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P-2 LLNA: BrdU-ELISA  

Guinea pig maximization test (Magunusson and Kligman, 1969) Buehler test 
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 (Kimber , 2003) EC3
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 (Api , 2008; Basketter and Safford, 2016; Api , 

2020)  

LLNA-RI  (RI) 
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 (Fig. 3)(Takeyoshi , 2001 LLNA: BrdU-ELISA
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(OECD, 2010)  

(Takeyoshi and Nara, 2021 OECD  (UN, 2022a; UN, 2022b)
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)  (WHO, 2004)

 (no observed 

adverse effect level: NOAEL)

 (Fig. 4)  

 (Api , 2008; Basketter and Safford, 2016; Api , 2020)
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LLNA-RI EC3  (human repeated insult patch test: HRIPT) 
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(Naumann and Arnold, 2019)

 (Naumann and Arnold, 2019)  

ACD  (Alomar, 

1986; Grimalt , 2009)  (chlorothalonil) 
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Fig. 1 Mechanism of skin sensitization ( , 2005)
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Fig. 2 Outline of local lymph node assay (LLNA: Kimber , 1989; Basketter , 1996)

Fig. 3 Outline of LLNA:BrdU-ELISA (Takeyoshi , 2001)
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Fig. 4 Flamework of quantitative risk assessment
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 (Naumann and Arnold, 2019) 

 (Naumann and Arnold, 2019)
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LLNA-RI EC3  (LLNA EC3)  (Api , 2008; 

Basketter and Safford, 2016; Api , 2020) LLNA EC3
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(NESIL)  (Api , 2015)
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1-2-2  

LLNA EC1.6 LLNA EC3  

LLNA EC 1.6 LLNA: BrdU-ELISA  (ICCVAM, 

2010)  (Kobayashi , 2020) 

Basketter

Human class (Basketter , 2014)  (HRIPT)  

(NOEL)(HRIPT NOEL)(Basketter , 2005; Basketter , 2014)  

 

LLNA EC1.6 LLNA EC3 HRIPT NOEL  

LLNA EC1.6 LLNA EC3 HRIPT NOEL LLNA EC1.6

LLNA EC3 HRIPT NOEL  (EC /HRIPT NOEL) EC

/HRIPT NOEL LLNA EC1.6 ( ) 

 (µg/cm2) LLNA EC1.6/HRIPT NOEL

Naumann and Arnold (2019) LLNA EC3 HRIPT NOEL  

(LLNA EC3/HRIPT NOEL) LLNA EC1.6/HRIPT NOEL

 

EC1.6 (µg/cm2) = {EC1.6 (%) × 104 (µg/mL) × 0.025 (mL/ear) *1} / 1 (cm2/ear) *2 

( ) 

*1 LLNA *2 LLNA   
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1-2-3  

LLNA: BrdU-ELISA  (ICCVAM, 2010; Kobayashi , 2020) 

33 LLNA EC1.6  (Table 1) 20 LLNA EC1.6

HRIPT NOEL Naumann and Arnold (2019) 

10 LLNA-RI LLNA EC HRIPT NOEL

 (Table 2)  

LLNA EC1.6 (%)  ( g/cm2) 33

LLNA EC1.6 ( g/cm2) 2.38 18,750 g/cm2 HRIPT NOEL

20  ( g/cm2) 0.83 23,622 

g/cm2 20 LLNA EC1.6/HRIPT NOEL

Table 1 0.07 7.47 ±  (SD) 

2.13±2.10 Naumann EC3/HRIPT NOEL  

(n=10) 0.2 6.5 ±  (SD)  2.52±1.95

EC /HRIPT NOEL Fig. 5

 (Un-paired -test, )  

  



20 
 

1-2-4  

 Naumann and Arnold (2019) 

 (NESIL) 

LLNA-RI EC  (LLNA EC3) LLNA: BrdU-ELISA

EC1.6 (LLNA EC1.6) Naumann

10 LLNA EC3/HRIPT NOEL LLNA: BrdU-ELISA LLNA 

EC1.6/HRIPT NOEL EC

/HRIPT NOEL

LLNA EC1.6

 (NESIL) 
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Table 1. Comparison of the LLNA EC1.6, HRIPT NOEL and Human class (Fukushima et al., 2022) 
Chemical name CAS RN LLNA EC1.6 

(%) 
LLNA EC1.6 

2) 
HRIPT NOEL 

2) ratio 
Human classe 

 
CMI solution 26172-55-4 0.0095 b 2.38 0.83 c 2.86 - 
2,4-Dinitrochlorobenzene 97-00-7 0.029 b 7.25 8.8 d 0.82 1 
Cobalt(II) chloride 7646-79-9 0.10 b 25 - - - 
Glutaraldehyde 111-30-8 0.115 a 28.8 100 d 0.29 2 

