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ABSTRACT

This study investigated the differences in people's preferences about food safety vs ground realities in peri-urban areas of
Rawalpindi, Pakistan. For this purpose, primary data were collected from 103 residents. Perceptions regarding various
aspects of water and food safety were recorded using a well developed questionnaire that incorporated both open and
closed ended questions. Samples of drinking water and vegetables from the study areas were collected. A mixed-method
research approach was applied to permit qualitative and quantitative investigation. Results showed that the majority of
the households perceived that they consume safe drinking water (74%) and food (83%). However, at the same time they
contradicted with their perception while reporting the incidence of waterborne diseases. 72% of the respondents reported
that one of more household members suffered from water borne diseases during last month (from interview). Chemical
tests of water and vegetables confirmed that drinking water and vegetables available in the study area were not suitable
for human consumption. It is recommended that the awareness level of households must be improved.

Keywords: Food safety, Water borne diseases, Heavy metals, Pesticide residues, Chemical food analysis.

INTRODUCTION

Food safety is an essential part of food
utilization component of food security (Bashir and
Schilizzi, 2013). Both developed and developing
countries are concerned about food safety as it is the
important link between food and health (Unnevehr,
2003). Concerns about food safety have increased as a
result of increased international trade (Kirezieva et al.,
2015), urbanization (Chen et al. 2016), increased
vulnerability to food borne diseases (Lund and O'Brien
2011; and Lund 2015), issues in food handling and
consumption (Yapp and Fairman, 2006; and Omari and
Frempong, 2015), and emergence of resistant pathogens
(Koutsoumanis et al., 2014).  Consequently, new
institutions, standards and regulations are established to
control such hazards in developed countries (Unnevehr,
2003).

Vegetables are considered as safe and healthy
food (Losio et al., 2015). They are a rich source of
essential nutrients such as vitamins, minerals,
antioxidants and fiber (Dias, 2012). To maintain the
production demands and reduce losses owing to insect
pests, excessive pesticides are used these days
(Halimatunsadiah et al., 2016). Toxic material absorbs in
the vegetables in the form of pesticide residues and
increases the incidences of food poisoning and other food
borne illnesses (Snelder et al., 2008). Pesticide residues
can have bad prolonged effects on body’s endocrine,
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immune and neurological systems (Colborn, 1995; Saal et
al., 1997; and Porter et al., 1999).

On the other hand, heavy metals present in the
environment (due to urbanization and industrialization
especially in developing countries (Wong et al., 2003;
Arora et al., 2008) can accumulate in vegetables and pose
credible threat to human health (Haiyan and Stuanes,
2003). The prevalence of metallic compounds in
fertilizers impart extra metal contamination in vegetables
(Yusuf et al., 2003). Furthermore, application of
untreated waste water as irrigation is one of the leading
sources of heavy metals in soil (Mapanda et al., 2007;
and Sharma et al., 2014). Heavy metals are the metallic
chemical elements that have comparatively high density
and noxious even at very small concentration. These
enter in human body through different routes like food,
drinking water and air resulting in health complications
even at very low concentrations. The main reason behind
their toxicity is that these are noncompetitive inhibitors
for numerous enzymes. Their excessive uptake might
result in various health disorders (Arora et al., 2008). The
prevalence of both pesticide residues and heavy metals in
food supply (especially vegetables) is considered the
most important problem which is serious in developing
countries (Bempah et al., 2011) like Pakistan (Zaidi et
al., 2005).

Pakistan is the 6% most populous country of the
world with a population of 195.4 million (GOP, 2016).
The proportion of undernourished population is high i.e.
22% (FAO, 2015). Being a transition economy,
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urbanization is increasing. The urban population has
increased to 78 million i.e. 40% (GOP, 2016). Due to the
increasing urban population, urban centers are under
pressure to create more job and residential facilities. As a
results, cities are expanding in a haphazard way (Haq,
2011) increasing the number of peri-urban areas (Shah
and Abbas, 2015) which threatens urban food security
and creates other social problems in these city centers
(Hag, 2011).

