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 Search: (("risk assessment"[Title/Abstract]) OR (QRA[Title/Abstract])) AND 

((sensitization[Title/Abstract]) OR (sensitizer[Title/Abstract]) OR 
(sensitizing[Title/Abstract]) OR (sensitisation[Title/Abstract]) OR 
(sensitiser[Title/Abstract])) Filters: English, Humans, from 2000 - 3000/12/12 

 
2   

414 2  
  
  

21
   

 
11 PubMed Natilnal Institutes of Health (NIH) U.S. National Library of Medicine (NLM)

National Center for Biotechnology Information NCBI 3,700
 



3  
3.2  
3.2.2 Robinson et al., 2000 

30 

 Robinson et al., 20001213 

The importance of exposure estimation in the assessment of skin sensitization risk 
 

/ MCI/MI HRIPT

 
/ MCI/MI  

 
 

1   
  

HRIPT NOEL =1 μg/cm214

Theoretical acceptable level
3 1 10

1 1000  
 

3-2  
 

 3-2 MCI/MI  

 
12 Robinson M K, Gerberick G F, Ryan C A, McNamee P, White I R, Basketter D A. The importance of 

exposure estimation in the assessment of skin sensitization risk. Contact Dermatitis 2000: 42: 251–
259. 

13 2 Zachariae et al., 2003
 

14 Cardin C W, Weaver J E, Bailey P T. Dose-response assessments of Kathon biocide. (II). Threshold 
prophetic patch testing. Contact Dermatitis 1986: 15: 10–16. 
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1
1

 3-3  
 

 3-3 MCI/MI  

EPA. Exposure factors handbook.  
 

  
MCI/MI 0.004μg/ 

cm2 0.01μg/ cm2 MCI/MI 1.33μg/ cm2/
0.04μg/ cm2/

20
MCI/MI

MCI/MI 5ppm

MCI/MI  
 

2   
mg/cm2

 
mg/cm2  

 
× × 1 10
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 Zachariae et al., 200315 

Methyldibromo glutaronitrile: clinical experience and exposure-based risk assessment 
 

MDGN
MDGN  

MDGN  
 

 
1   

  
  

Maximum Acceptable Exposure Level, MAEL QRA
12 , NOEL

 
 

  
 MDGN  
2002 1 -9 807 MDGN 0.3  

petrolatum 48h ICDRG
12 HPLC-

ECD 5ppm MDGN
2

 
 

 MDGN  
MDGN

23 6 23 17 74% 51
+++ 2 ++ 7 + 14 17

 3-4 17
MDGN

MDGN 149ppm 390ppm
 

 
 

15 Zachariae C, Rastogi S, Devantier C, Menné T, Johansen JD. Methyldibromo glutaronitrile: clinical 
experience and exposure-based risk assessment. Contact Dermatitis. 2003 Mar;48(3):150-4. doi: 
10.1034/j.1600-0536.2003.00076.x. PMID: 12755729. 
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 3-4 17 MDGN  

NA.not applicable; NT.not tested. 
 

 MDGN  
MDGN

MDGN
 

 
  

MDGN MDGN
16 17  

MDGN 0.1%

 
16 P. McNamee, oral presentation, American Society of Contact Dermatitis Meeting, September 2002, 

Cleveland, OH, USA) 
17 MAEL MDGN NOEL

MDGN
12  
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2   
MDGN  

MDGN
 

MDGN
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 Basketter et al., 200318 

Nickel, chromium and cobalt in consumer products: revisiting safe levels in the new 
millennium 
 

Ni,Cr,Co

Cr LLNA EC3 NOEL
1993≦ ppm ppm

 
Ni Cr Co 

 
 

1   
  

NOEL UF SUF
S-Rfd  

 
 NOEL  

LLNA EC3=0.058 Cr NOEL 5.12mg/cm2

Cr Cr Cr6+

NOEL 1-10mg/cm2

1mg/cm2 Cr NOEL=1mg/cm2  
 

 SUF  
SUF  3-5 SUF=100 ( 3 10
0.5 3 3 10 ) 

 
 3-5 SUF  

 
18 Basketter, D.A., Angelini, G., Ingber, A., Kern, P.S., Menné, T., 2003. Nickel, chromium and cobalt 

in consumer products: revisiting safe levels in the new millennium. Contact Dermatitis 49, 1–7. 
https://doi.org/10.1111/j.0105-1873.2003.00149.x 
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sensitization reference dose S-Rfd NOEL SUF
 

S-Rfd 1 mg/cm2 /100 = 0.01 mg-Cr/cm2 
 

  
Ni Cr Co

Cr  
 

  
 3-6

1993 95
95% 1ppm Ni Cr Co  5 ppm 

Ni 0.45ppm Cr 0.64ppm Co 0.28ppm  
 

 3-6 Ni Cr Co  

Stazione Sperimentale Oli & Grassi. 
 

 2  
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10 19

 
1  1  
2  Cr C 1ppm  
3  Tder 100μm 100%

100%  
4  100%

 
0.0001μg/cm2-Cr ݁ݎݑݏ݋݌ݔܧ  = 1ܨ × ᇱܥ × 2ܨ ×  3ܨ

F1 Cr C =1 ppm  
C’ mg/cm2 =C Tder 
F2 =100 %  
F3 =100% 

 

Cr
 

1  Mp 150g W1 3.5kg19 
2  F’ 2.5% 60L 15L

45L 2 20  
3  FD1 10mg/cm2  
4  1% 100%21  
5  100%

 
0.0000001μg/cm2-Cr ݁ݎݑݏ݋݌ݔܧ  = 1ܨ × ᇱܥ × 2ܨ ×  3ܨ

F1 Cr C =1 ppm  
C’ = Mp F’ FD1 / W1 
F2 =1 %  
F3 =100% 

 
19 Table of Habits and Practices for Consumer Products in Western Europe. Human and 

Environmental Risk Assessment methodology document, 2002 (available from: 
http://www.heraproject.com) 

20 Untersuchung und Bewertung der Hautvertraeglichkeit moderner Haushaltswaschverfahren, 
IKW/ZWEI (Zentralverband Elektrotechnik und Elektroindustrie e. V.) 1999. 

21 Vermeire T G, Van der Poel P, Van de Laar R T H, Roelfzema H. Estimation of consumer Exposure 
to chemicals: application of simple models. Sci Total Environ 1993: 136: 155 176. 
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0.0001μg/cm2 Cr
0.01μg/cm2 1ppm Cr

0.0000001μg/cm2  
 

2   
Ni Cr Co 5ppm 1ppm

1ppm
 

Cr
ROAT

1ppm 0.01 mg/cm2

0.0001 mg/cm2 0.0000001 mg/cm2

Cr Cr
Cr

Ni 1ppm
Ni

10-110ppm

Co 10 50 100 200ppm
Ni Cr  
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 Corea et al., 200622 

Fragrance allergy: assessing the risk from washed fabrics 
 

HRIPT NOEL

 
EU 24  

 
 

1   
  

HRIPT NOEL UF
SRfD  

 
  

EU 26
2

24  
 

 HRIPT HMT NOEL  
HRIPT NOEL European Cosmetic, Toiletry and 

Perfumery Association
QRA 23 NRIPT

HMT human maximization test NOEL HMT HRIPT
 

 
 UF  
NOEL SRfD 3 UF

UF  3-7  
 

 3-7  

 
22 Corea, N.V., Basketter, D.A., Clapp, C., Van Asten, A., Marty, J.-P., Pons-Guiraud, A., Laverdet, C., 

2006. Fragrance allergy: assessing the risk from washed fabrics. Contact Dermatitis 55, 48–53. 
https://doi.org/10.1111/j.0105-1873.2006.00872.x 

23 Fragrance Ingredients WoE NESILs (Table 1). Dermal Sensitisation QRA for Fragrance 
Ingredients. COLIPA draft document. 31 October 2005. 
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 SRfD  

SRfD HRIPT HMT NOEL 100
SRfD  

 
  

 
 

  

ClogP
ClogP

 
 

  

0.1 10
 

 
 

1. 0.03% 100g
10 10

 
2. 1

300 CLogP 5 -
 

3. 1 3 20cm2/g
80%  

4. 4  
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5. 
300

 
6. 10

 
 

  
HRIPT HMT SRfD

MOS  
 3-8 0.05μg/cm2

MOS 55
100 1000  

 
 3-8  

 
2   

MOS  
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 Arnold et al., 201224 

