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Abstract: Nitrate 1s an acute contammant, wlich means a single exposure can affect health of persons. Potential
source of nitrate include septic system, animal waste, commercial fertilizer and decaying organic matter. This
study was conducted to investigate NO™, pollution in both natural mineral waters and bottled/packaging waters
in Tran. The water samples were taken from 24 provinces of Tran. Nitrate concentration in the natural mineral
waters and bottled/packaging waters varied from 0-15 with the average of 5.37 ppm and 0-25 with the average
of 6.47 ppm, respectively. Results showed that all of the samples were in maximum safe NO~, concentration that
was considered to be 50 ppm according to the World Health Organization. The most of both natural mineral
water and bottled/packaging water (62 and 69% respectively) were in group 5-10. Based of the results of this
study, only 4% of water samples were classified as having high risk to human health or environment.
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INTRUDUCTION

Drinking water high in nitrite is potentially harm ful to
human and animal health. Nitrate (NO,) is a naturally
occurring from of mtrogen (N} which 15 very mobile in
water. It 1s essential for plant growth and 1s often added
to soil to improve productivity. Nitrogenous fertilizer used
on arable farmland can be a significant source of nitrate in
ground water and surface water. Marked mcrease in
fertilizer N rates applied to agricultural soils has caused N
to be leached below the rooting zone (Hallberg, 1989).

Water moving it down through soil after ranfall or
urigation carries dissolved mtrate with it to ground water.
In this way, nitrate enters the water supplies of many
homeowners and then in all tap and bottled water.

While N provides large responses in crop yield and
1s an extremely valuable nutrient, 1t 13 the major nutrient of
concern in water pollution (Davies, 2000).

The Tran drinking water standard, or maximum
contaminant level (MCL), for nitrate is 50 mg L7
(ISIRI, 2005, 2003). (Nitrate in water 1s commonly
expressed as mg L.~ NO, or NO,-N. The former expression
is used throughout this study in order to be consistent
with original data sources).

Jasa et al. (2006) reported adverse effects of lugh
NO7, levels, most notably methemoglobimemia (sometimes
referred to as "blue baby syndrome") stomach cancer and
non-Hodgkin’s Lymphoma.

The NO7; in water 13 international problem. Numerous
international studies attest to agricultural sources being
a predominant source for nitrate in groundwater. For
example, Pacheco and Cabrera (1997) reported nitrate
contamination in a karstic hmestone aquifer beneath the
Yucatan Peninsula of Mexico. They attributed the
contamination to human and agricultural wastewater.

Strebel et ol (1989) and Fried (1991) reviewed nitrate
pollution of groundwater in Europe (including Belgium,
Denmarlk, France, Germany, The WNetherlands and
England). Their data showed a rising trend in nitrate
concentrations over time.

In Europe, No; concentration exceeding the
international (WHO, 1993) recommendations for drinking
water (30 mg I.7") have been found in ground water under
22% of cultivated land (Taegreid et al., 1999).

Bernhard et al (1992) also documented nitrate
pollution n France, in alluvial deposits beneath the
Asatian Plain. The problem followed conversion of land
use from grasslands to intensive cultivation of grain com.
Similarly, Rivers et al (1996) identified nitrate and
ammonium in a sandstone aquifer beneath Nottingham,
England.

The contamination originated from fertilizer and soil
organic nitrogen. Oenema ef al. (1998) attributed mtrate
pollution of groundwater in The Netherlands to
agricultural activity, mainly fertilizer and livestock manure.
Sandy soils beneath concentrated dairy and pig/poultry
farms were most severely impacted.
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Nitrate pollution in 9 counties, all located in north-
central and west-central Texas showed more than 50% of
the observations exceeded the maximum contaminant level
(MCL) of 44.27 mg L™ (Hudak, 2000).

Zhang et al. (1996) studied mitrate pollution of
groundwater in northerm China. Over 50% of 69 locations
mvestigated 1 the study area
concentrations above 50 mg 1.™'. High concentrations, up
to 300 mg L7, were found in groundwater beneath
vegetable-producing areas, small cities and towns and
farmer's vards. Nitrogen fertilizer had been applied at all
locations having high nitrate levels. The problem is

contained mtrate

expected to worsen in China, where increasing food
demands require maximizing agricultural productivity.
Zakutin et al. (1994) documented nitrate pollution in
public water supplies within mne groundwater basins of
the Commonwealth of Independent States (CIS) and
neighboring countries.

