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There is an indiscriminate use of pesticides, artificial ripening agents, waxes, dyes, etc. on fruits and
vegetables and unknowingly the entire population consumes them. Pesticides are extremely mobile,
biostable and contaminate the entire ecosystems. Their potential hazard to human health is very
well investigated, and, as a result, many pesticides have been banned in several countries. Artificial
ripening agents cause immature ripening and contamination of the fruit causing cancers, allergies,
hormonal imbalances, etc. Further, waxes, dyes, shiners are added to impart deceptive appearance
to fruit and vegetables, so as to earn profit at the cost of human health. Awareness about simple food

processing and careful selection techniques can effectively reduce the risks of adverse health effects.

Keywords: pesticides, artificial ripening agents, food processing, contamination.

Citation: Smirnov R.Yu., Pande S., Kolenchukova O.A., Kratasyuk V.A. Household management of pesticides and chemical
contaminants in fruit and vegetables. J. Sib. Fed. Univ. Biol., 2017, 10(2), 179-186. DOI: 10.17516/1997-1389-0021.

© Siberian Federal University. All rights reserved
*  Corresponding author E-mail address: rostislav.smirnov.93@mail.ru

— 179 —



Rostislav Yu. Smirnov, Shubhra Pande... Household Management of Pesticides and Chemical Contaminants in Fruit...

boiTOBOI KOHTPOJ/Ib XUMHYCCKHUX 3arpAHAIIIHUX BCIIECTB

U MeCTULMA0B BO (PPYKTAX M OBOLIAX

P.1IO. Cmupnos?, lllyopa Ilanae?,

O.A. KosienuykoBa™®, B.A. Kparacok®™®
“Cubupckutl pedepanvbHblil yHUBepcumem

Poccus, 660041, Kpacnospck, np. Ce60600Hbi1L, 79
*Hayuno-ucciedo8amenbCKutl UHCmumym
meouyunckux npoonem Cesepa
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DedepanbHulil UCCIe008AMETbCKUL YEHMD
«Kpacnosapckuii nayunoii yeump CO PAH»

Poccus, 660036, Kpacnospck, Axkademeopoook, 50/50

becnopsioounoe npumenenue necmuyudos, UCKYCCMEEHHbIX 20PMOHO8 POCMA, NUWEBO20 60CKA U
Kpacumeinei npuooum K momy, 4mo HacejleHue HeoCO3HAHHO Nompeodasem ux emecme ¢ 060Uamu U
@dpyxkmamu. [lecmuyudvl xapakmepuszyiomes UCKIIOYUMENbHOU MOOUILHOCTBIO U OUOCIOUKOCMbIO,
umo no3eonsem UM PacnpoCmpanamvcs O0dleko 3a npedenvl o0Opadamviéaemvlx niowaoei u
3aepazuams  yenvle dKocucmemvl. Ha ocnoséamuu MHO2OUUCTEHHBIX UCCIE008AHUL OOKA3AHA
NOMEHYUANbHAS ONACHOCHb NeCMUYUO08 Ol 300P0Gbs Yel06eKd, U NOIMOMY OHU 3anpelyeHsvl 6
Hekomopwix cmpanax. Mckyccmeentvle CMuMyisimopsl pocma nposoyupyiom pakogvie 3a001e6aHus,
Hanocam ywepb 20pMOHANbHOU CUCeMe 4eN06eKd, Gbl3blealom alnepeudeckue peakyuu. Iluwesot
60CK, UCNONB3YEMbIU N5l NPUOAHUSA NPUBLEKAMENbHO20 GUOA NPOOYKYUU C YEbl0 MAKCUMUAYUU
npuodviIy, He Menee moxcuueH. Tujamenvuulii 8b160p NPOOYKMO NUMAHUA U NPUMEHEHUe NPOCTNeUULUX
Memoo08 ux 06pabomKu MO2ym ceecmu K MUHUMYMY 6pedHoe 8030elcmeue dMmux Geujecmes Ha

300p06b€ yejoeeka.

