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There  has  been  limited  research  and  understanding  of  the  water  quality  in  developing  countries.  Fresh  produce
consumed  raw  is  nutrient‐dense  but  is  more  susceptible  to  causing  foodborne  illness  when  contaminated water
is  used  in  production  and  consumption.  There  have  been  increasing  reported  incidences  of  foodborne out-
breaks  in  Nepal  linked  to  fresh  produce  contamination.  However,  water  used  in  washing  fresh  produce  by con-
sumers  and  water  used  by  growers  or  vendors  is  rarely  tested.  This  research  examines  the  source  water  used by
consumers  and  growers  in  fresh  produce  systems  in  Nepal.  To  examine  Escherichia  coli  (E.  coli)  detection as an
indicator  of  contamination  risk  in  water,  we  selected  five  major  metropolitan  cities  for  consumer  households
and  ten  districts  representing  commercial  growers  of  vegetable  growing  areas  of  all  seven  provinces  of  Nepal.
Altogether,  we  collected  394  water  samples  from  randomly  selected  individual  households:  156  from consumer
households  and  238  from  growers  or  vendors.  Results  suggest  that  59%  of  the  water  used  in  fresh  produce sys-
tems  is  contaminated  with  E.  coli  in  Nepal.  On  the  water  source  used  by  consumers  to  wash  fresh  produce
before  consumption,  we  found  that  the  dominant  sources  are  the  stored  water  in  tanks  or  containers  (46%)
and  municipal  or  communal  supply  water  (39%)—which  have  E.  coli  prevalence  rate  of  66%  and  57%,  respec-
tively.  On  the  dominant  sources  of  water  used  in  fresh  produce  by  growers  or  vendors,  we  found  up  to  88% of
E.  coli  prevalence  in  the  water  they  use.  We  also  discussed  the  location  or  regional  differences  in  contamination
risks.  This  nationally  represented  study  has  implications  for  intervention  policies  and  programs  for  safer  food
production  and  consumption  practices  in  countries  like  Nepal  where  food  safety  is  an  emerging  priority.
  
 

 
 

  
  

 
 
  

 

  
 

Consumption  of  fresh  produce  contributes  to  dietary  diversity and
well‐nourished  individuals,  households,  and  communities.  Inadequate
food  consumption  and  low  dietary  diversity  contribute  to  undernutri-
tion  in  the  households  of  developing  countries  like  Nepal  (Singh et al.,
2020).  Increasing  access  to  nutrient‐dense  foods,  including  salad veg-
etables  typically  consumed  raw,  can  mitigate  this  issue— but  only if
the  high  risks  of  foodborne  illness  through  these  are  eliminated.  How-
ever,  contamination  with  the  organism  that  causes  foodborne illness
can  undermine  their  contributions  to  reaching  nutritional  targets.
Fresh  produce  is  increasingly  recognized  as  a  source  of  foodborne out-
breaks  in  many  parts  of  the  world  (Lynch  et  al.,  2009;  Olmez,  2016).

The  increased  consumption  of  fresh  produce  has  further  heightened
concerns  regarding  its  food  safety  (Feng  &  Reddy,  2014).  A rising
 
 

 

   

 
 

 

number  of  foodborne  outbreaks  are  linked  to  the  consumption of  fresh
produce  when  the  produce  is  contaminated  with  pathogenic  bacteria
(Callejon  et  al.,  2015).  In  Nepal,  the  consumption  of  fruits  and vegeta-
bles  without  proper  washing,  particularly  those  consumed  raw,  was
found  to  be  one  of  the  predisposing  factors  to  public  health issues
(Bhandari  et  al.,  2015).  Kavre‐Panchkhal’s  foodborne  outbreak in
September  2018  in  Nepal  was  one  of  the  largest  cases  in  Nepal  where
452  cases  were  identified  with  gastrointestinal  illness,  vomiting,  and
diarrhea.  All  the  affected  cases  appear  to  have  food  eaten  from the
same  place  during  a  mass  gathering  for  a  cultural  festival  (Adhikari
et  al.,  2021).  

Water  is  a  primary  source  of  contamination  from  the  production of
fresh  produce  to  its  consumption.  Rivers,  wells,  hand‐pump  or tube
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wells,  municipal  water  supplied,  and  stored  water  in  tanks  and con-
tainers  are  regularly  used  water  sources  in  Nepal  for  washing fresh
produce.  The  use  of  unclean  water  can  lead  to  cross‐contamination
which  could  act  as  a  medium  for  the  spread  of  pathogens  while wash-
ing  fresh  produce  (Perez‐Rodriguez  et  al.,  2014).  Shrestha  et  al.  (2017)
demonstrated  that  the  consumers  of  raw  vegetables  in  metropolitan
areas  (specifically  the  capital  city,  Kathmandu  Valley)  are  at  signifi-
cant  risk  of  developing  diarrhea,  largely  because  farmers  and  vendors
wash  their  produce  with  unsafe  water.  Ghimire  et  al.  (2020)  found a
notable  presence  of  pathogenic  bacteria  in  the  salad  vegetable  samples
from  the  markets  in  Nepal.  The  researchers  also  documented  instances
of  inappropriate  or  inadequate  water  usage  in  salad  vegetables.  Pro-
viding  clear  guidance  for  producers  and  consumers  on  the  quality of
the  water  use  during  production  and  consumption  is  important to
ensure  safety  and  health  (Banach  &  Van  Der  Fels‐Klerx,  2020).  Water
is  used  in  many  stages  of  fresh  produce  growing,  marketing,  and con-
sumption.  However,  water  used  in  the  fresh  produce  systems  by grow-
ers,  vendors,  and  consumers  is  rarely  tested  in  Nepal.  

