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Helminthic infections associated with
the use of raw wastewater for
agricultural purposes in Beni Mellal,
Morocco
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ABSTRACT We aimed to determine the possible risks associated with raw wastewater use for
agricultural purposes, particularly the transmission of helminthic infections among children. In a
randomly-selected sample of 1343 children, 740 of them were from five regions using raw waste-
water for agriculture, while 603 were from four control regions that do not use such water. The
prevalence of helminthic infection was found to be significantly higher among children in regions
using wastewater, compared to control regions. Behavioural characteristics and public water
supply were found to be associated with higher infection rates. Adequate treatment of wastewa-
ter as well as public health education are highly recommended.

Infections & helminthes assocides & I'utilisation des eaux usées brutes dans I'agriculture a
Benl Mellal (Maroc)

RESUME Notre but était de déterminer les risques éventuels associés a |'utitisation des eaux
usées brutes dans l'agriculture. en particulier la transmission d'infections & helminthes chez ies
enfants. Dans un échantillon randomisé de 1343 enfants, 740 provenaient de cinq régions ol
f'on utilise les eaux usées dans l'agriculture, tandis que 603 venaient de quatre régions témoins
ol ces saux na sont pas utilisées. On a constaté que la prévalence des helminthiases é&tait
significativement plus élevée chez les enfants des régions utilisant les eaux usées par rappon
aux régions témoins. Les caractéristigues comportementales et I'approvisionnement public en
eau étaient associés & des taux d'infestation plus élevés. Un traitement approprié des eaux
usées ainsi qu'une action d'éducation sanitaire sont vivement recommandés.
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Introduction

The use of wastewater for irrigation in
agriculture has been practised for many
years in arid zones of industrialized as well
as developing countries. This has been dic-
tated by several factors, some of which
are: the decreasing availability of water re-
sources for irrigation resulting from in-
creasing demand for potable water in urban
agglomerations; the high cost of artificial
fertilizers, and the realization that nutrients
in wastewater can increase crop produc-
tion; and social acceptance of the practice
(1.

In Morocco, a country with semi-arid
to arid climate, the volume of wastewater
generated was 370 x 10° m*in 1990, and is
expected to reach 500 x 10° m* by the year
2000 and 900 x 10° m® by the year 2010. In
1993, a national survey revealed that more
than 7200 hectares were irrigated with raw
wastewater in the vicinity of urban centres
for the production of cereals, fruits and
vegetables.

Wastewater reuse may lead to public
health risks of transmission of enteric dis-
eases following consumption of raw vege-
tables. It may also result in the
transmission of endemic parasitic diseases
that mostly strike children [2]. A World
Bank report of 1986 indicated that the main
public health risk associated with wastewa-
ter reuse in agriculture was due to the
waterborne and foodborne transmission of
helminths, particularly nematodes [3]. The
World Health Organization (WHO) has
pointed to the need to study the transmis-
sion of intestinal parasites in children living
in areas where wastewater reuse is prac-
tised [4]. A literature search indicated that
there are few well designed epidemiclogical
studies and there was a need for further
studies, especially those that include con-
trol groups that use unnpolluted water [5].

The objectives of our epidemiological
study were to assess the possible impact of
raw wastewater use in agriculture on the
occurrence of intestinal parasitic diseases
among children living in such areas, and the
possible influence of other risk factors on
this important public health problem.

Subjects and methods

Beni Mellal is located in central Morocco
and has a semi-arid to arid climate. The cli-
mate is characterized by temperate winters,
hot and dry summers, and a mean rainfall
of 350400 mm. The urban area has a pop-
ulation of 210 000; it produces 15 500 m’* of
wastewater per day. Untreated wastewater
is used to irrigate approximatety 600 hect-
ares of agricultural land.

As regards parasitic helminths, data on
occurrence of these diseases among
schoolchildren are generally representative
of the situation in the community as a
whole |6]. Therefore, our study focused
on children attending primary schools.
They are the most suitable study group be-
cause schools are easily accessible, and
disease occurrence is usually highest
among this age group. The data collected
on this age group may be¢ used to assess the
health of children and the general commu-
nity. We surveyed 740 schoolchildren from
five schools in an area where wastewater
reuse for agriculture is practised. A control
group consisted of 603 children from five
schools located in an area that uses unpol-
luted water for irrigation. Demographic,
hygiene and behaviour-contact data were
collected for all children using a specially
designed questionnaire.