There is no consensus over the common
definition of peri-urban areas (Optiz et al., 2016). The
available definitions are situational and case specific
(Taquinta and Drescher, 1999). This study follows the
definition given by UNICEF i.e. "peri-urban areas refer
to the areas between consolidated urban and rural
regions" (UNICEF, 2012). The agriculture of peri-urban
areas is the source of fresh vegetables not only for their
own residents but for urban markets too (Optiz et al.,
2016). Peri-urban farmers in Pakistan, apply sewage
water to irrigate vegetables (Buechler et al., 2006) and
use heavy doses of pesticides to avoid insect / pest
attacks. The residues of pesticides and sewage water
assimilate into the plant tissues that may cause serious
health issues after consumption (Kumari et al., 2004). On
the other hand, ground water is used for drinking
purposes. In many cases, the ground water is also
contaminated with to sewage water (Aziz, 2007). Due to
which people are suffering from various waterborne
diseases (Kausar et al., 2011). People usually do not have
knowledge about the adverse health impacts of pesticide
(Bhandari, 2014) and sewage water residues in vegetables
or water. They consider vegetables and water safe for
consumption. This study aims to improve food security
and safety policies in peri-urban areas. The objectives are
to:

1. Identify the perceptions of peri-urban residents
about food and drinking water safety in Rawalpindi.

2. Test the selected vegetables and drinking water
samples of the study area to compare with the perceptions
of residents.

3. Suggest policy implications.

MATERIALS AND METHODS

Study Area: Rawalpindi, the fourth largest city of the
Punjab province (GOP, 1998) was selected as the study
area for this study. The population density is 636 persons
per square kilometer and almost 65% of the population is
urban (GOP, 2014). The district was marked as food
secure based on food availability, but had a high food
insecure proportion (29%) of population (SDPI, 2009). A
stratified random sampling technique was used to collect
data. Three peri-urban areas (strata) around the city were
selected (based on three homogeneous characters i.e. 1.
location adjacent to the cities, 2. residential areas with
mostly landless (no agricultural land) households, and 3.
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number of households in the study area between 150 -
200 households. Table 1 shows the sample and strata
selection.

Table 1. Sample selection.

City Stratum Total Sample
households* Size
Bajnial 150 35
Rawalpindi Khasala Khurd 160 35
Bara Meera 150 35
Total 460 105

1129

* The total number of households in the study area were
confirmed from local government representatives' offices

From each strata 35 households were randomly
selected. This made the total sample size of 105. Data
were collected using a structured interview schedule
regarding the food and water safety knowledge and
perceptions.

Samples of seasonal vegetables (Cauliflower,
carrots, reddish, cucumber, tomato, potato, onion, brinjal,
turnip, ladyfinger, bottle gourd and tinda) were purchased
from the study area, randomly. These samples were
purchased in three different quarters of the years.
Maximum variety of locally grown vegetables during a
year was covered in these three quarters. To avoid losses
to the collected samples due to the perishable nature of
vegetable, they were kept in polyethylene air tight bags
and stored at -40°C in cold storage before transporting to
Food and Nutrition Laboratory of the National Institute of
Food Science and Technology, University of Agriculture,
Faisalabad for immediate processing. However, some
samples, which were not immediately processed due to
any reason, were stored at -40°C until further processing
so that any degradation of residues could be avoided
occurring during ordinary storage.

Similarly, drinking water samples were also
collected from the different households and water sources
in the study area, randomly.

Data Analysis: A mixed-method research approach
(Sarantakos, 2005) was applied to permit qualitative and
quantitative investigation.

