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5YL8. Lb,L, * #

ji5
,i-)-,i-
jl nit 1:-:I.i. 1- 73 /i -- }} lit(;_)]u!Tt

y';i,F1/ft],:
i:l!.iTit:i: !l;lJ)i; T1- ,-a -F=l!l Lr) fR

FTiia) L7-,1't!_;.I-_)J/;jLE-jl I I-3ti,), bl,i:-)>L"-5Jf7 ;J,I.{!ilit:
Oh<

--

/) Jill:_nE V) -I-_lfiSq) B]1i

ft I:-I)::Jr'Ii(I ;(.J.+TD i,!.-i:.ri;E:ir?)ii-) i),_i-
)>LIJT' I L')>LI L'.

1_I7lr.'1t -?I.'=t. ,i
- // l1[;nut J) Jf;J,:

;rJ':r,!lL
lil--;i-tTl';-lji:Ll < l!u lii-Tt5 ,-J R.:S;I;.{Lt

lA: :I;u'Ji=tiltU) rl,T-]jE 'ir,
'fJ--i, , --Ll i'L'ir):E-(=f1: ryJ i-.I:I:-+i:';

i-_ i L I-71-u Ill Tt5

I-a '{
-- }/ li(-:_nut ;iJ

-:iii
Ski--7-,-J.F=l!) U) ill Ill n'J ,lL' li(:_-fL'i-n;( :ll:i

a) ill-I.lEi,i) 1:i73.,;-,r,

][J,-
;.;:{ttn1: tI;lJ7t'

fi-I71:[J LJi:L fL ,i
- // l1[::)]e iJ m L' -i,S=-1-17'u

-

Xttf1=

1J1):i.:,k5;..H=.1-'1(1 ,TJ
i-.:1--:I; -I-_i L -I L7) ,(

-- I/ iiE F]Ll(7) -T,-I)[I] a) f'!'z!3-.i..i-k.;-ill

:[= -l'JT:-i;,kI;,H=
I-3T(-)-73 I..I,H:'-..1ilR--a) l7r1.--FLY,-J ,(

- // l1[:-_]]E.a( g'.L,'i.t)-kF5- -,1')]nt a)

1*.i.j.'i-'f7= I? I/-I.
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n- 2 ,I:I;/i-)/t1(I: lJu!0)llf-:fifi'
r_1
.2&t7>-t-=7%1]-

4&.(k 7T7uf'r,i

!I:_ry I.T;-i!f--_i 0) fR-.Jr5;

51:);4:'jO1-,:,;-iXi (-_tL -I/(- ylll'-:11u!,TiJ)lJL,f=lJ.i..? :I , lll'IIJu!0)I.(;.f?!t

7lJti-1{ -I- 5) 7t.i;"TD i ,
7 > I-I rj' 0) 5cT /[:_JP 'J,Tt:_

,i,i:-
JhJLIV(

fLl tlt0-) I,'.:,iJi; 7'Jt;

..yet
iL TT- ,3 1f= (tI), [t--_G#_/+LlI.CJ,:;;:-!tlit l':I)Jiii'7')I;-,T=-I:.J-)( i fLhTD. lll'i)JE 0) f[i.T-

;;f!tJib:0) l':I)J/i:!= I-i LT;-
i,. tL1 -)I-tli_-;7)tiill-lil;i+i 3'L

-i/ #3t i')
, 4';4BI! (i: J1;.i['1',JfB

f:ll-iJP Lqi.1:-.;,).,;-:7T- 1Jl:_711tlt>i-)H
L.1 i_5)i.Ii'; (rI] l'!:)( !t-;::.litA -1[

I;_JIG;)ft i,-.I;.;-f-.l.

;-1)I:lR flTt--r}( ,till:I;i-i)( I::1:--, 2005) ,
7
_-_
/- /i,1t!Iir'q )Jt 0) 3TG;-jt }] >iJi!1JJ

flajfiA (#t,2003), #BEO)#u#ylFj'#%k*uf+8jf

Ilk (S$6, 2002)+ft't?5S#E531TVl8.

llI'JJE 0)
,iE
L1.T-:i-i/(

}}:I-- i)r}' :=J: ,:33E t..i.T:iJt;rllJLl
i/iLh3 -

i,):YE rip:i

31''{
:f)i-i'I';iih ili -J'- r.'i_:i?5t;yet t[!iT:a) tT1 .Lt >i-JT1_.)

i ;):.,ETLFliJ-::I )I )3rJLil i.-L,

I i,L LTD a) I.(i!.-I;::-!Hii:l:-1JJJE'-)i tilt!j:
_i:_
:I

-

I): iE Lnt5J---i: i3 i+ ,734-TIElt_l[!i- JH

u, 1-IT.()I.::::-!Hii:a) l'--u7E 7)I;
I(l-.i.?j'L.I L 1 ,-5. L )I), L , /i

--

y 711t'ta-) 7f= ri-;i,,:-

1:)-./];4; L.llL'::)Jut7tETt/( y7T- i)7tLh ill:I
(i,7D

-

i):
,YET
LriT=veto) YE LpiF:t7fTIJ[--.

;)I;ffLL,1 i-I.'!),
--

;): YET I:lip::I _i:3
i+ ;3 q-.t].:1t_lil?i-)IIi , t F[ft!;:::iu1::I!u7i;-7)I;I:,-:I(E

L,V,=t75Sb] 6YLTb'Y)(fqEq , 1981), #L56(1983)Ej:-yj(

-_YET[q7T=Tt 0) A(J!.::Jt!Hii:-l':I)
'Jii'!= I)[1i I , I:-0) I(_,1a)

-
_

;,):5E+ t"iT=( t2 ;'::!hlLB

T.lT_;) -Lit 0) A(,t!.'-
;I:I.!Hii:
3I':uI/t'j')I;lTi_:iiit-Lit;r,),3 i 3dS J< -i. Lt ;3. L ;), L ,

-
_

;)(

)y6 tri.1:---=ta) 1[f.f:I::!HiE
l:-I)''E'i= I? U1 -i. ETtI ill -]f

-Lit
7't 5:7t/illbh.i-'[7jti

tLI
LTt
3,L

Th'E'ijl, * 4h fE i j= tL,TO)/i-9i# BE 0)fE j]] bS3E J{Di 8=ig k

-?tu, fL'U1 0) 75t;fR.1)i-Tt.t,),:3.

-- 1'1:(LI.I /i
--

,y
l1(;_FJu!0).'ii'ijii-:I.i:,)-F= I? -i. ,

,iE
tqi.T:)i-(lil.)tiff-+ ,T3i-IcV).:I

･>i3)
[f).'f!-1.!li.1-Tr;QI--f,'l;i,i:.(i: .I-T

I-rf)i- E,I-Lpi'T);[J.;Jlff1-;)I;i,;'J)HcTti-,L,1J.
-

;j:
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,iE
tli1:--71hLf].Ti:I I-3

U 1 I I-iI 3,Lit3 0-)
/iii
i) (,'J,Ill.1t:Ii(J-f;RI-i;i*i:-(E ,'T 1:I,A

7Jt;I(,rjI(

/-I:_4.lj9:I LJ?.I )Jt I.'J7l!-LT5ilJ
-i, 9y lli-a) 7 i ;E-I 7?'Jti f(:i/-I:_-Ir,:3. I 0)

7 >

-I-=7
I-i )( '^-(T[J:=Jik ltI'ILi-"i'L,1JttlT,

:I, llJ'iFILL[Il 0)/(.I,rI(/I:_q:b != tJ?

-I,(1-I;'k(k tli,L,:-5i-,5- kLT)iL,:'J. -1< .I;I:
-L';I Ej: ,

-

I)( )1E Lri.f)1BhT:_Ti!=J.3tL1

-I I-i i^ 5:JtI.j7!-1JI=_
,(l-
T;¥I_Jlf_
,ii:-
(k
['T q''307)tij-i 1ri,'I!-Li-i i.'LI.YE J[:_Tr ,YJ 7 i I-

=7 0) ii]jli:?)I;I.(;.fi;:'!trii:l]J 7Li':I-f..TTJH 7t%,30.) TtE-ttil Lt7'),i.rZ,-i ,
7

i :E-=TU.)tii'j li- u-.).W _1^T'_>iy'(1-
i,, llE firerl Fx.to) ri!-J[ar;:>iy.FhFJ-Lf=.

-f7-I ,
-

;): )1S I.'ii=--)I)I;.:1'';1ilgJ ,i:-Li,)I)1jiT
7> I-I 7 0)

_'[:_
Jjq ,rIlt:iJli7tlR'LI L

-f=llf'!Flu!:I.i:3i.I -i/ E-i , llHJu! rll0) f''T;I(/i 4'i40) I;.T.-1tli,1{)H L
1

,T3I i pL';1[()!.:

i::!Hii:0) i;I)'Jii';)I;-?I5 ,:'Ja) -?II-i
)ALL U, 7L),i -i5-i , r'r)I(1 1:g i-fTIJ[--_a) i-a tT,1[-ii:

L I /(,[;'(/F_ 4.I,40) 7 > I-I 7 0-.) ,(J-1&
(k f'lti)) 7l/;RTifi::-!t)ii:0) l':u'Jt':I -f.-u

)fJ ilJ--r'Je?I)1itltj 7'J,,i-rj!;f]-
1- 73 f= 'tJ):T_ , llI'iFJC :I 1A! ;1,;-irr),:'JL1 I:i-Fn:arib-1:i7

i -I-I r> i?i-.i;I;JJ[1L I rj7> -I-I -F 0) ,;lt(]'li- i-[i).T.7:1^E_L , llt'::fLft:Ll t!:;ito)

li':iI,TT;i>1:f1)'!
,ftT
L f=.

f1-i:;F.f'1 J/uLlt))- ti:-

i,qi#W3!4 i:L,T, 1jtr5grW* :A+3:k 3:1(v/v)i=iR% L,T=b

a) i,DT,: i;_:Li L I Ji;ii')(- -Litl1(ifL(i:L f= /i- yllI'-:TJui( rTI F1 1< l[]l!))I(---:f1):-I-t

･1.I:i:)-_: I_.gi.):llLL.I;,i;J;'L.:-HITJ-
) ,li-)lJU' , f!f;-.ijt.llI'::I)C 0) l1(-:f.LIL:F3n Ilf.1_I, llI'::

fL'i-T_1 ?.tk, -,:ptl;.:H-I:lI-iF1 >i-;Ti-2. 1 -i; :I,i-1-Lf=. 'ii llI'::)Ju 0) i))mJ l1('I

iB%Ej: 50-100 m3 T>, i#BE 0)tip D3gL,Ej:1>j] f5 8=1iJ?7=.

fT:l1-i.L f=llI'-:)Jut>iJ IO5 :C Tt 2,1 rT.'J-:r'"'HT;iI)!LT.it44-I I-L-_-I-rf-:1 OO g ({,)

7-=i:)a)I;I--'LITJ-:,i-5f(,).hf=.
llL':i)1u! 20 g(/I:- n= ,T.-:) i-]!Tii:T'!4( 1 00 mTJ
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(I))rl i,
-I;.-.Z
I)![rllllI'::lJu! 1 g 1.I-i-.rL Tr=t

,i<,:-
1 mg till,T3J:I) i=q{ ;l{,:--f3

iUthi#%u7yf=9Jhk*hpLT=. 25oC, 60 rpm 0)#I#Th 0,

ill, ,1H, 72 rT!]-:TIT"A--ii,)L, Jti i.)a''!1ir fit!= /1 N
i.f"TL(i:}JU91'i'i;i

ti(.I,i-1 00 m IJ ,i-)Jr17tT tl
Lt3 I.I ] u!]--.[["tHi-ii.) L f=. llL'-illn [,rL5.ttlljlt)tfT'i'1y;lii)

I91vyft/79V-I,(PET)i<##Th#iB
L,, #.i&ikk5ifE L,

f=i_'2!=J-_ 7l']:50 m I, ;i:1J:lT'{L -F=. [-_ti['J:-:=1;A->.jdHiF ;;-I.I.7i{:irTrJtL

-i,

,1',',,;/1(Fif!(k i- T,i)r>1tri;i it,(.r'{-;i: 5
m J. )Jn i, 7> I-=7 &

.'=TI.-Li1'.Tdi

(^J.;-20/1 1 , rI-iqri 7plt-/-Fr--/r-I::1e tC i;; FI-_; !IL-,ri(-1%
i'JfliJfT:r-<_) Lp

ll LIT=*o-97>/Vj*y.pH =i- (IM-22P, BfiE5=1-I->-F-

I:'J:-ft
-it
F_I-_; rli

,r;HW'
iLJ-rI(IL,:1-'rg_ ) -L'TH/i ;E-I r>1.j -A-i tI7]ri)i:?i-flu'Jii-L

f=. xiJ JqS,
EK tL,TB?w i bliUth#L %h 7yf=9J>k* hR L,fiVl%

;1i:--)!t.T.:.i,;;J)IlrX= 1t-.;-Lit![ , Tn1 1:Ji:I 7 i I- I 9 Ih / -A-i. i)][i)ii:i- ill.uI,E'L

7-I. IJ-itjr3-i(i1 7j-i i/,"Hip0) iulJI/ii'tj: , 7> I-I r> 1t1 -A-i i7]'l)ii:
0) I;!1JJJJii'0)

T'',''.=!i rm I.,1'i;0) J-_ tIIr]=-:I i],lH:.'!)( i- 5 O m lJ )JL1*1 -A->.3Id;Irji=,;;)[t.1
i.I-.-lf;frJi

I

L,I 0.1%@fg&-L1919L#,E;iikk 10 mL hD i, *o-97>/i,jay.

pT1 -['f[-0) mt)'t1.,Llf/,-4-i J[lLillTdi(N-2O;i l , LIL-qlT_7-:J--
i,- i,-- T:1ii-t i;

i:I:: !If,r;i-
-T7l;
,Fr
I(LJ,_I-Irgg_),Lr)fJ Llv= Lfitl'[]i'J'!j,-A-i i/]'i[ii:iJiiu 7E L f=.

7' i. -T-
I r> i j

+-A-
>.L7]li)ii:

_f't
i Joltlfit)'n-1:i/ -A-> it,/1"i)-Lt=!i I,--:it!0) i:t ,i:

)I-Ji,1 I.;.:'tlT._I ] g LiT,)1-I
t')U) 7> I-I-7fiEl(=tti;.!i:-('T.'Li:$31.i -L]1;I[lrjFqTiffkht

:/,.i,:;ii:-{iT
_Lr)l,_:
(I I(* i-;7:L -r=.

7yq}=7%%#%%(mg.g-1)

14

18

NH4+ (mg.L-1) x

T) : iI:_(I;
_FTT_
1 g.t,)tU)0)';(i a:I/4ir.:(i;r)

0.2 (L)

20 (g) XD
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51b'&u#FEef#%% (mg.g-1)

-2NO3- (mg.L-1) x

14

62

1) : !L:_r[,-[
i
i;.t,)i-='.I)0-.)';I:'L.T.-:

(sir)

hI.:nl-
_f3t:i
Ult -.lz,-3J,:-i

0.2 (L)

20 (g)/XD

1. lilt::fL'i:r:1 i).lki 7> -t-=7fLE
I_1Li
,i!i:-
/LT
_Lr]1,_:
i a) liL:-]I5:

LTl)-2 - l r'<f(I 'jF_a.i:-
,1!;.r.:
i,f'.))III-i_(I I-3trlTD i-A-i:i--) 0 F1!(:[-"'JfT:1i/) -:+

liL1]u!a)

7'> f=7'1'LEi '3F_*1:-{iT '[[T,:'itJ-,I-.-L f=. lil:_fL'.iF=1 I.jF(u.)I/!Ti_L' A li(inut a)-J-'>

%=7RBJ7JFf#%%tj: 1.97 mg.g-1t%L<f5<,&v'veh Ci#BE

h'iU(Bi#BEThO.75 mg.g-1,0.49 mg.g-1tii9,1thni#BEi

8) ;1]--.LT:(=f.'.iL,7'>f=-I/7'fEi Lj[f_i;- {(I 'rI',:,i,,I,-L f=. li!'-:fL(i:F] ,.!1/Ia)-li- i,

D-I 0)i#BE t3:Uli:YLb 0.10 mg.g-1 i;A i 0)Qf: vl7yf=7LRiE.
*i

#%%k'itLT=.

li(;:P]u!u_) --

1():YLS [rqi:.-(I.131 L' -i. , li(-;)lu 0) Jl;I:]';:1.(={ih -fat ,TD9 > /( // 'f'i-

<3 7' -I/ fli7'i
FLY.._htta).y)

/7)1
1'.'1TtI-.r1I)-Ji'S～-F_a.;-It: f> 4'3,/Jt;fr.lt'(!_I:_<2o (I j= J3 -i, !7Jt

A$5nP9&n7yf=7b';#fE+8(B7*LEf, 2003.,fq EE] , 1988;

#6, 1988). f5vl7J%=7IhRf7J7t,f#%%ASiEhb6YL7=i#BE A,

B,C8j:i#*76B#bS%hJ%hhi2 B
,15
E]
,42
E] tf+i<,=YL6n

li[::)]ul.Ii.g)
/JJl fJ.'].'l!
Jr_I-Ii-(T f';'B?lt,:a.i:-IL: (jL q'4 a) 'J)

[.'JTIH=.i:-_) I P9 < q) I/ > -T=
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I_ 7' ;)1;
_/_li
I,k L7t ,iL.

-I i, 75
-

)): hS rqi(.-l'hLtr.Ti(/) lii'::))L!.L':tLb
TJ
_L
-.'Z,-
,:i
{_)

,1t
LF=.

I,i1..(I kJ. L-C. [) -I a)lilt::)]ui-L11t7> 1==7J)I)I;tt
_i./u
i!b:S Ltll.-Ct%pF,

I_ui(I li[-:_nUl rf' a-) i))/I) I.i.'LH'I--_.(1-f.:'qJj[f'_i,i:-fL: I-T IJy))I)i'f.T(it qJ}H= i -I,
-i, LJ:JL

fL][1!
L7nL
-F=

---

1():ig t.～-.T:/)1;;7:ISJ' L /=liE l]Llvet,.(r)
,-a
_LJ +-.tr,-,-ii3AIJf=. i;i

I? I ,

15i-A:( L -/=liI'i)]ul(7) 7
/I-I 7'7'LE/3T--i*l:./jT .llr:i ittu)i:

+,3 I i (I i -) -I
-

?): yd Fq.1<--a).1):7'LE.,iJ1:-urfJf=1-,-3I _LJ -/):
-Lit 5 ,TD LJ -)E,-,:i Lt3 3l.,.1-(

'j=-.nj5LIT=tFll L'

-F=/i-- //li(-:]]E!Lr)
--

i):.1i t.i.T:.'i:-3
F' [) f71=_lit:Tti;i J, +TD-;,()) i:.tr,->LLija.L

2.
-

I): fE Lri.T:7)I;i'';1ir L fill(I:lJu != *J- Tr;3J-1^;i*i:-1i;I;J)llii20)7> I-I

7 fLEiiiI_-T,iA,,t;:iT
_.rli:
a) '!i'(t:

1 ) T4i *1:Ii,T=J)I]/(A0) 7 > i- I 7 fiEiiStI_Pit,-::,iJi:-:7TlrI7,_:a) '!t(i:

'7JFf i 3R.a hP EE 8=h'818iE t5 0 BS Fpq 1& a)7y%=7fg:a,
J7JFf
i i

%75S 0.long.g-1JZRft8fb"f=D-I ni#BEt=,#BEO)FLi

1 g S=-kJ. L-i,?I,: ,ii:-
illr-:1 mg tf[7DJ:-) :I I,,L!jL:-

i:iJJT'JJnL Lr=li..i-(-T a)I/

y%=7J^fif7
'7t.i i i a 0)Ba B$l/Bi lb k# 2.2 Eg 8='j% Lf=. JAI Tni#

BE 75SB?K# *hP 24 PS Fpq 4&b8Vlt3: 48 BS Pps 1& 8=7y%=7LRf7 J7JFf

a.i:-/jT iI.,_;0) J!1L-)( 11l'1;'iJ,I-I L tit. -1= ;ii'-.r.)-A/iTt )I] L'{=ii[;:J]E E;i
-

i); ig t5Tl-;)1i

#7 L, %0)7y%=7%%f3:0.10 mg.g-1J2Rft8f:bl-37==tb,

6, =nB?K i.a,hD 24-48 PS RB 1& E=*6YLf=7yf=7ARi7.
J7JFE i i

]T1,:a) :i.IitC'(711i,.l:,.
))H.'t. i.I:;/))rlL ti-Iq= a.;:.7):it.T(/I:_rM [h )i: J) r.>L, T

-

-r+-_'t(:

(i:
-) -i/ ))[l 7J( /J) )'I.j7f!L -I

_;Ii
C -/:I =L U) i -L',- ,-lL

r3 At ,5

(Gottshalk,1980).

I;Ji
,i:-tf1.f{.
))I12
,1 [Jj-:r'"']LI I::F_

V) 7J > -i:-= 7' 7'LE.!3[f,i.::
'L-,;'lllJ:_(7) A-(EII:};i.I.7+

TD

i(# 2-2B]), Di#BEO)i58=51#+fl@'J)'bS*6YL8bo), F, I1,
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1 lil::l3u!(7) i:) (I:bll/J),(=i)L*- 'J)11-,TD-LU), I.:, ('T li[::)]u 0)A:.:)i=ltt/u.iJ

･2flt bS=#h b6YLtiV,bO)t=j(BrJ reh57=. D, F, H, I nj#BE7f>*6

At 7:II,1i
,i,;-
i.f{..I)T121 [7;IJ-:I."I)i). I::F_(=7 J{-I TILE. J3F_;,i:--;}TJrTIJ-_7)I;ilrk/A)1

L f=

frI!rIl i. L -I. 1l:i!(/[i qJ7J,7) 1.L.Ill..IJILli(I ni I? T=7' >,I-I-7 f)'i[';;Hit-(I lri L').;iti

aL73-Il- 1,;.aIk i,jJ> I-=7J())(.l')I rl-1J'ffk )I)1;.Pf>LLit)A+i,-a(il'r rI1 , 1 988).
:Ll

I -Lit.
-?T

I,7

a)]i(::]]Ll(=J-3t!JTJ ill [T!j-:F71]i)I T;:F-a;)7'>,-I-=71tiE. '3rf_I:- :_,ILt.I.-:

a) tiJ:,Ji/A)1I.i;i. Tlljtri,J'flie {3[,:A.;-7:}T''Li.:
J) i.I.1:r,,))II]i'.-;i. (7) r!t,.TJ1S..'iJ-1*.i-,rL A liEL-̂T'

( :,Ti-2 -.'! r.4 ).
I,I y{-I- 7' TILE.J_3lf.*3= :_-,I.rT.:a) it,.i'i;1-F'LIT-_-i (.l[jri-T:<L7'-LE.J3[:-_a-;-:{-,I

[r.i_;,i) i[,I,.))[1.ll.:i.a) tL"ll(I IJ- ,T3:
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gti- 3 ,1;',-;S.*4Jdll.:I;-iXi :T= C=iL6 Lf=/i-I)yri )]n 9g Sit-a)f=d)a)llE I.ill:R'.i

#1BB

r1

/i-9i#BE 0)A # 8=& 8f+i#?/SJ5,*+1o) c/N bE tJ7J-i i

-;J!-:0.) I,i:.-i1'.;rli',

S-i:qlyJi;i---i!';I-_i- L Tli(-:nut ;iJfk Ill +TJlil nt (=E=t!ltii:Jg)v)ji ff ;i: Lfl

(I I;F:iJlfl.:)I/;hS !I:_-ti-1i ,

,T7.Jf,'i-
a) i/1 )ii'L f= li(;:nul )I)1;flTii'.:..is

,i,L
,-a
I.i:1!Eit(7z/:;.rT)

I-J. i-i-I, I;,;-]T'ST=.I;ir[F'1:1JgJV) 1ji r!]-:Ill-i L TC(7) ikL..[i;rJ-;,ill:%t Tt(IT)
V)

,.1>),:TD

Ti1,_lit:a)lq r'"I],
-

)i: v) )r-'}1); 'i-fhl'/)I i-;,}fi- I.I-3i1. VCL,,3 ( ))n )i._ig,

i f)92 ). I a) -LL[!) 1ilt'('l:_ryH= A: ～ '}}'!,j1)(I /J} J!.'J.JI!-i;f5*L.
(I < Ll a.;-1-)-;JliI,l(hr:_:1.

i. L I TH L' Lt3 jt v= L',-J li(::]]u!, TF/}L':h -t) 9!-1i/J} (i-J7I!Jrlli/I- ll-:.iqJJ/J,1yXi < B
+L}

iiE )]u )I/;S-i:rr) I.:I;-+irti:_II
!= Ei ida L I Ll,-J._i.

-,f.--,-

i ,TJ.

lil::J]u )!iT.hr:-:[0)[R [Jil-i-
_i-L
-I (l,/N tL 7L)I;Tl] Lltt3JI Tt'TD. li.[-:fL'in7. :1:-:1.a)

C/N bbk'2Ek8=t8=i8i#BE *n/i&fE4hn'2flk (Eiland 6,

2001)%##iBfivehO) C/N bbc)'21b(Nakasaki 6, 1992;

Huang 6, 2004)bS!Ja4fSYLTV'8. 3:7=, L5*4o) C/Nbbk!JaBE

+8=t8=i:-?T# jEJ+'L7=pF'p ff n* BE All,4=iE TCh%8tn# %bb8

(Eiland 6,2001).

