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This 1-yr research project plans to develop "biomass-derived bio-char-hydrogel
composite materials" for immobilizing the heavy metals in soils towards a circular bio-
economy. The high stability of the biochar's structural properties is utilized as a substrate,
combined with chitosan hydrogel material having a three-dimensional cross-linked
structure to create a composite material for fixing or removing heavy metals from the
soil. Through the high heavy metal adsorption capacity of this composite material, the
ability of heavy metals to move in the soil is reduced. On the other hand, the hydrogel,
serving as a soil conditioner, can achieve functions such as retaining soil nutrients and
moisture, reducing agricultural non-point source pollution, and increasing the health of
crops and soil. The research objectives of this project are to (1) analyze the international
progress of cross-disciplinary emerging resource materials (including biochar, hydrogel,
etc.) and their applications in improving soil properties (e.g., heavy metal fixation); (2)
develop biomass-derived biochar-hydrogel composite materials using domestic biomass
waste (such as shrimp shells) as raw materials, establishing a local process for the
preparation of resource-utilizing composite materials from biomass waste; (3) evaluate
the application of composite materials in adsorbing heavy metals in contaminated soil
while establishing reaction kinetics and adsorption isotherm models for the composite
materials (specifically for fixing soil heavy metals), as well as formulating feasible
regulations for the use of resource-utilizing composite materials, and identifying the
correlation between key physicochemical properties of materials and important soil

functions.

The key research results of this project include: (1) the development of a process to
extract chitosan from shrimp shells has been completed in three steps: demineralization,
deproteinization, and deacetylation. After carbonization, the weight of the shrimp shell
powder was reduced to approximately 32.3%. (2) The adsorption efficiency of biochar
hydrogel composites in a single metal ion solution has been analyzed. The results show
that the adsorption capacities for copper, lead, and chromium were 155.90, 197.02, and
198.15 mg/g, respectively. In a mixed ion solution, the adsorption capacities for copper,
lead, and chromium were 85.87, 168.60, and 165.61 mg/g, respectively. (3) The
application of the composite material to actual contaminated soil has been completed.
After seven days, adsorption equilibrium was achieved, with a removal ratio of 100:10
yielding the best results. The removal efficiencies for copper, lead, and chromium were

approximately 30.0%, 34.2%, and 27.6%, respectively. (4) Adsorption kinetics and

XX



isothermal adsorption models have been established, showing that the adsorption
process of heavy metals on the composite material fits the pseudo-second-order kinetic
model, mainly through chemical adsorption. According to the isothermal adsorption
model, the adsorption of copper, lead, and chromium follows the Freundlich model, with
adsorption intensities in the order of copper > chromium > lead. (5) The interference of
other salt ions on the adsorption process has been tested. The results indicate that Na”,
K*, and Ca®* slightly reduce the removal efficiency of heavy metals by the composite
material. (6) Adsorption-desorption experiments with the composite material have been
completed, showing desorption rates for copper, lead, and chromium ranging from
93.50~94.24%, 90.46~92.16%, and 91.91~92.48%, respectively. After three reuse
cycles, the adsorption capacity of the composite material showed only a slight decrease.
(7) Strategies for soil heavy metal immobilization and remediation using biochar

hydrogel composites have been proposed.
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A Evaluation of the Impacts
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Rcmcdialion .................................... Pﬂm.r}
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197D 990 Landfill Considered
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- Include soil water retention, organic matter improvement, soil struchire

INProv soill pH lation, and carbon sequestration
- Wastewater reclamation [ —
T P““f‘ the industrial water - Used to remediate soil contaminants
quality mcluding heavy metals and pesticades
— Soil o
conditioning
Water quality Soil
restoration remediation
Cheap and Elolistic ‘
available feedstock olistc - Cheap adsorbent in
Green and ; licatio f Heavy metal contaminated soil and water
; application o Keoss >
ecofriendly 3 remediation - High surface area and
adsorbent for 7 4 _ biochar | reactivity for HM adsorption
contaminants Salinity and o
drought Pesucide
management remediation _ i
- High water holding capacity 1 ed - Bl@al‘ n(Lsorr‘mpn and
helps for remediaton of mprove catalysis for pesticide
drought sustainable reclamation
- Used in-situ option in the field agriculture L —

- Helps in crop adaptation in
salinity prone regions

- Biochar is the new option for improved soil and water ecosystem for
sustainable agriculture
- Ecofniendl of soil
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Deproteinization of

organic acidsata  Neutralizatio d;m‘ .m‘:;‘:m
Shrimp Waste Washed Shells Dried Shells Pulverized Shells wecifictemp.and.  atopBe7 L i stiing
/
Drying of yielded Deacetylation of Filtration,
Desiccating of chitosan chitin with conc. Neutralization
dried chitosan alkaline soln. to pH=7
Chitosan Characterizations "
Chitosan yield%, Moisture { ( \(
content%, Ash content, FTIR, - - _
DD%, Solubility
- Q Chitosan Chitin
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Biopolymers
Chitosan Cellulose Alginate
OH HO OH R __—ona
/ N~ A i14 SR IO
o - \O ‘,,!4 - / O S
) NH) oy -n ~&— ~L-OH
n n
Source T T
= TSom'ce o Somes
C.nxstaceans, Crabs, " Plant fiber, Barks, Azotobacter, Pseudomonas, |
Shrimp and Insect shell | Busks, Seeds | phaeophycean

FAL KR (7]
Bl o~ BB R E o Rpm B2 F R L PR



(1) 2 i v

WA P F L E R

ETE

EF £ 3-8

SRk
7N ER T I
rgﬁ\:" 7'117/3\ ﬂ/,;\l:"

B/BERFEOZENE AR 0L S

% <1%:

Lo AT A

ﬁﬁm VAN 3

7
~

DT AR A A
CH;COOH f CHO» % ) 4 % b+ f (i & 45 fok sk B fopt i
imm%ﬁi L Bl ?BEEZERR
R Y T

lﬁﬁv‘ﬁ&

T2 HBX A&

FZE Q/I;J?%F\ﬂl

7)4e ¢ HCI ~ H2SO4 ~ HNO3 ~

) @
o TR B
i ¥ HCL %

%0 F Ldo T S HCL 3 0.01-0.03 mol » & 4
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{, ¢ HCl4p > ¢ ﬁ&éu -0 ;ﬁ‘«frﬁln\f‘ﬁ ch AL o EEE (HCL) 5 6>
i%#?ﬁaiilgﬁﬁw-

2HCI + CaCO;3; = CaCl; + H20 + CO21

2 CUERTCESZERY BEZ/RRPEOIF TR

Bk A g ERE. FR REHFT  JEEE/EE e %4

(gmL) (°C) PR (s %) #E (mole/g) 2k
0.55M HCI 1:10 RT 1~3h  ~0.02 % 0.016 3 =X pRip [10]
IMHCI  1:20 RT  3h  04% 0.02 ; [11]
IMHCI  1:15 RT  30min 02% 0.022 W 150 pm  [12]
0.4MHCI - RT 30min 0.03 % - - [13]
0.8 M HCI 1:10 25 lh - 0.008 A [14]
0.6 MHClI 1:11 30 3h - 0.007 300 rpm  [15]
5%HCI  1:30 RT  16h - . ; [16]
1~5% HCI  1:5 28 16 h - - - [16]
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H-[-NH2-CHR-CO-]n-OH + nH>0 - n NH>-CHR-COOH

\m

d

b

% ;k(ﬁr.r_v y%m;‘,\_i z m;_,l. o 3

)3
s

¢§ﬁ@+£i—%P
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ok A i BE PR ARTFOF P HERE/GEE B fenm %

(gmL) (°C) FBF (%) # £ (mole/g) ® ik
20M NaOH 14 45 4h ~0.8 % 0.008 #4100 rpm  [17]
0.9 M NaOH 1:10 65 2h - 0.009 A [12]
0.3 MNaOH - 80~85 1h - - 3 R iE [10]
0.5 M NaOH 1:30 80 2h - 0.015 WA/ deir [18]
0.75M NaOH 1:2.5 RT 24h  >1% 0.002 - [19]
0.75M NaOH - 80 30 8% (H &/ - - [14]

min v )

4%NaOH  1:20 RT  20h - - : [16]
IMNaOH 135 28 20h - ; ; [2]
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B2 it Fad e @25 REFNRALAR Y ToRE . AR 9 [
TRFFE -2 30 FlLPaddtiioasddzieim mif t4pLya
BB ZEERR T ONERT B AR T MaER o kR T
FARREFORIR A 0 AR o PR TR L BRI B A
BRF A e At (A3 Ry PR G ) BB BE rERML
o B AL P FEUERY T FRE Y 2 kRER C F R
BRACIAR PR 22 3od FiBfez 3 & 3% o



3)

%f;—:-—ﬁ N —‘7}?‘5}71‘?‘}

e fiedit BB F e AT RAE SRR 2 RRTRELS
Sdedow od 0 AU e R B AUR WAL L R T R AR RA -
LT B FUY LSRR T A g K fEAIT o i F # % JE NaOH &
KOH (40~50%) - ¢ s -k KOH #p*t > NaOH ki3 % e /i & % #c (175 § =i
g R ) KRB o Lb*il“} F13v 22 NaOH ;3% end ¢ fighk Ji 5 2 oh > 7 % p2
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R-NH-COCH; = R-NH»

fow o AR d oo R

kR iz BR. O FR 2 Ikt Firm %3
BRPE S TEEE
M) (g/mL) (°C) R MR i ~ },%
(mole/g)

