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ABSTRACT

A total of 108 wastewater samples (Untreated and Treated), 62 soil samples and 106 lettuce samples were
collected during dry and wet seasons from the wastewater-irrigated area of Titagarh to assess its contamination
level with E.coli and Ascaris eggs. The study revealed that 53.57% and 80.35% of untreated wastewater,
34.61% and 65.38% of treated wastewater, 61.29% and 53.22% of soil and 60.37% and 25.47% of lettuces were
found positive for E.coli and Ascaris eggs respectively. Contamination levels of these faecal pathogens in all
samples were significantly higher during wet season than the dry season. To assess the health risk associated
with the wastewater farming and consumption of wastewater-irrigated lettuce, quantitative microbial risk
assessment (QMRA) models combined with 10,000 montecarlo simulations were used and compared with
tolerable risk guidelines. This assessment identified that the microbial risks involved in wastewater- irrigated

vegetable farming to farmers and consumers in the study area were high and exceeded the tolerable risk limit.
Key Words: Wastewater-irrigation, Microbial contamination, Health risk, E.coli, Ascaris eggs

INTRODUCTION

An estimated 20 million hectares worldwide are irrigated with wastewater, most of it were untreated wastewater
(Scott et al. 2004). The increasing global scarcity of good quality water will turn wastewater irrigation from an
undesirable phenomenon into a necessity wherever agricultural water demand is not met by supply. This is not
only the case in drier regions, but anywhere where farmers seek land and water to address market demand.
Common examples are urban and peri-urban areas in most developing countries where clean water sources are
hardly sufficient even to meet domestic demand (Bos et al. 2010). While the nutrients contained in the
wastewater is considered as beneficial to agriculture, the contaminants present in the wastewater pose health
risks directly to agricultural workers and indirectly to consumers of the wastewater grown produce. Use of
sewage effluent for irrigation exposes the public to the dangers of infections with a variety of pathogens such as
bacteria, viruses, protozoa and helminthes. Transmission of diseases may occur through direct physical contact
of farmers with wastewater, consumption of products irrigated with effluent and contaminated ground and
surface waters (Minhas and Sharma, 2004; Scott et al.,2004). The problem of microbial quality of agricultural

produce especially vegetables consumed raw is more severe than when the produce is cooked at home or
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processed in factories before sale. Microbial infections of foodborne origin are a major public-health problem
internationally and a significant cause of death in developing countries (WHO 2006). The WHO standards for
intestinal nematodes and faecal coliform in irrigation water are <1 egg/L and<1000 faecal coliform /100ml
(WHO 1989). These health guidelines are difficult to follow, sometimes even canal water supplies in India
exceeds these limits (Minhas et al. 2006).

The Titagarh area was selected for this study as the entire agricultural produce cultivated in this area caters to
the need of Kolkata city and its suburbs including Titagarh for salad vegetables, and since this area is generally
irrigated with untreated and treated wastewater, the vegetables are likely to pose a threat to public health.
Previously the impact of wastewater irrigation on soil and vegetables in Titagarh has been assessed for heavy
metal and helminth contamination (Gupta et al. 2008, 2009) but so far no study has been reported on microbial
contamination and related risk to consumers and farmers of this region. The main purpose of the study was to
assess the extent of microbial contamination (E coli and Ascaris eggs) in wastewater-irrigated soil and lettuce
and to quantify the health risk associated with this wastewater irrigation practice using the Quantitative
Microbial Risk Assessment (QMRA) approach. QMRA has been widely used to establish the health risks
associated with wastewater reuse in both developed and developing regions under different scenarios. It has
been applied to establish the health risk associated with consuming wastewater-irrigated food crops (Tanaka et
al. 1998) and vegetables (Hamilton et al. 2006; Shuval et al. 1997). Mara et al. (2007) have also applied QMRA
to assess the health risks for farmers using wastewater under different irrigation and technology regimes. The
choice of Ascaris was due to its predominance in the study area and its parasitic infection worldwide. Ascaris
can persist for months to years in soils under harsh conditions thus making it an ideal reference organism for
Quantitative Microbial Risk Assessments (QMRA) in a developing country (Hamilton et al. 2006) like India. In
this study, mean E.coli concentrations found in soil and on lettuce were translated to rotavirus concentrations to
run the QMRA models as applied by Mara et al. 2007. Rotavirus is a major cause of gastroenteritis (Chandran et
al. 2006) and has been widely used as a representative organism for enteric viruses in QMRAs of wastewater
reuse (Hamilton et al. 2006; Shuval et al. 1997).

