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Abstract

This study provides a characterization of potential health risk associated with
groundwater Nitrates in Akkar plain in Taturs governorate in Syria. Six vil-
lages were chosen for Nitrates analysis in artesian wells. The results show that
Nitrates concentrations are above the natural level but still below the level of
water potability and measures have to be taken to prevent Nitrates accumula-
tion in groundwater. Comparing Nitrates dose in young children diet with
reference dose and calculating the hazard index give the noncarcinogenic risk
(Methemoglobinemia). Carcinogenic risk of drinking well waters with Ni-
trates is calculated in a probabilistic-fuzzy framework. The role of Bacterial
contamination of water and its association with Nitrates pollution is discussed
and we found that the two pollutants are not correlated in Akkar plain, be-
cause Nitrates come principally from fertilizers in this area while fecal coli-
forms come from landfill leachates and untreated wastewaters. Nitrates and
FC play associated roles in gastro-intestinal disturbance and Methemoglobi-
nemia.

Keywords
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1. Introduction

It is common to see in the recent scientific researches, hypotheses that highlight
the role of environmental factors in cardio-respiratory diseases, breast morbidi-
ty, some cancer types: stomach, colon and rectum, liver, pancreas, larynx, lung,

bladder, kidney, brain, lymphatic and haematopoietic cancer [1]-[10].
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Environmental factors mean a variety of exposure risks include air pollution
because of vicinity of industrial complexes, landfills, incinerators, drinking water
pollution because of fertilizers, herbicides, chlorine compounds... These pollu-
tants can accumulate in the natural food chain and arrive to human as well.

Groundwater Nitrates pollution is a worldwide problem. Nitrates are soluble
in water and move easily through the soil and into the groundwater. Because of
development of farmlands and application of chemical fertilizers, particularly
azote fertilizers, Nitrates became one of the main sources of soil and water pollu-
tion. Therefore, it is necessary to investigate Nitrates pollution of groundwater
[11]. Nitrates accumulate in groundwater according to two factors, Nitrates
sources from surface layer and the vulnerability of aquifer to Nitrate. Vulnera-
bility of an aquifer is a term used for describing the easiness of pollutants of soil
surface to reach the groundwater. High-Nitrates drinking water is most often
associated with privately-owned wells.

In the European Union, groundwater protection against pollution is regulated
by the European directive (2006/118/EC) [12] that is abbreviated by GWD
“Ground Water Directive”. Regarding Nitrates, the GWD establishes the quality
standard for assessing groundwater chemical status of 50 mg/L, in addition to
other criteria for the definition of groundwater status (quality and quantity). Ni-
trates status forms a fundamental part of the GWD and directives concerning
surface water protection against pollution. The Nitrates directive (1991/676/EEC)
[13] was drawn up with the specific purpose to reduce water pollution caused by
Nitrates from agricultural sources and prevent further such pollution [14].
Moreover, according to the directive, EU members are asked to identify waters
affected by Nitrates pollution called Nitrates Vulnerable Zones (NVZs). The
NVZs are defined as areas where the groundwater contains or could contain (if
no action is taken to reverse the trend) more than 50 mg/L of Nitrates.

Nitrates has been implicated in methemoglobinemia and also a number of
currently inconclusive health outcomes [15]. These include proposed effects
such as cancer (via the bacterial production of N-nitroso compounds), hyper-
tension, increased infant mortality, birth defects, diabetes, spontaneous abor-
tions, respiratory tract infections, and changes to the immune system (Centers
for Disease Control and Prevention CDC 1996) [16].

