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Tables  

Table S1. Chemical structures of biomarkers found after exposure to acrylamide. 

Acronym; compound name; CAS no. Structure 

AAMA 

N-Acetyl-S-(2-carbamoylethyl)-L-cysteine; N-Acetyl-S-(3-
amino-3-oxopropyl)-L-cysteine 

CAS:81690-92-8  

GAMA 

N-Acetyl-S-(2-carbamoyl-2-hydroxyethyl)cysteine; N-Acetyl-
S-(3-amino-2-hydroxy-3-oxopropyl)-L-cysteine 

CAS:137698-08-9  

AAVal 

N-(2-Carbamoylethyl)valine; N-(3-Amino-3-oxopropyl)-L-
valine 

CAS:51078-53-6  

GAVal 

N-(2-Carbamoyl-2-hydroxyethyl)valine; 

N-(3-Amino-2-hydroxy-3-oxopropyl)-L-valine 

CAS252663-74-4  
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Table S2. Chemical structures of biomarkers found after exposure to mycotoxins. 

Acronym; compound name; CAS no. Structure 

AFB 

Aflatoxin B1 

CAS:1162-65-8 

  
AFM1 

Aflatoxin M1 

CAS:6795-23-9 

  

AFB-N7-guanine  

CAS:79982-94-8 

 

AFB-Lys 

2-Amino-6-(4-(7-hydroxy-9-methoxy-3,4-dioxo-1,2,3,4-
tetrahydrocyclopenta[c]chromen-6-yl)-2-oxo-2,5-dihydro-

1H-pyrrol-1-yl)hexanoic acid 

CAS:131919-04-5  
AFB-Cys-NAc 

N-Acetyl-S-(1,2,3,6a,8,9,9a,11-octahydro-9-hydroxy-4-
methoxy-1,11-dioxocyclopenta[c]furo[3',2':4,5]furo[2,3- 

h][1]benzopyran-8-yl)-L-cysteine 

CAS: 90358-63-7 

 O

OO

O

O

O

S

NH

OH

OH

H

H

O

O

 

DON 

Deoxynivalenol 

CAS:51481-10-8 
 

DON-3GlcA 

Deoxynivalenol 3-glucuronide 

CAS:1000000-13-4 

 

DON-15-GlcA 

Deoxynivalenol 15-glucuronide 

CAS:1372859-16-9 

 

 

Fumonisin B1 

CAS: 116355-83-0 
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Table S3. Chemical structures of biomarkers found after exposure to diisocyanates. 

Acronym; compound name; CAS no. Structure 

MDA 

4,4'-Methylenedianiline 

CAS:101-77-9  

AcMDA 

N-Acetyl-4,4‘-methylenedianiline 

CAS: 24367-94-0  

MDA-diHFBA 

N,N'-(methylenedi-4,1-phenylene)bis[2,2,3,3,4,4,4-
heptafluorobutanamide]; CAS: 124232-73-1  

MDI-Val-Hyd 

3-[4-[(4-Aminophenyl)methyl]phenyl]-5-(1-methylethyl)-
2,4-imidazolidinedione 

CAS:264285-90-7 
 

MDI-Lys 

N6-[[[4-[(4-Aminophenyl)methyl]phenyl]amino]carbonyl]-L-
lysine ; CAS:1200446-89-4  

24TDA 

2,4-toluenediamine 

CAS: 95-80-7 
 

26TDA 

2,6-toluenediamine 

CAS: 823-40-5  

3A4MP-Lys 

N6-[[(3-Amino-4-methylphenyl)amino]carbonyl]-L-lysine 
CAS:1416719-26-0 

 

 
 

5A2MP-Lys 

N6-[[(5-amino-2-methylphenyl)amino]carbonyl]-L-lysine 

CAS:1416719-28-2 

 
 

3A2MP-Lys 

N6-[[(3-Amino-2-methylphenyl)amino]carbonyl]-L-lysine 
CAS:1416719-29-3 

 
 

NDA 

1,5-Naphthalenediamine 

CAS:2243-62-1 

  
HDA 

1,6-Hexanediamine 

CAS:124-09-4 
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Table S4. Conditions of the methods listed in table S2 used to hydrolyze urine of workers exposed to 

diisocyanates. 

