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Study regarding the quality of undersground water within Natura 2000 Cefa site
(ROSCI 0025), Romania

Abstract: Having in view the background of water quality problems and the need to conserve
biodiversity globally and regionally, this study aims at analyzing the underground water quality of
Natura 2000 Cefa site, Bihor county, Romania. In this respect, the exceedances of the acceptable
limits regarding the quality of groundwater for a series of quality indicators have been analyzed. The
results obtained will form the basis of other scientific endevoars that will lead to better preservation,
protection and valorisation of the biodiversity in the protected areas.

Keywords: groundwater quality, quality indicators, 2000 Nature site, biodiversity.
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Introduction. Water, thanks to its multiple functions, represents an indispensable element of

life. Over time, life, in all its forms of manifestation, including man, has adapted and evolved in close
connection with this primordial element [1-4]. In this context, it goes without saying that “water is
not a commercial good but a patrimony that must be protected, defended and treated as such”[5].

2000 Natura Cefa site, ROSCI 0025, is a structural part of the Natura 2000 Ecological Network,
with functions in the field of conservation, protection and capitalization of natural heritage in order
to promote and stimulate sustainable, responsible social and economic development of the territory
[6-9]. In its essence Natura 2000 Romania Ecological Network, with an area of 5 555 854.13 ha
and 23% of Romania’s surface area [10], is a clearly defined geographical area, structured from 383
Special Areas of Conservation (SAC) and 148 Special Protection Areas (SPAs) [11, 12], with a major
role in the conservation of species and habitats set out in the annexes of the two “Habitats” Directives
92/43 / EEC and “Birds” Directive 79/409 / EEC [13, 14].

Natura 2000 Cefa site, ROSCI 0025 with an area of 5,268 ha, is located in the North-West of
Romania, in Bihor County, on the territory of Cefa, Sвnicolau Romвn, and Mгdгras territorial
administrative units (figure 1).
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Figure 1 – Localization of Cefa site (ROSCI 0025) at regional and European level

The physico-geographic features generated by the spatial location have led to the emergence and
development of a favorable environment for coexistence of species of community interest and not
only, in the studied area. Of the species of community interest listed in Annex II of the Council
Directive 92/43 / EEC, we mention the following: mammals (Myotis d., Lutra l.); amphibians and
reptiles (Emys o., Triturus c., iturus d., Bombina b.); fish (Cobitis t., Misgurnus f., Rhodeus s. a.);
invertebrates (Coenagrion o.); plants (Cirsium b., Marsilea q.). Besides these species, in the area of
the 2000 site Cefa, a number of other important flora and fauna species have been identified, among
which: Hyla arborea, Rana arvalis, Triturus vulgaris, Ondatra z., Pipistrellus n., Pelobates f., Rana
d., Felis s., Felis s., Alisma p., Polygonatum o., Iris s., Lacerta a., Natrix n. etc. [15].

Representative natural habitats for the site of natura 2000 Cefa are: Highland hygrophilous
grassland communities from the plains to the alpine mountain; Low altitude meadows (Alopecurus
p., Sanguisorba o.); Dystrophic lakes and ponds; Riparian forests mixed with Quercus r., Ulmus l.,
Fraxinus e. sau Fraxinus a., along the big rivers (Ulmenion m.) and Pannonian and Ponto-Sarmatian
meadows and marshes [15].

As a result of the study performed by A.B.A. Crisuri on the level of dependency between the
Natura 2000 Cefa site and the groundwater body ROCR01, it was found that the level of dependence
is type A, which implies the highest level of dependency [16].