Categorically, Nitrates in drinking water is a contributing factor not a unique
cause of methemoglobinemia and gastric cancer. Methemoglobinemia has sever-
al causes as hereditary, Drug/Chemical induced and Diet induced [15]; these
causes and more can induce gastric cancer. Complex co-factor relationships do
not currently allow the establishment of a quantitative exposure-response rela-
tionship for human exposure to Nitrates in food or water and the subsequent
development of methemoglobinemia or cancer. Nitrates or nitrite (ingested),
under conditions that result in endogenous nitrosation, are registered in Group
2A “Probably carcinogenic to humans” by the IARC (International Agency for

Research on Cancer).
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Recently, Researchers around the world are working continuously to assess
the health risk of long term exposure to Nitrates in drinking water. Sadler et al.
2016 [17] used probabilistic techniques in order to assess health risk for the local
populations in rural areas in Indonesia. Their results indicate a low risk of infant
methaemoglobinaemia for the whole population, but some risk for the sensitive
portion of the population and an elevated risk for birth defects, in particular for
the more sensitive population. According to the study, a sanitation improvement
program in the study area had shown a positive effect in reducing nitrate levels
in wells and the corresponding risk for public health. In the study of Schullehner
et al. 2017 [18], Nitrate was used as an example contaminant in presenting an
approach making drinking water quality data from the Danish national geoda-
tabase Jupiter available for epidemiological studies on long-term health effects of
drinking water quality. Espejo-Herrera ef al. 2015 [19] suggested in their study,
about Nitrate in drinking water and bladder cancer risk in Spain, that elevated
risk of bladder cancer is found only among subjects with longest exposure dura-
tion to the highest levels of Nitrates. Stayner et al. 2017 [20] investigated the role
of Atrazine and nitrate in drinking water and the risk of preterm delivery and
low birth weight and they found a strong interaction between atrazine and ni-
trate for preterm delivery.

In this research, we try to assess the noncarcinogenic and carcinogenic risks of
drinking waters with high Nitrates concentrations. We evaluate the risk of
drinking water Nitrates in wells in South of Tartus governorate in Syria, and we
try to count the principal pollution sources in Tartus governorate that has the

highest cancer rates in Syria.

2. Noncarcinogenic Health Effects of Nitrates in Drinking
Water

Infants under 3 months of age are particularly susceptible to methemoglobine-
mia. Because the pH of the infant’s gastric juice is relatively high (from 5 to 7),
Nitrates is reduced to nitrite by the Nitrate-reducing bacteria in the stomach,
and the nitrite is absorbed in the blood and then converts hemoglobin (a protein
in red blood corpuscles) to methemoglobin (MetHb), which cannot carry oxy-
gen to the body’s tissues [21].

The methemoglobin levels of normal healthy individuals are about 0.5% - 2.0%
of the total hemoglobin. At levels above 10%, clinical signs are evident (ie, a
bluish color in the skin and lips is produced) and the condition is termed me-
themoglobinemia. Generally, methemoglobinemia is not a notifiable disease; and
definitions of methemoglobinemia (in terms of the required level of MetHb)
vary in the literature [15]. In the USEPA 2008 report [22] on Dose-Response of
Nitrates and other Methemoglobin inducers on Methemoglobin levels of infants’
risk, the risk factors are studied in the case of MetHb level is greater than 2% in
the child blood and in the case of MetHb level is greater than 3% in the child

blood. However, methemoglobinemia responds rapidly to treatment.
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Current methods for estimating noncarcinogenic health effects (e.g., methe-
moglobinemia) from human exposure to chemicals rely on the concept of a Ref-
erence Dose (RfD), The RfD is an estimation of daily exposure that is not ex-
pected to produce an adverse effect over a lifetime, and it can be derived using
the following formula [23]:

_ NOAEL-DW

UF (1)

RfD

where:

The No Observed Adverse Effect Level (NOAEL) is an exposure level (mg/1)
at which there are no statistically or biologically significant increases in the fre-
quency or severity of adverse effects for the exposed population compared to its
appropriate control group. It is assumed from laboratory experiments of (Daur-
son et al, 1991) [23] that the value of NOAEL = 10 mg/1 NO,-N (WHO and
USEPA standard); DW refers to daily water consumption of an infant
(L/day/infant); this value is taken for a 4 kg-weight infant =0.64 1/day. Infant
can be written as 0.16 L/kg-d.

UF is an uncertainty factor, which usually ranges from 1 to 1000 [24]. The
appropriate value of the uncertainty factor (UF) for infants is 1.0 because they
are the most sensitive population.

