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Introduction 
Between 2023 and 2025 the EURL-SRM conducted a 

pilot monitoring on dry matrices such as pulses, oilseeds, 

cereals, pseudocereals and spices to assess the residue 

situation of selected compounds not covered by 

multiresidue methods. A total of 223 samples originating 

from 34 non-EU countries and sampled in six different 

countries were analysed. Many samples were purchased 

in small stores in Germany (incl. direct imports) while 

some were sampled in third countries.

The monitoring covered the fumigants phosphane (PH₃), 
sulfuryl fluoride (SF) and ethylene oxide (EO), the 

cationic herbicides diquat (DQ) and paraquat (PQ), as 

well as numerous acidic herbicides, such as 2,4-D, 

MCPA, fluazifop, haloxyfop and imazamox.

This project aimed to localize relevant compound-matrix-

origin combinations, to identify and solve substance- and 

matrix-specific analytical challenges, and to assess the 

degree of conjugation (hydrolysis factors) of various 

acids across different matrices. Ultimately, the collected 

information should help other labs in their sampling and 

analysis prioritization and strategy. 

Fumigants: SF, EO (2-CE) and PH3

PH₃ and SF were analyzed via Headspace-GC-MS. EO

was not analyzed as such but rather via its reaction

product 2-chloroethanol (2-CE) using a QuEChERS-

based method ( ).

SF was not detected in any of the samples, while only 

five samples contained residues of 2-CE (4x pepper, 

1x coriander), with one black pepper from Vietnam 

exceeding the MRL. PH₃ showed a different picture: 21% 

of the samples contained residues above the LOQ of 

0.002 mg/kg. Among the 32 analyzed pulses for PH3, 12 

(38%) exceeded the EU-MRL for PH3 of 0.01* mg/kg.

Diquat and Paraquat  
Analysing DQ and PQ is challenging as they require to

employ a variant of the original QuPPe-PO method (see 

V12.3      ), involving harsher extraction conditions while

still showing matrix-dependent extraction yields, which

need to be compensated by using IL-ISs.

In 11 pulses (mainly lentils) and 3 linseed samples DQ 

levels exceeded the RL (0.005 mg/kg), with no MRL 

exceedances. PQ residues exceeded the RL 

(0.005 mg/kg) in 33 samples (16% overall), with the EU-

MRL of 0.02* mg/kg being exceeded in 18 cases 

numerically and in 9 cases (3x chia, 6x pulses) after 

deducting the MU of 50%. 

Acidic Herbicides

Acidic herbicides were analyzed via both QuEChERS

and AH-QuEChERS (involving alkaline hydrolysis to 

break-up esters and conjugates, method: ) in order to

derive the hydrolysis factors (HFs, reflecting the degree

of conjugation). To reduce the impact of matrix effects on

measurement, ILISs were used where available.

Measurement was performed via LC-MS/MS in the ESI-

neg. mode.

Impact of alkaline hydrolysis
In most cases, the determined levels increased when 

conducting alkaline hydrolysis but the degree of conjugation 

was mostly moderate with the HFs mostly ranging between 1.2 

and 2. Fluazifop, haloxyfop and MCPA showed tentatively 

higher HFs.

In 11 samples, residues of 2,4-D, haloxyfop or fluazifop were 

<LOQ using QuEChERS but became quantifiable after alkaline 

hydrolysis.

Occurrence of acidic herbicides
49 samples (22%) showed only low-level residues and were 

therefore excluded from alkaline hydrolysis. To keep the 

number of analyses involving hydrolysis moderate, hydrolysis 

was only performed when residue levels indicated a potential 

benefit from the additional step. Low-level findings were mainly 

associated with 2,4-D in various types of commodities, such as 

pulses and spices. Alkaline hydrolysis was also conducted for 

some compounds that do not include esters and conjugates in 

their residue definition, such as imazamox. 

In the table on the right, instances where the MRL was

nominally exceeded are highlighted in red. Where the MRL

was exceeded after deducting the expanded MU of 50% are

additionally highlighted in bold. Alkaline hydrolysis resulted in

seven additional MRL exceedances. In addition, in three cases

(1x chia, 1x peas and 1x pinto beans), exceedances remained

after deduction of the 50% MU.

