
.M.~*®~.~~~*.m.~.®.M~~

m.~JjJ1:~ifJfi~:mJTQ1iJf~

(iJf~~m~~:07458140)

-¥px 7·8· 91f1tf4$iJf~JHmJJ}J~ (~~iJf~ (B) (2))

iJf~px*¥Il~.

-¥ .px 10 ~ 3 JJ

lUf~{{;~~ :.~ * * ~
('SIbi~tk$.$$~t~)



::. O)¥If~~~'J: .. Illfft 7 ~ 91f.~X{f~~'f-t*1iJf~.*ffiWJ~ : (£~1iJf~ (B) (2» (~I.§

*% 0 7 4 5 8 1 4 0) ~;: J:: ~ .. r.fjj::i:{jHE*O)~*F: J:: Q *Wi75~~11f0)~¥~ C: .. 175
~ IW11:)r-fj;ft ,;:~-r Q 1iJf~J ~1-r '0 t:. }JxJI~: ~* C: t.1) t:. 'b 0) -r::~ Q 0

fJ: to .. *,fJf~ 0)1iJf~*li~to J:: LJ1iJf5i:;~ Jt ~'J: Y r 0) C: to ~ -r::~ Q 0

1iJf~1-t~~ : ~* *Jt
1iJf~7tf§.~:iitJJi ~

:!:rrMl ~~

iitJlf mw
J~~ I±J~

(~~:k~ •.~~ • ?!fc~)

(E;i/f1ij-:k$ •.~~ • fl}j~~)

(g-~:k$ •.~~ • !I}]-¥)

(E;~:k~ • I$$ • ~~)

(~AA:k~ • I$~ · ?!fc~)

Illfft7~~

Illfft81f.1t
5¥fft9~1t

500hfI3

120hfI3

1507JfI3

7707JfI3



m- ~ Jll fJt:tlli l±t * 0) *~ .l1R~* h~. J: Q ftg T-7l<
¥17 ~ 0) r:tJ ~:g Jtt ~~ ~ T Q 1iJf~



m1£, 1m ~ ffi IIJ c !lit~ 0) wm fl] ~ ~t Q ~ c iJ~ A m0) m~~M c ~:h Q ~;:

~ ":) t:.. »~~:t ~\ ~ I¥J ~;: § ~~~ ~ afc ~ T -'5 ~ c -r: JJX ~ ft ":) -C It' Q iJ~ ,

»~ ~ 1!; tJ ~ c ~~ et ":) -C A r",9 0) 1: ffi · 1: 1f !lit :% ~:t afc ~ ~:h (ffftl;t~:f 71< 133

~;: ~ b n Q et ? ~;:, »~I¥J ± :Lili flj ffl ~~ et ":) -C § ~ 0) ~ ~ ~;: ~ til ~ :h t:. ~

ijl et ~ 71<~ ?1ij~ fitg j] ~:t iWi ~ ~, it .. 1: 'b ~t ~ L It') , Et ~t tt tJ\ ~ iJ~ 1~ b

:h Q c f~ 1.: b n -C ~ t:. 0 L;O~ L, JlI 1fJl ~ 1: 1m ffi IJJ iJ~ § ~!lit ijl ~:f;O~ ~ -r:
tt .<, fi /.< 0) ~ 0) [EJ ~ ~ 0) 1: ffi · 1: 1f~ ~ :a- t t3 a ~ ;0 ~ T mit 0) l11J -3 ~

c iJ~ tlJJ G ;O~ ~;: t,t. ~ .r:>.r:> db -3 0

»~ c ~ ijl c 0) mJ if;~;: to It' -C :b iJ~ 00 :a:- -a ~ t:.)'c~ 00 -r: ~:t, mJII 0) .. =*
l€ 1~, :Lili T 71< 0) iiW ~ ¥llt 0) 1: ~, *~ J:P 0) ~ ~ 1~ ~*0) 11 * t,t. J::", ~*
:a- ~ <.. -'5 r~~ miJ~ ;e 1: L -C It' Q 0 t,t.;O~ -r: 'b, :Lili r 71< 0) iir4 ~ try ~ ~:t A f* ~;: if;

J* fBl i§: :a- 51 ~ J81 ~ T ~ c ;O~ b, ~ ~U t,t. r~~ MeL -C jJE ;t b :h -C It' -'5 0 ~ ~

-( /.t ~ 0) - $ ~:t, !=l ~ ff 0) t,t. ;O~ -r:~~ ~ h -C ~ 100~ -{ /.t ~ ~;: t,t. Q 0 !J[ iir4

~ -( /.t ~ ~:t IJ& 1f)l ~ h -C .Ifn. i11Z ~;: A ~, ~.Ifn. fj( '" -t -If t1 1::" ~ 0) F e2~ F e3+~;: ~ 1~

L -C ;I- p '" -t !/ t=Z t:" ~ iJ~ ~ P.X: ~ :h -'5 0 ::c 0) ~*, '" -t !/ t=Z t:" ~ 0) ~*tm

~ tifg iJ~ ~Jl ~ ~ h, f* *1l~ 0) itt~*11E ~* t:. L, ~ ~ J:P $; c It':b:h Q mf 11E

~ iJ~ l11J b :b h Q 0 1lX *4 71< 0) :Lili r 71< ~ 0) .gx 1f It iJ~ rWJ It' 3 - t=Z 'Y /" -r: ~:t , :Lili

r 7k 0) ~ ~iry~ 0) ~ rr ~;: ff ":) -C ~L #J ~rr. ~;: It' :b ~ -3, 7" lv - .A:: - t:" - V ~

F t1 - A (Il¥ IJ& /F ~ :a:- 51 ~ J81 ~ T) iJ~;e 1: T Q ~;: ~ ":) t:. 0 ~ t:... !J[ 1i'Ff ~

-( /.t ~ ~:t =*& 7 ~ ~ c &:~ L -C ;e fli ~ It -r: l11J -'5 :::: p 0 Y 7 ~ ~ 1~ it ttb.J ~

.r:> <-3 c It' :b h -C It' Q 0 ::c (!) t:. ~, b iJ~ 00 ~;: to It' -C 'b, 7k iH 71< 0) iir4 ~~

~*1JJl1t 0) 1: ~.& fWI :a:- 1Oppm C L, ::c 0) {WI ~ ~ ;t -'5 c 7k iH 7k c L -C ~:t ~}f.J -r:
~ t,t. It' J: ? ~;: 1E ~ b n -C It' -3 0

1lX *4 7k 0) kt-J 7 0 %~ :Lili T 71< ~;: -BX ff L -C '" -3 3 - t=Z 'Y /" -r: ~:t, :Lili r 7k 0) 1i'Ff

~ try ~ ~~ Xi L -C fit~ -r:, 1i'Ff ~ try ~ 7J]{ c t,t. -'5 ~*HE *4~mHE (J) f~ }f.J if ¥~ 0)

1iJf~ c c 'b ~;:, i~ ffl :!it 0) mu ~.&, ±:Lili ffii fl ~ t:. ~ 0) *~ 0) ~Pj ~ J1j~ ~;: mu ~.&

~ tJO ;t J: ? c L -C '" Q 0 7;1- !J jJ ~;: to It' -C t, ~ l5l :Jt til t,t. J::" ~ iiH 1.: -C ~

-1-



*nE ~..f- 0) *it f!1! ffl ~ mu ~.& L et 5 <!:: L -C v\ Q 0

~ f..f- 71< 0) ~ 3 0 %~ i1B r 71< ~;: ~ ff L -C v\ Q b ~~ 00 ~ ~:t, '3 - t1 ~ /--\ ~I ~'

~;: ~:t ft4 ~ ~;: et Q i1B r 71< t15 ~ ~~ ~ 00 ~ t~ rJ:l~ m <!:: L -C tJE ;;t Gn. v\ 0 L ~~ L ,

~~ zt i1B 0) et 5 ~;: ~ ~..f- 71< ~ i1B r 71< ~;: ~ iii I¥J ~;: ~ --:J -C v\ Q i1B h.1Z b 7j.. f:> n ,
:: 0) et 5 t~ i1B h.1Z -c ~:t, ff~ t~ i1B r 71< 0) ft4 ~~ ~ jj l~ 75~ 00 ~ ~ n -C v\ t~ V\

m~ ~ ~:t, ft4 ~ ~;: et Q i1B T 71< t15 ~ ~:t ~ ~IJ t~ rJ:l~ m <!:: t~ 0 5 0

b 75~ 00 ~ b, • i1B ~ 0) ~*1ffli nE it 0) 1t * ~;: f* --:J -c, i1B r 71< ft4 ~~ lt 0)

~ V\ :$= -Wtl 75~ 7j.. f:> n Q et 5 ~;: t~ --:J t~ 0 :: h * -C ~;: • i1B 75~ i1B r 71< 0) ft4 ~~ <!::

~--:J~~<!::L-C, ~~~O)~~~mO)~/~/~, ~E~O)*~, ~.

~ 0) ~ l' r) :\=- t:" ~ t~ ~ 75~ cltJ Q 0 ~ f:> ~;:, b ~~ 00 ~ ~j: Jli iF 1If if~ ~~ 0) ~

J* t~ ~* ~;: f* 0 -C *= 1If~~ !ij~ 75~ ~ 1t L, -t n ~;: f* --:J -C *= 1If 75 ~ f:> b Iv 1*

<!:: L -C iiI: tOt ~ h • i1B ~;: ~ jC ~ h Q ~*Ii b ~ J* ~;: 1t * L t~ t~ 'tJ), - $ ~;:

:ttB r 71< 0) ft4 ~ 115~ ~ 51 ~ lEa:: L -C v\ Q <!:: ~ ;;t f:> n-c v\ Q 0

:: :: ~ ~:t, *= 1If 17K ~ -a- 'tJ) t~ *= 1If tJl: tOt~ ~~, fliT JII jo et 0' i1B r 71< 0) ± <!:: L

-C ~ ~ t15 ~ ~;: & ~£ T ~ \I ~;: "':) V\ -C ~ ~'f L t~ ~*, ~~ 0) ~ ffL ~ 1~ t~ 0) ~

¥fl*TQo

-2-



~ - _ :* it 0) '* A jt · ~~ ~~ J: Q ~ ~ 0) ~ A <!:: _

!1t r~, III

b iJ~ 00 ~;: jo ~t Q * it 0) ~ • ~ ~--f- ~ A ~;: ~:t.. ~* 0) ~ • ffL~ ~ -a- f}) -C ~

k f~ r~~ miJ~ mm~ n -C Iv \ Q iJ~.. :LiB r * 0) f¢i ~ lfj ~ C: Mf* L- t~ ~ jjE 1*~ 0)

jjj iJ~ G t r~~ m~ 2f21v -c Iv \ Q 0 =- 0) J#: ~;: 0 Iv \ -C.. - ~ G 0) ~ ~--f- ';:]1 ---j ~ ~

r ~;: ~ ~ ~ 1.ID ;t t~ Iv \ (I@ 1- 1) 0

b iJ~ 00 0) 196OiF ~;: jo ~t Q ~*~ rm it ~:t 157 7J ~ /' -C.. V'J ID{ ~:t 00 rt'J1:: gg jt *31-

iJ ~ G 777J ~ /'.. ~ A ~ ~--f- iJ ~ G 11 7J ~ /'.. HE *31- iJ ~ G 697J ~ /' -c ~ "0 t~ 0 .:c- 0) :> 't? ..

617J ~ /' iJ~ 00 rt'J1:: gg .r-.... ¥IrE n.. ~ l') 0) 96 7J ~ /' iJ~ ~ jjE .r-.... ¥IrE tfj L- t~ 0 ~ ~ 0) • :LiB

0) ~ ~ it ~:t 00 rkJ 1:: gg ~* 0) 2f!f 0) 1217J ~ /' C: ~ n.. ~ ~ ~;: rm tfj L- t~ 97 7J ~ /'

~ Jf. ~~ ~t An Q -:. C: iJ~ I5T~ -c lb "0 t~ 0

~ 20~~ i@j ~ 0) 1982 iF 0) ~*tt rm it ~:t 22 87J. ~ /' -c lb "0 t~ 0 00 V'J 1:: gg~ *31

iJ~ 87 7J ~ /' -c ~ "0 t~ iJ~.. ~ *31- ~ A it 0) ~* ,;: f* "0 -C ~ A ~ *31- C: L- -C :rtf 't? ~

~ n Q ~* iJ~ ~ L- <~ nD L-.. 00 rt'J1:: Iii ~ *31- C: ~I~;f [R] ~ 0) 73 7J ~ /'~:: i¥ L- t~ 0

HE *31- iJ~ G 0) ¥IrE n iJ~ 68 7J ~ /' -c ~ "0 t~ 0 it!! jJ.. 00 rJq • * 0) :R Jf! C: C: t ~;:.. 00

P'J 1:: gg ~:: et Q ~*it ~:t 55 7J ~ /' '" C: f~ r L-.. ~ jjE .r-.... 0) ¥IrE tfj iJ~ 1737J ~ /' C: ag flJ

35~ ~ a~ 0) ~ 2iff C: f~ "0 t~ 0 -:. 0) ~ ~ 0) • :LiB 0) ~*§t~ ii ~:t 111 7J ~ /' C: ~

n.. ~ jjE '" 0) iJF tfj it (1 73 7J ~ /') iJ~.:LiB 0) §t~ it (1117J ~ /') ~~:t Q iJ~ ~;:

~ ;t Q =- C: C: f~ "0 t-::.. 0

-:. 0) et :> ~::.. 1O~ iF M iJ~ G jt • ~ ~--f- 0) *it 4iil A ~;: f* "0 -C *it 0) ~* iJ~ 00

rkJ ~:: me A L-.. - 15 -c ~:t.. ~:LiB 0) *i /J" f~ ~' t lb "0 -C 00 rkJ ~;: ¥IrE A L- t-::.. ~* ~

§t ~t A h Q ~ it ~:t f~ r L- t~ t~ f}).. lb ~ h t~ ~* iJ~ ~ ~ r~~ m~ 51 ~ J8I -:. -1

I5T flli tl: ~i ff::(:E L- -C Iv \ t~ 0) -c ~ Q 0

~ A jt • ~ ~--f- ~;:et Q 00 rkJ .r-.... 0) ~* 0) rm A :Ii ~:t .:c- 0) ~ t ~ ;t~ ~t.. 1992

~f&~-c927J~/'~;:i¥L--COOrkJ1::ggjt· ~*3I-0)837J~/'~~;t .. fiiJJI/O)'M*

~ {~ ~ fiMf ~ ~;: et Q :l1f! r 7k r1J ~ f~ ~' iJ~ r~, m:tJl ~ n Q ~;: ~ "0 t~ 0) -c ~ Q 0

-3-



1W! '":tH t-

ZIt co

~ '--"
C'J

00 ~

Q) -K: '"[ftll Ln *
.....--i Ln iHt!'-"

:l:t1
~
~

r-< -K:
~ llliI
~
~

~ '" '" iAA -k
en CD :tJgBJ c..o 0")

~~ '--" Q
~
m
l'Q

1llil '" ,!::",W1!
t-

W~:l:t1:l:t1 t-

~ '--" \J'-..~
~ - ;--...

