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Abstract

The main objective of the current research is to investigate the deterioration of groundwater quality due to
the over-pumping in the coastal area of the Gaza Strip. One hundred and two (102) samples from 44 mu-
nicipal water wells in the Gaza Strip were collected and analyzed for major cations like, Ca*" and Mg”" by
Titration, Na" and K™ by Flame photometer; anions like, CI" and HCO; by Titration, NO; by spectropho-
tometer and SO; by turbidity meter. The groundwater in the region mainly consists of NaCl, CaHCO;
and NaHCO; . The saline load of groundwater is in first place controlled by chloride, sodium and calcium
concentrations. The spatial changes of ionic ratios of rCa®"/( rHCO; + rSO; ) and the relationship between

sodium and chloride in the coastal area indicate that the aquifer experienced seawater intrusion.
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1. Introduction

The Gaza Strip is a narrow strip of land on the Mediter-
ranean coast. It is approximately 41 kilometers long, and
between 6 and 12 kilometers wide, with a total area of
378 square kilometers occupied by 1.4 million inhabi-
tants [1,2]. The Gaza Strip has a temperate climate, with
mild winter and dry hot summer subject to drought and an
average rainfall of about 300 mm per year [3]. There are
no permanent water bodies in the Gaza Strip, except for
large-scale sewage ponds and sewage flowing through
Wadi Gaza has become de facto hydraulic features [4].

Groundwater is one of the earth's most important re-
courses for human life. The water quality depends on the
geological environment. Increased groundwater demand
leads to a decline water level and deterioration of water
quality [5,6]. The Gaza Strip entirely depends on gro-
undwater for domestic, industrial and agricultural pur-
poses, therefore, the groundwater is pumped from more
than 4000 and 44 agricultural and domestic wells, re-
spectively pumping around 155 million cubic meters
(Mm®) a year [7]. While the current natural recharge is
estimated to be 120 Mm’® candidate to decrease due to
the expansion of urban areas and increase of surface
run-off [8-10].

Groundwater is increasingly being subjected to over-
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-exploitation for agricultural, municipal and industrial
uses increases the possibility of quality deterioration. The
concentration of chemical elements in groundwater plays
an important role in the classification and assessment of
water quality. More than 90% of Gaza Strip residents use
desalinated brackish water for their domestic use [11].
When the water resources are lacking, coastal aquifers
become a very important source of water [12,13]. Addi-
tional problems such as the discharge of untreated or
inadequately treated wastewater, improper chlorination
process, agricultural runoff from farms and discharge of
untreated sewage can all lead to the deterioration and
contamination of groundwater in coastal aquifer and as a
consequence health hazard [14,15]. Hydro-chemical study
reveals the quality of water that would be suitable for
irrigation, drinking and industrial purposes. Chemical
classification also highlights the concentration of various
predominant cations, anions and their interrelationships.
The aim of the study is to determine the deterioration
limits such as sea water intrusion if the over-exploitation
continues in the future from the coastal aquifer.

2. Methodology

Groundwater samples (102 samples) were collected from
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44 municipal wells during the year 2009-2010. The col-
lected samples were analyzed for major cations such as,
Ca and Mg by Titration, Na" and K* by Flame photome-
ter; anions such as, CI" and HCO; by Titration, NOs
by spectrophotometer and SO, by turbidity meter.
The ionic balance was determined for the results of the
major cations and anions calculated by Balance =
C(meq/l) — A(meq/1)/ C(meq/l) + A(meq/1)*100.

Where C (meq/l) is the total cation mille-equivalents
per liter. A (meq/l) is the total anions mille-equivalents
per liter.

Each sampling site is characterized by a large number
of chemical and physical variables, making the hydro
geochemical study a multivariate problem. The multivari-
ate statistical analysis is a quantitative and independent
approach of groundwater classification allows to group of
groundwater samples and the making of correlations be-
tween chemical parameters and groundwater samples. In
this study correlation analyses and factor analyses were
applied using Statistical Package of Social Studies (SPSS)
version 14, used server software 9 to create contour lines
of the concentrations of chemical elements in drinking
water.

Piper Diagrams are one of the most useful ways of
representing and comparing water quality. In the Piper
Diagram cations, expressed as percentages of total ca-
tions in mill equivalents per liter, plots as a single point
on the left triangle as shown in Figure 1.

