f

ledge gained

r-engineering

kTt services

CONTENTS

Journal of the Chartered Institution of
Water and Environmental Management

Volume 19 September 2005 No. 3
PEER REVIEWED PAPERS

e CRONnES FIIAION O IO
0N By o VDR erA

&
x4

CIWEM

CHEMICAL QUALITY OF DRINKING WATER: A CASE
STUDY IN A PALESTINIAN DISTRICT

I. A. Al-Khabit, F Daoud, F Rasmawi, S. Wa'rra,

and M. Kassabry

& IMPROVING THE PERFORMANCE OF GRANULAR
& ACTIVATED CARBON (GAC) VIA PRE-REGENERATION
. ACID TREATMENT
B | Perry, D. Essex, P Giess, N. Graham, K. Kaur,
B S.Lambert and C. Spencer

ROBERTSBRIDGE FLOOD ALLEVIATION SCHEME: THE
CHALLENGES OF A FAST-TRACK APPROACH
N. Baker, J. Palmer and G. Elswood

AN INVESTIGATION INTO THE APPLICATION OF
FLOATING REED BED AND BARLEY STRAW
TECHNIQUES FOR THE REMEDIATION OF
EUTROPHIC WATERS

R Garbeft

PUBLIC PARTICIPATION - DRAWING THE BOUNDARIES
I. G. Bush, A. Gllison, M. Hamilton and M. Perrin

MEMBRANE BIOREACTORS AND CONSTRUCTED
WETLANDS FOR TREATMENT OF RENDERING PLANT
WASTEWATER

C.A. O'Brien, M. Scholz, and G. L. McConnachie

‘SOLVING AN URBAN RIVER EROSION PROBLEM ON
THE TILMORE BROOK, HAMPSHIRE (UK)
A. Brookes, A. Chalmers, and R. Vivash

% AFFORDABILITY OF HOUSEHOLD WATER SERVICES IN
GREAT BRITAIN
J. W. Sawkins and V. A. Dickie

THE EFFECTS OF IMPROVING SEWAGE
SLUDGE DIGESTION W. P Barber

SEASONAL VARIATION OF BACTERIOLOGICAL AND -

§ POLLUTANT BUILD UP & RUN OFF ON HIGHWAYS;
¥ EXPANDING THE CURRENT METHODOLOGY FOR
ADDITIONAL DETERMINANDS - TECHNIC AL NOTE
# J, Patel and O. Drieu

¥ MILESTONES IN THE DEVELOPMENT OF MIUNICIPAL
%8 WATER TREATMENT SCIENCE AND TECHINOLOGY IN
=l THE 19TH AND EARLY 20TH CENTURIES: PARTI

8 P . Purcell

THE 1999 CRYPTOSPORIDIUM RISK ASSESSMENT
EXERCISE IN ENGLAND AND WALES - A
GROUNDWATER OVERVIEW

B Morris and J Cunningham

OPERATIONAL EXPERIENCE FROM A SMALL
FOOTPRINT LAMELLA AND BAFF PLANT IN ABERDEEN.
M. Jolly

THE ROLE OF PRICING ON INTEGRATED WATER
MANAGEMENT AT THE INDUSTRIAL PARK LEVEL:
A CASE OF TEDA

Y. Geng

ADVANCED LEACHATE TREATMENT AT THE
STEWARTBY LANDFILL SITE
R. Toddington, M. Pankhania and E. C. Clark

YOUNG AUTHOR’S WINNING PAPER

QUANTIFYING THE UNQUANTIFIABLE:
ECOHYDROLOGY ON THE OUSE WASHES
E. Simons

TOPICAL NOTES :

280 INDUCTION OF NEW CIWEM PRESIDENT
FOR 2005-2006

282  PRESIDENT'S AWARD 2005

283 ANNUAL GENERAL MEETING

»The<Charared: Institution: of‘Waten: and: . :
*Environmental! Muncgernent' %108
4] Jonn ,Shrest i L.ondon WCTN'2EB Englanu
STel! 0207831 3110 Fax 0207°405-4967 -

Emu“ uummomwsm om Vlslrwww clwem. Ofg

Raglﬂerm chomy nurnmar IDASAOQ :
JSSN 0951 7359 0

= Dr Nicholos: Robins; Paul

"Annuauubmlpnons lo
‘Execuﬂve dl(actor Nl A

Dlramonot umlcy Jushn charhom

As:lslam odltor Wenuy Hlles

: “ For further Iormation ob
1Tel 0870:30004690: Emuu wenﬂy@&aodmedlu Coiuk

i~ Edirorio). panal-Dr Colin: Powleslond:(chaiman),
Charies Ruxon; iDr David: :
D Andraw:Brookes  Johrr. Bridgeman;-Mike lee.'

