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Annotation
An ion chromatographic method for determination of anion composition of natural waters was described.
An automated 850 IC Professional, Metrohm system equipped with conductivity detector after chemical and
carbon dioxide suppression was used. The main analytical characteristics were estimated for each of studied
analytes. The trueness of the method was estimated by analysis of certified reference material for soft drinking
water. Recovery test was performed on spiked drinking water samples. The method was applied for analysis of
drinking water before and after chlorination, as well as high mountain lakes. The main directions of development
of the ion chromatographic method in the field of applications are summarized. Special attention is paid to high—
speed and high— performance chromatography. The analytical capabilities of the ion chromatographic method
are compared. It has been shown that in many cases for analytical practice there is no need to use expensive
equipment. Chromatography is one of the most promising modern methods in determining product quality. The
method is actively used both in production and in laboratories.
Key words: natural waters, monitoring, anions, ion chromatography, waters.

AHHOTaNUA

OnrcaH HOHO— XpoMaTorpadu4ecKuil METO/I ONpeACICHHsT aHHOHHOTO COCTaBa MPUPOJHBIX BOI. bbiia
UCIIONIb30BaHa aBToMaTtm3upoBaHHas cucremMa Metrohm 850 IC Professional, ocHameHHas IeTeKTOpOM
MPOBOAUMOCTH  MOCIE XUMHUYECKOIO U YIJIEKUCIOTHOTrO nojaBieHus. (OCHOBHblE aHAJIUTUYECKHUE
XapaKTEePUCTHKH OBLTM OICHEHBI IS KaKJOr0 W3 HCCIIENYyEeMBIX aHaJHTOB. J[OCTOBEpHOCTh MeToma ObLia
OIICHEHAa IyTeM aHallu3a CEePTH(OUIMPOBAHHOTO JTAJOHHOTO MaTepHana M MSATKOW ITHTHEBOW BOJBI.
HcnpiTanne Ha BOCCTAHOBJICHUE MPOBOAWIOCH HA 00pa3ax MUTHEBOW BOJBI C MIMIIaMU. MeToa NpUMEHEH s
aHaIM3a MUTHEBOW BOJBI IO M TIOCIE XJIOPHPOBAHWSI, a TaKKe BBICOKOTOPHBIX o3ep. O00OIIeHBI OCHOBHBIE
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HarpaBJeHUsT Pa3BUTHS HOHO—Xpomarorpaduyeckuii merona B obmactu npumMeHeHuil. Ocoboe BHHMaHUE
YZIEJICHO BBICOKOCKOPOCTHOW M BBICOKOA((eKTHBHOM Xxpomarorpaduu. [IpoBeneHO cpaBHEHHE aHATUTHIECKUX
BO3MOXKHOCTEH MOHO—Xpomartorpadudaecknil Merona. IlokazaHo, YTO BO MHOTHX CIIydasxX IS aHAJTUTHICCKOH
MPaKTHKA HET HEOOXOAMMOCTH B HCIIONB30BAHUH IOPOTOH ammaparypsl. XpoMaTorpadus sBISETCS OTHUM H3
MEPCTIEKTUBHBIX COBPEMEHHBIX METOIOB B OMNPEACICHUH KAadeCTBAa NMPOAYKIHMH. METON aKTHBHO NPHUMEHSACTCS
KakK Ha IPON3BOJICTBE, TaK M JIAOOPATOPHIX.

KaroueBble ci10Ba: MpUpOAHBIE BOIBI, MOHUTOPUHT, aHHOHBI, HOHHAS! XpoMaTorpadus, Boza.