Faecal samples were collected as fol-
lows. Children were given sterile flasks the
day before sampling of facces. They were
instructed on the proper way to introduce
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the faeces inside the flask. For very young
children, the parents were given the in-
structions instead. Fresh faeces were ob-
tained in the morning and brought back to
school where they were collected by the
researchers.

The concentration technique used was
the formaldehyde—ether method recom-
mended by WHO [7]. This method is suit-
able for concentrating both helminthic ova
and larvae, as well as protozoan cysts. One
gram of faeces was suspended in 10 mL of
10% formaldehyde solution and mixed with
a glass rod. The suspension was passed
through a funnel covered with a gauze pad
into a centrifuge tube. Then 3 mL of ether
were added and the suspension was mixed
for 1 minute. The tubes were centrifuged
for 1 minute at 4000 RPM. After discarding
the supernatant, the sediment was exam-
ined by sampling a drop with a Pasteur pi-
pette and depositing it on a glass slide. The
ova were identified according to the key
proposed by the WHO [7].

The data were analysed using STAT-
ITCF. Frequency distribution tables were
constructed. Percentage prevalence and in-
tensity of infection (expressed as number
of eggs per gram of faeces) attributed to

different intestinal helminthic infections
were estimated using standard formulae
suggested by WHO [7,8]. Statistical signif-
icance tests (chi-squared and Fisher exact
tests) were used, as appropriate, to test the
possible effect of exposure to wastewater
use for irrigation, as well as selected demo-
graphic, behavioural and hygiene variables
on the occurrence of single and mixed in-
testinal helminthic infections among chil-
dren in the study [9]. The 5% level of
significance was used.

Results

In both the exposed and the control areas,
the children’s age range was 7-14 years,
with a mean age of 9.3 years in (he exposed
area and 10.1 years in the control area. A
study of the sex ratio did not show any sig-
nificant differences between the two areas;
the sex ratio was 1.3 in the exposed area
compared to 1.4 in the control area.

Table 1 shows the prevalence of intesti-
nal helminthic infections caused by five
parasites (Ascaris lumbricoides, Trichuris
richiura, Enterobius vermicularis, Hyme-
nolepis nana and Taenia saginata). In the

Table 1 Percentage prevalence of intestinal helminthic infections among children by exposure,

Beni Mellal, Morocco, 1998

Helminth Exposed group Non-exposed group %2 P-value
(n=740) {n=603)

Ascaris lumbricoides 205 ¥ 82.02 <0.001
Trichuris trichiura 04 03 (1.00) >0.05
Enterobius vermiculars 5.2 1.0 18.75 < 0.001
Hymenolepis nana 7.2 06 33.80 <0.001
Taenia saginata 0.5 0.0 (0.13) >0.05
Total 308 5.6 134.07 <0.01

Values between brackets are calculated using the two-tailed Fisher exact test
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areas of wastewater use, 30.8% of the chil-
dren were infected with helminthic para-
gites, as compared to only 5.6% among
children living in the control areas. The dif-
ference between the two areas was highly
significant {P < 0.001). The highest infec-
tion was due to A. fumbricoides, while the
lowest was due to T. trichiuria. For A.
lumbricoides, H. nana and E. vermicularis,
the increase in prevalence in the areas of
wastewater use was significantly higher,
but this was not the case with I. trichiura
and Taenia saginata.

Children in the study sample suffered
low-intensity infection with A. lumbri-
coides and T. trichura. The parasite load of
Ascaris infection, as expressed by number
of eggs per gram of faeces (epg). was
much higher among children living in
wastewater-exposed areas (18.3 epg) ver-
sus unexposed areas (2.3 epg); but the load
of Trichuris infection in the two areas was
similar (0.09 epg and 0.07 epg respective-
ly). We compared these loads with the
thresholds established by WHO [8]. It is
clear that for the two parasites (4. lumbri-
coides and T, trichiura), the infections can
be classified as light-intensity infections (<
5000 epg and < 1000 epg respectively).

