EMHJ . Vol.22 No.8 . 2016 Eastern Mediterranean Health Journal
La Revue de Santé de la Méditerranée orientale

Drinking water system treatment and contamination in
Shatila Refugee Camp in Beirut, Lebanon
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ABSTRACT Drinking water at Shatila Palestinian Refugee Camp in Beirut, Lebanon is of poor quality and unpredictably
intermittent quantity. We aimed to characterize drinking water sources and contamination at Shatila and determine how
drinking water can be managed to reduce community health burdens. We interviewed the Popular Committee, well owners,
water vendors, water shopkeepers and preschool administrators about drinking water sources, treatment methods and the
population served. Water samples from the sources and intermediaries were analysed for thermotolerant faecal coliforms
(FCs), Giardia lamblia, Cryptosporidium parvum and microsporidia, using immunofluorescent antibody detection for G.
lamblia and C. parvum, and chromotrope-2 stain for microsporidia. All drinking water sources were contaminated with FCs
and parasites. FC counts (cfu/mL) were as follows: wells (35-300), water vendors (2-178), shops (30-300) and preschools
(230-300). Responsible factors identified included: unskilled operators; improper maintenance of wells and equipment; lack
of proper water storage and handling; and misperception of water quality. These factors must be addressed to improve water
quality at Shatila and other refugee camps.

Traitement et contamination des systemes d’eau potable dans le camp de réfugiés de Chatila a Beyrouth, au Liban

RESUME L'eau potable dans le camp de réfugiés palestiniens de Chatila, au Liban, est de mauvaise qualité et n’est disponible
qu’en quantités imprévisibles et irrégulieres. La présente étude avait pour objectif d'identifier les sources d’eau potable
et de contamination a Chatila, et de déterminer la fagon dont I'eau potable peut étre gérée pour réduire la charge des
problemes de santé communautaires. Nous avons interrogé le Comité populaire, les propriétaires de puits, les vendeurs
d’eau ambulants, les marchands d’eau, les responsables de structures préscolaires sur les sources d’eau potable, les
méthodes de traitement et la population desservie. Des échantillons d’eau a la source et au niveau des intermédiaires ont
été analysés afin de détecter la présence de coliformes thermotolérants, de Giardia lamblia, de Cryptosporidium parvum
et de microsporidies, a I'aide de la recherche des anticorps par immunofluorescence pour G. lamblia and C. parvum, et
de la coloration au chromotrope 2R pour les microsporidies. Toutes les sources d’eau potable étaient contaminées par
des coliformes thermotolérants et des parasites. Les taux (ufc/ml) de coliformes thermotolérants étaient les suivants :
puits (35-300), vendeurs d’eau ambulants (2-178), commerces (30-300) et structures préscolaires (230-300). Les facteurs
responsables identifiés incluaient les points suivants : des opérateurs non formés, une mauvaise maintenance des puits et
des équipements, un stockage et une manutention de |'eau inapproprié€s, et une perception erronée de la qualité de I'eau.
Il est nécessaire d’agir sur ces facteurs afin d’améliorer la qualité de I'eau a Chatila et dans les autres camps de réfugiés.
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Introduction

In 2015, it was estimated that 663
million people worldwide still use
unimproved drinking water sources,
including unprotected wells and springs
and surface water (1). In 2012, 502 000
deaths from diarrhoea (~1000/day)
were estimated to be caused by inad-
equate drinking water. Among children
aged < S years, 361 000 deaths could
have been prevented, representing 5.5%

of deaths in that age group (2).
Although reliable data are difhcult

to obtain, Palestinian camps in Lebanon
experience frequent outbreaks of water-
borne diseases, which lead to unnec-
essary death and disability among the
vulnerable members of this population
(3). There are ~425 000 Palestinian
refugees in Lebanon inhabiting 12 refu-
gee camps, including Shatila (4). These
camps were established after 1948,
when Israel occupied Palestine and > 1
million Palestinians became refugees in
surrounding countries: Lebanon, Syrian
Arab Republic, Jordan, Iraq and Egypt.
The camps lack proper infrastructure
and suffer from overcrowding, poverty
and environmental degradation. The
refugees have limited employment op-
portunities, scarce economic resources,
and poor access to basic health and
social services (4).