/i-
// Ji(-:]]LIa) }li I)i(1:-:I..'iu:i:JfT1)-)i Jf4

J) fiirJi 4:3,1{ J1:4-))ui.7k5
fi; Tt

.YET
/Li 1- ,-J -1{ ;i-)-SR L7t (I ))n ILL I , ;iI-1I---.l=tI:q-f1; 1Lfr4:3

-j;J-
)illi-i-i_LILL!

a) i:_

[ii-̂ { )'L'
_L!-;,)ll
Lltt)*l.,TJJtu, R;i i:-:1.tLT(}) ,i-//J) (l,/N tL >iJ- 'Ji:l=

=7-75 I _L
)I)1;5!--figL < )'L") Tr L',-J. L?}J, L , =3t.it3 0) ,i-- /}li(-:)]ulu) :L: ))i(:1i-:i..'i

-lT Fib I..)ii,:-(k (-T 4J;)?I/;
_i--_
[1i-Tt,_1L,,TDf= L}). ,i-- // iiE )]ui0) ;B!Sis-(I.rr)-r=I?

I.'i YET [li.Y-iJ1,LL-.lil;+ ,TJ f= IJ) ,}) 7fT fi''BI+,-:,*i:-
It & 1(/J'iTJ.(lib-i,[rilrJi''1f,1-4

;)1ii.,)T<.

I)rli= aL I $3t u ,

[r,llu
i''i'i-4.i) -Tr:i(3 FETE1;'Li;iJ.fl.7iJji!t'=7-,-JI i (I t

-) T= I),'.:tit-:1-a)
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C/N tL ;iJ- 7ITJi'(=[h''-?I.i;J: HI T']ETt,..r?Tu.i-.5-,-tTJ.

.1-i
fTriT1;i ,-i,I,ii.L f= ,(

- // l1(::l]ul,iJ-{iiHii-+ ,lD f= J}) J) )i;i1:_:_1.'}) ii-I;:a!...i,i%

'f1--.-);T5-
--

i:.2rT.?I_i.L -i, , (i,/N tE ,1-'Ai i-r=l1(-:f'_.inT :1r!-:I.,={]i] L,f=llri.fi'.i5kl

-T.7!-_Tt i/) LjF,:i..:-J'k
/)Jt
(7) -I:!i'fk '1(i-!7!F'J.L f=.

1-)-1i:I.J3.i -i)(.b-.JL.il-

1. lil:I!Jn}rF_ (7).iLiL7i: I-JL.i:U(l1[::fLr!:

li(::i;.ii-:nT1 -]::1.1L. L
-i,
,

-j'9-
)i: f-i-. I/H-^n;

,-1=
, -fi Ji 71,LL:a) -)I 'fJi-,71t

Lr) Jli(

?4tfEh,A,6, A+3:hSnJ7bE#iak8:2Thifa%LT,W 41j] PpMf

fL'!:
:7fiiE--TL'i'ir:

I(i--I? f='ff1. 2 1();ti;)]1-Ill-L p= 1 2 HIM a) (I.;1t-fL, (=7'),(+T=,1= &f.i

t7fitlT]-
u) 1.:1l,i-I)lil'i nLl ( f] I;i;rE: flJ T-:I.J3.i1!['1-C 1-1tfi ; :.2.-I):-[lLT.1<7. fF ]=i

fF ) 'i.,Ill t'tF=. C/N bE ;flsl.I
_-.lil-f
lT] (7) F5rJi''f

,f4
i L Tr, I;.:'L,):.i[-i-I;I,iitL'f_

( L!a
[',i_

=J< J1;:In= lH /ti 4h ;T:-:LJ1;:i..I;--I:[J'T']lI=.:,LTT/i
F'.i-7 j

-

JL T,t';T.-:i
Jtt):: iE* -ff mF 'JjEi_7 y.9

-

: lrJ1
-rT.-
Lr.";LTT_i-I-i1.-ri)-

) tLITu't (I -iE+rlq-.T--;!l-i!.'f( llf tI/'T-ifi hk rli j=L I_,-I-fJ:; L!!i

1'.i L[,1'[II Lr.1<-H-7) 'i-ff] L' f=. {i/Ti''f,i-4
(/) 7)I( 5ii :-i.::-'i-itP.[J)i- TrTJ _i -lr,--!= , 8{i,.

J7b!
i ia , &tl a; i a ,

C/N tb &f5 a jE N.C-ANALYZER

(SUMIGRAPH NC-95A, #iE%itlj:1kJ{DiWiEyF-;j<BE

JT3 j( BRf5 )7:h&u jt'+L, # 3-1 i% 8=,j% Lf=.

lii'-.Thrx-_i.L I. :f]l,i--//li(:: )]E 48GO kLr 0)..7+;irJllri-fL'!:L-F=(A-_ (i),

f C/N29),*R/i-9j#BE 4860kg8=3%#*# 908kgkhpk

TCJ1(-:T:i'!:F!.I-I!L-Ltltl(1-I) ('J/N tL 'i- 22 (I.fl.I.II.1T:'fL TliL; fitiL-F=rS: (Ll r

C/N22),*R/i-9i#BE 4860 kg8=itL*j5*# 580 kgkhDkT

llE fL.ir,R bf-T-Lt]110) (:/N LL ,+i, l8 (I.ill.ii:'fL-i.li(-: TLlfLf=rx-. (i)I ll-
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(i,/N 1 ti) a) :3 rx-_'i,lf] tlf=. llEIL'.iEL L![Lr,1,--)( Jlj::]JL:LH
_I-I:_
qiy f--:iJ1;I:-[f1;

I;l'JT!j;,LTT_i--r,i.- 7 1
--

JL I,tt
,f-:i
;1':: i']Jfi 6jr-'1E i, > 3z

- P{] a) )l7,:tit lJ- 5 !!l.E]'Q

TA#i!i*BE4> (Og 3mx9S11 5mxf55 1.5m a)tto,yhk 42E#-j)

vCh2007$ 1B 8 Bb,62007* 5B 28 B3:7:hn 140 B Ppq

I(i--
I?f=. i1(-:fL'.iln Ft"'Jrrl ETt 2 )1q m fi)-:(I Ln L.))'LiL,i{2;-I-r>).i-,LI:-(I, i;1:1rL L

f= ,(-- /}llt'-:)]E J) 7J( /J) ;iJtltiTJJ)jibL (;T7,-.-3-
1 F!1 ). )A

'JJ1
;)1;
,5r)-6r)%_i.i_L1

I-3i:
J:)(I )lia-jI 7)( /JJt.I;I.I.i-i.1'.'I-i;i-

I(J--,) -/-I.

2. il.I.ii17'_)}- tii-;

7J >{-I- 77pLE I_qtijL:-f[ .TJ-:'iJit!1!J)i-
1-,-a-r=b!) (I , u)) U ;lizL FIJI:(=liE DE! a)

rfl JL,.LJ;--FJ:3 nFhT)1Tr ,fJ,tl n',i-
1!-:J-'i-1-I:-1r* TF,-3 i lf;.l= , I)1i-n-:(L -r=li(::nE a)

-

,:.;--T:

'irJIO.5:C 7t 2/1 Lt!]-:r["'H.:'tJl'r_T:-cTtli_-.i,.;I:i
qiD
_rTL:
,i(.(tuu)illL t. I/i f=77pifi

I_3E*1:.3[ -]Ii_:
a) ittTJJJJi;Ei.[1rJtTJ-i }:I;:_L

rT7]i-;1:-J) T-. 1!ri'iTt 'fl J=) ]=.

･ff=.
i7"lLTlg:t'> -r)-(9(;:31 -21 , rl lr.I-.i'[lill.tM':l;1t :1t a ;fig: i:i-1!],I.LFT7{

_l=
m liI ) , i1[t(.ilji:tljf- (:36G:i, FI Lr.".iI.:i.F;.%i:1;i.-t:_t fi ;;lH li- F[. L[T7;

_rI_
m (h- ) 'i,lilL', liF';:fLlilyl rTn '[l a)l1(::)JulJi- TL'IT;'),t3 1 m J)I_1t!-_['.I.T,:,i)i.a

lil:'iJ 1 Fltr)-:Hu -fr-i:
(=itruJI,i;L , -.-;-it4':-:I.I):1lR R fJ,Ll^j: r[7T

I-ijt
l::it1; -i.TEn ::i-i,:I

a) 1 /1 U ['"IJU)Lt.r!1J1--a)-.I'--y-J ,+iJ 1 zl Ll r'"'],i)iif'-:)]u u_) 1,--lJ}j i.a TJi:i.L-F=.

,j':i.:
lit JJt L -i;(-,tEJ-i;I:-i

i. li(::fL'i:iy] ['"I)(=J-Jt (-I,TDi.[[ilit:a_)iY:i_H!J-:,3t fL:

hJt7,-:3
- 2 LtlH= liH]Ll lii'::fif-tf'fl(T.) T['--rJ i.r:.l._1A: ,1J-,T,-L i1. L.,-LFJIU) rF_ (I I-Jt

L' I+;' ]i(-:fL!iI:1)lfJ]a) I;.[.iJji:7J)I;Tr::;<.
IL- J)
1:-1I7.i)iJ1-I))1;1f{ -T.-L. l1[-:_-fili=3:S r
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FS C=tj: 35oC-40oCtiiJ?f=. # BE 0)- 7j( 3E # 8=h'818i# BE ,IB_Lg

a) I
-l[+.I-i
frz,T(
_!l:
qJ2Ja) Il- F.:a4h )) I.rl!(I A:TJjf^ I/～r.LtH=

-_):fi-
-)'L, TS,I () ( ih[

Hl. 1f)8l : 'fl )i-ij:I.:r;'r'-i/i?. 2000). li(;:nut i.T"ilit-.'j:1'Lit'(ij=_rrJ (.7)+( T;.%qJg)

z7:Ji
7'i'1?iL-.r'l:_.irl),::]1hG-.L I t' TD. lfL[--' ,I. 'T'-.;I(i r2) (I i:7J ()- f;i q}, (7) /I) [f-i,'I!

;J:in- YET (I I(i--.i?J1,-i/t'TD lilp::fir.iA)) l[J](I Ei I)- f';'B4J//)/J} 1'.i,'L!(I n!-.-);f-ftlfLrLH.

i= tJ? VL.i['..ilit:)I)1;lr:.i<fLlt) ,
-

;)( ii i-ji:--3!! I !lJH=3Cr /j< (I-)j1.TllI'--:nL!

i.r"lLJig;7):fit-rI +TJ.

li(;:]]n i.I..ilji:.i)A-(l'::T.i 'irJFir.-;i'ttrt1
(=t1+,-J.i. iiF'ifi'i 1 /1 H L1 (=J,I (I,"Jlil'-.:nL!

･IRLg tj: C/N18 TCh 63.8oC, C/N22 vex 62.6 oCtt58S:>Fa C-ehb9,

(-I-1:Jkr/) a) /I) I.1.'L!-;,rL.l),1;(I iJ;--YLS(I /I:J--.-f7A1. T= L, TJ i lfr:)ii-?I i f=.

C/N18yehtj: 42 B E] 3:Th- jE'+veh##;p,L7=bnn%D%8ffL, 98

B E] 8=ij: 32.7 oC3:vCh8f: f LT-jEJ+ ttj:-?T=. =YLL=#LT

C/N22 TChtj:, 56 P B 3:reh 60oCEq@-C1&@2?L, %0)1&4gA ki=iR

BfAS8RfL,I 112 P P i= 37.8 oCtii9-jE-Lf:.in=tb,6,

C/N18 C=bE ^TC/N22Thtj:j% # Fpq 8=bf=-3T/i& fE 4b t=j=8#4#

q'yJ.'J)[1,'l!i.I;-Jr:I:_75;rr:.i< a'':ui-!i.5jt 7t -;_,(}) :_L-.tr,- fLf=. =j,i.(=J*]. L I (l,/N29

veld:,]*f7$ 14 B B 8= 58.0 oCt 3 Eg:0)*Thlj:&b8Ru"IRj2k

'j%L,%n1&
56 P a 3:veh51'#E=8ffLT 33.2 oC8=ifLT-jtJ+

L f==._i./JJ,i-), C/N29 Lt3 T*-_a) [fl Ttlrli--Lili':_fi.i-i))lfJ7a) fl- ll-i5rr) u) 'J) [r'],'l!

7it;,A)i;lL'< , f''!(i q'yJ(I i,I) -I( fti lly)rJi I.1.IlliE-.rlL fi C/Nl8 I.Jti JJ(

C/N22 8=tE ^T% L<8f A,J37=t# jE'--L,-ch%7=.

2. iiE fif!:lgJ Frn](I.131 (-[TD7J> %:-77'iEE JjE a-3-7} il'._;0)[(;f:[l!-i-,Af lk

LTt,,-:3 - :3 I:<H=li(::fLlilfJH7" Lr7 U) 7 i I-I I/?'iEiI_3,t;1
,fi:..;}TIll;_:

J)
7t:I:_7E
L1!j-:nat fL:

k'itL,f=. i#?)a 14 B a n7Jf=7j.RiEtJ7JFf#%%8j: C/N29 75S

1.41mg.g-1t&b8H,7j:v,-ehC/N2bo)4.00mg.g-1,C/N18
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a) 5.44 mg.g-1 i C/N tE75S#f:f+8L=-?h,Ttg3hDLf=. i*BEO)

--?); YfhnT= (=J-3t!-1,TD7>:E=7(I)
Yi /i:_.IL li(-:)]E 0) I);(1;it(I.rlT--fA,i,TDP

y ,( // fT <3 ^7- 1- I,tt)>Lti!m (-)-ll.;'*J4f i:-:(i: (-T ry) J) f')t'(/[:_qJ^/)(I i,Tu )I [:'l,'i!

8=i:-?TfE T=8=tb,6, C/Nbb 0)Q% v1, i-fj:b6E4#
J7JFf
# 1k % 4h

{ih .TJ.:.})T:.i
L' iii'::filell;I:1J:3t.lt ttt

-

1(j:31LSn,T:i':))lt]H=J-Jt L[,3 T't.)L:(4i 4J^/)(I i:TD

#4& J7JE7ii 1E % 4h J<ni AS fE JrB 75'Sf5 <, i# BE qj 0)7Jf=7RB
J7t,i i

{,I ill,-:)1Jt;lr:.i
;). -_' f= -i,v) i -.5-ILL -F=. L

iJ. L ,
:3.t;_i; ,1h ,[[t/J'ilrfi--i,[r,J.i

L,

C/N18vC18j: 28 E] E] A,6 98 E] B t=b,81T7ye=7j4Rf7J7t,f#%%

bSTgB_,*B98=l@/A)'L, 98 E] a i;RPati 0.1 mg,g-1JZXfO)##i=

8fv'1#veh#i?;?Lf=. =YL8=#LT C/N22 Thtj:, am 0)7J%=7

Afif7'7t'E#% %tj:C/N18i:98fb,-,T=bo)a), 70 B P a:Th4 mg.g-1

fiEg -C1S*2P.L, 0.1 mg.g-1 J2R fn8fv'7y%=7ARi7 J7JFf#% j%

8=faj:Thi= 112 E] &iE,ftLf=. J7JF?E#%%bS&b8fvl C/N29

I?I.I:ilit-:-fir!:-l7.JH7H'L{]1d
C I JrTi-

lt, 1fk L' 7' >.f I T lie I_3t;_i.;-.Lri:1: T=1.I(i4:S L ,

3 Einq]vChtj:&bSV'70 a a 8=0.1 mg.g-1J;RTO)8Rv'1#ti3:

J3T=.

lllr-;)]u tfl vet/-i:_J'k L75jL
-i=T> I-I-7J7rLE. 3,.tii:-Ei -)( }i LL' (I J].'L.LfJ.Li.A 3,i.,3

-F=l()-7}Ll < T'l'1-t'({I:_4I9 (I j= ,3 -[T f1-:'Eft: LL. IT-HFu;1iIE (I.L -) I.ii'i'j!iJL75,iL
il.i(-._,i,1-

TJ.
-17-T..''kI_j[,:*i:-ft: I-T g'j,a)I/jJt 7''17i!(I..L,-57 >{-I- 7 0) /L--_lJt 7')'iif;-Yta (I

'fJ--

bYLTVl8tB i t=tj:, 7y%=7JhRf7 J7JFE i 0)j< TR I-tO)kk EH *# i*

(k , n!i ri-i,iIL: ;i,
_f=
LL_7T,3 7J> I-:-7'7iE

I-:.i-I_a,;-J)
_I_L
J'k 7)1;.'1J--:l7at. lil JlulrP

a)7yf=7RE
'7t,i i i a tj:l@ 'j)1L7j:V'. L,A,L, #4#

J7JE'fi 1k %

4fD (/) /JJt
,I.;'.'[!
;)1ilLt T L !LT'i[t!--J

_i.
7' > f I 7' (7).iH''1TIJ.T.;;J';

_{1--_
r'k ''TJ:_,iJ

L Ef]

9, j#BE * n7yf=7LRiE, J7JFE i 8j:l@/A)1L,?b b8. $68=, i#BE q] 0)

;+T li:iI-{[f_a,l5fE (-TryJ q) )) (Lh!)I)'iLT^i/u.ttt ,/I)--:h 3t )lL"(/iL"-J_1J l1(::)]L!rrl
J) T >
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%=70)8atAJZfhbS,I'b' # 5YL, j# BE * 0)7yf=7RE J7JE7f i %% i

Ej: 0.1 mg.g-1 JZXfO)%L<Qful1#k'j%+. =0)=t7516, C/N18

7:hGj:28 B P i;XP*#4*J7JFf#1t%4ho)J{DiASbS8ffLibb, 98 B

F] (t=E:-ilii';_)]E rf1 (/) I)- F;JiI_i[?-:*1:.fk (} gJy)a) /J} )'L.J,'l!?1)1;Lt (,iI.I;.:IJr-_L -/i
lt) a) i

f% k8. =YL8=#LT C/N22 yC>lj:, i#iBL5?4nJ7JFE#% jibs

C/N18 L=j:E J<TQf: v17=bim # a)7yf=7RE
J7t,i

jRjSi j% i3:8f A,-3

T=bO)0), C/N18 8=tbj<T 70 B P 3:vehti% v13g FRq 8=bf=J3T7J

I- I T 7riE=.J3[f_
jL:-.F[

EI.I_:)1):
Ir:.i< a''tli'-i1:-!]-:L7n,i

I J3'u , i.T;Yt fL' I)- f;.Q'3E *31k (-T

qJA 0) 5:h'..'J'I!7'/;I(-J--:f7aL I i
, f=
_i-
1f(i)iiL
L7nL
fL.

1'i-7tfuJJtLrl
a)7> %=-7J7iE I_#;a.3-7? 'TTJ.:'iJfL'i:-A;.l:

L f=7> I-I-77'B:a J4i

#%&*/S$1#tj:, C/N18 rChfi 20.07 mg.g-1, C/N22 Thfj:

21.00 mg g-1, C/N29 rehtj: 3.59 mg.g-1 tt3:9, C/N18 i

C/N2i2 a) Titi
-?,7[
1L['L-
y(=t
(-h'= rF-.lC IItri-'i,,I,-L f=. ill-I'J-3-B a).i.-) (I-/tS it.iTJJ

7Ji? E]

177_.a) I/i f=-7'7'LE. J3F_i.I:I,Il'l',:li 7'/I-I 7J) /-I:_FIE lt[i:_i. tiH'iJ[i,iZ (I.i
i)

1(I)i'Jii-a a,i73 :i,0)
-L';I
'{,)
I.)
,

ILL u) fLfi'ri-Tr-l'1:7t ;..rT),-a 7' > f I- 7J 71E 3rf_*1:.-r-,I-1;1J_:

i-LIZ'L7[1LL'7_-
yI=t
(A-1'.;ti'3[,:_a.;-Ik

/L]'t
rr) a) )) [r']7F]it >iJTrl_l-.i)I,7Tt + -i)q) Tt.1j:fLIi,.

Lb,L, &u jEJt P =>tn7yf=7J4Rf7 J7JFf i i a Ij:i# BE 8=% 3:YL8E

ll-;'B1/7Ja) /JJt )I.'jFi,lHt]i;i(,)-,-L -I i-'ti.). T i f I- I/ 1iEtiE{,j[,-;*i {;I !r;7J_-_fL'i_i:.l:
f[['1:.I;i

/JJY(j!l!is 2l..i-I-[T[;Q r/J ,FITJ_:,_i.r5u 1#,..L I Ll ,-J _i. JT(::;illi;7t31 ,3. I/
y f I- 7J 7'LE.

I-{[_I_ji:-/jT .r;i:fif!:_A;,I.-.
1[if1:.I;iC/N 1 8 i (i,/N22 T1=t rH-]f-?ill---TtLiT,),)f== i-i7J,

LB , li[!fir.ii,(JJrf" 'iJ]'B i:
f= 7>. f= 7Ju) /l:_fj{ ;['T:-;)[rTlf_r.Hit:-Lit,ih, I,) f= tlY[-:

jet+ TCh57=b';, C/N18 8=h'V'Tfj:a 3g n#4*
J7t'i i 1k % 4h nJtDi A$

-'TI'._;(7)
P9 t' I i 7'/;4:)-:fih'J(JTti!:,)u , C/N 22 TE1:i ,(]-

1t-BQI-:!Tt_I:i:- Ik (=> 4J//)a) 'J)

[L.i,Ji!lfJH''" /)1;li- < ;I:fEi-!ieu+L f= I i /)1;q:)--1l.vH'1(Jlet;1>,)-) f=. =fi-I , (i,/N2f) .ITt

li[::fiti=n]-Ttll:i[tl L7) -1]-f;'*'1F-I:a,;1E :T qh )I:1._:7')1;'L1 )lLI i
, f= 7,I) :3 r< q) rT1 -L':till(-:
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fir:T-7:))i,br](7) -.[]-T.'':B3[f_A.,:-IL: (-T qJp)(/) )) 1':.i,'i!,lil:'J):lr[i-
lt,
,}1 /lL, <.

/I:)1 [:i,'1i-i }rli--i,

S<# 7 Lf=f=b7yf=7RB J7JFf #% a 0)*7S#1#b/J, 5b,-?T=.

C/N18tC/N22ktb*+8t,C/N18nj#f)%L5?4*n%#

7? i:i-:.I;i(lJ/N22 (ILL /{T7-:;; <. =u.)I_i-7')1;Ji(-:_fL'!:1/1 n Fl a_)lr:.iL,I/>

f=7JiE
J7JFf i i a tag (i;,LTU'7=75S', C/N18 -ehtj:%0)@ 7Jf=

7J lpifiI-=F-I_3.:I+a ill-_-7L/;,'i./LIL:.!-i
(I fl.i:i;1L 7t f= T!) , 7' >. f I- 7J ILE.'itiji:-{_T'F!1,:fi'!:

#A#8j:C/N18tC/N22rChFqiALEti=-3f=. 1&-3T, #i/5a#n

ll- r.i&1=[f*31k ～ rrJ U) 'J) (3,'i![ll,-:[i li(-:fLf.inT1 -:1!;1.L}) Jitiji:-7} trll_:i. Fit:]15-.L I

L' 73
Jt,
i/) J). -IJ-1t-:.&J_3Lijf.i:-fL: :T 4Lo

u) 'J) )I.'1Ti!lg] m] 4P a''{itJJt)I.jL'[!
_ii
Ei lii'iTL.iI);(

4:-:T.LF) 'B *1:.;;IIll_L fi
/W;-
)>LL1,-a Eat LL()/):r.'':llj- L I i"I3

_LJf(::
J3JiSci<aL f=.

3. i# BE ,IR Lg t7yf=7Bi5q
J7JFf i i a 0)iq i2#,

li(--:)]ula) lli lJ}]i.r.Illnl t7'>{-I-77'LE. J3[,-:;.;-i? iI!_:(}) [iu ln7;..,i:;I,I-:3-/1 Fq

(I
,I,-
L f=. :3 r,-i_lf.--r_ 1 (:I(''(7) G r:r$l-;:;.}t-vetF.iLl fLHl).::]/)'i,7+tt3i[.i1(-:]]E ill n1

a)83t f 8=1# -3T7y%=7RE
J7JFf i i a bSi@/Jj, LTVl7=. =e)=tb,

i-_)
, lil::)]E i.r.illTie (I))fie T1- , + fL':h -r3 T,;.'(/I:_～/yJJ) [l-J1-:.kr/).)Jt )I.1.'i!if;-Jr!iiV) tR

f t7y%=7LRf7J7JFf#%%0)8%f , +t3:bb%fE% E=i:8#4#

I_}[,:;i,;-(L: (_T qiy a) !J) (;i,I.i(I
-i
,-a 7' >% I-j'

-Yg
1 Jr[!_:a) i)./]i,A)ii 0) rlSH=.I,*.:i_iiB-

･iLILll.:--]1j';-.7'Jt;...b
TJ I

_LJ 'Ly7Tt L I
L'T3.
1''a1:
-) I ,

7 > % I- 7'?rffi'_3it,:a.;-{}T ITI'':fJ:

TF.-;;i.' l1(::ne (I I-JLL' I.'j: 'f.Ld(ill rV l= :L ,TD 7lJ-
f;'kqb v).;I )'.'l,'[!i[I-.LIL;J';Tr:.i< , fI.Y(

_I-I--_
4'/4!= i: ,-J [J- t,'Jiqto ,}) )) )'.I)f.77,-:lu?y i,

_i.

--V,-

,:i LL ,i1.,.
7' / f=- 7 7'LE..iI,Ti:-

i,I lr;1r:)I)1;8t L'li[-:)]ui(I I-i L' -L..ti i.rF(it 4i9
J) /I) I,r[!i-FT.r/Ii7')1;fff <. '[,)I(/-L qJ#)

(I i ,3 -(T f'.:'liq!rJJ) /J) [j;'filrlr.:i,/L1 )>LI i
, i.Y,- >t Lhj,ilJ7t.