While mixed infections by two or three
parasites was observed among 2.9% of the
wastewater-exposed children, none oc-
curred among children living in the control
area. Among the children infected by two
or three parasites, 40.9% were infected by
A. lumbricoides/E. vermicularis, 27.3% by
A. lumbricoides/H. nana, 18.2% by E. ver-
micularis/H. nana, 9.1% by A. lumbri-
coides/E. vermicularis/H.nana and 4.5%
by T. trichiura/E. vermicularis (Table 2).

In the area exposed to wastewater irri-
gation, A. lumbricoides, T trichiura, E.
vermicularis, H. nana, and Taenia saginata
affected 21.1%, 0.4%, 6.0%, 8.5%, and
2.5% of boys, and 19.7%, 0.3%, 4.2%,

Table 2 Multiple (mixed) Intestinal parasitic
infections among children exposed 1o
wastewater irrigation, Beni Mellal, Morocco,
1998

Parasites causing Exposed group
mixed infection No. %
Enterobius vermicularis/

Hymenolepis nana 4 182
Ascaris lumbricoides/

E. vermiculanis 9 40.9
A, lumbricoides/

H.nana 6 27.3
Trchuris trichiura/

E. vermicularis 1 45
A. lumbricoides/

E. vermicularis/H. nana 2 91
Total 2 100

5.5%, and 0.1% of girls respectively. No
statistically significant sex difference was
found, however, except for Taenia sagina-
ta (Table 3). Similarly, other demographic
variables such as age, family size, and edu-
cational level and profession of the parents
did not have any statistically significant im-
pact on the occurrence of intestinal parasit-
ic infection in the children studied, as
shown in Table 3.

The three hygiene factors under study
included: the source of drinking water, the
presence of a toilet (latrine) at home and
hand-washing. As regards the water
source, about two-thirds of the families
used private wells inside their homes, while
the other third used public wells and foun-
tains. No statistically significant difference
was found between the two water sources,
except for the prevalence of infection by 4.
lumbricoides. As regards the other two
factors, hand-washing before meals and
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Table 3 Percentage prevalence of intestinal helminthic Infections by selected demographic
variables among exposed children, Beni Mellal, Morocco, 1998

Demographic Ascaris Trichuris Enterolsius Hymenolepis Taenia
variable lumbricoides  trichiura  vermicularis nana saginata
Sex

Male (n=431) 211 04 6.0 85 25

Female (n =309} 197 03 42 55 0.1
v 0.21 {1.00) 1.20 253 6.36
Fvalue =005 >0.05 >0.05 >0.05 <0.05
Age (years)

7 (n=136) 191 07 8.0 80 0.7

8 (n=170) 229 05 4.7 5.8 11

9(n=119) 27.7 0.0 5.0 50 0.0

10 {n=103) 213 0.0 6.7 77 0.0

11{n=94) 19.1 1.0 42 95 1.0

12(n=281) 172 0.0 1.2 74 0.0

13-14 (n=37) 0.0 0.0 54 108 0.0
x2 12.18 NV 560 295 NV
P-value >0.05 >0.05 >0.05
Family size

Small (n=75) 226 0.0 26 106 on

Intermediate (n=398) 21.1 05 40 6.5 05

Large (n=267) 191 0.3 78 74 0.7
*» 0.62 NV 587 1.62 NV
P-value >0.05 >0.05 >0.05
Father's education

lliiterate {(n=319) 203 0.3 59 56 09

Educaled (7= 421) 206 0.4 47 BS 02
i 0. 0.06 0.53 227 0.62
Pvalue >0.05 >005 >0.05 >0.05 >0.05
Mother's education

lliterate (n=639) 205 03 5.3 73 06

Educated (n=101) 207 09 49 69 0.0
¥2 0.00 (0.35) 0.02 0.02 (1.00)
P-value >0.05 >0.05 >0.05 >0.05 >0.05
Father's occupation

Farmer (n = 600) 206 05 6.0 7.8 0.6

Other {(n=140) 200 0.0 6.4 5.0 0.0
v 0.03 (1.00} 0.46 1.35 (1.00)
P-value >0.058 >0.05 -0.05 =0.05 > 0.06
Mother's occupation

Farmer (n=38) 184 0.0 5.2 78 0.0

Housewife (n=702) 206 04 52 7.2 05
© 0.1 (1.00) 0.00 0.02 (1.00)
P-value >0.05 >0.05 »0.05 >0.05 >0.08
Valuas between brackets are calculated using the two-talied Fisher exact 1est. NV = not valid
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Table 4 Percentage prevalence of intestinal helminthic infections according to selected
variables of sanitation among exposed children, Beni Mellal, Morocco, 1998

