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Presence of Nitrate and Nitrite in Well Water in Mureș 
County
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Objective: One of the most important sources of nitrite and nitrate anions, besides vegetables and meat products, is the drinking water. Pres-
ence of nitrite and nitrate in the water in higher concentrations than those set by EFSA (0.5 mg/l nitrite, 50 mg/l nitrate), may have toxicological 
significance. A quantitative determination of these ions in samples collected from several pleases from Mureș County was made. 
Methods: Ninety-seven well water samples were tested from 12 different places from Mureș County. We used a simple HPLC-UV ion pair 
method for the determination of nitrite and nitrate concentrations. Sensitivity of the method enables the quantification for concentrations far 
below the MCL value.
Results: The highest amounts of nitrate and nitrite were measured in Sângeorgiu de Mureș and Cristești. Concentrations of nitrite and nitrate 
were exceeded in 4.12% and respectively 44.32% of the samples.
Conclusions: The high amounts of nitrites and nitrates existing in well water go beyond the expected extent.  This pollution can become a 
health risk since this water is used in human nutrition especially in child nourishment.
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Introduction
Nitrate occurs naturally in plans in the nitrogen cycle as a 
key nutrient. It is used simultaneously with nitrite in the 
food industry as food preserving additives. Besides these 
cases it serves as oxidizing agent in production of explo-
sives and for glass making. 

Nitrates and nitrites occur in different amount in veg-
etables, such as dill, lettuce, cabbage, spinach, carrot and 
beetroot. The highest concentration of nitrate was found in 
rocket (> 9 g/kg) and lettuce (> 8 g/kg) [1]. In agriculture, 
large amount of inorganic nitrogenous fertilizers and ma-
nures are used, which cause the contamination of surface 
water and groundwater. Therefore, the drinking water can 
contain a significant amount of NO3- and NO2-, which 
in some cases can be source of intoxications. The ADI (ac-
cepted daily intake) of nitrate is 3.7 mg/kg/day, and for the 
more toxic nitrite is 0.07 mg/kg/day [2].

Nitrate itself is considered of low toxicity, but a part of 
the ingested nitrate (about 5-8%) is transformed into ni-
trite, the more toxic anion, under the influence of bacteria 
in the mouth or in the stomach. These ions are quickly ab-
sorbed and reach the systemic circulation. The nitrite ion 
can undergo spontaneously a simple one electron reduc-
tion to yield NO. 

The toxicity of these anions is linked whit three major 
health problems [3].

First of all nitrite and nitric oxide free radical formed 
from NO2-  can oxidize the ferrous (Fe2+) iron to the 
ferric (Fe3+) iron from the hemoglobin structures. The 

methemoglobinemia (metHb) have different clinical fea-
tures, depending on the blood concentration of metHb. 
10-20% can cause tissue hypoxia, cyanosis; 20-40% 
metHb symptoms are headache, tachycardia, and anxi-
ety; 40-60% metHb signs are lethargy, confusion and 
respiratory depression; over 60% metHb may results in 
coma or even death [4]. Maintaining low levels of metHb 
is achieved through glutathione reducing capacity, but 
similarly important is NADPH dependent metHb reduc-
tase, which converts metHb back to Hb. The amount of 
metHb-reductase in the first years of life is lower. Therefore 
the children up to 3 years, are much more sensitive to the 
increased amount of nitrite that adults. Fortunately there is 
no danger of blue baby syndrome for the breastfed infants. 
Research continues on the effects of nitrates and nitrites 
during pregnancy. But is recomanded for pregnant women 
to drink water that does not have high levels of nitrates or 
nitrites to avoid any inconvenience [5] .

