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ABSTRACT

This study investigated the monthly variation of water quality in the Amman-Zarga and Balga regions in Jordan in
terms of pH, ammonium, nitrate and conductivity. During 2004 there was no monthly variation in water quality for
most of the tested parameters. All readings were above the accepted range except for pH, indicating that land use does
have an impact on water quality irrespective of urban, industrial or agricultural usage. The water quality remained for
the most part below the maximum levels for drinking standards in Jordan, but these standards are often below the WHO
recommendations. The pH was found to fluctuate through the year. Nitrate levels were highly seasonal in irrigated lands
but remained stable over basin covered by other land uses. Ammonium levels were high in areas of urbanisation and
intensive animal husbandry as a consequence of effluent infiltration, peaking during the wet season due to increased
infiltration. These results indicate that, over an annual cycle, the variation in water quality remains constant; however

the continued drawdown of the aquifer system will inevitably lead to deterioration in the parameters investigated.
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1. Introduction

The water crisis in Jordan is a major geopolitical issue
that threatens the future and stability of the whole coun-
try. The Amman, Zarga and Balga regions supply irriga-
tion water to an estimated 33,000 Ha, however, most of
demand is for domestic and industrial water with the ba-
sin supplying over half of the population of Jordan with
water [3]. Agricultural production in the basin is domi-
nated by grazing, with only limited olive and fruit trees
and the production of cereals near areas of permanent
water.

Ground water quality has a major impact on human
welfare and affects all human activity [7]. Understanding
changes in ground water quality allows for effective
management of water resources in the face of increasing
pressures from urbanization, agricultural and industrial
development [15]. However, Jordan is faced with a lack
of funding to maintain monitoring which has resulted in
fragmented data sets [13]. The utilisation of aquifers has
led to severe lowering of the ground water table and this
has changed the ground water chemistry [10]. The Am-
man, Zarga and Balga regions is renewable and draws
water from areas of urban and industrial development
and landfill sites and therefore is at significant risk of
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waste water infiltration pollution [1].

Data from 2002 indicates that there was an unsustain-
able drawdown of ground water from the Amman-Zarga
Basin. In 2002 a total of 84 mem year™ was withdrawn
from the aquifer for municipal supply, while 54 mcm
year™ was taken to supply the agricultural sector. This
represents an excess of 72 mcm year™ of water above the
estimated safe yield of 65 mcm year™. This overdrawing
from the 772 officially registered wells has led to a fall in
the ground water table and declines in water quality [13].
Salameh [19] argued that the current drawdown of the
aquifers has led to permanent damage of the hydrological
system, and Al-Mahamid [4] argued that at current ex-
traction rates areas in the middle of the basin will be
completely dry in the next few decades. These findings
were supported by Dottrige and Jaber [8] who argued
that at current levels of extraction many of the aquifers
dependent upon for urban and industrial supply will be
dry by the middle of the twenty first century. The aim of
this paper is to examine the water quality over an annual
cycle in the Amman, Zarga and Balga regions under dif-
fering land use.

2. Hydrogeology of the Amman-Zarqa
Basin

The geology of the Amman-Zarga Basin is primarily
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sedimentary with ages ranging from the lower Creta-
ceous to the present (Table 1). The major aquifers in the
Amman-Zarga Basin from which water is drawn are con-
sidered to be hydraulically connected, but maybe sepa-
rated in regions by geological layers which act as aquic-
ludes [9].

There are three aquifer systems in the Amman-Zarga
Basin. There is evidence that water moves between the
aquifers along the Zarga fault system [4]. The upper
aquifer is contained within the linked Campanian Am-
man (B2) and Turonian Wadi Sir (A7) limestone forma-
tions and the neighbouring basalt strata (V). The middle
aquifer is contained within the Cenomanian Shue mar
(A4) limestone formation. The lower aquifer is contained
within the Albian-Aptian Kurnub (K) sandstone forma-
tion. Table 2 provides an overview of the hydrology and
hydrochemistry of the three aquifers. The long term ef-
fects of drawdown has resulted in declines in the water
table in all aquifers contained within the basin and this
has led to an increase in the level of dissolved chemicals

Table 1. The geology and hydrogeology classification of the Am-
man-Zarqa Basin [18].