MATERIALS AND METHODS
Study Area: The study area, Titagarh is a suburban Industrial town located in 24-Parganas District (North),
West Bengal, India. It is situated in the east side of the river Hooghly (a tributary of the river Ganges) 22 km
North of Kolkata, the capital city of West Bengal. Titagarh Municipality has an old conventional Sewage
Treatment Plant. The system is for treatment of raw sewage from commercial as well as domestic sources as
discharged by the people of Titagarh and parts of Barrackpore municipality. In the Sewage Treatment Plant, raw
sewage is being treated and the final effluent is directly taken to the adjoining agricultural land through concrete
pipes. Both untreated and treated sewage water are used for irrigation purpose in the study area. Sewage
treatment plant operators are often to release raw wastewater due to pressing demand of the farmers of the
surrounding agricultural land. The common vegetables grown in the study area were Lettuce, Coriander,
Parsley, Pudina, etc. Most of these vegetables cultivated in this site are supplied to wholesale vegetable markets
in Kolkata and the rest enters the local markets. For a worst case scenario, we chose lettuce over other
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vegetables. Lettuce is reported to have a higher Ascaris and faecal coliform contamination compared to other
vegetables irrigated with wastewater (Obuobie et al. 2006) mainly due to its morphology for water retention
(Shuval et al. 1997). In addition, Lettuce also selected for the study because it was generally eaten uncooked.

The present study was carried out during January and September 2010.

SAMPLE COLLECTION

Water: A total of 108 wastewater samples (untreated -56 and treated-52) used for irrigation were collected
from the wastewater irrigated area of Titagarh. For bacterial analysis, composite wastewater samples consisting
of three individual 1L samples were collected over a 4 hr period. Samples were collected in 1 L sterile glass
bottles. For Ascaris egg analysis, 2L of untreated and 10L of treated composite wastewater samples were
collected. Samples were collected in sterile 2L and 10L containers with lids and left for sedimentation for 2-3
hours. Samples were stored in a cool box and transported to the laboratory for further analysis on the day of
sampling. Analysis of water samples for E.coli was always initiated on the day of collection. Samples for
Ascaris egg analysis were stored at 4°C until further processing.

Soil: 62 soil samples were collected randomly from the wastewater- irrigated area of Titagarh at 0-30cm and
30-60 cm depths. Each composite sample consisted of three soil samples. Sample collection was done using a
sterile manual auger. Soil samples were brought to the laboratory in sterile plastic bags and stored at 4°C.
Microbiological analysis was done within 24 hours of soil collection. Soil moisture was determined on the same
soil samples by drying at 105°C for 48 hours.

Vegetables: A total of 106 lettuces (Lactuca sativa) were collected randomly from the peri urban area of
Titagarh during dry and wet seasons. Lettuce samples were collected with sterile disposable gloves and cut into
pieces using alcohol sterilized scissors and then they were packed in sterile plastic bags and finally transported
in cold packs to the laboratory where they were analyzed immediately or stored at 4°C until analysis within 24
hours. Steps were taken to avoid contamination of the lettuces by soil or other contamination sources. Each

sample was collected in triplicate to prevent sampling error.

