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Abstract : The retention behaviors were studied systematically in order to deter-
mine anion, alkali metal ion, alkaline earth metal ion, transition metal ion,
carbonic acid ion and boric acid ion using ion chromatograph.

While it is known that stripping power of eluent increases in the order of
NaOH < NaHCO; < Na;CO; and the eluting order in these eluent is F~ <Cl~ <C
NO,” <NO,;”, the order of PO,* and SO, was changed by the kind and the
concentration of eluents. Phosphoric acid ion was shown to exist in the form of
not PO,*” but HPO,*™ in the studied column.

Acid eluents were used for the analysis of alkali metal ions, and ethylene
diamine was added for alkaline earth metal ions to accelerate the elution of
alkaline earth metal ions. '

For the transition metal ion analysis, oxalic acid or 2, 6.pyridinedicarboxy-
lic acid (for the analysis of Fe’* and Fe®*) was used to elute. These ions are
assumed to form complexes with eluent ions and did not elute in the order of
atomic number, whereas halogen ions, alkali metal ions and alkaline earth metal
ions did.

The retention times of organic acids increased with the concentration of
eluent (octanesulphonic acid), whereas those of carbonic acid ion and boric acid
ion were little changed.

The optimum analytical conditions for various ions in inland water samples
are proposed in this study, and the results obtained by using ion chromatograph
are shown to be in good accordance with those obtained by colorimetric or
atomic absorption techniques.
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Table 1 Slope of diagram between retention time and eluent concentration in various separation columns.

A7 A AR (m M) 44 & (nfl) SHEME (n/m) | EBRME (EX)
NaOH pH>11 F-,Cl-,NOz,Br,NOs (n=1) 1.0 0.68~0.75
(m=1D S04+ (n=2) 2.0 1.8
F-,Cl",NOg~, Br",NO3™ (n=1) 1.0 0.62~0.71
HPIC NaHCOs3 pH 7~9 S04% (n=2) 2.0 1.3
= 2- ~ =
AS-2A (m=1) PO43‘{ HPO.* (pH 8~12, n=2) 2.0 } L3
PO&  (pH> 12, n=3) 3.0
F-,C1,NOz, Br",NOs~,I" (n=1) 0.5 0.49~0.59
Na2CO3 pH~ 11 S04+ (n=2) 1.0 1.1
(h=2) po - HPO# (pH 8~12, n=2) 1.0 } 1.1
PO (pH> 12, n=3) 1.5
HCl (m=1) Li*,Na*,NH, K*, Rb*,Cs* (n=1) 1.0 0.97~1.0
HNOs (m=1) w 1.0 1.0
HzS0: (m=1) ” 1.0 1 0.90~0.92
HPIC
cs-3 EDA - 25 m MHCI Li*,Na*, K* (n=1) 0.5 0.38~0.53
(m=2) Mg?",Ca?",Sr", Ba’ (n=2) 1.0 0.82~0.88
EDA « 10 mM #ABER Mg?*,Ca?,Sr?*, Ba® (n=2) 1.0 1.0 ~1.1
(m=2)
va vk pH 4 Pb?%,Cu?,Co?%, Zn% Ni?* (n=2) 1.0 (MX?) 0.78~1.1
(m=2) Mn?* (n=2) ? 1.8
HPIC | PDCA - LiOH pH 5.4 Cu?, Ni%, Zn?, Co?, Fe?", Mn? (n=2) 1.0 (MXz*) 1.0 ~1.3
CS-5 (m=2) Fe¥ (n=3) 0.5 (MX3) 0.63
PDCA - AcONa * AcOH | Cu?,Ni%,Zn?,Co?%, Mn? (n=2) 1.0 (MX2%) 0.85~0.92
(m=2) pH 4.4 Fe® (n=3) 0.5 (MX3z) 0.51
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BEA2ZEHE L, 6 mM PDCA » 50 mM g - 50 mM EE
Brry)vakli

