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Abstract

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 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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OINPEJAEJIEHUE AHUOHHOI'O COCTABA INIPUPOJHBbIX BOJ
METOAOM NOHO-XPOMATOI' PA®UN
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AHHOTAINA

OmnrcaH MOHO — XpoMaTorpadUIecKuil MEeTO]| ONpPECIICHHS aHHOHHOTO COCTaBa MPUPOAHBIX BOA. bbiia
UCIIONIb30BaHa aBToMaTtm3upoBaHHas cucremMa Metrohm 850 IC Professional, ocHameHHas IeTeKTOpOM
MPOBOAUMOCTH  MOCIE XHUMHYECKOTO W  YIJIEKUCIOTHOro mnojaBieHus. (OCHOBHbIE aHAJIUTHUYECKHE
XapaKTePUCTUKN OBLIM OIICHEHBI IS KaXJIOTO W3 HCCIeAyeMbIX aHamuToB. J[ocTOBEpHOCTH MeTona Oblia
OIICHEHa TMyTeM aHaIu3a CEePTUPHUIMPOBAHHOIO OTAIOHHOTO MaTepuaja JUisl MSITKOW THMThEBOW BOJBI.
HcnpiTanne Ha BOCCTAHOBJICHHE TIPOBOAUIIOCH Ha 00pa3iax MUThEBOW BOJBI ¢ MIMMaMK. MeTO MPUMEHEH IS
aHaJIM3a MATHEBON BOJIBI JI0 U TOCIIE XJIOPUPOBAHUS, a TAK)KE BHICOKOTOPHBIX 03€P.

BriOpanHbie METONBI OBUTH YCIEIIHO NMPUMEHEHBI IS aHalu3a MpoO BOABI M3 BHICOKOTOPHBEIX 03€p, a
Takke TUTHEBOM BOABI JO M IOCIE XJOPUPOBAaHWS. Pe3yibTaThl, IMOJYYCHHBIE B 3TOM HCCIICIOBaHWH,
MOKAa3bIBAIOT, YTO HET HMKAKUX IPU3HAKOB 3arpsA3HEHHs] dJIEMEHTaMU WIM aHHOHAaMU B Boje o3epa. He
00HApY)KEHO HHUKAKUX OTKIOHCHUHA OT IOPUIWYECKH NPUEMIICMBIX 3HAYCHHU MJISI MPUOPHUTCTHHIX BEIICCTB,
KOTOPBIC MOTJIH OBI MIPEJICTABIIATh OIACHOCTH JIJIsl BOAHOM CPEIbL.

KarwueBble c1oBa: npupoHbIC BOIBI, MOHUTOPUHT, aHUOHBI, HOHHAsT XpoMmarorpadus, MUTheBast BOAA,
METOI,.
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Angarna

TaOuru cynapAblH aHUOHHBIH KYPaMBIH aHBIKTAY YIIIH HOHIBIK XPOMATOTrpadUsIbIK dIiC CHUIIATTaJIFaH.
Metrohm 850 IC Professional aBromMaTTaHIBIpUIFaH XKyieci MaifanaHBUIABL, O XUMISUIBIK KOHE KOMipTeri
IUOKCUIIHIH COHYIHEH KEWiH OTKI3TIII JEeTEKTOPMEH >KaOAbIKTamFaH. Herisri aHadWTHUKAaIBIK CHIIATTaMaiap
3epTTEIreH aHANIWTHKTEPAIH OpKAWCBICHI YIIiH OaralaHAbl. OMICTIH CEHIMALII JKYMCaK aybl3 Cyfa
CepTU(PHKATTAIFAaH aHBIKTAMAJBIK MaTepHalAapAbl Talday apKeUIbl OaralaHmpel. AINBIK aybl3 Cy YITiUIepi
OOMBIHIIA KaNTbIHA KEeNTIpYy CHIHAFBI OTKi3UImi. By oxmic xyopmayra neiiH >KoHE OIaH KEHiHT1 aybl3 CYIH,
COHJIaii — aK aybIli KOIAePiH Tangay YIIiH KOJIJaHbUIAIEL.

CynaH aybI3 Cy/bl XJIOpJay JCHIHT1 %OHE OfaH KCHiHr1 OUiK TayJbl KeJaep, COHAal — aK ChIHaAMaJap bl
Taljay YIIH TaHJagFaH oJicTep THIMAI KOJIAHBULABL by 3epTTeyleH anblHFaH HOTWKEIEp KepceTin
OTBIPFaHJal, KOJl CybIHJA JIaCTaHy JJIEMEHTTEpiHIH elIKaHiai Oenrinepi koK kepcereni. Cysbl opTara Kayim
TOHJIPETIH 3aTTap YIIiH 3aH/bI KOJAAHATHIH MOHACP/ICH CIIKAHIal aybITKyIap TaObLIMAa b,

Tyiiinai ce3nep: Taburu cy, MOHUTOPUHT, aHHOHIAP, HOHABIK XpoMaTorpadusi, aybl3 cy, dJic.

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 technologies new
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 offering low 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
been recently 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

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 um 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 um particale size), Metrosep RP 2 Guard/3.5
(polymer with pore size 0.2 pm). In order to keep the baseline signal as low as 0.99 puS/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, TracecCERT®, 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

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,CO;3 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 limits for natural water [17].

Analysis of water from high mountain lakes

The anionic composition is an important indicator of the water quality and ecological
lakes status. 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 (BrOs), nitrite (NO;, ) and phosphate
(PO4*).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;” cr 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
Muratovo lake 0.057 <DL 0.28 <DL <DL 0.16 <DL 2.0
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
Lt?]';el_“(;‘:;r 0.043 <DL 023 | <DL <DL 0.047 <DL 2.8

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; BrOs; — 0.115 mg/L;
Cl —12.78 mg/L; NOs — 0.467 mg/L and SO,* — 0.905 mg/L

Conclusion
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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