Risk assessment for consumer exposure to toluene diisocyanate (TDI) derived from 
polyurethane flexible foam 
 

PU
TDI

QRA
 

TDI  
 

 
1   

  
  

TDI
NOAEL POD

POD
POD

2
TDI

 
POD Kanerva 25

1.5% TDI  600μg-TDI/cm2 15mg 2 2%
LOAEL 3 LOAEL

NOAEL 3 1 NOAEL 200μg-
TDI/cm2 LOAEL NOAEL

2 Kanerva
1 LOAEL

 
 

 
24 Arnold, S.M., Collins, M.A., Graham, C., Jolly, A.T., Parod, R.J., Poole, A., Schupp, T., Shiotsuka, 

R.N., Woolhiser, M.R., 2012. Risk assessment for consumer exposure to toluene diisocyanate (TDI) 
derived from polyurethane flexible foam. Regul Toxicol Pharmacol 64, 504–515. 
https://doi.org/10.1016/j.yrtph.2012.07.006 

25 Kanerva, L., Jolanki, R., Alanko, K., Estlander, T., 1999. Patch-test reactions to plastic and glue 
allergens. Acta Derm. Venereol. 79 (4), 296 300. 
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POD Hilton 26

LLNA NOEL EC3 0.02 % 5000ng/cm2

15 NESIL 333ng/cm2

LLNA EC3 NESIL
 3-9

 
 

 
26 Hilton, J., Dearman, R.J., Basketter, D.A., Kimber, I., 1995. Identification of chemical respiratory 

allergens: dose response relationships in the mouse IgE test. Toxicol. Methods 5 (1), 51 60. 
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1990 TDI
NOAEL

DFG(2003)27 OEL 5ppb 8h TWA
20ppb 5ppb  

5 10m3 7 20m3

5 7 10 20
2 0.9ppb  

 
  

POD
TDI FEV1

Diem 28 29

RfC NOAEL 2000ng/m3(0.3ppb)
RfC 70ng/m3 0.01ppb  

 
  

PU 8
TDI PU

 
(119) PU

TDI 100 TDI
PU 105 115

PU TDI PU
 

 
  
PU TDI Vangronsveld 30

 
27 DFG, 2003. Toluene diisocyanate. In: Greim, H. (Ed.), Occupational Toxicants: Critical Data 

Evaluation for MAK Values and Classification of Carcinogens, vol. 20. Wiley-VCH, Weinheim, pp. 
291 338. 

28 Diem, J., Jones, R., Hendrick, D., Glindmeyer, H., Butcher, B., Salvaggio, J., Dharmarajan, V., 
Weill, H., 1982. Five-year longitudinal study of workers employed in a new TDI manufacturing 
plant. Am. Rev. Respir. Dis. 126, 420 428. 

29 USEPA, 1995. 2,4-/2,6-Toluene diisocyanate mixture (TDI) (CASRN 26471-62- 5). Integrated Risk 
Information System (IRIS) Database. US Environmental Protection Agency. 
<http://www.epa.gov/iris/subst/0503.htm> (accessed August 2011). 

30 Vangronsveld, E., Berckmans, S., Spence, M., 2012. Measurement of Toluene Diisocyanate (TDI) 
emission to air and migration to a surface from flexible polyurethane foam. Accepted for 
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TDI PU
8 24

25% TDI  
TDI MDL 0.16ng-

TDI/cm2 1/2 (0.08ng/cm2) PU
TDI  

 
  

TDI Vangronsveld30

3 FLEC® -CTE
PU TDI

TDI
TDI 2,4-TDI 2,6-

TDI MDL 0.003ng/cm2 0.002ng/cm2

TDI 0.005ng/cm2 1m2 50ng-TDI
TDI TDI 1/2 25ng/cm2  

2m 2m 0.3m
10.4m2 260ng

31 Jennings 32

16 41m3

30m3 1 8 4 31

20m3

8 4m3/ 31

 
3-10  
 

 3-10  

30

 
Publication in Annals Occup. Hygiene. 

31 European Chemicals Bureau, 2003. Technical guidance document on risk assessment in support of: 
Commission Directive 93/67/EEC on risk assessment for new notified substances; Commission 
regulation (EC) 1488/94 on risk assessment for existing substances; Directive 98/8/EC of the 
European Parliament and of the Council concerning the placing of biocidal products on the market, 
second ed. Parts I & II. European Commission, Joint Research Centre, Italy. 

32 Jennings, P., Hammerstrom, K., Colemen Adkins, L., Chambers, T., Dixon, D., 1987. Methods for 
assessing exposure to chemical substances. Methods for assessing consumer exposure to chemical 
substances. Report No. EPA 560/5-85-007, 7, 71. US Environmental Protection Agency, Office of 
Toxic Substances, Washington, DC. 
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31

 
  

MOS
MOS

1  
MOS 200 3 106 1  

3-11  
 

 3-11 TDI MOS  

 
2   

TDI PU
TDI

MDL 50  
 

 (30m3) 10.4 m2

 
 

 
 PU TDI

 
33 USEPA, 2011. Exposure factors handbook: 2011 edition. National Center for Environmental 

Assessment, Washington, DC; EPA/600/R-09/052F. Available from the National Technical 
Information Service, Springfield, VA, and online at <http://www.epa.gov/ncea/efh>. 
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50 

 
 8

MOS 200 3×10 8
16  

 
 TDI  
 LLNA TDI  

 
TDI TDI

 
PU TDI PU

PU TDI
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 Novick et al., 201334 

Estimation of the safe use concentrations of the preservative 1,2-benzisothiazolin-3-one 
(BIT) in consumer cleaning products and sunscreens 
 

1,2- -3- BIT
BIT BIT

 
1,2- -3- BIT  

 
 

1   
7  

  
  
  
  
  
  
  

 
 BIT  

BIT NESIL SAF
AEL

 
 

 NESIL  
35,36 BIT HRIPT 45μg/cm2

BIT NESIL 54 0
 

 

 
34 Novick, R.M., Nelson, M.L., Unice, K.M., Keenan, J.J., Paustenbach, D.J., 2013. Estimation of the 

safe use concentrations of the preservative 1,2-benzisothiazolin-3-one (BIT) in consumer cleaning 
products and sunscreens. Food and Chemical Toxicology 56, 60–66. 
https://doi.org/10.1016/j.fct.2013.02.006 

35 Basketter, D.A., Rodford, R., Kimber, I., Smith, I., Wahlberg, J.E., 1999. Skin sensitization risk 
assessment: a comparative evaluation of 3isothiazolinone biocides. Contact Dermatitis 40, 150–154. 

36 Basketter, D.A., Clapp, C., Jefferies, D., Safford, B., Ryan, C.A., Gerberick, F., Dearman, R.J., 
Kimber, I., 2005. Predictive identification of human skin sensitization thresholds. Contact 
Dermatitis 53, 260–267. 
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 SAF  
SAF 3  

 SAFinter 10  
 SAFmatrix 3  
 SAFproduct 10 3

 
 SAF SAFtotal = SAFinter  SAFmatrix  SAFproduct 

 
 AEL  

AEL  
AEL = NESIL / SAFtotal 

 
 Wapplied product/area  

500 BIT =151.2
100% 37 BIT

 3-12
 

 
 3-12  

 
37 IHCP2003 
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 BIT  
AEL BIT CBIT Product %

 
CBIT Product =AEL μg/cm2 /(Wapplied product/area mg/cm2 1000) 100 

 
 3-13 BIT  

NESIL 45μg/cm2 
 

 3-13 HRIPT 45μg/cm2

SAFtotal AEL
AEL 0.15 0.45 0.45 0.45μg/cm2

0.0048 2.1mg/cm2

BIT BIT
75 350 350 210ppm  

 
 BIT  

BIT
SkinDeep MSDS

1 BIT
BIT

 
BIT
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BIT
BIT MI

0.01 1 0.01 1 0.01 0.1% BIT
MI BIT 9ppm

27ppm 6ppm
 

 
  

MOS  3-14 MOS
8.3 3500

MOS  
 

 3-14 BIT BIT MOS 

 
2   

MOS 1
 

BIT EU BIT
BIT EU

0.05% BIT
 

BIT 0.01 0.04
0.021 0.035

BIT 0.0006 0.0027
BIT

 
BIT

 
NESIL
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BIT
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 Pemberton and Lohmann, 201438 

