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ABSTRACT

Contamination of groundwater from point and non-point sources is one of the major problems of
water resources in Jordan. Altogether one hundred and six groundwater samples were collected from
twenty six karst springs emerging from Umm Rijam aquifer and three wells tapping Amman-Wadi As Sir
aquifer, and investigated for NO5 concentrations. Results showed that NO, concentration in spring water
ranged from 8 to 192 mg/L with an average of 33 mg/L. Seventy seven percent of the samples collected
from the springs had nitrate concentrations exceeding the threshold value of 20 mg/L of anthropogenic
source, and eight percent of the samples collected had nitrate concentrations higher than 50 mg/L, the
maximum acceptable nitrate concentration for drinking water. About eighty percent of the sampled
springs had nitrate concentrations higher than 20 mg/L. The K-means cluster analysis performed on
the collected samples revealed the presence of three major clusters. The data were processed for the
possible presence of discordant outliers using the unpublished computer program UDASYS by Verma and
Diaz-Gonzélez. There is a wide spatial variation in the nitrate concentration in spring water. Monitoring
the water quality of these springs showed that the lowest concentrations of nitrate were found in the
wet season (January, February, and December), while the highest concentrations were found in the dry
season (August, September). Nitrate concentration in Amman-Wadi As Sir aquifer ranges from <1 mg/L
to 19.2 mg/L, with an average of 9.8 mg/L. Untreated domestic wastewater is most probably the major
source of the nitrate in the spring water, as the study area is not served with sewer system, and domestic
wastewater is collected in cesspools dug in the kartsed Umm Rijam Formation. Moreover, in the area
under consideration there are no major industries or intensive agricultural activities. The results of this
study are useful to highlight one of the most important environmental problems, namely the degradation of
the water quality, and may serve to alert and encourage local and national authorities to take substantial
steps and actions to protect and manage water quality.

Keywords: nitrate, karst springs, wastewater, Amman-Wadi As Sir aquifer, Umm Rijam aquifer, Bani
Kanana, Jordan.

RESUMEN

La contaminacion del agua subterrénea por fuentes puntuales y no puntuales es uno de los mayores
problemas para los recursos de agua en Jordania. Se colectaron 106 muestras de agua subterranea de
26 manantiales carsticos que emanan del acuifero Umm Rijam y de tres pozos que drenan el acuifero
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Amman-Wadi As Sir, y se investigaron sus concentraciones de NOs'. Los resultados mostraron que la
concentracion de NO; en agua de manantiales esta en el rango de 8 mg/L a 192 mg/L, con un promedio
de 33 mg/L. Setentay siete porciento de las muestras colectadas en manantiales tuvieron concentraciones
de nitrato que exceden el valor limite de 20 mg/L de fuentes antropogénicas, y ocho porciento de las
muestras colectadas tuvieron concentraciones de nitrato mayores que 50 mg/L, la concentracién maxima
de nitrato permisible para agua potable. Aproximadamente el 8% de los manantiales muestreados
tuvieron concentraciones de nitrato mayores que 20 mg/L. El analisis de conglomerados por el método
de los centroides (‘K-means cluster analysis’) revel6 la presencia de tres conglomerados mayores. Los
datos fueron analizados por la posible presencia de valores discordantes empleando el programa de
coémputo no publicado UDASYS de Verma y Diaz-Gonzalez. Existe una amplia variacion espacial en la
concentracion de nitrato en agua de manantial. El monitoreo de la calidad del agua de esos manantiales
mostré que las concentraciones mas bajas de nitrato se encontraron en la estacion de lluvias (enero,
febrero y diciembre), mientras que las concentraciones mas altas se encontraron en la estacion seca
(agosto y septiembre). La concentracion de nitrato en el acuifero Amman-Wadi As Sir varia entre <1 mg/L
y 19.2 mg/L, con un promedio de 9.8 mg/L. La fuente mas probable de nitrato en los manantiales son
las aguas residuales domésticas no tratadas, ya que el area de estudio no cuenta con sistema de drenaje
y las aguas residuales domésticas son colectadas en cisternas cavadas en la Formacion Umm Rijam
afectada por procesos carsticos. Ademas, en el area no hay industrias grandes o actividades agricolas
intensivas. Los resultados de este estudio son Utiles para resaltar uno de los problemas ambientales
mas importantes como es la degradacion de la calidad del agua, y pueden servir como una alerta a las
autoridades locales y nacionales para que sean tomados pasos substanciales y acciones para proteger
y manejar la calidad del agua.

