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Table S1. Parameters of UHPLC-MS/MS analysis for target analytes

Compound Precursor ion (m/z)
Product ion 

(m/z)

Declustering 

potential (V)

Collision energy 

(V)

Retention time 

(min)

DIN 203.1 129.0 32 17 7.905

203.1 157.2 26 12

ACE 223.2 126.2 52 30 8.879

223.2 89.9 64 48

N-dm-ACE 209.2 126.0 48 24 8.627

209.2 90.0 57 44

CLO 250.3 169.2 32 19 8.683

250.3 132.0 28 20

IMI 256.1 209.2 45 21 8.816

256.1 175.1 45 25

Of-IMI 254.2 171.2 57 24 8.325

254.2 151.9 58 20

5-OH-IMI 273.3 225.0 64 18 8.339

273.3 191.2 63 24

THM 292.1 211.1 23 16 8.402

292.1 132.0 44 31

THD 253.1 126.1 66 28 9.194

253.1 90.1 64 54

DIN-d3 206.1 132.1 32 17 7.905

206.1 160.2 26 12

ACE-d3 226.3 125.9 52 30 8.879

CLO-d3 253.1 172.2 32 19 8.669

253.1 132.0 28 20

IMI-d4 260.1 213.1 45 21 8.802

260.1 179.3 45 25

THM-d3 295.2 214.3 23 16 8.402

295.2 131.9 44 31

THD-d4 257 125.8 66 28 9.187



Table S2. Effect of washing solvent on the matrix effect of p-NEOs and m-NEOs in bovine 

milk

IMI ACE CLO THM THD DIN N-dm-ACE Of-IMI 5-OH-IMI

H2O -43.73% -18.58% -50.00% -12.08% -51.35% -7.34% -15.00% -58.48% -34.57%

5% MeOH -48.45% -17.97% -54.24% -11.68% -52.82% -6.64% -14.71% -57.59% -38.29%

10% MeOH -50.42% -17.21% -54.24% -12.75% -50.82% -6.64% -15.88% -63.29% -40.36%

15% MeOH -46.61% -14.47% -52.83% -10.07% -46.78% -5.48% -11.41% -58.15% -32.51%

20% MeOH -37.32% -12.64% -55.80% -8.99% -45.15% -3.16% -10.10% -57.25% -31.19%

30% MeOH -39.50% -11.12% -52.69% -8.05% -36.98% -2.32% -9.29% -49.71% -29.70%

40% MeOH -46.12% -20.71% -56.08% -12.48% -46.78% -5.67% -15.73% -58.98% -37.22%

Table S3. Effect of washing solvent on the matrix effect of p-NEOs and m-NEOs in fetal 

bovine serum

IMI ACE CLO THM THD DIN N-dm-ACE Of-IMI 5-OH-IMI

H2O -57.99% -32.62% -65.60% -36.40% -64.10% -33.85% -34.81% -57.91% -38.74%

5% MeOH -59.93% -33.02% -65.17% -32.02% -70.87% -24.62% -39.49% -64.36% -42.43%

10% MeOH -60.43% -29.81% -64.30% -24.12% -70.67% -10.38% -35.05% -49.83% -34.05%

15% MeOH -64.96% -26.20% -63.28% -16.67% -72.88% -5.38% -31.07% -51.80% -41.17%

20% MeOH -67.05% -26.20% -66.04% -21.05% -74.07% -8.85% -27.10% -50.00% -34.05%

30% MeOH -63.31% -18.97% -55.01% -13.16% -73.04% -0.38% -24.07% -51.28% -27.75%

40% MeOH -55.04% -15.35% -55.88% -22.81% -70.74% 6.92% -17.99% -36.63% -27.75%



Table S4. Effect of washing solvent on the matrix effect of p-NEOs and m-NEOs in pooled 