Age Forration Memhers Primary Rock types Thickness Permeability
Hydro (m) (mshy Code
Holocene Wadi Fill Sail, sand, gravel 1040 2.4x10° H
Pleistocene Basalt Basalt, clay 0-50 - i
Maestrichtian ~ Muwaggar Chalk, mad, limestone 6070 - 3%
Catrpanian Amman Limestone unit  Chert, limestone with %0-120 1100% 3x10*
Bla
Phosphate unit  Phosphate
Bib
Santonian Wadi Ghudran Chalk, mat, limestone 15-20 - Bl
Turomdan Wadi Sir Hard crystalline limestone 90-110 0T 1z10t A7
dolormite and chert
Cenomanian  Shue mar hard denselimestone 4060 511077 6210 44
dolormite
Fuheis Narl, limestone 60-50 5321071 72107 44
Na'ur Marl, limestone 150-220 2210%.3 1107
Al-2
Albian-Aptian  Kurnub Silt, shale, sandstone  +300 6.9.107-5.210%

Table 2. The average hydrological and hydrochemical data for the
three major aquifers in the Amman-Zarga Basin for the period
1995-2003 [4].

Parameters Upper Anqui fer Middle & quifer Lower Aquifer
Hydro code BUAT Y A4 K
Transmissivity () 0.3 to 58 96t 117 1 to 146
Murnber of spings 4 54 35
Spring Dischargs ( 10%md) 4 0 15
Confinerent Phiaetie/ Confined Confined Phraetic/ Confined
Anmnal abstraction (1 0°m®) 131 126 75
Yo of Water supply 814 91 54
Number of wells 456 63 81
Eat Anmual Ave change in water table () -1to-1.5 <0510 -9 <0510 0.8
Awve Chemical Composition
Ca (mgl % (Mean/Mviaz-Jin) 027/24.3-192.5 723/51.7-046 66.8/41.7-834
Mg (mell) (MeanMax Mird  40.27 5120 14.0/22.5-46.1 12.4/23.144 5
Na (gl Meandviaz Min 163.4/25.5-422.1 44.1/10.3-79.6 50.2420.5-117.1
K (mgl} (Mean/Mas-Mir) 822156 28/0-7.4 471604
HCOs (mgl ) (Meanddax Mir)  211.5/66 5-366 200.3/243 9-372 257.1/133-321.5
504 (gl ]) (Mean/Maz-Min) 108.5/17.3-4954 335/15.4-653 67.2/24.5-204.8
1 (mgl ) (MeanMMiaz Miny 335.4M3.3-958.5 80.5/27.3-163.3 02.4/42.6-204.8
NOz(mgL Y (Mean/Masc-Min)  46.6/3 5-107.2 33.0/7.7-66.9 26.0/5 350
EC (pSerm b Mean/Max-Min) 1679/500-3630 B30.5/536-1176 B1& 1/450-1211

pH (Mean/MVax -Min) TA/6.2-8.5 T30 7.5/6.4-8.0
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that are naturally occurring as a consequence of the sur-
rounding geological formations of each aquifer [4]. As a
consequence of the geological formations in which the
aquifers are contained, calcium and magnesium are the
dominant cations, while bicarbonate is the dominant
anion [6].

The rainfall over the Amman-Zarga Basin is highly
seasonal. Peak rainfall occurs during late autumn to early
spring with summer receiving negligible to no rainfall
reflected in the annual runoff (Figure 1). The annual
depth of rainfall over the basin is variable, ranging from
50 mm in the east to 1000 mm in the west; however the
total annual rainfall for the region has declined over the
last three decades by 25 - 33 mm [4]. This has an impact
on the total runoff potential and the water available for
recharging of the aquifers within the basin. During the
period of rainfall the B2/A7 aquifer is subjected to infil-
tration which then enters the connected A4 aquifer
through fracture zones as the water flows north easterly
down the Amman-Zarga sincline [6].

