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Foreword  
The crop protection industry stewards its products throughout their lifecycles, from manufacture and distribution 

to the responsible use and end-of-life management. For this, the industry has established a global network of 

programs to ensure the safe collection, recycling or disposal of empty packaging. Increasingly, local initiatives are 

exploring the feasibility of closing the loop by reusing post-consumer resins (PCRs) from these programs to 

manufacture new containers for agrochemical products. 

Recycling agrochemical packaging necessitates special care due to the nature of the products they previously 

contained. Trace amounts of active ingredients (AIs) may migrate into the plastic walls of containers and can 

also be detected in the recycled plastics processed by collection schemes. Therefore, the crop protection 

industry recommends the recycling of agrochemical containers, provided that containers are properly rinsed and 

a comprehensive risk assessment confirms that no unacceptable risks arise for the health, the environment and, 

in the case of container-to-container recycling, for the integrity of products packaged in containers made with 

PCRs. 

This Analytical Method CLE-AM_2025.09_v1 was developed to monitor pesticide residues in samples of high-

density polyethylene (HDPE) PCRs, which may be in the form of empty containers, flakes from shredded 

containers, pellets from extruded PCR, or new containers made of or containing PCR. It was developed at the 

Departments of Agricultural, Forest Sciences and Engineering and of Environment and Soil sciences and 

Chemistry at the Universidad de Lleida, Plaça Victor Siurana, 1, 25003 Lleida, Spain, in collaboration with an 

expert team established by CropLife Europe. 

Lleida has extensive experience in testing pesticide residues in plastic waste from collection schemes for 

agrochemical packaging in Europe, primarily aimed at characterizing and classifying the plastic waste. The 

method used was based on the analytical method “Method for Determination of Pesticides Residues in Post 

Consumer Resins Using LC/MS/MS” (Technical Procedure D0505 version III)1 developed on behalf of CropLife 

Europe by BASF in 2008 and amended in 2014 by the Institute Kuhlmann GmbH2. Lleida has significantly 

reviewed and improved the methodology in recent years, as reflected in its publication “Prevalence of pesticides 

in post-consumer agrochemical polymeric packaging” (Science of the Total Environment; 2016).3.  

The Analytical Method CLE_AM_2025.09_v1 is based on these previous works while also complying with and 

referring to the CropLife Europe’s Guidelines “Standard Operating Procedure for Analytical Method and Quality 

 
1 Technical Procedure: Method for Determination of Pesticides Residues in Post Consumer Resins Using LC/MS/MS; BASF 

Method Number D0505; Version III; (Sept 2008) 
2 Analysis Report No. 10323/14; Ref.: Method Development for Bromoxynil and Fenamiphos; 26.11.2024; Institut Kuhlmann 
GmbH, Hedwig-Laudien-Ring 3, 67071 Ludwigshafen. 
3 Eras, J., et al., Prevalence of pesticides in postconsumer agrochemical polymeric packaging, Sci Total Environ (2016), 
http://dx.doi.org/10.1016/j.scitotenv.2016.12.139. 
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Control Procedure for Pesticide Residues in Plastic Containers” and the corresponding guideline for validation of 

such methods "Guideline for the validation and verification of test methods (version: WS1 – 1_2023).  

The method takes into account the regulatory framework of the European Union and the most relevant products 

and packaging used in this market. The “relevant” pesticides to be determined with this methodology were 

evaluated based on a risk assessment method developed by CropLife Europe, which covered all AIs registered 

in the database of the European Food and Safety Authority (EFSA) as of the end of 2023. This risk assessment 

also establishes the limits for the relevant AIs in PCR, designated as the Acceptable Contamination Limits (ACLs), 

which range from 0.1 ppm to 10 ppm depending on the AI’s intrinsic hazards and based on a worst-case scenario 

(containers made with 100% PCR). The risk assessment identified 88 relevant AIs to be monitored in PCR from 

collection schemes for agrochemicals in Europe and intended for the production of new containers.  

Registration of pesticides is a “moving system”, where new pesticides are registered while others lose their 

registration. Thus, an annual review of the EU list of pesticides is recommended to identify new registered AIs 

and evaluate (using the same assessment method referred to above) if they should be added to the list of relevant 

AIs to be monitored in PCR. A validation/verification test for new relevant AIs must be conducted before 

amending the analytical method with these AIs. Pesticides that have lost their registration should still be 

monitored during their time of allowed usage (minimum 3 years after losing registration).  

This analytical method can also be used to monitor pesticide residues in other types of plastics or packaging. 

However, validation/verification trials must be conducted to ensure the method remains valid when applied for 

these substrates. 

Regions or countries with a different portfolio of products and/or packaging can use this analytical method 

provided that:  

a) They conduct their own assessment to determine the relevant AIs to be monitored in the PCR (the 

same assessment method as referred above can be used), and  

b) They perform the necessary validation/verification steps for the relevant AIs that have not already 

been validated/verified for this analytical method (or for subsequent amended versions). 

See also chapter 7 below for additional instructions on extending the scope of this Analytical Method.  

CropLife Europe would appreciate obtaining and keeping records of all validation/verification reports for new 

active ingredients. This would help improve and extend this analytical method and allows for its most efficient 

use in other regions. 
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Abstract  
This analytical method outlines the procedures for sample preparation, extraction and the detection of residues 

in HDPE PCRs using UPLC/MS/MS. The method was developed to analyse samples in the following forms: 

• Used plastic containers. 

• Flakes from shredded plastic containers (before or after washing). 

• Pellets from extruded PCR. 

• New containers made of or containing PCR. 

The method provides the procedures to:  

• Cut samples made of container units (e.g., 1 L HDPE bottle) into 1 cm2 pieces,  

• Grind flakes or pellets into a fine powder using an ultra-centrifugal mill equipped with a 0.5 mm screen.  

• Extract AIs residues from the 1 cm2 pieces or the fine powder using two combinations of solvents; one 

for un-polar pesticides and one for more polar pesticides.  

• Prepare the extracts (filter, solvent transfer, dilution) for final testing 

• Analyse AIs using UPLC/MS/MS. 

• Clean all the laboratory equipment to prevent cross-contamination. 

