EAE - N A R T
Z &k (Xinjian et al., 2009) - 3 - F &4 3+ & ~ 2 A R
Sal BHSATRI ST A TR E PR Rk
R LA > >4 > & > 4 I pH 234 A
e Wit pHG6 FHEAE BRI =T iE 80 % Lt
(Guo et al.,, 2007) - ¥ #& 2003 # Babel and Kurniawan
LN AT REE 2T 1865 mg/g. B AT &
ez w4 L g &% W E £ REL s R -
(=) &%

B2 Bh? A BAEXAHE 85% L Sie
Ca~Al-Na~S 2 Cl 8245k a¢¥ HCI-HF 2 SO,
F &35 CaCl,~ CaO ~ CaSO, 1 %2 A F 2. Ca(OH),

BFFRPES EFREER RCFHRA ] D
P ($1-2002)-# % % # 5 1-6 my/g (Bailey etal., 1999)-
W pH 2 BZETHEEE 4250 mg/lg 2=t E  (Kapoor
and Viraraghavan, 1996)- $+4F &2 %X £ 1.39 & 2.82 mg/g
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z_w%tE (Babel and Kurniawan, 2003) -
(=) 2 5qH
i B he 2 55 AR 5 o dore LiFB LB

B~ mF o8 EF AR 2 AR5 ¥ L2l o
3 2006 # Ucer F 4 ¥ i ¥ BB T L EPRAH
FHF2ZarmgFouv 24011 (235%):48(11) (17.8
%) 4 (1) (140%)>4& (1I1) (11.39%)- % pH6
BRETEFEY 2 Morouxii #3442 B2
g 4 w7 iE 53.75+53.85+20.31 % 2049 mg/g; #* %
BRRER2EFRAE B AFLNET 2703

¢ 23.25mglg 2= (Oketal., 2007)
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— ~

VA& =2
AR

(-) #%

1.

= & v 4 (nickel(ll) chloride ; NiCl,-6H,0): p % .
WERNEALME P Ao

& § i“4 (sodiumhydroxide ; NaOH) : p § X # %
RS EALREE o p & o

@A e 4% (@mmonium persulfate ; (NH;),S;0g) : B fr
kB FL RS EARE P £ oo

7 = @k % (dimethyglyoxine ; C4HgN,O,) *
Panreac Quimica S AU pL{#® » & 519 o

. A ER 4L (silver nitrate ; AgNO3) © p % L@ EHRN ¢
AARE P Ro

Ful w & (L-ascorbic acid ; C¢HgOg) ¢ p Panreac
QuimicaS AUB®E » 3517 o

®#pe (citric acid ; CgHgOy) : B Panreac Quimica
SAURMRE »d57 o

. Bt & = 4 (monopotassium phosphate ; KH,PO,) :
p Panreac Quimica S AU B# » 519 o

33



9. ek (nitricacid ; HNOg) @ p B1 i E R #p ¥ » 2

10.% -k (ammoniumwater ; NH;[aqg]) : § B1 i+ 84
L) XU &

11.% § # I (Arsenazo-ll1; Cy,oH7AS,NsNaO14S,) : p i

1 ERN GARE 0 LR

(=) #&
FEREAFPPABRCERP T2 R B

= REXRA
(- )34 : Kubota» KN-70» p & o
(=)@ 4= F kipH ¢ Firstek » B602D » 5 # o
(=) pH meter : Mettler-Toledo » Seven Easy » 3§ 4
(=) 3 B RISF © Ystral Drive » X1020 » & 4,
(T ) A& &k B & : Jasco V-530 spectrophotometers p & o

() # % = = Mettler-Toledo » AB204-S» 5§14 -

ER AR
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RAFEHALRFH I ERR (2 3% ESWM) » &