Commodity-specific patterns
Distinct analyte-specific occurrence patterns were observed 

across the investigated commodities. While 2,4-D was the 

most frequently detected analyte and occurred across nearly 

all commoditiy groups, several herbicides showed pronounced 

commodity associations. Haloxyfop and fluazifop were mainly 

detected in beans, whereas MCPA and imazamox occurred 

predominantly in lentil samples.

Summary and Outlook
This pilot monitoring analysed 223 dry commodity samples for 

residues not covered by multiresidue methods. No sulfuryl 

fluoride residues were detected, while PH3 exceeded the MRL 

in 38% of the pulse samples. PQ residues exceeded the MRL 

in 4% of the cases, whereas DQ findings were all <MRL. 

Among the acidic herbicides, 2,4-D was most frequently 

detected. Alkaline hydrolysis increased determined levels of 

several analytes, revealing conjugated residues not detectable 

using normal QuEChERS. These results emphasise the 

importance of monitoring certain analytes requiring special 

analytical methods. 
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Table 1 and 2: Samples with PH₃ or PQ residues above the MRL

Commodity

Country of 

Origin

PQ Residues 

[mg/kg]

Beans (dried, black) Mexico 0.021

Beans (dried, red) Mexico 0.030

Beans (dried, red) Paraguay 0.044

Beans (dried, white) Costa Rica 0.045

Black eyed peas Myanmar 0.027

Chia Not specified 0.53

Chia Peru 0.11

Chia Turkey 0.062

Lentils (brown, dried) Argentina 0.055

Lentils (brown, dried) Canada 0.10

Lentils (brown, dried) Egypt 0.025

Lentils (brown, dried) USA 0.11

Lentils (green, dried) Australia 0.028

Mung beans (dried) Argentina 0.030

Mung beans (dried) Argentina 0.040

Mung beans (dried) Venezuela 0.024

Mung beans (dried) Venezuela 0.066

Peas (green, dried) Canada 0.033

Commodity

Country of 

Origin

Phosphane 

Residues 

[mg/kg]

Beans (dried, brown) Cameroon 0.026

Beans (dried, brown) Mexico 0.011

Beans (dried, green) Egypt 0.017

Beans (dried, green) Libanon 0.037

Beans (dried, white) Not specified 0.014

Beans (dried, white) Egypt 0.010

Beans (dried, white) Egypt 0.023

Beans (dried, white) Argentina 0.035

Beans (dried, white) Argentina 0.011

Mungbeans (dried) Argentina 0.011

Peas (green, dried) Argentina 0.033

Peas (yellow, dried) India 0.017

Hydrolysis Factor HF =
Residue level using AH−QuEChERS

Residue level using QuEChERS

Abbreviations of acidic herbicides 

2,4-D 2,4-Dichlorophenoxyacetic acid

4-CPA 4-Chlorophenoxyaceticacid

MCPA 4-Chloro-o-tolyoxyacetic acid

Positive findings after AH-QuEChERS

>30 %

>10-30 %

>0-10 %

0%

Beans include adzuki beans, black-eyed peas, broad beans, cowpeas, mung beans and pinto beans. 

Commoditiy 2,4-D 4-CPA Fluazifop Haloxyfop Imazamox MCPA

Beans (N = 92) 9% 2% 28% 17%

Lentils (N = 21) 71% 48% 38%

Peas (N = 22) 27% 9% 9%

Spices (N = 32) 19% 3% 3%

Commodity Country of Origin Analyte
Levels using 

QuEChERS [mg/kg]

Levels using AH-

QuEChERS [mg/kg]