Palabras clave: nitratos, manantiales carsticos, aguas residuales, acuifero Amman-Wadi As Sir, acuifero

Umm Rijam, Bani Kanana, Jordania.

INTRODUCTION

In urban areas, there are many possible sources for
groundwater contamination, including landfills, septic
tanks and cesspools, domestic and industrial effluents,
leaky sewage system and gasoline stations (Eiswirth and
Holtzl, 1997, in Wakida and Lerner, 2005; Seiler, 2005;
Navarro and Carbonell, 2007). Nitrate is the most frequently
introduced pollutant into groundwater systems (Spalding
and Exner, 1993; Babiker et al., 2004). Recent studies
revealed that groundwater contamination by nitrate is a
globally growing problem due to the high rate of popula-
tion growth and increasing consumption (Thorburn, et al.,
2002; Jalali, 2005; Liu et al., 2005; Wakida and Lerner,
2005). The adverse health effects of high nitrate levels in
drinking water are well documented (Walton, 1951; Fan et
al., 1987; Ward et al., 1994; Fan and Steinberg, 1996). The
most well known effects are methemoglobinemia, gastric
cancer, and non-Hodgkin’s lymphoma. Groundwater with
nitrate concentration exceeding the threshold of 20 mg/L
is considered contaminated as result of human activities
(Spalding and Exner, 1993). According to the World Health
Organization (WHO, 1993), the maximum acceptable nitrate
concentration for drinking water is 50 mg/L. There are few,
if any, mineral sources of nitrate for natural waters, and it
is considered the end product from a sequence of biologi-
cally mediated reactions (Faust and Aly, 1981). Because of
its negative charge, nitrate is not strongly adsorbed to soil
colloids and is highly mobile within the soil liquid phase

(Thompson, 1996). In strongly oxidizing groundwater,
nitrate is the stable form of dissolved nitrogen (Kacaroglu
and Giinay, 1997). It moves in groundwater with no trans-
formation and little or no retardation (Freeze and Cherry,
1979). Two factors are predominant in determining the
mineralization of groundwater: the PCO, produced in the
soil, and the aquifer mineralogy (Edmunds et al., 2003).
Chemical composition of groundwater is determined by a
number of processes including atmospheric input, interac-
tion of water with soil and rocks, and input of chemicals
derived from human activities (Jeong, 2001).

Karst springs represent natural exits for groundwa-
ter to the surface through hydrogeologically conductive
fractures in an otherwise low-permeability karst massif
(Bonacci, 2001). Karst catchments are characterized by
the occurrence of large numbers of swallow holes, jamas,
dolines, and other karsts features, which readily conduct
surface water to the underground (Bakalowicz et al., 1995,
in Kagaroglu, 1999). Karst aquifers are generally considered
to be particularly vulnerable to pollution, due to their unique
structure (Doerfliger et al., 1999). According to Toran and
White (2005), reasons for karst groundwater vulnerability
include: (1) recharge to karst aquifers bypasses the filtering
capability of soil through macro-pores and swallow holes;
(2) groundwater flows through conduits, so that there is
little opportunity for filtration or sorption of contaminants
onto aquifer material; (3) the movement of pollutants can-
not be directly observed as in a surface-flowing stream; (4)
flow paths may take routes that are not apparent from the
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topography or slope of the land; (5) flow velocities in karst
aquifers are fast compared to velocities in granular aqui-
fers, therefore, there is no sufficient time for the pollutants
to be retarded by chemical reactions or other attenuation
mechanisms, such as acid-base reactions, adsorption, ion
exchange, complexation, precipitation or bacteriological
degradation (Kagaroglu, 1999); (6) flow is in converging
conduits, therefore, pollutants are not diluted through dis-
persal. Typical behavior of a karst spring is manifested by
rapid variation of the spring discharge, rapid variation of
the chemical and isotopic composition of the spring water,
etc. (Atkinson, 1977).

Jordan, with its limited water resources, is facing the
problem of groundwater contamination with different types
of pollutants. In the area under investigation, groundwater
contamination with nitrate is considered to be one of the
major problems. This study focused initially on nitrate as
both a contaminant of concern and an important tracer of
human-induced environmental degradation. Springs with
elevated nitrate concentration will be resampled and ana-
lyzed for other parameters and pollutants such as isotopes,
pesticides and caffeine to delineate accurately the sources
of nitrate and the relative inputs of each source. The main
objectives are: (1) to evaluate the nitrate contamination of
groundwater resources, (2) to assess nitrate concentration
spatially and temporarily and, (3) to evaluate the correlation

between cesspool density and nitrate concentration. The
study area is located between the Palestine Grids: 210-240
East and 225-240 North (Figure 1).

