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Abstract

Three water sampling points with their correspogdiregetable production sites along the river Ngada,
Maiduguri were selected for the study. A controfe®ble production site was also selected. Sanwpéze
replicated three times at each sampling pointseterchine the bacteriological quality of irrigativater and
irrigated vegetables using standard methods ofyaisalThe faecal coliform count for the irrigatiasater ranged
between 6.35 x foand 92.1 x 1Dcfu/100ml and the faecal coliform count of thegated vegetables ranged
between 0.02 x foand 19.05 x 10cfu/100g. The results demonstrated that the iibgawater and irrigated
vegetables were heavily polluted with faecal materhich were above the recommended standard valies
less than 1000 feacal coliform/100ml and 1000 faeal#iform/100g set by World Health Organization (\O).
The results also showed the presencé&soherichia coli, Saphylococcus Spp, Shigella Sop, Klebsiella, and
Salmonella Spp in the irrigation water and irrigated vegetablenptes. All these bacteria are of public health
significance and their presence indicate feacaltaoomation. It is recommended that wastewater from
Maiduguri main abattoir be treated before dischaygnto the receiving river Ngada. It is also recoamded
that irrigated vegetables are washed thoroughlly tniine before consumption.
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1. Introduction

Wastewater irrigation is the mechanical means phépg wastewater to agricultural crops during trewing
season. The use of wastewater for irrigation i®@ury-old practice that is receiving more attemtigith the
increasing scarcity of fresh water sources in mariy and semi-arid areas, in which Maiduguri bekng
(Ackersonet al., 2012). Hussairet al., (2001) estimated that at least 20 million hextain 50 countries are
irrigated with raw or partially treated wastewat®f.the World’s total arable land, 17% is irrigaiad produces
34% of the needed crops (Pescod, 1992). Smit asd, KiE92) estimated that one tenth or more offtteeld’s
population consumes foods produced on land irrchateh wastewater. Three-quarters of the irrigateshgd192
million hectares) is located in developing courgtri@nited Nations, 2002). Frequently in these toes,
wastewater is used to irrigate land because of Higgnand for water (70% of total use), the availgbibf
wastewater, the productivity boost that the addgeidents and organic matter provide, and the pdggibo sow

all year round. Economic and agronomic advantagesametimes promoted in wastewater reuse. Onlkeof t
most economically feasible agricultural uses ofai@ted water is the irrigation of vegetables whighically
have high returns per volume of water invested T ©ze, 2006). However, there are several studising
about health risks and environmental impacts.

In developing countries, continued use of untreatedtewater and manure as fertilizers for the prodn of

vegetables is a major contributing factor to coriteation that causes numerous foodborne diseaseecalih
(AdeOluwa, and Cofie, 2012). Saat al., (2011), have demonstrated a very close reldtipnbetween the
consumption of fruits and vegetables irrigated wittv wastewater and diseases such as gastroemntehiilera,
chemical toxicity e.t.c

The microorganisms present in the wastewater camanonate crops, then pass into the food chain and
eventually infect humans (Pianedtial., 2004). The enteric bacteria are perhaps the owsimon pathogens
present in wastewater arghlmonella species that occur most frequently. Coliform baatbave served as
indicators of faecal contamination of water for maears, and their densities have been utilizedriéaria for