a
~

~~~
w ~~Q
Q) -K: '" ~~fJ!llil ......-4 *
.....--i CD iHt! b ... -K:'-"

:l:t1 ~~[ffi1

~ -W~~
~ ~~~
-K: ~Q£E
[ffi ~-K:1(J

Q I) ~

[ffi[ 0~
:Q -R $~
4i- '-" *

,.....;

I
,.....;

~

-4-



m=!if *~ ~~ :to ~t Q *if~ Iv .* ~~ J: Q ~ ~ ~ 1Wf !l
(J)lr_

*-• -e ~ '" t:: J: ? ~;:" m:t:E" ~ A 1t · ~ *f ~;: J: "0 -c * ii: 0) ~* iJ~ :b

iJ~ 00 ~;: ~ i? ~ '1 t1 -c v\ ~ iJ~" -t 0) ffJ ~ ii: ~:t*~ 0) ~ *f ~;: J: ~ b 0) -e ~ ~ 0

*~ ~;: *~ l:j.. ~ t1 t:: ~*0) tEl ~ tfB 7t (70-95%) ~i b Iv PK C: L -c iiI: rut ~ t1 ~

O)-e" *.O)~M~~C-c.A~h~~.O)~<~~".~MMC:@.

~;: 00 1* L -c v\ ~ 0

:b iJ ~ IE 0) q:t -e b -g Ilffif~ ~ -a- tJ i¥f 1L 1'1'1 :1:& ~ ~i ~ iff i1fj * ~;: {1l. II: T ~ t:: fi) ,

~ ~ b Iv PK C: • ~ C: 0) ~ 1* ~:t ~ 0) 1m J!! J& ~ 0- 1: ~;: m~ C: ~ ;t G t1 ~ 0

=. :. -c ~:t" ~ 1m J!! J&~ ~;: to ~t ~ *~ b Iv 1* ~*~I: rut it to J: tJ ~ {1l. fJf: i1fj

Em ff{ ~ t:: ~ 0) ~*~ 1ttf ii: ~ ~t ~ L" '§~~ ~;: to ~t ~ *~ b Iv PK ~;: J: ~ fiiJ

) II to J: tJ:I:& r 7k try ~ rp~ M 0) !i~ t1: ~ ii~ L J: ? C: L t:: 0

1. ~t~jj¥~

~:I:& ~;: to ~t ~ *~ b Iv 1* ~;: J: ~ ~*iiI: rut ii: ~i" *1E ~t 1F ¥fl J: ~ 1~ t:: ~ i1fj

0) ~ ~~~~ ~~ ~ ~;:" ~ fj JJIJ *~ b Iv PK ~;: J: ~ ~* iiI: rut ii: 0) ~t • £ ~

(~ 2- 1) :a:- * f ~ :. C: ~;: J: ~ ~ ttl L t:: 0

~ ~ ~;: to ~t ~ !if {lz: fjf: :1:& 00 fJ{ ~ t:: ~ 0) ~*~ ~ ii: ~:t" ~ ~ 0) ~*b Iv at<

~;: J: ~ ~*iiI: rut it ~" *1E ~t 1F ¥fl J: ~ 1~ t:: ~ i1fj 0) fJf: i1fj ffij ff{ (7k IE" tff ~ 1:lJ] "

* fM i1fj to J: tJ t:5c 1fI:I:& ~ -a tJ) -e ~ T ~ :. C: ~;: J: ~ • l±l L t:: 0

2. ~t.~*toJ:tJ~~

~ 1m~ J&~ ~;: to ~t ~ *~ b Iv 1* ~;: J: ~ ~*iiI: rut ii: 0) ~t • *&* ~ ~ 2- 2 ~;:

;F L t:: 0 ¥L 4:. 0) ~~ ~~ iJ~ ~ <" 112, 593 ~ /' /1F C: J± fflJ I¥J ~;: * ~ t~ fit ~ ;F

T ~tm~ ~ ~ < C:" '§~~ to J: tJ m! !,~ ~ ~ -e ~i" -t t1 .:c t1 39, 839 ~ /' / iF "

54, 602 ~ /' /1F C: {m 0) 1m J&~ ~;: tt '" -c * ~ t~ 1l ~ ;F L -c v\ ~ 0

~ 1m J!! J&~ ,;: to ~t ~ ~ {lr. fJf: i1fj 00 ff{ ~ t:: ~ 0) ~ • ~mii: 0) ~t :. ~* :a:- ~

2- 3~;: ;F L" '1 t::" ~ 2 ,;: ~:t" ~ ~ J!! J&~ ,;: to ~t ~ !if {1l. fjf::I:& 00 ff{ ~ t:: ~ 0)

~*~ ~ !i ~ 4f& ~ ,;: 7t ~t -c ;F L t:: 0

~ {1l. fjf::I:& 00 fjf ~ t:: ~ 0) ~* jJ. ~ ii: iJ~ 1Okg/ 1Oa* tJMl ~:t" ~t mJ!! ~ -a- tJ 19

-5-



W~,$fJJi!- (40%) ~£i1JQo $-it(J)~* (112,593~~ /iF) ;O~iil:7Ht~nQ~t

#ij ~ ~i, fjf::L1f! iii fft (1, 2175 ha) ;O~ fA 11 \t~ ti), fjf::L1f! iID fft ¥3 t~ ~ (J) ~ * ~ m
it ~i 9. 3kg /1 0a ~ ~ lE (J) f~ ;0), ~ ~ 1~ 11 ' $ ~ ~;: • T Q 0 10- 20k g/1 0a ~~ ~i ,

'8 ~, 1&}le ~ 1r ~ <1L 1i~ ~ !If.- 1r -2i fi 2 1~ (45 %) , 2 0- 30kg /1 0 a~;: ~i 1m lE

(J) 2 JJi!- 1r -2i fi 5 JJi!- (11 %) ;0~. L -c 11' Q 0 '8~ i3 J:: -a 1& }Ie 1m JJi!- (J) !fi {ft fjJ: :LiB iID

f1{ ¥3 t~ VJ (J) ~*~mit ~i .:t n ~n, 5 3. 5k g i3 J:: V 39. 6k g /1 0a ~, 1m (J) W

~ ,$f JJi!- ~~ !t~ -c jl~ ~~ ~ 11' fit! :a:- ~ L t~ 0

:: n ~ -e (J) ¥a 15- ~;: J:: Q ~, ~ rr (J) ~ f~H3~ 1ilf! m~~ 1** (J) r -e {~~ HE;¥;J- ~ fjf

ffl L t~ ~ ~ ~~ 1ilf! ffl ~ n Q ~~ 4~Jl:p (J) ~*:i1: (J) 1: ~.& ~i, 7k f* i3 J:: V ~ im m
f'F~-el0kg/l0a, If~-e20kg/l0a, .:t L-c!Jijf--rfF~-e23kg/l0a-e£i1J Q ~

~ n -c 11' Q 0 '8 ~ JJi!- i3 J:: V 1& Yr. ~ JJi!- ~~ i3 11' -c ~i, :: n G (J) 'fit! :a:- ~i Q ;0), ~~

~ ;t t~ ~ * it ;O~ ~m~ n -c 11' Q :: ~ ~~ f~ Q 0 L;O), t, 1: J~ (J) ~* ~i ~ fjf:

:L1B ~;: ¥ MJ I¥J ~~ ~ * ;O~ ~m~ n Q :: ~ 1r WI~ ~ L -c ~t. ~ n t~ t (J) -e £i1J VJ ,

jIlIf JJi!- ~;: i3 ~t Q *if (J) :LiB~ I¥J f~ {;:f:E :a:- ~ • T Q ~ (~~) , .. :L1B (J) §l: ?fI. :&:

1r ~j: Q ;0), ~~ ~ ;t t~ ~ Iv 17K~* ;O~ iiI: lfj ~ n -c 11' Q :L1B~ ;O~ £i1J Q :: ~ 1r ? ;O),;O~

:b1t Q t (J) -e '&:J Q 0

f~ i3, if fI (J) iID ;0), G 7j. Q ~, jIlIf ~ ~i ~t m~ f~ J! ~ .~t ~ L -c ~, t* g~ ~

i3 J:: V 7~ t1 ,( 7 -- ;O~ $- <!Jij 1f ~ n -c i3 ~, :: n G (J) if fI ~;: J:: Q ~ * iiI: 7Ht

it ;0~ $- 11' :: ~ t !f,f if{ -e £i1J Q 0

, '8~~ P'J (J) ~*lIlT tf ~;: i3 ~t Q, ~ if fI (J) ~ Iv 17K ~;: J:: Q ~ * iiI: 7Ht it 1r *
2-4~;: ~ L t~ 0

~ if fl1r ~ ~t L t~ ~ * iiI: 7Ht it ;O~ ~ t $- 11' (J) ~iW ~* (J) 5, 702 ~ ~ / ~ ~ ,

1m (J) * IHJ tf ~ J;t ~ L -c ;0), f~ VJ ~;O), 0 t~ 0 ~ t~, W~ rtf ~i 11' f n if fI ~~ i3

11' -c t ~ * iiI: 7Ht it ;O~ iii ~ $- ;0), 0 t~ 0 ~ 11' -e ~ * iiI: 7Ht it ;O~ ~ 11' (J) ~i) II mlIlT

(J) 3,6 00 ~ ~ / ~ ~ £i1J VJ, 11' f n (J) if fI ~~ i3 11' -c t ~ 11' fit! :a:- ~ L t~ 0 ~ G ~~

IJ\ *m, ~ ~ lIlT, ~ ~ lIlT ~ ~ 11' t~ 0

'8~ JJi!- P'J (J) ~ rtf lIlT tf ~ ~ i3 ~t Q !fi {ft fjJ: :L1B iii~ ¥3 t~ VJ (J) ~*~mit :a:- *- 2-

5 ~;: jf\ L t~ 0

20kg/l Oa* YrMJ ;O~ '8 ~ rtf, mfit IHJ f~ ~' (J) 14 rtf IHJ tf;O~. L, 20-50kg/l0a(J)

(fiB 1m ~;: ~i ~ [ifiJ rtf, $ rt=r' rtf, W~ rtf f~ J! (J) 11*lIlT tf ;O~. L t~ 0 50- 100kg /1

-6-



oa~;: ~±.. 1m~m.. ~l!fflf fUT t~ J:!: (J) 14marr iJ~ --a ~ t1 t~ 0 100k g /1 0a~ 1:. iJ~ *~
fUT.. S rRJ m.. ~t ~ fUT.. ~ ~ fUT.. jO J:: LJ) II i¥f lIfT (J).. 5mfUT ~;: ,& Iv t::: 0

~ 2-1 ~;: ~±.. '8l!fflf~ rf"j ~mlIfT ff ~;: jO ~t Q .iji ill fJt :i:& lID fJ{ ~ t~ ~ (J) ~*j{ fiif

it ~ 4f& ~ ~;: ~ ~t -C ~ L t~ 0

::. (J) ~ -C 1.± § ~ t1 Q ::. ~ ~±.. .iji ill fJt:i:& iii fjf ~ t~ ~ (J) ~*j{ fiif fi ~;: :i:&~

I¥J t~ ~ ~ iJ~ t; Q ::. ~ -c t; Q 0 '8l!fflf JJi!- P'J -C .iji ill fJt :i:& iii fj!f ~ t~ ~ (J) ~*j{ fiif

:I;: iJ~ 5Ok g / 10 a ~ tt! ;t mIIJT ff ~±.. :E ~ L -C ~t ~ JJi!- :i:&~ jO J:: LJ S rRJ • 9(,~ :i:&

~ -C t; Q ::. c!:: iJ~ :b lP Q 0

~ ~;: W~ tt:i:& ~ l:f=1 JL' c!:: T Q ~t ~ JJi!- :i:&~ ~±.. iX f..J- 7k.. • ~ Jf.J 7k (J) :i:& r 7k

f3X 1¥ 1t iJ~ ~ V\ ::. c!::.. ~ t::> ~;: rf"j ~ £=B ~;: ill Ii: -t Q t~ fi) ~;: fliT )II t~ ~'T.p t::> (J) * :I;:

(J) 7k 7J]{ it 1* iJ~. L v\ ::. c!:: t~ ~' ~ ~. -t Q c!::.. *~ .b Iv 1* ~;: J:: Q * :I;: (J) ~

* 11~ lfj ~.. -t t1 ~;: f-* ? ~:% '" (J) j{ fiif ~± ;g i@J L ;t t~ v\ r~~ m-C t; 0 ? 0

-7-



:¥L4- ($:4-)
~LIf:- (1:f fiX:4- )
~ffllf=.

~

!*g~n

7~p-15 -

139. 3
81. 7
61. 3
12.7
1.7
1.5

-8-

132.3
89.6
79. 0
17. 6

271. 6
170.7
140.3
30.3
1.7
1.5



~2-2 " ~~I~Jl}ff!Fr!~: :f.)~:t -3, ~li in]lfnj~ ~* C*1li(J)J,!vCJ<I: .J: -3 ~*f)fffit1i

1-Ll/:
1~1 fIJil:. II~ tnV/1~Q 7" t=/.-( "5 - KIi mVI: iU1:.11\

rJ::Lj:: 1fr&. (~~ ~~ Iif-)

~lt~jj 5G2,700 364, 500 391,300 G13, 600 8, 530 3, DGD 112,593

N~Yfl 1G, 800 1,670 61, 100 114,800 6. 045 4.488 1G, 068
!5.f:~ 52, GOO 23, 800 162,300 38G. 800 5, 931 15.7U5 31, 614
'g lJft.!F.\ 31. 000 12.200 115, 500 280, 000 5, 460 2, 400 17. 5111
fkmW.. 8. 670 2, 520 52, 000 220. 700 2,740 117 7. 951
lU Jf~~" 17, 200 5, 400 53. 200 215.200 878 190 7, 959
~fjL~~ 23. 100 10.100 10G, 500 307.800 5. 139 2, 193 1G, 167

B.::;i' JJf\ 35. 400 11. 800 56,000 658, 000 10. 243 2.421 22. 011
WJ*~ 48.700 15,300 102, 400 285, 200 4. 2'12 G74 17,180
nt,~~ 51. 400 . 17, GOO 71. 200 651. 900 G, 320 1. 339 21, 703
flU 3iVf.. 25. 400 6, 870 27.000 208. 000 6, G8G 2U2 10. 938
{-~~~ 55, 000 18,000 48.400 513. GOO 9. GG8 2, 078 22, 195
],ftJiUfU 4. 3GO 1. 120 3, 000 9, 100 225 0 896

1111*)111~ 20, 900 5, 050 7.300 112,900 2, 00'1 0 5.252

Mf if.1 !f.l 15.300 3,750 24,700 277,800 5, 261 1. 019 9, 910
'M"lll yft 4. 310 1. 100 7, 100 58, 900 2, 051 120 2, 852
llJII!JfI. 6. 070 I, 920 5,700 50. 000 2,558 0 3, 153
1Mjl:~.. 2, 4GO 890 5. GOO 7, 100 973 118 L 349

L1J~!Jf\ 5.560 1. G10 11. GOO 12.700 779 1. 1111 2. 829
~1I!f !h\ 31. 500 10. 300 51. 800 lJiU.800 1. 110 880 9,IHU

11J!~-lJi\ 1J1. 500 3, 980 39,500 127.900 7, DOG 1. 977 10.5S2
~ 11nlYf\. 21. 200 7, 120 37.400 237. 700 5,258 2. 359 It. G1:J
~j1j!!r.. 40.100 11. 200 G1. 000 491.'100 10,957 1. G57 20, 938=mw.. 10. 800 2, 250 3D, 400 151. 400 5,713 U87 8. 560

itl j{ ~'f~ 6, 300 1. 410 21. 100 1G. 200 789 2~5 2, 596;;r tmJrf 6, 450 l. 470 8, 800 37, 500 1. 538 7ul 2, UG7
*~J(f 4. 380 430 3,800 16,400 51G a 1.,157
ftHllJJf\ 32, 700 Ii. 000 G8. 000 52,500 7.452 4. 926 15, 311
m&!IfIt 5. 960 950 . 3,700 1G, 500 1. 512 181 2. 059flJ =IX LJJ ~~ 1,390 300 7,500 14. 000 L 1G1 2, G50 2. 867

.~J&!Jfi.. 9, 500 3, 900 26.800 90,000 874 2. 750 5. GOO
JffdlH'ii 9. 870 3. 230 15. 000 41. GOO 1. 232 197 2.01111f.!tU !F.~ 29.200 9. 190 39.300 46, 200 7, 025 2, G13 11.780
J1~ ,~W\ 12.900 1. 020 3(5, 400 78, 300 U, 812 8G? 8, UG 1III [J !Jr=t 5.700 1. G90 22, 900 38. 800 3, 501 2. 211 5, G73

"'iAi ~!Jf1 12,800 3. 340 3G,300 72, '100 1. 195 G, GG7 8. 528f.l:.' r,

TItJIIVfl, 9, 640 2, 320 3D, 100 52, 700 5.8G3 1. G~5 1.790
~wvr~ 10. GOO 3. G30 28. GOO 28G,700 3,792 L 8Bl H. 2~]5
~~11~~ 5, '130 2. 190 10. 700 81. 700 GIJ1 [)08 2.785

tmlml~" 22. 000 8.74U 31. 400 97, '100 G, 5~O 2. 101 10,925
VLjt~ 8, 100 2, 810 GO, 200 9u,100 L 543 3. U98 8, 303
·~~w.. 12,300 4, 900 92, 600 252, 300 2, 811 2. 141 11, a73
fr.~*~ 42,400 19.600 142.700 284, 9UO 3. 887 3, 145 20.017
*5}9?~ 14, GOO 5, 250 71, 700 165,300 2. 848 2, 81 G 10, 583
gn~ Yfl~ 22. 5UO G, 780 242,400 776,700 G. 870 21. 772 39, 839

J.ffiVGNhYf.. 17,900 G, 880 324, 100 L 347, 000 12, 401 24. 127 54. G02

rl l .t1t1!1r!.. 7,720 L 630 61, 200 307, 000 1, 587 G78 8,752

*1111tIJi, ~LLI:', ~m lr:tG J: U~lj: x Iii], t~~~nc7· p -1 "7 -lj: x 1000~
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~2-3;. ~~ii}ff~f: to'f .:s .. W-1lIfJHtlHliifl ~ t:..lJ 0)*ii f: J: .:sHl ~tJFffit:i:

~*f)r- ffit it $)H tl! i1fi fJi illff1t~ t:.. lJ 0)~*
(~* ~I/if-) (ha): tJfffitji(~* kg/ lOa)

jt~iEl 112,593 L 205, 900 U. 3

f=f~1Jft IG,068 168,100 9. G
B=FWt 31. 614 171. 6,00 18. 1
'§J;~~ 17,547 117,700 It. 9
fXITJ m 7, 951 158, UUO 5.0
I.lJ Jr~ !Jj\ 7, U5n 135, 000 5. 9
tRI ~ Yf\ IG,lG7 176,400 9. 2

rx*m 22, 071 193,000 11. 4
WJ*!Jf- 11,180 138, GOO 12. 4
nr..~~!Jfl, 21. 703 90, GOO 24. 0
jfJ~m 10,938 91, 300 11. G
{-mW, 22, 195 115,300 15. 3
}f!*tl~ 896 10, 477 8. G

tl!J9AJII m 5, 252 25,490 20. G

kfr i~ JF.\ 9, DID lS9,900 5. 2
'Jir UJ llfl- 2, 852 G5, 84 a 1.3
:r:tJII~ 3, 153 49,900 G. 3
tffl;J/:17\ 1. 349 15,270 3.0

LlJ ~H~ 2,82U 30, 500 U. :1
[~J!f Yf\ 9, 419 131. OUO 7. 2

Ik) !fl- !lf~ 10, 552 G5, GOO 1G. 1
n7t IMl1~<; 11. 643 85, 800 13. G .. ~~1J!Jf'c 20, 938 89, 3UO 23. 4=1lt.!Jff( 8,5GO 7U,300 12.2

~1~J}fJ<; 2, 59G 58, 920 1. 1
mm~J(;f 2, 9G7 35. 590 8.3
;\IVjJ(f L 157 17,510 G. 6
~mIVf~ 15,311 8G,910 17. G
snNJ~ 2, 059 26,590 7.7

ft J:tX L1J !f.\ 2, 867 40, 100 7. 1

.~Jf~1~ 5, GOO 10,700 13. 8
~tN!Jf\ 5, 014 46,400 10.8
!fi7j L1J m 11. 780 73, 100 16. 1
11: 1¥b Vr\ 8, 961 7i. 700 12. 5
LlJOJJf\ 5, 673 59, 700 9.5

f·~9bm 8, 528 37, 300 22. U*JtHfr\ 7,790 38, 330 20.3
~~W, 9, 295 G9,700 13. 3
iftj~llm 2, 785 35, 020 8. U

tmlln]!Jf\ la, 925 1U2,700 10. G
{!i j{.!}f, 8,303 64,40.0 12. U
~~~ 11. 973 59,800 20. a
Jm*Yf\ 20, 017 136,100 14. 7
*7r~ 10, 583 G9,100 15. 2
'8 nhj 1lf\: 39.839 74,700 53. 3

l1l!nNb~ 54,602 138. 000 39. G

i'I' ~lUj)fl( 8,752 4u, 011 18. 8

-10-



~2-4. rg.~ ~fJg O)~ rfjUIJtH: to~:t -3 '\ *lli WJj(fUj15fJ~. C*1ii0) ..s,/vGR I: J: -3 ~RH1fii1t:i:

.!fLLt:
~~tJfitititf~lm LI: n~ 1*VI1~ 7'015-

[t.ll= 1fr&. (~* ~1/fF:)

'8 ~tiJ TIl 217 15 4, 240 H,500 29 147 500
fflOJA f!l G, 430 2, 230 31, 500 141, 300 352 2, 797 5,702
~Irn]nl -378 61 4, 890 14,400 208 0 580
13 ffHli 312 uo 3, 570 55.900 0 333 1,020
JJ\;ff ilT 3, 110 742 23, 000 43, GOO 96 647 2, 428
El [liJ f\T 71 15 2,.4~O 17,100 71 2, 174 I. 5G3
ll1 ttl] flJ 753 335 10,100 11, 000 0 203 84G
iill'lm fiT 779 215 12. 200 8,930 67 G32 1. 202

.z UO) fiT 1, 010 355 21. 600 32. 500 270 437 1. 995

i~~fHr 139 37 1. 750 0 a 0 lOG
lU mllUr 108 25 1, 550 1. G90 120 0 185

Uc:1:. ll,l BI f 64 10 3, 250 0 - 0 0 173

~t~J~lHr 0 0 1. 810 32. 200 230 0 592
mMO~/IlJ 0 0 1. 510 7, U80 40 197 298

=JttIHJ 759 259 7,550 5. 320 235 220 803
llJZ 0 IHf 853 21G 2,770 24, 900 a 95 567

jEt" lJJt alr 758 172 11, 300 72,200 0 1. 518 2.294
!Jlm/llT 735 213 3. GGO 26. 300 0 321 742
/ft_~IUJ 1,330 321 14.800 41. 300 247 1. 389 2,280

ilt J.ffl flJf 858 270 13, 000 7, GOO 13G 474 1. 19 GIn JJLRlf 474 52 7,770 1G, 300 a 819 1. 077
~Ji*f~J a 0 1. 720 1, 870 0 87 156

i\t 1ft.lIBJ a 0 3,800 5, 370 G2 G66 657
lE~lBf 83 17 4, 670 7, GGO 30 31G 525
~!Bf a 0 2,GOO 14, 900 0 a 298

iWiAA \Hr 351 85 3, 920 1G. 300 528 975 1. 283
ffrlf alf 815 30R G, 930 9, 180 1. 511 30G 1. GG2

lm*ftf~J 0 0 113 0 a 0 G
*l)J\ IlIr 290 68 3. 140 11, 200 G8 175 456
JII Irl !Hf 1, 3GO 529 G, 550 110.100 I, 938 1. 23G 3, GOO
?fIOl4! IIlf 273 66 3, 500 12,100 57 1. 504 1. 20J