Angarna

Taburu cynap/blH aHUOHHBIH KYPaMbIH aHBIKTAy YIIiH MOHABIK XpOMaTOrpadusuIbIK Sfic CHIIATTaJFaH.
Metrohm 850 IC Professional aBromarranasipbiIFan Kyiieci maimanaHbUIIb], O XUMHUSUIBIK KOHE KOMipTeri
TUOKCHIIHIH COHYIHEH KEeHiH OTKI3Tilml HeTeKTOpMeH >XaOmaslkranraH. Herisri aHaNWTHKANBIK CHIIATTaMaiap
3epTTEIreH aHANWTHKTCPAIH OpKAWCBICHI YINiH OaramaHAbl. OMICTIH CEHIMAUI JKXyMcak aybl3 CyFa
CepTUPHKATTANFAaH AaHBIKTAMAJIBIK MaTepHalJapAbl Taugay apKbUIBl OaramaHAbl. AINBIK aybl3 Cy YATiIepi
OOMBIHIIA KaNIbIHA KEeNTipy CHIHAFBI OTKi3uImi. Bynm omic xmopriayra neifiH >koHe OJaH KeHiHTi aybI3 CyIHI,
COHJali— aK anbIli KeNAepiH Tajmay YIIiH KOJIaHBUIAABI. OTIHIIITEp calxachlHOa HOH XPOMATOTPA(UIBIK
O/IICTEpIH JaMBITY/BIH Heri3ri OarbITTapbl KenTipiireH. JKorapbl SKbUIIAMIBIKTBI JKOHE JKOFAapbl ©HIMII
Xpomarorpagusra epekiie keHin oemineni. Mouasl XxpomarorpadusuibIK SAICIHIH aHATUTHKAIBIK MYMKIHIIKTEpi
canbICThIpbUIaAbl. KenrtereH jkaraainapia aHAUTUKANBIK TOKIpHOE YIIiH KbIMOAT >Ka0JbIKTHl MaliaasaHyIbiH
KaXeTi KOK eKeHiH KepceTTi Xpomarorpadusi eHIMHIH CalachlH aHBIKTAyAarbl €H IEePCICKTUBAJbI 3aMaHAyU
omictepi Oipi 6ok TabbUTaABI. Byt ofic eHIIpic MeH TabopaTtopusiiapaa OeJICCH I KOJIAaHbLIa b,

Tyiiinai ce3nep: Taburu cy, MOHUTOPUHT, aHUOHIAP, HOHIBIK XpoMaTorpadus, cy.

Introduction

The environmental monitoring of pollutants in waste, surface, drinking or natural water
is a requirement for achieving a good ecological and chemical status of the water, for
protection of human health, the water supply system and natural ecosystems [1, 2]. Particular
attention is paid to natural water as a medium for the migration of chemical elements and
compounds with natural and anthropogenic origin. Many factors can have an influence —
climate, relief, geological structure and rock formation, soil and vegetation cover and
anthropogenic factors.

Up to now chemical monitoring of the high mountain lakes in Bulgaria has been carried
out in the period 1993-1996 in the Rila Mountains. There was no indication for
contamination with heavy metals in the considered mountain lakes, the results are below the
limit of quantification of the used methods for analysis [3, 4].

Nowadays due to intense development of chemical and biochemical technologiesnew
substances appeared in the environment, which imposes determination of new analytes in
common matrices or standard anions in new matrices.The environmental and health
authorities, as well as modern industrial technologies impose stringer demands to the water
quality and methods for determination at trace levels are highly demanded [5-9]. lon
chromatography appears to be widely studied method for anion determination in different
matrices in very precise and accurate manner offeringlow detection limits, low sample and
reagent consumption, as well as short analysis time [7-14]. A line of studies on optimization
and validation of ion chromatographic methods for anions determination aimed at ensuring
quality of the results and their fit for purpose according to the demands of customers have
beenrecently published [7-15].

This paper presents the results from determination of anion composition of treated and
untreated drinking water, as well as high mountains lakes by ion chromatographic method
with conductivity detection after chemical and carbon dioxide suppression.
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Experimental

1.1 Instruments and operating conditions

An ion chromatographic, metal- free system (IC-850 Professional model, Metrohm
AG, Switzerland) controlled by Metrodata MagIC Net™ software and equipped with 858
Professional Sample Processor, sample filtration system with a 0.2 pm regenerated cellulose
membrane, six channel injection valve, low pulsation high— pressure pump, chemical
suppression and CO2 suppression, eluent degasser and conductivity detector was used. The
separation was performed on a Metrosep A Supp 7-250 column (250 x 4 mm, polyvinyl
alcohol with quaternary ammonium groups, 5 pm particale size), Metrosep RP 2 Guard/3.5
(polymer with pore size 0.2 um). In order to keep the baseline signal as low as 0.99 uS/cm,
0.1 M sulphuric acid solution was used for regenerated chemical suppression. The optimized
chromatographic parameters are presented in Table 1. Eluent solution was prepared by
sodium carbonate suprapure Na,CO3 (CertiPUR®, Merck, Darmstadt, Germany). Multi ion
standard solutions of fluoride, chloride, nitrate and sulphate were prepared by appropriate
dilution of their anion standard stock solution (Fluka 1000 mg/L for IC, TraceCERT®,
Sigma-Aldrich, Buchs, Switzerland). All solutions were prepared gravimetrically in Milli-Q
water, (Mill-Q Direct 8, Merck Millipore; resistivity > 18.2 MQcm, equipped with a
Millipack 0.22um filter). Certified Reference Material for soft drinking water UK — Anions
Ne ERM® — CAO016a, LGC, Teddington, Middlesex was used to confirm the trueness of the
method. Sulphuric acid (96% Suprapur®, Merck KGaA, Darmstadt, Germany) was used in
conductivity suppression regeneration system after appropriate dilution. Before measurements
the solutions were filtered by MF-Millipore™ membrane filter with pore size of 0.45 um
(Merck KGaA, Darmstadt, Germany).