Risk Assessment of residual monomer migrating from acrylic polymers and causing 
Allergic Contact Dermatitis during normal handling and use 
 

MMA MMA

 
MMA  

 
 

1   
  

LLNA EC3 NESIL SAF AEL
 

 
 NESIL  

HRIPT LLNA OECD TG 429 EC3 POD
MMA EC3 60%(w/v) AOO :

=4:1 90%(w/v) 60% 1.5 104 μg/cm2 90%  
2.25 104 μg/cm2 1.5 104 μg/cm2 NESIL  

: EC3(%)×250 = EC3(μg/cm2) 
1 cm2 25 μL/ 1  

 
 SAF  
5 POD

 3-15 AF Total SAF 10  
 

 3-15 SAF  

 
38 Pemberton, M.A., Lohmann, B.S., 2014. Risk Assessment of residual monomer migrating from 

acrylic polymers and causing Allergic Contact Dermatitis during normal handling and use. Regul 
Toxicol Pharmacol 69, 467–475. https://doi.org/10.1016/j.yrtph.2014.05.013 
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 AEL  
AEL NESIL 1.5 104 μg/cm2 total SAF  

AEL NESIL/total SAF 
=1.5 104 / 10 
= 1500 μg/cm2/  

 
  

  
39

20 40 60 40

MMA Fick 40 24 15 μg/dm2 =0.15 
μg/cm2 24

CEL=0.15 μg/cm2/  
 

  
RCR AEL CEL RCR 10,000

 
 

2   
QRA

PoD Chemical-Specific Adjustment Factor
 

EC3 LLNA total SAF=10 AEL=1500 μg/cm2/  
24

CES 0.15 μg/cm2/ CEL

 
39 CEN, 2004. CEN Standard: EN 13130 Part 1 ‘‘Materials and Articles in Contact with Foodstuffs – 

Plastics Substances Subject to Limitation – Part 1: Guide to Test Methods for the Specific 
Migration of Substances from Plastics to Foods and Food Simulants and the Determination of 
Substances in Plastics and the Selection of Conditions of Exposure to Food Simulants’’. 
<http://www.ihs.com/ products/industry-standards/org/cen/process-manufacturing/page14.aspx>. 

40 Franz, R., Brandsch, R., 2013. Migration of acrylic monomers from methacrylate polymers 
establishing parameters for migration modelling. Packag. Technol. Sci. 6, 435 451. 
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RCR=10,000

RCR
 

MMA NOEL RCR
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 Nijkamp et al., 201541 

Quantitative risk assessment of the aggregate dermal exposure to the sensitizing 
fragrance geraniol in personal care products and household cleaning agents 
 

LLNA EC3
HRIPT NOEL

PACEM 1
 

 
 

 
1   

  
PoD LLNA HRIPT
9 LLNA WHO/IPCS 2012 EC3

EC3
PoD1100μg/cm2

SAF 10 2 AEL = 55 
μg/cm2 =1100/ 10 2 HRIPT 5

DSA05 Lapczynski
PoD HRIPT NOEL 10,000 μg/cm2 SAF

10 10 AEL = 100 μg/cm2

 
2 PoD

4243

PoD AEL  
 

 
41 Nijkamp, M.M., Bokkers, B.G.H., Bakker, M.I., Ezendam, J., Delmaar, J.E., 2015. Quantitative 

risk assessment of the aggregate dermal exposure to the sensitizing fragrance geraniol in personal 
care products and household cleaning agents. Regul Toxicol Pharmacol 73, 9–18. 
https://doi.org/10.1016/j.yrtph.2015.06.004 

42 Api, A., et al., 2008a. Dermal sensitization quantitative risk assessment (QRA) for fragrance 
ingredients. Regul. Toxicol. Pharmacol. 52, 3e23. 

43 WHO/IPCS, 2012. Guidance for Immunotoxicity Risk Assessment for Chemicals. Harmonization 
Project Document No. 10. 
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44454647

SD  3-16 100
PACEM

 
100 0.3 30 0 70

2
 

 
 3-16  

 

 
44Netherlands Food and Consumer Products Safety Authority (NVWA), 2006. Marktonderzoek 

Naleving Detergenten Verordening Voor Textielwasmiddelen. ND06K173. 
45 Danish Environmental Protection Agency (EPA), 2002. Contents of Selected Fragrance Materials in 

Cleaning Products and Other Consumer Products. Survey of chemical substances in consumer 
products No. 8. 

46 Danish Environmental Protection Agency (EPA), 2006. Survey of Liquid Hand Soaps, Including 
Health and Environmental Assessments. Survey of chemical substances in consumer products No. 
69. 

47 Danish Environmental Protection Agency (EPA), 2011. Survey and Health Assessment of Cosmetic 
Products Marketed as “Non-Preserved”. Survey of chemical substances in consumer products No. 
111. 
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Biesterbos 48 516 EPHECT 49 UK
1629 20000

PACEM 100
24

 3-17 ݊݅݇ݏ ݊݋ ݈݋݅݊ܽݎ݁݃ ݐ݊ݑ݋݉ܣ  = ௣௥௢ௗܣ × ܨܧ ×  ݓ
Aprod:  
EF:  
w:  

1 24 24

 
 

 3-17  

PCPs SCCS(2012)50

 
 

QRA SAF

 
48 Biesterbos, J.W., et al., 2013. Usage patterns of personal care products: important factors for 

exposure assessment. Food Chem. Toxicol. 55, 8e17. 
49 Johnson, A., Lucica, E., 2012. Survey on Indoor Use and Use Patterns of Consumer Products in EU 

Member States. Survey report. EPHECT, Ipsos, Paris. https://esites.vito.be/sites/ephect/. 
50 Scientific Committee on Consumer Safety (SCCS), 2012. Opinion on Fragrance Allergens in 

Cosmetic Products. SCCS/1459/11. 
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3 PCPs  
 

  
PACEM  3-18

0
10% PACEM

25%

 
PCPs PCPs 75%

1% 6 18%  3-19
20

 
 3-18

PACEM
 3-20 50% 2.4 10-3μg/cm2 95%

3.8 10-2μg/cm2 99%
 

 
 3-18  
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 3-19  

0 μg/cm2 <P95 20% 18% 
 

 3-20  

 
  

99% 0.93μg/cm2 AEL LLNA
55μg/cm2 99%

0.02%
AEL

AEL 0.86%
0.02% AEL 0.86%
 

 
2   
PACEM PCPs

PCPs
 

24
 

Langerhans
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AEL 0.02% 0.86%

0.17%
FM1 3.7% FM1 4.7%

0.17% HRIPT
5 5

HRIPT n=100 3
 

SCCS
0.8μg/cm2

51

13%
   

 
51 DG-SANCO, 25 June 2013. Working Group on Cosmetic Products e Working Document on 

Fragrance Allergens in Cosmetic Products, 13/SANCO/COS/WG/14. 
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 Rothe et al., 201752 

Application of in vitro skin penetration measurements to confirm and refine the 
quantitative skin sensitization risk assessment of methylisothiazolinone 
 

CEL in vitro
measured exposure level MEL MEL

 
MI  

 
 

1   
  

AEL HRIPT NESIL15μg/cm2 total SAF 100
0.15μg/cm2 total SAF 10

3 3 Felter 2002  

MEL
NESIL AEL

NESIL15μg/cm2 HRIPT 9 10
NESIL mNESIL MEL 15μg/cm2

9 MEL 3.5μg/cm2 mNESIL total 
SAF 30 10 1 3 mAEL=0.12μg/cm2

 
 

  

CEL MEL EU
100ppm MI 0.7 180.9ppm

 
52 Rothe, H., Ryan, C.A., Page, L., Vinall, J., Goebel, C., Scheffler, H., Toner, F., Roper, C., Kern, P.S., 

2017. Application of in vitro skin penetration measurements to confirm and refine the quantitative 
skin sensitization risk assessment of methylisothiazolinone. Regul Toxicol Pharmacol 91, 197–207. 
https://doi.org/10.1016/j.yrtph.2017.10.024 
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MI
100ppm NESIL