PI] JII mT 0 0 407 1. 110 0 70G 427
JR jm~Plr 0 0 1, 330 3.890 103 2, 103 1.328
r~l Wl\f~I u 0 641 0 0 lu5 123
QgJm~tJ 0 0 949 0 0 U 49
:lt~~tJ 0 0 558 3, 1GO 0 0 61
:It)l IHr u 0 2,790 0 0 a 1'13
:ltJ II ~IT 0 0 913 0 71 0 !J 1
:ltiili BIJ 0 0 511 2, 430 a 1G3 111
ffnl*+'J U u 381 0 0 0 2U
HE~tJ 0 u L 320 0 0 a 68

lft=ffIjjmr 35 4 8, 190 0 0 554 72G
El z~alr a a L 760 0 0 G5 12G
Ii7- rfJt Ulf 54 21 1. 380 0 0 0 78

• W.1sL~j:,\ ~LLt:.'\ ~mLf=-toJ:lfM('j:x UUl.. !*~~nc7'p/(5 -Ij:x lOOO~
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~2-5 . -g.~~n O)~Ttfrurt-H': iJlf ~, W.{rrf)~.it!nfiTll~t.:: t.J O)*li I': J: 6~~tjr-iill:.ii

~*t1Fit!tiit V~:lt!!ifiTll ifiTf1i~t.:: t.J O)~*

(~* ti/if:) (ha) t1f71lt:ii(~* kg/lOa)

'§~~m 500 4.780 10. 5
tnllhH/l 5. 702 7.830 . 72.8
§[!Iiilftj 580 1. 903 30.5
EJrniIT 1. 020 2.158 47.3
IJ\Hf1J· 2.428 4, 490 51. 1
E1 [tJm 1. 563 1. 050 118.8
flliln iII 846 3.450 24. 5
1mtl!lflj 1. 202 4.230 28. 4

,zUO)f!T 1. 995 4. 210 47.4

miRlllJ 106 1. 020 10. 4
ITI J} lHy 185 I. 105 16.7

flc±DnIllT 173 1. 689 10. 3

JUHI\IllJ 592 478 123. 7
iff jrJ\IHT 298 793 :17. 6

-= J1~PIT 803 1. 415 56. 8
111~IJl!1T 567 829 68.4

il'fjJ~IHJ 2. 294 1. 918 119. G
ILl lU)lIT 742 1. 341 55. 3
'rt*~IllJ 2.280 2,330 97. 9

il'fj}jjilllf' 1. 1% 2. 368 50. 5
mrmBlT 1.077 1. 8% 56.8
~J\*N 156 784 19.9

Iflj Iffij \11 J . 657 1, 620 40.6
b!!I 14'1BT 525 2.721 19.3

~~lIlf 298 803 37. 1

il'fjj~IRf l. 283 1. 591 80.6
f/difllJf 1. 662 2.280 72. 9

Jm*~N 6 135 4.3
*~)~!lIJ 456 749 60. 8
JllffilllT 3. GOO 3.410 104. 7
tl\mtlllf 1. 203 1. 589 75.7

f'1Jlllllf 427 505 84.5
J,l! ~~\ III f I, 328 729 182. 1
mmlN 123 435 28. :3
im~~\N 49 579 8.1\
:lUmlN G4 351 18. 1
Jt1Jl1If 143 G09 23.5
JtJll PIT 9[ 491 18.5
:ltiilimf 144 280 51. 1
~i1 J*H 20 ·208 9. 4
tl~~N 68 378 [7. 9

iltf-f!tIllT 72G 2. 071 35.0
B~~PJT 126 871 14. 4
.Ii Jr it1I mf 78 832 9.4
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m- _ ±:ftl ~ ~~ ~ ~t Q lSN03 (J) l¥f 9c ~~ lk f£ T ~mj3

J: V:l1l! -"f 71< {ft (J) ~ "

MJ. -c: ~ ~ t~ J: ? ~;:.. 4:-1* lJ), ~ ~j:.:ifu ~;: j{ fiiT ~ h t~ ~;% ii (J) 50%£1- J: lJ~

~ ~ .r--. iJ~ I:fj ~ h.. f,t lJ), -c: 'b :l1B r .r--. (J) me h ($ Jm ) lJ~ *~ V\ C it ~ L t~ 0

!t;c 1i- :l1B f,t ~' (J) ImJ m- ~;: j{ 1Jtf ~ h t~ 1*~ ;% (J) *1m 7J ~j: 2- 4 JIM rll~ -c: f~ M~ ~ ;%

(]) tre ~ .r--. ~ {~ T Q (]) -c:.. m~ ;% -c:~~ L t~ iJ1j ~ ~ ~ Iitffi T Q -:. c ~;: J: '0 -C ..

4:- 1* ~;: a:J *T Q ~* (]) ±~ ~;: jO ~t Q IJJ rm ~:fft 1m m:Vi -c: ~ Q c it ~ ~ h Q 0

/.$: 1iJf~ -c: ~j:.. ± ~* lJ), ~ (J) ~ Jm~ Jm ~ ~;: J: Q f~ M (]) r~ *= c.. .::c h ~;: ~

bQ~~~~cL-C(])~mjOJ:V:l1Br*&(])~~~~~L~o

1. ~~jji'~

1) ~~:l1B

~ ~ :l1B ~j: '8~*~ :t- ..y ~ /~ A j:kj (]) /" 1:: '7 !f' :::; A -liI r:!:i (J) 1i- :l1B ~.. ~ ~ 00

~a 1JIM rll~ WI ~;: ~ :l1B it: L t~ 'b (J) -c:.. ~ ~ WI rll~ ~ im t: -c~ :l1B tJ\~ -c: if l!I! L t~ 0

2) 15N~~ iJ1j ~ (J) Jim ffl c ± ~ (J) 1* 1&

199 3if. 9 A 16 13 ~;:.. m~*~ ~ iJ1j ~ ;fJ 9~ A (3. 18 a tom%.. 19y ~ IV ~ t~ ~ 1

00. 2 g (J) N~ -a tr) * ~ ia ~ 50 em X 100 em (]) IK @j ~;: 1. O!J '/ l' Iv / nf Mf! ffl L t~ 0

± ~ ~j: 1993 if. 11 A 5 13 J: ~ fr-J 2- 4 ilm rll~ ~ -C:.. 1994 if. 7 A 2 7 l3 * -c: ~;: *l1lEJ 1*

1& L t~ 0 1* ± ffl ;t- - jJ - ~ ffl v\ -C.. :l1B~ Iii J: ~ 2 10 em (J) ~ ~ * -C:.. 15c mrll~

~ -C:;fr~ 1& 13 :::.' c ~;: 2nm J: ~ 1* 1& L t~ ± ~ ~.. ;fr~ :::.' c ~;: l} J:: * J:: f1) ~~

L -c 7J tff ~;: #t L t~ 0

3) {~~ 7JtJT

1* 1& L t~ ± ~ (]) ~ ~*-a :ff $ jO J: LJ 15N

a tom%(]) ~IJ ~ ~j:.. '::::::::L - :; - :::; ~ F (J) Lin col n*~Depa r t men t 0 f So i 1

Science~;:m.TQK.M. Goh~~~;:~MLt-:..o

1itl!ffl Lt~m~*~~KNOdo J: 0'~1&±~(J)15N atom excess%~j: .. ifllJ~{itl(J)

a tom%lJ), ~ 15N~ Mf! ffl L -C v\ f,t v\ ± ~~;: 0 v\ -C ~ J~ iflU ~ L t~ 15Na tom%(]) IfL f$)

{II[ (0 .3 6 92 %) ~ ~ L 51 v\ -C 3ft 'dJ t~ 0
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~ ± Jji ~~ ~ 0) 15N ex c e s s:II: I± {&: tt it Zp G • tfj L t:::. ij!t ± m: :II: ~:., ~*-a ~
$ ~ 15N Excess%:a:- * C -C *~ t:::. 0

4) ~ ffi :II: C: :i:IB T * ill: 0) ifllJ JE

~m:a I±, ~ ~ :i:IB ~:. ~:J'* L -C ~ ~ L t:::. ~ {JIJ ? .A ~ ffi it H --c ifllJ JE L t:::. 0

:i:IB T * ill: I±~ ~ :i:IB ~:. ~:J'* L t:::. :i:IB T *ill: lfl ifllJ jt: ~:. :to v\ -c, ¥ ~ {:;$: ~ f± 1J ~t

:a:- Jf.I v\ -C ~J JE L t:::. 0

2. ~*C:~~

1) ~ ffi:a C: :i:IB T * ill: (Fig. 1)

~ ~:wI r"" rp 0) ~ ffi :II: I± 9......, 11 fj ~:. $- <, 12""'" 3fj I±:J; f~ <, 4 fj ~:':p} lJ*
:a 0) ~ ffi iJ~ 7-;. G h t:::. 0 S ~ *:a iJ~ 50mm:a:-~ *- 0 ~ ffi iJ~ 19934=-~:. I± 9jJ 21""'"

22S, 10jJ7S, 10fj29B, Ilfjl0"""'12S, 12jJIB~:'7-;.Ght:::.o 19944=-

1......, 3 jJ I± 2 fj 20 S ,:. III 7-;. G n t:::. f&, 4fj ~:. I± iJj~ I:. 7-;. G h 0 J: ? I:. t~ "'? t:::. 0

*~~ :i:IB 0) :i:IB T *1ll: I±~~ l¥.J I:. jfij <, ~~ :wI r"" lID C -C 30 - 240 cm0) ~ 00

I:. ~ "'? t:::. 0 * t:::., :i:IB T * 1ll: I±~ ffi ~ %t r,t- L -C 1: fl., T ~ :a:- ~ I) JlR L t:::. 0

2 ) 15N 0) ± i:i 0 ......, 2 10 cmJji ip G 0) WL~ (Fig. 2)

MI! Jf.I ~ 2 j] fj f&. 0) 11 fj 5 S I:. I± 15N 0) 38% iJ~ ± ~ 0) 0""'" 210 cmJji tp. G T --C ~:.

m!k L -C :to I), 11 fj 26 B I:. I± 50% iJ~ m!k L t:::. 0 .:t 0) f& 3 fj 22 S * --C 0) 4 j]

fj r"" I± 15NiJq~!k L t~ iJ~"'? t:::. 0 L iJ~ L, 4fj 22 S * --c~:. ~ 1¥ L -C v\ t:::. 15NO) *
*" .;", ~ ~i'6" 1"'- 'lM If-_ 1 ~
I I.i~ iCJ' ~ l'- iFJ A v ,-::.. 0

3) 15No)±~0"""'210cmJjiI:.:to"J05j-m(Fig. 3)

19934=- 11 fj 5 S I:. I± MI! Jf.I15No) 62 % iJ~ ~ 1¥ L -C v\ t:::. iJ~, .:t 0) it 111 0) rp IL' Ii

30......, 45cm~ ~:. ~ "'? t:::. 0 Ilfj 26 S ~:. iJ~ V) -C ~ 0) ~ ~:.:to V) 0 15NiJ~ ~ P T 0 C:

C: 'b ~:., 45""'" 60j"O J: lJ60""'" 75cm~ 0), J: I) ~ v\ ~ 0) it;ffi:a iJ~ ~ no L t:::. 0

11 fj 26 B J: I) 1fj 7 B * --C I±~ ± 11 I:. :to V) 0 15N 0) it 111 I:. :k ~ f~ ~ 1~ I± 7-;. b

h t~ v\ 0 1fj 7 13 J: I) 3fj 22 13 * -c I± it ;ffi 0) rp IL' iJ~ J: I) .~ V\ ~ ""~ IIJ L, 4

jJ 22 B I:. I±~ 11 iJ~ b 15NiJ~ m!k L t:::. 0

4) ~ ffi, :i:IB T * ill: ~ ± * I:. :to V) 0 15N 0) it;ffi, rf1i!k C: 0) ~ {¥

*~ ~ 0) ± ~ ~:. :to f) 0 15N 0) 5j-1fi ~ rf1i !k 0) iI!J & I±, fjz 0) 4"':) 0) a~:wI ~:. [K 5j

T 0 ~ C: iJ~ -c ~ 0 0
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9 J3 16 13 (J) 15NMi! ffl TJ-:" t:> 11 J3 26 S *-r: ~:. ~ 50 % (J) 15NiJ~ ~ Jm ~:. W3 )Ie T Q m1

(J) IJ;f WJ ~ 11 J3 26 13 J: ~ 1 J3 7 13 *-r: (J) ~ 15N (J) ¥~ )Ie iJ~ ~ tf.> G h -r ~ * t~ ~ ±

Jji ~:. to ~t Q 15N (J) 7J 15 ~:. ~ {[:: (J) fet V'm 2 (J) a~ WJ ~ 1 J3 7 13 J: ~ 3 J3 22 13 *-r: (J) ~

15N (J) ¥~ )Ie ~j: f~ v' iJ~ 15N iJ~ J: ~ ~ v' 11 ""-~ Ib T Q m3 (J) a# WJ ~ to J: a 3 J3 23 13

J: ~ 4 j) 22 13 (J) ~ 1'¥ 1.." -c v' t~ 50% (J) 15N iJ~ ~ Jm ~:. ¥~ )Ie T Q m4 (J) a~ WJ -r: (b Q 0

-t h :e h (J) IJ;f WJ <!:: ~ ~ ffi :fi[ to J: a ±tB r 71< {ft :{r M J;t ~ '1t Q <!:: fIIif 1f rl=f' ~:. ~

1.* f~ M f* (J) (b Q ::. <!:: TJ~ :b iJ-:,. Q 0 T f~ :b i:J ~ 9 JI TJ-:" G 11 J3 r 1ij * -r: ~± ~ *it

(J) 13 ~ ffi it iJ~ 7j. G h Q 13 iJ~ ~ < ~ -t h ~:. f* 0 -c i=tf! r 71< {ft iJ~ 1:~ ~ r ~ :{r

~ ~ Jl& 1.." fet iJ~ t:> t 3 0~ 1 70 em (J) tt~ I¥J ~ v' <!:: ::. 0 ~:. (b Q 0 12 JI <!:: ~ 1f. 1 j)

(J) ~mit ~j: -t t1 :e t1 ~ 72. 5 to J: a 56 . 5mm <!:: P f~ <, ±tB r 71< {ft t ~~ :WI

rl=f' tp -r: I& t ~ v' {ft~ ~:. (b Q 0 2JI <!:: 3 JI ~j: M1f- 9~ 11 J3 ~9: C -r: ~± f~ v'\ iJ~, 00

1f. 12 JI <!:: 1JI ~:. tt~ 1.." -c ~mit iJ~ ~ <, mF 71< {ft t 16 0~ 200 em~:' 1:~ 1.." -C

v'\ Q 0 15N iJ~ ¥~ )Ie 1.." t~ 4 J3 tp ~ r 10 ~:. ~± *it (J) ~miJ~ ~ tf.> t:> h, ±tB r 71< {ft t

50em""- <!:: ~Jm~:' 1:~ 1.." -C v' Q 0

15N (J) ~ IJJ ~:. ~± ± ~ tp (J) 71< 7J~ III iJ~ M1* 1.." -C v' Q (J) -r:, 1: Jzt! (J) J: '5 ~:. 15N

(J) ~ III <!:: ¥~ )Ie ~:. ~m~ :i& r 71< {ft iJ~ ~ ~T Q J: '5 fet ~* TJ~ 1~ t:> t1 t~ (J) ~± ~

?A -r: (b 0 '5 0 t~ t~, *~ ~ -r: 1~ t:> h t~ *6* :{r 7j. Q <!::, 7-$: ~ ~ ±tB (J) J: '5 ~:.
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(2) *fEO)±:LiHfljffl~~ (~~Wf~?F~~WJ) ~~*tmtfjO)~i!I!o