Hyglene variable Ascaris Trichuris Enterobius Hymenolepis Taenia
lumbricoides  trichiura vermicularis nana saginata

Source of water

Private (n=495) 174 06 54 84 0.2

Public (n=245) 273 0.0 48 48 12
%2 10.40 (0.55) 0.10 312 (0.11)
Pwalue <0.01* >0.05 >0.05 >0.05 >0.05
Toilet at home

Yes (n= 266} 18.5 04 59 6.9 0.4

No (n=474) 240 0.3 41 9.7 07
12 3.15 (1.00) 107 77 {1.00)
P-value >0.05 >0.05 >0.05 >0.05 >0.05
Hand-washing

Yos (n=24) 125 0.0 41 41 0.0

No (n=7186) 208 04 5.3 74 05
ya 0.98 {1.00) 0.06 0.36 {1.00)
P-value >0.05 >0.05 >0.05 >0.05 >0.05

Values between brackets are calculated using the two-tailed Fisher exact lest.

*Significant

the presence of a toilet at home had no sta-
tistically significant effect on the preva-
lence of intestinal helminthic infection
{Table 4).

Only 37 out of 740 children were found
to have been in contact with wastewater.
Among these children, 35.1% were infect-
ed with 4. lumbricoides, as compared to
19.7% of those that had not been in contact
with wastewater (P < 0.05). As regards in-
fections with the other four parasites, no
statistically significant differences were
observed between the two groups (Ta-
ble 5). Concerning the contact of children
with wastewater-irngated soils, there was
a significant increase in infections caused
by A. lumbricoides (P < 0.001), E. vermic-
ularis (P < 0.05) and H. nana (P < 0.001)
(Table 5).

Discussion

Epidemiological studies are important for
identifying the eticlogic factors that may
play a role in risk assessment and in deci-
sion-making. In our study, risk assessment
was based on the determination of the ex-
cess risk associated with the reuse of
wastewater for irrigation. To that end, two
groups were compared; a group that was
exposed to wastewater and another (con-
trol group) that was not exposed to waste-
water. Differences in prevalence of
infections between the exposed and control
population provide a measurement of the
risk associated with wastewater-irrigated
agricultural crops.

Prevalence of ascariasis was five-fold
higher in children living in areas where
wastewater irrigation was used compared
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Table 5 Percentage prevalence of Intestinal parasitic infections according to contact with
wastewater and wastewater-irrigated land among exposed groups, Beni Mellal, Morocco, 1998

Variable Ascarls Trichuris Enterobius Hymenolepis Taenia
lumbricoides  trichiura vermicularis nana saginata

Wastewater

Yes (n=37) 35.1 0.0 0.0 27 0.0

No (n=703) 19.7 04 55 75 05
2 5.08 (1.00) 217 122 {1.00)
P-value <0.05 >0.05 >0.05 =0.05 >0.056
Wastewater-irigated land

Yes (n=430) 260 0.4 6.7 9.5 0.6

No (n=2310) 12.9 0.3 3z 4.1 03
%2 19.07 (1.00) 447 7.60 (0.64)
Pvalue <0.001* >0.05 <0.05 <0.0017 >0.05

Values between brackets are calculated using the two-tailed Fisher exact test.

*Significant

to the control group. In a similar study car-
ried out in India, it was found that 47% of
sewage-farm workers were positive for
ascariasis, as compared to only 13% for
control groups. This difference was signif-
icant (P < 0.01) [3]. Another study report-
ed that the prevalence of ascariasis was
3%, 16%, 30% and 8% among mainte-
nance workers, wastewater treatment op-
erators, wastewater irrigation workers and
a control group respectively [10]. Srivasta-
va and Pandey reported that 20.4% of sew-
age-farm workers were positive for Ascaris
infection [1/]. In Europe, the use of raw
sewage for agricultural purposes has
caused epidemics of ascariasis in the past
[12]. At present, the risk of spreading as-
cariasis by sewage has been significantly
reduced but the potential exists, if sewage
is not properly treated [72]. Another exam-
ple of epidemic spread of ascariasis by
wastewater-irrigated vegetables has been
reported in Jerusalem [/3].

