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~ t T .Q ~, ?9 <0)r", M,¢.j)~{ c!tJ 0 t: 0 
-f .::: -z:, *Mll:"(' Ii, f*4 ~ ~jJbj( r't": -a-1 tL.Q ~ 

1 ;t / t ~1 ;t / ~ 1BO)IC~ti"('M~I: [ll]~l£:fi L 
t.:o *liJfll:"('Ii, TanakaG5~1l) ~:J::0'"(rmj€~tLt.:1 

;t /tJF~/1;-1;t/X~~7 0"7 l- 7'7 71 - (.lJ.LT, 
IECICEC) ~ fflv,.Q7.I<~..:c:=..?, 1} / 7-i1;;1:-:::>v''"(~~t 
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1;t /x~i'Fffl~: J:: I), ~-1;t / t 1;-1;t / ~[ll]~% 
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7.l{7.I<Jili15iJilllfflfO)MIJJ] ~:~ ffl ~*fi*7.lq~ GtLt.: 0)"('$& 
i5-T.Q o 

2. ~ • 

2.1 IC~ii: 

~HU.1;t/0)~~5t~~~~~~T.Q~~0)~ 

1i1l i¥J liJf1l: I: IUl L '"( Ii1!!! T 7 ;f, -1 ;t / ~ 0);f- - ?' 7")v~ 

1 ;t / 70"7 l- 7-7 7 ~ fflv't.:o .::: ~~iili,;t /-tT 1 
l- -Z:~~ffl ~ pU~~: T .Q <b 0)"('c!tJ.Q 7.l{, ;t - l- -tT / 7 

7 - ~1JiU it '"( v' ~ v' O)-Z:,*liJfll:-Z:Ii, *i1;;~~~5t;fJf 

0)Itffl~:;J3 It .Q ~ffltE~ ~illET .Q t:~ I:, 1I!! T 7 :f.1 
;t /~ t [ll]~0)'11@~~ L, 7.l'-:::>;t- r -tT / 77 -~: 

J::.Q §tJJ5t;fJf~PJ@I:T.Q*'J-~o)IC-2001~-1;t / 
70"7 r 7-7 7 ~ fflv'.Q 11i1;;1:-:::>v''"( <b~M Lt.: o 

~;J3, f~GtLt':T"-?' liIC-2001~1;t /70"7 r 7­
77 Wffl o)IC-WS~ '7 - 77,. T - ~ :3 / I: J:: 0 '"(M 
;fJf . 1ff:J!l!~fT0 t.:o 

2. 2 ~1I:1J7A
 

~~:h7AtL'"(, .7.I<tt;f-0"7--z:c!tJ.Q;f-0~?'
 

70v-r~"7r0'J77,.tT.Q7.I<.~~~~tt.1 

;t /X~W~lj~,e:tJi;Lt':*'J-~TSKgel Super IC­
AIC (6 mm ill x 15em, *j[~ff: 3 .u m, X~,@::fi: 

0.1 meq/mU Hr.Y-fO):h-- F:h7A (4.6 mm ill x 2 
em) ~ fflv't.:o 

2.3 jfillji 

fD:7'G;f:l/!~~O)!f~;fikJ'b~fflv\ ~HU'.-1 ;t/~[ll]~ 

5t~T.Q t.:~ I:, ~~~tt"('.7.I<ttO)~~)JJjQ~:h)1-'*' /~ 

(ij!gEM) t 1 ftffiO)I;--1 ;t / I:t-j L '"(~~nX:lf~~~T.Q 

18-77 r; /-67.l' GnX:.Qii1ri~~~~ ffllt', 6 -8 mM 
0)~OC~~-Z:~~[ll]~5t~~~0)~M~h0~0 

2.4 ~ • 

~:& U'1;-1 ;t / O)f~$jjA*4~: Ii, :!lit:h)v ~ r; A, 
••~r0r;A, m.:fJ0r;A, m.y/..:c:=..r;A, 
••"77-;f,~r; A ~ fflv''"(o.1 M7.I<i~lfi~~~ L, ~1i 

;ffi-m L'"( 1'1!ffl L t.:o 
~;J3, iA~0)~~I:fflv't.:7.I<Ii, ~1;t /7.I<~~fU 

L t: <b 0)"('c!tJ.Q 0 

2. 5 ~*4~~ t jg~tJf'F 

~~O)iilT }II7.l<iA*4 t L '"(, It ~JJi'-0)2;fikiriJJII-Z: c!tJ.Q ~ 

ifjiJII (*It ~ -m -~ -m) 0)i1rE~ I: -»v' '"(, -f 0)LiTrE ff~ 

(7.I<im!:!t!!), rpi1rEg~ (*ltli1i-m1!Y~:!t!!1R : rp,c.,g~) HU' 

