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Where do the consumed medicinal plants in 

MERCOSUR came from?



Pesticide residue control in medicinal 

plants

Two main reasons

1- Sanitary & toxicological

Alternative medicine or the medicine 
of those who have no altenative?

2- Good Agrícultural Practices (GAPs)  



Medicinal plants and derivatives

production

Conventional : Uses pesticides like any agricultural

production

PESTICIDE RESIDUES EXPECTED

Organic/biological/ecological: No pesticides allowed, 

secondary metabolism enhaced

ABSCENCE OF PESTICIDE RESIDUES  MUST BE 

CONFIRMED



When pesticide are used in MAPs production?



Medicinal plants could contain pesticide residues

which accumualate as a consequence of agricultural

practices such as fumigations, during pre or post 

harvest or soil treatments.

It is strongly adviced that each Medicinal Plants

producer or commerzialer country should have at least

one laboratory capable of performig these

determinations

Medicinal plants could be ruled by the general 

specifications developed for foods, particuarly those

included in the Codex Alimentarius



Codex Alimentarius used matched

combinations pesticide-food product



Pesticides residues in medicinal plants

• analytical challenges:

MAPs are complex matrices containing
different amounts of  secondary metabolites
( 1-20%) with similar physicochemical
properties to the most common pesticides
employed for crop protection, either before or
post harvest
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Common pesticides

employed in crop

protection





Characteristics of Pharmacopeical protocols

There is always a reference substance

(that is provided by the pharmacopeia´s

board)

…what about for pesticides in natural 

products or medicinal plants?



Exhaustive sample preparation for the pesticide

residue analysis was the solution

the concept : 

Pesticide residues is a 

group of compounds

to be determined by a 

general procedure, as 

ashes or moisture





m
Matrix effects



Calendula
marcela

boldo

hiperico



1.5 g Na Cl + 8g MgSO4

GCB+PSAPSAGCBNo clean up

2g  sample +10 mL. H20 + 10 mL. AcOEt

GC-MS & GC-ECD LC-MS/MS



Boldo
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Matrix effect in GC-MS for some common

medicinal plants
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Boldo Calendula

Hipérico Marcela



PSA+GCB

GCB

PSA

Without

clean-up

Boldo: Matrix Effect LC-MS/MS
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A NEW 

CONCEPT



A ROAD TO

FOLLOW



European Pharmacopea 7-8 Ed.

Restricted

pesticides
list

Analytical
Criteria

following
SANCO 

Document

Not
included

Pesticides
MRL 

0.01 mg/Kg



Pesticides EU-MRLs EUPharm

Acephate 0.20 0.10

Alachlor 0.01                               0.05

Aldrin & Dieldrin 0.10                                0.25

Azimphos ethyl 0.05                                0.10

Azimphos methyl 0.5                                1.00

Azoxystrobin 0.1 EUMRLs

How is the fitting between the

pharmacopeia & the food regulation?

10 more pesticides with MRL >0.01 begining with a

The case of Ginger



Toxicological evaluation of  the

pesticide residues in herbs

Validated analytical procedure

for the specific medicinal plant

What is needed for registration?



Yerba mate

• Daily intake for uruguayan

population of 21.5 g, 

Argentina 18.5g 

Brasil 5.3g

* That means aprox 8Kg/person /y

FAO Stat, 2007



Yerba mate

Mini Luke Extract

1)Acetone 2) Clean up: Extraction (DCM;Hex 1:1), Florisil



Pesticide residues in yerba mate

Sample ΣPesticides

( ppb, µg/Kg)

1 66

2 16

3 10

4 5

5 105

Diazinon

Metidathion

Fenitrothion

Endosulfan

Endoslfan sulphate

Ethion

Malathion

Parathion(ethyl/methyl)

Chlorpirifos

Cypermethrin

Deltamethrin

30% of the samples do not have any pesticide residue



Yerba mate

Mini Luke Extract

1)Acetone 2) Clean up:  DCM;Hex 1:1 extr., Florisil



• Pesticide
Spiked Yerba 

mate

Fortified

• Infusión 
collection

Simulation of 
mate drinking

• L-L 
(H2O:CH2Cl2) 

y SPE

Anályiss

GC-ECD/FPD

Transference of pesticide residues to mate brew

Experimental design
Recuperación

(%)

DSR

(%)

GC-FPD GC-ECD TR,R,

(Z+E)

Clorfe

nvinfos

89,4 9,2
† 1,07

Clorpirifos 101,1 4,7
† 0,98

Clorpirifos-metil 83,4 7,1
† 0,88

Coumafos 78,2 7,3
† 1,41

λ-Cihalotrina 124,5 22,8
† 1,48/1,52

Cipermetrina 140,2 25,7
† 1,77/1,78

Deltametrina 178,3 18,4
† 1,86/1,88

Diazinon 84,2 14,3
† 0,78

Diclofention 94,3 2,2
† 0,91

Dimetoato 64,2 15,6
† 0,80

α+β Endosulfan 112,5 14,2 †
1,04/1,43

Etion 84,5 2,4 †
1,24

Fenvalerato 116,3 14,7
† 1,83/1,84

Malation 83,4 7,1
† 0,97

Metidatin 128,2 14,7
† 1,11

Paration-metil 118,2 17,6
† 0,93

Pirimifos-metil 87,6 13,2
† 0,94

Propetamfos 74,3 8,1
† 0,85

τ-Fluvalinato 105,7 13,2 †
1,85/1,85

Pérez-Parada, A.; González, J.;  Pareja, L.; Geis-Asteggiante, L.; Colazzo, M.; Niell, 
S.; Besil, N.; González, G.; Cesio, V.; Heinzen, H. Transfer of pesticides to the brew 
during mate drinking process and their relationship with physicochemical 
properties Journal of Environmental Science and Health Part B (2010) 45, 830–837
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T∝Ws

T∝1/Kow

T∝1/H?