Finding  the  current  barriers  to  fresh  produce  safety  and  the  aware-
ness  level  among  consumers  and  growers  can  facilitate  strategic poli-
cies  and  investment  designs  on  fresh  produce  systems  in Nepal
(Khanal,  Gurung,  Timilsina,  &  Poudel,  2023).  An  evaluation  of  water
contamination  is  a  crucial  step  to  address  the  contamination risks
and  to  increase  awareness.  Assessment  of  the  source  of  contamination
in  fresh  produce  would  help  to  improve  the  adoption  of  food safety
practices  by  both  producers  and  consumers.  Therefore,  this  study has
examined  the  contamination  of  location‐specific  water  sources used
in  fresh  produce  systems  as  a  part  of  a  research  project  in  Nepal  from
the  Food  Safety  Innovation  Lab  (FSIL)  and  funding  support  from the
US  Agency  for  International  Development  (USAID).  

Specifically,  this  research  focuses  on  E.  coli  prevalence  in  the water
used  in  fresh  produce  because  fresh  produce  is  frequently  contami-
nated  with  foodborne  pathogens  (Tambekar  &  Mundhada,  2006).
Moreover,  the  E.  coli  prevalence  test  has  served  as  an  indicator  of  con-
tamination  in  food  and  water  (Ashbolt  et  al.,  2001)  and  the  possibility
of  the  presence  of  pathogenic  microorganisms  and  food‐borne  bacteria
(Benjamin  et  al.,  2013;  McEgan  et  al.,  2013).  In  addition,  E.  coli. is
frequently  used  as  an  indicator  organism  to  detect  levels  of  fecal  con-
tamination  in  food  and  water  samples  that  may  be  intolerable (Atlas,
1998).  

We  tested  water  used  by  consumers  to  wash  their  fresh  produce
before  consumption  and  the  water  used  by  commercial  growers or
vendors  in  fresh  produce  systems,  including  irrigation  and  wash water
before  marketing.  Following  the  general  understanding  of  Nepal,  we
define  commercial  growers  as  those  who  have  market  connections
and  sell  their  fresh  produce.  To  the  best  of  our  knowledge,  no  previous
studies  had  systematically  tested  consumer  and  grower/vendor  water
using  nationally  represented  samples  capturing  all  seven  provinces and
five  regions  from  east  to  west  Nepal.
 

 

  

  
   
 

 
  
  

 

 
  
  

 
 

  
Materials  and  methods

Sample  selection  method  for  water  collection.  To  examine
consumer’s  source  water  in  fresh  produce  systems,  we  collected water
samples  from  consumer  households  from  five  major  metropolitan
areas  of  Nepal—namely,  Kathmandu,  Pokhara,  Bharatpur,  Butwal,
and  Hetauda,  from  June  to  August  of  2022.  By  Kathmandu,  we  denote
the  Kathmandu  Valley  metropolitan  area  in  this  study  as  it  encom-
passes  a  larger  metropolitan  area  involving  proximity  and close
commercial,  market,  and  location  ties  of  three  districts  within this
(the  Valley  captures  metropolitan  areas  of  Kathmandu,  Lalitpur,  and
Bhaktapur  districts).  Moreover,  it  is  common  to  denote  Kathmandu
referring  to  “Kathmandu  Valley”  as  a  common  larger  metro  area in
studies  and  communication.
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 Water  sample  collection  and  testing  procedure.
 

 

 

 
 
 

 
 
 
 

 

 
 

 
 

 

 
  

 
 

  

Three  to  four  wards  from  each  metropolitan  area  (a  ward is the
smallest  unit  of  local  government  in  Nepal  within  a  metropolitan area
or  municipality)  were  selected  using  stratified  random  sampling meth-
ods  without  replacement.  After  preparing  the  sample  frame  from the
selected  ward  of  each  metropolitan  area,  in‐person  interviews  were
conducted  with  one  adult  representative  member  of  the  household
to  record  the  complete  information  regarding  the  water  source used
by  the  consumer  to  wash  their  fresh  produce.  From  the  randomly
selected  ward  of  five  metro  cities,  we  collected  156  water  samples,
the  consumers  use  to  wash  the  fresh  produce  before  consumption,
from  randomly  selected  individual  households  representing  all  major
Tole  clusters  within  the  selected  wards.  Toles  represent  the  clusters
or  neighborhoods  within  a  ward  of  a  municipality.  

To  examine  commercial  fresh  produce  growers  or  vendor’s  source
water,  we  selected  10  districts  representing  major  vegetable  pocket
areas  of  all  seven  provinces  in  Nepal.  We  administered  purposive
sampling  for  the  selection  of  municipalities  within  the  districts to
include  municipalities  and  villages  with  major  commercial  producers
of  vegetables.  A  list  of  commercial  vegetable  growers  was  prepared
in  each  selected  municipality  or  village  by  consulting  agriculture insti-
tutions  and  local  producer  groups.  From  the  list  of  fresh  producers, in‐
person  interviews  were  conducted  to  know  their  source  water  in fresh
produce  systems,  specifically  irrigation  water  and  the  water  used to
wash  their  fresh  produce  before  marketing.  From  the  growers  and ven-
dors  who  wash  their  fresh  produce  before  marketing,  we  collected
altogether  238  water  samples  from  randomly  selecting  individual
growers  or  vendor  households  representing  each  district  and cluster.
Figure  1  shows  the  water  collection  districts.  As  shown  in  Figure 1,
our  collected  water  includes  the  following  districts  from east  to west
Nepal  representing  all  seven  provinces:  Morang  (Koshi  Province/
Province  1),  Sarlahi  (Madhesh  Province/Province  2),  Kathmandu,
Lalitpur,  Chitwan,  Makwanpur  (Bagmati  Province),  Kaski  (Gandaki
Province),  Rupandehi,  Banke,  and  Palpa  (Lumbini  Province),  Surkhet
(Karnali  Province),  and  Kailali  (Sudoorpaschim  Province).  