Thus, we find:

RfD =(10x0.64)/1=6.4 mg NO,-N /day - infant

As 10 mg/L Nitrate-N is equivalent to 44 mg/L Nitrate, the reference dose of
Nitrates can be written for every kg of the enfant weight:

RfD =(44x0.16)/1=7.04 mg NO, /kg - day

The Average Daily Dose ADD of Nitrates taken by every kg of enfant weight
can be calculated:

ADD(mg NO, /kg - day) = C(mg NO, /1)* DW (1/kg - d) (2)

Cis Nitrates concentration in drinking water.
DW:is the daily water consumption of an infant “already defined”.
The ratio of ADDto RfDis called the Hazard Index HI.

HI = ADD/RfD (3)

Methemoglobinemia risk does not exist if H7< 1.0.
But the risk exists if H7> 1.5.
While one may say, on the basis of strong evidence, that methemoglobinemia

cannot occur in infants if 1.0 < HI < 1.5.

3. Carcinogenic Effects of Nitrates in Drinking Water

To compensate for the current lack of data related directly to cancer incidence in
humans, Nitrate-induced human cancer risk may be estimated based on tests
performed in laboratory animals. Though this interspecies conversion is a con-

troversial issue, it may be the only method for modeling the relationship be-
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tween Nitrates dose to humans and its corresponding cancer response [25].

Lee 1992 performed a study to estimate human cancer risk corresponding to a
particular Nitrates dose. In the study, animal data “rats” obtained from (Terraci-
ni et al, 1967) [26] are used for the interspecies conversion, in addition to a
combined probabilistic/fuzzy-set framework employed to deal with uncertainty.
The Nitrates Dose-Cancer Response relationship is as follows:

—1 <Y< —1
1+exp(Z,) 1+exp(Z,)
Z,=3331+(1-p)1.138-3.429(In X ) +(1- p)0.881|In X| (4)

Z,=3.331—-(1-p)1.138-3.429(In X ) - (1- p)0.881|In X|

where

X = total Nitrates intake by a human (g/day), X= NW+ NF

NW = Nitrates intake from drinking water (g/day);

NF = Nitrates intake from sources other than drinking water and it is taken as
an upper estimate about 0.15 g/day (including the amount obtained by the con-
version of ingested nitrite to Nitrate);

Y = lifetime probability of developing human gastric cancer;

and p (0 < p < 1) = the membership degree, which is used to define the do-
main of the response Y at various degrees of membership. The value p = 0.5, is

normally taken which is neither optimistic nor pessimistic.

4. Study Area

The coastal area in the eastern coast of the Mediterranean is characterized by a
large population density and relies mainly on agriculture. Akkar plain is consi-
dered one of the most fertile agriculture land in the region. Its total area in Syria
is about 26,600 ha, with 22,300 ha of arable land. In this research, we consider
the zone of Akkar plain located in Tartus District (North Western Syria) with
area of 18,600 ha (Figure 1).

The manifestations of water saturation are observed clearly in this zone of
plain especially in lowlands. The problem of water saturation can be linked to
the existing poor surface drainage system that needs rehabilitation while there is
no subsurface drainage system. The absence of efficient drainage system and the
intensive use of fertilizers in agriculture have serious health consequences pre-
sented by the elevated concentration of Nitrates in groundwater used for drink-
ing and irrigation in this vital area. The elevated Nitrates concentrations can be
referred also to the municipal wastewater disposal without treatment and
breeding activities in the rural areas.

In the plain area, many rivers flow, the most remarked ones are Nahral-Kabir
al-Janoubi “Arabic for the Southern Great River”, Al-Abrash river and Al-Arous
river. A lot of small dams are constructed on rivers in the area. In the past, there
were about 4500 wells in the plain, of which 3700 wells are in Tartus District
alone. For many reasons, most of these wells are out of service now, increasing

the problem of water saturation.
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Figure 1. Locations of the studied villages in Akkar plain in Tartus governorate, with 7
km buffer around landfill.