In the Middle East, Kacaroglu and Gunay (1997)
surveyed nitrate pollution in an alluvial aquifer beneath
the wban complex of Eskisehir, Turkey. While irrigated
agriculture is common in that area, the highest nitrate
concentrations were beneath densely populated and
unsewered parts of the study area. Septic tanks and
contaminated water from the Porsuk River were principal
nitrate sources. In the other study were mvestigated in
Turkey, on the effects of anthropogenic activities on
groundwater quality showed that the groundwater and
Porsuk River water have high contents of nitrite
(Yuce, 2007).

High mitrate levels in groundwater have also been
found in southern Australia (Dillon et al., 1991 ) and New
Zealand. Principal mnitrate sources in those countries
mclude fertilizer applied to pastures and waste from
livestock processing facilities.

These are but a few examples of past studies that
attest to the international scope of nitrate contamination
in groundwater.

In Iran, agricultural land may be considered to be the
main source of NO7,, where intensification in the last
30 years has mereased NO7, leaching from soils into both
surface and ground waters. Iran, Egypt and Turkey
account for 75% of the fertilizer-N consumption in the
Near East (Bijay-Singh and Yadvinde-Singh, 1995). During
the last 3 decades, NO7, concentration of the groundwater
has gradually increased and is reaching 50 mg L= NQ
in some parts of Tran.

Talali (2005) studied nitrate pollution of groundwater
in Hamadan, Tran. Results showed that of 311 wells, 63%
had levels less than 30 mg L™ NO7; and 37% had levels
excess of the 50 mg L™ NO,,.

Nitrate is very mobile once in groundwater-it tends
not to adsorb or precipitate on aquifer solids. Moreover,
Nitrate 1s not routinely removed from well water. High
nitrate concentrations can adversely affect consumers of
both public and rural water supplies. The purpose of this
study was to: determination of mtrate pollution in both
natural mineral waters and bottled/packaging waters
offered for sale as food, in Iran.

MATERIALS AND METHODS

Natural mineral water and bottled/packaging water
samples from the 24 provinces of Iran were brought to the
Food and Agriculture Department, Institute of Standard
and Industrial Research.

In order to avoid contammation, clean plastic
containers were used for bringing samples. The samples
were stored i polyethylene containers, adequately
labeled and preserved i the refrigerator until they were
taken to the laboratory.

The study was then carried out at Water Science
laboratory. About one hundred samples of each group
(natural mineral waters and bottled/packaging waters)
were examined. Water samples were measured for their
NO7; analysis during summer 2007, Therefore, there was
no seasonal varation in NO; content in samples.

NO™, contents were determined by preserving
specimens with 40 mg HgCl, L™ and was stored at 4°C.
Then 1t was adjusted to pH with ca and CH,COOH (1 + 3)
and was filtered through 0.45 um filter. Set of matched
tubes for blanks, standards and specimens were prepared.
Ten mL of specimen, or aliquot diluted to 10 ml., was
pipetted in to specimen tubes. Tubes were swirled and
placed m 0-10°C bath and then pipeted 10 mL 6.5M H,SO,
into each tube and swirled. Let all tubes were come to
thermal equilibrium About. 0.5 mL brucine reagents were
added to all tubes and were swirled. Then tubes were
transferred to boiling water-bath for exactly 25 min and
then cooled to 20-25°C. The analysis was determined by
UV-vis spectrophotometer Varian 1E mstrument i 410 nm
wavelength aganst reagent blank. Also, calibration curve
of nitrate was drawn with set of standards solutions
containing 0.1-2 mg N L' (AOAC, 2000).

On the basis of NO7, concentrations the samples
were grouped into one of five classes (Table 1) (Daniels
and Mesner, 2005). Nitrate concentrations in groups, 4
and 5 exceed the international (WHO, 1993) and ISIRI
recommendations for drinking water.

Statistical analysis: Statistical analysis of the obtained
results was performed according to pared-samples t-test
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Table 1: Interpretation of nitrate level in water

Nitrate Level (ppm)* Interpretation

Group 1 (0-10)
cause environmental problems.
Group 2 (11-20)
Group 3 (21-40)
high in nitrates.
Group 4 (41-100)

Group 5 (Over 100)  Should not be used

Rafe for humans and livestock. However, concentrations of more than 4 ppm are an indicator of possible pollution sources and could

Generally safe for human adults and livestock. Not safe for infants because their digestive systems cannot absorb and excrete nitrate,
Should not be used as a drinking water source but short-term use acceptable for adults and livestock unless food or feed sources are very

Risky for adults and young livestock. Probably acceptable for mature and livestock if feed is low in nitrates.