HRIPT in vitro
 3-21  

 
 3-21  

2 4
 

2: 95  
3:  
4: 95 95  

 
 in vitro  

MI 14C MI 100ppm
1% v/v 0.15% v/v

 
14 (24 59 ) 200-400μm

4k  
OCED TG428  

32 1 3.14cm2 PBS 0.01%w/v
 

0.5 1 2 4 8 24
10 36 48 48 5 49 50 56 60 72 84  

 3-22  
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 3-22 in vitro  

SDS  

 
 MEL  

RF
SC

SC MI
MEL SC Epidermis E Dermis D RF 

 
24 MI MEL  3-23

1 4 1 MEL
1 1 6 2 4.6

44.72ng/cm2 133.43 ng/cm2 6 3 13
4 MEL 125.36ng/cm2 129.68 

ng/cm2 MEL
 

 
 3-23 MI 24 ( 96 ) MI

MEL 
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3  
 

 CEL  
CEL μg/cm2 CEL  

3-24  
 1 ܮܧܥ 6 = ܲܣ × ܲܥ 100ൗ × ܨ × 1 ൗܣܵܤܥ × ܴܵ 100ൗ × 10଺  

AP 1 g  
CP % MI=100 ppm=0.01% 
F 1 /  
CBSA cm2  
RS %  

 7 ܮܧܥ 8 = 1ܨ × ܥ × ݎ݁݀ܶ × 2ܨ × 3ܨ × 4ܨ × 10ଷ  
F1 MI=100 ppm=1 10-4 

C mg/cm3  
Tder cm  
F2 w/w%  
F3 w/w%  
F4 1 /  
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 3-24 MI CEL 

 
 MEL CEL  
MEL CEL CEL

MEL
CEL  

 
  

MI 1 9 CEL
MEL  3-25 AEL/CEL  

mAEL/MEL
mAEL/MEL

1
2 4 CEL MEL

mAEL/MEL 1 QRA
 

 
 3-25 CEL MEL  

 
2   

in vitro MEL CEL
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CEL

 

MEL
MEL mAEL/MEL<1

 
Yazar 2015 100/50 ppm

5 MEL 0.016 μg/cm2/

 
Lundov 2011 0.02 μg/cm2/

 
OECD TG 428 100 10
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 Costigan & Lopez-Belmonte, 201753 

An approach to allergy risk assessments for e-liquid ingredients. 
 

QRA
WoE AEL

 
 

 
 

1   
  

 NESIL  
LLNA HRIPT Buehler GPMT

Weight of Evidence
NESIL 590μg/cm2 5900μg/cm2

 
 

 SAF  
3 SAF 90  

10  
3 PG/VG

 
3  

 
 AEL  

AEL = NESIL / SAF AEL
AEL 6.55μg/cm2 65.5μg/cm2  

 
  

 

 
53 Costigan, S., Lopez-Belmonte, J., 2017. An approach to allergy risk assessments for e-liquid 

ingredients. Regul Toxicol Pharmacol 87, 1–8. https://doi.org/10.1016/j.yrtph.2017.04.003 
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IgE
I

DMEL
 

 
  

DMEL 15 ng/m354

6
5-60ng/m3  

 
  

 
 10 23

 
 0.2

 20
 1/5 1  

 
  

AEL AEL  
AEL= DMEL / 

 
15 ng/m3 / 10 * 0.2) 
7.5 ng/m3  

 
  

 CEL  
Y%w/w

 
 

54 Basketter, D.A., et al., 2010. Defining occupational and consumer exposure limits for enzyme 
protein respiratory allergens under REACH. Toxicology 268, 165e170. 
http://dx.doi.org/10.1016/j.tox.2009.12.014. 
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 1 35mg  
 45.8cm2  
 Accumulation SAF 3  
 Y%w/w CEL  

CEL - %w/w  
1 mg cm2  

3 (Y/100) 35/45.8 
0.023Y mg/cm2  

 
  

 CEL  

 
Vype eSick 50L

25ppm
 

2000ng/m3  
 

  

Y%w/w  
  (Cinnamaldehyde) 

 (Moderate sensitiser) 
NESIL 590 μg/cm2 
AEL 6.55 μg/cm2 CEL=0.023Y mg/cm2  
AEL/CEL 1 0.28%w/w  

  (Eugenol) 
 (Weak sensitiser) 

NESIL 5900 μg/cm2 
AEL 65.5 μg/cm2 CEL=0.023Y mg/cm2  
AEL/CEL 1 2.85%w/w  
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AEL 7.5ng/m3 CEL 2000ng/m3

CEL AEL  
 

2   
  

EU leave-on 0.001% 10ppm rinse-off 0.01%
100ppm e-liquid rinse-off

100ppm
1 22mg 22μL

264mL Thlih e-liquid 0.022/264 8 105 1
rinse-off 100ppm

10 1000ppm 0.1%w/w  
0.1 EU CLP 0.1

Dermal Sensitisation Threshold DST 900 μg/cm
64 μg/cm 0.05 0.7

 

 
 

  

 
protein-free

 
DMEL

 
IgE
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 Ezendam et al., 201855 

Skin sensitisation quantitative risk assessment (QRA) based on aggregate dermal 
exposure to methylisothiazolinone in personal care and household cleaning products 
 

MI
QRA

QRA 2 1 MI
2 EU MI 15ppm

QRA LLNA EC3
AEL

 
MI  

 
 

1   
  

MI PoD LLNA LLNA EC3 0.4%5657 250
NESIL=100μg/cm2 PoD SAF 10

15 3 AEL = 0.22 μg/cm2 =100/(10 15 3)  
 

 SAF  
SAF10

NESIL LLNA
LLNA EC3 DSA05 5

95% 58 SAF15

 
55 Ezendam, J., Bokkers, B.G.H., Bil, W., Delmaar, J.E., 2018. Skin sensitisation quantitative risk 

assessment (QRA) based on aggregate dermal exposure to methylisothiazolinone in personal care 
and household cleaning  products. Food Chem Toxicol 112, 242–250. 
https://doi.org/10.1016/j.fct.2017.12.054 

56 Basketter, D.A., Gilmour, N.J., Wright, Z.M., Walters, T., Boman, A., Lidén, C., 2003. Biocides: 
characterization of the allergenic hazard of methylisothiazolinone. J. Toxicol. Cutan. Ocul. Toxicol. 
22, 187–199. 

57 SCCS, 2015. SCCS (Scientific Committee on Consumer Safety), Opinion on Methylisothiazolinone 
(MI) (P94). Submission III (sensitisation only). 

58 Bil, W., Schuur, A.G., Ezendam, J., Bokkers, B.G.H., 2017. Probabilistic derivation of the 
interspecies assessment factor for skin sensitization. Regul. Toxicol. Pharmacol. 88, 34–44. 
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59,60,61,62

Basketter Safford 2016 63 SAF 3
PCPs

HCPs HCPs
3  

 
  

PCPs HCPs 2014
2 PACEM
1 μg/cm2

 
 

2 PCPs MI  
1 PCPs HCPs MI

 
2 PCPs MI

15ppm 0ppm HCPs 1
 

 
 MI  

MI
MI

99%  
MI 400

0
 

 MI
 

59 Basketter, D.A., Jefferies, D., Safford, B.J., Gilmour, N.J., Jowsey, I.R., McFadden, J., 
Chansinghakul, W., Duangdeeden, I., Kullavanijaya, P., 2006. The impact of exposure variables on 
the induction of skin sensitization. Contact Dermatitis 55, 178–185. 

60 Jensen, C.D., JD, J.O., Menne, T., Andersen, K.E., 2005. Methyldibromo glutaronitrile contact 
allergy: effect of single versus repeated daily exposure. Contact Dermatitis 52, 88–92. 

61 Paramasivan, P., Lai, C., Pickard, C., Ardern-Jones, M., Healy, E., Friedmann, P.S., 2010. Repeated 
low-dose skin exposure is an effective sensitizing stimulus, a factor to be taken into account in 
predicting sensitization risk. Br. J. Dermatol. 162, 594–597. 

62 Yazar, K., Lundov, M.D., Faurschou, A., Matura, M., Boman, A., Johansen, J.D., Liden, C., 2015. 
Methylisothiazolinone in rinse-off products causes allergic contact dermatitis: a repeated open-
application study. Br. J. Dermatol. 173, 115–122. 

