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Ion chromatography (IC), which was introduced in 1975, has become widely used for the
sensitive and simultaneous determination of ions: In the early stage, the IC system consisted of
two ion-exchange columns (separator and suppressor, respectively) and a conductivity detector.
Although this combination is still the most popular, new forms of separation and suppression have
been developed. On the other hand, an indirect photometric detection using a UV detector has
become popular in IC and other detectors commonly used in HPLC also have been used. Each of
them has specific advantages for different types of analyses. Thus, IC is now defined as a form
of liquid chromatography of ions. This article reviews new developments of the different forms
of IC and their applications, especially to environmental samples, foods, biological materials and

drugs, from reports published since 1990.
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TasLel. Applications of IC to Ionic Determination in

Water and Air Samples

Chromatographic

Eluent, 5 mm NaOH ; Detection, UV

Analyte Sample e Remarks Ref.

conditions

Nat, Mg*, Ca*", Sea Water, Columu,Dionex CS-2, Eluent ; 2.5 myM Zn/ethylenediamine eluent ensures the 154)

Sr2t high salinity sub- ethylenediamine/5 mm HCI/1 mm separation of Mg?*, Ca** and Sr** from
surface water Zn** : Suppressor, CMMS(40 mm a large excess of Na*,

Ba(OH),) ; Detection, CD

Cl-, SO Auxiliary coolant Column, Dionex AS4; Eluent, 2.25 To remove the excess of NO,~, which 155)
(from nuclear mm Na,CO;/2.8 mm NaHCO;; Sup- interferes with Cl- determination,
power station) pressor, AMMS (25 mm H,SO,); reduction with sulfanilic acid is effec-

Detection, CD tive.

F- Mineral spring Column, Dionex-AS4A ; Eluent, 3-30 F- in samples containing acetic and 156)
water, treated mm NaOH; Suppressor, AMMS (13 formic acids is separated from each
waste water mM H,S0,); Detection, CD (I)\]th(e)ery the step gradient elution with

aOH.

HCO;~ River and lake Column, Develosil 30-5; Eluent, 20 Sample—filtration-—>pH adjustment to 157)
water mM Na,B,0, ; Detection, CD 7.3-IC injection.

. Determination range, 2—20 pg/ml
Oxyhalide dis- Drinking water Column, Dionex IonPac AS9; Eluent, Borate eluent improves separation of 106)
infection by- 30 mm NaOH/120 mM H;BO, ; Detec- trace levels of Cl0,~, ClO;™ and BrO;~
products tion, UV (195 nm) in the presence of high conc’n of CI-

and CO,%.

F- Drinking water Column, Dionex CG4 ; Eluent, 90 mM Sample—formation of AlF?* by addi- 158)
K,SO,/HNO; ; Post-column reagent, tion of excess AIK(SO,),~injection—
8-hydroxyquinoline sulfonate(HQS); post-column formation of AI-HQS com-
Detection, FL plex.

SO* High salinity sub- Column, Dionex AS4; Eluent, 3 mM Peak shape of SO, is affected by the 159)

surface brine NaHCO,/2.4 mm Na,CO,; Suppres- presence of high conc’n of other salts.
sor, AMMS (12.5 mm H,SO,) ; Detec-
tion, CD .

Organic acids Rain water Column, Dionex HIPICE-AS1; To enhance the sensitivity of organic 160)
Eluent, 0.05 mm H,SO, ; Suppressor, acids, Na,SO, is used as the scavenger.
81\D/IMS (2.5 mm Na,SO,) ; Detection,

Cl,NO,-, SO~ Rain water Column, Shim-pack IC-Al; Eluent, 2. Detection limits, 2 ng/ml Cl-, 7 ng/ml 161)
5 mu phthalic acid ; Detection, CD NO3)' and 5 ng/ml SO,* (200! injec-

tion

NO,~, HCO,~ Sea water Column, Asahipak ODS-50 ; Eluent, 1 With an acidic eluent, NO,~ and CO,>~  21)
mm H,SO, ; Enhancer, 25 my are retained on poly(vinylalcohol) gel-
Na,50, ; Detection UV or CD based reversed-phase column.

Cl-, NO,~, River and rain Column, Tosoh IC-Anion-PW; Mg* and Ca** form anion chelates 88)

SO.%, Mg™, water Eluent, naphthalenedisulfonic acid/ upon contact with EDTA eluent.

Ca* %)PTA/acetate buffer ; Detection,

Nitric and Air Column, Dowex 2-x8; Eluent, 40 mu Nitrogen oxides are trapped by a hand-  146)

nitrous acids Ba,B,0,/10 mm NaBr/10 mm K,SO,; made denuder.

Detection, NO, is reduced to NO, by Detection limits, 80pptv NO, and 230
Cd) reductor—diazotization—>VIS(555 pptv NO,
nm

SO, Air Column, Dionex AS4A; Eluent, 40 H,0,, an attractive scrubber liquid 162)
mm NaOH ; Suppressor, Nafion sup- oxidizes SO, to SO;*~ completely.
pressor (4.5 mm H,S0,), Detection, CD S({f‘ is concentrated onto an AG-5

column.