Hydrolysis 

Factor

Lentils (brown) Argentina 2,4-D 0.137 0.186 1.4

Lentils (brown) Argentina 2,4-D 0.0496 0.0729 1.5

Lentils (brown, dried) Costa Rica 2,4-D 0.175 0.210 1.2

Lentils (brown, dried) Canada 2,4-D 0.0084 0.0124 1.5

Lentils (brown, dried) USA 2,4-D 0.0069 0.0102 1.5

Lentils (brown, dried) Canada 2,4-D 0.0077 0.0100 1.3

Lentils (brown, dried) Canada 2,4-D 0.0053 0.0083 1.6

Lentils (brown, dried) Canada MCPA 0.0026 0.0036 1.4

Lentils (brown, dried) USA MCPA 0.0026 0.0034 1.3

Lentils (brown, dried) Canada MCPA 0.0014 0.0014 1.0

Lentils (brown, dried) Costa Rica MCPA 0.0008 0.0014 1.8

Lentils (brown, dried) Canada MCPA 0.0016 0.0030 1.9

Lentils (green) USA 2,4-D 0.0169 0.0222 1.3

Lentils (green) Kazakhstan 2,4-D 0.0063 0.0106 1.7

Lentils (green) Russia 2,4-D 0.0073 0.0101 1.4

Lentils (green) Ukraine 2,4-D 0.0056 0.0078 1.4

Lentils (green) Canada 2,4-D 0.0052 0.0071 1.4

Lentils (green) USA MCPA 0.0043 0.0066 1.5

Lentils (green) Canada MCPA 0.0008 0.0011 1.4

Lentils (green, dried) Australia 2,4-D 0.0053 0.0067 1.3

Lentils (green, dried) Australia Fluazifop 0.0036 0.0056 1.6

Lentils (green, dried) Australia Haloxyfop 0.0767 0.0806 1.1

Lentils (yellow, halved) Kazakhstan 2,4-D 0.0568 0.0718 1.3

Mountain lentils (whole) Egypt 2,4-D 0.0061 0.0088 1.4

Mountain lentils (whole) Egypt MCPA 0.0012 0.0025 2.1

Beans (black, dried) Costa Rica Fluazifop 0.0154 0.0267 1.7

Beans (black, dried) Argentina Fluazifop 0.0024 0.0045 1.9

Beans (black, dried) Argentina Haloxyfop 0.0564 0.104 1.8

Beans (black, whole) Argentina 2,4-D 0.0191 0.0213 1.1

Beans (black, whole) Argentina 2,4-D 0.0046 0.0043 0.9

Beans (black, whole) Argentina 4-CPA 0.0160 0.0178 1.1

Beans (black, whole) Argentina Fluazifop 0.0076 0.0138 1.8

Beans (black, whole) Argentina Fluazifop 0.0028 0.0047 1.7

Beans (black, whole) Mexico Fluazifop 0.0014 0.0036 2.6

Beans (black, whole) Brasil Fluazifop 0.0007 0.0018 2.6

Beans (black, whole) Argentina Haloxyfop 0.200 0.304 1.5

Beans (black, whole) Argentina Haloxyfop 0.0495 0.0676 1.4

Beans (black, whole) Brasil Haloxyfop 0.0283 0.0477 1.7

Beans (red, dried) Nicaragua Fluazifop 0.129 0.168 1.3

Beans (red, dried) Nicaragua Fluazifop 0.0274 0.0460 1.7

Beans (red, dried) Honduras Fluroxypyr 0.0066 0.0117 1.8

Beans (white, whole) Egypt Fluazifop 0.0147 0.0142 1.0

Beans (white, whole) Not specified Fluazifop 0.0039 0.0048 1.2

Pinto beans Mexico Haloxyfop 0.0056 0.0054 1.0

Pinto beans (dried) Not specified Haloxyfop 0.0126 0.0283 2.2

Quail beans Kyrgystan Haloxyfop 0.0049 0.0131 2.7

Red kidney beans (whole) USA Fluazifop 0.0009 0.0023 2.6

Chickpeas (dried) Argentina 2,4-D 0.301 0.370 1.2

Chickpeas (dried) Argentina 2,4-D 0.0767 0.0953 1.2

Chickpeas (dried) Mexico 2,4-D 0.0337 0.0415 1.2

Chickpeas (dried) Argentina 4-CPA 0.0049 0.0038 0.8

Chickpeas (dried) Mexico 4-CPA 0.0045 0.0039 0.9

Chickpeas (dried) Argentina Haloxyfop 0.0301 0.0285 0.9

Peas (roasted) Nepal 2,4-D 0.0053 0.0070 1.3