urine samples

IMI ACE CLO THM THD DIN N-dm-ACE Of-IMI 5-OH-IMI

H2O -44.60% -37.57% -44.65% -46.86% -40.29% -14.58% -34.00% -68.12% -47.99%

5% MeOH -52.58% -46.65% -40.28% -50.08% -46.80% -17.17% -29.63% -75.01% -41.40%

10% MeOH -49.66% -34.02% -50.38% -51.79% -47.60% -14.51% -32.81% -70.43% -40.67%

15% MeOH -50.57% -36.28% -44.77% -46.49% -47.60% -12.27% -27.64% -72.99% -36.42%

20% MeOH -49.75% -22.48% -43.87% -48.01% -48.00% -15.62% -22.87% -67.73% -31.00%

30% MeOH -52.76% -33.63% -46.34% -45.99% -48.80% -8.88% -20.09% -69.53% -39.06%

40% MeOH -48.93% -36.75% -34.22% -46.49% -43.20% -12.83% -8.95% -59.55% -26.75%



Table S5. Compare the consumption of sample, organic solvent, and time of extraction 

methods previously used for breast milk, human serum and urine NEO analysis with this 

studya

Matrix Extraction method Sample amount Organic solvent Extraction timeb Reference

urine SPE with HLB cartridges 2 mL 5 mL 14 min per sample 1

urine SPE with Bond Elut PCX cartridges 1 mL 2 mL > 30 min per sample 2

urine Automatic SPE with ISOLUTE® 

HYDRO DME+400 mg plate

100 μL 0.7 mL < 10 min for one batch of 

samples (96-well plate)

3

serum and urine SPE with Extrelut® NT3 cartridge 1 mL 30 mL > 15 min per sample 4

breast milk LLE 0.5 mL 1.8 mL > 12 min per sample 5

breast milk QuEChERS 5 g 11.5 mL > 18 min per sample 6

breast milk LLE 100–200 μL 4 mL > 60 min per sample 7

Serum, breast milk 

and urine

Automatic MSPE 200 μL 1.4 mL < 30 min for one batch of 

samples (n=32)

this study

aSPE, solid-phase extraction; LLE, liquid-liquid extraction; MSPE, magnetic solid phase extraction. bWe calculated the time of some extraction 

procedures used as the authors stated in the literatures, but the time of some extraction procedures used and how many samples were treated in a batch 

was not clarify, therefore, we only provided the information based on the minimum time required for one sample.
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Figure S1. Schematic representation of an automatic MSPE system. 1/7: Magnetic SPE 

material activation; 2/8: Material equilibrium; 3/9: Extraction; 4/10: Washing; 5/11: Elution; 

6/12: Waste discharge.
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Figure S2. UHPLC-MS/MS typical MRM ion-chromatograms of target analytes resulting from 

a standard solution of 1 ng/mL (black line), a spiked (1 ng/mL) QC sample of bovine milk (red 

line), and a QC sample of breast milk (blue line).



Of-IMI

 StandardDIN

 QC sample

 Blank

254.2 > 171.2

273.3 > 225.0

256.1 > 209.2

250.3 > 169.2

253.1 > 126.1

223.2 > 126.2

209.2 > 126.0

292.1 > 211.1

203.1 > 129.0

THM

IMI

THD

CLO

N-dm-ACE

5-OH-IMI

7.0 7.5 8.0 8.5 9.0 9.5 10.0

ACE

Retention time (min)

Figure S3. UHPLC-MS/MS typical MRM ion-chromatograms of target analytes resulting from 

a standard solution of 1 ng/mL (black line), a spiked (1 ng/mL) QC sample of fetal bovine 

serum (red line), and a QC sample of fetal bovine serum (blue line).
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Figure S4. UHPLC-MS/MS typical MRM ion-chromatograms of target analytes resulting from 

a standard solution of 1 ng/mL (black line), a spiked (1 ng/mL) QC sample of pooled urine (red 

line), and a QC sample of pooled urine (blue line).
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Figure S5. The LC-MS/MS chromatographs of analytical standards and representative real 

samples. 1: DIN; 2: Of-IMI; 3: 5-OH-IMI; 4: THM; 5: N-dm-ACE; 6: CLO; 7: IMI; 8: ACE; 

9: THD.