The limits of quantitation (LoQ) are provided by the validation report CLE-VR001_2025.09_v14, which were 

calculated based on the Acceptable Contamination Limits (ACLs) determined for each relevant AIs (0.1 ppm up to 

10 ppm depending on the AIs; see previous section).  

  

 

4 CLE-VR001_2025.09_v1 
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1 Introduction 
The CropLife Europe Analytical Method CLE-AM_2025.09_v1 is designed to determine pesticide residues in post-

consumer resins (PCR) from high-density polyethylene (HDPE) agrochemical containers. The analysis of traces 

of certain residues in plastic containers is crucial for recycling these packaging. The presence of pesticide residues 

at or above a certain level classifies the containers as hazardous (as opposed to non-hazardous) packaging waste. 

This classification directly impacts the requirements for collection, handling, and final disposal. Additionally, 

containers made of or containing PCR that release residues of former pesticides in unacceptable amounts, 

exceeding the Acceptable Contamination Levels (ACLs) defined by a risk assessment conducted by CropLife 

Europe, could harm unintended crops.  

For these reasons, CropLife International and CropLife Europe jointly recommend the recycling of agrochemical 

containers when they have been properly rinsed and a risk assessment has been conducted to demonstrate that 

no unacceptable risks arise for health, the environment, and, in the case of container-to-container recycling, for 

the integrity of products packaged in containers made with recycled plastics. Monitoring critical active 

ingredients (AIs) from pesticide products in PCR from agrochemical containers is part of this risk assessment. 

The CropLife Europe Analytical Method CLE-AM_2025.09_v1 developed in collaboration with the Universitat de 

Lleida proposes a methodology and procedures to prepare samples, extract contaminants, and analytically test 

for the presence and levels of these critical AIs. 

2 Safety and Health Considerations 
All procedures involving organic solvents, pesticides, or other toxicologically and safety-relevant 

chemicals/products should be performed under a well-ventilated hood. Personal protective equipment (e.g., 

gloves, lab coats) must be worn while performing this method. All label statements and precautions must be 

heeded. 

The use of well-ventilated hoods/clean benches is strongly recommended to avoid cross-contamination in the 

laboratory. 

3 Abbreviations 
Refer to the glossary in the CropLife Europe Guidelines “Standard Operating Procedure for Analytical Method 

and Quality Control Procedure for Pesticide Residues in Plastic Containers”. 
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4 Materials 

4.1 Samples 

Representative samples (either used plastic containers, washed and/or shredded material from plastic 

containers, pellets from extruded PCR, or even plastic containers made of or containing recycled plastic) should 

be carefully collected. The sampling procedure developed by CropLife Europe should be followed for this 

purpose. A sampling protocol must always accompany the samples. If it is impractical to take primary samples 

randomly within a lot/batch, the method of sampling must be recorded. 

Samples must be transported under appropriate conditions to the laboratory in clean containers and robust 

packaging. 

Samples must be clearly and indelibly identified to prevent inadvertent loss or confusion in labeling. Upon 

receipt, each laboratory sample must be assigned a unique reference code. 

4.2 Laboratory Equipment, Instruments and used Chemicals 

Refer to the following chapters. 

4.3 Reference Standards of Pesticide Active Ingredients 

Certified reference standards of pesticide active ingredients must always be used. For the development of this 

analytical method, they were sourced from commercial providers (e.g., “Ehrensdoerfer”) or supplied by CropLife 

Europe’s member companies. The following table lists the 88 relevant AIs defined in the risk assessment 

conducted by CropLife Europe for the European market and conditions (see Foreword for more information), 

along with their individual Acceptable Contamination Levels (ACLs) for which the AIs should be analyzed. The 

AIs are grouped into 8 categories based on their chemical properties for efficient analytical testing. 
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Table 4.3.1 

 

 

CAS ACL (µg/g)

Bentazone 25057-89-0 5

Florasulam 145701-23-1 0,1

Amidosulfuron 120923-37-7 0,1

Metsulfuron methyl 74223-64-6 0,1

Thifensulfuron methyl 79277-27-3 0,1

Thiencarbazone methyl 317815-83-1 0,5

Tribenuron methyl 101200-48-0 0,1

Bensulfuron 99283-01-9 0,1

Flazasulfuron 104040-78-0 0,5

Nicosulfuron 111991-09-4 0,1

Prosulfuron 94125-34-5 0,1

Rimsulfuron 122931-48-0 0,1

Halosulfuron methyl 100784-20-1 0,1

Pyraxsulam 422556-08-9 0,1

Tritosulfuron 142469-14-5 0,1

Foramsulfuron 173159-57-4 0,1

Sulfosulfuron 141776-32-1 0,1

Penoxsulam 219714-96-2 0,1

Triflusulfuron methyl 79277-27-3 0,1

Mesosulfuron methyl 208465-21-8 0,1

Iodosulfuron methyl 144550-36-7 0,1

G
ro

u
p

 1
: 

su
lfu

ro
n 

an
d 

su
lfo

na
m

id
e

CAS ACL (µg/g)

Chlorotoluron 15545-48-9 5,0

Clomazone 81777-89-1 5,0

Prosulfocarb 52888-80-9 5,0

Propyzamide 23950-58-5 5,0

Bixlozone 81777-95-9 0,1

Metazachlor 67129-08-2 5,0

S-Metolachlor 51218-45-2 5,0

Phenmedipham 13684-63-4 5,0

Flurochloridone 61213-25-0 0,5

Isoxaben 82558-50-7 5,0

Flumioxazin 103361-09-7 5,0

Oxyfluorfen 42874-03-3 5,0

Flufenacet (formerly fluthiamide)142459-58-3 0,5

Picolinafen 137641-05-5 0,1

Diflufenican 83164-33-4 5,0

Cyantraniliprole 736994-63-1 1,0

Broflanilide 1207727-04-5 1,0

G
ro

u
p

 2
: 

A
m

id
e 

an
d 

ca
rb

am
at

e
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CAS ACL (µg/g)

2,4-D 94-75-7 (71751-41-2) 0,1

Dicamba 1918-00-9 0,1

MCPA 94-74-6 5,0

Clethodim 99129-21-2 5,0

Cycloxydim 101205-02-1 5,0

Gibberellic acid 77-06-5 5,0

MCPB 94-81-5 5,0

G
ro

u
p

 3
: 