Considering this, the study is an informational support regarding the groundwater quality, con-
tributing to the conservation and maintenance of biodiversity within the Natura 2000 Cefa site. As
“underground water is an important mineral resource whose quantitative and especially chemical
degradation is difficult and costly to remedy”, [16] with direct functions in the “conservation of nat-
ural habitats, flora and wild fauna species and all species of birds found in the wild”, [16] the present
study is self-explanatory, having the role of shaping a picture in time about the quality of the water
underground from the Natura 2000 Cefa site.
Research methodology. In making the present study the data obtained by A.B.A. Crisuri in

the boreholes: Ateas (between 1993 and 2010); Cefa (between 1993 and 2010); Sannicolau Roman
(between 1993 - 2017) and Martihaz (between 2006, 2010 - 2017). Their analysis involved the
identification, spatial and temporal distribution of deviations from the maximum limits allowed by
Law no. 311 of 28 June 2004 amending and supplementing Law no. 458/2002 regarding the quality
of potable water quality 17 for the following quality indicators Ammonium (NH 4 , Nitrates (NO 3 ),
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Nitrates (NO 2 ), Phosphates (PO 4 ), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese
(Mn), Calcium (Ca), Magnesium (Mg) and Sodium (Na).

Results and discussion. The analysis of the number of exceedances of thresholds allowed for
the indicators analysed has highlighted the existence of a number of 157 exceedances of the maximum
allowed thresholds imposed by LAW no. 311 of 28 June 2004 amending and supplementing Law no.
458/2002 on the quality of drinking water (table 1).

The analysis of the data on the exceedances of the acceptable limits regarding the groundwater
quality for the studied indicators, at the level of the drilling samples from which the samples were
taken, reveals the following situations:

- During the taking of samples from the Ateas drilling, 62 exceedances of the accepted thresholds
were observed between 1993 and 2010. Most exceedances of the maximum admissible limits were
recorded in Magnesium Mg (28 exceedances), Manganese Mn (13 exceedances), Fixed residue (11
exceedances), Calcium Ca (3 exceedances), Phodphates (PO 4 ) (2 exceedances) while for Nitrates
(NO 3 ), Nitrites (NO 2 ), Chlorides (Cl), Sulphates (SO 4 ) and Sodium (Na) were registered only
one exceedance. For Ammonium (NH 4 ) quality indicator, the exceedance value was equal to 0.

- As for Cefa drilling site, 50 exceedances of the maximum permissible limits for the analysed
parameters were identified as follows: Manganese Mn (18 exceedances), Magnesium Mg (12 ex-
ceedances), Calcium Ca (7 exceedances), Fixed residue, Nitrates NO 3 (4 exceedances), Phodphates
PO 4 (3 exceedances), Nitrites NO 2 (1 exceedance) and Ammonium NH 4 (1 exceedance).

- from the analysis of the data obtained from the Sannicolau Roman drilling, 28 exceedances
of the maximum allowed limits were reported for the following quality indicators: Manganese Mn
(7 exceedances), Nitrites NO 2 (6 exceedances), Magnesium Mg (3 exceedances), Calcium Ca (3
exceedances), Fixed residue, Nitrates NO 3 (2 exceedances), Phodphates PO 4 (2 exceedances), and
Ammonium NH 4 (2 exceedances).

- at Martihaz drilling 17 exceedances of the limits allowed for the indicators were identified:
Manganese Mn (16 exceedances) and Ammonium NH 4 (1 exceedance).

Table 1. The situation of the number of exceedances in the indicators of groundwater quality 16
Indicator Am

mo
ni
um
(NH4)

Ni
tra
tes
(NO3)

Ni
tri
tes
(NO2)

Pho
dph
at es
(PO4)

Chl
ori
des
(Cl)

Sul
pha
tes
(SO4)

Fi
xed
re si
due

Man
gan
ese
(Mn)

Cal
cium
(Ca)

Mag
ne si
um
(Mg)

So
di
um
(Na)

To
tal
ex
ce
ed
an
ces

Ateas 0 1 1 2 1 1 11 13 3 28 1 62
Cefa 1 4 1 3 0 0 4 18 7 12 0 50
Martihaz 1 0 0 0 0 0 0 16 0 0 0 17
Sanicolau
Roman

2 2 6 2 0 0 3 7 3 3 0 28

Total 4 7 8 7 1 1 18 54 13 43 1 157

The analysis of the data on the exceedances of the acceptable limits on the groundwater quality
at the global and drilling level for each studied indicator in part revealed the existence of the largest
deviations to Manganese (Mn), Magnesium (Mg), Fixed Residue, Calcium (Ca), followed by Nitrites
(NO 2 ), Nitrates (NO 3 ) and Phodphates (PO 4 ) (Table 1).