-*fEO)~*~~~tJ(J)~lt~~~T0~~"*fE~*~O)~~~:LiH~

~~~-

( 3) *~~•~ (**~ 17K) iI: 0) 9f:ffj ~" ±tB r * ~ fJtJ )II ~;: :t3 ~t 0 fJ1j ~ i77

~~O)~it;o
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~4-1. ~t~~O)~:Lfu~~: i5Lt -3 *~:?7.k0)~~r~~~*lJlJj(

f*J&NO. *I/§J~Jt~ #-P~ m~:t~~~ iJ1lJJ(
(m) (ppm-N)

1 lil~ 100 o. a
2 ~~ 108 1. a
3 craM! 2. 1
4 cr3JJl! 50 3. 8
5 ~~

-. 4.0
6 m'r~ 4. 0
7 ~w 40 4.4
8 ~~ 4. 6
9 ffrt~ 6.2

1 0 ri7t 11M: (~m) 6.4
1 1 ff6J1l! 7. 1
1 2 mX~ 30 7.5
1 3 .~lill 7. 9
1 4 miHtt 50 8. 6
1 5 fr(lJllt 8. 8
1 6 ~~+fIJlF 8. 9
1 7 ~M! 100 9.5
1 8 fOlF 7 9.9
1 9 ~il. 68 10. 3
2 0 ~J¥k 12. 5
2 1 Bej! + frJ LF 30 13. 4
2 2 ~~ 25 26.4
2 3 ~JW ([3~, 35.2
2 4 MM! (~~) 29.2

it) 1994if.5f1 9 EJ" 6)=3 7EJ" 7)=3 7 E3 to J: (J 8)=3 10 EJ
O)~ \g,::n1J\':WJ&.
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80 1----1-----+--+-------+-----+--1
r"\

~
'--' 60 1-----l----t---t-----+-----.JfV----f

40 I--+----t--t-------t--

~ 20 t------j-------j--1i't----

o
0-3 3-6 6-8 8-10 10J-:.1-l

UJ~1m~~iJllt (ppm)

@ 4-2. *p71<(1)~M~~~ilJI(1)~JJi:1t11i
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• ~ c ~mc (J) ~ i!tn;: :to It \ -c b :b~ 00 a- -a 6f) t::. 16 i!§ 00 -C fj:, f!iJ) II (J) 'g *

!€ ft , 1& T 71< (J) iiIH,~ ill & (J) J:.~ t,t ~', ~* a- 6f) <~ 0 rR~ ~ :b~ ;e~ J..., -C It \ 0 0
t,t tr- -C t"\ 1& T 71< (J) ilJil ~ t"5 ~ Ij: A f* ~;:. r,tH~ Wa- 51 ~ ~ -=- -t -=- C iJ:. G "\

~ ~J t,t rR~ mc J..., -c tIE *- f> n -c It \ 0 0

M*471< (J) ~ 7 0 %a- 1& T 71< ~;: ~ r¥ J..., -c It \ -0 ::1 - 0 '/ /~ -C Ij: , 1& T 71< (J) liW

~ lfj ~ ~;: M J..., -C ~~ -c, liW ~ t1J ~ ~ c t,t -0 ~*nE ;f..}~*~ ~ PK (J) f~ Jf.I 15

it (J) 1iJf~ c c t ~;:"\ ~ Jf.I :It (J) mu ~.&"\ ± 1& iii fit ~ t::. IJ (J) *~ (J) ~ • ml~ ~;:

ml] m~ a- nD *- J:: ? c J..., -c It \ 0 0 '7 j !J j] ~;: :to It \ -c t, ~~mIi: t,t ~' a- @ t.

-c ~*nE f..} (J) *A: f~ Jf.I a- mlJ ~.& J..., J:: ? c J..., -C It \ -0 0 b iJ~ 00 ~;: :to It \ -C t"\ ~

~ 11;. 1& (J) J:: ? ~;: M*4 71< a- 1& T 71< ~;: ~ iii l¥J I;:~ "':) -c It \ 0 1&~ -C fj:"\ ilJil ~ I;:

J:: -0 f!iJ ) II • 1& T 71< t1J ~ fj:~ ~J t,t rR~ M -C iiJ ~ ? 0

JIl 1& iJ ~ f> (J) 1& T 71< (J) 1111 ~ t1J r41::~ ~j:"\ ±: c J..., -c ~**HE *4 c * iii Jt piU;:

J:: 0 t (J) -C iiJ -0 0 * ¥IH1r (J) WJ 1ft*~~ fj: "\ r*lif Pi< ~* ~;: J:: 0 f!iJ )11 :to J::

rJ 1& T 71< t1J r41:: ~;: ~ -t 0 1iJf~ J -C iiJ 0 :b~"\ 1iJf~ • iJij 1!t~ ~ ~;: :to It \ -c f!iJ ) II :to

J:: rJ 1& T 71< t1J ~ ~;: 00 J..., -C *lif iJ~ 71!!: ~ -C iiJ 0 ~ c 1* c a- rR 53" J..., -C ~ iii -t 0

:. c iJ~ ~ ~ t,t #} iii iJ~ -$- <l-;. Gn tc:. 0 Vt"':) -c"\ *¥fl 15- -C Ij:"\ *lif PK ~ c t

~;: *~ ~ a- t -a 6f) tc:. *iii iJ~ 71!!:~ t:p (J) ~* iJ~"\ f!iJ )11 :to J:: rJ 1& T 71< (J) 1111 ~ t1J

~ ~;: :to J:: IJ: -t il& Wa- t& "':) -C It \ 0 #} if iJ~ -$- It \ 0

C :. ~ -C"\ b iJ~ 00 ~;: :to It 0 *• (J) ~ • ~ f..} fi'LA ~;: Ij:"\ ~* (J) ~ • m:~
a- -a 6f) -c ~ k t,t rR~ M iJ~ m1ti ~ n -c It \ 0 iJ~"\ 1& T 71< (J) ilJil ~ t1J ~ c 00 1* J..., tc:.

!lit:!Jt 1*~ (J) iii iJ~ f> t rR~ M a- qz Iv -C It \ -0 0 1o~ 4=- WI iJ~ f> ~ • ~M (J) *:It $i1

A ~;: ff "':) -c *:It (J) ~* iJ~ 00 P'l ~;: me A J...,"\ - 1i -C fj:"\ 1:lH 1& (J) ~ ;J' t,t ~' t iiJ

"'J -c 00 P'll;: ¥IrE A J..., t;:: ~* a- ~ It A n -0 ?G it Ij: fg; T J..., tc:. tc:. 6f)"\ iiJ b n tc:. ~

* iJ~ ~ :!Jt rR~ M a- 51 ~ ~ :. T Pf ~ i'11j: r¥ f£ J..., -c It \ tc:. 0 ftt A ~ • ~ *4 ~;: J:: 0

00 P'1 ~ (J) ~* (J) me A :it fj:"\ 1992~ f& ~ -C 92)j }:;~;: i¥ J..., -C 00 P'1 ~ i'& ~ n 0

'k. ~*4(J)~*:It-CiiJ083)j}:;a-~*-"\f!iJ)II(J)i;*i€ft~ilJil~~;:J::01&

T 71< t1J ~ t,t ~' :b~ rR~ ~m~ n 0 I;: ~ "'J tc:. (J) -C iiJ 0 0
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• A k • ffiij *3f- ~~ et "':) -c *:Jt (J) ~* tO~ :b tO~ 00 ~;: ~ i? ~ ~ t1 ;S ~* (J) k8 ¥

:Jt ~:t* iii 100 *3f- (J) ~ A ~~ et ;S 'b (J) -r: &J ;S 0 *iii ~;: *'it' -9- c; h t::. ~* (J) f§ ~ $

9f (70- 95 %) ~:t b Iv 1* C: L -C til: mt c; n ;S (J) -r:" til: mt~* (J) ~ < ;t~:t ~ ~

rJ:t~ mc: -w f.£~;: M1* L -C v\ ;S 0

:b tO~ 00 (J) r:p -r: 'b '8 ~ ~ ~ -a tf i¥J 1L 1'1'1 !fB~ ~:t ~ iI€ !fB * ~~ {lL tfi T ;S t::. 'd) ,

*~ b Iv * C: ~mC: (J) M1* ~:t ~ (J) ~ Jll Jff ~ £J- J:. ~;: ]I!~ C: ~ ;t ~ n ;S 0 *
iJf~ -r:" ]I!fB ~~ Xi T ;S *~ til: mt 4"o/J ~~ et ;S ~*1=\ f,i:Jt (~~ Jll Jff ~ ~;: jo V\

-C '\ *iii iJ~ til: mt T ;S ~* :Jt ~ • !fB fffi fj!t -r: ~ L t::. 1~ ) ~ ~~ L t::. ~* ~~ et

;S C: '\ '8 M~ C: tt! Ye £ !!f:J- ~:t '\ -t n .:e n" 53. 5k g N/ lOa jO et a 39. 6 k g N/1

oa C: '\ ~ L <~ V\ 1~ ~ ~ L t::. 0

c; ~ ~;: '\ 15~ !!f:J- P"J (J) ~mlBT *1* (J) • !fB ~;: jo ~t ;S ~*~m:It ~ ~ ~ L t::. C:

::. ~" ~*~ m:Jt tO~ 50kg/ 1Oa ~ ~ ;t mlBT *1*~:t '\ 3:: C: L -C ~t ~ ~!fB ~ jo et

a s ~ . ge~ !fB n.£ -r: &J ;S =- C: tO~ :b tp "':) t::. 0 !f,f~;: ~ :9lX 1t !fB ~ r:p It." C: T ;S ~t

~ !!f:J- ±If!~ ~:t '\ ~ *3f- 7k" ]I* ffl 7k (J) !fB r 7k ~ f¥ ~ tO~ ~ V\ 2: C:" c; ~ ~~ P"J ~

$ ~;: {lL ~ T ;S t::. 'd) ~~ M)II l,t c: tp ~ (J) *:Jt (J) 7k ?Jj itt 1* tO~ • L v\ =- C: l,t ~' ~

~ • T ;S C:" *#i b Iv 17R ~~ et ;S * :il: (J) ~*til: l:f1 C: '\ -t n ~~ f* 5 M)" to et

a ±If! r 7k ¥7j~ ~:t ~ ~ L ;t l,t v\ rl=l~ ~ -r: (b ;S =- C: tO~ lJ! 14' c; h t::. 0

15N~ ~ i~ ~ jJ lj ? A ~ 1iff! ffl L'\ ± tS ~;: jo ~t ;S i~ ~ f$ jb C: ~m~~ f* 5 ±

tS 7k (J) ~ IJJ C: (J) M 1* ~ ~ f'f L t:: 0 -t (J) ~* '\ ~:il: (J) ~m~;: f* "':) -c IOO ~ ~:t

Jm~ 7J~ ~;: T ~ f$1JJ L -C ±If! r 7k ~;: ~ "':) t::. 0 t::. t:. L '\ i~ ~ (J) T ~ f$1JJ ~:t ± tS

7k (J) f$1JJ :Jt C: ~ L < l;~ fJtl L -C ~:t v\ l,t =- C: tO~ ~ ~ c; n t::. 0 T l,t :b i? '\ ~ ~

(J) f$1JJ jt ~;: ~:t ~m5!ii J.t" ± ~ 7k -r: 7j. t::. m- iJ ~:t ± tS 7k (J) ~ r~, ~ t::. Y) mt:lt tO~

M1* L '\ ~ ffi 5!ii J.t~ ± tS 7k (J) me J* tO~ (b ;S v '" /1-' ~ ~ ;t t::. C: ~ ~;: ± tS rp (J)

i~ ~~ Ib iJ~ ~ J* ~~ ta =- Y) '\ !fB r 7k "'"~ ;S C: *~ c; h t::. 0 2: (J) ~* ~:t '\ m
mWl (b ;S V\ ~:t 1=1 m~;: J: "':) -C mmr~, ~;: * :It (J) ~mtO~ 'b t::. ~ c; n ;S R;f m~;: '\
± tS q:t (J) i~ ~ tO~ ~ J* ~;: T ~ f$1IJ L -C ±If! r 7k~M )II ~;: ~ ~ '\ i~ ~ if~ (J) J:.

~ ~ t t::. ~ T =- C: ~ ~ ~ L -C v\ ;S 0

~~ zt ±If! ~;: jO V\ -C" ~.~~~ tO~ !l£ Iv It ~ ±If!~ ~ %t~ ~;: !fB T 7k (J) i~ ~

~ ~*if It ~ iflU ~ L t::. ~*" WM ]I: L t::. 26 }~~ (J) It 7J ~ -r: 7k Ji 7k (J) 7k It £ ~ (J)

J:. ~l fit -r: (b ;S 1Oppm ~ 8 A~~ tO~ ~ ;t -C v\ t::. 0 '1 t::. '\ if~ iJ~ 1Oppm~ ~:t ;S 7J~ ~;: ~
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;t {) fj"tl t :J;. f> n" ±& ~ ~:: J: 0 -C ,± ~ r 71< 0) i~ ~m~ ;O~ ~ ~J f~ • ~ ~~ ~ {)

~ <!:: {r ? ;O~;O~:b 1t {) t 0) -r: ~ 0 t~ 0

~ t~" ~ ~:L1B I:kJ (J) ~ jfg ;O~ ~ Iv f~ fth 0)- ±&~ ~~ 13 ~t {)" CD ±& r 71<" ®:I:fu

r71<O)MJllilrEtfi)j--C~{)~7k" @fiij"JII71<" f~ ba~~@#:L1B1::;O~ biPTJI\~

O)71<~71<O)~~~~*it~{r~~Lko

Xi~ ±& 0) :L1B r 71< (J) ~ ~~ ~*it ~ ~± 0ppm ;0 ~ b 35 pp m* -C ~g J1;: <)j-~ L "

5:JZ ~ 1Wi ,± 15ppm-r:" ~ f* (J) 6~J ~± 7k ~ 7k 0) 7k it £ ~ 0) 10 ppm ~m;t -c 1.1' t~ 0

iX ~~ ~~ r4= ;O~ f> ii~ mt ~ t1 {) 1! 17K ~*:fi (J) m7E 1Wi <!:: 1i'~ ~ ~ ~*• J!t 0) ~

1* {r :J;. {) <!::" filii~ (J) rl=f~ ~~ 'j: IE 1:t ~tl (J) t§ ~ ;O~ ~ 0 t~ (t§ ~ 1* It ~± O. 86) 0

~ 0) =- <!:: ~j:" *~ W} 4 M It ;O~ ~ <" • * ~~ J: {) ~* ii~ W:~ (J) ~ v'~ r4= ~i

<!::" :I:fB r 71< (J) 1i'~ ~ ~ ~*•~ ;O~ ~ 1.1 '\ fIJi rRJ 0) ~ {) ~ ~ {r ~ L -C 13 ~" *~ •
17K ;O~ itH r 71< 0) ~ ~ llJ ~ (J) :E JJj{ ~ (J) - "':) -r: ~ {) <!:: ~ f4~ ~ n {) 0

* t~" A) II 0) iPT )II 7k 0) ~ ~~ ~*1,1 J!t ~± ilrE r ~:: "':) n -C ~ < f~ ~" r ilrE

~~ A {) ~ 1:: ilrE 0) 2{if 5m ~:: f~ 0 t~ 0 fth jj" r ilrE ,M JII ~j: 7k /If ~ ~~ if} 0 -C ilrE r L

M rJ ~~ 1.1' t~ {) <!::" it~ ;O~ :b f ;O~ ~~ {~ r T {) 0 ±& r 7k ;O~ it ±& *4 iii ~ ~ ~ ?

1iI BY ~~ ilrE tfi -t {) M 71< (J) ~ ~ ~ ~*~ ~ ~± M)II 71< d: ~ t ~ f* I¥J ~:: ~ <" Ai

* 1Wi ,± 28ppm -C ~ 0 t~ ;O~" 00 7k 0) fi'~ ~ ~ ~*1,1 J!t (J) ±&~ 1¥J)j-~ ~~ - :iE (J) f~

rRJ ,±~ 6b f> t1 -r" m7k (J) i~ ~ ~ ~*~ ~ ,± }~;: ~ (J) * ~ ~ <!:: )t;(fJ ~~ ~W ~

n {) t (J) ~ I~' :b n t~ 0 it ±& 1:: ;0 ~ b (J) 71< ~ 7k (J) 1i'~ ~ ~ ~*1,1 & 0) * ~ ~ ~±

~~~~:bt~ ~" Ai*1Wi0)55ppm;O~ b" Ai/J~fWi(J)3ppm*-C~gJ.tv'\'fWi{r~Lt~o

~ (J) J: ? t~" ~ BY ~:: d: {) fi'fJ ~~ ~*~ ~ (J) * ~g f~ t§ i@; 'j:" iiI: 7k 7J]{ 0) tit m-
;O~ ~ f~ {) ~ <!:: {r ~ L -C v'\ J: ? 0 f~ to" 7k ~ ;O~ b iiI: t±\ L t~ 7k 0) ~ < ,±~ ~
{r 56 L -C 13 ~" *~ • 17K m* (J) ii~ 71< <!:: m:iE ~ n t~ 0 bf- 1: 0) ~* iJ ~ b" A

)" ,± 1: ilrE ;O~ b r ilrE~ me r T {) ~:: "':) n -c" m71< iJ~ M) I[ 7k (J) ~ ~~ ~*it~

~ ~ 6b" no;t -C 71< ~ 7k (J) ili. A iJ~ 1,1~ ~ ~ f> ~~ ~ 6b {) ~ ~ iJ~ ~ b iJ~ ~~ f~ 0

t~ 0 ~ t1 b 0) ~* iJ~ b" ~ 0) ±&~ (J) ±& r 7k" m)II 71< 13 J: a 00 7k 0) 1i'~ ~

~ ~* ~±" ± ~ L -C *~ 1! 17K ~;: m*T {) <!:: m:iE ~ t1 t~ 0

f~ to MJII 71< 0) fi'~ ~ ~ ~*it & ~±" WI~ 0) J: ? ~;: 7k /If IR~ {r me r T ~ JfEJ

~ -C :b -r iJ~ ~;: {~ r L -C 1.1 '\ {) 0 ~ (J) ~ ~ ~± 7k /If ~;: J: ~ ~*~ :is: ~ 11 (J)-ttffij

{r ~ L -C v' ~ (J) iJ~ t ~ t1 f~ 1.1' 0
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y J:., W~~ ±tB ,± :b 7J~ 00 -e ,±~ t5c 0) ~ gg ±tB fit -e ~ ~, ;:m it ±tB fit -e t ~

-'5 0 -t- ~ -e ,±.tf ±tB~ to ~ ; 0) ±tB r 71< • M)" 71< 0) i15 ~ 7Jj C: L -C, *itf~ PK

~:. I±J *T -'5 ~* ;O~ t± f3 ~:h, -C v\ -'5 0 * 1i)f 5E ~:. :to ~t -'5 ~ i!I! 0) ±tB~ Wij 1!t ~:. :to

v\ -C t, *itf • Pi( ;O~ ±tB r 71< • M)II 71< 0) f~ ~ i15 ~ 7Jj -e ~ -'5 C: * ~ ~ :h, -'5 -=
~tl ;O~];. v' t~ ~ :h, t;: 0 t;: t~, * Wij 1!t -e ,±, • tf /J\ ±tB~ 0) ±tB r 71< C: [fiT )11 71< ~:.

];. ; n -'5 f~ ~ ~ ~*iI~ 0) ~~ 0) ~ liffii ~ ~ L t;: ~:. T 15' t~ v\ 0 1~;:h, t;: Ui

* ,± ~.& ~ ~ :h, t;: ~ 14: r 0) mv\ t 0) -e ~ -'5 0 ~;~:., • *f ±tB fit 0) ± ±tB flj ffl

~ ~ ~ IE iii ~:. tE ml L" IPJ R~ ~:. ±tB r 71< C: [fiT ) II 71< 0) ~*iI It 0) ~~ t~ ~ 1!t ~

t3 ~ t~ v\ fIIif~ 0) :t§ 1L 00 im ~ )j- tJT T -'5 ~, ~ ;O~ ~ -'5 0
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~~~ttH'i" b;b{OO-c 'i~~O)~~:f1f!*-CS l0" mJff:ttH1jf-c t et:>

~ 0 ~ =-C'i !lM:ttl!~ b~ t; 0)~*im ttl b{ b t: t; j- ttl! T 71< • jiiJ J1171< 0)

il3~1JjC LL~~~mlfo/J~~itt!b' lQ 0) §e3*40) ~miJ{lt§ ~ n L ~ '\ ~ 0

~mx:ft ttl! <: 'i !X*4 0) '1 C: ~ c'~ ttl! T J1< ,~ 1tX ff. L L ~ '\ ~ t: (iJ" ttl!T
*i15~'~ J: ~ {±~O)~$'~~~j ter~~O) -c ~ =Cb{~~ ~ n -C \t'.Q 0

L iJ' L" :f:tl!T 71< tlJ~ 0) mtJ\;b{ C' 0)~~ (}) t (}) iJ'" S * l0 }E iJ~ -C 'i

ts. <" !f!~ ,~ ttl!T 71< 0) 71< 1[ 0)~~~ BA lQ iJ~ ,~ T ~ ~~ iJ{ et:> ~ 0

*¥i-c 'i ft:ttl! 0) '1 ,£ rft ~,~ tL Ii:T .Q$~$mI ter t; lJ'~*ii~*~

* Cf~D~~*iJJ~~:Xi~'~"