the degree of pollution (Telts@hal., 1980).
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In Nigeria, it was also reported by (Nafarnetaal., 2012), that untreated abattoir wastewater dis@thigto
water bodies contains bacterial counts above tbemmenended level for discharge into water bodiess Tan
have a negative impact on the water quality andegient contamination of the surface water meantaidous
purposes including irrigation. In Nigeria, it was@areported by (Nafarndet al., 2012), that untreated abattoir
wastewater discharged into water bodies contaiegtehial counts above the recommended level forhdigge
into water bodies. This can have a negative impacthe water quality and subsequent contaminatfoine
surface water meant for various purposes includingation. In Nigeria, it was also reported by (Biandaet
al., 2012), that untreated abattoir wastewater dis@thigto water bodies contains bacterial counts alibe
recommended level for discharge into water bodiéés can have a negative impact on the water quafid
subsequent contamination of the surface water méantvarious purposes including irrigation. Due to
inappropriate and inadequate urban sanitationstriatures in Maiduguri metropolis, the wastewagenerated
in the city and the abattoir is channeled direuatithout treatment into the receiving river Ngaddieh is often
used as a source of water for irrigation. Heneestiudy was necessary to investigate the irrigatiater quality
and irrigated vegetables in Maiduguri, Nigeria.

2. Materialsand M ethods
2.1 The Study Area

Maiduguri is the capital of Borno State, Nigerialiés between latitudes 110 45'N and11 51'N amgitades
130 2'E and 130 9'E. It is located in the NgadairBasith a seasonal stream that flows through Mgidu
Maiduguri has a total population of 540,016 (NPOQP?). The River is used for various human actsiti
including domestic, car washing, and irrigationvefjetables and fishing activities. The River orgges from
River Yedzram and Gombale both in Nigeria which treeSambisa, and flows as the river Ngada intauAla
Dam and stretches down across Maiduguri metropdiesre it empties into Lake Chad.
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Figure 1. Map of Borno State Showing Maiduguri
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2.1.1 Data collection

Irrigation water samples were collected from thieations along the river Ngada where farmers absivater
for irrigation. Vegetable (lettuce) production sitevere also selected at each location. A totahinéteen
samples comprising of nine irrigation water samplied ten vegetable samples were collected andzethlifhe
Samples were replicated three times at each sagnpbimt at an interval of one week between the oo
March to April. This period marked the dry seasdmewthe demand of water for irrigation purposes way
high in the area. Sampling was carried out betwbenhours of 8 and 10am at the time when farmenrg we
irrigating. Water samples were collected accordmghe procedure recommended by American Publidthlea
Association (APHA 1992). Water samples were cofidatising universal container and vegetable sanpbes
cut into a factory sterilized polythene bags, ladehccordingly and transported to the laboratothiwitwo to
three hours of sampling for analysis.

2.1.2 Microbiological Analysis

Total Bacterial Count

A viable plate count method was used in the deteation of total bacterial count in each of the sk®p
collected. About 259 of each vegetable was soaked5min and washed by shaking thoroughly withilster
distilled water. This method consist of measuring lof each of the irrigation water and vegetabgskvwater
samples into 9ml of sterile saline, and platingeseof serial dilution (i.e 7 10¢%, 1) onto plate counter agar.
The number of bacteria per ml of each sample was itolated and counted by calculating the Colomiyriing
Unit (cfu).

C.F.U. = no of colonies/inoculums size (ml) x dibut factor C.F.U / ml

Colonies between 30 and 300 were counted while rfatwen 30 colonies and more than 300 colonies were
neglected.

Faecal Coliform Count
About 259 of each vegetable sample was soakedSimirLand washed by shaking thoroughly with 225ml of

0.1% sterile peptone water. Serial dilutions ofreaegetable washing and irrigation water samplag weade in
sterile peptone water at dilutions™1#® 1¢. Faecal coliform count of water samples was detexchusing the
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serial dilution and spread plate method (Ajayal., 2008). Aliquot of 0.1ml of appropriate dilutiofisr both
sample types were each inoculated on Eosine MetbyRiue (EMB) Agar plates by spread plate technique
Inoculated EMB Agar plates were incubated at 42 fr 24h. Characteristic colonies which appeardraen
black with metallic sheen on EMB agar were courggsdaecal coliforms. Typical colonies were inocedainto
lactose broth in test tubes containing inverted haor's tubes and were incubated afC44or 24h for
confirmatory tests. Gas and acid production cordttrfaecal coliform test (Ogunskeal., 2006).