Pérez-Parada, A.; González, J.;  Pareja, L.; Geis-Asteggiante, L.; Colazzo, M.; Niell, S.; Besil, N.; 
González, G.; Cesio, V.; Heinzen, H. Journal of Environmental Science and Health Part B (2010) 

45, 830–837

Transference of pesticide residues to mate brew

Transference (T(%))  vs physicochemical properties
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Pesticida T (%) DSR (%)

(Z+E) Clorfenvinfos 0,76 18,6

Clorpirifos 0,43 6,9

Clorpirifos-metil 0,44 5,8

Coumafos 0,65 17,7

λ-Cihalotrina 0,12 18,2

Cipermetrina 0,21 24,3

Deltametrina 0,08 15,4

Diazinon 0,63 18,3

Diclofention 0,67 4,0

Dimetoato 6,40 21,7

α+β Endosulfan 0,20 24,2

Etion 0,27 5,4

Fenvalerato 0,18 11,3

Malation 2,79 2,3

Metidation 2,73 4,0

Paration-metil 0,89 8,7

Pirimifos-metil 0,59 6,1

Propetamfos 2,11 6,8

τ-Fluvalinato 0,16 18,3

MDI

PEADI
ARL

×

××
=
100

ARL= Acceptable residue leve(mg/kg vegetal material )
ADI= Accepted Daily Intake (mg/kg bw)
E= transference factor the  infusion
MDI= Average intake of the plant material(kg)
P= Body weight (kg), 60 kg

Maximum limit of pesticide residues for medicinal plant 
materials. Quality control methods for medicinal plant 
materials. World Health Organization, Geneva, 1998, 54-
57. 

ADI

(mg/kg pc)*

ARLs Estimados

(mg/kg)

(Z+E) Clorfenvinfos 0,0005 0,0081

Clorpirifos 0,0100 0,0921

Clorpirifos-metil 0,0100 0,0943

Coumafos 0,0350 0,4875

λ-Cihalotrina 0,0020 0,0051

Cipermetrina 0,0500 0,2250

Deltametrina 0,0100 0,0171

Diazinon 0,0002 0,0027

Diclofention ― ―

Dimetoato 0,0020 0,2743

α+β Endosulfan 0,0060 0,0257

Etion 0,0020 0,0116

Fenvalerato 0,0200 0,0771

Malation 0,3000 17,936

Metidation 0,0010 0,0585

Paration-metil 0,0030 0,0572

Pirimifos-metil 0,0300 0,3793

Propetamfos ― ―

τ-Fluvalinato 0,0100 0,0343

Transference to the brew & ARLs
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Final objetive

To estimate the total pesticide daily intake

TMDI Maximal Theoretical Diary Ingest

Fi National commodity consum per person (Kg)  

MTDI=ΣMRLi x Fi



Toxicological evaluation of  the

pesticide residues in herbs

Validated analytical procedure

for the specific medicinal plant

What is needed for registration?



Validation parameters

Directorate General for Health & Consumers

(DG-SANCO)

38

Valídated
anayltical
method

Precision

Linearity

LOQs

Matrix 
effect

Trueness

Accuracy

DG- SANCO. Method validation and quality

control procedures for pesticide residue analysis

in food and feed, No. SANCO/12495/2011



Why to look after

organochlorines?

OC are  persistent compounds in soils, can 

contaminate plants growing in  such soils, most

dramatically rihzomes or roots .



How to look after

organochlorines?
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GC-ECD  Ginger
Matrix Efect

y = 4.5994x + 0.0019

R² = 0.9999

y = 1.5726x + 0.0355

R² = 0.9947
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Ginger: OC Recoveries
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OC Recovery (%) RSDwr

Lindane 97 4

Aldrin 107 3

DDE 103 3

DDD 87 2

DDT 118 8

OC Recovery (%) RSDwr

Lindane 90 7

Aldrin 97 6

DDE 95 5

DDD 94 7

DDT 104 12

Reproductibility intra-lab

Repeteability

GC-ECD  Ginger



Recoveries for model pesticides in Peumus boldus using

QuECheRS approaches

GC/MS

LC-MS/MS



Pesticides in medicinal & aromatics plants

Chamomille

Artichoke leaves Hypericum perforatum

Hawthorn



Summary

�Analytical methods form Pharmacopoeias such as the USP do not

consider MAPs as individual matrices. They propose an exhaustive

clean up procedure, consuming huge amounts of time and 

reagents, with an intermediate sensitivity.

�In the 7th Ed. the European Pharmacopeia introduced a new 

concept, that it is being implemented with minor adjustments by

the coming MERCOSUR Pharmacopeia

� it seems preferably to stablish general parameters for method

validation and toxicological evaluation , that should be adjusted for

each case.

�It is neccessary to develop new analytical methodologies as well

toxicological criteria for the different latin american medicinal 

herbs.
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