HEHAED PAR EER, 004mM & L. RDM -
BT EHEE 0125 0.Tml/m FTEZSE, ©
— I EBERU - mEkcs, o, AV
MO LEMT 505, 2FENIEVThOA 4 v ED
iz, Heer—7ERBcBVWTE0ZLiREH
st ThiE, BERERBRELNESTIEE—7
ELTHRIHENZIREAFT VYT 5 7 ¥ a Y OEENEE
B E— 7 EIMELRY, S cREFICBY 28
WESEMBEL B2 pic Y-/ ERESEDT 3 b0 & E
AoNb. E-7O0REREAEETSE, RDM OF
Hid 0.5 ml/m BESHELTH - /.
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4Fvome 57 4 — BT BE - BA 7 v ORFREE EBKMT~OIGH (&3 2

4.24 RE- w08 - GHER A4 v

FEROFR TERELTOHEB G, KBRESVERTHS
NS DFEEERIE OSA DBEICRYFEBINLT WO
THWAMK TRS TH 505, AEBOr—s LE15
HREMEDS H B DT, 0.5mM OSA 2EEHKICHVWS T
Wl ¥7rve =itV 5mM TBAOH i3,
ZEINORBOMELZZIE DT, RBOAHEEITH
W BBATRY TV 3 —FBOA LT, KEAEMRE

LFBIENTES. LL, TOHEEOKREROER
HiddE DR Eh -

P oS> o, RENMEGELE 2 XA X
HIZED .

413 % = ®

BEOA A Vo>V THEYELUAIEORE AT~ &
A, BIXTHSHLIRLIK, ¥—rEIELEY—IE

Fok BEAA VORURREEREBROERIR ERRO DM

Table 2 Detection limits, upper limits of linearity ranges and analytical conditions for various ions.

HRHRA/ppm REZOE K IR /ppm
1% & — 5 & &
(SN =3 -5 v — 7 HE
o 0.002 6 30 #1754 HPIC AS-4A
ClI- 0.003 4 20 7S8R - 1lmM NaHCOs3 * 2mM Na»COs
NOz~ 0.01 50 100 W& 1 1.5 mi/m
Br- 0.03 5 20 FAR © 0.025 NH2S0,
NOs~ 0.03 20 20 BREEERKR NS
PO+ 0.07 100* 200*
S04+ 0.06 125* 250%*
Li* 10.003 20 20 # 5 4 : HPIC CS-3
Na* 0.006 100 100 VB - 25 mM HCL
NH/ 0.04 100* 200 1.0 mi/m
K* 0.03 200* 200 AR : 70 mM TMAOH
Rb* 0.06 — 100 BRIZEERLE
Cs* 0.07 100
Mg? 0.04 10 — # 5 & HPIC CS-3
Ca? 0.07 20 100 ¥#EHE © 5 m MEDA - 20 m MHCL
Sr#* 0.2 200 250 W& 1.0m/
Ba? 0.6 100 — B4R : 70m MTMAOH BXEERIES
Pb? 0.5 50 50 # 7 & : HPIC CS-5
Cu? 0.009 10 10 A% 0 70 mM ¥ = VE - 100 mM LiOH
Mn?% 0.02 5 10 FOE 1.0 mi/m
Co% 0.01 5 10 K 1 0.4mM RAR, 0.5m//m
Zn? 0.02 10 50 UV/VIS #ith#% 520nm
Ni% 0.02 10 10
Fe¥ 0.005 5 10 #% 4 : HPIC CS-5
Cu® 0.02 10 25 75 : 6 mM PDCA « 50 mM AcOH
Ni%* 0.04 50 50 +50 mM AcONa
Zn% 0.07 10 50 P& 1.0 my/m
Co% 0.02 5 10 FWiIK 1 0.4mM PAR, 0.5m//m
Mn?* 0.2 50 50 UV/VIS #Higs 520 nm
Fe?* 0.07 10 50
BOs* 0.3 25 25 #54: HPICE AS-1
COs* 0.09 50 100 AEERE 0 0.5 mM  OSA
E 0.8 mi/m
H4# - 5mM TBAOH
BXEERES

*RERO—RAOBEBR T,
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B3R C-/EERFE-sEIOL DELHRYE

Table 3 Precisions of peak area and peak height measurements.