12M 1:5 65 12h  85% MW: 235,000  0.06 - [14]
NaOH g/mol
19M 1:20 105 4h A% :~900cP 0.38 2 bar [12]
NaOH N>
1I9M 1:50 90~100 3~5h 80% 0.95 ‘A [20]
NaOH
17M 1:50 100 2h 82% MW: 12,000 0.85 - [13]
NaOH g/mol
19M 1:50 90 50 - 0.95 A [21]
NaOH min
1I9M 1:50 100 3~5h  83% 0.95 ‘A [22]
NaOH
50 % 1:10 65 20h  65% - - [2]
NaOH
40% 1:10 100 12h  93% - W [9]
NaOH

{19 Hosney % < [8] % » BAPET SEY A2 F4 0 fpicr 4
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Tz ¥ S WA 22 25 RApFOTEEIER 2 2 R L BILHT > T H A

BT 20 A G A o

LT R flr B RED B AL e

iRE R/ Rt B M &

1B B 4 %M A 2 600°C > 2 ] BF BAERF T H T AR [24]

i A FWMAFE 350 500C -2 P Aok BT AE [25]
5%HCI 7% it

e CoSiOx % M A 12 500 (600~700~800~900) +r 3 ciprofloxacin * 2 [26]
T»2/]pF

1B 3 - %M B 2 800°C > 2 ] ¥ k¥ BRRE = (2-F ¢ R )Fa vt [27]

¥ A - % A 2 600(650 ~ 700 ~ 750)°C > #i¥ T % [28]
1] B : IMHCI & it

AT & KoFeOys 200-600°C ei8 & = B Bzl -k ¢ Cu(ll) ~ Pb(I)w ' [29]

1B - 350C T #f23/ pFEL A = Bk dE s 4B~ dF - &~ Sifrds [30]
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Wang % % [29] 1% | 358445 R & KoFeOs BEW A F & > 1 & p i
PAREE S R RS § 7 CaCOsehd 4o o # 2vd ik kg ¢ Cu?'fr PO 2o
B4 %87 225 R 2r4o2 5 £ 4 4 5 317.67mg-Cu'/g 2 940.94
mg-Pb?"/g -

Supper Adsorption Capability
High Saturation Magnetization

Grind
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Fadkm s [29]
A . = R SR S

tp i > Mousa ¥ 4 [30] A L HEAE AR I 2 P REF F RS UK Y 2
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T PRI L 52.76%(Cr) cm e A
Vit AP B/ 2K P/ — 0 C N A . 0 NH . N O JE 32
# (PAA/CTS/BC) 1% OO 51.97%(As) v # 32
o 40.3%(Cu)
a4 A N N
Sad R pE 075% U PP 60pb) [33]
(CMC/CTS) cd 32.6%(Cd)
Cu~ Cd ~ 92.33 mg/g (Cu)
PAM/PAA/PDMTM 2% oh 110.08 mg/g (Cd) [34]
200.97 mg/g (Pb)
166.7mg/g (Pb Lee-
polysaccharides-based Pb ~ Cu » 23 émm;ggg&((:u)) {rjend}j’ IR [35]
hydrogels Cd 76.9 nigg/g (Cd) X
' pE
0.80 mg/g (Cd)
cde 0.46 mg/g (Cu) i Aok
BEPE A PR 1% Pb T 0.44 mg/g (Pb) (JE MR K [36]
0.5mM £ £ %% 48%
i®)
1105.78 mg/g (Pb)  # % 4 & {r
s Pb~Cu-~ 678.04 mg/g(Cu) #7523l f
HEPE/EDTA/A ¢ - L9 AE  590.72mg/g (% © Ay [37]
AE) L
YR
3 FeS/+ 4 - Cd 0.42%~31.72% 2k fg [38]
%fr ’J };""T?TL éf\‘ l/g—% ’k ;}’ ? Fﬁ l" /:J, IBJ
% %/AEM/AM@MIL-  37g( o e i
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Cr(VI) desorption by water flushing and transfer =
from soil matrix to soil solution A

Diffusion-
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reduction
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Itiple-pulse flushing |
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(=] \ )
. viaother bonding groups 5o
Percolation water \ Freciagwp Cr(VY) W Swclling-based atsorption
+ leached Cr(VI) adsorbing for further adserption
collection 2

MF@ANCMH-treated soil

Mitigating wheat
phytotoxicity

Zg"n ]

Removal efficiency 98.88% of Cr(VI)

FH %R ¢ [39]
Flbm 3% 5%k ke ANCMH g a3 of % B3 2 - ks

17



LR 20244122 10p T = 03:28

F3}?4}"n%ﬁ',{71‘4 }‘—‘1}( ’}’{E;‘?ﬂ *ﬁ#l)ﬁ;?%&ii@ﬁﬁ%rﬂ&;
342 425 R E £ e
;5}‘;’}‘&'{11’% B PRAR AT oA e ﬁ%ﬁ}*q%hTw }g,‘}l 7] fod 12 16 47 60 g

o

BRI HRARAFRIELRFTZEB G RERFIFFAE
* _’;* AFEE R ORI ok B R sxF i 4 o 3T E K
f’i%ﬂfﬁb&%i; ﬁ%ﬁ*lﬁﬁc& &m%“ AR J Aed P REA-AE
% £ 3

Wa
A=y
=
o
o
4~

g
=
W4
|
: N
RN
2‘3_3
&
o)
=}
;&-
—
et
S
=
6
oflT:
S
5%
W-
:
‘_L‘.E
p-3
Jm
3o
=k
W«

) °€ﬂ’-fé;’%’"ﬁiéﬁi %:tﬁﬁ’ﬁ LARRN ﬁ’* *HI% ?§,§‘5° 2 hEHTR S

BRAE 2 AR FRE P - 2 P TR E’“‘s:“i%ﬁiﬁfﬁvﬁ?i#;'ﬁié”‘

> ¥ /%ﬁfiaﬁﬂﬁ’#ﬁ_”ﬁt’ NI S R I N S - ¥
TBLA, N o T %',-‘EIJ.E#I% Poind B E R R Fl R A 3 e 2

GRE EEE LAIER &5 St R S RRIER 1 ERTTE NS
MOE ) RCRINA g B o i#ﬂﬁhf TR - A AL § -
Bl Ak BERAFRAUFERY AL T2 PR LT PR CR

AL RBREEEROTEEN RS ET N [41]

<@

)

m Reduction Of VFA, COD, HRT
= Enhanced Adsorption

\ Micronutrients
—ue Microbial Carrier
BIOCHAR Cation Exchange Capacity

High Specific Surface Area

TR kR [41]

18



R S

Afedl 6 %57 3

P R R (URE R RS 6

i2 3. (EU)2009/1009 % it

SRLERIES 8 i

foh &5 TR
AR AR S R -

Feedstock
production

Biochar
production

Biochar application

T KR [42]

BL

FUgANE Bk

AN

3"?‘—"%&5@3’ L
B AR T B R A T o R o
L4 do e d Y B g T odE A T

T

274
| ’

c
vl

h oA ﬁ‘ﬁ

F EpER

120247127 10p * =

:ﬁ—:-—ﬁ N —‘?)];J(%FF‘JL

TERS RS s ENEEREY TR YEY L
SLRL 2 )0 2021 EwE A S
%%iWW*@Ewwﬁ S B e g Bk o 8

$efiE i 4 (EU)2021/2088 18 » 1~ #  4z

FER4 3o e > H’fr’%
ELE N = rli A

2) 4@ y

xwoﬁﬁi%ﬁ@wﬁ
[42] -

Agriculture

Waste/circular

economy

Agriculture

Emission
control

Chemical

Common agricultural policy

Regulation on fertilizing
products (EU) 2009/1009

Regulation on substances in
organic production (EU)
202171165

Waste framework directive
(2008/98/EC)

Regulation on fertilizing
products (EU) 2009/1009

Regulation on substances in
organic production (EU)
202171165

Industrial emissions directive
(2010757EY)
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cg.

European
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| érg.\m&";ﬂ)cl
guidelines
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..........................................................................................

Carbon
removal and
trading

Land use, forestry and
agriculture sector regulation
(EU) 2018/1999

Regulationonan EU
certification for carbon
removals (ongoing)

Common agricultural policy

Carbon sink credit guideline
c.g. European Biochar
Certificate, Carbonfuture
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B A ies kR & HE R 2 B E £ AR

P Bm LMD R o X URF E B H RO L DR LR L PRI
PRURE RGO B IMER - 2P AT XS IHEAMOFRL o

R A S R LA G E VU TR S SR R E Rl S
Bia b e ddeBl Lt S A R0 0 AP B T RE- BT
ML A T fEA S R BB By v > T HEAYL A ok
[43] =

H,0

Atmospheric Carbon

Increasing soil organic carbon & ‘ Increasing water/nutrient retentic
biochar | — —_—
BIOCHAR :

e

0 2 w0 © » 1o

+<—— Altering microbial community

Inhibiting microbial degradation ——
bagbaria extracellular

fungal biochar polymeric substance bioqhar
hyphae ’, . o &
nt litter N S '

S Lo
ol
organic matter primary minerals Z
Improving soil aggregation Stabilizing labile carbon

FH KR [43]

Bl = ~ 24 s 4 s 0 B Fr 2 4

AP REBERFKS S HBIETS P Lo R A HE R E
Bk A A s 23k pH & - L BT L S5 o Mansoor & 4 [44] 4n
DR A *ﬂfuu %4%252@,&@,? M 4e 4 OHE 2 iRk gy 3 ,ﬁgétﬁ_#,};gﬂw B
FrIRE PO IRBBLF TR o FERRE 0 IR feE £
AFERIEY FPI2Z A4 R R FRAFATEFARFELSE
(ROS) i fis > L iF 22 T+ @B P4 jriidiy ¢ ROS & f21E% » e
@_L /\bl-r-,-r‘ o
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FZF Y RET

Retains Moisture Inhibits harmful

Absorbs heavy metals &
pestcides

/\
4,/ //

/.

