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WSTEPNA ANALIZA CHEMICZNA

Abstract: The Srebarna Lake Biosphere Reserve is a protewétdral site of national and international
significance. It characterizes with extremely higibdiversity, being one of the last wetlands aldhg Lower
Danube preserved in relatively natural state; #ie larea is NATURA 2000 site. This study was desigto
further research on the impact of intensive agnical on the lake’'s ecological status. First task ¥eafind an
evidence for link between intensive agriculture #melloading of the lake with nutrients. The secard a study
on the PAH’'s penetration into the lake ecosystem. dverview was made on drinking water data for 2
underground (drinking water springs). Dyakova sgeanwater displayed good ecological state after suesd

parametersPO; , NO2™, NO, and pH. Todorankina spring did not fell within theundaries of good and very

good conditions. Increased nitrate levels in watamples leads us to conclude that agricultureigghrt of the
surrounding area affect groundwater quality in bi@sphere reserve. Results from GC-MS analysisqutothat
there is no groundwater contamination, respongdi¢he existing (although low) concentrations éfHPfound
in the lake.

Keywords: eutrophication, drinking water springs, chemicahlgsis, gas chromatography-mass spectrometry
(GC-MS), PAH, biogens, intensive agriculture

Beyond human advanced technologies, there aregptac&arth, functioning as natural
wastewater treatment plants. These places areiadqeatsystems, composed of variety of
flowing and stagnant water and associated grourawat

The process of water self-purification, occurringthim the marshes makes these
wetlands unique. Nevertheless, in the past they wl#ien perceived as unnecessary, even
human harming landscapes and people unaware oftgaeificance.

Understanding the importance of wetlands to humanihdergoes significant
development during the last century. In the midtagna priority has been given to
drainage of the marshes as a source of diseasar{aattc.) and conquers territories for
agriculture. Gradually this consumption treatmeatvegway to contemporary view that
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wetlands are extremely valuable for preserving brmity and ensuring the human
growing demand for fresh water.

The Ramsar Convention declares that, “wetlands” wedlands, bogs, or open water,
natural or artificial, permanent or temporary, istair flowing, fresh, brackish or salt,
including areas of marine water the depth of wiathow tide does not exceed six meters.
Members of the Convention are 111 countries invibed and each one offers wetlands
within its territory to be included in the List &Wetlands of International Importance.
Bulgaria is the eighth country to join the Conventin 1975, initially with two wetlands -
Srebarna Lake Biosphere Reserve and Arkutino marsh.

The role of wetlands in the hydrological cycle heen already well documented [1]
and moreover, groundwater is an integral part efutetlands in the hydrological studies
[2-6].

In conservation history of the Srebarna Lake, fain periods can be distinguished
[7]. In the “pristine” period the lake have had &ural connection with Danube River. In
1954 a dike was built and the connectivity with theer had been interrupted. The lack of
adequate contact with the river led to shallowind accumulation of mud and organics. In
1994, the link was restored by new channel. Ecoligsituation has been estimated as
a disaster in the early nineties of the last cgni8}f. Nowadayssignificant improvement of
the environmental parameters and eutrophicatiorel leef the lake is registered in
comparison with previous periods [9].

According to FAO Reports [10], eutrophication i throcess of change from one
trophic state to a higher trophic state by the taldiof nutrient. Srebarna, as an eutrophic
lake tend to be shallow and suffer from high ratéswutrient loadings from point and
non-point sources. Agriculture is known as a mdgmtor in eutrophication of surface
waters. Any groundwater artificial development hame impact on the water balance
components and often on water quality. Two mainepration paths of nutrients in the
ecosystem are predicated on the west coast whermetreloping of intensive agriculture is
notable: with groundwater and surface inflow.

PAHs (Polynucleararomatic hydrocarbons) are a classhydrophobic organic
compounds, which brings together more than 100essmtatives drawn from two or more
fused aromatic rings [12]. Representatives of PAdigying from naphthalene {¢lg, two
rings) to the crown (&H;,, seven rings). PAHs are generated by natural atida@pogenic
sources, which may be aquatic, terrestrial and spmeric. Anthropogenic sources of PAHS
are combustion and pyrolysis of fossil fuels and&oand mainly of petroleum products
which account for more than half received surfactanwater ecosystems worldwide
[10-12]. Sources are also municipal and industvedtewater, creosote, oil spills, urban and
agricultural effluent, asfalt production, wasteiimgation. The fate of PAHSs in the aquatic
environment is determined mainly by the size, whaffects their most important physical
and chemical characteristics. With increasing mdblec weight and increased
hydrophobicity of the surfactant and reduces thetion is in solution and thus removed by
evaporation. The half-life in water strongly depgid the nature of the system [13].