SAMPLE ANALYSES

Enumeration of E.coli: E. coli was enumerated in treated and untreated wastewater by the membrane filter
procedure (APHA, AWWA, WEF, 1995). Water samples were subjected to suitable dilutions and filtered
through cellulose nitrate membrane filters with 0.45 pum pore size. Trypton bile X-glucouronide (TBX) agar
medium (Oxoid) was used for E. coli analysis. Plates were incubated for 24 hrs at 44 °C and blue colonies were
counted as E. coli. The density of E. coli was reported as CFU/ 100 ml.

E. coli in soil and vegetables was counted using the Most Probable Number (MPN) method following the 3
replications x 5 dilutions scheme (APHA, AWWA, WEF 1995; Woomer 1994).

100 grams of vegetables were homogenised with 900 ml of tryptone water (0.1%) by stomacher. Thereafter 10-
fold dilutions were carried out within the same medium. For soil analysis, 10gm of soil was homogenized for
30s in a blender (Stomacher®) followed by addition of 90ml tryptone water (0.1%). 1ml aliquot of the 10 fold
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dilutions of soil and vegetables were inoculated into tubes filled with 10 ml of Lauryl Tryptose Broth (Oxoid)
containing inverted vials. After incubation for 24-48 hrs at 35 °C, a 0.1-mL aliquot of any broth showing gas
bubbles was transferred to tubes containing EC Broth (Oxoid) and incubated for 2448 h at 45 °C. A 0.1-ml
aliquot was taken from tubes showing gas production (considered a positive reaction) and placed in a tube of
Tryptone Water (Oxoid) to perform the indol test. After 48 h at 45 °C, several drops of Kovac’s reagent were
added to the broths agitated slightly. A cherry red colour, visible at the surface of the broth, was considered
positive for indol and thus confirmed the presence of E. coli.
Enumeration of Helminth Eggs: For Ascaris egg estimation, 100gm of soil sample, 2L of treated and 10L of
untreated wastewater were analyzed. The water and soil samples were examined by the technique of Bailenger
(1962). For analysis of lettuce, a portion of the vegetable was weighted (100 gm) into plastic bag and washed
with 2 L of physiological saline solution (0.95% NaCl). The washed water was then left for about 10 h for
sedimentation to take place. The top layer was discarded and the remaining washed water was centrifuged at
2164g for 15 min. The supernatant was discarded and the residue was collected carefully. The concentration of
helminth eggs in the residue was determined using the technique of Téléman Rivas modified by Bailenger
(1962). Microscopic observation of helminth eggs in samples was performed in Mac Master Counting cell at
100-fold magnification.
Health Risk Assessment: The guidelines developed by the World Health Organization in 2006 for the safe use
of wastewater in agriculture are based on a tolerable additional disease burden from working in wastewater-
irrigated fields and consuming wastewater —irrigated crops of 10 disability-adjusted life year (DALY loss per
person per year (pppy).The tolerable burden of disease is translated into a tolerable annual risk of infection
which for an episode of diarrhoeal disease has been determined as an annual disease risk of 7.7x104,
To ascertain the health risk of farmers engaged in wastewater-irrigation and consumers of wastewater-irrigated
produce, quantitative microbial risk assessment (QMRA) models with 10,000 montecarlo simulations were
applied. These models assessed the disease risk as a result of the accidental ingestion of wastewater irrigated
soil by farmers and for the consumption of contaminated produce (Mara et al. 2007; WHO 2006).
E.coli and Ascaris egg concentration of irrigation water and soil and locally appropriate exposure scenarios were
used to run the models. To account for the rotavirus in our risk assessment models, geometric mean count of
E.coli found in irrigation water, wastewater-irrigated soil and lettuce were converted to rotavirus concentrations
using a ratio of 1 (rotavirus) to 10% (E.coli) as applied by Mara et al. 2007. Exposure scenarios included days
and hours spent in irrigated fields, daily consumption pattern of lettuce, degree of mechanization in the
irrigation schemes and protective measures. The exposures were identified by on site survey of the farming site
and its surroundings. Vegetable farming activities in Titagarh are labour intensive and farmers do not use any
protective clothes (boot, mouth cover, gloves etc) thus they are putting themselves into direct contact with
irrigation water and contaminated soil. In this study, a uniformly distributed accidental ingestion of 10-100mg of
soil per daily exposure for a total of 150 days per year was used for the farmers (Haas et al. 1999; Mara et al.
2007). The amount of lettuce consumed per person per day was taken as 20 to 30 gm and the frequency of
consumption was taken to be once in a week based on the survey carried out in this study. Also it was taken that
10 to 15 ml of irrigation water would be left on a 100gm of lettuce after harvest (Mara et al. 2007; WHO 2006).
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Diarrhoea was used as a proxy for infections related to rotavirus. For comparative analyses, we used the WHO
(2006) benchmark for annual tolerable risk for diarrhea per person of 7.7x10 for developing countries. For
Ascaris infection, a tolerable risk of 1x102 (Mara et al. 2007) was used to account for its high prevalence in