Improve soil
aggregate structure

3 L
Biochar <H D g
Boosts soil fertiity '~ > > Increases soil pH
rd
N Improves cation
Prevents erosion exchange

Biochar Metal Interaction
Non
Mediated

oy

tracton soucee
mpact on
Complemanon ol mnen
mposeion
Impect.
eciptaton S0 crganc
car

FoR kR [44]
Bt~ 2P RBRARS R R A ol ARE N O &

Wang % 4 [45] 45 3F AT 417 24 R RER2 Y 2 E & RA B
B BA o TREY PR REL AL : :
SF R RELE S ATIRRE R RPET  #RR R SRR S B
G ot S E o AR L 4 AT

‘ Changable characteristics of biochar

TR kRt [45]
B4~ BFL P RFEOFF - 458 - WOS S-RiF 25 ¥4 5 WSL G -kiz 2
+3SC % %% i VM Z3F 4 5 P/V 53 M/
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B2 i ORI E A 2 R E £ BT
3.43 = tpdrfripptz f 4 2 5

APRREIRY EA TR EERE 2 Sk et A - AR o vk
AR ET R AP REFAT A R L oo gat g i
ER RS Y AL AN - R LA ) R Y.
AR S F A WA S o BB g {rph v B E 4 0% % £ NaOH -
HCI 4= HNOs ©

SR ML il F i d L

4 47 it BHEELE MEWRT L WG CE IR o
% g5 #
ZIF-67/BC/CH aerogel Cu(ID) HCI 81% 5 [46]
Cellulose-NaMMT Cr(VI) NaOH 85% 10 [47]
composite
CAM-D2EHPA Pb(Il); HNOs3 197 mg-Pb/g; 44 10 [48]
composite Ni(II) mg-Ni/g
Zr-Chitosan composite Cr(IT) NaOH 96% 3 [49]
Magnetic Chitosan-GO Pb(II) DI water 75% 5 [50]
Chitosan/Ag- Cu(ID) H2S04 75% 3 [51]
hydroxyapatite

Jiang & A [52] % /& Jephdp FFARMP fRiRE y 10 B RO I % b
Mok ? Cu* 2 Pb? 5% p Ay @ % IMHClL A REFwGE 4 F ok (F|ITPER
3h)e % AF 1 L2 5k Cu'2 s g 80%/1F > 4 Pb¥ st £ 4
L 60% 0 BEAR L AT o

o]

6 \/\NH a MBA APS
2

sa ANA [ N,

m)gg J(m A~ )

| Poly(AM)
| co &
Cu2-0

\_Crosslinking point @ A‘,‘-

1 2 3
Cycle times

TR kR [52]
GRS S S E S SRR RS S B

e

E 2R RGEE
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CER S

Zhang % * [53] %E\l Tz 7 A5k (PAA) o (4-2 3 grerg) (PAVP)

2T B A AT A F RS (4 GO-g-PAVP) » x 7 45 H 4 Pb> fr Cd*' % 4} 3

£ fod thoed 2 P ;%@@&*Aiguzﬁw’Gngﬂm@mAAL$w:ﬁPN*

2 xR K 5 257 me- Pb?/g 0 Cd¥ 2 < i g £ 8 5 176 mg-Cd*'/g -

*k > A1 05SMHCI kizizie 12 pFied 4 q_ﬁ 5= V‘Iﬁiw » Pb* e Cd*
Lé ,ﬁ%uscif miadFE A 80% 1 b oo Bl - - o e

b

___'_________.--,-— ’ Pb?*]
-------------- Vi cd®
T /’ W “\ 1009 — :l
/C ‘\‘ 1 ] | | _7 ]
¢ |
H,0, PAA 0" oH © O';“ 80 4
: :
60 °C N | NI g
\ [ = Z £ 60
\ = / ©
Q‘::\ 4 40
""""""" 20
/\/\ ~ /1/ 0
1 2 3 4 5
GO pPavp Hydrogen bond Cycle

FL kiR ¢ [53]
W= - ~ GO-g-PAVP@PAA -k 5% £ 24 = #ic¥t Pb* fr Cd* v vif iy 4 B2 58

H
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R ER S EY S HAET 32 RE £ BAT

%3 £
344 £ HaT 2 B

SRS Y CRBRSIE) R E £ R4S 4#i¢“”$ £ bl4e
ClI'~ NO3 ~ SO4* ~ Na" ~ K" ~ Ca*" ~ Mg % » F]pt > § 2u gt ig o & 43
FAFRT > o R B R 4 5 2R A o ¥NF S e R 2oyt o B
Mishra # 4 [54] #7 ¢ » 127 k& NaCl v NaxSO4 i¥ 5 T f# J7pF - e /2
BFEA & PR CAIT)s v it 4 1t o B % k7 13 pH=85pF » &3 £ oK

% ® 40mg/g » W' KT 1.0 M NaCl 4= 1.0 M NaxSO4 ¥ 2 18.34 {r 14.88 mg/g-
TG T ET A bF FIY Na'dr CA(ID$HPRa 0 6 2 38 > 2 3y L4+ &
Cd(Il) z &% (blde  FT 4 ~ UK E ) FAoBlZ L 2 977

40+
5 —— NaCl
> ——Na, S0,
E 304
[
o
3 204
et
o
=
2
2 104
o
0
T
<
(1]

00 02 04 06 08 10
Electrolyte Conc (M)

T &R [54]
Bl= -+ = ~NaCl 2 NaySOy4 ¥ 7% Fi 1 v #if Cd? e Fipae # 2

\\\

R
ik

FH RO TR AR FEES BT N A B SO 4 0 bl 4e : Ifthikar
&[ﬁ]PIQBE%ﬁ%ﬁ$ﬁ%i%ﬁﬁ HAL g B H g aI i
T AL HE S ot 4 5 112 mg-Pb/g > T % F CaCly ~ MgSO4 fr NaNOs Jk & %0
mg/L 3 4r 3] 2,000 mg/L » % *t44 7 24 91 mg-Pb/g 2 353 € (B=- += )

60

'
o

Adsorption capacity of Pb* (mg g”)
n
(=]

o

0 250 500 750 1000 1250 1500 1750 2000
Concentration of CaCl,, MgSO,, NaNO, (ppm)

FHL kiR [55]
Bl- L= - %8 T2 (CaCla~ MgSOs ~ NaNO3) $H s H o i g+ chs 5
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vﬁ%(&wW?u£WL§ﬁ@9:5?§Loﬂ&’éﬁ%éﬁéqwé—Vb‘@:Vb‘
A+ FAcHEA) 2 Elovich #03) # #5979 7 SR Bcdp £ £ BT SRR REA
BT A B B A AR BV AR R S s FEER
PRV At AR . & 0 AT * Al Y A A & el 4 A SR b Sl (B
Yo i AR pH A e £ AT RR CERE ) REFM IR Ko B TR §F
WFE R A R0 [56] e

= FPHCA R g e H v s g e Y o W5 A
WA I S R AR B2 8 o 1945 Beni £ 4 [57] 2 0 - e
OB ER-BRPE R S %ﬁfﬁavﬁﬁpx%m%—rﬁﬂp&n@
B4 BHA] > blde Plohl % 4 [58] &% > % Cu(ll) 3+ - 5 i@ @
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Sl e & - B R PES AR g HAIALFRrg A B o5 ’%T—L R
BEFEFPELELEI B ﬁv: |4 BB Y 4 WA B R
A L4 [59] ¥ & B-BRFESHEHEF DTG B4 B Y 0 o BRI
s A% T BHCR) nd i HORCD] o Bl4e  Moja & 4 [60] 7% 0§ Pb(IDAE
B I 2 % % £ (Montmorillonite ) 12 4F 2. polypropylene grafted-maleic anhydride/

BRPER L £ AP P or R R 5 - PRI B 0 R Gk (R)
20098 @ E - BRI BN £ A ] 3 0900 FArRl - LT e
AR - oz FEBCR] 0 A g SR ELR SR R iEAR L AR o ILIRATE AR
PRATS T O R AR I R TR S Ft o NS EER  # F U 3
AR PR B ¥ BRI FRETEA Bk & F gy [61] -

Al B
3 L4 -
-
1 " 0034
2 -
4 -
@ = 0.02+
< k=2
>
& 1
-l
-
R 001
0 - . -
- Psucdo1slo«dcr [ m  Psaudo 2nd order
A RO | L} T 5 v 9 L | dlER Om‘l""'l'l'l'I'l'l'l'l
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FHL &R [60]

Bl= L2 ~(A) PO B R & #4F & Mt ehiz - i 4 2403 5 (B) Pb* ey
DIREFAE E AL hiE - FEE 4 R

Elovich i3] 77 & - ¥ * 2 # 4 FH73] » % S 2bio4p B it & 6 oh
B4 § o Tang % % [62] 7 $ LA BERPE/ 5 R Fasp M R R ﬂwﬁ
e PbY s Cu™r Cd o & B M & kR (100 mg/L) P> 2= Ff
A BRI B R § A de £ B R B 4 ) 200mg/L PF o Elovich #-3 ;'i?
P A N L - R R R T £ BT ER R A
i‘g{ﬁ » JrBl- LS o
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Cu®*
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0 200 400 600 800
¢(min)

FH kR ¢ [62]
Blo L= ~ergds 4 Bkt &9 4 o Elovich #4] @ (a) Pb?" (b) Cu?™fr (¢) Cd*;
&= PRl 1 (d) Pb* (e) Cu*fe () Cd*
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Bg2 Py iim2 R-RRBAFE MR 2 RELR

