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Abstract: The groundwater sources used for drinking water in rural areas (Almasu commune) are often
affected by natural contamination (the presence of natural chemical compounds in the water source), or
artificial pollution resulted from the use of fertilizers and pesticides (chemical contamination) and
uncontrolled discharges of domestic waste (microbiological contamination). Almasu is the biggest
commune of Salaj County and is located in the southern part of the Almas River Basin, in N-W of
Romania. The aim of this study is to determine the quality of water from households’wellsand from the
local water supply system (recently put into use) from Almasu village. This paper presents astudy
regarding the quality of the water supplies used by the local population for drinking and food preparation;
identification of possible contamination; the information of population regarding the quality of the
drinking water and the possible risks when inappropriate water is used. The results regarding the main
physico-chemical parameters (pH, redox potential, total dissolved solids, electrical conductivity and
total hardness) shown that all the values are relatively low and below the maximum concentration level
according the Romanian legislation. The values for salinity are between 0.20 — 0.80 %.. The major anions
(F, CI, NO%, Br, NO*, PO,*, SO,%) were analyzed and the majority of water samples from wells have
high levels of sulfate (values between 147- 260.46 mg/l) andnitrate (values between 136.54 - 334.07
mg/l). The results show that the quality of water from the distribution system is superior to the water from

wells.
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1. INTRODUCTION

The purpose of this study is to present drinking
water pollution from Almasu village (Sélaj County —
Romania). Also, one of the plans is to inform the
population about the quality of drinking water, to
expose the cases where is a contamination of drinking
water. Lots of people from this rural area don’t know
the quality of the water they drink, and they don’t
understand the importance of the quality of drinking
water on the human health.

The chosen area (Almasu village) for this study
is located in Salaj County in the north-west part of the
country. In this area weren’t made before studies
regarding the quality of drinking water. In rural area
Almasu were carried works for the execution of the
water supply systems of the commune, with the help of
European Programs, this works were completed in

2013. Until now only a part of the population is
connected to the water supply of the village and from
those who are connected many often use the water
from wells, foreconomic reasons.

Water quality has become an increasing,
environmental and social constraint for our society and
in the last decade’s groundwater pollution has become
a growing problem, and in especially in rural areas (the
population from rural areas uses as a primary source of
drinking water the groundwater). Seven million people
from rural areas of Romania use as drinking water
source wells and often these wells are polluted with
nitrates, bacteria and pesticides (Samwel, 2004).

The quality of drinking water is a permanent
concern in our country, because of the high level of
nitrites and nitrates found in some places, manly in
rural areas. The studies regarding only water quality in
villages are less frequent. A study in some UK villages
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on water pollution has shown that ammonium and
phosphates are the dominant pollutants and that nitrite
has values above those considered dangerous to fish
(0.1 mg/l), and low concentrations of nitrate (Withers
et al., 2011). The level of nitrates and nitrites in some
wells from Serbia’s southeast Pannonian Basin is
generally small, the presence of the ammonium ion
was found to have the most significant impact on
groundwater quality (Polom¢i¢ et al., 2014). In the
study made by Briciu & Oprea-Gancevici (2011) in
rural areas from Dragomirna Plateau (Romania) —only
13 samples from 423 have concentration of nitrate
exceeding the CMA (50 mg/I).

Several eastern European countries reported
high levels of nitrate contamination in a large
proportion in private wells; in Romania, for example,
20% of 2,000 wells had nitrate levels higher than 23
mg/L as nitrate-N (Jedrychowski et al., 1997).

Studies made in the south-east of the Romania,
have shown that the villages near Bucharest have
concentration of nitrates in wells below the value 50
mg/l, but in the villages were the agriculture is the
main source of activity (from the southern part of the
country), the level of nitrates increase around 200 mg/I
(Pele et al., 2010).

Contamination of drinking water by nitrate is
usually associated with pollution resulted from human
activities in especially the agriculture do to the use of
commercial fertilizers, as well as from human and
animal waste. Many households have their well in the
near of this source of pollution. Nitrates are highly
soluble, and in time they can accumulate in
groundwater which can be used as source of drinking
water (Chiritescu, 2015).