-Benzoquinone 106-51-4 0.15 a 37.5 - - - 
Formaldehyde 50-00-0 0.163 a 40.8 37 d 1.10 2 
1,4-Phenylenediamine 106-50-3 0.22 b 55 10 d 5.50 1 
Diphenylcyclopropenone 886-38-4 0.45 a 113 - - 1 
Trimellitic anhydride 552-30-7 0.862 a 216 - - - 
Nickel sulfate 7786-81-4 1.027 a 257 - - - 
4-Methylaminophenol sulfate 55-55-0 1.081 a 270 - - 3 
Isoeugenol 97-54-1 1.3 b 325 69 d 4.71 2 
3-Aminophenol 591-27-5 2.99 a 748 - - - 
Cinnamic aldehyde 104-55-2 4.808 a 1202 591 d 2.03 2 
2-Mercaptobenzothiazole 149-30-4 5.03 b 1258 2269 d 0.55 3 
Eugenol 97-53-0 6.03 b 1508 1938 d 0.78 3 
Imidazolidinyl urea 39236-46-9 6.43 b 1608 2000 d 0.80 3 

-Hexylcinnamaldehyde 101-86-0 7.07 b 1768 23622 d 0.07 5 
Diethyl Maleate 141-05-9 8.049 a 2012 1600 d 1.26 2 
Isopropyl myristate 110-27-0 9.404 a 2351 - - 5 
Cinnamyl alcohol 104-54-1 10 b 2500 3000 d 0.83 3 
4-Chloroaniline 106-47-8 11.029 a 2757 - - - 
Citral 5392-40-5 11.7 b 2925 775 c 3.77 - 
Sodium lauryl sulfate 151-21-3 13.334 a 3334 NS d,* - 6 
Hydroxycitronellal 107-75-5 13.636 a 3409 2953 d 1.15 4 
Phenyl benzoate 93-99-2 24.3 b 6075 9448 d 0.64 3 
Linalool 78-70-6 27.596 a 6899 13793 d 0.50 4 
Ethylene glycol dimethacrylate 97-90-5 28.18 b 7045 - - 4 
Ethyl acrylate 140-88-5 33.333 a 8333 1600 c 5.21 - 
Cyclamen aldehyde 103-95-7 41.496 a 10374 4724 c 2.20 - 
Xylene 1330-20-7 43.3 b 10825 NS d,* - 6 
Aniline 62-53-3 73.596 a 18399 2463 d 7.47 4 
Methyl methacrylate 80-62-6 75 b 18750 - - 4 

a ICCVAM, 2010; b Kobayashi et al., 2020; c Basketter et al., 2005; d Basketter et al., 2014 
e 1: Extensive evidence of contact allergy in relation to degree of exposure and size of exposed population; 2: A frequent cause of contact allergy, but of less significance compared with 
category 1; 3: A common cause of contact allergy, perhaps requiring higher exposure compared with category 2; 4: Infrequent cause of contact allergy in relation to level of exposure; 
5: A rare cause of contact allergy except perhaps in special circumstances, e.g. use in topical medicaments; 6: Essentially absent, with at least no systematic convincing evidence of 
contact allergy (Basketter et al., 2014)  
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Table 2. Comparison of the LLNA EC3 and HRIPT NOEL (Naumann and Arnold, 2019) 
Chemical name LLNA EC3 

2) 
HRIPT NOEL 

2) ratio 
Methylchloroisothiazolinone/methylisothiazolinone 2.5 1 2.5 
2,4-Dinitrochlorobenzene 20 8.5 2.3 
1,4-Phenylenediamine 15 10 1.5 
Formaldehyde 162 37 4.4 
Isoeugenol 450 69 6.5 
Glutaraldehyde 23 100 0.2 
Cinnamic aldehyde 500 591 0.8 
Citral 3250 775 4.2 
Eugenol 2225 1938 1.1 
Hydroxycitronellal 5000 2953 1.7 
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Fig. 5 Distribution of LLNA EC values/HRIPT NOEL ratio 

Horizontal bar shows the mean for the LLNA EC values/HRIPT NOEL ratio. 
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1-3 LLNA: BrdU-ELISA EC1.6

 

 

1-3-1  

1-2 LLNA EC1.6  

(NESIL) 

LLNA EC1.6  (acceptable 

surface limit: ASL)  

 (Api , 2008; Basketter and Safford, 2016; Api , 2020) Api  

(2008) 

4  

(1) : LLNA EC3  

(2) :  ( LLNA ) 

 (HRIPT) 

 (NESIL)  (

)  

(3) :  
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(4) :  (NESIL) 

 

 

LLNA 

EC1.6  (ASL) 

 

 

1-3-2  

 (ASL)  

 (Api , 2008; Basketter and Safford, 2016; IDEA, 2016; SCCS, 2018) 

REACH

 (ECHA, 2012) LLNA EC1.6

 (ASL)  

 (ASL) 

100 cm2 100 cm2

 (µg/100 cm2)  ( 2) LLNA EC1.6

 (ASL)  

(sensitization assessment factor: SAF)  (Api , 2008; Basketter and 
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Safford, 2016; IDEA, 2016; SCCS, 2018) 

3

 (SAF ) 1-2 LLNA EC1.6/HRIPT 

NOEL 95

 (Api , 2008; Basketter and Safford, 2016; 

IDEA, 2016; SCCS, 2018) 

/ / /

/  (SAF / )  

 

ASL (µg/100 cm2) = {EC1.6 (µg/cm2) × 100 } / *    ( 2  

* SAF  × SAF × SAF /  

 

 (ASL)  

1-2 LLNA EC1.6

 (ASL)  (ASL) 

LLNA EC3 GHS Basketter

 (Human class) (Basketter , 2014)  
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1-3-3  