Shatila Camp was established in
1949, ~11 km from the centre of Beirut,
with an area of 1 km? and houses >12
000 people (4). The crowdedliving con-
ditions combine with the inadequate
water and sanitation infrastructure to
create an environment conducive to
adverse health conditions (1,5). Prior
efforts to ensure safe drinking water
from the Municipality of Beirut (MB)
network were thwarted by illegal diver-
sions of the water. In Shatila, drilled
wells within the camp provide water for
drinking and other domestic purposes
(6). These wells are managed by entre-
preneurs who sell the water to residents,
and distribute it as drinking water to

households (M. Yassin, personal com-
munication, October 2008).

The presence of faecal coliform
(FC) bacteria in water is often used as
an indicator of recent faecal contamina-
tion, which increases the probability that
pathogens are present (7). Although
FCs may be pathogenic, most often
they are not, and other assessments are
required to confirm if pathogenic bac-
teria, viruses and parasites are present.

The parasites Giardialamblia, Crypto-
sporidium parvum and microsporidia are
persistent in water (8) and resistant to
the disinfectants commonly used in
drinking-water treatment (9,10). They
can remain viable in surface and tap
water environments for several weeks
to months where environmental condi-
tions are adequate for parasite survival
(11). This is important because drink-
ing water, when contaminated, can
become a significant source of infection
in children.

G. lamblia and C. parvum infections
are prevalent among children world-
wide in industrialized and developing
countries (12). Transmission is mainly
through contaminated water. The re-
sulting gastrointestinal infections can
cause severe diarrhoea and contribute
to growth and nutritional disorders
(13). Giardiasis is a gastroenteritic
disease that is common in developing
countries, with an estimated prevalence
of 20-30% in children aged < 10 years
(14). The globalburden of disease from
giardiasis and other parasite infections
in children is not well understood but
is large, and is especially severe among
children in less-developed countries
(15). Children with severe G. lamblia
and C. parvum gastroenteritis may die
from dehydration or suffer chronic in-
fections that have negative cognitive
and growth impacts. These infections
cause significant morbidity and mortal-
ity worldwide and are associated with
poverty, therefore, they are included
in the World Health Organization

(WHO) Neglected Diseases Initiative
(16).

The present study was a commu-
nity assessment of the drinking water
system in Shatila Camp. We measured
contamination at each point in the sys-
tem through analysis of thermotolerant
FCs,as wellas G. lamblia, C. parvum and
microsporidia.

Ethical considerations

The study protocol was approved by the
Institutional Review Board (IRB) of the
American University in Beirut (AUB)
and the Johns Hopkins School of Public
Health (JHSPH), in Baltimore, Mary-
land. Permission to carry out all aspects
of the research was obtained from the
Popular Committee (PC) and other
community leaders at Shatila Refugee
Camp. An informed consent statement
was translated into Arabic, approved
by the IRB, and included with the sur-
vey instrument. Before collecting any
data, the interviewer read the informed
consent statement in its entirety to the
interviewee.

Interviews

A map of the camp was created and a
study team walked through the camp
identifying the number and location of
the water sources, vendors, shops, pre-
schools, the municipal tap and possible
informants. Interviews were conducted
at various levels: MB, the PC, water
vendors, water shops and preschools.
A structured interview elicited informa-
tion about sources of drinking water,
treatment modes, and the population
served. Drinking water was defined as
water available for drinking. Service
water was defined as water available for

domestic purposes other than drinking,

Sampling
Sampling was carried out from Sep-

tember 2008 to January 2009. Sam-
pling frequency was determined by the
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availability of the operators, time and re-
sources. Water samples were collected
at the public and private wells and at
the municipal tap several times over 5
months. Samples were also tested in the
field for residual chlorine using test kits
(Hach, Loveland, CO, USA) (17).

Thermotolerant FC analysis

One hundred and thirty-one water
samples (100 mL) were collected in
sterile 4 oz bottles containing 0.1 mL
10% sodium thiosulfate solution, sealed,
kept on ice at 1-4 °C, and transported
to the laboratory at AUB. Upon receipt,
the laboratory personnel checked to
ensure that the samples were properly
collected, labelled, preserved and intact
(unopened). The samples were logged,
temperature was recorded and analyses
were conducted. Standard methods
(18) were followed using membrane
filtration followed by incubation on
selective media at 44—4S °C; colonies
were counted after 48 hours and data
were reported as cfu/100 mL (19).
Results were then compared with the
standard of the Lebanon Ministry of the
Environment (20), which is the same
as the WHO guideline that requires
drinking water to be free from FCs (19).

