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Abstract— A method for determination of food contaminants, 

including pesticides, is described in this document. Using Visible 

Near InfraRed spectroscopy results obtained from food samples 

with different levels of pollution, the creation of pesticides free 

food filters were realized.  Methodology and data extraction are 

meticulously addressed. Finally, implementation of these filters in 

an embedded device, communicating with smartphone 

application is discussed allowing users to monitor food 

contaminants. 

Keywords—pesticides; organic farming; Vis NIR spectroscopy; 
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I. INTRODUCTION 

 

Pesticides are widely used in agriculture to protect crops 

and seeds and may have contributed to improvement in society 

health and economy. At the same time, widespread use of 

pesticides has led to serious harm on the environment and 

human health [1]. With the increasing demand for a high 

quality agricultural products, new quality and safety control 

devices are being investigated. Because pesticides damaging 

effects are invisible and cannot be directly warned by visible 

observation or simple testing, pesticides estimation in soil or 

in foods prior to their consumption, requires complex 

techniques and remains very challenging [2]. 

A number of analytical methods, including mass 

spectroscopy gas and liquid chromatography gas 

chromatography–mass spectrometry (GC-MS), have been 

reported to detect various pesticides contamination in foods 

and these methods are very sensitive and reliable [2]. 

However, these classical analytical approaches are usually 

confined to a laboratory environment and require costly, long 

sample preparation time, solvent wasting, and hazardous 

samples contact [2] [4]. Additional disadvantages of these 

methods include the restricted database mapping of pesticides 

analysis and the possibility of false negatives in the results [5]. 

Biosensors provides a promising alternative for the 

detection of pesticides. Biosensors convert the signal produced 

by the immobilized biological element that detect the analyte 

into an electrically detectable signal and can be classified from 

their signal transduction techniques into electrochemical, 

optical, piezoelectric and mechanical biosensors [6]. Many 

biosensors designed for pesticides detection are based on the 

inhibition reaction or catalytic activity of several enzymes 

after pesticides contact [7]. Electrochemical transducers are 

usually simple to design, small and affordable making them 

candidate of choices for portable pesticides detection [6]. For 

instance, Enzyme-Linked ImmunoSorbent Assays (ELISA) 

have grown rapidly as tools for pesticide measurement, 

although still challenged [7]. Since a number of pesticides 

have a similar mode of action affecting the activity of the 

same enzyme, most of ELISA based biosensors suffer poor 

individual pesticide specificity although improper to detect 

total pesticide content. On the other hand, immunosensors are 

biosensors that senses specific pesticides using antibodies 

(Ab) or antigens (Ag) taking advantage of the newest 

development of Ab technologies, targeted against pesticide 

molecules. Immunosensors are therefore able to provide 

concentration-dependent results in a certain range [7][8] . For 

instance in [9], Triazines were assayed using florescent 

antibodies (conjugated with with fluoresceine isothiocyanate 

binding to the fibre surface). After contact with the pesticide 

Triazines the fluorescence signal decreased since less 

antibodies were binding to the fibre. The detection limit using 

this immunosensor was very satisfying (around 0.1 ng/ml) [9]. 

However, there is a time gap between current status in the 

field and the most recent created immunosensors [7]. In 

addition, immunosensors usually requires specific testing 

procedures and have low reusability capacity without loss of 

sensitivity for most of them [10][11][12].  

Due to the great amount of pesticides currently being used, 

there is an augmented concern in the investigation and 

creation of rapid and non-destructive methods for pesticides 

detection [13]. In the last few years, advanced in optical 

instruments allowed the residuals of insecticides detection 

from agricultural samples [5]. Detection of hydrophobic 

organic pollutants via UV, Raman, and IR spectroscopic 

methods directly at solid sorbent phases are usually reported to 

be less sensitive than conventional chromatographic analysis, 

but permit on-site pollution measurements [4]. 