 Before  conduct-
ing  the  water  sample  collection  from  the  randomly  selected house-
holds,  the  project  team  designed  a  detailed  protocol  for  water
collection  and  testing.  The  water  collection  protocol  and  the  project
activities  including  this  water  collection  and  sampling  were  reviewed
and  approved  by  ethical  committees  of  the  project  partner  institutions
who  are  leading  and  implementing  the  activities.  Prior  to  the water
collection  and  testing,  the  Institutional  Biosafety  Committee  (IBC) of
the  institution  leading  the  water  collection  and  testing  process
reviewed  the  process  and  protocol  and  approved  it.  

Collection  of  fresh  produce  washing  water  samples  from the sam-
pled  consumer  households  was  done  between  June  and  August of
2022  while  water  samples  from  grower  or  vendor  households  were
collected  between  October  2022  and  February  2023,  in  combination
with  the  household  survey  activities  of  the  project.  The  Aquagenx
CBT  EC+TC  Kit  (Aquagenx  LLC)  was  used  to  test  the  collected water
sample  (detail  information  on  Aquagenx  and  kit:  https://www.aqua-
genx.com/cbt-ectc/).  Aquagenx  CBT  EC  +  TC  Kit  has  been widely
used  in  water  quality  monitoring  in  developing  countries  and is well
documented  and  compared  with  traditional  and  latest  available mar-
ket  products  (Pichel  et  al.,  2023).  Water  from  the  individual  household
or  farm  was  collected  with  the  help  of  a  syringe  (separate  syringe for
each  household).  A  total  of  100  mL  of  water  was  poured  from the syr-
inge  into  a  water  sampling  Whirl‐Pak  Thio‐Bag  containing  sodium
thiosulfate.  The  places  where  collection  from  a  syringe  was  impracti-
cal,  particularly  in  deep  tanks  or  containers  with  narrow  necks,  a ster-
ile  water  cup  was  used  as  the  initial  receptacle  for  the  water  sample. As
per  the  instruction  in  the  kit  package,  sodium  thiosulfate  in  bags was
used  to  neutralize  residual  chlorine  if  presented  in  collected  samples.
Sample  details  were  recorded.  Aquagenx  EC+TC  growth  medium
was  added  to  the  sample  in  the  Thio‐bag.  The  growth  medium was
completely  dissolved  in  the  sample  before  incubation.  The  samples

https://www.aquagenx.com/cbt-ectc/
https://www.aquagenx.com/cbt-ectc/


 
 

 
 

 
 

 

 
  

  
 
  
  

 

 
 

  

 
  

 
  

 

  

Figure  1.  Geographical  distribution  of  water  sample  collection  locations  across  different  regions  in  Nepal  (total  samples  N  =  394).

A.R.  Khanal  et  al.  Journal  of  Food  Protection  87  (2024)  100228
were  incubated  in  a  portable  incubator  at  33°C.  Results  were  recorded
after  28  h.  

Following  the  protocol  of  the  test  kit,  a  change  in  color  from yellow
to  blue  or  blue‐green  confirmed  the  presence  of  E.  coli.  As  per  the pro-
tocol  of  the  test  kit  described,  contaminated  samples  were  treated with
sodium  hypochlorite  before  disposal  to  prevent  further  risk of
contamination.  

Statistical  analysis.  From  the  test  results  data  recorded  and the
information  about  the  sample,  data  were  statistically  analyzed to test
the  significance  differences  and  associations  by  locations  and sources
using  the  statistical  package  SPSS.  The  chi‐square  test  was  used to test
the  differences  by  location  and  sources.  A  descriptive  method was
applied  to  tabulate  the  frequency  of  the  variables.

Results and discussio  n

This  section  presents  the  results  of  the  water  sample  tests  collected
from  different  sources  and  locations  and  discusses  the  findings.  

Prevalence  of  E.  coli  in  the  water  of  consumer  households in
different  metropolitan cities.   Table  1  shows  the  prevalence  rate of
Table  1  
Prevalence of E. coli   at consumer  households ’ fresh produce washing water in differ 

Metropolitan  cities Total  water  samples Result  of  detection  test  
(number)

(n  =  156) Positive Negativ

Kathmandu 61 26 35
Bharatpur 23 13 10
Hetauda 23 16 7
Butwal 24 20 4
Pokhara 25 23 2

a  the  significance  denoted  in  p  value,  ,***  indicates  significance  at  1% level  or hig
upon  location.
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E.  coli  in  the  water  samples  of  consumer  households  in  metropolitan
cities.  Recall  that  we  collected  the  water  samples  used  to  wash the
fresh  produce  before  consumption.  Among  the  five  metropolitan cities
selected  for  this  study  to  test  the  water  sample,  Pokhara  has  the high-
est  prevalence  rate  of  E.  coli  (92%),  followed  by  Butwal  (83%) and
Makwanpur  (71%).  The  association  between  metropolitan  cities and
the  prevalence  rate  of  E.  coli  in  fresh  produce  wash  water  was  analyzed
using  a  Chi‐square  test.  Findings  show  that  there  is  a  significant  differ-
ence  in  contamination  of  wash  water  with  respect  to  the  locations.  Our
findings  on  the  association  of  location  and  risks  are  consistent  with
Uprety  et  al.  (2020)  who  indicated  the  spatial  differences  in water
quality  risks  in  Nepal.  

