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Abstract 

The second phase of this research was to study the synthesis of amidoxime polymer gel 

to adsorb uranium in seawater. Types of co-monomer (acrylonitrile / methacrylic acid and 

acrylonitrile / acrylic acid), crosslinking agent (methylene bisacrylamide, glutaraldehyde, and 

butanediol diacrylate), elution time, and reuse efficiency of the adsorbent were evaluated. 

Moreover, adsorption in seawater in natural conditions and in brine concentrate was studied to 

allow synthesis of the most effective polymer gel to extract uranium in seawater. 

Results revealed that the co-monomer and the crosslinking agent exhibiting the highest 

uranium adsorption were acrylonitrile / methacrylic acid and methylene bisacrylamide and 

butanediol diacrylate, respectively. The optimum elution time was determined to be 2 hr. 

Results of reuse efficiency test demonstrated that after 8 times of repeated use, the uranium 

adsorption capacity decreased by about 50% compared to the initial value. 

The efficiency of the adsorbents was evaluated with natural seawater and brine 

concentrate at Koh Lan, Chonburi Province for 2 - 8 weeks. It was found that uranium loading 

in natural seawater increased with increasing submersion time. At 8 weeks, the adsorption 

reached 0.125 mg/g. It was also found that the adsorption increased with increasing submersion 

time in brine concentrate and that the flow rate of brine concentrate significantly affected the 

uranium adsorption capacity. With the flow rate of approximately 18 m3/hr, the maximum 

uranium adsorption was 0.30 mg/g after 8 weeks. 
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c.l b 1 b'Wc.l� nB11il'V111 ibb�6l�tl1�b 'Vll61�m 1-:i1 'W'W1'W1bfl�cJ{�rJsllij\9lVl1bb �c.lb 1b'Wl:l�brJsl (b\9lc.l�sl�B 1 tJ1 iu��'Vl 
� � 

b �m 'U'Ll bb Vl6'1sl'V'l�slsl1'Ll'Vl\9l bb 'Vl'Ll 1 'LlrJ'Ll1fl\91 

i 'U vi bb \91 n � 1-:i n 'Ll b 6ll 'Ll Porous membrane, polymer, lead naphthalene tetracarboxylate, lead 

pyrophosphate, lead stannate, lead sulfide, hydrous titanium oxide, basic zinc carbonate bb 61 � 

f111'Vl\9lG'lrJ'Ui11flG'l'Ll1� nlm 'U'Vll.li!L 'Llf111\9l\9llij'LJl:Jb 1b 'Wc.Jmn ni11'Vl�b6l 
� � � 
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l�bb\?10�Wu'Wi:i�ulil�'\J'W i1m�H\rK'W1cJ Polyethylene fiber b�m11ml-u\tJ'W substrate 1'Wm���

'Vlti1m 'lJ'W mg-U adsorbed/ g adsorbent bb611'1'W 1ii�iJ�1mil��b 'Vl1ll'U'Vl1n 1il�0�iJi111;16!l0� Substrate 0tj 

1. 

2. 

3. 

4. 

«�'611'W°!lm Acrylonitrile monomer \?10 Methacrylic acid monomer 

«�'611'W°!l0� Crosslink agent 

1������ 1�bbfl «�'11'W°!l0� Acrylonitrile monomer \?10 Methacrylic acid monomer f\0 80:20, «�'11'W 
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'e:l!1!Vlflih�V111-:irn1u1c.Jbh?l-:J UV-C fl'e:l 45 °C
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h'U'W n��1i1�mij\91 (GA) hh�� 'U1h'Vl'W1�'e:l'e:l� 1�'e:l�r1�h�'Vl (BODA) 
'IJ 

5. fl1i'W1\911��-.5'uh.h1-:i1 'W'l.J�h 1rutl1'Vl�h� h "Uil"U'W (Brine concentration) �n�fl1i'UWtJ1hfl1�� 1'W
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., ., 

'e:l1��-:JN��'e:lfl1i��-.5'UVl-'.l�'W 

.Fl ... 1 , 1 
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hu'W'e:l-'.lr1ui�fl'e:JU il1flfl11 99.5% "ll'e:l-'.l 'e:l'e:l'e:l'W'Vl'1Vlil�'Vl�t�1c.J'e:JEh'W'Vlth� mi1-:J'Vl 1 hh6'1�-:Jti1��1'16'l 'Vl�t�1c.J 
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Metal 

Li 

Be 

Na 

Mg 

Al 

K 

Ca 

Sc 

Ti 

V 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

Ga 

Ge 

Rb 

Sr 

y 

Zr 

Nb 

Mo 

Ag 

Cd 

In 

Sn 

Sb 

Cs 

Ba 

La 

Ce 

Pr 

Nd 

Sm 

Concentration 

[moVl] 

2.5x10-
5 

6.3x10- 10 

0.468 

5.32x10-
2 

3.7x10-
8 

1.02xm
2 

1.02xm
2 

1.3x10-l
l 

2x10-
8 

3.7x10-
8 

1.54x10-
9 

3.6xm
9 

2.3x10-
8 

6.8x10- 10 

3.4x10-
9 

1.6xm
9 

1.5x10-1
0 

4.3x10-
10 

6.9x10-10 

1.4x10-
6 

9.2x10-
5 

1.5x1Q-ll

3.3x10- 10 

1x10-10 

1.0xio-
7 

9.3x10-
11 

8.9X10-l
l

0.8x10-
12 

8.4X10-ll

1.7x10-
9 

3x10-
9 

1.5x10-
7 

2X10-l
l

1x10- 10 

4x10-12 

1.9x10-l
l 

3x10-12 

5 

[mg/l] 