Near Infrared spectroscopy (NIR) is a well described 

method to assess the composition and quality of products in 

the food industry, since it has the capability to analyze organic 

substances rapidly and cost‐effectively, although suffering of 

low spectral resolution for samples in aqueous solutions due to 

strong water infrared absorption. As an example, a model for 

the quality control of herbicide Diuron in intact olives with 

85.9% of accuracy using reflectance NIR spectroscopy is 
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presented in [14]. Peppers are a frequent object of food safety 

alerts in various member states of the European Union since 

they frequently contain unauthorised pesticide residues. Near 

Infrared Reflectance Spectroscopy (NIRS) for the 

measurement of pesticide residues in peppers using 

commercially available spectrophotometers and demonstrating 

satisfying results is proposed in [15]. Spectral information in 

the ranges 1644–1772 and 2014–2607 nm without baseline 

correction and Partial Least Square (PLS) model interpretation 

were used to detect Buprofezin, Diuron and Daminozide 

without any sample pre-treatment and sample destruction in 

[16]. 

Diuron determination in pesticide formulations was also 

analyzed after its extraction with acetonitrile and subsequent 

transmittance NIR measurements (2021 and 2047 nm). Diuron 

limit of detection reached 0.013 mg.g−1 with this methodology 

which was 10 times higher than that the results obtained by 

Liquid Chromatography (LC), making NIR vibrational method 

appropriate for the quality control of pesticide commercial 

formulations [17]. Fourier transform near infrared (FT-NIR) 

spectroscopy is also of value for the determination of 

pesticides in agrochemicals. Following previous extraction of 

the active principles and transmission measurements were 

performed on Chlorsulfuron, Metamitron, Iprodione, 

Pirimicarb, Procymidone and Tricyclazole, leading to 

detection values limits ranging from 0.004 to 0.17 mg.g−1 , 10 

times faster than chromatography analysis [18]. Chlopyrifos 

residue detection in white radish, based on NIR spectroscopy 

and PLS regression is proposed in [20]. PLS was mainly 

permitted the determination of the optimum wave number 

range.  

Field portable NIR spectrometer (from 360 to 1690 nm) 

was able to determine nutrient composition of beef feedlot 

manure in [19]. On the basis of analysis of dried mannure 

samples, the field‐portable NIR spectrometer allowed fast 

determination of Carbon, Nitrates, and several other 

parameters. [19]. Field portable pesticides detectors, based on 

NIR spectrometry could be therefore considered for pesticides 

detection using a similar procedure. 

Infrared (IR) spectroscopy provides a rapid, low cost and 

highly reproducible diagnostic screening tool. IR spectroscopy 

is currently employed for soil surveillance systems, crops 

health and water quality assessment. [22]. For instance, soil 

absorption over the Visible/Near-InfraRed (Vis/NIR) 

wavelength regions (350–2500 nm) is mostly associated with 

(1) the vibrational energy transitions of the dominant 

molecular bonds of Fe-oxides (which have absorptions over 

the visible (350–780 nm) and short-wave NIR (780–1100 nm) 

spectral regions), (2) clay minerals (which have absorption 

over the long-wave NIR (1100–2500 nm) regions), (3) water 

(which has strong absorption features over Vis/NIR regions, 

most visibly near 1400 and 1900 nm), and (4) organic matter 

(which has distinct absorption features over the Vis/NIR, due 

to the various complex chemical bonds) [21]. Under certain 

conditions, such as very high concentration in soil, some 

transition elements (including Ni, Cu, Co) may also exhibit 

absorption features in the Vis/NIR spectral regions [21], 

permitting direct soil characterization and estimation of 

pesticides utilization in fields. A Vis/NIR mobile soil sensor 

was developed in [24] composed by optical unit to detect soil 

extractable phosphorous  (305 and 1711 nm in reflectance 

mode). 

Vis/NIR spectroscopy also permits pesticides and other 

food contaminants detection. It may be particularly suited for 

free space measurement and field studies. Internal and external 

pesticides damage detection of various fruits in Korea and 

Japan were detected using non damaging methods, such as 

Vis/NIR Spectroscopy [23]. 