Most Probable Numbet. Coli

Membrane filtration technique was used for thenestion of Most Probable Number BfColi. Serial dilution of
each of the irrigation water and vegetable sampie® prepared up to 1,0by dispensing 1ml of each sample
into 9ml of sterile normal saline and then comptéee dilution in 5 sterile 20ml universal bottlésnl from each
of the dilution was aseptically dropped on stemiembrane filter; the membrane filter was then ealfuin Mac-
Conkey agar. After 24 hours of incubation at@4coliform colonies were then counted under a asicope. All
pinkish colonies on the membrane filter were codniéhis gives the presumptive numbertséali in each of
the samples analyzed.

Isolation of Possible Bacterial Pathogen

Bacterial isolation was restricted to aerobic aaduftative microorganisms since river Ngada is Iskhabnd
light penetration was at its maximum. Bacteriahpgens were isolated from the samples by inocgaach of
the samples onto Blood Agar, Mac-Conkey Agar, Salktla-shigella Agar and Eosin-Methylene Blue Agar.
Cultural, morphological and staining propertiesvesll as sugar fermentation of isolates from eachheaf
selective media were used in identifying any pa#imig bacteria in each of the samples analyzed.

3. Results and Discussions
Table 1. Total bacterial count of the irrigationtera

Irrigation water s samples Total Bacterial Count (cfu/ml)
w1 1.8 x 10
w2 6.2 x 10
w3 5.6 x 10

W1, W2 and W3are irrigation water samples at sample points P1, P2 and P3 respectively

Sample W2 recorded the highest value of total batteount of 6.2 x 10cfu/ml while sample W1 recorded the
lowest value of 1.8 x f@fu/ml. The high value recorded for sample W2 ccadattributed to the point source
of pollution from Maiduguri main abattoir wastewatehich may contain growth factors that could biiagtd
by the microorganisms found in the irrigation watence the high microbial count.

Table 2. Total bacterial count of vegetables itegawith river Ngada and fresh waters

Vegetable Samples Total Bacterial Count (cfu/g)
V1 1.5 x 10
V2 2.3x 10
V3 3.1x 16
VC 0.7 x 16

V1, V2, V3 and Vc are vegetable samples at sampling points P1, P2, P3 and Pc (control point) respectively

The total bacterial count presented in table 2ewier the order of V3>V2>V1>VC. The highest value of
3.1x10was recorded for sample V3 and the lowest valu®.@k1Grecorded for the fresh water irrigated
vegetable sample (VC). The high value of bacter@int recorded for sample V3 could be attributedhi®
highly polluted water used for irrigation and otla@thropogenic activities.
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Table 3. Faecal coliform counts of the irrigatioater

Water Samples Faecal Coliform Count (cfu/100 ml)
w1 6.35 x 10
W2 92.1 x 16
W3 27.0 x 16

The faecal coliform counts of the water samplesewmresented in Table 3. Water sample W2 recorded th
highest value for faecal coliform count of 92.1 @ tfu/100ml. The presence of faecal coliform is iageix for
the bacteriological quality of water (Chigetral., 2012). The levels of faecal coliform counts aled in all the
water samples were higher than the 1000 faecdbcwii1l00ml as recommended by W.H.O (2006). Thé hig
faecal coliform counts recorded for samples W2 @il were a reflection of the level of effluent frqmoint
sources of contamination from different sourcehsacdomestic wastewater, market place and abattoir

Table 4. Faecal coliform counts of vegetables ateg with river Ngada and fresh waters

Vegetable samples Faecal Coliform Count (cfu/100 g)
V1 0.09 x 10
V2 19.05 x 10
V3 12.7 x 0
VC 0.02 x 10