5 (ESM) 2 2 53-8 (ES) #-kiaik ¥ 487432 v ffo

SHRREES R IWER R EY =1 46

R E 544 -

(- )RR AR

LS SR T S SR SRR S L TS
v o BANWIIL 55C Wi 24 B kAT EE S
% T ENBRERIBTHERSIL0 HI LK@
* 200 SLEFiBimts 0 R AL AR o

2. B 2 R S ok iR R RIS G o
BRI BN Bk R L GRSk
FE o flr LR 2 S0 R BT
$r4 55C #3524 /ppFs kA 7 EE 5% T}
R BERIDTBHESL0 FHIAK 0 @7 200 £
Wigis > E ek &2 o

3. 3 EAE R FAENL RS RV RIS §
B oo MR A N DB B FoRNHS ) B INA R
WM 55°C Hic 24 o)k A T EE 5% MT
EFUFRERIOTBHRL0 #3555k #* 200 5%

35



FiERiS > B IR H Y o
(=) 433 kR %
1 8w sz §l 2
()= & v 44pe ¥ 3.125-6.25-125~25-50 2 100
ppm 2 IRk o
() * k@t g R 465nm {ITERERRET K
B2 fEEY & -
2. 33 kR IR 2
(D)1= v 44pe 44 a3+ kR 2550~ 100~ 200 mg/L
2 HHJBR
()2 0.2 su 'Rtk > 4o > 2 PRI ER 22
k%% 20 mL
RYR G eari B ZH4MI 2 -RBRE NERRBRT KiE
RETEHR 25CE 100rpm BF 24 /) g o
(A)rd - Bk NiEiRiS > 11 3,500 rpm s 15 A4 o
(C)i {831 Fi% 25mL # % 022 um &g o
(6)4c » 125mL + &3 -k~4mL & § 4 -5mL &
Frpgdt-o2mbL 7 = BR5 o
(NiFkd 30 Adlifs @ ® AkkR2 B8y MR
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£ 465 nm Rl x a2 FIER -
(8)m*tF (adsorption) & & =3¢ ¢
ek B — FlIRER)+ 4 4kAR x 100
= %5qF (%) -
3. s AR %
(D= & v g4pfeags kAR 100mg/L 2 k3% -
Q#3294 > 01-02+04 2 0.8 & 'gHE
¥oo4or 43I ER 100 mg/l 2 ki3 20mL
QL4+ ERRBIZZHZ 3) 243 8)-
4. S GBI 3R5R
(Driz F s gldips kR 100mg/l 2 K3k o
(2)2~ 0.2 susnriplzEfk » 4o 44323 B R 100 mg/L
2 -k iE 20mL e
RYR G eari B ZH4MI 2 -RBRE NERRBRT KiE
WEEE 25CE 100rpm 2 s BT 123~
24 ~48 % T2} P o
AEAenitigpFT ERPIZZHE (4) 243 8)-
5. BB IR R B5%
D2z § v gpeBggdp3 kR 100mg/ll 2 -kigik -
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(2)B~ 0.2 FowxripHidgk o e ~ 44823 B A 100 mg/L
2_-kiA# 20mL -

(Q)ir g vt R S 44T 2 KRB R VERE BT RIF
HEHPEYFER 152535 2 45°C¥ 100 rpm
g;f 24 o] 2=