Parasite analysis

Fifty-five water samples for parasite
analysis were collected in 1-L amber
glass bottles with 1 mL 75% ethanol
preservative added, sealed, stored at 1-4
°C and transported to AUB for refrig-
eration for 60-90 days. These samples
were prepared via membrane filtration
with polycarbonate membrane filters
(47 mm), with 2.0- and 10-pm pores.
The supernatant was discarded and
the remaining 1 mL fluid was further
processed by sugar flotation (21) by
adding 7-8 mL sucrose solution to 1
mL sample that was then vortexed. The
solution was then centrifuged for 10
minutes at 139 x g The top I mL wasre-
moved, placed in a tube and centrifuged
at2432 x gfor S minutes. Ethanol (1 mL
at75%) was added to the sugar solution,

which was refrigerated and later shipped
to the laboratories at JHSPH.

Analysis of the samples was con-
ducted using fluorescein isothiocyanate
(FITC)-conjugated combination of
monoclonal antibodies (mAbs) against
the cell wall antigens of G. lamblia and
C. parvum from the MERIFLUOR
Crypto/Giardia test kit (Merid-
ian, North Jackson, OH, USA), and
by chromotrope-2 stain for detection
of microsporidia (21). Viability was
assessed using probes synthesized at
Johns Hopkins University as previously
described (22) using fluorescence in
situ hybridization (FISH) and FITC-
conjugated mAbs. An epifluorescent
microscope, dry 60x objective and BP-
490 exciter filter were used to count the
viable (fluorescing) G. lamblia cysts,
C. parvum oocysts and microsporidia
spores.

Statistical analysis

Data analysis was performed using Stata
version 8. Descriptive statistics (means
and frequencies) were calculated and
histograms assessed the distribution
of continuous variables. Scatterplots
displayed the changes in concentrations
of FCs with time for the different water
sources. Boxplots compared the dis-
tribution of FCs for each frequency of
cleaning categories. y” tests were carried
out to determine associations between
FC levels and the parasites variables.

Drinking water sources

Shatila had 4 wells where water was
extracted and distributed to the various
water vendors for further treatment and
distribution as drinking water. A few
water vendors occasionally tested for
turbidity or total dissolved solids, but
overall, drinkingwaterwasnottested pri-
or to distribution. The United Nations
Relief and Works Agency (UNRWA)
and the PC reported that the sewerage
system was poorly functioning and the
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potential for cross-contamination was
high, given the sandy soil. The water was
reported to be turbid and hard.

The physical assessment identified
8 water vendors, 55 water shops (with
closed plastic water storage tanks), 7
preschools, 1 nursery (that supplied
drinking water to young children), and
1 municipal tap. People were seen at the
water tap collecting water. There were 2
public groundwater wells (Wells 1 and
2,40and 35 m deep) and 2 private wells
(Wells 3and 4, both 45 m deep) supply-
ing water to the camp. Water from these
wells was pumped directly into pipes
that fed rooftop tanks on buildings and/
or into water vendor shops for further
treatment to render the water potable.
Wells 1 and 2 lacked cap and casing
protection but were locked. Well 4
was visibly poorly maintained (rubbish
around the well, lack of well protection,
and rusted metal) and subject to sur-
rounding potential pollutants.

We learned that a municipal water
pipe extended 16 km from the MB head-
quarters to about 2 km from Shatila.
MB chlorinated this water prior to dis-
tribution. However, illegal diversions,
combined with poorly maintained and
leaking pipes have resulted in sewage
cross-contamination as well as reduced
water delivery. This was of particular
significance because the water was not
further treated in the camp.

The 8 water vendors reported treat-
ing and delivering the water to their
customers. The vendors operated
without any permits nor supervision;
they claimed using reverse osmosis
and UV light disinfection among other
techniques such as chlorination. Sub-
sequent sampling proved that some
vendors stopped chlorinating the water,
citing: consumer complaints of sour
tea taste; concerns that chlorine ruined
their expensive equipment; and com-
munity beliefs that chlorine stripped
water of its nutrients.