From Table 4, the faecal coliform counts for a# tregetable samples analyzed ranged from 0.0Z t0119.05

x 107 cfu/100g. The highest faecal coliform count wasorded for sample V2 while sample VC recorded the
lowest value of the faecal coliform count. The femliform counts of vegetable samples V2 and ¥&eded
the recommended standard of 1000 cfu/100g for fresigetable by International Commission on
Microbiological Specification for Food (ICMSF, 197hile sample V1 and the fresh water irrigatedetable
(VC) were within the recommended standard valuedrésh produce. The high faecal coliform levelseived

for samples V2 and V3 could be attributed to tlghlyi polluted river Ngada water. This finding isndliar to the
results obtained by Abakmh al (2013) of high faecal coliform level that exce¢lls recommended standard in
irrigation water and irrigated vegetable in Kandgétia.
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Figure 2. Most Probable Number®fColi for irrigation water and irrigated vegetables

Figure 2 shows the Most Probable NumbeEo€ali in both the irrigation water from river Ngada anibated
vegetable samples. Sample W2 recorded the higtase \of the Most Probable Number Bf Coli while
samples V1 and VC recorded zero values. The trogavater samples in all the locations were abthe
recommended standard of less than 1 per 1008l @oli for irrigation. The high number d. Coli recorded
for sample W2 could be attributed to the abattffiuent discharge. The presencekofcoli is never beneficial to
a consumer and always points to the possibilityaetal contaminatiorE.Coli are normal inhabitants of the
intestinal tract and are practically always presetiaeces and thus also in faecally contaminatetemv This has
resulted in the almost universal usebofcoli as the standard indicator for faecal contaminatinanciset al.,
1999). The presence Bf Coli in the vegetable samples V2 and V3 indicated tfezieof irrigation water on the
quality of the irrigated vegetables.

Table 5. Pathogenic bacteria isolates in irrigati@ter from river Ngada

Samples
Organisms W1 W2 W3
Bacteria Shigella Spp Shigella Sop Shigella Sop
- Salmonela Sop Salmonela Sop
Saphylococcus Sop Saphylococcus Sop Saphylococcus Sop
E.Coli E.Coli E.Coli
- klebsiella -

Table 5 shows the bacterial isolates from river ddgavater. The bacterial isolates incluggherichia coli,
Staphylococcus Spp, Shigella Spop, Klebsiella, and Salmonella Sop. Among the isolated bacterighigella spp,
E.Coli and Staphylococcus Sop were the most common pathogenic bacteria in alliigation water samples
analyzed Salmonella spp were isolated from samples W2 and W3.
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Table 6. Pathogenic bacteria isolates in vegetdldtsce) irrigated with river Ngada and fresh evat

Vegetable samples
Organisms V1 V2 V3 VC

Bacteria Shigella Spp Shigella Sop

Saphyl ococcus Saphylococcus Sop  Stapphylococcus  Sapphylococcus
Fp E.Cali Sop E.Coli Fp

Table 6 shows the pathogenic microorganisms preserthe surfaces of vegetables (lettu&dphylococcus
spp were present in all the vegetable samples wghilgella spp were present in samples V1 and E.Coli was
isolated from the surfaces of samples V2 and VBeetively. The presence of these pathogenic bacierhe
irrigation water sources and the irrigated vegetlmould be due to the wastewater discharge frosukan
Shanu abattoir without treatment and applicatiomahure to the farm land as fertilizer.

4, Conclusion

This study examined the presence of microbiologmatl contaminants in lettuce and irrigation wdtem river
Ngada. The Results clearly indicated the presemdagh counts of bacterial growth in leaves andgation
water samples. The bacteriological count of rivgrabla water and irrigated vegetables obtained & shidy
exceeded the recommended microbiological limits lBetW.H.O (2006). Point sources of effluents from
Kasuwan Shanu abattoir contributed significantlytite continuous influx of microorganisms to thdgation
water source. Therefore, it is recommended thatemager from Kasuwan Shanu abattoir be treatedréefo
discharging in to the receiving river and irrigatedgetables be washed thoroughly with brine before
consumption.
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