.ﬂ

T

3.52 % F BT

SW RS S (L RN Y- SIS L LR Yl S
dedo N R BHCAZ S B R T o S T A A e
MH P BREESFREa R LR S Ko R AIE o s I8 3 £ & 227 (L B4
SARF DT ek~ & @R A Ap B ende L e i S 2 4k o SRR G U
SRR  H R T SHC] P R IO CA] B R Al F [63] ) e
] B S I

=z

[ Adsorption isotherm models ]

-

(‘ﬁlodels based on 'Monolayer chemical ;/ Multi-layer physical \ "10“ exchange model)
Polanyi’s potential | i Adsorption models: adsorption models: e - E
theory:D-A, D-R...! i Langmuir, Volmer... Freundlich, BET, : .'"Z- . 7.+ Zy" E

Aranovich... Lot Lo

Empirical models: o %) 2.3 \Adsorbate i
Temkin, R-P, Toth o o Adsorbate gigrbateo ® .. 3 Z, Ly i
; . Coislow ! ? | 63 EEOE 1 i
[ ek iy 00000| | lLayerdi! 7 ez + g grz s |
adsorbate | ) Layerl 7 i

\ 59 occupies ” /777N Nsorpio T TETTTE T ayer’ (L ///,:
‘\ lnssitey, . Adsorbent sites 7 X adsorbent .+ NAdsorbent

¥ ~
icati i Statistical parameters
/ Applications / Solving methods (UI )\ B

i, R?, AdjR?, %, SSE, MSE, HYBR

The number of the L Adsorption isotherms Lo
optimum mode]s in i\oo o° o Linear model SipS model § §

literature: follows thell Adsorbent :, Freundlich ~ Toth model é‘glxo
2l o ° -R-Pmodel Tempki @ o

order of: Langmuir >||, c/Adsorpiions™ "~ lode e ‘5'5170‘

i ° o cquilibrium2 ° | 'D-R model D-A model || 2 |

Freundlich , > Temkin, || 3 "¢, 7 ¢ : S35 10

Sips, linear, RP || e oma—ener _ome_||JES r‘ || -
ps, 2 A(iwrp'l?:; m’&mﬁ: BET model - Aranovich ||* & 0

OK Statistical parameters

R 7 SSEHYBRIDRMSEAdR®
Others - j
U

2

AL KR ¢ [63]

Bl=- L= -~ %7@‘3 B vxxﬁﬁ_‘—ml B3R Lol
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L A

s A €45 pH ik R (mg/l) B ABfEE (mg/g) #4FHI I,
2-BAF A EMHE Pb(II) 6 50 389.78 Langmuir [64]
Clay-cellulose biocomposite Cd(II) 50 115.96 Langmuir

BRPE/ SR B4 & Co(II) 6 20 23.6 Langmuir [65]
Chitosan/cellulose fiber composite

SRR/ BERPE Sk Cu(Il) 5 700 75.8 - [66]
Cellulose/chitosan porous spheres

AERBB/IFRT Pb(II) 6 100 244.6 Langmuir & [67]
Alginate/montmorillonite Freundlich

4 P R/AT-A Fefh Zn(1I) - 100 120 Langmuir [68]
Biochar/Ca-alginate

A ERRA /R F R F B Cr(VI) 3 100 78.63 Freundlich [69]
Na-alginate/polyaniline nanofibers
B ERE KRS Pb - 200 113.38 Langmuir [70]
Magnetic chitosan nanopowder Cu 92.37

50 RBRPE/R FEL/F 4B Cd(II) 5 200 155.10 Langmuir [71]
carboxymethyl chitosan/acrylic

acid/FezO4

Fat B EPER A Y MnFe204 2 Cu(lD) - 20 43.94 Langmuir [72]
FRE Cd(II) 5 9.73
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Bad P Fimd RokEBg e R NI E 2 RAT

AR £4% pH ik R (mg/L) HAsrqzE (mg/g) #4 FHI L I, b

Porous chitosan bead-supported Pb(II) 20 11.98
MnFe204 nanoparticles

BB RS R Pb(II) 6 180 245.28 Langmuir [73]
/Fe304@Si02 -k 5% 7%

magnetic chitosan / alginate /

Fe304@Si102 hydrogel
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f“f»‘ﬂ“ﬂ‘ fe o B R A AR £ o AN R R T A
R TR (5 0 AL A R A F - TR -fBE G A
SR AR S A o ke B F 2 (T s i BARS S &
B+ B2 BB Ard AR o TP R HEARAR R ] o G g Aoyt o BT e
FHREER > FIATRBRMH T EAHAR* > wTBR e F > B0 2 R34 0 F M
WA S A [74] o i F @ * HCIl ~ HNOs fv HoSOq4 & f 17 5 %R 0 JEo% v
Ml A e g £ BaES 0 A& BFHYF B 5 3804 0 F USOF AR R
*é@"ﬂ“ Be Nt e mog2 £ RS o Tt o R Y RRMERHIR T K

LY B 2 s o bl4e o Igberase & A [75] & * 0.5MHCI i® 5 %5 o ji

N EER BB F R R PEA Y WA oA S o s ran 2 M S A W 5
98.9%F- 97.5% (Bl = - ~ )5 gt b > Wig hw BRI » S Gi 4 7 R
FALAR > FFNEACERIBSAF LSRR A FRUL -

a 100
. . b 100 +
| ] = [ ]
a0 * " - 80 -
[ | * *
Ed ] [ ]
g a0 { m i A E &0 - [ ] 'y
s
E‘ fa (- & A
H &
g 40 4 o 40 ad
[=] (=]
+PO-HCI
20 nbin 20 1 B PLEDTA
m Cd-EDTA
Rhrak . | | 4 P03 .
t ' : ' ; ' 0 02 04 06 08 1 1.2
0 02 0.4 0.6 0.8 1 12
Concentration (M)

Concentration (M)

FH &R [75]
Bl= -~ ~(a) gk R s G 8 (b) Mgk R Ham i

BRI T AR DI R R A o s 3 - LAERRE AT FF
M HSS 7 6 g BURBERPEL 40 Ja BF Mg 4 S8 FAd 3 Tt g
AZBEPET R FARIERRY ARSI L BB A - Qulroga -Flores %
A[76] & A Aot 2 A ALY o A RERIE A 0 R F e R i e HaSO4 s
g2 T o £ % 0.1 MNaOH % B2 it B-45 e B 2 8 ¥ R EOR B R PE K85
g R e A 0.01 M % igd ! £ 0.50 M HaSO4 > 8@ i AR A
WO T1% H A D] T5% 0 ARl L4 AT e
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1. Synthesis of STNTs 2. Production of STNTs-Ch beads § 3. Adsorption of Cd?*
: H . Cd?*
TiO, : 2 o Steps
Start ' : __Chitosan 1t03 . 4x
5 40, STNTs e kb ax  waste
Dati T NaOH :
HCI : i Ce= Cd?*
J
4. Pre-treatment 5. Desorption 6. Regeneratlon : 7. Reuse
Cd2*
Cdz'
Cdz . Steps
STNTs-Ch STNTs-Ch SO th . Recycled 1t0 7 1x
besd beads beads . STNTs-Ch >
e s : beads 7 waste
Cd2‘ OH a* :
NaOH 2SO4 NaOH Cd2~ Cd2*
1 3x
?ﬁiﬂ Xk [76]
ﬁ:wwufﬁx R E A FRRPERA DS SRR (LIRS
O (TRINFRE) WYTHR RS R AR S K B BRR KA fz*m“

Q‘}EJ{‘C‘ ﬂvﬁré 2 ]“}HRFIT“QxE_f‘?ERKIT, blded § S 4R F K E o Xiao % 4

[77] #* 0.1 M NaOH &R ¥ ¢ % foi e

q""n
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FZF R

“fé’a‘& SRR vt {7 B FEN R RITIEE ML B A G oo Ao

fhfrdk 3R a0 3 2ns BRI Y R & BAT 0 SRR FRGT S0 E - fRe pH

T ARG JUE s gt v o 4295 Mansour ¥ 4 [78] Ay 0 HFEARTHF W

Az A FIR R R B f ERE M e B B b s o vE- AR
AL FE S B ERSHH AR (B= - )

C Regeneration )
I
l - | -

. Desorption ( | Decomposition | )
> | 3 Inert Gas = I =
Steam — Electrochemistry
— Thermal Hot Water — Microbiological
Thermal Oxidation
Microwave
Photocatalytic Oxidation
Solvents — Chemical
Ultrasound Catalytic Oxidation
— Non - Thermal
Surfactants

Catalytic Redution

Supercritical Fluid “— Ultrasound
T KR : [78]
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4.4.1 %Y £E A MEA

AT HBRIEEE LI R G E A (B2 L2 ) 3 GRER AT
BAHEROTERI3042 304 1 H 5 LHERGH 92940 T3 2% 5 5K
A EBLARSAS T o I RBESSEIESH (05mm) AL AR
A BRAREFIRTE £ BRI 2 R (NIEAMI03.02C) ) &7 » P2
% %5iEICP-AES £ £ £ kR -

Bl=-L> ~ 27 R%54 5T

AXFHEAFL I RS LPFEHEEREF XRF 247 0 S5 ek L - 977 >
P g s 4R B2 R R A B 5 14,300 ~ 4,050 2 2,130 mg/kg e

et

2Lt AT BHRAFLIEFTLFE B EREF XRF A 47

ARFY FaE Ry kR (mgkg)  AREF FIHRE (mg/ky
(R EL) 14,300 250

4 4,050 400
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T M S
» » -
After1, 3,5, ;
7,14,21,28 | i _ew
days ‘mﬁm )
Add composites and i z =
mix evenly with soil V\{aETrlr\g.w:th Separating soil Microwave HM analysis
HHCicngation and composite digestion by ICP-AES
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Reduction-
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Hydrogen Electrostatic

interaction

lon Exchange

FHL kR 2 [79]
Bl=t1 ~ A& FE £ B2 BF7 L F

452 &4 BHA12 £ 4 B 0]