A
ci

ds

CAS ACL (µg/g)

Clopyralid 1702-17-6 5,0

Aminopyralid 150114-71-9 0,1

Quinmerac 90717-03-6 5,0

Asulam sodium 3337-71-1 5,0

Picloram 1/2/1918 0,1

Fluroxypyr 69377-81-7 5,0

Triclopyr 55335-06-3 5,0

Imazamox 114311-32-9 0,1

Clodinafop 114420-56-3 0,5

Fenoxaprop-P 113158-40-0 5,0

Fenoxaprop-P-ethyl 66441-23-4 0,1

G
ro

u
p

 4
: 

A
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d,
N

-h
et
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nd

 

am
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ci

d

CAS ACL (µg/g)

Metamitron 41394-05-2 5,0

Metribuzin 21087-64-9 5,0

Terbuthylazine 5915-41-3 5,0

Aclonifen 74070-46-5 5,0

Pendimethalin 40487-42-1 0,5

Indaziflam 950782-86-2 0,1

Pirimiphos-methyl 29232-93-7 5,0

Halauxifen-methyl 943831-98-9 0,1

Florpyrauxifen-benzyl 1390661-72-9 0,1

Spinetoram 935545-74-7 1,0

G
ro

u
p

 5
: 

A
m

in
e

CAS ACL (µg/g)

Cypermethrin 52315-07-8 1,0

Dimethenamid-P 163515-14-8 5,0

Tebuconazole 107534-96-3 5,0

Mesotrione 104206-82-8 0,1

Bifenox 42576-02-3 5,0

Cyhalofop-butyl 122008-85-9 5,0

Isoxaflutole 141112-29-0 5,0

Lambda-Cyhalothrin 91465-08-6 1,0G
ro

u
p

 6
: 

N
itr

o-
 a

nd
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Fig. 1: The list of 88 relevant Active Ingredients (AIs) to be monitored in PCR, along with their CAS numbers and 

individual Acceptable Contamination Levels (ACLs). The AIs are grouped for efficient analytical testing based on 

chemical properties. 

5. Sample Preparation and Processing prior to Analysis 
The laboratory identifies the samples with an internal code that describes the treatment carried out by the 

company and the sample number of the specific sample. 

The proposed protocol was developed using samples from 1 L virgin HDPE containers (“blanks”), with two 

extractions per sample (extraction code), combining both extracts into a final extract. The samples correspond 

to three acceptable contamination levels (ACLs) (0.2, 1, and 2) (ACL code) and three pesticide contact times (24 

h, 48 h, and 5 days) (time code). Replicates are performed for each sample (replicate code). 

The laboratory coding is conceptually as follows: for example, code 102241 corresponds to the sample from the 

first extraction of 0.2 ACL, 24 h of contact time, and the first repetition. 

5.1 Further Laboratory Equipment, Labware and Lab Procedures 

New glass lab materials (Fig. 2a) should be used to extract plastic samples in contact with non-ionic pesticide 

solutions, while plastic lab materials (preferably PTFE (Polytetrafluoroethylene), PE (Polyethylene), or PP 

(Polypropylene) (Fig. 2b) should be used for ionic pesticide solutions. Additional complementary lab materials 

are also required (Fig. 2c). 

CAS ACL (µg/g)

Cinmethylin 87818-31-3 5,0

Ethofumesate 26225-79-6 5,0

Sulcotrione 99105-77-8 5,0

Pyridaben 96489-71-3 1,0

Quizalofop-p-ethyl 100646-51-3 5,0

Etofenprox 80844-07-1 1,0

Piroxaden 243973-20-8 0,1

Carfentrazone ethyl 128639-02-1 0,5

Pyraflufen ethyl 129630-19-9 0,1

Fenquinotrione 1342891-70-6 0,5

Tefluthrin 79538-32-2 5,0

Tembotrione 335104-84-2 0,5

G
ro

u
p

 7
: 

O
th

er
s

CAS ACL (µg/g)

Glyphosate 1071-83-6 0,5

Propoxycarbazone 181274-15-7 0,5

Group 8: 

Ionic
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Before starting the procedure, all equipment and materials, such as the worktable and scissors, must be cleaned 

with the solvents used for the spiking (fortification) process. 

a)   b)     c)   

Fig. 2: a) Glass lab materials for non-ionic spiking; b) Plastic lab materials for the ionic spiking procedure; c) 

Complementary lab materials. 

5.1.1 Sample Preparation 

WORKING WITH THE BLANK SAMPLES (VIRGIN HDPE CONTAINERS OR PELLETS). 

DETERMINATION OF SAMPLE BLANK. 

Manually cut clean, virgin HDPE material, such as 1 L containers or pellets (Fig. 3a), without caps, into small 

pieces of approximately 1 cm × 1 cm using lab scissors (Fig. 3b) and store the pieces in the original unused clean 

HDPE containers until use (Fig. 3c). Alternatively, the container can be cut into medium-sized pieces, frozen with 

liquid nitrogen, and ground using a Retsch SM300 (Retsch, Düsseldorf, Germany) mill with a screen of 0.8 cm. 

However, this alternative method carries the risk of carryover of pesticide residues from previous sample 

preparations, leading to contamination of the blank sample. Therefore, the mill must always be thoroughly 

cleaned between samples, and appropriate solvents must be used to avoid false positive results due to 

contamination. 
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a)   b)   c)  

Fig. 3: a) Initial virgin 1L HDPE containers (standard packages for pesticide formulations) as the primary plastic 

source for blank sample; b) Lab scissors used to cut 1 cm plastic pieces, examples for shredded material; c) Initial 

plastic pieces 1x1 cm and their storage in unused containers. 

5.1.2 List of Solvents used for Extractions 

MTBE (METHYL-TERT-BUTYL ETHER): ANALYTICAL GRADE 99%; (THERMO SCIENTIFIC®) 

METHANOL: ANALYTICAL GRADE 99.8% (FISHER CHEMICAL®) 

ACETONE: ANALYTICAL GRADE (MERCK CHROMASOLV TM; FOR PESTICIDE RESIDUE ANALYSIS) 

Two solvent systems were finally developed. The first solvent system, a mixture of MTBE, Acetone and 

Methanol (50 % / 25 % / 25 %; v/v; Fig. 4a) is used for the extraction of non-ionic pesticides, while the second 

solvent mixture of Methanol and Water (50 % / 50 %; v/v; Fig. 4b) is for the extraction of ionic pesticides.  