The second damaging effect of the nitrate and the nitrite 
ion is the genotoxicity. In the stomach nitrite may form 
the carcinogen N-nitrosamine such as N-nitrosodimeth-
ylamine the most frequently nitrosamine formed in the 
gastric mucosa or in the meats. N-nitrosodimethylamine 
undergoes CYP oxidation to form an unstable metabolite 
that releases carbonium cation able to induce DNA dam-
age through a free radical like mechanism. Several studies 
have been carried out on the correlation of nitrate-nitrite 
intake and primarily gastric cancer. It was found no sig-
nificant correlation between gastric cancer and nitrate in 
drinking-water, but the nitrosamine occurring in the foods 
was associated with a statistically significant increased risk 
of stomach cancer [6,7].* Correspondence to: Ibolya Fülöp
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Production of NO from food-born nitrate was observed 
in some experiments [6,8]. NO have role in the regulation 
of vascular tone, neurotransmission, and immunity [9]. 
Th e reduce synthesis of NO cause endothelial dysfunction 
and impaired ventricular contractility in elderly patients, 
and also can induce the decrease of primary immune pro-
tection [10,11]. Since NO production from nitrate does 
not have an enzyme controlled pathway (depends on the 
nitrate reducing ability of the bacteria in the mouth), an 
overproduction might appear. Th e most important nega-
tive eff ect of NO overproduction is tyrosine nitration in 
the myocardium [12].

Teratogen eff ects and thyroid inhibition were also cor-
related with large intakes of nitrite and nitrate [13]. 

Because the most important sources of nitrate ion are 
vegetables and drinking water, the U.S. Environmental 
Protection Agency (EPA) sets Maximum Contaminant 
Levels (MCLs) for nitrogen in public drinking water sys-
tems (10 mg/l for nitrate and 1 mg/l for nitrite) [14,15]. 
In the EU the guideline values for nitrate and nitrite are 
50 mg/l respectively 0.5 mg/l, to protect against methae-
moglobinaemia in bottle-fed infants [16,17]. Th e nitrate 
and nitrite may occur simultaneously in drinking-water; 
therefore the sum of the ratios of the concentration (C) of 
each to its guideline value (GV) should not exceed 1 [18]:

In our work we tried to quantify the nitrate and nitrite 
amount from the well water in Mureș County.

Methods
Following chemicals were used: gradient-grade methanol 
and acetonitrile Merck KgaA, (Germany), tetrabutylam-
monium (TBA) Merck KgaA, (Germany), sodium nitrate 
Merck KgaA, (Germany), and sodium nitrite) Merck 
KgaA, (Germany). Ultra-pure water was obtained using a 
Mili-Q purifi cation system (Millipore Corporation, USA). 

Sample analysis was carried out on a Merck Hitachi L-7000 
HPLC system with a DAD detector. A LichroCART 250-
4, Lichrospher 100, Rp–18(5μm) Merck KgaA Column 
was used for separation of analytes. 

Measurements of nitrite and nitrate were done using 
an RP HPLC-UV ion pair method published in detail 
elsewhere [19]. Limits of detection are: 2 ng/ml for nitrite 
and 5 ng/ml for nitrate; limits of quantifi cation are: 5 ng/
ml for nitrite and 15 ng/ml for nitrate. Run time of the 
method is 12 minutes.

Th e 97 samples were collected from 12 localities from 
Mureș County, Romania. Samples were preserved at -20 
°C until analysis. After defrosting at room temperature, the 
samples were injected into the HPLC without dilution.

Results
Figure 1 shows a typical chromatogram for a well water 
sample containing bout nitrite and nitrate. Th e retention 
time for the nitrite ion is 6.41 minutes and for the nitrate 
ion is 9.17 minutes (Figure 2).

Th e nitrate and nitrite contents of well waters are shown 
in Table I. Th e values higher than MCL are marked in red. 