According to [14] in the early 90s the samples frarake Srebarna displayed
background character, with decreasing concentrstiorthe more recent top samples and
a relative enrichment in the core taken near thagé Srebarna. Situation with PAHS in this
samples is identical mainly phenanthrene, fluoramthand pyrene (low %) were found,
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indicating that their likely origin is pyrosynthetsources. However, it is important to follow
their accumulation over time.

That is what determined the aim of our study, whibbws a examining the hypothesis
of a link between the nutrients and PAH's loadifidhe lake and the intensive agriculture
developed in the area.

Sampling points

This study was designed to refer further researcthe impact of intensive agriculture
on the lake ecological status. First main task teafnd if there is an evidence for link
between intensive agriculture and the loading & thke with nutrients through the
groundwater. The second was to give suggestiorherPAH’s penetration path into the
lake ecosystem. An overview was made on drinkingemwehemical analysis data. A survey
was built on 2 single underground objects (drinkiveger springs), recharging the wetland.

Danube River

2 o
4
3
Sreb .%
village
1
o

Fig. 1. Schematic map of Srebarna Lake with 4 semgpioints: 1 - Dyakova spring; 2 - Todorankina
spring; 3 - Lateral pool; 4 - Central Open Watedo

Material and methods

Sampling was made on November 21, 2010 at 4 sagpbioints: 2 springs
and 2 points in the lake.

Biological drift

Biological drift was collected with plankton net8@&um diameter of the eye) for
22 hours. Water quantity flowed within the net watimated, based on the measured water
volume, ongoing for 1 min. Five individuals from Aimpoda class were observed by naked
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eye. For this biological samples were submittedthe expert from IBER - BAS
Dr. L. Kenderov for species level determination.

Hydrochemical analyses
Determination of N@; NO,” and PQ"~

Values of pH, concentration of nitrates(V), nitsgtd) and phosphates(V) in the
samples were measuredsitu using portable photometer (WTW PhotoFlex) followthg
specified methodology. In the lake hydrochemicabpeeters were measurédsitu using
Multil970i on 3 depths (0, 1 m and 3 m), correspogdo the surface, midwater and
bottom. Dataset for concentrations of nitrates(Ihjtrates(V) and phosphates(V) were
compared with the reference values of the parasétergood and very good ecological
state according to the Regulatio@7/ (1986) (bulgarian ecological legislation).

Non-metric MDS analysis [15, 16] on Euclidean distas of normalized data was
made (s = 0.01) with PRIMER v6.

Determination of Polycyclic Aromatic Hydrocarbori®AHs)

The PAH in water samples were determinate by Gasor@ditography/Mass
Spectrometry (TERMO Science) system with an ZB-5KE&bron) capillary column
(20 m length, 0.18 mm 1.D., 0.2&m film thickness). Ultra-pure helium (constant flow
served as carrier gas, and injector temperatureatvd25°C. The present work analyses the
yield and precision of extraction of PAHs bglid phase extractioC18 SPE discs), the
method used for aqueous samples. Samples with etlaamyd not changed pH of drinking
water, were tested to assess the influence of pRAl recovery. The purpose of changing
the pH of the water to check its influence in tix¢raction of PAH's from the middle and
consequently varying their concentration.

The used reagents and materials for pretreatméaveter samples are:

«  Agilent SampliQ C18 6 cin500 mg (PN 5982-1365)
« The PAH standards were: mixtures of 16 PAHs (PMAbture, Agilent; concentration

2.5 pg/dmi. For spiking the PAH standards were diluted wifsosar solvent (ChCl,)

« 50 cnt sample reservoir (P/N 5982 - 9305); coupling rfigti vacuum manifold

(12-port)

Pretreatment of water samples:

A 4 - 500 cni samples of water filtered through glass-fibre Wit GF/C filter (pore size
9.0 nm). Before extraction the samples from setiegere acidified with hydrochloric acid
(solution of 2M HCI) to pH = 3+4. The samples fr@aries 2 are pH = 8 without the
change pH. After that the samples were spiked v@tB2 cni of PAH standard
1 and then left overnight at room temperature. Miie In all 500 cm water samples add
50 cnt isopropyl alcohol and mixed it very well. Thereforse analysed the samples
changing the pH and without changing.