__-Dr‘Pule( Nawmcm Ross Greqory
-_Pub\ishad \r Mmcn June Sapmmbaf V&t Decembe-
Watar-&:Environment Mcnager:Magazine’ (WEM

- v & Jounal:of the Cnarfered dnstitution of
.Watet.ond:Envirenmental: - - .-

Pulh:y officer: Harrle): Greeng-. USRIy * Monogement (WEJ)' g ] 48 o
Tel 0207 83] 3110°Email. hgmaneacnwam urg 2. Wourmal (WES):only::. (B85 ™ ‘..;,..'C"“’“ on ncgs:led Wpaf y
-+~ -JouUmal (WEY): slngla jsstie. UK 5427 \SUGrert, Rogontpcper £t
“editor i cnlef Erika Yorow 7" 2 - - ED/ROM version of Joumak: (WEY) ;.. 155! 100% Post.consumar, wostat
*Tel.0870.:3000¢ 695.Emul| we]sdnumlsodmedlc co. uk  Magazine- (WEM) ONI. T 0\ (BOBE -+ .CFChlorine;frea - ', %
% et i T 180714001 1S078001;

" £ = Visit-wwwiclwempublications:cosuk . ¢

“Publisher. Gavin™ Toubar

‘CoplesDrrJomes:Wishar,: ' % o plished:bys Lsadmodic: L1ds

+ 8 Harlorde Catrt Uohn iate Roud Hartfnrd.j 3
~ Horts SGTITNW; e LS ahed

Smith;?Pefer.Dumble;.

-Advumnmant lnlcs Andraw Roblnson uacnmamu:d
Tel'0870:3000:690; Emaliondrewr@leadrmed|a; co-uk
- For:funhisrinformafion obout aovertising::~.., 7 :

£ Vlsn AW olwempubllcuhons COLK. b

non-members’ (UK)

- Praducad.at Papeterles Maiussbefe & ForestMilEIn
*frand: ITIPiPriza. ol Innovation- 2002 ond; 2003

outsubscriptlons ¢

The Chorfered Insfitution of Water ond Environmenta! Monagement, The instifthon is not responsible s o body for the staternents made ar opinions advanced in ony of the papers of
discussions published In its proceedings. Storage or reproduction of the confens, either 0s @ whole, or in port, is forbidden unless spacific permission hos been obained from the
Institution. Reference 10 papers, or quotctions thers from, may be published elsewhere without permission, provided the exact source Is ccknowledged.

153 | WEJ




SEASONAL VARIATION OF
BACTERIOLOGICAL AND CHEMICAL
QUALITY OF DRINKING WATER: A CASE
STUDY IN A PALESTINIAN DISTRICT

| A. A-Khatib, E Daoud, £ Rasmawi, S. Wa'rra AND M. Kassabry™*

ABSTRACT

strict monitoring system for water quality.

Evaluation of drinking water quality for Jenin district in Palestine was carried out for the years 1997, 1998, and 1999,
respectively. Only 53.1%, 85.4% and 69.6% of the drinking water samples tested for free chlorine residual, total coliforms
and faecal coliforms, respectively are within the limits of the Palestinian and International standards. The seasonal
variation of bacteriological and chemical quality of drinking water was investigated. It was found out that the summer
season has the best quality and the winter has the worst. There remains some Ignorance in testing the drinking water
In the villages and towns in Jenin district. Huge efforts are required to improve the drinking water quality in Jenin district,
- as well as other Palestinian districts, through public awareness, iraining of governmental inspectors, in addition fo a

Key words: faecal collforms; total coliforms; free chiorine residual;Jenin district; and Palesfine.
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*Institute of Community and Public Health, Birzeit University, West Bank, Palestine

INTRODUCTION

Water Is an indispensable commodity, which should be easily
accessible, adequate in quantity, free of contamination, safe,
inexpensive and readily avallable throughout the year in
order fo sustaln life. According to the World Health
Organization ,\WHO®" , and others®**®, protection of water
supplies from contamination is the first line of defence.