5E < DERL
4 #* v F- Cl- NO; Br~ NOs~ PO S0+ Mg* Ca®* Sr¥*  Ba%

=} -4 (ppm) 6 8 20 20 40 50 40 10 20 50 100
o (%) v — o mEE 0.55 1.2 2.2 1.9 1.2 1.8 1.6 1.5 1.5 2.4 3.0
C-rES 1.1 0.95 0.81 0.99 0.86 0.74 0.89 0.42 0.66 0.33 0.39

F~S04£™: # 7 ~ HPIC AS-4A A#E® 1mM NaHCOj3+ 2mMNa,CO; ¥i# 1.5ml/m
Mg?*~Ba?*: # 7 » HPICCS-3 /##i#k 5mMEDA - 20mMHCl 5% 1.0ml/m

BOZEEHIVThIcBVWTS 3% LINTH - 72, F17,
WEOMTR Y vt f 4 v 2REE -/ X DAIE
BB TV, LhL, E—2B3RA 7 408EE
OFEEZTE REMOMHICITEENLETHD,
Fh, —RICE -7 EXORERIEE -/ BHEORER
L0 SHEFHHASFWREAEF LTS, —HTE T,
EETE R EEE TAERICEDPT VI EbHD, —
HicEboRVESVAT WY, REhof 4+ ViEE
KIS THREBEOBARY -/ HEE, EEEOHEI
BRE—7BSEZRAVEARBRBWEEDLN S, APIETE,
BicHbosRWR E- s mEEMEHT &t Lk,
BEREAZ VORBROY L, BAAVvObDE2HIK

WL, ToORT, 7 vt 4 v IiHERE TRER
MHEIZS - TWBED, Thid water dip & Wb Bk
EREBBHOE— 7 OEETHE. KOAILLEI 0
b AEREENEICE - TELFE, BoniE—2
TR LBREE OTRLTHZ) TRKEEE TER
HEHAREWV., ) VB & VRRBA A v ORERIE, F9
KOWK s 5 7 TEBEBL >TVWBEY, ZOEER1
TR, -, ZOEHBHS TRV, Bflig—K
DBIRKTREE OBV LB S, LHL, #F0
BEEGHL S TERE LTS LoLAB V., o1 £
i3, 20-100 ppm OEEER F TEERENSTL D /25 7.
Tuh) TEEBA A TS, MK 7 CRER

L E)
s
[
0
102:
> L
ST
C_) L
~
10
o] £
[0} E
pukt
c [
~ L o
S L © F~ (after water dip
o o cCI- correction)
1: [m] NOZ_
C A Br™
L ® NOj
r ® P03~
r ® S0Z°
o__lLJHI Lol Lol Lo el 1
! Qo1 1 10 100

Concentration / ppm

BOX A4 v OREE (727 —1=30uS)
© & water dip #WE®%D F~ orv-2

Fig. 9 Calibration curves for anions (© indicates F~ peak after water dip correction).
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4AYI ORI 5T 4 =BT BE B & Y OREEEE KT ~OIGE (&4 &)

ThHoMEDEXIRT D bAREL, Bfin—kAT
B, EEEKIC 5 mM EDA - 10 mM #EAHRE 6 H
LTBLNRER O —RATREL o, AN YL
HLRA 4 v oMt Bu T, MEREBEEERT2
DH LW,

INSDA F v oM b SRISITEIT- 1 &BA 4 v
ZOWT, BB TEGMESTY b EBEHEH O R
AEEHTEIRICRLAL 2RI, KEBRLHE
BT AREBARSRLLY, Thid/ A X030 —
7EE (S/N=3) 252 3 BETH 5. EBROFRET
BEOBVWERICRBFIHEOBESSLETHS. i,

HEBIR 50l TIT->-TWaM, HILBEAHPLAD
BHEA 5 & (WeTZEL et al., 1979) Z@HT NI, F2
EOMMMBEF LD SHESVWRE LT 2 EMNARETH
5.

44 o W # % '

1A vru=b 757, B2ROSIEMHIHEEL,
15-30 STEIAHER 23 L TRE L IIREB I,

FEkEEZ, 5L 0.22m £/4130.45um
D7 4 g —TAHBLIEEZ25ml OV ) vyYitkb,
AFvou< 3709 7Y v Iv—7 (FE 50
e WEATS. £, HE25mlOYY yYic