63 Basketter, D.A., White, I.R., 2016. Legislative aspects of cosmetic safety in the European Union: 
the case of contact allergy. Cosmetics 3, 17–23. 
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GM GSD
 

 1/10 10
 

 MI

 
 1 0.01%

200mg/kg 0.02%  
 2 15ppm  
 MI 1 2

2 1/2
2  

 
  
PCPs
ETCD ISC,ALBA

Hall (2011 2007)6465 HCPs
4 n=1629 48

 
 

  
1 PACEM

1
PACEM 1

PACEM
MI  

16 1
 

1  PCPs 1
PCPs  

 
64 Hall, B., Steiling, W., Safford, B., Coroama, M., Tozer, S., Firmani, C., McNamara, C., Gibney, M., 

2011. European consumer exposure to cosmetic products, a framework for conducting population 
exposure assessments Part 2. Food Chem. Toxicol. 49, 408–422. 

65 Hall, B., Tozer, S., Safford, B., Coroama, M., Steiling, W., Leneveu-Duchemin, M.C., McNamara, C., 
Gibney, M., 2007. European consumer exposure to cosmetic products, a framework for conducting 
population exposure assessments. Food Chem. Toxicol. 45, 2097–2108. 
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2  HCPs HCPs
 

3  HCPs  
4  HCPs HCPs

HCPs
HCPs 8

HCPs HCPs
 

5  

MI = ݀ܽ݋݈ ݈ܽ݉ݎ݁ܦ  ௣௥௢ௗܣ × ܨܧ ×  ௦௞௜௡ܵ/݂ݓ
Aprod: μg  
EF:  
w: MI  
Sskin: cm2  

PCPs
SCCS 2016 66 HCPs

Nijkamp 2015 41  3-15
15% 1/80 0.00063

1/10 0.00018 0.0052  
6  16 14

1  
 

  
AEL

2
14

 
3-26 AEL

2  
 

 
66 SCCS, 2016. Scientific Committee on Consumer Safety (SCCS) Notes of Guidance for the Testing of 

Cosmetic Ingredients and Their Safety Evaluation. 9th revision, SCCS/1564/15. 
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 3-26 1  

 
PCPs HCPs PCPs+HCPs AEL

: PCR
PCR PCR 0 AEL

PCR 1 AEL
0 ௣௥௢ௗ௨௖௧ ௜ܴܥܲ  = ݂ ஺ா௅(ݏݐܿݑ݀݋ݎܲ ݈݈ܣ)− ݂ ஺ா௅(ݐܿ݀݋ݎܲ ݃݊݅݀ݑ݈ܿݔܧ ݅)݂ ஺ா௅(ݏݐܿݑ݀݋ݎܲ ݈݈ܣ)  ݂ ஺ா௅ AEL  

 
  
2 99.9% 1 1.1μg/cm2 2 1.0μg/cm2

 3-26 AEL 0.22μg/cm2 AEL
HCPs

PCPs AEL  3-27 1 PCPs HCPs
AEL 0.7% 70% HCPs AEL

2 PCPs AEL 0% PCPs
0.5% AEL HCPs

 
 

 3-27 AEL MI  

 
 1  

1 8

HCPs

PCPs MI
HCPs SAF 3 3
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2   
QRA MI MI

PCPs HCPs
PCPs MI HCPs

 
PACEM

 
MI

 
MI PACEM

MI AEL
MI PACEM

 
24

24
 

HCPs MI
MI MI
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 Garcia-Hidalgo et al., 201867 

Aggregate consumer exposure to isothiazolinones via household care and personal care 
products: Probabilistic modelling and benzisothiazolinone risk assessment 
 

1 1,2- -3-(2H)- BIT
AEL

 
4 1,2- -3-(2H)- BIT

2- -3(2H)- OIT 2- -3(2H)- MI
5- -2- -4- -3- CMI BIT

 
 

 
1   

  
BIT QRA
CELext AELext

NESIL
NESILext NESILint NESILint

Basketter  (199968 200569) 1 BIT 360 ppm
9 /3 24 / kp 0.000505 cm/h  24 / -
4.37μg/cm2 SI ௜௧ܧ   = ஼௉ܥ × ௘݂௩௘௡௧ × ௘௩௘௡௧ݐ × ݇௣  1 

Eit 1 ng/cm2 d  
CCP ng/cm3  
fevent 1/  
tevent 1  

 
67 Garcia-Hidalgo, E., Schneider, D., von Goetz, N., Delmaar, C., Siegrist, M., Hungerbühler, K., 2018. 

Aggregate consumer exposure to isothiazolinones via household care and personal care products: 
Probabilistic modelling and benzisothiazolinone risk assessment. Environ Int 118, 245–256. 
https://doi.org/10.1016/j.envint.2018.05.047 

68 Basketter, D.A., Rodford, R., Kimber, I., Smith, I., Wahlberg, J.E., 1999. Skin sensitization risk 
assessment: a comparative evaluation of 3 isothiazolinone biocides. Contact Dermatitis 40, 150
154. 

69 Basketter, D.A., Clapp, C., Jefferies, D., Safford, B., Ryan, C.A., Gerberick, F., et al., 2005. 
Predictive identification of human skin sensitization thresholds. Contact Dermatitis 53, 260 267. 
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kp cm/h  
SAF 10 HCP 3

10 total SAF 
300 BIT AELint = 14.6 ng/cm2  
 

  
1948 HCP239

557 42.9% PCP97 2366 7.7% PCP8
125 6.4% 1

HCP PCP
1 91 669 18%

HCP 69 PCP 
19  

PACEM-KD
1

1 Eit

 
 

  

HCP CMI MI BIT OIT
4.3 10 3.5 279 3.8 186 7.9 ppm 1 PCP MI

CMI 1.3 133 ppm 4.8 ppm 1  
PACEM-KD

 
 

  

HCP
PCP

 
mCP PCP

HCP EPHECT 70

 
70 EPHECT, 2012. EPHECT report: survey on indoor use and use patterns of consumer products in eu 
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 fevent 
 

 1 X Y X Y  
 1 Z  
 1 1

 
 

 tevent 
HCP

PCP
 

 
 kp 

- Kow /
Mitragotri (2002)71 

Lian et al. (2008)72 2 4
 log݇௣  = 0.7 logܭ௢௪ − మయܹܯ 0.0722 − 5.27  2 

MW: g/mol  
Kow: -  
kp: cm/s  
 

  
PACEM-KD 20,000 9,899

10,101
669 16.6% 1,485 1,515

HCP MI CMI
7

7
 

member states. Available: https://esites.vito.be/sites/ephect/Workingdocuments/EPHECT 
deliverables and documents/2 (Assessing [accessed 15 June 2017]). 

71 Mitragotri, S., 2002. A theoretical analysis of permeation of small hydrophobic solutes across the 
stratum corneum based on scaled particle theory. J. Pharm. Sci. 91, 744 752. 

72 Lian, G., Chen, L., Han, L., 2008. An evaluation of mathematical models for predicting skin 
permeability. J. Pharm. Sci. 97, 584 598. 
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 3-28  
 

 3-28 ng/cm2  

 
MI CMI

P99 0 3000
MI 1.15×10-4ng/cm2 CMI 1.54×10-4ng/cm2
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BIT Sobol

HCP
Sobol 0.615 0.878

BIT  
 

  

HCP PCP  3-29
BIT 34%

35% 30% 18% OIT
HCP MI

57% 51%
CMI 64% 67%

32% 29% MI
CMI 4 PCP  
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 3-29 %  

 
  

AEL
BIT AELint

 3-28 P99 =15.4 AEL
(63%) 61
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2   
PACEM-KD CELint AELint

 
BIT OIT PCP HCP
BIT OIT CMI MI MI/CMI

PCP <2%  

BIT AELint 1.14%

 
PCP HCP

HCP
 

HRIPT NESIL SAF=300
 

PACEM-KD
 

1 kp
pH

1    
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 Lim et al., 201873 

Non-cancer, cancer, and dermal sensitization risk assessment of heavy metals in 
cosmetics 
 

200 100 91 9

CEL LLNA EC3
AEL  

15 Al Cr Mn Fe Co Ni Cu Zn As Pb Hg Cd
Sb Ti Cr6+ Ni Co Cu Hg  

 
 

1   
  

LLNA EC3 % Safford 2008 74 EC μg/cm2

Basketter et al. 2005 75

NESIL μg/cm2 SAF NESIL
AEL  

 
  

CEL
SCCS 201276 1 mg/

cm2  
 

  
 n=13 n=15 n=17

 
73 Lim, D.S., Roh, T.H., Kim, M.K., Kwon, Y.C., Choi, S.M., Kwack, S.J., Kim, K.B., Yoon, S., Kim, 

H.S., Lee, B.-M., 2018. Non-cancer, cancer, and dermal sensitization risk assessment of heavy 
metals in cosmetics. J Toxicol Environ Health A 81, 432–452. 
https://doi.org/10.1080/15287394.2018.1451191 

74 Safford, R. J. 2008. The Dermal Sensitization Threshold- a TTC approach for allergic contact 
dermatitis. Regulatory Toxicology and Pharmacology 51:195–200. doi:10.1016/j. yrtph.2008.02.010. 

