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Approaches to Risk Assessment for Dermal Exposure to Chemicals: Focusing
on Cases of Skin Disease in Shipyards

Hye Jin Lee' * Dohee Lee? * Naroo Lee"”
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Safety and Health Agency(KOSHA)
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ABSTRACT

Objectives: Interest in occupational skin disease is increasing, and a cluster of skin diseases occurred at a South
Korean shipyard in 2020. This study examined the evaluation process applied in this case and, on that basis,
considered how to approach risk assessment for dermal exposure to chemicals.

Methods: The paint products handled by the shipyard were classified into solvent type and solvent—free type
paints, and the classification of health hazards by product and component was investigated. The relative skin
sensitizing potency was evaluated using the German Epoxy Information System(EIS) according to the actual paint
combinations used. In addition, skin exposure was estimated using RISKOFDERM according to the work
processes involving the solvent—free type paint that is presumed to be the cause of the skin diseases.

Results: As a result of comparing the product hazard classification from the paint manufacturer, the classification
corresponding to skin sensitization in the hardener tended to increase as the existing solvent type paint was
changed to solvent—free type paint. Of the 92 components in the paint to be investigated, 26 were classified as
skin sensitizers. Evaluation of the relative skin sensitizing potency of the mixed paints confirmed that the
evaluation grade of skin sensitization for the solvent—free type paints was higher than that for the solvent type
paints. There were differences in the main exposed areas and skin exposure estimates according to the type of
painting work.

Conclusions: When evaluating the risk of dermal exposure to chemicals, it is necessary to apply a reasonable risk
assessment approach based on a clear understanding of the hazards and exposures arising from the interaction
between chemicals and the skin.

Key words: Chemical risk assessment, dermal exposure, epoxy sensitization, occupational skin disease, skin
sensitization
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Table 1. Summary of epoxy resin paints used for anti—corrosion
purposes in shipyards subject to investigation
(Unit: Number)

Solvent-free

Solvent type paints

Manufacturer type paints
Base Hardener Thinner Base Hardener
A 1 2 1 2 3
B 1 1 1 1 1
C 1 1 1 2 2
D 1 1 1 2 2
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Carc. Muta. STOT SE STOT RE

m Proportion of the bases that classified by GHS classes among the solvent type paints

W Proportion of the bases that classified by GHS classes among the solvent-free type paints

* Abbreviations: Skin Irrit.(Skin Irritation), Eye Irrit.(Eye Irritation), Skin Sens.(Skin Sensitization), Acute Tox. inhalation(Acute
Toxicity — Inhalation), Carc.(Carcinogenicity), Muta.(Germ Cell Mutagenicity), STOT SE(Specific Target Organ Toxicity -
Single Exposure), STOT RE(Specific Target Organ Toxicity — Repeated Exposure)

Figure 1. Comparison of GHS health hazard classification in the base
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(dermal)

(inhalation)

m Proportion of the hardeners that classified by GHS classes among the solvent type paints

M Proportion of the hardeners that classified by GHS classes among the solvent-free type paints

* Abbreviations: Skin Irrit.(Skin Irritation), Eye Irrit.(Eye Irritation), Skin Sens.(Skin Sensitization), Acute Tox. dermal(Acute
Toxicity = Dermal), Acute Tox. inhalation(Acute Toxicity — Inhalation), Repr.(Reproductive Toxicity), Asp. Tox.(Aspiration
Hazard), STOT SE(Specific Target Organ Toxicity — Single Exposure), STOT RE(Specific Target Organ Toxicity — Repeated

Exposure)

Figure 2. Comparison of GHS health hazard classification in the hardener
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m Proportion of the thinners that classified by GHS classes among the solvent type paints

* Abbreviations: Skin Irrit.(Skin Irritation), Eye Irrit.(Eye Irritation), Acute Tox. inhalation(Acute Toxicity — Inhalation), Carc.
(Carcinogenicity), Muta.(Germ Cell Mutagenicity), Asp. Tox.(Aspiration Hazard), STOT SE(Specific Target Organ Toxicity -
Single Exposure), STOT RE(Specific Target Organ Toxicity — Repeated Exposure)

Figure 3. Comparison of GHS health hazard classification in the thinner
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Table 2. Skin sensitizing substances in the base components of solvent type paints

(Unit: %)
Group CAS no. Chemical ('\%i(:]n_t&r;;)
Epoxy resins  1675-54-3  Bisphenol A epichlorohydrin(MW 340) 7-30
25036-25-3 Bisphenol A-Bisphenol A diglycidyl ether polymer 7-30
25068-38-6 Epoxy resin(MW{700) 10-20
67989-52-0 Fatty acids, C18-unsaturated, polymers with Bisphenol A and epichlorohydrin ~ 20-30
68413-24-1 Cashew, nutshell lig. polymer with epichlorohydrin 1-10
Solvents 100-51-6  Benzyl alcohol 0-1
Additives  911674-82-3 Bisamide mixture 0-1
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Table 3. Skin sensitizing substances in the base components of solvent-free type paints

(Unit: %)
Group CAS no. Chemical (,\(Aii?]rlt,\e/lr;’;)
Epoxy resins  1675-54-3  Bisphenol A epichlorohydrin(MW 340) 1-8
9003-36-5  Formaldehyde polymer with (chloromethyl)oxirane and phenol (MW<700) 20-40
68413-24-1  Cashew, nutshell lig. Polymer with epichlorohydrin 0-17
Reactive 14228-73-0  [1,4-Cyclohexanediyl bis (methyleneoxymethylene)lbisoxirane 1-10
thinner 16096-31-4  1,6-Hexanediol diglycidyl ether 0-10
3101-60-8  4-tert-Butylphenyl glycidyl ether 2.5-5
68609-97-2  Oxirane, monol(alkyl(C=12-14)oxy)methyl] derivs. 1-10
Additives  147900-93-4 Fatty acids, (C=18)-unsatd., trimers, compds. with oleylamine 0-1
15625-89-5  Trimethylolpropane triacrylate 0-1
85711-55-3  Fatty acids, tall-oil, compds. with oleylamine 0-1
Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(2): 113-123 www.kiha.kr
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Table 4. Skin sensitizing substances in the hardener components of solvent type paints