DEAFGREFRRRIZZHE 4) 253 8)-

6. pH #5%

D2z & v 4@+ kR 100 g/l 27Kz %
(PH5.76)» ¥ I Bt KA K pH 1 1-2-3~4-
5~6~7~8 % 9o

QEAGHI ERRIZLHFE 2) 2HF 8)-

(Z)&3+ kR R T
1 8¢ 2 4|2
(1)F=% 6.25~125-25-50 2 100 ppm 2 3% o
()¢ Ak kBRI A E 540 nm HiTHERRES K
B2 e &
2. kR %
(L) pedape 4233 R 25~ 50 ~ 100 ~ 200 mg/L
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2_7RiB R
(2)B~ 0.2 BRI > 4o 2 3 B4R ER B2
-k i3 7% 20 mL
QR IR E 42 KA REB NERRT KSR 2
E 25°Ce 100rpm BF 24 | p& o
(A)rd — Bk MBIk TE > 1 3500 rpm Epes 15 A 4H o
(5)4e f8 Bt Fie S5mL % 0.22pm &g
(6)4c » S5mL & 33 -k~2mL RIFH-HEET - ¥
R ~ImL BEAM 2 12mL Fulks g o
(7)R315>1090°C Fg-k4e# 45 24> 4 4r: 338 -
(B)ig * £ k@it LY Mg E 540 nm B T
i 2 FlARER o
Q) FEE a5¢
B4k B — FIRRR) A4k R x 100
= B EF (%)
3. AR E Pk
(DA pedape 4233 kR 100 mg/L 2 -ki3i%
()12 %3 b 284 » 0150204 3 0.8 e MRl
# o 4o 433 ER 100 Mg/l 2 -k 20mL o
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REAFREF RRRTLHI 3) 2HF& 9) -
4. Vi P R
(L)raphprepe @443 kR 100 Mg/l 2. -ki3 % o
(2)2~ 0.2 susfipdizdfk » 4e > 403 R R 100 mg/L
2 kB 20mL -
()i 3 writ Rl e 2 433+ 2 KBRS - MNER BT KF
WEEE 25Ce 100rpm 2 2w RF 123~
24 ~48 3 T2 ) B o
MEAF LRI ERRIZZHZ 4) 2HF (9) -
5. B IERFHR
(Lrppiérpefledg s kR 100 mg/L 27Kz -
(2)2~ 0.2 o fipRliafk » 4o > 323 R R 100 mg/L
2 -kiA% 20mL e
()R 3 vty 43 F 2 KRB R - MNERBRT kiF
RETHPEUER 15-25-35 2 45°C¥ 100 rpm
R.’f 24 ) p.% °
(AEAFLPF ERPIZZHR 4) 253 9) -
6. pH #2%
Lruppsspe g eaig+ kR 100 mg/L 2. -kiz % (pH
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5.2) ¥ uppe g kK pH 2 1-2-3-4-5-
6~7-8 % Q-

QEAHLEF RRRBIZZHFE 2 2/ (9 -

T~ L
ST 0 B XML H2EH
¥ r4 Statistical analysis system (SAS»1999) 3uit % X ik
WA o 2AXFBHKI 5 2 2EPR% (Completely
randomizeddesign ; CRD) » #-3#5% #icdg 14 — 8 A1 #5050
(GLM procedure) 7% > £ 1728 37 % BB L
#77% (Duncan’ s new multiple range test) » +* & & féi=x

CLE DAY L SR
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'\-

V. %% 253
EERHERFIR X S AT Y
AR ELF LA R v REFIPVIREARFEL B NA o
FEE AR - BRI B QwH =] A B
PRACERASREZ BRI L BT RFid sy
FIFEZHRE IR GR NI RF
PR~ EBBIER - HRE~FR ~pH 288~ »
ELERTF B BIEKBRR? flp2 BRI R X
AR - BT S RPE I Ui Su ) L ) SRS o
APpHRARRARPLEERIERI M EF|ERALE 4
PRz FrEwRifinfd 25E£4&%5 -

-~ FEBRFFRZ R 2 3 RS T 2
BE
AEHP R BPFEHECRR (ESWM) » 8%
(ESM) 2 3 %icd-3 (ES) s'ip-kigie ™ S8+ 2 BF> 23
B kB~ 20 mL 7452 k3% (100mg /L) 4e» 0.2 s
R o A B E 12324482 72 o) pFEE 100 rpm &
25°C -kip BT ASRIAEIR & RiR LA K kR IR T 44
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R BaSPERRF B 6 FF BFEF 1-72 R
FIR > 29553 B2 3R ERIBRY 33 2%
ae 4 o BRET 0 NEBE BFRF ) FREREHEI 23
it 4 R RN IR RAI N EYEL R Y (P<005):
PRI REIGRANE RBE BREF T LR 2
BES o 5 WIENE BER 1 )Rk i 176 9603 72
RS T E R 2 a4 B i 230 960 F iE
£RHF (P<0.05) . :8u3F BRERF 1 FE 284 %
2BMF o m I F BT 48 o) P S EE d 2 R
deRstF (349 %) 2 3 RN ELAKEF -
3 FRNE REF 1 PR 163 % 25 F 0 1 F &
R 2 RS8R IEFiE 204 % e HuERE
BEFZamF P LR AT FEN RS iRl
R FARIIPFEF 2 H e iE - R LEFRETFHE AR
3 o Ewecharoen et al. (2009) 45 1 » #& * 7B {4pk & 37 3 bt
PR ot1s 2 BB RIB R Y LT N F B 2 ) PRI
B i & s s A w7 ekt 441 mg &2 557 mg 2
BT LB EagF s 307 9% & 384 %o ¥ - <
)]§J<-t‘ oG PRS2 RSB FRA D
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60 -

