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Abstract 
 
There are multiple ways in which pesticide contamination can take place, depending on the method used for obtaining 
the raw material: by conventional agriculture or harvest from wild flora. Assessing the transfer level of residues in 
extracts, in controlled conditions of preparation and analysis, contributes to determining the risk level for the 
consumer, as well as making processing choices that lead to a low concentration of contaminants. We used an adapted 
QuEChERS extraction method for liquid samples to compare the level of pesticides in plant extracts obtained by ethylic 
alcohol and acetone extraction. This was done by extraction in the presence of MgSO4 and NaCl and cleanup by 
dispersion with PSA, active charcoal and Mg SO4. To achieve the appropriate level of sensitivity, the injection module 
of the equipment was used in Programmed Temperature Vaporization (PTV) mode, injecting 3 μl of sample. 
Calibration was performed by the standard addition technique, in which case the correlations were linear. Our results 
show that ethylic alcohol extraction, commonly used for obtaining tinctures, leads to different residue transfer levels, 
depending on their chemical structure and solubility (between 15 and 76,8 % recovery, for quintozene and 
terbuthylazine respectively). On the other hand, acetone extraction is selective for pesticides, and the crystallization of 
the resulting bioactive compounds leads to significantly reduced pesticide levels. 
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INTRODUCTION  
 
The presence of pesticide residues in plant 
products is a prevailing problem, and their 
identification and quantification in the fresh or 
processed plant products is of great importance. 
MADR (Ministry of Agriculture and Rural 
Development), is concerned with tracking the 
levels of pesticide residues in plants but not so 
much in  processed products (e.g. plant 
extracts).  Their 2015 official report  shows that 
28.84% of vegetable samples had residue 
values lower than MRL (maximum residue 
limits), while 1.8% of samples exceeded MRL.  
The highest level of residues, in over 50% of 
the samples, was found in green salad, dill, 
lovage, scallion, parsley and celery. In fruits, 
the highest percentage of residues 
identifications (70%) was found in grapes, 
followed by strawberries (68%) and apples 
(67%). The most frequently identified 
pesticides were carbendazim and tebuconazol 
(MADR report). Organochlorurate pesticides 
residues are also frequently detected in fruits 
and vegetables, sometimes exceeding the 
accepted limit (Crentsil, 2011; Akan, 2014; 

Nsikak, 2011; Łozowicka, 2016, Dobrinas, 
2011). Studies concerning the levels of 
pesticide residues during different processing 
steps show that residues can concentrate in the 
finite product  (in the case of drying fruits or 
extracting fatty or volatile oils or other  
compounds) (Cortés, 2009), or can decrease 
(through washing, peeling, chopping, grinding, 
juicing or thermal preparation) (Elpiniki, 2011; 
Mekonen, 2015).  
In medicinal plants, the presence of residues is 
the result of inadequate agricultural techniques, 
remanence of residues in the soil and/or 
contamination during the processing stages. 
Most studies were concerned with method 
validation and residue determination (LOQ = 
limit of quantitation < MRL), and in some 
instances the pesticide residues exceeded the 
approved levels  (Hua, 2012; Sadowska, 2012; 
Amirahmadi, 2013; Brahushi, 2014; Agbeve1, 
2014; Al-Othman, 2015). Consumers, 
oftentimes vulnerable segments of the 
population expect these products to be obtained 
in controlled conditions, following the GAP 
(Good Agricultural Practice) and GMP (Good 
Manufacturing Practice) rules. There is 
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therefore an intense concern with the 
evaluation of residue transfers from raw 
materials to products such as infusions 
(Rodrigues, 2005) tinctures (Kong, 2016) 
decocts, oils (Dugo, 2002; Garland, 2004) and 
concentrated fractions (Zuin, 2000). 
In the European Pharmacopoeia, Ed. 8.0, for 
the pesticide residues parameter (2.8.13) there 
is a differentiation between residues in the raw 
plant and in processed products, and the 
accepted limit is adjusted with the following 
formulas:  
If DER ≤ 10, then  

 
 