The temporal analysis of the data with regard to the exceeding of the acceptable limits of the
groundwater quality for the studied indicators highlights the existence of a trend defined by two
different time intervals in terms of quantity, 1993-2003, characterized by a relatively high number
of exceedances of the admissible limits (with an average of 7.4 exceedances per year), respectively
2006-2017 (with a lower number of exceedances of the maximum admissible limits (averaging 3.7 per
year), separated by two years of the highest increase in exceedances of the water quality indicators
analyzed, ie 2004 (13 exceedances) and 2005 (17 exceedances) (Figure 2).
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Figure 2 – Evolution of the number of exceedances of groundwater quality indicators

From the analysis of the exceedences of the maximum thresholds accepted by Law no. 311 of 28
June 2004 amending and supplementing Law no. 458/2002 on the quality of drinking water, for the
11 indicators analysed, their existence, in different ratios, from one indicator to another was noted
(Figure 3).

The analysis of the evolution on the number of exceedences over time, of all the underground
water quality indicators studied, highlights an improvement of the groundwater quality situation, so
that starting with 2006 their number does not exceed the value of 6, and in 2015 it was registered a
single exceedance of the maximum limit admitted to the Manganese (Mn) indicator at the Martihaz
drilling (Figure 2, 3).

Figure 3 – Evolution of the number of exceedances in the indicators of groundwater quality

Indicators with the most exceedances of the maximum allowed limits within the Natura 2000 Cefa
site were Manganese (Mn), Magnesium (Mg) and Fixed Residue.

As a result of the study on the exceedances of the maximum manganese tolerances, at the level of
the Natura 2000 Cefa site, over the period 2000 - 2017, 54 exceedances were identified, distributed
in the four localities as follows: Cefa (17 exceedances ), Martihaz (16 exceedances), Ateas (13
exceedances) and Sanicolau Roman (8 exceedances).

The evolution of the number of excedences over time, to the Mangan (Mn) quality indicator,
shows an improvement in the groundwater quality situation starting with 2010 (Figure 5, Table 1).
The highest deviation from the maximum allowed limit for the manganese indicator was recorded
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in 2001 in Ateas, which was 2.510, compared to the maximum admissible limit of 0.05. Very high
values were recorded in Ateaє between 2007 - 2010, after which no measurements were made at this
drilling, the samples being taken from Martihaz and Sanicolau Roman. Here the situation is the
same in the sense that the maximum accepted threshold for manganese (0,05) was exceeded for each
measurement, but with values below those recorded in Ateas locality (figura 4).

Figure 4 – Evolution of the number of exceedances to Manganese

The magnesium indicator was the second in the series of exceedances of the maximum limits
admitted in the Natura 2000 Cefa site, recording 43 exceedances in the period 1993 - 2017. Most
exceedances were recorded in Ateas locality (28 exceedances), followed by Cefa (12 exceedances) and
Sanicolau Roman (3 exceedances). The highest value of deviation from the maximum admissible
limit was registered in Ateas in 1998, which is 111.3, double the maximum accepted limit (50). From
the analysis of exceedances done оn time related to the magnesium quality indicator, there is an
improvement in groundwater quality, so that no exceedance of the magnesium quality indicator has
been recorded since 2011 (figura 5).

Figure 5 – Evolution of the number of exceedances to Magnesium
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Figure 6 – Evolution of the number of exceedances to Fixed residue

For the water quality indicator, the fixed residue in the period of study 1993 – 2017 were observed
18 exceedences of the maximum allowed limits, in Ateas (11 exceedences), Cefa (4 exceedences)
and Sannicolau Roman (3 exceedances). The highest value from the maximum allowed limit was
registered in 1998 (1731), in Ateaє locality. As in the case of previously analyzed indicators (man-
ganese and magnesium), in this case, from time to time analysis of the number and intensity of the
exceedances was noticed an improvement in water quality starting with 2011.