Nitogen oxides  Engine exhaust gas Column, Tosoh IC-Anion-PW ; Exhaust gas—oxidization by ozone 147)

CD, Conductivity,detection; UV, Ultraviolet photometric detection ; VIS, Visible photometric detection ; FL, Fluorescence detection ; ECD, Electro-
chemical detection ; IDP, Indirect photometric detection
AMMS, Anion micro-membrane suppressor ; CMMS, Cation micro-membrane suppressor.
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Tansie II. Applications of IC to Ionic Determination in Food Samples

Analyte

Sample

Chromatographic
conditions

Remarks

Ref.

Na*, K*, NH*

Oxalic acid

p, L-Malic acid

Br03 -

Ca?*, Mg**

Organic acids

SO~
malic acid

Acetic, lactic,

gluconic, pyrog-
Jutamic and suc-

cinic acids
NH,* (total
nitrogen)

Dairy product

Beverage, vinegar
and sugar

Vegitable

Fluit juice

Foods

Milk

Beverage, wine and

Japanese sake

Spinach

Vinegar

Kjeldahl digest

Column, Vidac 302IC; Eluent, 5.5 mm
KH,PO, ; Detection, ECD

Column, Hitachi 2720-SK-IC; Eluent,
3 mm HCL; Detection, CD

Column, Dionex AG4A ; Eluent, 1 mm
NaHCO,/15 mm Na,CO;; Suppres-
sor, AMMS (2.5 mm H,SO,); Detec-
tion, CD

Column, Tosoh IC-Anion-PW;
Eluent, 1.5 mv Cu(OH),/3 mm L-
tartaric acid (pH4.8); Detection,
UV(283 nm)

Column, Dionex AS4; Eluent, 2.3 mm
Na,C0,/2.8 mn NaHCO,; Suppres-
sor, AFS-1 (25 mm H,SO,); Detec-
tion, CD or UV (193nm)

Column, Shodex Y-512; Eluent, 2 mm
ethylenediamine/4-mm tartaric acid;
Detection, CD

Column, Yokogawa SAM3-075;
Eluent, 2.5 myM potassium hydrogen
phthalate ; Suppressor, cation
exchange tube (15 mm H,SO,) ; Detec-
tion, CD

Column, Dionex AS4A ; Eluent,
1.8my Na,COs/1.7 mm NaHCOs;
Suppressor, anion fibre (12.5 mm
H,S0,) ; Detection, CD or UV

Column, Tosoh IC-Anion-PW(Xx2);
Eluent, 0.45 mm o0-aminobenzene sul-
fonic acid; Detection, IDP (302 nm)

Column, Waters IC-Pak Cation or
Protein Pak SP-SPW; Eluent, 2 mm
HNO, (AcOH-H,S0, digest) or 25 mm
HN03/5% MeZCO (KZSO,; . H;),SO4
digest) ; Detection, CD

Milk ; Deproteinization by adding
MeOH~ SepPak C5 cartridge— filtra-
tion—IC injection.

Cheese ; mixture with water is
homogenized—the same as the above.

To remove anions, sample is passed

through an Amberlite IRA-35 column.

Free oxalate is extracted in boiling
water, and total oxalate is in 0.1 m HCL.

Sample—dilution with the eluent—
ultrafiltration - IC injection
(enantiomer separation).

Sample is ashed in NaOH/EtOH at
500C—the residue is dissolved in
water and filtered prior to injection.

Sample is acidified by addition of 1 m
HNO, and then centrifuged (3500 rpm,
5 min)—filtration—injection.

Sample — dilution — filtration — injec-
tion (10 ul).

Detection limits, 0.6 (malonate)-3.3
ppm (acetate).

Spinach is dried (3 d, 70C)— the
ground sample is extracted with eluent
—the supernatant is injected onto the
IC column.

Simultaneous determination of organic
acids using the analyte peak enhance-
ment effect induced by the system
peak.

High cation-exchange capacity column
ensures the resolution of NH,* peak
from a large excess of K* peak.

134)

132)
163)

136)

164)

165)

13)

166)

84)

167)

ENTniz,

L L, ZO%ROEMERTIT 7L

SRR, A A RADREAEE LT, Xl F

H—% BEL LW/ o7y —RIC %24
&4, HPLC L DEMEZEW) Fh- 72, TR, IC
34 A VRSSO 2D HPLC L EHEN BT
EY, —FEFEAMR S N BEEES JIS K 012712
BWTY, ICII HPLC m#Eibw J ICMAANL LN
T3, 2z &ldiic, HPLC DHEAiHIES D E
LI IC~NERTELZE2ELTEBY, KBS,
LbBELP L1z, ICIZIZFECD, MS & 5icid
ICP-MS & Vo 2R OGHBEMPTBEAI LT
5. HPLC OHfi#Egoski < BY, A+ > Baath
BLLTHICHEBRIGEO LN TITLTHA
.