Approximately 98% of nitrogen in soil is
organic nitrogen which is not taken by the plants. The
rest of the nitrogen that may be used by plants is
formed by nitrate and ammonium (Hope et al., 2005).
Almost 50-70% of the artificial nitrogen, which comes
from the fertilizers, is consumed by plants, a part (2-
20%) evaporates into the atmosphere, 15-25% form
compounds with organic materials in soil, and the rest
of 2-10% is transported to surface and groundwater
(Kurtetal., 2012).

The anthropic activities altered the nitrogen
cycle dramatically over the last half-century, and as a
result, nitrate is steadily accumulating in our water
resources. Since 1950, the globally human nitrogen
production has increased rapidly and currently exceeds
nitrogen fixed by natural sources by about 30% (Fields,
2004; Ward et al., 2005).

The contamination of drinking water with nitrate
may increase cancer risk, because nitrate is
endogenously reduced to nitrite and subsequent
nitrosation reactions give rise to N-nitroso compounds

and these are considered highly carcinogenic (Weyer et
al., 2001). In addition to the endogenous production of
nitrate, is an increasing evidence for the beneficial role
of this pathway in human health. Are some studies
which shows its importance in protecting against oral
and gastrointestinal diseases (Duncan et al., 1997) and
also for its role in vascular fitness and exerting
antihypertensive effects (Bryan & Loscalzo, 2011;
Carlstrom et al., 2011; Lansley et al., 2011;
Montenegro et al., 2011; Tang et al., 2011; Zhu et al.,
2011).

Studies shows that nitrite appeared to cause
fetotoxicity in rats at drinking-water concentrations
equivalent to 200 and 300 mg of sodium nitrite per
kilogram of body weight per day, causing increased
maternal metHb levels, but teratogenic effects were not
observed in reported studies in mice and rats. When
nitrate levels in drinking-water exceed 50 mg/l,
drinking-water will be the major source of total nitrate
intake, especially for infants. Cases of
methaemoglobinaemia related to lower intakes of
nitrate appear to be restricted to infants. In infants
under the age of 3 months, the conversion of nitrate to
nitrite and metHb formation is high (Speijers et al.,
1989; FAO/WHO, 1996).

In the below table are given some indication
regarding the level of nitrates in drinking water and the
possible effect on human.

Table 1. Level of nitrate in drinking water and effect on
human health (source: Daniels &Mesner, 2010)

Nitrate Interpretation
Level, mg/l

0-10 Safe for humans and livestock. However,
concentrations of more than 4 mg/l are an
indicator of possible pollution sources and

could cause environmental problems.

11-20 Generally safe for human adults. Not safe
for infants because their digestive systems

cannot absorb and excrete nitrate.

21-40 Should not be used as a drinking water
source but short-term use acceptable for
adults and all livestock unless food or feed

sources are very high in nitrates.

41-100 Risky for adults and young livestock.
Probably acceptable for mature livestock

if feed is low in nitrates.

Over 100 | Should not be used as drinking water for

humans or livestock.

2. MATERIALS AND METHODS

The water samples were collected from
different water sources from Almasu commune,
Sélaj County, Romania. Were taken and analyzed
samples from six private wells from Almasu village
(codes: WA.3, WA.5, WA.6, WA.7, WA.8, WA.9)
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(see figure 1);one sample from the spring which is
the source for the local water supply in Almasu
village (before the treatment process), the springing
take place in Stana village (WA.1); one sample from
an another spring from Stana village (WA.2); one
sample from the local water supply of Almasu
village (WA.4). The water sources for the
distribution system of Almasu village is located in
an area were pollution is minimal. The water from
the local water supply is sanitized before to be used
by the population.

The main physico-chemical parameters of
water (pH, temperature (T), redox potential (ORP),
electrical conductivity (EC), total dissolved solids
(TDS) and salinity (S), were analyzed at the sampling
place. It is important to determine these parameters at
the sampling place, because until this are transported
to the laboratory, the values may decrease or increase,
and because of the physical and biological processes
which take place into the sample. Analyses were
carried out using a Multiparameter WTW 720 Series
(InoLab). The pH electrode used in determination
present internal temperature compensation.

Using the complexometric titration method

(with EDTA in presence of Eriochrome -T indicator)
the total hardness of waters was determined.