Solid Phase Extraction of Polycyclic Aromatic Hyclidbons (PAHS) in water make in
4 steps:Activation of cartridge: Add 5 cni methylene chloride (C}€l,) to the cartridge.
Apply vacuum and discard the eluant. Repeat witn® methanol (MeOH) then 5 ¢m
water. Do not allow the sorbent to go dry at anynpduring this stepload: Attach
a sample reservoir to the top of the cartridge. &althe reservoir water sample. Apply the
vacuum and discard the eluant. The flow rate shoeldho greater than 10 &min. You
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must to be carefully the sorbent do not be dryRimse: Add 3 cn? of acetonitril/water

(1 : 1 ratio) to the cartridge. Apply vacuum andadird the eluant. Leave the vacuum on for
30 seconds and after that repeat the procedurevdshed of sample<lution: Place

a collection tube beneath the cartridge. Add 3 €#,Cl, to the cartridge. Apply vacuum
and collect the eluant concentrate to (50; 200) mnder a stream of dry nitrogen. Do not
heat the samples during concentration - this walit in the substantial loss of many of the
smaller ring size PAHs. Add methylene chloride tindp the final volume to 1000 nin
Inject 1 mnd into the GC/MS.

Results and discussion

According the reference data, at the early" Zentury the Srebarna Lake was
mesotrophic to eutrophic water body [17]. Then atoh from the Danube in 1948
accelerated the process of eutrophication [18].tAeindirect evidence for changes in
trophic status is the disappearance of the Osteacothmunity presented there in the recent
past in thecentral open water bodCOWB) [19] as an indicator of typical lake coralits.
Recently the Srebarna Lake is classified in hyppttic state with ecological attributes
anoxic hypolinmia, possible macrophyte problems.

All the analyzed parameters showed typical valoeste season (Table 1).

Table 1
In situ measured parameters on 3 sampling points intcaBraliake: COWB and LP- Pristan
LP-Pristan pH | Oz2[mg/dm® | O2[%] | T[°C] Red/Ox Cond. puS/cn)]
Oom 8.52 7.25 63.72 12.8 =77 557
im 8.5 7 66.4 12.7 -76 559
3m 7.6 0.14 1.8 12.7 -34 568
COwB
Om 8.52 6.37 59.4 12.7 -78 560
im 8.52 6.25 58.8 12.7 -78 560
3m 8.02 0.25 4 12.6 -49 538
Table 2

In situmeasured concentrations of nitrates(lll), nitr@f@snd phosphates(V)
on 2 points into Srebarna Lake and 2 sampled spring

NO2 NO3 POs-P

[mg/dm?] [mg/dm?] [mg/dm?]

Todoranka 0.13 1.00 0.45
Dyakova cheshma 0.08 3.50 0.40

COwWB 0.15 0.20 0.11

LP 0.16 0.00 0.19
Very good to Good ES 0.06 3.00 0.20
Good to Moderate ES 0.12 6.00 0.80

Temperature was relatively equal in the whole watdumn. The values of nutrient
concentration suggested intensive degradation psesein the bottom layer. Nutrients
concentrations in the lake increase with the infilomm both the Danube and the watershed,
and decrease as a result of the consumption byapriconsumers and of the processes of
nutrient recycling. In the lake we did not found/alissolved nitrates but significant loading
with nitrates was found in the water from Todoraskéang (Table 2).
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Fig. 2. MDS analysis (stress 0.01) on Euclideanadises of normalized data for concentrations of
nitrates(lll), nitrates(V) and phosphates(V) ane tieferent values foecological state(ES),
recommended (Refferent) from WFD 2000/60/EC

Three groups of points with different ecologicaltst(ES) appear on the MDS analysis
plot (Fig. 2). Euclidean distance of 0.71 is reastdbetween Dyakova spring and
recommended values for nitrates(lll), nitrates(¥)l ghosphates(V) concentrations for very
good to good ES. We classified water quality of tjigen spring as near to that
reccomended in European ecological legislationhBbe Todoranka's spring and lake’s
water quality are fall into second group (Euclidelistance between them 1.0). High values
of Euclidean distance are observed between the &#drvin the lake and fountains (3.86).
The third group consists only values of concerdratifor the nutrients, pointing moderate
ES. Neither lake water quality, nor spring watealdy could be classified as moderate ES.