Of the 55 identified water shops, 31

(56%) shopkeepers were interviewed.




8320 5 GWI Al

ool sasdt

None of the water shops further treated
the water because they thought the wa-
ter obtained was already treated.

The 7 preschools received drinking
water from inside and outside the camp.
These schools also used service water
to wash food and utensils consumed by
the students.

Thermotolerant FCs

Atotal of 131 samples were collected for
FC analysis. Individual sample results
are provided in the Supplementary
Tables; means and ranges are provided
in Table 1. All 4 wells were contami-
nated with FCs, and FC levels did not
appear to follow a pattern during the
study (Supplementary Table 1). The
municipal tap was sampled 6 times; 2
were FC-free with a mean of 52 cfu/100
mL (range: 0-300 cfu/100 mL) (Table
1 and Supplementary Table 2). For the
8 water vendors. FC contamination
was identified in 75% of these samples,
with an overall mean of 43 cfu/100 mL

(range: 0-300 cfu/100 mL) (Table 1
and Supplement Table 3).

Most of the 31 water shops had
water samples that were contaminated
with FCs. Seven samples yielded con-
centrations of > 300 cfu/100 mL; 23
ranged between 1 and 299 cfu/100
mL; and 3 were free of organisms (Ta-
ble 1 and Supplement Table 4). No
relationship was found between levels
of FC contamination and the frequency
with which water shop owners reported
cleaning the water tanks. For example,
one of the shops that yielded an FC
count of 0 stated that they cleaned the
tank only once a year, supporting the
possibility that the tanks were not ade-
quately cleaned, widening the potential
of introducing further contaminants.

Table 1 and Supplement Table S
show that all preschools except Pre-
school 5 had FC-contaminated drink-
ing water (cfu/mL: range = 0-300,
average = 177 and median = 191);
and service water (cfu/mL: range =

12-300, average = 242 and median =
300). In some schools, drinking water
had higher FC levels than service water
samples. Overall, the average ranges of
FC in cfu/mlwere: wells (35-300), wa-
ter vendors (2-178), shops (30-300)
and preschools (230-300) (Table 1).

Parasites

Individual parasite results are provided
in the Supplementary Tables. FC con-
tamination was often accompanied by
the presence of one or more parasites;
most frequently, G. lamblia or C. parvum,
which were found ubiquitously in camp
water (Table 1). There was no correla-
tion between FC colony counts and
parasite counts.

Table 2 displays the percentages of
samples that tested positive for parasites.
G. lamblia, C. parvum and microsporidia
were found in 55%, 51% and 5% of the
samples, respectively. A strong positive
association was found between the pres-
ence of FCs and parasites (Pearson’s y*

Table 1 FC and parasite levels in samples from drinking water sources in Shatila Camp, mean (range); September 2008-

January 2009*
Water source

No. of samples

FCs
(cfu/mL)

Microsporidia
(counts/L)

Well 1
Well 2
Well 3
Well 4
Vendor1
Vendor 2
Vendor 3
Vendor 4
Vendor 5
Vendor 6
Vendor 7
Vendor 8
Shop 22
Shop 15
Shop 1
Shop 2
Preschool 2

W N A a a a N D WO A O W A o N D &

Preschool 3

C. parvum G. lamblia
(counts/L) (counts/L)
1(0-2) 1(0-1)
1(0-3) 1(0-1)
1(0-2) 1(-1)

0 0
2(0-5) 2(0-5)
1(0-3) 0.7 (0-1)
1.2(0-3) 1(0-3)
1(0-3) 0.25 (0-1)
0.5(0-2) 0.5 (0-1)
1.3(0-3) 0.7 (0-1)
1.5 (0-4) 0.5 (0-1)

1.5 (1-2) 0

8 3

3 0

1 0

5 1
0.5 (0-1) 5 (0-1)
0.7 (0-1) (0-2)

1(0-3) 300 (300-300)
108 (5-300)
35 (25-44)
64
0.5(0-2) 5-68)
16-88)
8-300)
3)
8 (0-64)
0-27)
0-107)

3)

0(

54 (

0.5(0-3) 178 (
2(0-

8 (

9(
49 (
2(0-

45
300

30

30
230 (159-300)
300 (300-300)

©O O O O 0O o0 o O o o o W o vo oo

Results presented as mean (range).