Water  sources  used  by  the  consumers  to  wash  fresh  produce
and  E.  coli  prevalence.  Table  2  presents  the  water  sources  used by
consumers  to  wash  their  fresh  produce  and  their  E.  coli  prevalence
rate.  Among  the  156  water  samples,  46%  of  consumer  households used
stored  water  to  wash  their  fresh  produce.  Similarly,  40%  of  households
used  tap  water  to  wash  fresh  produce,  and  16%  of  consumer  house-
holds  used  other  sources  of  water  than  tap  water  and  stored  water to
wash  their  fresh  produce.
ent metropolitan cities of Nepal  

Prevalence  rate  (%) statistics p valuea  Chi-square  

e

43 X2
4 =  24.92  0.001***

57
70
83
92

  her  indicating  location-wise  differences,  the  prevalence  of  E.  coli  is  contingent  



 

 

 

 

 

 
 

 

  

  
 

  

 
  

 
 

 
  

 
   

 
  

  
 

 
 

  
 

   
  

  
 

 
 

 

Table  2  
Water  sources  used  by  consumer  households  to  wash  their  fresh  produce  and  E.  coli  prevalence

Water  sources Number  of  households
(n  =  156)

Prevalence  rate
of  E.  coli  (%)

Chi-square
statistics

p  value  a

Tap  Water 61 (39)  b 57 1.272 0.529
Stored  water 71 (46)  b 66
Others 24 (15)  b 67

a the  test  in  this  table  shows  whether  the  differences  in  prevalence  are  statistically  significant  across  sources  used  by  consumers.  
b numbers in the parenthesis  indicate the percentage  of this  source used.  
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The  prevalence  of  E.  coli  in  different  water  sources  is  also  illustrated
in  Table  2.  The  prevalence  rate  of  E.  coli  in  stored  water  and  tap water
was  66%  and  57%,  respectively.  We  found  about  67%  of  other  water
sources  (other  than  tap  water  and  stored  water)  were  contaminated
with  E.  coli.  Other  water  sources  include  pump  water,  tank  suppliers,
drinking  water,  and  overground  or  underground  tanks.  The  association
between  wash  water  sources  and  the  prevalence  rate  of  E.  coli  was ana-
lyzed  using  the  Chi‐square  test.  The  p  value  of  0.529  suggests  no sig-
nificant  differences  in  contamination  of  fresh  produce  washing water
across  water  sources  used  by  the  consumer  to  wash  fresh  produce
before  consumption.  

Prevalence  of  E.  coli  in  the  water  used  by  growers  or  vendors
in  fresh  produce  systems.  Figure  2  and  Table  3  show  the  prevalence
of  E.  coli  in  the  water  used  by  fresh  produce  growers  or  vendors to
wash  their  fresh  produce  before  marketing.  The  prevalence  rate of
E.  coli  in  the  water  used  in  marketable  fresh  produce  is  alarming.
Specifically,  among  10  sampled  districts,  the  highest  level  of  the prob-
lem  seems  to  be  in  Surkhet  and  Makwanpur,  where  we  found  all  sam-
pled  water  had  the  presence  of  E.  coli.  Additionally,  a  high‐level
prevalence  was  found  in  Palpa  (86%)  and  Kaski  (82%),  followed by
Kailali  (48%),  and  Kathmandu  (45%).  On  the  lowest  prevalence range
of  E.  Coli,  among  the  10  sampled  districts,  we  found  Chitwan (19%),
Banke  (24%),  Sarlahi  (25%),  and  Morang  (27%),  respectively.  Looking
at  the  geographical  distribution,  this  may  imply  that  the  water and
water  sources  used  by  growers  in  the  mid‐hills  (Surkhet,  Makwanpur,
Palpa,  Kaski)  have  a  higher  prevalence  rate  of  E.  coli  as  compared to
Terai  (Chitwan,  Banke,  Sarlhai,  Morang,  Kailali)  region  of  Nepal.
Our  finding  is  consistent  with  findings  from  some  previous  studies.
For  example,  Upreti  et  al.  (2020)  found  a  higher  coliform count in
the  samples  from  the  hilly  regions  of  Nepal  than  Terai.  It  may be
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Figure  2.  Prevalence  of  E.  coli  (“Yes”  indicates  presence,  “No”  indicates  absence
sampled  districts.
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worthwhile  mentioning  that  there  was  a  cholera  outbreak  in 2009
with  12,500  reported  diarrheal  incidences  and  128  deaths  in  Jajarkot
district,  which  is  one  of  the  mid‐hill  districts  in  mid‐western Nepal
(Bhandari  et  al.,  2009).  

Now  turning  our  attention  to  the  sources  of  water  used  by  growers
and  vendors,  Table  4  discusses  the  different  water  sources  used by
growers  or  vendors  to  wash  their  fresh  produce  before  marketing
and  E.  coli  prevalence  rates.  Among  the  238  fresh  produce  growers
or  vendors  selected  for  water  samples,  42%  used  hand  pump/tubewell
water  to  wash  their  fresh  produce,  22%  used  municipally  supplied tap
water,  and  18%  used  the  river/stream/khola  water  to  wash  their  fresh
produce  before  marketing.  Furthermore,  the  remaining  18% of the
growers  or  vendors  used  other  sources  of  water.  Other  sources  include
well  water,  public  or  community  tap  water,  and  tank  water  stored in
over‐  or  under‐ground  tanks.  