The Durov Diagram is an alternative to the Piper
Diagram; it plots the major ions as percentages of mill
equivalents. The total both the cations and anions are set
to 100% and the data points in the two triangles are pro-
jected onto a square grid which lies perpendicular to the
third axis in each triangle.

lonic strength is a characteristic of an electrolyte so-
lution (a liquid with positive and negatively charged ions
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Figure 1. Piper diagram: Cations and anions are expressed
as percentages of total in mill-equivalents per liter.
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dissolved in it). It is typically expressed as the average
electrostatic interactions among an electrolyte’s ions.
Ionic strength is computed by using the formula I =0, 5
XM; Z;, where M; is the molar concentration of the i-th
ion (mol/l) with charge Z;. Typical freshwater has ionic
strength of less than 0.005.

The index of Revelle. is given by R = rCl-/(r HCO; -
+ 1rCO;"), where r = meq/l. Freshwater has Revelle co-
efficient of less than 1 [16].

3. Results

The summary of the analytical results of groundwater in
the study area is presented in Table 1, which shows the
average maximum, minimum and standard deviation
values for different geographical governorate. The data
represented geographically, as the Gaza Strip is divided
into five governorates (the north, Gaza, the middle area,
Khanyouis and Rafah).

During the years 2009 - 2010, the water salinity of the
domestic wells varied between 235 mg/L in the North and
6206 mg/L in Gaza governorate. The highest degree of
salinity was shown in the northern Gaza and Khan Younis.
The mean nitrate concentration is high at 199 mg/L and is
attributed due to intensified agriculture activities and ex-
cess use of fertilizer. About 86% of the examined samples
exceed the maximum permissible concentration of 50 mg/1
set by the World Health Organization (WHO). Concentra-
tions of sodium (Na") and chloride (CI") vary respectively
between 16 mg/L in north governorate and 1400 mg/l in
Gaza governorate and from 43 to 3119 mg/l during the
study period. The highest concentration levels characterize
the wells situated in north, Gaza and Khan Younis. Most
of the tested wells exceed the WHO limitation of 250 mg/1
for chloride concentration. Concentration of sulfate varies
between 0.9 mg/L at the north and 600 mg/L in Rafah
governorates. The concentration of HCO; in domestic
wells varies from 131 to 601 mg/L, with a maximum
records for Gaza governorate.

Calcium (Ca*") concentrations ranged between 22
mg/Lin Khan Younis and 518 mg/I in north Gaza (Table
1). It is noted from the distribution of calcium in the go-
vernorates that the calcium concentration increases in the
north of Gaza and the middle governorate. Magnesium
(Mg”") concentrations fluctuate between 12 mg/L in Ra-
fah governorate and 287 mg/L in Gaza governorate and
are always associated with magnesium and calcium to
form the water hardness. Potassium (K) concentrations
are relatively low compared to the concentrations of oth-
er cations, with values varying between 0.78 mg/L in
North governorate and 30 mg/L in Gaza governorate.

3.1. Revelle Index

Groundwater from the coastal aquifer has values of
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Table 1. Chemical parameters (mg/l) of the coasta aquifer in the five governorates.