B 3vextipds 4 B > KFT 3 @ % % - P (Pseudo-First-Order ) ¥7 % = F (Pseudo-
Second-Order) #* + 4| v £ £ B> 2 HP S H T F L B @ Foh- PG
SRR BRI F Y kB AR RS BARBA N A BT SR

ln(Qe - Qt) = 1nQe — Kt (1)
Lt ¢ 2)
Q: K0 Q.
' Qe (mmolg™!) £ 7 THFFE & HtE » Q (mmolg_l) FT At PR
€ £BHEE K (min!) & Ko (gmmol 'min™) & B4 72— FF&r ik - pf
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Langmuir #7833 A3 B A RBER 2 (1) 75 BB 2 B/
.f’}; “'EI{PJ A0 > ?Pi:jg ES (2) WL H }ﬁ] S 3) -3 f];;:;xjfj—g‘g,fiq < H & 4p

AREL RS H okt 4 o Langmuir BEA 40T £ or
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FIR - REEEE

510 23Tt BRERLIFARUG R

5011 B s RPN > 2

MAE S Esd SREUE 2 5 BRI A FHFEL L
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WA TR RILAA R MHE R R Rl TSRIE ) Y
3 100°C FUEs o R AR (N E ) BEEESERR > TR AT A
5 FHhole LT o

R IE ¥
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WA TS F S B AR 10 B AR P Y o T4~ 200 F
A 05SM~1MZ2 2M 2 BRZR R T R 5 100rpm T A B 5 0.5
h~1h % 2ho 2 (@SB Himhkdr 3 RF R T BREic 2 32 HFF P
Ble - 977 BRI FIP PRI GHE T N 0L p R B -
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B4 b T imd ROoREU%AE 6 R e 202 E £ B A

ﬂ&

e Lt- i REERLRHPF T EAF T LR

SFEREI B S AP ENA A A RFAT 0 BRI
Lo e AR RHRER LB I Z kR (05-1.0-20M) BB RE
ﬁé%#?ﬂ’ﬁﬁkﬁﬁs’ﬁgiﬁﬁiﬁﬁ%;w%:uﬁﬁﬁaz+ﬁ
Lol 20MBEARATRAE (1.07£0.03%) @ * 1L.OM Bas3
RARTAEASEA19+0.03%) £ ] 05M BEARATAAE (132+
Qm%%&“’%?kkﬁﬁﬁ’ﬁﬁﬁ%ﬁﬁ’%?iﬁﬁiﬁﬁ@’w%5
@ 20MBE AR 2 BERTAASE (1.07£003%) /% F 1| BERT %
AE5£0.01%) > L F B 0.5 R T A A E(1.32£0.01%) o 12454 > A
1% R BAERE K F BB $0 2 5 PR G it 2 m % it

2L AFHI T2 AL A AF(E 2L 3 )

# 4 HCI kB F PR (h) AT AR (%)
0.5 1.34+0.02

0.5M 1.0 1.36 + 0.02
2.0 1.32+0.01

0.5 1.28 +0.01

1.0M 1.0 1.21+0.01
2.0 1.19+0.03

0.5 1.20 + 0.02

2.0M 1.0 1.15+0.01
2.0 1.07 +0.03

FeFH%n=3FT10% LR o
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(z2) 2 kv Fit

WA R Fi A g AP 10 gL By TR AS OV ERY 0 T
5er200FE 2 05SM-~TITMZ 2M2 4 § i“4037% 0 3060 °C ™ 43¢ % 100
rpm T A G F i 0.5h s 1h 2 2h» 2 (SB~H wlide ¥ KR T Eipiic 0 2 =
F 2 Fd Ji o Hwkd 5 A7 F (Chitin) > FdeRe - = 407 o 2 A H LI %
BEY Fo Fad RFE > 4 30 Fiteni & F 5 ¢ H-[-NH-CHR-CO-]n-
OH + nH>0 > n NH>-CHR-COOH © *t b o 28 » 7 & 27 Jov Jr2 [ i 5 bdilat
BoREFAPREF PR RIEY TRR-HP G F I HpEF L2 AR
FOOTRURY AR ek T Fa Ak TALPRELkE A AR
23 B0 PR TRERIATRFRICHBAT TP AFTRES AR
AR E Bl Y R R B ITIRE o

Ble Lt %2 FHPFEEAFL b8 Flo 287 F

SFEIRE 2 Fov i eha sk k3t F 2 Bradford protein assay 4 7 H F-v
AF BB R L R AR ERER S0 f17 Z AER (05410
20M)E § gt Joo i EF CHERART AT YRR
doF L 2L PEL G R 20MEF M HBRAT R0 FR(7.6L1mgg)
P LOM & F agRA Y ke TR (175£15mg/g) > (] #™* 05M
EFCARRATRY FE (342409mgg)e 2 R FEREF L4 F
T £ AL > A PR FRPAR b4t R * 20M & F 47300 2 A
a0 FE (761Llmg/g) % F a1l EAT H FE (11.2+1.5mgg)
L5 F B0S P REATAAE (178+ 1.7 melg) - 114530 FAGTAFTES >
BRELFCHTEREHEF RPFFE 39 Fitavekiig o
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B2 b T2 RORBUBAT E M T 3t R E E AT

Fltw v Fw T2 8T T Fe FAYT AT

% 4c NaOH k& F R (h) ¥ &9 F(mg/g)
0.5 92.8+1.2
0.5M 1.0 69.1+1.1
2.0 34.2+0.9
0.5 473+ 1.4
1.0M 1.0 292+1.0
2.0 175+ 1.5
0.5 178 1.7
2.0M 1.0 112+1.5
2.0 76+1.1

:4,-
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53 % BEusn
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W e Rk I B L LA ST R Y 0 Xk r 50 E 210
M & § f“ 4707 > 2% 80~90 °C r1 #84:¢ & 300rpm T 4 &5 E3h~6h % 9h>
Z_fs BBk I M AR o (pH ~7) & > B inwkdy - £ ."l.féi"’](')ﬁ'-'},‘ﬁ“'»
Wipsdr o MR A2 oAl o 2o fpA v @k 5 % B (Chitosan) -
PAvEle L2t o I FOERE F AR REFD L RRAT e 22 2
¢ gk itena & B K S P R-NH-COCHs > R-NHy » & EPEF MBE? 3 F 0
CEIempier g4 58 Cof §#E%2L ¢ bk (-CONHz) P~ it =gl (\NHy) e

Ble 4=~ 4o gkt 2 S RpE > 5 £ Rmp FTIR

9% Knidri & £ [82] # % > 53 XRD BT HF 2K 1072072 2

O @A BIA BT SRR PEZ L A A s HEheBle L ()0

ﬁé’s—k\%‘rﬁﬁkﬂ.a HRPEiEF XRD Aa\%'?’?z-%zr%]v:ia: (¢ )8 (L) 57 - %%
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2 Theta () 26 (degree) 26 (degree)

Fa kiR (2 W) [82] -
Ble to ~(2) 2 S8HRRPA 1 XRD 2 Bl - A4 e i 2 &
RPE2 XRD Fls# 0 (7 ) 25 [y #5 (4) #pes pREs
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R4 P md jokmB g s R B 2L 2 hAT

%8 FTIR 3 8 N R pEene fipit fod ¢ it 2% (DD ) doflw - 1 #F
7 5 1395 Knidri & 4 [82] #7 % » & fisi # st 5 £~1650cm™ (NHCOCH3) > @
2 o gt o st 2 ~3440em I (-NH ) V3 E B3 o it 2R (BBEFES R )
et (9)

4 ¢ fpf it 428 D.D.E =100 — (Ai650 /A3440) X 115 9)
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1 250 - 3004 f‘ p o
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20{by e PV h’w Vel
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\'] g g 207 )""I
4 S 150 & |
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8 100 4 A Ve o W U e N
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Bz -7 ~ () SM; (b) 7M ; (c) 10M NaOH it 7 4 ¢ gk it 2 3 B @2 FTIR @

B P FTIR B %352 e it 2B 8% » A5 ek L 7 977 o {9454
e fgshitA2 R (DD.E)> F BPEE 6/ P2 9 [ 5o 2 ¢ figshit 424 (D.D.£)4
B 76~89% c R E %% > FUE AL AR F BFLET RN 6

_l‘,l F o

L7 ~F oAt BB DD.E
NaOH k& F BPFRE (h) oAt ZR D.D.E (%)
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40.57
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™
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BESBEE B2 5 R A F F A e R R E 447 (TGA)> Fa“.w
FHCERZAARER > ERAoRle L2 4n o 1355 TGA B3 - 3 WiciE
¥R R ¥ 360 °C2 680 °C méﬂﬁi’*b’wf4%ﬁ%%$iﬁﬁﬂ
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e 11 *RESRTERY oo EiREic 0 R EH RERL E2 323% (710

BN 323 g4 H R ) iEREACE e L AT o

L Y R N S i
Ble - =~ kg Rl R AR AL
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B A5 a2 ROKGFORF A MR R R E 2 RAR

BER 2 A R A ST XRD A 470 S AoBle - N 1T o 4245 XRD B
I A & 25%fr 45°2. 20 B T A B T H A A2 A pTA M o

e

450

400
350

300

Intensity

250—-
200—_
150—-
100—-

50—_

0 T T T T T 1
20 40 60 80

20 (degree)

Bz L~ a4 3 42 XRD B

513 -] %2
FEMY o AR EEE S AT

1 RBEBHPr T %S RIBRDERZHEF RFEF L H5 T avx
FRE PR B T RHRES O RBIICHDERZHEF RFR
oo Fib Tk i o

2. S ATHRPI B EPE M XRD (B (7 2 A 470 B XRD Bl AT FARPES &
100'1:‘7 2005‘5’129 I,E'J;Et@i 1 fﬁﬁkfnrﬁf{ﬁ.@j—i& ’ éi%/%}\ﬁ%ﬁq# i!]/’{/;.i oo