75 Basketter, D. A., C. J. Clapp, B. J. Safford, I. R. Jowsey, P. McNamee, C. A. Ryan, and F. G. 
Gerberick. 2008. Preservatives and skin sensitization quantitative risk assessment. Dermatitis 
19:20–27. 

76 SCCS (Scientific Committee on Consumer Safety). 2012. The SCCS’s notes of guidance for the 
testing of cosmetic ingredients and their safety evaluation, 8th revision, SCCS/1501/12. 
https://health.ec.europa.eu/document/download/7f4cc04c-8658-43b9-b205-
7a291218d3ba_en?filename=sccs_s_006.pdf 
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n=7 n=15 n=13 n=20
n=11 n=26 n=7

n=22 n=13 n=12 67%
ICP-MS  3-30  

 
 3-30 g/g  

N.D, not detected. 
 

 CEL  
CEL  

 
  

CEL ≤ AEL  AEL/CEL > 1
 3-31

AEL/CEL 1 16.25 734,702.65
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 3-31  

1 2 3 4  
N.C, Not calculated 
 

2   
200 Ni Co Cu Hg

QRA AEL CEL
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 Pack et al., 202177 

Probabilistic risk assessment of preservatives in dishwashing detergents and wet wipes 
for Korean consumers 
 

12

HRIPT
NESIL MOS  

BIT IPBC 12
2  

 
 

1   
  

BIT IPBC POD NESIL Novick 2013 HRIPT
45μg/cm2 78 Basketter 2008 79 Cosmetic Ingredient Review HRIPT

310μg/cm2  
 

  
105

105 12 1
NIER NIER,2020

P95  
 

  

 3-32  3-33 BIT
2-

IPBC CPC 2-

 
77 Pack, E.C., Lee, H.G., Jang, D.Y., Sin, H.S., Kim, T.Y., Kim, H.S., Lim, K.M., Choi, D.W., 2021. 

Probabilistic risk assessment of preservatives in dishwashing detergents and wet wipes for Korean 
consumers. Sci Total Environ 782, 146829. https://doi.org/10.1016/j.scitotenv.2021.146829 

78 Novick, R.M., Nelson, M.L., Unice, K.M., Keenan, J.J., Paustenbach, D.J., 2013. Estimation of the 
safe use concentrations of the preservative 1,2-benzisothiazolin-3-one (BIT) in consumer cleaning 
products and sunscreens. Food Chem. Toxicol. 56, 60 66. 

79 Basketter, D.A., Clapp, C.J., Safford, B.J., Jowsey, I.R., McNamee, P., Ryan, C.A., Gerberick, F.G., 
2008. Preservatives and skin sensitization quantitative risk assessment. Dermatitis 19, 20 27. 
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 3-32  

 
 3-33  

 
  

1 NIER 80

 3-34
 

 
  

 
80 NIER (National Institute of Environmental Research), 2020. Regulation of concerning the way of 

risk assessment for risk-concerned products, Notice No. 2020-1. Korea, National Institute of 
Environmental Research, Incheon. 
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ௗܮ = ௣ܣ × ௙ܹ௪ܸ × ܪܶ ×  ݏܣ
ௗܮ   = ௖ܣ × ௙ܹ ×  ݏܣ

 
 3-34  

 
BIT IPBC 1 CEL

P95  3-35  
 

 
81 MFDS (Ministry of Food and Drug Safety), 2014. Exposure Factor Development Study for 

Exposure Assessment of Household Product-cleaner and Wet-tissue. Cheongju, Korea. 
82 RIVM (Dutch National Institute for Public Health and the Environment), 2018. Cleaning Products 

Fact Sheet. 
83 KFDA (Korean Food and Drug Administration), 2010. Investigation of Body Surface Area 

Measurement for Safety Management. Korean Food and Drug Administration, Cheongju, Korea. 
84 MFDS (Ministry of Food and Drug Safety), 2018. A Study on Exposure of Hygienic Goods and 

Safety Evaluation Model of Residual Material. Cheongju, Korea. 
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 3-35 BIT IPBC CEL MOS  

 
  

MOS=NESIL/CEL Api 2020 85

SAF
MOS SAF BIT MOS

9.18 109 4.09 108 SAF100
IPBC MOS

SAF
 

 
2   

55% 1
44% 3

 

 
   

 
85 Api, A.M., Basketter, D., Bridges, J., Cadby, P., Ellis, G., Gilmour, N., Greim, H., Griem, P., Kern, 

P., Khaiat, A., 2020. Updating exposure assessment for skin sensitization quantitative risk 
assessment for fragrance materials. Regul. Toxicol. Pharmacol. 118, 104805. 
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 Macherey et al., 202186 

Curing of UV prints – Assessment of possible toxicological hazard for consumers 
 

UV UV

UV
3 2

 
GPTA, eoTMPTA, TMPTriA ITX, DETX

 
UV   

 
1   

  
GPTA, eoTMPTA, TMPTriA LLNA EC3

EC3 0.1% LLNA 25μL/cm2 1g/cm3

25μg/cm2 3 0.1%
SI 3

 
 

  
60kg UV

80 1 1 1cm2

UV UV

 
 

  

 
86 Macherey, M., Schuhmacher-Wolz, U., Belz, H., Delbanco, E.H., Mohr, K., Gude, T., Kaiser, E., 

2021. Curing of UV prints - Assessment of possible toxicological hazard for consumers. Regul 
Toxicol Pharmacol 124, 104965. https://doi.org/10.1016/j.yrtph.2021.104965 
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UV
 

 
1 80cm2 2.5ml

DIN53160  
UV 12 UV UV 3

2 2
1 cm × 20 cm

4  
1 1

1cm2 10 4 4 1
1cm2/

80 =20cm2/ - 4  
 

  
 3-36

LOQ=0.13μg/100cm2 LOD 1/2
0.063μg/100cm2  

3 UV UV
UV

100%
 

 
  

 3-36
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3

1
 3-37  

 
 3-37  

 
2   

UV
UV

80
 

20 3
2

 
3

LLNA 0.25%    
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 Fukushima et al., 202387 

Retrospective quantitative risk assessment of skin sensitization caused by an 
antimicrobial agent used in a consumer product: 2,3,5,6-Tetrachloro-4-(methylsulfonyl) 
pyridine 
 

PVC 2,3,5,6- -4-(
)

 
2,3,5,6- -4-( ) TCMSP  

 
 

1   
  

LLNA EC1.6 POD SAF
AEL  

 
 POD  
LLNA BrdU-ELISA OECD TG442B8 TCMSP

EC1.6=0.011% EC1.6 2.75μg/cm2 POD
μ݃]1.6ܥܧ  ܿ݉ଶ⁄ ]= [%]1.6ܥܧ) × 10ସ[μ݃ ⁄ܮ݉ ] × ܮ25μ]݁݉ݑ݈݋ݒ ݈݀݁݅݌݌ܣ ⁄ݎܽ݁ ]) 1ܿ݉ଶ]ܽ݁ݎܽ ݈݀݁݅݌݌ܣ ⁄ݎܽ݁ ]⁄= [%]1.6ܥܧ × 250 = 0.011 × 250 = 2.75 

 
 SAF  

SAF  3-38
QRA2 SAF 88 SAF

 
 

 
87 Fukushima, A., Morioka, H., Kobayashi, T., Katagiri, R., Tanabe, A., Sakunaga, M., Takeyoshi, M., 

2023. Retrospective quantitative risk assessment of skin sensitization caused by an antimicrobial 
agent used in a consumer product:  2,3,5,6-Tetrachloro-4-(methylsulfonyl) pyridine. Contact 
Dermatitis 88, 395–401. https://doi.org/10.1111/cod.14294 