Conclusions. Water through its properties and functions constitutes a primordial factor with
profound implications in the genesis, evolution and sustaining of life on Earth [18-20] . In this
context, considering the increase of the anthropogenic impact on the natural environment [21-25],
the study of groundwater quality in nature 2000 sites is an important and necessary step at the same
time, knowing its role and implications in the preservation, protection and conservation of natural
habitats and the flora and fauna species they host.

From the groundwater quality analysis of the Natura 2000 Cefa site, the following conclusions
were drawn:

- at the level of the 4 drillings (Ateaє, Cefa, Martihaz and Sannicolau Roman) related to the
studied site, over the period 1993 - 2017 were identified 157 exceedances of the maximum admissible
limits for the following water quality indicators: Ammonium (NH 4 ), Nitrati (NO 3 ), Nitrites (NO 2 ),
Phosphates (PO 4 ), Chlorides (Cl), Sulfates (SO 4 ), Fixed Residue, Manganese (Mn), Calcium (Mg),
Magnesium (Mg) and Sodium (Na);

- analysis of the total number of exceedances at the drilling level revealed their predominance
in hierarchical order at: Ateas (62 exceedances), Cefa (50 exceedances), Sannicolau Roman (28
exceedances) and Martihaz (17 exceedances).

- the analysis of the evolution of the number of exceedances over time, for all the underground wa-
ter quality indicators studied, highlights an improvement of the underground water quality situation
within the Natura 2000 Cefa site.
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2000 ж. Сефа бағдарламасын (rosci 0025) қолдану арқылы Румыния жерасты сулары сапасын зерттеу

Аңдатпа: Су сапасы мәселелерiнiң тарихы мен биоалуантүрлiлiктi сақтаудың ғаламдық және аймақтық деңгейдегi
қажеттiлiгiн ескере отырып, бұл зерттеу Румыния, Бихор өңiрiндегi "CEFA 2000" Цефа аймағында жер асты суларының
сапасын талдауға бағытталған. Осыған байланысты бiрқатар сапалық көрсеткiштер бойынша жер асты суларының
асып кету деңгейiне талдау жасалды. Алынған нәтижелер қорғалатын табиғи аумақтарда биологиялық алуантүрлiлiктiң
құндылығын көтеруге, қорғауға және жақсартуға әкелетiн басқа ғылыми зерттеулер үшiн негiз бола алады.

Түйiн сөздер: жер асты суларының сапасы, сапалық көрсеткiштер, "2000 CEFA" желiсi, биоалуандылық.
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Исследование качества подземных вод Румынии с применением программы 2000 Сefa (ROSCI 0025)

Аннотация. Принимая во внимание историю проблем качества воды и необходимость сохранения биоразнообразия
на глобальном и региональном уровнях, авторы направили исследование на анализ качества подземных вод на участке
«2000 CEFA» Цефа, округ Бихор, Румыния. Проанализированы превышения допустимых пределов в отношении качества
подземных вод для ряда показателей качества. Полученные результаты станут основой других научных исследований,
поспособствуют повышению ценности биоразнообразия на охраняемых территориях, его лучшему сохранению и защите.

Ключевые слова: качество подземных вод, качественные показатели, сеть «2000 CEFA», биоразнообразие.
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Tbsv encoded capcid protein p41 triggers resistance in solanum lycopersicum

Abstract: Efficient infection of Nicotiana benthamiana plants with wild type Tomato bushy
stunt virus (TBSV) is influenced by expression of protein P19, which is a potent RNAi suppressor.
The capsid protein (СР) P41 is required for virion formation and facilitates long distance movement
of the virus. Along with RNAi suppression, P19 protein is involved in the development of severe
disease symptoms in N. benthamiana and elicitation of Hypersensitive Response (HR) in tobacco.
Our results show that wild type TBSV infection of Solanum lycopersicum (cv. Money maker) triggers
resistance to the virus. Despite detectable accumulation levels of P19 protein in leaf and root tissues,
the infection was not accompanied with obvious disease symptoms. Contrastingly, inoculation with
TBSV mutant, lacking capsid protein P41 demonstrated susceptibility to TBSV. Moreover, Chl-FI
analysis of plants infected with virus exhibited significant changes in metabolism. Our data suggests
that in response to CP expression tomato plants have evolved defense mechanisms to resist viral
infection.