developing countries and in wastewater reuse (WHO 2006).

DATA ANALYSIS

Data were compiled in a spreadsheet (Microsoft Excel, version 2007) and analyzed as appropriate using
descriptive statistics. Student’s t-test was used to compare the mean counts of E.coli and Ascaris for two
seasons. Results of analysis are quoted at p< 0.05 level of significance.

RESULTS AND DISCUSSION

A total of 108 wastewater (56 untreated and 52 treated), 62 soil and 106 lettuce samples were examined to
ascertain microbial contamination in the wastewater- irrigated area of Titagarh, West Bengal, India. The
presence and concentration of E. coli and Ascaris eggs were examined in wastewater and soil samples for two
seasons, dry (January- May) and wet (June-September). Student’s t-test was used to compare mean E.coli and
Ascaris egg contamination of all the samples between seasons and the result showed higher contamination in the
wet season than the dry seasons and the difference was significant (p<0.05). High level of E.coli and Ascaris
eggs during the wet rainy season were obviously due to favourable temperature, high turbidity and the addition

of more sewage and faecal matter through surface run-off.

IRRIGATION WATER QUALITY

Wastewater can contain a wide variety of microorganisms that are pathogenic to humans (Toze 2006). Table 1
summarized the concentration of E.coli and percentage of E.coli positive untreated and treated sewage water
used for irrigation. In wet seasons, E.coli was detected in 20/32(62.5%) and 12/30 (40%) of the untreated and
treated wastewater samples respectively. During dry months10/ 24 (41.66%) of untreated wastewater and
6/22(27.27%) of treated wastewater were found E.coli positive. The untreated wastewater from the study area
had E.coli counts ranging from 4.20x10° to 7.4x106 cfu/200ml and 2.33x107 to 4.30x107 cfu/100ml during dry
and wet season respectively. The E.coli count in treated wastewater ranged from2.8x108 to 6.1x10° cfu/100ml
and 1.5x107 to 1.82x107 during dry and wet season respectively (Table1). In all the E.coli positive untreated and
treated wastewater samples of the wastewater-irrigated study area, contamination level far exceeded the WHO
recommended value of 103cfu/100ml (WHO 1989) for “irrigation of crops likely to be eaten uncooked”.