According to the Palestine Standards Institution, PSI®, in
order to have accepiable drinking water, we have fo
examine the water confinuously to make sure that It is free
from bacteria and should have the.-concentrations of
substances such as free chlorine residual based on the
guideline value. One must distinguish clearly between the
examination of chlorinated and unchlorinated water
supplies. If one Is examining a chlorinated water supply one
knows that, If the chlorination process is working correctly, ali
coliform organisms will have been killed®®,

Most of the fime. the source water usually meets hygiene
standards. However, free chlorine residual concentration
rapidly declines in the distribution system. as there Is litfle
protection against secondary microbiological contamination

WEJ | 154

of water In pipelines, and rechlorination is not practiced. This
situation results in very low free chlorine residual af taps, and
therefore gastrointestinal morbidity might appear®. -

The majority of the population in the Jenin district construct
their own cisterns to collect rain water from the roofs of their
houses during the winfer seasons and utilize It for their
domestic consumption. Approximately é0% of the wastewater
generated from households in the Jenin Clty Is collected by
sewer networks. Unfortunately, the cesspifs or cesspools are
the main methods of wastewater disposal in the Jenin district.
Approximately 13% of the population in the Jenin.district is

"connected with the sewage network. Another serious

problem In the Jenin district is that.water pipelines are laid

adjacent to sewage lines causing, in many cases, wastewater '

Infittration to the drinking water™. According to Al-Kahah!"
and Othman @ there are 76 communtties in Jenin district, out
of which only 34 communities are connected to public water
nefworks,

This study was performed-to ascertain the bacteriological
guality of the drinking water in Jenin district, In’Palestine. in
addition to some of its chemical characteristics. The aim of this
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hazard to the population. In this study, the distribution of total
and faecal coliforms and free chlorine residual in the drinking
water in Jenin district will be examined and analysed. This will
include all the water samples which were collected by the
inspectors from MoH and

vears of 1997-1999.

MATERIALS AND METHODS
During January 1997 until 26 December 1999, 1964 drinking
water samples were collected from different locations (wells,
houses, restaurants, springs. schools etc.) from the villages,
towns, a clty, and a refugee camp In Jenin district in the West
Bank of Palestine. The samples were collected by the
Envionmental Health Department of the Palesfinian Ministry
of Health for inspection purposes. One thousand nine
hundred and thirteen somples were examined for total
coliforms (247 for faecal coliforms). One thousand and sixty-
nine samples were examined for free chlorine residual, to
ensure the chemical quality of the drinking water.The samples
were taken during the day time, normally in the early morning.
but no specific time was.indicated for this purpose., A
quantitative  descriptive  design,  describing  the
microbiological and chemical quality of drinking water
available in records, hos been used. Total coliforms and
faecal coliforms were enumerated by the Most Probole
Number , MPN, method inoculating series of five tubes, using
Lactose Broth- Briliant Green Bile Broth respectively™.

The data was coded and entered into the computer and
analyzed using the statistical analytical system SPSS (Statistical

-Package for Social Sciences). It was found that there were

some limitations for this research, as many missing items were
found in the sampling form resulis, many samples were not

1 labelled well and the location was not identified, and not all

the samples were tested for free chilorine residual.

RESULTS

The values of all microblological and chemical parameters
are shown in Table 1. Out of the tested 1069 samples for free
chlorine residual, 488 (45.7%) of the samples have a
concentration less than 0.2 ppm (0-0.1), 568 (53.1%) of the
samples between 0.2-0.8 ppm and 13 samples more than 0.8
ppm. According to the WHO® and PSI? guidelines for
drinking water quality, for effective disinfection of drinking
water, the concentration of free chlorine residual should be

' 0.2 ppm and not more than 0.8 ppm wihen water reaches the

«acteriological {
n Palestine, in |

The aim of this
)

consumer. This means that only 53.1% of the drinking water
available in Jenin District Is acceptable for drinking within the
limits of standards. Tnis result directly reflects the presence of

microblologlical confamination of the drinking water,

According to the WHO® and Al-Qahah" (2001)
classification of total coliforms, out of the 1913, 85% of samples
are free of contamination (zero degree of contarmination),
while 7.8% and 6.8% of samples are in the second and third
degrees of contamination respectively. None of the
examined water samples were within the third dergree of
contamination. Out of 247 samples tested for faecal coliforms.
172 (69.6%) were of good quality and had no risk, while 21
(8.5%) of the samples had low risk, 33 (1 3.4%) of the samples
had an intermediate risk level, 21 (8.5%) of the water samples
showed high risk level, and none of these samples showed
very high risk level. This classification of risk is recommmended
by WHO®.