0.173 

5.6x10-
6 

10.77x10
3 

12.9x10
2 

1.0x10-
3 

3.8x10
2 

4.12x10
2 

6x10-
7 

1x10-
3 

1.9x10-
3 

8.0x10-
5 

2.0x1f
f4 

1.3x10-
3 

4.0x1f
f5 

2.0x10-
4 

1.0x10-
4 

1.0x10-
5 

3x10-
5 

sx10-
5 

0.12 

8.1 

1.3x10-
6 

3x10-
5 

1x10-
5 

1.0x10-
2 

1.0x1f
f5 

1.0x10-
5 

1x10-
5 

1x10-
5 

2.1x10-
5 

4.0x10-
5 

2.0x10-
5 

3x10-
5 

1x10-
5 

6x10-
5 

3x10-
5 

5x10-
5 

Main chemical species 

Lt 

Be(OHt 

Na+ 

Mg2+ 

[Al(OH)4T 

K+ 

Ca2+ 

Sc(OH)3 

Ti(OH)4 

H2VO4-, HVO/ 

Cr(OH)3 , CrO/ 

Mn2+, MnCl+ 

[Fe(OH)z]+ , [Fe(OH\T 

ca2+ 

Nf+ 

CuCO3, Cu(OHt 

Zn(OH)+, Zn2+, ZnCO3 

[Ga(OH\T 

Ge(OH\ 

Rb+ 

Sr2+ 

Moo/ 

[AgCl2T 

CdCl2 

ln(OH)/ 

[SnO(OH)3T 

[Sb(OH)6T 

cs+ 

Ba2+ 

La(OH\ 

Ce(OH)3 

Pr(OH\ 

Nd(OH\ 

Sm(OH)3 



Eu 9x10-13 lxl0-8 Eu(OH)3 

Gd 4x10-12 
4x10-7 Gd(OH)3 

Tb 9x10-13 lxl0-7 Tb(OH\ 
Dy 6x10-12 9x10-7 Dy(OH)3 

Ho lxl0-12 2x10-7 Ho(OH)3 

Er 4x10-12 8x10-7 Er(OH)3 

Tm 8x10-13 2x10-7 Tm(OH\ 
Yb Sxl0-12 8x10-7 Yb(OH)3 

Lu 9x10-13 2x10-7 Lu(OH)3 

Hf 4x1ff11 
7x10-6

Ta lxl0-11 2x10-6

w Sxl0-10 1.0xl0-4 wo/ 

Re 2X10-ll 4.0xl0-6 ReO4-

Au 5.lxl0-11 lxl0-5 [AuCl2T 
Hg 5.0xl0-11 lxl0-5 [HgCl,J2-, HgCl2 

Tl Sxl0-11 lxl0-5 

Pb 7 .2X10-ll 1.5xlff5 PbCO3, [Pb(CO3)i-

Bi lxl0-10 2x10-5 BiO+, Bi(OH)/ 

Ra 3x10-16 7X10-ll Ra2+ 

Th 4X10-ll lxl0-5 Th(OH)4 

Pa 2x10-16 Sxl0-11 

u 1.4x10-8 3.3x10-3 [UOiC03)l-

Compound Concentration [moVL] Weight fraction [wt% of U] 

U02
2

+ 1.53x10-17 0.01x10-S 

UOi{OHh 1.53x10-12 0.01 

[UOi{CO3
hf 5.46x10-11 0.39 

[UOi
{OH)3l 2.43x10-10 1.75 

(UOiCO3)l- 1.37x10-8 98.82 
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lil�b 'H'Ll1191111'.Jb 'H 'Wl:J&-1�iimi1 tn1Tv1�m=i Bci1 'Ll1'1Jle:i'e.J'e.J'Ll'lllin�'e.J Tricarbonato uranylate anion 
'\J '\J 'U '\J 

J'I.Jvi 1 1�1.:i�{1.:i"l.leKI Tricarbonato uranylate anion (2] 

n11Pi rn�1 n1-u1?1 � 1 'Ll n11���u� bb\91 n�1.:i nm �'Ll Porous membrane, polymer, lead naphthalene 

tetracarboxylate, lead pyrophosphate, lead stannate, lead sulfide, hydrous titanium oxide, basic 

zinc carbonate bbG'l� Functional group t11wru Functional group �?11&-111t1���'\J�b1b'WcJ&-11��l:Jn1":i 

bWl'Ll� Carbonate ion L'Ll [UOz(C03h]4- bb?l�.:ib'W\911'�1.:i� 3 
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�111..:i� 3 Functional group �a1l.111���1ij\J�b1b'Wtll.lLfil�tlf111bb'Vl'LI� Carbonate ion 1.u

[U02(C03h]4- [3] 

Functional groups 

Oximes 

Amidoximes 

Hydroxamic acids 

Hydroxylamines 

1, 3-Diketones 

Dithiocarbaminates 

o-Dihydroxyaromatics

o-Diaminoaromatics

o-Hydroxyazoaromatics

Structure 

"C=N-OH./ 

/N-OH
-c 

""-o

"N---OH/ 

-C=CH-C-
1 II 
OH 0

f'7
'

�
0H 

V---OH

l;' 1 tJ !J A QJ .J O QJ I � tJC/11 .cl 1 II A O QJ .J 
'oJ1fl'W1VltLf\ � 'oJ1flf111r1f1'1!11..:11'W1'oJe.JVlr:f1lJ1i'1'W1l-11�w.J'W1�'ele.J'el\11 b\111'1\'elb ·rn..:i 'WL'elflr:f11'el1..:l'el..:lf\1111'UV1 4 - 9 

·1.ht�V16fl1�1 'W n11�111i'U� L 1 L ile.il.l'oJ1 m11V1tLfl��..:tl.11 fl L �'el..:t'oJ1 fl'VI� Amidoxime functional group il

8 



bbr.'l\il·rn1'Hf1\il Irradiation-induced graft polymerization 1\ilcJ-r-:i?i�b'Vli11tr.'lil vi'11�bf1\iln1''j�\il"l.l1\il"l.le:J-!l 

bf1\il'Vl� Amidoxime functional group 'U'WM-!!b'Vli;'11ffi� 

�� 
� 

� 
H H 

I t\f,f' I I I)-C-C-C-C-1 I I I I ! 
HHH u-··1 

Polyethylene 
High mechanical strength 

Contact with 
• • reactive• monomer
• • CH2

=CH-CN
Iii • Acrylonitrile 

H $.it;_ H H 

) 
I "'!/,ff- I I I 

-c-c-c-c-
1 I I I 

H H H H 

c� Propagated graft chain 
r' 

r\ �C=N-OHI 

,'( ___ . I 
'i;-------�t:h 
· S, Amidoxime 

H ''( H H 
I I I 

-c-c-c-c-
1 I I I 
H H H H 

Uranium adsorbent 

JU� 2 n11bfl\il Irradiation-induced graft polymerization [10]