Table 1. Contamination of E.coli in irrigation water, soil and lettuce collected from the

wastewater irrigated area of Titagarh, West Bengal, India

Sample type season Total number Number and percentage Geometric mean count of
of samples of E.coli positive samples  E.coli (cfu/100ml or
cfu/100gm wet
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weight)[range]

Untreated Dry 24 10 (41.66) 6.06x108
wastewater [4.2x108-7.4x108]
Wet 32 20(62.5%) 3.27x107
[2.33x107-4.30x107]
Total 56 30(53.57%) -
Treated Dry 22 6(27.27%) 4.83x10°
wastewater [2.8x108-6.1x109]
Wet 30 12(40%) 1.67x107
[1.5x107-1.82x107]
Total 52 18(34.61%) -
Soil Dry 37 21(56.75%) 1.47x108
[1.1x105-1.74x10%]
Wet 25 17(68%) 1.87x10°
[1.5x108-2.67x106]
Total 62 38(61.29%) -
Lettuce Dry 62 34(54.83%) 2.59x10°
[1.6x105-3.7x10°%]
Wet 44 30(68.18%) 4.76x10°
[2.5x10%-6.21x109]
Total 106 64(60.37%) -

Studies in Pakistan by Feenstra et al. (2000) and van der Hoek et al (2002) on the health risks of irrigation with
untreated urban wastewater showed potential health risk for both farmers and crop consumers when the
wastewater contained E.coli count beyond WHO recommended limit. The mean E.coli count of irrigation water
(both treated and untreated wastewater) recorded during the present study were higher than those reported in
Italy (0-7.8x10* cfu/100ml) (Palse ET al.2009) and in Mexico (4x10% 29x10%cfu/100ml) (Rosas et al.1984). In a
similar study, Srikanth and Naik (2004) studied the health effects of wastewater reuse for agriculture in the
Asmara city, Eritrea. They reported the E.coli level in the range from 4x10%cfu/100ml to13x108cfu/100ml in the
wastewater used for irrigation purposes which was slightly higher than the wastewater of our study area.

For A. lumbricoides contamination, it is noted that 80.35% of untreated wastewater and 65.38% of treated
wastewater samples were found positive for Ascaris eggs (Table 2). After treatment of the raw wastewater in the
Titagarh Sewage Treatment Plant, the load of Ascaris eggs decreased to some extent but considerable level of

Ascaris egg contamination still remained in the treated wastewater used for irrigation. A study in India by
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Ensink et al. (2006) and the study in Turkey by Ulukanligil et al. (2001) showed 64% and 60.8% of wastewater
samples were contaminated with Ascaris ova respectively which were lower than the percentage of Ascaris egg
positive irrigation water (untreated- 80.35% and treated- 65.38%) of the present study. The mean concentrations
of Ascaris lumbricoides eggs (eggs/L) in untreated wastewater were 15.63 eggs/L and 24.07 eggs/L during dry
and wet season respectively (Table 2). In treated wastewater, the mean count of Ascaris eggs observed during
dry season was 7.14 eggs /L while 15.20 eggs /L mean concentration was found during wet season (Table 2).
The result showed that the mean Ascaris egg concentration in untreated and treated wastewater used for
irrigation of lettuce were much higher than the WHO recommended value of <1 helminth egg/L (WHO
2006).A study in Pakistan by Ensink et al. (2004) reported that nematode egg concentrations in the wastewater
used for irrigation were very high with an average Ascaris eggs concentration of 142 eggs /L which was much
higher than the average Ascaris egg concentration in untreated and treated wastewater of our study area.
Another study in Marrakech by Bouhoum et al. (1997) also showed much higher Ascaris egg count (75.6 eggs/
1) in the irrigation water compared to the Ascaris egg concentration in irrigation water of Titagarh wastewater-
irrigated area. The Ascaris eggs present in wastewater beyond threshold level constitute a risk when used in
irrigation because these eggs are very resistant in the environment and they can survive in water, soil and crops
for several months or years (Feachem et al. 1983).