88 Fukushima A, Hayashi T, Takeyoshi M. Acceptable surface limits (ASLs) of skin sensitizers derived 
from the local lymph node assay (LLNA): BrdU-ELISA EC1.6 values and their relationships to 
known sensitization potency information. J Appl Toxicol. 2022;42:1723-1730. doi:10.1002/jat.4339 
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100 

 3-38 SAF 

 
 AEL  
AEL AEL=0.00458 μg/cm2 μ݃]ܮܧܣ  ܿ݉ଶ⁄ ] = μ݃](2.75)1.6ܥܧ ܿ݉ଶ⁄ ] ⁄(600)ܨܣܵ ݁ݐ݅ݏ݋݌݉݋ܿ  = 0.00458[μ݃ ܿ݉ଶ⁄ ] 

 
  

TCMSP
μg/cm2  

TCMSP
PVC TCMSP

8990 0.1 0.2wt%
TCMSP 0.001cm

100%
 

0.001cm PVC V 1350 μg/cm2 PVC TCMSP
N 0.2 % TCMSP

 
89 The complete collection of the latest additives -Optimal compounding and evaluation for adding 

functionality- Technical Information Institute Co., Ltd. (ISBN 486104099X). 
90 U.S. Environmental Protection Agency. Notice of pesticide: Registration (BIOCHEK 8064) Reg. 

Number: 39967 131. Accessed January 4, 2023. 
https://www3.epa.gov/pesticides/chem_search/ppls/039967-00131-20160216.pdf 
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2.7μg/cm2 μ݃]݈݁ݒ݈݁ ݁ݎݑݏ݋݌ݔ݁ ܲܵܯܥܶ ݀݁ݐܽ݉݅ݐݏܧ  ܿ݉ଶ⁄ ] = ܸ[μ݃ ܿ݉ଶ⁄ ] × ܰ 100⁄  = 1350[μ݃ ܿ݉ଶ⁄ ] × 0.2 100⁄  = 2.7[μ݃ ܿ݉ଶ⁄ ] 
 

  
TCMSP AEL 0.00458 μg/cm2 2.7 μg/cm2

AEL 500  
 

  
AEL 500

TCMSP  
CBA/J OECD LLNA:BrdU-ELISA EC1.6 0.011%

BALB/c EC1.6 0.086% TCMSP
 

SAF QRA2
SAF 100 AEL 0.0275μg/cm2

100  
TCMSP

TCMSP 0.25 2
TCMSP

 
0.001cm TCMSP 100%

10
TCMSP

 
TCMSP

TCMSP
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 Stewart et al., 202391 

Quantitative Risk Assessment of Dermal Sensitization Potential Following Use of 
Shampoo Products Containing the Formaldehyde Releasing Preservative DMDM 
Hydantoin 
 

DMDMH
HRIPT AEL

CEL MOS  
DMDMH

 
 

 
1   

  
 NESIL  
NESIL HRIPT92  

NESILhigh 37 μg/cm2 HRIPT NOAEC 0.037%
LLNA EC3 29 45 μg/cm2  

NESILlow 10 μg/cm2 HRIPT BMD EPA BMDS
1% BMDL01  

 
  
AEL SAF AEL NESIL/SAF SAF  3-39

SAF=30  
 

 
91 Stewart, C.K., Parker, J., Hwang, R., Vincent, M., Fung, E., 2023. Quantitative Risk Assessment of 

Dermal Sensitization Potential Following Use of Shampoo Products Containing the Formaldehyde 
Releasing Preservative DMDM  Hydantoin. Int J Toxicol 42, 326–333. 
https://doi.org/10.1177/10915818231174429 

92 Marzulli F, Maibach H. The use of graded concentrations in studying skin sensitizers: experimental 
contact sensitization in man. Food Cosmet Toxicol. 1974;12:219-227. 
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 3-39 SAF  

 
  

DMDMH
1 CEL  3-40
CEL 0.22μg/cm2  
 

 3-40 CEL  

 
  

NESILhigh NESILhigh MOS MOShigh MOSlow

MOShigh=5.5 MOSlow=1.5  
MOS AEL CEL NESIL SAF CEL 

 
2   

1% DMDMH 0.02%
MOS>1

MOS 1.5
 

EPA BMDS 10%
NESILlow 110μg/cm2

NESILlow 10 MOS
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BMDS01 10μg/cm2 NESIL  

 
DMDMH  
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 Mikkelsen et al., 202393 

Risk assessment of the asthma-induction potential of substances in spray products for 
car cabin detailing based on EU's Chemical Agents Directive, using harmonised 
classifications and quantitative structure-activity relationship (QSAR) 
 

SDS
15 DNEL

 
4 7 13

 

71  
 

1   
  

  
2022 71 8

SDS  
 

  
SDS CLP VI

H334 H335 Danish (Q)SAR Database

QSAR 3 3
2  

 
4 2- 2-
 

7
 

13 α-

 
93 Mikkelsen, K., Sørli, J.B., Frederiksen, M., Hadrup, N., 2023. Risk assessment of the asthma-

induction potential of substances in spray products for car cabin detailing - based on EU’s Chemical 
Agents Directive, using  harmonised classifications and quantitative structure-activity 
relationship  (QSAR). Toxicology 495, 153612. https://doi.org/10.1016/j.tox.2023.153612 
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2,6- -tert- -p- 2,2,4,6,6-
1-(5,6,7,8- -3,5,5,6,8,8- -2- ) -1-

-2- -4- -4-
p- -1- -8-  

 
  
ECHA DNEL DNEL

2 DNEL DNEL
OEL  

 
  

2 94 1.5 m3 2.0 m3 15

 
15  

3.5m3 
1.5 m3 2.0 m3  

 
15  

5 10  
3h-1  

RR 2  3-41  
 

 3-41  

 
94 Steiling, W., Bascompta, M., Carthew, P., Catalano, G., Corea, N., D’Haese, A., Jackson, P., 

Kromidas, L., Meurice, P., Rothe, H., Singal, M., 2014. Principle considerations for the risk 
assessment of sprayed consumer products. Toxicol. Lett. 227, 41–49. 
https://doi.org/10.1016/j.toxlet.2014.03.005. 
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Ci
RR 1  ܴܴ = ෍ ௜௡ܮܧ௜ܱܥ

௜ୀଵ  

 
71 2 RR 4.8 12 RR> 2

RR

RR 0.5 2 RR 0.73
RR 0.69

2- -2H- -3- MIT  
 

2   

 
RR 4

 
DNEL OEL QSAR

7 9  
SDS  
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 Donthamsetty et al., 202495 

GARDskin dose-response assay and its application in conducting Quantitative Risk 
Assessment (QRA) for fragrance materials using a Next Generation Risk Assessment 
(NGRA) framework 
 

GARDskin
NESIL NGRA

QRA2
 

17
 

IFRA 12 /

 
 

1   
NGRA  

1  
2 NESIL  
3 AEL  
4 QRA2  
5 QRA2  

1 5
2 NESIL  

1 3 4
5

 
 

  
  

 
95 Donthamsetty, S., Forreryd, A., Sterchele, P., Huang, X., Gradin, R., Johansson, H., Mattson, U., 

Lee, I., Api, A.M., Ladics, G., 2024. GARDskin dose-response assay and its application in 
conducting Quantitative Risk Assessment (QRA) for fragrance materials using a Next Generation 
Risk Assessment  (NGRA) framework. Regul Toxicol Pharmacol 149, 105597. 
https://doi.org/10.1016/j.yrtph.2024.105597 
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17  
 

  
1 QSAR in silico: DEREK TIMES-SS OECD QSAR 

Toolbox WoE

 

 
2 1 DPRA OECD 442C
h-CLAT OECD 497 ITS defined approach

 
GHS 1B  

 
 NESIL  

NESIL
GARDskin

 
Decision Value DV DV 0

cDV0 NESIL NESIL
μg/cm2  

17 14 cDV0 NESIL NESIL
3  3-42 NESIL

1.8  
 3-42 NESIL  
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1 2
cDV0 3

3 2 3 cDV0
363μM 16,600μg/cm2  

2 NA: Not Available. NS: Non-Sensitizer 
 

 AEL  

QRA2 AEL
NESIL 9550 μg/cm2 SAF

AEL SAF QRA2
 

 
  

QRA2

 
 