If DER>10, then  

 
 
where: DER= drug/extraction ratio (ratio 
between the quantity of herbal drug used in 
manufacture and the quantity of herbal drug 
preparation obtained, MRLprep.= officially 
accepted limit for pesticide residues in herbal 
drug preparation (mg/kg), MRLHD= officially 
accepted limit for pesticide residues in raw 
material, ADI=acceptable daily intake (mg/kg), 
M=body mass (kg), MDDHP=daily dose of 
herbal drug preparation (kg).               
The present study is concerned with evaluating 
the transfer level of pesticide residues in 
extracts of plants initially fortified with 
pesticides. The QuEChERS technique was 
initially validated on vegetable and fruit 
matrices, and later tested and applied on 
various types of samples, such as cereals 
(Kolberg, 2010), fatty matrices (Wilkowska, 
2011), water and soil (Brondi, 2011), medicinal 
plants (Sadowska-Rociek, 2013; Huebschmann, 
2012; Amirahmadi, 2013 ), juicies and other 
liquid products (Kong, 2016; Cherta, 2013)  or 
food supplements (Thomas, 2010; Dominguez, 
2014). In the present study the QuEChERS 
method was adapted for liquid samples. 
 
MATERIALS AND METHODS 
 
Dried ivy leaf (Hedera helix) and dried sage 
leaf (Salvia officinalis)  were fortified with 
pesticide solutions of known concentrations, 
prepared in the lab from individual and mixed 

standards bought from dr Ehrenstorfer. Their 
selection was made taking into account the real 
chance of contamination, both with pesticides 
used for plant protection and with banned 
pesticides that are still present in the 
environment due to their persistence.  The ivy 
leaves were subjected to ethylic alcohol 
extraction 70% (ratio 1/30), concentrated 20:1 
in the rotary evaporator. The final extract was 
conditioned in propylene glycol. The pesticide 
levels were assessed in the alcoholic phase and 
in the final propylene glycol conditioned phase. 
The sage leaves were extracted with acetone 
and the bioactive compound (BAC) was 
crystallized by solvent evaporation. The 
pesticide concentration was determined both in 
the acetone phase and in the crystallized 
substance. The analytical extraction of 
pesticides from plant extracts was performed 
with a modified QuEChERS protocol, for 
alcoholic, acetonic and propylene glycolic 
liquid samples and for solid BAC samples. The 
parameters for the analysis steps are in table 1. 
 

Table 1. Extraction and cleanup methods 

Type of 
sample 

Extraction 
method 

Cleanup method 

EA 70% 
 
 
 

4 ml extract, 
solvent evap. and, 
ACN solvent 
exchange 1: 1  

PSA-25mg, CA-10 mg, 
MgSO4-250 mg, all for 
1ml extract; filtration 
0,22 μm PTFE 

AC  4 ml extract 
without prep. 

PG 1 g sample, 10 ml 
ACN extraction, 
with NACl (0.5 g 
and Mg SO4 (2g) 

PSA-25mg, CA-10 mg, 
MgSO4-150 mg, all for 
1ml extract, filtration 
0,22 μm PTFE 

BAC  0.2 g,  5 ml ACN 
extraction 

PSA-25 mg, Mg SO4-
150 mg, all for 1ml 
extract 

 
where: EA-ethylic alcohol, AC-acetone, PG-
propylene glycol, BAC-bioactive compound. 
The analysis was performed using an Agilent 
GC-MS equipment (7890A-5975C)–SIM 
mode. The acquisition parameters were HP-
5MS column, 60 m x 0.25 mm, 0.25 μm, MMI 
Inlet with PTV solvent vent: 60ᴼ C (0.35 min) 
→ 600 ᴼC/ min to 325 ᴼC (5 min) , then 20 
ᴼC/min to 220 ᴼC; 3μL injection volume; Oven 
profile: 50oC=ct, 1 min, 25oC/ min→ 190oC, 0 
min, 3oC/min→202oC, 0min, 
1,5oC/min→240oC, 0 min, 5oC/min→250oC, 0 
min, 2oC/min→ 266oC, 8oC/min→290oC, 15.2 
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min,  run time = 62.5 min; solvent delay: 9 
min.  
Quantitation was performing through standard  
method, by Chemstation software using 
individual parameters for peak integration. The 
method is validated for 100 compounds, and 
the representative compounds for this study are 
shown in table 2, with the specific quantitation 
ions in the SIM mode and the initial plant 
concentrations.  
Table 2. Pesticides monitored in the study 

Pesticide Activity Quant 
Ion

Initial 
concentration in 
plant (mg/kg) 

Chlorprofam plant growth 
regulator 

213 0.47 

Terbutilazin herbicide 173 0.02 
Quintozene fungicide 237 0.21 
Diazinon fungicide 304 0.27 
Prothiofos insecticide 267 0.24 

