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First draft prepared by Dr J Cudmore, Chemicals Regulation Division of the Health and Safety 
Executive, United Kingdom 

EXPLANATION 

2,4-D (2,4-dichlorophenoxyacetic acid) is a herbicide currently registered in a variety of salt, amine, 
and ester formulations. 2,4-D is a synthetic herbicide which causes disruption of plant hormone 
responses. It was first evaluated by the JMPR in 1970 and has undergone numerous subsequent 
evaluations.  

The 1998 JMPR evaluated 2,4-D under the Periodic Re-evaluation Programme and 
established an ADI of 0–0.01 mg/kg bw for the sum of 2,4-D and its salts and esters expressed as 2,4-
D and decided an ARfD was unnecessary. The residue definition established by the 1998 JMPR is 
2,4-D for enforcement of MRLs and for dietary intake estimation for plant and animal commodities. 
The residue is not fat soluble. 

The 2017 JMPR evaluated data to support the use of 2,4-D on GM cotton. Due to 
questionable storage stability data for both 2,4-D and 2,4-DCP in cotton seed, it was not possible for 
the Meeting to recommend an MRL.  

At the Fifty-first Session of the CCPR, 2,4-D was scheduled for evaluation of additional 
storage stability data by the 2019 JMPR.  

FATE OF RESIDUES IN STORAGE 

New storage stability data for 2,4-D and 2,4-DCP in genetically modified (GM) aryloxyalkanoate 
dioxygenase-12 (AAD-12) undelinted cotton seed was submitted to the current Meeting. 

Undelinted cotton seeds were fortified with 2,4-D and 2,4-DCP at a level of 0.1 mg/kg. 
Samples were stored at < -18 ºC and analysed immediately after fortification and then after 1, 3, 6 and 
8 months of storage.  

Samples were analysed using the LC-MS/MS method outlined in the JMPR 2017 evaluation 
for cotton. Procedural recovery data were generated at each time point at fortification levels of 0.01 
mg/kg and 0.1 mg/kg.  

The results from the study are outlined in Tables 1 and 2, for 2,4-D and 2,4-DCP, 
respectively.  

Table 1 Storage stability data for 2,4-D in undelinted AAD-12 cotton seeds 

Length of freezer 
storage (month) 

Uncorrected 2,4-D 
(mean), mg/kg 

Average Percent 
remaining (%) 

Procedural recovery 
at 0.01 mg/kg 

Procedural recovery 
at 0.1 mg/kg 

0 0.0938, 0.0909, 0.0907 
(0.0917) 

100 106, 83, 97 94, 88, 93 

1 0.0880, 0.0880, 0.0850 
(0.087) 

95 108, 120 99, 101 

3 0.0946, 0.0984, 0.0960 
(0.0963) 

105 77, 87 97, 108 

6 0.0866, 0.0811, 0.0790 
(0.0822) 

90 97, 86 107, 111 

8 0.0829, 0.0805, 0.0812 
(0.0815) 

89 97, 94 92, 91 
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Table 2 Storage stability data for 2,4-DCP in undelinted AAD-12 cotton seeds 

Length of freezer 
storage (month) 

Uncorrected 2,4-D 
(mean), mg/kg 

Average Percent 
remaining (%) 

Procedural recovery 
at 0.01 mg/kg 

Procedural recovery 
at 0.1 mg/kg 

0 0.0977, 0.108, 0.0998 
(0.102) 

100 104, 98, 87 107, 92, 105 

1 0.0980, 0.0957, 0.0945 
(0.0961) 

94 98, 98 97, 110 

3 0.1086, 0.1163, 0.1077 
(0.111) 

109 90, 113 114, 97 

6 0.1084, 0.0934, 0.1096 
(0.104) 

102 84, 99 91, 92 

8 0.1108, 0.1232, 0.104 
(0.113) 

111 74, 79 105, 83 

 

The overall storage stability data based on the study from the 2017 JMPR and the new study 
submitted for the 2019 JMPR are outlined in Tables 3 and 4, for 2,4-D and 2,4-DCP, respectively.  

