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Short communication

Water usage in the Gaza Strip: recommendations from 
a literature review and consultations with experts
Emily MacDonald 1, Bernardo Guzman Herrador 1, Susanne Hyllestad 1, Vidar Lund 1, Karin Nygård 1, Line Vold 1, 
Mohamed Lafi 3, Walaa Ammar 3, Bjørn Iversen 1,2,3

ABSTRACT Water quality in the Gaza Strip has been severely compromised due to increasing salinity, 
contamination with pollutants, and lack of adequate treatment options. To provide the population of the Gaza 
Strip with advice on how to mitigate health risks from water we developed recommendations on using water 
from different sources for different purposes (such as for consumption, hygiene, amenities, and irrigation) based 
on a literature review and consultation with experts. Specific advice was developed for several vulnerable 
groups, including infants, children, pregnant or lactating women, and elderly people. The recommendations are 
inherently limited, as it is unacceptable to recommend consuming water that is of substandard quality. However, 
pending long-term solutions, information can be targeted to vulnerable groups to ensure that exposure to the 
most harmful contaminants is avoided. The implementation of these recommendations may require information 
campaigns to assist the population in differentiating water from different sources for different uses.

استخدام المياه في قطاع غزة: توصيات تستند إلى مراجعة للأدبيات واستشارات للخبراء
إيميــي ماكدونالــد، برنــاردو جوزمــان هــرادور، ســوزان هيليســتاد، فيــدار لونــد، كاريــن نيجــارد، لــن فولــد، محمــد لافي، ولاء عــار، بيــون 

إيفرســون

الخلاصــة: لقــد كانــت جــودة الميــاه في قطــاع غــزة منقوصــة بشــدة نتيجــة لتزايــد الملوحــة والتلــوث ببعــض الملوثــات وعــدم وجــود خيــارات 
كافيــة لمعالجتهــا. ولتقديــم النصيحــة لســكان قطــاع غــزة بشــأن كيفيــة التخفيــف مــن المخاطــر الصحيــة الناجمــة عــن الميــاه قمنــا بوضــع توصيات 
حــول اســتخدام الميــاه ذات المصــادر المختلفــة لأغــراض مختلفــة )مثــل: الاســتهلاك، والنظافــة، والاســتخدام في أســباب الراحــة، والاســتخدام 
في الأغــراض الإنتاجيــة، والــري(، وذلــك اســتناداً إلى مراجعــة الأدبيــات واستشــارة الخــراء. وقــد وضعــت نصائــح محــددة للعديــد مــن الفئات 
الضعيفــة؛ بــا في ذلــك الرضــع والأطفــال والنســاء الحوامــل أو المرضعــات وكبــار الســن. إن التوصيــات التــي ســبق وضعهــا قــاصرة أصــلًا، 
إذ أنــه مــن غــر المقبــول أن يــوصى باســتهلاك ميــاه دون المســتوى المعيــاري. ومــع ذلــك فإنــه ريثــا يتــم إيجــاد حلــول طويلــة الأجــل يمكــن أن 
تســتهدف الفئــات الضعيفــة لضــان تجنــب تعرضهــا للملوثــات الأكثــر ضرراً. إن تنفيــذ هــذه التوصيــات قــد يتطلــب تنظيــم حمــلات إعلاميــة 

لمســاعدة الســكان عــى تمييــز اســتعال الميــاه ذات المصــادر المختلفــة في الاســتخدامات المختلفــة.

Utilisation de l’eau dans la Bande de Gaza : recommandations reposant sur une analyse documentaire et 
des consultations d’experts

RÉSUMÉ La qualité de l’eau dans la Bande de Gaza a été grandement compromise du fait de l’augmentation de 
la salinité, de la contamination par les polluants, et du manque d’options de traitement appropriées. Afin de 
conseiller la population de la Bande de Gaza sur la façon de réduire les risques sanitaires liés à l’eau, nous avons 
mis au point des recommandations pour l’utilisation de l’eau provenant de différentes sources en vue d’usages 
variés (consommation; hygiène; utilisation des infrastructures y compris le lavage des voitures et l'arrosage de 
la pelouse, production et irrigation), sur la base d’une analyse documentaire et de consultations d’experts. 
Des conseils spécifiques ont été mis au point pour différents groupes vulnérables tels que les nourrissons, les 
enfants, les femmes enceintes ou allaitantes, et les personnes âgées. Les recommandations mises au point sont 
nécessairement limitées ; il est en effet inacceptable de recommander la consommation d’une eau ne répondant 
pas aux normes. Cependant, en attente de solutions sur le long terme, les groupes vulnérables peuvent être 
ciblés afin de garantir que l’exposition aux contaminants les plus dangereux soit évitée. La mise en place de ces 
recommandations pourrait nécessiter des campagnes d’information pour aider les populations à reconnaître 
l’eau de différentes sources en vue d’usages variés.
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Introduction

The Gaza Strip is approximately 365 
km2 and home to more than 1.85 mil-
lion people who live in 5 governorates 
(1). The population is projected to 
grow to 3.7 million inhabitants by 2035 
(2). One of the main challenges fac-
ing the growing population is access to 
potable water. Water in the Gaza Strip 
is sourced primarily from the coastal 
aquifer, which has been infiltrated by the 
Mediterranean sea, leading to increased 
salinity in the groundwater. Extrac-
tion from the coastal aquifer in 2010 
was estimated to be 170 million m3/
year, but the annual sustainable yield 
of the aquifer within the Gaza Strip is 
estimated to be 55 million m3/year (3). 
Contamination of water resources with 
fertilizers, pesticides and solid waste, 
as well as a lack of adequate water and 
sewage treatment options, including 
desalination facilities, has further com-
promised the quality of the water (4, 5). 
It is estimated that the water extracted 
from the coastal aquifer will be unusable 
by as early as 2016, with the damage 
becoming irreversible by 2020 (6). In 
addition, damage to and destruction of 
the infrastructure due to the ongoing 
conflict with Israel and blockade of the 
Gaza Strip has gone unrepaired, which 
further complicates the situation (7).