.:,Tl-
2 -L1;I.-:(]) ;I.I,Ini /J). Lt, , ill J]LILJ)

---

1():i-uStqiii--J) a'';Sr.Ti 7 >f=-7 7'LE.J3t,:

*i:-;)1;l'S^.i/U i:173:,'L'Jis j1.
fL' < )i_L") f= fl rm vet,_1["I-J

i i.f1:-
,-i
th_))lJ73 I i ;}J"3 ,
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rq.I,.ll,.[['T-_ql:.r,.'l
0)
_T(
L'J))+ ;J'; -

1():-YE Eli.T--,}) A:I;ir i.rolllji:,ilT,-T]-. -^= ijf-.n:a(I i,-Jt

U'Tlj:, C/N29 8=3b'L18-yj:###7'IRjg8j: 35.6 oC, C/N22

Teh8j: 36.9 oC, C/N18 TChtj: 36.6 oCvehb8t#jE'+Th%7=. j#BEn

f[(..lLTLg:Ei //L li ti.Ti(I -)I 5 fL1 !rl!ii.I.1i;;irJJ1 (-Jl,-J))I;, 9L ii iLllL)i):rn-]C Tt,i[T)at.1-I

-

;)-iYE t.i.T:3!S J' i.r"lLTE--.I:iC/N LL (I r1',.r--].i?ilj =7i rLT]I.r.I-_T1: -L'=t...bTJ
_i- -l;rH.fTr

Tt

%f=.

c/N29
0)BHSFLEL,*0)1Eg5tj:1&n

2 Eg:uh^#% L=,], S<, 7

> f=7 7'LE.'jlti*i5 -(}T-EI!__-7'J';i.I.ilji: [-_ h'- (I.kJ- L -I lrE < ]TE iJf L f=.

Nakasaki 6(1992)t3: C/N i:bbSAtj:8@ ppp a;SkjB v,7=j#BE

fk ;-jt.rjQ(=J'ttl-i,. (i,/N LL: ;J:Tl:.iL'lif'::f-ill:JliJ-.:ll-:iTliilt-: fL'.iI:I)lT)Ja)I/ >f

I- I/ u) lik
lLIJf.L_7lJ_-_Ei fit

L' -ia) I) _-_ rrl-7J'.?IL: l'.)ia.;-jj* lLt'1J7_1,;7')I;
Py i,

_L
jib J< -i, ]T-Jt

U)
,
C,/N29 (=J-Jti-T,-3liEnLl I;.rLIL[A' a) I-_ ,Lf1-.'TtI_?]Li

L1..:-fL: I_T 4JJ/Ji), yL , Th>Ll:l3

J6 I(.)I(!1= qlrJ(I.i,-3 f; if;iJTJ)ijt:-fk I-T rr)
a) 'J) )'i-I:T!(I iTJ-h u).i 7.r,->t'3.

I())I
l>)'J"1)

,(- I/lit'-:)]u a) T:))ly] Yti tlT:(=J3t t'Tlif:: -f=Lri:));(-lT!-:[.
u) c/N

LL ;)1;
[r:.ii.1l.!i(} E=ti,)ia.,:-Ik n. qJf97)I;Py < ;) I.1[l!SJ,L,-Jt-.5-ill.

4. i#*/8 Jg 3!4 a)JAI J7JpE i a t7yf=7JiE, J7JFf i i i nf/a 5? 1# tn

Bg 1;#,

lit i;:rI)i(1::iu) 1--I_I_3r!*1:.lilt;LLJ T >. I- I- 7' 7'iEiI_qt,:a..:-I:ITiTi: fL'.îr;.,:1rLi-..i(7) Lil-A

61, k# 3-51 B] 8=,j%Lf:. i#f/SJM4o)JAf-f#%tj= C/N29,

C/N22,C/N18 vCh%n%1YL 13.80 mg.g-1,17.00 ng.g-1,

18.80 mg.g-1 vehbD, *fRj=# Fpq qj 0)7ye=7FuE, J7JFfj!#% %f)a

$1#Ij:%n%hi13.62 mg.g-1,21.00 mg.g-1,20.09 mg.g-1

7t
Lt-,)
1 -F=.

i jfp5& C=hlVIT;&JL ]ff LT=i#BEnJAE
*f
i a Sj: C/N29, C/N22L,
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C/N18reh%YL%>YL 13.80 mg.g-1, 17.00 mg.g-1, 18.80 mg.

r,"-1
Tt ,1[? -) -r=I

_i.
/JJ. L3 ,

7' i :f- I- 7' 7'i:aI_-I.,L5-:*i:-:,I lrlT._:4iff
_/L-..--
1Fl'T:-i,(Tq f;Jli(I

C/N29, C/N22, C/N18 a))rRi=f5<ij:8bnt%k7=. LA,L, i#

*/63g Ppq * a)7y%=7J4Rf7J7Jpf#%%?)q#1#tj: C/N29 n 3.62

mg.g-1b,6C/N220)21.00mg.g-1J-ttfBhpLf=bo)n, C/N22

tc/N18nfRj#1#lj:21.00 mg.g-1,20.09 hg.g-1tFafi&

V) I/ J f I 7'?I.tea1{[f1:- A
_rr[7i
-fLl!.ii:.:flr'l:>i,7T1-L , li(::)]uia)

_(r>_
I_3.tiji:.l.l',:

,_T.
7 >

I- I- I/ 7pi:aJ3rf_i.1:-a
_,I;i;
fifi::L<,i:f[[r7_-.iJ_) r7" (I -

JJi=(/) r_1;:]117;-JJ';.3;.LJ.lh Lt, a-iFLYfJ, I?

7=. =n=tb,6, C/N18 8=h'818i#f7q3* Ppq * a)#4#J7t'E#1k%

gig a.) )) (+1.'f!(I -kJ.L.i/ (nJ i:j7}JIU) 1i1---igi Fii[tL:7/)1;r7i.A-l}-- L I L"-5 I i )I/;7(f'--:JJt.i:Tt

Yt/7=.

f.)I(
_/A:_
4JA (I i: ,-J li(-:)]LEa) 1i r';i.iT:(I.'j: i,,I.ia.1:-Ik I-T qJy)i I-.*;1

,iilk
/rlL

qJy)?)1;

i 7T )( 7:I;.bu , liL'illul(/) -Ytgt.qi(--.'iCJ/N LL: (I I/i.(I:1-,I) I
_i.)I):
I):-rl
th)*L-i,i,

8(Huang 6,2004;fqEB, 1981).1&-?I, C/N18 ni#BE7:>tj:

:-:.i::_a.:I(i: % r/) (I llJ.L -I iJ)i*l:-fk I-T IJyJ7L/; T{ ,i L , i.)ii;- ]I.7_:7lJ: fP-_-3-4fliz

Eq tii-'T# # 75'iiqSrJ 5h,f=q Bbc Jr& bS# iEJ+ Th%7=. a:f=, C/N2b

(=j:3tL'pL/ E=tli(::]]Elil"ilit:;)1;,:il,Sir !=1ft TI L , 7J/:E=-77'LE !-T!i.i:-fi ill__--;,

%L<Qfb,1f==tbl6, a; #1b%4h 8=#LTJ7bfjRj;1b%4h i)';i=

,r7lt
L f= -i)(7)

_>
-.i-+,-

,i
f=.

I-1=
fSirell-

(3 a1.f= :3 f.Ti_
-i::irf
,}) li(::fifiI);I:4i;LJ) 1--I_'3F_I_A.i5'.r,-__T.I/

i f I- 7 7piE

J_i.i,:*i:.-(_}TJT.-:-fir.i
'r.i:1rF'i-._ha) r:',:--]1%..I:i1:n r3U I+1i-lllT'..(I )lL, <. (i,/N2i (I J3t (-)-I;)

JA=J7t.f#%
17.00 mg.g-1t C/N18 nJAIJ7Jpf#j% 18.80 mg.g-1

0) m (I 7J i I-=7' 7rLEJil j!,::.FTJ7T.:.
4L.i:?,T-1rF'7:7L/;lrli--;,lr,'.i<

tL"-a

_<t
:-7:I-_,h-:l'.i:

u)

#4:i AS4# jEJLhSyLf=. =o)=tb,6, C/N18 i C/N22 0)Ppq a) C/N tb

8=h'V'T& bf;p <o)i 4# J7JFi i 1k % qb bSJZDi A$ 5YL7yf=7^BB7 J7t,i
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*i:..:LhLlt J) fL_fiT7':T[r'T:'J)1;[r:7i< FLU-J C/N i-L , T7-,lL,.i7
ij i-:I'(n=_ r2J (I
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Ly,-i,ID.
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TJ. li(;:fLtiI),T11!31.(I

I;I
.-f*t.
TJ-I)-ll-J''+5'jTf*i:-fL: nt 1(yJJ) Py <.'=t.
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>./i // 'fi-i(3:<7'1- T,tt)>L,ttt -

1():-ititP1-P;--LllJ) II lli'tiqJ//)a) /J) ('1,7I!'u> lil_I-)-;I:nlr'1li
<3 J]'^r
nJL].k
-r.;;7):Lli! /J)'i'J) (r'J,'[!L 4P

THY y' I)) []{(i.r'f-:./J-1';A'j[f_i.,:-fk (-T1'//JTtLi-,),-iJ) l= kJ. L -i,, iJ)i3i:-(k a rn

(I.'j:
7i':lilr:;i
<3 I/I
/-::.r,LlI:i:f
;)1;J{7:Ji[L1.'fTt 5 TJ i-: JL. T1

-

A <3 J～ -Iir /L
T1 -

A fLLlttt(..7)

･.gu
/JJt (..1Tf!-I)-f':54JM r- ))LlfL I , (a A l17.H:]j[.;{ftLl ttt0) ,'Tlt.1)i--LV;iL 7')./J7i [f1'I!-=t

5 ,iLT
L' u // I >!tLl tlt,)) iFI'i)) )''1'l!Jr!Ji-I-I-fl.;B4J//);)1;.-2::E31 I i, ,-J ( 11n[ nl ,

l 981 ).
.i-F=,

,i-- /)lli'::l]E a) nTTthr::-1.Tt...rT),-a
,1{
Ti-EifH -fqTE<3 i,:I:I;I-_(=ltJ?

-i..$7J
/jJt I.'J7Jr'-IilT i1-:'EIJEJi-' i:--T1'-i'J) [rlL7LrI:_I]-f';iqio ,i) I.Ti;rJI:T f)1;.T'l;_71,,TDI _i?lJ: -'E[]

LBjlJ-=J-3tu (itv [I7 , 1981 : FI
J1-i
^{.i-4 J3::i=?. ft:

;1,::

ii;66r4"l;LE;4j fi I:I?,

1990), #J{DiASJr&E1# 4h k% tp C/N tE tj:iE,i3Lb# jEJJIL,f=#

tl5.1!:yi-I;:i;-lli+,-5 f= z!) u) f[L m t'1(J7:LlfR (:ir!i E=tfL.tA_, ILL i,.

IL- I -Lit. lit )]E LI] u) I_i.Li*l:-its._-LL. jey)/j) )I.'1J'I!Jr't-._[.)ii.li:.
ill:,i-tlt!1)JJJi:L ,

}LL a).Ti;rJ

(7T ;)1;,( - // l1[--:nut ,}) lii'--:fLti]1ttdni_F.J-:Tt ()) YE+ F-q-.T:i= -b--
i ,.J
,Lrl!i
ii!3i'-llJElf L < ;i:I.I.1-7}I:_
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!L/I
i?KT()A)I;;r,)
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all:,}Lt.a i :_i:A- a'',,2L}.a a.lf-aE

(%, w. b. ) (mg.g-1) (mg.g-1)-

A/i-9*BE 55.60

*t.Lyj5*3% l 1.00

3g#*# 25.00

399.00

302.20

270.00
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I
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B] *n**Ej:1%nhBR*Ti%<%8Sk,j%L, NSti#%TVfV ,=tk,jt+



Cm22
A

y<

bJ)
O

bL)

a
V

ig
*
#
e

nW
4rB
4k
M
#
h

ll
～

,i
～

CN2 9

0

D

14 15

Cm18

16 17

4%f#% (mg.g-1)

18 19

]3S%3-5B] **L*$4o)4;iJ7b-*j%t7Jf=7Puq f#%%e)*#LGt ～ F*q4,*,

20



39
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2 fTTti lil;TLfiJ);'::1:-:I.u) :-.:-)'/JJh'r'J7JLiEi.}4ii:-I.'l..:i JJ7[:-'_,k-;

i['._-_)I)1;,(
- // lli'-:nut J)

YET tl.Tl-L= -l7--i ,3 il!(I:.:.!i',

;T)- 1 I.qt]'u) i')':I.:.T'j'J, LID. C/N i-i:))1;I.:.iLlii(-:)]u Tt.'TtI_jEa.;-ii!_;7'/;ff'-:Sdi ;rail

r)a._i-)}L'i) !E i[_5.T:;J';I,-il-I[[-_L ,
C/N tL fJ:1jt L,i1(:_)]e -Lilt i,)i3.1:-lfii

/J';i(I-:iAiT9it

Eg tii9##ASiSJt+8=tb'MA 6b,tti9, C/N18b16 C/N22 a)

m TlrT1(--;,liFifL-i.7hiT.7H=.fJt L' I ITL--;,5;'J)}ii F'1'J(I 1l-f';.%q}u {)'i)) ;I:.rl!a jt ,TD

C/N LL tJ1;;().:(I--_+7j tI(f'-;'Jii-i;75aL-F=. L;), L , li['::fL'!:J)iJ::r.].i= /L;;i,.JL.,-a-f[

1t-J''k,7i ji:-IE I-T qJ2)(I y';i
I(,TIi r/) (I

(i
J7 I /}) )I.'J,I;i

Ljsa1.j(3 + L, J49,
I)Jt I:'J,'l!.ri-:-Il-

l.-;WF(-*i:-fk (-T qJ,J(I
,/)r1't

-i-
, L7 A J[{:I,:fl,-r.;;i,iL,_>tt

q) *,I :I);--r.;'TL /J,, /,,(fqS Tt

-=<;TL'L' u //
I- i )>LI

LL/
a) 5:ii':i;I :q.'f!Jr1:_;[T T1.:'ii.)i-j!.:-:ft: nt qJy);)'i3Ljh.-fA1.I 5,,

U)
,

Jl;I:1:i1.,i) Jl.--If.T.-i+P -lb''-I:I:I-_!= i -'
-i, r2L )) [h!.r'tiI1- 1':.iI_3t:_

jk:.
fL: (-T4f, i3 iUI'i/}}

I/i'J'i!JL/L-1T1';'RjJ;i*i:-fk (} 1JyJ,J)';!fl]& t)1;bt.i-
fLtTJ I i )it;

,I):-TIi-_',i.i-i,L,,-a ( W m ,

1981;B **1gJBS%.1EJBSg%-g55E4fJB2, 1990).1#-3T#

'JJt
)'L1'r!.r!Li(i-,rtQ

iJX a..:-fk (-TqJy),iJflT/u{=1 c/N L[ EL
_JL/.
TF L -i,Jli!,;Ji?Lf=

5E rj5T:;iJI.T';;-lt+ ,-a fL I.I) 0) lit nut I,L;':t4:;7.&J ;i,r.T.7I.i)I-''':Tr ,Tu -F=I!) q) f]L fH F'l(JFLYi-a

Tti)-ii fi tL' tt_, )>L1 i l.i.-.5-,i
TD.

I-1='[S)-
T1=t , /(

-- /} J1(-:_)]E i/) )li':liltL'/).g,'J) (.]7-.rl[:_jJ)Lii;- )i i J3E i:- iih7)

I,I..:[J(-T 'J/;/i
- /) liI'-:J]u!a) -

1():33LSrH:-.]1hlf]J!_(I -lj-,-i
TD

ITrZ
i.!li;;iTFf1[l.i

l^ETf@..'tfL

1l]'-1:-:iJ3ti: JJ( -)i-.ii-;

1. 1ii:.n):.;:[i J) ;;-iL)illI-31i Jut;JigfLrf
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Ji(-:i-L'!:I,i'.ii:-:f.
_I-
L I. -j;J-JJt't'k , I:q-i-)T1--1=. -1-iJ1 )>Ll lL}t a) -1{ fT ,.f{

a) Tl;(tjilf.

r_i./I:_3T-31fJ, tt3 , ,i,
+ :-i-:-.1i:.J) I_3tia.;-i));'-.,li: 8.'2

-Lit ill i-T L -i. i!tjI1
/r j] f..I,j1!J',fi.i:

･7flifi
fLli=;i-'fJ--L', 2 i): tit;;JLIf'ftfi

I

1 2 mm '7) (tin;-L, (I/JJl(Tf=,1= t=it.;.7+[1)fIa)

i;ll/i
-- // lil;]]ul( f] F).HJL: [[] ;f--:LI:;.':f'l;-jt

/i-?a ; :.i;
I):-nLr.l;//.

[l,-
)_l7_.;TTf ) J3t

L1:
-i;'t],I-E-1L4 -1- ty7 ( [T :t7]HJL:lil

JT.-:i
;;::t:'J;jt

/ifTTJ: ; I_:A.I):-rlL[.1{.7.,FT F,: -rh-) ,

･;EtBT: ;!l ii.'f( LILif'..ii-lit-),t I:1;J=C I_? f_L..1rr.i-
r',1,- L[.7<I[1 LL.7'TF1 ) i: HI i,f=. A

TrlF,ill
v) 7JL(

'7J1
i;;i. -,i'{ittrlF,I_;.;ii.ti, :1''...ii'JL:;ii:I 5i.I:I-.

-tbi
/}JY(.1L'F!Jr/I:_I.jl,I.i5

53;.i._, C/N

tL. {yl /J) fl'J.'LfJr!1:_i.T{-LL'jF_
i:: a)',;.-:u(-T ( i)I T ),),'J) [.i.'liJr1:_C/N i-L LJ+73 ) ,i-

# 3-2 ie8='j%Lf=.

3#p5hEg:tut,SR/i-9i#BE 2975 kg 8=#**-3% 1125 kg

'iJ-)J[1,-i, )i[::fL[frlLf-.HL-LM!J-:LO (i,/N
tL 'irJ 20,

.Fyi
'J) (.'l,'L!Lr;1-:lrJ)iai:-iiS:i I_Fit;ijhf

%nSrl'%k108=!Ja#Lf=Eg: (X}-F C/N20.EDC/N10Eg:ti-8),

SA'<-9j#BE 293kgL=BElq91,y1903kg,#**3% 1583kg

;i-])[7>tTiiE -fLL!:r1,i-]/d7 Ll# J) (;/N tE ;i-i(), ^J) )Jt (,r[!Jr'-I--_(i,/N tL ,i- 12 (I

=JaBLT=Eg: (JZRf C/N20ED.C/NIB Eg:i+8), *R/i-9i#BE

419kg t=BElq9>.y7D687kg,#### 1729kgkhDkTi*f]8

P#q?bPSn C/Nth k 18B J{Dij5SJr& C/Nj:h k 10 8=iJaBL7=Eg: (nj

f C/N18ED.C/N10 EEL+8)n 3 Eg:kjq U'f=. % EEC)&1hJ7JpfiFi

:.TLt,i.

li';thtJ)i
*l:-;I-.TL.ti.!,),/J) [3,7fLr/[--_i.)ia.;-;iL.i, 7m J{7lTI.'J7!.rlijJ;i*l:-;:;.ti.C/N tL ,

･.E!u
5JL 7'l'J7Jr'I--_(l,/N LL ;i,!';Ti-:3- :3 -i;-

(I
,i-.-
L i-I. l1(::T;i:Ej:. I[t1

['.1.-)( i3-::FtTtm

!I:_4J//)f-:L;;::i'.':J:tr;a
,lI_r],
IrLi--rL['.-7 J[

-

)L. T,t1:;f.J1-ll.IE-/I(-ff nr- J^}'t:ir >, P
- n u) Fjl_;_

iR1+53Ri5TR3f3!3#BE% (Og 3 mx9S11 5 mxf55 1.5 m 0)ttoty

rtk4&R-))vet,2009* 4B 8 B A,62009q=L9)a 9 B 3:-Ch

J) 15/I rl h"'jI(J---:,f=. l1(::hr.ilg] m -r7.I:i2 )'igF'"I)lli:(=m t,))lizL,i-I(J--.-)_i.

-lf.--(I, /A
/JJt
iiti7'): r).I:)-G 5% i-,iLITJi.3 (I)"diI(l'_7J( )Jt ;il.I.]i..!f.!';1<'f1--1 f=.
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-n;-,i-1!-:1.,I) If:-A?i L'iEJJ]
t)
)1k L H!j-:(I li(-;J]E 0) rT' JLh.Ji:r: 3 nT;T)7TT?,, t>_)[;iHi:[,lf

i-jT:-n-i L , f}T;l]-:iLf=liI(-:)]E!0)
. [fT:'iJ 1 05:C 7t ill r7!]-Ir;u i;T:iJl.#i._S-tJ_-I:f;{t

q'i91Ti ,+1J tltuu7Ji? +73 i -lf,--(I.;I:iJJ:Li[T!L7t -a-t.;jt i1:-:I.,L'tL:;Jtl1-JftL , 17- Tt& 4b ;,:a]7% (})

/)) f]T-l=JI] tl-F=.

2 -.i:I:J-,[11:_-)}-.i1-;

7J > %:-7' TILE/J71a.3-!jT i;,-;a) 1(ti1.JJ71'.I:i;T,,-2 I;I,-:_i. I-TJLri J) =T--llLTi-Et'fi i,.

IuL a))'k ;) Ej:i)I T J) i-- Jlr,qTtt(tiu)iL Lf=.

FL JBj5 %t-ihf Lf:5# ?+ k# a Li N.C-ANALYZER

(SUMIGRAPH NC-95A, 1j:1bL^iiFitzJ5-;j( iRB3j( BRfF)

kjq V'TBi i * tJ7JFf i * &iF,U jEJ+ L, fF,UjEJt L7=B; i * A,i:Ut>J7t,i i

il:'tii l1(::).lul(7) ;7{i't[TJ:_7}J, tj ,i'al
Jlpl:*i:-.T.:

I-Jti IL't't
li'[LtJ'.)i*1:.

,FIT,:,+I }Ji-
I!) f=. i)i 'J)

[.'rJ!Jr_fii.i:3.;-I:'J.:.'i1{ 114 i.S[J1:,.I;if-.TT].i-[If,:-u. Ik
;I,:: S![.;,( u.1; A;

,f4 J3::
i;;. fk

I;i::ill:iih';.fJS,22=i-i -J'_-?,
1 0 i)() H= -),LE-3 -31.:iJl'L,T:-tLi;JtL1-ILL-L -F=bt -1:lf.,i-Ifn;iR;i i.1+;

vehhp 7k
L^i AS L, *119R7J1}L,F-(1G3)-ehiBi iB Lf=. 65 @ hR 7k

L^i

)'Lf[!(I
:i
I? -I )if'::)]u!Yi (]qi.T:-i))l[JH= fi'j'(

_!I:_
4:y)!= i -' -I /J) (J.'lJi!

L7nLJP I)-
Ll tT /L

t] - A i(3.1 -I-tI /L
r] -

A 7:L1
_Ltl
L[)
-.yu
L)-)[''J,'f!Jr'[i[]- f.;'%iJ)ia.,:-fk nt gb ;J1;

/J]t
1'')J'iI-

tl jt , L;7 A J[,I;1:')-f.;;i7iLl tttV) ,1;,I.tf)i-r.f:;i--?I
L?J1 /I) ([3J'i!i=j1}L, L, U I/I_ /)>l, i.tV)

iY(i/JJT('37i!Jr'I-:.I-I[;'ti[.jia.;-[k i3. gJJ/J7L): SR
TD. 'fl'fI? I, }j7 R7J( )L 9-- I-_(I

SR- -? f=/I)i (''J,Jl!-qjZ-
L7hLy-.:,:'t.L'.ill:..

:fl-.T.-:L. lr.J;;I.Euii: N. C-^ N^1JYn.]Tt Tt

i.)ii.i:--Tf=-'L(I(tuJJ'Ji:
L
,

'JJt )I+'15L!SR
tisJ7J-:_i

t]'L
,i.15,Tit.i. l1(inut

U)
-L',.lilt
i,i: 7}JI Lt, R_iE/JJ1

)'i'i!.rii.);-i:-.Ira-:,1-}fi-
I!)

,

}t.;'{itJ',)ia,.{:IthJJ"-, 5!:1[:/)I lil,'fJr'fiT7i a,,:-_.I.i:;i.I,)I
Ll f= lt,

J) 7iJ-y}
/JJ1.(3.'[I-Jrl i.J)i-jL:.]['.:.LL-

L f=.
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;.''[[-;:fl<I-3tJ= -Ljt:-I;-;:JP:-i

1. j# f)5 L& fi L=jb'618J7bf i n5EE BS'# 1k

;T)-:3-G [t<H=li(::fLlilUHt"'jrll (I)7'>.%=7'7rLE. =F,:ji:.(,I
_'ri
a)
;t7'fl
H!]-:71t (k

k,j%LT=.j#f76 14 B Ej vCllj: C/N20.EDC/N10 vCh 4.69 mg

g-1,C/N20.EDC/N12 T13: 5.96 mg g-1,C/N18.EDC/N10 -eh

tj: 7.59 mg g-1 rChb-3f=. j#BE * n7-I/@%Fy/<9gFiit11o)i

f1-iE'3F_i.,:-fE (-T 4/i,.'i'T,T(/-I--_q'J#)(=j: i,)
/JJi f5[l!
I;7kAI
T7>f=-I/?i)I; YiS i +I-5.