γ HCH persistent OCl 217 0.20 
Tolclofos 

methyl 
fungicide 265 0.33 

Malathion insecticide 285 0.67 
Chlorpirifos insecticide 199 0.09 

Fenthion insecticide 278 0.23 
Dieldrin persistent OCl 263 0.20 

Deltametrin insecticid 181 2.27 
 
RESULTS AND DISCUSSIONS 
 

 A partial chromatogram, with the monitored 
compounds is shown in Figure 1, Figure 2 and 3 
show overlapping chromatograms of pesticides 
with standard addition and the calibration curve 
for diazinon.                                                                                                       
The transfer ratio between the initial level of 
pesticides in the samples and the alcoholic 
extract is between 15 and 76.8 %, for   
quintozene and terbuthylazyne, respectively. 
The transfer ratio between the initial pesticide 
level in samples and the PG extract is between 
6.8 and 55.8 %, for quintozen and dieldrin, 
respectively.  
 

The acetone extraction and further 
concentration in preparation for BAC is a 
selective method, both increasing the BAC 
purity and decreasing the level of pesticides in 
the final product by a significant percentage 
(transfer ratio: 0.05-0.7 % in the final product). 
 The residues concentrations found in the 
different preparation methods are shown in 
table 3. 
                                                            

Fig. 2. Overlaping 304 ion for diazinon 
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Fig. 3. Graphical representation of chromatographic 
responses using the standard addition method 

                                                                             

 

Fig.1 Section from the chromatogram with the monitored pesticides                    
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Table 3. The residues concentrations for different types 
 of extraction 

 
 
CONCLUSIONS 
 
The proposed analysis method is selective, and 
the peak separation in the SIM analysis 
conditions is appropriately used. 
The quantification method through standard 
addition is adequate, as there is linearity 
between signals of aliquots with pesticides 
added in the final stage of analysis and the 
aliquot extracted without pesticide addition. 
It is important to determine the ratio in which 
existing pesticides in the raw material 
transferred to extracts; extraction with alcohol 
allows retrieval of appreciable quantities of 
residues that remain at significant levels even if 
conditioning in propylene glycol is performed. 
Acetone extraction followed by BAC 
crystallization was proved to be a very 
successful preparation method, as it leads to 
very low levels of residues in the solid extract 
for all pesticides (less than 1% of the initial 
concentration). 
 
ACKNOWLEDGEMENTS 
 
This project was partially funded under the 
Sectoral Operational Programme Promoting 
innovation in enterprises (POS-CCE), through 
project No 546/2013: "Innovative solutions to 
determine the extent of contamination by toxic 
residues - heavy metals and pesticides - in 
products of plant origin”. 
 

REFERENCES  
 

1. http://www.madr.ro/reziduuri-de-pesticide-in-plante-si-
produse-vegetale/raport-de-monitorizare-a-
reziduurilor-de-pesticide.html 

2. Crentsil Kofi Bempah, Archibold Buah-Kwofie, Dzifa 
Denutsui, Jacob Asomaning and Anita Osei Tutu, 
2011, Monitoring of Pesticide Residues in Fruits and 
Vegetables and Related Health Risk Assessment in 
Kumasi Metropolis, Ghana, Research Journal of 
Environmental and Earth Sciences 3(6): 761-771 

3. Joseph Clement Akan, Lami Jafiya, Zaynab 
Muhammad Chellube, Zakari Mohammed, Fanna Inna 
Abdulrahman, 2014, Determination of Some 
Organochlorine Pesticide Residues in Vegetable and 
Soil Samples from Alau Dam and Gongulong 
Agricultural Sites, Borno State, North Eastern Nigeria, 
World Academy of Science, Engineering and 
TechnologyInternational Journal of Chemical, 
Molecular, Nuclear, Materials and Metallurgical 
Engineering Vol:8, No:4 

4. Nsikak U. Benson* and Aruwajoye I. Olufunke, 2011, 
Assessment of contamination by organochlorine 
pesticides in Solanum lycopersicum L. and Capsicum 
annuum L.: A market survey in Nigeria, African 
Journal of Environmental Science and Technology Vol. 
5(6), pp. 437-442 

5. Bożena Łozowicka, Piotr Kaczyński, Elżbieta 
Wolejko, Janina Piekutin, Abay Sagitov, Kazbek 
Toleubayev, Gulmira Isenova&Elmira Abzeitova, 
2016, Evaluation of organochlorine pesticide residues 
in soil and plants from East Europe and Central Asia, 
Desalination and Water Treatment , Volume 57, Issue 
3 