The turbidity of the drinking water samples
was measured using a WTW turbidimeter.

The water samples for the anions determination
were taken in polyethylene bottles and transported
into the lab and stored at 4°C. Were analyzed 7 anions
(F, CI', NO,, Br, NOg, PO,*, SO,%) with DIONEX
ICS 1500 lon Chromatography.

The samples were filtered through a 0.45 pm
millipore filter and diluted with ultrapure water in
function by the conductivity of the sample (to a
maximum of 100 pS/cm). The samplings take place
in March 2016.

3. RESULTS AND DISCUSSIONS

For this study, we have selected to analyze
different groundwater sources used for drinking in
Almasu commune, to be able to compare the quality
of water from private wells and of water from the
local water supply, which has also as source
groundwater.
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Figure 1. Location of the sampling points: Sample WA.1 spring -source of the water supply; WA.2 — spring Stana;
WA.3, WA5, WA.6, WA.7, WA.8, WA.9 — private wells; WA.4 - local water supply
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In the table 2 are presented the results
regarding the main physico-chemical parameters of
the analyzed drinking water samples.

The value of pH in all the analyzed samples is
around the value of 7. The negative values of ORP
indicate a reducing medium, these waters are
preferred for consumption due to the high anti-
oxidant value, and can assist the body in the fight
against oxygen free radicals.

All the analyzed groundwater sources are
shallow, in this area water passes through or over
mineral deposits such as limestone (Petrescu &
Mészéros, 1987); because of this the water hardness is
significant. The average value for total hardness in the
wells waters is 45 °d (German degrees) and in the
water sample from the distribution system the value is
33 °d, these values indicates that the analyzed waters
are very hard.

Also, the geological substrate gives the high
value for TDS in water samples from wells; all the
samples from wells exceed the limit given by USEPA
of 500 mg/l. In terms of salinity, 7 from 9 drinking
water samples exceed the maximum permissible limit
imposed by USEPA (0.2 %o). The water from the
distribution system doesn’t exceed the 0.2%o value for
salinity. The drinking waters with a high salinity can
have negative effects on human health in particularly
on children and old people.

In the period, we take the samples (March
2016) the turbidity of all waters was below the 0.1
NTU value, but in some periods the turbidity of
drinking waters grows, particularly in raining days,
and a high turbidity represent a health concern
(source of pathogens).

The chromatographic analysis identifies 4
anions from 7 (which the device can measure), the
NO,, Br, PO,> anions had values below the
detection limit (LOD). The detection limit for these
anions is 0.02 mg/l. The concentration of the
measured anions can be observed in figure 3.

Regarding the fluoride and chloride
concentrations, all the samples have concentrations
below the maximum concentration level (MCL) given
by the Romanian legislation. All the analyzed water
samples from wells exceed the MCL (in Romania: 50
mg/l) for nitrates, the water from the distribution
system has small nitrates concentration, below the
MCL. The USEPA: MCL for NO3™ is 10 mg/l. These
high concentrations of nitrates are a real concern for
the people who consume these waters. The highest
level for nitrates (334.07 mg/l) was identified in
sample WA.3, which has a value of 6.6 times higher
than the MCL.

Two drinking water samples (WA.2 and
WA.6) from wells exceed the limit for sulfates of 50
mg/l, the concentration of sulfates in the water from
the local supply is low.

4. CONCLUSIONS

In this study, we analyzed water samples from
the local distribution system of Almasu village and
water samples from private wells (Almasu village)
and from the point of analyzed parameters we can say
that the quality of water from the distribution system
is superior to the water from wells. The source of the
water from the distribution system is underground
(spring), this spring occurs in an area where the
human activity is minimal and there are no
anthropogenic sources of pollution.

A real concern for the local population is
represented by the very high concentration of nitrates
in the water from wells, almost seven times higher
than the maximum concentration level permitted by
the Romanian legislation (law 311/2004) for drinking
water. This high level of nitrates has a negative effect
on human health in especially on young children’s
and old people.