It is essential that the public health 
and water authorities in the Gaza Strip 
pursue long-term solutions for the 
worsening water crisis. However, the 
population relies on the existing water 
resources, despite the insufficient quan-
tity and questionable quality. Therefore, 
as part of an initiative to support the es-
tablishment of the Palestinian National 
Institute of Public Health (PNIPH), the 
Norwegian Institute of Public Health 
(NIPH) was commissioned by the 
World Health Organization (WHO) 
to collaborate with the PNIPH, WHO 
and the Palestinian Ministry of Health 
to provide the population in the Gaza 
Strip with clear advice on how to miti-
gate health risks from water.

Water sources in 
the Gaza Strip

Piped water in the Gaza Strip gener-
ally originates from the coastal aquifer, 
which extends from Haifa to the Sinai 
desert to Hebron Mountain. Water 
from the aquifer is drawn from deep 
wells and is used for domestic, agricul-
tural and industrial purposes. However, 
the quality of the water sourced from 
the coastal aquifer has been severely 
compromised due to the infiltration 
of seawater and contamination from 
chemicals, such as pesticides and fertiliz-
ers (8,9).

Desalination has been pursued as 
a means of increasing the amount of 
potable water in the Gaza Strip. Cur-
rently, there are 7 public desalination 
facilities run by the Coastal Munici-
palities Water Utility, at least 40 small-
scale private desalination plants, and 
more than 20 000 households using 
reverse osmosis units. Drinking water 
from desalination plants is sold from 
water tankers. As much as 83% of the 
population uses water from tankers as 
their primary source of household water 
(10). According to a water-quality mon-
itoring campaign conducted in 2009, 
the water from desalination plants is 
of good microbiological and chemical 
quality (11). However, bacteriological 
contamination has been detected in 
samples taken from distribution points 
and in samples taken from household 
storage tanks, owing to contamination 
from non-hygienic handling and stor-
age (12).

Bottled water in the Gaza Strip is 
both produced locally (using the aquifer 
as a source) and imported from Egypt, 
Israel, Jordan, Turkey and the West 
Bank. It has been estimated that 80% 
of the total amount of bottled water 
consumed in the Gaza Strip is imported, 
according to information provided by 
managers of large stores in Gaza (S. 
Lubbad, Public Health Laboratory, Pal-
estinian Ministry of Health, personal 

communication, 2012). Due to a lack 
of systematic monitoring of the produc-
tion and import of bottled water, there 
is limited information about the overall 
microbiological quality.

The harvesting of rainwater, com-
monly practiced in the West Bank (13), 
is not generally conducted by private 
households in the Gaza Strip. A 2008 
study found that residents of the Gaza 
Strip would be willing to adopt on-site 
rooftop rainwater filtration systems in 
urban areas where land is available, but 
financial incentives from local authori-
ties would be necessary to make this 
alternative more attractive (14). Given 
that the long-term annual average rain-
fall in Gaza is 327 mm, with uneven 
geographical distribution and large fluc-
tuations in quantity from year to year 
(9), and there is hardly any precipita-
tion from May through September, 
the viability of rainwater collection as 
major source of water in the Gaza Strip 
is limited.

Methods

Review of literature and water-
quality guidelines
To develop evidence-based recommen-
dations for water use, a literature review 
was conducted to identify all studies 
related to water in the Gaza Strip. The 
search for peer-reviewed literature was 
conducted during July 2013 in the Ovid 
MEDLINE and Scopus databases, us-
ing general and specific terms related to 
“water” and “Gaza”. Titles and abstracts 
were screened for relevance by two 
reviewers. Relevant articles were clas-
sified into thematic areas. Any recom-
mendations proposed in the literature 
for addressing water quality in the Gaza 
Strip were extracted in order to poten-
tially support the recommendations 
developed by the NIPH.

A total of 304 article titles were 
obtained using the search terms. Of 
these, 87 relevant original articles were 



EMHJ • Vol. 22 No. 12 • 2016 Eastern Mediterranean Health Journal
La Revue de Santé de la Méditerranée orientale

912

identified and classified under 11 the-
matic areas. Only nine studies (15–23) 
examined the association between water 
quality and health effects (Table 1). In 
the literature describing contaminants 
in the water supply in the Gaza Strip, salt 
was the most notable cause of decreased 
water quality, followed by nitrates and 
infectious organisms. There is negligible 
information about the health effects of 
specific contaminants in the Gaza Strip, 
such as heavy metals and pesticides. 
The recommendations proposed in the 
literature predominantly emphasized 
the overall need to improve water re-
sources. The full methods and results of 
the literature review and review of water 
guidelines are presented in a report by 
the NIPH and PNIPH (24).

A review of the Palestinian Water 
Authority’s  (PWA’s) and international 
water-quality guidelines was conducted 
to propose practical recommendations 
based on the data about using the water 
available in the Gaza Strip and how the 
population could mitigate the health 
risks associated using it. For some pa-
rameters, the PWA’s guidelines (11) are 
less restrictive than WHO’s guidelines 
(25). Those PWA parameters that differ 
from WHO’s  guidelines are generally 
related to natural chemical constituents 
in the water. When compared with the 
results from regular testing for chemi-
cal contaminants in wells in the Gaza 
Strip from 2010 (169 wells), 2011 (173 
wells) and 2012 (193 wells), levels for 
several parameters exceeded the limits 
recommended by WHO and the PWA 
(Palestinian Water Authority, personal 
communication, 2013). For example, 
from 2010 to 2012 the average chlorine 
levels observed in wells varied from 50 
mg/L to 1 1476 mg/L, which exceeds 
the recommended maximum in both 
WHO’s and and the PWA’s guidelines 
(WHO’s guidelines specify a maximum 
of 250 mg/L and the PWA specifies 600 
mg/L). Nitrate levels up to 528 mg/L 
also exceeded the recommended limits 
in both guidelines (WHO’s guidelines: 
maximum 50 mg/L; PWA guidelines: 

70 mg/L). Although the routine testing 
of wells does not include microbiologi-
cal parameters, high levels of total and 
faecal coliform bacteria have also been 
found in water samples collected from 
groundwater wells, particularly those 
near wastewater treatment ponds, re-
sulting from contamination with sew-
age (10,26).