Dichloromethane (DCM), previously used as an extraction solvent, has been substituted due to critical 

toxicological concerns associated with handling this solvent in the laboratory.  

Furthermore, Acetonitrile (ACN) was evaluated as an extraction solvent and in migration tests to simplify 

laboratory work for subsequent HPLC analyses; however, ACN was found unsuitable for the extraction steps of 

recycled HDPE pellets, containers, etc. 
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a)   b)   c)  

Fig. 4: a) Organic solvents for non-ionic extraction; b) Organic solvents and water for ionic extraction; c) 

Preparation of solvent mixtures before the extraction procedure. 

5.1.4 Spiking (Fortification) Process 

Standard solutions of pesticides. 

A “mother solution” for each active ingredient (standard solution in methanol) with concentrations 50 times the 

Acceptable Contamination Limits (ACLs; exact amounts as developed in the risk assessment procedure referred 

to above) is prepared in a 25 ml volumetric flask for a total of 8 defined pesticide groups. The solutions are 

placed in amber tubes and stored at minus 80 °C until use. The volumes of the solutions must be meticulously 

controlled to check for losses. 

The 88 AIs defined for Europe, according to CropLife Europe’s risk assessment (see the Foreword section for 

additional information), were grouped based on their similar properties for efficient analytical work, considering 

both the AIs' chemical characteristics (particularly the polarity) and the analytical capabilities of the 

UPLC/MS/MS instrument, as well as the available IT/computer functionalities This resulted in 8 different groups 

to be processed according to this analytical method. Therefore, if different laboratory instrumentation is in 

place, the number and consistency of groups could vary (see also discussion for potential optimisations in 

Chapter 7.4 below) 

Groups 1-7: To prepare spiking solutions, 1, 5, and 10 ml of the standard pesticide solutions are transferred into 

separate 250 ml volumetric flasks using class A volumetric pipettes. Each flask is then filled to the mark with the 

MTBE-acetone-methanol (50:25:25; v/v) mixture and thoroughly mixed. 

Group 8: Standard solution volumes of 1, 5, and 10 ml are prepared using micropipettes and transferred 

individually into three 250 ml volumetric flasks. Each flask is subsequently diluted to the final volume with a 

water-methanol (50:50; v/v) mixture, followed by thorough mixing to ensure uniformity of the final spiking 

solutions. 

After preparation, the freshly made spiking solutions are directly applied to spike the 1 cm x 1 cm plastic pieces. 
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Mixed standard solutions of pesticides 

Spiking of flakes with pesticide solutions 

Weigh out precisely 10 ± 1 g of virgin HDPE pieces (blank) and transfer them into 100 ml borosilicate glass bottles 

with ISO screw caps or equivalent plastic bottles (Fig. 5a, 5b). First, add 10 ml of the spiking solution to the ISO 

bottles containing the pieces. If they are not completely covered, which is often the case, (Fig. 5c), add an 

additional 10 ml of the spiking solution. The added 20 ml in total will normally cover the whole amount of the 

plastic “pieces”. If this is not the case, which sometimes happens, add another 10 ml of the spiking solution until 

all plastic pieces are covered by liquid (Fig. 5d, 5e). The total amount of spiking solution must be measured 

exactly to finally calculate for the added amounts of AI standards.  

a)   b)  

c)   d)  e)  

Fig. 5: a, b) Weighing 10 g of plastic pieces; c) Spiking of 10 g of 1 cm pieces with 10 ml spiking solution; d, e) 

Spiking with 20 mL solution to cover all pieces with non-ionic or ionic pesticide spiking solution. 

Store the bottles for equilibration testing at room temperature in the dark for three specific durations: 24 hours, 

48 hours, and 5 days (Fig. 6a, b). Exact storage times must be controlled. They are periodically agitated in the 

bath. Each spiking is done in duplicate. 
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a) b)  

Fig. 6: a) Bottles being prepared for fortifying; b) stored under dark conditions. 

5.1.5 Extraction and Adaptation of Solvent Volumes 

Extraction conditions and efficiency 

Procedure: 

Next, add 70 ml of the extraction solvent mixture (Fig. 7a) to each bottle containing the fortified plastic pieces. 

Firmly close the caps and simultaneously place the ISO bottles with the corresponding pieces and solvents in an 

ultrasonic bath, Bransonic MH (Branson 3800, Hospitalet de Llobregat, Spain), set at 50 °C for 2 hours (Fig. 7b). 

Agitate the bottles every 30 minutes and change their positions within the bath (Fig. 7c). 

a)   b)  c)  

Fig. 7: a) 70 ml solvent mixture added to the 100 ml ISO bottles containing the fortified plastic pieces; b) Samples 

placed in the ultrasonic bath; c) Samples shaken every 30 min. 

After 2 hours, cool the bottles to room temperature (Fig. 8a) in a cold-water bath. To ensure effective recovery 

of the pesticides, perform two additional washes and transfer them to the volumetric flask (Fig. 8b). After these 

additional washes, the plastic pieces remain in the bottles. 
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a)   b)  

Fig. 8: a) The cooling process performed in a cold-water bath; b) Transfer of rinses to a 250 ml volumetric flask. 

Keep the volumetric flasks in the dark by wrapping them with aluminium foil until the end of the process. After 

the first extraction step, leave the ISO bottles containing the pieces open horizontally (Fig. 9a) in a fume hood 

at room temperature until the solvents completely evaporate. Once the plastic pieces are dry, mill them 

separately into powder using an Ultra Centrifugal Mill Retsch ZM 200 (Retsch, Düsseldorf, Germany) (Fig. 9b) 

with a 12-tooth rotor measuring 99 mm in diameter and equipped with a 0.5-mm mesh screen (Fig. 9c). 
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a)  b)  

b)  d)  

Fig. 9: a) Complete evaporation of solvents after the extraction process of 1 cm plastic pieces; b) Mill ZM200; c) 

Mill prepared for milling 1 cm plastic pieces into 0.5 mm powder; d) Cleaning of all components of the mill and 

of the tools. 