In order to evaluate health and environmental risk assessment of the elevated
Nitrates concentrations in Akkar plain, we have selected six villages that depend
mainly on groundwater to provide drinking water (Figure 1). We located the
wells used as a source for drinking water, and we analyzed Nitrates in water
samples taken monthly during one year, from May 2009 to May 2010. The depth
of wells serving the studied villages and some other information are given in Ta-
ble 1.
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Table 1. Artesian wells characteristics in the studied villages.

Well
Area  Welln. Depth Notes Area ne Depth Notes
Exploited f; Kurt Exploited f;
Al-Safsafeh 1 225 plottecirom urto 4 100 piottecirom
2008 2000
. Exploited from Meiar Exploited from
Der-Alhajar 2 140 5 125
2000 Shaker 1990
Exploited from Meiar Shaker—the Exploited from
Zahed 3 100 . 6 120
1982 plain 1995

5. Analysis of Nitrates Concentration Results

Nitrates concentrations measured monthly in the six areas are depicted in Fig-
ure 2 and the seasonal average of these values are depicted in Figure 3. Taking
into account that the permitted range of Nitrates in drinking water is 45 milli-
gram per liter, there is no alarm of danger for the aquifer of Akkar plein located
in Tartus district, except for Kerto village wells, where high values of Nitrates are
noticed in June 2009 and February 2010.

The small values of Nitrates concentrations in groundwater in spite of the ex-
cessive use of fertilizers can be referred to the large depth of selected wells. The
large depth means a relatively long time of pollutants to travel through soil until
reaching groundwater. In this time, the passing water undergoes a real filtration
process by natural physical, chemical and biological means in the soil media, re-

sults in water arriving to the aquifer with reduced pollutants.

5.1. Noncarcinogenic Effects of Nitrates in the Studied Area

We use Equation (3) to evaluate the non-carcinogenic risk from drinking
groundwater. The results are shown in Table 2. We find that the risk is negligi-
ble except for Kerto. Thus, the groundwater quality has to be monitored regu-
larly if it is used as drinking water and farther investigations can be led to see
whether the reasons of water pollution can be treated or the population of Kerto

has to depend on alternative source to drink.

5.2. Nitrates and Bacterial Pollution

While Nitrates exist naturally in groundwater, concentrations over 1 mg/L Ni-
trates indicate human activity according to a study conducted in the United
States [27]. However, no cases of methemoglobinemia occurred in infants con-
suming water containing concentrations less than 10 mg/1 NO;-N unless the
water was bacterially contaminated [28]. In the report of USEPA 2008 [22], Ni-
trates intake and exposure to fecal water contamination were considered the
major exposure factors. It was noted that they are generally correlated and it is
very challenging to separate the effects of these risk factors and measure their
actual and independent effects.

In our research, no bacterial analysis in groundwater was performed. It is
worth to mention that this analysis was included in the study of Shaheen et al.

2013 [29] of some groundwater pollution indicators in artesian wells, located in
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Figure 2. Monthly Nitrates results for the studied villages.
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Figure 3. Average seasonal variations of Nitrates in Artesian wells in the
studied villages.

Akkar plain in the neighboring of Wady-Alhedda Center for solid wastes dis-
posal and recycling (Figure 1). Their study shows Nitrates concentrations be-
tween 0.2 and 31.4 mg/L (Figure 4). The high Nitrates values were observed in
wells located in agriculture land. The fecal coliforms count was in the interval
10 - 150 FC/100 mL (Figure 5). According to the authors, the elevated microbial
contamination is linked with landfill and discharge of untreated domestic
wastewater. Thus, the groundwater was not suitable as a source for drinking wa-
ter in that zone. However, in the studied villages, the problems of small-scale
landfills and untreated wastewater increase the probability of groundwater mi-
crobial contamination. Several cases of gastro-intestinal cases were reported
among population inciting them to use the municipal potable water as a unique
source of drinking water and use the ground water from the artesian wells for ir-
rigation only.