Governorates Mean Std. Deviation Std. Error Minimum Maximum
North 790 336 68.7 235 1544
Gaza 1874 1535 295.3 555 6206
TDS Middle 1 844 691 184.7 610 3094
Khan Younis 2012 806 155.2 592 3447
Rafah 1169 385 128.3 428 1643
North 102 64 13.3 27 260
Gaza 122 52 10.0 30 245
NO3 Middle 79 45 12.0 38 183
Khan Younis 199 129 24.7 60 458
Rafah 124 54 18.1 35 229
North 216 149 30.5 43.0 595
Gaza 709 825 158.7 86.1 3119
CI Middle 694 298 79.6 172.0 1269
Khan Younis 737 341 65.6 172.4 1331
Rafah 368 154 51.5 121.0 571
North 29 29 5.9 0.9 123
Gaza 146 125 24.1 11.1 487
Nora Middle 165 67 18.0 51.1 264
Khan Younis 201 92 17.8 60.4 405
Rafah 157 180 59.9 10.0 619
North 295 65 13.2 132 410
Gaza 359 105 20.2 224 601
HCO3 Middle 269 61 16.2 186 397
Khan Younis 253 105 20.2 132 509
Rafah 195 49 16.2 131 294
North 84.5 29 5.9 26 139
Gaza 130 106 20.4 56 518
Ca* Middle 115 48 12.7 62 226
Khan Younis 107 50 9.6 22 188
Rafah 89.4 51 16.8 31 191
North 48.6 18 3.6 17 84
Gaza 76.7 61 11.7 31 278
Mg Middle 61.2 29 7.7 31 125
Khan Younis 68.8 32 6.1 21 127
Rafah 49.4 26 8.6 12 86
North 3.72 2.60 0.5 0.780 12
Gaza 7.74 7.10 1.4 1.600 30
K* Middle 4.65 3.20 0.9 1.200 15
Khan Younis 4.94 2.0 0.4 1.900 10
Rafah 441 2.4 0.8 2.300 10
North 108 73.6 15.0 16 335
Gaza 383 344.7 66.3 38 1400
Na* Middle 425 158.9 42.5 120 670.0
Khan Younis 516 291.9 56.2 58 1120.0
Rafah 206 78.14 26.0 101 300.0
North 0.02 0.01 0.0 0 0.03
lonic qua 0.04 0.03 0.0 0.01 0.13
Strength Middle ' 0.04 0.01 0.0 0.01 0.06
Khan Younis 0.04 0.02 0.0 0.01 0.06
Rafah 0.02 0.01 0.0 0.01 0.04
North 1.24 0.84 0.2 0.42 3.56
Revelle nga 3.72 5.1 1.0 0.53 21.23
index Middle ' 4.42 1.7 0.5 1.47 7.09
Khan Younis 5.38 2.8 0.5 1.72 12.62
Rafah 3.22 1.2 0.4 1.38 5.48

HCOj3/Cl ratio close to the seawater ratio indicating pos-
sible mixing with seawater, where grou- ndwater be-
comes enriched with Cl that leads to decrease the value
of this ratio where values ranged between 0.42 in the
north and 21.3 in Gaza, The average concentration in the
middle governorate is 4.4 and 5.3 in Khan Younis. Geo-
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chemical graphic analyses methods, principally Piper
diagrams, have been widely used in groundwater studies
to characterize large number of water chemical data.
Major ions data was plotted on the Piper diagram as
shown in Figure 2. The Piper classification of drinking
water in the Gaza strip shows that 97% of the samples
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have sodium and chloride as the most dominant in all
studied samples from the Gaza Strip municipal wells, see
Table 2. By using Spatial analysis (ANOVA) for chem-
ical parameters of the coastal aquifer in the Gaza strip,
there are differences between the spatial regions, and
these differences are statistically significant when p =
0.05, as shown in Table 3.

3.2. Correlation Matrix

The correlation matrix allows us to distinguish several
relevant hydrochemical relationships. The contents of
chloride, sodium, magnesium and sulphate are positively
correlated to salinity with correlation coefficients of
0.982,0.917, 0.683 and 0.904, respectively. These values
indicate the interdependence of the total dissolved salt
and major ion in drinking wells in Gaza strip as show in
Table 4.

Indeed, a strong positive correlation was found be-
tween Na"and Cl', Ca®* and Mg*" and it can also be de-
duced that for most of the groundwater samples these
parameters originate from a common source. Magnesium
and chloride are not highly interrelated among them-
selves (r = 0.640). This interrelationship indicates that
the hardness of the water is temporary in nature.

4. Discussion

Seawater intrusion is influenced by numerous features of
the aquifer, which may include the lithology, groundwa-
ter flow paths and anthropogenic activity (pumping). In
addition, saline intrusion on fresh groundwater systems,
produces a distinct geochemical signature. The mixing of
different water types can induce reactions which lead to a
water composition that is different from a conservative
mixture [17]. Sodium and chloride are the dominant ions
in seawater, however, ion exchange occurs when this

@ North
@ Gaza

v Middil
< Khany
A Rafah

Figure 2. Piper diagram presenting the water chemistry of
domestic wells in the strip.
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saline water comes into contact with a fresh groundwater
system where the clays are dominated by Calcium. When
seawater intrudes into a coastal fresh groundwater aqui-
fer, the following exchange reaction takes place

Na' + 1/2 Ca®" — X,>Na" = X + 1/2Ca*

where X indicates the soil/sediment exchanger [17].
4.1. Seawater-Freshwater Interaction

It was found that the correlations between Cl and/with
the major components of seawater (Na and SO, ) were
strong (Cl-Na, r = 0.931; CI-SOy, r = 0.894); indication
of seawater influence on the groundwater salinity and the
complexity of the hydro-chemical components of grou-
ndwater.