';i'LJ� 3 bbr.'l\il-!ln1';i\il\il�'Uclb';ibUcJi! (n1';ibf1\il Complexion) 1\ilcJ'Vl� Amidoxime functional group 
SJ SJ SJ SJ 

I Q,I .. Q,I Q,I ,:/1s, S, S, S, 1 .,j 

r.'11'1.Jfl1';j&'fn\ilclb';ib'Wclile:J'elfllil1ffJ?l\il\il\illil'U'W "!lfl1';i Elude \il1cJm\il HCL b"l.lil"l.l'W 'W?l.fl11tVlb'Vli11t?lil 
SJ •SJ 
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in seawater of pH 8.3 Coordination bond 

Polyethylene fiber ½_W Ami<loxime group • Metal 

':i'U� 3 fl1':i�Wllij'lJeJb':ib'UcJ3.J (n1-:ibf1\il Complexion) 1\ilcJ'Via.i Amidoxime functional 0roup [10] 
'U 4J cu cu � 

'W'e:Jn '<il1 nd1 'W'U<at b vif'l!&tl'W 1�iin1<a� n�1 n1<a6'1 n\ilc.1 b <ab uc.1�.fl1f16'1'W1�1 'Wvit b61'e:J�1-:i'<il�-:i�-:i b\ilc.1 
V ' � 

�):t 
� 200kGy 

1.5m x 200m 40 

Before grafting 

90% Monomer solution 
II 

'. Acrylonitrile 
+ (8:2)

· Methacrylic acid 

After grafting of 5h 
(Degree of grafting: 120%) 

10% 
Hydroxylamine 

(60' C and 1h) 

•·Adsorbent Fabric
6,000 m2 (700kg)

1.5m x 4,000m 

(1) i'IJ�el'IJfl1':i�'1b9'1':i1��bb�'IJWelilb3.!eli Polyethylene �i'.I Amidoxime functional group bfl1�eltj

u'1Jtl1 



Imparting 
amidoxime group 

by grafting 
,-----------------�-

Float 

_,.,,.,,, 

Processing 
to braid 

_,/
,,.-,-
7 

t ................................. , 

i Braid i 
i adsorbent !
; ................................. ) 

r 
Fit to 

mooring 
system 

Arbitral length 
of braid 

adsorbent can 
be produced. 

(2) .ffu�el'Wn1'.ii.:ibl°l'.i1��b�'Wttl Polyethylene v!n Amidoxime functional group bm:;e1tjuu�1

it1-vi 4 n1'.i�.:lbl°l'.i1��bbe-l'W-rrnihaJeJ{bb��b�'Wttl Polyethylene vln Amidoxime functional group 
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I 

12 

Floating 
fram� 

Se:�
�� 

�--- I , ! )i-4o t 
220;--,, � �m Anchor

: 1 

Mooring stat! pf floating frame 
'\' 7 
\ I v �- 8m 

.. !To anchocl
.-!T-o -an-c-ho_,{ 

Adsorption bed 
Up and down 

motion by wave
motion 



' ., ' 
1tJ"Vi 5 � miru�n11'Vl�'G'leJ'Ut11fl'G'l'IJ1�6lleJ�n111�an11���-m.1b ib ih1mnntl1'Vl�b� 1 utJ1�b 'Vltlrutlu [ 1 o] 
1lJ qJ "lJ a, q  

V V 

�.:!ffJ1LL'UtJLL�'IJ (Stack absorbent) 5-:i 2 wh 'IJ'elf1'11n'W e.J�"lleJ.:i�ruV13Jilci.:i"ll1a1'1½��itJ�LiL'W!:J�1�inn;u 

., 'i .J .J O 

., 

1 0 
.J .J I 1 " . I .J •. , .. ..

ma i.�m'1m'W'Vl'Vl'Vl1n1i'Vl�G1eJ'UbbtJ'Ub61'W a 'Vl1'Vl Okinawa 6!!.:!eJ!:J'Vl1.:!�eJ'IJ �"lleJ.:!-ui�L'Vl\31n 1 -u'W �eJru'Vlf1� 
'II •jj � � 'II 

0 I .J .J O I O .J . .. • I .J •. , .. .. I .J 
30 C 611'1JG1"1'W'Vl'Vl'Vl1n1i'Vl�G1'eltlbb'U'Ubbe.J'W 'Vl1'Vl Aomori 'Vl1.:!�'el'Wb'Vl'W'el"ll'el.:!-ui�b'Vll3lty�'W ��tlJVl.fJ�tl�'Vl 
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Recovery of uranium from seawater -------

Utilization of braid adsorbent 
• Temperature effect of: 1.5 times 'l

seawater !, 
· Geometrical effect of : 2 times j

adsorbent
Adsorption performance 

·· enhanced 3 times

Braid adsorbent 
(Okinawa� ... •• 

.... --..
... -·· 

..... 

10 20 30 
Soaking time [day] 

40 

Stack Marine 
adsorbent equipment 

Yellow cake 
(uranium) obtained 

from seawater 

was calculated by including processes of adsorbent production, uranium collection, and 

purification at annual collection scale of 1200 t-U. The uranium collection cost based on the 

adsorbent durability in the laboratory scale experiment, 32 thousand yen/kg-U. When the braid 

type is utilized 18 times, the collection cost reaches 25 thousand yen/kg-U which is equivalent 

14 



�'Llfi,: ru��'U'Ll ..:!1'Ll1-.rc11�c1 Hara et al. [12] iim1�m�1i..:ibr111t� Amidoxime polymer gel bb�t 

�n�1fl11��-.rum1b'Wm.J1'Llthv1tb� 1�c1'l\91'Vl1fl11 Polymerize bb�t Crosslink �eJ'Llem.JeJ{ Acrylamide 
" " 

(AM) bb�t Acrylonitrile (AN) 1�c11i N,N'-Methylene bisacrylamide (MBA) b'U'Ll?l11b�el�Lcl..:J (Crosslink 

agent) bb�t Ammonium peroxodisalfate (APS) b'U'Ll\111 Initiator v\'1m1��bb6l1b��1'Ll�1eJ�1..:i1.hvitb��b�� 

