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Pesticide residues on vegetables pose a major concern with regard to food safety. The Rapid
Bioassay for Pesticide Residues (RBPR) is a spectrophotometric method used to rapidly screen
residues of acetylcholinesterase-inhibiting pesticides – namely, organophosphates (OP) and
carbamates (CM) in vegetable samples. In this study, RBPR was utilized to detect pesticide residues
in organic-labeled and conventional vegetables from various markets and stalls in selected areas in
Southern Luzon, Philippines from January 2016–March 2018. Samples (n = 443) that resulted in
> 20% inhibition in RBPR, the value considered as a permissible error, were considered positive
for OP and/or CM residues. Results showed that 70 (15.8%) out of 443 samples were positive
based on RBPR. Vegetable stalls from Laguna and Quezon, and Laguna public markets got the
highest positivity of samples. Based on the farming method, 18.3% (n = 262) were positive in the
conventional samples, as compared to 12.2% (n = 181) in the organic-labeled samples. Positivity
rate was observed to be highest in bitter gourd, pechay, and tomato. A few samples (n = 6) were
then analyzed by gas chromatography–mass spectrometry (GC-MS) as a confirmatory test. One
organic-labeled sample was found to have exceeded the existing MRL based on GC-MS analysis.
Overall, the study showed the presence of pesticide residues in commonly consumed conventional
and even organic-labeled vegetables in Southern Luzon. The positivity of many organic-labeled
samples is of serious concern as it may indicate fraud or mislabel and non-compliance to principles
of organic farming. This also highlights the critical need for extensive intervention strategies to
limit the potential health risk to consumers. It is advised that pesticide residues be monitored on a
regular basis and that farmers be educated about better pesticide safety procedures, particularly
the importance of adhering to prescribed pre-harvest intervals (PHI).
Keywords: conventional, food safety, organic-labeled, pesticide residues, rapid bioassay of
pesticide residues

INTRODUCTION
In the agriculture-based Philippines, many farmers rely
on pesticides to ensure high yield and quality of produce.
A warm climate and humid environment favor the
*Corresponding author: jpmanuben@up.edu.ph

