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Romania.

Groundwater in the village of Letcani, NE Romanies monitored during 2005-2006. It yielded very
elevated levels of nitrate, NO(up to 64 times the health guidelines), most Jikile consequence of
traditional agricultural techniques (use of manasefertiliser) and of the lack of a sewers network.
Boron, possibly contained in fertilisers, and salighof geological origin were also present in dieda
concentration.

INTRODUCTION

The quality of the environment as a whole is maidgtermined by the interaction between natural and
anthropogenic factors. Pollution of different emvimental compartments is a serious problem, edpeiia
the developing countries. Furthermore there is ssemtial need to monitor groundwater quality irfedént
regions of the world, because it may provide a sategce of drinking water and supplies an importaatium

for the monitoring of environmental chandes.

The chemical composition of groundwater is a meagdiits suitability as a source of water for human
and animal consumption, irrigation, and for indiatand other purposes. Groundwater quality reflect
normally the inputs from different compartmentsksas atmosphere and soil or from pollutant sousaeh as
agriculture, domestic and industrial wast®s.

Groundwater follows through the subsurface a waépathways and, normally, its influence on scefa
water quality is highly site specific (mainly duedpecific groundwater chemistry).

The present work reports on data from a progranmitiated in order to evaluate the effects and psees
of anthropogenic perturbations on groundwater laical scale. Based on the very elevated conceoirat
nitrate (NQ"), as determined in the groundwater of the invastig area (up to 64 times higher than the health-
based guideline level of 50 mg NQ.™%), considerations are made on the high potengklaf the nitrate level
for the population health. Analysis of other chemhigarameters (sulphate, $Q magnesium, Mg, calcium,
cd”, trace metals and possible organic contaminamtspesticides) allows better discrimination between
anthropogenic and natural contribution to the gowaier quality in the area.

RESULTSAND DISCUSSION

Samples of groundwater, over a period of 18 mo(295-2006), were collected in the surroundingshef
lasi town, in the rural village of Letcani, nortls¢éern Romania. The location of the sampling sgeshown in
Fig. 1. All the sites are traditional wells thakastill used by local people for irrigation andaininking
purposes, with the single exception of well 3. Thesstigated wells are ranging in depth from 3 r@am.
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Fig. 1 - Position of the sampling locations in Letcaasilcounty, NE Romania.
Nitrate

The monitoring of nitrate in groundwater yieldedyelevated values, ranging from 94.1+7.2 (well@puary
2006) to 3220.0+247.9 mg NOL™ (well 3, June 2006). The reported errors are stahdeviations of
measures made at least in triplicate.

Fig. 2 shows the trend of nitrate in different wel-7) during the year 2005. It is apparent a @eas
variation with a maximum around May-July in the ordy of the cases, which is compatible with inGee
microbial activity in soil during summer that wodkhd to enhanced oxidation of organic nitrogenteNbat
wells 8-11 were added in 2006 to the monitoringgpacame and yielded nitrate values in the range 788D-
mg NO,” L™ Additionally, the nitrate values in wells 1-7 @hg 2006 were included in the 94-3220 mgNO
L™ range.
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Fig. 2 - Time and spatial trend of nitrate in Letcaniwgrdwater (2005 data).



4

Precipitation cannot account for the occurrenceugh elevated nitrate concentration in groundwakscause
the nitrate levels in rainwater in lasi are in tlaege 0.22 - 12.1 mg NOL™.* Extensive use of nitrate
fertilisers has been reported to cause groundveatetamination in other locations, but the resultiiigate
levels were much lowerFurthermore, the low-technology agricultural teiges that are mainly adopted in
the Letcani area are unlikely to make very extemsige of nitrate salts. Accordingly, consideringpathe
seasonal trend of nitrate, microbial processingrginic nitrogen from human and animal wastesuitiog
manure, is the most likely NOsource to groundwater in Letcani.

Overall, nitrate in Letcani groundwater exceededipyto 64 times the health-based guideline levé&of
mg NO;” L™.° Such a value, mainly motivated by the methaemagéemia risk in babies, suggests that
Letcani groundwater can be dangerous for babiesnabhdompletely without risk for adults also. It wod
constitute a striking example of the impact of ttiadal agricultural activities and lifestyle (e.the use of
manure and the absence of a proper sewers netvadida), referred to as “natural”, on both the enwviment
and the human communities. From the point of vidwhoman health, the problem of nitrate does not
compensate for the limited or no use of pesticidabe area\ide infrg), which in turn constitutes one of the
main environmental problems linked with modern aglitural techniques.

Furthermore, nitrate levels thus elevated can aBose significant photochemical reactions when
groundwater is drawn to the surface for agricultuparposes and exposed to sunlight: substantial
photogeneration ofOH radicals®® and the production of nitrating agents in the fasfmitrogen dioxide
('NO,), with possible formation of toxic and potentiattyutagenic aromatic nitroderivative¥, are the main
reactions involved.