 

 

 

 

 

 

 

 

The chemical names and structures of 24TDA, 26TDA, MDA, NDA, and HDA are presented in Table S1. The acronyms are 

listed in Table S19. Most of the methods listed in this table used the same conditions to hydrolyze whole plasma. [1] 

(Bhandari et al. 2016), [2] (Bhandari et al. 2018), [3] (Cocker and Jones 2017), [4] (Lépine et al. 2019), [3] (Cocker and 

Jones 2017), [4] (Lépine et al. 2019), [5] (Lepine et al. 2020), [6] (Gaines et al. 2010), [7] (Rosenberg et al. 2002), [8] (Lind 

et al. 1996), [9] (Marand et al. 2004), [10] (Maitre et al. 1996), [11] (Skarping et al. 1994), [12] (Schutze et al. 1995; Sepai 

et al. 1995), [13] (Sennbro et al. 2003; Sennbro et al. 2005). 

  

Urine from workers exposed to 
diisocyanates: hydrolysis conditions  

Analyzed compound with/without 
derivatization 

Analytical 
Method 

0.6M HCl, 80°C, 4h[1] 
0.6M HCl, 80°C, 4h[2]  
1.5M H2SO4 , 100°C, 1.5h[3]  
1.6M H2SO4 , 100°C, 1h[4]  
1.6M H2SO4 , 80°C, 16h[5]  

1.6M H2SO4 , 100°C, 4h[6]  
1.6M H2SO4 , 100°C, 16h[7]  
1.8M H2SO4 , 100°C, 4,8,16,24,48h[8]  

1.8M H2SO4 , 100°C, 16h[9]  
2.4M HCl, 100°C, 2h[10]  
3.6M HCl, 100°C, 16h[11] 
3.6M HCl, 100°C, 4,8,16,24,48h[8] 
4M HCl, 100°C, 0.5h[12]  
0.2M NaOH, 100°C, 24h[13]  
5M NaOH, 100°C, 4,8,16,24,48h[8] 

24TDA, 26TDA, MDA, NDA 
HDA 
24TDA-, 26TDA-, MDA-, HDA-diHFBA 
MDA 
24TDA-, 26TDA-, MDA-, HDA-diAc 
HDA-diHFBA 
24TDA-, 26TDA-, MDA-, HDA-diHFBA 
24TDA-, 26TDA-, MDA-diPFPA 
24TDA-,26TDA-,MDA-,NDA-,HDA-diHFBA 
HDA-diHFBA 
24TDA-, 26TDA-diPFPA 
24TDA-, 26TDA-diPFPA 
MDA-diHFBA 
24TDA-, 26TDA, MDA-, NDA-diPFPA 
24TDA-, 26TDA-diPFPA 

LC-MS/MS 
LC-MS/MS 
GC-MS(NCI) 
LC-MS/MS 
LC-MS/MS 
GC-MS(NCI) 
GC-MS(NCI) 
GC-MS(NCI) 
LC-MS/MS 
GC-MS(NCI) 
GC-MS(NCI) 
GC-MS(NCI) 
GC-MS(NCI) 
GC-MS(NCI) 
GC-MS(NCI) 
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Table S5. Chemical structures of biomarkers found after exposure to pyrethroids. 