occurrence of pest and disease infestations which propel
farmers to apply pesticides on their crops. Vegetables,
which are considered high-value crops, are important
sources of invaluable nutrients and are often produced
through intensive pesticide use (Ulrichs et al. 2011;
Magcale-Macandog et al. 2016). Despite the benefits of
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consuming vegetables, the presence of pesticide residues
poses food safety concerns, especially when eaten raw
(Reiler et al. 2015).
Injudicious use of pesticides like overdosing, dipping of
produce in insecticide solution, use of spray cocktails,
neglecting label recommendations, and use on nonappropriate crops are some practices done by some
farmers in the country (Bajet and Tejada 1995; Ulrichs
et al. 2011). When harvesting, some farmers tend to
ignore PHI, which is the waiting time between the last
pesticide application and the harvest of treated crops
(Latif et al. 2011). These practices often lead to a higher
concentration of pesticide residues in food, health hazards
to the pesticide applicator, and contamination of the
environment (Ulrichs et al. 2011; Perez et al. 2015).
Moreover, exceedance on the maximum residue limits
(MRLs) has been a global concern in the past decade (Latif
et al. 2011; Srivastava et al. 2011; Bempah et al. 2012;
Sinha et al. 2012; Chowdhury et al. 2013; Wanwimolruk
et al. 2015; Philippe et al. 2021). An MRL is the highest
level of pesticide residue that is legally tolerated in or
on food or feed when pesticides are applied correctly
in accordance with good agricultural practices (GAPs)
(FAO/WHO 2018). While MRLs are not to be perceived
as levels of safety concern (Winter and Jara 2015) and
exceedance of MRLs is generally understood to be of
rare health significance (Winter 1992), some proponents
are claiming harmful health effects of pesticides even in
minute amounts (Hayes et al. 2006).
This variety of problems has led some consumers to
purchase organic vegetables in order to avoid pesticide
residues (WFM 2005). The growing demand for safer food
in the country has led to the appropriation of Republic Act
No. 10068 or the Organic Act of 2010, which is a law to
“promote, propagate, develop further, and implement the
practice of organic agriculture in the Philippines” (Official
Gazette 2010). Organically grown vegetables sound
healthier; however, there are still risks for organic-labeled
commodities as there is a possibility of non-compliance
(Bajet et al. 2016).
A rapid detection method will be useful in screening
and detecting pesticide residues in large samples of
agricultural commodities. The RBPR was developed in
Taiwan and is currently used as a screening test in markets
and farms. The RBPR is a cheap and simple test to detect
OP and CM groups of pesticides on fruits and vegetables in
as fast as 10 minutes (Kao et al. 2010). The method works
by the inhibition of the enzyme acetylcholinesterase due
to OP and CM pesticides, which will result in a colorless
solution. On the other hand, the absence of the OP and CM
pesticides will allow the enzyme to catalyze acetylcholine
to form acetic acid and choline. The generated choline
reacts with the Ellman’s reagent 5,5′-dithiobis-(2844
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nitrobenzoic acid) (DTNB) to form a yellow 5-thio-2nitrobenzoic acid. This color reaction can be measured
quickly using a spectrophotometer. The method can thus
be used as a screening tool in various vegetables and other
commodities to determine their present risks and safety
due to pesticide residues. RBPR can also be a basis for
decisions prior to consumption or market acceptance.
While there are modern instrumental methods to analyze
pesticide residues like that of GC and high-performance
liquid chromatography (HPLC), they are expensive and
will require several days to obtain results, and thus, cannot
be used for screening a large number of vegetable samples.
This study aimed to screen organic-labeled and
conventional vegetables in various markets and stalls in
Southern Luzon, Philippines, particularly in Laguna and
Quezon provinces, and in Metro Manila for OP and CM
pesticide residues using RBPR. Laguna and Quezon are
active producers of lowland vegetables, wherein the bulk
of the vegetables produced in these areas are supplied to
Metro Manila and nearby provinces. Metro Manila, on the
other hand, has supermarkets where high-end produce and
organic products are sold. Furthermore, the study aimed
to explain the results of the analyses with respect to its
potential impact on food safety.

MATERIALS AND METHODS
Chemicals
The complete set of chemicals for RBPR was purchased
from Si Cheng Biotechnology Co., Taiwan. The kit consists
of phosphate buffer pH 7.5, acetylcholinesterase enzyme,
DTNB, acetylcholine iodide (ATCI). Sodium bromide and
ethanol were purchased from Scharlau Chemicals. Bromine
water was prepared using sodium bromide.
Vegetable Sampling
Conventional and organic-labeled vegetables were
randomly collected from January 2016–March 2018. The
vegetables collected were eggplant [Solanum melongena],
tomato [Solanum lycopersicum], lettuce [Romaine, green
ice, iceberg, Lactuca sativa ssp.], pechay [Brassica
rapa ssp.], Taiwan pechay [chingkang, Brassica rapa
var chinensis], bitter gourd [Momordica charantia],
cucumber [Cucumis sativus], snap beans [Phaseolus
vulgaris], cabbage [Brassica oleracea], Chinese cabbage
[wombok, Brassica rapa var pekinensis], yardlong beans
[Vigna unguiculate ssp. sesquipedalis], etc. (Table
1). The vegetables gathered were from town markets,
trading posts, supermarkets, and outlet stalls in Laguna,
Quezon, and Metro Manila (Table 2). Vegetable samples
were classified as organic-labeled if it is collected from
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Table 1. Distribution of samples according to the type of farming method.
Crop