6. Simona Dobrinas, Gabriela Stanciu, Alina Soceanu and 
Adriana Culea, 2011, Analysis of organochlorine and 
pyrethroid pesticide residues in baby food samples, 
Ovidius University Annals of Chemistry Volume 22 
Number 2, pp.107-112, 

7. Elpiniki G. Amvrazi (2011). Fate of Pesticide Residues 
on Raw Agricultural Crops after Postharvest Storage 
and Food Processing to Edible Portions, Pesticides - 
Formulations, Effects, Fate, Prof. Margarita Stoytcheva 
(Ed.), ISBN: 978-953-307-532-7, InTech, DOI: 
10.5772/13988. Available from: 
http://www.intechopen.com/books/pesticides-
formulations-effects-fate/fate-of-pesticide-residues-on-
raw-agricultural-crops-after-postharvest-storage-and-
food-processing-t 

8. Yichen Hua,LiWana, JinmingZhanga, FangYanga, 
JiliangCao, 2012, Rapid determination of pesticide 
residues in Chinese materia medica using QuEChERS 
sample preparation followed by gas chromatography–
mass spectrometry, Acta Pharmaceutica Sinica B 
2012;2(3):286–293 

9. Anna Sadowska-Rociek, Magdalena Surma, Ewa 
Cieslik, 2012, Application of QuEChERS Method for 
Simultaneous Determination of Pesticide Residues and 
PAHs in Fresh Herbs, Bull Environ Contam Toxicol 
DOI 10.1007/s00128-012-0951-x 

10. Maryam Amirahmadi, Shahram Shoeibi, Mehdi 
Abdollahi, Hossein Rastegar, Roya Khosrokhavar and 

Pesticide Recovery, % from initial quantity 
AE 

extract 
PG 

extract 
acetonic 
extract 

solid 
extract 
(BAC) 

Chlorprofam 52 40 44 0.23 
Terbutilazin 76.8 52 32 0.11 
Quintozene 15 6.8 69 0.7 
Diazinon 57.4 44 62 0.33 
Prothiofos 28.6 15.5 69.5 0.44 

γ HCH 75 50 72 0.5 
Tolclofos 

methyl 
51.6 20.73 80 0.3 

Malathion 65 51 65 0.2 
Chlorpirifos 50.2 30 99.5 0.55 

Fenthion 27 17.7 41.5 0.05 
Dieldrin 68.8 55.8 72 0.7 

Deltametrin 45 25 80 0.1 



199

 
Morteza Pirali Hamedani, 2013, Monitoring of some 
pesticides residue in consumed tea in Tehran market, 
Iranian Journal of Environmental Health Science & 
Engineering 2013, 10:9 

11.  Ferdi Brahushi, Endrit Kullaj, 2014, The Assessment 
of Pesticides Residues in Some Organic Cultivated and 
Wild-Collected Medicinal Plants in Albania,Albanian j. 
agric. sci. 2014 

12. S. K. Agbeve1, P. Osei-Fosu and D. Carboo, 2014, 
Levels of organochlorine pesticide residues in Mondia 
whitei, a medicinal plant used in traditional medicine 
for erectile dysfunction in Ghana, International Journal 
of Research in Environmental Studies 

13. Al-Othman, Sherif H. Abd-Alrahman, and Nasser Al-
Daghri, 2015, Application of QuEChERS Pesticide 
Multiresidue Method in Traditional Saudi Medicine 
and Analysis by Gas Chromatography Mass 
Spectrometry, International Journal of Chemical 
Engineering and Applications, Vol. 6, No. 5, October 
2015 

14. Wei-Jun Kong,Qiu-Tao Liu, , Dan-Dan Kong, Qian-
Zhen Liu, , Xin-Ping MaMei-Hua Yang, 2016, Trace 
analysis of multi-class pesticide residues in Chinese 
medicinal health wines using gas chromatography with 
electron capture detection, Sci Rep. 2016 Feb 
17;6:21558. doi: 10.1038/srep21558. 