Acronym; compound name; CAS no. Structure 

3PBA 
3-phenoxybenzoic acid 

CAS:3739-38-6 
 

4F3PBA 
4-fluoro-3-phenoxybenzoic acid 

CAS:77279-89-1 
 

cis-DBCA 
cis-(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarboxylic 

acid 
CAS:63597-73-9  

cis-DCCA 
cis-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-

carboxylic acid 
CAS:59042-49-8  

trans-DCCA 
trans-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane-1-

carboxylic acid 
CAS:59042-50-1  

trans-CDCA 

trans-Chrysanthemumdicarboxylic acid 

CAS:72120-98-0 

 
ClF3CA 

cis-3-(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2-
dimethylcyclopropanecarboxylic acid 

CAS:72748-35-7  
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Table S6. List of acronyms used in this article 

Acronym  Full name  
AAMA N-Acetyl-S-(2-carbamoyl-ethyl)cysteine 
AAVal N-(2-Carbamoylethyl)valine 
AcMDA N-Acetyl-4,4‘-methylenedianiline 
AFB Aflatoxin B1 

AFB-Lys 
2-amino-6-(4-(7-hydroxy-9-methoxy-3,4-dioxo-1,2,3,4-tetrahydrocyclopenta[c]chromen-6-yl)-2-oxo-2,5-
dihydro-1H-pyrrol-1-yl)hexanoic acid 

AFB-N7-
guanine 

8-(2-amino-6-oxo-1H-purin-9(6H)-yl)-9-hydroxy-4-methoxy-2,3,9,9a-
tetrahydrocyclopenta[c]furo[3',2':4,5]furo[2,3-h]chromene-1,11(6aH,8H)-dione 

AFM1 Aflatoxin M1 
AFB-Cys-NAc AFB- mercapturate  
Alb Albumin 
3A4MP-Lys N6-[[(3-Amino-4-methylphenyl)amino]carbonyl]-L-lysine 
5A2MP-Lys N6-[[(5-amino-2-methylphenyl)amino]carbonyl]-L-lysine 
3A2MP-Lys N6-[[(3-Amino-2-methylphenyl)amino]carbonyl]-L-lysine 
AOP Adverse outcome pathway 
APCI Atmospheric-pressure chemical ionization 
bw Body weight 
CAS  Chemical Abstracts Service  
CDC Centers for Disease Control and Prevention 
ClF3CA  cis-3-(2-Chloro-3,3,3-trifluoroprop-1-enyl)-2,2-Dimethylcyclopropanecarboxylic acid 
COPHES Consortium to Perform Human Biomonitoring on a European Scale  
trans-CDCA  trans-Chrysanthemumdicarboxylic acid 
cis-DBCA cis-(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarboxylic acid 
cis-DCCA cis-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid 
trans-DCCA trans-3-(2,2-Dichlorovinyl)-2,2-dimethylcyclopropane-1-carboxylic acid 
DMF N,N-Dimethylformamide 
DON Deoxynivalenol 
ECHA European Chemicals Agency 
EI  Electron ionization  
EFSA European Food Safety Authority 
ELISA Enzyme-linked immunosorbent assays 
EQUAS External quality assurance programs 
ESI Electrospray ionization 
4F3PBA 4-Fluoro-3-phenoxybenzoic acid 
FB1 Fumonisin B1 
FITC Fluorescein isothiocyanate 
FLD Fluorescence detector 
FLESH Flemish Environmental and Human Health Studies 
GAMA N-Acetyl-S-(2-carbamoyl-2-hydroxyethyl)cysteine 
GAVal N-(2-Carbamoyl-2-hydroxyethyl)valine 
GC  Gas chromatography  
G-EQUAS German external quality assurance programs 
GC-MS  Gas chromatography-mass spectrometry  
GC-MS/MS Gas chromatography-tandem mass spectrometry 
GC-NPD Gas chromatography with nitrogen-phosphorus detector 
GerES V German Environmental Survey V 
GlcA Glucuronide 
GSH Glutathione 
Hb  Hemoglobin  
HBM Human Biomonitoring 
HBM4EU  Human Biomonitoring for the European Union  
HDA 1,6-Hexamethylenediamine 
HDI 1,6-Hexamethylene diisocyanate 
HDA-diAc N,N'-Diacetylhexamethylenediamine, N,N'-1,6-hexanediylbis-acetamide 
HDA-diHFBA N,N'-1,6-hexanediylbis[2,2,3,3,4,4,4-heptafluorobutaneamide] 
HFBA Heptafluorobutyric acid anhydride 
HPLC  High performance liquid chromatography  
HRMS  High resolution mass spectrometry  
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IAC Immunoaffinity column 
IARC International Agency for Research on Cancer 
ICC Intraclass correlation coefficient 
ICI Interlaboratory comparison investigation  
Iso-GAMA N-acetyl-S-(1-carbamoyl-2-hydroxyethyl)cysteine 
IVIVE In vitro to in vivo extrapolation 
LC Liquid chromatography 
LC-MS/MS High performance liquid chromatography-tandem mass spectrometry 
LLE  Liquid-liquid extraction  
LOD  Limit of detection  
LOQ Limit of quantification 
MDA 4,4‘-Methylenedianiline, 4,4'-diaminodiphenylmethane 
MDA-diAc N,N'-Diacetyl-4,4'-diaminodiphenylmethane, N,N'-(methylenedi-4,1-phenylene)bis-acetamide 
MDA-diHFBA N,N'-(methylenedi-4,1-phenylene)bis[2,2,3,3,4,4,4-heptafluorobutanamide] 
MDI 4,4‘-Methylenediphenyl diisocyanate 
MDI-Lys N6-[[[4-[(4-Aminophenyl)methyl]phenyl]amino]carbonyl]-L-lysine  
MDI-Val-Hyd 3-[4-[(4-Aminophenyl)methyl]phenyl]-5-(1-methylethyl)-2,4-imidazolidinedione 
Multi-
method 