=4—ESWM-Ni

>0 1 ~B—-ESM-Ni

ES-Ni

N
o

Adsorption (%)
s

W

10 -

/ /
0 T T T 7/

0 1 2 3 24 48 72
Reaction time (hour)

Bl 6 F BPFFEHEZ? borp@a il d 2 8o
Figure 6 Effect of reaction time for three kinds of adsorbent on
the adsorption of nickel.
*Nickel concentration: 100 mg/L, adsorbent dosage: 0.2 g,
temperature: 25 °C, and particle size < 0.74 mm, pH 5.76.
**ESWM, ESM and ES were the egg shell with membrane, egg

shell membrane and egg shell without membrane,
respectively.
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Btk K o @ SIRINE - BB B LER B R HER
X FRFRFIER AR R AR TR EE T
FRRBRALA CNEFRFF O A RA G 2T R
B EFEAEAR 24T o R A G FIAT S AR
ri g peig o (Mezenner and Bensmaili, 2009) © 38 ¥ % fit i®
THEAGFRHI AP LRGN REFEFT R
Bt 48 ¥ (Mezenner and Bensmaili, 2009) - ¥ - <
Frapg AT R RBRY & & &2 445 3
BESLIAPRGEE 0 B S4B B L L 42w
it B4R >4 > > & >4 JHe2srtad BRE

(Guo et al., 2007) - Misraa et al. (2011) 12 /& 4 ad ex ¥4 45 2. =
1 %% 7% % 4rit o Arami et al.(2008) * 2 gr ¥ 45 o r2 G
R RIBARY A E R AAPRBRBPEIFRGE

2 R AR 2 R

SO B3I RARFURE BT 3R R

2
SEEHEREIERE IR RN E 3 s

RipiR? ST LML AR FRRL 42 kB
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& 20mLo4e > 0.2 sl 443+ kR A W5 25-50
100 2 200 mg/L » & 100 rpm £ 25°C -kiz BiF 24 |
BFo Sia Bk RIRIRFIRER EFE ARG F B T E
3+ kR 25-200mg/L FEP 0 3R BREZ 2
FAEERA R BRI 2N c BEHET O NLER
TR Lt P 2w npRlY R P
ZPHF (P<0.05)*448+ kR 25-50mg/L F#HEp >
FWRHz e BRI WFTHRIELEHEYF (P<0.05):
Ra 4T kAR ATIE 100 mo/L B 3 FARS R 2
RN AR AEE o R INTEEIERERE 25
mo/L 443 3k B P> e vk A w)iE 86.1+535 2 50.3 94 -
@k R 200 mg/ll BF s A mlE 189220 % 16.8 9 o
Mezenner and Bensmaili (2009) *t = )lfler’ ;};] LIV W IR
BERLFECHER > RFFEFARRL D T
o RERK 2.8 ng/L 23 110 mg/L H wsori S
95% T I 64%c BIERBAER RPFHF R 0 HIBRIR T
P - TEHABMET BT SRR 0 A d IR R
de Bl ex bR BERE B chfs vk SN2 T % o Dahiya et al. (2008)
M etk L HBEE BETR
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100 ~
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80 -

=#-ESM-Ni

70 -

60 -

50 ~

40 -

Adsorption (%)