(1) ~~m0) ~~'~:bt: ~ f~D~~*iJJ~O)5j-~~ BA lQ iJ~'~ T ~ 0

(2) natS. IQ lJ,~*~.*~*C: mM~~*~~O) M:@:a:-~MT ~ 0

II. ~lt!1Hc:~lt1i1!

W~m 'l Iii fa i}{ 307Krf -C ~ 0) 80% {f- e#:I1t!i}{ r:!J 'rh -C \t' ~ 0 mP1

'j: [§ ffi" ~fOnH" 1± pj" itP71<" ep~" r:p~" 0) 6 !1t!~,~ rR5j- ~ n"
~:L1f!~ 'i 192 0)~~ iJ~ lQ _ fiX ~ n -C \t 'Q (~1)" (~ 2) 0

~~~b~ IQ :ttl!T* (#P *" m71<) {f-f*lIX L" -1;t './ :7 0 ~ l' :7"

-7 7'~ J: l0 f~M~~*iI~·~7itl}E L t: o f*71<:f:tl!J~'i~:lJiXmO)~~~

RMm -c ~ ~ J: '5 ,~~~ t: 0 ~~~ 0) f*J1<ttl!J~~~ ~j:*$5t0) ~~ -c 'j: 2

ttlL~£{J:" *~jTI~~~O)*,~~ l.t)~~-C 'j: 7 -- 9 :f1f!£i}~ Gf** L

t: 0 1*71< 'j: 2 iJ J3 ~ ~ '~}E WJ B~~H~ ~1ffl! L" SJZ fiX 8 fF 12 fJ ~ SJZ fiX 9 fF
10J3 0) rEt' 0) i* J1< @]~ tj: 351 ~ 402 ifltl £ -c et:> J t: 0

*~ c ±itl!~Jjm0) fflf=li 'j:!l~ -e './ ~ A ,~ J: J t: 0

ill. t6:W:c~~

1. WlM~¥*ilOCO)5t~O)~~·

-1-



(1) !tl!~0) m~~~~illItO)?t~

~ffi:L1f!~O)~ijr~~~~~Bt'j: 0 -., 3ppm;6{~1*0) 72% '" 3 ~ 6ppm'j:

22%", 6 '""8ppm:i){4 %'" 8 '""10ppm O)i1l!}~'l--fi'o-c", 10ppm £{J:iJ{

~f*0) 2 % C' ib ~ 0 iJltlB~O) 94% tt 6ppm£{ T-c ib -:J t::. (~3) 0

~fo1tl!:l1H~'j: O~3ppm;6{~f*0) 5 %'" 3 ---6ppm{±21%", 6 ~8ppm

]j{13%", 8 '""10ppm 'j:17%", 10ppm ylJ:'j:17'i"Nf~ -:J -c1E:1*O) 44%

t r!i ~ '" 6 itl!~ 0) EfJ 1: 'j: 10ppm Q{J: 0) ttl ~~OC;6{ii t 7\: ~ fA:!tlI~-c

~~ (~4) 0

J±~ itl!~ 'j: 0 --- 3ppm;b{~1* 0) 20 % -C ~ Q 0 3 --- 6ppm {141 % '"

6'""8ppm;b{18%", 8 ---10ppm 'j: 8 %'" 10ppm £{J:tt1E:1*O) 14%~ l5

~L"'''~ (~5) 0

7$J1<itl!~'1 0---3ppmiJ{ 4 'i"PJT1:", 1E:f:*0)18%", 3'""6ppm'i82%",

6ppm0.J: 0) ttl! £ 'i~ft L fA: "''' 0 6 itl!~ 0) r:p C' 6ppmQ{J: O):ttl!B iJ{ ttl~
LfJ"'''O)'j:jtp*i1I!~O)~-C~-:Jt::. (~6) 0

¢t ~:Ltf!~ ,± 0--- 3ppm;b{1E:-t* 0) 24% -c ~ .Q 0 3 '"" 6ppm '142%,

6'""8ppm;b{18%", 8 ---lOppm tt 7 %'" 10ppm £{1:tt1E:1*0)10%-cci5

~ (~7) 0

ep~itl!~'j: 0---3ppmiJ{~,,*0)18%-cci5 Q o 3 ---6ppm'±48%",

6'""8ppmiJ{18%", 8 '""10ppm '110%", 10ppm £{1:'±~1*0) 8 %-cit

~ (~8) 0

tB~~~'i O'""3ppmiJ{~f*0)27%1:£> ~o 3 ---6ppm'±40%C'", 6p

pm.PJ -FiJ{ 67% C~*~~ r:!J ~ -c "'" .Q ;b{", 6 --- 8ppm'± 14%", 8 ---10pp

m ,± 7 %'" lOppm 0J:'±~1*0)12%-c£t ~o

0.1:0) *SJJ! lJ' i; '" [§ ffi :L1B~ C 7$ 71< :l:tl!~ 'i:l1f!~ J1< • iJj 71< 0) m~~~
~itJJto) 'i c,4; c'iJ{ 6 p p m0~-c '" !t~~ ,~giJlJJtO)itl!~-c it Q 0

1±f*j!tl!~", rft:9(!tl!~" epm1tl!~-c ttjjtlJEi1I!~O) 60%0J:;6{ 6 ppm

£{r--c£>~iJ{"" 8 p pmQ{J:t20%ttJJtffft9~o

iitfO 1tHttl!~ C' 'i 10ppm Q{J:iJ{jj{l12 0) 44% i3 ~ tL T:;fa ~"" 8 ppm £{

J:O) iJ{IJg ,± 62% it ~ ~ c. fJ" G"" c. 0) ttl!~ 0) -$:5tt¥/J( 'j: fFj~ ~ n L '" '\

~ C~ fA: it Q 0

-2-



~~®~~~~~~g®~~~~t~~m~~~®m~~~~~

OC~tt~ ~ -t!-~ WbiX~~~;: ~ ~f ~ ~M~~~~f!to) iiiaq5t~ ~m\t\

t:'®1J{ (~9) -c2t 0 0 mitfJ5t~O)*~®fJjfUJ 'j:~ ~~~~~(J) ~

iJJJJt~ 'j:W~mO):ft*$;O' i; wnm~;:;O'':r -c*tx ,~5t1lJ L~ ~ ~ ~ m
O)~tl!§$ 'j:{J:£$!JJt~:ffl~~ mOl l:fl~$ 'ilEIX18"J ,:. r:p~JJt5t~~ C ~

;t 0 0

(2) f*71<:I:tB~,mj:ill® ±:f:tl!fIJ ffl JB~ C: mM~~~ilJJt

ttl!T71< 0) i*71<:l1I!£;O' ~ -¥~50m £{ J7'J 0) ±:l:tl!ffJ ffl]f;~ C :l1I!T7k OJ m
M~jJJst i:-~« t:. o

~!tl!(J)~M~~~iag{®if~:I$]fiR'j:~ 3. 2ppm-c£> 0 0 0 --3ppmO)

ttl!£:Q{46%,3 -- 6ppmiJ{38%, 6 ro-w 8ppmiJ{16%, 8 --lOppm iJ{O%, 10ppm~

1: 'j: O%-C ~ **!tl! (J) i1f!T71< 'j: fftiloc 0) F~D~~~O) t!J ~ ~ ~J fl1J{j( ~

*mO)mD~~~tm&0)$SfZ~f&f'i3.5ppm-Cit ~o 0 ro-w3ppmOJiI

ttO):l:tl!~1J{52% ~ 3 ....... 6ppmiJ{31% ~ 6 ~8ppm1J{11% ~ 8 ~10ppm iJ{

2%~ 10ppm £{ J: 1J{ 4% -C ~ 5¥ is] Mf 'j: ** ftl!~V T ;0, ,~ J: @] 0 1J{ ~ **itt! c
IQJfl ,;:~~JJt OJ limM~~~ 0) r5 rb 0 *U~ iJ{* ~ \t) 0

fflIi& ® f~M~g 'j:5¥~MliJ{6. 9ppmS ~ 0 0 ~ 3ppmO) iloc 0) :I;tILra;O{
19% ~ 3 ~6ppmiJ{28% ~ 6 ~8ppmfJ{17% ~ 8 ~10ppm iJ{6%~ 10ppm

£J.1:;!){ 31% it 0 0

WI M~~~ 1Hl JJt (J)~ 1$11iil 'j: mI ftl! 1J{ **:f:tl! ~ 71< EEl 0)~ 2 ffi ~ 8 ppm £{

J: 0) iJ1I JJr :f:tl!B 1J{ 37% 2t -:J ~± ttl! frJ ffl JB~ C~~ jJ1l JJt 0) fa' &;: 'j: .z- n 72'

tt [f!f~ 0) f*f:il iJ{ ~~ 60 ~ n ~ 0

2. mJ tI. i; rJ &;:*ti~*~~ CF§~~~~~tt

j""-e,;:J!ij ~1J,tI. ct oj ,;:~ ~~*'iO-3ppm1!t~0)~~!m~~iJ\1tf*0)

72% ~ ~ ~ ~ ~iI~O):f:tl!~;O' ~ ~ 10ppm jJ1lJJti:-m~;t ~ :I1f1£1J{~1*

0) 44% t -a- ~ tL 0 ~1Jlg tJ.ftl!~*t -C~Jj.~ f~Meil~O)ftl!~ &~ et 0

~ \t \ ;!){* ~ \t ) 0

• ~:LtH 0) ±:I:tB fJj ffl 1J{ i- n i:' n*it 0) ~ 0 f§ ffi ~ ~ fa ttl! ~ J± rJj ~ jtf:r

-3-



71< OJ 4 jfH~~%j if< ~:JHJ C*ti~ flj( :/){!tlff 71< OJ mft~~~~ Jjt ,~ 1?d~

T~.~tiflT~o

[§ -ffi 'j: ** jfH OJ 6 ~ Q ~j i:'J :/){~ 8 ~U OJ jfH~ , ~ to 1Ih ,j: mJ !tIH§Hj~j~
OJ tti t *~ ~):f;tI!~, EE pg 'j: mJ c 71< EE OJ 6 ~ Q ~ji:'J:/){ '1 ,£ /OJ ~Jjt OJ !It!

~, #J71< 'j:71< EB :/){!i t !l£.4J tJ. i'tl!~,~ it:> t~ ~ (~1) 0

~1
... . ~fffl.~0)±ii!!~J.m00.$

±&:fit~ **!lfoo"$ 7./< 83 OOllt$ ;:m~00.$:
: (%) (%) (%)

~-ffi 81. 0 4. 7 8.4 '
~fOitB 19.6 21. 7 29.8.
Ifl'i 30.4 22. 7 ·24.3
Nt7./< 1.7 47.4 9.8
~~ 8. 1 17.4 22.6
~jjj! 70.5 ' 7.3 13.5

ttl!T71<OJmD••~~~~±ttI!~fflcOJM~~hQc,tim~OJ

,~$t:/){~m-z: ~ ~ ~S ,=. 'j:, mI!tl! 0) mHI~ji:f c 1i'~D~JJt OJ ra~ ,=. 'j:1t

f9JJ M1* :/){ JJX ~ 1I-:J C ~ n -C ~ ) Q 0

~~~mI!tt!OJOOm*cmM.~*~JjtOJM1*~~~Th~c,mI

ftlHmm&1 c WiD.~~i!lJJt OJ ra~ ,=.;f§ r~~Hj: '1 c .4J c'tJ. l.t' (~10--13) 0

no fttHm m* c 1*71<ftlL~ OJ Wi M~Jjt OJ M1*~~~1 T Q ~ i:'J ,~, 1* 71<

jfH}~'~:5 ~) -C, mJ!tl! m*OJ ~*OJ ~.~ jl t1J,~ ~{dIi ~ n;t t~ OJ :/)",

C l.t' J t~ rc~ I§ t c5 ~ 0

~ to 1Ih jfH~ OJ~ f9JJ~ 7:J. Q C641* 71< # OJ pg -z: *HI OJ !tI!T 71< :/){ 21!tl! ,~ it:>

Q (~1* 71< # OJ 33% ) 0 ± ttl! flJ ffl ~ iJl :/){~ HjJ tJ. 1* 71< # ~~ <C, 38

.71<#OJm~~EB~,m~~!tl!~m-Z:c5~o.*m~,~nG~n

~ <±ftHflJ ffl OJ:m~,~ m=* T Q !tl!T71< illlJjt~ iltl~ L T l.t) Q OJlllitt:/){
~ ~) C h tJ. ~ n -C l.t ) Q 0 L t~:/){ J T, *HI £( 7i- OJ ± jfH flj ffl rmm:/){* ~

l.t ) ~1 c', fflJ!tl! ~J i:f C 1i'~ M~ Jjt OJ;f§~ 'j: {g; ~ \ -mIJ '~J! II Gn ~ 0

*HI jfH yJ jf.. 0) $t 1iii~ (?;;H~ ti~~ flj(:/){~~ -z: ~ Q 0 ~ jfH~ ,~ ~ 't Q*
-4-



~~*~~.cmM~~*~N®OO~~~~c~~~~~~~mM

~1* iJ{~ fb t? n ~ E§ ffi~ J± P3 ~ #t 7k 0) 3 :I:tl!~ -c tt lEI MiJ{:Ij. t; tt ts. ~ \
(~14~17) 0 ~~1tH'j:W~rnP3-c:ft t ii~O)~~ ts.~~,= ~ t:. ~ ~

8 ppm £(1: 0) m~iSJJ{iJ{~1*®61%~ ~ ~ -C ~ \ ~ 0 rEJ iRlEl ts.~M 'j:

~~E8*'= et ~ to) Cm~-c ~ Go

tB~~~ 0)*iijt*~*c 7ifiD~~~iJJJJr 0) M1*~ 31< fb t:. 0) 1J{~

18~ ~ ~ 0 *iiit*:Ii C 7ifi~~~~iSJJt 0) ra~ ,= 'j:iE 0) mM1J{ ~ Go

~ 180) liri~iI~ 'j: ~ ~:J=tl!~ P3 0) 1E: -c 0) ~~1Jlit~= Ef3*i"" G ~MilJ3t 0)

¥~il~~ :c 0) I*J -c 'j:~~ EI3*® ~~O)~fliJ{:ft t * ~ ~\ ~ c~!fo/J

~~m~~O)~~~M~~~iI~c*~.*.~~M~~Gto)

0) ~ 1FJ~ 0) et '5 '=:Im~ 0) t~i'~r 'j: ~ ~ =$ 0) i1f!~~~ ~) -C jilij:13 0) mI*f 'j:
~ ~ ) 0 ~ 0) J*~ 0)~ -:J 'j: £ iJjjt C: !It!~ 71<1*71< i1f!£ 0) lli. @. M1*0)~~ 1J{

:1j;t t? tt G a :l:tl!~7kP3 $0)£~ ~= EB *T G ijjM~~~illst 0) 5t.~ 'j:

~fij1~~ G iJ{~ !*7l<ttl!}aiJ{J~iJJ'= m*T GF~D~~~7t*O) tPJL\fJ

jJf ,= lli. Ii. T ~ 0) 1J'~ ~ ~ 1J' t; ~~' 1J' J t:. Wi l= lli.~T G 0) 1J' ,= J: J -C

liriMilJJt i6{~ ts. G ~ C tt~ft,~. L <ts. ~ \ 0 g ~ iJ-.. t; JS! ~ \ PJj- 0) ijjM

~~~iltt 'j: }~~ iJlii ® r:p JL\M:ilI 0) ilf:!t J: ~ t ~ <~ ji~' 1J' G lZ: -:J tl -c
~ t? l=~~T ~ C: it)i:-c ~ ~ 0

gffffiutiT 0) :LmT7kO) 1*1& ,j:"i tt-c ~ 6 oj 0 J!i1it 'ig~1J-" t; 0) ~11

iJ{ ~ *~'* ts. ftl!J~ 0) 1*71< c J~b tl ~ 0 giJj C !It!~f7l< 0) m~~~~iJ!J

OC~MJt~~tT~~cO)_L~'j:~O)g'z:t~~~14~16~ 170)J:

'5 ~= *EJ M0) itt ~ \:I:tl!~ -C ~ J -c t f*7k:l1tL~ 0)~ ra~Wst~ ~ <h G ~ c ,=
J:: ~ ~ jffij:13 0) m00 'j: rEJ *~ OJ~tt 1J{~ G 0

~19'j::W~~~O)nH!It!OOfi$ C: ~~~~~ilf:!t® M1*~fW ~ \ t:. t
0) -c ~ ~ iJ{~ filij~O) *EJ MJ tt ~ ~ \ 0 ~ 0) tl:i:~1J' t; 'j:~ ~~tt0)~M~

~* 'j: 1m tm E8 =* ® R~ ft. ,= J:: ~ 1J' ,= 7:J. ;t ~ 0 ffB1i ~ ~:f;tf! ~ tij 0) mr!tl! lID
fi$ CW:fD~~~O)Mf* 1J' t? 'j: ~ 0) ~ C 1J{~)i: ~ n -c ~) Go

~:J=tl!~~O)mJ:l:tl!ffijfl~ C*~.*.O) Mf*~3j(66 G C ~ ~20~23

®C: :Jo ~ ,= ts. G 0 ~) Ttl t WM1J{ S Go ts. 1J' -c t ~fo1tl!1tl!~ ®mM

-5-



f* If{ 'i O. 91 -c I6J ~ \ 0

*t~~~m~~~M~ ,;: filij:t1O)mM~ ~ ~ c ~ R = O. 76';: ter 'J 7tP

7kO)m¥G~}JU';:-t~2:R=O.96-C~~ (12{!24) 0 ~nt;O)~ c'imJ

itt!ffii. 0) ~J .g. iJ{ *. ~ ~ \ kl c'~S: 0)~~~~ ffl L ~ ~* ~* S: iJ{~ ~ \

;:: c~~L-Cl..\~o

:c ~ -C~190)mJitt!ITiill¥~~~~*fl:c~lj.~;{. ~ c~ ~PR~*

fl:O)~~\itt!~'i~DiI~iJ{16J <~ ~flO)~*iJjjU;:EE*T~~*O)-5

~ -C~JlRE8*O) ~*O)~"iJ{*. ~ ~\ ;:: C~~ L -C l..\ ~ 0 ~19'j: ~18

0) }J1j~m-c~ ~ 0

N. :to b ~ ,;:

~~mO)~~ ,;: b t~ 'J i'tl!T7k0)~M~~*1.I~0)5t~ ~ BjJ ~ iJ' ,;:

L ~ i'tl!~ ,;: J: 'J 5t1fl~ ~O);@ ~ \ iJ{*. ~ ~ \ ;:: C~~ L t~ 0

±itt!~fflO)mITii~~~M.~*.~O)M.~lj.~c~~itt!c7km

0) 1.1~ 'i IJ\ ~ <~ m"i *. ~ <~ **:I:tl! . 7.K m0) :to J: -t:- 2 ffi -c ct ~ 0

mJitt!J1E~iJ{ttl!l'"7k 0)~~~~*iI~,;::& 'i-t~"O) ~~ ~ fm~ t~

c~6,mJttl!ttl!l'"7kO)m~.~*.~~~J1Efl0~0)~.~*.~~

J t~o

itt!~~N-c~~~*c~~.~*iI~O)M~~~~RC;::6~~

iii~ JlR II: O):Ifl1JD c c t ,;: m D~~:*.~ 'i :Ifl1J1J 0) 1lJ fOJ ,;: ct "'J t~ 0

~~~w-c~~~*cmM.~~~~O)M~~~~RC;::6~ 6
,

itt!~0) I*J -c 'i~JlRlI:iJ{Jli t ~ ~ \itt!~O)m~~~* 'i~~~*1I: c c

t ';::Ifl1JD L -C '" \ ~ 0 ~ n ~ 0) *6:W: 'i ~ itt!T7k 0)~~~~*iI~,;: ~

1~C~ EI3 * 0) ~"iJ{ *. ~ <mn -C ~ \ ~ t 0) c:Jt~ ~ n ~ 0

ftH 0) 5 itt!~ -c 'i ~ J:~ c ~ ter ~ *6:W: -c ~ "'J t~ 0 *¥G -c ffl '" \ t~1511

-c 'i~~ -t ~ ,~~ ,;: E8*T ~ m~~~*ilst 0)~ {jIfi ,;: 'i I!I. ~ iJ{ ct
~R~~~~nRM.~tJ-c~~EI3*0~0)~*.0)~.~*~

~ \c *,J~ -t ~ ~ c 'i -c ~ ter t \ 0

;:: ;:: -c1*ffl L t~±!tl!~rEJ,O)~~.w'i~~o)*. ~ ~ -c~ ~ 0 ~1i

ffijfl'i~+iJ' ~~Bha* -c~;fi-cct 'J ~ ~¥~*:IUi~1iO)~¥~

-6-



ffl.~~*~L~~~~®~~~~.~LTm~~o

*¥Il-c 'j:"" "':b 'J -:< -7 a I¥J ts. m~~ fj, ~ 7-> tz. *5*® 5tfJT~ IT J -c ~
t:. o ~f&c b?7 DmJ~~®~*HJ'j:fwfi®~~~~~66"".z-n~®7tfJT

~~~T.Q~~fJ{2O.Q 0

1m:t T"" 41& 'j:±i1t!~rB~®:* ~ ~ ~:L1IL~1l!Nl¥Jl:~~ IJ\ ~ <~~ L""

!tlL~ 20 .Q ,,) 'j:/J\~ rB'-c~~ L t:. ~~1Jj c .z- n ~~ E8 *T .Q~~~~~
® ~itJ)\fJ{~~ ~ ~ tt.Q 0

~~~ c±~ ts. ~ rJ ~;:i1t!T*r:p (J)~M~~~ C (J) ~*Mf*(J)MI!f:J

'j:~~-c ~;s '50

-7-



-8-



-9-



80 .....-----~-------,

0-3 ·3-6 6-8 8-10 10
m.:U1i*iI.IX?t~(pplD) It-i*Jt=56

60 r--------------,

10

0-3· 3-6 6-8 8-10 10
irUitn.*.tl~1P(ppm) .-f*B:=62

50 ,.-------------,

40

10

o
0-3 3"":'6 6-8 8-10 10m.mt•••Il~1P(ppm) tt~1t= 52

-10-



8Q ,--------------........,

60

o
0-3 3-6 6-8 8-10 10
m.g!U~.lf?1_~(ppm) S:-f*1t= 24

50 r---~-----------,

40

10

o
0-3 3-6 6-8 8-10 10
m.gif••lf?t~(PPIII) :t*i*fl= 191

60 ,.....--------------,

o
0-3 3-6 6-8 8-10 10

m.!UI••[f;t~(ppDl) t*~lt=43

-11-



11 iii j !I: 0 - 3 ppm

~: 3-6ppm

~: 6-8ppm

i. I: 8 - 1 0 ppm

_: 1 oppm-

,-_I :~:,.t j"JvfJ: l,.,

-12-



••
..-.. 8 ,---------..:....--------~--,

S Wffi~lJl~ R = O. 5 3
0.
A 6 - • .