Perceptions about Food Safety: Qualitative information
was collected regarding different aspects of food safety.
Following open and closed ended questions were asked:
1. How would you describe safe food? (open ended
question)

2. Is the food, especially vegetables, which you
consume safe for consumption? (closed ended -- safe
(yes), unsafe (no))

3. What is the source of your drinking water?
4, Water is fit for consumption?
5. Have you ever get your drinking water tested?
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6. Have you or any family member experienced
water borne illness (diarrhea) during the past 30 days?

Chemical composition analysis of vegetables and
drinking water: Quantitative analysis was carried out to
test the quality of vegetables and drinking water from the
study area. Vegetable samples were analyzed for heavy
meals and pesticide residues whereas water samples were
assessed for heavy meals only. After size reduction, fresh
vegetables samples were oven drying at 70° C for 24
hours and ground to fine powder (Figure 1) for heavy
metal analysis following method described in AOAC
(2006). After wet digestion, digested samples were
transferred to 100mL volumetric flask and volume was
made with de-ionized (Figure 2). Afterwards, filtered

The J. Anim. Plant Sci. 28(4):2018

sample solutions were run through atomic absorption
spectrophotometer (AA240 Varian K, Australia) for the
determination of metals like Fe, Zn, Mn, Cu, Pb, Cd, Hg,
Ni and Cr. Likewise water samples were analyzed for the
same elements following the stated method (Figure 3). To
probe the pesticide residues in vegetables, after
homogenization, residues of pesticides were extracted
following modified method of Kadenezki et al. (1992),
Kumari et al. (2004) and Khan et al. (2009). For the
determination of pesticide residues, the re-dissolved
samples were subjected to the GC-ECD and HPLC
(Perkin Elmer Series 200 HPLC Systems, USA) analysis
following procedures described by Asi (2005), Chandra
et al. (2010) and Randhawa et al. (2007).

Figure 2. Vegetable samples after wet digestion for determination of heavy metal.
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Figure 3. Water samples for determination of heavy metal

fresh, without any odor (bad /pungent), and its taste is not
RESULTS AND DISCUSSION altered. Regarding the second question (food safety),
majority of people (more than 80%) reported that what
they are eating, especially vegetables, are safe for human

Perceptions about safe drinking water: In response to ‘ )
consumption (Figure 4).

the first question i.e. description of safe food, almost all
the respondents reported that a safe food is one that looks

100 -+ . .
W Safe B Unsafe
83 86
80
80 -
60 -
40 -
20
0 -+ 1
Bajnial Khasala Khurd Bara Meera Total
Figure 4. Perceptions about food safety (%)
Access to safe drinking water is an important 1. Ground water (home), people used to pump
component of food utilization (SDPI, 2003; 2009). Three ground water by installing water pumps in their homes.
sources of drinking water were reported by respondents: 2. Ground water (others), people took water from

others' installed pumps. This is usually free of cost.
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3. Filtration plants, in different regions,
government or privately installed filtration plants that
provide water free of cost.

More than 90% of the respondents reported that
they drink their own pumped water (Figure 5).

In response to the third question, whether the
water which they are consuming is fit /safe for
consumption. More than 70% of the respondents
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perceived that the water is fit / safe for consumption
(Figure 6).

When they were asked about getting their
drinking water tested from a laboratory, either of
government of private sector, more than 90% of the
respondents reported that they had never got their water
tested from any sort of laboratory (Figure 7).
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Figure S. Source of drinking water.
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Figure 6. Perceptons about water safety
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Figure 7. Water test statistics.

In response to the last question, i.e. have you or
any family member experienced water borne illness
(diarrhea) during the past 30 days? More than 70% of the
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Bajal Khasala Khurd

respondents reported that they or any of the family
members suffered from water borne diseases once or
more than once a month (Figure 8).

Not suftered

71 72

Bara Meera Total

Figure 8. Prevelance of Water borne diseases.
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From the above results, it is clear that
perceptions of the respondents do not match with their
personal experience. Majority of them perceived that the
food (vegetables) and drinking water which they are
consuming are safe and harmless. But, the never got their
drinking water and food (vegetables) tested for harmful
materials. Also, majority of them reported the incidence
of water borne diseases. Pakistan is facing huge costs
annually in terms of lost work days and cost of illness
due to poor drinking water quality. Almost 80% of the
diseases are caused by bad quality water which is a cause
of 40% deaths (Zia, 2013).