SOIL

In the wastewater —irrigated area of Titagarh, E.coli was detected in 56.75% (21/37) and 68 % (17/25) of the soil
samples during dry season and wet seasons respectively (Table 1). The role that soil plays in the bacteriological
contamination of vegetables, due to direct contact between the soil and plants, is well known, especially when
they are irrigated with wastewater containing 4.83x108to 3.27x10” E.coli per 100 ml of water, as observed in this
case (Table 1). In the present study, E.coli counts in the wastewater- irrigated soil samples ranged from 1.1x10°
to 1.74x108 cfu/100gm and 1.5x108 to 2.67x108 cfu/100gm during dry and wet seasons respectively. Prevalence
of E.coli was detected especially in the upper fractions of the soil samples and negligible or no contamination
was observed in the lower fractions of the soil samples. Palese et al. (2009) explained that the soil acted as a
filter, reducing bacterial concentration in the deeper soil layers. The findings of our study were also in
agreement with the results of EI Hamouri et al. (1996) and Oron et al (2001). In particular EI Hamouri et al.

(1996) observed a gradual reduction of faecal coliform concentration through the soil profile.

Table2. Status of Ascaris egg contamination in analyzed samples of wastewater, soil and lettuce

Sample type Season Total number of Number and Mean number of
samples percentage of helminth eggs

Ascaris egg posive (egg/L or

samples €gg/100gm wet

weight)[range]

Untreated Dry 24 19(79.16%) 15.63 [11-23]
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wastewater Wet 32 26(81.25%) 24.07[13-45]
Total 56 45(80.35%) -

Treated Dry 22 14(63.63%) 7.14[4-14]

wastewater Wet 30 20(66.66%) 15.2[10-27]
Total 52 34(65.38%) -

Soil Dry 37 16(43.24%) 6.9 [3.2-11.8]
Wet 25 17(68%) 10.37[3.6-14]
Total 62 33(53.229%) -

Lettuce Dry 62 12 (19.35%) 3[1-7]
Wet 44 15(34.09%) 7.06[1-12]
Total 106 27(25.47%) -

Data obtained by analyzing wastewater-irrigated soil for Ascaris eggs are summarized in table 2. Of the 62 soil
samples tested from the study area, 33 (53.22%) were found positive for Safaris lumbricoides eggs.
Embryonated Ascaris eggs were found in most of the soil samples in average of 6.9 eggs /100gm and 10.37
€ggs/100 gm during dry and wet season respectively. A study on soil-transmitted helminths in Sanliurfa, Turkey
showed 84.4% of soil samples were contaminated with Ascaris eggs (Ulukanligil et al. 2001) which were higher
than the percentage of Ascaris positive (53.22%) wastewater-irrigated soil samples of the present study. A
similar study in Vietham by Toan (1998) showed that the prevalence of soil transmitted helminth infection was

high and all of the soil samples were positive for Ascaris eggs.

VEGETABLES

Lettuce samples irrigated with untreated and treated wastewater were analyzed for the presence and
concentration of E.coli and Ascaris eggs on the surface of this leafy vegetable. Of the 106 vegetables tested 64
(60.37%) were found positive for E.coli. The result showed that the mean concentration of E.coli in Lettuce
was 2.59x10° cfu/100gm and 4.76x10° cfu/100gm during dry and wet season respectively (Table 1).

Minhas et al. (2006) reported contamination for different types of crops irrigated with sewage water
characterized by average faecal coliform counts of 1.5x108 /100ml. They observed faecal coliform counts of
vegetables, fodder and grain crops ranged between <2 and 9x10% 9x10? and 2x10° and <2 MPN/100gm
respectively. Another study in South Africa by Gemmell and Schmidt (2012) indicated that the microbes present
in contaminated irrigation water can be transferred via irrigation to fresh produce. They reported that the faecal
coliform count in the fresh produce was up to 1.6x10° per gram when irrigated with polluted river water
containing faecal coliform load of 1.6x10° per 100 ml of irrigation water. Studies in Ghana, Mexico and
Pakistan found faecal coliform concentrations in vegetables much lower than those in Titagarh (Amoah ET
al.2005; Ensink et al. 2007; Rosas ET al.1984). The bacteriological result of the present study indicated that all