“Includes all samples with parasite as well as FC analysis.

FC = faecal coliform.
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Table 2 Detection of FCs and parasites according to water source in Shatila Refugee Camp, September 2008-January 2009°

Total +ve Shop Municipality
Samples

No. of samples

FC+ 46 24 (75%) 5(100%) 11 (100%) 4(100%) 2 (66%)
FC-/parasite- 4 (12.5%) NAb 0 NAb 1(33%)
FC+/parasite+ 15 (46.9%) 3(60%) 6(54%) 4 (100%) 2 (67%)
Any parasite+ 9 (59%) 3(60%) 6 (54%) 4(100%) 2 (67%)
C. parvum+ 30 17 (53%) 3(60%) 4(36%) 4(100%) 2 (67%)
G. lamblia+ 28 16 (50%) 2 (40%) 6 (54%) 2 (50%) 2 (67%)
Microsporidia+ 3 2 (6%) 0 1(9%) 0 0

“Includes all samples with parasite as well as FC analysis.
Three water shop samples and 1 school sample were FC free and none of these had parasite analysis.
FC = faecal coliform.

Supplementary Table 1 FC and parasite levels in Shatila Refugee Camp wells, September-December 2008

DETTEET o] (] C. parvum G. lamblia Microsporidia FC
(count/L) (count/L) (count/L) (cfu/mL)
Well 1
18 Sep 0 0 0 >300
23 Sep NS NS NS >300
25 Sep NS NS NS >300
6 Oct 0 0 0 300
6 Oct (duplicate) 2 1 0 >300
3 Nov NS NS NS 1
6 Nov NS NS NS 88
17 Dec 2 1 3 >300
Well 2
18 Sep 0 1 0 >300
23 Sep NS NS NS 51
26 Sep NS NS NS 51
6 Oct 3 1 0 63
6 Oct (duplicate) 0 0 0 63
3 Nov NS NS NS 0
6 Nov NS NS NS >300
17 Dec 0 0 0 5
Well 3
18 Sep 2 1 0 44
26 Sep NS NS NS >300
29 Oct NS NS NS >300
3 Nov NS NS NS 50
6 Nov NS NS NS 2
7 Nov NS NS NS
17 Dec 0 1 0 25
Well 4
18 Sep 0 0 0 64
26 Sep NS NS NS >300
29 Oct NS NS NS >300
3 Nov NS NS NS 50
7 Nov NS NS NS 2

FC = faecal coliform; NS = not sampled.
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Supplementary Table 2 FC and parasite levels in Shatila Refugee Camp municipal water supply, September-November 2008

Date sampled C. parvum G. lamblia Microsporidia FC
(count/L) (count/L) (count/L) (cfu/mL)

23 Sep 5 2 0 >300
26 Sep NS NS NS 4
6 Oct 0 0 0 0
6 Oct (duplicate) 1 1 0 2
14 Oct NS NS NS 0
7 Nov NS NS NS 1

FC=faecal coliform; NS = not sampled.

Supplementary Table 3 FC and parasite levels in Shatila Refugee Camp drinking water samples from vendors, September
2008-January 2009

Date sampled C. parvum G. lamblia Microsporidia FC
(count/L) (count/L) (count/L) (cfu/mL)
Vendor1
18 Sep NS NS NS 20
25 Sep NS NS NS
9 Oct NS NS NS 6
9 Oct (duplicate) 3 5 2 68
16 Oct 0 0 0 24
16 Oct (duplicate) NS NS NS 43
20 Oct NS NS NS 12
28 Oct 5 3 0 19
6 Nov NS NS NS 9
19 Nov NS NS NS 0
21 Nov NS NS NS 1
5 Dec 0 0 0 5
12 Jan NS NS NS 3
Vendor2
18 Sep 0 0 0 88
25 Sep NS NS NS 2
6 Oct NS NS NS 16
20 Oct NS NS NS 110
28 Oct NS NS NS 15
6 Nov NS NS NS 59
19 Nov NS NS NS 0
5 Dec 0 1 0 59
16 Dec 3 1 0 16
12 Jan NS NS NS 16
Vendor 3
18 Sep 1 1 3 >300
23 Sep 1 1 0 >300
6 Oct 0 0 0 >300
20 Oct NS NS NS >300
28 Oct NS NS NS 28
6 Nov NS NS NS 112
19 Nov NS NS NS 8
2 Jan 0 0 0 3
4 Jan 3 3 0 112