Results

Development of 
recommendations for water 
usage
The evidence collected through the lit-
erature review was presented to experts 
and key stakeholders in the Gaza Strip 
and Norway by the Palestinian Ministry 
of Health, the NIPH, the PWA, the 
Coastal Municipalities Water Utility 
and WHO. Through a consultative pro-
cess, recommendations were developed 
about using water from different sources 
for different purposes (consumption; 
hygiene; amenities, such as car wash-
ing or lawn watering;  production; and 
irrigation) (Table 2). Water used for 
consumption and hygiene has direct 
consequences for human health, both in 
relation to physiological needs and for 
controlling diverse infectious and non-
infectious waterborne diseases. Water 
used for amenities (such as for watering 
lawns) may not directly affect human 
health, but water used for production 
(such as for raising animals, or for small-
scale horticulture or construction) may 
be critical to sustaining livelihoods and, 
therefore, may have considerable indi-
rect influence on human health. Water 
used for irrigation, such as for grow-
ing vegetables, demands significant 
amounts of water and was considered 
to be a separate category. In addition, 
the following vulnerable groups were 
defined

• Infants up to 6 months of age were 
considered to be at risk for meth-
aemoglobinemia (or “blue baby 

syndrome”), for which the most com-
mon environmental cause is high 
levels of nitrates in drinking water. 
Other groups potentially susceptible 
to this condition include pregnant 
women and people deficient in glu-
cose-6-phosphate dehydrogenase or 
methaemoglobin reductase (27).

• Children between 6 months and 5 
years of age have an increased risk of 
morbidity and mortality from diar-
rhoeal diseases, generally resulting 
from the consumption of contami-
nated food and water.

• Pregnant women or lactating women 
may have an increased risk of, and se-
verity of, illnesses, such as hepatitis E, 
from specific waterborne pathogens 
due to immune alterations that occur 
with advancing pregnancy (28,29). 
In addition,  contaminants such as 
pesticides can cross the placenta from 
the mother to the fetus, harming fetal 
development.

• Elderly people are predisposed to a 
greater frequency and severity of in-
fections than the general population 
due to factors such as the presence of 
multiple underlying medical condi-
tions, a weakened immune system, 
malnutrition, age-related changes in 
the gastrointestinal tract, the concur-
rent use of different medicines, delays 
in diagnosis, or a delayed or dimin-
ished response to therapy, or some 
combination of these (30).
Specific advice was developed for 

vulnerable groups, including not to 
drink piped water even after boiling 
(Table 3). We also recommended that 
infants should be exclusively breastfed. 
If infants are fed formula, bottled water 
may be used for the formula. However, 
due to a lack of evidence that bottled 
water is microbiologically safe, the water 
needs to be boiled before use.

Discussion

The water-use recommendations that 
we developed are inherently limited, as 



 المجلد الثاني و العشرونالمجلة الصحية لشرق المتوسط
العدد الثاني عشر

913

Ta
bl

e 
1.

 S
tu

di
es

 e
xa

m
in

in
g 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

dr
in

ki
ng

 w
at

er
 a

nd
 h

ea
lt

h 
in

 th
e 

G
az

a 
St

ri
p

Ri
sk

Fi
rs

t a
ut

ho
r

Ye
ar

Lo
ca

ti
on

O
bj

ec
ti

ve
D

es
ig

n
Sa

m
pl

e 
si

ze
Ri

sk
 m

ea
su

re
RR

,O
R,

 P
re

v(
%

)
Re

co
m

m
en

da
ti

on
s 

N
itr

at
es

 
A

bu
 N

as
er

20
0

7
Th

re
e 

ar
ea

s 
of

 G
az

a 
St

rip
 

(J
ab

al
ia

, G
az

a 
C

ity
 a

nd
 K

ha
n 

Yo
un

is
)

To
 d

et
er

m
in

e 
th

e 
fa

ct
or

s 
as

so
ci

at
ed

 w
ith

 h
ig

h 
m

et
ha

em
og

lo
bi

n 
(M

et
-H

b)
 

le
ve

ls
 in

 in
fa

nt
s a

nd
 th

e 
re

la
tio

ns
hi

ps
 w

ith
 n

itr
at

e 
co

nc
en

tr
at

io
n 

in
 d

rin
ki

ng
 

w
at

er
 w

el
ls

D
es

cr
ip

tiv
e 

cr
os

s-
se

ct
io

na
l 

an
d 

an
al

yt
ic

al
 

st
ud

y

33
8 

in
fa

nt
s

Si
gn

ifi
ca

nt
 p

os
iti

ve
 

as
so

ci
at

io
n 

be
tw

ee
n 

M
et

-H
b 

an
d 

bo
ile

d 
w

at
er

 
fo

r f
or

m
ul

a
χ²

=6
.9

1, 
P 

= 
0

.0
0

9

Im
po

rt
an

ce
 o

f e
xc

lu
si

ve
 

br
ea

st
fe

ed
in

g 
fo

r i
nf

an
ts

 <
6 

m
on

th
s o

ld
, a

nd
 th

e 
ch

oi
ce

 o
f 

a 
su

ita
bl

e 
so

ur
ce

 o
f w

at
er

 fo
r 

th
es

e 
ch

ild
re

n

Fl
uo

rid
es

 
Sh

om
ar

 
20

0
4

Fi
ve

 
go

ve
rn

or
at

es
 

of
 G

az
a 

To
 d

et
er

m
in

e 
th

e 
av

er
ag

e 
le

ve
ls

 o
f fl

uo
rid

e 
in

 
gr

ou
nd

w
at

er
 a

nd
 to

ps
oi

ls
 o

f 
th

e 
G

az
a 

St
rip

; t
o 

de
te

rm
in

e 
th

e 
le

ve
ls

 o
f fl

uo
rid

e 
in

 th
e 

pr
ep

ar
ed

 te
a 

an
d 

te
a 

le
av

es
 

us
ed

 in
 G

az
a;

 to
 id

en
tif

y 
th

e 
m

aj
or

 fl
uo

rid
e 

m
in

er
al

s i
n 

so
il 

th
at

 m
ay

 su
pp

ly
 g

ro
un

dw
at

er
 

w
ith

 fl
uo

rid
e 

io
ns

; t
o 

de
te

rm
in

e 
th

e 
de

nt
al

 fl
uo

ro
si

s 
in

de
x 

(D
FI

) f
or

 sc
ho

ol
ch

ild
re

n

C
ro

ss
-

se
ct

io
na

l
35

3 
sc

ho
ol

 c
hi

ld
re

n 
(fr

om
 2

4 
sc

ho
ol

s i
n 

5 
go

ve
rn

or
at

es
)