Type

Total

Conventional no. of samples

Organic-labeled no. of samples

Bell pepper

1

6

7

Bitter gourd

47

9

56

Cabbage

8

15

23

Celery

0

2

2

Chili

9

0

9

Cucumber

5

13

18

Eggplant

44

16

60

French bean

0

7

7

Leek

0

1

1

Lettuce

10

42

52

Mustard

0

1

1

Okra

16

3

19

Pechay

27

10

37

Sitao

27

5

32

Snap bean

22

6

28

Taiwan pechay

11

9

20

Tomato

34

25

59

Wombok

1

10

11

Zuchini

0

1

1

262

181

443

Total

[1] a supermarket and indicated in the label as organic;
[2] farm or farm outlet, which is considered organic; [3]
organic farmer association group and outlets; [4] labeled
with information denoting the non-use of pesticides such
as “no chemicals, pesticide-free”; or [5] as declared by
the farmer/seller. Unlabeled produce was assumed to be
produced through conventional farming methods and,
thus, labeled as conventional. The weight of the samples
collected ranged from 0.25–1.0 kg depending on the size
and surface area of the vegetable.
Sample Preparation
For leafy vegetables, four pieces of around 2.5-cm leaf
disks were obtained from four randomly selected leaves
using a cylindrical stainless steel cutter with a diameter
of 2.4 cm. The leaf discs, approximately equivalent to 1
g, were further cut into small pieces using a cutter knife.
The cut samples were transferred to small test tubes; two
replicates were analyzed using RBPR without bromine
water and another two replicates using RBPR with
bromine water. The purpose of the bromine water was to

differentiate OP insecticides that have a phosphorus-sulfur
double bond (P=S) and a phosphorus-oxygen double bond
(P=O) moiety. The addition of the reagent will cause an
oxidation reaction that can be measured as five to 10 times
increased in % inhibition.
For non-leafy vegetables, the surface of each vegetable
sample was peeled and cut into small pieces using a cutter
knife. Then, around 1 g of the samples were transferred
to small test tubes; two replicates were analyzed using
RBPR without bromine water and another two replicates
using RBPR with bromine water.
All materials used for sample preparation were wiped
with cotton soaked in 95% ethanol in between samples
to prevent possible cross-contamination.
Sample Extraction
For the RBPR test without bromine water, 1.0 mL of 95%
ethanol was added to each of the tubes, mixed for 20–30 s
using a vortex mixer, and were left to stand for 3 min. The
extracts were then decanted into clean tubes. For RBPR
845
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with bromine water, 2.0 mL of 95% ethanol and 200-µL
bromine water were added to each of the tubes, mixed for
20–30 s using a vortex mixer, and were left to stand for 30
min to allow dissipation of the excess bromine solution.
The extracts were then decanted into new tubes.
Enzyme Inhibition Assay
In a cuvette, 3.0 mL of phosphate buffer, 20 µL of
acetylcholinesterase, and 20-µL sample extract were
added and mixed immediately. After 2.5 min, 100µL DTNB (5,5-dithio-bis-(2-nitrobenzoic acid) was
added to the mixture and at exactly 3.0 min after the
initial mixing with the sample extract, 20-µL ATCI
was added. The mixture was mixed immediately and
read in a spectrophotometer (Shimadzu UV Visible
Spectrophotometer Model 1240) set at 412 nm. The assay
was done at room temperature. Using the built-in RBPR
program, results were automatically expressed as %
inhibition. Manual computation to calculate % inhibition
was done using the following formula:
(1)
Data Analysis
Samples with % inhibition greater than 20% were
considered positive according to Tejada et al. (1998).
Considering that residues may not be uniformly distributed
on the vegetables, a conservative measure was applied.
Quantification of Pesticide Residues by GC-MS
Six randomly selected vegetables were analyzed by GCMS at the BPI-NPAL using a validated multi-residue
method. The method covers the analysis of eleven
organophosphate pesticides (mevinphos, dimethoate,
diazinon, isazophos, methyl parathion, fenitrothion,
malathion, chlorpyrifos, phenthoate, profenofos, and
triazophos). Six pyrethroids were included in the
analysis (lambda-cyhalothrin, permethrin, cyfluthrin,
cypermethrin, fenvalerate, and deltamethrin) and eight
organochlorines (lindane, aldrin, heptachlor, alpha and
beta endosulfan, endosulfan sulfate, heptachlor epoxide,
and 4,4-DDE). Organochlorines are not registered for use
on vegetables and are banned in the Philippines but are
part of the validated multi-residue method of BPI-NPAL.