DESCRIPTION OF STUDY AREA

The study area is a part of the Yarmouk basin, which
is one of the transboundary basins that Jordan shares with
the neighboring countries. It is characterized by typical karst
topographic features such as sinkholes, soil fissures, caves,
karst pavement and sinking underground streams.

The outcropping geological formations in the study area
are presented in Figure 2. Basalt of Pliocene—Pleistocene age
is exposed in the western part of the study area. The Saham
Formation of Miocene to Pliocene age is well exposed in the
area between Saham and Aqgraba. This formation represents
an evidence for a lake that covered part of the present-day
Yarmouk river (Moh'D, 2000). The lake is illustrated by the
distribution of several facies: sandstone followed by finely
laminated limestone, fossiliferrous limestone, conglomeratic
limestone, chalky limestone and detrital clayey limestone.
The Shallala Chalk Formation (B5) of early Middle to
early Late Eocene age is composed of limestone, chalky
limestone and marl with chert intercalations. The Umm
Rijam Chert Limestone Formation (B4) of Lower-Middle
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Figure 1. Location map of the study area.
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Figure 2. The outcropping geological formations, sampling points, and archaeological cities in the study area.

Eocene age is composed of alternations of limestone, chalk
and chert; it is highly fractured and characterized by karstic,
and cavernous features, making it a good aquifer. Many
perennial and intermittent springs emerge from the Umm
Rijam Chert Limestone Formation with mean discharge
ranging from 0.9 m*/hr to more than 38 m*/hr (Table 1). The
B4/BS5 aquifer has a hydraulic conductivity ranging from
1-10*to 1-10° m/s, with an average of 5-10° m/s (Margane
etal., 1999). The Muwaqqgar Chalk Marl Formation (B3) is
composed of marl and marly limestone and is considered
as aquitard throughout Jordan. Other geological formations
which have a great importance with regard to their potential
of being aquifers in the study area and in Jordan as a
whole are the Amman Silicified Limestone Formation
(B2) of Santonian-Campanian age and the Wadi As Sir
Limestone Formation (A7) of Turonian age. The former one
is predominantly built up of chert, marl, limestone, tripoli,
and some phosphate-bearing strata (phosphatic chert and
phosphatic limestone); the later one is composed of massive
limestone and dolomite with chert nodules (Obeidat,
1993). Because of their hydraulic interconnection, the two
formations are considered as one aquifer in the study area
and throughout Jordan (B2/A7). The Amman-Wadi As Sir
aquifer is separated from the overlying Umm Rijam/Shallala
aquifer by the Muwaqqar Chalk Marl Formation (B3). The
hydraulic properties of B2/A7 aquifer are highly anisotropic
and heterogeneous; it has transmissivity values ranging

from 7 m?/d to more than 8,000 m?d (Woshah, 1979), and
groundwater flows in a northly and northwesterly direction.
The aquifers provide water for domestic supply.

Yarmouk river is the major Jordan river tributary. Its
water is shared with the upstream and downstream neigh-
boring countries. The flow of the river is highly fluctuating
between summer and winter. Average historical records of
the river flow (in millions of cubic meters, MCM) was about
400 MCM, whereas in the recent years it dropped down to
about 90-130 MCM (MWI, 2004). El Wehdah dam, with
a storage capacity of 110 MCM is being constructed at
Yarmouk river. Soil covers an extensive part of the study
area; it is of Red Mediterranean type and rich in the calcare-
ous content (Moorman, 1959).

The climate of the study area is of Mediterranean type,
which is characterized by a cool, rainy winter, and a hot, dry
summer. The average annual rainfall (1938-2005) at Irbid
Climate Station, 10 km south to the study area, is 476 mm
(Figure 3), and the average annual potential evaporation is
about 2,179 mm. The mean annual minimum and maximum
temperatures are 12.3 °C and 23.1 °C, respectively.

The historical cities of Gadara (Um Qais) and Abila
(Qweilbeh), two of the ten Decapolis towns, are located
in the study area. The Roman cities were supplied with
drinking water from the springs emerging from Umm
Rijam aquifer, which were tapped during the Roman times
with the construction of aqueducts. There is no sewer-
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Table 1. Discharge statistics of the springs emerging from Umm Rijam aquifer.