Li
ne

ar
 re

gr
es

si
on

 a
na

ly
si

s 
fo

un
d 

a 
co

rr
el

at
io

n 
(r

 =
 

0
,7

2)
 b

et
w

ee
n 

le
ve

ls
 o

f 
flu

or
id

e 
in

 d
rin

ki
ng

 w
at

er
 

an
d 

th
e 

D
en

ta
l F

lu
or

os
is

 
In

de
x

Th
er

e 
ar

e 
a 

nu
m

be
r o

f w
el

ls
 in

 
th

e 
no

rt
he

rn
 a

re
a 

of
 G

az
a 

th
at

 
ar

e 
lo

w
 b

ot
h 

in
 fl

uo
rid

e 
an

d 
sa

lin
ity

 w
hi

ch
, w

he
n 

m
ix

ed
 

w
ith

 o
th

er
 w

el
ls

, w
ill

 re
su

lt 
in

 
w

at
er

 o
f a

cc
ep

ta
bl

e 
qu

al
ity

. 
Pa

re
nt

s,
 c

ar
eg

iv
er

s,
 w

at
er

 
qu

al
ity

 e
xp

er
ts

 a
nd

 h
ea

lth
 c

ar
e 

pr
of

es
si

on
al

s s
ho

ul
d 

ju
di

ci
ou

sl
y 

m
on

ito
r u

se
 o

f a
ll 

flu
or

id
e-

co
nt

ai
ni

ng
 d

en
ta

l p
ro

du
ct

s b
y 

ch
ild

re
n 

un
de

r o
f 5

.

Fl
uo

rid
es

 
A

bu
ha

lo
ob

20
12

Fi
ve

 
go

ve
rn

or
at

es
 

of
 G

az
a

To
 d

et
er

m
in

e 
th

e 
hi

st
or

y 
of

 
br

ea
st

fe
ed

in
g 

an
d 

di
et

ar
y 

be
ha

vi
ou

rs
 a

m
on

g 
ch

ild
re

n 
in

 
th

e 
G

az
a 

St
rip

 a
nd

 to
 e

xa
m

in
e 

po
te

nt
ia

l a
ss

oc
ia

tio
ns

 w
ith

 
th

e 
pr

ev
al

en
ce

 a
nd

 se
ve

rit
y 

of
 

de
nt

al
 fl

uo
ro

si
s

C
ro

ss
-

se
ct

io
na

l 
st

ud
y

35
0

 c
hi

ld
re

n 
an

d 
th

ei
r 

m
ot

he
rs

 (S
tr

at
ifi

ed
 c

lu
st

er
 

ra
nd

om
 sa

m
pl

e 
fro

m
 5

 
go

ve
rn

or
at

es
)

N
o 

as
so

ci
at

io
n 

be
tw

ee
n 

br
ea

st
fe

ed
in

g,
 d

rin
ki

ng
 

fo
rm

ul
a,

 a
nd

 u
se

 o
f 

m
in

er
al

 v
s.

 ta
p 

w
at

er
, a

nd
 

st
ar

t o
f t

ea
 d

rin
ki

ng
 a

nd
 

de
nt

al
 fl

uo
ro

si
s.

To
 d

ev
el

op
 a

n 
ap

pr
op

ria
te

 
pr

ev
en

tio
n 

st
ra

te
gy

 to
 re

du
ce

 
th

e 
flu

or
id

e 
in

ta
ke

 to
 a

 su
ita

bl
e 

le
ve

l i
n 

or
de

r t
o 

pr
ev

en
t d

en
ta

l 
flu

or
os

is
 a

nd
 o

th
er

 p
ot

en
tia

l 
he

al
th

 h
az

ar
ds

.

Io
di

ne
 

Sa
ck

20
0

0
 T

o 
ex

am
in

e 
th

e 
re

la
tio

ns
hi

p 
be

tw
ee

n 
lo

w
 g

ro
un

dw
at

er
 

io
di

ne
 a

nd
 io

di
ne

 d
efi

ci
en

cy
 

an
d 

sc
ho

ol
 c

hi
ld

re
n.

D
es

cr
ip

tiv
e 

st
ud

y
W

at
er

 sa
m

pl
es

 c
ol

le
ct

ed
 

fro
m

 4
4 

gr
ou

nd
w

at
er

 
so

ur
ce

s (
no

t i
n 

G
az

a)
, U

rin
e 

sa
m

pl
es

 fr
om

 7
28

 c
hi

ld
re

n

C
hi

ld
re

n 
fro

m
 G

az
a 

ha
d 

ve
ry

 h
ig

h 
ur

in
ar

y 
io

di
ne

 
ex

cr
et

io
n 

(9
3%

 e
xc

re
tin

g 
m

or
e 

th
an

 14
0

 μ
g 

I/
g 

C
r 

an
d 

on
ly

 1%
 e

xc
re

tin
g 

le
ss

 
th

an
 5

0
 μ

g 
I/

g 
C

r. 

Se
ve

ra
l a

re
as

 w
ith

 lo
w

 u
rin

ar
y 

io
di

ne
 e

xc
re

tio
n 

ar
e 

fo
un

d 
in

 
th

e 
st

ud
y.

 G
az

a 
is

 o
ne

 o
f t

he
 

ar
ea

s w
ith

 le
ss

 p
ro

po
rt

io
n 

of
 c

hi
ld

re
n 

w
ith

 lo
w

 u
rin

ar
y 

io
di

ne
 e

xc
re

tio
n.