Kniouesvle cnosa: necmuuudbl, 2OPMOHbBL pocma, npodykmbl numanust, 3aepA3HeHus.

Introduction of harvest. Fenik et al. (2011) reported two main

Fruit and vegetables are rich providers of
several nutrients and bioactives which serve
as the potent nutraceuticals (Pande et al., 2012;
Pande et al., 2013) and all the leading health
organizations, doctors, and nutritionists promote
their liberal consumption so as to ensure good
health and prevent/cure diseases. Cultivation of
the fruit and vegetables involves heavy usage of
pesticides that include insecticides, fungicides,
rodenticides, bactericides, and larvecides to

minimize spoilage and maximize the quantity

classes of pesticides viz. inorganic and organic.
Inorganic class includes pesticides with arsenic,
fluorine, etc., while organic class comprises
of organochlorine, organophosphorus, and
organonitrogen pesticides.

These pesticides are highly poisonous,
which acts through different routes such as
contact poisoning via skin, respiration or
ingestion to bring about death of the targeted
pest (Singh et al., 2007). Pesticides through

environment (food chain and other sources)
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reach and affect the non-targeted organisms
(humans and animals).

The metabolites and breakdown products
of pesticides remain active in the environment
and contaminate the biosphere. Food, water,
soil, rivers, underground water table, and
even breast milk; the pesticides are found
everywhere. Further, photolytic degradation,
evaporation to atmosphere, leaching to water
table, contamination to the river or nearby
waterbodies followed by condensation to form
clouds, absorption into the edible plant parts are
possible vehicles that disseminate pesticides to
reach the population residing thousand kilometers
away from area of its active application. Some
variants of the pesticides are extremely stable
and are carried forward to the next generations
also. Thus, the impact of pesticide application
sustains for long due to its active mobility and
bioaccumulation.

Human beings are reservoir of pesticides
and they enter our body through oral (food
and water), dermal, and respiratory path, of
which oral route remains the most common.
Wide variety of fruit and vegetables such as
lettuce, spinach, peppers,

tomatoes, celery,

potatoes, carrots, cucumbers, green beans,
cauliflower, tomatoes, sweet potatoes, eggplants,
broccoli, peas, bananas, cherries, oranges,
grapes, and mushrooms have been found to be
heavily contaminated with organophosphorus,
carbamates, and organonitrogen pesticides.
Both organophosphorus and organonitrogen
pesticides operate by inhibiting the activity of
acetylcholinesterase in the nervous system, and,
as a result, acetylcholine levels increase causing
hyperarousal, muscle paralysis, and blockage
of respiratory center leading to increased heart
rate, palpitation, muscle twitching in the humans
after prolonged exposure (Papadakis et al., 2006;
Jokanovic, 2009). After reaching the human

digestive system, these pesticides can be potent

carcinogenic agents and cause several cancers
(Chen et al., 2007). Organochlorine pesticides
are neurotoxic and cause alteration in ion
channels and affect carbohydrate metabolism in
humans (Garg et al., 2004). Reports suggest that
pesticides can also affect normal thyroxine levels
(Miranda-Contreras et al., 2013) thereby affecting
reproductive abilities in humans. Further, their
adverse effect can also be seen on the adenosine
triphosphate (ATP) levels in human cerebrum
and can cause confusion, hemorrhage, irritability,
and insomnia (Van Maele-Fabry et al., 2013).
Other harmful effect of the pesticides on humans
include paralysis, respiratory and gastrointestinal
tract disturbances, mutations, allergies, etc.
(Fenik et al., 2011; Keikotlhaile et al., 2011), while
other reports suggest that prolonged exposure to
pesticides may harm neurons leading to increased
susceptibility towards Alzhimers disease in aged
population (Rauh et al., 2006). Unfortunately,
despite such deleterious effects, the usage of
pesticides has only increased significantly over
the years. Although numerous pesticides are
banned in several countries, their persistence in
the environment have impacted it drastically and,
subsequently, our health as well!