  
 QRA2  
QRA2 AEL
CEL

CEL QRA2  
 

 QRA2  

QRA2
 3-43
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2   

OECD TG 442 GARDskin NESIL
QRA2  

NESIL 1 GARDskin DR  
HIRPT NESIL

PoD LOEL NESIL
 

Anisyl alcohol NESIL 1700μg/cm2

in vitro

 
GARDskin
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 Carlsson et al., 202496 

Health risks from exposure to chemicals in clothing - Non-regulated halogenated 
aromatic compounds 
 

9

 
NESIL

AEL
 

9 / / 2- -
4,6- 2- -4,6- 2- -4- 2,6-

-4- 4- -2- 2,5-
2,4- 3,5- 2,6-

-1,4-  
 

 
1   

  

  
Derek Nexus
equivocal

DPRA/kDPRA h-CLAT LC/ESI-HRMS
 

Derek Nexus Equivocal Probable
kDPRA h-CLAT 2,5- GHS

1A 2,6- -1,4- 1B

 
 

 NESIL  
NESIL 2 2,4- 2,5-

NESIL DPRA
 

96 Carlsson, J., Dostberg, A., Åström, T., Matyjasiak, J., Kallin, A., Juric, S., Nilsson, U., 2024. Health 
risks from exposure to chemicals in clothing - Non-regulated halogenated aromatic compounds. 
Chemosphere 363, 142930. https://doi.org/10.1016/j.chemosphere.2024.142930 
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 ≥13.89 %
NESIL kDPRA log kmax Roberts 97

LLNA EC3 %  3-44  
 

 3-44 NESIL  

∙ 
a pEC3 pEC3=0.88 ∙logkmax 4.0316  
b EC3 EC3%=MW 10-pEC3  
c NESIL NESIL (μg/∙cm2)=EC3% 250  

 
 SAF  

 3-45 SAF 5 SAF SAF
3 1 10 100 3

10 3 3 10
SAF 300  

 
 3-45 SAF SAF  

 
 AEL  
AEL NESIL SAF 2,4- 2,5-

AEL 0.0588μg/cm2 0.0781μg/cm2  
 

 
97 Roberts, D.W., Aptula, A.O., 2014. Electrophilic reactivity and skin sensitization potency of SNAr 

electrophiles. Chem. Res. Toxicol. 27 (2), 240 246. https://doi.org/10.1021/tx400355n. 
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3
100 % 91 % /9 % 100 %

0.2wt% 40
400rpm 16h GC/MS

 3-46  
(16.7mM) (85.6 mM) (1.12 mM)

(100mM) pH 5.3  
12.4% 25.0% 44.6%

17.0% E 1.0 %  
 

 3-46  

 
  

Lderm μg/cm2 ௗ௘௥௠ܮ  = ௣௥௢ௗܥ × ݀௖௟௢௧௛ × ௖௢௡௧௔௖௧ܨ × ௖ܶ௢௡௧௔௖௧ ×  ௠௜௚ܨ
Cprod  3-46 μg/g  
dcloth 16.3mg/cm2 
Fcontact 1 
Tcontact 0.67 16  
Fmig  3-46 %  

2,4- 2,5- Lderm 8.40E-04 
μg/cm2 3.42E-03 μg/cm2  

 
  

16 Lderm AEL
HQinduction  

2,4- 2,5- HQinduction 1.43E-
02 4.38E-02 1
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Fmig Lderm

 
 

2   
 

 
in silico Derek Nexus → in chemico DPRA/kDPRA → in vitro h-CLAT

 
kDPRA log kmax pEC3 EC3 NESIL AEL

HQinduction  
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Isufi et al., 2026 (in press) 98 
1   

2000
115 1,514,781

MCI/MI 4.58% MI 5.48% BIT 2.09%
MCI/MI 60.1% MI 55.6% BIT 35.3%

MI MCI/MI BIT
 

 
2   

  
 PubMed Embase Web of Science 
 2000 1 1 2025 4 19  

 
  

  
  
 100  
  
 OIT octylisothiazolinone

 
 

  
  
  
  
 AD  
 current relevance  

 

 
98 Isufi, D., Karimian, K., Jensen, M.B., Larsen, C.K., Søgaard, R., Johansen, J.D., Schwensen, J.F.B., 

n.d. Prevalence of Contact Allergy to Isothiazolinones in Dermatitis Patients From 2000 to 2025: A 
Systematic Review and Meta-Analysis. Contact Dermatitis n/a. https://doi.org/10.1111/cod.70124 
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3   
  

4,805  
3,213  

145  
115 1,514,781  

 
  

 MCI/MI 4.58% 95% CI 4.12-5.08  
 MI 5.48% 95% CI 4.86-6.17  
 BIT 2.09% 95% CI 1.37-3.17   

 
  

 MCI/MI 60.1% 
 MI 55.6% 
 BIT 35.3%  

 
  

 MCI/MI 
 0.01% aq. 3.95% 
 0.02% aq. 6.61% 

 MI 
 0.05% aq. 4.66% 
 0.2% aq. 6.44% 

 BIT 
 0.1% pet. 2.98% 

 
3  

 
 

 AD  

 MCI/MI 
 AD 3.77% 
 AD 3.31% 
 p=0.02   

 MI 
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 AD 4.29% 
 AD 5.08% 
 p<0.05   

 BIT 
 AD 1.01% 
 AD 2.28% 
 p<0.05   

 
AD

 
 

  

 MCI/MI 
 11.02% 
 8.89% 
 5.53% 
 5.48% 
 3.46% 
 3.08% 

 MI 
 13.56% 
 10.30% 
 10.26% 
 9.80% 
 5.20% 
 3.69% 

 BIT 
 7.73% 
 2.64% 

 

MI  
 

  

 MCI/MI 
 2018 4.17% 
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 2018 4.44% 
 p=0.0117   

 MI 
 2018 5.10% 
 2018 5.00% 
 p=0.2225   

 BIT 
 2018 0.91% 
 2018 3.75% 
 p=0.0003   

 
MI MCI/MI BIT

 
 

4   
 MI MCI/MI  

EU MI MI MCI/MI
EU

leave-on rinse-off 15 ppm 2018

proactive risk management
 

 
 

 
 

MI water-based paints

 
DIY

 
 

 



3  
3.3  
3.3.1
Isufi et al., 2026 (in press)  

 

121 

 

strictness or permissiveness of their 
use in everyday consumer products  

 
 

 MI BIT BIT
 

BIT
EU BIT

non-cosmetic products
BIT pooled prevalence 2018 0.91% 2018 3.75%

 
MI BIT

MI
 

 
 

 
BIT

EU SCCS
 

 
 

 BIT  
BIT 35.3% MI MCI/MI

consumer and industrial products
BIT

BIT
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SDS
 

 
 BIT  

BIT questionable, doubtful, irritant-type reactions
problematic allergen  

BIT

 
 

  
timely post-market risk management BIT

continuous regional monitoring of sensitization rates

 

 
 

  
MCI/MI MI BIT

 
 

 
 

AD

 
MI

BIT
MI

BIT   
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 QRA2 SAF Api et al., 202099, Basketter & Safford, 2016100  
SAF  

 
1 3.16 10 3 10  

Api et al., 2020 SAF 0.1 300 0.1 0.3 1 3 10 30 100 300
SAF 3 1 10 100 3 30 300 3

10 3 3 10  
 

 
99 Api, A.M., Basketter, D., Bridges, J., Cadby, P., Ellis, G., Gilmour, N., Greim, H., Griem, P., Kern, 

P., Khaiat, A., O’Brien, J., Rustemeyer, T., Ryan, C., Safford, B., Smith, B., Vey, M., White, I.R., 
2020. Updating exposure assessment for skin sensitization quantitative risk assessment for 
fragrance materials. Regulatory Toxicology and Pharmacology 118, 104805. 
https://doi.org/10.1016/j.yrtph.2020.104805 

100 Basketter, D., Safford, B., 2016. Skin sensitization quantitative risk assessment: A review of 
underlying assumptions. Regulatory Toxicology and Pharmacology 74, 105–116. 
https://doi.org/10.1016/j.yrtph.2015.11.013 

101 S. Felter, P. Kern, C. Ryan Allergic contact dermatitis: adequacy of the default 10X assessment 
factor for human variability to protect infants and children Regul. Toxicol. Pharmacol., 99 (2018), 
pp. 116-121 
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