..:J1'Ll1icJ"lleJ..:J Wongjaikham et al. [13) v\'1n11i..:ibr111t� Amidoxime polymer gel b�eJ1'U?lfl� 

b'U'Ll 300 ppb b'U'Ll1�cltb1m 4 itJ�1� e-i�vl1191�el Amidoxime polymer gel �iii�?l1'Ll AN:MAA = 80:20 

.,.., 3..,., I 'l•'.N ..:!1'Ll1�cl'Ll ��..:J\Jlel u'Ll 

1. eltfl�1�1'Ll1m� (Acrylonitrile: AN)

15 



• 
.c:i d � d 

Carbon tetrachloride, Ethylacetate, bb�� Toluene it�\91Vl�Bm'Vl�TV1 -84 °C bb���\91b\91B\91'Vl 77 °c 

2. bit'Vl1fl��flbbB61!\91 (Methacrylic acid: MAA)

nTH-J�� Ester, methyl methacrylate (MMA) bb�� poly(methyl methacrylate) (PMMA) bit'Vl1fl��fl 

au� 8 bfl'Nfli1� b"bt"l�i;l"lJe),:mJ'Vl1f1;�9'1bU)�� 

16 



3. 'e:J:::fl��flbb'e:J61l� (Acrylic acid: AA)

4. bll'Vl�'W'U?i'e:J:::r1�mh1\?l (N, N'- Methylenebisacrylamide: MBA)

� .. .. .. ., � "" "" ."1 ., ,$ • 1 ., 
.. 'l .. 1 1 "' of', ..i 1 .1-lbfl"a1:::'Vl�'e:J'6'1bll'e:Ji��'<il'U'W1'Vlb�'Hlll'<il1flbb1.J-lll'W.11ut'V1'6'1-lbb'6'1t'e:Jtfli'6'11 ll� �� 6lJ MBA bu'W6'11ib6ll'e:Jll �..:i 

., 
. ,

"" 

"1.l'el-l MBA �-lbb?i�-liu'VI 10 

17 



5. n�111111��[!efl (Glutaraldehyde: GA)

,, ( 

• 
) 

"" 0 ., 1,, ;l1 I J( 0 d "' d 
ieJ'W Cold sterilization 1u.:i L '\11�1t6'11'\lli'U 'lJ L u'W6'111m1 L 'lJeJ LL� t'Vl1fl11�6'lte:i1�LflieJ.:J�eJ'Vl Autoclave 

1[!1�1L1u��vhm1u1n1f!1w1n'W LL�::: Polyacrylamide/guar gum graft copolymer L'U'W�'W \91�11'Wn1i'Vl��e:i.:i 

0 0 

H�H 

6. 'U1L'Vl'Wb�e:ie:i� 1�e:itfl�L�'Vl (1, 4-butanediol diacrylate: BODA)

'U1L'Vl'Wb�e)e)� 1�e:itfl�L�°rlL'U'W6lleJ�L'\11�1b6'1 hlii� ii'11wun1�L��� 198.22 g/mol 6'11�1i'1b"UL'U'W6'11i 

18 



et al. [17) �iinTHU�cJ'Ub'VlcJ'U swelling ratio 6llel-:J hydrogel hw1-ur:111bzjei�1m�h-:i6l.l'W\9lf1'W fiei BODA, 

QJ d 

�'Uclb1b'Wcl� 

un1ic1�1-:i 61 l\9lcJW'U�1\91\91-.5''U�1 off fl11m 6U�6U'W6llel-:Jclb 1 b 'Wcl� 1 'W111'Vl� bi;1�1-u�n�1 el ruV1.nfabr;1�'lJ��1ru 
I , 'U 'U " cu 
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belml1'a 
i11��ium itbb%'1� bfl1.:ia�1.:i 

... 

el1.:!el.:! 

[13) Amidoxime hydrogel 

[19) Silica particles grafted with 

polyacrylonitrile and 

subsequent conversion to 

amidoxime group 

[20) Amidoxime-functionalized 

superparamagnetic polymer 

microspheres 

[9] Macroporous fibrous polymeric

adsorbent 

containing amidoxime 

chelating functional group 

(MFPA) 

[21) Multiwalled carbon nanotubes 

grafted with amidoxime using 

plasma techniques 

[22) Polyacrylonitrile/palygorskite 

composite chemically 

fl11m il�ii'ti'llel.:!f.lb 'ab ila�1 ui1TVl�b%'1 

miffimi1 

2140 mg/L at pH 8.0 

2,000 mg/L in Milli-Q water 

[Uranium acetate, 

UOi CH3COO )2) 

170 mg/L at pH 4.5 

4.17x10-4 moVdm3 at pH 8.0

150 mg-U/L at pH 4.5 

50 mg-U/L at pH 5 

20 

e)f;\J'Vl.f)� 
q 

[
O
C]

25 

25 

25 

25 

25 

30 

'\J��1rum 1bila� 

d oJL21 
'Vl��1ilu �a.:ia� 

'IJ 'IJ q 

[mg/g] 

409 

442.3 

200.5 

44.0 

145 

78.13 



tfiinrum�b'Wl:.I� 
\ol11�b -li�-li'Ll"lle1-1ijb 'ab ila�tutl1'V1�bi;I be1na11 elW'Vl{l� 

., ., vii ii 1 ii ��\9li'U1��-1�\91 �1\91\91�\J'VI "Ubbi;I� \"11'1%'111-1 
miiAmn ii 

... 
[

O
C] e11'1e1'1 

[mg/g] 

modified with amidoxime 

groups 

[23) Am idoximated chitosan-grafted 70 mg/L at pH 7 Room 312.06 

polyacrylonitrile 
temp. 

[4] Amidoximated electron-beam- 9.54 mg/L Not 0.38 

grafted polypropylene (U-233 spiked seawater) specified 

membranes 

[24) Microporous polyethylene Pumped water, 3% NaCl 30 Not reported 

hollow fiber grafted with solution, 0.01 M CaC12 and 0.05 

acrylonitrile and subsequent M MgC12 solutions and natural 

conversion to amidoxime seawater from a feed tank 

through fibers. 