3. Description of Study Area

The Amman, Zarga and Balga regions cover an area of
1939 km?and are located in north eastern Jordan uplands
and are between 500 — 1000m in elevation with an an-
nual precipitation of 150 to 600 mm year™ [13,17]. Fig-
ure 2 illustrates the study area and location of the study
area within Jordan. The basin contains significant popu-
lation and industrial production centres. Agriculture is
primarily restricted to plains of the water courses with
rangelands dominating the remainder. The sporadic dis-
tribution of population and industry, as well as the re-
striction of agriculture to the water courses has been that
the spatial quality of the ground water is highly variable
with aquifer systems [5].
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Figure 1. The monthly long-term rainfall average of the Amman-
Zarqa Basin for the period 1970-2002.
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Figure 2. The location of the Amman, Zarga and Balga regions and the location of the wells investigated in this study.

4. Methods

The use of geographic information systems has proven to
be an effective means of investigating spatial changes in
water quality [7,15]. The spatial data support system, Arc
View GIS, provides the tools to allow the seasonal map-
ping of temporal changes in water quality parameters
[16]. The use of mapping systems in conjunction with
aerial images allows for a greater understanding of the
potential impacts of land use on water quality.

Historical data for wells in the Amman, Zarga and
Balga regions were obtained from the Jordan Water Au-
thority. From these historical records on the water quality,
11 wells from the three regions representing each of the
three major aquifers, and with significantly detailed
monthly data for 2004, were selected for investigation
(Table 3). From the records of these 11 wells the
monthly recorded conductivity, ammonium, nitrate and
pH were graphed to determine if seasonal variation in
water quality parameters could be determined. A map of
the Amman-Zarga Basin was digitised using Arc Map
9.3 and the location of the 11 wells plotted. Rainfall data
for the area surrounding the wells in 2004 was also
mapped. The depth of the wells was also investigated to
determine the geological formation that contained and
surrounded the wells, and this enabled an understanding
of the influence of the surrounding strata on the quality
of the water contained in the aquifer.

5. Results

The wells represent areas of five primary land uses. The
well AL1230 is located in an area of heavy industrial use

Copyright © 2013 SciRes.

Table 3. Identification, location and land use of the wells and sur-
rounding areas used in this study.

Well ID Well Name Coordinates Land Aquifer Altitude Hydro
Palestine Use depth Code
North(km) East(km) () (mash
AL1192 New Municipality 166.535 254.830 Residential 281 568 A4
AL1230 Hashiniya No. 3 170.130  256.690 Heavy Industrial 102 540 B2/AT
AL1254 Hashiniya No. 5 170.040  256.910 Irr. Agricultural 106 540 ALL
ALI318 Awajan22 160.340 252.468 Med. Industrial - 587 B2/A7
AL1319 160.410  252.494 Med. Industrial 148 583 B2/AT
ALI1898 ZerqaWell No. 3 166.830 254.870 Residential 246 587 A4
ALI1899 ZerqaWell No. 3 166.820 254.870 Residential 113 386 B2/AT
AL2691 Awajan23 160.000 251.980 Med. Industrial 151 600 B2/AT
AL2715 Hashiniya No. 2 169.744  257.027 Irr. Agricultural 128 540 7B2/AT7
AL3505 DafaliNo. 3 172.011  218.905 Grazing 332 615 A4
AL3506 Supply No.4 162.750  256.900 Irr. Agricultural 500+ 491 K

on the edge of a water course. The three wells AL1192,
AL1898 and AL1899 are surrounded by residential areas;
however there is a chicken farm nearby. The wells
AL1254 and AL2715 are located on a small irrigation
plain with a central water course surrounded by arid
lands, while AL3505 is located in the nearby arid land.
The three wells AL1318, AL1319 and AL2691 are all in
light industrial with neighboring residential area, and are
located near a water course, with AL1318 and AL1319
located in and around waste water treatment works. Fig-
ure 3 illustrates the aerial view of the wells and their
surrounds.