The milling step is critical for the sample preparation because of potential contamination. Thus, a reliable 

cleaning procedure is essential. First clean the mill components and stainless-steel tools in contact with the 

fortified plastic pieces with hot water and soap, then rinse with Milli-Q water. Finally, wash all parts of the mill 

with the solvent mixture solution (Fig. 10a) before milling the next sample. Avoid contact with any parts sensitive 

to the solvent mixture. 
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  a)   

  a)   

b)  

Fig. 10: a) Cleaning of all components of the mill and stainless-steel tools with the solvent mixture solution; b) 

Plastic particles remain stuck to the sieve, making cleaning difficult. 



   

CROPLIFE EUROPE:  ANALYTICAL METHOD NUMBER CLE-AM001_2025.09_V1 

METHOD FOR THE DETERMINATION OF PESTICIDES RESIDUES IN POST-CONSUMER RESINS FROM HDPE CONTAINERS PROPOSING A SAMPLE 

PREPARATION PROCEDURE WITH SPECIAL FOCUS ON CROSS-CONTAMINATION AVOIDANCE AND UPLC/MS/MS AS ANALYTICAL PRINCIPLE 

 

Page 20 of 36 

 

Before milling, mill approximately 20 g of new clean, virgin plastic pieces to avoid cross-contamination; discard 

the resulting powder. After milling, the sieve is one of the most challenging parts to clean between different 

samples due to the plastic microparticles that remain stuck to it (Fig. 10b). Before starting the milling of fortified 

samples, use a vacuum cleaner (Fig. 11) to remove any residual dust from a previous milling process. Visual 

inspections between cleaning steps are strongly recommended. 

     

Fig. 11: Initial cleaning of the mill if it has been used for milling matrices different from those involving the specific 

fortified plastic samples. 

Before introducing the 1 cm x 1 cm plastic pieces into the mill, freeze them with liquid nitrogen for 10 seconds 

in a porcelain mortar resistant to liquid nitrogen (Fig. 12a), and collect the resulting powder in the same type of 

100 ml ISO bottle (Fig. 12b). 

a)  b)  

Fig. 12: a) Freezing plastic pieces with liquid nitrogen; b) Collection of the obtained powder and introduction into 

the same original ISO bottle. 
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Conduct the same initial extraction procedure as before with the pulverized sample by adding 80 ml of solvent 

to the ISO bottle, which is then placed into the ultrasonic bath for 2 hours. Decant the mixture into the 

volumetric flask, followed by an additional rinse with 80 ml of solvent, bringing the total volume to 250 ml in the 

same volumetric flask used for the first extraction. During the second extraction of the pulverized samples, 

transfer the extract to the volumetric flask with the use of a funnel, into which silanized glass wool (pesticide 

grade, 21688-U Supelco®) is placed (Fig. 13). This is done to prevent plastic powder from entering the volumetric 

flask. 

   

Fig. 13: Use washed glass wool in the funnel to prevent powder transfer into the volumetric flask. 

Afterward, leave the ISO bottles with the remaining powder open horizontally in a fume hood at room 

temperature until the solvents completely evaporate. Weigh the remaining dry powder to control possible losses 

of plastic during the milling and re-extraction. Theoretical solvent usage is 30+70+80+80 mL for both extractions 

for each sample; it is essential that the pieces are entirely covered by the solvent and that the volume of solvent 

used is known. To compensate for extraction volume throughout the process, extracts are filled up to the mark 

in a 250 ml volumetric flask. Additionally, more solvent mixtures are needed to clean the mill and tools. 

5.1.6 Final Preparation of Extracts for UPLC-MS/MS Samples  

The final preparation of the extract, the transfer to HPLC suitable samples, is illustrated in Figure 14. From the 

volumetric flask of the second extraction, transfer to the three amber 8 ml glass tubes and seal them with 

parafilm after closure. Store the three tubes per sample in a refrigerator (e.g., at  minus24 °C). Transport the 

first tube to the analytical laboratory, while the others are used as control samples in case a second analytical 

verification is necessary (Fig. 14). 
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Fig. 14: Storage of final extracts from fortified samples in amber tubes. 
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6. Instrumental Analysis 

6.1 Instrumentation 

UPLC SYSTEM: ULTRA PERFORMANCE LIQUID CHROMATOGRAPHY (UPLC), ACQUITY SYSTEM (WATERS) 

MS SYSTEM: MASS SPECTROMETER WITH A TRIPLE QUADRUPOLE ANALYZER XEVO-TQ-S (WATERS) 

ACQUISITION AND PROCESSING SOFTWARE: INSTRUMENT CONTROL AND DATA ACQUISITION AND PROCESSING WERE PERFORMED 

USING MASSLYNX™ SOFTWARE VERSION 4.1 (WATERS) 

Refer to the following tables for detailed information on the different groups analyzed. 

6.1.1 UPLC-MS/MS Analysis 

Place exactly a volume of 2 ml of extract in an Eppendorf tube. 

Evaporate to dryness at room temperature for 1 hour using, e.g., a SpeedVac vacuum concentrator 

(ThermoFischer Scientific). 

Redissolve dried samples with an exact volume, typically 1 ml, of MeOH-H2O (80:20; v/v) for non-polar groups 

(G1-G7) and MeOH-H2O (20:80; v/v) for polar group (G8). Note: If needed, the used volumes of extracts (here 2 

ml) and/or the re-dissolution volume can be increased/decreased in case of low/high concentration of active 

ingredients and targeted LoQ. 
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TABLE 6.1.1 UPLC CONDITIONS 
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6.1.2 Mass Spectrometer Conditions 

Mass Spectrometer: Xevo TQS from Waters operated with an electrospray probe in MRM mode.  

Table 6.1.2 MS tune conditions were as follows: 

 

6.1.3 UPLC-MS/MS Data Processing 

Acquired data: TargetLynx software (Waters). Note: processing parameters are instrument and software 

dependent; typically provided as MassLynx files. 
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6.2 Results (example group 1) 

A complete set of results for groups 1 to 8 can be found in the corresponding validation report (examples for ion 

mass chromatograms, LoQ/LoD, linearity, accuracy/recovery, precision, robustness/ruggedness). 