3. Ry emAitik (DD.E) F EFE 62 O @ 4 o iR
(D.D.E) 4t 88~89% - 13453 B % » b | L2 4R F RFL T
TENT V6 FEME

4J%mi%ﬁ?$@ﬁ%ﬂi%ﬁ,§§@iﬁﬁ S E 2 32.3% 4% 2 10

BTl 323g2 48[ o
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LR 20244122 10p T = 03:28

4

I=q

$ R 2G
52 223 % FhH2 KRR EHPEEE
521 B4 P Hhtd RARKARBER

UL Y B E 2% (VIV) FEFE > HeERe 1 BB P OB R~ (SR
PR EBEOVER S oo D LEREEL L PR SEEE (30 44) 3
mbivg o Bl iR & oo F (60°C) F 4c » 0.2 Fwﬁfﬁ’xi&-’ RESAEE 15 A4
HermBamAd pd Ao gk %‘f\gﬁf@ BER e 11232 [ Gatdsds
%‘xrﬁ)ﬁ%’ AR AA60Co X BB RE AR e BEF B
*g’ulMig“@@ﬁﬂﬁﬁﬁ%ﬁpH%(&ﬂ’*ﬁﬁTﬁﬁﬁﬁ—
Pro 4 BRGS0 TR R A A RORFURAT £ PR WAl & PR
“%»’M”@*@E*&w¢%—* SRR R R SRS S 2
(% 3= ) B0 gty (80°C ) ML 15 #if & MR Bt i o 32 (7 15 3
o deBle -4 o R A0 2 4 1344.58 £19.80 m¥g 5 4F £ H# 1877.01
+37.91 m%/g -

BLF B~ BEE B NEEED | iR S HERE
Ble -4 ~ 25 ka4 & P Ea e

52224 Fird BoRAMEE AT

e avad 2 4 fe B ATA RORGESSE AT 0 B AR AET LA R AT R R
100 mL (3R A% 200 mg/L) 2 R4cE & HnR (ZBE &£ HERAS S 200
mg/L)> TP 0.1g K@M%4f & Halm e » P 2B R7 - FAeRIT L 957 o #
BO12 ) pFisB-E 3 riER 0 fI* ICP-OBSRIE € & BkRE P EHK2ZE LR
N S T
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b ippER o 20241272 100 T = 03:28

L‘.s

FHLEFILRARAT PR L RLEBAT

BT 5~ 24 4 REPERREE 3 3 AR & R E B (4
%‘%£ﬂ$$ﬁ)

FEHPEE R A RRA R E S cd L2 o HE - £ £ BRI AP (200
mg/L) > MR A s BRI 4 pp kR S MR B 4 R
RN A A R ARk b dr S i F £ 155.90mg/ge 3 tf 5 77.95%:
brdr s g £ 197.02mg/g 0 4% F 98.51% 5 44+ i E £ 19805 melg 4
% 99.08% - @ iR AT BT 4 CUE R R AL R R
85.87mg/g > & "% F 42.94% 5 dndpF it F £ 168.60mg/g > # 1% F 8430% ; £ df
+ B £ 165.61 mg/g > 2 f_, 82.81% o
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L2 AR RKABALHEL 2R

R
e

TR R

*b
X1
s

N e 24 2,
= %* s Fd‘ 94\'7

& (Cu™) & (Pb*) & (Cr’)
E-g3pr | 3%5 REE | RHEL iy | xwmEE | =2wmEE | 4%F | 2wEL T A
(%) (mg/g) (mmolg/g) (%) (mg/g) (mmolg/g) (%) (mg/g) (mmolg/g)
AR 11.36 22.71 0.36 53.83 107.66 0.52 71.44 142.88 2.75
B R E 49.55 99.10 1.56 89.01 178.01 0.86 89.97 179.93 3.46
A AR 77.95 155.90 2.46 98.51 197.02 0.95 99.08 198.15 3.81
& (Cu™) & (Pb*) & (Cr™)
MEBIBR | A¥F wiEE | wEE dnFx | wwFl | wwWEL | 2%F | =wEE =g &
(%) (mg/g) | (mmolg/g) (%) (mg/g) (mmolg/g) (%) (mg/g) (mmolg/g)
AR 11.93 23.85 0.38 51.45 102.89 0.50 71.48 142.96 2.75
B R 33.00 65.99 1.04 69.55 139.10 0.67 79.28 158.55 3.05
i &M 42.94 85.87 1.35 84.30 168.60 0.81 82.81 165.61 3.18
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k= -V i\_q_'é“i’&a%\'%iﬁfrﬁr’f :

2t A £ 155.90 mg/g >
£ %5 98.51% ; &L 33 vty

n}i

uﬁbﬁ%mﬁ%&#’Miaﬁ R
T-, 77.95% ; &3+ =g % £ 197.02 mg/g =
% & 198.15 mg/g v 3 ﬁi—. 99.08% -

—w «P

AR LB AR o AFHEF R B 85.87mglg 0 2 5 F 42.94% ;5 AndpS ex
%% £ 168.60 mg/g > 2 "f F 84.30% ; &dp S xrF £ 165.61 mg/g 0 2 4r‘
82.81% -
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b ippER o 20241272 100 T = 03:28

“0 = » g2 >
xﬁ;*"‘ﬁ" tﬁ;‘é%
A& G \"’52/544£§<@ﬁ"1~ WHRER T SR LK 5 4 (4

2) 100 B A S BEEY 0 E A UG 022525075 % 100M;
1‘—'%;; Z4e o~ 300mL 2 A3 ok o 2 15 7 p g 100mL - = 0 RS E AT

NUSEE -
—"‘ ;\;K

BI-t- X FRIFEFREREETR

BERS T H 012468 1114212 28 A B B (A 255
)T FEE 0.5 g(E AR Tmg) S 1 SR R (9 8mL).
Fed B3 ok ISmLo % ICP-OES £ i) i £ £ kR - A% %
Sedrd b o IRBIFEEHTELRRET TR Ao -
&) (b)

200 7000

o

=

AT

6500

— 5500

Cr (mg/kg)
Pb (mg/kg

4000 -

35| ezt

000 b—r—b++—r - —
o 4 & 12 16 20 24 28

Cu (mglkg)

Day
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B2 3 FAt2 ROKGURAF R B v 2 R E £

Pl AP RKRBFEMPEEF NI EERFTLIREEEEAT (n=5)

2 E | & (mg/kg)

Flob 0= 1= 2% 4 =% 6 = 8= 11 = 14 % 21 = 28 =
100:0.0 | 178.4 | 1752 | 173.8 | 171.8 | 171.2 | 1722 | 173.6 | 173.2 | 176.0 | 176.4
100:2.5| 1784 | 1724 | 166.0 | 166.8 | 160.0 | 1582 | 159.2 | 160.0 | 156.0 | 1544
100:5.0 | 178.4 | 168.0 | 159.6 | 1562 | 154.7 | 1524 | 151.6 | 148.0 | 148.6 | 1484
100:7.5| 1784 | 1564 | 150.8 | 1456 | 139.4 | 138.6 | 139.6 | 138.0 | 139.0 | 138.6
100 : 10 | 178.4 148.4 136.8 137.6 135.2 134.0 131.6 127.6 128.2 129.2
2 4 | & (mg/kg)

L 0= 1= 2% 4= 6 = 8= 11 = 14 = 21 % 28 %
100:0.0 | 6701.6 | 6336.8 | 6456.0 | 6454.4 | 6435.2 | 6365.2 | 6220.8 | 6170.8 | 6239.6 | 6284.4
100:2.5 | 6701.6 | 6235.2 | 6406.4 | 5868.8 | 5522.8 | 5602.4 | 5525.6 | 5537.2 | 5519.2 | 5529.2
100:5.0 | 6701.6 | 5407.2 | 5706.8 | 5699.2 | 5538.4 | 5377.6 | 5359.6 | 5233.6 | 5162.6 | 5091.6
100:7.5 | 6701.6 | 5126.4 | 5075.6 | 5100.0 | 5137.6 | 4976.4 | 4922.0 | 4985.6 | 4920.8 | 4704.0
100 : 10 | 6701.6 | 4767.6 | 4717.6 | 4627.6 | 4527.2 | 4557.6 | 4466.8 | 4323.2 | 4456.0 | 4410.0
2 | & (mgkg)

b 0= 1= 2% 4 = 6 % 8 % 11 = 14 = 21 =% 28 %
100:0.0 | 646.8 | 6404 | 627.6 | 613.6 | 620.8 | 621.6 | 6204 | 6352 | 6384 | 6244
100:2.5 | 646.8 | 606.8 | 595.2 | 575.6 | 576.8 | 5723 | 5764 | 564.0 | 566.8 | 556.4
100:5.0 | 646.8 598.8 573.6 562.8 5553 526.0 517.6 508.0 506.3 505.4
100:7.5| 646.8 551.6 524.8 514.0 495.2 480.8 477.2 473.6 472.0 4748
100 : 10 | 646.8 548.4 515.2 509.4 501.8 490.8 470.4 446.0 455.2 452.8
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ERE R

b

FRHAHEE S AR T I i RA T o % b if & Hl%

%Lbi,ix;%f;«_gril\,.]_,\ o

SRR EE e Y Y E

2H A EHM

%% (%)

Cr Pb Cu
100:2.5 13.5+2.3 175+ 2.3 140+ 15
100:5.0 16.8 1.6 240+1.2 219+ 27
100:7.5 223+17 208+24 26.6+1.9
100:10.0 27624 342+ 27 30,0+ 1.3