[25] Adsorption and elution in Continuously pumped seawater 26 - 30 0.97 g-U/kg 

hollow-fiber-packed bed for from the coast of the Pacific after 30 days 

recovery of uranium from Ocean (4 cm/s) through filters of contact 

seawater and packed bed of amidoxime time 

hollow fibers. 

21 



be:ina11 

Q 

el1�eH 

[26] 

[27] 

m�1Wl:.lb 1b'UV� 
fl11�b -if �-if'Ll"llel�V b 1b 'UV�L 'L!tlTVl�b� 

'U 
Q 

elW'VlJJ� 
o.l o.lvnll/ 1 Ill 

'U 

d .., 1v 
Vl1�Wllil'U'VI "Ubb�� fl1�a11� 

vl1-iiAmi1 
'Vl�Wllil'U Wl��qwi 

[
O

C] 

[mg/g] 

Amidoximated ultra-high Flowed simulated seawater 25 ± 1 1.97 mg-U/g 

molecular weight polyethylene through the adsorption column after 42 days 

(UHMWPE) fibrous adsorbent at the rate of 25 ± 2 ml/min. 

The pH value was 

controlled to 8.1 ± 0.3. Uranium 

concentration in simulated 

seawater was 3.6 ppb. 

Amidoxime functional group Filtered (0.45 20 ± 2 3.3 mg-U/g for 

grafted onto porous µm) natural seawater at 20 ± 2 8 weeks 

polyethylene °C with 2 flow rates (250 and 

fibers 500 ml/min) using electrical 

pumping systems. 

1. li'l1l.l1'HH���l.l Amidoxime fiber 1�Wt�n11�1�-r��bLnm.J1 Low-density polyethylene

(LOPE) fiber L'WG'l1i�t�1� Monomer 'll'eN Acrylonitrile LL�t Methacrylic acid �fl11l.lLLi�

22 



Cyano group 1vfdJu Amidoxime functional group 61l-:i1191r11 Amidoxime group density 

whn'U 1.85 moVkg 

2. fl1'Hbclfl�b'H'Llm.JB'elfllil1fl Amidoxime fiber 'i1' 'Vl1b� clfl11��bb6ll1'W Hydrochloric acid

4. 

5. 

'I o ., "' l;' .al "'• I !;l "" Amidoxime fiber b vt�1tr:1� � 'Wfl11'W1�1��1i!'U!:JL 1b'Wcl�lil1fl'W1'Vltbf1 b'W'el'11i!1fl�u';itbl'Vlfifl1'V'l 
'IJ 'IJ 

., d d l;' d. 1 "' . . d ,.9 ., "' fl11��1il'U'Vlr:1'1'Vl pH "ll'el'1'W1'Vltbf1'Vlu1tmru 8 bbf1t� Select1v1ty 'Vlr:l-:Jmn"'1vt1'Umib'Wcl� 
'IJ 'IJ 'IJ 'IJ 

V V 

'Uit�'Vlfifl1'V'lfl1i���'Um ib 'LlcJ�"ll'el-:J Am idoxime fiber li!tr:!-:i:ii'um�Bru'Vlfli1"llB'1'W1'Vltbf1 
1\.1 \J '\J , '\J 
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9. 

1im'W1i1'UbV11'iY'W bb��ihv1�b�1'Vl�'1�b-ihmn'Ufl�'W1'Wbb'W16lJ'W1'Wf1'U6lJ1cl��b'U'W'Vlinbvhi!'W 

., l;' 
1 ' .J ' 1 l-l'Wb'\i'li1�'W1'Vl�b� �n11'Vlel11 'Vlcl 

L1?1cJ1ii1V1'1iib�n�bb�tbt1t1t1'W6lJ'W11?1LVlnl�1'W1\l1� 111�bb�l?1�1'W1\l� 14 '11'Witl� 15 bb�l?1�Li��1'W Desalination 
• "l:l 'U 'U 

plant b'W�1�tl1tb'Vl\31 
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semipermeable 
membrane 

PrndSIOO Graphics 

J'll� 14 'Vl�nnT!i'Vl1.:i1t.1"l.leJ.:i Reverse Osmosis 1u.n1vr!i'U.J bb'6'1::.n1w��"1.111.:i"1.1eJ.:i�1n-aeJ.:i 

(1) .n1w.n1e.11u�n Reverse Osmosis Building � Uminonakamichi Nata Sea Water

Desalination Plant 1u'll-a::LVlf!l��'U 

25 



(2) .n1-w.n1t11uh.:i,:nw Desalination 1u Ashkelon, Israel

(3) .n1-w.n1t11uh.:i.:i1u Desalination � Al Yasat Island, U.A.E.

iuvl 15 h.:i.:i1u Desalination plant 1u�h.:i'IJ1�b'VIA 

lil1nm:::'lJTWfl1':i Seawater Reverse Osmosis d lil:::1�tl1'¥1-:i�i1�1 Total Dissolved Solids (TDS) 

11 11 "" ,::j � JI :'1 , 11 , ., d 'i "" 'I .,j ''l 
L "l.lil"l.l'W"l.l'el-:Jm ':iL 'Wllilfllil:::L YUJ"l.l'WL u'W 2 L'Vl11111m"l.l'Wfl'WL'W'el-:Jlil1fl"l.l'W1tfl bi!L'1fl'1"l.l'el-:Jm ':iL 'Wllil b'el'el'el'W'Vl'1:::'11ll'elll b 'W

'IJ ' 'IJ 'IJ 
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Auto self-cleaning 611-:tb'U'W Pre treatment flel'Wb6U11t'U'U RO �tneJ'WbV16'11i11utQmbl:lneJ'elf1'�11ml1bb61t'W1m 

1 0 I '1 '1 .,.,,, 0 .J' 1 " A l: "" .al .'1 'l ., ., l I .J ., ., 
'Wu1tb 'Vll"l b'Vlcl b�iln11'W11t'U'U'Wm 6l.ie..l61�'W11il�b 'Vffi1Jel'W bVln'Ub 1-:t-:11'Wbb61t6l.iit6lJ'W b 6lJ'W'Vllil-:IVl1�1tclel-:t 

ol ol I ""' d <ii I 

1"QJ .I ol I .J I I d 
n11 U1� u1�1'Wilili111°1 b 'V'l'eJ 6'1-:tlil 1cl VI n'Uu 1t6lJ16lJ'W bb61 t� mu U1 tn el'U n11'Vlel-:t b 'Vl cl1'U'Wbn1��itcl el cl1-:t� '€lb 'W 'eN � ' 