6.2.1 Ion Mass Chromatograms for Group 1 
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6.2.2 Linearity, LoD and LoQ for Group 1 

Linear regression: use independently prepared stock solutions of standards of each pesticide; e.g., minimum 2 

standard solutions, with five standards each one. For each standard, measure calibration curves considering 

expected concentration in accuracy and precision experiments. The dilution factor due to sample preparation, 

e.g., for a pesticide at 1 µg/g in sample, concentration in the organic extract would be 0.04 µg/ml i.e. 1 µg/g × 

10 g sample/250 ml of extraction volume. Detection and quantitation limits are calculated by dilution of the 

calibration curves of each pesticide at S/N ≥ 10 (Limit of Quantitation; LoQ) and S/N ≥ 3 (Limit of Detection; LoD). 

An exemplary calibration curve is shown for group 1.  

Compound name R.T. (min) Polarity

Precursor 

ion  (m/z)

Product  

ion (m/z)

Cone 

voltage (V)

Collision 

energy (eV)

Precursor 

ion  (m/z)

Product  

ion (m/z)

Cone 

voltage (V)

Collision 

energy (eV)

Florasulam 3,35 ESI+ 360,1 129,1 30 30 360,1 109,1 30 59

Thiencarbazone 

methyl 3,59 ESI+ 391,1 359,0 30 10 391,1 130,0 30 20

Thifensulfuron 

methyl 3,60 ESI+ 388,0 167,0 30 21 388,0 205,0 30 35

Nicosulfuron 3,60 ESI+ 411,2 182,2 30 27 411,2 213,1 30 23

Pyroxsulam 3,60 ESI+ 435,1 195,1 30 25 435,1 166,1 30 40

Metsulfuron methyl 3,66 ESI+ 382,1 167,1 30 21 382,1 199,0 30 29

Foramsulfuron 3,72 ESI+ 453,1 182,2 30 35 453,1 272,1 30 21

Penoxsulam 3,72 ESI+ 484,1 195,1 30 30 484,1 164,1 30 30

Rimsulfuron 3,74 ESI+ 432,1 182,1 30 30 432,1 325,1 30 21

Amidosulfuron 3,81 ESI+ 370,1 261,1 30 19 370,1 218,1 30 33

Mesosulfuron 

methyl 3,82 ESI+ 504,1 182,1 30 30 504,1 83,1 30 50

Bentazone 3,84 ESI+ 241,1 198,9 30 10 241,1 80,0 30 50

Bensulfuron 3,85 ESI+ 397,1 182,0 30 15 397,1 156,1 30 15

Tribenuron methyl 3,95 ESI+ 396,1 155,1 30 20 396,1 181,1 30 27

Flazasulfuron 3,98 ESI+ 408,1 182,1 30 25 408,1 139,1 30 44

Iodosulfuron methyl 4,07 ESI+ 508,0 167,1 30 20 508,0 141,1 30 20

Prosulfuron 4,09 ESI+ 420,1 141,1 30 25 420,1 167,1 30 25

Triflusulfuron 

methyl 4,10 ESI+ 493,2 264,0 30 30 493,2 96,0 30 45

Sulfosulfuron 4,11 ESI+ 471,1 211,1 30 19 471,1 261,1 30 23

Tritosulfuron 4,14 ESI+ 446,0 195,0 30 18 446,0 145,0 30 35

Halosulfuron 

methyl 4,41 ESI+ 435,1 182,1 30 31 435,1 83,1 30 79

Quantitation parameters Qualification parameters
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 LOD  LOQ

Compound name Linear range (ppb ) R 2 ppb ppb

Florasulam 2-100 0,999 0,3 1,0

Thiencarbazone methyl 10-350 1,000 2,4 8,0

Thifensulfuron methyl 2-100 0,999 0,3 1,0

Nicosulfuron 2-100 1,000 0,3 1,0

Pyroxsulam 2-100 0,999 0,3 1,0

Metsulfuron methyl 2-100 0,999 0,3 1,0

Foramsulfuron 2-100 0,999 0,3 1,0

Penoxsulam 2-100 1,000 0,3 1,0

Rimsulfuron 2-100 0,999 0,3 1,0

Amidosulfuron 2-100 1,000 0,3 1,0

Mesosulfuron methyl 2-100 0,999 0,3 1,0

Bentazone 10-200 0,999 2,4 8,0

Bensulfuron 2-100 0,999 0,3 1,0

Tribenuron methyl 2-100 0,997 0,3 1,0

Flazasulfuron 10-350 1,000 2,4 8,0

Iodosulfuron methyl 2-100 0,998 0,3 1,0

Prosulfuron 2-100 1,000 2,4 8,0

Triflusulfuron methyl 2-100 0,999 0,3 1,0

Sulfosulfuron 2-100 0,999 0,3 1,0

Tritosulfuron 2-100 1,000 0,3 1,0

Halosulfuron methyl 2-100 0,999 0,3 1,0

Calibration  curve

Compound name: Bensulfuron

Coefficient of Determination: R^2 = 0.996767 

Calibration curve:  518.251 * x + -270.532

ppb
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6.2.3 Accuracy (Recovery) and Precision (Repeatability) for Group 1 

For method accuracy determination: Spiking of “virgin” HDPE samples with each of the pesticide groups at three 

different content levels (0.2 × ACL, ACL and 2 × ACL) at three different equilibration times (24 h, 48 h, and 5 

days). Each combination of pesticide contents and time was carried out in duplicate. % recovery was calculated 

in each case.  

Precision was assessed by seven replicates of the spiking process at ACL level and 48 h with all 8 groups of 

pesticides (intermediate conditions). For each pesticide, precision was assessed by % recovery and relative 

standard deviation (n=7).  
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Fig. 15: Table of group 1 pesticides with recovery values according to spiking levels 0.2 × ACL, ACL and 2 × ACL 

and precision values for spiking level at ACL of each pesticide, 48 hours equilibration time and 7 repetitions 

(results are discussed in the corresponding validation report). 