This investigation also indicates that in areas of low
development represented by AL 3505 and AL3506, there
was a low level of nitrate contamination. These two wells
draw water from the middle and lower aquifer systems
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indicating that there is a natural tendency for low nitrate
levels from this supply in underdeveloped areas. One
well, AL1254 had a high nitrate indicting infiltration and
may represent the use of nitrate fertilisers on the irrigated
plains on which the well was located. This infiltration
diffused through the aquifers to which it is connected and
the well nitrate level returned to that of all the study area
for the upper and middle systems. The results also indi-
cate that, while there is a peak in the pH of the wells in
late spring and summer, however, there is little change
throughout the year, with all wells having a pH between

A-AL1254, B- AL2715, C-AL3506
(alt -1,500m

A- AL3503

ET AL 29

7 to 8. The ammonium level was only significantly raised
in the residential areas, with all industrial and agricultural
wells demonstrating an annual low ammonium level. The
ammonium level in the residential areas peaked during
the onset of the rains, indicating that there is a possible
flushing of sewerage down into the water table from the
individual dwellings septic systems and the nearby
chicken farm. The peak in conductivity during the period
of peak rainfall indicates that the infiltration of water
through the geological strata is carrying dissolved salts
into the aquifers.

et Pt DAL
A-AL1192, B- ALI898, C- ALI1899
{alt —450m)

A-AL1318-B- AL1319, C-AL2691
alt -300m)

{alt -900m)

Figure 3. Land use images showing surrounding areas of each well (from Google Earth, 2004).
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5.1.pH Table 4. The pH for the maximal and minimal months and the
] ] . percentage change over the period for the 11 wells.
At present there is no considered risk to consumers from

water pH levels, and therefore, no safe health guidelines Wel ID Maximmum Minimum

Varnation
[15]. However, the pH has significant impact on the op- _
erational water quality parameters with the World Health pH Month  pH Month pH
Organisation (WHO, 2004) recommending an c_)pti_mum AL1192 801  July 684  Aprl {17
range of 6.5 - 9.5. The Jordan Water Standard indicates AL1230 -
that the permissible pH range is 6.5 - 85 for drinking - 171 Tuly 6.80  October (32
water [4,11]. The maximum and minimum p_H for_ the 1.1 AL1254 306 Tuly 719 March 087
wells in the Amman, Zarga and Balga regions investi- o
gated ranged from 6.84 to 8.06, respectively. This study ALL3IS 785 Taly 708 Apnl 077
determined that no well fe-II out5|d.e the operation water AL1319 782  Tuly 606  Jarmary (26
parameters of the WHO. Figure 4 illustrates the pH on a _ -
monthly basis for each of the wells investigated. The ALIS98 784  Augsst 711 Marxch (73
results indicate that there was a variation in the pH of_ the AL1899 782  Tuly 607  March 085
wells throughout the year of ~1.2 to ~0.63. Table 4 illu- ) -
strates the maximum and minimum pH for each well and ALI691 776  August 707 February (60
Fhe_mo_nth in which that level was reachfad. There is clear AL271S 778 May 710 October 068
indication that water pH reaches a maximum during late o
spring to summer in all wells and with minimums AL3303 779 June 716  Apnl 063
reached in autumn, winter and early spring depending on AL3S06 799 May 733 Apidl 0.66
the well.
ALIG92 ALI23D AL1254
'r: b 7:
TH i T4
74 74 74
72 72 12
n..: ﬁ:t 68
4 s‘ﬁ° "3"__\‘ -a?__,\"" W« & .e"' N W ‘F_!.\d' o L A \“'\-f + 5 o -‘.{’_;.\t"- o & TR P
AL1318 ALY ALIB9S
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Figure 4. The pH records for each well in 2004.
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5.2. Nitrate