From Figure 4 and Figure 5, we note that Nitrates and FC concentrations are
not correlated and vary independently with season, what probably mean that

they came from different sources (well 2 is located downstream the landfill
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Table 2. Nitrates concentrations and associated Methemoglobinemia risk.

Meiar
Al-Safsafeh Der-Alhajar  Zahed Kerto Shl'/f:i:e rr Shaker.—the
plain
- NO, 374 489 437 345 11.0 33.0
< ADD 6.0 7.8 7.0 5.5 1.8 5.3
©  m 0.9 1.1 1.0 0.8 0.3 0.8
. No, 450 25.8 487 73.9 13.0 24.0
i ADD 7.2 41 7.8 11.8 21 3.8
° HI 1.0 0.6 1.1 1.7 0.3 0.5
- No, 409 18.6 435 488 34.8 30.3
‘-zg ADD 6.5 3.0 7.0 7.8 5.6 48
°  H 0.9 0.4 1.0 11 0.8 0.7
.. NO, 39.7 16.6 417 52.4 32.3 28.2
®  ADD 6.4 2.7 6.7 8.4 5.2 45
S m 0.9 0.4 0.9 1.2 0.7 0.6
. NO 411 184 484 46.2 38.7 314
“'.i ADD 6.6 2.9 7.7 7.4 6.2 5.0
° m 0.9 0.4 1.1 11 0.9 0.7
o NO 404 19.8 472 46.0 354 29.3
'.’; ADD 6.5 32 7.6 7.4 5.7 4.7
© o HI 0.9 0.5 1.1 1.0 0.8 0.7
5  NO, 29.8 18.9 45.8 438 427 328
¢ ADD 48 3.0 7.3 7.0 6.8 5.2
I 0.7 0.4 1.0 1.0 1.0 0.7
5 NO 37.8 20.4 437 40.1 37.2 29.4
i ADD 6.0 33 7.0 6.4 6.0 47
©  HI 0.9 0.5 1.0 0.9 0.8 0.7
_  No, 29.4 184 36.3 39.1 324 325
5 ADD 47 2.9 5.8 6.3 5.2 52
°  m 0.7 0.4 0.8 0.9 0.7 0.7
. No 325 174 315 96.4 28.4 27.8
?:‘ ADD 5.2 2.8 5.0 15.4 45 44
°  H 0.7 0.4 0.7 2.2 0.6 0.6
2 NO, 336 317 347 64.4 36.4 36.7
%H ADD 5.4 5.1 5.6 103 5.8 5.9
S m 0.8 0.7 0.8 1.5 0.8 0.8
., NO, 30.8 30.9 335 457 38.7 31.6
E ADD 49 49 5.4 7.3 6.2 5.1
®  HI 0.7 0.7 0.8 1.0 0.9 0.7
¢ NO, 29.7 27.6 31.9 446 40.4 28.8
<  ADD 48 44 5.1 7.1 6.5 46
S m 0.7 0.6 0.7 1.0 0.9 0.7

NO,: Nitrates concentration in wells mg/L; ADD: Average Daily Dose; HI: Hazard Index (Equations (1)-(3)).
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Figure 4. Nitrates concentrations in five artesian wells near solid waste re-
cycling center (adopted from [29]).

160
140 \
120 A

\ / ——1
100

E i
g 80 ——3
= 60 ——l
40 =5
20
0 , : : .

Winter Spring Summer Autumn

Figure 5. Fecal coliforms concentrations in five artesian wells near
solidwaste recycling center/landfill in Akkar plain in 2011-2012 (Adopted
from [29]).

which explain the high values of Nitrates and FC in all seasons). We note also
that the interval of concentrations is decreased in Autumn for Nitrates and FC
because of the buffering effects of filtered rain water into the ground on pollu-
tants concentrations.

Comparing Figure 3 and Figure 4 shows that Nitrates concentrations in
Agricultural land in the studied villages are clearly higher than those around the
recycling center which also shows that agriculture is the main cause of Nitrates
accumulation in groundwater in Akkar plain rather than untreated wastewater
or landfill leachate.