RESULTS AND DISCUSSION
Analysis of Pesticide Residue Using RBPR
A total of 443 vegetable samples were collected from
selected local markets, supermarkets, trading posts,
vegetable stalls, and a consolidator in Metro Manila and
846

the provinces of Laguna and Quezon in the Philippines.
Samples collected include local pechay, Taiwan pechay,
Chinese cabbage or wombok, eggplant, lettuce (Romaine,
green ice, and iceberg), tomato, snap beans, yardlong
beans, French beans, bitter gourd, cabbage, cucumber, and
pepper (bell pepper and hot pepper), among others (Table
1). Samples from a sampling site do not necessarily mean
that they originated from the same area. For instance, one
organic vegetable consolidator in Metro Manila obtains its
vegetables from farm cooperators in Benguet and Rizal
provinces, and trading posts in Quezon are sourcing its
vegetables from nearby towns and even from provinces in
Northern Luzon. The samples were collected from January
2016–March 2018 and were classified as conventional
and organic-labeled with a total of 262 and 181 vegetable
samples, respectively.
Results based on the location of the selected sampling
sites are presented in Table 2. A positive RBPR result
means that enzyme inhibition is greater than 20%, which
indicates the presence of either OP, CM, or a combination
of both. Overall, results showed that 70 out of 443 samples
were positive (15.8%).
Based on the type of sampling sites for each location,
vegetable stalls from Laguna and Quezon, and Laguna
public markets came up with the highest percentages of
positive samples at 27.3, 25.0, and 20.8%, respectively
(Table 2). Higher positivity may be due to higher
conventionally grown vegetable samples in these sites.
Vegetable stalls in Laguna were commonly located beside
the road where farms are in the vicinity. Samples were
observed to be recently harvested and, thus, may have
higher pesticide residues. As for Quezon vegetable stalls,
these are a group of stalls located in a more urban setting.
Vegetables were also likely recently harvested as well, and
what is worse is that many of these samples were organiclabeled. Meanwhile, vegetables coming from public
markets mostly were sourced from conventional farms and
these farms are usually not supervised nor monitored. This
then may lead to injudicious use of pesticides, resulting
in higher residues on vegetables. Metro Manila stores, on
the other hand, had a lower percentage of positive samples
(9.6–10.0%) as many of them have a greater proportion
of organic-labeled samples, especially the stalls and
supermarkets in this study. In general, it was found out that
Laguna (21.6%, n = 176) has the highest positivity rate,
followed by Quezon (16.7%, n = 84) and Metro Manila
(9.8%, n = 183). It should be noted that the sampling sites
are limited and may not reflect the entirety of the region.
Table 3 summarizes the RBPR results based on the
farming method. As expected, conventional samples had
higher positivity of 18.3% (n = 262) compared to the
organic-labeled samples, which was 12.2% (n = 181).
Conventional positive samples may possibly indicate that
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Table 2. Percent positivity and distribution of samples according to location and types of sampling site.
No. of samples

No. of positive
samplesa

Positivity (%)

Supermarkets

70

7

10.0%

Consolidator

73

7

9.6%

Location

Metro Manila

Laguna

Quezon

aSamples

Type of sampling site

Stalls

40

4

10.0%

Subtotal

183

18

9.8%

Public markets

154

32

20.8%

Stalls

22

6

27.3%

Subtotal

176

38

21.6%

Trading posts

72

11

15.3%

Stalls

12

3

25.0%

Subtotal

84

14

16.7%

Total

443

70

15.8%

are regarded as positive when percent inhibition is > 20%

Table 3. Percent positivity of samples according to farming method.
Total samples

No. of positive samplesa

Positivity
(%)