Table 1 lon chromatographoperating conditions

IC— 850 Professional, Metrohm AG

Column Metrosep A Supp 7— 250/4.0
Precolumn Metrosep RP 2 Guard/3.5
Eluent Na,CO3 (3.6 mmol/L)
Eluent flow rate 0.7 mL/min

Elution mode Isocratic

Sample volume 20 uL

Column temperature 45 °C

Detection Suppressed conductivity
Determination mode Peak area

1.2. Reagents and Certified Reference Materials

All solutions were prepared gravimetrically with deionized water Milli-Q(18.2MQcm,
Millipore, Merck).Multiion standard solutions were prepared by appropriate dilution of their
anion standard stock solution 1000 mg/L, TraceCERT®, (Sigma-Aldrich, Buchs,
Switzerland).Before measurements, the samples were filtered through MF- Millipore™
membrane filter with pore size of 0.45 um (Merck KGaA, Darmstadt, Germany).

Results and discussion

A previously developed and validated ion chromatographic method was used [16]. The
studied anions are separated by 3.6 mmol/L Na,COj3 eluent under the optimized parameters
presented in the Table 1. All anions were completely separated in a run with total analysis
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time of 30 min.The developed and validated methods allowed the determination of low
concentrations of anions which werebelow the established limitsfor natural water [17].

Analysis of water from high mountain lakes

The anionic composition is an important indicator of the water quality and ecological
lakesstatus. Different types of minerals, rock mass, acid rain, human and animal activity are
major sources of increased concentrations of anions in the water [8]. The results are presented
in Table 2 and 3. The measurement uncertainty varies between 7-10% for different
anions.Samples were also tested for bromide (Br’), bromate (BrOjs), nitrite (NO;) and
phosphate (PO,*).The results are below the detection limits and no contamination of the
water was found.

Table 2 Anion composition of waters of high mountain lakes from Pirin mountain, Bulgaria

lakes F BrO;~ cl- NO, Br- NO;~ PO, | SO/

mg/L mg/L mg/L mg/L mg/L mg/L mg/L | mg/L
Frog lake 0.017 <DL 0.20 <DL <DL 0.064 <DL 15
Eye lake 0.026 <DL 0.31 <DL <DL 0.054 <DL 1.3
M‘i;aktg"o 0.057 <DL 028 | <DL | <DL 016 | <DL | 20
Fish lake 0.027 <DL 0.26 <DL <DL 0.26 <DL 1.7
Long lake 0.020 <DL 0.25 <DL <DL 0.081 <DL 1.8
Lake under | /4 <DL 023 | <DL | <DL 0047 | <DL | 2.8

the Long

Analysis of drinking water

The validated method was applied for analysis of treated and untreated drinking
water [17]. The recovery for standard anions obtained in spiked certified reference material
for soft drinking water (UK — Anions Ne ERM® — CA016a) were between 98 and 106%. The
results are presented in Figure 1. The obtained concentrations are far below the recommended
chemical and indicator values in drinking water [5].
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Figure 1 Results from analysis of drinking water by
validated ion chromatographic method. Series 1. recommended concentrations [5];
series 2 untreated drinking water; series 3 — chlorinated drinking water
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Analysis of wet deposits

Wet deposit from region of Sofia, Bulgaria were analyzed by the validated method. The
chromatogram is presented on Figure 2. No matrix interference was observed. The retention
times of studied anionscoincided with the standards within 2 %. The studied wet deposits
contained fluoride, chloride, nitrate and sulfate ions at different concentrations depending of
the sampling site. Bromate, nitrite and phosphate anions were found occasionally.
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Figure 2 Chromatogram of wet deposit sample obtained at the optimized chromatographic
conditions with Na,CO3 eluent. Sample composition: F — 0.011 mg/L; BrO;~ — 0.115 mg/L;
Cl- —12.78 mg/L; NO; — 0.467 mg/L and SO4* — 0.905 mg/L

Conclusions

The selected methods were successfully applied for the analysis of water samples from
high mountain lakes, as well as drinking water before and after chlorination.The results
obtained in this study show that there is no indication of contamination with elements or
anions in the lake water. There were no deviations found from the legally acceptable values
for priority substances, which could present a risk to the aquatic environment.
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