The samples of filtered water from 4 sampling poi(& from springs and 2 from the
lake) were analyzed for 16 individual PAH compounse results (Fig. 3) are arranged by
methodology of pretreatment. In the middle of feyus shown a chromatogram of using
standard solution with concentration neat to outMt 2.5 ng/cm Detection signal for all
PAHs compounds at our real samples were gene@Myor undetectable. Usually, if the
detection signal is small and does not allow giéigng the concentration, indicate that it is
below the detection limit. While PAHs do not shaxtremely high acute toxicity to aquatic
organisms, the lower molecular mass compounds ttzecthibit higher lethal toxicity than
the larger PAH [18, 19]. It was reported that ksthal concentratio(LC) of PAHs in the
range up to and over 104 ngfifor most organisms. It is clear from Figure 3 thae
concentrations of total PAHs in each sample ofdtlsées are not detectable in two different
pH values, therefore, the toxicity of PAHs are egpected to occur in organisms. Overall,
a very low total PAH concentrations (~0.Q&/cnT, in recovery times ~85+102% for
PAHSs) was observed in samples. The pH pretreatnoérsstmples with aim to facilitate the
process of PAHs elution not influenced them conegion. High-molecular mass
PAHs, such as benzo[b]fluoranthene, benzo[k]fludrane, benzo[a]pyrene,
indeno[1,2,3-cd]pyrene, benzo[g,h,ilperylene andbedro[a,hlanthracene, were not
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detected in the water samples, this fact may béuatd to their lower water solubility.
Other PAHs moleculs were obsoroved but in levetieumf our MLD concentration.
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Fig. 3. GC-MS analysis of samples: Standard saiutib PAHs (concentration, 2.5 ng/&m middle
position; SPE extract of a non-spiked organic @biwn) and SPE extract of a spiked organic
sail (up)

Conclusions

Qualitative and quantitative analysis of sampleswsh that groundwater in the
watershed of the lake is relatively clean and thetents of the PAH are below acceptable
standards. PAHs are ubiquitous and persistent gomgats, with the potential to harm both
aquatic resources and human consumers of shelifisth,further study is needed on their
environmental distribution and behaviour.

Groundwater feeding is notable source of nutriefds the lake ecosystem.
A comprehensive study of environmental and biodicameters of underground water would
give valuable results in terms of groundwater dyaifi the area of the Srebarna Biosphere
Reserve and its impact to the whole ecosystem.ifiais monitoring of groundwater in
the area is suggested notably as useful additioth¢oregular monitoring of the lake
ecosystem. Data collected could be used for qtigétanodeling of the impact of intensive
agriculture on the lake for giving to all the sth&llers an understandable explanation of
the complex processes in the ecosystem.
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JAKO SC WODY ZRODLANEJ WZDtU Z JEZIORA SREBARNA:
WSTEPNA ANALIZA CHEMICZNA

Abstrakt: Rezerwat Biosfery Jezioro Srebarna jest chronioppiektem przyrodniczym o znaczeniu krajowym
i miedzynarodowym. Charakteryzujezdiardzo dua réznorodndcig biologiczry, jako jeden z ostatnich terenéw
podmokiych wzdha dolnego Dunaju zachowany w stanie waglie naturalnym; region jeziora jest ety
programem Natura 2000. Przeprowadzone badania motyptywu intensywnej gospodarki rolniczej na stan
ekologiczny jeziora. Pierwszym zadaniem bylo zriele dowoddéw na zwkek pomédzy intensywn
gospodark rolniczz i wzbogacaniem jeziora w substancjezysicze. Drugim celem bylo zbadanie translokacji
WWA w ekosystemie jeziora. Badaniom poddano divédta wody pitnej. Woda zerédia Dyakova

charakteryzowata sidobrym stanem ekologicznym, co stwierdzono na fawds wartdci sizeh PO}, NO§' ,

NO; oraz wartéci pH. Woda zezrrodta Todorankina nie miei sic w granicach jakéi dobrej i bardzo dobrej.
Zwig¢kszone sizenie azotan6w w probkach wody prowadzi do wniosiairolnictwo wplywa na jaké waéd
gruntowych w tej cgci rezerwatu biosfery. Wyniki analizy GC-MS pokazate wody podziemne nieas
odpowiedzialne za istnigge niewielkie zanieczyszczenie jeziora przez WWA.

Stowa kluczowe:eutrofizacjazrodta wody pitnej, analizy chemiczne, chromatografazowa-spektrometria mas
(GC-MS), WWA, biogeny, intensywna gospodarka rolna