wastewater irrigated lettuce from the study area were heavily contaminated with E.coli and mean E.coli counts
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exceeding the ICMSF, 1974 (International Commission on Microbiological Specification for Foods)
recommended level of 10® faecal coliform per 100 gm fresh weight. This high concentration of E.coli in lettuce
could be attributed to the fibrous roots and large surface areas of this vegetable. .For this reason, bacteria from
the soil could easily be deposited by rain splash or other mechanisms (Rosas et al. 1984). Besides, Lettuce also
have foliar surfaces with many folds and fissures that provide good shelter for microorganisms (Kowal &
Pahren 1980), and the leaves are fragile and thus allow the penetration and reproduction of bacteria in their inner
tissue (Ercolani 1976).

Of the 106 lettuce samples that were collected, processed and examined, 27 (25.47 %) of them were
contaminated with embryonated Ascaris eggs (Table 2). This Ascaris egg contamination found in Lettuce could
be explained by the fact that broad leaved vegetables such as Lettuce, Spinach, and Cabbage etc are having large
surface areas which are in direct contact with the sewage contaminated soil surface (Larkin et al. 1978). In the
study period, the mean concentration of Ascaris eggs (eggs /100gm wet weight) observed in lettuce was ranged
from 3 to 7.06 (Table 2). Ascaris egg numbers as recorded in this study were much higher compared to the
study by Erdogrul and Sener (2005) who reported 1 to 3 eggs per 100 gm of produce in farms of Turkey. The
difference could be due to the quality of the irrigation water being used for the vegetable by fruit farmers in
Turkey. Another study in Turkey by Ulukanligil et al. (2001) showed that nearly half of the wastewater irrigated
vegetables including lettuce sold in the market were contaminated with Ascaris. Amoah et al. (2006) reported
similar findings in Ghana where he showed that Ascaris lumbricoides contamination was the most predominant
and was observed in 85% of the contaminated vegetables. This could be attributed to its high level of persistence

and resistance in diverse environments (Feachem et al.1983).

HEALTH RISK ASSESSMENT

The infection risks of rotavirus and Ascaris for the accidental ingestion of wastewater irrigated soil and the
consumption of wastewater irrigated vegetables are presented in Table 3. The annual risk of infection for all
pathogens for both ingestion of soil and consumption of lettuce exceeded the tolerable risk of 7.7x10* for
rotavirus and 102 for Ascaris per person per year (Mara et al. 2007; WHO 2006). The result showed that the risk
of rotavirus infection associated with the possible ingestion of wastewater irrigated soil was 3.1x10"* which was
higher than the risk of rotavirus infection (7.6x10%) reported by Seidu et al. (2008). The rotavirus infection risk
recorded in the present study due to exposure of contaminated soil was above the recommended annual risk of
infection by a 3 order magnitude. The risk of Ascaris infection due to the accidental ingestion of contaminated
wastewater irrigated soil was 1.07 x10* which was higher than the tolerable risk of Ascaris infection (1x107)
but the estimated risk was lower than the risk of Ascaris infection (9.9 x10?) to farmers of Ghana as reported by
Seidu et al. (2008) in their study in Ghana.

Table 3 Disease risk (Rota virus and Ascaris) for farmers and consumers (DALY/person/year)

as a result of exposure to wastewater irrigated soil and consumption of lettuce

Disease risk of Consumption of lettuce soil

Pathogens Untreated Treated
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wastewater wastewater
Rotavirus 9.9x10* 9.9x10* 3.1x10%t
Ascaris 1.2x10? 7x10%? 1.07x10?

Present study indicated that there was a substantial risk of rotavirus and Ascaris infection due to the
consumption of untreated and treated wastewater irrigated lettuce from the study area. In terms of rotavirus
infection, the risk of infection was 9.9x10 for consumers irrespective of the quality of the irrigation water.
According to the study in Ghana by Seidu et al. (2008), the annual risk of rotavirus infection to consumers of
lettuce irrigated with different qualities of wastewater were ranged from 10 to 10 which were lower than the
rotavirus infection risk to consumers of the present study. In Titagarh for both untreated and treated wastewater
irrigation, the estimated rotavirus infection risk of consumers far exceeded the WHO guideline of permissible
disease risk.