 M
os

t o
f t

he
 

ar
ea

s s
tu

di
ed

 in
 th

e 
ar

tic
le

 w
er

e 
fo

un
d 

to
 b

e 
io

di
ne

 d
efi

ci
en

t. 
Th

er
ef

or
e 

au
th

or
s r

ec
om

m
en

d 
th

at
 T

he
 P

al
es

tin
ia

n 
te

rr
ito

ry
 

an
d 

Is
ra

el
 sh

ou
ld

 m
on

ito
r 

th
e 

io
di

ne
 st

at
us

 u
si

ng
 th

e 
W

H
O

 re
co

m
m

en
de

d 
cr

ite
ria

, 
es

pe
ci

al
ly

 in
 a

re
as

 k
no

w
n 

to
 b

e 
io

di
ne

 d
efi

ci
en

t 



EMHJ • Vol. 22 No. 12 • 2016 Eastern Mediterranean Health Journal
La Revue de Santé de la Méditerranée orientale

914

Ta
bl

e 
1.

 S
tu

di
es

 e
xa

m
in

in
g 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

dr
in

ki
ng

 w
at

er
 a

nd
 h

ea
lt

h 
in

 th
e 

G
az

a 
St

ri
p

Ri
sk

Fi
rs

t a
ut

ho
r

Ye
ar

Lo
ca

ti
on

O
bj

ec
ti

ve
D

es
ig

n
Sa

m
pl

e 
si

ze
Ri

sk
 m

ea
su

re
RR

,O
R,

 P
re

v(
%

)
Re

co
m

m
en

da
ti

on
s 

D
ia

rr
he

a 
A

bo
ut

ie
r

20
11

Fo
ur

 
go

ve
rn

or
at

es
 

of
 G

az
a 

(G
az

a 
– 

A
l Z

ai
to

un
, 

Sa
bh

a,
 

N
or

th
er

n 
– 

Ja
ba

lia
, 

M
id

dl
e 

– 
D

er
 

A
l B

al
ah

, A
l 

N
us

ai
ra

t, 
Kh

an
 Y

ou
ni

s –
 

Ba
nd

er
 K

ha
n 

Yo
un

is
)

To
 in

ve
st

ig
at

e 
th

e 
im

pa
ct

 o
f 

w
at

er
 re

so
ur

ce
s a

nd
 p

ov
er

ty
 

on
 d

ia
rr

he
a 

oc
cu

rr
en

ce
 in

 
pa

tie
nt

s a
tte

nd
in

g 
pr

im
ar

y 
he

al
th

 c
ar

e 
ce

nt
re

s

M
at

ch
ed

 
ca

se
 c

on
tr

ol
 

st
ud

y

26
6 

pa
tie

nt
s (

re
cr

ui
te

d 
fro

m
 6

 p
rim

ar
y 

he
al

th
 c

ar
e 

ce
nt

er
s i

n 
4 

go
ve

rn
or

at
es

)

Pu
bl

ic
 w

at
er

 a
cc

es
s a

t 
ho

m
e

O
R 

0
.0

46
 (P

 =
 0

.0
0

83
) C

I 
(0

.0
0

5 
– 

0
.4

54
)

(L
ac

k 
of

 p
ub

lic
 w

at
er

 
ac

ce
ss

 a
t h

om
e 

= 
in

de
pe

nd
en

tly
 p

re
di

ct
iv

e 
of

 d
ia

rr
he

a.
 N

on
-

co
ns

um
pt

io
n 

of
 b

ot
tle

d 
w

at
er

 w
as

 a
ss

oc
ia

te
d 

w
ith

 d
ia

rr
he

a 
in

 th
e 

un
iv

ar
ia

te
 a

na
ly

si
s b

ut
 

di
d 

no
t r

em
ai

n 
in

 th
e 

m
ul

tiv
ar

ia
bl

e 
w

as
 

Ef
fo

rt
s s

ho
ul

d 
be

 m
ad

e 
to

 
im

pl
em

en
t g

ui
de

lin
es

 in
 o

rd
er

 
to

 b
et

te
r m

an
ag

e 
di

ar
rh

ea
, 

es
pe

ci
al

ly
 in

 c
hi

ld
re

n.
Pa

le
st

in
ia

ns
 sh

ou
ld

 b
e 

he
lp

ed
 

to
 im

pr
ov

e 
ac

ce
ss

 to
 a

nd
 

qu
al

ity
 o

f w
at

er
, i

nc
lu

di
ng

 
re

pa
iri

ng
 a

nd
 im

pr
ov

in
g 

pa
rt

ly
 

de
st

ro
ye

d 
w

at
er

 a
nd

 se
w

ag
e 

ne
tw

or
ks

 a
nd

 a
llo

w
in

g 
th

e 
im

po
rt

at
io

n 
of

 n
ec

es
sa

ry
 

m
at

er
ia

ls
 in

to
 G

az
a.

D
ia

rr
he

a/
Pa

ra
si

te
s 

A
bu

 
M

ou
ra

d
20

0
4

N
us

ei
ra

t 
Re

fu
ge

e 
C

am
p

 T
o 

as
se

ss
 th

e 
so

ci
oe

co
no

m
ic

-
de

m
og

ra
ph

ic
, e

nv
iro

nm
en

ta
l 

he
al

th
 a

nd
 h

yg
ie

ne
 c

on
di

tio
ns

 
as

so
ci

at
ed

 w
ith

 in
te

st
in

al
 

pa
ra

si
te

s a
nd

 d
ia

rr
he

a 
in

 
N

us
ei

ra
t R

ef
ug

ee
 C

am
p 

of
 

G
az

a 
St

rip

C
ro

ss
-

se
ct

io
na

l 
st

ud
y

16
25

 h
ou

se
ho

ld
s (

st
ra

tifi
ed

 
sa

m
pl

e 
fro

m
 e

ig
ht

 B
lo

ck
s)

In
te

st
in

al
 p

ar
as

ite
s 

st
ro

ng
ly

 a
ss

oc
ia

te
d 

w
ith

 
so

ur
ce

 o
f d

rin
ki

ng
 w

at
er

 
(χ

²=
26

0
, P

<0
.0

0
1)

 a
nd

 
cl

ea
ni

ng
 o

f t
an

ks
 (χ

²=
86

3,
 

P<
0

.0
0

1)
. D

ia
rr

he
a 

st
ro

ng
ly

 a
ss

oc
ia

te
d 

w
ith

 
so

ur
ce

 o
f d

rin
ki

ng
 w

at
er

 
(χ

²=
79

3,
 P

<0
.0

0
1)

, f
ul

l-d
ay

 
su

pp
ly

 (χ
²=

8.
7, 

P<
0

.1)
 a

nd
 

cl
ea

ni
ng

 o
f w

at
er

 ta
nk

s 
(χ

²=
27

.3
, P

<0
.0

0
1)

.