Many aromatic pesticides are either naturally fluorescent 

or photodegrade into fluorescent byproducts and are hence 

suited for fluorescent spectroscopy detection [25]. For 

example, Polycyclic Aromatic Hydrocarbons (PAHs), 

pesticides are naturally fluorescent in aqueous solutions and 

allows for trace elements detection without previous pesticides 

concentration procedures [25]. Portable fluorometers are now 

available on market in a single portative device and with fiber-

optic probes that permit remote observations [25].  

Progress in Raman spectroscopes and in embedded 

computation equipment have enabled Raman spectroscopy to 

be used as an analytical tool for both solid samples and 

aqueous solutions, offering information permitting to 

determine the internal content in samples [2]. Because Raman 

spectrum of compound can furnish narrow and highly resolved 

bands it contains more complete vibrational information than 

IR spectrum. It may not require stabilizing materials and needs 

no chemical or mechanical pretreatment and allows 

nondestructive extraction of physical information [2][5].  

Raman spectroscopic techniques mostly gathers dispersive 

Raman spectroscopy, Fourier transform Raman spectroscopy 

and Surface Enhanced Raman Spectroscopy (SERS) [2]. 

Because conventional Raman spectroscopy is limited to a 

small scattering cross section and requires large amount of 

specimen and strong incident light, the employment of SERS 

greatly enhances the sensitivity of the conventional Raman 

spectroscopy and offers more elevated measurement speed and 

sensitivity [5]. 

In food industry, spectroscopy has been satisfactorily used 

to monitor food quality and safety. For instance Raman 

spectroscopy was applied to discriminate between transgenic 

and normal crops in various breeding such as tobacco. 

Different Raman spectrum were obtained between the 

transgenic tobacco and the wild type, since for transgenic 

tobacco, the expression of cinnamyl alcohol dehydrogenase 

was greatly depleted after cinnamaldehyde lignin 

incorporation [2]. In addition, Raman spectroscopy was 

successfully used to distinguish the Brassica napus ‘Drakkar’ 

from the new genetically modified line [2]. 

Furthermore, the use of Raman spectroscopy permitted 

carotenoids content quantification in fruits and vegetables [2]. 

Other antioxidant quantification such as lycopene could be 
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obtained by NIR-FT-Raman spectroscopy method [2]. FT-

Raman spectroscopy method in conjunction with Hierarchical 

Cluster Analysis (HCA) may accurately assess the energetic 

value and total carbohydrates, protein, and fat of powdered 

milk infant formulas [2]. 

Raman spectroscopic techniques are not only applied in 

quality control but also in safety control of various beverages, 

most specifically for microorganisms contamination and 

adulterants adjunction. The identification of oil adulteration is 

of great importance from both market and health perspectives 

in the olive oil industry. Unsaturation of oil Free Fatty Acids 

(FFA) and total degree of unsaturation could be estimated 

using spectroscopy measures [2]. Since Raman spectroscopy 

has been successfully applied to organic compounds detection 

in food and beverage, its employment for pesticides detection 

is particularly adequate. Most particularly identification and 

detection of large family of sulfur-containing pesticide 

residues at various fruit peels was performed utilizing the shell 

thickness-dependent Raman enhancement of silver-coated 

gold nanoparticles [26]. 

Transmittance spectroscopy is particularly suited for free 

space measurements without sample preparation and may be 

applied to pesticides detection. For example, using a 

transmittance spectroscopy (in the 550 and 980 nm region), 

insect infested cherries within a tart cherry fruit were detected 

with accuracy varying from 82% to 87% [27]. 