TiTrEfi~ (~-m) 0)6 7PJj--z:t*7.I<Lt-.:<b0)~fflv't-.:o 1* 
7.1< Lt-.:iilfJll7.l<iAf41i, il'!"t 1:0.2 u mO) ~ /7"7 / 7 1 
)1-'?, - (Advantee~; T 1 7,. ~ '/ 7 -25HP~D I: J:: I) 

1l#;1i • 0jf!M~, i'iiJi1*f? Lt-.: o 

.::: tLGO)~~iA:¥41i, ;ffi-mT.Q'::: t ~ <IC~til:1t 

~~ tL'"(v'.Q;t- r -tT / 77 -I: J:: I) 5t~:h 7 A rpI: 
i±A Lt-.:o 

t*7.I< B Ii, 2006fFO)lOfi ?JJ1i] O)a~7(O);m <B 0)~10 

~7.l' G17~-Z:c!tJ 0 tz; 

3. 1 [f31' ::.t :.- JlV' Ili -r ::.t :.- 0) 16.l1li¥~.m-jg ~ f-I: 0) 

.lIft 
TanakaG O)!mj£ Lt-.:IECICECli, li4 ~~jJt7.l<0)7.I< 

Jil~1iffi I: t 0 't; ~ ffl ~ 7.I<:W.:c:=.. ?' 1) / 7-i1;; -z: c!tJ I) , 

f*4 ~~~7.1< I:"t-j" L '"(Itffl ~ tL'"( V'.Q 5~11l 0 -f.::: -z:, 

*liJfll:"('li, .::: tLG~IECICECI: IUlT.Q £lifVk U'r.tffl 
liJfll:O)M*~N1it, M~tt, [ll]~5t~l£;tt, 5t~ 

~ra" 5t~lft 7/:="/7'':17,. r~~lJt~:7.l'G, jjJJjE 

.t18-7 7 r; /~7.l'GnX:.Qi~~i1l~fflv'.Q1Ji1;;I:-:::>v' 

'"( ~f;j'4!H:~M L t.:o 

-fO)f.fi*, ~-U:7FT J:: -) I:, ~~5t~~14:T (i~ 

~~i.l13t : 6 mM ij!gE./3 mM 18-7 7 r; /-6, iTrE 
;. : 1.0 mLimin) I:i3v',"(, IHf~~HL"~-1;t /0) 
[ll]~5t~7.lq~GtLt-.:o 1t-.:, ijJJj;o.O)i~~~T1 '17 
Ii, ~HU'~-1;t /0)5t~1:"t-j"L '"(tj}j~ L~v'ffttil: 

&\:m L t-.:.:: t 7.l' G, .::: ~i~}lll7fl7.l{~iE -z: <h.Q .::: t 7.l'5t 
7.l'0 t-.:o 

1 t-.:£<-U:7FT J:: -) I:, .::: O)~~5t~~f4:T"('O)~ 

-1 ;t / O)~ii*JjHi, 0.01-1.0 mM~iltoc$fiIHl-Z:~J::­
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~-1	 fili;t.~f-f""FI: s It Q l' :it /~H~/I1Jj1' :it /3t 
~~l' :it / "[:J ~ ",of'7 7 l' -I: J: Q ~:&V'Il;1' 
:it/o)~illiij~;t. 

1*~~07~~~7:~~~*1*~.0*-~~~ 

~ 1 *~ ~ 0 7 l- ~. ~ 7; :5Ht 11 ~ L. : TSKgel Super 

IC-A/C (~1 *~x~'fl:;' : 0.1 meq/rnl.) ; 
i~~i1t : 6 mM7J'Ij:El~/3 mM 18~~ ~ '7 ~-6.I.- ~)v 

O~~ilhfE£ : 1.0 mLlmin); ~$~Af4: NaZS04' 
KN03, NH4N03, MgS04, CaClz (~40.l mM) ; 
:5t~ 11 ~ L. ifirl/t : 40°C; JAf4iJ:A,£: 100 u L ; 
l~Whi! : ~~$l~W 

t:::-~ : r-so,> : 2=Cr; 3=N03-; 4=Na+; 
5 = NH4+ ; 6 = K+ ; 7 = Mgz+ ; 8 = Caz+ 

~ lID un: ~t L llHf ~ II!*9~tl:"C' &;:, -o t: 0 ~ I±l ~lU'f.1HY 

~-~IIDfl(7);f§M~~mzH~w:, 45-1;f ~0.01 mMo) 

iEAlflfi:.t:>V\l.1±l~ tLt::.1ffi!"C'&;:' lJ, if,JlJJE:tA::.~ *5* 
"C' &;:, -o t::.o 