The factors responsible for the easy
spread of ascariasis are: the simple life cy-
cle of the parasite, with stages developing

quickly; the high reproductive potential of
the female Ascaris worm, which produces
approximately 240 000 eggs per day, i.e.
about 65 million eggs during its lifetime
[72]; long survival time of Ascaris eggs in
the environment; the high resistance of the
eggs to physical and chemical agents,
which makes the infective stages vulnera-
ble to heat and dryness only [10]; and the
few natural predators or embryo-destroy-
ing agents such as fungi {74].

In Morocco, several studies have
shown that trichuriasis affects less than
than 2% of the populations examined
[15,16]). No case of trichuriasis was ob-
served following an epidemiological study
of 300 people in Beni Mellal, Morocco in
1996 {17]. Wastewater from the city of
Beni Mellal was found to contain 8.8 4.
lumbricoides eggs/L and only 3.4 T. trici-
uria eggs/L [18). This could partially ex-
plain the lower prevalence of trichuriasis in
our study of wastewater-exposed areas in
Beni Mellal. Wastewater reuse for irrigation
did not lead to an increase in the prevalence
of trichuriasis in Chile [5] and similar re-
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sults were obtained in India [//] and in Eu-
rope [12].

Among the helminthic infections, only
two parasites have eggs that can be imme-
diately infectious to man after being shed in
the faeces. These are the pinworms (E.
vermicularis) and the dwarf tapeworm (f.
nana). All the other excreted helminths re-
quire a distinct latent period, either because
their eggs must develop into an infectious
stage in the environment outside the body,
or because these parasites have one or
more intermediate hosts through which
they must pass in order to complete their
life cycle [3]. WHO has reported that E.
vermicularis and H. nana are generally
transmitted directly from person to person,
but they could persist long enough and
present a health risk when wastewater is
reused for agricultural purposes [4]. In our
study, we nated that these infections were
higher among children living in the waste-
water-exposed areas.

As regards Taenia saginata, endemic
infection is common under Furopean con-
ditions where indirect transmission is the
predominant mode. This is largely attribut-
able to sewage [19]. The eggs of all taenids
are sensitive to desiccation and tempera-
ture. In temperate zones, such as those
where the summer and winter air tempera-
tures range from 10 °C to 20 °C, and
=20 °C to —10 °C respectively, survival, as
measured by infectivity, is in the order of
100—200 days and > 200 days respectively

[20]. In India, only 0.9% of sewage-farm
workers were positive for taeniasis [1/].
Helminthic infections requiring an interme-
diate host can be prevented not only by im-
proved excreta disposal practices, but also
by proper cooking of beef meat [/0]. In
Beni Mellal, as in all Morocco, meat is gen-
erally well cooked, preventing the popula-
tion from acquiring Taenia saginata.

We found that the prevalence of helmin-
thic diseases was not influenced by factors
such as sex, age, family size, and the edu-
cational level and profession of the parents
of the children studied. Similarly, in India
no significant differences between males
and females among sewage-farm workers
were noted [/7].

WHO has noted that human behaviour
may influence the prevalence and intensity
of intestinal infections [27]. In our survey,
we found that the major behavioural fac-
tors which played a role in disease trans-
mission were: children playing in areas
treated with raw wastewater; drinking wa-
ter from public wells; and consuming
crops irrigated with wastewater.
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In view of the regional water scarcity, the Regional Office and the
WHO Reglonal Centre for Environmental Health Activities (CEHA), Jor-
dan have pald special attention to water conservation and
wastewater reuse. As part of the activities of the inter-Agency Task
Force (JATF) on Land and Water Resources, special focus Is placed
on wastewater reuse. As a follow-up to the recommendations of the
IATF regional consultation on the use of low quality water for sustain-
able agriculture, held in December 1997, the Food and Agriculture
Organization of the United Mations (FAQ) prepared a draft manual for
wastewater users on farms. The Regional Office and CEHA techni-
cally reviewed this manual and are providing a chapter on the health
aspects. Also, the Regional Office and CEHA are collaborating with
FAO on the preparation of an assessment report for the status of
wastewater reuse and establishment of a wastewater network in the
Reglon.

Source: The work of WHO in the Eastern Mediterrancar Region. Annual Report of the
Regional Director. 1 January—31 December 1998. Fage 88.
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