573




EMH] . Vol.22 No.8 . 2016 Eastern Mediterranean Health Journal
La Revue de Santé de la Méditerranée orientale

Supplementary Table 3 FC and parasite levels in Shatila Refugee Camp drinking water samples from vendors, September
2008-January 2009 (continued)

Date sampled C. parvum G. lamblia Microspori FC
(count/L) (count/L) (cfu/mL)
12 Jan 2 1 0 48
Vendor 4
18 Sep 1 0 0 3
25 Sep NS NS NS 12
6 Oct 0 0 0 0
20 Oct NS NS NS 0
28 Oct NS NS NS 1
3 Nov NS NS NS 2
19 Nov NS NS NS 0
6 Dec 0 0 3
6 Dec (duplicate) 3 1 0 0
Vendor 5
10 Sep 1 1 0 3
18 Sep NS NS NS 33
18 Sep (duplicate) 0 0 0 64
25 Sep NS NS NS 3
9 Oct 0 0 0 0
9 Oct (duplicate) 0 0 0 0
20 Oct NS NS NS 17
3 Nov NS NS NS 0
6 Nov NS NS NS
19 Nov NS NS NS
12 Dec 2 1 0 7
2Jan 0 1 0 31
12 Jan NS NS NS 64
Vendor 6
18 Sep NS NS NS 0
25 Sep NS NS NS 1
9 Oct 0 0 0
10 Oct 3 1 0 1
3 Nov NS NS NS 0
6 Nov NS NS NS 15
3 Dec NS NS NS 3
4 Dec NS NS NS 27
16 Dec 1 1 0 27
Vendor7
18 Sep 0 0 0 87
25 Sep NS NS NS
9 Oct 2 1 0 0
16 Oct NS NS NS 30
28 Oct NS NS NS 107
31 Oct NS NS NS 45
3 Nov NS NS NS 39
19 Nov NS NS NS 0
5 Dec 0 0 0 107
16 Dec 4 1 0 0
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Supplementary Table 3 FC and parasite levels in Shatila Refugee Camp drinking water samples from vendors, September
2008-January 2009 (concluded)

Date sampled C. parvum G. lamblia Microsporidia FC
(count/L) (count/L) (count/L) (cfu/mL)
7 Jan NS NS NS 2
Vendor 8
7 Nov 1 0 0 0
3 Dec NS NS NS
8 Dec 2 0 0

FC=faecal coliform; NS = not sampled.

Supplementary Table 4 FC and parasite levels in Shatila Refugee Camp drinking water samples from water shops, September
2008-January 2009

Date sampled C. parvum G. lamblia Microsporidia FC
(count/L) (count/L) (count/L) (cfu/mL)
10 Sep 1 0 0 30
9 Oct 5 1 0 30
9 Oct 3 0 0 >300
28 Oct NS NS NS 262
28 Oct NS NS NS 78
28 Oct NS NS NS 17
29 Oct NS NS NS 32
29 Oct 8 3 0 45
29 Oct NS NS NS >300
24 Nov NS NS NS 0
27 Nov NS NS NS 0
27 Nov NS NS NS 4
27 Nov NS NS NS 3
27 Nov NS NS NS 69
27 Nov NS NS NS 27
1Dec NS NS NS 14
1Dec NS NS NS 48
1Dec NS NS NS 199
1Dec NS NS NS 182
1Dec NS NS NS 97
4 Dec NS NS NS 76
4 Dec NS NS NS 27
4 Dec NS NS NS 0
4 Dec NS NS NS >300
4 Dec NS NS NS 47
5 Dec NS NS NS 37
12 Jan NS NS NS 54
12 Jan NS NS NS >300
12 Jan NS NS NS 4
12 Jan NS NS NS >300
12 Jan NS NS NS 140
12 Jan NS NS NS >300
12 Jan NS NS NS >300