............

~10 .

•#

•

•

i0 fo?tf1~IfL~
R=O.03

~ 25 .----------------~
S
A 20 I

A

80

••
20. 40 60
~ ±t£miff{~ (0!c> )

~11 mIttl!rm*1l~ C~M~~~1JlJJt 0) ~f*

-13-



,-... 14 ,-------.-----J±-rkJ-~-~---:-\'t-:t!5J~
S 12 f-

A R=O. 2.8
A 10 f-

'-.../

80

• •8 f- , ..
6 t- ..
4 f'- +. •• •.+ •
2 t- • •

20 40 60
1jB±fBffifJt~ (%)

~12mJ:ttlHmfl~Cmll~~~.lJtO).~f*

itP*~~:f$]
R= O. 3 6

•

,-... 6 ,-------------------,
S
A 5 f- •

0.

-14-



Wffiif:~~

R=O.15

........... 8 r---------------,
S
A

0.6

• •

20 ,...--------------....,.....-----,

...........

S
A 15 f

A

~foltt! if.¥~

R=O.79

••• •••
o l-.- -l.-_....,.....-_---'------ _

o 200 ~O 600
~*.pj(~*ii: (k g N / iF-/ h a )

12SJ15 *ti~Pi<~~. Cm~~~~iS1i:O) ~~
-15-



•
•

J± P'J1f:·IJZM]
R=O. 01

•

•
•

•

a L-_-----l__----L~_ _____'__ ______,_---J

0200 400 600 800
*lfi~PR~*ii (k gN/ip/h a) .

---. 14 .----.,..-----------~___,

S 12 ~
A

A 10 ~
"'-"

i**1f:~:!z.tJ

R=O. 3 3

---. 6 r------------___,

S
AS r
A

• ••~ 4 ~

=3~
~l1t1
l1llS 2 -; .
~ 1 '--_----I..-.-_------'--__'---_--'-_----J

o 100 200 300 400 500
*~~PR~*m: (k g N/&f:/h a)

-16-



10 r----------.,.-----------•
~~~ R=O. 66

300100 200
*if~·PJ(~*:fl (k g N /1f:/h a )

O'--------L..--_-_-l.- ---.J

o

10
.~

............
±:P¥~ R=O . 8 3 ~fJ]af1

S
~

8 t-

~ ~~ t:p~
'-' 6 ... ~ •~
~ • J±~

11* 4 -

~M #7l< •
~ 2 f-

~ ~

~ IDiffi}-Q:.

0
0 5 10 . 15 20 25

):m itt!ffijfJ~ (% )

~19 W~m®M~oo~~~m_~~~_~~OO~

-17-



--.. 200-

'" .' 29BJr.c= R=O. _5,44
" 150 • IJit -I

"
"

~
Z •bD 100 •"~ • I........,

,. 1• 50 • • I~ •m
~ 0 - .. ."• 0 2 4 ·6 g 10 12 14
1$[. :liIl;ijgOOfl~ (%)

t •l-

I-

I
l-

I• •..~~.. I
f- ±f"7ff!. ~ .. .I~... " 0.'

• R= O. 911

• I " I

'"; 1000

r.c=

" 800lit

"Z600
bD

~

'-' 400

•~ 200m
~* a
1$ a
~

20 40 60
~ i1ifiiifff$ (%)

80

-18-



20 40 60 80
~·:b&mll$ (%)

•
•

J±P"J
R=O.766

••• •• •••
t••.. ••.. • I I

,-,. 800 ,...------------:------------,
CtS

..q

"lit- 600 ~

"Zbt)400 ~

~

•
•

#71<
R=O.729

•

•
•

,-,. 500 ...-------~-~--------,---,
~

,.q

" 400 ~
1ft

"Z 300 r-

tiD

.:::. 200 ~

.-J* 100 ~ •
~ .=0 L..:.----:6:E-.-_-----J, -.l.-

,---~
1$l 0 10 20 30
~ jjij..:L:tBffiifff$ (%)

-19-



40

'[
;S~$.

~.

~*
J±p:J .

.....
~~

....

• *~

R=O. 76

• • *8 (R=O.96)
I§.m

I
~*~.{, \t::iI'!'

10 20 30
~~iii__ (%)

~24 iiB1JRmOJmJi1J!mj:fi~ c~1i_*~~fiOJ ~f*

.. 200
~
~
(Hi 100
tIC
t'JH
iR' 0

o

.-. 400
«S

.s::.
...........

~ 300
::z
bO

..:.::::........

-20-



m #13 ::t- r~ /' ~frjm ~ t~1if:1~fij~*~tR

a"J '?&~ tM~~ 0) ~rj!M 2::. 7c (J) '?&~~ft tf;=fJtt



1. ~~

il[~~ 1i.~~ft~~~ft~c9 {,*fift~~ji r::et {, iHf"F71<;Tj~~±if(;Tj~

1:J~ ~~IJ tett\:;}ll~~ t).. »'l~~il[~r~iX*~m(J) itB "F71< r~fIJ lJ -cr~.tt ~~ l~ et {,;Tj

~1:J~I!~tetra:J,ac tet"? -C ~-c L\{, 0 C(J) et ? tetr~.·tt~~ I~J: {,;Tj~(J)J.ijt~ c lJ

-C .. • itt!~ ::j'Jv7 ittet c 1~.1:J)ttt~~~nE~~*§(J)~~;m~I:: -a*tt{,~~$;tJ'

1:J~ ±if{q:r~~~~ ~r~ft&Jt ~st (tr~~'11~~ cfet t) ~ iiB ""F71< r::~~ lJ""Crr<it

~.. ~ {, L\ (~~tt~ (J) ~"(~ et u ± ill~ i*ffl ~ t1.-c L\t~M~$; jt1:J~~ tJj lJ ~ itt!""F

71<(~~~lJ -C L\<tI~~ ~ b I:: {~""F 71<~ (J)~~ f.iXtJ' 1:J~ iiB "F~~ 9 .Q tI~ tet c ~ ~ F.1

fetffli~1:J~6; If btt""CL \{, 0 tettJ)~ ~ .. t>tJ~~ (:: SL \ -cr~*Iint!DEI~ et G~~nE~

(J)~. tJ~~ ~."*~ L\ C ~ tt ""C L\.Q 0 itt!""F 71<(J) r~ ~tt ¥:~;Tj ~r~ ~ ± iiB (J) ~IJ mH~ 1m

~iX*:t-71<1~~q-9.Q iiB"F71<~~(J)WIJ~(J)* ~ ~ tet c(~ et t) ~*~ et: t) ~~IJtet$1mC

fet "":). -c L\{, 1:J~~. t> tJ~oo (:: 13 L\ -c~ 71< im:71<.~~~mx.Q ill IJ£(J) r~~ tt~~tJ~~ ili

~ tt.Q *tp 1:J~~<tet"":) -c L\G ~ c tJ~~~ ~ tt -c ~ \.Q 0 ~ilI~(~.. C (J) et: ? (::iX*:t

71<~ (~r~.tt~~tJ~*m. (::~ *ttG ~ c (::J:.Q ftt1i~~tJ~ilim~ tt~ ;j.. i'~~ tl

Cl 1::' / Jtn1iE C ~tJ~Iv tt (J)=":J tJ~~ (f b tt-c!> u.. ~~..tet~g~ tJ~m*tt -cL\.Q 0

~il[ .. ~~;.~(J)~tJ) bf~ btt{, =t=-T/ • =¥ ~~/(J)~~~IJm (~IJ'J 9 .Q~~1:J~

;5~ (~rrt>tt -c L\.Q 1:J~~ ~(J) 1i~~IJ m~f,ij(J) ~~I~~Jm~...t (J)$i'i~ 6; t).. *t~

!Jil£~ (J) (;fc!U c1:J~~:::t~ C u-cR~~ t1.-c L\.Q :fX;}l~6; .Q 0 =t=-T / · =t=- i'"!t /

1~~f*~;Jj(J) ~M~ 6; U.. ~~-t(J)1i~~IJm ~f;ij(::1iJ 9 .Q~~~~tJ~~~~ (::I!~

~6;.QC~xbtL.Qo ~(~~ =t=- i'"!t /(~&J;(;;5tttet-m7 ~./ ~~1i9{,t~dJft

••~~3~~~U .. ~*~*~.~~.4~~.Q~c~mffl~tt.Qo~*~~~

:it~ Ji, -1*/ ~~~;Tj~~~~6;.Q 1!~Ji,tet c (J) P.&~ ~J c lJ -c (J)~IJm(:: 009 .Q~

~(~~~< tet ~tt -c L\.QtJ~~ 1i~1i~~ft~r~M'{* /tetc (J)~.{* /(J)P.&~~J

c lJ -c(J)Jtm (::009 .Qijf~(~ l;fclv CJt3t~btetL \0 ~(J)J:?tetiJt~1:J\b .. *~

~~(~/'\-1*X.A.;Ji(J)~~~IJm(J)t~dJ(J)ifi lJL\~f,ij~~(J)-Jic lJ-C .. =t- i'oif

/~~lJmlJt~~.ttM~(J)*Ji lJL\P.&~~J~~J ~9.Q ~ c ~ 13 ~C u.. ~aO)=t=- ~

oif/m~f*~ifi lJ <~f.i.X: lJ .. -t(J)r~MttM~O)P.&~».tt~=t=- i'"!t/~~f*(J)ft.

~mcfl)il::J[t~ **WLt~o
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2. ~~

2.1jit~S J:: rt jit*~

=\=- i'"tt:/ (;t13 i' s (~) tJ) Gm~ ~tLt~Jmyt! T J~{tJ.l1 00%,~T ;80,000

1OO,OOOQ)~*:lXQ)'bQ).t-f.im LJt~o -to)f&Q)~~(;tf[J7t~~ (~) ~O)~miit~

~tQ)**f.im LJt~o

2.2 .:f- f'-."tt:/m~~Q)WIJ~ctQ){t~.j§

=\=- i'"tt:/ (;t""tQ)**~(;t7l«~(;t;sfW LJtJ: ~ \1J~ .. 1i.It~~~tJ:1ftt.1t (~(;t~M9.Q

~ c 1J~~[] Gn-C~ \.Q 0 ftE"? -C .. =\=- i'"tt:/m~~'b 1t(~~M9.Q c .:p~~tL.QQ)~ .. =\=-

i'"tt :/~~i*~M~IJm9.Q t~~(~f;tM!£1lJJ c~jt GtL.Q It~y J~ 13 I) (~)t~LJ-C3C}EtJ:

=\=- i' "tt:/ftiD~~f;tJ:f'ttLfitcf.. GtJ: ~ \0 to) t~~(~ (;t=\=- i' "tt:/~~i*~~~9tL{iJ:~ \

tJ~ .. -1f~(;t:f f'-."tt:/Q)Y ~ / ¥ f~~~&Jt1J~~5ta~ f~~~ ') .. r¢f~ttM~.t-fl61JE9

.Q$f1l~ilLJ -C LJ* ? ~ c {~tJ:.Q 0 t~~ .. ~O)m&9 .Q~m~M;;R;9 .Qt~~ (~ .. ,1;1

"""FQ) J: ? tJ:h;=Ji:(~J: ') =\=- f'-."tt:/ di).Q ~ \(;t=\=- f'-."tt:/m~i*.t-~f!9.Q ~ c ~m~ 9.Qo

~~ G(;t-my ~ :/~~9.Q~f!=\=- i'"tt:/ .. di).Q ~ \(;t=~iY ~:/ ~~9 .Q~~=\=- i'"tt

:/~f;.Qt~~(~ .. .:f- i'"tt:/O)-t;& Y~:/~ ~ 'Y 7 ±g~~ ff~JiX~tt.Q ~ c I~J: ') -my

~ / ¥~i¥~ LJt~o -tQ)f1tI t:? CJ [J I:: r: I) :/ (~J:: 'J~~ LJ .. .y 'Y 7±gl\~~MI~J:

') 1J'M~.Q ~ \(;tgg7.k~{t* rj~:t- i' I) rj A I~J:"? -C;;:rc9.Q;: c (~J:: ') .. tt1,~t1,O)

.:f-i'"tt:/~~i*~3~~~.Q~c~~~.Qc~jt~0 ~"""F~""tQ)ft~~~~90

2.2.1 -my ~ :/~li9.Q~f!.:f-i'"tt:/(CLC)O)ft~

=\=- i'"tt:/O.l mol (16g).t-2w to/dJ)~M7.k~~400mll~~1WL" ;'~ / - J~200ml

~~~R L,t~o to)~;1l(~ 1Offl.Q) *J~h.YJ~T I:: r: ~M~~mJ~"""F~ ~"? <') c;l

"""FL, .. .y'Y7±g~~~JiX~tt,-~~~L,~otO)m .. ~HtL,~=\=-f'-."tt:/~I~/

-J~~(~~ LJ .. +~;$t~L,t~o ~Q)ijJ~~~~9.Qt~~(~;]t;$L,t~=F i'"tt:/.t-DMSO

~~JE;M~tt, 10m;0).I t:? CJ[J I:: r: I) :/~-t-7J'~~~tt, 0.OSmol/dm 3 Q)7.k

Mit:t- f'-. I) rJh.400ml ~1J~jt .. 60°C~24~ra'Dtr.:fL" ~~~fj"?t~o tOJm ..

1mol /dm30)±g~(~~ L, .. 24~ra'Dtt.:f ~tt~ 'Y7~~~~M L, t~o ;}1~IJf1t .. ~tt (~
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~~*~*~~,~~~~~~~~~~~C~~o

2.2.2 =m7 ~ / ~1ii9 ~~~.:f I'"!t/ (GCLC)~.g.f.iJt

( 1 ) ~~.g.c~ti(::, .:f 1'"!t/~~M~ttt::JF~-;{-9 / -)v~;~f::, sffi';'~

~lJv-9)v7 )VTI:: ~~~~~mJ~l'~I9>'":)<') c;il'~, .y'/7J;g~~}f~f.iJt~t::o 

~ni~ ~ t::~, ~)v-9)v 7 )v:r I:: ~ {::~q- ~ -C2ffi;~gg71<~{t*9~:t- t---IJ 9 b.*' JfJ

~\-C~'/7~~~=m7~:/(::i;:n:~t::.o ;)t~IJ~, ~ttr::t~~*~71<;$t~, ~~~~

~t:: ~~~~~c.~t::o

2.2.3 ggm{t~~.:f I'"!t /(TMC)~.g.f.iJt

.:f I'"!t:/O.l mol (16g)~71<- I.~ / -)v (2 : 1) ;.m.g.~tl¥600ml{::7tM~tt, 70

°C I::f*t>7mz~ 3 - ~ j. ~ /~ill'~t::o 8~rEl'fitf*~t::.~,3sg~~{t:t-I' '.J 9

b.~1JI]jt, 2~rEl'tlt.:f~~~t~CI ~I:: ~t::o -t~~, 7i! l':/~r::-JEj.~~;ti~, 'T

)v{t~ it t::o -ttL ~;Jl~1j L" 400m IDMSOttJ~~;M~tt I t:? [J C1 I:: ~ I) /20 Om I

~+7:J'~~~itt::o -t~f1t;}l~ L, .. 0.05 mol / dm3 0)7.kil{t:t- l' I) 9 b.200rnl ~1Jo

x-C, 70°C~8~rEl'~~&Jt~rr'":)t::o &~f1t, ~;~(::~{t~-1;t /tJf~tlj~nt~ <
t~~ *~71<;$t ~t::o -t~;: C 11, ~;~r::r~iI~H71<~;~~ ~ti1JOjt~{t~HO);X1jl~tJf!± L,

~tJ) C 5 tJ) ~'IJ Wi ~ t::o ;Jl~IJf1t.. ~tt r::t~ ~ * ~71<~$t ~.. Jt~~t¥ L, t::. ~~~ iit~ c

~t::o

2.2.4 r~iI-1;t/~~~~[l9m{t.:fI'"!t :/(NTMC)O).g.f.iJt

2.2.3 c ~~~n;!~ 4 mit ~t::.f1t, 3 sg~r~iI:t-1' I) 9 b.~ 1m x, 2 ~rEl'tlt.:f ~

N03 ~I:: ~t::o -t~f1t .. 7i! 1':/ i:P r::-JEj.~~~~ .. 7 Jv{t~ ttt::o -tn~;JlJlIJ~..

