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ABSTRACT

Wastewater use in urban agriculture is common asesult of rapid urbanisation and increasing
competition for water. This study sought to assesiical exposures associated with the trans-
mission of faecal pathogens among farmers and comsus of wastewater irrigated produce and
to assess the adoption of the multiple-barrier appch advocated by the WHO guidelines to
minimise health risks. From September 2012 to Aug@813, 323 soil and irrigation water sam-
ples, and 501 raw produce and ready-to-eat salachgkes were collected from fields, markets,
and kitchens in Accra, Ghana. All samples were aysed for E. coli using standard procedures.
In addition, 693 participants including farmers, welors, and consumers were interviewed and
observed. The results showed that irrigation wateas significantly more contaminated than
farm soil, though exposure to soil was found to pothe key risk to farmers due to hand-to-
mouth events (10 events/day). Over 80% of the poedsamples were found contaminated with
E. coli, with street food salad found to be the masntaminated (4.23 Log E. coli/g). Risk fac-
tors identified for produce contamination includefdrm soil, wastewater use, and poor food and
environmental hygiene. Awareness of the sourcerdafjation water was low, but despite the high
awareness of health risk, consumers did not priaé health indicators when buying produce.
The study recommends the promotion of interventidhsit would result in more direct benefits
to producers and vendors, together with hygiene eation/inspection, hygiene certification, and
enforcement of food safety byelaws in order to maithealth.

Keywords: Ghana, wastewater irrigation, produce, risk perdeps, multiple-barrier approach

INTRODUCTION nated with pathogens such as bacteria, viruses
Although the full extent of disease burden atand parasites, but also chemicals or bio-toxins
tributable to food-borne diseases is largely unfHird et al, 2009 and Scallaet al, 2011). The
known, food hygiene and food safety are majorisk factors for produce contamination are di-
public health concerns. Food-borne diseasegerse, and may include animal, human and en-
result not only from consuming food contami-vironmental sources such as wastewater used
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for irrigation (WHO, 2006). To safeguard hu-food hygiene practices, factors that influenced
man health when wastewater is used in agricuthe purchase of produce or prepared salad,
ture, the World Health Organisation (WHO)awareness of the source of irrigation water or
has developed guidelines for its safe use. Theroduce, and whether this awareness influenced
current guidelines are based on a Quantitativparticipants’ buying of salad vegetables. Three
Microbial Risk Assessment (QMRA). The focus group (6 participants per group) discus-
guidelines also recommend a multiple-barriesions were also held each with market vendors
approach which prescribes health protectiomand farmers.

measures at different entry points along the

food chain in order to protect consumers andata analysis

farmers health (WHO, 2006). This study aimedData analysis was done using STATA 12
to determine key exposures associated with thgtataCorp LP, College Station, USA). All

risk of faecal related disease transmission fromoli concentrations were Lgg transformed
wastewater to farmers. The study also sought toefore statistical analysis was performed on
identify key risk factors associated with theboth normally and non-normally distributed
microbial quality of produce and ready-to-eatdata. The Mann-Whitney and Kruskal-Wallis
salad along the food chain. Finally the studytests were used to test for the association of risk
determined how farmers, vendors and consunfactors with street vended salad microbial qual-
ers’ awareness of health risks of produce irriity, while one-way anova and two sample t-test
gated by wastewater influence their purchaseyere used to assess the effect of risk factors on
and consumption of food prepared with hygieng@roduce quality at farms, markets and restau-

practices. rants in the univariable analysis. Statistically
significant differences between exposures and
METHODS outcomes in the multiple regression model were

The study was conducted in Accra, the capitaineasured at 5% significance level.

of Ghana with a population of 1.9 million

(GSS, 2012). The study adopted a mixedRESULTSAND DISCUSSION

method approach where a total of 693 particiFar mers exposureto faecal contamination

pants were interviewed from October 2012 tdEleven farming activities were observed during
December 2012 (dry season), and from June the 3 hours, though the majority of time (142
August 2013 (wet season). Lettuce, soil andnhinutes (79%) out of 180 minutes) was spent
irrigation water samples were collected fromon five key activities (irrigation, forking, re-
three wastewater irrigated fields, while lettucemoving weeds, bed preparation and transplant-
cabbage and prepared salad were collectedg), with irrigation being the most common
from three central markets and 50 street vend¥ig. 1). Within the 3-hour observation when
ing stalls/restaurants respectively. All samplegarmers were working, 86% of the farmers were
were processed fdE. coli using the membrane observed to have their hands come into contact
filtration technique with BBL MI agar (Beckton with soil for an average time of 100 minutes,
Dickinson, Sparks, USA) (Oshiro, 200Bach 93% worked bare-foot for 145 minutes, while
farmer and market vendor was observed for 83% had their feet and hands exposed to irriga-
hours from 7:00 hrs to 10:00 hrs using struction water for at least 88 minutes.