*parts per million

employing the SPSS statistical program. Means of
duplicate analysis from 100 samples of each region were
reported for the studied parameters.

RESULTS

As shown m Fig. 1 the frequency distribution of
nitrate concentration are presented for natural mineral
water. It should be noted that the concentration of nitrate
in groups over the (21-40) were not in the detectable
range. It should be noted that the frequency distribution
of nitrate concentration in group (5-10) was determined as
62% which appear to be quite high and in group (0-4) was
35%. The frequency distribution of nitrate concentration
for bottled/packaging water samples are presented in
Fig. 2. Similar to what was mentioned for natural mineral
water earlier, almost the frequency distributions of mtrate
concentrations for bottled/packaging water were not in
the detectable range and n group (5-10) was determined
as 69% which is similar to another group and 26% for
group (0-4).

In Table 2 absolute and relative frequency
distribution of nitrate values in all samples show that over
the 50% of samples (65.5%) were in group 5-10.

In Table 3 the result of water analysis for NO7,
concentration are shown. Nitrate concentration varied
trom 0-25 ppm with an average of 5.92 ppm. The median of
all samples were i 5 ppm.

Table 2:  Absolute and relative frequency distribution of nitrate value in
natural mineral and bottle/packing waters in Iran

Nitrate Level (ppm)* No. (n =200) (%)
0-4 6l 30.5
5-10 131 65.5
11-20 7 3.5
21-40 1 0.5
41-100 0 0
=100 0 0

# parts per million

Table 3: Statistical analysis of nitrate value in natural mineral and
bottle/packing waters in Iran

Statistical ~ Natural mineral Bottled/packaging Natural mineral and
analysis waters (n =100) waters (n =100)  bottled/packing waters
Max 15 25 25

Min 0 0 0

Mean 5.37 6.47 592

SD 2.90 3.74 3.38

Median 5 5 5

g a0 35

3 0 0 0

04 510 1120 2140 41100 >100
Nitrate concentration (ppm)

Fig. 1: Frequency distribution for nitrate concenyration
1in natural mineral water samples fron partes of Iran
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Fig. 2: Frequency distribution for nitrate concenyration
in bottle/packing water samples

DISCUSSION

The results of NO7; concentration of samples in both
natural mineral water and bottled/packaging water show
that all of them were m maximun safe NO™; concentration
that was considered to be 50 ppm according to the World
Health Organization (WHO, 1993). Also, in 1999, 99.94%
of tests for mtrate on samples taken from public water
supplies in England and Wales met the nitrate standard
too (AET, 2007).

The 17.5. Environmental Protection Agency (IJSEPA)
has set the primary drinking water standard (from public
water supplies) for nitrate at 10 ppm (Daniels and Mesner,
2003).
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The average value of nitrate in natural mineral water
and bottled/packaging water were 5.37 and 6.47 ppm and
their concentrations varied from 0-15 and 0-25 ppm,
respectively. Furthermore, it has been noted that the
median of all samples were i 5 ppm (Table 3).

The most of both natural mineral water and
bottled/packaging water (62 and 69%, respectively) were
i group 5-10. According to the mterpretation of nitrate
level in water (Table 1) this amount is safe for human
adults and livestock and concentrations of more than
4 ppm are an mdicator of possible pollution sources and
could cause environmental problems. The results of our
study indicated that, remedial action should not be taken
for waters that consume by human adults and livestock.
But possible pulution sources maybe exite.

Although, based on the results of this study, the
data regarding relative frequency of samples i both
natural mineral water and bottled/packaging water was
30.5% in group one (Table 2), which based on
mterpretation of nitrate level at the range of 0-10 ppm 1s in
Table 1. this amount is safe for human adults and
livestock.

Only m 4% of samples NO™; concentration was
abovell ppm (Table 2). Therefore, it should be noted as
a risk for infant because their digestive systems cannot
absorb and excrete nitrate (Daniels and Mesner, 2005).

CONCULUSION

The production of adequate and safe drinking water
is a high priority issue for safeguarding the health and
well-beng of humans all over the world. Natural mineral
water and bottled/packaging water are important for water
supply to meet human needs in many parts of Iran
especially in warm regions. Based of the results of this
study, only 4% of water samples were classified as having
high risk to human health or environment.

Due to the lack of mformation specifying the source
of each sample obviously, the further studies need to
consider in Iran.
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