 (ASL)  

 (ASL)  (SAF ) 

1-2 LLNA EC1.6/HRIPT NOEL

95 +2SD (6.33) 6

 (SAF ) LLNA EC1.6/HRIPT NOEL

 (7.47) 1,4-  (5.50)  (4.71) 

NOEL

 (SAF ) 6 LLNA 

EC1.6/HRIPT NOEL  

(SAF ) 

10  (SAF / ) 

1 3 ( 3 10  ( 3.16 ))  

(Api , 2008; Basketter and Safford, 2016; IDEA, 2016)

SAF / 3

 (SAF  (6)×SAF  (10) × SAF /  (3)) 180

 (Table 3)   
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 (ASL)  

LLNA EC1.6 ( g/cm2) 180 2 33

 (ASL)  (Table 4)  

(ASL) 0.001 10.417 (mg/100 cm2) 

 (ASL) (mg/100 cm2) 5  (<0.01 mg/100 cm2 0.01 0.1 mg/100 cm2 0.1

1 mg/100 cm2 1 10 mg/100 cm2 10 100 mg/100 cm2 CMI

2,4-  (2,4-dinitrochlorobenzene)  (ASL) 

 0.01 mg/100 cm2  (glutaraldehyde) 6

0.01 0.1 mg/100 cm2  (isoeugenol) 10 0.1 1 

mg/100 cm2  (phenyl benzoate) 13 1 10 mg/100 

cm2  (  (aniline)  (methyl 

methacrylate) 10 100 mg/100 cm2  

 

 (ASL)  

 (ASL) Basketter Human class 

(Basketter ., 2014) LLNA EC3 GHS

Table 4  

ASL  <0.01 mg/100 cm2  0.01 0.1 mg/100 cm2
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Human class 1 (ACD )  Human class 

2 (class 1 ACD ) 

ASL 1 mg/100 cm2 Human class 3 6

 (Fig. 6)  

 (ASL) GHS

ASL 1 mg/100 cm2 GHS 1A (

)  (Fig. 7)  
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1-3-4  

  (SAF) Table 5

Api  (2008)  (SAF) 

10 / 1 10 1 10

Basketter and Safford (2016) 

 (SAF) 

 (Basketter and Safford, 2016) Basketter and Safford (2016) 

/  (HRIPT) 

/

 (SAF / ) 0.3 1 3 ( 1) 

 (IFRA) Basketter and Safford (2016) 

 (QRA2) (IDEA, 2016) 

 (SAF)  (SAF ) 

QRA2

 (HRIPT) HRIPT

 (NESIL) 

LLNA-RI EC3 “

 (NESIL)”  (SAF ) 



31 
 

 (IDEA, 2016)  (SCCS) 

 (SAF ) 

Basketter  (Basketter , 2018)  (SAF

) 3  (SCCS, 2018)  (SAF ) 

QRA2 SCCS 10

REACH  (ECHA, 2012) 

5

10  (ECHA, 2012)  

 

(SAF ) 

LLNA EC1.6  (ASL) 

 (SAF ) 

 (SAF ) 

QRA2 SCCS 10

/  (SAF

/ ) 

/
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 ( / / ) 

/  (SAF / ) 

/

 ( )  

LLNA EC

 (ASL)  (SAF ) 

LLNA-RI EC3  (LLNA EC3) 

 (Naumann and Arnold, 2019)

Naumann NOEL LLNA EC3

LLNA EC3 HRIPT NOEL

 (Naumann and Arnold, 2019)  

 (SAF ) 10

10

REACH
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5 10  (ECHA, 2012)  

 (SAF ) 

HRIPT NOEL HRIPT

1  (Basketter and Safford, 2016)  

(SAF ) 10  

180 (SAF 6×SAF  10×SAF /  3) 

 (ASL)  0.001 10.417 (mg/100 cm2) 

 (ASL) 5

 (Human class) GHS

 (Human class)  (ASL) <0.01 mg/100 cm2

0.01 0.1 mg/100 cm2 Human class 1 Human class 2

 (ASL) 1 mg/100 cm2 Human class 3 6

Human class 5 6

Human class 1 4

 (ASL) Human class

 (ASL) 
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 ( ) GHS

ASL 1 mg/100 cm2 GHS 1A ( ) 

GHS 1A  ( ) 

 (ASL)  1 mg/100 cm2

 (ASL) <0.01 mg/100 cm2  0.01 0.1 mg/100 cm2
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1-3-5  

 

LLNA EC1.6  (ASL) 33

 (ASL) 0.001 10.417 (mg/100 cm2) 

 (ASL) 5

GHS 1A

 (ASL) 1 mg/100 cm2

LLNA EC1.6  (ASL) 

 

(ASL) GHS

1A ( ) 
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Table 3. SAFs proposed for workers (Fukushima et al., 2022) 
Factor SAFs Point of consideration 

Interspecies 6 Distribution of LLNA  
Interindividuals 10 Interindividual variation for workers 

 3 Exposure may occur for long-period 
Composite SAF 180 - 

SAF: sensitization assessment factor 
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Table 4. Derived ASLs and sensitization potencies for selected chemicals (Fukushima et al., 2022) 
Chemical name LLNA EC1.6 ( 2) ASL 2) ASL range 2) Human Class1) GHS sub-category2) 