Ef
fo

rt
 sh

ou
ld

 b
e 

fo
cu

se
d 

on
 

th
e 

fo
llo

w
in

g 
in

te
rv

en
tio

ns
: 

Pr
om

ot
e 

he
al

th
-e

du
ca

tio
n 

pr
og

ra
m

m
es

 U
rg

en
t 

in
tr

od
uc

tio
n 

of
 a

w
ar

en
es

s a
nd

 
ed

uc
at

io
na

l p
ro

gr
am

m
es

 to
 

im
pr

ov
e 

th
e 

en
vi

ro
nm

en
ta

l 
he

al
th

 a
w

ar
en

es
s 

Es
ta

bl
is

h 
m

ul
tid

is
ci

pl
in

ar
y 

ap
pr

oa
ch

 a
m

on
g 

al
l r

el
at

ed
 

se
ct

or
s t

o 
ov

er
co

m
e 

en
vi

ro
nm

en
ta

l a
nd

 h
ea

lth
-

re
la

te
d 

pr
ob

le
m

s 
Su

pp
or

t c
om

m
un

ity
 

in
vo

lv
em

en
t f

or
 so

lv
in

g 
th

e 
ab

ov
e 

m
en

tio
ne

d 
pr

ob
le

m
s 

C
o-

op
er

at
io

n 
an

d 
fu

nd
-

ra
is

in
g 

fo
r i

m
pr

ov
in

g 
an

d 
re

co
ns

tr
uc

tin
g 

th
e 

in
fra

st
ru

ct
ur

e.



 المجلد الثاني و العشرونالمجلة الصحية لشرق المتوسط
العدد الثاني عشر

915

Ta
bl

e 
1.

 S
tu

di
es

 e
xa

m
in

in
g 

th
e 

as
so

ci
at

io
n 

be
tw

ee
n 

dr
in

ki
ng

 w
at

er
 a

nd
 h

ea
lt

h 
in

 th
e 

G
az

a 
St

ri
p 

(c
on

cl
ud

ed
)

Ri
sk

Fi
rs

t a
ut

ho
r

Ye
ar

Lo
ca

ti
on

O
bj

ec
ti

ve
D

es
ig

n
Sa

m
pl

e 
si

ze
Ri

sk
 m

ea
su

re
RR

,O
R,

 P
re

v(
%

)
Re

co
m

m
en

da
ti

on
s 

D
ia

rr
he

a 
Ya

ss
in

20
0

6
G

az
a 

go
ve

rn
or

at
e

To
 a

ss
es

s t
he

 c
on

ta
m

in
at

io
n 

le
ve

l o
f t

ot
al

 a
nd

 fa
ec

al
 

co
lif

or
m

s i
n 

w
at

er
 w

el
ls

 a
nd

 
di

st
rib

ut
io

n 
ne

tw
or

ks
, a

nd
 

th
ei

r a
ss

oc
ia

tio
n 

w
ith

 h
um

an
 

he
al

th
 in

 G
az

a 
G

ov
er

no
ra

te
, 

G
az

a 
St

rip

C
ro

ss
-

se
ct

io
na

l 
st

ud
y?

15
0

 re
si

de
nt

s o
f G

az
a 

C
ity

 (s
am

pl
in

g 
st

ra
te

gy
 

un
sp

ec
ifi

ed
)

Se
lf-

re
po

rt
ed

 d
ia

rr
he

a 
hi

gh
es

t a
m

on
g 

pe
op

le
 

dr
in

ki
ng

 m
un

ic
ip

al
 w

at
er

 
vs

. d
es

al
in

at
ed

/h
om

e-
fil

te
re

d 
w

at
er

 (O
R 

=1
.6

, 
C

I 0
.5

-4
.7

5)
, p

eo
pl

e 
w

ith
 

m
un

ic
ip

al
 w

at
er

 n
et

w
or

ks
 

4-
5 

ye
ar

s o
ld

 (O
R 

= 
3.

43
, C

I 0
.16

-2
0

.0
6)

 a
nd

 
pe

op
le

 w
ith

 in
te

rr
up

te
d 

w
at

er
 su

pp
ly

 (O
R 

= 
2.

2,
 C

I 
1.0

7-
4.

55
)

Es
ta

bl
is

hm
en

t o
f a

 p
ro

pe
r 

se
w

ag
e 

sy
st

em
 in

 th
is

 
go

ve
rn

or
at

e 
is

 a
 p

rio
rit

y 
Re

gu
la

r m
ai

nt
en

an
ce

 o
f w

at
er

 
ne

tw
or

ks
 is

 n
ec

es
sa

ry
 to

 re
du

ce
 

br
ea

ka
ge

s i
n 

pi
pe

lin
es

. 
 In

te
rr

up
tio

n 
of

 th
e 

w
at

er
 

su
pp

ly
 sh

ou
ld

 b
e 

m
in

im
iz

ed
. 

Re
gu

la
r c

le
an

in
g 

of
 w

at
er

 ro
of

 
ta

nk
s a

nd
 p

ro
pe

r d
is

in
fe

ct
io

n 
ar

e 
re

co
m

m
en

de
d 

(2
/3

 
in

te
rv

ie
w

ee
s d

on
’t 

cl
ea

n 
th

e 
ta

nk
s)

D
ia

rr
he

a 
A

bu
 A

m
r

20
0

8
Kh

an
 Y

ou
ni

s 
G

ov
er

no
ra

te
To

 a
ss

es
s t

he
 c

on
ta

m
in

at
io

n 
le

ve
l o

f t
ot

al
 a

nd
 fa

ec
al

 
co

lif
or

m
s i

n 
w

at
er

 w
el

ls
 a

nd
 

di
st

rib
ut

io
n 

ne
tw

or
ks

 o
ve

r 
th

e 
pa

st
 7

 y
ea

rs
, a

nd
 th

ei
r 

as
so

ci
at

io
n 

w
ith

 h
um

an
 h

ea
lth

 
in

 K
ha

n 
Yo

un
is

 G
ov

er
no

ra
te

, 
G

az
a 

St
rip

C
ro

ss
-

se
ct

io
na

l 
st

ud
y

21
0

 re
si

de
nt

s o
f K

ha
n 

Yo
un

is
 G

ov
er

no
ra

te
 

(s
am

pl
in

g 
st

ra
te

gy
 

un
sp

ec
ifi

ed
)