The fact that the salinization of the groundwater in the
Gaza strip was due to seawater intrusion based on the
presence of CI” and the strong correlations between those
parameters. The effect of salinization of the groundwater
was classified using the Cl/ HCO; ratios, which in-
cludes groundwater having < 0.5 CI/HCO; ratios for
unaffected, 0.5 - 6.6 for slightly and moderately affected
and groundwater having CI/HCO; ratios > 6.6 for
strongly affected. as show in Figure 3 [16].

The majority of the samples has Revelle coefficient
values greater than one and ionic strength values greater
than 0.005, indicating seawater intrusion.

The Mg”"/Ca*" ratio (in meq/L) increases with the
proportion of seawater in the mixture, since the ratio of
seawater is close to 5, whilst in freshwater it tends to be
less than 1 (Figure 4) indicating also seawater intrusion.
Values of Ca®"/Mg”" and Ca**/Na” are much more than
those of seawater, which may be due to enrichment of Ca
by dissolution of carbonate minerals in the aquifer matrix
and/or depletion of Na caused by cation exchange during
mixing with saltwater Figure 5.

Researchers who consider groundwater modeling to
study the status of the ground water beneath the Gaza
strip could reach to the conclusion of sea water intrusion
[12,18,19]. In the current research new chemical pa-
rameter also lead to the same conclusion.

4.2. Water Type

The water is of various hydrochemical types as illus-
trated by the Durov diagram in Figure 6: some sample of
drinking water located in box 1, SO, dominates, or
anion discriminate and Ca dominant, Ca and SO, domi-
nant, frequently indicates a recharge water in gypsiferous
deposits, otherwise a mixed water or water exhibiting
simple dissolution may be indicated. In box 2, No domi-
nant anion or cation, indicates water exhibiting simple
dissolution or mixing. Box 3, Cl dominant anion and Na
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Table 2. Geographical distribution and percentage of the identified hydro-chemicals of drinking wells in the Gaza strip.

water Type  North % Gaza % Middle % ;f) }EES % Rafah %
CaHCO; 10 43.5 4 18.2 0 0 0 0 0 0
NaCl 6 26.1 14 63.6 14 100 27 100 8 100
NaHCO; 5 21.7 2 9.1 0 0 0 0 0 0
MgHCO; 2 8.7 2 9.1 0 0 0 0 0 0
Total 23 100 22 100 14 100 27 100 8 100

Table 3. Spatial analysis (ANOVA ) for chemical parameters of the coastal aquifer in the Gaza strip.

MEAN SQURE F SIG.
TDS 6209 082 6.8 0.000*
NOj3 46 123 6.9 0.000*
CI 1216514 5.2 0.001*
SOi’ 101 693 10.1 0.000*
HCO3 63 264 8.3 0.000*
Ca™" 7671 1.7 0.150
Mg* 3170 2.1 0.088
K" 59 32 0.017*
Na' 609 880 10.1 0.000*
Ionic Strength 0.002 6.1 0.000*
Revelle index 57.69 5.8 0.000%*
* Statistically significant at P<0.05; NS: not significant
Table 4. Correlation matrix for chemical parameters.
TDS NOj3 cr soi HCO3 CA™ MG™ K NA*
TDS 1 0.328(**)  0.982(**)  0.904(**) 0.277(**) 0.643(**) 0.683(**) 0.606(**) 0.917(**)
NO3 1 0.256(**)  0.193(*) 00.122  0.513(**) 0.537(**) 0.492(**) 0.164
Cr 1 0.894(**)  0.197(*)  0.597(**) 0.640(**) 0.526(**) 0.931(**)
Neora 1 00.120  0.465(**) 0.497(**) 0.488(**) 0.900(**)
HCO;3 1 0.172(*)  0.194(*) 0.411(**)  0.193(*)
Ca** 1 0.946(**)  0.612(**) 0.416(**)
Mg* 1 0.629(**)  0.475(**)
K* 1 0.461(**)
Na® 1
**( Correlation is significant at the 00.01 level 0; **Correlation is significant at the 00.05 level 0.0
22.5 A
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Figure 3. lonic ratio of CI/HCO; versus Cl concentration.
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Figure 6. Durov diagram, meq % (Gaza strip).
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dominant cation, indicate that the ground water be re-
lated to reverse ion exchange of Na-Cl waters. Box 4, Cl
and Na dominant frequently indicate end-point waters.
Qannam [20]. Ca-Mg-HCO; (freshwater of recent infil-
tration), Na-HCO; (this type indicates ion-exchange
phenomena and characterizes a transition zone).