., !'I I ., ., "" '1 I i,j l .,,, 
1 " 0 I .. i,j .. • ,... l: 0 I O I .,J ... '1 ., bbilliltelcl b'W"ll1-:!Vl'W1bb61-:!Vl1'eJbitn�nit b�cliln11 "!l1t'U'U RO 15 b uelWll'W�'llel-:tu1mru'W1u1�u1'Vle..l61� b�'U'W 

bmt" (�m http://www.mkh.in.th/index.php/2010-03-22-18-05-14/2010-03-26-05-54-35) 
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b'Vlll1�?1llbU'tJeJ�1-:J�-:J�lil�f1fl'M1f11'�?1fl\9lcH'H'Wm.Jlil1f1 Brine concentrate �b-:i-:i1u Seawater reverse 
'U 

lil1f1 Brine concentration �tl�w1tl�eJ!:Jlil1fl'a�'U'U Integrated nuclear desalination system 611-:i-:i1tJ11ijcJil 

bb 'Vl�-:J'Yl6l-:J-:J1'tJ'Vl\9lbb 'Vl'tJ L 'tJeJ'tJ1rlVl 
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., 
0 ,:::!i ,:::,,, 6' I QJ ..::,f 

vnnTH11n�1'\"l111iiL�'eJ1�1-:i1 \9M'W 

2. 61\9\?iTW"l.l'eJ-:J crosslink agent

� d 
b'Uelb iiel.:I 

., � 11 •• 1 .J JI� '1 ... 0 � ..: "" 
•• 1 .J .J 'i" .. �..i O 

� .,. ., .11\91-:J'U'U b 'Wb y�'G'f'Vl'G'f'eJ.:l'W '<ii� b\9l'Vl1n111"tn'l!l1 b 'V'lilb�l.J'<il1m n'G'f'Vl'Vl'tN b\9l�'\"l1';i1l.lb\,1'eJi'Vl'Vl1n1';il"tn�1l.J\9l�'W 
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- Acrylonitrile (AN)

- Acrylic acid (AA)

- Dimethyl sulfoxide (DMSO)

- Glutaraldehyde (GA)

- 1, 4-butanediol diacrylate (BDDA)

- N,N -dimethylformamide (DMF)

- Hydroxylamine hydrochloride (NH20H·HCL)

- Methanol (CH30H)

- Potassium hydroxide (KOH)

- Hydrochloric acid (HCL)

- Nitric acid (HN03)

30 



- Deionized water (DI water)

- Seawater sample

- T ricarbonate uranylate solution

- UV-Clamp

- Fourier Transform Infrared Spectrometer (FTIR)

- Inductively Coupled Optical Emission Spectrometer (ICP-OES)

... .. .,j ., !'I !:-"I "'"" " .,I 1 "'"" JI ... ., ., � ... 'l 'l 
2.3 'U�Wil"'V'l'€l" bl.J'eli'VlG'I..:! b\'1\i1t'VI b� b 'Vll.J'll'W1�b"f1b 'W'el 'Vll.J'W'We.J16'1l.Je.JG'll.J1n liJ1n'W'W"1..:! b�'Jbl.J 

,, ' 

'W'el�bl.l'el{ (Homopolymer) 'el'eln 1�mL-ii1 'W6'111":::"1�1�Ll.lvi"Yl'el{mfl.l.l� (DMF) vi..:iH 24 -u1 Ll.l..:! 

... ,, 
( bb"t"1..:i6'111":::"1� DMF m� DI water : Methanol 50 w/w)o/o 
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Infrared Spectrometer (FTIR) 

2.6 b-il161n'at'U1'1.Jn1'a amidoximation b'U'Wf11<a1-u'mt'U1'Wf11'a'Vl1-:Jbf1ii.n11:.11�?f.fl11t� 
'U 

., 
2.7 iK1-:ibeliJ�elnea:w'l"lelfoirn{bo;;il;'l\?111:.1 DI water : Methanol SO (w/w)% -;;J1n'W'W'W1b6LJ1el'U 

1-w�f11'Uf1:Welru'Vl.ni1� so 0c btl-wnm 24 i11m 
'll 'I 'I 'll 

2.91;11-:Jbelii�elnea:w'l"lelfo:wel{bo;;il;'l\9111:.1 DI water bbl;'lt'W1b6LJ1�f11'Uf1:Welru'Vl.fli3� SO °C bU'W 

Infrared Spectrometer (FTIR) 

'U 'I 'I 'll 

2.11 b6LJ1�.ff'W�el'Wn1'a alkaline treatment 1�cJ'W1beliJ�eln6tl'\"lel�b:Wel{bo;;il;'lbb"IJL 'W?f1'al;'ltl;'l11:.1 
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3.1 CJG'lililtl'Wtlbittl{ AN fl'U AA 1m�i�?l1'W 80:20 tl�mlWH,'111��G11cl'nit 50 ml 1il1m!'W 

,h�?111���1t1 DMF �1tl DI water : Methanol 50 (w/w)% 
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3. 7 '(;11-:Jbeii'.i�ein61iii'V'leifoiiei{b�rl�''Jcl DI water : Methanol 50 (w/w)% �1rn!'Wti1b'll1B'U

3.11 b'll161.&'W\9\B'Wn1'� alkaline treatment l�c.1tl1beii'.i�ein61i'V'leifoiiei{b�r1bb6llb 'W?J1'jrl:!mcJ 

., 

4. n1'a'W1bel£ifl�ln�tl'V'lel�btlel"jb1iJgi L U�fllij'lJ�b 'ab 'W£1ti1 'U'U1'Vl::bgi L 'U�el�'U�'U�n1'a