~ .t:> , .tJ. f~ (7) Itffl ~.~"C' ~i, 7} mt:tJ '7 A (7) itB.:-tl ~ 

7}mtff~~~~ L, i~mtl1t(7)VlE.m.~iO.6 mUmint Lt::.o 

3. 2 ~)fjJII"'O)Ltm 

3. 2. 1 ~*ji!!,a 

n: Jili~ *rt Jili rtf (7) ~i{g~iit!iJ> G~rTfrtJl!![R ~ VlE~ t 
T.Q 2 ~inrJII (VlEjlnH~:: 50.6 km, i1rU~oofl: 238.8 
krrr') "C'&;:, lJ, -f(7)l:f:1VlEg~~:J~:tlf!1\1f<7)* ~ ~fiff~ 

~ (rtJili*~, ili.*~I~$~) ~45-.M~~~ 

(i1"i~U~:kM~pJf, JICAl:f:100-t: /' ~ -~) lHf~HiI 

~l'IIJl!! (rTff:fj'±!!! - j§~±!!![R) lHJ"f:t"8@j±!!!iJ{~~fii ~ tL 
.Q~(7)~~nt~~T.Qo -f-::"C', -::(7)~ifiJIIVlE~~f*<7) 

J1<Jj'~ftffi~iT-? t::.~~:t*J1<~iTv\ ±!!!.¢.l: (6 7P}f) ~ 

&]-2i:5FLt::.o 
3.2. 2 .tr~*~}~0)§5£ 

@ - 2(7)f*J1<±!!!.¢.l:Ali~ifiJII (7)~L~1EgB (J1<imliit!) t 
t~ .Q ~~~1it!-r: &;:, .Q a -:: (7) :Il.!!. .¢i, (7) Jj!ij 1m ~ i ~~ iJ> (7) fE! is 
1iffi~~iJ{&;:'.Q b (7)<7), ~ <(7)W*iJ{~ff L, i t::.iit!7k 

~-1	 fili;t.~#""F~O)~.MO)~Mtt,~m~w:&V' 

JlJmtt 

JAf41*~ 
;f§~1*~ 

(~) 

#tW ~RJI!. 
[.u M] 

(S/N=3) 

t::: ­ ~ ooflO) 
ffjM~$fi~1i1! 

[%] (n = 6) 

0.11 

0.19 

0.13 

0.21 

0.38 

0.18 

0.78 

0.53 

sol­ 0.9999 0.235 

cr 0.9997 0.317 

N03­ 0.9998 0.311 

Na+ 0.9999 0.448 

NH4+ 0.9997 0.871 

K+ 0.9996 0.531 

MgZ+ 0.9998 0.864 

CaZ+ 0.9997 0.904 

(7)iJii lJ Ij: Ii t Iv t' t'jjl~~ GtL~ V\±!!!,8"C' &;:'.Q 0 

f*J1<±!!!,¢.l:B~i, ~1{g~lit!(7)rVlE~i:f~fii L, -f(7)J5JItlI 
~i.* ~ ~JL' t T .Q ~*iJ{.¢.l:1£ L, ~ <(7) ff1.,t1i1 i: ItlI i 
tLt::.:l1J!~"C' &;:, Q0 

~J1<±!!!.¢.l:Oi, *rt~rTf(7)l:f:1JL'$i:f~fii L, 11: bf~rTf 

1tiJ{:!1tiT Lt::.±!!!~"C'&;:,.Qo Lt::.iJ{':)l, ADifltiJ{r.>':J 
<. 0891iffi~~imI~1i1!!~~(7)1tl:f:1i: J: lJ, -:C-O)I_~1E 

$~:J.tA::.l1'.iMJI:7k~i(~jJI:7k~<7)j;t!iJ{~~ GtLQ 
±!!!.¢.l:"C'&;:,.Qo LiJ>L~iJ{G, -::(7)±!!!~Ii, rJ1<J!!iJ{~ 

1im ~ tLl .t:; lJ, II!ili(7) ~ ifiJII ;;$: 7TrE (7) 7k j{ (7) ;'!Mt Ij:~ Ii 
t'1f L <~ V\±!!!.¢.l:"C' &;:'.Q 0 

t*7k±!!!,¢.l:Dli, rTff:fj'±!!!iJ> G~' LmttLt::.±!!!,¢.l:-c' &;:,.Q 0 -:: 