(Unit: %)
Group CAS no. Chemical (hﬁ%rf&r;;)
Epoxy resins  1675-54-3  Bisphenol A epichlorohydrin(MW 340) 1-10
8007-24-7  Cashew, nutshell lig. 1-14
1°, 2° amines 68082-29-1  Fatty acids, C18-unsatd., dimers, polymers with tall-oil fatty acids and 21-30
triethylenetetramine
aliphatic 107-15-3 1,2—diaminoethane 0.1-1
amines 112-24-3  1,2-ethanediamine, N,N"-bis(2-aminoethyl)- 1-7
Phenols 71074-89-0  bis[(dimethylamino)methyl]phenol 0-1
90-72-2 2,4,6-Tris(dimethylaminomethyl)phenol 1-17
Table 5. Skin sensitizing substances in the hardener components of solvent-free type paints
(Unit: %)
Group CAS no. Chemical ('\(A:%T&r;i)
Amine resins  57214-10-5 Formaldehyde polymer with 1,3-benzenedimethanamine and phenol 4-26
1°, 2° amines  1760-24-3 N-[3-(TrimethoxysilyDpropyl]-1,2-ethanediamine 4-11
1°, 3° amines  68082-29-1 Fatty acids, C18-unsatd., dimers, polymers with tall-oil fatty acids and 11-20
triethylenetetramine
104-78-9 N,N-Diethyltrimethylenediamine 0-10
1° amines 1477-55-0 1,3-Bis (Aminomethyl) benzene 1-20
aliphatic 109-65-7 3-Aminopropyldimethylamine 1-10
amines 112-24-3 1,2-ethanediamine, N,N"-bis(2-aminoethyl)- 0-15
112-57-2 Tetraethylenepentamine 0-8
Phenol resins 9003-35-4 Formaldehyde, oligomeric reaction products with phenol 0-10
Phenols 90-72-2 2,4,6-Tris(dimethylaminomethyl)phenol 0-10
98-54-4 Phenol, 4-(1,1-dimethylethyl)- 11-20
Solvents 100-51-6 Benzyl alcohol 1-17
Additives 162627-18-1 Fatty acids, C18-unsatd., trimers, reaction products with 0-1

triethylenetetramine
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Table 6. Evaluation results of the skin sensitizing potency of solvent-free type paints

Base Hardener  Score of the base Score of the hardener Mixing ratio Score of the mixture Grade
A-m-1 A-h-1 658 443 3:1 635 \Y%
A-m-1 A-h-2 658 1,345 31 661 \Y
A-m-1 A-h-3 658 672 31 638 \Y
A-m-2 A-h-1 658 443 3:1 635 \%
A-m-2 A-h-2 658 1,345 3:1 661 \Y
A-m-2 A-h-3 658 672 31 638 \Y
B-m-1 B-h-1 625 300 2.5:1 604 \%
C-m-1 C-h-1 600 10 2.9:1 449 ll
C-m-2 C-h-2 625 50 2.7 561 ll
D-m-1 D-h-1 500 1,664 8:2 468 ll
D-m-2 D-h-2 625 3,500 8:2 940 \Y

Note. The skin sensitizing potency grades are categorized in 200~point intervals based on the EIS evaluation toolDGUV,
2016): Grade [((200), Grade /(200 to (400), Grade (400 to (600), Grade /(600 to (800), Grade V(800 to (1,000),
and Grade VI(>1,000). A higher grade indicates greater concern for skin sensitization.
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Table 7. Evaluation results of the skin sensitizing potency for solvent type paints

Base Hardener Score of the base Score of the hardener  Mixing ratio Score of the mixture Grade
A-m-3 A-h-4 330* 610 4:1 317 Il
A-m-3 A-h-b 330* 1,038 4:1 347 Il
B-m-2 B-h-2 603 15 31 465 I
C-m-3 C-h-3 638 40 311 607 \%
D-m-3 D-h-3 0* 625 79:21 137 |

Note: Grade categories follow the same 200-point intervals as in Table 6(DGUV, 2016).
* Some ingredients are excluded from evaluation due to lack of data, but are presumed to have skin sensitization
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Table 8. Exposure parameters and potential dermal exposure estimates for processes in which solvent—free type paints are

used
Input parameter Spraying Input parameter Dispersion hand—held tools
Location Indoors Direction of application Level or overhead
Direction of Level Viscosity of the product Like syrup or honey
application

Direction of airflow

Worker's segregation No
from the source

Distance between the Up to 1 meter
source and the worker

Tools used for application

Not clearly away from the worker  Application rate of the product 0.05 L/min

Tools with handles { 30 cm in
length

Duration of work during a shift 3-4 hr

Volatility of the Not highly volatile

Dermal exposure estimates

Exposure rate

(hands) 27.1-598 pl/min
(body) 36.2-352 pl/min
Exposure loading per shift
(hands) 6,490 pl

(body) 8,690-161,000 pl

carrier liquid

Physical state of the Liquid
product

Application rate of 1.5 L/min
the product

Duration of work 3-4 hr

during a shift

Exposure rate

(hands) 27.8-277 pl/min
(body) 145-1,440 pl/min
Exposure loading per shift
(hands) 6,680 pl

(body) 34,800-157,000 pl

Dermal exposure
estimates
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