Chemical analysis for heavy metals presence in water
and vegetables

Heavy metals contamination of vegetables and
drinking water: The results of heavy metal detection are
presented in Table 2. According to the results, cadmium
(Cd) concentration was ranged from 0.03+0.04 to
0.25+0.27 mg/kg in the vegetable samples. The
maximum Cd concentration was found in cauliflower
(0.25+0.27mg/kg) and tomatoes (0.25+0.23mg/kg)
followed by peas (0.20+0.09mg/kg) while least contents
(0.03+0.04 mg/kg) were found in onion. However, water
samples collected from the study area were Cd free.
Permissible limit for Cd is 0.2 mg/kg set by the Joint
FAO/WHO Expert Committee on Food Additive, while
the mean values of cauliflower and tomato (0.25 mg/kg)
were slightly higher than the acceptable limit (0.2
mg/kg).

High cadmium concentration in vegetables is
attributed to its easy accumulation by the plants
(MacFarlane et al., 2002). Cadmium being a serious
accumulative body poison enters into body through air,
water and food and cannot be removed by washing
vegetables. Cadmium has the tendency accumulates in
liver and kidney (Jin et al., 2008). In Pakistan, untreated
waste water is used for irrigation purposes especially in
the peri-urban areas (Ashraf et al., 2013). Cd
concentration among samples collected from Rawalpindi
was higher possibly due to more pollution in proximities
as well as nature of the soil. Khan et al. (2013) found
very high concentration of Cd (6.7 mg/kg) in cauliflower
and tomatoes (6.1 mg/kg) from Lahore district.

The concentration of Chromium (Cr) ranged
from 6.35£5.50 mg/kg to 19.05+£32.99 mg/kg in the
vegetables samples collected from the study area.
Maximum Cr concentration (19.05£32.99 mg/kg) was
found in onions followed by tomatoes (6.35+£11.00
mg/kg) and carrots (6.35+£5.50 mg/kg) while it was not
detected in cauliflower, turnip, potatoes, cucumber and
pea samples collected from this study area. However, it
was not present in the water samples.

These results revealed several hundred times
higher concentration of Cr in vegetables consumed by the
residents of the study area compared with the
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recommended level (0.05 mg/kg). Furthermore, use of
pesticides and chemical fertilizers on these short duration
crops worsen the situation in Pakistan. Concentration of
Cr detected in the onions and tomatoes was much higher
than the findings of Farooqi et al. (2009) and Fusconi et
al. (2006).

Copper (Cu) concentration ranged from
0.7540.67 mg/kg to 18.87+23.49 mg/kg in the vegetable
samples. Maximum Cu concentration (18.87+23.49
mg/kg) was found in turnips followed by cauliflower
(11.29+6.84 mg/kg), while least contents (0.75+0.67
mg/kg) was found in carrot. However, this metal was not
detected in cucumber and pea samples. However, it was
not present in the water samples.

The results revealed that Cu concentrations were
slightly higher than the permissible limit (10 mg/kg) as
described by WHO/FAO.. Copper contents obtained from
this study were higher than those obtained by Radwan
and Salama (2006) who reported maximum copper
contents (5.69 mg/kg) in cucumber followed by tomatoes
(1.83 mg/kg) while least concentration (0.83 mg/kg) for
potatoes followed by onion (1.49 mg/kg), respectively. In
another study Khan et al. (2013) collected cauliflower
and tomatoes samples from different location of Lahore
district and reported copper contamination higher than
the present finding.