AL RBR SRR ST AT &P T R SRR AR T o %

Nl

vo100:10 se sk g i 0 H 2 % FCr 85 27.6% ~Pb 5 342% ~ Cu § 5 30.0% -

B 5 i 5 7R T

DA AHEERT 04 £ 3 2% F & Bk RN K o
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G pERr 20241270 10p T =

BE2 PPl RRRBFEHEET w2 REEHAT
54 LWL FTALIBE LR B4 B2 84 57
5.4.1 B3 3 R eacqq %

A& 4% 5 100 ~ 200 ~ 400 mg/L € £ i3k (Cr¥'~Pb? ~ Cu'd £
B+ ) 100mL > 4e » 152 KRB EHA 2% 012471020~
30~60~90~120~240 ~ P23 R TR R EE £ HER  BE BRI L = AT o

(b)
(a) 200
600 —=— Cu2+ 100 mg/]
_|—#— Cu2+ 200 mg/L|
| —a— Cu2+ 100 mg/L L i mol|
5004 —e— Cu2+ 200 mg/L
—a— Cu2+ 400 mg/L 160
140 -
400 -
e 4 120 =
300 100 -

Cu?* conc. (mg/L)

= -Lm—»_\_“

40
.
20

Adsorption capacity (mg/g)

1] T . T T T T T 0+ T T T T T T T
0 3 60 80 120 150 180 210 240 0 30 60 90 120 150 180 210 240
time {min) time (min)
c
= . L = Pb2+ 100 mg/L
—e— + mg
—=— Pb2+ 100 mg/L
3504 —e— Pb2+ 200 mg/L =*=Pb2+200 mg/l
—a— Pb2+ 400 mg/L 250 4—a—Pb2+ 400 mg/L
300 2 X
g % 200 4
2 2504 =
5 g
2 200 g 1501 ° S @
Q
(3] { =
{,Q 150 2 .%
o s g 100 -E
100 44 2
o <
. > 50
sl “'\\.ﬁ.___ [,,.__.,
0 T T T T \] T T T T
0 50 100 150 200 0 50 100 150 200
time (min} time (min)
(e) ]
2t 240 {—=— Cr3+ 100 mg/L
—=— Cr3+ 100 mg/L
J—e— Cr3+ 200 mg/L
h —e— Cr3+ 200 mg/L 220 Cr3+ 400 g/L
400 4 —a—Cr3+400 mg/L | 5 2001 [—2—Crot 4V0 ma/L.
2 180+
a > 1601
g 300+ ‘S 1404
e &
2 g 120
3 c
. 200 S 100
3} S 80
§ 60 -
100 L‘w A w0l
k‘-\" i 20
0 T T T T 0+ T T T T
0 50 100 150 200 0 50 100 150 200
time (min) time (min})

Btz srgisnnrt s i kR 1 (@QCu -~ (P ~(e)Crit s 11 2 vt

03:28



$7 % B% e
£ 1 (b) Cu?* ~ (d) Pb* ~ (f) Cr**
ﬁ%?$&%’ﬁ%ﬁﬂﬂL€£&mﬁk&(MMi2mmgp>imw,»

30 A4t VRS T T  ARa o N iRF kAR (400 mg/L) FRT 0 3N 60 A4S
¥ e T T o

542 £ 33 FRT %

B E G F PP %A el 200mg/L £ £ 5% (CPPH? N Cu?)

100 mL # p 2 100 mg/L 2~ Na™ (Ca?" ~K")» 4e » 15024 4 R -KiE%4 & 4L -

B PER S 240minc 4p R £ £ G2 ﬁ?-_f‘ Shdrk L4 o Rk 7 74 Na®»

K2 Case 884 M2 £ £ 3 3 j 5 fRIGF k™% o

T-j « T2 0.70% (Na*)~2.14% (K*) %2 4.46% (Ca’"); Pb*"2 fﬁ T ' 0.82%

(Na")~1.20% (K") 2 4.42% (Ca*"); Cr*2 “%rf & T g 0.28% (Na™)~1.54% (K")
2 6.44% (Ca?*)

FoL4 skt Na"~K'z2 Ca¥ 45 & L & -i“,/T‘.j RS
3 % & (9
2 5% v % % (%)
Cu2+ Pb2+ Cr3+

dle (&% 7t ) 4538+ 1.14 82.76 £ 1.48 80.52 £ 1.38

gt Na* 44.68 + 1.56 81.94 + 1.35 80.24 £ 1.29

7t K* 4324 +1.29 81.56 £ 1.22 7898 +1.44

7 e Ca?* 4092 +1.06 78.34 +1.59 74.08 £ 1.17

APEFATAR A L B2 BT (Na'~Ca®' ~K") 27 #4f & H
A2 el A 4 R d AR H“4“9{”$4Qﬁ’ﬂ*&wﬁﬁﬁi
PO REIFEAE GBS IR - IR IHREEFR o ETEEGRI AT R
(Na"~Ca®") 2 g+ -] (Na"~K") 5 B o
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L BpER o 2024# 127 10p T =

B 3 e AT AR A R R £

543 # 4 87

.ﬂ

T

Bt ergde 4 B ATy 8 % % - FF (Pseudo-First-Order ) £ % = F¢ (Pseudo-

Second-Order) #5 4 -4 » it € £ B30 2 Y S H T 5 2@ F o f 1 In(Qe-
Q) PER ¢ (TH > Bdp A 178 S BT S 7 wFRAFEHEL K
¥ # (min') -
a
(a) ' (b}
W .2 100 gl
® C.2+200 rg Wbz rec mgiL
1 A ©C.2v <00 g 0 @ I’bz- 20 mgiL
T e ¥ ol ©02+ 100 A Pbz-CC mgil
P ——Fllec ¥ ol Gu2- 200 ——Fitad ¥ of Pb2- 120 mgil
Tl ¥ 0l Cu2 400 e | ———Fitad ¥ of Pb2= 200 msiL
=4 ——Fitsd Y of Pb2+ 433 mg!L|
0 1l
e =
b -1 g
g e
< £
_2 -
-3
T T T T T T r T b T T -7 T T T T T
0 20 40 60 80 100 120 0 20 40 80 80 100 120
time {min) time (min)

(c)
W Crd+r '00mgl
1 ® Cr3r202mglL
A cr myL
pr il ¥ 0l Cr3¢ 202 mgd
f——Tillzxd ¥ ol C13+ 2050 rnzgl
——Fited Y of Cri+ 400 mal

In{Qe-Qt)

S —

0 20 40 60 80 100 120
time (min)

I +tw e - 4 FRANGRE & i o (@) Cu®™ ~ (b) Pb* ~ (o) Cr”

B— Pt BRI RS SR - L oo RS R2ES A 0995 %A
Tl BN B R - R 4 B RO BT o

64

03:28



5 = 4 ke 21
FI X ~B5EEH

2o G- pE o FHAINGRS R

A he kR

k. S 100pppm 200 ppm 400 ppm
R? 0.701 0.84 0.881

cu ki(min) 0.018 £0.004 0.022 +0.003 0.023 £0.003
R? 0.916 0.838 0.895

& ki(min) 0.035 +£0.004 0.039+0.006 0.029 £0.003
R? 0.939 0.854 0.812

o ki(min) 0.030 +£0.003 0.020+0.003 0.018 £0.003

Mot o fd 4 FRCAINGRE £ B {1F VOB PR LT ik
AR AeRT LT AR FRME L 1/ Qo y BEES VKQ2 3 E (57 @
F ¥ B Ko(gmmol 'min) o HfZ— prde 4 BHANIRE SR - - - AT Rk
BT AR H RPE A 0.997~0.999 2. > £ T AF &R A B SN
Bergii W4 s eaETF AN A4k R 400ppm 5 B SUFE £
(Qe) Cu § % 178.57 mmol/g ; Pb ¥ % 217.39 mmol/g ; Cr & 5 176.99 mmol/g -

3.5

B PI2s 100 gl
@ Pb2+ 200 mgiL
A Pb2+ 400 Mgl
.U = ——Fittec

3.04

——Tilled Y of Cu2- 200 gyl
——Fitted Y of C.i2- 400 mal

T T T T T
0 50 100 150 200 0 50 100 150 200
time (min) time (min)

t T T T T
0 50 100 150 200
time (min)
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R ER L CEN ST DL E R IS SRR S ¥ Y 1L

~ —

IR RS S

ER |54 F ik A he kR ik R bk B
100 ppm 200 ppm 400 ppm

R~ 0.998 0.999 0.999

Cu  |kz (g mmol 'min) (2.27 £0.14) x 107 |(2.40 +£0.09) x 107 |(1.04 +0.15) x 10°°
Qe (mmol/g) 75.70 £ 0.08 126.26 + 0.12 178.57 £ 0.13
R? 0.999 0.999 0.999

Pb  |k2 (g mmol 'min) (3.44 £0.24) x 107 |(0.68 +0.13) x 107 |(1.89 +£0.24) x 10°°
Qe (mmol/g) 79.05 £0.07 149.25 +0.11 217.39 £0.14
R~ 0.999 0.998 0.997

Cr |kz (g mmol 'min™) (0.36 £0.13) x 107 |(2.54 +0.14) x 107 |(0.92 +0.06) x 10°°
Qe (mmol/g) 48.50 £0.08 67.89 £0.10 176.99 £0.12
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2