High nitrate levels can have significant negative health
consequences [11]. The WHO guidelines indicate a
maximum nitrate level of 50 mgL™ for drinking water;
however while the authorities in Jordan recognize a per-
missible target level of 50 mgL™, the national standards
allow for a concentration of up to 70 mgL™, [4]. The
maximum and minimum nitrate levels for the 11 wells in
the Amman, Zarga and Balqa regions investigated ranged
from <0.16 mgL™ to 75.88 mgL™, respectively. The re-

ET AL. 31

variation in the nitrate within each well throughout the
year of ~ 6 mgL™ to ~ 50 mgL™. Table 5 highlights the
nitrate variation throughout the year for each of the wells
investigated. These results indicate significant variation
in nitrate concentration in each well on a monthly basis
with no specific seasonal variation evidenced.

Table 5. The Nitrate concentration (mgL™) for the maximal and
minimal months and the percentage change over the period for
each of the 11 wells.

Well ID Maziraum Mirirmmn Variation
sults of the investigation into the 11 wells found that only mgl” Monh mgl” Moalh gl
two of the wells (AL3505, AL3506) did not have year AL1193 7440 hiy 6200 Jamary 1260
round dangerous nitrate levels making the water fit for ALLZH 6133 iy 5130 Oclober 9.03
consumption in WHO terms, with one other well (AL1318)  *4** 10465 Seplezaher 38 iy 87
being safe for only one month. However, the Jordan  *"* Yo ey BB Augist e

h .. . AL1319 68.00  Jamary 5175  Febmary 15.25
maximum per_mlssmle Ieve_l f_or n_|trate was only excee(_jed L1505 58 A 6675 Jamary .
significantly in areas of irrigation (AL1254). Notwith- L1808 105 A IV — 162
standing, the urban areas also contain significantly high AL2691 7105 November 505 Fetmary 2047
levels of nitrates in the immediate wells. Figure 5 illu- ALTIS 6532 Magd®) 5300 Mayal™ 1031
strates the nitrate level on a monthly basis for each of the ALI305 330 Janary 068 Febmary M4
wells investigated. The results indicate that there was a AL308 635 My <016 Feb, Mar, Sept 5.37

ALLIS2 AL1230 ALI254
120 1200 (B0
100 100 100
" " “ ‘/\_
. Pl @l —— e
Eli] A 0
20 0 2
o o [
W ‘i“’-_-'\.‘ e R R R I L o R L
AL1318 ALI39 ALIS98
120 120 120
100 100 100
s ™ fn
————————
" \\_.---""-«....---»...__._.-...,___.__—_ . \\vﬁ____r__‘__i____._‘_k______._.-ﬁ,_‘ &0
o 40 40
n m 0
. N 0 0
Wl S T SS e N R L SRR R S
ALIR99 AL2691 AL2TIS
i3 120 130
160 [fut) ([1]
%0 B0 S0
&0 _‘——--._.—"‘_'_._-\\/f""--"'""‘ L) \.,..--"_""--_.-——-———"A\\ s " . —————
40 40 0
0 ] 20
o ] o
L R R ¥ ':".‘ e el ot B R R R g
AL3S05 AL3506
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] L]
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Figure 5. The Nitrate (mgL) records for each well in 2004.
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5.3. Ammonium

The maximum and minimum ammonium (NH,) levels
for the 11 wells in the Amman, Zarga and Balqga regions
investigated ranged from < 0.05 mgL™ to 4.2 mgL™ re-
spectively. Figure 6 illustrates the ammonium levels on a
monthly basis for each of the wells investigated. The
results indicate that there was a variation in the ammo-
nium level within any one well throughout the year of
~0.05 mgL™ to 3.41 mgL™. Table 6 highlights the am-
monium variation throughout the year for each of the
wells investigated. These results indicate that only three
wells (AL1192, AL1898, and AL1899) showed signifi-
cant variation in nitrate concentration with all the other
wells having an ammonium level of below ~0.1 mgL™
throughout the year. Ammonium levels tended to rise
towards the end of each year with the first months show-
ing the lowest concentrations; however, the three wells
with significantly higher ammonium levels (AL1192,