Table 3 Storage stability data for 2,4-D in undelinted AAD-12 cotton seeds (data from 2017 and 2019 
JMPR) 

Length of freezer storage 
(month) 

Uncorrected 2,4-D (mean), mg/kg Average Percent remaining (%) 

0 0.0938, 0.0909, 0.0907, 0.093, 0.093, 0.089 
(0.0917)  

100 

1 0.0880, 0.0880, 0.0850, 0.067, 0.066, 0.061 
(0.0758) 

82.7 

3 0.0946, 0.0984, 0.0960, 0.065, 0.063, 0.067 
(0.0807) 

87.9 

6 0.0866, 0.0811, 0.0790, 0.06, 0.066, 0.058 
(0.0807) 

78.3 

8 0.0829, 0.0805, 0.0812, 0.065, 0.062, 0.063 
(0.0718) 

78.3 

 

Table 4 Storage stability data for 2,4-DCP in undelinted AAD-12 cotton seeds (data from 2017 and 
2019 JMPR) 

Length of freezer storage 
(month) 

Uncorrected 2,4-D (mean), mg/kg Average Percent remaining (%) 

0 0.0977, 0.108, 0.0998, 0.102, 0.096, 0.1 (0.1) 100 
1 0.0980, 0.0957, 0.0945, 0.078, 0.079, 0.071 

(0.086) 
85.7 

3 0.1086, 0.1163, 0.1077, 0.077, 0.075, 0.068 
(0.0921) 

91.7 

6 0.1084, 0.0934, 0.1096, 0.054, 0.058, 0.065 
(0.0813) 

81.0 

8 0.1108, 0.1232, 0.104, 0.062, 0.056, 0.055 
(0.0852) 

84.8 
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APPRAISAL 

The herbicide 2,4-D (2,4-dichlorophenoxyacetic acid) is currently registered for use in a variety of 
salt, amine, and ester formulations. It was first evaluated by the JMPR in 1970 and has undergone 
numerous subsequent evaluations.  

The 1998 JMPR evaluated 2,4-D under the Periodic Re-evaluation Programme and 
established an ADI of 0–0.01 mg/kg bw for the sum of 2,4-D and its salts and esters expressed as 2,4-
D and decided an ARfD was unnecessary. The residue definition established by the 1998 JMPR is 
2,4-D for enforcement of MRLs and for dietary risk assessment for plant and animal commodities. 
The residue is not fat soluble. 

The 2017 JMPR evaluated data to support the use of 2,4-D on genetically modified (GM) 
cotton. Due to questionable storage stability data for both 2,4-D and 2,4-DCP in GM cotton seed, it 
was not possible for the Meeting to recommend an MRL.  

At the Fifty-first Session of the CCPR, 2,4-D was scheduled for evaluation of additional 
storage stability data by the 2019 JMPR.  

The new data and the 2017 JMPR evaluation consider GM cotton in which expression of the 
aryloxyalkanoate dioxygenase-12 (AAD-12) protein confers tolerance to 2,4-D and associated 
increased metabolism of 2,4-D (hereafter referred to as AAD-12 cotton). 

Stability of residues in stored analytical samples 

The new storage stability study supports the stability of 2,4-D and 2,4-DCP in AAD-12 cotton seed 
for 8 months of freezer storage at ≤-18 °C.  

The Meeting noted that the study designs, the analytical procedures and conduct of the study 
considered by the 2017 JMPR and the study considered by this Meeting, were identical. Based on all 
the data at each time point 2,4-D and 2,4-DCP were found to be stable on storage in AAD-12 cotton 
seeds stored at ≤ -18 °C. The Meeting also noted that the data evaluated by the 2017 JMPR 
demonstrated that 2,4-D and 2,4-DCP were stable on storage in other AAD-12 cotton fractions (at 
least 6 months for gin by-products and at least 3 months for hulls, untoasted meal, toasted meal and 
crude oil). No decline was observed over the storage intervals investigated. In addition, the 1998 
JMPR concluded that 2,4-D was stable in conventional soya bean.  

The Meeting concluded that based on the weight of evidence, 2,4-D and 2,4-DCP can be 
regarded as stable in AAD-12 cotton seeds for the 5 months of storage of the residue trial samples.  

Definition of the residue 

The 2017 Meeting concluded that the residue definition for compliance with the MRL for cotton 
should be 2,4-D. The 2017 JMPR did not conclude on the residue definition for dietary risk 
assessment as no maximum residue level could be estimated.  