Table I. Nitrite and nitrate concentration from the well water samples

Location N1
Nitrite (μg/l) Nitrate (mg/l)

Min. Max. Average Min. Max. Average

Târgu Mureș 6 BLQ2 BLQ2 BLQ2 0.98 124.78 63.18±44.11

Sângeorgiu de Mureș 14 BLD3 728.80 172.52±184.52 1.91 127.66 78.83±47.44

Livezeni 2 61.70 209.00 135.35±104.15 31.83 34.38 33.10±1.80

Cristești 30 BLD3 4481.40 392.82±1112.18 3.56 169.03 67.18±40.76

Sâncraiu de Mureș 7 BLD3 148.80 42.72±51.29 0.35 129.66 34.10±55.06

Sântana de Mureș 7 BLD3 155.30 87.72±58.96 4.29 34.72 14.62±12.05

Corunca 3 BLD3 126.40 45.33±70.36 1.00 91.23 51.11±45.93

Sânmărtin 14 BLD3 182.20 58.14±63.07 0.45 240.82 68.70±85.52

Iernut 9 BLD3 13999.60 1963.03±4643.04 1.49 61.24 20.27±18.86

Cipău 4 36.60 150.30 75.57±50.80 0.39 97.07 45.11±41.12

Băla 7 73.20 241.10 165.07±69.32 12.91 41.34 24.20±12.12

Gerebeniș 2 124.90 247.80 186.35±86.90 34.91 49.83 42.37±10.55
1 number of samples tested; 2 below limit of quantifi cation; 3 below limit of detection

Fig. 2. Typical chromatogram for the nitrite and nitrate

Fig. 1. The maximal amount nitrite and nitrate calculating formula
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The distribution of the nitrite respectively nitrate con-
centration in the tested well waters is shown in Figure 1 
and 2. In some cases the nitrite amounts are above the ac-
cepted concentration in the EU (4.12% of the samples) 
and in one sample the nitrite concentration is fivefold 
higher than the MCL.

The nitrate levels in the well water are in several cases 
above MCL. 44.32% from the collected samples exceed 
the accepted amount in EU.

Discussion
The nitrate content of drinking water had extremely large 
variations for the tested samples. Most of the well water 
samples contained measurable amounts of nitrite and 
each sample has nitrate concentration over the LOQ value 
(15ng/ml). In 22/93 samples the nitrite concentration is 
below the LOQ value (5ng/ml) because usually nitrite isn’t 
present in well water. 

The largest variations of the nitrite concentration were 
recorded in the samples collected from Cristești (BLD – 
4481.40 μg/l) and Iernut (BLD – 13999.60 μg/l). The 
highest variation in the nitrate content have been reported 

in the case of samples yield from Sânmărtin (SD±85.52) 
and Sâncraiu de Mureș (SD±55.06). The large variation in 
the nitrite/nitrate concentration is difficult to be explained 
since, sometimes, extremely large variations were recorded 
in well waters obtained from neighboring houses.

The most affected areas are Sângeorgiu de Mureș and 
Cristești, where the nitrate concentrations pass the MCL 
in 11/14 samples respectively 21/30 samples.

In several households these water is used in the prepa-
ration of foods for adults and children. If a child with a 
weight of 4 kg is consuming 600 ml of milk prepared from 
milk-powder with well water, then the maximum level of 
nitrite and nitrate in the water, in order to not exceed the 
ADI, can be 0.46 mg/l and 24 mg/l, respectively. Sixty-
seven samples from 97 showed a higher amount than those 
calculated to be safe for a 4 kg child. Therefore, more than 
half (69.07%) from these waters are contraindicated to 
children feeding. 

The general daily water consumption (about 2 l/day) 
can be also a source of intoxication with nitrate. The ADI 
of nitrate for an adult with a weight of 60 kg is 222 mg. If 
these adult drinks 2 l of water/day, the nitrate concentra-
tion in the water, which allows him to exceed the ADI by 
consuming water as only nitrate source, is 112 mg/l. In the 
studied probe in 14 samples the nitrate amount is above 
112 mg/l.

Conclusion
The method used in the determination of concentration of 
nitrate and nitrite ions is a very sensitive, fast and suitable 
for measuring low levels of nitrate and nitrite in drink-
ing water samples. In many cases the MCL for nitrate and 
also for the nitrite ion are exceeded. Considering that in 
some places well waters are used for the preparation of ba-
by’s food, the wells should be periodically checked for the 
presence of nitrate and nitrite (even if the first measurement 
shows acceptable values).
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