Se
lf-

re
po

rt
ed

 d
ia

rr
he

a 
hi

gh
es

t a
m

on
g 

pe
op

le
 

dr
in

ki
ng

 m
un

ic
ip

al
 w

at
er

 
vs

. d
es

al
in

at
ed

/h
om

e-
fil

te
re

d 
w

at
er

 (O
R 

=2
.0

3,
 

C
I 0

.7
7-

5.
54

), 
pe

op
le

 w
ith

 
m

un
ic

ip
al

 w
at

er
 n

et
w

or
ks

 
4-

5 
ye

ar
s o

ld
 (O

R 
= 

1.9
6,

 
C

I 0
.5

-7
.7

5)
 a

nd
 p

eo
pl

e 
w

ith
 in

te
rr

up
te

d 
w

at
er

 
su

pp
ly

 (O
R 

= 
4.

61
, C

I 
2.

0
6-

10
.4

)

 E
st

ab
lis

h 
a 

pr
op

er
 se

w
ag

e 
sy

st
em

 in
 th

is
 g

ov
er

no
ra

te
 is

 a
 

pr
io

rit
y 

Re
gu

la
r m

ai
nt

en
an

ce
 o

f 
w

at
er

 n
et

w
or

ks
 is

 n
ec

es
sa

ry
 to

 
re

du
ce

 b
re

ak
ag

es
 in

 p
ip

el
in

es
. 

In
te

rr
up

tio
n 

of
 th

e 
w

at
er

 
su

pp
ly

 sh
ou

ld
 b

e 
m

in
im

iz
ed

. 
Re

gu
la

r c
le

an
in

g 
of

 w
at

er
 ro

of
 

ta
nk

s a
nd

 p
ro

pe
r d

is
in

fe
ct

io
n 

ar
e 

re
co

m
m

en
de

d 
(2

/3
 d

on
’t 

cl
ea

n 
th

e 
ta

nk
s)

Ye
rs

in
ia

 
en

te
ro

co
lit

ic
a 

El
 Q

ou
qa

20
11

Pe
di

at
ric

 
de

pa
rt

m
en

ts
 

of
 th

re
e 

ho
sp

ita
ls

To
 id

en
tif

y 
ris

k 
fa

ct
or

s f
or

 
in

fe
ct

io
n 

w
ith

 Y
. e

nt
er

oc
ol

iti
ca

 
an

d 
id

en
tif

y 
pr

es
en

tin
g 

si
gn

s 
an

d 
sy

m
pt

om
s s

pe
ci

fic
al

ly
 

as
so

ci
at

ed
 w

ith
 d

ev
el

op
in

g 
in

fe
ct

io
n.

M
at

ch
ed

 
ca

se
 c

on
tr

ol
 

st
ud

y

60
0

 c
as

es
 fr

om
 p

ed
ia

tr
ic

 
de

pa
rt

m
en

ts
 o

f t
hr

ee
 

ho
sp

ita
ls

C
om

pa
re

d 
to

 u
nm

at
ch

ed
 

co
nt

ro
ls

, i
n 

m
ul

tiv
ar

ia
bl

e 
an

al
ys

is
 n

on
-c

hl
or

in
at

ed
 

w
at

er
 su

pp
ly

 (a
O

R 
3.

0
5,

 P
=0

.0
49

) w
as

 
in

de
pe

nd
en

tly
 a

ss
oc

ia
te

d 
w

ith
 in

fe
ct

io
n.

M
or

e 
at

te
nt

io
n 

to
 th

e 
al

le
vi

at
io

n 
of

 m
al

nu
tr

iti
on

. 
In

cr
ea

se
d 

su
pe

rv
is

io
n 

of
 th

e 
w

at
er

 su
pp

ly
 b

y 
lo

ca
l h

ea
lth

 
de

pa
rt

m
en

ts
, 

Fu
rt

he
r s

tu
di

es
 n

ee
de

d 
to

 
in

ve
st

ig
at

e 
m

or
e 

ris
k 

fa
ct

or
s 

an
d 

th
e 

m
ai

n 
so

ur
ce

s o
f 

Ye
rs

in
ia

 e
nt

er
oc

ol
iti

ca
 



EMHJ • Vol. 22 No. 12 • 2016 Eastern Mediterranean Health Journal
La Revue de Santé de la Méditerranée orientale

916

it is unacceptable to recommend that 
people consume water that is of sub-
standard quality according to WHO’s 
guidelines on drinking water (25). It is 

essential that long-term solutions are 
identified to ease the worsening water 
crisis. However, in the interim, groups 
at high risk from drinking contaminated 

water can be targeted to ensure that their 
exposure to the most harmful contami-
nants is avoided. The implementation 
of these recommendations may require 

Table 2 Recommendations about using water from different sources a

Water use Water source
Piped water
(not 
desalinated)

Water delivered by 
tankers (desalinated water 
from treatment plants)

Piped water 
desalinated at home

Bottled water Rooftop-harvested 
rainwaterb

Main 
problems

High in salt, 
nitrates and 
TDS; unknown 
levels of 
pesticides 
and radiation; 
limited data 
about heavy 
metals

Microbial contamination 
occurs due to non-
hygienic handling 
of the water during 
distribution; water is low 
in minerals

Quality varies 
as domestic 
desalination units 
are often not 
regulated

Uncertainty 
about 
microbiological 
contaminationc

Not commonly 
used at the 
household level; 
risk of microbial 
contamination

Consumption Should not be 
consumed

Should be consumed 
only if water safety can be 
ensured by disinfecting 
and storing safely 

Should be 
consumed only if 
water safety can 
be ensured by 
disinfecting and 
storing safely