Compound 

name Time (day) 1 2 5 1 2 5 1 2 5

%  recovery 182,7 190,5 205,5 135,9 144,9 159,4 150,7 172,5 169,4 151,1

 s.d. 5,4

%  recovery 122,0 126,5 128,0 116,2 124,4 134,5 134,5 142,2 145,7 132,1

 s.d. 0,8

%  recovery 64,4 60,2 64,6 41,9 44,5 35,2 35,2 33,7 33,1 41,1

 s.d. 0,8

%  recovery 119,9 128,3 122,6 107,0 106,0 103,1 105,1 106,9 108,9 106,5

 s.d. 8,1

%  recovery 109,8 105,8 114,6 112,1 109,6 103,9 103,3 108,5 113,1 107,0

 s.d. 2,0

%  recovery 114,7 111,7 114,3 108,9 110,4 108,4 105,7 113,4 117,8 111,2

 s.d. 1,5

%  recovery 66,1 56,3 59,9 35,4 33,3 29,2 28,9 26,4 26,6 32,0

 s.d. 2,1

%  recovery 100,3 97,0 104,1 110,4 113,8 106,9 106,9 107,6 112,5 114,2

 s.d. 1,0

%  recovery 108,1 112,4 118,5 75,4 77,3 62,9 49,9 54,8 52,1 73,0

 s.d. 0,9

%  recovery 107,4 107,2 109,7 76,2 78,0 63,9 50,1 55,5 52,2 74,8

 s.d. 2,1

%  recovery 120,1 127,5 131,3 91,6 90,3 83,6 76,8 78,3 77,7 89,5

 s.d. 0,6

%  recovery 55,4 59,6 52,5 81,2 80,5 69,2 63,0 66,8 69,8 78,8

 s.d. 0,1

%  recovery 112,6 103,9 116,6 76,1 75,4 76,7 63,6 67,5 67,1 76,9

 s.d. 0,2

%  recovery 114,4 115,5 116,5 107,0 110,8 105,6 105,1 108,6 112,5 109,6

 s.d. 0,2

%  recovery 109,3 108,3 111,4 99,3 101,4 98,6 93,0 97,6 97,0 102,7

 s.d. 3,1

%  recovery 90,9 110,8 105,3 71,2 73,6 65,5 62,0 68,3 61,3 74,5

 s.d. 4,7

%  recovery 108,9 120,6 123,3 103,5 107,4 100,3 98,1 100,4 99,9 105,0

 s.d. 1,3

%  recovery 121,6 129,9 129,6 117,2 118,0 118,7 117,5 120,4 124,0 118,0

 s.d. 4,5

%  recovery 68,3 68,6 77,6 97,3 94,7 84,1 81,8 83,9 86,4 93,1

 s.d. 2,2

%  recovery 93,8 95,6 105,0 85,4 86,3 80,6 86,1 83,8 84,9 86,3

 s.d. 1,4

%  recovery 117,5 124,3 134,9 106,3 110,6 104,1 100,6 103,3 104,5 107,0

 s.d. 3,8
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6.2.4 Stability (Robustness and Ruggedness) for Group 1 Pesticides 

To assess the stability of the method, initially prepared calibration solutions for each group were kept at -20ºC 

and analysed at two different times with at least 30-days gap in between. Similar slopes and interceptions 

between the two analyses should be expected for good stability of the method. 

 

Table 1: Table of group 1 pesticides with recovery values according to spiking levels 0.2 × ACL, ACL and 2 × ACL 

and precision values for spiking level at ACL of each pesticide, 48 hours equilibration time and 7 repetitions 

(results are discussed in the corresponding validation report). 

  

Compound name Linear range (ppb ) y=ax+b R 2 y=ax+b R 2

Florasulam 2-100 y  = 160,4x + 39,3 0,999 y=174,6x+42,6 0,991

Thiencarbazone methyl 10-350 y = 443,0x + 285,8 1,000 y=481,0x+317,2 0,996

Thifensulfuron methyl 2-100 y = 208,0x -91,0 0,999 y=228,1x−81,0 0,992

Nicosulfuron 2-100 y = 708,2x - 15,3 1,000 y=763,8x−13,5 0,990

Pyroxsulam 2-100 y = 3010,5x + 483,2 0,999 y=3205,1x+525,7 0,989

Metsulfuron methyl 2-100 y = 170,3x + 9,9 0,999 y=182,5x+11,6 0,991

Foramsulfuron 2-100 y = 74,4x + 24,7 0,999 y=81,4x+27,0 0,997

Penoxsulam 2-100 y = 254,8x - 60,7 1,000 y=268,3x−53,6 0,997

Rimsulfuron 2-100 y = 360,8x - 140,8 0,999 y=393,5x−125,4 0,991

Amidosulfuron 2-100 y = 875,3x  - 5,2 1,000 y=937,1x−4,8 0,992

Mesosulfuron methyl 2-100 y = 259,6x - 61,7 0,999 y=273,1x−66,7 0,991

Bentazone 10-200 y = 3,584x + 438,8 0,999 y=3,933x+461,5 0,993

Bensulfuron 2-100 y = 383,4x - 55,4 0,999 y=419,6x−51,2 0,989

Tribenuron methyl 2-100 y = 174,9x + 49,3 0,997 y=193,3x+56,1 0,997

Flazasulfuron 10-350 y = 546,4x + 1009,4 1,000 y=597,0x+1094,4 0,991

Iodosulfuron methyl 2-100 y = 543,6x - 10,1 0,998 y=604,1x−9,5 0,995

Prosulfuron 2-100 y = 921,2x - 84,8 1,000 y=987,5x−94,0 0,993

Triflusulfuron methyl 2-100 y = 1738,1x - 245,7 0,999 y=1849,1x−231,2 0,991

Sulfosulfuron 2-100 y = 511,7x - 65,2 0,999 y=552,4x−68,3 0,989

Tritosulfuron 2-100 y = 1369,0x + 48,2 1,000 y=1511,5x+54,5 0,996

Halosulfuron methyl 2-100 y = 96,9x - 15,5 0,999 y=105,3x−13,2 0,990

Calibration  curve 1 Calibration  curve 2
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6.3 “Real” Sample analysis 

Samples from recycled PCR (used HDPE containers from pesticide formulations collected by a national container 

management scheme) were analysed applying the developed methodology: 

• Samples Ufraw 1 and 2: shredded HDPE containers originally filled with pesticide formulations collected 

from the market after required rinsing by product users (about 1 cm2 flakes) 