30 A

20 ~

10 -

0 25 50 75 100 125 150 175 200
Nickel ions concentration (mg/L)

Bl 7 433 ERE7 FoofHstd B8
Figure 7 Effect of nickel concentration ions on the adsorption
of adsorbents.
*Reaction time: 24 hours, adsorbent dosage: 0.2 g, temperature:

25 °C, and particle size < 0.74 mm, pH 5.76.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Kalmykova et al. (2008) 14 & % A e ¥t-Kig iR © 45~ 4F ~ 4% ~
ﬁlﬁipfﬂﬁﬁ ViR R R A g& DR M {2

E

fe (52 4P I RZBEVRHEEE IR HFE

=~ SRRIRE TR RO 4R e A
2ZHF
s e AR LR R IR O
iz GHI L PFE FBERFBFRFS 24 LR 44
AR L 100 mg/L 2. 20 mL 3452 k3R > e~ % F Al
2 s vgH s #5501 ~02~042 089 &% > 100
rpm & 25C K RF - B* UL RLRFRIZHISER
TR A s oW 8 ZxvtAAE 01-089g FHP
PR B A ONRRERR R S a4 .
ST o WRRAE 019 o= SRSt EF LR

Wi

ABgF-@ 02-08g 2 RIBMEFFN S ¥
EOLE G SRR IR EL - IR
Boged B RBE 08 g BF o L T iE
58.2~90.9 £ 54.4 96 » H i I NEe AR E 2 H 4 @ 3
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100 -

80 -
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Adsorption (%)
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20 A ==ESM-Ni

ES-Ni

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Adsorbent dosage (g)

Bl 8 st AR e A S 2 BT .
Figure 8 Effect of adsorbent dosage on the adsorption of
nickel ion.
*Nickel concentration: 100 mg/L, reaction time: 24
hours,temperature: 25 “C, and particle size < 0.74 mm, pH
5.76.

**ESWM ~ ESM and ES were expressed as Figure 6.
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e 2L BBEF (P <005 fa3d - stAHE 04
SRES R AR R 02 R R X R ABEE o AT
N 2RI BRI RIB IR AR BERT BN 4 G
SRR R 2 M e 2 o Jaietal (2007) 248U T
FEARKY AR > g 4 TR GRAE 2
Htedm Hte o ¥ - 2 pdp > UFRELERY R
F oo R EF AL LB e A e TR R
FIF 5 5 W Ao AR R 8 BT S e > R R 4
# % (Vijayaraghavan et al., 2005) - Zheng et al. (2007) 2 &%
EAAA RSRBRY FEEREST P LT a4
SR AARBE P2 A P s AR S g/l PR fEA L

It

B o

o R RO RN 3OS HART 2 B
B IR R R R R BRI
R S4B ARRF RET L 24 P 44
FER G 100mg/L 2 7442 -k 20mL> 4> 029 2
A > 14 100 rpm o & F RER 0 A %3 1525352
45 C 2B BT RiF RT » Bt A kL RIPIHRFIFER >
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TR A oW 9 A 15-45C #FEP 0 TuE
B RO IR RBRP ST 23w o B
Bgor 0¥ 158 25 °C ®ET 0 FRWAREG > LW R
PR AP EL{PHEY O FRARAI L INIFEINTH LS
EF A2 P R VA ER G RSN E S E
BB oA 3BC oA RLBEAEF A A 45C B
RF R IR RN TAGRFIERER A 7 BRI
2 Gd BREAL o FHFEN 15T BRETRWF S 120
%> B FEERA AR P43 45C BT ERERY
F5 791 % PEARHEF (P<0.05) - FARHFRE Y
GARF2LPFELI 1 3% BC BRTEERLZEGFHE
30.3 96> @ ¥ 45°C BB TR F B E o i 455 90
BT BRATLRGFRAEFLR - I LR GFHEER
rdatAXE LAY (P<0.05):* 45C BETEA
Fesdk 732 960# 15°C & 25°C B wF LR 2 8% o
Mg BRI NBRERPE S HREEFRERLH e
Bbe T EATEF CBFRGBBAT R SRS
FHS M A EFRRZ e e o b2 P 2R
BRAVT R ESBRHKEMA 4 wEKR % (Mezenner and
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Figure 9 Effect of temperature on the adsorption of nickel for
adsorbents.
*Nickel concentration: 100 mg/L, reaction time: 24 hours,

adsorbent dosage: 0.2 g, and particle size < 0.74 mm, pH

5.76.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Bensmaili, 2009) © ¥ - < grr4-) PR a4 ) BRI E