Table 2. Physico-chemical parameters of drinking waters

Sample code pH |ORP (mv) EC (uS/cm) |TDS (mg/l) S (%)
WA.1 7.2 -35.80 620.00 397.00 0.20
WA.2 7.19 -31.10 912.00 584.00 0.40
WA.3 7.39 -41.40 1342.00 859.00 0.60
WA.4 7.05 -22.00 712.00 455.00 0.20
WA.5 7.98 -76.50 1364.00 874.00 0.60
WA.6 7.01 -10.20 1399.00 895.00 0.60
WA.7 7.04 -16.70 1638.00 1048.00 0.80
WA.8 7.14 -25.60 1470.00 943.00 0.60
WA.9 7.15 -26.30 1370.00 887.00 0.50
MCL*/ ** *6.5-9.5 * 2500 ** 500 **0.2

* MCL- maximum concentration level — according to Law no. 311 /2004 — Romania

** USEPA maximum permisible limit
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Figure 3. The concentration of the identified anions in
drinking water A: F, B:CI', C: SO,%, D:NOy’

Most of the population from this area uses
water for consumption from their private well
without being concern by the quality of this water.
After we obtained the results, we informed the
people who consume the analyzed waters about
these results, after this they take into consideration
to use another water source for consumption, in

specially those families who have small children’s.

Because we found high concentrations of
nitrates in drinking water, we want to extend this
research and to analyze more fountains. We want to
carry out an information campaign about the quality
of drinking water in this village and the importance
of clean drinking water consumption. We want to
bring to the population attention the risks which
involve a long time use ofheavily contaminated
water with nitrates. Taking into account thatin the
village there is a drinking water network with a
much better quality than in the wells, the population
has an alternative.

REFERENCES

Briciu, A.E. & Oprea-Gancevici, D., 2011. Rural
hydrology study regarding the phreatic water
quality in Dragomirna Plateau, Romania. Present
Env. and Sustainable Develop., 5, 2,279-293.

Bryan, N.S. & Loscalzo, J., (Eds.) 2011.Nitrite and
nitrate in human health and disease. Springer
Humana Press, New York, 306.

Carlstrom, M., Persson, A.E., Larsson, E., Heze, | M.,
Scheffer, P.G., Teerlink, T., Weitzberg, E. &
Lundberg, J.O., 2011.Dietary nitrate attenuates
oxidative stress, prevents cardiac and renal
injuries, and reduces blood pressure in salt-
induced hypertension. Cardiovascular Research,
89, 3, 574-585.

Chiritescu, D., 2015.Romania stakeholder perspectives
on a water goal and its implementation, Global
Water Partnership, The postdevelopment agenda.

Daniels, B. & Mesner, N., 2010. Nitrate. Drinking Water

Facts, Utah State University, Water Quality
Extension, 4.
Duncan, C., Li, H., Dykhuizen, R., Frazer, R,

Johnston, P., MacKnight, G., Smith, L., Lamza,
K., McKenzie, H., Batt, L., Kelly, D., Golden,
M., Benjamin, N. & Leifert, C., 1997. Protection
against oral and gastrointestinal diseases:
importance of dietary nitrate intake, oral nitrate
reduction and enterosalivary nitrate circulation.
Comparative Biochemistry and Physiology, A.
Physiology, 118, 4, 939-948.

FAO/WHO, 1996. Toxicological evaluation of certain
food additives and contaminants. Geneva, World
Health Organization, Joint FAO/WHO Expert
Committee on Food Additives, WHO Food
Additives Series, 35,832-852.

Fields, S., 2004.Global nitrogen: cycling out of control.
Environ Health Perspect, 112, A557-A563.

Hope, D., Zhu, W., Gries, C., Oleson, J., Kaye, J.,
Grimm, N.B. & Baker, L.A., 2005. Spatial
variation in soil inorganic nitrogen across an arid
urban ecosystem. Urban Ecosystems 8, 251-273.

Jedrychowski, W., Maugeri, U. & Bianchi, 1., 1997.
Environmental pollution in central and eastern
European countries: a basis for cancer

375



epidemiology. Rev Environ Health, 12, 1-23.

Kurt, M. A, Guler, C., Alpaslan, M. & Akbulut, C.,
2012. Determination of nitrate and nitrite origins
in the soils and ground waters of the area between
Mersin-Tarsus  (Turkey) using  Geographic
Information Systems, Carpathian Journal of Earth
and Environmental Sciences, 7, 4, 181 — 188.