Nickel (Ni) concentration ranged from
6.40+5.92 mg/kg to 32.98+21.82 mg/kg in the vegetables
samples. Maximum Ni concentration (24.63+11.07
mg/kg) was found in pea followed by cucumber
(22.97+8.13 mg/kg), while least contents (1.81+1.69
mg/kg) were found in tomatoes. Among vegetables
samples from Multan, maximum Ni concentration
(32.98421.82 mg/kg) was found in round gourd followed
by bitter gourd (20.18+10.73 mg/kg) while the least
concentration (6.40+£5.92 mg/kg) was observed in
tomatoes. However, it was not present in the water
samples.

These results indicated higher concentrations of
Ni compared with permissible limits of 0.5-1.0 mg/kg as
describe by Joint FAO/WHO Expert Committee on Food
Additives. Main source of Ni in the soil is industrial
pollution (sewage sludge) and poor agricultural practices.
In a study vegetables grown in non-polluted and
industrially polluted areas of Bangladesh were evaluated
for nickel, cadmium and lead cadmium contents. The
results revealed the highest Ni contents in tomatoes
(2.03-2.83 png/g) followed by 1.69-2.66 pg/g in
cauliflower (Marschner et al., 1995). Present results
endorse the previous finding of Nedjimi et al. (2009) and
Yusuf et al. (2003).

Lead (Pb) concentration in the vegetables
samples ranged from 2.014+3.48 to 10.03+£3.47 mg/kg,
respectively. In Rawalpindi, maximum Pb concentration
(10.03+3.47 mg/kg) was found in peas followed by turnip
(8.52+£3.48 mg/kg), while least contents (2.51+4.34
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mg/kg) were found in tomatoes. Among vegetables
samples from Multan, maximum Pb concentration (7.52
mg/kg) was found in bitter gourd and okra followed by
tomatoes (7.32+6.83 mg/kg) while the least concentration
(2.01£3.48 mg/kg) was detected in round gourd.
However, it was not present in the water samples.

It is obvious from the results that all the
vegetable samples were loaded with Pb contents
compared with maximum permissible level of this metal
in brassica (0.3 mg/kg) and all other vegetables (0.1
mg/kg) as describe by FAO (2002); hence making them
unfit for human consumption. High concentration of lead
(Pb) in these vegetables can be attributed to pollutants in
irrigation water and due to heavy traffic pollution being
major cities of the Punjab. In a study, market basket
survey for lead, cadmium, copper, chromium, nickel, and
zinc in fruits and vegetables reveled high concentration of
lead in cucumber (1.72 mg/kg) and tomatoes (1.56
mg/kg) making them unsafe for human consumption
(Parveen et al., 2003).

Manganese (Mn) concentration ranged from
8.03£1.15 to 27.3749.27 mg/kg in the vegetables
samples. Maximum Mn concentration (27.37+9.27
mg/kg) was found in peas followed by cauliflower
(24.69+3.44 mg/kg), while least levels (8.03%1.15 mg/kg)
were found in potatoes. It was found in water samples
(0.35+0.40 mg/kg).

These concentrations are above the permissible
limits (5 mg/kg) set by FAO/WHO. These high
concentrations might be due to their high concentrations
in the soil, irrigation water and pesticides applied. In a
study, vegetables like onion, potato, tomato and
cucumber were reported having maximum concentration
of Mn (27.84 pg/g) in tomatoes followed by onions
(19.05 ng/g) while least concentration (7.61 pg/g) was
found in potatoes followed by cucumber (10.92 ng/g),
respectively (Igbal and Shazia, 2004). In another study
Khan et al. (2013) analyzed cauliflower and tomato
samples and found manganese concentration ranged from
37.4 to 75.3 mg/kg in case of cauliflower and 26.9 to 86.4
mg/kg) in tomatoes.