!3E+/-1--_L f=7J>'{-:-I/Ei7'>%=7'-)fxt L I-)( }i /J]k.+', i;75IL.,-a
i-ll.:(I,

1I:'J(I-1:_4Jy)a) -(TJ'J''klt: !=
_i
I? -i, r.if(1i-(I) Tl[.li)'u'-i 'J) i tLl i) I:L:T'(iL 4Jy)(}) [T-h'Ik

(==t i.)[Tl')'rl--,1H=1f[L: L Tli(::nun rrl L=S.i1-lJ!1-,-5. !'Ti-
1 LTri(=J.,. i, I , liE I:i.i

i9] 3g a)7yf=7RB J7JFf i i i tiLEi *+ L=% 3:YL8J7t,i i a 8=i:-3T

B&6*BShJ8=tk'j%
Lf=bS, i 9Sp% 8=h'vlTlj: C/N20.EDC/N10

a)J7t'fEi j%b'iC/N20.EDC/N12i9f5 A,-37=8=bblb)b6i3, 14 B

a
,28
B B 0)7yf=7&EtJ7JFf#%%8j:C/N20.EDC/N12njf

)I)'i
lr:.i
fJ, I? f=. I L7) I.i..'Tt l1(::i;i:l[,1:1:-:ia) 1Jt [plTr!L <3 +

L5
i. l1(;:fLti:I,I;,:1!-:I.(I.3

f3L75 Elf,I_;,i.;1k
/dh qJy)a) fT.I(:lj:i(I rl),r:-]1lS.,L I L',-5 i..tr,.,:i i:) 3L,TD. lif'i4if.iqL :1:4

t=.a :-fjl.TJ I:'F_-lit:)Jk
'J) Ei ;jl ]lf;i(I.[jT-:EaL,TD-4-I-r.:.BJj[,:a:: ft (]h4IyJ.lL.1;1L/i

- // llfi)]uli(3 );}6
,1:A-
-71 y7 /ill

ttt(:{_T i,i1.TJ I7- f,-'EI_3L,-;a.;-fE fT qJf9;)1;.-(-l=(_i-:+

･3.
-

)J,T(I)?3 i,[;i(={it i:it,-a []- *ii 1=F_
,L:.
fE (=T qJ})fj:/i-I?0)i.-),iL, 1{

i.? J_) a.i:-
,i-4(I.(_}T

fit 73 I)- T..''Q'#t:*31E (-TqJy)(I i-L J{ I /JJt [l'J7
L75j1,j('31- i,

(B} fS , 1997;f* , 1984). =0)f=b, a i n% bSP9 V,

C/N20.EDC/NIB relj:, a3g 8=# i i=%3:YL8#4*J7JFf #1E%

qjD 7'J'ii-fTYET (I /J) f3,'l!i< JL , lil;fit.ii.))i,t]Ja) 7' > :e I- 7 7'i:E/=q,i:-{}T l[i:I_:71/;

C/N20.EDC/N10i:Df5<ti-?f=tj%k6YL8. =e)=tb,6, 14 B
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FI a) I/ > I- :- 7 7'iEi'J'.t;_a.,:--(ihlTt_:.t=t
I;l3
_?T!'f
u) i,f<.I)n i.I'.:(I I(;iJ7 I Tr::;< ,}LI TJ I_i.

-.'zJ-

,-i
i:) 3/if=. # r_i-_u) I/ y :a I- 7' 7'Z:aJ_3.i-I:A.;-/LT -;I!._:a) ,]ifft: ,lil iS -;;,:m

(I.7f -i,

*8t, C/N20.EDC/N10tj:56 B B i:vehfBhDL, %0)1&#f]q3g

FBnBaiB5t#8=B%%b,i=l@'j;1L, 126 B B i;RPStj: 0.1 mg g-1

JZRfn#iF8=Qfu'1#Th#W:?L7=. C/N20.EDC/N12 E3: 28 a 8=

6.74 mg g-13:7:>tfiL7=bo)a),42 B B 8=tj:2.01 mg g-1t

lLh'TrlfH='}_LIL). -I-a) ff1 +I;i;'t.tE-4:3/JJ,(=1t)Lk'Ih LTr
112 R F1 (I,'i 0. 1 mLq.

g-I nJfO)#7%8=8fv'1#tJf-37=.C/N18.EDC/N10 tj: 46 B

P 3:vCh7yf=7FuqJ7JFf#%%bSt5iL, 46 P B i=&f51# 9.06

mg.g-1 tis:-3f=bS,%n1&FLEL,%Bb8=i@'j>LT 70 B a 8= 1.71

mg.g-1 ttj:D, 126 B EH=tj: 0.1 mg.g-1njfO)##8=Qfvl

lr[t1:
_i
fLI
I? f=.

# 2 i 8=h'v'Tp, 7y%=7j^fii7 J7bi # bS85tkt''4* EH SYLi3:<i3:-?

{=flL rlitf;).i
-

i): YE+ dT: LT)i;S J' T=tdL,),-3= _i. )A/;rlf]iT);}Jl(I/i-) -i,iT-Jt8) , -1= ;ii:

･6h
vChO)- yj( j#?/a # 7 P Ij:7yf=7LBi7 J7t.i #% j%b'; 0.1 mg.g-i

tt3:J3f=P , +i2b6 CN10C/N20.EDC/NIB b1)1 112 P
,

C/N20.EDC/N10 i C/N18.EDC/10 AS 126 B -ehb8tj%k6

)i.f=.

7yf=7JIRf7 J7t,i i i i bSf5 v'j# BE 7:htj:i 4#
J7Jpf

/i
1b i 4h a)J{ni

)'Li.'i!-7'Jlii-rTig (I
I(J--
:b)1J-i.Lh-J _L I;.itLAL,TD=t7J,Lt), -I:))!q (I J'g < 0)7>f

=7&BJ7bf#bS*EH5YLT= CN10C/N20.EDC/N12 i C/N18.

1ET)C/I() -Lilt , liLifit.i～)lyH= 7?';i'.'f(I.n fE3+i,TJy > ,( J} Ti- )1,_Lttu) /)JH','lJ'l!

L i3 + L' -[l-f;I:ir/J 7')1;.,'i1.3if (I /J) )'1[li.;75AI I 7' > f=- 7 7'.3f!I_1[,:*1:-{}T.7._:7'J1;[F:.i

< 711I? f= i -,5-iiTji1. I;[l?7;'f(I.FT t=f3.i
rD 9 i ,i // TI- )i_L,ttt(7)[l- i.-tqI-3[f-_*SIE

% 4h bS'Jj' ij:<tj:8t, i E 7j:2j'1*3% i;R 9H=% a:YL8# 4* J7JFE # 1k
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(_T (i9 7')1;V1)I? < t,)/JJt (.'JFL Id7 I!) ,-a f= eh 7' i, f =77'iE. I_%,:3i:-/L,I.r(.:_
;)1;i),i-,A),L ,

2
mg.g-lfi& Th#W2>Lf=t5% k8. $68=J5*q. 8=% 3:YL8#4*

'7t'f.

,ii:.
ft: (-T 4fA ,})

,1l'':.it-:[T.:
;)1;!L1 )>L' < )lLl t)..'J) (rr,','l!?I/;(T^i- /u.ttt ;ti I t1) fL1 < '}L1 ,TDi- ,

(). i mL,.tLr-1 lil T: J)]F I:I;J',I(=1lt-i,1LLf1_-(I;A_L") f=.i-?S5-,-1Lla1.-F=. rL-j1-.L}iL

a)Eg:kifL<*T*8t, C/N20.Ebc/NIB 8=h,v,T8ij#f7Sa#

(=r':;;
/JJ,I?f=+]-

r3.i,:a,:I(k fT IJy),7)/))I.1[I!iF;-J[fi7J/;28 rl fJ,tT3 /12 u (I;J,(-1

Ti@/A;1 Lf=tj%k6yL8. C/N20.EDC/N1.2 ti*# Eb 5ko)L^iAS

L J(3+ tl Jitf
jL:-
[E (-T hLJ//)?)1;Py L' I iJ<3.[2,1,/J) I.3,'L!.rI:_jJ)ia..:-i'r_:)I/;Py /JJ,-) f==

i?'J,() I)- r.t*J3[<:ji:-(i: (-T qJy)J)/J} 1.jl!/):jkTi(3)'Jl(='f:J--:f7j1,f=-;,oJ). 28 U

[7 i)I F:F-. LJ:Ji fI'J.'f!L i(3.i-t' I;!3.;i;i[t] -ik:J) 'j[::a.31)1;71f;k',A)1L , -I)-ft& Lil a.;-ft:

(-T4Jy)4'y),}).)Jt)'l3,'l!i-F;-.r!L-:;J';i)r*,_'j)1L f= _L
--L',-

;tit"i.i,-a.C/N 18. 1E1)(i,/1 0 i

C/N20.EDC/N10 fiB J{niAqJr& C/N tE bSFq CTChb9, A JZDiASJrA

()- ll.:'hrJ)1ii:.)I)1;i;:))lu] a) '3F_i;1L: (,i gJy)(/) /J) I.1,liz-fTT.rl:_(I lj-->t ,TJu.-i:''.Ifr{',T't
rq

I.?-;7t,.fb,-ai :.tr,-fL t3,-h ,-5. L 7'JI L , LtlT]-;iE ,}) i:I-)(I-I1-i1.;iI_3iLia.;-Ik ～ 1/z10) /I)

7'I)7t'iI,LiJ:1:;i(I -j=
(I)-l',l'-
/1',-a_L

-A',-7t Lh)*L , 'J) I.r[!.Sjt <3+ i,.Jg'iifl'f,J):
P9 < I,Ii

h,*11 J7JE'fi i?5Sf5 v' C/N18.EDC/10 tj:iW 3g a)#4B
J7t'f i 1k % 4h

a)J{Dij5S j% bS&b?2Pb,-3f=tjfk8. LblL, C/N20.EDC/N12 i

rr,-H.l'i(I , Ji[-:fLli:TV) lgH= /J) )I.'1TI!I;i;jl,<3 1- L' I;1;
_iTL'f
rh -ii:-a) I-'[f.ji:-l'JL:7)1;:i;i

fL1

< ,iLlI)
4 2 I:T r:l i;a I;.'F--I-IT.:aI-;T,I_;i:-fk ;-T 4b lJ#)a) /I) rJ:f!n Lr_I--_)I)I;i.in,!i,i, L -F=LL.

5%k8. C/N20.EDC/N10 8=h'v'Tt3:7yf=7RBJ7bf#%%bS

･12 H r] --fvC1.L.I:',I))H L , [dL (/) r*-_tLL J<-i.A:'t.)I-<3fJ.!=7.I.A-,A;,Lf=. I;I)
:.lfL'f
a_)

iT:'/))t].rl7J:7J/;/L1 /lLl iJ-) fL I/-:l}) l1[-:i;i:-i)Jlg] a) 7' >. I- I- 7J 7pifi1<[f_a-;-fib]l7.:,J/;,A)i

･lL' 7')-) 77-I;)I;. A; 'fT /iL'tttI;:.()if:iLl yL (I -(lib-i3lJ73 I-=[5:_*SIL: fjL 4Jy)?'/;[ui L}) [i

(I tL J{ -i, Py fJl I/-:f=Ih. I;j3.lflH=I_;Ifall,-a I-{[f_i:-:IL: (-T 4Jy))1/;
'J]i (.'lFis 3L.f=

'ffZ(7)7'>{-I-7J_/fi ]'t ;)'iluia) rS(:i:I)

i
-
u PT < fLtB').lfJJI,",);Ly.ltdL T7J>:E=_
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7' 7pLE/-I.[5:a.i:-I,I 'Fl),:;);a''tttE-i(3 /JJ, (I I;I.i-/i;1
L f=

_i.
-15.,-i

LID A-Lf=.

% fFtUjE'+ B 0)7yf=7RB J7t,i i i a k*7% S Lf=7yf=7&E. J7bf

#%%f)8$1#fj:,C/N20.EDC/N10 Thfj: 30.56 mg.g-1,

C/N20.EDC/N12 7:htj: 21.28 mg.g-i, C/N18.EDC/N10 -eht3:

:3:1. 9 1 m sI. ir-1 _i-/lLt
L,)
, liF1._'fq( i:;1.i/) J3F,-:j!,;-a

ill,_-_7')1;
I;-;;
L.,lt, a_hL,"I,lrrui(I

7' i ;E=- I/7'iE.J3.i?-:a.;-n.[s:--.Tiff'LJi-TLr'1:i_,'r:.i<
)>L1 -' f=. rlJT)-jB a) i I) (I 1/+ I,ttlJJ)i:

I:7 1.)-:a)7'>'{-I-7'1iEi J3rfji5 /FT ilTL:.I-t7>.f=-TU) /I:_J'k i.i,.:i ih' TE,];i_-(I

Li:
I, I I)i-)ji-is jl..TJ -i'a) Yeti-,'(I),

IL- a) Ti'tf'F1:.':I:l'_1:-et;_.ry-oI/ >, f I- 7J 7'& Jilla.;-

{I
_,!lE
fLli:
-A;.l:
1L[r1_-
y'i-(I fl.:'ii!3[5-I_*31E: I-T qig

a) /I) 1','J.'[!'Ti-_,LyLlrT:t];i.,:i;F Lj;
t_Llt'. L

･lJ,L. it!JJJ',j=Fl
=t tor) 7>.I-=7J7iB rj[,-;*i:-I_;;tr,i_:T'ilimE! (={jT

i:i-iI-J f[ fii

lh (7) 5} [y;ifiT Lr'Ii'i,,i-,-L I ht
8.)
,
7J J

-t-
I- I/7'LE/3E a.;-{}T)'_1!i-fL(i:

-T..--
1L[rT_-E=tL}

)'r'],'l!
cTn'L
t -1f t';'M.Jy)['.'J:.i riE:]f5. L I Lh<D

tt
]TI'::;illis iL TJ I

_i.
;'J"i)

, Z7) (,'J,,l!is a+L

f=# &
J7t,i
# jb % gh i 8j: C/N18.EDC/N10, C/N20.

EDC/N10, C/N20.EDC/N12 nJrUj t=?2P <i?-3f=tj% kE,YL8. i#

fL'i:Wt ;7i-:[-u) I_#:_
,i..:-
1r;1.-:i 7 > I- I 7' 7riih6I-'[f.*l5{ihT;i_:J) fir.i

_?,T
IL['7_-J) r;U 1#. ;Ly,7f

I-3LL- JI:_'j.) 1.-flr1),::]7)I;,7Jij,i'L-F=( nJt)-.-3-
7 [t<J). =u) I tiJ,tj

, ;1_II):-.F.rFn!=3,-Jt(+

TJ I_j[I
,I.;.
LJ:Ji ['j,lit-iEl_-[TtJi(::).lLlrfl (7) ;:I:iltI:HTi%:j[:I_i;-/i rrllJ_:(I.i -' -i/ it+-)i)ii.cTnl.

I

t' 73 iJ -.5-,-i
tl3 A+i., FJ'4{-i;1E (-T q/rJ7J/;-.i;)i L f= I

_i-
E= i ,-a Lh'.'J:I!-a) I.I;.;JL.,i:

･EE
I -, I 3:3tLh, 1i , lit l]L![t: ltbH-i '&J.;A L TllE filiq-i i::-1.(={,I f31,,-a -i-(f.,I.i

'i[f_*1:.fL: 'rT 1'yJETE 5}_ -i, 'J) [.'J7-cTt jl f= _L lfFiI/i:LT5 a,if=. I '}) I i+
,J), i1.

C/N20.EDC/N12n-7j(###7 a bSltho)2Eg:a:95++A,1T==

iJ
TIS:.
li[::fL[.irlZ -1:-:1.

a) I-{F-<l_
jii:..?

l'[7.-:?i)'ilfh'Jl fit I!) -Lit I, 75
_i.
-i/,-i LTD 3L I-I.

i

hJtiA:3- 8 Ill (=li(-:fLfil-lTJJflu r7l (=$3t !r,3liL1]u1 1, a) I_-'.E*i5 [.i_-a) ,_)'i5IL: ,&J,i

Lf=. 3 Eg: tb 14 B B 3:vCh8=j<.06i3:i@/j> 751;*6h,f=. i3:bl-Chb

C/N20..EDC/N10 Thtj:JAIi#f78 3g Fpq a)J7JFf i i@,A), i n 94.3%E=
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bT=8 5.84 mg.g-1 0)j<OBij:i@/A;h75S*6YL, 14 E] B JZR PStj:82t

A/Zfhi@ /A)175S*6YL+a:A,-3f=. C/N20.EDCJN12 i C/N18.

EDC/N10 Thf3:%YL%halJA= # f75 3g Fpq nJ7Jpf i l@ 'j)1a a) 62.910/.i

67.89%8=b7=8 5.82 mg.g-1t6.34 mg.g-1ni@/A;'bS*6YL,

%o)1& C/N20.EDC/N12 ti 28 B B i:7:A, C/N18.EDC/N10

Tell r)(-; u -ITTta''t.lE.+P'lJ1 (=i.JLk:i;iL , %J) ff1.';i:bTTi/i,(=IIJ.-i!i;i+,-3 -ia)a) ,

LOT,{1;'ItiI-Ill (=J-(j'::4:> L f=. li(-:l]LnrfT a)7'-I /n?i JPP >.,i // t[?fL, tttO) ,fl-
ff@

J7JFf # 1E % 4h 8j:8& fE 4h 8=i:J3'CJ{Di A$ 5YL7Jf=7bS# 4I +8.

5E; /I:_Lf=r/yf=Tf;t7'>'{-I-I/1iR_LL Tj< 1-i /J]:i l'tia,i-i,I)i-lf.:(I

T'i)I('[:_1J2J,}) -[]-r.;'Bfk (I:i u -r.iiIll-a) ffl.rilJk )I.k5} <3 f.T(/I:_qJ//)(I) n!j fk l=__t h

qh' ri-7[fi L vrJlf-:nut 'f-7(=yR I:i.'1-,-a. 7'> :a I-I/ u) )( 1i I-10) Jjk LT_LJ..'=tTt:.T;

･IR tf5 pli T1& 3fE 5YL8t= bYLTh'D (Witter and

Lopez-Real, 1988; Dewes, 1996),pH 0)'21kn-Eq8=7

yf=7REJ7JFf#?51;L3gifLTV'8t=bYLTVl8(BE Eq 6, 2001).

C/N20.EDC/N12 tC/N18.EDC/N10vCll3:*f/6a# i=h'VIT

7J > I- I 7 7tE/iI *1:./Lib
_,'_17,:?I)1iTr:.i

i}J-) f= I
_i
i)i tt3. I *[ i:3 a) IJiiL

,Ttl!.
r*_ T=tfi -I_]-

F;'Lif3,LI:
j!i:-
IL: (-T 4f2)(/) /JJt (('l,'i!-(=1t::-5 7J> -TE=- 7J -Yi /-I:_7)1iPT < , -)( 1i Jl 0) I/

yf=70)kk EH b?zp A,-3f=t# jtrt 5h,, # BE 0) pH Eif5 <,*@ fS SYL

TVlf=t#girC1%f=. =h,8=#L,T C/N20.EDC/N10 -Clj:, 14 B

T:1 i;a I:.'f.J3T;:_;.i;--TJ'.i-7J/:lt
_i./u
i:i)lR'J)1L TJ-31 Lj=11. )( ;^t -tu)-Jjk LPT.'ItETA

_i-/u

ttt;iE =J? rCLltLIL'lL -PJ->tT)j1 ,

-YET
i Lf=7'J{-I-7fi-[J- T..'.*fL: tLTlr]'fk

L=i:9j# BE * i=#juEB" Lf=tj% i6YLrf:. Sanchez-M.neder. 6

( l 989) E;tu //,/t'JLrj
--

R{}T .rllt:)I)'ilr:.iLlli(;:)]u!(t_>tt7J.f=70) )( ii

-htnkk EH b'i'j;i
tiV'=tk,j% LTh'D, C/N20.EDC/N10 tj:A JtDi Aq

Lrlli-fT ll.;ijJ;ia,i:-(i:
'dL gb )'/;Py < , U //I-> tt,)Lr=- A;A)ti;':tlfnt LTrL"-JL)
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//,/iI}L. tj --

A -i,
4y
L'..tlfl'::7I L75J1.

ILL())I._i-7'/;7'>,%=-7u) j< ii /tJ)

Bk H bS/A;1tj:A,I?7==ttBg Lf LTV'8=tb5% k6h,7=.

=aL LBu)I _i./JJ,tt),
,i-- //Ji(::nut a)lil fL.i]16infB (=J3tL,TJjE i;- fk & 4JyJ

(7) 7:))lg] z7:J' )I.i,'FSdi lLE.ti I_3rfi-;1k (-T qJD /J) [.3[J!0) L i3 + Ljs,J)1i.I.r;r;,
:.;ir{'.-,L>
-t
i ,

I/>'{-:-7u) )< =t I-l7) Bk.[1'.(I [iJ--S_,ri:.
(L: (-T qiyJa) I"i 7'!.FL!(I_i: u

_/A:_
r,k a

a1/f= 7' >' I- I 7' ,.ITt:<3 j31rifJ' JIj[l!.r]iiJ)i3,.:-
]l!_:;J';i:(i:'.I_L;i'-i,

-Lj-
i -F=i. -}r,-i t}*L I-J.

rr-T]f7!l-:l= , ,rJ)iji5 ,r[!-_-?I/;1LS Llfi()) ill---jiT -55t-
f'r--(I /lLT th) /iLhi,

)-.El)i} ,'ili(-;fifilrJHlu

[Tl.})-[T i'.;'BI_-{[fi;1k a gfA (7) a''{L'.
/JJt )'''l,'l!-i[T.:J3t i U'1if'-:TLlii[yul".Ij:ilE fi'iCTt F3l

i/) 'j[!i;- '7lJ:(I _i
(,)I(1)i-'Jii-a a1.,-3,_i.-:,--,-fL t1_)jl f=.

2. i;Jia.:-1r:1,:(7) 7_/5fk

;Ti- :3-i) It<[(=lif-:fLti=lf,)Ir;U LL7 (=J-JL(JTJliE )]e Lfl a)1^ /I:JT(.,'JSJri i.)ia,,:-i;,_:

.i
j3li'i)) )'r'JTi!.rLiiJ)iji5 l'.T,_:(7) }t'[.i_I1.')-:,:!tfk ;iJ-,i-IL -r=.

A J{Di AS Jr* JRR i Ej:
C/N20.EDC/N10 T^lj:j# *)a P#q ib PS-i=

187.86 mg.g-i vehb-37=bS, 14 B B 3:?8= 22.11%(41.53

mg.g-1)bSi@/A)'LT 146.33 mg.g-1 tiiJ'f=. %o)1&5%*b,8=l@

'j>L,-7j:###7B$0) 126 B B8=tj: 18.35%(34.48mg.

g-1)l@/A;i
LT 111.8 mg.g-1 tt3:-3f=. C/N20.EDC/N12 -ehl3:i#

ia F3fqibP$8= 150.82 mg.g-1 yChb-3f=#JtDiASJr&Bi#%bS 14 B

a L=lj: 15.85%(23.90mg.g-1)i@'J)'LT126.92mg.g-1t7iJ'

f=. ILlu)1'TRAa''..Ti-i(3iJ.(=71r:jt-'J)iLT
-

tf5:56 tjH:.-i;S T H!j-,a) ll 2 LI Fl (I.,j:

25.16 mg.g-1 i@'jj'LT 101.76 mg.g-1 tt2-?7=.C/N18.

I;uC/N] 0 (I I-JIL' I.ti li(-:fL'iFir(-]A-Lt[T!,$0) i:-iELJJl lh1,'1!Jr'-I--_iJ'LJ{*i:- .T,_:.'t

145.05 mg.g-lThb-,7=bo)75S 14 B EH=Gj: 34.97mg.g-1i@/A;,

LT 110.06 mg.g-1 8=ij:D, %n@&%*b,L=l@,A;,LT-Zj(3E*
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#7 a 0) 126 a Ej L=tj:91.08 mg.g-1ttj:-?T=.

-?): Yti r.W--i;f- r fit /'JltT3 1.5/I t[ H *Ttu)H" q)rrlI'i
LJ:Ji ([plA'f!.rll:.iJ)ii;- lil_-

a)l@/A;'j%8j:, C/N20.EDC/N10 rChtj: 6.42 mg.g-1(3.42%)

C/N20.EDC/N12 vCh8j: 21.58 mg.g-1(14.31%),
C/N18.

EDC/N10 Tht3: 16.89 mg.g-1(ll.65%)Thb-3f=.

l1!'::fLtfi[lJ]r'"-i'iJ]'B
L f= J)i.1E'J) )'L'],'I!.r!EiJ}li*1:-.'J))I.'j?]:i_-,iTrtL I;1.iI)- ,-a i. ,

C/N20.EDC/N10 bS 82.43 mg.g-1(43.88%), C/N20.

EDC/N12rehtj:70.64mg.g-1(46.84%), C/N18.EDC/N108=

hlV'Ttj: 70.85 mg.g-1(48.85%)ttj:9, j#f/qLF,*48=%3:YL8#

/J) (L'l.'[!JrJI-:iJ)i,ii:-
Ill.:(I
_i
I? I

IL- a) /J) (.1.'I!)::J_:E=t i'r!-i'Lh-J -ia) ,D , )) I.i,'[!_i= *L-F= J);i(i

/)JY['l{i!.r!I--_i;i-a.,:--rll_:(7) Ti.:uI-T Etti;Y1:(ll L I 3:3
V)
L1()%

-

;I)O% Tt;Jf,),) t.