Organic compounds

Within organic constituents, pesticides, polycychcomatic hydrocarbons, aliphatic hydrocarbons and
organohalogenated compounds were investigatedrades of pesticides (<0.Q® L™), polycyclic aromatic
hydrocarbons (PAHs, <0.008g L™), aliphatic hydrocarbons (<50g L™) and halogenated hydrocarbons
(<0.1pg L™) could be detected in the groundwater samplesnstddy. This confirms the general impression
that agriculture in the area follows traditionathaiques, and allows exclusion of a significanerol possible
fuel spills that could take place during the manaigce of agricultural equipment or vehicles.

Hardness, Barium, Boron

The hardness of the studied groundwater samplegelatively high: the sum of [G§ + [Mg®'] as CaCQ
was in the range 500-1600 mg'l(equivalent to 50-160 °F), considerably higher paned to the usual
drinking water range of 10-500 mg'LInterestingly, in the Letcani area Mg dominatesrcCa, and levels of
100-200 mg Mg [* were observed, which is rather unust@hese levels are most likely connected with the
abundance of Mg (and Ca at a lesser extent) mseraoil. Overall, with hardness levels considieabove
500 mg CaC@L™ (>50°F), all the unpleasant though health-irrefé\effects connected with elevated water
hardness are expected to occur in the Letcani area.

Among other inorganic constituents that were foimthe samples at relatively elevated concentration
there were Ba and B. Ba was found in all the saspplsually in the 30-6Qg L™ range, with some samples
reaching 80-90. In a single case (well 8) it wasnfiba value of 228 ug L™. Though not very usual, such
levels are of no health concern because they kvidy distant from the 70Qg L™ guideline valué.Barium
is very likely of geological origin as an impurity Ca and Mg minerals. Boron was in the range @-5800
ug L™ It could be of geological origin, but at theseds it is also reported to occur because of tigiegtion
of B-containing fertilisers and, being above the guideline value of g0, it might cause gastrointestinal
irritation. Such an effect could further be enfatd®y the contemporary presence of elevated sulpbaéts
(vide infrg).

Zn values in the 5-80Qig L™ range, of no health concern, could be attributethe extensive use of
galvanised iron plate as roof cover. In single dasi was detected the presence of Cu and Cr, rpeldw
the guideline valueswhich could be attributed to corrosion of the wmkhterial. The levels of As, with a
maximum of 8.%0.1ug L™ (well n° 7), were generally arounduy L™ and in all the cases below g L™,
thus of no health concern. At these levels theiplesas origin could be geological.



Sulphate

The concentration values of sulphate in the sampézs relatively high, up to 600 mg*i.while according to
drinking water guidelines their concentration slionibt exceed 250-500 mg*l® The occurrence of sulphate
in groundwater might be due to precipitation orgkease from rock and soil. In the latter caselsatip would
mainly be present as Ca$6r MgSQ, and correlation between $0and C&" or M¢?* should be expected.
Indeed, statistically significant correlation couddd found between sulphate and%)@nd between sulphate
and C&" + Mg”™". The geological origin of sulphate is also congdrby the much lower values detected in
rainwater, which were in the 0.61-11.20 mg tange’

CONCLUSIONS

The present paper presents data on groundwateriaderharacteristics in the village of Letcani, NE
Romania. Sampling has been undertaken during 2006:Nitrate, sulphate, hardness, calcium, magmesiu
and organics (such as pesticides, aliphatic angcpdic aromatic hydrocarbons, organohalogenated
compounds) are among the investigated chemicahpess. The chemical monitoring yielded very eledat
levels of nitrate, N@, most likely as a result of traditional agriculiitechniques (use of manure as fertiliser)
and of the lack of a sewers network. Natural origimitrate (release from soil) is not excludedlpBate,
assigned as of geological origin, was also pregemrievated concentration. Among the investigataget
elements, boron due to its high concentration negftsome environmental and human heath concern.

EXPERIMENTAL

Sampling. Measures were taken to prevent the loss of analydes the samples and any cross contamination. Sagnp
equipment was cleaned in the laboratory with detet;grinsed first in clean water and finally thogbly washed in

deionised water for at least three times. Sampbas tbeen collected with a monthly frequency andestaunder

refrigeration until analysis.

Nitrate monitoring. For experimental convenience the monitoring ofrab# was carried out by UV-VIS
spectrophotometry, measuring sample absorbanc@Ginth (optical path length 1 cm). As instrumentvés used a
CINTRA 10e UV-vis spectrophotometer, with a wavefdnrange of 190-1200 nm. To enable proper abscsban
measurements it was necessary to dilute the sanmples ratio 1:250. Significant correlation betwesample absorbance
at 200 nm (Agonn) @and the concentration of nitrate determined lyydbromatography ([N§)]) has been found for lake
water in Piedmont, NW Italy, where [NQ < 0.1 mM/ Even better correlation could be expected forgtmindwater
samples under study, where nitrate is at leastrdar@f magnitude more concentrated, and in faetatrresponding
correlation plot yielded fonm= 0.450 [NQ] — 0.035, where [N@] denotes the nitrate concentration determinecdbhy i
chromatography, with excellent linearity & 0.99996).

lon chromatography determinations. Cations (N& K*, Mg**, C&") and anions (C) NO;", SQ%) were quantified in
some samples by ion chromatography using a Dioné600 lon Chromatograph, equipped with Rheodynecitgr (20
uL sample loop), LC 30 chromatography oven, GP 4ignt pump, and ED 40 electrochemical detectoraigd in
conductivity mode. Details of analytical operati@me reported elsewhefe.