Hexsdat 4 SRR 2 2 A 4 (Doanetal., 2008) -

I~ pH #3ERE RS 4R RSS2 B
a3 pH $3HF  FRNE 3 AR kR
YT L BE ARRFRET L 24 PP MR
B3 100 mg/L 2. 3 442 -ki3 & 20mL (pH 5.76) » 4c » 0.2
g 2 %x%A] > 1 100 rpm > &% B pH > A3 pH 12 -
34-5-6~7~8 28 9 2ZBBRTRFPART » hfs s kk
RiFpIZHFIBRER T E wgFo@ 10 3 pH1-9 2
FEP > PR B ORI R Y S AT 2
Rt c BRI NER pH BB T o HRHF R E
BB dWFRI SRR BLY A STLRN
¥ (P<0.05)c 3802 s &30 F pH HET (pH7-8>
2 0) B3 pH(PEPH1-2-3 2 4) » 2 LR BF (P<
0.05) » F#93 pH3 BB T F R EF 99 960 A
pHO pFexrgd #iE 855 99 - 7 34| ® pH BHZE ™
(PH6~7~8~9) E*3™ pH(PH1~2~3~4) BB T 2%
Wx o T EALREEF (P<005)* pHIO o Hex gk
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Figure 10 Effect of pH on the adsorption of nickel for various
adsorbents.
*Nickel concentration: 100 mg/L, reaction time: 24 hours,

adsorbent dosage: 0.2 g, and particle size < 0.74 mm.

**ESWM ~ ESM and ES were expressed as Figure 6.
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#730 oA pH2 ZETRETF 02 9 B o 3 %
PRSI YRS pH BT (PH5~6~7~8 & 9)
® pH(PEH1-2-3 2 4)>, 2 L B Bg¥ (P<0.05)* pH
38 4 WERE2Z R EL 009% a3 pHO
B E 2 R EF 643 900 MEFH TS L REBRAF
RRR R FRERI CERFGFAIEF pH B2+ 4
Ao Jaipl R F) R AR B AT 2 N eokiB iR
PAFEET > pH Mo k3R Y 2 H RS R EmW
ﬁwﬁé%ﬁéiﬁ&w,&&w$ﬁﬁoF—éﬁﬁmu
ARFREPRBRY BRI AR IT IFHITTEF pH H 4
@b et 4 g2 2 (Guoetal., 2007) o 3R % &
DA A 42 B2 P dpdl o f pH H4epF s A
R A R L L AP R RF R R R A B E R
S AT Lo pH P 2R3 I o A
H e tfi 4 (Kalmykovaetal., 2008) o ¥ — < gerao) ¥4
RO B RN A 4 M pH 2 H4e @ 4o 0 T dp
D ¢ REGVERRELBLESATFTR AR NI PH 7
NRE PR ARESR 3 pH REEF kR 2 HT
TRl LR v 24 =% (Doan et al., 2008) -