No. IDN Monitoring Spring Elevation Discharge (m3/hr)?
period name (masl) Minimum Maximum Mean

1 ADS550 1962-1986 Abdeh 404 2.4 35 12.5
2 AD560 1962-1984 El Khureibeh 422 0.7 80.5 17.3
3 AD564 1973-1986 Barashta 375 0.2 43 1.1
4 ADS566 1960-1986 Ghazzal 351 4 55.1 21.7
5 AD580 1937-1986 Qweilbeh 409 11.7 144 38.1
6 ADS586 1972-1983 El Habeis 390 0.4 1.1 0.7
7 ADS590 11973-1986 El Balad (Hubras) 411 1 144 32
8 AD596 1971-1985 El Balad (El Rafeed) 296 2.4 44 33
9 AD598 1971-1984 Um Er Shaid 210 0.3 2 0.9
10 AD600 1960-1986 El Balad (Aqraba) 165 15.9 155 373
11 AD606 1972-1986 El Hajal 380 1.6 6.2 2.8
12 AD610 1960-1986 Es Saba’ 350 0.7 30.8 11.9
13 AD616 1972-1986 El Balad (Yubla) 1.2 7.1 2.8
14 AD620 1971-1985 Um El Arayes 350 0.6 2 1.3
15 AD622 1960-1985 El Bardeh 331 1.1 12.1 3.5
16 ADG630 1937-1985 Um El Turab 410 1.4 76.7 12.8
17 AD634 1960-1986 El Fotaha 400 0 46.7 13.6
18 AD642 1973-1985 El Harrathin 350 0.2 1.5 0.7
19 AD660 1959-1985 Atiyya 358 2.6 8.5 4.5
20 AD741 1970-1985 Saham 0.8 12.3 6.5
21 AE517 El Jamal Not measured

22 AE530 1972-1985 Barrugah 370 2 8.3 3.7
23 AE550 1960-1984 Um Qais 157 0 159 3.8
24 El Ghanam Not measured

25 Um Said Not measured

26 Samar Not measured

a: Data source: Water Authority of Jordan (WAJ), 1986.

age system for collection and treatment of the domestic
wastewater. Instead, houses are connected to cesspools
dug for the purpose of wastewater disposal. Uncontrolled
and irresponsible disposal of wastewater into the surround-
ing environment via karst features was and is currently
being practiced.

MATERIALS AND METHODS

A total of 106 water samples were collected and used
in the present study. One hundred samples were collected
from the outlets of 26 springs emerging from the Umm
Rijam aquifer (B4), and six samples from three wells
tapping the Amman-Wadi As Sir aquifer (B2/A7). In addi-
tion, five water samples were collected from cistern wells
representing the rainfall of the rainy season 2005/2006. To
investigate temporal trends, sampling span was extended
from January 2006 to January 2007 for some preselected
springs (AD550, AD560 AD580, AD590, AD600, AD610,
AD630, Um Said). Measurements of electrical conductivity
(EC), pH, and temperature were carried out in Situ using
a portable conductivity meter (Cond 330i/SET, WTW,
Germany) and a portable pH-meter (pH 3151/SET, WTW,

Germany). Samples were collected in clean polyethylene
bottles and dispatched for analysis to the laboratory in an
ice-filled box. In the laboratory, samples were refrigerated
at 4°C and the analysis was carried out within 48 hours
of collection. Chloride, calcium, magnesium, bicarbonate
and hardness were determined with titrimetric methods.
Sulfate was determined by spectrophotometric turbidimetry.
Spectrophotometer (UV-2401 PC, Shimadzu) was used
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Figure 3. Time-series of rainfall at Irbid climate station from 1938 to
2005.
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for determination of NO; concentrations. The methods
described by the American Public Health Association
(Clesceri et al., 1998) were followed during field and
laboratory analysis.