53iT'!LJJ1 )'j:I!-Jr'I-:jJ)i-*i:.Jll!_:
0) 7)t fk ;irJ.1+

TJ i. I:n ;!fJH= tL.!r:,1L'1'Jil:.i,I, .r;:._:)I/:
)(

% /J). JT' -/i:L'J) L7) li(::-fL[f!yHl" 'iJ.;aC
-i. -

7ii'.(llJ:;)I;/J) )I.']7f!i=allI I-JtV) ,
-

iTt

5f n1:.-i:S T i)I I;:F--i'.)Jt)I.'J[f.'=ta''1.:Jlit' I t' f=. 55if
/JJt f'l:i!
Jr:I:_I-J-I?,I.aq'J//)v) =i=_Fq

/J) I?I;..b,-5U //I > E;i , LJ h I.?,:-i-I)-i-i:1)}L' Lj u-) 3T: :I)i-T?;7L i). )) 7'.1,'I!-?t5 /iLIi,

f=bJ{niA$3g & bSKFF ultU'bYLTV'8bS(fqL E] , 1981), 1ZIB*

( 1 085) E=tli[inL! (E.Tit T-?i(=J-ill -=!) I/I- i f)1;'L-Fft'I()(=7_/? fL: L I 'r.i:ia.,:

-,? il7J:_;)71fE < /}Lh-a I i 'iJjf L v= Ll,TJ. 'f:iI? I, ;1= ;ii;.rJ;A:(=J-JL (-.rTJ5!1.::i'J) (J-]J'L!

Jr'IiI71 a.i:-.'I!-:a) F.I)ifJ]a) 7l;k,J)1.I:tU//I-y(I) Ti-F.) ,_)ifL: ;iJ,T{ L I
i,,-J i -P,-

k8.

A J<Di AS Jr& a; i lj: C/N20.EDC/N10 -e>8j:# f)S Fjfqbb F$ 8=

179.94 mg.g-1rChb-?f=b1;, 14 a B 3:TCh8=67.ll mg.g-1ASl@

'j;'LT 112.83 mg.g-1 t7j:9, %n1&B%%bl8=i@,A),L-yj:##

#7BSn126B B8=t$29.91mg.g-19#'j)'LTB2.92mg.g-1

i,iLl-3 f=. C/N20. J.;I)('J/N 1 2 pit;1ili(-:fLrfF3H !1(7n!J-:a)
-A?,
/)) It,'J7F-.H--_i.)::*l:.
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j% 21-3.75 mg.g-175S 14 B B 6=lj:173.23 mg.g-1i=l@,A;bL,

%n1&B%%75,i=lBt/A)LLT-7j(###7 BSo) 112 a E] E=Gj:

123.43 mg.g-1 tt3:1f=. C/N18.EDC/N10 8=3b'V,Ttj:i#f7S

I;''--I!L-r'ltn!J-:(I 200.8(3 mir.ir-i..rDJ?f=),Ji 'J) I,'J.I.i.[ti.)ia.;-'''E
;)1;i 1 F1 [l !=

tj: 150.09 mg.g-1t=ij:D,%n@-7j:3E#R7BSn 126 B a

3:vehW5f%b)t=9#'j)'LT 101.99 mg.g-1 tti17=.
-yj:###7

1T1 )'Jlt-3 1r)Ll r:i F1 :-i-=tJ).h^ )Jt )''rl!Jr!l:_iJ)ia.;-
a) /I) I:I),I(i

,,i ,
(l,/N20.

EDC/N10 i C/N18.EDC/N10 7:htj:85tAJZj'hlibYLi!, C/N20.

EDC/NIB 0)*l@'J;i Lf=.

liH]u lk -.;hbi.r.',_(I I-Jt
L' I [.3!i.;-[L: i} qJ#Jt;ir))I(/r-igJ2)(I._i:-' I 5} )/i,'I!5 /i,i

-i, C()= ;ir,Ji*t[''+TJ i I(T][]!J-:(I , T.T(/I:_4b (I) -;I:rll)lL!ffl.kTTu'k J{7J'
iJL I I4L-r).]

8=Ek DiA3:h,8. Suze11e6(2002)tj:, =0)j<TRJ10) CO20)kk EH

i T'['T(/I:_i!yJ:,T:Ill
,qL!
[),] ,tu) A-i u L^ A,i)I.[i;[J:T (I-? LIT. (;()% - 70%?A)1;

COB tLTj<TR L=kk Hj SYL, 30-40%b';%fE4h L=iD#4#1t5YL

I-J._i.3-B/<TJ31t) , lit )]LILIJ a)6f jL:-(T)7'.Fk-/j}'.I:i
)( 1t r[1 JtJ) COB ;)iL,LL'.]!!:

>iJ-2;-LTLITJ.

･'3
r*_ (7) L'.1lit (=JJtt'T't' 1/1 L7 I_7 -:i-LilJ)lil'-:i-I_i-～)lTJH= )( r[]LT/lL, g) 'J)

)'r'1'L!.rii,5!ji:--].ii-U) iFriI(-'J)i;J';t=J i-3 A-LfL I i ;'J"I,. l1[-:fir.ifJ) lq.'t ,T'ilv(nl qJ^/)(I
_i

-) I i7LB;/v l= /E)'
1J1 )''3,'l!.r!l:_iL)ia.,:-It: {]L 4'y)a) 'J) )'L'J.'L!?I/;.h--.i7aL -I I.Jti,)J'g < 0)

COB ;A)I;-)(1i (=1jk LLIJ.cTi<Ji-L{=
i-Lr,-
,-i,TD. :Llu)'f-1a)

.

1():!E rHjT:i;S i [T-!i--i

Tell ,71 jL:-
It: (-T qJy)a).z7JL [:,Ill(=i8.) a /,, -

)i: L7)'.[i:JJ+n. T=t (i,O2 'J)I/^r.Lf'.)>J:

kktH5nTV'8tj%k6YLT=. Lb,L, -7j(###7@L=h,V,TEj:

C/N20.EDC/N10 i C/N18.EDC/NrlO 7:ht3:AJ{Di*Jr&Bi#n

l@'J;1 bS*E'ni= 100 mg.g-1 BE1&-Ch-jet+LTV,7==tb,6, =o)

loo mtLr.Lr-l [t]T)-i,1 a).b^
/JJt ['JJ7.L'Jij!''iji IE I-T 1'g).'=tf.J!(j= ryJ (7)fllg-[1= Pl
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(I {}T --fJL ,-J i.)ii:: (k
'DL

li9 l'l),:-L';I,i-D,-J ,_i. -.t5.>t,-J. fJtfI? I. (lJ/N20.

EDC/N10 i C/N18.EDC/N10 vehlj:J7Jpi#1E:%4h nJ{DiAS a)# 7

LL lr,--(='f'!;(i gio i-F;-Jr]i;J1;1f_t:<JLl8) (l,()i 0)J]Lr lLIl.=L,i';S
J' Lf=tJfE )ii'7t5-F=.

u,-iif5, C/N20.EDC/N12 ilk"Tf3: C/N20.EDC/N10 *

C/N18.EDC/N10 tfj:AJi9,
-yj:###71&bBZ^iASJr&Bi

i 1k%qh Di@/A)i bS#LV'Th'D CO20)Bk tH AS#LV,TV,7=tj% k8.

-

3.l.?(I ft,T(ILL ltH= L ,3 Ji(-:)]ulL}) -YE iV--(I.'i jJ)ii,;-fk '[T gJ//)._i.'3r,:*31t:
/QL

qri9?';;i: -R[ )( -LTti.i-,)i.), l1(::l]LIJ) YtE tl-.T--fi (l,/N LL (I ft{-(J.:+,-5= i 7'):
'J:-ni-_)

hJTVl8(Huang 6, 2004;fq- EB 1981). LblL, C/N20.

EDC/NIB tj:Iho) 2 E8=th-<TJ7Jpi#1E%qb 8=x7+8B;#1t%

4'30(7) I,1.-:[l(=T )I/;P9?Jl -) f=-/I-I[!). J}l:i;1L: Rt lJ//)a) /J) (,rL!;)1;a'';S:b I? -F=
--

1():f6

tiffi;S T [1!j-:(I I-3ti
' -i, -i,;i;-/J) (Ji,'l!a-) -E?u.J7:Ji

I.1,'[!.rLL-_jJ)ia;-fL: [> q'J]!J)I/;9-A--fj-.:L -i,

I-3tU) , i-.T(1:_ 1J//)if;-.r'f:_7l):[r:.i< T'iT'V(!J: 4b
q) [ItJ?-n)i (=t i.) C(:)j fJ'i-Jj*Lil

L531Ji.)i

i a 75Sl@'j)1Lf=t% k6h,f=. +tj:bb, C/N tE 75SB] t=-Chb-3Tb

･g}
/)Jt (.'1[(I-.lt:lil':)i*l:-fk :jL qJ#)?I)1;?y< (I-.T'I--/1-,-Dlir;:nun ( j!P)/J) 1,'J.'L!.r!F_(l,/N LL

)'/;T':.7]-i.' li('-:nut ) -L':ItTL
1-I.I(!I:_4'lyJi;i.riJ!)'/;-r:.i< 'T'-.)I(/i:_qJy)

a) [T.f-nF< (I j: TJ (i,(_)2

L7) J]*.'H a) 37!_i
/T<

,

-E^
)Jt )I.'j,litLr_/-I:_i,)1,h-I

a) ir.A-!i;1,J)1;3y,li
i, -/i _i. -.t5-i

i13 i.if=.

:3.
--

7j: YtE i;qiT:f'/,<'t)I H!I=a)
-a
lit'--:)]E (7) r)k /))

.:Iti-
:3-/I 2:- !=- u: SET Tq.T:i'!ST t1!]-:a)-'ujL li(;:nut J)Jiti

jL:.i-i-i.
iJ)i3;-}i/:_.

A
J{DiASJrBB; i

* ,
C/Nj:b

,.A J{DiASJr&
C/Nj:E k,j% L7=. J7t'E i *

fj: C/N20.EDC/N10 Thtj: 1.95%, C/N20.EDC/N12 -Cli

1.46%, C/N18.EDC/N10 8=h'VITfj: 1.55%ttfD, C/N20.

EDC/N10 bSlh a) 2 Eg: i:9f5 <tf-3f=. L75,L, AsjS^%7:>tj:- yj(A

frif:5hi fit (I j'-JIL' I lil::f7:i:I)i':f;l.(I {i～iJt..TJ I-]-f.lliJ3[fi.i:-(k f> 41rJ.'Tti--I_I i)
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(.'J.'ti
i;7t,iL
I Ll f= i -Pi >t

it, j1_TD I.i?'Jl tt). =jlJ tt)0) I-I-.i::ji:-.I=tTh' rl'-,2[k (I i -? I

/-I--_)I.kL7H/i.
f= (7-Il'tril'J:HiEI_i.i.i:-J(3 fl,T(

_;_Ii
q',T90) -f]-1'lJiIE (I

tL
,) I -rB-(1i-!= A:I i,)

.;A
-ia.i-/i'JFt:_a-l5, i.i-.)

}3 i,,.'i I.1?,:rl(1:[k L7) ]1hlI:-?iT1.lil.:1-i[-H;ri4J^/)1--'i-(I FI
V) 3iJL.-i

YLflJ7bf i (Hynes, 1990)t# jtJ4 5YL8. i#*75JSf*4 nJ7bf i * 8i

C/N18.EDC/N10 75S&bf5 <, C/N20.EDC/N10, C/N20.

EDC/N12 0)JrUj vChb-?f=75S, 3% * iB fi i=jb'VIT'7JFf i a a)l@ ,A;ibS

Sb,-3f=C/N18.EDC/N10 i C/N20.EDC/N120)J7JE7f#&bS8f

< JLI I? -F=
_I.
LL',-
,-i
iT) A,L77-:.

B3 i * tj: C/N20 .EDC/N10 yehlj: 20.40%, C/N20.

EDC/N12T>tj:34.29%, C/N18.EDC/N10TCh8j:27.33%vehbD,

ii(;_fLliJli'::1:-:l.(I) (i,/N LL /J)1;rm L T=t,lL,J7-i.-ily)
)Jt )I,I).'l!.r1(l,/N tL: 7J/:7r.I.iL,i.

-
-

1():l1!'::TLTia''!,iT LJ!i:a) i.)i
,ij5-;i='l.1j:lF:.i

< 71") i-i. -if= , .y,
'JJH'L'J,'J!Lr-I:_i.)ia,:-

*t3: C/N20.EDC/N10 Thlj: 12.09%, C/N20.EDC/N12 Th8j:

18.79%, C/N18.EDyC/N10 i=h,V,TIS: 13.43o/.tti9, j#iB F,FB

!Lf!TLL'j-:J) (l,/N tE )I/;r'.-]C Tt;.b-) Tit,. y) /)) )I.-jJ'I'l.r/I--_C/N LL:?)1;
-r:.i
i,, i.E1 /J)

[j[l!.r'I--_i.jLlA.,:-a) 5R rtli_:;J1;
Py /ulL")

-r=. rt][)-jib a) _j=.-)
(I.
,1<
:_)i:.PJ-*l(I I-Jti, -i,

TI=t

I_jlfa.;-illT_-7'Jt;-Yi riT:a) fT1-:34f lli[i)_(ltJ_L") I i.'?ILIi , _i. -Fi I-i it) *1 ,-J I i )'J, LL_). .k^

/jJt (.jTI!Jri i.,lAijl:.fL: (-T 4fB ,i) /J) )'r'JTi!.'iI_3tt:a.:I[k (-T qJy).})'J:)(i,'i!(I kJ- Ft: L I I(i

.i3at-r=
i-.'-I,-7tTJ. 'f/'f-) -i/. li(;:f;i:q.Tlf:1.a) J4f 3:i:-'r:7J_:;)1;Py i, C/N20.

EDC/N10 i C/N18.EDC/N10 rChtj:P9 <nB; J{DiASJr&B% i bSJ{Di

fL1.lizis 3l. IL- ()) ;i!f!trl-i L T= i.)ij!.i:-,T:;.:i-i(3 y) /J) (:p1'f!Jr'l:_Bi ,L:.};'t_?I)1;
1fE < 7IL,J3 f= i

5% k8. VIJ3if5J7bf #1b%qh a bS'J)itfV' C/N20.EDC/N12 -ehlj:,

J3[5r_a..:-(i: (:-TqJ//)lli:(TJ,i: C TSJi I L I/-I
-

1();YET tn.T:g!f T i.=1(I.i,-,ILI I-i, -,g)

/I:J' [L'j.lizJr1:_i.;i-jL:-.it'l)'/;4R ();-
L TC I-Jti). i;)i

,!i:.-:i..-i
7'/;[r:.i
< )'Lt I? f= i. :.t5-i i-) A,L

i
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I-1-I
I)il-.H,;?i-=tI;iu)i: L -/IlF,),

/J) )'.'1'f(.r'[--_jJiii.3..I;if')I(/-I:_1i/J()) [l;.i[1i-(I 7} =t il
ru

.Jf
>' ,( // 'El-i-i(3 JI i t' JL T7 --

A/lL1
_L!
J) FJ)iA.i:.fk (-T IJy)-i,.A :-f3,L,TDi -fL-;-;-i

r_)

n8. 17j:#*#7 B$0)BJ{DiASJr& C/Nbbtj:C/N20.EDC/N10

Th83: 6.19, C/N20.EDC/N12 ve^tj: 12.83, C/N18.EDC/N10

Tht3: 8.69 -ehb9, %nq, 8=tj:% 4=4h n# I* 8=% i:hJ8BZ.i tJ7t,i

a,::7J)'i7} -:E;hJ,-J. lit nut (I.(,Ii:j1!TJ T';it'(
_I-Li
qJyJ
y't.;;I:rll

rl;;1-.:]]Lf
,i;lk
-r:i:1, a,～:U: r-fti

;J'i
_i-:
)>L1-t'J) TtL,I:,)}3i

-.I-I,-

>t tA)jL , A
'I U) C/N tL E:tq/'t.r[1r:i:itJ: .5,

#L,
/l(:.ik
[.{F.i

b'i 5,/j!4k#bS 10 t=bYLTVl8(Alexander, 1961).3:7=,

suzelle 6(2002)fj:kBE*0)#i*1k%4Iqho) C/h bEtj= 8.6

t#jtJtLTV'8. BJ{DiASJr& C/N tb75S 12.83 -ehb-3f= C/N20.

EDC/N128=h'vlTti,
/j!4*#o)C/Nbh

10i9f5b,-?f==tA,6,

r-i:ilil-i), yL 1- /}L1.i3l{? ll;(:1::1(I ,.I_;I.ijt ,-a.i)u'J) (.'JTt!Jr:fii.'-ii;- ft: a 1r/y)?I)1;
Py <

#R Tf LTUlf=t# jtJLb5Yt,f=.

･< -.// l1[-:nut a) i7i )lil::1T:-:I.Tt i.':.),-a ti.iTI.i i(3 I+ }f
// xt7L' tltEi I_jlt,:3.;-(k fT IJ^/)

8=#L#4#B;#1t:%4hkP9<%AjrChh'D(fqP, 1981),/i-9

lit )]E!(7) :ii'i;ii-(I
(.b-/I

J7 I hS riT"it,I'rE)V- + ,-5f=
I,I,(I B, 'J) I.rrJ!.r/I--_1]- i..;i'!.tI_

,i.;-
[E (-TIJ1)'i-7} i, Flu i''1Fi-A-7'/;i1,I+HJH.531 ,-a. :1= I)L:-)llh;lf--Xl /J),

tT3
, ,i

-- //

lil::)]u!;iJ:.liHii-I)-73 )-!i
/uL

, C/N ;iJl[] L, -i/ i.i.-)rJi''fJf-)I
a) i.I:i.-))u

_Elk:
,iJi:)i-)i: =F

･TJ
q) Tt I-i)lL' /h.+g) /JJ1 I.3.'L!.LIL:.C/N LL 'i-I-H i, T= FW i''f,1-4

,}) I;.f<J)rllT,_:,irTit)i-i))

rD I
_i. Tlrt5 ;I;:I-!trip

L7) Sit;/u -Fiti:i 'i-?0) ,i
-- I/ liI'-;)]E a) ;ii-His-/):-fTTT'3LEi ;1,,-a _i.

-f%-i,-J.



#3-2af i#*L5?4n7k

-/J(
'77i
=S+

(%, w. b.)

,i'.tJ'lLt,
JigiS B'.i-,

,l''ttJ'BtR
# -BF3T__-jb'ct

U(CNtE

#(a:ff-fa(^B:i:-f;5egieg$4:cMtb

lJ:-A/
i- ylif])E

BEW91 ,y7o

SET6-fa?,-
_-.X

400.60

473.40

294.50

188.70

199.00

249.20

38.90

215.17

ll.00



#3-3 %#.*B:

Cm20.EDCm10

Cm20.EDCm12

Cm18.EDCm10

a)
ll{'..,'lct.i # ,

,itJ'JL.).
a; i ,

%#* (%)

%#% (mg.g-1)

%#* (%)

%#% (mg.g-i)

%#* (o/.)

%#% (mg.g-1)

A 5ii*Jr*R i, #3iiWtFJrBBZ#

a,,..1iY_3rt;-;i..I.l'71t,5-._;1f,I,=jT

1.89

18.90

1.78

17.82

1.92

19.21

-{= -A(Jt-i-E=flj."f1
i I,,:3::;,tf;1i:-

1.16 o.59

1l.56 5.85

1.63 o.13

16.27 1.32

1.78 0.14

17.77 1.39

, C/Nth, A LAiASJr*CMth

,i.a/,)<i*,:-
i),2LJT('!:i.!1JJ-:F-LJ Jb

･RTEfJYr1,'F.1Yfi

J'ji-A,i:- /)i;i.;-
36.78 17.99 18.79

367.80

36.46

364.57

34.59

345.89

179.94 187.86

21.37 15.08

213.75 150.82

20.09 14.50

200.86 145.04

Cm i-i:

19.46

20.46

18.01

A 5JY'1:i.1!--i
Cmtb

9.52

12.00

lO.46
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yTbD 8

h7
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a 3

a 2

14 28 42 56 70 84 98 112 126 140 154

### FR5(day)

#3-6Eg 7Jf=7BEjqf#%%n,r%FS'#1b
0:CM20.EDCM10 A:CM20.EDCM12 D :CM18.EDCM10



JI
T<

'bL)

+

bJ)

a
V

Ld
A
#
1fflH"

irn
4K
M
#
h

ll
～

,i～

35

30

25

20

15

10

5

17.6 17.8 18 18.2 18.4 18.6 18.8 19 19.2 19A

2#%% (mg.g-1)

5b%3-7 Bl j#*G*4nJA=f#%t7Jf=7bRf7f#%%n##15t ～ BUj;,
Eg * 0) * (*5%0)FJIRA*TeijiTC,hiS%iR1



,.
T～

'bJ)

+

bJ)

a

dd¥
8K
fM

5

0 14 28 42 56 70 84 98 112 126 140 154

## a A(day)

#3-8Eg f#%n,iSFS'2Elk
0:CM20.EDCM10 A:CM20.EDCM12 n..CM18.EDCM10



Cm20.EDCmlO

350

300

r
b
h

250

M

a 200
#
]& 150

loo

50

0

400

350

300

r
i
h

250

E 200

]6%
l50

loo

0 14 28 42 56 70 84 98 112 126 140 154

#* F]# (day)

Cm18.EDCmlO

300

riA 250

bD

a 200

E l50

100

50

Cm20.EDCml2

q
q
q
-

I

0 l4 28 42 56 70 84 98 112 126 140 154

#7S F]A (day)

0 14 28 42 56 70 84 98 112 126 140 154

i#8W#(day)

#3-9Eg A J^iASJr&B;#j%t#}^iASJr&BB #%o)#ffEFS'a7a$1k
t : rn--(fi.'HY.i,I(I:JfJf:lit*i:- e!: 5HJY.)r:JfJl=_jjij',i--



jqi%3
-4a% 1?k##,*7 F$3:Thn

I )*YET[W--/l'':1ir rriJ]-:

-fpL';tU.)llL-fLri:H -I;k
(day)

Cm20.EDCm10

Cm20.EDCm12

Cm18.EDCm10

z:%#ia (mg g-1)

126

112

126

a &jb'iUq yj(%k#,*7

%#* (%)

%#% (mg.g-1)Z

%#* (%)

%J;g% (mg.g-i)

%#* (%)

%#i% (mg.g-1)

r':il1(i
ft'i.lJi7ii-tJ:--:1.Ig,6)7= y)a_).i'_jT;fJ-'r]i_-,i-7J-,-+

FSn%i#Be nBkL^i

:::=T-i-iS
:;I

:;-_Ti-:I;-:__ii-:::-i-;--;i--:-;_i:I-if;
i

28.40 12.09 16.31

194.77 82.92 111.85

34.i9 18.79 15.49

225.20 123.44 101.76

27.33 13.43 13.90

179.12 88.03 91.09

Cmtt:

14.53

23.41

17.67

B^LijJY.i,'I!-iJfi

Cm tt:

6.l9

l2.83
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# 4S hfSk*i&L##;A Ebb&FlowfiEThO)-==9ll7t1-Rh

* 4b a Risk8=jb1818h5E i j= tLTe)/i-9# BE 0)SrHq

;Ti-l [!fi flflni=J-.:I;-
+i)'6
i(k-i:i-;i;L)'] I-_i-iLi!I;JigiI:''{-rf'a) :-}f_l];,:-;':AFjk ht i JuL1:I(,I)I(

fE 4b k& 8f+JL5i i i i:L,Tjq vlf=/i.-9# BE 0)I-ELy*

i I -71 I-7
E7 -

7,+ ( L1 i-,--I I ,( 5? i +,:3 ) Ej:I:,;-i)S i(..I,i-iFi-njJttIC

Ebb&Flow f 7=i:T14I BFA 75S11 bilTh,Y), i;ifSiaS i i:L,Ttto-hf

x75Sf2P jq 5YLTVl8. L,A)L,, tf-f,fREj:rjS# i& a)S *ii&i* ～

m !&-?I),{T)(i- i!:'J:i-,:I;-iXi -J= a) f-.);,i-J-
7'Jt,I
,Ly.9g i i,b2Jt ,

/-/i
7R a) iitj3';I

--E-

0) J3;il3'i-nl- I-7?_:I -i.1-+ ,1J r3!--]JLl
a) ir:.';-i !'),Ly:t',-i 7i3i ,

FT]-fi71711(Li i:-I.:i:Ff

i j=o)Bg# bSB3:YLTVla.

'{- 9ilE nul E;i t=-- f,f Rt rpl t1'-i(I-.1.q.:it.lA[-_lflil=t[ J<T i'L F.$7:il7.:/)1;

FL!!.':7:-TTt,.r,'t..)(Ti. i-Jl, ] i)92) , i) //=>.;>J_1 ttlo) i:FEJJ7i I:3l!Jri -A- T-1ui[E: & rr)

･1:?y <
/uT
tp=
LL.;),()

, Lit"<J i-:?il1: (I/) ly] m
--

JJtLa) 1E3 :I)i-;1{1-A -) LJ- u, 5 f#

･ilii (I_JL/Iji(?:Ll:5H1-- ( ,]JnjJfl-i, 1992)
lu

llfei1[..:;T]--,--i-i.i,rU7-=t!) ,
t=q- I,I-

RO) 1-t-lt!.:i-i--:itF-
i i. L T7:rJ lil Tt5T3 i.i.t5-,-1Lth_"irL,.a.L fJ,L. lll'?)JelE=t ^}y

<o)#'E*4=4b k%AJvehh'D(fq EB , 1981), hfSi* itL,T#BEk

f.-lJFR Tr ,1J )i.7,-.}, 1'.'i.I(!I--_rg i:1-tL'i-4F4 i 0) :ih';-fJt i;-;L'i
i?
E= i }3 3:: ;1{;.J'LULIVk

(fq-Eq , 1982;KE*, 1985;4tPfE), 1985)%#,ER4=4b8=cta7

>f=7# A 8=ct8P*S (BqiLR, 2003)75Sj5JrA5YL8.