This quality of water is found in domestic wells in the
northern Gaza, where the soil is sandy and the area is
ideal for recharging aquifer and rainfall in this region are
estimated at 400 mm per year and Na-Cl (typical brack-
ish water in which the ions Na" and CI” predominate).
The quality of water in the Middle governorate, Khan
Younis and Rafah is salty and this is due to the direction
of water in the aquifer from the east to the west and
overlap sea water into coastal aquifer [21]. This reason
behind the salinization of water due to the over pumping
of groundwater in coastal aquifers reduces the ground-
water level and induces seawater intrusion. Sheikh Rad-
wan group of wells in the area of Gaza city is most vul-
nerable to seawater intrusion and that the large number
of pumping rates, where the rate of pumping from
Sheikh Radwan wells is account for 18 million cubic
meters per year [22]. Figure 7 describes the hydro-
chemical facies of drinking water in Gaza Strip.

4.3. Correlation Matrix

The correlation between Na® and Cl° however shows
around 0.931 which is interpreted as a result of seawater
intrusion. The Na-Cl correlation shows the influences of

seawater and groundwater mixing. Ca®" often occur when
seawater intrudes fresh groundwater. The characteristic
cation-exchange process that takes place when seawater
intrudes a coastal fresh water aquifer.

There is a positive correlation of Ca>" with Mg®* in the
groundwater of the area. These elements, Ca*" and Mg*",
correlate positively with TDS, EC, K™ and HCO; .The
positive correlation between Ca** and Mg®" (0.946) is
attributed to the precipitation of aragonite, dolomite and
calcite [17]. Precipitation takes place during the cation
exchange process which is the later effect from the sea-
water intrusion into the aquifer. The lower concentration
of Ca®" compared to Na’, is a result from the cation ex-
change process that occurs naturally when seawater in-
trudes into the aquifer system.

The positive and significance correlation of K™ with
both Cl and SO;” which is generally very high in the
sea may be interpreted on the light of seawater intrusion
as well.

5. Conclusions

Chloride, sodium and calcium concentrations are the
main contributors to the salinity of the groundwater be-
neath the study area. Seawater intrusion is indicated
through the analysis of the spatial changes of ionic ratios
of rCa>"/(rHCO; + rSO; ) and the relationship between
sodium and chloride in the coastal area of the Gaza Strip
in the year 2009-2010. Additionally, understanding
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Figure 7. Hydro-chemical facies of drinking water in the Gaza Strip.
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correlation matrix between the chemical elements of
drinking water and compared with sea water, it is found
that there is a strong correlation between chloride, cal-
cium, magnesium, sodium, and this was due to seawater
intrusion. However, a deeper understanding of the hy-
drogeology and hydro-geochemistry is required to prop-
erly assess the origin, nature and mobility of solutes
within this aquifer system.

6. References

(1]

Palestinian Central Bureau of Statistics, “Summary Sta-
tistics (1997-2015),” Gaza Strip, 2006.

Ministry of Planning, Palestinian National Authority, “Re-
gional Plan of Gaza Governorates 2005 - 2015,” 2006.

Ministry of Agriculture, “Input-Output Gross Margin and
Profit Per Dunum in the Gaza Strip,” 2003.

United Nations Environment Programme, “Environ-
mental Assessment of the Gaza Strip, Following the Es-
calation of Hospitalities in December 2008 — January
2009,” Renouf Publishing Co. Ltd., Ottawa, 2009.

B. Shomar, “Groundwater Contaminations and Health
Perspectives in the Developing World Case Study: Gaza
Strip,” Environmental Geochemistry and Health, Vol. 33,
No. 2, 2010, pp. 189-202.
doi:10.1007/s10653-010-9332-8

Palestinian Water Authority, “Summary of Palestininan
Hydrologic Data 2000-Volume 2: Gaza,” Report, Pales-
tine, 2000.

H. Al-Najar, “Urban Agriculture and Eco-Sanitation: The
Strategic Potential toward Poverty Alleviation in the
Gaza Strip,” Royal Institution of Chartered Surveyors
Research, Vol. 7, No. 7, 2007, pp. 9-22.