For public health, the Government sets
Maximum Residual Level (MRL) in accordance
with WHO/FAO guidelines so as to determine
acceptable limit of a pesticide in foods. However,
pesticides break down into unknown but harmful
residues that escape quarantine through standard
detection methods and ultimately reach markets
and household; eventually affecting the health
of the population. Androutsopoulos et al. (2013)
has elaborated the mutual interaction of several
pesticides and resulting toxic impact on human
health through process of potentiation, additive
effect, synergism or antagonism with other active
metabolites, ions, etc. These effects depend upon
the chemical properties and modes of action of

these pesticides.
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Apart from pesticides, there is a rampant
use of chemicals like ethylene and calcium
carbide to bring about the artificial ripening
of fruit and vegetables. It is no surprise to see
fruit and vegetables in the market out of season.
Ethylene is relatively safe for human health but
it is expensive. This had led to indiscriminate
use of cheap and locally available calcium
carbide for artificial ripening. The carcinogenic
potential of calcium carbide is well documented
and its usage is banned in many countries. It
is associated with several health implications
such as vomiting, diarrhea, muscle weakness,
neurological

impairment, speech disruption,

confusion, abortions, congenital anomalies,
cerebral edema, etc. (Dhembare, 2013; Mursalat
etal., 2013; Bouchard et al., 2011). Use of formalin
to enhance shelf life of fruits and vegetables is
evident and an irony that formalin which is used
to preserve the dead is also used to preserve the
edibles! Formalin causes myriad of respiratory
tract disturbances and is potent carcinogen.
Non edible materials as fruit dyes, fruit waxes,
fruit shiners, non-permitted colors, mineral oils,
and many other chemicals (even arsenic and
phosphorus hydride) are used on fruits to impart
deceptive appearance for commercial gains.
Such chemical contaminants can cause violent
allergic reactions, liver and respiratory disorders,
cancers and neurological disorders (Rahim, 2012;
Ensafi et al., 2014). It’s a pathetic situation that
food consumption (basic amenity for human
life) also involves an opportunity to consume
several inedible substances which are potential
carcinogens and allergens. As we become aware
about the presence and effects of pesticides and
chemical contaminants in foods, is there anything
we can do at individual level to minimize the
levels of pesticides and chemical contaminants in
our food plate?

There are several sophisticated methods such

as GC-MS, LC-MS, HPLC, spectrophotometry,

etc. to detect pesticide and hazardous heavy
metals in the edible foods. Most of these methods
require trained professionals and expensive
laboratory set up to conduct scientific analysis
and report results about pesticide residues in
samples. But since the food market cannot deny
the presence of pesticide residues in a wide
range of foodstuffs, what should we do about
it? On an individual and household basis, there
are well investigated techniques to bring down
the pesticides and chemical contaminants levels
in the fruit and vegetables below the threshold
limit for safe consumption. A simple awareness
and regular practice can help us protect against

them.

Effective household treatments

Food processing is a valuable additional
strategy to make raw food more attractive,
easily digestible, tasty, and safe for consumption
(McClements, 2015).
indicated that the basic household food processing

Several studies have
techniques such as washing, peeling, soaking,
cooking, blanching, concentrating, etc. reduce the
pesticide concentration by leaching it off (Bajwa
et al., 2014; Keikotlhaile et al., 2011). Effect of
the food processing on pesticide residue level
is multifactorial and affected by the physico-
chemical properties of food such as solubility,
volatility, thermal stability, etc. (Keikotlhaile et
al., 2011), but there is a certain decrease in the
pesticide concentration after food processing.
However, the rate of reduction varies from food
to food and from process to process.