*JhB? TIES:, J%*itkL*#iE Imb&Flow jfi:The)-I=/<9*

g.b Ji i1'I'i:I-13t(1,.Jt=,- T,-T-A (Lii:-!FfEf ,7; =f-_i L TJ)/(
--

211f'!JJE 0)frJ

Ill 0) 1* i-;f'i:rH-'J'Ji L , 1-itlii)'; f-_:I r17:.,I,, /:L1'L-:[J.-}7t/i
-

Pile nC >ui,.(tli

'-}
L
, -==/{7'i--,i:-,qf[-1:

L
, ,( -,ylll'-:Tlu!0) fk )IJ 7);1-[f-i)ri17AI{-[l.a) T.'F('t
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4:b i)I;i, i-.:i-:i)'6i:i.'2r+10) I-Fi,i.,:-
ill-$3L i U1'1l']:g-b (/I;JI Jj--i 73 3;!3?:.1i.ia) hj! 7.,I

i: I(i--1 f=.

fJ-1l;4JT-31i:
-uLll)i tii-;

Jl;J:l;A.a)llI'-i)JutLIE-i, (:k1-:T:&t 7F i/',+ -f&m vl,l''.:.]8 + q h'i]qI'if;i--

L , ;,Ti-2 1;IL-0) a7 ;.i-!Hii:1I!-IJJii:tlif7t= i): fE i"i.Fflu r'1f-ct(iT7)i)f,I,d(/i q:'47l{-

1tiLiJt;fiti,1tllq) J,E'LTtJLi'Lf=/(--
yllf-:TJE ( (T7 rj 1= )]Th''fi7;1tFC

/At
a ; ,.3;.

}3J Lr.f.-ill;H';-IriT-) >i,Fn L't. ,i-)}llt':: )JE i;;7[V-.I.;it=:-T,I-A (T3M-2) ,

/i-9Jlh, #jiJik[4=f7StETh 0:50:20:3-0 tLf=/i-9i#BE

o%(nif O%EO,/i-9i#BE 15%(njf 15%EK)(/i-9#

BE :aa4gt=o-I,fR:/i-7JfT,:*fi-15:35:20:30), /<-

9#BE 30%(i;iLf -30%B)(/i-9l#BE
:aaBEtto-hfR:/i-

7jh:#jii -30:20:20:30)n 3*5kJiifSiaSj= i:L,Tjq vlf=.

4}h5i*in EC,pH(H20, KCl),Bk2EBS'3*htk%(CEC)k

a 4-1 3ei=,pF1.0-2.0 i=h,L18=fBLAi#k# 4-1 B]i=,j%

Lf=.

I)I;-.i;-itrlLf,:1-b n= !=Ei-==,<9Lr"I. T,Tt-_i/i U. 7 -+-=[/(-',Trlt7 u,
, ,).

i- T-0) rl7 -ii-:7'),i-3 :3 )A:,TJ-i;y,J-_
a) i:T6(itI. 5 fk a) ,)1 B'lEi-i:!]-:-? i+!Bl.I;-J:,+I

#L,*i:L,TjEVl, #L,15k#1R#u.(0.5% IBA ilR#U)8= 5 1j;

T-_T--_]i:fi.-f.!i;L , i-.:'.-.,iXi=f= >Ly-jE
lllf-L 1-=7 7x-T

y//i-.:I;( -k1:I(:i 9cm , 7r.?;

58.5cm)8=3*j1-3#L,*L,f=. #4Ri&, iRfFqT12i@Fpq5

-t'L-L f=i,0)iJJll ult.

-A:.,kf::',--I:i [[r1-
[''7.-I)fHT].i,I)}i;tk I(l[tfl[)FJj/uLi, i y

--

a) /, y 1,tt& 7 7 > ;i.:L}
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fEL,f=i%*Sf]4#*117RiRf (a a 30oC, &LfE 18oC)nL-tt1'J

//7
--

JL ^> 1-;1y)H Ul,
-/it
i-i--
,1l'i
i Fx= Tt 5!l'.,'!-_ L f=E-E-

,iJ;tIlfi;
fJ[l-:hI?a-.> A

7.- Li-I,i lI] L I /(i---) A. i-.:';.iX; ti(-:?;I:rf_T'k $3Li -uLltt;.7F;-～ ,/Fi-.eJ-iEi
/-,i
)I--rf1

6(2005, 2007)0)jffli 8=iCJ?T=.

#Jii5i3gPRnj:2007* 4B 3 B -6j] 26 Bi:L,,5B I a

Z= 5 A 30 P i=/l-TIt=oy91k11-?f=.

1-1Lrf_-rg (fi-0)'i!J...1.l^F_t-i 2 3U r'"'H= 1 ruJ , a rx-_5 i-;I;;1y7> fyt'1J=1,I:II-i

L I(i-.-) 7-I. ]Q I-_;;l;/f=_(:ti-[TJ-I, J8! I,-..I;-I:!I--_(1= ir,_I/if i-3 U't i:-):-if;Lii!<(r

E] i=h'8187Ef&h'ctUih#B (SPAD 1@)kiR4EL,f=.

ff=
, 1Tr-,:rV I,t=0) if)rql^I=_R (I 'dFlg.l!I,:,T-.ih'Si:(.J2-t&1; r)i A-_ lil.;1-irS it.(i7( tiff

-A( 5 n!]-:rr'"fA 0) -I-_rlLf;:,=r1)i.l/I.2 Tt;Ji-JET )i F-:I-i(r'=:
L Ttlh u'.) >i+{f;i:A-i L ,

a''t.f!tF.rF(i 4b 3;/I
,?,I
4;)iill.:i1;i , 7 i i-I 7fiEii32:: ;i<;.-!'i_-, IJ-f]'a-:i?i.iudJ3t,-;31;-

In_._:a) tI1.t1.uI/E ,TiJ71-/) 1-I.

#:Bltrn* A 4b & a) #TJ i 8= Ej: 6-Carboxyfluorescein

diacetatekm vlf=ffi4#4**fb (3%E',2005;9t#62006)k

)I) i.'f=. o.8%t;.I.* -[B Lr'".:(i: i- f, 1) 9 i T,;iti(:,i-Tt ,i/I!5t<qiti:.rHii:!= ,;-fT-T{)i

L, f= qLlnjr!i-.:I,---.i''gi:(H#3LLJU'tiil;L),l f= 1-=l'IiiiJ,;iiT.i-50() [LL JJ,.
_i
-J( ().2M

1) > tr1--Jlpi:'L.Ti.f'Jrfitf.EILr iJ!Jl-i))( ( 10%ljiL fE + f, 7) r> i i.;{.
,7]u

, pH7.2)

500 LIL k 7 / 9 t] 31 i
- 7h1 8=^hJ , 20 g.L-1 n

6.Carboxyfluorescein diacetate (-}jt 51}L,A)i,* *,J

f<1*i#) % 5LILhnkTcE< ffa%L, 30oC-P#BfTh lBSFW/

y*lJ<- h LT:. P2ijri&iG5# (#B-*F[EL^if 16.Omm)～ E=A

&} J7>7y7J1)i,F- (7LWfE 0.2pm, 7 fI/<y5:y9

llft:(:-;
,7k)i.:..Y-T:i-)i.,-

rF_) i:LE-&1tr. 3J a) I-_:I 7 7 > * )i, %k

･y rt Lf=. 77 >jT,)i,8=.##7k% I mL tj#*+*RIQIBtm
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ilR 100LLL%]lTyqE=^i1,
ct
< ifa%LT75,6i@rtp2iS[ L, 7

J{}L,F-ItE=3#*+%fGTALf=. .##7k I mL %9#rtpRSr

LT7JI )i,F-k7k#ELf=@, 7
JI)i,5-kJR

9/ T=i7h

9 A C= a i T / 7 -

.} 5 J a
-1
)i, ( nd-I.516,

OLYMPUS; Bi,5f##1TEEg:) % 1 f#Bi6 L, A/i-i7h7R

Thy^L7=.=hJk1=/i-9-}L,776#%yE#i?A(BX-FLA,

OLYMPUS; 3E,i<##T7fEg:) 75S1+j5 Lf=jtJBS*%FiR (BX50,

OLYMPUS;5EjX##T7fEg:)%jBV, IBBb&fTh*@iL,f=.

1 iiR*4E=-?% 5 8iW&F5LT*} 9 (CCD color camera

CS600, OLYMPUS; BijE##1TEEg:) vCh4#,a6L, &L1#4I4h

)l/ID
.-f[-itiu>iT{

2;-1--) f= .

?,I
,1)i-
r';;i;1-;ia) Wu1 I/i;'E= !=tp

-

xt'^> jj/i I.:,;.Jb ;Lr)R u,f=..I;I?;_i,1:
-i-Ii
lR

iA (j=*rnR4i4hW_gee;, 1992)kjn,f=. o.8%.##]&1t+

f, U T) i 1;7iti(:I(-Tt I.L'.ike )I.llLi.n1: :I ,17'.
T:J7tL f= /diiF/r;T!Lr..I,;.

,i)'S.i.1!1-i,.i U:i1:1;

r),l
-:L-.
t3L;I;''#if.I.i->ir,i-.:I;-Lu! E= r;:117F'-

T]1 1[.tq7:II,tB3lil:,(-% 25 LLL ;i?_.-/l,-L ,
25 Lt:

P5{fC=T 7 B FRqf%*@,
,j5##4&%=+fF,ULf=.

7 i -T-
I 7 fiElitJ=-f!i

,i<l:.
rr.I,:, I.-iJjr1-efiEii/-rf_

,i<l:.
!Li',i-C) I;!T.)i'ii:(I tj: F,rF(J"i-JE ITrX

ibkjFvlf=. 7yf=7%f#o)iP,r]ftj:, -#3!4ilR 1 mL k tto

･< y f, Tt = >! 9 =c 1 I(,!i'(.'li_-lli:Li-JL/J7ilJT-,:IRE;Ei ( ll T1 I y f, )

ngLfE=.a:^L, RulTh 2%i5 5 @iBf [99%If}L,7}L,=

-)I,200mLtz3gB#7k 700mLOifa%iBfE=i5 5@#pBB 20g

%*b,L,ifa%fB,j%#(71t]L-9 i,yhh-)i,Ph>U -y o.o33

g i }f}t,I/,y fI 0.066 g k 99%=91)i,7)i,=-)i, 100

pLE=*AS) 20mLkhRk, z35B#7k-eh 1000mLt Lf=b

n] 1 mL kPqiE=.a^Lf=. 5iB@FuqJ7t,f#DaujEJ+fj:, fiB
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t.1-?'i;7'ZEiJ4f *i5'1r I/ i i I 7' fiEiI_3Ei:-I!= ;G- -jt L>. i+ 75 f= d) :I 9L ,T7i:I

j=>l/<}L,F%4i%tj<%,W 0.1 ghpk7=. %n1&, +^T+～

3- I- y 7, u)
,''F7.:
!= 7' 5i t=tt7' =1 i JJl!-L!

,il'i--1iu
[ 7 7 t=tt7 =1t i tL{))-iE

loos, z3gL;#7k 150mL,
9L'U * U y 50mLh,ctVh&*DB;

@* U 9Jh*i# (#7kBZ#il U 9L 110 g%z3gL;#7k 100

mL E=*75,L, 7%#@,W 10J{DiFRq#,#Lf=bn) 50mLn
8

tilrlt& g}9 ] 'ir.i,iTi
i.-)

, )[fi-1'f1(I LSLiT-u 6i Dl'a* 1) 9 i T,;I;ti(]<-1 mL ,i(

;lu:-:1-7l(I::-i. flLiI-T
L75
1i_- 7IL'Ll i .5 I;-i7_;Lti?:i't3( 9L Ji-i_A:I JJn ,-i ,

i +r) !=

3- I ty f1 !=,i,LF= % Lf=. i I- y ft 'i7I7l(TF-T5 LT. I'j--/J'rtJ,!=Bl

ifF:LjT- -1Li-, P] S != yL '=i-,_Ia_) ifl'l-/J): tillA L i_LI L1._i .) != , 9L -i! ～ -r;ft

:1q.Ill(i{-i lib i:'nlrJ)iFq'J''tj} 7) r) i iJfiti(l'1-'itT)li j> :I ifa & i;75 tr , bL- ii,:1.tflR

rI7 a_) 7 i I- I 7' i it fE LT5 ii+ f=. a: -F= , -Silt1:4 ti(I,i-u) 7:tt
_,tltt
LL rTT]

[7!,:::I
n=iu:;1.

I(tf.t'(-J:, 1t- ;;i-? ～ (I -.,'!1;f!! 7k 'ir,Fn Lt T= 71 5? i +y % If nR L

f=.1fBkL,f=1=y htj: 25oCn,ri,IRK-e) 24PSFBkkfEL,

7Jf=7k 2%855@*iBfE=PRqxSif7=. 24 BSFH5WifiB5

7* , I- = y f, u),i, f= 'ir.r'J:I)'r,-,))(I F{
I)

+9L
L

, FJ1]r-I :I #H:s7 7J( I

mL%hpk, N/200m@fBfvehf#jEJ+L, TAlkLf=7yf=

7D%%f,BJjEJtL7=. @,UjEJ+'LT=7J%=7%75,6f%EniE

Tt T i, f I T 7iB 7,[,:*i:-)1ilirL1:3bt i
IL)Rt TrJ'R.L!7'LE?rF_I:a:: fll!trlit ,i.I}li-eI) -F=.

0 7yf=7LRf7J7JFf#jE (mg.L-1)

=0.07xfx(T1 -B1)X

@ 5iB@REJ7JFf##& (mg.L-1)

1000

#%4ivR (ml)
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=0.07xfx(T2 -B2)X

1000

#3SJiyR(ml)

f : N/200 85@ilRn?#jET1,A (h15)

T 1 : -.--ijL-:1r:-:1.iIJ't;)I)TL:A-)ii'1rTI1:

T2 : jlh)/<}L, F %ai*hp ～-5t*+iBff# jEJtA#

B1 : 715; J 9 f#iE'+A@

B2 : j='1/<}L,F %4i*,hDn717 J 9 f#jE'-i,A#

a':ifill-.f3ti jut;
lr1',-

{:,;.-i

0

l. Wi BJl!i-[f:i)'iti(-1;ti1; I)i
_[-_
ii-ti:ir,?iit.(r'<-[f'a) F,ty(/I--_4b :ilka) 21' (i:

!7,T/1-2
rg :I fJ[li/7RfE-:i>';-iI.i-rfl0)a''.tit.f'I'JI(/i rg =i1*a)fB n# 4i' (k i, ,-T'

L7T=.#hfSiBgib 14B El (4j] 17P)8=h'V,TO%B, 15%EK,

30%E%YL%>YL,6.5X104cellmL-1,6.4X104ce11mL-1,

･1. 2 :..I 1 0.I (:o H m 1/ 1 vet,t,)-? t a''..titF''i((/-L-_4-I/43.ikEj:):-,Qi-.I,;-!gH.7.l-/)ti3yi)t&L

+88=#J?T#'I'L,,#J%#7 a (6 A 26 P)TCltj: 2.5x104

cell mL-1,2.5x104 cellmL-1,2.5x104 cell mL-1i:t3:-?T=.

-i 1= , fT[lfl'!i-,:I,-.-:)riti(:'<-I)i 0) 71;I,～:I)i-fT(-;i-tlFrfj:-);.kfI_I.--
1,gJh7,l0) L , -i=i,L :i i,,U1 -I

t' )i:.T.: r:f!
,5'"r
i)I I,-Tt ;h i'), flE5-fL? i-.:,i,i'1Eti(:',i-

!= ETt?,I
,i)i(I('.i

E-iC2 h'v if7-(:

rt L,7TfV't5% kE)Yt,f=.

i!fl-(Jl =I=
t1'.;!r'iiiIZfrf1(I-f3'i,'p.=a''t.i1/F'')I(I:1:_rv il:i:i: , ;Jf 1 rLi1-.7lBJ^i-I,-:[1

(4B 17 a)8=0%EKKtb<T 30%E<Qj:#%8=SV,L#k,j%L,

f=(# 4-3 B7 A)i Lb)L,, #hfii3gPRqe)&iAZ:#8=3EEj:n3:D,

;:A r-):9!a''!''i r=1 (G I-I 2G L1 ) (I Ltan.y9Hx-_ r''":I.(i-.<uT.-/lil-7j3Ej:-Fie..,At'i-3
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･iJL)Li'<fLh-,i.
i.'',.1)i-a.-L):'{lurFu-,Tit:I ;t171 rr-]l.7-I.'.7:lf rl (4 )i 1 7 F] )

I?tti :30% r*- iJliO%r*- tL-L A,TT ;3;::=FJ.i L' f[)I):i-ff-'T=f)I; , -,1J;Ai.-EHgJIul

0) #ttB)tB i i)I:-
I.I A ilj9Hx--I;n0) -]I:i75lt

_'j}1L'
< fin,1J (tn rr'Jl'iul

i-, i,L , ,FIl.St[f

;;JJ-.7:Ill-:u (G Tl 2G FT ) :=ti :3.fJt.P,:Arx-_m !=-.(1-.r'L;:-),iEj:a-.?,LtJ)tL3i,L/li1<

if-3T=(i 4.3 Eg B).

llI'::I)u!:i: J{Yy < 0) F.';I(1 1-I,4,i-.(T'7u-=t_fit
i.)(itFHI1 , 1 98 1 ) , 1.[i::llg_I-_

i

L I llI'i)]E!'iJf.-IJFn TT-,1J )q-.LL , F'(j'(/I--_4-I,4i:TILi-4F;9i 0) ,13r$
5:Jilf;-,iRL (I.J= ,3

J7t?f#&LB# (fqE] , 1982;&E*, 1985;4,W6, 1985)%F,E*4=

4h i=cE87y%=7#&8=ct8P%S (*LSi, 2003)bSjtJF/q5ila.

L 7>)1L , 1< I)i:.I.']9!71!-i )IJ L f=/i-,211[':: Tlu!I-i r7t;-
2 l'i.7tidi -<f=lfy.:;L;:-!tI

)ji:
-i-:u
'Ji:tii:-,T_y)f]

i.. I I(,[,r'(/-I--_4J4 i.i;-1t_I+_fJt;flu, i
-l-])
TE' i:
^i,L7t# JJC -?I(<D 8) ,

-j1:.,H-iFn !gJ 0) i1: r),) -I-_t1'r;t17Fti(I.1;[+70) a''.,1:}.F,rF(/I=_rg?Lfk Ei 4-T ;rltT::I F.Jsi)1J,

-/I
+u
0) 0)

, -A:-uJif-in I.).l;1{iB
L T= 'di Bj]1:f;:,;-iXi tI(J1-i,.A: U:f1; F)llj= k1.i!I;JigTtfZf

rf7Tt 0) I(I(;I(!I:_rg a) j-.ll';..L.I,I,Lil l1.Y.1W.:i)I;iEE -L5I $3T i:' TIll, -):-,u,:I;-I,nP"
a) 5,yB,1Ln

tit 8=#7tR4= 4b A Ej:A 'jj'Lf=i=jf k631f=.

2. Qn-J3l]H-:'T--:I6I.I,(.I/i-[)i i: &!f;F)ll i tltri:ilfi(i-[['a) a''..!Llt3fi
,=j:;.
til]'iJi: a) 7/2'(i:

'fn-n}TtLf[-;:,i)'Sit.('17
[)i 0);''L,tit.,t7!_*i:-ILL,/1"i)i:I-i ;F 1 b}T n7n,7I.a

R (/I j] l 7

P )ThEj:0%E, 15%E, 30%EKve1%hJ%ha180.9mgL-1, 88.7

mg L-1,68.9 mg L-1TlbD, 3 EnPpqT1#%ij:3Etj:*6tLfi

)')" Lr= ( I:JJli-L1
-

Ll rx1 ). ):;uE- !qf h'S)a) a'',i7thli -i(,--E= a',,.t1/_l+,I_i)i:-,i/1"-Mi:Ej: :3

EKi:b*k8=#'j)'L,,#jLfii#7P (6 j] 26 a)kEj: 0%E,

15%E,30%EE%tL%>tL 53.3 mg L-1,59.5
mg L-1,53.7

mg L-1 2:E5ES:hF] C1#ttf-,f=. Jt3*BrJ%##Lik*T*8Z:,

7yq}=7*,f##Li(# 4-5B]-A)Ej:# 1 B]a34fB (4B
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17 P)i=h'VIT O%EK,15%EK,30%B%FL%h31Th 21.0 mg

L-1, 21.0 mg L-1, 24.5,mg L-1velbJ3f=75S, %o)/i&Ej: 3 Eg:i:b

iAJki=#'I'L,,Bt#aa4fB (6B 26 a)8=Ej:3 Etb4*EB5

YLii<i3:?f=. 5ij'EK-#Eef#,iCLi (i 4-5 Eg B)Ej:# 1 B]aa4f

B (4j] 17 P)i=hlVITO%Eg:, 15%B,30%B:%31%h3159.9

mg L-1,67.7 mg L-1,44.3 mg L-1ve^b-3f=bS,3gPpqki5L,

Ti*ki=#'J)'L,,&#aajEB (6j] 26 P)TIEj:,53.3mgL-1,

59.5 mg L-1, 53.7 mg L-12=t58fB]C,1#t7TiJ3f=.

1*bT=DD* Pq il*>W9EH# q, a)*:BLhJ7t7ii i (# 4-4B] )tj:0%

Eg:bSaa4f:3gibD 4j] 17 E] e) 10.6
mgb)6#hfSi#7F$8=Ej:

22.2 mgiTh ll.6 mgtfLL,f=. 15%EKTlj: 0%B8=tEJ<T

#:BLtf#%ntfLEj:'J,5<tfD, 7.7mgb)615.3mgZ:7.6mg

8=BdfiD, 3o%ETIEj:56i=tfLAS,115<, 10.0 mg A)6 ll.2

mhr vet,i:,)1-f=. /(itJ3 I , i-lL-,'Ji!F_I)R IIT'T0) /1
,rl
1 7 [=1 -etEj:a',..1Ll/<7;i

,i,-,i
L1,_;:I

ri-jt
!TTgH<. 0)iSi I-i3fi-3i.'L?117L,.I?f=LO)/J1;, ):;u;,;-

/ill,i
I H (G j] 2G [1 )

vehEj: 30%E vet O%B 8=tE
I-<T#% 8=# <tfJ3T=. 1E3#EEeBrJ i

/*

%k*T*aZ:(# 4-7B),.7yf=7CR%#%Ej:3 RZ=b#

I-EflgHI'r)% id3 L I (.ii /u tltrj? rLt!'L=TtjlJii , i:I;L)i
_+_
titifiJiFif.I,i-[t.a) Jtt45ii,,;-

E-i(i !3itt,-'T,_ -: ;)I;Tfh'rTT1-7'ffLEii3I+i,:*i:.7t (t,)
/) 1-I.

4,# Eq 6(2007)Ej: Ebb&Flow 5iEo)-=='<9#h5i i=h-VI

T* Pq i l* a:EHj& i=Ej:7y%=7B?R i
/*
75St5tjuZf1% 3:FLTVltj:

Vl=tkPB 6Ali=L,Th'D, %o)J5i Eq 75S5ij'&ulk -ehba=tk,j% Q& L,

I L"3. A-<ji:
Jl'JgH=$3'

L' I+u lF7]
,i-,7S
:=L&l;(A) 7tq) 7> I-=7fiE/-7i #T;-a)

IJ-i!J'Fi7''l(i: iJt;
I(l= b i'LI $3 >) , qlllfJt!i-# :l'';-i:I'k-Lf.a) 7 > i I 7 fitt{&-t_;.!i:-

+u

i:l'f)1Ji 1-i.i!rfFi:(;I/i-a) I,-h'LiTLf(i: q) FB 5!lU.iT1;-,u-Li !UHLr.I-ia) i,?hlhli -lL:!= 7thit
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'j)1LTVl-?f=tj} k6tLf=.

-A-II)'i=.FTi9!vT1!k ))i L i ,i-- /)qfi )]P1[j:;jtl-2 I;.I.--.T1)H )*E L f=f[i.f;i--uiE

l':u)ii'a-.-;iy)f] Ll v= T,'jI(/-[i4:i4i.i;-1#_ bt;(Lt i.1 i:i-:rJTtT i+i i,Lf=11Ip-:))E -TtLb y) ,

-):-.%f[.1:;:)HgT0) flf;LJl I-_I.:1-Ii:nS i(.lk-rTl0) i.,fit.T.rF(!J:_4b !,;'{Ei
,.(T]tf:

E=
[F.I:;
;)i -,

t
lu
oL) a)

, -1Jf;u-E'.--!gHr'iJ'1yid L I in- njH-[,;-I; 7t(I<-i,..i ulti.:-f;[)ll 1-_ i.^ie,;iJtFti(i

'[] 7t 0) 'F,I;I(I-L rg a) 5[f1'-'i;.;'
tLl li,lil#.: 7'/,I.tg-a I.bt

lt,
TTll
,.F,(;i
A:_ 4J/A:I.i ,-a J7tg

,=l,,:-
a) lf;i:T:ii-I-i

tL>?'J- T= i !F[HUr L f=. i-;I;L)1li lilt:I;fF.i(L7rf.a) a',..%ttA; ;ie,:.ill,__-

0)1LtRRj}' Et F.'j'(Jl--_4b a) Ti i,,5lrt{1:.';-5i), 9L Tt,t,) i) , blr_-rg r,f{!=.ir3[yi qx i)I;

i i Eq relb8Z=3} k6YtJf=

3.4@ 4h I4=a)fE i

%J=#4=[4=i (a 4-8W A)Ej:3gPRqki5LT30%B75S&vl

4Egr6]k,itL,,&#aa4E a (6 A 26 B)-elEj:30%EtEj: 7.02 g

Z=ift), 0%EO) 4.90 g 8=tEJ<T#%i=Sb"f=. %ffB4=[4=

i(a 4-8 B] B)bR4#i=#Fpqki5L,T 30%EASSv,4Egr6]k

･j%L,,&#aa4fE] (6B 26 E))TCltj:0%EKo) 1.35 g8=#L,T

30%ETltj: 1.69 g i:7bD, 30%BO)iBf#4=[4=3SEj: 0%E<0)

%YLk#% 8=t B]-3f=.