400ml o)DMSOttJ~~~~t! .. I. t:? [J [J I:: ~ I) :/~200ml~1JOX.. +1:J'-a~~t!

t::.o ~~f1t .. 0.05 mol / dm3 O)7.kil-ft:t- I' I) ., .b.200ml ~1Jox.. 70°C~8~rEl'~~

&};t~rr'":) t::o &};tf1t;Jl~~ .. 2mol/dm3~{t:t-1' I) 9b.71<~~800mll:J:lr::~~,

24~rEl'tlt.:f~CI ~f:: ~t::.o -to)f1t .. ;)l~{::i~At~-1;t:/ tJ~~tfj~tLt~ <t~ ~ *~71<

;$t ~ .. ~~~:l¥ ~t:: ~O)~iitflc ~ t::.o

,L;,..t-lill!"t:: e.t5 t~n;! (::e.t L) if ~ <.g.f.iJt G t::..::t=- I'"if:/~~1*r1F T -I R r:: e.t L) la]jE

-3-



L" :/ 'Y 7J:aO) }C~7t*JTn),; N / ett~* cVJ, Tn ';O)ifl.~~*cVJt.::o 4 ~1HI::=f

t--"if/~.i*0)~.~H~-::H'-Z:(1• .::n,;n~CI ~-c:'d&.Q0)-c:' 1 mol/dm30)r~.:t- t-

I) ') .b.7k~~~ffl ~ '-eCI~~N03~ f~ L" =f I--"if /~.1*n),; itffM L,t.::J:fl::~ -{;t

/~l.l~~Il*Jvl\Jvt--5~ (~J:: t) ;fE;L,-Z::&=f t--"if/~~~O)iE.~~ *cVJtc.o TO)

~~c L C, GeL C f~ -:J~' -e(190% ~l..t.O)ifl~~1J~f~';t", T Me sJ:: rtN T M

e 0)~~~(1Tn-tn60%sJ::rt63 %-c:' d&"? t.::o

iHi~-{ ;t/~~I2JU.bHI::=f t--"if / (N T Me) O)-{ ;t/~~0)~~1gj~ ~1""f0) Igj 1 (~

/1' L, t:::.o $'C. [~/1' L, t.::NTMCO)~~;~ [~ L, t.::n~"? -e =f t--"if /~~~~ ~f.i19 .Q C, ~ I~

/1'9 J::? t~r~M-{;t /~~O)~ra' n~1f~nl(;~ n, TO)t.::cVJ -( ;t/O)*~~ O)ii~' [~J::.Q

r~M-{;t/O)~tRl¥-J~~n~iiJtm.-C~..Qcml~ ~n.Qo

crosslinking

desorption of nitrate anion
~

NaCI

tit characteristic space of nitrate anion

Fig. 1 Concept of template of nitrate anion.

2.3 p~~~~

7k~ c L,-er~M -(;t /1 OOppm ~..atnk~;il ~ffl ~', 1)JltJJpH~ 1-1 20)iBl!-C~

i'l L,t.::o pH~ i!H~ 11. J:M C 1mol / dm 37kMfl:::t- I-- I) ') .b.~m~', ~.q 0)~;m~

15 ml :5-:J"if/ 7'Jvni I~n~). ttiD~O. 1g~1.JO ~ 30°Cm;,g~ ~-C, 24ltirattlmC? L,t.::o

ttiD~ [1, ..t. iltt0):n5~ [~J:: ~) lIT L, <~nl(; L, t.:: 4 an0) =f ""!t/~.1*~ -Gem L, t.:: 0 :lJLiJ
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1::9.Qt;:..f/)(::24~rs'~c ?~ .. ~~~0~1J:i¥iipH~~IJ;iE1Jt;:..o *t;:..¥iI~O)r~M

-1 ;t/ilJ.lr~ .. -{;t/? [J ~ I'tl5 7.{ - (SHI MAZU PIA-l OOO)~mL'-c;iEm

1Jt;:..o

3. ~~c~~

3.1 =f I'tt/m~f*O)~f.iXc~O)·H::~.i§

;IU;iE~ tL t;:..FT -I R(J) A /'\? I' )vO)~~tJ)b.. *~~-C'@if.£ ~nt;:..-.:f """!t / m~1*r~ ..

~-c =F I'tt/••i§~~(J)PA-!&/'\/~879cm.,.1 C 1157cm- 1tJ~ii~~tLt;o

NH2

Chitosan

GCLC
CH~

CLC

TMC

NTMC

Fig. 2 Structure of chitosan derivatives

CLC-e(~=f I'"tt/ m*0)7 ~ / ~O) ~ NH 2 (J)1!i!&/,\ / ~ tJ~ .. 1586cm-1,::~~ bn

t;:..o TMC!>et ttNTMC~I~ .. 7 2: / ~(J) P'&!&J,\ / t-: tJ~;JiiP L, .. ~ 7- )vl£(J).~ttjJilJJ

(J)PAJ&/'\/ t-: tJ~ .. 842cm - 1 (::.. *t;:..1l9 my /t= 9 A~(J)~7- )v~(J)m::ftJ~I1l(J) PA
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1&/~:/ ~ tJ~ .. 1420cm- 1 (;:*.I.liia~ tLt~o ~ O)~ r;: L,~f; GtLt~=t- i'~:/m.f*

O)m~~ jgI2 (;:/1' L,t~ 0 ~ tl. GO) =t- i' ~:/m¥ff* (j:.. ~~~.. 7)v:n I) ~;&(;:~}E-r:

~::> t~o

3.2 =t- i'~:/m~f*r;:etor~.tt~~O)I!&~~11

*=t- i'~ :/m~f*r;:etor~M'{;t:/I!&~r;:l?d£9pHO)~.1tJgl3r;:/1'9oCLCsJ:

rtGCLCO)et ? r;: PR£~$fll(;:~tL-t'tL-m7 2::/ set rt=m 7 2: :/~~9 o=t- i'~:/

m?JJf*fj: .. ~iJpHtJ~~< tJ:.o c7.k~'{ ;t:/;.alltJ~f~< fJ:.'):tO i'*-~ 3 /~tL9 ..

~O)t~&)pHO)~1JDr;:f.*? r~.4 ;t/o)PR£~.mO)~PtJ~Ji GtLoo

. I . I . I . I

key resin

0 NTMC
~

°
0 a:J • TMC

t:... O~ D GCLC... • 0° ~ CLC
•
Ltt.

- f).D ~ -
f). /}.

0 fj. o 100 .

0
. • I • 8. . I o~a. .- -

1412106 8
pH eq

42

0.1

0.0
o

'+-o
+-'
c:
::J
o
E
<

c
o

+:i
e- 0.2o
(J)

"'C
co
c:
.Q
c
co
Q)

15
lo.....

:!:::
c:

Fig.3 Efect of pH on adosorption of nitrate anion on
chitosan derivatives.
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tl,l;t, pH~~r::mL\t~~.n\bilH. ~t~~11::~-1';t/nfft!f!t-1';t /r::tt~~*~jlJ

~t<I. U, ~;tat.J(::~1t~-1' ;t/tJfP&~~.n, ft!fM-1';t/(I)PA~tJfPJjtfbnt~c:2f.;t b

n.Q 0 -11, PA~$i1ltfill9m7 /'1: =9A~~«>.QTMCsJ: ltNTMCr;t, :qrijpH6

8i-q-iffO)~ttM~~t>ft!fM-1';f"/tJfPA~~n~L\.Qo L,n\~, pHtJf~< tJ..Q cpH~

~O) t~dJr~m L\t~7k.11:::T ~ I) 9 AEB*0)7kM1t~-1';t /tJff~M-1';f"/ r::tt~*~jlJ

efi. t), 7kM1t~1';t/nf~;tat.J{::P&~~n.. ft!fM1';t /O)PA~tJfld:Hf btJ,t~c~x

bn.Qo *t~, t:ptti1iff~(;tNTMC(;t, ~ G'g~~~1i"9.Q TMC ettttt".Q c tA2ffl

~~ 0) r6JL \ PA.~;~ 1J' L,~ s 'J.. c::n(;tf~ 1!il-1' ;t / -t-~ ~(~ L, t::.~~~ ~tJf~!Jl L, tc.

t>0) ~::ifx btL.Qo j;l..t.O)~~tJ\ b, C L C SJ: ltG C L C 1~J: .Qf~.-1' ;t/O)PA~

:qrij~;XO)J::) r::~~ L,t~o C L C set ltG C L C (;tI~(£[6]~O)pH~fj:tt~1J'~,

~tJ\ ~ P H =7j;lT~O)PA~JJl~~~.QO)~, Co Co ~(;tPA~&);(;it~it (1) ~1J'~

n.Q ~~&J;tc~ jttc.o *tc., pHO)fffL\M:~~(;tpH~~O)t~O)(::m L\t~~Mn\ b 0)

~1l::~~.;t/~O)il~&~tJf~jt.btL... -ttJ,.(~ (2) it.~7.I'~tL.Qo

RN + H+ +N03=RNHNO) ; Kl ( 1 )

RN + H+ +Cl- = RNHCl ; K2 ( 2 )

\lA~~JO)~~.1&1i (;tj;11'<1) J: :) r~~X bn.Qo

[RN]o = [RN} + [RNHN~J + [RNHCIJ

*~~~dtfl'~f;t

~ [RN]+ [RNHO]

-7-
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(4 )
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D =K1[H+][RN]o

1 + K2Wr (6)

D- = K1WJ[RN]o

,
log D =-pH + log K 1

,
(Kl=K1[RN]O)

(7)

(8)

(8) it r~1 ogDc p H .£-,/[J 'Y I'9".Q cfti~ - , O)~JjtJ~i~ btL.. t-O)tJ]Jt tJ) b K, ,

tJ~ii btL.Q .z:c ~.7.1' LJ -c ~ \.Q 0

-11.. 1!tpH~~-rr~it (6) r~it (9) O)J:? r~ilifJ;t~n.. t-O)~~~c .Qcit

(1 0) tJ~i~btL.Qo

,
log D= pH + log (K l/K2)

,
(K1=K1[RN]O)

(9)

(1 0)

(, 0) itr~ log Dc p H,/[J 'Y "9".Q cfti~ , O)~JjtJ~i~btL .. t-O)tJ]JttJ)b

K,' /K2tJ~iibtL.Q;::C~/J't.,-c~'.Qo;::nbO)it (8) !iJ:rt (10) r~ .. ~3~/J'

t.,t~~ P H~~(~!i ('1.Qi§Il-1 ;t/O)p,&~~~-~.g.JI~ (~~aA~~ t~o ;::n b(7)~I~

~::5 ~ , -CM*JT ~fi ~ '.. *p H~±~tJ) b i~ b n t~ tJ]Jt0) fm:tJ) b.. J:J.. tJ) ('1 0) PB£~3¥ii}E~

K1' =1.51 X108[(dm3)2/moJ· g].. K2=1.95[(mol/dm3)-2]tJ~f~btLt~o z:tL

bO)PB£~3¥1ti)E~~m~'-c, it (6) 1~~-:5~<jt.fj~rgJ40)~fj~7.I'9"o jt.Jjr~

~~fm:cJ: < -$it., -cs ') .. i~nil-1;to /O)P.&~(1 .. it- (1).. (2) (~/J'9 q:.~&j;(;

r~J: ~ -C~;::.Qc~ jt bn.Q 0
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6r----r-_r----r--r---........,......------,

Q
OJ
o

-- calculated curve

-4 1..---'--_1.---'--_1..---'----'

o 2 4 6 8 10 12
pH eq

Fig.4 Effect of pHeq on distribution ratio of
nitrate anion on GCLC

-15.. ~m7 /~=., A~.a-~9~:f- r-"!t/m~1* .. T Me S J::'dNTMC 1::J:: ~f~

~.( ;t/O) P.&~I~ij{O)J::?1::=1fjtbn~o "t"tet-v!> .. ~nbO):f- t--"!t/m~'f*O)P.&~

l~ it (1 1) (:::t> C -:5 ~ ,t=f~M'( ;t / c ~11::~'{ ;to / O).{ ;to / ~~ r:: J::~ P.&~ ~db ~

c~xt:::.o

RN+cr + NO) = RN+N03 + cr ( 11)

~ b(:: p H 0)i5i~'~~~1~ .. ,l;..l.""FI::Jl'9it (12) O).{ ;t/~il&j;(;tJ~~z:tJ .. f~M

.{;t /O)PB£~1~;"P ~-C~,~ c=1fx t:::.o

RN+CI- + OH- =RN+OH- + cr

-9-

(1 2)



[RN+Cl-]o =[RN+N03] + [RN+Cl-] + [RN+OH-]

~ [RN+Cl-] + [RN+OH-]

D = K3[W][RN+Cr]O
~w+ [W][O-]

(14) itr~~pHO)~~~;XO)J::?(::ili{tt~tt.Qo

1ttpH~~~r~

(1 3)
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(15 )
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1.tr~ f~l£-.AE ~cf)"? t::.O)~ .. fttpHMi~~O)1J'IC.l:tr~- ~~cf)~ C:~X. btt.Qo

-1i .. ~pH~i~~(~

D = K3[W][RN+Cr]o
~w

C: tei: ').. filiLill (7)~1~ ~ C:~ C:

I ,

logD =-pH + log(K3/~)

(16 )

(1 7)

" , 1
it (15).. (17) J:: U*O)t~P.&~:lJZii:fE:~K3" K4 O){ll(~ .. K3 =9.55 Xl 0

[m 01/g].. K4 '=3.02 X 106[( moll dm3 }2]-ccf) "? t::.o c::. tt b 0) 1i~m~ '-Cit (14)

r::~:J·t~~t.~~jgJ5f::Jl'9 0 ~.1lc l;t (£-ti; L, ""(~,~ c::. ci]) b .. f~M-1;t /0) IWi

~r~it (11).. (12) f::7J' L,t~~-1;t /3<:~&$ r::J::"? ""(~c::. ~ C~Xb tt~o
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Fig.5 Effect of pHeq on distribution ratio of
nitrate anion on NTMC.
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Fig.6 Comparision of adsorptio for nitrate anion on
each chitosan derivatives.
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1) ~Pj{~.. *7/.. =t- ~~/O)~ (1992)

2) =t-7/ .. =\=- "~/~~~II .. =\=-~/, =\=- ~~/ (1988)

3) 4=-7/, =t- ~~/~~~II, =\=-7/ .. =\=- ~"tt"/O)M.\m (1990)