The health risk assessment result showed that the risk of Ascaris infection to the consumers from consumption
of untreated and treated wastewater-irrigated lettuce were 1.2x 10! and 7x102 respectively. In this study, the
recorded Ascaris infection risks to the consumers of lettuce were above the tolerable risk (10?). A study in
Ghana by Ackerson and Awuah (2012) reported the annual risk of Ascaris infection of 7.51x102 which was
lower than the estimated risk of Ascaris infection for consumption of untreated wastewater —irrigated lettuce in
our study area.

The study showed that both the consumption of wastewater -irrigated lettuce and the accidental ingestion of
wastewater irrigated soil posed substantial health risk to farmers and consumers. In this assessment, the
estimated risks of Ascaris and rotavirus infections have to be interpreted with some caution. For Ascaris, our
assessment only reported the probability of infection and did not reflect the worm load of the infected farmers
and consumers. Therefore, the probability of infection even though the same for consumers and farmers is not
tantamount to both groups having the same level of worm load. All things being equal, the level of worm load
will be higher for farmers than consumers due to their annual dose of Ascaris ingestion. The worm load within
the farming as well as the consumer populations will also differ due to the characteristic over-dispersed
distribution of Ascaris load burden by age among infected populations (Bundy et al. 2004). This over dispersed
distribution will reflect in children engaged in wastewater irrigation and eating wastewater irrigated lettuce
harbouring a disproportionately higher Ascaris burden than adults (Bundy 1988). For wastewater irrigation of
crops that are eaten uncooked, WHO (1989) recommended a value of <1 helminth egg/L but recent
epidemiological research work showed that a limit of <0.1 helminth egg/L is needed if children under 15 years
are exposed (Blumenthal et al 2000). Also, the rotavirus health risks presented here should not be misconstrued
as a representative for all the possible enteric virus infections because of the diverse symptoms of enteric virus
infections (Wastrel 2004).

CONCLUSION
Despite increasing pressure to make more efficient use of water resources, irrigation of food crops with

reclaimed water still remains a contentious issue, primarily because of risks of human health arising from
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infectious diseases. The present study indicated that the microbial risk in wastewater irrigated vegetable farming
to farmers and consumers in the study area was high (annual risk in the range of 10! for rotavirus and 10 to 10-
2 for Ascaris) and exceeded the tolerable risk limit mainly due to the high levels of pathogens in the irrigation
water, soil and on the lettuce. Microbiological quality of irrigation water and lettuce of the study area were
above WHO (10° E coli/100ml and <lhelminth egg/L) and ICMSF (10° faecal coliform/100gm)
recommendations respectively and therefore unsafe for use in the production of green leafy vegetables generally
eaten uncooked. In conclusion, in this study the public health risk of using contaminated water to irrigate
lettuce is established. The prevention of this risk can be achieved by an integrated set of approach which may
include proper wastewater treatment, crop restriction and appropriate wastewater application techniques. Beside
these, for consumers, the practice of basic food safety rules in the use of wastewater irrigated lettuce may ensure
safety. Prior to consumption, thorough washing and disinfecting of vegetables are highly advisable. To be more
precise, the vegetables should be carefully rinsed for 30 sec. Finally, the rinsed vegetables should be soaked in a
disinfectant solution before consumption (Rosas et al. 1984).The farmers and the local people surrounding
Titagarh were unaware of the health risk associated with wastewater farming and consumption of contaminated
vegetables. There is need, therefore, to undertake comprehensive health education programmes for public and
farm workers in particular on the risk involved in the use of untreated and partially treated wastewater for

irrigation of agricultural crops.
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