Toble 1. Range Values, Frequencies and Volid Percentages of Free Chlorine
Residual (FCR), Total Coliforms and Faecal Coliforms (TC-FC)

Range Values, Frequencies and Perceniages

Free Chlorine Residual TC FC
(ppm) (n/100mi) (n/100ml)

0-0.1 |488| 45.7 0-3 1633( 85.4 0 172|69.6

0.2-0.8] 568 | 63.1 4-50 60| 7.8 [ 1-10 21|85

508 | 13| 1.2 |51-60,000/130| 6.8 | 11-100 | 33 | 13.4
>50,000 | - - ]101-1000| 21 | 8.5

>1000 - -
Total 1068( 100.0 1913/100.0 2471100.0

Table 2 shows the results of sampling location versus annual
distribution of population®, sample sze, and sampling density
per 1000 of population cross tabulations. The total number of
‘samples shown in this table are 1570 out of 1964 tested, due
to the limitations of the study. Nine hundred and fiffy-two
(60.6%) of the total samples were collected from the city of
Jenin during the three years of 1997, 1998, and 1999; while 124
(7.9%) were from Jenin Refugee Camp. Four hundred and
ninety-four (31.5%) of the samples were collected from the
different vilages and towns of Jenin District. The range of
annual sampling densities in the City of Jenin, Jenin Refugee
Camp and the villages and towns of Jenin district are
between 10.3 -13.0, 3.9-5.1 and 24-3.0 samples per 1000
population respectively.

DISCUSSION

In order to see the effect of the concentration of free chlorine
residual on the biological indlcators, many cross fabulations
have been performed. The final summary is presented In Table
3. As It is clearly seen from this table, there Is an inverse
relationship between presence of TC and FC and the
concentration of free chlorine residual. Most of the
contaminated samples with faecal colfforms have a free
chiorine residual iess than 02 ppm.Only one sample tested for
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Table 2. Sampling Location Versus Annual Distribution of Population, Sampls Size (Pop, N), and Sampling Density (1000 N/ Pop)

Toble 5. Cro
anc
Sompling Year
<1997 1998 1999
Sampling
Sampling Location Pop* N | (1000 N/ Pop) Pop* N | (1000 N/ Pop) Pop* N | (1000N/ Pop) Yoox
Jenin Clty 26332 | 272 10.3 27329 | 3564 13.0 28394 | 326 11.5
Jenin Refuges Camp 8991 35 3.8 8331 48 5.1 9695 41 42 1997
Villoges And Towns 167420 | 185 1.0 | 163381 | 203 1.2 169748 126 0.7
Total 192743 | 472 2.4 | 200041 | 605 3.0 | 207837 | 493 2.4 1998
+PCPSH ——
1999
Table 3. Effect of Free Chiorine Residuci Concentrafion (FCR)  on Total Coliforms and Faecal Coliforms (TC, FC) and the Degree of Contamination Risk. I
Total
TC FC
(n/100ml) ~(n/100ml)
0-3 4-50 51-50,000 0 1-10 11-100 101-1000  Table 6. Crc:
no risk low risk intermediate risk nd risk low risk intermediate risk high risk Coli
Free ) 0-0.1 453 25 g 23 3 1 -
Chiorine 0.2-0.8 525 23 20 21 ] 1 1 Sampling
Residual >08 12 1 - 6 - . = Season
(pprm) '

Total 990 49 29 50 4 2 ] mmer
faecal coliform and has a high risk effect, Fourty-nine samples  obvious that there Is a significant statistical  relationship. Autumn
tested for TC and two samples tested for FC are found to be befween the sampling year and the contamination of
within the degree of intermediate risk. drinking water with FC (Chl square = 19.834, p= 0.001) and the Winter