The  prevalence  of  E.  coli  by  the  water  source  shown  in  Table 4 sug-
gests  that  the  river/stream/khola  water  has  the  highest  (88%)  E.  coli
presence  rate.  Consistently,  a  high  rate  of  contamination  of  irrigation
source  water  has  been  reported  in  Nepal  in  previous  studies—for
example,  a  study  conducted  by  Shrestha  et  al.  (2016)  found  that  irriga-
tion  water  has  a  100%  E.  coli  contamination  rate  in  Nepal.  Our test
results  across  sources  presented  in  Table  4  further  show  that  the preva-
lence  rate  of  E.  coli  in  stored  water  and  tap  water  was  66% and 58%,
respectively.  Also,  note  that  the  least  prevalence  of  E.  coli  was  found in
hand‐pump  water  (29%).  Hand‐pump  water  is  fundamentally the
underground  water  pumped  directly  from  the  soil  water  table.  This
finding  is  in  line  with  Warner  et  al.  (2008)  who  suggest  that  bacterial
contamination  decreases  as  the  depth  of  the  water  sources  increases.
Finally,  about  68%  of  water  sources,  marked  as  ‘other’  in  Table  4,  were
contaminated.
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Table 3   
Prevalence  of  E.  coli  at  producer  households  in  different  districts  of  Nepal

Districts Total  number  of  water
samples  (n  =  238)

Result  of  the  detection  test
(number)

Prevalence  rate
E.  coli  (%)

Chi-square
statistics

p  value  a

Positive Negative

Chitwan 21 4 17 19 X  2
9 =  93.13  0.001***

Makwanpur 21 21 0 100
Sarlahi 24 6 18 25
Kathmandu 22 10 12 45
Morang 26 7 19 27
Kaski 28 23 5 82
Palpa 21 18 3 86
Kailali 25 12 13 48
Banke 25 6 19 24
Surkhet 25 25 0 100

a  the  significance  denoted  in  p  value,  ,***  indicates  significance  at  1%  level  or  higher  indicating  location-wise  differences,  the  prevalence  of  E.  coli  is  contingent  
upon  location.

Table 4   
Water  sources  used  by  producers  to  wash  fresh  produce  and  E.  coli  prevalence  rate

Water  sources Total  number  of  samples  a  

n  =  238
Prevalence  rate  
of  E.  coli  (%)

Chi-square  statistics p value  b

Hand  pump/tube  well 100  (42) 29 54.67 0.001***
Municipal  Tap  Water 52(22) 73
River/Stream/Khola  c 43(18) 88
Others 43(18) 63

a  numbers  in  the  parentheses  in  this  column  indicate  the  percentage  of  that  source  used;
b  the  significance  denoted  in  p  value,  ***,  indicates  significance  at  1%  level  or  higher  indicating  location-wise  differences,  the  prevalence  of  E.  coli  is  contingent  

upon  location.  
c Khola refers to a small  stream  with stagnant  or moving  water.  
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The  association  between  wash  water  sources  and  the  prevalence
rate  of  E.  coli  was  analyzed  using  a  Chi‐square  test.  The  p  value of
0.001  shows  that  there  is  a  significant  difference,  a  significant  level
of  1%  or  even  higher,  in  contamination  of  water  with  respect  to water
sources  used  by  the  growers  or  vendors  to  wash  their  fresh  produce
before  marketing.  

Finally,  we  would  like  to  provide  a  comparison  of  our  findings
between  wash  water  by  consumers  and  growers/  vendors  but  with a
cautionary  note  that  the  collection  seasons  for  consumer  and grower
water  were  different.  Figure  2  and  Table  1  depict  that  the  consumer
water  samples  had  a  slightly  higher  overall  prevalence  rate  (63%) of
E.  coli  than  the  grower’s  (56%).  As  described  in  the  sample  collection
section  under  the  methodology,  consumer  water  samples  were col-
lected  during  the  rainy  season.  Xue  et  al.  (2018)  and  Huang et al.
(2016)  inferred  that  the  rainy  season  has  a  higher  risk  of  microbial
contamination  as  compared  to  the  winter  season.  However,  Shrestha
et  al  (2016)  in  Nepal  found  that  E.  coli  concentration  in  the  irrigation
water  samples  in  the  rainy  season  was  comparatively  lower  than that
of  the  dry  season.  