Can be 
consumed but 
must be properly 
disinfected due 
to the risk of 
microbiological 
contaminationc**

Currently not used 
for consumption, 
but may be 
considered for 
consumption 
if treated 
appropriately 
(with filtration plus 
disinfection) and 
stored safely

Hygiene Can be used 
for hygiene 
needs, but use 
will probably 
be limited in 
areas where 
the water is too 
salty

Can be used for hygiene 
needs but with awareness 
that water coming 
from this source might 
contain microbiological 
contaminants

Can be used for 
hygiene needs but 
with awareness 
that water coming 
from  this source 
might contain 
microbiological 
contaminants

Can be used for 
hygiene needs 
but is likely to be 
unaffordable for 
these uses

Currently not 
used for hygiene 
needs , but may 
be considered 
for hygiene 
needs if treated 
appropriately 
(with filtration plus 
disinfection) and 
stored safely 

Amenities Can be 
used for this 
category

Can be used for this 
category

Can be used for this 
category

Not applicable Currently not used 
for amenities, 
but should not 
be a problem for 
this category, if 
possible turbidity 
is acceptable to 
the consumer

Production Can be used 
for production, 
but use as 
drinking water 
for animals will 
be limited if it 
is too salty

Can be used for 
production

Can be used for 
production

Not applicable Can be used for 
production

Irrigation Can be used 
depending 
on the plants/
vegetables,  
but in general 
will be too salty

Not applicable Not applicable Not applicable Not applicable 
(it is assumed 
that this category 
produces only a 
small amount of 
water)

a Water use has been categorized into five types: consumption (drinking and cooking), hygiene (including basic needs for personal and domestic cleanliness), amenities 
(such as car washing, lawn watering), production (such as, for raising animals or small-scale horticulture, or for construction ); irrigation (agriculture that needs water). 
b Rainwater is not a significant source of domestic water but could be considered as a potential alternative source. 
c There are uncertainties regarding the quality of bottled water. There is not enough evidence to document the quality of bottled water currently distributed and 
consumed in the Gaza Strip.



 المجلد الثاني و العشرونالمجلة الصحية لشرق المتوسط
العدد الثاني عشر

917

References

1. The Palestinians at the end of 2015. In: Palestinian Central 
Bureau of Statistics [website]. Ramallah: Palestinian Central 
Bureau of Statistics; 2015. (http://www.pcbs.gov.ps/site/512/
default.aspx?tabID=512&lang=en&ItemID=1566&mid=3171&w
version=Staging, accessed 5 May 2016)

2. Coastal Municipalities Water Utility. Water status in the Gaza 
Strip and future plans. South Remal: Coastal Municipalities 
Water Utility; 2010 (http://commerce.iugaza.edu.ps/Por-
tals/20/Users/016/16/16/WATERS~1.PDF, accessed 5 May 
2016).

Table 3 Recommendations about  water consumption for vulnerable groups

Vulnerable 
group

Water source for consumption

Piped water
(not 
desalinated)

Water delivered by 
tankers 
(desalinated water from 
treatment plants)a

Piped water 
desalinated at 
home

Bottled water Rooftop-harvested 
rainwaterb

Infants £
≤ 6 months of 
age

Should 
not be 
consumed, 
even if 
boiled

Can be consumed only 
if water safety is ensured 
by disinfecting it (for 
example, by boiling) 
and storing it safely  

Should not be 
consumed, 
even if boiled

Can be consumed 
but must 
be properly 
disinfected due 
to the risk of 
microbiological 
contaminationc

Currently not used for 
consumption, but may 
be considered if treated 
appropriately (with 
filtration plus disinfection) 
and stored safely

Children aged 
6 months to 5 
years

Should 
not be 
consumed, 
even if 
boiled

Should be consumed 
only if water safety 
can be ensured by 
disinfecting it (for 
example, by boiling) 
and storing it safely 

Can be 
consumed 
after being 
boiled if safety 
is ensured by 
disinfecting and 
storing safely

Can be consumed 
but must 
be properly 
disinfected due 
to the risk of 
microbiological 
contamination)c

Currently not used for 
consumption, but may 
be considered if treated 
appropriately (with 
filtration plus disinfection) 
and stored safely

Pregnant 
and lactating 
women

Should 
not be 
consumed, 
even if 
boiled

Should be consumed 
only if water safety can 
be ensured disinfecting 
it (for example, by 
boiling) and by storing 
safely 

Should not be 
used, even if 
boiled

Can be consumed 
but must 
be properly 
disinfected due 
to the risk of 
microbiological 
contamination)c

Currently not used for 
consumption, but may 
be considered if treated 
appropriately (with 
filtration plus disinfection) 
and stored safely

Elderly people Should 
not be 
consumed, 
even if 
boiled

Should be consumed 
only if water safety 
can be ensured by 
disinfecting it (for 
example, by boiling)y  
and storing safely 

Can be 
consumed 
after being 
boiled if safety 
is ensured by 
disinfecting and 
storing safely

Can be consumed 
but must 
be properly 
disinfected due 
to the risk of 
microbiological 
contamination)c

Currently not used for 
consumption, but may 
be considered if treated 
appropriately (with 
filtration plus disinfection) 
and stored safely

a It was assumed that water distributed by tankers is desalinated seawater, which suggests that nitrate levels would not be problematic.  
b Rainwater is not a significant source of domestic water but could be considered as a potential alternative source. 
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information campaigns that assist the 
population in differentiating water from 
different sources for different uses.

Several measures can be implement-
ed to improve water quality in the short 
term. Currently, chlorine is not added 
during transport to the desalinated water 
distributed by water tankers, so its use 
should be encouraged to ensure that 
safe water is delivered to customers. If 
desalinated water cannot be treated and 
safely stored, it should be boiled before 
consumption. Making improvements to 

water-quality monitoring in the Gaza 
Strip is also encouraged, including 
screening for heavy metals, radioactiv-
ity and pesticides every 5 years; screen-
ing for chemical parameters 4 times 
each year; and screening for microbial 
parameters every month. Targeted 
studies are needed to investigate the 
burden of disease associated with wa-
ter consumed from different sources 
and districts in the Gaza Strip, includ-
ing estimating the long-term effects of 
consuming substandard water.
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