Organic

181

22

12.2

Conventional

262

48

18.3

Total

443

70

15.8

Type

aSamples

are regarded as positive when percent inhibition is > 20%

pesticide label recommendations in terms of application
rate, application interval or frequency, and/or the PHI
were not followed. PHI is the minimum amount of time
(in days) between the last pesticide application and when
a crop can be harvested. This is unique for each pesticidecrop combination, which may last for 1–28 d. PHI ensures
that the crop will meet the established pesticide residue
tolerances (Fouche et al. 2000). The non-compliance of
some farmers to the PHI may be attributed to the early
harvesting due to several factors such as lack of knowledge
on the concept of pesticide residues and PHI, high market
price, high market demand (Darko and Akoto 2008),
incoming typhoon, severe pest infestation/outbreak,
among others.
Meanwhile, the percentage of positive organic-labeled
samples (12.2%) can be attributed to at least one of the
following: [1] non-compliance of some organic vegetable
growers to the non-synthetic pesticide use principle of
organic farming, [2] inadequate/lack of pesticide residue
analysis for organic produce as part of the monitoring of
compliance to organic authenticity, [3] drift of synthetic
pesticides from nearby conventionally managed fields,
[4] and mislabeling or false claims of some producers/

sellers of organic vegetables (Benbrook et al. 2021).
The relatively high number of positive samples may be
of serious concern, especially since this is contrary to
what the Organic Agriculture Act of 2010 is advocating.
According to the law, mislabeling is punishable by
imprisonment and/or a fine of not more than PHP
50,000.00 (Official Gazette 2010).
Based on the type of vegetable and regardless of farming
method, bitter gourd has the greatest positivity rate of
33.9% (n = 56) followed by pechay (29.7%, n = 37),
tomato (22.0%, n = 59), lettuce (19.2%, n = 52), and
eggplant (13.3%, n = 60) (Figure 1). This is in exception
to celery, which has only two samples and has a 50%
positivity rate. Some commodities are much fewer in the
number of samples because of their non-availability in
the sampling sites. The results were found similar to the
study done by Tipa et al. (1997). According to the study,
conventional vegetables such as eggplant, tomato, and
pechay were also found to be positive by RBPR, with
tomato being the most frequently positive among the
11.3% positive samples (n = 168) detected. Moreover, the
results of the pesticide residue monitoring conducted by
the BPI-NPAL from 2013–2015 as reported by Magcale847
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Figure 1. Relative distribution of positive and negative samples per commodity based on RBPR results.
The respective amount of positive and negative samples per commodity is labeled on the top
and bottom portion of the bars, respectively.

Macandog et al. (2016) showed that the OPs were indeed
one of the most common pesticides in vegetables (tomato,
eggplant, pechay, bitter gourd). The organophosphate
insecticides detected were profenofos, chlorpyrifos,
dimethoate, malathion, and phenthoate. Other pyrethroid
insecticides were also detected as well.
In the presence of bromine water, the method can
differentiate OPs from other OPs and CMs due to
enhanced detection of phosphorothioates, which are
OPs characterized by a sulfur-phosphorus double
bond (Vale and Lotti 2015). Examples of these are
malathion, chlorpyrifos, fenthion, fenitrothion, and
diazinon. Bromine water converts these compounds
to their corresponding oxo-analogs (Figure 2), which
inhibits acetylcholinesterase more effectively, resulting
in increased sensitivity for these compounds. This effect
is shown by the higher percent inhibition in the result
with bromine water as compared to the treatment without
bromine water. Of the positive samples analyzed, 16
out of 70 (22.9%) resulted in a significant increase in %
inhibition in RBPR with bromine water, indicating the
presence of a phosphorothioate.
Based on the recommendations of Tejada et al. (1998),
samples with < 20% inhibition can be allowed to be sold
and traded in the market, while samples with % inhibition
between 20–50% can also be allowed to be traded given