Data clustering analysis following spectroscopy data is 

often required to distinguish food contaminants. Spectroscopy 

such as SERS coupled with clustering analysis has been 

shown to enable the trace-level detection of various pesticides 

[28]. For instance, cluster analysis, following Wavelength 

Dispersive X Rays Fluorescence Spectroscopy may permit 

classification of black tea and green tea from tea mineral 

elements [29]. Clustering algorithms often requires variable 

fitting or selection methods. Most commonly employed 

methods are: Stepwise Regression Analysis, Uninformative 

Variable Elimination, Interval Partial Least Squares (IPLS) 

regression, Clonal Selection Feature Selection algorithm [13]. 

As an example improving PLS regression models, used in 

spectrum data post-processing, may hence result in more 

specific database inquiries and sample chemical identification. 

In this paper, we studied the spectral characteristic of 

pesticides contamination using Vis-NIR reflectance 

spectroscopy. Since there are several thousand of different 

active pesticide molecules reported [30][31], current pesticides 

detection is limited to few types of pesticides chemical and 

does not ascertain pesticides free products. We worked from 

another perspective by comparing the spectral information 

obtained from pesticides free and pesticides contaminated 

foods, irrespective of the pesticide types. We searched for 

particular traces in the spectroscopy spectrum that could be 

characteristic of pesticides contamination. Mostly two cases 

could be found: (1) the pesticides grown foods spectra 

contains additional traces which could be related with 

pesticides own spectral characteristics or modified 

endogenous food proteins [32][34], (2) oppositely the absence 

of spectral components in particular wavelength in pesticides 

contaminated foods compared to organic or totally natural 

foods (grown without pesticides addition) may also be used as 

a spectral indicator of food purity since certain food proteins 

may not be expressed when pesticides are utilized [35][38]. 

Further database characterization of these specific spectral 

components may permit chemical characterization and 

possibly lead to the creation of a new biomarker for pesticides 

detection. 

Finally, algorithm implementation inside a portative device 

with an embedded spectrometer, as depicted in Figure 1, 

permits user centered device for pesticide estimation. For 

easier user data reading, a wireless communication device 

(such as WIFI module) is integrated in the embedded system 

for user’s smartphone communication. A specific smartphone 

application is created for embedded spectrometer results 

monitoring. To diminish the costs of the overall device, 

sunlight is used as spectroscopic light source, limiting device 

utilization in bright areas.  

Our document will be organized into 3 main sections: first, 

the methodology of our experiment will be introduced with the 

devices used, then, the Vis-NIR spectroscopy results are 

reported and analyzed, finally a conclusion is drawn with 

possible future work direction propositions. 

 
 

Figure 1. User centric based device for food pesticides monitoring 

 

II. METHODS 

Measurements detailed information and equipment used 

are presented in this Section. 
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A. Food samples variety 

TABLE I. VEGETABLE TYPES AND VARIETIES USED FOR THE 

EXERIMENT 

Food 

Variety 

(botanical 

name) 

Food suppliers 

Market 

gardener 

(pesticides 

free) 

Organic 

shop 

Supermar

ket 1 

Supermarket 

2 

Poataoes 

Solanum 

tuberosum 

´Charlotte´ 
(yellow),  

Solanum 

tuberosum 
´Desiree´ 

(red), 

Solanum 
tuberosum 

´Charlotte´ 

(yellow) 

‘Cherie’ ‘Cherie’ 

Zucchini 

Cucurbita 
moschata, 

Cucurbita 

pepo ’De 
Nice à fruit 

ronds´ 

Cucurbita 

pepo ´Verte 

non 
coureuse´ 

Cucurbita 

pepo ´Verte 

non 
coureuse´ 

Cucurbita 
pepo ´Verte 

non coureuse´ 

Tomatoes 
Lycopersic

on 

escubentum 

Lycopersicon 

escubentum, 

Solanum 
lycopersicum 

Lycopersic
on 

escubentum 

Lycopersic
on 

esculentum 

Lycopersicon 

escubentum 

Lycopersicon 
esculentum 

 

 

 We tested 3 different food categories: tomatoes, zucchini 

and potatoes. The precise variety of vegetable tested is 

reported in Table I. Food were bought directly from (1) a 

market gardener that did not used any pesticides or chemical 

contaminant, (2) an organic store and from 2 famous French 

supermarket brands, where we assumed that plants were 

grown using pesticides ((3) and (4)). Although several 

pesticides are contained in the vegetable peel, we decided to 

perform the measure on the decorticated vegetable to avoid 

peel color bias. Each vegetable was tested in 3 different areas.  