The method used to determine the NO;™ concentration
can be summarized in the following steps: (1) Stock nitrate
solution: 7.218 g of dried and pure KNO; (Sigma chemical)
was dissolved in 1,000 mL deionized water. Concentration
equals to 4,430 mg/L of NO;'. (2) Intermediate nitrate solu-
tion: an aliquot of 100 mL stock nitrate solution was diluted
to 1,000 ml with deionized water. Concentration equals to
443 mg/L of NOs. (3) Standard calibration curve: NO;
calibration standard solutions in the range of 0 to 40 mg/L
NO; were prepared from the intermediate nitrate solution.
(4) Spectrophotometric measurements: the absorbance
was read at 220 nm to obtain NO; readings and at 275
nm to determine the interference due to dissolved organic
matter. The absorbance at 275 nm was subtracted from the
absorbance at 220 nm to obtain absorbance due to nitrate.
(5) A standard calibration curve was constructed by plotting
absorbance due to nitrate against NO; concentration of the
standards. NO;™ concentration in the sample was directly
read from the standard calibration curve. The NOjs’ calibra-
tion curve follows the Beer’s law up to 48 mg/L. Samples
with concentrations higher than 40 mg/L were diluted to fit

the calibration curve. All samples were analyzed in triplicate
with analytical uncertainty of less than 4%. The precision of
the instrument used is £+ 0.005 absorbance unit. The results
are expressed as mg/L NO;".

The obtained data were processed for the possible
presence of discordant outliers, by using the unpublished
computer program UDASY'S by Verma and Diaz-Gonzalez
(manuscript in preparation). This computer program is based
on the original methodology proposed by Verma (1997; see
also Barnett and Lewis, 1994) along with the new, precise
and accurate critical values recently simulated by Verma
and Quiroz-Ruiz (2006a, 2006b, 2008), and Verma et al.
(2008). The discordant outliers can thus be identified and
interpreted accordingly. The statistical parameters of the
analytical data are reported as rounded values following
the criteria put forth by Bevington and Robinson (2003)
and Verma (2005).

Cluster analysis is a classification that places objects
into more or less homogenous groups in a manner so that
the relation between groups is revealed. During this study,
a K-means cluster analysis was performed. The statistical
software SPSS 13.0 for Windows was employed for this
purpose.

Discharge of some springs was measured with the
aid of a container of known volume and a stopper. Some

Table 2. Average of NO; concentration and electrical conductivity (EC) in the sampled springs.

No. IDN Spring name Coordinates Average EC Average NO;
Easting Northing (nS/cm) concentration (mg/L)
1 ADS550 Abdeh 234.7 228.1 495 23.9
2 AD560 El Khureibeh 232 229.9 623 39.0
3 AD564 Barashta 233.7 231.25 389 322
4 ADS566 Ghazzal 233.85 231.3 389 323
5 ADS580 Qweilbeh 231.6 231.2 482 20.4
6 AD586 El Habeis 228.8 235.9 430 8.0
7 ADS590 El Balad (Hubras) 229.5 231.1 459 26.8
8 ADS596 El Balad (El Rafeed) 226.4 234.8 501 17.8
9 AD598 Um Er Shaid 227 235.7 1165 191.9
10 ADG600 El Balad (Aqraba) 2252 236.3 819 46.9
11 AD606 El Hajal 226.2 232.8 420 20.4
12 AD610 Es Saba’ 226.8 232.8 446 249
13 AD616 El Balad (Yubla) 226.8 232.8 484 13.3
14 ADG620 Um El Arayes 224 232 488 27.8
15 AD622 El Bardeh 224.8 232.4 665 50.2
16 AD630 Um EIl Turab 226.9 229.9 444 22.4
17 AD634 El Fotaha 226.5 230.1 546 24.0
18 AD642 El Harrathin 224.5 230.2 912 94.5
19 AD660 Atiyya 219.6 230.8 608 14.7
20 AD741 Saham 222.15 234.89 687 77.0
21 AES530 Barruqah 218.4 227.6 665 17.6
22 AES550 Um Qais 213.5 228.2 865 42.8
23 El Ghanam 223.57 230.64 403 323
24 El Jamal 228.76 227 528 25.4
25 Um Said 225.3 235.25 954 42.8
26 Samar 224 232.27 408 21.2
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springs are located in deep-incised wadis, and they were
approached with a great difficulty.