Iron (Fe) concentration in vegetables ranged
from 79.40+21.46 mg/kg to 103.72+84.36 mg/kg. In
Rawalpindi, maximum Fe concentration (103.72+84.36
mg/kg) was found in onions followed by tomatoes
(85.12+41.68 mg/kg), while least contents (32.19+8.58
mg/kg) was found in turnip. Among the vegetables
samples from Multan, maximum Fe concentration
(248.21+£207.49 mg/kg) was found in tomatoes followed
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by bitter gourd (228.18+132.45 mg/kg) while the least
concentration (79.40+£21.46 mg/kg) was observed in
brinjal. Its concentration in water samples was 0.66+1.01
mg/kg.

Most of the vegetables have higher Fe
concentration than the permissible limits set by the FAO
(2002). Iron acts as a micronutrient if present in trace
amount. Excess of iron associated with many health
implications. Maximum iron concentration (364 pg/g)
was found in tomatoes followed by cucumber (141.4
ng/g), whereas least (51.9 pg/g) was observed in onions
followed by potatoes (70.2 pg/g). Likewise in another
study Khan ef al. (2008) found iron contents ranged from
73- to 190 mg/kg in cauliflower and tomatoes. Present
results were higher than recorded by Baccio et al. (2005)
analyzed different vegetables and reported high
concentration (7.9-24.8 ng/g) for iron in these samples. In
Pakistan, Ali et al. (2012) recorded high concentrations
of iron in onion, potato, tomato and cucumber.

Accumulation of heavy metals is attributed to
direct use of untreated waste water furthermore; non-
judicial application of agricultural practices imparts an
extra source of heavy metal to food stuff (Akoto et al.,
2015; and Mahmoud and Ghoneim, 2016).

Zinc (Zn) concentrations ranged from
16.56+7.31 to 28.66+4.41 mg/kg in the vegetables
samples. Maximum Zn concentration (28.66+4.41 mg/kg)
was found in cucumber followed by carrots (25.77+5.84
mg/kg), while least content (16.62+3.82 mg/kg) was
found in onions. However it was not found in water
samples.

Zinc concentrations in all samples were found
far below than the permissible limits of 100 mg/kg
described by FAO/WHO. This might be due to
established deficiency of this nutrient in Pakistani soils.
Zinc is the most important and a vital trace component
for higher plants and animals. It plays a vital role to
energy metabolism, transcription and translation due to
variety of enzyme systems. In some soils the higher
amount of zinc is present due to human activities and it is
potentially dangerous. Excessive contents in soil results
in phyto-toxicity and eventually entry to the food chain
(Change et al., 2005). In current study, the zinc
concentration was found below than the permissible limit
as describe by WHO. Results of the present study were
similar with the finding of Devi et al (2007) who
reported 21.34, 20.08 and 3.56 mg/kg zinc content in
onions, cucumber and tomatoes, respectively.
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Table 2: Prevalence of heavy metals in vegetables and drinking water.

Elements (mg/kg) Mean£S.D

Samples Cd Cr Cu Ni Pb Mn Fe Zn
Cauliflower 0.254+0.27 0 11.29+6.84 5.57+1.88 4.01£3.78 24.69+3.44 52.224+8.93 21.92+7.96
Turnip 0.10+0.04 0 18.87+23.49 4.87+4.69 8.52+3.48 9.56+1.66 32.19+8.58 21.92+3.01
Onion 0.03+0.04 19.05+£32.99 2.36+3.54 6.68+5.79 5.51+£7.10 15.37+6.21 103.72+84.36 16.62+3.82
Tomato 0.25+0.23 6.35+11.00 10.75£15.91 1.81£1.69 2.51+4.34 18.20+3.05 52.22+19.35 25.77+4.65
Potato 0.10+0.09 0 6.77+10.90 5.15+8.92 3.51+2.30 8.03+1.15 33.62+16.25 20.47+5.08
Cucumber 0.08+0.08 0 0 22.9748.13 5.5245.28 16.28+3.77 73.67+32.78 28.66+4.41
Pea 0.20+0.09 0 0 24.63+11.07 10.03+£3.47 27.3749.27 85.12+41.68 23.84+5.21
Carrot 0.15+0.08 6.35+5.50 0.75+0.67 14.48+18.47 4.51£5.42 20.11+2.30 42.20£15.07 25.77+5.84
Ridge Gourd 0.08+0.13 0 2.154+3.72 18.79+9.40 3.01+£3.98 25.00+6.56 148.07+78.67 23.84+6.30
Water 0 0 0 0 0 0.35+0.40 0.66+1.01 0
Source: Authors’ own calculations Sample dates: 2015-16
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Pesticide residues in vegetables: In Pakistan,
organophosphate and pyrethroid group of pesticides are
used most frequently (Saleem et al., 2008). These include
a broad range of compounds with herbicides, fungicides,
insecticides and others. Most commonly used
organophosphate pesticides to vegetables in Pakistan
include chlorpyrifos, trichlorfon, dimethoate, diazinon
and methamidophos and pyrethroid group includes
cypermethrin ~ about 29% use in  vegetables
lamdachylothrin, lufenuron, emamectin benzoate and
fenvalerate respectively. Imidacloprid (Neonicotinoids) is
also very common insecticide used in Pakistan due to its
lower cost (Baig et al., 2012).