Ensuring  safe  water  in  the  food  production  and  marketing  systems
is  critical  to  maintaining  food  safety.  Particularly  in  developing coun-
tries  like  Nepal,  this  is  an  important  but  challenging  issue.  With very
limited  prior  research,  Nepal  needs  more  studies  in  multiple  sectors
addressing  food  safety.  Food  safety  is  an  emerging  emphasis  in Nepal
as  the  Nepal  government  is  prioritizing  the  discussions  of  agricultural
food  policies.  Our  findings  indicate  that  due  to  the  elevated  contami-
nation  rate  of  water  employed  in  fresh  produce  systems,  particularly
the  water  used  for  washing,  a  considerable  portion  of  the  fresh pro-
duce  in  Nepal  is  deemed  unsafe  for  raw  consumption.  We  suggest
interventions  on  multiple  sectors  and  levels  to  initiate  the  solution.
First,  appropriate  feasible  methods  should  be  sought  to  decontaminate
water  used  in  fresh  produce  systems—which  requires  attention from
both  private  and  public  sectors  and  relevant  research  and  outreach.
Second,  agricultural  and  food‐related  water  testing  guidelines,  safety
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measures  in  washing  and  cleaning,  and  regulations  should  be devel-
oped  to  prevent  foodborne  disease  outbreaks.  Third,  educational  and
awareness  efforts  should  be  increased  on  multiple  levels  of  supply
chain  stages  and  actors  to  enhance  the  awareness  of  growers,  con-
sumers,  vendors,  and  processors  as  safer  production  is  linked  with pro-
ducer  and  consumer  behavior.  Agents  should  be  aware  of  the water
quality  issues  and  adverse  health  effects  of  foodborne  illness  it  could
bring.  Awareness  campaigns  on  multiple  levels  may  also  help to
reduce  moral  hazard  problems  like  a  separate  behavior  on  fresh pro-
duce  for  own  consumption  vs.  market.  Fourth,  the  government and
sectors  involved  should  emphasize  the  ways  to  incentivize  the adop-
tion  of  safer  food  and  water  use  practices  in  the  food  supply chains
as  trade‐offs  exist  among  safer  food  systems,  prices,  convenience,
access,  and  preference.  Finally,  there  should  be  strong  monitoring to
enforce  proper  implementation  of  the  intended  regulations  for  safer
water  use  in  food  systems.

Ethics  statement

This  project  was  reviewed  and  approved  by  the  institutional  review
board/ethics  committee  of  the  partner  institutions:  Tennessee State
University  (TSU)  and  Agriculture  and  Forestry  University  (AFU);  the
protocol  involving  water  collection  and  microbial  test  was  reviewed
and  approved  by  the  Institutional  Biosafety  Committee  of  AFU.  The
activities  were  performed  in  accordance  with  ethical  standards with
a  consent  statement  prior  to  the  survey  and  water  collection.  The
researcher/  trained  enumerator  read  the  consent  statement  and took
verbal  consent  from  each  participant  before  the  survey  and water
collection.

Funding  acknowledgement

This  study  is  part  of  the  objectives  of  a  research  project  FSIL‐Nepal
led  by  Tennessee  State  University  in  collaboration  with  Agriculture



 
 

 

 

 
  

 

  
 

 
 

 

 
 
 

 
 

 

 

   
 

  
  

 

 
  

 

 
  

 
 

 

 

 
  
 
 

 
 

 
  

 

 
 

 
  

  
 

 

 

 
  

 
 

  
  

 
 

A.R.  Khanal  et  al.  Journal  of  Food  Protection  87  (2024)  100228
and  Forestry  University  in  Nepal  with  the  funding  made  possible by
the  generous  support  of  the  American  people  through  the  United
States  Agency  of  International  Development  (USAID)  under  Coopera-
tive  Agreement  No.  7200AA19LE00003  awarded  to  Purdue  Univer-
sity,  in  partnership  with  Cornell  University,  as  the  management
entity  for  the  Feed  the  Future  Innovation  Lab  for  Food  Safety.  The con-
tents  are  the  responsibility  of  the  authors  and  do  not  necessarily reflect
the  views  of  USAID,  the  United  States  Government,  or  the  authors’
affiliated  institutions.

Declaration  of  competing  interest

The  authors  declare  that  they  have  no  known  competing  financial
interests  or  personal  relationships  that  could  have  appeared  to influ-
ence  the  work  reported  in  this  paper.

References

Adhikari,  S.  K.,  Thapaliya,  R.,  Lal,  B.  K.,  Shrestha,  G.,  Gautam,  D.,  &  Bhattachan,  M.
(2021).  Foodborne  outbreak  investigation  in  a  festival  at  Panchkhal  Municipality of
Kavrepalanchok  district  in  central  Nepal  Retrieved  from.  Journal  of  Karnali  Academy
of  Health  Sciences,  3(3)  https://www.jkahs.org.np/jkahs/index.php/jkahs/article/
view/380.  

Ashbolt,  N.  J.,  Grabow,  W.  O.,  &  Snozzi,  M.  (2001).  Indicators  of  microbial  water
quality.  In  L.  Fewtrell  &  J.  Bartram  (Eds.),  Water  quality:  Guidelines,  standards  and
health  (pp.  289–316).  London,  United  Kingdom:  IWA  Publishing.  

Atlas,  R.  M.  (1998).  Microbial  ecology:  Fundamentals  and  applications.  Pearson  Education
India.  

Banach,  J.  L.,  &  Van  Der  Fels-Klerx,  H.  J.  (2020).  Microbiological  reduction  strategies of
irrigation  water  for  fresh  produce.  Journal  of  Food  Protection,  83(6),  1072–1087.
https://doi.org/10.4315/JFP-19-466.  

Benjamin,  L.,  Atwill,  E.  R.,  Jay-Russell,  M.,  Cooley,  M.,  Carychao,  D.,  Gorski,  L.,  &
Mandrell,  R.  E.  (2013).  Occurrence  of  generic  Escherichia  coli,  E.  coli  O157 and
Salmonella  spp.  in  water  and  sediment  from  leafy  green  produce  farms  and  streams
on  the  Central  California  coast.  International  Journal  of  Food  Microbiology,  165(1),
65–76.  https://doi.org/10.1016/j.ijfoodmicro.2013.04.003.  