In deciding which additional compounds should be included in the residue definition for 
dietary risk assessment for AAD-12 cotton the Meeting considered the likely occurrence of the 
compounds and the toxicological properties of the candidates.  

2,4-DCP was found at 3.2% TRR in AAD-12 cotton seed and conjugates of 2,4–DCP were 
found at 23% TRR (approximately 5 fold higher than 2,4-D). In AAD-12 cotton gin trash, 2,4-DCP 
accounted for 2.6% TRR and its conjugates accounted for 38% TRR (approximately equal to the 
levels of 2,4-D).  

The residue trials and processing studies confirm that residues of 2,4-DCP may occur in 
human foods. Therefore, the Meeting decided based on its occurrence, 2,4-DCP and its conjugates 
should be included in the residue definition for dietary risk assessment. A toxicological data package 
was not submitted for 2,4-DCP and the WHO Core Assessment Group recommended a full 
toxicological evaluation for 2,4-DCP. 
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As the WHO Core Assessment Group could not conclude on the toxicity of 2,4-DCP, the 
Meeting was unable to conclude on the residue definition for dietary risk assessment for AAD-12 
cotton seed.  

Results of supervised residue trials on crops 

AAD-12 cotton 

The critical GAP provided to the 2017 JMPR for AAD-12 cotton was for the USA.  

The GAP is 1 application made pre-emergence/pre-planting at a rate of 1060 g ae/ha followed 
by 1–2 applications post-emergence at a rate of 1060 g ae/ha. The interval between the post-
emergence applications is 12 days with the latest application at growth stage BBCH 65.  

A total of 16 trials from the USA approximating the GAP were evaluated by the 2017 
Meeting.  

Residues of 2,4-D in rank order in undelinted AAD-12 cotton seeds were (n = 16): 
< 0.01(13), 0.014, 0.016 and 0.070 mg/kg. 

The Meeting estimated a maximum residue level of 0.08 mg/kg for cotton seeds. As the 
Meeting could not conclude on the residue definition for dietary risk assessment, an STMR and HR 
could not be estimated.  

Animal feed items 

Cotton gin trash/ cotton gin by-products 

The critical GAP provided to the 2017 JMPR for AAD-12 cotton was for the USA.  

The 2017 Meeting considered residues data for 2,4-D in cotton gin by-products. A total of 5 
trials included the analysis of cotton gin by-products.  

Residues of 2,4-D in AAD-12 cotton gin by-products in rank order were (n = 5): < 0.01, 
0.039, 0.11, 0.28, 0.56 mg/kg  

The Meeting was unable to estimate a median and highest residue for cotton gin by-products 
as a conclusion on the residue definition for dietary risk assessment could not be reached. 

Fate of residues on processing  

The 2017 JMPR evaluated information on the fate of 2,4-D residues during processing of AAD-12 
cotton. Four processing trials were undertaken. No residues of 2,4-D were detected in the RAC or the 
processed fractions. 2,4-DCP residues were found in the RAC and processed fractions. The best 
estimate processing factors derived by the 2017 JMPR for 2,4-DCP were 1.16 (hulls), 2.96 (untoasted 
meal), 1.96 (toasted meal), 0.55 (crude oil) and 0.07 (refined oil). 

The Meeting decided that as no residues of 2,4-D were detected in the RAC, in contrast to the 
positive residues found in field trials, it was not possible to estimate maximum residue levels for 
processed cotton fractions.  

As the Meeting could not conclude on the residue definition for dietary risk assessment for 
AAD-12 cotton, STMR-P and HR-P were not estimated for processed cotton fractions.  

Residues in animal commodities  

As the Meeting could not conclude on the residue definition for dietary risk assessment for AAD-12 
cotton, it was not possible to calculate dietary burdens for livestock.  
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RECOMMENDATIONS 

The Meeting was unable to conclude on the residue definition for dietary risk assessment for AAD-12 
cotton seed 

DIETARY RISK ASSESSMENT 

No maximum residue levels are recommended, nor are levels estimated for use in long-term and acute 
dietary exposure assessments as the Meeting could not reach a conclusion on the residue definition for 
dietary risk assessment for AAD-12 cotton.  
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