Table 4 summarizes the sampling location versus range free chlorine residual concentration (Chl square = 44.967, p=
values and frequenciles of FCR, TC, FC, respectively. It snoticed  0.000) respectively. Table 5 shows that in 1997 and 1998, 83.1% Spring
that most of the samples are tested in Jenin city even though of the samples Testéd for FC had no risk. This situation was,
its population consists of only 13,7% of the fotal population of  Improved in 1999 where 90.5% of the samples had no risk of Tolal
Jenin District. There is some aftention given to drinking water  contamingtion, In 1997, 47.4% of the samples tested for FCR
sampling in Jenin Refugee Camp, but most of the samples concentration were within the limits of standards (0.2-0.8"
tested for FCR have a concentration less than 0.2 ppm, which  pem). The sifuation improved in 1998, as 64.5% of the tested. in 1998 anc
Is the minimum concentration recommended by PSI® and samples were found to have FCR concentration within the showed nc
WHO®, It is clearly seen that there is some ignorance in testing limits of standards, but this tfrend had changed in 1999 with  the quality
‘the drinking water in the villoges and towns in Jenin district  only 43.9% of the samples within the limifs of standards. In order-
even though their population consists of 81.7% of the fota Regarding the FC. there Is.no siginficant relatlonship  quality. mar
population, and most of the confaminated samples with TC between the sampling year and degree of contfaminafion, summary it
are In the villages and towns. and this is clear in Table 5. For example. in 1997, 70.5% of the  table, the
From the cross ‘tabulations as shown in Table 5 it was  somples tested for FC showed no risk of confamination, while. since 31.9%
Table 4. Sampling Location Versus Range Values and Frequencies of Free Chlorine‘ResIduol (FCR), fcscul Coliforms and Total Coliforms (TC, EC). st::i)no::\
Range values and frequencies within the |i
FCR TC fC o that the th
(ppm) (n/100ml) (n/100mf) " of bacteric
Sampling Location 0.0-0.1 0.2-0.8 >0.8 0-3 4-50 51-50,000 1-10 11-100 | 101-1000  ° The somple
Jenin City 286 355 7 875 4 34 8 E - - risk, consiste
Jenin Refugee Camp 94 7 1 115 7 2 1 1 only 23.7%
Villoges and Towns 34 157 - 432 47 12 9 1 2 - -of risk. The
Tolal 44 519 8 |1422 95 48 28 2 there s a
Nofe: the numbers in the body of the table are the number of samples - drinking \
. investigatio
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I
 Table 5. Cross Tabulations of Sampling Year versus Range Values, Frequencies

\

and Foecal Coliforms (TC -FC) .

and Valid Percentages of Free Chiorine Residual (FCR), Total Califorms

Range Values, Frequencies and Percentages

Sampling Free Chlorine Residual TC FC
000N/ Pop) ‘ Vet (epm) (n/100ml) (n/100mi)
11.5 0-0.0 | 0.2:08 | >0.8 | 0-3 |4-50 | 51-50,000 | >50,000 o |10 [11-100 {101-1000 |>1000
4.2 i 1997 19 108 1 | 507 50 53 - 67 | 8 8 1 3
0.7 | 52.2 47.4 | 04 |831 8.2 8.7 705 | 8.4 9.5 11.6
24 ; 1998 149 285 8 | 599 69 53 - 54 7 15 2 3
i 337 64.5 1.8 -| 83. 9.6 74 69.2 | 9.0 19.2 26
: 1999 220 175 4 | 527 3l 24 5 51 8 9 8 =
ymination Risk. * | 55.1 439 10 | 905 | 53 4. 68.9 | 8. 12.2 10.8
: Total 448 568 13 |1633 | 150 130 172 21 33 21 -
; 457 53.1 1.2 |854 | 7.8 6.8 696 | 85 13.4 85
|
] 101-1000 ; Table 6. Cross Tabulations of Sampling Season versus Ronge Values, Frequencies and Valid Percentages of Free Chlorine Residual (FCR), Total
high risk | Coliforms and Foecol Coliforms (TC -FC).
___— Range Values, Frequencies and Percentages
A " sompiing Free Chlorine residual T FC
. } Season (ppm) (n/100ml) (n/100mf)
— ' 0-0.1 | 0208 | >08 | 03 [450 |51-50,000 | >50,000 o |1-10 |11-100 | 101-1000 |>1000
- " Summer 185 181 g | 442 | 47 44. . 63 5 n 4 -
} 31.8 319 ‘| 69.2 | 271 |31.3 33.8 36.6 |23.8 424 19.0
1 relationsnipl - pmymn 108 140 374 | 29 29| - - 36 3 ) 3 B
itamination of! 22.1 24:6 229 (193 22.3 208 | 143 18.2 143
0.001) and thej Winter 129 105 388 43 25 = a 4 3 3
e = 44967, p=f 26.4 18.5 237 | 287 19.2 52 |18.0 9.1 143
ind 1998, 83.1%i Spring 96 142 4 | 429 31 32 2 64 ] 10 N -
S AUGNGR WOl 19.7 250 | 30.8 | 263 |207 246 37.2 | 429 303 52.4
: had no risk o; Total 488 568 13 |1633 | 150 130 - 172 21 33 21 E
tested for FCRI 100.0 100.0 [100.0 |100.0 {1000 100.0 100.0 [100.0 | 100.0 1000
\dards (0.2—0.8:

b of the fesfed!
fion within Theé
sd in 1999 wh‘hi
andards. i
nt reloﬂonsnlpi
ontamination,|
17, 70.5% of thej

mination, whliei
i
(TC, FC). t

101-10

Il

In 1998 and 1999, 69.2% and 68.9% of the samples tested for FC
showed no risk of contamination, respectively. This means that
the quality of drinking water has not improved over the years.
In order to see the seasonal variation of sampling and water
quality, many cross tabulations have been performed. The final
summary is presented in Table 6. As Is clearly seen from this
table, the summer season is the best for FCR concentration
since 31.9% of the samples that are within the limitation of the
PS¢ gnd WHO® standards are in this season. The worst quality

;. was in the winter season, since only 23.7% of the samples are

within the limitation of the standards. It can be concluded also
that the the summer season is the best from the point of view
of bacteriological quality of the tested samples (see Table 6).

i The samples tested for TC in the summer. with zero degree of

risk, consists of 27.1% of the 1633 samples tasted for TC. In winter
only 23.7% of the 1633 samples tested for TC are of zero degree
of risk. The same result can be concluded for FC. That means
there is a strong realtionship between the disinfection of
drinking woter and its bacteriological quality. More
investigation Is required fo know the reasons for the bad quality

of drinking water mainly in winter.

It was noticed that none of the samples were examined for
faecal streptococci or sulphite-reducing clostridia. as
recommended by PSI® -when samples are contaminated
with faecal coliform. According to WHO® and PSI® It is
recommended that the drinking water should not contain
enteric ‘viruses, three of the intestinal protozoa that are
pathogenic for man and can be transmiited by drinking
water: Entamoeba histolytica, Glardia Spp. and Balantidium
coll - all helminthes that can be infective fo man and free-
living organisms, including plankton and macro Invertebrates.
It was noticed that none of the samples were examined for
any of the above mentioned indicators.

—_———— .
CONCLUSICNS
From the analysis of the results the following conclusions
can be drawn:

1. The Ministry of Heaith In Jenin district focussed
attention on the city more than other areas in the same
district, such os the ccn:p, the villages and the fowns.
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2.The range of annual sampling densities in the City of
Jenin, Jenin Refugee Camp and the viiages and towns
of Jenin Disfrict, afe between 103 -13.0,3.9-5.1 and 2.4- .
3.0 samples per 1000 popul&ﬂon. respectively.

3. There is a significant statistical reltionship between
the sampling year ond the contamination of drinking
water with FC and the free chiorine
concentration.

4.The seasonal variation of sampling Indicated that
the summer season Is the best  for water quality and the
worst quality was in the winter season.

5. There is o strong redltionship between the
disinfection of drinking water and its” bactericlogical
quality.

residual

The following recommendation can be made as a result
of the previous analysis:

1. More attention should be paid for sampling of
drinking water in the villoges and towns in Jenin district.

2. Adequcfe monitoring network should be
established.

3. A time schedual for the biclogical and chemical
examination of drinking water should be followed.

4. Public .awareness about safety of drinking water
and its iImpact on health should be emphasized.

5. Infersectoral colloborations between the Ministry of
Health, the Ministry of Education and other related
leaders should be established for planning a national
strategy for providing safety water and Improving the
quality of water in Palestine.
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