55



Ay FBRRFE 7 R~ R 3OS AU 2

p 2
P R FBERRZ R R R
kAR Y AT 2 BF AERasES kAR 5 100 mg/L
2. 20mL §422 kiAot 02 AEHADA L 12 -
3 ~24 ~48 3 72 o} pEles > 12 100 rpm ¥ 25°C -kiE
RFtsEIR > R* AR PIHRFILER > L35 Iy
FoW 11 3F BREF 1-24 | BFERAP > R 3
BOZ 3R AT i o B RET
WE R 3-72 B R RERTEN SRR 3 N
BRF =2 FP R4 TELRAHF (P<005) - A3 E
BFERF 1-2 [ FRET R TR LI AT
FONEA  BAUEE SRS F RERF 3.72 2 3
M PFE B2 qgF 557887 2 502 %o rELBREEF
(P<0.05) e MAFZR M RBRY & - 24 H
BERERZ X G PEm 153%BAEE (Guoetal, 2007) -
Arami et al.(2008) *’:‘é},?e:‘ 7 dp 0 SRR KB R
v 4 Acid Red 14 #2 Acid blue 92 » 3%+ 60 4 4%
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Figure 11 Effect of reaction time on the adsorption of silver
for adsorbents.
*Silver concentration: 100 mg/L, adsorbent dosage: 0.2 g,

temperature: 25 °C, and particle size < 0.74 mm, pH 5.2.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Figure 12 Effect of metal ions on the adsorption of silver on
adsorbent.
*Reaction time: 24 hours, adsorbent dosage: 0.2 g, temperature:
25 °C, and particle size < 0.74 mm, pH 5.2.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Figure 13 Effect of adsorbent dosage on the adsorption of
silver for adsorbents.
*Silver concentration: 100 mg/L, reaction time: 24 hours,
temperature: 25 ‘C, and particle size < 0.74 mm, pH 5.2.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Figure 14 Effect of temperature on the adsorption of silver for
adsorbent.
*Silver concentration: 100 mg/L, reaction time: 24 hours,
adsorbent dosage: 0.2 g, and particle size < 0.74 mm, pH 5.2.

**ESWM ~ ESM and ES were expressed as Figure 6.
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Fig. 15 Effect of pH on the adsorption of silver on adsorbent.

*Silver concentration: 100 mg/L, reaction time: 24 hours,

adsorbent dosage: 0.2 g, and particle size < 0.74 mm.

**ESWM ~ ESM and ES were expressed as Figure 6.
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VII. ABSTRACT

Industrial wastewater pollution could cause a serious environmental
problem. Conventional treatment technologies for the removal of these
toxic heavy metals are not economical and further generate huge quantity
of toxic matter sludge. The animal byproduct, eggshell and eggshell
membrane, was low-cost, simplicity of design, and high efficiency
adsorbent.and could be able to remove pollutants from wastewater. This
study was to discuss effects of reaction time (1 to 72 h), metal ions
concentration (25 to 200 mg/L), adsorbent dosage (0.1 to 0.8 g),
temperature (15 to 45 °C), and pH (1 to 9) on adsorbability of nickel and
silver in aqueous solution by eggshell with membrane (ESWM), eggshell
(ES), and eggshell membrane (ESM). The results indicated the removal
of ESWM, ES, and ESM on nickel and silver increased with adsorbent
dosage increase. ESM was the best one of three adsorbent.The results
indicated the removal of ESWM, ES, and ESM on nickel and silver
increased with adsorbent dosage increase, whereas the removal of nickel
and silver decreased with increasing initial metal concentration. ESM was
the best one of three adsorbent, and the maximum removal of nickel was
90.91% with ions concentration of 100 mg/L at 25 °C, ESM dosage of 0.8
g at pH 5.76, and 24 h reaction time by ESM. The maximum removal of
silver was approximate 100% with ions concentration of 25 mg/L at 25
°C, dosage of 0.2 g ESM at pH 5.2, and 24 h reaction time. The removal
capacity of ESM on nickel and silver ions was more effective than ES
and ESWM. The adsorbability of ES and ESWM on nickel and silver
were not significance. The maximum removal of nickel and silver were
79.1 % and 58.0 % at 45 °C, by ESWM. The maximum removal of nickel
and silver were 73.1 at 45 °C and 59.8 % at pH 4 by ES. In conclusion,
on recommendatory condition, ESWM, ES, and ESM removed precious
metal ions from a dilute aqueous solution with a high adsorbability. The
eggshell and its derivative could be the promising adsorbent materials on
waste water contaminated with nickel and silver ions.
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