S. M. Hamdan, U. Troeger and A. Nassar, “Stormwater
Availability in the Gaza Strip, Palestine,” International
Journal of Environment and Health, Vol. 1, No. 4, 2007,
pp- 580-594. doi:10.1504/IJENVH.2007.018582

A. R. Khalaf, H. M. Al-Najar and J. T. Hamad, “Assess-
ment of Rainwater Run off Due to the Proposed Regional
Plan in the Gaza Governorates,” Journal of Applied Sci-
ences, Vol. 6, No. 13, 2006, pp. 2693-2704.
d0i:10.3923/jas.2006.2693.2704

H. Al-Najar and A. J. Adeloye, “The Effect of Urban
Expansion on Groundwater as a Reneable Resource in the

Gaza Strip,” Royal Institution of Chartered Surveyors
Research, Vol. 5, No. 8, 2005, pp. 7-21

A. Hilles and H. Al-Najar, “Brackish Water Desalination
is the Merely Potable Water Potential in the Gaza Strip:

Copyright © 2011 SciRes.

Prospective and Limitations,” Journal of Environmental
Science and Technology, Vol. 4 No. 2, 2011, pp. 158-
171. doi:10.3923/jest.2011.158.171

Q. Khalid, et al., “Optima Extraction of Groundwater in
the Gaza Coastal Aquifer,” Journal of Water Resource
and Protection, Vol. 1, No. 4, 2009, pp. 249-259.

A. Shaheeda, “The Hydrochemical Characteristics of
Groundwater in the Incomati Estuary,” Master’s Thesis,
University of the Western Cape, Cape Town, 2007.

A.-S. Mohammed and H. Al-Najar, “Disinfiction Process
of Water Supply System in the Gaza Strip Between Real
Practice and WHO Limitations,” Research Journal of
Environmental Sciences, Vol. 5, No. 5, 2011, pp. 414-423.
doi:10.3923/rjes.2011.414.423

A. Nassar, K. Tubail and S. Afifi, “Attitutes of Farmers
toward Sludge Use in Gaza Strip,” International Journal
of Environmental Technology and Management, Vol. 10,
No. 1, 2009, pp. 89-101.
doi:10.1504/1JETM.2009.021580

R. Revelle, “Criteria for Recognition of Sea Water in
Ground Water,” Transactions of American Geophysical
Union, Vol. 22, 1941, pp. 593-597.

C. A. J. Appelo and D. Postma, “Geochemistry, Ground-
water and Pollution,” A.A. Balkema Publishers, Rotter-
dam, 1996.

K. A. Qahman and Y. Zhou, “Monitoring of Seawater
Intrusion in the Gaza Strip, Palestine,” 1st International
Conference of Saltwater Intrusion and Coastal Aquifers
Monitoring, Modeling and Management, Essaouira, 23-
25 April 2001, pp. 1-23.

Metcalf and Eddy, “The Gaza Coastal Aquifer Manage-
ment Plan — Task 3 Appendix A,” USAID, Contract No.
294-C-99-00038-00, 2000.

Q. Ziad. “A Hydro Geological, Hydrochemical and En-
vironmental Study in Wadi Al Arroub Drainage Basin,
South West Bank, Palestine,” Freiberg On-line Geo-
sciences, Vol. 9, 2003, pp. 1-211.

A. Vengosh, W. Kloppmann, A. Marei, Y. Livshitz, A.
Gutierrez, M. Banna, C. Guerrot, I. Pankratov and H.
Rana, “Sources of Salinity and Boron in Gaza Strip: Nat-
ural Contaminant Flow in the Southern Mediterranean
Coastal Aquifer,” Water Resources Research, Vol. 41,
2005, pp. 1-20. doi:10.1029/2004WR003344

Palestinian Water Authority, “Agricultural and Municipal
Water Demand in Gaza Governorates for Year 2005,”
Report, 2005.

JWARP


http://dx.doi.org/10.1007/s10653-010-9332-8
http://dx.doi.org/10.1504/IJENVH.2007.018582
http://dx.doi.org/10.3923/jas.2006.2693.2704
http://dx.doi.org/10.3923/jest.2011.158.171
http://dx.doi.org/10.3923/rjes.2011.414.423
http://dx.doi.org/10.1504/IJETM.2009.021580
http://dx.doi.org/10.1029/2004WR003344