CMI solution 2.38 0.001 <0.01 - 1A 
2,4-Dinitrochlorobenzene 7.25 0.004 1 1A 
Cobalt(II) chloride 25 0.014 

0.01-0.1 

- 1A 
Glutaraldehyde 28.8 0.016 2 1A 
p-Benzoquinone 37.5 0.021 - 1A 
Formaldehyde 40.8 0.023 2 1A 
1,4-Phenylenediamine 55 0.031 1 1A 
Diphenylcyclopropenone 113 0.063 1 1A 
Trimellitic anhydride 216 0.120 

0.1-1 

- 1B 
Nickel sulfate 257 0.143 - 1B 
4-Methylaminophenol sulfate 270 0.150 3 1A 
Isoeugenol 325 0.181 2 1A 
3-Aminophenol 748 0.415 - 1A 
Cinnamic aldehyde 1202 0.668 2 1B 
2-Mercaptobenzothiazole 1258 0.699 3 1A 
Eugenol 1508 0.838 3 1B 
Imidazolidinyl urea 1608 0.893 3 1B 

-Hexylcinnamaldehyde 1768 0.982 5 1B 
Diethyl Maleate 2012 1.118 

1-10 

2 1B 
Isopropyl myristate 2351 1.306 5 1B 
Cinnamyl alcohol 2500 1.389 3 1B 
4-Chloroaniline 2757 1.532 - 1B 
Citral 2925 1.625 - 1B 
Sodium lauryl sulfate 3334 1.852 6 1B 
Hydroxycitronellal 3409 1.894 4 1B 
Phenyl benzoate 6075 3.375 3 1B 
Linalool 6899 3.833 4 1B 
Ethylene glycol dimethacrylate 7045 3.914 4 1B 
Ethyl acrylate 8333 4.630 - 1B 
Cyclamen aldehyde 10374 5.763 - 1B 
Xylene 10825 6.014 6 1B 
Aniline 18399 10.222 10-100 4 1B 
Methyl methacrylate 18750 10.417 4 1B 

ASL: acceptable surface limit 
1) 1: Extensive evidence of contact allergy in relation to degree of exposure and size of exposed population; 2: A frequent cause of contact allergy, but of less significance compared with category 1; 3: A 
common cause of contact allergy, perhaps requiring higher exposure compared with category 2; 4: Infrequent cause of contact allergy in relation to level of exposure; 5: A rare cause of contact allergy except 
perhaps in special circumstances, e.g. use in topical medicaments; 6: Essentially absent, with at least no systematic convincing evidence of contact allergy (Basketter et al., 2014).  
2) GHS sub-categories decided by LLNA EC3 (ICCVAM, 2010) and GHS sub-categorization criteria for skin sensitization for LLNA-RI strong sensitizers); EC3 >2: 1B (other skin sensitizers))
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Table 5. Comparison of SAFs for skin sensitization quantitative risk assessment (Fukushima et al., 2022) 
Factor Api et al. 

(2008) 

Basketter and 

Safford (2016) 

QRA2 

(IDEA, 2016) 

SCCS 

(2018) 

ECHA 

(2012) 

Naumann and 

Arnold (2019) 

Fukushima et al. 

(2022) 

Interspecies -* -* -* 3 10‡ 6 

(based on 

LLNA 

NOEL ratio) 

6 
(based on LLNA 

EC1.6/HRIPT 

NOEL ratio) 

Interindividual 10 10 10 10 5 or 10 10 

 1, 3‡, or 10 0.3, 1, or 3‡ 0.3, 1, or 3‡ - 1-10 3 - 

 (Use condition) 

1, 3‡, or 10§ 

1 or 3‡ 1 or 3‡ 3 (Different 

exposure 

conditions) 

1-10 

3 3 

Occlusion - - - - 

 1, 3‡, or 10 1, 3‡§, or 10 3 or 10 - 

Composite SAF 10-300 3-1,000** 30-300 300- 

1,000** 

50- 

10,000** 

ca 50 180 

SAF: sensitization assessment factor 
* No inter-species SAF was applied since the NESIL was predicted on confirmatory studies in humans, or is based on an extrapolated human NESIL from the EC3 values in LLNA 
(Api et al., 2008; Basketter and Safford, 2016; IDEA, 2016). 
† man predictive tests, the lowest threshold 
value should be used to derive the derived no effect level (DNEL) and in this case there would be no need to apply an interspecies adjustment factor (AF) (ECHA, 2012). 
‡ For practical purposes the number 3 is normally the representation of 3.16 (the half log of 10) (Api et al., 2008; Basketter and Safford, 2016; IDEA, 2016). 
§ Except for tampons used in vaginal mucous membrane for which factor of 20 applied (Api et al., 2008). 
** Composite SAF are not calculated in the original references. 
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Fig. 6 Comparison of ASL ranges and Human class*
ASL: acceptable surface limit
* Human class (Basketter et al., 2014)
1: Extensive evidence of contact allergy in relation to degree of exposure and size of exposed population
2: A frequent cause of contact allergy, but of less significance compared with category 1
3: A common cause of contact allergy, perhaps requiring higher exposure compared with category 2
4: Infrequent cause of contact allergy in relation to level of exposure
5: A rare cause of contact allergy except perhaps in special circumstances, e.g. use in topical medicaments
6: Essentially absent, with at least no systematic convincing evidence of contact allergy
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Fig. 7 Comparison of ASL ranges and GHS sub-category*
ASL: acceptable surface limit
* 1A: strong sensitizers; 1B: other skin sensitizers
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1-4  