RESULTS AND DISCUSSION

Nitrate concentration in the rainfall (rainy season
2005/2006) ranges from less than 1 to about 5.8 mg/L with an
average of 2.72 mg/L. Thus, addition of nitrate in rainwater
recharging the groundwater is negligible due to the low
nitrate content. Salameh et al. (1991) estimated the average
nitrate concentration in rainfall at Irbid Climate Station to be
about 4 mg/L. Nitrate concentration in the sampled springs
(Umm Rijam aquifer) ranges from 8 to 192 mg/L, with an
average of 33 mg/L (Table 2). The frequency distribution
of nitrate concentration is presented in Figure 4a, with 69%
of the samples having NO;" concentration in the range of
20-50 mg/L. Seventy seven percent of the samples has
nitrate concentrations exceeding the threshold value of 20
mg/L of anthropogenic source. Eight percent of the samples
has nitrate concentration higher than 50 mg/L, the maximum
acceptable nitrate concentration for drinking water (WHO,
1993). The nitrate concentrations were grouped into one
of three classes (Figure 4b). These include the following:
i) low (<20 mg/L), ii) medium (= 20 mg/L to <50 mg/L),
and iii) high (=50 mg/L). Nitrate concentrations in the high
class exceed the recommendations for drinking water set
by WHO (1993). The medium class involves samples with
nitrate concentrations high enough to indicate the influence
of human activities (Spalding and Exner, 1993). The low
class involves samples with a low risk for humans or the
environment. About 80% of the sampled springs has nitrate
concentrations higher than 20 mg/L, the threshold value of
anthropogenic source (Figure 4c¢). Electrical conductivity
ranged between 389 and 1165 puS/cm with an average of 576
pS/em (Figure 5). Chloride concentration ranged between
25 and 116 mg/L, with an average of 46 mg/L. Hardness
(as CaCO;) ranged between 101 and 366 mg/L, with an
average of 195 mg/L. A statistically significant correlation
(r=0.73; n = 26; Bevington and Robinson, 2003; Verma,
2005) was observed between nitrate and chloride. Similarly,
a statistically significant correlation (r = 0.77; n = 26)
was also documented between nitrate and the electrical
conductivity. A weak correlation between hardness and
nitrate concentration was found, indicating different origins.
The source of water hardness is the aquifer material (calcite)
that undergoes water-rock interaction processes. A very
strong correlation (r = 0.94; n = 93) was found between the
electrical conductivity and chloride.

Cluster analysis resulted in three main clusters. Table
3 presents the average composition and the members of each
cluster. Cluster 1 involves about 19.8 % of the total samples.
By excluding cluster 3, which contains only one sample
(AD598), this cluster has the highest ionic concentrations.
Cluster 2 comprises about 60.4 % of the total samples
and has the lowest ionic concentration. Cluster 3 contains
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Figure 4. Frequency distribution for (a) nitrate concentration in spring
water, (b) nitrate concentration in the three classes: low, medium, and high,
(c) sampled springs. Percentage of each class is also included.

only one sample, namely Um Er Shaid (AD598). Cluster
4 involves about 18.7 % of the total samples and has ionic
concentration intermediate to that of clusters 1 and 2.

The test for the detection discordant outliers at the
strict 99% confidence level was conducted on all samples
collected from the springs as well as on the members of each
cluster. The test performed on all spring samples revealed
the presence of 0, 41, 7, 1, and 0 outliers in the pH-value,
electrical conductivity, nitrate, calcium and bicarbonate,
respectively. On the other hand, the test performed on the
clustered samples showed a lower number of outliers in
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Figure 5. Spatial distribution of the electrical conductivity of the spring water.

the above five parameters for the three main clusters, and
the final statistics were significantly improved after this
classification. The original statistics of the raw data together
with the final statistics are presented in Table 4.

There is a wide spatial variation in nitrate concentration
in the spring water (Figure 6). The lowest value (8 mg/L)
was recorded for El Habeis spring, and the highest value
(192 mg/L) was found for Um Er Shaid spring (AD 598).
Salameh (1996) and Salameh and Farajat (1999) found that
the nitrate concentration in the Um Er Shaid spring water was
198 mg/l. The former spring can be considered unpolluted
as indicated by the low nitrate concentration. This spring
is located 5 km north to Hartha village, where olive tree
plantation is the dominating land use in its catchment area.
The later spring underlies the village of El Rafeed which
is still, as for all villages, unconnected to sewer system
and uses cesspools as the disposal option of wastewater.
Many of these cesspools are not able to hold the water.
Moreover, the depth to groundwater in the catchment area
of this spring (AD598) is less than 40 m. High values are
observed for springs overlain by villages lacking a proper
sewer system. As shown in Figure 7, there is a statistically
significant correlation between nitrate concentration in
spring water and the number of cesspools in the catchment
area of each spring (r = 0.75; n = 18; a statistically valid
linear correlation at 99% confidence level and 14 degrees

of freedom, Bevington and Robinson, 2003). This indicates
that domestic wastewater form the major source of nitrate
in the spring water. In some springs, significant amounts
of faecal coliforms were detected (Salameh and Farajat,
1999), suggesting the possibility of wastewater infiltration.
The time that the cesspools could take to contaminate the

Table 3. Average composition of results of cluster analysis and members
of each cluster.