Key words: Tomato bushy stunt virus, capsid protein, virions, resistance, Solanum lycopersicum.
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Solanum lycopersicum өсiмдiгiнде резистенттiлiк жауаптың tomato bushy stunt
virus (tbsv) вирусының р41 капсидтiк ақуызымен белсендiрiлуi

Аннотация. Tomato bushy stunt virus (TBSV) вирусымен кодталатын Р19 ақуызы
РНҚ интерференцияның қуатты супрессоры болып табылады және Nicotiana benthami-
ana өсiмдiктерiнiң вируспен жұқтырылуында маңызды рөл атқарады. Р19 ақуызының
экспрессиясы вируспен зақымдануы айқын көрiнiс бередi де, өсiмдiктiң толық коллапсына
әкелiп соқтырады. Сонымен қатар супрессорлық Р19 ақуызы Nicotiana tabacum өсiмдiгiнде
гиперсезiмталдық реакциясын белсендiруге жауапты. Вирустың Р41 капсидтiк ақуызы вирион
құрылымын қалыптастырып, өсiмдiк бойымен таралауын қамтамасыз етедi. Алынған зерттеу
нәтижелерi TBSV вирусының жабайы типiнiң инфекциясы Solanum lycopersicum (Money maker
сұрыбы) қызанақ өсiмдiгiнде вирусқа қарсы төзiмдiлiк жауабын тудыратынын анықтады.
Өсiмдiктiң тамыр және жапырақ ұлпасында Р19 ақуызының жинақталуына қарамастан
вируспен зақымдалудың сыртқы көрiнiсi нашар байқалды. Алайда, Chlorophyll Fluores-
cence Imaging system (Chl-FI) сараптамасы вируспен зақымдалған өсiмдiктерде жасушаiшiлiк
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метаболизмiнiң өзгеруiн анықтады. Ал вирустың капсидтiк ақуызы экспрессияланбайтын
мутантпен инфекция тудырғанда, қызанақ өсiмдiктерi жоғары сезiмталдық көрсетiп, жүйелiк
некрозға ұшырады. Зерттеу нәтижелерi қызанақтың Money maker сұрыбында TBSV вирусына
қарсы қорғаныс механизмдерi вирустық капсидтiк ақуыз Р41-дi тану арқылы белсендiрiлетiнiн
көрсетедi.
Түйiн сөздер: Tomato bushy stunt virus (TBSV), вирус, капсидтiк ақуыз, вирион, Solanum

lycopersicum, резистенттiлiк, РНҚ-интерференция.
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Капсидный белок р41 вируса tomato bushy stunt virus (tbsv) активирует
резистентность у растений вида solanum lycopersicum

Аннотация. Кодируемый вирусом Tomato bushy stunt virus (TBSV), белок Р19 является
мощным супрессором РНК интерференции и играет важную роль при инфекции растений
Nicotiana benthamiana, которая характеризуется ярко выраженными симптомами заболевания
и системным коллапсом. Кроме того, белок Р19 является элиситором гиперчувствительного
ответа у Nicotiana tabacum. Капсидный белок вируса Р41 формирует вирионы и способствует
развитию системной инфекции. Полученные нами данные показали, что при инфекции
диким типом TBSV у растений вида Solanum lycopersicum (сорт Money maker) активируется
резистентный ответ. Несмотря на системную аккумуляцию белка супрессора Р19 в листьях
и корнях, у растений не проявляются видимые симптомы заболевания. Однако анализ
Chlorophyll Fluorescence Imaging system (Chl-FI) показал, что в инфицированных вирусом
растениях происходят значительные изменения метаболизма. Более того, инфекция растений
мутантом TBSV по капсидному белку приводит к системному некрозу гибели растений.
Полученные данные указывают на то, что у томатов выработаны защитные механизмы в ответ
на экспрессию капсидного белка Р41 вируса TBSV.
Ключевые слова: Tomato bushy stunt virus (TBSV), капсидный белок, вирион, Solanum

lycopersicum, резистентность, РНК-интерференция.
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