 

1-4-1  

 

 (ASL)  

 

 (permitted daily exposure: PDE)  (surface 

residue limit: SRL)  (EC, 2015; PIC/S, 2018; WHO, 2021

 (PDE)  (SRL) 

 (PDE)  

(SRL)  

1-3  (ASL)

 (ASL) 

  (PDE)  (SRL) 
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 (ASL)  
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1-4-2  

 

Kobayashi  (2020) LLNA: BrdU-ELISA

EC1.6  (LLNA EC1.6) 15

 (NITE) GHS  (NITE GHS

)  ( )  (

) 1,4-  (1,4-

phenylenediamine)  (isoeugenol)  (methyl 

methacrylate) 3  (Table 6)  

 (PDE) 

GHS  (NITE GHS , 2019; NITE GHS , 2011; NITE GHS , 

2017)  

(NOEL)  

 

 (ASL)  

1-3 LLNA EC1.6

 (ASL)  
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 (PDE)  (SRL)  

WHO  (WHO, 2021) 

 (PDE) 

 ( 3)  

 

 (PDE)(mg/day) = NOEL (mg/kg/day)× /F1×F2×F3×F4 

×F5 ( 3) 

, : 50 kg 

F1:  

F2:  

F3:  

F4:  

F5: NOEL  

 

WHO (2021)  (PDE) 

 (SRL)  (PDE)

 (BS)  (maximum daily dose: MDD) 

 (maximum safe carryover: MSC)  ( 4)



45 
 

 (maximum safe surface residue: MSSR) 

 ( 5)  (BS)  (MDD) Walsh 

 (2017)  (SRL) 

100 cm2 100 cm2 

 ( 6)  

 

MSC (g) = PDE (µg/day) × BS (kg) / MDD (mg/day) ( 4) 

,  (BS): 100 kg 

 (MDD): 10,000 mg 

 

MSSR (mg/cm2) = MSC (g) × 1,000 / (cm2) ( 5) 

, : 25,000 cm2 

 

 (SRL)(mg/100 cm2) = MSSR (mg/cm2)×100 (cm2) ( 6) 
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LLNA EC1.6  (ASL)  

(SRL)  

 (ASL) 

 (SRL)  (ASL) 

 (SRL) 100 cm2
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1-4-3  

LLNA EC1.6  (ASL) 

LLNA EC1.6  (ASL) Table 7

 

1,4-  (ASL) EC1.6 0.22% 0.031 

mg/100 cm2  (ASL) EC1.6 1.3% 0.18 

mg/100 cm2  (ASL) EC1.6 75% 10 

mg/100 cm2  

 

PDE  (SRL) 

 (PDE)  (PDE) 

 (SRL) Table 8  

1,4- 90  8 

mg/kg/day  (SCCS, 2012)  (NOEL) 

4 mg/kg/day  (PDE) 1,4-

 (PDE) 0.8 mg/day  (SRL) 30 

mg/100 cm2  

2
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 (NTP, 2010)  (LOAEL) 75 mg/kg/day

 (PDE) 3.1 mg/day  (SRL) 130 

mg/100 cm2  

2 140 mg/kg/day

 (MOE, 2013)  (NOEL) 5 mg/kg/day

 (PDE)  (SRL) 5 mg/day 200 

mg/100 cm2  

 

LLNA EC1.6  (ASL)  

(SRL)  

LLNA EC1.6  (ASL) 

 (PDE)  (SRL) 

Table 9  

GHS  (1A: LLNA LLNA EC1.6 >6% (UN, 

2023)) GHS 1A 1,4-

 (SRL) 

 (ASL) 1,4-  

(SRL)  (ASL)  1,000  
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(SRL)  (ASL) 700 GHS 1B

 (SRL)  (ASL) 

 (SRL)  (ASL) 20 

 (SRL) 

GHS 1A
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1-4-4  

LLNA EC1.6  (ASL) 

 (PDE)  (SRL) 

3  (PDE) 

 (SRL)  (ASL) 

GHS 1A  

(SRL) 

 (PDE) 
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Table. 6 Selected chemicals 
Chemical name 1,4-Phenylenediamine Isoeugenol Methyl methacrylate 

CAS RN 106-50-3 97-54-1 80-62-6 

Molecular 
formula1) 

C6H8N2 C10H12O2 C5H8O2 

Structure1) 

  

 

1) PubChem (National Institutes of Health (NIH)). https://pubchem.ncbi.nlm.nih.gov/ 
  

https://pubchem.ncbi.nlm.nih.gov/
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Table. 7 ASLs for the selected chemicals (Fukushima , 2023b) 
 1,4-Phenylenediamine Isoeugenol Methyl methacrylate 

LLNA EC1.6 * 
(%) 

0.22 1.3 75 

LLNA EC1.6 
2) 

0.055 0.33 19 

SAF 180 180 180 

ASL 
(mg/100 cm2) 