E
sl | £ £ £
al la a a a
@l I~ '3} a a
ol o o Q L)
) |~ » ] -
1 1 0]
wilo + »
© ‘3\ o & §
™) z 3 £ E
) (S
[0} a 9
8 a
» 3 nQ €
0 5 J
X S ] §+Of g
% - - 7] S M|l Y% & ¢
X oll o g ©
) - o O
£ & &
E a € ] _
a a £ O b=
a < a E 8
3 N a & © i
- A g 0 e}
NS g 0 o]
(e o [} +
1%} + &
3 i s £
y c &
0
€ j al + € E
al & a a
alg £ n} € a a
&rlg & & § |e e e
SlLlo 9 3 & la E NN
mjo|™ N (o] Iy a O S £
, ng [ E IR A [T} € O N &
OCalo o | - £ Ea E aQ
b Zalz o oy - a al & a
O [Te} O o a Q.o £ a in
= N ||D z o o|| |a [e) +
[N ! -~ T 1+ Q e o N_
me & & o 2
(o] o n + ol g el + << <
(%) o X =10 4 No -
') £ %) o o ] £
0 a 2 2 &
o] n
v &
T o
Lo vy L v b Lt brealeieadgag l‘[xilllllllu vl luvarlaag
o 5 10 min o] 5 15rnin 0 10 20rnin 0 5 10 1S min

IR BEAAYDro< 7540 (L Bk TR
Fig. 10 Examples of chromatogram for various ions.
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HWHEEEFRHARGEBE F0S

LD, ZOD5RIC0.22m £/ 0.45um OF 4 AR
DFETNT 4 NF =L DD, 1A VIS5 T
DY YTV ITN—TEEATE. YT v T
ZEBELTERB 2D 7 2IEAT B LRI, 1 v 57
L= —DRF— Xy VEFLTRATET 3.

FA—&HFicsw T RBaEERKR (814 H: F
3ppm, CI” 4ppm, NO;” 10ppm, Br~ 10 ppm,
NO;~ 20 ppm, PO,” 25ppm, SO " 20 ppm; 7V
AV E&E4 A+ v Li* 1ppm,Na* 5 ppm,NH;" 10
ppm, K" 10ppm; 74 U HELEA 4 v H: Mg 10
ppm, Ca®" 20 ppm, Sr** 50 ppm, Ba®" 100 ppm;
BHLEA 4 vH: Pb? Cu* Mn? Co?* Zn™
Ni?* 5ppm, Fe (III) 1 ppm, Fe (I) 5ppm ; HEE
T B4 A4 v COE 100 ppm,BO*” 25ppm,) %
AEL, zor—s@EE (FRE—-28%) 2HEKL
TEEEITH. TVHI)IHER 4 v OB, 2
BEORERK (LiloBRE L 2D 1/10 DEE) %{E
BL, SHmERTEREITS

4.5 FEEKEE OS5

AFxvra< 73 72H0T, #ITFKSERE K
HREHDREA 4 V2O Lfi25E 10 RicR L.

HAEEABR LT 0ul THEH, 0.0nppme
HEBEDOA 4 v dHIEE LTS, $h, FH2045
1oTORICHBED A & v IsatrasnTH 0, ERDE
BRAWFIRELEL LEVWRELFIEEZF LTV S,
$, BARKIBEKEREA A Y I D275 T7TH
WLRER ICHEEBLTHE) LioBFETHHFL
TR EELBLTRLEY, WIFhbBL—HERY
TW5, AFv 70275 70BRCRBEA 4 v ES
HMLESBSOERLTWAOT, HERIC X3RRI
KBOLWTRONB XS BLES A v OEEERZT B E
B, EEEORVERSBELNTVESDEEL
3.

A4V Iu2 75 7BV TR L -
TEHR%E, E—/OREFILL->TERBEIT-> TS,
B> T, RFETIEES A~ DHBED B WEH% KR
Lehs, ThdooA 4 v URRRRER>THEN
AxVYHEET S E, BokiEREBIERENS S,
L L, BkERoSMrics T IC Lo ET
BoONBREBB-HLTVWE LS, APED
ARG TRBETRCECREELTVEVEDELE
Zbhb.

Ak A2 vrav bS5 7REBEBKIERES 4 VY OEREE

Table 4 Analytical results of various ions in inland waters determined by ion chromatograph.