Each shop was sampled on 1 occasion.
FC = faecal coliform; NS = not sampled.
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Supplementary Table 5 FC and parasite levels in Shatila Refugee Camp preschool drinking and service water samples,

September-November2008
Date sampled

(count/L)

Preschool T

6 Oct NS

6 Oct NS
Preschool 2

23 Sep 1

14 Nov NS

14 Nov NS

26 Dec 0
Preschool 3

23 Sep 1

6 Oct 1

6 Oct NS

26 Dec 0
Preschool 4

17 Nov NS

17 Nov NS
Preschool 5

19 Nov NS

19 Nov NS
Preschool 6

17 Nov NS

17 Nov NS
Preschool 7

6 Oct NS

6 Oct NS
Preschool 8

6 Oct NS

6 Oct NS

C. parvum

G. lamblia
(count/L)

NS
NS

NS
NS

NS

NS

NS

NS
NS

NS
NS

NS
NS

NS
NS

Microsporidia
(count/L)

NS 48
NS >300
0 159
NS 253
NS 12
0 >300

>300

>300
NS >300
0 >300
NS 223
NS >300
NS 0
NS 126
NS >300
NS >300
NS 159
NS >300
NS 132
NS >300

Results for service water samples are italicized.
FC = faecal coliform; NS = not sampled.

value of 8.4; P = 0.004). The odds of
finding parasites in FC-contaminated
water were 2.5 times the odds (95%
confidence interval: 1.64-2.94) of
finding parasites when the water was
FC-free.

Discussion

Drinking water in Shatila was contami-

nated, from sources to intermediaries to
end users, although the level of contami-
nation varied, decreasing as the water

was processed by the water vendors,

then increasing as water was distributed
to water shops and preschools.

No relationship was found between
FC and parasite levels. The water re-
ceived by water shops was contami-
nated despite the reported efforts by
vendors to treat the water. It is possible
that shop owners were not effectively
cleaning their water storage contain-
ers. Overall, the quality of water sold at
these shops was either similar or worse
in quality than the water vendor source.

Most preschools had high FC con-
centrations (> 300 cfu/mL) in drinking
water. Water from two of the schools

was contaminated intermittently with
parasites. Contamination of the water
supply at Shatila occurs against a back-
drop of high rates of infectious diseases
(20-60% in different studies) among
Palestinian refugee children (23).
Al-Hindi noted in 2002 that the oc-
currence of gastrointestinal parasites in
Palestinian children was common, and
that refugees living in camps fared worse
than those living in cities (24). Poor liv-
ing and health conditions of Palestinian
refugees are linked and are conducive
to disease, especially among the most
vulnerable (25). Our study shows that
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contaminated drinking water should
be considered an important route of
exposure, especially in Shatila and areas
with similar water system problems.
Extreme precipitation can greatly
increase the levels of microbial con-
tamination in source waters and water-
borne outbreaks often occur following
extreme rainfall (26). FC concentration
is considered by the WHO and United
States Environmental Protection Agen-
cy to have limited utility. Some viruses
and all protozoa are more resistant than
FCs to disinfection; therefore, the ab-
sence of FCs does not guarantee the
absence of these organisms. Moreover,
one may find FCs of animal origin in the
complete absence of detectable human
pathogens; especially in the context of
single sampling. Other factors further
complicate the indicator system and
the task of accurately gauging drinking
water quality conditions and related

health risks (27).

Parasites are highly infective,
even when present in low numbers.
It is important to note that the meth-
ods used to analyse these organisms
generally have low recovery efhiciency
(up to 45%), thereby underestimat-
ing concentrations (29). Monitoring
for these parasites confirmed that the
water in Shatila was contaminated with
pathogens. Recovery of G. lamblia and
C. parvum is reported to average 27%,
compared with 42% for microsporidia
(29).

These parasitic pathogens are com-
monly encountered in sewage efflu-
ent, surface and groundwater in North
America as well as internationally. G.
lamblia has been found in the range of
10 000—-100 000 cysts/L in untreated
and 10-100 cysts/L in treated sewage,
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