• Samples Ufsorted 1 and 2: flakes from Ufraw 1 and 2 after additionally washing at recyclers plant 

• Extrusium 1 and 2: pellets after extrusion of Ufsorted 1 and 2 samples  

Results: 

  Mode of 

action 

according 

to HRAC5 

ACL Ufraw_1 Ufraw_2 Ufsorted_1 Ufsorted_2 Extrusium_1 Extrusium_2 Blank 

G
ro

u
p

 1
 

Bentazone C3 5,0 ND ND ND ND ND ND ND 

Florasulam B 0,1 0,14 0,11 ND ND ND ND ND 

Amidosulfuron B 0,1 ND ND ND ND ND ND ND 

Metsulfuron 

methyl 

B 0,1 0,09 0,07 ND ND ND ND ND 

Thifensulfuron 

methyl 

B 0,1 0,25 0,29 ND ND ND ND ND 

Thiencarbazone 

methyl 

B 0,5 5,3 6,9 ND ND ND ND ND 

Tribenuron 

methyl 

B 0,1 ND ND ND ND ND ND ND 

Bensulfuron B 0,1 ND ND ND ND ND ND ND 

Flazasulfuron B 0,5 ND ND ND ND ND ND ND 

Nicosulfuron B 0,1 0,57 0,43 0,02 NQ ND ND ND 

 

5 Mode of action according to HRAC: https://hracglobal.com/tools/2024-hrac-global-herbicide-moa-classification 
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Prosulfuron B 0,1 0,37 0,13 ND ND ND ND ND 

Rimsulfuron B 0,1 ND ND ND ND ND ND ND 

Halosulfuron 

methyl 

B 0,1 ND ND ND ND ND ND ND 

Pyroxsulam B 0,1 0,03 0,02 ND ND ND ND ND 

Tritosulfuron B 0,1 1,0 0,90 ND ND ND ND ND 

Foramsulfuron B 0,1 5,3 6,2 0,05 0,09 ND ND ND 

Sulfosulfuron B 0,1 ND ND ND ND ND ND ND 

Penoxsulam B 0,1 ND ND ND ND ND ND ND 

Triflusulfuron 

methyl 

B 0,1 NQ NQ ND ND ND ND ND 

Mesosulfuron 

methyl 

B 0,1 1,5 1,4 ND ND ND ND ND 

Iodosulfuron 

methyl 

B 0,1 0,40 0,47 0,02 0,02 ND ND ND 

Table 2:  Concentration of active pesticide ingredients of group 1 in plastic waste, expressed in µg/g (resp. ppm). 

ND = Not Detected at an instrumental S/N ≤ 3 and NQ = Not Quantified (S/N ≤ 10). 

Pesticides with the same mode of action according to HRAC (see table before with C3 and B types) will exhibit 

the same effects on non-intended crops. Consequently, measured results of pesticides should be aggregated 

and referred to the lowest ACL in the same mode of action category. For instance, the lowest ACL for a mode of 

action of category B has a value of 0.1 ppm. The following table summarizes the contents of detected pesticides 

with the same mode of action of group 1 pesticides. 

 

Mode of action 

according to HRAC 

Lowest ACL 

for the mode 

of action 

Ufraw_1 Ufraw_2 Ufsorted_1 Ufsorted_2 Extrusium_

1 

Extrusium_

2 

B 0,1 15,65 17,85 0,09 0,11 0,00 0,00 

C3 5,0 ND ND ND ND ND ND 
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Table 3:  Contents in µg/g (resp. ppm) - sum of results of active ingredients with the same mode of action. 

6.4 Documentation and Reporting 

6.4.1 Raw - and Test Data 

All raw and test data are archived at Lleida University in a readable format within a raw data archiving system 

(electronically or on paper). This includes: 

• Weighing books (electronically or paper) 

• Documentation for planning, preparation and, if necessary, execution (excel tables, etc.) 

• Documented agreements with the responsible QA representative (email, meeting notes, etc.) 

• All instrument raw data and test data in readable form (e.g., pdf) 

• The test data contain the following: e.g., instrument method, processing method, sequence overview, 

all chromatograms of a sequence including integration, summary of the corresponding test results 

Other applicable Documents 

Application of rounding rules in terms of analytical determinations (ASTM E0029-22). 

7. Extension of the Scope of the Method 

7.1 New Analytes 

New analytes that are added to a previously validated method need to be validated using the same procedure 

as outlined above for initial validation. 

Alternatively, the validation of new analytes can be integrated into the ongoing quality control procedure. For 

instance, with each batch of routine samples, one or more commodities from the applicable commodity 

category are spiked at 0.2 x ACL and 2 x ACL. Recovery and occurrence of any interference in the corresponding 

unfortified sample should be determined. 

7.2 New/other Plastic Matrix (including multiple layers of plastic materials) 

A pragmatic approach to validating the applicability of the method to other plastic matrices is to conduct this 

during ongoing quality control performed concurrently with samples analysis.  
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7.3 Routine experimental Quality Assurance Check 

Typically, with each batch of routinely analyzed samples, one or more known, already analyzed samples (QC 

samples) are fortified with the analytes and analyzed concurrently with the samples. 

7.4 “Instrumental developments” 

The available instrumentation ultimately determines the grouping of the 88 AIs (8 groups proposed in this 

method). For further improvement of the method and when higher sophisticated instrumentation/IT – 

possibilities will be in place, the number of groups could be reduced according to the instrumental 

capabilities/ion masses to be analysed in parallel or in case of further sensitivity improvements to work with 

total ion current detection, use suitable internal standards and response factors for all the pesticides to be 

analysed. Laboratories with such capabilities may go in this direction to save time and work. 

7.5 Potential Issues 

Due to the number of analytes, variations in instrument sensitivity, or matrix effects, differences in the 

confidence in quantitation of various analytes may occur. In some cases, results may only be semi-quantitative. 

In others, a compound with lower sensitivity may not be detectable. While it may be possible to expand the 

method to include other compounds, not all compounds will be compatible with the extraction or the 

instrumentation. For the compounds included in this version of the method, those most influenced by 

instrument issues (e.g., sensitivity, drift in response throughout the run, poor peak shape) are discussed in the 

corresponding validation report.

 