Variable Cluster

1 2 3 4

EC (uS/cm) 856 464 1165 619
Ca* (mg/L) 77.1 53.5 94 70.7
Mg?** (mg/L) 18 6.9 16 8.6

CI' (mg/L) 88.2 32.6 116 40
NO; (mg/L) 49.5 24.1 192 37.1
SO,” (mg/L) 186.4 48.9 334.6 55.6
HCO; (mg/L) 305.1 218.8 260.4 272.3
Cluster AD642, AD610, AD616, AD598 ADS560,
members AD600, AD630, AES17, AD596
AES50, AD620, AD590, AD660,
Um Said ADS580, AD566, AD622,
ADS550, AD564, ADG634,
ADS586, AD741,
El Ghanam AES530,
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Table 4. Results of tests for presence of discordant outliers at the strict 99% confidence level. The initial statistics are also displayed for comparison.

Element Data range/ Initial statistics Final statistics

cluster Nin Xin Sin 0y n¢ %0y  Min Max Xs St 99.0% % RSD

confidence limits

pH All spring samples 92 7.7 0.3 0 92 0 6.9 8.8 7.7 0.3 7.6-17.8 42
EC All spring samples 97 580 170 35 62 36 389 603 467 39 454 — 480 8.3
NO; All spring samples 98 33 22 9 89 9.2 133 49.5 29 10 26-32 35
Ca? All spring samples 92 62 20 1 91 1.1 263 1094 62 19 56 - 67 31
HCO; All spring samples 93 250 60 0 93 0 142 4142 250 60 230 263 24
pH Cluster 1 19 7.74 0.3 0 19 0 7.1 8.3 7.7 0.3 7.6-79 34
EC Cluster 1 19 860 70 0 19 0 762 1006 860 70 820-910 8
NOy Cluster 1 19 49 14 4 15 21 321 455 425 34 39.9-45.1 8
Ca?* Cluster 1 19 78 25 0 19 0 374 1145 78 25 62-95 32
HCOy Cluster 1
pH Cluster 2 55 7.7 03 0 55 0 7.2 8.4 7.7 0.3 7.6-1738 3.7
EC Cluster 2 55 464 34 0 55 0 389 532 464 34 451 - 476 7
NO; Cluster 2 55 24 7 0 55 0 8 436 24 7 21-27 30
Ca? Cluster 2 55 53 12 0 55 0 26.3 71.3 53 12 49 - 58 22
HCO;5 Cluster 2 19 310 60 0 19 0 201.2 4142 310 60 266 —351 21
pH Cluster 4 17 76 05 0 17 0 694 838 7.6 0.5 73-7.9 6
EC Cluster 4 17 619 43 3 14 18 608 686 634 23 615 —652 3.6
NO; Cluster 4 17 37 15 1 16 6 14.7 50.2 35 11 26-43 32
Ca* Cluster 4 17 71 18 0 17 0 38.9 92.5 71 18 58 -83 25
HCO; Cluster 4 17 270 60 0 17 0 153.8 366.9 270 60 228 -316 23

n: number of data; X: mean; S: standard deviation; 0: number of discordant outliers; %RSD: percent relative standard deviation.

groundwater can vary depending on the depth to water table,
degree of fracturing and karstification of the aquifer, and
permeability of the aquifer.

Other potential sources of groundwater pollution
include agricultural activities (fertilizers and animal
husbandry, olive presses), and gas stations. However, as it

is indicated by linear correlation between cesspools density
and nitrate concentration (r=0.75; n = 18), the major source
of nitrate is domestic wastewater. Moreover, the study area
is devoid of major industries and intensive agricultural
activities; the area that is cultivated by rainfed cereals and
vegetables where fertilization takes place does not exceed

Nitrate concentration (mg/L)
20-0 I 80-60

[ 40-20 [ 100-80

[0 60-40 [N 200-100

Figure 6. Spatial distribution of nitrate concentration in spring water.
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Figure 7. Relationship between cesspool numbers and nitrate concentra-
tion in spring water.

8% of the total study area; the area occupied by villages and
roads is about 36%, olive trees 28%, woodland 19%, and
rangeland 6%.The spatial variation in nitrate concentration
can be attributed to different factors, such as hydrogeology,
degree of karstification, and land use. According to Yates
(1985), septic tanks are the largest contributors of wastewater
to the subsurface. Improper construction, siting, installation,
and maintenance of the septic tanks, as well as factors such
as depth to groundwater, climate, geology of the site, and
septic tank density influence the potential of septic tanks to
pollute groundwater. The improper location of wells with
respect to septic tanks increase the potential for leaching of
effluents to the well and groundwater.