B. Test system description: 

 

 

Figure 2. Test bench diagram used for Vis-NIR spectroscopy 

measurements in various vegetables 

Reflectance spectroscopy measures were performed using 
the test bench described in Figure 2. We used the Ocean Optics 
kit including the ECOVIS Krypton Lightsource, the USB-650 
Red Tide Spectrometer (preconfigured in the 350-1000 nm 
wavelength range), a 200 um Bifurcated Fiber (Vis-NIR) and 
the OceanView software. The results were then extracted and 
manipulated with Matlab software. The distance between the 
bifurcated fiber and the sample to measure was fixed to 5mm, 
and the reflectance robe was positioned at an angle of 90° to 
the flat surface of the sample to analyze. 

C. Data analysis: 

 
The data were analyzed using Matlab software. First, 

correction of the light intensity was performed by dividing 
each sample with its respective Area Under Curve value. Then, 
we computed the mean value associated with one food type and 
origin. Mean values of the pesticides free foods spectral data 
were used to create filters in order to highlight the particular 
wavelength associated with food pesticides addition. 

III. RESULTS 

Tomatoes spectroscopy measures from different supplier’s 

origin are presented in Figure 3, after division by their 

respective Area Under Curve, to remove the measures light 

intensity drift. Pesticides free tomatoes spectral data mean 

value is reported in thick blue line for initial comparison. Each 

subfigure represents the spectral measurements realized on 

tomatoes from a market gardener that did not used any 

pesticides or chemical contaminant (top left subfigure), an 

organic store (top right subfigure) and from 2 famous French 

supermarket brands, where we assumed that plants were 

grown using pesticides (bottom left and bottom right 

subfigures). For each different tomatoes supplier, measures 

were performed on several vegetable samples to decrease the 

samples intervariability bias and were reported in different 

color thin lines in each subfigure. As an example, the top right 

subfigure of Figure 4 green thin line outlines the relative light 

intensity of the first pesticide free tomato analyzed and the 

magenta thin lines outlines the relative light intensity of the 

third pesticide free tomatoes analyzed. 

Figure 4 and Figure 5 depict the spectral measures 

associated with zucchini and potatoes from different food 

supplier’s origin respectively. For easier data interpretation, 

light intensity drift is removed by similar integral division. 

The mean relative light intensity values of the pesticides free 

zucchini and potatoes are both reported in blue thick lines in 

each figure. Similarly to the previous figure results, subfigures 

describe the spectral measurements associated with the 4 

different vegetables origin (from pesticide free market 

gardener, organic store, supermarket 1 and supermarket 2). In 

each subfigure, the colored thin lines, outline the relative light 

intensity associated with a specific vegetable sample but from 

the same supplier origin. 

 

45Copyright (c) IARIA, 2016.     ISBN:  978-1-61208-502-9

CENTRIC 2016 : The Ninth International Conference on Advances in Human-oriented and Personalized Mechanisms, Technologies, and Services



 
Figure 3. Tomatoes spectral analysis comparison. The samples data are 

displayed by the colored thin lines and the mean value (only associated with 

the pesticides free spectrum) is depicted with the thick blue line. 

 

 

 
Figure 4. Zucchini spectral data comparison. The sample data are 

displayed by the colored thin lines and the mean value (only associated with 
the pesticides free spectrum) is depicted with the thick blue line. 

 

 
Figure 5. Potatoes spectral data comparison. The sample data are 

displayed by the colored thin lines and the mean value (only associated with 

the pesticides free spectrum) is depicted with the thick blue line. 