AL1192 AL1230
5 5
as | 45
4 44
35 ! 35
3 1 2.1
25 1 /\/ e, 254
2 HE R 24
15 | TSNS s |
1 1
0.5 05 |
. B m——tt e s e e e

ey Y o &
W& S TS T

ET AL.
AL1898, AL1899) showed the reverse with higher con-
centration during the first three months of the year.

Table 6. The Ammonium (NH,; mgL™) for the maximal and minim-
al months and the percentage change over the period.

Well ID Mazximum® Minimum* Variatio:
Cone.  Month Conc.  Month Conc.
AL1192 362 Janvary 155 Decerber 207
411230 <010 Oct, Mov, Dec <005 Jan, Mar, Apr. ~0.05
411254 <010 Oct, Mow, Dec <005 Jan May ~0.05
AL1318 <010 Oct, Mow, Dec <005 Feb-May ~0.05
AL1318 <010 Oct, Mow, Dec <005 Mar, Apr, May ~0.05
411898 416 February 075 Jatwary 341
411599 145 Way 101 Apdl 144
41,2691 <010 Sept- Dec <005 Feb-May ~0.05
ALITLS <010 Oct,Mow, Dec. <005 Jan, Mar, Apr. ~0.05
41,3505 <010 Oct,Mow, Dec. <005 Jan -May ~0.05
413506 <010 Out,Mow, Dec. <005 Jan May ~0.05

“Partial result with data from some months unavailable.

AL1254

D s s

W& _“,.3-‘ Yg‘ _}.9'. & e ‘;a» &t &
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Figure 6. The ammonium (NH, mgL™) records for each well in 2004 with inferred data shown as a dotted line.
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5.4. Conductivity

The maximum and minimum conductivity levels for the
11 wells in the Amman, Zarga and Balga regions inves-
tigated ranged from 790 uScm™ to 3640 uScm™, respec-

ET AL. 33

27" May.

Table 7. The conductivity for the maximal and minimal months
and the percentage change over the period for each of the 11 wells.

i X i - Well 1ID Maximum Mirdtmum Wariation
tively. Figure 7 illustrates the conductivity level on a wSee Motk pSer? Month e
monthly basis for each of the wells investigated. The [AVH 0 May 1175 Apdl 1975
results indicate that there was a variation in the conduc- L1230 310 June 80 Jan Feb 710
tivity within any one well throughout the year of 276 AL CLE I 230 Jatiary &l
-1 -1 H H AL1318* 2290 March 1731 Febmary 558
puScm™ to 1935 uScm™. Table 7 highlights the monthly
.. AL1319* 2140 March 1656 Febnary 484
conductivity throughout the year for each of the wells
. R R . AL1398 3310 Nay 2960 Nowvember 350
investigated. These results |nd|c§1te_z the early mor_1ths_ of e W0 May 26 iy it
the year have the lowest conductivity; however this rises L2601 1986 March 1408 Feb. Ma 1
rapidly during May through June. These results also BLITES 3640 June 010 January 730
demonstrate that the conductivity within a well can L3505 1845 Mearch 567 Jamary &7
change significant within any month with AL1192 show- AL350S 1066 Merch 50 January Sl
ing a 145% rise in conductivity between the 4" April and *Well subject to chlorination during some months.
AL1192 ALI1230 ALI1254
3500 4000 - 4000 |
3000 -——-/\/_ 3500 N Bw e N
2500 3000 _/ 3000 I _—/
2000 2500 %00 |
1500 2000 2000 I
15040 1500 |
1000 1000 1000 |
20 500 0 |
[ T T [ — . Y r 0 | — ———y
& Qc‘“@o‘ e é\a"‘- & S ot of & -;\‘,c e @;,-a & el R & & .\5"‘ 13‘*5"." & S s
ALI1318 AL1319 AL1898
3500 3500 4000
3000 - 3000 3500 - \__/;_\,
2500 - 2500 3000
2000 \/\/V‘ 2000 s
W 2000
1500 1500 sl
1000 - 1000 1000
500 - 500 500
0 : L Bt (1] T 1
N LRI PO S TSt N i Al
AL1899 AL2691 AL2TIS
4000 3500 4000
3500 3000 3500 = _—/\_’_\
Pl /\/—/-\/_’ e A —_/
2500 Sk i;;‘z
2000 —_~— N~
1500 1580-1 1500
1000 1000 1000
500 500 1 500
0 - . 0 = = = 3 [ X i
sy @@‘ e @%"‘- & SR ot o W@ S e et st e Q&-.._\“" = -..j\“’ft W e ot s
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Figure 7. The conductivity (uScm™) records for each well in 2004 with inferred data shown as a dotted line.
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6. Discussion