that the commodities are washed first. However, for
samples with > 50% inhibition, the commodities may be
withheld, and farmers or traders must be advised to follow
the recommended interval between the last pesticide
application and the harvest of crops to ensure that the
pesticide residues are within the acceptable limits. From
the results of the study, 85.7% (n = 70) of the positive
samples had 20–50% inhibition while 14.3% (n = 70)
of the positive samples had > 50% inhibition. Vegetable
samples that can be safely traded (samples with < 20%
inhibition) include different upland and lowland crops
such as cabbage, lettuce, snap bean, wombok, eggplant,
pechay, tomato, and bitter gourd. Meanwhile, vegetables
that resulted in > 50% inhibition were mostly lowland
crops such as tomato, bitter gourd, and pechay.
Confirmatory Analysis of Pesticide Residues by GC-MS
As shown in Table 4, negative samples tested by the
RBPR (sample nos. 4 and 6) were confirmed by GC-MS
to be negative to OP as shown by the < LOQ (limit of
quantification) results (0.01 mg/kg). Among the four
positive samples tested by the RBPR, organic-labeled
pechay (sample no. 3) was found to have the highest
% inhibition at 92.3% using RBPR with bromine. This
very high result as compared to 8.6% inhibition using
RBPR without bromine indicates the presence of a
phosphorothioate. Chlorpyrifos, a phosphorothioate, was

Figure 2. Conversion of chlorpyrifos to its oxo-analog.
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Table 4. Comparative results of RBPR and GC-MS analysis of selected vegetable samples.
Sample
number

Sample type

Vegetable

% inhibition,
without bromine

% inhibition,
with bromine

RBPRa result

GC-MSb result (mg/kg)
< LOQc

1

Conventional

Snap bean

9.8

27.3

Positive

2

Conventional

Eggplant

18.4

24.0

Positive

< LOQ

3

Organic-labeled

Pechay

8.6

92.3

Positive

Profenofos = 0.45,
Chlorpyrifos = 0.27

4

Organic-labeled

Eggplant

15.1

19.4

Negative

Lambda-cyhalothrin = 0.01,
Cypermethrin = 0.03

5

Organic-labeled

Yardlong bean

38.6

31.3

Positive

Cypermethrin = 0.08

6

Organic-labeled

Yardlong bean

0.4

1.1

Negative

< LOQ

aRapid bioassay of pesticide residues
bGas chromatography–mass spectrometry
cLimit of quantification = 0.01 mg/kg

Table 5. Samples with detected pesticide residues using GC-MS and its corresponding existing MRLs.
Sample

GC-MS result (mg/kg)

CAC MRLa (mg/
kg)

EU MRLb (mg/kg)

USDAc MRL (mg/
kg)

Profenofos = 0.45

–d

0.01

–

Chlorpyrifos = 0.27

1

0.01

1

Lambdacyhalothrin = 0.01

0.3

0.3

0.2

Cypermethrin = 0.03

0.03

0.5

–

Cypermethrin = 0.08

0.7

0.7

–

Pechay

Eggplant

Yardlong bean
aCodex Alimentarius

Commission maximum residue limit (https://www.fao.org/fao-who-codexalimentarius/codex-texts/dbs/pestres/pesticides/en/)
(https://ec.europa.eu/food/plant/pesticides/eu-pesticides-database/mrls/?event=search.pr)
maximum residue limit (https://www.fas.usda.gov/maximum-residue-limits-mrl-database)
dMeans no available maximum residue limit
bEuropean Union maximum residue limit
cUnited States Department of Agriculture

found to be present at 0.27 mg/kg, while profenofos was
at 0.45 mg/kg. Organic-labeled yardlong bean (sample
no. 5), conventional snap bean (sample no. 1), and
conventional eggplant (sample no. 2) were also found
to be positive using RBPR, but GC-MS results did not
indicate the presence of OPs at concentrations above 0.01
mg/kg, which is the LOQ of the method. Samples may
contain other pesticide active ingredients not covered
by the GC-MS multi-residue method (covers only OPs,
organochlorines, and pyrethroids). On the other hand,
the pyrethroid insecticides cypermethrin and lambdacyhalothrin were detected in organic eggplant (sample
no. 4) at 0.03 mg/kg and 0.01, mg/kg, respectively, while
cypermethrin was found in organic-labeled yardlong bean
(sample no. 5) at 0.08 mg/kg.

mg/kg profenofos detected exceeded the European Union
MRL (EU MRL), whereas 0.27 mg/kg chlorpyrifos
detected exceeded the EU MRL but was below the 1 mg/
kg CODEX MRL and United States MRL (US MRL)
for a related vegetable Chinese cabbage. In addition,
the 0.03 mg/kg cypermethrin and 0.01 mg/kg lambdacyhalothrin detected in eggplant did not exceed the
CODEX, EU, and US MRL. In the case of the detected
cypermethrin for yardlong bean (0.08 mg/kg), it did
not exceed the CODEX and EU MRL. The toxicity of
acetylcholinesterase-inhibiting compounds such as OPs
has been documented and it may pose a potential risk
to the metabolic, neurological, and endocrine systems
(Kumar et al. 2016).