* 1

-3

3

LB g oh
CEBxEES

544 F 8 i)

AR 3 % * Langmuir # Freundlich ¥ & s 03] » 35 5 0 48 & HR 2 4p B &
4 B F o 1 Langmuir 3] & 5] 0 11 C/Qe 2 Ce IFR] > w Eﬁ‘-ﬁ—%%_&rﬁj Y
B SEIT R D L o RiypiE RS~ 17> Cu 2 Pb fier® & Langmuir = *fHi-
4o e H e B R (Omax) Cu X5 312.5 mmol/g 5 Pb 4 5 1306.0
mmol/g ; Cr 5 % 374.5mmol/g - Langmuir & & 5 g3 A3 = < B3 1 (1) #773
MR ST A AR 0 TG et (2) A S E R (3) £ B
BRI P 2 BT A M T H s AP AREE T 0 A T ARSI BR o R ART By A 1T
RS EMFH Cux P2 FE kR NA Y Cu 2 Pb B E K

%’:
-t

%

o4 e SRR

(a) (b}
0.05 4
al b0 | | o
Fitted Y of Cu - Rtk Fitted Y of Pb N
0.0074
0.04
) & 0.0072 -
<) g
@ @
O O
0.0070 < m
Y= (0.0200358) ¢ (0'003(:20157’ S ¥ = (0.00625985) + (0.000765686) * X
u Pb
0.03 Pearson’s r 0.99885 0.0068 - Pearson's r ©.98308
Adj. R-Square |  0.99542] - Ad). R-Square 093254
= Intercept 0.02004 + 8.51042E-4 it Intercept 0.00629 * 1.0677E4
Slope 0.0032 + 1.53461E-4 Slope 7.6568BE-4 + 1.42612E4
T T T T 0.0066 T T T
2 4 6 8 05 1.0 15
Ce Ce
(c)
0.05
n Cr
Fitted Y of Cr 7
0.04 4
o) n
)
o
O
0.03 Y= (0.0258572) + (0.00266567) " X
Cr
Pearson’s r 0.92066
. Adj. R-Square 069522
Intercept 0.02586 + 0.00577
Slope 0.00267 1 0.00113
0.02 T T T T
0 2 4 6 8
Ce

42~ & * Langmuir %8

)

-
1

St A kg % (a)Cu~ (b)) Pb -~ (¢) Cr
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(EER ] CEN OV UL EE S SRR S ¥ 1L

# = - = ~ Langmuir % 8 =% " i3] it %8 (@) Cu~ (b) Pb ~ (¢) Cr

2% R? Ki Qmax (mmol/g)
Cu 0.995 0.160 £ 0.025 3125+ 0.9

Pb 0.933 0.122 +£0.018 1306.0+ 1.4

Cr 0.695 0.103 +£0.034 3745+ 1.8

J&* Freundlich % /8 &= " #-3] B2 InQ. & InC. TR > w ftﬁ—‘;-% B ye@lT L= o

It s %~ 147 > Cu~Pb 2 Cr #r* & Freundlich s 't > 1/n % & & ¥ 5
B BcF AR G R AR 0 IR BB R =5 R Cu>Cr>Pb o Freundlich # # Kr
4 5% 50.63mmolg '~ 455 5 140.35mmol g '~ 4% % 5 39.61 mmol g ! - Freundlich
FERSFHAY n B FRSCFE o g B AT 1T 0 $t g JlsoEAE 0 8
nE e 1~10 2 FF >on EAR S > SHRrs i 2 BPART TEH 4 AR S g B8]
A1 R QISR TR BT ek o PRI F RS R BT A PR SR R

Cu>Cr>Pb> %4 B 5 523 &2 R EMI R RERAE -

a b
(a) ez )
m Cu = Pb
5.2 Fitted Y of Cu u Fitted Y of Pb T
5.0
™ 5.0 + )4
® 4.8 o ,
s}
2 g
y
4.6
y = (3.92449) + (0.604538) * x ; y = (4.94411) + (0.898998) * x
Cu 3 Pb
4.4 - Pearson’s r 0.89344 4.5 Pearsons r 0.99927
Adj. R-Square 0.97384 5 Adj. R-Square 0.99707
= Intercept 3.92449 + 0.10679 ] Intercept 4.94411 £ 0.01602
Slope 0.60454 + 0.0696 Slope 0.899 + 0.03445
4.2 T T T T T T
0.5 1.0 15 20 -0.5 0.0 0.5
InCe InCe
(c)
556+
m Cr
Fitted Y of Cr
.
5.0 H
0}
]
£
4.5+
y = (3.67915) + (0.6867) " x
L] cr
Pearson's r 0.9917
4.0 Adj. R-Square 0.96694
- Intercept | 3.67915 £ 0.11969
Slope 0.6867 + 0.08902
T T T 1
0.0 0.5 1.0 1.5 20 25
InCe

B L= ~J&* Freundlich % i sx w3 H4.5% % © (a) Cu~ (b)Pb ~ (c) Cr
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+ -
=~ —

PR SN N

2

'

L = v & * Freundlich & 8 = '3l it 5% - (@) Cu~ (b) Pb ~ (¢) Cr

&% R? Kr(mmol g!) 1/n

Cu 0.974 50.63 £1.03 0.605 +0.070
Pb 0.997 140.35+2.31 0.899 +0.034
Cr 0.967 39.61 +£0.96 0.687 +0.089
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LR 20244122 10p T = 03:28

.ﬂ

R ERS EEN ST LT RIS AR Y S ¥ 3 L L

5.4.5 S A2 e it

B fRS i 4] 5 Bo v 4 B R i 2 S i 0 PRI e AR 0 R S
SO AL SR E £ BT o MO ERR LS G H R0 HE £ BT 5o
WHlFE g > SN I I ERBIEL FTABREMNE AR UK E LB
RS e Tt o MY A P RCORESAE & MR E £ BT B e BT

tvl-r{r ’ I;ﬁ_‘pg 4o F o

el O
el ¢

@
H-0~ ./\QJ ST
J NA @ Lo

U~~~ COO « o

A~ BRRE ---> HE)
@ HMR —=-=-> BFR
SR SEEEETERS HAGE

TR KR ABBEEH

BT -~ 29 KGRI & SR E & BT i 44

W IR G H A S EHESF (H-Na'~Ca? ~Mg¥ 8 )iz & &
B 217 gk ehis BB AL [83] - 1945 Cid % 4 [84] % 0 AE RS L

¥ A

WAREH i i H S 22 - AR E Sl S SRR R 2

H+ . Na+ . Ca2+ . Mg2+> :,EL‘ o

M F LA BREPET LSO L R4 BERFEaRA ((NH) frig
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AL MR R R ARIRPE S R Z PR S BT 0 L T AF &ML A R e Ny
PR L P TS I o ik R 400 ppm 3 6

Bt E £ (Q)Cu X 5 178.57 mmol/g; Pb ) 5 217.39 mmol/g; Cr X % 176.99
mmol/g o

1345 Langmuir & /§ = ' -3 8t % % 2 45 > Cu 2 Pb #r» & Langmuir ¥ %
*i;\‘ ’ %’Jré’-%i éi \:lﬁﬁ» ° ﬁxj‘ ‘:}kxﬁ“i (Qmax) Cu l/'] é\ 3125 mmOl/g ; Pb I“/:] 7‘%

1306.0 mmol/g ; Cr ¥ 5 374.5 mmol/g -

145 Freundlich % j§ = i3 g % % ~» 47 > Cu~Pb 2 Cr #v* & Freundlich
SRR 0 1/n R BN R B F AR K 5 B A%) ’fq%{z? % g & Cu
> Cr > Pb - Freundlich % # Kr4F % 5 50.63 mmol g ! ~ 4-% % 140.35 mmol
g~ 4% % 39.6l mmolg! -
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55 4 £ HHEBE L 2 335% 2 W RETE
551 WigEr R 4k

RSP R RAGEL 2 TR S K o MOVAE & AR 0 AP R
His AE BRI 2 K- P2 LSRR EABFE £ R Y 0.5M 100
mLHCI % 5 385 » £ B 1 g s fs andf & HELZ e 20 Mgk » 4ot 3 60°C &
F2 o HCl T35 % m i8P85 BB i@ P 2 BRI mivgd] > ® 0B RBPEZ 2 jmd
PP AR R B HiEF KR g RS me £ RYp+ 2 Faps i
“’%HO&ﬁﬂT%ﬁiﬁﬁﬁiwﬁﬁﬁ%’%ﬁﬁ%ﬁﬂﬁﬁﬁ°%?%

RIERGRELEHZ T HEHERGEF TGS P ERFFERZ 2 FRE
%%3:4%W7°r%%7 A8 MAL AR 2 R S 5 93.50~94.24% 5 452
Wkt L 90.46~92.16% ; 452 %S 5 91.91~92.48% o

EEEY 2 L L

U R 4F (mg/g) 4-(mg/g) 4% (mg/g)
W | 84.68 165.64 165.62

- Wt is | 521 (-93.85%) 12.98 (-92.16%) 13.40 (-91.91%)

) W | 80.16 167.48 160.34

- W15 | 4.62 (-94.24%) 15.98 (-90.46%) 12.48 (-92.21%)

} W | 83.24 163.16 156.48

- Wi | 5.41(-93.50%) 12.92 (-92.08%) 11.76 (-92.48%)

Bw S 15 P AL AR 0T R RS 0 P 200mg/L £ & Fhid R (O PB s Cut)
b B A2 A AHE 240 min B RRIBRELBER > FERHETR o £
ML A AL A R 2K 0 BRdeA D LT 0w o BRB L2 ZSfsm
“whF R T 8.03% (4F ) 5.19% (45):5.23% (&) -

R e A R i R

L2k | & (mgg) & (mg/g) & (mg/g)
0= 84.68 165.64 165.62

51 =% 82.74 (-2.29%) 163.72 (-1.16%) 163.90 (-1.04%)
¥ 2% 80.04 (-5.48%) 159.82 (-3.51%) 160.78 (-2.92%)
¥ 3= 77.88 (-8.03%) 157.04 (-5.19%) 156.96 (-5.23%)
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