15. Seblework Mekonen, Argaw Ambelu, and Pieter 
Spanoghe, 2015, Effect of Household Coffee 
Processing on Pesticide Residues as a Means of 
Ensuring Consumers’ Safety, J. Agric. Food Chem., 
2015, 63 (38), pp 8568–8573 

16. Cortés, J. M.; Vázquez, A.; Santa-María, G.; Blanch, 
G. P.; Vill, J, 2009, Pesticide residue analysis by 
RPLC-GC in lycopene and other carotenoids obtained 
from tomatoes by supercritical fluid extraction, Food 
ChemistryVolume 113, Issue 1, 1 March 2009, Pages 
280–284 

17. Vania G. Zuin and Janete H.Y. Vilegas, 2000, Pesticide 
residues in medicinal plants and phytomedicines, 
Phytoterapy Research, 14, 73-88 

18. M. V. N. Rodrigues, , F. G. R. Reyes, V. L. G. Rehder, 
S. Rath, 2005, An SPME–GC–MS Method for 
Determination of Organochlorine Pesticide Residues in 
Medicinal Plant Infusions, Chromatographia, March 
2005, Volume 61, Issue 5, pp 291-297 

19. Giacomo Dugo and Juseppa Di Bella, 2002, Citrus, the 
genus Citrus, cap: Contaminants in citrus essential oil, 
pag 518-520, Taylor and Francis 

20. Sandra M. Garland, Prof. Robert C. Menary NW 
Davies, Garth S. Oliver, 2004,Practical approaches to 
the analyses for pesticide residues in essential oils,  
A report for the Rural Industries Research and 
Development Corporation –Australian Guvernment 

21. European Pharmacopoeia 8th edition 
22. Diana I. Kolberg, Osmar D. Prestes, Martha B. 

Adaime, Renato Zanella, 2010, Development of a fast 
multiresidue method for the determination of pesticides 
in dry samples (wheat grains, flour and bran) using 
QuEChERS based method  and GC–MS, Food 
Chemistry, doi:10.1016/j.foodchem.2010.10.041 

23. Angelika Wilkowska, Marek Biziuk, 2011, 
Determination of pesticide residues in food matrices 
using the QuEChERS Methodology, Food Chemistry 
125 (2011) 803–812 

24. S. H. G. Brondi, A. N. de Macedo, G. H. L. Vicente, 
and A. R. A. Nogueira, 2011, Evaluation of the 
QuEChERS Method and Gas Chromatography–Mass 
Spectrometry for the Analysis Pesticide Residues in 
Water and Sediment, Bull Environ Contam Toxicol. 
2011 January; 86(1): 18–22 

25. Anna Sadowska-Rociek,Magdalena Surma, and Ewa 
Cieślik, 2013, Application of QuEChERS Method for 
Simultaneous Determination of Pesticide Residues and 
PAHs in Fresh Herbs, Bull Environ Contam Toxicol. 
2013 Apr; 90(4): 508–513 

26. Hans-Joachim Huebschmann, Joachim Gummersbach, 
2012, Multi-Residue Pesticide Analysis in Herbal 
Products Using Accelerated Solvent Extraction with a 
Triple Quadrupole GC-MS/MS System, Thermo Fisher 
Application Note 52291 

27. Maryam Amirahmadi, Shahram Shoeibi, Mehdi 
Abdollahi, Hossein Rastegar, Roya Khosrokhavar and 
Morteza Pirali Hamedani, 2013, Monitoring of some 
pesticides residue in consumed tea in Tehran market, 
Iranian Journal of Environmental Health Science & 
Engineering 2013, 10:9  

28. Jason Thomas, Julie Kowalski, Jack Cochran, Michelle 
Misselwitz, 2010, Evaluation of QuECheRS, Cartridge 
SPE Cleanup, and Gas Chromatography Time-of-
Flight Mass Spectrometry for the Analysis of 
Pesticides in Dietary Supplements, LC-GC-
Chromatography on line 

29. Martínez-Domínguez G, Plaza-Bolaños P, Romero-
González R, Garrido-Frenich A., 2014, Analytical 
approaches for the determination of pesticide residues 
in nutraceutical products and related matrices by 
chromatographic techniques coupled to mass 
spectrometry, doi: 10.1016/j.talanta.2013.10.006 

30. Laura Cherta, Joaquim Beltran, Elena Pitarch, 
Félix Hernández, 2013, Comparison of Simple and 
Rapid Extraction Procedures for the Determination of 
Pesticide Residues in Fruit Juices by Fast Gas 
Chromatography–Mass Spectrometry, Food Analytical 
Methods, December 2013, Volume 6, Issue 6, pp 1671-
1684 

 