Samples of cauliflower, turnip, onion, tomato,
potato, cucumber, carrot, brinjal, round gourd, bitter
gourd, okra and ridge gourd were tested for pesticide
residues.  The results for  chlorpyrifos  and
lambdacyhalothrin residues in the vegetable are presented
in Table 3. Standard maximum residue levels set by
FAO/WHO and UK and EU standards (EC 2001; FAO
2002) are presented in Tables and 5. These were
compared with the pesticide residues of vegetables from
the study area. Concentration of chlorpyrifos and
lamdacyhalothrin was found to be higher than the
recommended limits.

The lowest chlorpyrifos residues were found in
the onion (0.312mg/kg) followed by turnip (1.139mg/kg),
tomato (1.178mg/kg) and potato (1.801mg/kg).
Chlorpyrifos was not detected in cucumber and carrot
samples obtained from this region.

According to FAO/WHO and Codex standards
maximum residual levels for chlorpyrifos are 0.05mg/kg
for cauliflower; however, its contents in present study
were 17 folds higher (0.859mg/kg). Among the vegetable
samples, okra contained the lower chlorpyrifos residues
(1.284mg/kg) than the maximum residual levels
(1.5mg/kg) describe by FAO/WHO. Chlorpyrifos
residues in turnip, potato, onion and tomato were 22.78,
9.005, 6.24 and 2.35 fold higher than the MRLs as
describe by FAO and EU. Among the tomatoes, potatoes,
onions and cucumbers which were commonly used in the
study area, residues of chlorpyrifos were found higher in
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potato and tomato from the study area. Furthermore, its
concentration was higher than the MRLs as describe by
Codex/FAO and EU in onions.

The presence of pesticide residues in okra is
very common. Additionally, this vegetable is used
without peeling which further increases the risks of
toxicity in human. In a Chinese study, among the
vegetables okra showed maximum concentration of
chlorpyrifos residues (1.71mg/kg) followed by
0.79mg/kg in carrots, 0.29mg/kg in tomatoes, 0.16mg/kg
in onions and 0.11mg/kg in cucumbers respectively while
lowest residues were detected in potatoes 0.036mg/kg
and brinjal 0.086 mg/kg (Yuan et al., 2014).

Lambdacyhalothrin residues were detected in
many vegetables and found above to their permissible
range. Extreme lambdacyhalothrin  concentration
(1.99mg/kg) was observed in cucumber followed by
potato (0.278mg/kg), ridge gourd (0.26mg/kg), turnip
(0.117mg/kg) and brinjal (0.032mg/kg). The lowest
lambdacyhalothrin residues were detected in tomatoes
(0.003mg/kg) followed by bitter gourd (0.004mg/kg) and
(0.023mg/kg) in onion respectively. Lamda-cyhalothrin
was not detected in cauliflower, okra, round gourd and
carrot. Mean contents of pesticide residues in vegetables
along with other comparative values are summarized in
Table 6. From the values it is clear that concentration of
chlorpyrifos and lambdacyhalothrin was above their
MRLs.