0.031 0.18 10 

ASL: acceptable surface limit, SAF: sensitization assessment factor 

* Kobayashi et al. (2020) 
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Table. 8 PDEs and SRLs of the selected chemicals (Fukushima , 2023b) 
  1,4-Phenylenediamine Isoeugenol Methyl methacrylate 

Derivation of 
PDE 

NOEL 

90-day repeated-dose toxicity 
study in rats 
N  
(based on the liver and kidney 

 
(SCCS, 2012) 

2-year repeated-dose toxicity study in 
mice 
LOAEL = 75  
(based on the histopathological changes 

in the olfactory epithelium) 
(NTP, 2010) 

2-year repeated-dose toxicity study 
in rats 

 
(based on the increased kidney 

 
(MOE, 2013) 

Adjustment 
factors* 

F1: 5 
F2: 10 
F3: 5 
F4: 1 
F5: 1 

F1: 12 
F2: 10 
F3: 1 
F4: 1 

F5: 10 

F1: 5 
F2: 10 
F3: 1 
F4: 1 
F5: 1 

PDE 
(  

0.8 3.1 5 

MSC (g) 8 31 50 
2) 0.3 1.3 2 

SRL (mg/100 cm2) 30 130 200 

PDE: permitted daily exposure, SRL: surface residue limit, MSC: maximum safe carryover, MSSR: maximum safe surface residue 

* F1: a factor to account for extrapolation between species; F2: a factor to account for variability between individuals; F3: A factor to account for repeat-dose toxicity studies of short 

durations; F4: A factor that may be applied in cases of severe toxicity; F5: A variable factor that may be applied if the no-effect level was not established.  
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Table. 9 Comparison of the ASLs and PDE-based SRLs values for the selected chemicals 
(Fukushima , 2023b) 

 1,4-Phenylenediamine Isoeugenol Methyl methacrylate 

ASL 
2) 

0.031 0.18 10 

SRL 
2) 

30 130 200 

SRL/ASL 967 722 20 

ASL: acceptable surface limit, PDE: permitted daily exposure, SRL: surface residue limit 
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1-5  

 ACD

LLNA: BrdU-ELISA

LLNA EC1.6

LLNA EC1.6

LLNA EC1.6

 

 LLNA EC1.6

 (NESIL) 
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LLNA-RI

LLNA EC3 LLNA EC1.6

LLNA EC1.6  

 LLNA EC1.6

LLNA EC1.6

 (ASL) LLNA EC1.6

 (ASL)  (SAF) 

 (SAF)  ( / ) 

 (SAF ) LLNA EC1.6/HRIPT NOEL

6  (SAF ) 10

/  (SAF / ) 3 180

 (ASL) 33 LLNA EC1.6

 (ASL) 5

GHS 1A

 (ASL) 1 mg/100 cm2  

LLNA: BrdU-ELISA LLNA EC1.6

 (ASL) 

 (ASL) 
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GHS ACD

 

  (ASL) 

LLNA EC1.6

 (ASL)  (PDE)  

(SRL) 3

 (SRL)  (ASL) 

GHS 1A

 (SRL) 

 

 LLNA EC1.6

 (ASL) 

 (SRL) 
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 2   

 

2-1  

 

 (ACD) 

 (NESIL) 

 

 1 LLNA: BrdU-ELISA

EC1.6  (LLNA EC1.6) 

 (ASL) 

 

1 LLNA EC1.6

ACD LLNA 
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EC1.6
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2-2 

 

 

2-2-1  

 

 (ACD) 

 ( , 2006)  (NITE) 

 (NITE ) 1,737

ACD

ACD  

(PVC) 

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

 (TCMSP; CAS RN 13108-52-6)(Table 10)  (Gushi , 

2003; Inoue , 2008; , 2008) NITE ACD

1,737 ACD 1,382 51

ACD  (NITE  

1 LLNA EC1.6
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TCMSP
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2-2-2  

TCMSP  

 TCMSP LLNA EC1.6

LLNA: BrdU-ELISA  

 

 

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

 (TCMSP)(lot No. BGRUJ, : 96.5%)  (Table 10)  

 

LLNA: BrdU-ELISA 

 OECD TG442B (OECD, 2018) LLNA: BrdU-ELISA 8

CBA/J  (Jackson Laboratory Japan ) ( ) 

CBA Th1

ICCVAM, 1999

Takeyoshi , 2004  

  TCMSP -  (4:1) 0.005 0.01 0.025 0.05 0.1 0.25 

w/v% TCMSP  ( )
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25 µL BrdU

6

 (ELISA) BrdU

ELISA  (Roche Diagnostics; Cat. no. 