Lansley, K.E. Winyard, P.G., Fulford, J., Vanhatalo,

A., Bailey, S.J., Blackwell, J.R., DiMenna, F.J.,

Gilchrist, M., Benjamin, N. & Jones, A.M.,

2011. Dietary nitrate supplementation reduces the

O, cost of walking and running: a placebo-

controlled study. J. of Applied Physiology, 110, 3,

591-600.

311 from 28 iune 2004, amending and

supplementing Law no. 458/2002 on drinking

water quality in Romania, 1-8.

Montenegro, M.E., Amaral, J.H., Pinheiro, L.C.,
Sakamoto, E.K., Ferreira, G.C., Reis, R.l,
Marcal, D.M., Pereira, R.P. & Tanus-Santos,
J.E., 2011. Sodium nitrite downregulates vascular
NADPH oxidase and exerts antihypertensive
effects in hypertension. Free Radical Biology and
Medicine, 51, 1, 144-152.

Pele, M., Vasile, G. & Artimon, M., 2010. Studies
regarding nitrogen pollutants in well waters from
Romania. Scientific Papers, UASVM Bucharest,
A, LI, 145-151, ISSN 1222-5339.

Petrescu, |. & Mészaros, N., 1987.Contributions to the
Study of the Late Eocene Palynology (Early
Priabonian) of Treznea-Agrij (Salaj County) the
NV part of Romania.Studia Univ. B.B.,
seriaGeologia-Geof., Cluj-Napoca, XXXII, 3-11.

Polom¢i¢, D., Hajdin, B., Cuk, M., Papi¢,
P.&Stevanovi¢, Z.,2014. Groundwater resources
for drinking water supply in Serbia’s southeast
Pannonian Basin, Carpathian Journal of Earth and
Environmental Sciences, 9, 3, 97 — 108.

Law

Received at: 28. 06. 2016

Revised at; 29. 12. 2016

Accepted for publication at: 11. 01. 2017
Published online at: 25. 01. 2017

Samwel, M., 2004, Pesticides pollute drinking water
wells in rural Romania, Pan Europe, Pesticides
News 63, 8-9.

Speijers, G.J.A., Van Went, G.F., Van Apeldoorn,
M.E., Montizaan, G.F., Janus, J.A., Canton,
J.H., Van Gestel, C.A.M., Van Der Heijden,
C.A., Heijna-Merkus, E., Knaap, A.G.A.C,
Luttik, R. & De Zwart, D., 1989. Integrated
criteria document nitrate; effects. Appendix to
RIVM Report No. 758473012.Bilthoven, National
Institute for Public Health and the Environment)
(RIVM Report No. A758473012).

Tang, Y., Jiang, H. & Bryan, N.S., 2011. Nitrite and
nitrate: cardiovascular risk—benefit and metabolic
effect. Current Opinion in Lipidol., 22, 1, 11-15.

Ward, M.H., deKok, T.M., Levallois, P., Brender, J.,
Gulis, G., Nolan, B.T., & VanDerslice, J.,
2005.Workgroup Report: Drinking-Water Nitrate
and Health—Recent Findings and Research
Needs.Environ Health Perspect, 113, 11, 1607-
1614.

Withers, P.J.A., Jarvie, H.P. &Stoate, C., 2011.
Quantifying the impact of septic tank systems on
eutrophication risk in  rural headwaters.
Environment International, 37, 3, 644-653.

Weyer, P.J., Cerhan, J.R., Kross, B.C., Hallberg, G.R.,

Kantamneni, J., Breuer, G., Jones, M.P., Zheng,

W. & Lynch, C.F., 2001.Municipal Drinking

Water Nitrate Level and Cancer Risk in Older

Women: The lowa Women’s Health Study.

Epidemiology. 12, 3, 327-338.

S.G., Kukreja, R.C., Das, A., Chen, Q.

Lesnefsky, E.J. & Xi, L., 2011. Dietary nitrate

supplementation protects against doxorubicin-

induced cardiomyopathy by improving
mitochondrial function. Journal of the American

College of Cardiology, 57, 21, 2181-21809.

Zhu,

376