Peas (split, mostly peeled) Argentina 2,4-D 0.0464 0.0527 1.1

Peas (yellow, dried) Australia Haloxyfop 0.0192 0.0312 1.6

Broad beans (whole) Egypt Fluazifop 0.0019 0.0047 2.5

Broad beans (peeled, halved) Egypt Fluazifop 0.0030 0.0036 1.2

Adzuki beans (dried) Australia Haloxyfop 0.0589 0.137 2.3

Black-eyed peas Argentina 2,4-D 0.0328 0.0391 1.2

Black-eyed peas Argentina 4-CPA 0.0026 0.0028 1.1

Black-eyed peas Argentina Haloxyfop 0.0349 0.0419 1.2

Black-eyed peas (whole) Brasil Haloxyfop 0.116 0.188 1.6

Black-eyed peas (whole) Brasil Fluazifop 0.0037 0.0072 1.9

Mung beans Not specified 2,4-D 0.0016 0.0014 0.9

Mung beans Venezuela Fluazifop 0.0071 0.0076 1.1

Mung beans Not specified Fluazifop 0.0033 0.0042 1.3

Mung beans Not specified Quizalofop 0.0056 0.0112 2.0

Mung beans (dried) Argentina 2,4-D 0.0041 0.0052 1.3

Mung beans (dried) Argentina Fluazifop 0.0282 0.0547 1.9

Mung beans (dried) Venezuela Fluazifop 0.0198 0.0383 1.9

Mung beans (dried) Thailand Fluazifop 0.0110 0.0181 1.6

Mung beans (dried) Argentina Haloxyfop 0.349 0.501 1.4

Mung beans (dried, peeled) India Fluazifop 0.0129 0.0197 1.5

Mung beans (whole) Argentina Fluazifop 0.0109 0.0151 1.4

Mung beans (whole) Argentina Fluroxypyr 0.0064 0.0102 1.6

Mung beans (whole) Argentina Haloxyfop 0.171 0.217 1.3

Chia Costa Rica 2,4-D 0.0522 0.0536 1.0

Chia Argentina 2,4-D 0.0351 0.163 4.6

Chia Peru 2,4-D 0.0083 0.0127 1.5

Chia Bolivia Haloxyfop 0.0107 0.0245 2.3

Chia seeds (whole) Peru 2,4-D 0.0112 0.0128 1.1

Chia seeds Turkey 2,4-D 0.0049 0.0065 1.3

Linseeds (whole) Peru 2,4-D 0.0111 0.0111 1.0

Linseeds (whole) Not specified Fluazifop 0.0144 0.0333 2.3

Peanut butter Argentina Haloxyfop 0.0045 0.0149 3.3

Mustard seeds (brown, dried) Canada 2,4-D 0.0312 0.0305 1.0

Mustard seeds (brown, dried) India 2,4-D 0.0071 0.0068 1.0

Anise (whole) Peru 2,4-D 0.0016 0.0018 1.1

Anise (whole) Peru MCPA 0.0058 0.0070 1.2

Cumin (ground) Turkey 2,4-D 0.0125 0.0120 1.0

Cumin (ground) Turkey Haloxyfop 0.0081 0.0228 2.8

Pepper (black) Vietnam 2,4-D 0.0078 0.0116 1.5

Pepper (black, ground) Not specified 2,4-D 0.0053 0.0061 1.2

Pepper (white, ground) Not specified 2,4-D 0.0059 0.0054 0.9

Feed Premix Not specified Haloxyfop 0.0233 0.0405 1.7

Figure 1: Detection frequencies (%) of acidic herbicides in pulses and spices.

Table 3: Residue levels of acidic herbicides before and after 

alkaline hydrolysis in positive samples.

Table 4: Positive findings and detection frequencies of acidic herbicides after 

AH-QuEChERS.

*Determination of the hydrolysis factor is pending. 

Analyte No. of positive findings after AH-QuEChERS Detection frequency (% of 223 samples)

2,4-D 45 20

Fluazifop 26 12

Haloxyfop 23 10

Imazamox* 11 5

MCPA 9 4

4-CPA 4 2

Fluroxypyr 3 1

Imazapyr* 3 1

Clodinafop* 1 0,4

Imazethapyr* 1 0,4

OPP* 1 0,4

Triclopyr* 1 0,4

Table 4: Number of positive findings after AH-QuEChERS.
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