., I .:, !;' ., 1 'ti .,_ I ., 0 '1, fl l'I ,., d.. d d 
rt:!m'e:Jc.11•U.J16ll-:J'W1'Vl'Wn VI b�u'a�i11ru 0.15-0.2 mii bbrl�'W1 rn b?l b'We.J16l.11T\J1-:JVltlf111lJC1'Vl'U1'V'l'e)?llJ1°11'jV\�� 
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{i1�€J�b1mli11t1n111-u magnetic stirrer m'W�\i11'W�1-!l'!l€1-!l'Uflbfl€14 L�t1'Vl1fl11mml1V1�b�'V1-:iH·t.h�mru 30 

::'1 QJ di SI .c!,I � ,J,:;:i. I A QJ QJ t O '1G 
I 

1., ., 
water bu'\.Jb1�1 3 TWb'V'l€1�1-!lbfl�tlbb��m 1b'Wtl�Vl\Jl�tltl'U'\.Je.J'J'!Jtl-!l\J\1��'oJ'Utltlfl 'oJ1fl'W'\.J'\.J1 butl'U Vlbb'Vl-!l 

\J \J \J 
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Optical Emission Spectrometer (ICP-OES) �.fl1fl16/l1bfl� flt\J�1'Vlc.11?116'tt,i{ U\/111'Vlc.11it.J��'I.J1m ��'\/!1� 
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" 

7. n11�mi1m11 ii1"lle1-:i\911�w1i&'um 1b 'Wl:ll.l
'lJ 'lJ 

0 � <V I � Q � <V Q.I O ,::,,! V V

'V11 nT� bn\.J�Tel l:l1-:!'W1'Vlt b"'Ui b 1 ru'WfllJ'e)�'i:11VlniilJl.11'UmYl� '<il-:!Vl1 �it l:J'e)-:j bb"t'V11n1i b YllJfl11lJ b "l.llJ"l.l'W"l.l'e)-:! 
q q 
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1 M HCI 

Rinsed with DI water 

Rinsed with DI water � 

2.5% KOH 

Rinsed with DI water 

'W1Vl�b'6'1 1 - 2 bl.J\W'a 
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9. n1-aih�1��iv1'1Jliia.Jbb6llLinhv1::btWlfa.J-n'I..I (Brine concentration)
'll • 
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Outlet brine from SWRO system 

► 

-au� 20 Lay out m-a11-:i�1bb'Vlti.:J"llel.:J�-:i-w�1'6'1�n-ITT-u�:1Jbb"Ui1��i'lJbb��in'l?lru�m-a11-:i'Vimh'Vl�b� 
'U • 'U 

21 21 21 OJ 

b "ll:IJ"ll'Wb "ll1'1.:J 
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(a) (b) 

J'll� 23 be1!i�e1n��vu:i�u.Je1{V1gt,3ehum�'l.l1cun1-a�1,3 61 w-fe1�,hl'IJ��i'll�b -abilfJ� (a) AN:AA (b)

AN:MAA 
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1 !I � Q.I I !/ � I .c:::,, €.d A € A.C:::,, A 1 d 

fWl'W"!J1� b 'VlG'lel� bb6'1 �6'1 n�ru� b '<ilm:J �flel'W"!J1 � bb "!J� f111V'lel6'1 b�el'Wl bf1\91'11 n�el'Wel b�el'�bUVl1f116'1flbb el61l\91 6'11 'W1'U'Vl 

b�'VI 

Q.I I .c:::,, € I d Q.I Q,I d 

�1 el cl1�6!Jel�V'lel6'1 b�el1 b '16'1 b 'Vl6'11'W'Vl6'1�u 1 l:J1 �'i:1 

(a) 

(b) 

J\J� 24 'V'lel�bi1e11blil�'Vli-:io1a1-:i�lil1na1,b�e1111a-:i�1-:i"llilliln'W (a) a1,b�e1111a-:in��1,1��lu� (b) a1, 

b�elil bEJ-3'U1 b 'Vl'WLlilelel� Llilel::9>1'ib�'VI 
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"ll'W�"llel'11�'-IB'Wmirn{vit-lf 
Q • Q • 

'U�'-!1W�b ':ib'Ucl'-l���\ij'lJ1� (mg/g) 'W1':i1'-l b� el':i"ll el '1'W el� b'-lel ':i b'iil� 

«�6'i1u AN:MAA = 80:20, G'l1'a 
8.51 

bzjel'-!1cJ-:i = 1 g, H2O2 = 60 ml 

«�6'i1u AN:MAA = 70:30, G'l1';i 
AN:MAA 4.41 

bzjel'-!bcJ-:J = 1 g, H2O2 = 70 ml 

«�6'i1u AN:MAA = 80:20, G'l1';i 
3.59 

bzjel'-lbcl-:J = 2 g, H2O2 = 60 ml 

« � G'f TU AN:AA = 80:20, 611 ':i 
4.49 

bzjell.lbcl-:J = 1 g, H2O2 = 60 ml 
AN:AA 

«�'11U AN:AA = 70:30, 611';i 
3.07 

bzjeiii1c1-:i = 1 g, H2O2 = 70 ml 
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9.00 

,,.... 8.00 
-0 

II) 

7.00 

6.00 

C 5.00 
,Q 

4.00 .... 

-0 
II) 3.00

E
:, 2.00 

.E 
ro 

1.00 .... 

::, 

0.00 

\K��1'W AN:M = 80:20, 611 1 

bzjmJ1cM = 2 g, H202 = 60 ml 

80:20,1,60 70:30,1.70 

AN:MAA 

I 

80:20,2,60 I 80:20,1,60 
I 
I 

. 