)Q J= :;-I;/-Ji(f=.Ti $3tLJuL'tJih F Til:!I:_(-i=TrJ-:S=If3tUIT, qE llulq)i1.hii}

I.I;-:lJ,nT>fJt;,I:.i<
/ill
,:3!= 'fit=

U' F.Y.I))r1+ ,1J (tl'Hh1;);
,rl i-3<i,L, lluu!

a) fk-)l] :I
_i

-, v= I-1'''--4b (f=a) !TI -ff 7)I;(lC ;if-
LTu,L
;3 I i 7)I;-,I-1-n^ip

L7t2,L
f=. I a).iL:_fl<(,nL-

･tit:-i)) lll-:I Et llI'::llu!U) l]ul-14;A.-:Vun7'7)I;.Y5-i iL3j,L,3 ;)1;, JIT'i)i -L Li! iJiit17;I,{-

rfl0) :i't,i',I-:-}ii.!i:.rr.i::i:ilFJJu! U) 1;1Li,r'TI.FilJi? bt;F.J:;< ,>i"r5:I 1Jt L, ftE< '>L"5 [F/ri

P7 iJtlt3HBi'Lf=. /(i:-, -i,
,
llf JJP!1LllL1+.3LI.fEIJr?

i)S
r..':7
L, rR-_-Ct0) lQ

_L
～:?iJJ=

ri=
_rT.-[
JP )b T ;[H;'l--_(i=.TJ-:0) li,'H)n:i: , /J: TJ-['Jf=))!,gf0) l1(IJJE U) )JE.J:/:Lia
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nH= i -, I 1-1l''--rV (I-(a) !F_ fi 7)ti(i-Hit
LTu1

,

i,ht,
:I llI'-:Tlu!!=.i ,1J llHi-i;Jrh]!

liri-a) Ek -.:I'.;-I.,,;)u>T<
+T' ))I1
,i-,
I IT.ig-H4L- U) I,rL,:_

,ii:-
nBEM,i?51H.7.rEi (I /iu) i-;f'

I)i i i.+1rti!i{iFitI1''.i-[),) 0) ;'',1i,.'J75iA..;-I-ill:
iJt,IA)1 tL1 < 'lL-' f= i -,t5-i

LL3 illf=.

･T'-f!1i;f]L',I
rE FH=$3t i+73 -IEi-,:(i;

_);yLvf3t:i
U:Blj A ( ,:Ti-Zl-2

ii ) Ej:ii-it.r.5:n
I

rx--0) n.r7Ill-.Fi;:fL13tI:--iEi tqL i-'i.,L-f,
/(

-

y lll'-;nel ;.1yl--F;-:I; 1T-_LL L I frL7JR
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I!H>_, j1.. 'iLi*i5 I,)iHq llTt

7'/:li-''J))n 1-,-a r- I(Jli:-, I i(i JL'!FirTi:?I/;1-P'..-))n L -i,i, f=. L /)J, L , 4t -7;-jt.F5:qrF_ u)

--?}:
W.J.f7,.it l=.'i [1-.Ti-71jf5--:7l/;-jf,FL).^f' tt3 a1.711/-i.

-) f=.

^= ;HJ.TSjH=.bt t' -I Fit A i-1!iT(TrluL)I{ i {jE i;-[J)ilf{ '17,_:,i) f;i _^LJ.,:
1(i'T_-, J4i a.lf

nF{ lr-,i]iI7:()) TiffLJ.,:T[ti-_i. I;I:iA):!L;['ilTi:
i"."'..))n i;i-:J) fL'!:'Ll.:Ill..:U) i I:

-i=tJI a) -i-nf-;g

;J';-,i,L'.I.J_～-_)AILf= I i i')1 th3 , [j a fR1..I(Jut11F<a) i-L.l_',[)]t)r_ I:1I'--I? I Jib,:*i: L+J)iJ7i /):

fF]')( L ,

:i- U) a-.'fi4i-rt[1r2) [ii-LD i;T:iJ):T?iiT1:7'/;i-rF.7J)n L f= i 1'75-i L3j1.77:I.L /J),

L. F] A i-FtLrl[fJuL:3;!{t'4f a...:-I'BtH{ lI'J-:a) i-Lfi:F.,:1[lr1:()) -

1():rg J)t[l..tu= fi ilt

･Fj;SLi
[i m (I 1J- -,i;:fL1-i,T-::

/)'i;7,L'.e!_"1_'ALi-L1/J)1 f= I i-;J"i. ,( - // ilrine a) fFt

'LjL I.;7-:[JI-H=
:L
-, v= ['7 h lli i,(Tr.ld-iJlit,:a:-L+J)iHq f]E -A i a) ng 1#. (I E=t E].-'L:.Si'!,L<

-I-}--i '}i' ;'J- -/ii -Bj jl LID aL , rTTHJi (T/jt;_i,:Il')iA:i -iJ7T:0) f;i:
_/r.i:
1[[+I:LL. i;f:iJL.All

_[T!

ff.'''))H J.l!.:a) fLfi
-iJ.,--
1[l'1:0) -

)): [g.,lTll,.1t (I -i -;;jL-.F5hrF_ rln
-Lit 1)- -.T5:fL1,i-_-:

7J),;
,7f
LL,

a'L71'fp-, fL=
-L/lJ,t3,

,i- //lit )]e fi rz,I.:4b (i= v)Jj.i;i-;.u)T:rJfn ,;5h;flt_(I-i,

!l3(I7.!rT'!>iJ7- ,-i
iJt'i'), I? fL i -L',-,:i

Lt3 *L -r;.

I-1=
fT(ti(I I-JtL' v=.i'lllTJ-fT(tirB-]f;1'-ir" Ltj--.ir-'iti(i17fm. 'd^?ft ln)b &l.. I ()w jf

ie-Che)-=='/<5i*4h #f% nf%* i tLTf%,i i a) 30%k/i-9

]iE nut i-LTfJi- n] L I-;'=i;A i-Ll.;.lg] Flu a,.;a C I rnf.:4-,bI-ii-0) i jH.- (=r,'[TEI-ri:[i
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i',:[l;;,:-iLINT/ll.
Ar; A JT3t

_i
U( ]E- I:!J,-..:i/I;i,"i L7f f= i

I- ,i i> a)
,V,
'i-L'i-(I -i,--;B?,),i

Lli.
tT) at 7IL'/)J- 71-II

lJ-;5,
Lh3. ;Ti- 2 i;.:,i) I..'i.J,:i..TILLrE: t1;uTt'.ii:-,i.Ill ;) I i Tt/i

-

// li['::]Jul(/) -I I-.,i -:i
>F-i:
4J#)!E FT:;/1,i) T-u lf].ti-nl fJ.E-et,-ry-JI LL- ,J),;-,T{5 j1,f=.

is I3 r-1l:.'.::i:'ii (I/i-- // nE )]E!,1-fir Fn +73=t -=t-ff-A- l[JHm J) fLTt(7) iif_

fi /J1;()i ,1ii;c+ia/i..l]E 1;-:i.'iJ[1Bcm-i+ ,-5I i?I/;
-Lit 5 ,-a i-JTII..I..J[.ia) -1;!{7'JH-nL',.I)n + ,-a

=t (=j:I? -i,.
,i;A
i.:']:ln nH Itl[]-1f':(T) hit qi/)[1i-a) ;E TJi<)'):I.t.7LELSiLTJ=

i)),;

t)T]Lt, /lJ, i- /ill
I? -/i.



#4-3ae Jf5* inlkJB3?Jr*

#J6& Eg: CEC (me. 100g-1 ) pH (H20) pH (KCl) EC(dS. cm-1)

67.24

73.87

25.85

29.06

40.63

0.080

0.280

0.027

0.060

0.093



#n

I.2 1.5 1.8 2

pF

1.2 1.5

pF

1.8 2
1 1.2, 1.5 1.8 2

pF

57i%4-9BJf%*in%pFE=jb, L18=+BLAi#

1.2 1.5 1.8 2

pF
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bJ)
～

qg
jf
a
B%
JI
a

10/2 10/l6 10/30
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i c:B&fR5##
5000

4000

a
#
# 3000

a
a

1 I/l3 1 1/27 12/1 1 12/25 1/8 I/22 10/2 10/16 10/30 I1/l3 1 I/27 12/1 1 12/25

0 I----- -i----------T-----------T-----

-----
i

------
----i---------T-------- --T------------+

1 0/2 10/16 10/30 11/l3 1 1/27 1 2/1 1 12/25 1/8 1/22

#4-10Eg 4@4hlqse)fEi5n'#1k (1*b7=n
0:0% A:15% D:30%

z:I9-/i- tj:f,%*i6#k'j%+

y..9eEP Ej:/,-T<'ttoy91k'j%+



56%4- 4i5 A;3Ef5,%$7a E=h' E+87Eft&t#&

7E#y& #& (spADL#)
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D30%EE
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# 5* = 7 1y +(Btass1'CaraPaL. Perviridis)

*k i.:I,:C= jbl r1 ,TJ HTiJ;;I;.f!.i
Jii:a) 5tt--fLh ,T3 /i.

- }/ y[::DE 0) idi--

Ill 7JS i I;Aiu) SI! .It:
JI1{'1JH--_C= A Cf lr- 3l!3S!r,

i-!i;yjE.F-F_u) Tr:.iLl llli;
-3iL;
ft Ff'=-:j7 it n iSf-A u) I,ri]tii;:I Bg

+ I) i_i f[l-_-7T)1;t1'--]jt

/I:_ J;'r'=-:-)) L7) i-[tllj;.iL;,lr

fl a) );Lu-B-- ,-); tiii-_H

fFTi-3;-
,i-A-
i i )i;[11:31.

)]L! tLl i! != LL J{ I

EiJLlia) Jli.f3-rf:xlt . j3;-;

I-^n;nLl )) i: q6t.)1fJ.lfT']E

ll * E= Su jtJ+ 5 YL I JZR A
,B%
f4 ～

U f'7(J i L f= li(;:)]E tL1
_i/
L7) J1- f;* trli-i=T

5 YL I Vl 8 . # E= 4ilBz ii t1' ～ *

i+8/i-9j#BEfj:#S&Jki#

BE$4BRJtDi AS 'j)iif Vl-I i A, E'
, i

/i( .r'+_i(3 3d }E .r'f:., ran<)I( )J n rhl
_i

,

a) i-IY..jHil
'tf
u_) I-_li..lilLk Ll ,;+;)I!TTl-/):.1,7J]

4S S a T Vl 8 ( & L# , 1986).

-- A,T (1'.j:I l1[i)]E Ii I.1'L;;..I:-LLTA: :I i J3 I ;;'hni /)1;
-bTi!-
fLt i)

,

L= i..T-!tttLl l1[::)]u! % 1)-LF
I-}--
L -r= li,ia (I .I:i nul 1;;1.-,;I))ni /jti ,7f tB

iL I)
lu
v) I)

.
7 J % = rr :I i 73 I+i --F7I;i:T[71-;-I<3 li(-.:BE

rfl J) fI.Y(/i--_4h u) :illjgi fL' i-(tl]97[t!= r[': .) q! *if 1'.A lllk7LI L! 7):

ja JrA 5 YL 8 . I YL E= # L

ij: i i ek A BLa A 75S f5 v, i

Qf f + 8 i Vl b YL I V1 8

i@ 321
, 1966). L

/i
-

,y l1(i)]u! Ej: I.1'if

i(i /J)I; jTEiJt.
-i, 3'-Jti)

I I.ftJ,:;'f-LtJji:/)1;
.;ii;

/'-u -r=tltE )]u!

a) a)
, [Jl i:i )r-int fie }) Ej:

( Martin 1942: = fI .

;;), L
, -1< fGi-A,,:-+-)Ai 7t-: )i;.:1;;[.i =r- }3

;I;:.!HiF'iT,
'i;[JJJjiLTI- T3 f= I.I) a) fB fT-i-I) fF[f=:

, I.q ;;.[!.ilji:I-)I;,P,l:-FLY
T)
,i

- // lit J]ui a)

=E )i.lfI) PP_ (i: Jlti:Jr/I!:I kJ- + ,3 ii!.-il'1L!i;Ei [3F] I-) )I), _i
i_L1 -) T=

Vl if Vl

iif-:nu! S-I-:J]- FLi qJg a) /jh- 7- != I# 5
_I-_
lil.iia) Fl!_ [E r1)I:JH-:a)

/2f lk E= -3 VI I Sj:15hR . Rig EB ( 1976), q] .#
.

E] i.+ (2008), #f$ 6 ( 1994) ～ #% b'; A 9 ,
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Tf-. fiJfiii'L rJ',f.I(=t-i:..i, ,il jJ# i:- hlJ: , Cl.;(i,
iLl ift ;')I; [h] t + '3 I

i bS PA 6 A, i tj: J3 T Ut 8 . i# BE a) BhFfji 8=
ct
8 i

lil,:,-u) fr[!_[t: JI):i Jrl:_
u) "Lk l:1'i;,;'hlfl Li ;;I:tlih''..).iL

-i. 15h-ii--+ 73 I

i E=
ct
l T f5 3: 8 i Vl b A T 33 9 (B*J5 , 1986),

--i
-'' 'y i- a) i y5

i_Ll it:Ai-:I;-],n ft"lla) *7_ L1 1^i=4h ,Lr:-T:u[f] L

-I
.ui
fH ,Tr

'fJ--
r) I i (I i L) ;.;Pali-hiij- '7J:)I); i-tTIhIT L , F:B_

fL: Jlj.IJr!l--_
I-i a) E7.-;;-.Lr-F.7)ti A: I) tTJJ6'1'l;:!= -}i-AL

T3 i -.I-1,- i 8 .

L ;), L , '<
-- // lil nLn i 3iii--JN L -F= )+...F?,-(-T a_) +_ l5 a) lD

IL: ;;::.r'I--_:I )i Ltf + !rl!.-ii.I.!i;i il! -;fll]
I.I his -i.-:-.fL f= i-i7{Fit-,'j: ～

i-3 a,L li , ll=
)i'.iiu) fTT! ft: I-I-;.I:Jri != rl):l+ ,.a ll1[ rT(lJ)

.1:F1
[i-_ rLi-]

1n7;..:I rli:]L I
i-i)

!L/I
ii L

Jr,
-

,jt.U) rLi-]1;S-.7:): L!)I L1_, 7)i :I is

,-7L
I L, fLI L,

-I-
I -Lft

.1=
LT)r-'1utI. Li , 1li i:liti jt ;I;.T,I,i-F1)ll'J-V_) /i

-

9 iifil]E!

'i( Fij Lt I 1

-i;.k
I.:I;-lU] Flu a) Rf_ L1 = -7 'y i- u)

.tnt
ll:
_i.
r.=--]

[I!]-::I :.illFN L f= ,i
-

y liE )]E a) ]jhi 7. -_iI!__-/1:;
i Lil.liBB fE ;;-I:

･H--_!=
I-)--
>t
TJ E7.-i:''.f!:f',

_i.
=LL o1) flEf-[tl n )'['J1!FT ,irTili:t7f. -i=

.

,f4
1:_:1.I-Jt.i.Lt( -jf .]i:-

Lh1
-ri',-
)( J1-tit)JL=Tl]

_/A--_
r2J I:1 JS -E,-.[:6)r-gt: u3J i.PJ L-),la) 10 ff-

[Eu ll-:qJ]!J,lr =1':.,kLT':--tL-
13 J]k lT: L -F= [1-'bfltiii rig_IrIli:I 7 5i A

91 .y 9 /l 9 A ( 7 mX17.5 m)

A 91 y 9 /l 9 A Pq 8= 0.75 m2

n 3#
^5&
Eg: @ % 28 Eg: fg -&JL81 ,

%
.71Llr[I-I.1:

L -F= . 7' 7

( 75 cmX100 cm)

[-7
.1<
/(

- I/ lie )]u1 1.i1,

-:ff
I) )i; b!) 75 /i

-

,y liI'::)]E fTf-iTii)jk
f}-- j1''_:( :3- .E=) I-. 1()

a-1) % @ % 8= ( B As/i- 9 i#BE i%% , 2006),

).1lAiJ.:i:-!ttTji:u) j7ri.fL' ,-3 2 -I-FfL5;-fi
u) ,i

-

7 lil_nut ( jE ;7.illlE )]u!

i 5%inBEj#BE)% iBB; vCh 2t.10 a-1, 4t.10 a-1,
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8 t.10 a-1 %Ff S + 8 i# BE Bkjfii- Eg: 6 Eg: E= /i - 9 j#

l]Ll 'ir, )5h--l7-- L ill Ll li(I::nu -!!J.f6k b-- F5E ,i( ]][1 i f= :i.I-7 rx-_ %

# [i 1 !i{ .r,i-I.ri;lJ
t) 3lij'-i, f= .

･1-i
LT)r.1E T. n] Ll -F= llf--:)]E E=t , iris,FT,

u .y fl =t i a) E=r

t1 /) 5 % '];1FLY < TF TD -F= L)) != , lil:-_fLlfIIJ[J-!= liLiffi P,r;,:1:_:i

u) -.1;J.I,iT.fT'f'ir,.'fi I?
-i, lit FLli L fL

Jr,
a) % lH Ll f= . 1lfiiit lit

nL! f=t . j;i 7E i-i . I/it-f^ni
,1{

, i-i I.i /lLlt'tu),-1{f}i-,TT{ a)H;( !1:_:1.LL.

4I h'b,6, A+3:J6=S nJ7t,i i 1;yRk 8:2 -elA % LT,% 4 A,

n Flu (I/i-fLr!:t7f;iJ
I(J--L', 2 I():tt{;JtLT-Illlf1 1 2 ll"1 ())n;- i,(=fJ,C+.

I-4=-fLlft7Jt%
1J---) I Ll ?3 ,i -

P li(--:nut ( R ..?.;I,i:R i:-lTJS )

%jgVl, %%'6 (ffR6 ,
2009; hF# .

,i,]#,

2010) D i i2i vCh j# %# k #rJ jEJ+ L f= . 5%i% BE j# BE

Ej: , i)) LJ]i F]7 Jr'[:_[l- F;'BI_3i*i5 [k I_T qb u)
JJ]i (.i.'fi(I i: 7J n=1--_iB

iL1 7 > f I 7 iI:_nt ;i: i;i -r L bf7 b!) . L;.:i.I:.i7!lTf ?1 -F= t)

0.5 mg.g-1 BE 1& ～ 7 y i I 7 %uq J7t,i #% i,%
/j%
L

f=
-

1');!3E+ Pi.vf-S',ilq i/) /i - y lit-:)]Ll
lh
L tF= . I a) {E -i:lil

i)TJ-]i[-:nut Ei ,
7 i f I 7' [;(:7[L[ti:i(3 J3tt:a..:.A.i i,i_i_Ll ttt rLF1:4Jig

a) /-I:_TJ).- [,'[T[I.i-i:;i: i_LI L1 I i 'ir-77[I.!_ie. L I Lt ,I) . 5t ;.,I:.'!,i
Wi

BE fj: 7 y f I 7 kE, JIBE i i j% bS FL *j5 i g5 f= 9 0.1

mg.g-1J2Rfn =2k##BtPPn b n vCh, 20g (iB

_[Tt:
) u_) /(

-

y lil-:nu 'Ly I:.iT.:FJ L f= -)J(ill iT{-!= I.:dEIR-7J1$7 >

f I 9 A k FLJBj55E j 7= 9 1 mg.g-1HSBD LJ, 72 h

(7) J1' > * i .i
-

.> -a i +ft1 (I L;7:2:Jl'iL!
_rTl:
-j f= i) ().:3

mg.g-i i;A f ～ 7 y f I 7 J4Rf7J7bf i ,IIB# j% % ,j% L

f=% 4=4h E= i 8 J7JFf# nE4*1b 75S ,A),ii V, '<
- 9 j#

BE i L f= .

BhFfBEtj:*1h%F:BE%%J7bj,i# (N) : 14 kg.10 a-1,

U J@(P205): 16kg.10a-1, A U 9 Jl (K20) :
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14 kg.10 a-1 i L , /i
- 9 i# BE n Bk S i Fq BS E=

2;1- I? f= . :[-iLTT-[ilF)!lf'-Jh[1]TJ-(I ;li i.{A)1[6li(::nun hl i JJ( JJ+i ;TISllFi

BE ～ JA=
J7JFE i A , JA=B; i

a , c/N tE (YL iERS ij% i2i )i2

LID.Oil(I !!I.ti.,''%7',3i'3[fl_*l:- ( 'T,ltd(,[rJ_:jTi:r'i-JLI;i:-
)

, HI i:.?7iB 1) i. Pt.;a

( I- 7) 7t -}=t i, 71 ,L,
-

tii-:). lr..I:irRJH--_ A 7) 9 i ( llT(-7-

P2i X A & i2i ), 7k J<Di k &u jE'+_L ( # 5-1 ie ), BkFfBE

･J[T,:'Ly ;;-.2J)i; L -FL . /i
- I/ l1(-:nE :I '[,I i aL T) TT ffB :.iEJj[,-:

3.3-a) !!1J;fib [E 'ii Li L1-5%7t ;r,) ,<J I i ;I)1; l:T{!L-i?-L75 aL I

I-31 i) ( I-> 5!-[.. 198G), = -,-,, 1y -)- Ei
,i;A
i.Lj--lg] r.",J,J/; TIT:

Vl I i A, 6 ,
/i

- 9 j#BE E= i 3: YL 8 J7JFf i BR J{Di ～

5 b = 7 y + 751; P2i qx Th i 8 a) 8j: 3R4&LRfl J7bf i bS i

(-ii--=t ;I-D 73 ._i :.tr,- i f= . i I 7. .

,i'{itt
6h- nut
_.'li-
7j, Lt_, I)-hf

J-}--

Lf=/<L9i#BEPn3R4*RBJ7bi#,q#%LRiE. U J@,

LriJl
i-Fs.rlI--_-)u 7) r) i

_.7?J-:
L> /ti';IL FT}TL, 7T-i iilJ_;,ir,J_#_ia.3-: ( N) :

U y @ ( P205) : A U 9 Jh ( K20)

10 ～ iB % B% 5ilaJr& BE ?4 (
/, / = y h

}L, 10-100, J& 1b BE > -I A )I, A) )

( N) : 1) y @ ( P205) : A U 9 Jh

- 10 : 10 :

tj -

)i, a -

h'
ct
Uth J7t'fS i

( K20) - 10 :

18 : 15 ～ ik % BB 5ilaJr& BE *4 ( /l / = y rt t= -

)V

a -

)V 085-N100, J& 1E BE > -I A )i, A) ) k B] VI I

'i-lrLr.-I
iS L , 1)'L-

l]-- L f= . /i
-

// llH]ul a) I;i ij- r'JfJ-:I Pit

k au jEJJ, L , 5.0 J2R f n *B% E= tj: f j=EBR k B] V,

5.5- 6.5 E= !Ja i L f= .

/i
-

y illt-:)]u!J31
tE
-i)([L: rl;:il]u!i:lT.'1r ]5k lil;- L f= 7 r] 1&

E= ,
= 7 ty +

'

5
cE
+'b

'

( Brass1'Ca Papa L.

Perviridis EKiyosumi') ( 9- A 5 ～ F jT, ) % 4

AIB# (4E Fpq 15 cm-) L f= . #f% fj:JJ4L=T ～ Eg: 8=

I-31 L1 -i, 'f'--i-!(L1
_J-_
a) = 7 y i- oT) l[l{-)( (.+.:i- 7,)I;i,!J i5
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cm 8= L+ L T= BS
,Et
vCh # 7 L , % EK @ 75, 6 5Fl9 B9 if

4I i k 'j% L f= 5 LB 1S ( % =#p% Eg: 20 LW I* ) k ]S

Ek L I i A h'
cE
Ut> fE 1* jS % iF.UjEJ+ L f= . = 7 ,y +

u)
1F:-.k
i:LjT-lW I-"I)71r,bJf r)-2 -2:-!= ,T,- L

f=
.

= -,I 1y -)- a) i:-,k1.:-,.:i;S r 1:-1(I i i;tisu:) ii- J[:I.T;.5
i.m ,+I [;.A

if L , 100 cm3 iiR$4 Fq fa % jB VI I j= i % ]% Ek L

7= . 7J( E7$3f39 n P2i ST iA(DIK-3340, j< ka #1E: I 5E )

T> 9.81 kPa E= =Ja i L f= i *=5f ?4 n I fP * % i

i I fB i+(DIK-1121, j<&]9!1k I 3E )T> @,u jEJ+ L ,

1i fr1 'i:i-J3' i -i;( ilJ'<-i-P I:;..1l'it{}t(
e!)

,
i lil:3<'L F,i;7:4r; ,+I

-T.l--.[Li

L f=' ( Eq EB , 1986). L& *D 3S 7J( i*,_A tj: jErb 7k lB: 35

7J( -5t .5&
i2i (hD B*, 2001) % jq V, I % Eg: @ j 7= 9

:') IuJ it!1)J'JL= L f= . [7rl1:'1J.,:L} fTT-EIt .