tured observation guide, while each street food

vendor was observed from 18:00 hrs to 21:0Garmers were also observed to have their hands
hrs. Farmers were observed on their farmingome into contact with their mouths when un-
activities including irrigation and manure appli-dertaking the various farming activities, and the
cation, while vendors were observed on wherenedian hand-to-mouth events (contacts) was
and how they displayed and stored their proebserved to be 10 per day. With regards to mi-
duce. Questionnaires dealt with sanitation androbial quality of environmental samplethe
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Fig. 1: Observed time (3 hours) for undertaking farm activities

median concentration of irrigation water wasfood safety standards (Ghana Standard Board
found to be 5.6 Lode. col/100 ml, while the (Authority), 2009). In addition, 40% of salad
mean concentration of soil was 2.3 LiBgcol/  samples from restaurants, 12% of lettuce from
g. Despite the higher contamination of irriga-wastewater fields, 20% of lettuce sold at mar-
tion water, exposure to soil was found to be th&ets, and 82% of cabbage from marketsre

key risk to farmers due to hand-to-mouthalso found to be satisfactory based on the
events, which were observed only during soilGhana food safety standards. The results of the
related activities. The findings on hand-to-study did not identify specific risk factors for
mouth contacts therefore support the WHGstreet vended salad, though poor sanitation and
QMRA risk model approach that calculateshygiene practices at the vending sites could
permissible disease, or infection risk for farm-play a role (Funget al, 2011), while the cut
ers irrigating with wastewater based on the amature of the salad also facilitated the growth of
cidental ingestion of soil. This notwithstanding,microorganisms (Harrist al, 2003). Other risk
farmers’ exposure to wastewater could also bfactors for street salad could be the time be-
of significant risk when investigating patho-tween salad preparation and consumption, and
gens, or chemical risks that occur via skin convendors practice of not covering salad (6l

tact (Tranget al, 2007). al., 2009, Allendeet al, 2008). A key recom-
mendation for street food vendors will be to
Produce quality from farm to fork prepare salad in small quantities based on cus-

Out of the 501 produce and prepared salad sartemer inflow, in order to prevent contamination
ples that were collected, prepared salad frordue to inadequate storage aimmhppropriate
street food vendors was found to be the mosemperatures. At restaurants, those who oper-
contaminated (4.1 LoB. colig, p < 0.001, Fig. ated with a valid hygiene certificate had on
2), and that only 10% of the samples lkadoli average 1.53 Lodt. colig less contamination
concentrations < 100 cfu/g and hence can bef their salad than those without hygiene per-
deemed satisfactory for consumption based omit, suggesting that local authorities should
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Fig. 2: E. coli concentrationsin raw produce and ready-to-eat salad at different entry points
along thefood chain
Solid horizontal line: limit of E. coli concentrati classified as microbiologically satisfactory fmnsumption

require vendors to obtain one. els of E. coli found in soil or irrigation water.
Although restrictions on the use of untreated
No environmental exposures were identified atvastewater, and adoption of crop restriction
the markets that influenced market produceemain the best ways to ensure food safety in
quality. However, the storage time of lettuceAccra, these measures are difficult to imple-
was associated with increased level€ofcoli ment in resource constrained countries due to
on produce (p = 0.05), while & increase in cost and lack of alternative sources of irrigation
the storage temperature of cabbage also resater. In such circumstances, interventions that
sulted in a reduction of 0.28 Ldg colig in the require less restrictions and minimal financial
produce quality. investment are recommended, and should in-
clude controlled fetching of irrigation water
Vendors’ washing practices at markets couldom sedimentation ponds, and use of watering
also introduce microbial contaminants if thecans fitted with caps/filters for irrigation.
water was contaminated as was shown at mageraitaet al, 2008a and Keraitet al, 2008b).
kets in Portugal (Vaz da Costa Vargatsal,
1996) and in Bangladeqli et al, 2012). Awareness of health risks and adoption of
Vendors are advised to wash produce unddtealth protective measures
running potable water, or use multiple batchedwareness of the source of irrigation water