Preliminary step in food processing is
washing. Yuwei et al. (2009) observed that the
concentration of malathion, carbaryl, dimethoate,
and fenthion residues were significantly lowered
in vegetables after judicious washing, while
Tejada et al. (1990) reported the reduction of
chlorpyriphos residues in food grains (rice and

wheat) by this important step. Rate of rinsing off
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is not affected by its solubility in water (Cengiz
et al., 2007); however addition of chlorine,
plays
more effective role in the removal of pesticide

hydrogen peroxide, acetic acid, etc.
residues during washing (Bajwa et al., 2014).
Reports show that 1 % salt solution best removes
chlorothalonil from cabbage (Satpathy et al.,
2011) while dipping vegetables in salt solution
for 10 minutes followed by washing significantly
removed pesticide residues from the okra (Nair
et al., 2014) and tomatoes (Harinathareddy et
al., 2014). Chlorinated and ozonized water also
enhances the efficacy of removing pesticide
residues from fruit and vegetables when used for
10 minutes (Ikeura et al., 2011). The length of
washing cannot be overstretched as it may lead
to loss of water soluble nutrients too. Other steps
performed after washing are also documented to
leach out pesticides and chemical contaminants.

Peeling off dislodges the pesticide residues
in the fruit and vegetables (70-100 %) as the
skin holds more pesticide residues than the inner
pulp (Cengiz et al., 2007). The food processing
includes cooking as a major component. Cooking
has been documented to reduce the aged pesticide
residues in the foods (Chavarri et al., 2005).
Kaushik et al. (2016) reported the significant
lowering of deltamethrin residues in chick pea
after subjecting to cooking. Other moist thermal
cooking treatments (steaming, blanching, and
pasteurization) also contributes to significant
pesticide content decrease (Keikotlhaile et al.,
2011; Bajwa et al., 2014). Thus, we understand
that the simple and basic household treatments
may aid us in removal of pesticides and chemical
contaminants but at the same time careful
selection of edibles is important.

One must begin with emphasis on the safe
selection of foods using the visual stimulus. If
the branch of the fruit is green but the fruit are
unusually bright yellow, it indicates forceful

ripening. Also if the whole bunch of fruit

has a uniform color with less or no spots or
marks, there are high chances that the fruit is
artificially ripened. Such bunch of fruit should
be discouraged from purchasing. The natural
cluster/bunch of fruit or vegetables are never
alike, there are considerable variations and
appearance of spots, cracks, marks denote a
naturally ripened fruit. Careful selection of
naturally ripened fruit with black or brown
marks, uneven color in the bunch ensures
selection of good fruit. The natural shape and
size of the vegetable canbe an important clue and
an unusually bloated shape with marked sheen
on the surface shows significant application
of the chemical treatment. Discourage the
purchase and consumption of off-season fruit
and vegetables. Such fruit and vegetables are
ripened by hormones, colored by dyes so as to
gain appropriate shape and size much before/
after the season. Seasonal fruit are always better
choice and are cheaper too as their production
is not mediated by man-made conditions. After
careful selection, the food processing methods
can accelerate the removal of chemical
contaminants, favoring consumption of fruit
and vegetables in their most natural form.
Beside this, one cannot ignore benefits of
practicing organic farming, preferably growing
your own fruit and vegetables under careful
supervision. This method promotes healthy
eating with involvement in the food grown
thereby minimizing wastage.

Many approaches have been designed to
detect the pesticide and chemical contaminants
in fruit and vegetables using GC-MS, LC-MS,
These

methods can be performed in laboratory

spectrophotometry, flurometry, etc.

by installing sophisticated equipments and
At a basic household

level, usage and utility of these techniques

skilled technicians.

do not hold good. Studies have revealed

bioluminescence based detection of pesticides

— 183 —



Rostislav Yu. Smirnov, Shubhra Pande... Household Management of Pesticides and Chemical Contaminants in Fruit...

as rapid, cost-effective, and extremely simple.
This method holds tremendous capacity to
detect pesticides, heavy metals, and chemical
contaminants at very small level (Ranjan et
al., 2012; Esimbekova et al., 2014; Kratasyuk
et al., 2015). We await development of such
sensitive tools to detect harmful contaminants
in the food to minimize their hazardous effects
at household level. Until then, awareness and
caution at individual level in the household

can safeguard one against harmful effects of

chemical contaminants in fruit and vegetables

to a considerable extent.
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