Table 3. Results of vegetable samples.

Sample Pesticides (mg/kg)
Chlorpyrifos Lambdachyalothrin

Potato 1.801 0.027
Tomato 1.178 ND
Onion 0.312 ND
Carrot ND 0.303
Cucumber ND 1.99
Turnip 1.139 0.117

Source: Authors’ own calculations
Sample dates: 2015-16

Table 4. MRLs (mg/kg) of Chlorpyrifos set by various organizations.

Samples Conc. (mg/kg) FAO/WHO MRLs Codex MRLs ASEAN MRLs UK/EU. Limits
Potato (M) ND 0.2 2 0.05 0.05
Potato (P) 1.801 0.2 2 0.05 0.05
Tomato (p) 1.178 0.5 - - 0.5
Onion (M) 0.525 0.05 0.2 0.05 0.2
Onion (P) 0.312 0.05 0.2 0.05 0.2
Carrot ND 0.5 0.1 0.5 0.1
Cucumber (M) 1.99 - - - 0.05
Cucumber (P) ND - - - 0.05
Turnip 1.139 - - - 0.05

Source: HSE 2016
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Table 5. MRLs (mg/kg) of Lamda chyalothrin set by
various organizations.

Sample Conc. Codex UK/EU
(mg/kg) MRLs Limits
Potato (M) 0.278 0.01 0.02
Potato (P) 0.027 0.01 0.02
Tomato (p) ND 0.3 0.1
Onion (M) 0.023 0.2 0.2
Onion (P) N/D 0.2 0.2
Carrot 0.303 0.01 0.02
Cucumber (M) 1.15 0.05 0.1
Cucumber (P) 1.99 0.05 0.1
Turnip 0.117 0.01 0.02

Source: HSE 2016

Food Safety

Drinking Water
Safety

Figure 9. Summary of the results

Conclusions: This study aimed to improve food security
and safety policies in peri-urban areas. The results of this
study, however, cannot be generalized to other areas
(rural and urban areas) as the main focus was peri-urban
areas in a regional setup. However, these results indicate
some very important implications for future research and
regional policy setup.

It is important for the future researchers to focus on:

. The comparative analysis of both peri-urban and
rural vegetable production for pesticides and sewage
water residues.

. As the peri-urban areas are the transitory
territory between rural and urban areas, the land has
multi-purpose uses. Furthermore, the land may be used
for urban purposes in future. The futuristic analyses of
peri-urban agriculture will be an important researchable
issue.

For the regional policy makers and implementers,
following suggestions are made:

The sewage water must be treated before
releasing into the main water streams. This can be
achieved by involving all stakeholders i.e. sanitation
agencies (government and semi-government e.g. WASA,
hospitals and industries). Waste water treatment plant
should be mandatory for industrial units and hospitals.
Furthermore, the household waste and treated waste
water from industries and hospitals must be treated at the
main collection points of local at the local sanitation
agencies i.e. WASA.
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From the above results, it is clear that the
perceptions or the residents of peri-urban areas about
food and water safety are not in line with the actual
situation. The whole discussion is summarized into
Figure 9 which shows that the majority of the
respondents perceived that they are consuming safe food
(93%) in the form of fresh vegetables and safer drinking
water (73%). On the other hand, more than 90% of the
vegetable and drinking water samples were not fit for
consumption. Vegetables contained both pesticide and
heavy metal residues while the water sample contained
heavy metal contents which were way above the
permissible limits.

Actual (Chemical Tests Results)

Unsafe
v
(90%])
w
(90%])

Safe

. A comprehensive media campaign must be
launched through print and electronic media in order to
increase awareness about the harmful effects of untreated

waste water and non-judicial use of pesticides.
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