Refers to the possibility to analyze different class of compounds with one method 

NCI Negative chemical ionization 
NDI 1,5-Naphthylene diisocyanate   
NDA 1,5-Naphthylenediamine 
NDA-diAc N,N'-(1,5-naphthylene)bis-acetamide 
NDA-diHFBA N,N'-1,5-Naphthalenediylbis[2,2,3,3,4,4,4-heptafluorobutanamide] 
NHANES  National Health and Nutrition Examination Survey  
NIEHS National Institute of Environmental Health Sciences 
NRHEEC National Report on Human Exposure to Environmental Chemicals 
NTP National Toxicology Program 
14PDA 1,4-Phenylenediamine 
3PBA 3-Phenoxybenzoic acid 
PBPK Physiologically based pharmacokinetic  
PFPA Pentafluoropropionic acidanhydride 
PFPITC Pentafluorophenylisothiocyanate 
PITC Phenylisothiocyanate 
QA/QC  Quality Assurance/Quality Control  
SPE  Solid phase extraction  
TCPy 3,5,6-Trichloro-2-pyridinol 
24TDA  2,4-Toluenediamine  
24TDA-
diHFBA 

N,N'-(4-methyl-1,3-phenylene)bis[2,2,3,3,4,4,4-heptafluorobutanamide] 

24TDA-diAc N,N‘-Diacetyl-toluenediamine, 2,4-Diacetylaminotoluene, N,N'-(4-methyl-1,3-phenylene)bis-acetamide 
24TDI 2,4-Toluene diisocyanate 
26TDA  2,6-Toluenediamine  
26TDA-
diHFBA 

N,N'-(2-methyl-1,3-phenylene)bis[2,2,3,3,4,4,4-heptafluorobutanamide] 

26TDA-diAc N,N‘-Diacetyl-toluenediamine, 2,6-Diacetylaminotoluene, N,N'-(4-methyl-1,3-phenylene)bis-acetamide 
26TDI 2,6-Toluene diisocyanate 
UHPLC Ultra High Performance Liquid Chromatography 
US EPA United States Environmental Protection Agency 
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Figures 
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Fig. S1. Effect of deconjugation parameters (enzyme, pH and incubation time @37°C; triplicate 
experiments) on total DON found in a human urine sample. HP = Helix Pomatia based β-
glucuronidase/sulfatase. E. coli = E. coli-based β-glucuronidase. Data were obtained from Hester van 
den Top, Wageningen Food Safety Research.   
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