(7)±!!!,¢.l:~: ~i*rt Jf'b rtf (7) l:f:1'L'$iJ> G(7)r7k~ll* ~ii'~ 

jJI:J1<iJ{VlEA Ll.t:> lJ, lilJ III *(7)i;llJ ~ 7 ~ .:c.::. 7 ~iJ{ 

~~~ GtL.Q ±!!!,¢.l: -C' &;:,.Q 0 ~.t:>, -:: (7)f*7k±!!!.¢.l: (7) II!fin: 
~fii ~ tLlV\.Q*rtJiliijt-1t-t: ~ -7 -Ii, ~~i5tti1jlJt 

i*~: J:.Q ~ll (BOD~ll) ~ E189 i: Lt-:0~rJ1<~1l 

:t~"C'&;:,.Qo 

t*7k±!!!,¢.l:mi, *rtJili rtf t ~rTf(7):t~ EI ftjB':i:f~fiiT.Q 0 

-:: -:: ~i ffi.,tlil t 11 ~ iJ{il 1£ L t: ±!!!t.!l\: -C' &;:, lJ, }II (g; ~: Ii 
~4~~~~.~iJ•• ~tL.Q±!!!A"C'&;:'.Qo 

f*7k±!!!,¢.l:Fti, ~rTf(7)~jijlll~r~1Eg~-c'&;:,.Qo -:: (7)±!!! 
A~i, rtl~(7)l&W:I~±!!!;iiH:iliv\ -:: t~: J: lJ 45-liIt~ 

~iJ{~ <J'L±!!! L l V\.Q b (7) (7), i~jJ °ftili(7)!jIO)j;I!~: 

J: lJ ~~iJ>7j:VlEtL"C'&;:, lJ, m7kiJ{;@VlE L l\'\~v\±!!!,8 

"C' &;:, .Q 0 

3.2. 3 ~$J"0)*~*>t0)1;f:'-? [J ~ ,,~i7 A 

*Y-~IC-2001~1;f /~ 07 r ~"'7 7 ~f~ffl Lt::. 
~(7)~iIJIIVlE~iJ> G~J& Lt::.iilTJII7k~n(7) 1 ;f ~ ~ 0 

'7 r ~''7 A (&] -3) Ii, T""li:~v\llili'127tJ2J.1AJ 

"C'~*~~1*/'t~1*/'(7)~~7}~"C'~.Q-::t~ 

5F L, f-t~89~~1;f /' (liM, m1t~htl1"~J!iM1;f 
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2 km 
t:::::±::::jl 

/') t 1~i1 :t /' (T l- 1) "J A, 7 /'.:.c..::. "J A, 11 1) "J 
A, 7~*~"JARif11~~"JA1:t/')~~~~~ 

l..1.:o 
1?LJ-. ~ tt* -I,p G, ;$:it.,j'»Mii 111 ~ J: -) tj: fIHtHt.,j':i! 

{'j- Lt.:J:j:1+iPfJII~*j!{~frffi~t.:&?~.:.c.::. -'7 ') /' ~"I:IZ 

J:lrijJrM tj: -::. t .,j'5J".,j> 0 t: 0 

3.2. 4 ~JjJII(1)*Jt~filljc*Jt5~jljIU.<1)m~ 

Ij,i' G12, 13) Ii, ~ iii!ll ~ J:j:1 VfE~ --c: ~~ rtHt I: if -) 
BOD~ 1lIf, *f t: ~~~iJ~BOD I: J: 7.J i'lj?fli~ffIt~MI3A 

~E1~t Lt.:1iJfJl:~q'j-0-cV\7.Jo -f-::'--c:, tJ.TI:~iii 

JlImE~~.i£ t ;$:lZffl1iJfJl:I: J: lJ 14 Gnt.:fi!iWd:--::>v\ 
-c~A::. 7.J 0 

~ -4Ii, ~iiiJllmE~0)6:1'1!1.}~~l"t~UI~Lt.:~iPfJlI*~ 
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Abstract 

A simple and convenient water quality monitoring system consisting of a conductimetric detection 

and ion-exclusion/cation-exchange chromatography (IECICEC) has been investigated for the 

simultaneous determination of anions (SOl-. cr and N03- ) and cations (Na+, NHt. K+, Mi+ and Ca2+) 

commonly found in a natural river water. The simultaneous IECICEC separation is based on a 

combination of the ion-exclusion mechanism for the anions and the cation-exchange mechanism for 

the cations. The complete separation of the anions and cations was achieved in ca 12 min on a 

separation column packed with a polymethacrylate-based weakly acidic cation-exchange resin in the 

hydrogen-form (TSKgel Super IC- AIC) and elution with 6 mM tartaric acidl 3 mM 18-crown--6 at 

0.6 mL/min. The analytical performances including calibration graphs, detection limits. and 

reproducibilities for the anions and cations were discussed for the practical applications. This 

IECICEC method was successfully applied practically to evaluate the water quality of Kurose-river 

watershed in Hiroshima-prefecture. 

Key Words: ion-exclusion/cation-exchange chromatography, river waters, simultaneous 

determination of anions and cations. water Quality monitoring 