5.3. Carcinogenic Effects of Nitrates in the Studied Area

Table 3 shows the Carcinogenic effects resulting from drinking groundwater in
the studied villages. Y ;.
bility by 100,000 persons. We find that the interval [Y,,, Y,..] is relatively large

and Y, present the lowest and highest cancer proba-
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Table 3. Nitrates concentrations and cancer probability Y, ;. and Y, . in 100,000 person
in the studied villages.

Meiar
Al-Safsafeh Der-Alhajar Zahed Kerto Sl\ﬁ::e rr Shaker‘—the
plain
NO; 37.4 48.9 43.7 34.5 11.0 33.0
§ X 49.070 43.870 34.670 11.170 33.170 0.170
T‘% Yo 8.7 12.4 10.6 8.0 3.4 7.6
Yoo 94.1 123.0 109.3 87.6 45.5 84.3
NO; 45.0 25.8 48.7 73.9 13.0 24.0
E‘ X 0.260 0.222 0.267 0.318 0.196 0.218
2 Yoo 11.0 5.9 123 24.0 3.7 5.6
Yoinax 112.6 69.9 122.5 205.0 48.4 66.6
NO; 40.9 18.6 43.5 48.8 34.8 30.3
= X 0.252 0.207 0.257 0.268 0.240 0.231
I% Yo 9.7 4.6 10.5 12.3 8.0 6.9
Yoo 102.4 57.2 108.8 122.7 88.2 78.7
NO; 39.7 16.6 41.7 52.4 32.3 28.2
E X 0.249 0.203 0.253 0.275 0.235 0.226
2 Yoo 9.4 42 10.0 13.7 7.4 6.5
Yoinax 99.5 53.9 104.3 132.9 82.9 74.5
NO; 41.1 18.4 48.4 46.2 38.7 314
5 X 0.252 0.207 0.267 0.262 0.247 0.233
IS Yo 9.8 4.5 12.2 114 9.1 7.2
Yoo 102.8 56.9 121.6 115.8 97.1 81.0
NO; 40.4 19.8 47.2 46.0 354 29.3
9 X 0.251 0.210 0.264 0.262 0.241 0.229
a
I% Yoin 9.6 4.8 11.8 11.4 8.2 6.7
Yoax 101.1 59.2 118.4 115.2 89.6 76.7
NO; 29.8 18.9 45.8 43.8 42.7 32.8
OZ X 0.230 0.208 0.262 0.258 0.255 0.236
é Yo 6.8 4.6 11.3 10.6 10.3 7.5
Yoo 77.7 57.7 114.7 109.6 106.8 83.9
NO; 37.8 20.4 43.7 40.1 37.2 294
g X 0.246 0.211 0.257 0.250 0.244 0.229
2 Yoin 8.8 4.9 10.6 9.5 8.7 6.7
Yoo 95.0 60.2 109.3 100.4 93.6 76.9
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Continued
NO,; 294 184 36.3 39.1 324 325
g‘ X 0.229 0.207 0.243 0.248 0.235 0.235
5 Yoo 6.7 45 8.4 9.2 7.4 7.5
Yoo 76.9 56.9 91.6 98.0 83.1 83.3
NO, 32.5 17.4 31.5 96.4 28.4 27.8
E X 0.235 0.205 0.233 0.363 0.227 0.226
S Y i 7.5 4.4 7.2 40.0 6.5 6.4
Yoox 83.3 55.2 81.2 304.2 74.9 73.7
NO,; 33.6 31.7 34.7 64.4 36.4 36.7
§ X 0.237 0.233 0.239 0.299 0.243 0.243
Tg Y onin 7.7 7.3 8.0 18.9 8.5 8.5
Yo 85.6 81.6 88.0 170.6 91.8 92.5
NO,; 30.8 30.9 33.5 45.7 38.7 31.6
%’ X 0.232 0.232 0.237 0.261 0.247 0.233
Ts Yoo 7.0 7.1 7.7 11.3 9.1 7.2
Yoo 79.7 79.9 85.4 114.4 97.1 81.4
NO, 29.7 27.6 31.9 44.6 40.4 28.8
§ X 0.229 0.225 0.234 0.259 0.251 0.228
E Yoo 6.8 6.3 7.3 10.9 9.6 6.6
Yoo 77.5 73.3 82.0 111.6 101.1 75.7