Bhandari,  G.  P.,  Maskey,  M.  K.,  Dixit,  S.  M.,  &  Ghimire,  U.  (2009).  Outbreak
investigation  of  diarrheal  diseases  in  jajarkot.  Journal  of  Nepal  Health  Research
Council,  7(15),  66–68.  https://doi.org/10.3126/jnhrc.v7i2.3008.  

Bhandari,  D.,  Tandukar,  S.,  Parajuli,  H.,  Thapa,  P.,  Chaudhary,  P.,  Shrestha,  D.,  Shah,  P.
K.,  Sherchan,  J.  B.,  &  Sherchand,  J.  B.  (2015).  Cyclospora  infection  among  school
children  in  Kathmandu,  Nepal:  Prevalence  and  associated  risk  factors.  Tropical
Medicine  and  Health,  43(4),  211–216.  https://doi.org/10.2149/tmh.2015-25.  

Callejon,  R.  M.,  Rodriguez-Naranjo,  M.  I.,  Ubeda,  C.,  Hornedo-Ortega,  R.,  Garcia-
Parrilla,  M.  C.,  &  Troncoso,  A.  M.  (2015).  Reported  foodborne  outbreaks  due to
fresh  produce  in  the  United  States  and  European  Union:  Trends  and  causes.
Foodborne  Pathogens  and  Disease,  12(1),  32–38.  https://doi.org/10.1089/
fpd.2014.182.  

Feng,  P.  C.,  &  Reddy,  S.  P.  (2014).  Prevalence  and  diversity  of  enterotoxigenic
Escherichia  coli  strains  in  fresh  Produce.  Journal  of  Food  Protection,  77(5),  820–823.
https://doi.org/10.4315/0362-028X.JFP-13-412.  

Ghimire,  A.,  Upadhyaya,  J.,  Nayaju,  T.,  Lekhak,  B.,  Chaudhary,  D.  K.,  Raghavan,  V.,
Pant,  B.  R.,  Bajgai,  T.  R.,  Koirala,  N.,  &  Upreti,  M.  K.  (2020).  Microbial  and  parasitic
6

  
 

 

 

 

 
 

 

 

 
 

 
 

 

 

 

contamination  of  fresh  raw  vegetable  samples  and  detection  of  the  Bla  TEM and Bla
CTX-M  genes  from  E.  coli  isolates.  Agriculture,  10(8),  341.  https://doi.org/10.3390/
agriculture10080341.  

Huang,  W.  C.,  Hsu,  B.  M.,  Kao,  P.  M.,  Tao,  C.  W.,  Ho,  Y.  N.,  Kuo,  C.  W.,  &  Huang,  Y. L.
(2016).  Seasonal  distribution  and  prevalence  of  diarrheagenic  Escherichia  coli in
different  aquatic  environments  in  Taiwan.  Ecotoxicology  and  Environmental  Safety,
124,  37–41.  https://doi.org/10.1016/j.ecoenv.2015.09.040.  

Khanal,  A.  R.,  Gurung,  R.  K.,  Timilsina,  R.  H.,  &  Poudel,  S.  R.  (2023).  Food  safety
awareness,  food  policies,  and  gender:  A  review  and  an  empirical  examination from
Nepal.  Nepal  Public  Policy  Review,  3(1),  169–193.  https://doi.org/10.59552/nppr.
v3i1.62.  

Lynch,  M.,  Tauxe,  R.,  &  Hedberg,  C.  (2009).  The  growing  burden  of  foodborne  outbreaks
due  to  contaminated  fresh  produce:  Risks  and  opportunities.  Epidemiology &
Infection,  137(3),  307–315.  https://doi.org/10.1017/S0950268808001969.  

McEgan,  R.,  Mootian,  G.,  Goodridge,  L.  D.,  Schaffner,  D.  W.,  &  Danyluk,  M.  D.  (2013).
Predicting  Salmonella  populations  from  biological,  chemical,  and  physical
indicators  in  Florida  surface  waters.  Applied  and  Environmental  Microbiology,  79
(13),  4094–4105.  https://doi.org/10.1128/AEM.00777-13.  

Olmez,  H.  (2016).  Foodborne  pathogenic  bacteria  in  fresh-cut  vegetables  and  fruits.  In
K.  P.  Parthena  (Ed.),  Food  hygiene  and  toxicology  in  ready-to-eat  foods  (pp.  151–166).
Academic  Press.  https://doi.org/10.1016/B978-0-12-801916-0.00009-1.  

Perez-Rodriguez,  F.,  Saiz-Abajo,  M.  J.,  Garcia-Gimeno,  R.  M.,  Moreno,  A.,  Gonzalez,  D.,
&  Vitas,  A.  I.  (2014).  Quantitative  assessment  of  the  Salmonella  distribution on
fresh-cut  leafy  vegetables  due  to  cross-contamination  occurred  in  an  industrial
process  simulated  at  laboratory  scale.  International  Journal  of  Food  Microbiology,  184,
86–91.  https://doi.org/10.1016/j.ijfoodmicro.2014.05.013.  

Pichel,  N.,  de  Souza,  F.  H.,  Sabogal-Paz,  L.  P.,  Shah,  P.  K.,  Adhikari,  N.,  Pandey,  S.,
Shrestha,  B.  M.,  Gaihre,  S.,  Pineda-Marulanda,  D.  A.,  Hincapie,  M.,  Luwe,  K.,
Kumwenda,  S.,  Agular-Conde,  J.  C.,  Cortes,  M.  A.  L.  R.  M.,  Hamilton,  J.  W.  J.,  Byrne,
J.  A.,  &  Fernandez-Ibañez,  P.  (2023).  Field-testing  solutions  for  drinking  water
quality  monitoring  in  low-and  middle-income  regions  and  case  studies  from Latin
American,  African  and  Asian  countries.  Journal  of  Environmental  Chemical
Engineering,  11(6),  111180.  https://doi.org/10.1016/j.jece.2023.111180.  