4) fJJ!Jl~tM.. r~MttM~~~i5~~ttt~±tff~F)1<O)i~1ittf*j (1994)
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.~
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(J)P.&~~~~rrJft:.o~(J)~~~ ~m~=m7~~~~9~~~~~EJ:~~~~~
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~~(J)P.&~m~'J'L,ft:.o~T*~c~(J),r;tm~.~~c~~tt#ilIt:'~m9~;:'cffi

~~~rt~(J)t:', ;:'(J)M~~~~.~ffi~.~rtft:.;:'C~~~~~9~~~~~.~

~ffiiiM4;t~(J)~1R(fJ~~CL,LMffl~~~o

-14-



I ,.... c:n I

de
so

rp
tio

n
of

ni
tr

at
e

an
io

n
..... .....

N
aC

I

cr
os

sl
in

ki
ng

. ..... .....

e
ch

ar
ac

te
ris

tic
sp

ac
e

of
ni

tra
te

an
io

n

Fi
g.

1
C

on
ce

pt
of

te
m

pl
at

e
of

ni
tr

at
e

an
io

n.



0"
N

H
2

C
H

2
0

C
H

2C
H

(O
H

)C
H

2-
·

~
°

'0

"
N

H
2

C
hi

to
sa

n
C

LC

C
I

H
3
C
-
N
~
C
H
3

I C
H

3

C
H

2
0

C
H

2C
H

(O
H

)C
H

2

...
°

0"
N

H I (C
H

2
)s

I
f-

-'
C

J) I

C
H

2
0

H

G
C

LC
T

M
C

N
T

M
C

Fi
g.

2
S

tr
uc

tu
re

of
ch

ito
sa

n
de

riv
at

iv
es



.- I . I . I . I

key resin

0 NTMC

0 0 CD - TMC

6.. O~
D GCLC

"'" • 0° 6. CLC•
.

~.
.

~ /}.D ~ -

~
~

0 fi. 0
lEJDl- .

0
. I . I . I .6. I . I <?~a.. .- -

.-- 0.3
Q!
e
E
E-.......

"'0
Q)

-e 0.2
o
(IJ

""0
ct1
c
.2
c
ct1* 0.1
~

.~

c
"l-e
.......
c:
::J
e
E« 0.0

a 2 4 6 8
pH eq

10 12 14

Fig.3 Effect of pH on adsorption of nitrate anion on
chitosan derivatives.
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~ -g-t~o A -rl/ / O)m~&Jit*{tf:~j:-t / 7-~JJ! '; 3 ° 0 k mol / m3" ~frt~J/t/ 7-~J.t (~

t?JJftlJ~J1tlt) ; 1 ° 0) EiJtrlfAJi ; 3 5 3 K t -;E t G t~ 0

IDfij~ ~ n~ fftX*,l-=FO)!t~H~Hj:" f£{*,1-=F 1r j] '5 b. 0) 1tt~~J t Gt~ G P C 1r ffllt 'Ie" 5j--1-ttiJ5 1 0 3-..

1 0 60)~ 1) A:r l/ /O)~$~*4O)~~te!l~rs~0;{fJ1rift.llJEG-C" -tn.::cnO)*dLf:-CM1J~ Gt~1t±A~J0)7}mt

~J~± 1r~§'i G~ 0

:t1&JjJ~n~~L1!J~t;: J: ~x. yo }v~ 3 /O)fJaj~ ; d p = 0 ° 7tLm t -JEt;: G-C) ~mJJ~~ 2 0 0 s pm

-.. 1 3 0 0 SPill~;: ~1!J Gt~W;iJ-" x. yo )v~ :3 / t-3 J: t!~*,1-=r0) ~l~*,J:1It-3 J: tt -t 0) ~mJJ{*t&~j:-t n

~n 2 ° 5 -.. 3 ° 0 tL ms J: t! O. 2 t 'fLf-~1lM t tet I)., :tJ.RIDJJ~t;: J: ~~Jfi1:tt~~~j:Jj. ~ ntet ~ 'I c.
tbiJ~~t~. i1Nj)J~~-5E (6 0 0 s pm) t Gc S P G~0);f:f]]tL111r~1lJ Gt:~~o, ~~~nt~x.

7)v:"":3 /O)IJLt);J*,1ff" d p ~j:;f:{BtLflt;:11Xf¥ G-C ~i!J G d p ~j:~~llfLfIO)~ 5 {t!!i t tet ~ C. t 1Js5ttJ~ ~ t:o

m&*,1-=F 1r 7t±.Gt~ 1J '5 b.~;: J: ~ If }v}'\- 2. x.-{ ~ :3 / lJ 0 yo }-lJ~7 7 -1 (G P C tDJ&ffJ\g- ~) t;: J: ~

?}-=F:il0mH~t~ ; ~!< O)*{tt-c~~ G t~ fY&*,1-=r0)~~H:fJEt1I*~~;: J: ~ Co, ?}~~~/~gJ:Edf9~rnt§~;: {5Effl G

t~~~i~9tO)~\I~~§'i l.tt~o 5tmt4?i'~±~j:~~~~91~;: J: ~-C~ G<~~~n~ ~ t -bS?}1:P ~ t~o D V

B / s t = 1. 2., C so == 2. 9 mol/I., *,111 6 --- 9 tL m-c~~ l.t t~ fY&*,1-=f ~ 1t±Jil.t t~ijJ,~o, ~Tn /

/ -{ '}/tlJ Jy /= 1 ° 0 O)r~iJ-i~i1l1i:~~9tt Gt~:tJJi~O)5t~~~il~5t-=f~ 1 0 6 ---1 0 2 tl&-trtifi[H/c

dtJ ~ t::. 0 ~~~t ~ ~T 1J /o, -{ '} /t lJ ~ /o, r- }vx >0) lIWH;: 5t ~!fij rm -bSIJ\~ <tt I) o, r- )vx. / 0) :tJJi~"

?}-T:il5t1&~~ibs 1 0 4
-.. 1 0 2 t~/J\-cdtJ ~t~o t / 7-O)fff~Rjg9tO)ft~~~1!J~-ttt~m~I~lj~);:J:

~ c" fY&:fll-=F ~:1f~}J1~ n~ k:{IHL1IiJ5~1!J G-C, Nfij~ ~ nt~ f1&*,1-=ft;: J: ~ ?}-Tii?}1J{H~t11J5~1lJ 9 ~ $

iJ) Bfl ~ ib~ t;:~ ~ t~ 0 ~T 1J / :t:> J: t! -{ '} lJ Jy / :a: ~~91 t GCo, rJfij~ Gt~ fJ&*1l-T*1liI~ ilJ t;: J: ~ 7}-r ji
5tlI~t-'1f±1r ~~'i Gt~ 0 *'11£ t;: J: ~ e7}~ffimti[IfHj:~~ ~ h~ 1.- 'I ibSo, ;¥tL-=f1IiJ5* ~ 1.- 'I 'f t"~~l:±1 ~rJJ iJ5ffi: <
tt ~ c. t 1Js5t-b~ ~ t~o

4. (W/0 /W) fjliJ- x. 7 )1;:"" 3 "./ 0) ins i t u m~1r;fljfl1 Gt~t#lfrtr-P~71lJ o:h 7°-t: }vo)

fJJ~
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tt*O) (0 /W) .:r. 7 }v~ 3 / O)il13tEJ r*J ~':i~m Gt.:: t /7-0) in si tum-g~~.:et ~~;-fuL-=fO)fJfi.l~

--C 'j:, T / ~ -9 -;t-~~-O)*Ult~iJ)7f~JJi~h, -tt7~ 3: lJ 0 /:;t-9"-0)*Hlt~~7f~JJt GL, -t h~': pg

f~l1m ~g~ 2' -tt~ fHj: l!J~t-c~ ~ 0 =*fJJf~"E~j:, *,1-=f1*1~: -tt7" 3: lJ 0 / :;t-~"-0)*U1t~ ~7f~j}~ Gt.::~

*ll-r0)~~ t, ~ ~ ~.: -to) r.p ~':~~~fl8i\tfJJ ~~2r'~ -ttt.:: f*&*lL-=f0)~~:l3 etV-t O)~~~f11J1if~~':fM19~~

~~fJ-:Jt.::{,O)-c~~o ~tr~'j:, ~;EtJ (W/O/W) ~-g..:c.7}v~:3/O)Jf~Jft~~~G,-i'0)~

iJ.:c. 7 )v Y :3 /O)irn1'§ r*H.:i~m G t.:: t / 7-0) in s i tu~t £iJ~: et -:J L, r-prg71!;J 0 j] 7"-t )vO)r!rl

~rt~ ~~~j G, q1 ~*}l ff::J3 J:. (J fJ~*~1.~.*~1.ff 0 HiIJ ($il d~ ~.: -:J ~ '\ l nJj Gty~~.: Gt.:: 0

~{lJ -j- l' 1) r7 b ;t t.:: ~j:±g{lJ:7J 1) r7 b ~ i~M Gt.:: r*JJ.k1'§ ~, *flr~~ t Gl A yl/ / t:5 et V:/ c: .=.)v

«/1Z /, m-gmJ9fJ~Jt GL 2, 2) -y'J 1:::' A (4 -) }- =t-~ - 2, 4 -:/ ) 7-)v} '\ v D.=. r- 1) )v)

setVY'Jt:A1 '}7~7-D=-}- 1)}v~ }-)v.:c./~':iBMGt.::~~i~r1!Z~5t~2'itL,2' G~':-i'td':~-E§

i&:~!M ~ 1T -:> L i~HI O. 5 tl mt~~0) (W/0) .:c. 7 )v~ 3 / ~~!1 Gt: 0 (W/0) .:r. 7 )v~ 3 /

~WOO76f1±~J-c~ ~ ~ T~)v~~T }- 1) r7 bS J:. V5t~~JE~J~ 1) 1:::'.=.)vy }v:J -)v~13lvt':~J.kt§

~':51~~-tt-r (W/O/W) fJliJ.:c.7}v~3/~IDffj~G, -to)~JEt1~U~~ti~~.:et-:>l~~;JGt.::o

~~ Gt:fJl~.:r.7 }v~ 3 / ~ n~~&tc;;~$-C, 1 0 0 r p m--c 3 3 3 Kflt-¥&Jit~ -tt, ins i

t u m~~: et -:> -r71lJ D:b 7·-t )v~IDRJ~Gt:o rJj~ Gt.:: 71 !;J 0 j] 7'-t }v~j:7j(i)tG, {ft7fiA~~ Gt.::

~jE~~m-=f~Jlm&~--cm&;flI-r~{IS et V*'illt~{I ~~~JE Gt.:: 0

.:r. 7 }v~:3 /O)~JEI~ ; WITfi7r5/~~J t Gl Spa n 8 0, Spa n ~ 5, A.=t-iflJ~ 1) -t 1) / 1) ~ )

v -1 / M (8 1 8 S X) , ~ / -9 :;t l/ 1 / ~9" j] lJ' 1) -t 1) / (Q 1 7 5) , T wee n 8 5 ~ ffl ~ '\ l

.:c.7}vY3/~~~Gt.::o Span8 0, 8 5settFQ 17 5~fflv'\t.::tJb-@l~,:'j:, ~JEt~.:c.7)v:/3

/ O)~~'j: l!Jlt--c~ -:> t.:: 0 T wee n 8 5 setV 8 1 8 S X ~m~ '\ t.::tJbiJ, .:r. 7 )1;y 3 / O)ID5.l!~~~Hj: OJ

~~--c~ -:> t:iJS, (W/O/W) .:c. 7 )vY 3 /0)~~--CD!£ffr[9 ~ t, ~7J<*EJ t r*J7J<t§0)?i~EE~': et -:JL,

1*J7j(t§iJSiEf3i~iJ~ ~ JIzlH 2' h -r /f~JE t iJ -:J t: 0 ~~EEO)~~ ~ IJ\ 2' <9 ~ t.:: (}), r*Jzkt§A. K N 0 3 2l:

t:~j:N a C 1 ~~1JD G-r (W/O/W) ~~~G~o ~~2'ht.::.:c. 7 )vY:3 /'j: 6 0 °c--c*~rs~mfi:

G-r-B ffl c~{ti GiJ ~ '\ 2: t iJs5ttp -:J t.:: 0

71 !;J D:tJ 7·-t )vO)~m:1 ; r*J7J<t1H': KN 0 3 2l: t.:: 'j: N a C l1r ~jJD Gl ~~ Gt.:: (W/0/W) ~

~J.7 }vY 3 /~ffl~'\-r71lJ D:tJ 7'-t)v~~~Gt.::o aml~~h~71lJ 0 j] 7·-t)v'j:, Ifl~;w{IiJS

~ 1 0~ 2 0 tlm-c, friJh{'*,1-Tr*J~,:lli[fI;t8o. 4~ O. 8 tlmO)~~O)~~~fl Gt:~F9i*(0)*,1-=f

--C~ -:J t:::. 0 *1l-=f r*J ~':jf~JJt 2' nt.:: r-p~O)*~ 2' 'j:71 lJ 0 :b 7'-t )1;0 WfiJ~*{4=~':et -:> L ~flJ 9" ~ 2: t iJs

5t iJ~ -:J t.:: 0

-4-



( 1) J*J7.1<ro~0)~1JD.ti¥JJJr~ 1*J7.1<t1J k: ~iJl] Gt.: K N 0 3 ¥JjJ[ ~ ~{lJ ~ 1tt.:~~" *,1-r0) SP:J5J*,lf£~;t.tM

i1lJ.t '.:1m~{'* '~~J~Hf 1 0'" 2 0 ,LL m t -~-C~ -:J 1:: 0 llli-=f I*J '':Jf~Jjt~ ht.: 1:11 ~O)~{?£" d p ~;tfE;iJjJ[

L:ffi t'"~~~ ntJ~'o

(2) rtEf§$o)ATV/'/DVB==RO)f~~~{tJ~itt.:~~"RtJs:*~ <tJ~'lt'"" dp';t:*~ <tJ

~tJ~" .1JZi~~-=J--{!~j:ffl~~{tJG~~'o~t~tflJO)~U-&tJ~~<~~t" lH-f:ij2H!£tJsIJT·G-c" rluWI*JO)rJq

7.1<mO)~mtJ~/J\ ~ <~ -:J -C" I:p~f.?£tJ~lj\ ~ <~ -Q t ~;t ~ h-Q 0

( 3) i11J;f§ 0) t-)v.I. /' ~t]Dll~ i'~JJD G-C" A TV /:S J:. V D V B ~JJr ~ ~1JD"9 -Q t" d P 'j:/j\ ~ <tcf

-:J t.: 0 t.) 7 -.1":5 J:. v~t~1flJ ~1tJjt O)l\Yl JJu t J~~ ,.:, irllfU ~Aj~,: t:5 '1 -Q ill~J*JJttJ~ _t!fT· ~l, I*J 7.1<tf1 0) Mk:m

tJs I j \ ~ ~ , t.: t/) t ~ 5t ~ n~ 0

( 4) (W/0) .I. 7 )v-:/' 3 /AA1l~0)~~0) I*J7J<t~5t$ ~ ~1tJ ~ itt.:~iJ-" d p ,;t !*J7.1<t"§7}$tJsj( ~ <
tcf- -Q '1 t~:* ~ <tcf- -Q 0 pg 7.1<;f{J 51$ iJiL fr. "9 ~ t t .) 7 - 0)~~~,f£~.: :S ~ , -c iill tEl I*.J 0) pg 7.1< f§ 0) {~;fiiJ~

il G <1;;. -:J -c *,1-=r ,,: ff~1ft~n ~ r:p~0)11,;t*~ <tJ -:J t.: t ~ ;t ~ :h -Q 0

5. )'\-{7.f-~-)v:SJ:.V*1)1-L~tr~·+~tGt.:i{~rtJ~~ift'':J:.~7-1Jy D:b7·1z)vO)rld~t~0):ru:-J

~t±

ttt*" fJ'&*,1-=f:S J:. V7-{ Jy D:tJ 7·-lz)vO)~f&~)~ t Gl~ <0).ij]iJ-, ~JJt* I) 7-iJi~J:TI ~ n l ~

t.: 0 ~~" ~jtO)~*1L -J-0)iY!J11 iJi.:yfl~ ~ it -Q rj1'l~, ,1~1~t1?7J~iJS{.Y.!Jni~5}Wf:~:h 9" '.:lfuT:S J:. V lfctri±~

,fifr '':9'~~ G" I~tlrt~ t:t. fW.B tJ~ t; ~ <0) n,~Jm tr~~l:~ -tt -Q TIJfj~tth) *- ~ ~'o ;:. O)f~t:t.J~1l71§~rl=J~Jm ,.: J'J

)1119 ~ t.: t/)" 51f'ff. BJfj~ t:t.~*j tr~m4m~ ,.: {~JfI G t.: 1f&;N.:r-- :S J: V 7-{ Jy 0 :b 7·-lz )V0) rJjj~it0) mJ~ hi

&,~ t 1;;. ~ 0 *5Jf~-c'j:" 1:51Mt':l:* 1) 7--C~ -Q*I) ~L~:s J: V)\-1 /t*-)v (poly(3HB-co-3HV))

1i:~~ t G t.: 71lJ D:t.J 7·-lz )vO)r¥d~rtO)u{fft. t -t O)? -1 Jy 0 j] 7·-lz)v 1:~1~O)t!!fi~t1:WJ0) 1*J'2l$ rtU.L

.:6 J:. 7.J -t 0) ~~~f:l:,,: -:::> ~ '\ -c~~1 Gt.: 0

)'\ -( /t*- )v(Zeneka (1*) ) ~;trrr~O) 1J~EC:*i!i~ G-C:; Jy 0 O.I.:9 /'~.:~~m G" -t h~':Willir2if±~J

-C~-Q~~V-:/'.)V-{ /'~~:f-1j-if')-lzI) / (sunsoft8 1 8 SX) ~~JJIJGt,:fl~~~rf~1i:~~Gt.:o

pg7.1<f§ ,.: 'j: 7 A:J)V t:' /'M7 If,* -:/' ry b. ~ ~JJl1 ~ t':7.1<i~i{~ ~ J11 ~ 'I" "~7J<tt~~.:,;t" Yf.rmrr5tt~J t G l t

.) 7 ry I) /'~T:b ~i I) 12 I) /' (sunsoftQ12) t 7-}~~~fillJ* 1) t:''::'-)v7 )v:J -)v" 12'7T/'*~'j:7

7 1:: 7:j b. ~ i~JJo Gt':7J<~~i{~ ~ rn ~,t.: 0 .LflGO)f-j-m!~~i1Ju.:r7}fJ-E~}H~fl]{~fVl7}lfH,:;f{J ~"9 ~ ~J7J<tlJ ~*
-t:/T-{-lj--C5}~~it-c (5000rpm, 10min) (W/O) .I.7)v-:/'3/'~AM.I~~t':o:h

)tt&JJt~~r:p'':~7.1<*§~A:h" pJf~lIO) (W/0) .I. 7 )v-:/' 3 /' ~?~j]O G-cflt~ G" t"J 1 0 0 ,LL mO)

(W/O/W) .I.7)v-:/'3 /,~rJjj~Gt.:o ~O)W" &Jti{~~IIlJ~,:~*jJA~~~{ttttcf-tJ)~3 0 3 K
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----34 3 KO)-~igfSt-c1*iffi\.9~o M~jjAI1:~U~~N~1:a:f,;lHJ~C:, kt'.J 1, 5U~rdl""'31~jra'll'r1~~pO)::;

17 0 D.:c.~ /Ij:%:i:1;:~~ L,f.:o i~~1b;~~t"~ tlf, 1)~LMt:t~{~2"hf-J1 0 0 JLmO)~F9~O)y1

17 0 tJ 7'-\2}vbS~~ 2" ht: 0

No,

1

2

3

4

5

CAMg[wt%J

o
o
1

1

1

Cbio[ wt%J

5

1.3,5.7

5

3

5

¢W/O

0.1""'0.4

0.3

0,3

0,3

0.3

Cdis[wt%J

4

4

4

4

4,5,6.8

Na,2[rpmJ

400

500

400,500

400

400

T [KJ

333

333

303""'343

333

313

;:: ;:: -c, Sunsoft 8 1 8 S x = 1 w t %, Sunsoft Q 1 2 = 0, 2 5 w t %, W/0 .::c. 7 }v Y 3 / =

120ml, ~~m=680mlt§~-~tGt:o.~~Gt:~~-Cm~Gt:.~~~~0)71~

o tJ 7'-\2 }vb'~~2" ht: b', -t O)~.ffiH;:l;t{rJjhtJ IJ\ 2" ~1:!:!J~dmbsJf~~2" ht:o c. O)~~ [] ITiiO)Jf~Vd;t

~~*flf:1;:J:. "? L ~{G Gt:o -(~~L{G1;::;811 ~ r*J7.ktIHj"$, ¢w/ a :a: ~{lJ 2" -ttt:.~, 71 Jy D:;b 7'

-\2}vO)3¥~*,:'lf£I;t71Jt" 1 0 0 JL m C:-~-C, -t 0)~.i1iitJ ffl c:'~flJbs ~ c; ht"J: b~"? t.:o ;A~t~ I*JO)} \

-1 7.1""*- }v~jJt'l :a:mtJO Gt.:.~, 71 Jy D:;b 7'-\2 }v:;8 J:. tJW/O.::c. 7}v 'y"~/ 3 /O)3¥~;flz:f£I;t, ¥lfSt

t :J:U=mJJo G t: 0 } '\ 1 7.1"" * - }v~~0) .1. Jf~;: J:. "? L, ;A~;f{j 0) fb JJt bS* ~ < ~ 9, *,:'l-=f 0) IJI i'$J *,_HIbS

* ~ <tJ. "? t.: 0 ~ t.:, } '\1 ;;,t if, - }vZliIJ[ bSftt~ljH= tJ. ~ ~= -:J h L .::c. 7 }v ~ 3 / b' '? 71 Jy 0 tJ 7'-t }v

~O)~{G~~~;::;8~'L, *,:'l.:rO)~~bs*~ C ~~iIDO)~I~bs* ~ <~"? t.:o J'\1 ;;,tlf,-}v~JJt:a:~

~jy-C, 7wt%t Gt.:t~, ~{GO)~~-c~*,:'l--rrenO)tftfM!tW.u~bs~l:9, ;flL--rO)m~{Gb;g:L:,t.:o i{~J:j:J

~.~-c~,~.O).~~~:a:~~t"~;::t~J:."?L,~~--rr*JO)m~~:a:~~2"~~l:c:~~~l'

~~t~~c;h~omW~JJt:a:400:;8J:.tJ500rpm,&~~JJt:a:313""'343KC:GL71

JyD:;b7-\2}v:a:~~Gt:o 40 0:;8J:.tJ5 00 r pm-el;t, §I.< 323 K:;8J:.tJ3 1 3 K.l.),.1.-C~~

tJ.7-1 Jy D:;b 7-\2}vbsg:~2" ht.: bS, fttifiH=t"J: ~ t ~{G~~l'.::c. 7 }v~ 3 /o)lfk~bSj!HJ GL~~tJ.

y 1 Jy 0 tJ 7-\2 )vO)~~I;t~n-c~"? t.:o ~'JEtJ. tJ 7'-\2 }vg:Bx,b;~~~~igJjHJiJ~-c~~ 2" ht.::;b 7'-\2

}vO):i:fl~fjHllj:, @]i;E.i*11H;:1t<tf. GiglfSt~=';t~\l2" h~ ~,;:: t bS5fb~"? t:o ~~mH;t, ~jg~=~ ~ 'f
t"~ffijO)rB8bs~tJ.<~ 9, ;f4ntLO)Jf~B:ttJ 1>~ <~ J>J l: t bS5fb~"? t: 0 ~7.km~;: 7~fJrJt" J>J 5f~~~AIj

Ij:.:c. 7 }VY 3 /O)~~t'±~;:~~ :a: BdJ:t" 0 5f~~'JE~J t V-C P V A, -l!57- /:;8 J:. tJ7 5 ~7:i b.

:a:ffl~'t.:.~, *lL~Ij:PVA<-l!57-/<75 ~7:ib.O)mH=*~ <t"J:"?t.:o -li57-/:;8J:.tJ75 ~

7 -:j l.\ ~ ffl'" t.:~-€l, *,:'l-=f:5t1'fnj:w.5f~18-C, 1rM&OJ IJ\ 2" ~ ~[]lID bS• illH=Jf~JJ1 ~ ht.:*,:L -1-b;~!£!l2"

h, PVAO).~t.G<R~~l:t~0~"?t:o

-6-




