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Fig. S1 Effect of the amount of sorbent (a), extraction time (b), the type of desorption 

solvent (c), the volume of desorption solvent (d), desorption time (e) on the extraction 

efficiency of the analytes for MSPE.



Fig. S2 Effect of the type of extraction solvent (a), the volume of extraction solvent 

(b), the type of disperser solvent (c), the volume of disperser solvent (d), pH of 

sample solution (e), the concentration of salt (f) on the extraction efficiency of the 

analytes for DLLME.



Table S1 Matrix effect (ME) and overall process efficiency (PE) of the proposed method in different matrices

Rice Millet Soy Oatmeal Barley
Analyte

MEa MEb PEa PEb MEa MEb PEa PEb MEa MEb PEa PEb MEa MEb PEa PEb MEa MEb PEa PEb

4-CPA 94.7 83.2 89.4 80.7 90.6 83.2 86.3 81.0 98.6 121.3 93.6 117.3 88.5 75.2 85.3 73.7 90.6 78.2 87.1 76.4

MCPA 86.4 78.5 74.1 70.5 88.5 67.2 76.7 61.4 92.4 78.6 82.1 72.7 92.7 83.9 81.4 76.5 86.5 85.7 76.3 78.6

2,4-D 91.6 72.8 84.5 69.8 80.4 63.5 75.2 62.3 86.2 87.4 81.2 84.8 82.9 68.4 76.8 65.2 104.3 130.4 97.9 128.3

2,4-DP 90.2 88.4 75.8 75.6 97.8 114.3 80.4 96.1 108.2 124.5 90.7 129.7 100.2 113.6 83.4 97.7 95.8 90.2 80.5 77.6

a : Samples were pretreated with MSPE-DLLME.
b: Samples were pretreated with the MSPE only.



Table S2 Linearity range, correlation coefficients, instrument detection and quantification limits and method detection and quantification limits for 4-CPA, 

MCPA, 2,4-D, 2,4-DP

r2 MDL (ng g-1) MQL (ng g-1)
Analyte

Linearity 
range 

(ng g-1)

IDL
(ng mL-1)

IQL 
(ng mL-1) Rice Millet Soy Oatmeal Barley Rice Millet Soy Oatmeal Barley Rice Millet Soy Oatmeal Barley

4-CPA 1.5-500 1.5 5.0 0.9965 0.9982 0.9949 0.9970 0.9943 0.34 0.35 0.32 0.35 0.34 1.12 1.16 1.07 1.17 1.15

MCPA 1.5-500 0.8 2.5 0.9987 0.9952 0.9974 0.9956 0.9990 0.22 0.21 0.19 0.20 0.21 0.67 0.65 0.61 0.61 0.66

2,4-D 3.0-500 3.0 10.0 0.9975 0.9948 0.9952 0.9961 0.9954 0.71 0.80 0.74 0.78 0.61 2.37 2.66 2.46 2.60 2.04

2,4-DP 1.5-500 1.5 5.0 0.9946 0.9978 0.9991 0.9953 0.9985 0.40 0.37 0.33 0.36 0.37 1.32 1.24 1.10 1.20 1.24



Table S3 Accuracy and precision of the proposed method in different matrices

Matrix Rice Millet Soy Oatmeal Barley

Precision (RSD%) Precision (RSD%) Precision (RSD%) Precision (RSD%) Precision (RSD%)
Analyte

Spiked

(ng g-1)

Accuracy 

(%) Intra-day Inter-day

Accuracy 

(%) Intra-day Inter-day

Accuracy 

(%) Intra-day Inter-day

Accuracy 

(%) Intra-day Inter-day

Accuracy 

(%) Intra-day Inter-day

4-CPA 10 95.7 4.6 4.0 97.9 2.8 5.5 95.1 4.4 4.9 90.6 4.2 3.9 92.8 5.8 5.3

200 89.3 5.2 5.1 93.6 4.5 6.7 88.7 3.0 4.1 101.2 10.9 7.0 88.3 3.0 4.5

400 92.6 3.7 4.0 90.8 2.5 5.2 94.3 2.6 5.1 95.5 6.3 3.0 96.7 3.5 5.6

MCPA 10 96.3 3.1 4.3 96.4 3.3 6.3 92.9 3.7 5.8 87.7 2.8 3.9 94.0 5.0 4.0

200 92.7 4.6 6.7 94.8 7.0 4.3 85.9 4.4 4.3 94.5 3.3 4.8 91.2 1.5 5.0

400 91.4 1.6 2.8 88.2 6.5 5.4 90.5 4.9 5.0 93.1 4.1 4.3 102.7 2.2 5.3

2,4-D 10 92.7 5.0 3.9 94.4 1.5 3.3 92.6 3.4 5.1 92.3 3.5 2.5 89.1 6.0 7.3

200 86.0 3.2 6.0 92.0 4.0 7.2 87.1 6.4 6.7 97.8 7.1 5.6 87.5 2.7 4.8

400 89.5 2.9 4.6 89.8 2.8 4.3 85.7 3.3 4.5 93.6 5.7 2.5 95.7 7.6 4.0

2,4-DP 10 94.3 4.4 3.8 95.3 3.4 5.4 90.2 3.9 3.4 83.9 2.9 3.2 90.5 4.3 6.0

200 87.7 3.2 5.1 90.9 5.3 4.6 84.8 2.5 3.2 95.8 3.4 3.0 84.7 2.8 4.3

400 91.8 7.5 6.7 87.6 2.7 5.3 89.4 4.2 4.7 92.4 4.7 3.8 92.4 3.2 4.9