of potable water in order to prevent producéised for vegetable cultivation was highest
recontamination. among market vendors (66%), while a far lower

proportion of street food consumers (30%)
At farm level, the concentrations @&. coli Claimed being aware of the sources of irrigation

found on produce increased with increased lewvater (Fig. 3). Market vendors also claimed
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Fig. 3: Wastewater irrigation and health risk awar eness and per ceptions

F=farmers, MV=market vendors, DC= domestic conswsr(produce buyers at markets),
StV=street food vendors, StC=street food consumers

good awareness of the origin of produtéfe based primarily on friendship (28%) and good
know of the source of water farmers use to irriprice (20%) and not on health indicators like
gate vegetables in Accra — you can even smallean environment. Consumers of street food
it when you buy the produceAt markets, less also attributed the taste of the food (49%) and
than half of domestic consumers (44%) reconvenience (30%) as the main motivators for
ported being aware of the source of productheir consumption aside cost (11%). For do-
they bought. Awareness of wastewater healtmestic consumers, buying produce was not
risk was highest among domestic consumersfluenced by awareness of health risk, or the
(80%) of produce and lowest among farmersource of produce, but was strongly associated
(37%). Knowledge of wastewater related diswith knowledge of the source of irrigation wa-
eases was also highest among domestic coter (OR = 8, p < 0.001). The fact that risk
sumers with 66% correctly identifying diseasesawareness, and knowledge of risks, do not nec-
such as diarrhoea/cholera and worm infection®ssarily translate into healthy behaviour has
Although awareness of wastewater health riskeeen shown in past hygiene programmes; with
was high among street food consumers, 35% akveral studies having shown that knowledge of
those who were aware of the health risks werathen to wash hands, did not translate in high
unable to correctly mention a disease associatéthind washing rates at key times (Scaittal,
with exposure to wastewater. Street food con2007, and Freemaet al, 2014).

sumers did not also prioritise health indicators

when buying food. Only 2% of consumersOur results also show that being aware of the
chose a vendor based on food safety reasohgalth risk did not necessarily influence the
with the majority concerned about the taste obuying of produce or consumption of salad
the food (46%, Fig. 4). Similarly, domestic particularly among domestic consumers. This
consumers’ choice of a vendor for produce wanding could be due to the fact that most sales-
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Fig. 4: Main factorsinfluencing street food consumers (A) and domestic consumers (B) to buy
prepared salad or produce from vendors (N=160 each)

persons and consumers were unaware of ttehannels to increase trust between vendors,
sources of produce, or the quality of irrigationlocal authorities, and consumers regarding food
water used for the produce. This is also likelysafety.

to be true as the study results also confirmed

that those who were aware of the source of pr&ONCLUSION

duce and quality of irrigation water were lessThis study showed that there was potential
likely to buy wastewater irrigated produce.health risk to wastewater irrigation farmers and
Convenience, or a lack of time is also an imporeonsumers of wastewater irrigated produce, and
tant driving force that makes consumers to bujence the need to intervene appropriately to
produce at one particular place, or to use footeduce these risks. Access to credit schemes
vendors where the food quality is unknown.and improved land security are recommended
The findings of this study suggest that relyingmeasures to encourage farmers to adopt risk
on health indicators to promote the adoption ofeduction measures. Regarding health risk to
health protective measures may not be suffieonsumers, risk reduction interventions should
cient to influence any behaviour change. Arbe prioritised at markets and kitchens, due to
alternative approach would be to promote interthe high levels of contamination on produce/
ventions that would create direct benefits tmalad at these sites, and the comparatively eas-
producers and vendors. These interventionier implementation of risk reduction measures
may include the award of credit or loanat these domains compared to the farm level.
schemes to farmers and vendors who abide Byecommended measures include hygiene in-
the prescribed risk reduction measures, suppospection and monitoring, hygiene certification
from agricultural extension officers on food and improved environmental and food hygiene
hygiene, and development of communicatiorpractices.
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