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Induction of skin sensitization 
and quantitative risk assessment (QRA) 
considerations for hair dye consumers 

and hairdressers
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Application of quantitative safety evaluation 
principle (QRA*) to skin sensitization of hair dyes

Hazard identification: 
historical: LLNA; Guinea pig tests; human HRIPT, Maximisation test data

Dose-response assessment:
LLNA provides relationship between induction of immune response 
and no effect dose (induction threshold):
- Non expected sensitization induction level (NESIL)

Exposure assessment: 
Amount of human exposure 
for consumer: available from percutaneous penetration study: 
= Measured consumer Exposure Level (MEL)
for hairdresser: taken from human mass balance study

Risk characterisation: 
Comparison of no effect dose and human exposure:
- NESIL compared to MEL

*QRA = quantitative risk assessment
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Skin sensitization Induction Threshold

(NESIL~no effect level) 

Hazard identification/Dose-response assessment
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p-phenylenediamine

(PPD)

Maximally allowed

use concentration:

2%

Hair dye primary intermediates used
as examples

5

Resorcinol

Maximally allowed

use concentration:

1.25%

Annual usage in EU*:

Resorcinol: 90 t 

PPD: 80 t
* Based on 2002 data from CE
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Allergy Induction Threshold = No Expected Sensitization Induction Level 

(NESIL): PPD = 0.1% ~ 27.5 µg/cm²; Resorcinol = 1.4% ~ 350 µg/cm²

Skin sensitization potency (LLNA)
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Skin Sensitization Induction 

Threshold

Hair dye 

ingredient

Allergy Induction 

threshold

(NESIL; µg/cm²)

PPD 27.5

Resorcinol 350

Goebel et al 2012, Toxicol Appl Pharmacol. 274 (2014) 480–487
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Exposure by consumer/professional use

to finished hair dye product

Exposure assessment



01-07-2015 Sub-Group on Skin Allergens

Exposure determination following application of 

hair dye product containing 2% PPD 

> 48 hours

surface excess

Measured exposure

skin

receptor fluid

Hazard testing conditions 

References: Goebel et al., 2012, Hueber-Becker et 

al., 2004 and 2007, Lind et al., 2005

Rin

Developer

solution

14C-Dye

in pre-

product Finished

product

•Sum of all amounts 

on and in skin + 

system after rinsing
Method: OECD 428

Hair dresser: 

6 consumer treatments

per working day: 

Consumer

per hair dye treatment

•Sum of all hand 

residues

•Total systemic 

exposure
Method: human mass balance 

0.5 h application/rinsing
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Phase A: 
preparation of oxidative 
hair dye (no gloves); 
hair dyeing (gloves)

Phase B:
hair rinsing, washing 
and drying (gloves)

Phase C:                            Total
hair cutting and 
clipping (no gloves)

Hand residues per working day/6 treatments 
0.005 ± 0.002           +              0.061 ± 0.013             +           0.128 ± 0.047          = 0.194 mg

Hairdresser exposure levels

Consideration of hand residues represents conservative estimate, because >90% of 

radioactivity is generally considered to be removed by rinsing, i.e. does not contribute to 

biological effects (skin sensitisation included) of hair dye ingredient(systemic exposure)

Total systemic exposure per working day/6 treatments            <0.0253 mg

2. Lind et al., 2005: 33 volunteer hairdressers during work in Stockholm salons (HPLC)

Maximal PPD hand residues (dominant hand): = 0.102 mg

1. Hueber-Becker et al., 2007:  18 hairdressers - controlled 14C-PPD-mass-balance study 
(with maximally allowed PPD concentration of 2%)  
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Treatment Body areas 

exposed*

[cm²]

Exposure to PPD 

[µg/cm²]

Reference

Consumer Representative of a 

single coloring process

580 

(scalp)

16.1 

(single treatment)

Hueber-

Becker et al 

2004

Hair 

dresser

Representative of 6 

coloring processes 

Total hand residues: 

194 µg

860

(both hands)

0.23
(6 treatments/working day)

Hueber-

Becker et 

al 2007

Hair 

dresser

Maximal hand residues 

(dominant hand)
430 

(one hand)
0.24 

(during normal working day)

Lind et al 

2005

Layers of conservatism:

- consideration of hand residues

- no adjustment for detoxification by epidermal N-acetylation

Exposure levels following application 

of hair dye product containing PPD 

*taken from SCCS’s notes of guidance, 8th revision, 2012
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Risk assessment of induction of skin

sensitization to hair dye ingredient resulting from

exposure to finished oxidative hair dye product

Risk characterization
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Risk assessment Skin Sensitization Induction
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Hair dye 

ingredient

Exposure to PPD 

[µg/cm²]

Allergy 

Induction 

threshold

(µg/cm²)

Comparison Associated with contact 

allergy among 

hair dye users

PPD 16.1 

(consumer/treatment)

27.5 Same order of 

magnitude

yes

Resorcinol 3.1

(consumer/treatment)

350 Exposure  more than 

100-fold lower than 

induction threshold

negligible

PPD

0.23 
(6 treatments/ 

working day) 27.5 Exposure  more than 

100-fold lower than 

induction threshold

?