This study confirmed waste effluent can have a signifi-
cant negative impact on the water quality of the aquifers
in the basin. However, this study indicates that the prob-
lem may come from urban areas with low sanitation in-
frastructure. Also, areas under irrigation can have a
marked, localised and temporary effect on water quality.
Infiltration is areas of underdevelopment have significant
increase in the conductivity, particularly as the first flush
from the rains moves through the profile. Notwithstanding
all aquifers were determined to comply with the guide-
lines for maximum permissible standards for drinking
water, except for the A2/B7 aquifer from which water is
drawn has regions of conductivity which is outside these
standards. It must be noted that the maximum permissi-
ble level for most water contaminants in Jordan often
exceed the WHO recommendations [4].

During this study the pH of all wells remained within
the permissible standards of the Jordanian water authori-
ty [4]. This study concluded that irrigation can have a
significant impact on the nitrate level of the aquifer with
nitrate levels shown to significantly exceed the maximal
permissible levels [4]. Areas of high urban density also
had higher nitrate levels which seasonally peaked at or
just above the Jordan Governmental standards for the
maximum permissible level, while lands which are
grazed have the lowest nitrates [4]. The high ammonium
content of AL1192, AL1898, and AL1899 is postulated
to come from infiltration of the effluent from the chicken
farm, indicating that ammonium contamination is highly
dependent on land use. The conductivity was found to be
lowest in the rangelands with irrigated, urban, and indus-
trial lands showing the highest readings. This reflects the
level of water use in each of these areas, indicating that
drawdown has a negative impact on the conductivity of
the water. This study confirms the results obtained in
neighboring aquifer systems in Jordan that indicate that
urbanization and industrialization, coupled with intensive
agriculture, have a negative impact on water quality
when compared to natural rangeland systems [2,10].

Many of the aquifer systems in Jordan are under threat
from overexploitation and this unsustainable drawdown
will lead to many systems becoming dry by 2030 to 2040
[8].There is a need for increased monitoring throughout
the Amman, Zarga and Balga regions over a long term in
order to capture a more reliable image of the declines in
water quality and regulate the water extraction or face the
loss of the aquifer system [4,13,18].

7. Conclusions

The aquifers within the Amman, Zarga and Balga regions
are affected by irrigation, industrialisation and urbansia-
tion. The increased drawdown of the aquifers has led to

Copyright © 2013 SciRes.
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declines in the water quality over the long term. The mon-
thly variations in water quality parameters are signifcantly
affected by the rainfall which leads to infiltration of
water that carries pollutants from anthropogenic sources
and dissolved salts from the geological strata that the
water moves through. The drawdown of the aqufers has
led to a concentration of salts and other contaminants that
would have previously been dispersed in a historical
larger water volume.
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