1.70 

70:30,1,70 80:20,2,60 

AN:AA 

Oyola mit Dai [29] �'Vl1fl11�m�nrn1��'<il'lJclb'ab'Wclil1'Wtl1Vltb'6WUil6U'W (Brine solution) 1'W�0-rtJnu�fl1) 
'IJ 'IJ ':,,I 

., .. '1 ., ., I 1 ' d 1 ' d O '1. I •• 1 ' ., "1 
��l''il'lJ�b )b'WcJil b�'W'elcJn11 flil'el'W'elbi!'e)) AN:MM L'W'el�"i11f1 flil'el'W'elbi!'e)) AN:M bil'el'W1 buf1i1-n�Wl�'U'Wb6'1'WbcJ

44 



"tf'U�"IJe).:jf;(Ut�e>:I.JL&3 m:u1��aT�t�mJ1a.:i <mu m:u1ru�t�tila:u���i'U1� (mg/g)

MBA 1 (g) 5.93 

1 2.83 

5 4.44 
GA 

2.70 

10 1.97 

1 5.70 

5 6.23 
BODA 

5.52 

10 3.14 
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'
A .a, 

6ll'W\91'el'W 

Q,I .c::::I Q,I Q,J 

10.5 e-iamivi�G'leJ'Ui�a�b 1a1mi6'ln�m ibtm1teJeJm11n�11���u 
'I.I 'I.I 

.J "l OJ OJ 
01

.J b .,: '., 1" ' ., ,J,,1 1 OJ 

i�c.l�b1mVlbVlm�6'1ilb'Wf11'�6'1fl\91\91\)bb6'1\91\)'fo'Vl 27 \91c.l'<il�bVl'W11�'el\) 6lli:!c.l�b1�1'elc.11\)'W'elc.l 2 6ll1 ii\) 'Wf11i6'1fl\91 

47 



4.40 

-.. 
-0 

(I) 
I 4.30 
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::::> 

I� 

4.24 
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c 

:8 4.20 
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(I) 
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:J ,� 
·c

::::> 
4.00 

l 2 3 4 

Elution duration {h) 

... Id Q.I t:t Q.I Q.I ,::t Q. ' 

'fu'VI 27 l}ll;l6llel�"a::1:1::b11;l1nT��n�l:lbib'Wl:li.lelelml1n\W'J��lil'U (b\9l"al:li.l'Well;lbi.lelilil1n AN:MAA = 80:20,
V V V 

,!,, 

E 
c 
0 

K...
0 
VI 

-0 .., 
E 

·c
f
:::,

�11bzje1i.111:1� MBA = 1 n{i.i bbl;l:: tl�i.11\911 H202 = 60 ill;l��\911) 

u:o 

1.00 • • 

0.80 
■ 

■ 0.60 

0.40 
A 

• 

o . .m

0.00 

• 

■ 

A 

3 
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• 

■ 

4 
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A 1 day 

• ■ 2day 

• 3day 

• 

• 

■ ■ 
■ 

■ 

... 
• A ... 

5 6 7 8 

◄ 

• 1..I •1-11:S ., ., ..,. ..,. "" ' ..I 'i "au'VI 28 n1'h"0"016llel�Vl1��lil'l.J'lb"ab'Wl:li.l (bV!"al:li.l'Well;lbi.lel"alil1n AN:MAA = 80:20, t't1"ab"l.leli.lLl:l� MBA = 
V V � 
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" "

10.7 ll-l�nT�Am�1 kinetic absorption 1utl1 DI bb�::tl1'Vl::b� 

4000 

3500 

3000 

� 
2500 

2000 

1500 � 

1000 

500 

0 

10 20 30 40 

Time (min) 

H:02 50 mL. DI water 

H102 60 mL. DI water 

H102 50 mL. seawater 

H101 60 mL. seawater 

50 60 70 

d .c:S a, t  1: oJ o.J i:::t c. ,

i'U'VI 29 n111-1n�1 kinetic absorption L'U'l.11 DI bb��u1'Vl�b�'l.lel��1��'iil'IJ (b�if.la.J'Wel�U.Jeli'iil1n 
u u 

AN:MAA = 80:20, �1ib�ela.!bll� MBA= 1 n{a.i) 

�1��1ij'IJ�b��m.J'iil1ntl�mru H202 50 iJ'1���i 1 umru'Ue1�,J�mru H202 60 iJ'1���i 'e1�11�1un11��ftJ 

'11 DI 1°11 3,800% bb'1�b6U1�G'lfl11�G'la.!��'Vl��'iil1nb1�1�1\JbtJ 15 U1'vi 'eJ�i1�1\Jn1i��ftJtl1'Vl�L�ii1°11 
u , u 
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10.8 e-i�nT'a��ium ,b iluiilil1n-u1'Vl�b� 1'w�.n11�m3.Jo'fi3.J"li1� 
'II 'II 

"'o I 
( QJ 

n I .J 4, 6 bb�� 8 ?I u�1'VI �-m?l�-:!'au'Vl 30 
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ro 

0.15 -
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01) 

E 
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C 

.Q 0.10 
�,_ 
0 
<ii 

-u 
ro 

E 0.05 
::I 
·c 1• ro ,_ 
:J

0.00 

2 

Ill 

Ill 

1 ' 

4 6 
Time (week) 

n 

8 

au� 30 N�n1,��'iij'lJ�b,b'UU3.J'U';b1rutl1'Vl�b�b'W�.fl11�o,,3.J"IJ191 (b�1iuiivrnih11e.J{li!1n AN:MAA = 

80:20, ,J'i111ru�1,b�el1ILU� MBA = 1 n{ii bb��'Ui11191, H202 = 60 n���91,) 
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n11'Vl�'G'lt1utl1 ti1'Vlflfl1-W"llt1��1��1ij'lJ 1�v n11il1�1��1ij'lJL tl�l.l LL"ll1 uu� L 1ru'11'VltLi'I 1 tJ'G'lfl11t 
'IJ 'IJ ' 

Q t IJ IJ  .c:J SI QJ QJ .-=1cf1 Q/
tl 

ff I cJ O QJ  QJ"'
tl

':'7
f511l.J"ll1�bbi'lt\J1'Vltbi'lb"lll.J"ll\J 'Vlbn1ti'\1\J '1�'Vl1�"1Ji'\�';i bu\Jb1i'11 2 - 8 '6'I �1'Vl 'W'U11 bl.JtltJ1m��'1'Ub �l.lb\J 

Q � &:It. tlQ Q � 3 I I .c:J 3 � QJe I ff 'U1L1rutJ1'Vltbi'lf511l.J"ll1� imrum ';jb\J'-Jl.Jb 'Wl.J"ll\J�1l.J';it'-Jt b1i'\1 n1';i"1l.] Lb "ll'VltJ1\J"lltJ'6'1�'6'1�'Vl 8 '6'1u�1'Vl bbi'lt 
'IJ ; 'IJ ' 

53 



0.30 mg/g � 8 �\J\il1� 
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