0.24 
(during normal 

working day)

References: Table 1: Goebel et al 2012, Toxicol Appl Pharmacol. 274 (2014) 480–487

Table 2: Hairdresser 

Table 1: Consumer
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QRA for consumer exposure to PPD and Resorcinol :

➢reflects market situation for hair dye usage (per hair coloring event):

- for PPD: consumer exposure ~ induction threshold 

indicating a possible risk to induce skin sensitization

- for Resorcinol: consumer exposure << induction threshold

indicating a negligible risk to induce skin sensitization 

QRA consideration for hairdresser occupational exposure:
- based on PPD: hairdresser (work day) exposure << induction threshold

considered unlikely to induce skin sensitization 

Risk Assessment Conclusions 
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Specific exposure considerations for 

hairdressers
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• EU cosmetic regulation: 

“Wear suitable gloves for professional use”

• Cosmetics Europe recommendation for container, carton, 

leaflet : “Wear suitable gloves”

• Industry instructions in eduction and/or more detailed 

labeling: “Wear suitable disposable gloves during the 

preparation, application and rinsing of product“ 

• Protection properties (Lind et al. 2007 and 2014): If properly 

used, all tested gloves give considerable protection 
(depending on avoidance of re-use and duration of use) 

Recommendations for protective 

measures for hairdressers
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Epidemiological data on contact allergy 

to hair colourants in hairdressers
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Estimation of the 10-year prevalence of PPD 
contact allergy in the general population 

Schnuch et al, Br J Dermatol, 2008, 159, 379-86 and 772 (corrigendum). 

18

Methods: Patients with PPD contact allergy (3,307/83,030 patients tested by IVDK) were 

divided into groups of exposure. CE-DUR methods were employed to estimate the 10-

year prevalence of PPD allergy in the general population.

Results: PPD allergy estimated in the general population: 0.49%

0.11%

0.11%

0.06%

0.21%

Hair dyeing clients

Occupational (hairdressers,
paints, rubber)

Clothing, shoes, textile

Unspecified

Estimated prevalence of PPD allergy in different 

subgroups of exposure (% of general population)
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Estimation of the incidence of 

occupational contact dermatitis in 

Copenhagen hairdressers

Schwensen et al, Contact Dermatitis, 2013, 68, 259 - 68. 

19

▪ Study population: Last 1000 new consecutive patients with occupational contact 

dermatitis (OCD)(01.09.2003– 31.12.2010)

▪ Patients patch-tested and classified as having Allergic OCD or Irritant OCD

▪ The incidence rates according to occupation were calculated on the basis of all 

employees in each occupation in the capital region of Denmark, adjusted for the 

observation period (7 yrs 4 mths)

▪ Female hairdressers had the highest incidence rate: 96.8 cases of severe 

occupational contact dermatitis per 10 000 full-time workers per year

▪ 55/99 hairdressers had allergic OCD = 53.77/10 000 full-time workers 

per year

▪ 44/99 hairdressers had  irritant OCD = 43/10 000 full-time workers per 

year



01-07-2015 Sub-Group on Skin Allergens

Non-occupational risk factors for hair 

dye allergy in hairdressers

20

Very high percentage also represents hair color consumers;

 i.e. occupational exposure less relevant than exposure as consumer

▪ Greater consumers of hair dyes (apprentices versus sex- and age-matched 

group from the general population)

 (Bregnhoj et al 2011): 

▪ Lifetime prevalence: 98.4% vs 82.2% (p<0.001)

▪ One-year prevalence: 95.2% vs 66.9% (p<0.001)

▪ Dye hair more often:  6.6X vs 3.7X per year (p<0.001)

▪ Begin dyeing hair younger: 12.1 vs 13.3 years (p<0.001)

▪ Greater consumers of eyebrow dyes:

▪ Lifetime prevalence: 62.0% vs 32.5% (p<0.001) 

▪ One-year prevalence: 52.9% vs 19.3% (p<0.001)

▪ Hairdresser apprentices carry out more often black henna tattoos (48.1% vs 

31.0%, p<0.001)

 

▪ Hairdressers carry out more often black henna tattoos (versus a group from 

the general population) (Hansen et al 2010: 19.0% vs 6.3%, OR 1.7 (1.3 – 2.2) 

p<0.001)
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➢ QRA consideration of hairdresser occupational exposure for 

relevant sensitizer PPD (per working day) indicates a 

negligible risk for skin sensitization induction 

➢ Built-in conservatism in QRA for consumer exposure is 

considered sufficient to cover hairdresser occupational 

exposure

➢ Epidemiological data in hairdressers is inconclusive 

because vast majority of hair dressers do also dye their hair

Conclusions 

21
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