(BLAL @ ppm)
GW1 GW 2 GW3 RW1 RW 2
IC & fthik IC i fthik? IC # fthie IC # flik? IC & fthike
F 5.06 4.75 3.76 3.77 4.02 3.92 0.04 n.d. 0.42 0.27
Cl- 0.89 0.92 0.79 0.82 0.84 0.75 2.06 2.07 3.01 3.00
NOj3~ n.d. — n.d. — n.d. — 0.75 — 1.62 —
S04 0.38 <5 n.d. <5 n.d. <5 17.7 16.8 91.1 89.6
GW 4 GWS5 RW3
IC & il IC & kb IC#& fihk®
Li* 0.02 0.02 0.04 0.04 Cu? 0.03 0.02
Na* 41.9 40.5 36.5 35.2 Mn?* 1.13 1.22
K* 0.29 0.34 0.55 0.43 Co? 0.13 0.16
Mg? 0.03 0.03 0.08 0.12 Zn?* 0.20 0.16
Ca? 2.75 2.76 6.30 6.41 Niz 0.04 0.15
GW1 GW4 GW5 "RW1 ow1
IC % itk © IC & fhitze IC & ke IC#& fthik IC & fitnike
COs* 110 113 105 106 100 99.6 9.5 10.5 105 112
BOs*" n.d. — 0.83 - 1.7 — n.d. - 12.4 —

a IR W@T 7 Y YBOEREERE Clm@F4 o7 vET 2 KMBOEKEY: SO2 17 o sl v ABERERICLS

b RFBOCHEICEL B c TR K S
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A4V IR b0 57 4 —ICBT B BA T v OFREEE EEAMT~OIGE (&H &)

44 vrue s rs 7 2RV EAREREKOMIC S,
B L UG, ik (EREh, 1979 ; TRuJILLO et
al., 1981 ; WiLken and Kock, 1985), MEAKHL
AR Lisi &R, BRI, 1979 SEE L,
1982) 2 & OfRAICSERTH 5. Hic, B
DA v bIEKE & T NIEA O AIRES 72 % (GrEEN and
Woops, 1981), HERHPTH 3.

5. ¥ & ®

A Fvrou<x bS5 75HOCERAZTY, TVHVE
BAZxy, TAh)IHERA A Y, BELEBAA Y,
REB - v WA A vEEBFT S0, FEA4 VOB
B s AEICRE 4 3 s i, 7 oSS
BET LBk O&TEA 4 v O EERET L.

(1) B4 A4 vairTiy, Kb vy v a<REUKER
F 0y A<FREBETF b U Y s ONEC AR O IRBERELTS
<, 7 odbta & v, B|AkA A v, BB A, 1
B4 4 v OIRcEET 3 2 &8s TwED, ) Vg
4%V, WAL v GEHROBEHIC X - THEHIESE
1A, U VB4 A v, ABIES 5 LhTR PO T
372 ¢ HPO THEELTWA b EHES NI,

@2 7AVERBA X v ONTTIR, BEKE LT
DHEFRECTEZD, TAHY THEELBA A Y TREBO
HCREHSRETH D, EDA 2FRNT 2 L46ENH -
fo. TOBE, EDA BEA2EY 2 & EHEE ERML
BIo@ErRER L.

(3) 8, WHFZOERLEAAVIEy 2B (LIOH T
pH #E) 2EMRIC LT, &0 2ME3Mer
PDCA (Fefg - BelE+ bV v 4T pH W8 2AHK
KLTHILE., WTFholBdd, E¥LSEA 4 VILE
Bl A A VB OBA LB THEEL TV B LHEESh
fo. NOF VAT URTVAVER - TVH Y TSR
4 4 v RBETESNCEB Ly, BREREA 2 0
AICREFEBIETH <, PDCA & D EBERL P
TS+ B ERICEHT 2EASED SR

(4) B RRISI AR OB I > TEML
7ehs, BREE e v B4 A v OREHRESs AL
ot

(6) DILofRBEHORE» SEKDOZES 40O
BEATEGEEEL, ERREST LR, ik
L AAWHEREBL—EMBRE SN, KiklE 50ul (E
Bizy ) v O aRMET A4 0.5ml DL ok T 20
DO T OMIICEEDA 2 Vs ppb BELVNVE TE
Box, ek SaEicgEn, BE BES bR
HEHBLA BT EMHELMEL -1,

ARFFLE, ENHBEER T IEEBRTRE (8 v ~ViREHE
BEZEYI O FEREEIC B4 2 MU0 | o—R& LT
=7, BRIC, ARFFET O Yy, MERERSL
R BAIEEER, o BESEAREE2Y THEV .
T WELEH W LET.
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