11647229001)  (FLUOstar Omega, BMG 

LABTECH) 492 nm 370 nm

BrdU  (SI) BrdU

BrdU EC1.6  (LLNA 

EC1.6) 6  

 

LLNA EC1.6 = c + {(1.6-d)/(b-d)} × (a-c)* ( 6) 

* SI 1.6 SI  (

 (a, b)  (c, d))  

 

LLNA EC1.6 (%)  (µg/cm2)  

LLNA EC1.6 (%) LLNA EC1.6 (µg/cm2) 

 ( 7)  
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LLNA EC1.6 (µg/cm2) = {EC1.6 (%)×104 (µg/mL)×0.025 (mL/ear) *1} / 1 (cm2/ear) *2 

( 7) 

*1 LLNA *2 LLNA  

 (SAF)  (AEL)  

1 LLNA EC1.6

 (SAF) 

 (SAF) (Api , 2008; Basketter and Safford, 

2016; IDEA, 2016; SCCS, 2018; Api , 2020) 

 (SAF) 

 (Api , 2008; 

Basketter and Safford, 2016; IDEA, 2016; SCCS, 2018; Api , 2020) 

 (SAF)  

(SAF ) 1-2 LLNA EC1.6/HRIPT NOEL

95  (SAF

) Quantitative Risk Assessment for Fragrance Ingredients 

(QRA2) (Api , 2020) 

/  (SAF / ) /  (SAF / ) /
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 (SAF / ) 

 

LLNA EC1.6 ( g/cm2)  (SAF)  

(acceptable exposure level: AEL)  ( 8)  

 

 (AEL)( g/cm2) = LLNA EC1.6 ( g/cm2) / *    ( 8) 

* SAF  × SAF × SAF  

 

 

TCMSP

 ( g/cm2) TCMSP

 (PVC) 

TCMSP  (thiabendazole) PVC

 ( , 2006; U.S. EPA, 2016) PVC TCMSP

0.1 0.2 wt% TCMSP

REACH  (ECHA, 2016) 0.001 
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cm TCMSP

0.001 cm TCMSP

TCMSP 9

 

 

TCMSP  (µg/cm2) =  (µg/cm2) × /100    ( 9) 

 

  : PVC TCMSP  (%) 

  : 0.001 cm PVC  

 

 

 (AEL) 

TCMSP  
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2-2-3  

TCMSP  

LLNA: BrdU-ELISA  

 LLNA: BrdU-ELISA Table 11 Fig. 5 SI

0.025% TCMSP 1.6

LLNA EC1.6 0.011%  

 

LLNA EC1.6 (%)  (µg/cm2)  

LLNA EC1.6 = 0.011% LLNA 

EC1.6 = 2.75 g/cm2 EC1.6 ( g/cm2) 

 (AEL)  

 

 (SAF)  (AEL)  

 (SAF) Table 

12  (SAF ) 1 LLNA EC1.6

NOEL (HRIPT NOEL) 6

 (SAF ) 

10  (Api , 2008; Basketter and Safford, 2016; IDEA, 2016; 
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SCCS, 2018, Api , 2020) 10  (SAF

)  ( )

 (

1 8 ) /

 (SAF / ) 

LLNA: 

BrdU-ELISA  ( -  (4:1)) 

QRA2

 (SAF / ) 

1  

 (SAF / ) 1 /

 (SAF / ) 

 (NESIL)  

(LLNA: BrdU-ELISA 3 HRIPT 9 ) 

QRA2  (SAF / ) 3

/  (SAF / ) QRA2 (Api , 2020) 

/  (SAF
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/ )  (SAF / ) 3

 (SAF ) 10 (SAF

/  (1) SAF /  (3) SAF /  (3)( 3 10  (

3.16 ) )  

 (SAF ×SAF ×SAF ) 600

 

 LLNA EC1.6 (2.75 g/cm2)  (SAF) 

 (AEL) 0.00458 g/cm2  

 

 (AEL) ( g/cm2)  EC1.6 (2.75)( g/cm2)/  (600) = 

0.00458 ( g/cm2) 

 

 

Table 13 9  cm2 TCMSP

 cm2 TCMSP 2.7 g/ 2

 

 

TCMSP  ( g/cm2) = 1,350 ( g/cm2) × 0.2/100 = 2.7 ( g/cm2) 
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TCMSP  (AEL) Table 14

 (2.7 g/cm2)  (AEL) (0.00458 g/cm2) 

 (AEL) 500

TCMSP
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2-2-4  

 TCMSP

ACD  (NITE )

ACD TCMSP

TCMSP

 ( , 2006)  

TCMSP

 (2,4,5,6-terachloroisophthalonitrile) 

 ( , 2006) LLNA: BrdU-ELISA

TCMSP LLNA EC1.6 0.086%

BALB/c OECD TG442B CBA

TG442B

LLNA: BrdU-ELISA

 (Takeyoshi , 2004) 

LLNA EC1.6 OECD TG442B LLNA: BrdU-ELISA

LLNA EC1.6 LLNA EC1.6 0.011%  ( , 2006) 

TCMSP
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 (AEL) TCMSP

LLNA EC1.6  

PVC

TCMSP 2.7 g/cm2

 (AEL) 500

TCMSP

TCMSP

TCMSP

0.25 2% ( , 1996) 

TCMSP

 

 PVC TCMSP 0.001 cm

 (ECHA, 2016)

TCMSP 100%

TCMSP

TCMSP
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0.001 cm TCMSP 100%

10%

TCMSP

 

 TCMSP

TCMSP  ( , 2006) 
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2-2-5  

 TCMSP ACD

TCMSP

LLNA EC1.6  (AEL  

TCMSP

 

LLNA EC1.6
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Table. 10 2,3,5,6-tetrachloro-4-(methylsulfonyl) pyridine (TCMSP) 
Chemical name 2,3,5,6-tetrachloro-4-(methylsulfonyl) pyridine 

(TCMSP) 

CAS RN 13108-52-6 

Molecular formula1) C6H3Cl4NO2S 

Structure1) 

 

1) PubChem (National Institutes of Health (NIH)). https://pubchem.ncbi.nlm.nih.gov/ 
  

https://pubchem.ncbi.nlm.nih.gov/
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Table 11. Results of LLNA: BrdU-ELISA for TCMSP (Fukushima et al., 2023a) 
% tested N Mean SI S.E. 