Table 5 presents the residue concentrations of the positive
samples as detected by the GC-MS as compared with
their respective MRLs. For the residues in pechay, 0.45

Implication on Food Safety
The result of this study shows the presence of pesticide
residues in conventional and organic-labeled vegetables
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from the monitoring conducted. One organic-labeled
vegetable even exceeded the existing MRLs indicated
for chlorpyrifos and profenofos. According to Hughner
et al. (2007) and Stolz et al. (2011), consumers prefer
to buy organically grown vegetables and fruits due to
the absence of pesticide residues and other potentially
unwanted chemicals. The presence of pesticide residues
in organic-labeled samples poses a bigger concern since
the use of synthetic pesticides is prohibited for organic
farming. To the best of our knowledge, these positive
results of organic-labeled vegetables were the first
documented scientific evidence in the Philippines of
the presence of pesticide residues in vegetables being
marketed as “organic.”
Pesticide contamination in organic food cannot be
absolutely avoided; however, it should at most contain
trace amounts only due to unintentional contamination and
should not exceed the MRLs as compared to conventional
food. This was observed by Baker et al. (2002) when
they conducted a broad study on the pesticide residue
monitoring of organically grown crops, conventional, and
integrated pest management crops (IPM) or IPM grown
crops. They hypothesized that the organically grown crops
would result in few incidences of pesticide residues as
compared to the IPM grown and conventionally grown
crops. The study concluded that pesticide was present in
some organic samples, but it was three times lower than
in conventional production.
Moreover, according to the US Department of Agriculture
(DA) National Organic Program, the standard for
unavoidable contamination for organically grown crops is
5% of the relevant US Environmental Protection Agency
(US EPA) limit. Based on the results of this study, the
positive organic-labeled pechay with profenofos and
chlorpyrifos residue exceeded the 5% set limit, which
means that the organic-labeled pechay contains a high
amount of pesticide residues. Since organic vegetables
retail at a higher price compared to the conventional
counterpart, there may be cases of claiming conventionally
produced crops as organic, for instance in the US (Global
News 2019). Non-compliance and mislabeling incidents
must be addressed by the organic community and
government agencies and, possibly, develop effective
systems for investigating and correcting them.
Detection of pesticides with the same mode of action
is also a cause of concern, with the mixing of multiple
pesticides previously reported (Claeys et al. 2011; BPINPAL, as reported by Magcale-Macandog et al. 2016).
The use of pesticides with the same mode of action for
a long period of time may hasten the buildup of pest
resistance; therefore, farmer education on good pesticide
management anchored to GAP must be done. Ultimately,
improper agricultural application of pesticides can have
850
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major environmental and health effects. Hence, there is a
need to enhance farmer education on the use of pesticides
and observed pesticide residue levels on vegetables and
fruits. Compliance with national food safety regulations
should be monitored on a regular basis.

CONCLUSION
Through RBPR, large samples of conventionally grown
vegetables – as well as the organic-labeled vegetables
collected in various sites in Southern Luzon, Philippines
– were screened and determined to be contaminated
with pesticide residues. One organic-labeled sample
was found to exceed the set MRL based on GC-MS
analysis. Positivity in many organic-labeled samples is
of significant concern as it may indicate non-compliance
to organic principles of farming or even mislabeling. To
the best of our knowledge, this is the first scientific report
to indicate the presence of pesticide residues in organiclabeled samples in the country. Therefore, continuous
pesticide residue monitoring in agricultural commodities
is highly recommended. Also, intensive farmer education
with a focus on good pesticide management and pesticide
label recommendations should be implemented.
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