Seasonal variations were observed in nitrate concen-
tration of spring water (Figure 8). Generally, the lowest
values were observed in the wet season (January, February,
and December) whereas the highest values were observed
in the dry season (August, September). Minimum val-
ues of nitrate concentration are recorded directly after
rainfall events.

The co-variation of electrical conductivity and nitrate
concentration in spring water reflects the same source of

—-—AD590 —=AD580 & AD600 & AD630 -e- AD560

w
(=}

[o%)
(=}

553
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Nitrate concentration (mg/L)
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Figure 8. Seasonal variation of nitrate concentration from January 2006
to January 2007 in some selected springs.

pollution. Nitrate concentration was strongly correlated with
the discharge of springs (Figure 9). Nitrate concentration in
Amman-Wadi As Sir aquifer ranged from less than one to
19.2 mg/L, with an average of 9.8 mg/L. This indicates that
the groundwater of the same aquifer has nitrate concentration
less than the threshold value of 20 mg/L of anthropogenic
source, and less than the nitrate concentration in Rijam
aquifer as well. This can be attributed to the hydrogeology
of the study area, where the Amman-Wadi As Sir aquifer
is protected from the pollution sources by the Muwaqqar
aquitard. Results from this study were compared with nitrate
concentrations in groundwater in other parts of Jordan and
the world as well (Table 5). It can be deduced that non-
agricultural sources, especially wastewater, represent a
dominating source of nitrate in groundwater in many urban
areas of the world and Jordan as well.

CONCLUSIONS

1. The present study confirms the contamination of the
springs emerging from Umm Rijam Aquifer by nitrate.
Eighty percent of the sampled springs have nitrate con-
centration exceeding 20 mg/L.

2. The k-means cluster analysis revealed the presence of
three groups of springs with different proportions in the
ionic compositions.

3. Temporal variations in nitrate concentration occur, with
lowest values in the wet season. In addition, wide spatial

80 41000
—m Nitrate concentration
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B0 70 —— Discharge
g 65 431000 _
N —
=
£ 601 126000 5
£ 554 121000 &
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2 501 1 16000 5
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Figure 9. Nitrate-discharge relationship for Aqraba spring (a) and Es
Saba’ spring (b).
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Table 5. Summary of some selected published research on non-agricultural sources of groundwater nitrate.

Location NO; concentration in

groundwater (mg N/L)?

Source Reference

Leaky sewers

Leaky sewers

Septic tanks

Landfill

River-aquifer interaction
Septic tanks

Storm water

Eiswirth and Holtzl (1997)°
Merkel et al. (1988)

BGS (1995)

Fatta et al. (1999)
Sophocleous et al. (1988)
Gold et al. (1990)

Luker and Montague (1994)

Highways and roads

Domestic wastewater and

Jin et al. (2004)

industrial effluents

Cesspools, leakage from sewage

Salameh et al. (2002)

system, vehicle emissions

Landfill
Mains leakage and

Eraifej and Abu-Jaber (1999)
Wakida and Lerner (2005)

contaminated land

Germany, Rastatt 4-10
Germany, Munich 5

Mexico, Merida 10-30
Greece 0.04-0.2
USA, Arkansas Increase from 1.8 to 5 in 8 days
USA, New England, 10-30
USA and Europe 1-3
China, Hangzhou 14.3-20.3
Jordan, Amman 10.5
Jordan, Mafraq 21.9

UK, Nottingham

Jordan, Al-Hashimiya 2.3 —74.5
Jordan, Bani Kanana 1.8 —43.3

Wastewater treatment plant
Cesspools

Obeidat et al. (2007)
Present study

a: Nitrate concentration expresed in mg/L of nitrate nitrogen; b: cited in Wakida and Lerner, 2005.

variations occur, which are attributed to hydrogeology,
degree of karstification and landuse.

4. Domestic wastewater forms the major source of ground-
water pollution in the study area. Other potential sources
of pollution include agricultural activities represented by
fertilization, animal husbandries, and others.

5. The study area with about 100,000 inhabitants needs to
be connected with a sewer system to collect wastewater.
This will help prevent the deterioration of the ground-
water ecosystem and protect human health.
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