NO;: Nitrates concentration in wells mg/L; X: Total Nitrates intake by a human (from drinking water and
other sources) g/d; Y, and Y .: Minimum and maximum life time probability of developing human gas-
tric cancer by 100,000 persons (Equation (4)).

in all cases and its average is an overestimation of cancer probability. For exam-
ple, for 45 mg/L Nitrates concentration, which is below the standard, the average
cancer probability is 62 per 100,000 persons.

According to the Syrian National Cancer Registry (SNCR) [30], Tartus Go-
vernorate has the highest cancer registry in Syria “123 case per 100,000 in Syrian
Population 2007”. These data are the last data given by the SNCR, because of the
Syrian crisis hitting the country for the last five years. In the SNRC report, it is
noted that the gastro-intestinal cancer is the second most common cancer in Sy-
ria (12% of female cases and 16% of male cases) after breast cancer (30%) and
the third common cancer is lung cancer (5% of female cases and 15% of male
cases).

It is better to take the (SNCR) data qualitatively rather than quantitatively,
because of the lack of cases registration in hospitals and institutions that can be
linked to the novelty of cancer registry in Syria, but unfortunately the crisis
comes to vanish the progression of the project. What we want to say is that the

SNCR cancer data probably underestimates the real data, but we still can draw
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an important information is that Tartus governorate has the highest cancer rates
in Syria where the most common cancers are breast cancer, gastro-intestinal

cancer and lung cancer respectively.

6. Conclusions

Elevated Nitrates concentrations are associated with methemoglobinemia and
gastro-intestinal cancers and other health effects and the risk is higher when wa-
ters are bacterially contaminated. Nitrates in Groundwater of artesian wells in
six villages, located in an intensive agriculture land in Akkar plain, were ana-
lyzed during one year. We found that Nitrates concentrations are below the
drinking water standard (50 mg/L) in almost all locations but they are still high-
er than concentration in natural unpolluted groundwater, which indicates that
Nitrates sources are probably surface soil fertilizers, wastewaters and their ac-
cumulation in groundwater is quite possible. Groundwater pollution normally
appears long-delayed in wells, springs and streams resulting in a very slow
process of recovery of aquifer’s quality once it is polluted, often during a few
decades. Since groundwater moves slowly through the subsurface, the impact of
anthropogenic activities may last for a relatively long time. From this point and
regarding the deep depth of artesian wells (at least 100 m, see Table 1), the en-
vironmental measures should be mainly focused on the prevention of the pollu-
tion.

The associated non-carcinogenic health risks are assessed for groundwater
from the studied wells based on the reference dose and hazard index. The me-
themoglobinemia, called blue-baby syndrome in addition to gastro-intestinal
disturbance are the main non-carcinogenic risk of Nitrates. Literature review
shows that elevated Nitrates concentrations are generally associated with bac-
terial contamination in water and form together with the principal exposure
risks of methemoglobinemia. However, in Akkar plain, the sources of Nitrates
are for the most part from fertilizers, while fecal coliforms come from landfills
and non-treated wastewater. This is why we find that the concentrations of fecal
coliforms and Nitrates are not correlated except in Autumn season because of
rain water filtration into groundwater.

Carcinogenic health risk is assessed based on a combined probabilis-
tic/fuzzy-set framework giving the cancer probability interval. The approximate
cancer probability gives an indication of the role of Nitrates in gastro-intestinal
cancer. These indicative values take their importance from the fact that ga-
stro-intestinal cancer is the second most common cancer type in Syria where
Tartus governorate has the highest cancer rates.

In conclusion, our study provided a characterization of potential health risk
associated with groundwater Nitrates in Akkar plain in Tartus governorate in
Syria. Further investigations are required to evaluate the cancer cases in Tartus
governorate and associate them with environmental factors and/or other factors

like diet, life style and genetic factors.
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