 

Spectral filtration of mean spectral data from organic shop 

(blue line), supermarket 1 (green line) and supermarker 2 (red 

line) with tomatoes, zucchini and potatoes pesticides free 

mean value are respectively presented in Figure 6, Figure 7 

and in Figure 8. 

Figure 6 shows that spectral relative intensity in the 350 

nm – 400 nm region is particularly characteristic of the 

tomatoes added chemicals. Other spectral rays (435 nm, 587 

nm, 672 nm, 781nm, 791 nm, etc.) deserve extended analysis 

and database characterization. 

Although characterization of food additives or pesticides 

contaminants for zucchini seems straightforward with two 

large peaks at 374 nm and 570 nm compared to pesticides free 

zucchini (Figure 7), the analysis may be more complex. In 

fact, as presented in Table I, the zucchini variety of the 

organic shop, supermarket 1 and supermarket 2 (Cucurbita 

pepo ‘Verte non coureuse’) is not exactly the same as the one 

proposed by the pesticide free market gardener (Cucurbita 

moschata and Cucurbita pepo ‘De Nice à fruit ronds’). 

Modification in chromophore molecules between these two 

varieties of zucchini may explain the large results variation. 

For more conclusive analysis, data obtained from organic 

zucchini should be used for spectral filter construction, 

although we further noted that in these wavelength areas, data 

obtained from organic stores also differ from the ones 

associated from the two supermarkets. Of particular interest 

seems to be the spectral rays of 715 nm, 774 nm, 450 - 456 nm 

area and need deeper investigation. 

Spectral filtration of mean spectral data from organic shop 

(blue line), supermarket 1 (green line) and supermarket 2 (red 

line) with potatoes pesticides free mean value is described in 

Figure 8. Except in the 350 nm - 450 nm region, spectral data 

obtained from the two supermarkets (green and red curves) 

seems to be closer to the pesticide free spectrum. Several 
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explanations may exist. Like for zucchini, not the same potato 

varieties were compared, explaining the discrepancies between 

results. A second explanation is the presence of specific food 

additional substances, possibly pollutants, in organic food 

compared to supermarket ones (organic foods are not entirely 

devoid of pesticides [39]). 

 

 
Figure 6. Additional relative light intensity compared to pesticides free 

tomatoes spectral data 

 

 
Figure 7. Additional relative light intensity compared to pesticides free 

zucchini spectral data 

 

 

 
Figure 8. Additional relative light intensity compared to pesticides free 

potatoes spectral data 

 

IV. CONCLUSION AND FUTURE WORK 

Although insufficiently characterized and currently 

incomplete, spectroscopic analysis of food in the Vis-NIR 

wavelength range, seems to permit food quality estimation. 

We propose an innovative method based on Vis-NIR 

spectroscopy for detecting food contaminants using spectral 

filters constructed from pesticides free food samples data. Our 

methodology choices was mainly dictated by the countless 

number of food contaminants, which are currently limiting the 

detection to only a restricted number of well-known 

contaminants spectrum traces for filters creation. In contrast 

we used the Vis-NIR spectral trace of pesticides free foods for 

filter creation. 

From early conclusion, our methods seems promising and 

easy to implement. However very meticulous data should be 

obtained first for each pesticides free food variety studied. 

Modification of the internal food coloration including food 

maturity levels, seeds number, etc. can lead to different light 

intensity spectral analysis, generating important 

unpredictability in the reference spectral data. 

Once extracted the particular wavelength associated with 

food pollutants, such as pesticides, database search may 

further permit pollutants chemical characterization.  

Moreover, because of the access difficulties to many 

varieties of pesticides free grown foods, organic foods may be 

used in first approximation although not always devoid of 

contaminants. 

Finally, the implementation of such algorithm in an 

embedded platform with a microspectrometer module may 

allow device user estimation of foods chemical contaminants. 
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