Singh,  D.  R.,  Ghimire,  S.,  Upadhayay,  S.  R.,  Singh,  S.,  &  Ghimire,  U.  (2020).  Food
insecurity  and  dietary  diversity  among  lactating  mothers  in  the  urban  municipality
in  the  mountains  of  Nepal.  PLOS  ONE,  15(1),  e0227873.  

Shrestha,  S.,  Haramoto,  E.,  Sherchand,  J.  B.,  &  Junko,  S.  (2016).  Detection  of  coliform
bacteria  in  irrigation  water  and  on  vegetable  surfaces  in  the  Kathmandu  Valley of
Nepal.  Journal  of  Institute  of  Medicine  Nepal  (JIOMN),  38(1).  

Shrestha,  S.,  Haramoto,  E.,  &  Shindo,  J.  (2017).  Assessing  the  infection  risk of
enteropathogens  from  consumption  of  raw  vegetables  washed  with  contaminated
water  in  Kathmandu  Valley,  Nepal.  Journal  of  Applied  Microbiology,  123(5),
1321–1334.  https://doi.org/10.1111/jam.13573.  

Tambekar,  D.  H.,  &  Mundhada,  R.  H.  (2006).  Bacteriological  quality  of  salad  vegetables
sold  in  Amravati  City  (India).  Journal  of  Biological  Sciences,  6(1),  28–30.  

Uprety,  S.,  Dangol,  B.,  Nakarmi,  P.,  Dhakal,  I.,  Sherchan,  S.  P.,  Shisler,  J.  L.,  Jutla,  A.,
Amarasiri,  M.,  Sano,  D.,  &  Nguyen,  T.  H.  (2020).  Assessment  of  microbial  risks by
characterization  of  Escherichia  coli  presence  to  analyze  the  public  health  risks  from
poor  water  quality  in  Nepal.  International  Journal  of  Hygiene  and  Environmental
Health,  226.  113484.  https://doi.org/10.1016/j.ijheh.2020.113484.  

Warner,  N.  R.,  Levy,  J.,  Harpp,  K.,  &  Farruggia,  F.  (2008).  Drinking  water  quality in
Nepal’s  Kathmandu  Valley:  A  survey  and  assessment  of  selected  controlling site
characteristics.  Hydrogeology  Journal,  16,  321–334.  

Xue,  F.,  Tang,  J.,  Dong,  Z.,  Shen,  D.,  Liu,  H.,  Zhang,  X.,  &  Holden,  N.  M.  (2018).  Tempo-
spatial  controls  of  total  coliform  and  E.  coli  contamination  in  a  subtropical  hilly
agricultural  catchment.  Agricultural  Water  Management,  200,  10–18.  https://doi.org/
10.1016/j.agwat.2017.12.034.

https://www.jkahs.org.np/jkahs/index.php/jkahs/article/view/380
https://www.jkahs.org.np/jkahs/index.php/jkahs/article/view/380
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0010
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0010
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0010
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0010
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0015
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0015
https://doi.org/10.4315/JFP-19-466
https://doi.org/10.1016/j.ijfoodmicro.2013.04.003
https://doi.org/10.3126/jnhrc.v7i2.3008
https://doi.org/10.2149/tmh.2015-25
https://doi.org/10.1089/fpd.2014.182
https://doi.org/10.1089/fpd.2014.182
https://doi.org/10.4315/0362-028X.JFP-13-412
https://doi.org/10.3390/agriculture10080341
https://doi.org/10.3390/agriculture10080341
https://doi.org/10.1016/j.ecoenv.2015.09.040
https://doi.org/10.59552/nppr.v3i1.62
https://doi.org/10.59552/nppr.v3i1.62
https://doi.org/10.1017/S0950268808001969
https://doi.org/10.1128/AEM.00777-13
https://doi.org/10.1016/B978-0-12-801916-0.00009-1
https://doi.org/10.1016/j.ijfoodmicro.2014.05.013
https://doi.org/10.1016/j.jece.2023.111180
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0085
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0085
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0085
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0090
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0090
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0090
https://doi.org/10.1111/jam.13573
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0100
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0100
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0100
https://doi.org/10.1016/j.ijheh.2020.113484
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0110
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0110
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0110
http://refhub.elsevier.com/S0362-028X(24)00012-7/h0110
https://doi.org/10.1016/j.agwat.2017.12.034
https://doi.org/10.1016/j.agwat.2017.12.034

	Contaminated Water and an Indication of Risk: Examining Microbial Contamination in the Water Used by Consumers and Commercial Growers in Fresh Produce Systems in Nepal
	ARTICLE INFO
	Keywords:

	ABSTRACT
	Materials and methods
	Sample selection method for water collection.
	Water sample collection and testing procedure.
	Statistical analysis.

	Results and discussion
	Prevalence of E. coli in the water of consumer households indifferent metropolitancities.
	Water sources used by the consumers to wash fresh produce and E. coli prevalence.
	Prevalence of E. coli in the water used by growers or vendorsin fresh produce systems.

	Ethics statement
	Funding acknowledgement
	Declaration of competing interest
	References