Determination of organic compounds. Samples fopesticide analysis were extracted with SPE cartridges Baker n°
7650-07) containing 500 mg C18 phase and 200 mgtyéne-divinylbenzene resin. The cartridges wervipusly
rinsed with 5 mL ethyl acetate, conditioned witimk methanol and then with 5 mL bidistilled watem Amount of 1 L
sample was added with 5 mL methanol and flown thinothe cartridge at 10 mL mih It followed washing with water
and drying under nitrogen flow. Extraction was @arout with 10 mL ethyl acetate, the extract waaperated to
dryness and then redissolved in 5Q0hexane containing the internal standard (fenglos). An aliquot of this solution
(1 pL) was injected in pulsed splittess mode (injedimperature 250 °C) into an Agilent 5975 gas chtograph
interfaced to a quadrupole mass spectrometer (gpatlr GC-MS), equipped with a 30 m Supelco P¥Ecapillary
column (0.25 mm ID, 0.2fm film thickness). The temperature programme waslsns: initial oven temperature 40°C
(1 min), then to 160°C at 35°C minto 190°C at 2°C mir}, to 250°C at 10°C min, stay at 250 °C for 5 min. Gas
carrier (He) flow was 1.2 mL mify and MS data acquisition in Selected lon Monitgr{8IM) mode. The method allows
the detection of 30 pesticides within the same run.
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The analysis ofchlorinated hydrocarbons was carried out by purge and trap-GC-MS, using aiavi Archon
autosampler connected to a Tekmar Velocity XPT e&trap apparatus, interfaced to a Varian CP3800 gas
chromatograph equipped with a 60 m DB624 capilzolumn (0.25 mm ID, 1.4am film thickness) and a Saturn 2200
ion-trap mass spectrometer. Samples were stor&@°&t into the autosampler before analysis. TherL5sample were
injected into the sparger where they underwent tripping for 11 min at room temperature. Volatilgbstances were
adsorbed on a Supelco Vocarb 4000 trap, then dpevias heated at 240-250°C and the desorbed spienisferred to

the GC column. The temperature programme was &snfal initial oven temperature 35°C (8 min), then160°C at
10°C min?, stay at 160°C for 12 min, to 200°C at 20°C tistay at 200°C for 7.5 min. Gas carrier (He) floas 1.2

mL min™, MS data acquisition in Full Scan mode. The methtidws detection of 37 chlorinated and 17 aromatic
hydrocarbons within a single run.

Samples (1 L each) for the determinationpofycyclic aromatic hydrocarbons were added with 5 mL methanol and
underwent extraction with a Baker n° 7020-06 SPifidge, containing 500 mg C18 phase. The cartridge previously
washed with 10 mL dichloromethane, then conditioméith 10 mL methanol. After cartridge washing wittirapure
water, the sample was flown at around 10 mL TifThe cartridge was then let to dry and eluted wilith mL
dichloromethane. The extract was concentrated tbpd0with a gentle flow of high-purity nitrogen, andsdolved in
acetonitrile up to a final volume of 1 mL. Afterrgoation, it was injected into a High Pressure lidgGhromatograph
with Fluorescence detection. The adopted instrumasta Jasco HPLC equipped with a {l0sample loop, Supelcosil
LC-PAH column (25 cm length, 0.46 cm diameter), dadco fluorimetric detector. Eluent flow rate ia® mL min™. It
was adopted the following binary gradient (A = £, B = water): 40% A for 5 min, up to 100% A in 2&n, hold
100% A for 15 min, down to 40% A in 5 min. The @ation and emission wavelengths of the fluorimediétector were
programmed to vary according to the retention tifhthe target PAHs (11 detected in a single run).

Samples for the analysis tital hydrocarbons (200 mL) were acidified with HCI and underwentuiid-liquid extraction
with 20 mL 1,1,2-trichloro-1,1,2-trifluoroethanerdbn 113) in a separatory funnel. The organic phee® purified on
silica gel, and an aliquot introduced in the measumt cell of a Perkin EImer Spectrum One IR spptiotometer. The
quantification was based on the absorbance ofaimke in the frequency region of 3015-2800tm

Trace metals analysis. Samples were stored at 4°C in polyethylene botles acidified with 1% nitric acid. Sample
aliquots were then injected by nebulisation intBeakin EImer ELAN 6100 ICP-MS, equipped with a qugble mass
spectrometer. The measurement range wgd.(*): 5.0-100 for Al and Cu, 20-100 for Ba, 0.4-50 e, 1.0-50 for As
and Sb, 2.0-50 for Se and Pb, 4.0-50 for Ni, 5.8e8@o0, Cr, V and Mn, 0.1-10 for Cd, 0.2-10 for, ID0-500 for B.
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