) —BEKE (CE) #EEE2EDHL L)L ->Tn»
5, ICICHETLECERILEERIERELDHE
THY, #N7z2e> CEICBEIT 5 M ROTEA I
DLNTWDE, ERA LT Y BGGIEOB R, L
21T, Yo 0BICHEROEZHITET Z 3%
WEFEEINEA, CENHf b BFICESRL TB
D, T TICoMRE E REHSEORTIZIC 2 ENT
Vb EWwz k9. Current Contents sEiCHBE S N5
FCEUS, ICICBIT AEVTEIT L TH B DKL
T, CEICET 2 #&EI3 3 Tic 1990 45 IC i B
TAHEHARE, HETRZOEIEEIELT
W3 ZEERREICTmL TEB <.

NII-Electronic Library Service



Vol. 40 (1994)

Tabie 111

Applications of IC to Ionic Determination in Biological and Pharmaceutical Samples

Analyte Sample

Chromatographic
- conditions

Remarks

Ref.

Glycolic acid Urine

Urine

Sulfate and sul- Breast milk

foester

Oxalic acid Plasma

NO,~, NO;~ Gastric juice and

urine

Fe(1l), Fe(IIL) Rat liver

SCN- Saliva and urine

Human serum and
urine

SO.%

S0 Biological fluids

and tissues

Cl, Ca** Ringer’s injection

Alkaline-earth Vitamine tablet
and transition
metal ions

I- Medicines

Column, Dionex CarboPac PAI;
Eluent, Na,B,0,-Na,CO; gradient;
Suppressor, AMMS (50 mm H,S0,):
Detection, CD

Column, Shiseido Capcell Pak Ciq
coated with cetyldimethyl butylam-
monium salt ; Eluent, 0.8 my nicotinic

acid/0.01 mm uric acid; Detection,
IDP

Column, Dionex AS-2 ; Eluent, 2.4 mm
Na,C0,/3 mm NaHCO; : Suppressor,
ég/IMS (13 mm H,SO,); Detection,

Column, Dionex AS-2(x2); Eluent, 2.
4 mm Na,C0,/3 mm NaHCO; ; Sup-
pressor, AMMS (125 mm H,SO,);
Detection, CD

Column, Dionex IonPac AS5 ; Eluent,
2.1 mm NaHCO./1.7 mm Na,COs;
Suppressor, AMMS-II{0.07% H,S0,),
Detection, CD

Column, Tosoh IC-Anion-PW;
Eluent, 2 mum diethylenetriamine
tetraacetate ; Detection, ECD

Column, - Shiseido Capcell Pak CI8
coated with cetyldimethylamine ;
Eluent, 1 mum citric acid; Detection,
UV (210 nm)

Column, Waters Anion IC-Pak;
Eluent, 4 mum potassium hydrogen
phthalate ; Detection, CD

Column, Dionex IonPak AS4A;
Eluent, 1.8 mm Na,CO;/1.7 mm
NaHCO,/4.5% MeCN ; Suppressor,
AMMS-T; Detection, CD

Column, Waters IC-Pak A HR;
Eluent, 0.8 mmM EDTA ; Detection, CD

Column, Wescan cation chromatogra-
phy column; Eluent, 1.5 mm eth-
ylenediamine/2 my tartaric acid or 90
mm  hydroxy-iso-butylic acid; Post-
column reagent, 0.2 mm Eriochrom
Black T (EBT)/0.2mm Mg-EDTA;
Detection, VIS (520 nm)

Column, Tosoh IC-Anion-SW;
Eluent, benzene tricarboxylic acid;
Suppressor, AMMS (125 mM H,
SO,) ; Detection, CD

Urine is passed through a PrepSep C-18
cartridge—~the effluent is diluted 15-
fold prior to injection.

Detection limit, 0.19 ng/ul.

Sample is passed through a Dowex
50w- X8 column to remove cations—
5-fold dilution—100 gl injection.
Detection limit, 0.06 xg/ml.

Sulfate, sample is deffated by
centrifugation and then deproteinized
by adding MeCN—the supernatant is
diluted prior to injection.

Ester, sample—acid hydrolysis with
HCli—the same as the above.

Plasma is acidified by HCl and then
ultrafiltrated—dilution with boric acid
—200 xl injection.

Detection limit, 1 um.

Biological samples are passed through
a C;4-SPE and an IC-Ag*SPE columns
prior to injection.

Homogenate—centrifugation (10°g, 1 h)
—ultrafiltration—10 xl injection.
Detection limits, 0.5 um.

Detection limit, 0.02 xg/ml.

Serum, ultrafiltration— 8-fold dilution
—injection.

Urine, centrifugation—»80 to 100-fold
dilution—injection.

Fluid samples are diluted 500-fold with
1 mm NaOH-IC injection.

25% homogenates of tissues are
centrifuged — the supernatant is
extracted with CHCl,—the top layer is
injected.

Sample—dilution—100 1 injection.
Detection limits, 0.2 pg/ml Cl-, 0.04
ug/ml Ca?*,

Eluted metal ions displace Mg?*, which
then forms a complex with the EBT.

Sample—dilution—addition of ascor-
bate—50 gl injection.
Detection limit, 38.1 ppb I".

133)

41)

168)

137)

131)

138)

40)

139)

169)

170)

171)

172)
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