( DIE-710, j< ka ]5 1E I 3E )

L I ,1i i:t] Tit lT.:[!'1:.ff % }li-
I.I) 8 i

U > f!i-'a1- fl I) 9 i un frl iJf51lIJ'{-Tt

i i:illsETT 1:';,-_z7:JL n. 55 rrF;:

% jB VI I 7k qj # BfJ

A 8= ,
- * 9- } 5

I J{7Ji r7u )) 1rrxI)LLq; itI

'fi Lt , rTT]i;Ti:I 7J( Lr7 fliTri)3TJL I TT7-J[J Jfi-'Ti TEEi ff % 3Ji-ttJ) ,

f5% ～ A % Eg *'ifB& i LIL ( tE IJBi?% , 1983).

pH ( i i : 7k
- 1: 2.5), EC ( i i : 7k

- i: 5)

h' i Uth CEC ( 7k #1k + h U 9 A f# jfJLb iA ) k iF.ujEJJ,

+ 8 i jf E= , NC 7 + 7 j #' -

( SUMIGRAPH

NC-95A,llj:1bLAiiFkyF-) %jBV,TJA=Bi#%

h'
ct
U( Jag J7JE'E i a % B?,lJjEJ+ L 7= .

a.I.:lli I-Jt
:t
JJ( -ft=,- i;I:.-i

/i
- I/ lit nu! ?ir.l5h-ij- L I 9 :1Li!n-: L fL = 7 y i- u)

-i:-ki-.'';-;';ST
[];IJ-:a) i)rS?:!{a) '].tlk ,+I ;T7J-.5-1 Fg

A (I ,I-I L -r= .
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,i-,i.r5'k
r5{ r7l vi=t TT

.FIE;:
7tI[:-:;')I;,～ i3

1lJ f= [1-:lq
/-): ;();-(1! T7-

7J
Ju

a) a)
. /(

-- I/ lii'::]1ul V) J[IiJ,-i:-!tI:1=fJt i Jut't 6Edi
-Lf r'l!_:

(I i 73

--

)ji-V_) [[firr7]lEt .7f i-) ,1L
tLl )i), -) f= . rfT] i,?rS.!=!Ii [ii-iE :I

-3 VI I b ( # 5-1 B] B), 1f3g t=
ct
1 T tj:3#

p5&
Eg:

r7i]Tt -IT
.t7:
;i(I-i,J/; .7f t1 /il

f=
i(,
u) u)

, Fi!-,:f.{LLr:Ac i)I A: U: tL6

fi-
,7,: LL

a) f7" != -

)iL a) [Ef7:n7] tj: Ff i_I, *[. -J= , = 7 .y i-

a) iE ;r-I-iI:t 1;hi lj- L f= /i
--

y Jitil]E V) )I;i;;.ft.iljLFJ(3 K6 -I)-- iii-

a) lrl:/Il'..!]r,i ,i !+
fLl 'J), 1 f= .

1< J.-)r-lie Tt Ei . I)-h-lj- + I) /i
-

y ii[i]]E U)
.1i1.e
f;.ifiEi.3[i

a-i:-, ..I 3:,?lib 1) i r'qi'f$3t i JL)( i;l''1:J!;iJrlF_}J I) r> i ,i{ 1', L])

I;[TJJ7I L , -I;i
I)LL Pil_ rF_ U1)

,i':ittJh7
nut '7TJ_:7')1; fLTJ i:

_T:
fL, ,I) i: 5

(I I:'L1'r-}a''..a,i-ALrl l]E 1:l1.
TLTt

.i,rLIJ]
ill_fL I 6L6 nut L I

Ji:3.
i)

, /i

- I/ liltl]ulI) J5k lj- .I.'.::I i I) !!I.!ll.;A7tB Ja a.,:.tL, LL:I a) ]]E Fl[

]J.-i'JJY :I 71!3iL'Tt
fL' Lt

-L
:)r,- i ,3 . :=E f=. .Ln FIT-_r*-_hTn I. pll

LT) ;I_..I----_Ej:
,.7L
iL_,

,iL
I)i ,

jE'+ L I jb' 9 , EC

0.6- 2.0 dS.m-1

a f%1& ～ pH ij: 5.0 E6 1& 7f> -

:I 1 Lt I
+I)

:i:-Ai-..Jft7:ilq != cE
I? I

E= ']t di-))L f=
Ju

n u)
,
h]-] - [f= lg]

I. Ej:
IILIL PJ! r& ['"'jI. ]lt':i'J)I; i-i).t1) i-) ,llJ

i_L1 /J), ,) f= . I a) I

r_i. /J),
Lt_) =-1f:..klS- lf!]-Ilg] != i i) 5R- 7J-:-)]Pl-1:].

a)

.Tab
,i;i/-)1;;i-D 1 1-I

LL. ,lllJ.)JIBLit a1 ,T3 ;Jt; , /Ii -TJlf(I -:rll(I:7:!i',L iLL, Lt .lie:iul:JTt ir.) J3

f=
_i.
-.?,- i TJ . -i f= , ^= ll-)r.4E -i=. F] Ll fL Tt i.{!1LrlJTJ-llLinut

Gj: , 7 J% I 7 REJ7bf#%%bS o.5mg.g-1iiEE i

8f L1 -.

'I):5t:i ilV:a'':SifJJa) ,(
-

,y llE )]E Tt .
7 > f I T

V) 5E IE != [l'--.) I,'rtI,i;-:jP 'jF_i.i:-H'{ j:';tf-!= ct
,-3 {I--_-ff I;rl;ii: .Tj:

7EE I th) i_LI L1 I i 'irT7T'1'L.=:,i.L't
L I L1 7D . L f= fJ: I) I .

j-It ;:-!tTlfJ-J1(::]]E! bh-
-I-i-
r*_ I. Ei Lt ;;i? I(D a A-I i{Lllit--:J]u u) i r)

FLY

_/fi
-ff [,'fLJlii: Ei ft C i_L1 ;i)i 1 fL

_i-
]-Y,-
;LL }3 . I 1t. rj a)

I
.i I-),

i-j
. l1(-:)]E IRLLT

-Lj-
I-i_!= I-31 LI I

lu

:ifi
LJ:Jl
u)i u-i i [;n.
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I+i:1- ,-a ?f<Tfrq E=t fLl < . lif';:nu! -)Illi-L7-I-7-- r5(-__LJ riTJ i-I;!= ['1'.J6,1'J=:

(I :l!';'J) [TF{1r{ )'/; I(J--i? i1. fL f= L}.)) != = -,, y + 0) fT7_ ff !=

-;I:-;_
7}Jt;
L7> L3 3l!

fL>
/J), 1 -F= i- -P,- ,:i

T3
.

L7t
i-j (I ,

= ,7 1y

-)-
u) i:-iI:'.--iyHlu E=t i- -1S != ti :30 [J T.r.i-_[ig',

ill

-/7<
Tt +u

90 P fi Eg i 9++ < ( A 5-2 iE ), /i
- P j# BE n BkFf

if :I i ,73
_i-_
)i:.if"A LIL -,;I)]nl ;.); fll 3L E= < 7), 1 f= ,i.

+u

-:-I,-

,:i tj 31. , ni l^ih;11ir1;
fL' i]
-i:-A
JLi--lt17r;u ;)1; 1-i-< , -fli)lnk/-): i1:?i5

LI Tf q}9 7t Ei /i -

y llE DE! U) J]1T lj- != i 8 ;Lt L, ;,)1;I.7f LB

a-i fL 7T T']tEJr]:
Jr,
-L'J-
,:i
th_) j1.,f= .

)'k fi- I;n. I.;i-'7JL( /I) J[.':-I
( 98.07 kPT1) /-I),

Lh_j LF_fJli-EIJ.7f -/A

a ( 6.19 kPa) i: vCh E= iR f$ 5 YL I Vl 8 7k J{ni bS jE

I.i;i'nk li: 1T -,l'J)7J(
z7Ji
Tt it:,) ,-a

._i.
i, i) i,i I I-,I i) ( 'J, )Tr .

1f)86) , lil::)]u! FLY ._Ltl a) 1T f.;'qlb LO 1)-i
tJ-- !=

,_i
1 I -[l-f<;I)

7j( J{JJi
_.T,_:
/)I; i-[:I]J)r1 + ,-) I i

/it; -iF{ ff 5 iL I L1 I.a

(Foley. Coop;rband,2002). A=m5*nE=33VtT

9.81 kPa E= h' 81 8 i#fP * a) '2E lb k * 7=
,/a-A

( #

5-2 B] A), /i
- 9 i# BE a) BhFfi E= Lg b 6 iE vt i2 YL

a) n= ltJ]!=
.ibt
L' I

Jt)

:3O- :3r)%r1)[j- i.=1
_i.
tJ.I i) -fT ;L:,-:

i_Ll S:

83: a 6 hJ if 75, 1 f= . L 75, L , 9.81 kPa C= 3b' 81 8

TRfB * % a i i ( A 5-2 B] B), 2-9 1f1& E= 75,

(+ I -litj]u :!tJ;I)-L7-b--
Fx= Tt

.'=t
O.7%iJLk ,A), L -/i a) != J^1 L

I . l7LE i:-!H'lT]-llE )]E I)-hf
-Fj-
r7<-_Tt Ei 6k ii- l'.i_:fJ: 1-l[)I)tT 1- ,3 !=

1i 1 T TR fP * tj: 7.9, 3.6, 7.1%, 5% A i# BE BhFfS

Eg: T) Ij: 4.9, 6.7, 14.1%fB-BD L
, -9 1f1& a) TA fE]

* fj: /i - 9 i# BE n j# A EE t= r3g b 6 i1 8 t.10 a-1

rx-_ 7TJt;IuL U) [i E= tL /i -i,
[F:.i
L, fll'1:>ir,7Tt L -F= .

lit ft]
,t3ti
i iLl'{-1'rl.it:I-;ir,

JJrl i -F= f[['1:% t I.JIlii'L F,I,rt-TIEi i. L

I '% n '2f lk % a 8 i ( # 5-2 B] C), j# BE A Bk S
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rS{{-Lit [j:
.u[
[f- >iy,IrTi-_/i?.

I
Ju

6()%ilJi'1- 1:TITt
-

)ji- L I L, f=

a_) (I kJ- L I . i1(inul qhf 7- ri I?I (-i th-
l}-- ill:i): i-ff'l]]IT -A- 7D

(I fJIL:I? -I i= lil.;-J'L r,I,f3t'iti7')I;
_L_
hl- L f= . FTE

_L
,I-u i! a) If

3g T> 8 t.10 a-1 Eg: D j=* 7L P,qt* 751;a i f5 < i? 9 ,

9 1f1& ve) ij: Ain# BE 8 t.10 a-1 Eg: i 5%in BE i# BE

8 t.10 a-leg:ni*7LP,qf*Ej:1hnj#BEBhFfjiEg:-E=

tL pi I
.[]-,i;:

(I
[r:7i
< i_Ll 1 t . L ;.)i L , A ff!tIIJVlib )]u

/)-hflj- rX-_
lh
_I)-i
i:-!ilil;:Flu!l5h-lj- ri a_) F7u :I

.'j:
(=7-
,Ti-
fL1 -,l'!Ej:

i.7J.

6 YL tf 75, I? 7= .

;T.,-r)-2 [t<T L) (I 2- 0 11= 1:f1!= .iT-3t
!1 r3 n T-L)

.t&=
7J( 1q7'-.I;.tit

J) -'A;IL: 'ir,-,l-1- L f= . lil_nL!
,1Kf.:
I;ui l}-- rg u) LRb i-R

.3S;
7J( 1g..ll;.I{

fj: Vt il YL ～ lf m 8= h' Ut I i 0.08 cm.s-1 JZX f i

lr[i-
Jo

tEE Ll f[Lr7_-'1( ,T,- L , 3iL(I1-:'ir.,-rL:;71 I
iu

,]f LE: ti A tT)

YL if 75, J3 f= . eB *D 3S.7k61t A a) iF,ujEJ+ E= A f= J3 T ,

-;+
rF_ ,1 Ji /itiU) rf,i.FjF,%

rF_ mf '1y .=JiL
rT , A I.,

:3 [,il itifJJHJit L

f= )I/; . l1[-.:)]E J5h-ij- r*_ Tt ti it!u'JL=1[['7_-:I Ef
(3 -) i

,-)1;L7Jt
t>3

31 , /i
- I/ lit'-:)]u! a-) I.1:.i:

;';;-.1t
]iL:!=

.i
T3 -fJ-
.S: ,_I.::-;

I;i
.7>
ttj 31

i_L' )'), I) f= . 1li -i:-!tr'J[)-iiE ]]u! l5h-
l}--
ri 7. E3: 6k l}-- ].Tt:!= 1it;1

i BM.p :.i"A 1#.././';)I; 1.tt!,,.Jm + ,3 (Ll,in:q ,J,,i ,7, I., a-L i:. 1-i

;-::'l!tli[:-_J]E I)16-S-
r& (I /) LI I

L7>
I) i.

, 6k
-Lj- rli_:LL.

u) rl" -i=t

E=t lJ-
.rtL?.-
fL'
:JB
ETt
I.7+
Ltj J1: i_Ll ,J), -) -i1

+;,

Lr) a) ,

n ,-J != i;i J3 I L3E!i-L]
.ta-
7,I( ig..I)/I ;:)tii T7ll-+ T3

tT3 i'L . !F.'i:(I 8 1?I i U: f) ft- 'fflTt .'t 1--i ;i{!tt
lit

･i:-Ai.I+ ;ir--tT.:_

(E7!lhJ
,J)I; ,7J

BE! 8 t. 10

il-1 rg- Et lil::l]ul
,lil.t.
1jk fJ-- [X= lL=t (1 -Lit tL1 < r[T] C rk a) 2 f1-:

'j+1 i tL /i -I +u ll- ;i?:(I I.:.S/-), I? -F=
.

5fiM- 5-3 i 8=
/j%+

i 5 E= , 5%i% BEi#BEh, i: Uth5%

-i:1-!1tllri]]E RT
-I-i.
rig::,t[-!= 2- 0 [1= 1:-1

u) L5t!-f-n
.1i5-
/I( 15-/tlfI{_i.

=f= niS 7L I;3,r(ilLti lJJ 0) rITl!.I Ej: I)-
.7i;:
fL' 1-rlrX:];,)I;i;-.1EJld) it, 31/ f= .
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BB fFl :55 f'1--f a) ja- 7'L( JHi != Ei i-. )i'.lfa) 7L r,',f,rt;'J1; -}< i < ,Tr5

*4 L I Vt 8 i Vl b YL T h' 9 ( iBE3Z! , 1984), i *

1'L F,1,r!-=iti Et l7LiT;rl:1-3;--7JL( 1qT'-/!j_JL._i. n&.'til7;-!= rl)::]1qs..+ ,3 I i ),)1;

# % 5 YL T V' 8 (i!Bi%B 6 , 2002). L f= bS 1 I ,

1-i JT)FrE :I I-Jl i-T I) 13b f[l
.tiB'
-/i(1q7'..ly{ a_) i

TTfl- I.I Ej: +_ I-i;iSi-L

I;5.[.:-T.;I/i-
J_) i-tll'.'))H 75t; )( 5 < -7.i

7- L I L, a tL) V) i 1(t'-;'i>J,i71

5 T= .

9.81 kPa E= jb' L1 8 iBf fP * ij: /i
-

9 i# BE n %Ff

l5- (I
,i
I?

-i, rt i /U ill 'Jlf fk 7);; L7f Ltj ;h, fL, )'), 1 7t I _i

-'F), iL_>
, /i

-

y liI'::)]E! a) ))-hTi-)-- != i I? I [TL:}] 7k 1'-)I:/i( 1'i

cT) 1i -fH i:.:tiTe. 7F L5 ,iL
8 I.1:-A7L F,1.[.:;)1;1-Ll')))H

=f f= . /i
-

y li!'-;)]u! a) l5LT
-lj-
!=
.i
,) I

3'-31(-T T3 tf1(l'<-1:r1;itti 7:): I:!t[k L i_L' 7F)i 1 -F= I

L -/>= LL.
-fltf,- i ,.a .

9.81 kPa 8=

i /J, i-3
,

_[-_
li-,i

/JL(
/)Jt
)I/; a''tlI'-;1-!i i-*- jlJ -F= -i !t i;A IL F.L'.:a) I.L,l',I))n 'irJ

Ju
f= L1_, L .

:TB-7J( Jr:I-:/)ti T,I..;:-i 1 f= i
:flt',-

;i a .

- fl? t'J'.)!= 1l['):g(r)a) iE

-ff :I Ei
---

)iL u_) -[j--,l')J7j( l''r: /J): [T-I(:;;(h1'L* a1. f=
J= Tt , :1;a-1-L

rJ'.i.r.:/): Py < . I)L--I))( )r; 3iit i-if(I 'f1--li?
ill Z3 i.

-i1.--
:I fi:iu) n.f-

r1)iill.i-a) f= E!) a) :xi -i:r1-:;ti/Jt; F'(I;_(.T'LTt 3t
T3 I i. 7')I; !11- i L

U' i V' b YL T h' 9 ( jS S)rT , 1987), /i -9 i# BE

'ir,:lib--FH I)-
T3 I i (I

,i
1 I h!1:rn a) /-I--_i-7 :I 3gj L -F= i

lll.i:f3n l3-i-,-i V) ']t lE ;): !1= C ,-3 i RJ
,-i
T3

.

u1-)I.:i[:-1r::ki:,:.,I-(I J3t !+ ,3 i Jii I-_ ..lfB .5Ocm
a)
}r(i-,Jl 3B- 7,k

i*. A ～ a i5R 1# fj: 10-4cm.s-1 i V' b YL I Vl 8 ( A

)i: . 198,1). ;}F W. 'TE vT. 1Ji nl L f= LFn7JP,. cr) fib -frlif;I))L(

1S./1Y( E=t lit nut .:!I.r.:/)h-
l}--
rF_ (I J31 Lt I

Jr,
I u)
}rli-,J, .'a-

-/i(1#.

_1/(
u) f] I:L!i1![i-'ir..kt,-

i I Lt -i= I _i.
/i)) tlj , ,i

- y jig )]u!

6k
-lj-
(I
-_i
T3 Ca -T-u

.1&'
7J( 1lT;..=t!1!(u) I-_ A ;')1; = 7 .y + 0)

_,i--_

=r-J-i(I ll!..iiiti:-I,'1( A tTtt i= i_L' /-),
-) f=

lu
a)

_T-
-flLfJ- i 8 .
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[: )iJ.;-7L rJ'.i.'.:}i; v_) I-[tl'.1
,JJn
:I Ei , /-I f1.;irz) 7t,:'f,ill lh

i r_fL!;Jt;

hrl u i) JZhh I)
fI' !+ Tt I)i jL 7'D n-_ i:_i;-rp1'.]i_L1 -,i')u

,T<
( i,ri;Ir..:s.

^% E] , 1976) i Eg *'i#3 BE E= ct
8 5iLaA ( t]# 7k 6 ,

2002 ;

5-2 B]

fB A 8j:

j% # 6 , 2005) bS a % 5 YL I V, 8 . B3^*

7.: (I
,T{ TT- cE I)

(I ,

,1-i
W. I-^}'t:!= I-3t LI I . B] A-7T_

8 1f a jb'
ct
Uth 9 1f a T^ D 8 t.10 a-1 Eg: 751;

[ul I) lit )]E /)-k Fj- rq_ != LL J{ I -rr:.i;Lt
Ju
v_) u)

,

_Ji>_
I a) rX-_

7t 3iif-ll-:'ir,
_1T1:,il

TD != 'fJtL1 I TLE i.- 1- ,=3 fq'7-.～ 7:)I;-n;-.LI.Lh
iA_)

31. , ,i
--

,y
l1[-:)]ui U) 1;hflj- l'T,_-_J(3 I.1';.];;rf!1LJib: _i.

I) r7H :I F.1)J77[L.!_

FLY )1l:}lE=t 3-.e.e!) i-) iL FLY /-+J, J3 f= .

-

):i,i:I I.J-7lJ-3?_)r-3Ffk != E=L i 1.-iI.ii
/1 a:) F" /I)

.1'f-].'l!.r!ti
qJy)tPf a)

I)-ail}-- 7i'i -,i;i.i )( -=t , 1) I/ I > fL1
._J}h ,i(

P9 < /tT :ti, /i
-

}/ a) lli'--:)]u! (k ;I)I; jiL;/u 7:=1 i) a) E=t Fq tj-':.ll)r-i)'k T'lJa)] 7J/; 1tt L,

i v' b YL I Vl 8 ( fq- EB , 1981). *# #h
-C> jB Vt f=

･<
-

y l1(-:nL! Ei . lllTJ-
.SIR
n
-i .)

!=
-

I():-ilEtW: i($ ly] J3, J=

Jolt
-
-
_

7.Tt1.u;I']iTff^r[ r;i;?a) tE [[tikn liri)]E fk /J1;5iL;/L/ -Fit:t)i-ILE.Tt

;7b 1 f= I LL
)})i LT) , ,(

- // lifi)]u! 6E ij- !=
,i
TD [-Jli:'F_)r2

)Jt f'r'lf)I.iL;';'J)ill 'J/;TfE /lJ, I?
f=

lu
a_)
_i. -.5-,->L

TJ
.

LTt
itj I.I

,

-Lt
ff a_)
-1':-.kI;'Fr1)[r7

!L-F31tll'1-!= ):--Jf:
lea 'itI

I(J---) .F= I
_i.
T. L-J1.1:':,-_fff.'f

3ii-/Jt; T.rk'i_-y3-i= jL , Sill,ff '1y iE ,-h
T3 != I(Ill.-) I E1-i1::,-_[B tj_:[{

bS Qe f L f= i D i 5% i 8 . 3: T= , Eg *'i fB A i i

li.3i-L r,',f,'Eii}t.J31 i Ult l3B i-[]3B- 7J( 1q7;..)/( i a) Flu (I
Jr,

-+]-II: tL1

fP Bg 8j: =#h b 6 YL ii 75, J3 f= ( $ 5-3 ii ). L f= bS J3

T
,i
mf*n 8= h' UI T B] *'i#3 BR E3: h' I I? T h' 6 f ,

i ]i'.lfjL F,i.I.:-Ii-i a_) iLn')]tHi )I-L7b-- L -r= /i
-

y l1[::)]u! ;,)'iA-_ )-iS

i I;la-f-nL f= I _i.
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Abstract

Bark compost attracts attention aS one of the

effective utilization of the forest resource and has

been used at covering of side slopes. But its
needs

were

rec6ntly
decreasing according t. decline .f

publicworksprojects.
So, newmakingofdemandshas

been needed.

As immature composts give the damage to plants

causedbyammoniafromthosre andnitrogen starvation

based on competition with microorganisms, the

evaluation of maturity of coml"StS is very-important

on using compost to plant culture.

Inthisstudy, ontheviewpointofthedecreaseinthe

ammonia content as an index of microorganism

activity, I investigated the relationship between the

ammonia content and the compost maturity. Much

ammonia was detected from the compost in the early

days of fermenting and the compost in the primary

fermentationprocesshasbeenabletobeevaluatedby

the detection of ammonia over 0.1
mg g-1 In the

fermentation process, ammonium in compost is

immobilized by organisms. Therefore, ammonium

sulfate wasaddedtocompostandtheconsumptionwas

detectedafter72hours. The
compostonearlystage in

secondary fermentation process i'ndicated lower
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consumption than that on late stage, and I could

decided- the compost maturity in the secondary

fermentation process by the ammonia decrease during

t,he 72 hours aft,er the addit,ion ofammonium sulfate.

Formakingthe guideline ofrawmaterialstoproduce

the bark compost, which was more resolved easily

resolving organic matter in the composting process. I

tried composting 6fmaterials
with various C/N ratio

and nitrogen content. In addition I carried out

composting of

easily resolving

result, it was

materials with different ratioh of

Qrganic carbon and nitrogen. As a

demonstrate that easily resolving

organic carbon and nitrogen affected fermentation
of

bark compost. It is suggested that it is
possible to

lMOduce of bark compost with a litt.1eTeasily resolving

organic materials -by amount of auxiliary material

using the ration of easily resolving organic carbon

and nitrogen.

I tried to use of the bark compost for substitutive

pottingmediumforpeatmossinpottedminiaturerose
+

production by the Ebb & Flow system. The damage

plants were notobserved through acultivationperiod,

evenifl usedbarkcompost 30% of medium. Because,

large increasing of the microorganisms in nutrient

solution and soil solution was hot seen, and the
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increasing of the ammonia was not observed, too.

Therefore, damage plants by generati.ng ammonia and

causing nitrogen starvat,ion were

suggest,ed th'at bark compost can

medium as peat moss in
potting

not present. It is

used as substrate

plant cult,ivation

usingEbb&Flow system. Furthermore, asaresultthat,

the growth of the roots in
seedling period was

promoted by n'utrient to be included in bark compost,

number of root tip which can absorb nutrient

increased. Therefore, growth ofplants were promoted

in early cultivation periods .

The influence of continuous applications of the bark

compost with different maturity on soil

physicoc.hemical properties was investigated on

successive. cropping of Komatsuna. The soil

physicochemical factor such as air filled porosity,

totalLcarbon, CEC were measured. Two types
of bark

composts were used,

compost which was

fermentatilon stage,

one was the pre-mature bark

in end phase of a primary

and the other was the mature

barkcompostwhichwasin second fermentation stage.

The growth of Komatsuna was not affected by the

maturity and quantity of the applied bark compost.

Total carbon, saturated hydraulic
conductivity, air

filled porosity and CEC increased according to the
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quantity of the applied bark compost and the

continuous applications of the bark compost. The

physicochemical properties such as air filled porosity

and saturated hydraulic conductivity,, CEC were

correlated with increasing of total carbon. Therefore,

it was suggested that total carbon may become index

of improvement effect on
physicochemical properties

of soil. The maturity of the compost did/n,t influence

physicochemical properties improvement.
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