0.000 4 1.03  0.05 
0.005 4 1.28  0.24 
0.010 4 1.53  0.40 
0.025 4 2.75  0.63 
0.050 4 3.00  0.51 
0.100 4 9.63  0.42 
0.250 4 15.05  0.41 

N: number of mice, SI: stimulation index, S.E.: standard error 

 

 

 

 

1.6

0

5

10

15

20

1.6

% tested

 
 

Fig. 5 Individual SI values and the median in the LLNA: BrdU-ELISA for TCMSP 

(Fukushima et al., 2023a) 

Open circle shows the individual SI values in the concurrent vehicle control group and closed circle shows those 

in each test group. Horizontal bar shows the median for the SI values in each group. 
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Table 12. SAFs for consumer risk assessment of skin sensitizers included in desk mats 

(Fukushima et al., 2023a) 

Factor Desk mats study QRA2 Fukushima et al. 

(2022) 

Interspecies 6 -* 6† 

Interindividual 10 10 10 

Use 

conditions 

 1 0.3, 1, or 3‡ - 

 3‡ 1 or 3‡ 3 

 3‡ 1, 3‡, or 10 - 

Composite SAF 600 30-300 180 

SAF: Sensitization assessment factor 
* No interspecies SAF was applied since the no expected sensitizing induction level (NESIL) was predicted based 
on confirmatory studies in humans or was based on extrapolated human NESIL from the EC3 values in LLNA 
(Api et al., 2020). 
†  
‡ For practical purposes, the number 3 is normally the representation of 3.16 (the half log of 10) (Api et al., 2006; 
Basketter and Safford, 2016; SCCS, 2018; Api et al., 2020). 
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Table 13. Calculation parameters for estimation of TCMSP exposure level (Fukushima 

et al., 2023a) 

Parameters Value 

TCMSP content in PVC resin (N) 0.2% 

Amount of PVC1) in 0.001 cm thick contact layer (V) * 1, 2 

1) PVC: polyvinyl chloride 

* Assuming specific gravity of soft PVC resin = 1.35 (PVC Industry and Environment Association website “Basic 

physical properties of PVC resin”. ) 
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Table 14. Comparison of AEL and estimated exposure levels 

AEL* Estimated exposure level Risk characterization 
2 2 AEL < Estimated exposure level 

Skin sensitization risk is a concern 

AEL: acceptable exposure limit 
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2-3  

ACD

LLNA EC1.6

 

TCMSP ACD LLNA EC1.6

TCMSP

OECD LLNA: BrdU-ELISA

EC1.6 LLNA EC1.6

 (SAF)  

(AEL) 

LLNA EC1.6  (AEL) 

TCMSP
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 (SAF) 

LLNA EC1.6

 

1 LLNA EC1.6

ACD

LLNA EC1.6
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 (allergic contact dermatitis: ACD) 

 ( , 2005)

ACD

 (NITE ) 
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 (RI) 

LLNA: BrdU-

ELISA EC1.6  (LLNA EC1.6) 

 (ASL) 

LLNA EC1.6  (ASL) 

 (PDE)  (SRL)  

LLNA: BrdU-ELISA EC1.6  (LLNA EC1.6) 

33  (ASL) 5

GHS 1A

 (ASL) 1 mg/100 cm2

LLNA EC1.6

 (ASL)  (PDE)  

(SRL) 3  
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(SRL)  (ASL) GHS 1A

 (SRL) 

 

LLNA EC1.6

 (ASL) 

 (SRL) 

 

LLNA EC1.6

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

(TCMSP) ACD

 

TCMSP OECD LLNA: 

BrdU-ELISA EC1.6 LLNA EC1.6

 (SAF) 

 (AEL) 

LLNA EC1.6  



85 
 

(AEL) TCMSP

 (SAF) 

LLNA EC1.6

 

LLNA: BrdU-ELISA

EC1.6  (LLNA EC1.6) 

 

 (ASL)  (SRL) 

ACD

LLNA EC1.6

 

LLNA: BrdU-ELISA EC1.6  (LLNA EC1.6)
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Local Lymph Node Assay (LLNA) LLNA-RI

EC3  (LLNA EC3) 

 (RI) 

LLNA: BrdU-ELISA EC1.6  (LLNA 
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LLNA EC3 LLNA EC1.6
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EC1.6  (ASL)  (SAF) 

 ( / ) LLNA EC1.6  (SAF) 

 (ASL) 33 LLNA EC1.6

 (ASL) 5

GHS 1A

 (ASL) 1 mg/100 cm2

 (ASL)  (SRL) 

2,3,5,6-

-4-( )  (TCMSP) ACD

LLNA EC1.6

TCMSP

OECD LLNA: BrdU-ELISA

EC1.6 LLNA EC1.6

 (SAF)  
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