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Health Risk Assessment of Toxic Chemicals (Phenol) in Tattoo Inks

Sam Rae Cho*, Kyong Hee Kim**, and Jae Wook Choi****¥*
*Department of Environmental and Occupational Health, Graduate School, Korea University
**[nstitute for Environmental and Occupational Health, Korea University

ABSTRACT

***Department of Preventive Medicine, College of Medicine, Korea University
Objectives: This study examined the safety of tattoo ink by analyzing the phenol contents in tattoo inks and its

risk assessment of selected phenol
while dose-response assessment was based on the collected toxicity data and skin absorption rate of phenol

Methods: A sample of 30 tattoo inks was purchased, the phenol contents were analyzed, and a risk assessment
assessment factors (AFs) for derived no-effect level (DNELg.,,). In addition, the risk characterization was

alculated by comparing the risk characterization ratio (RCR) with Exposure e and DNELgeqma
AFs 650 x skin absorption rate 4.4%)

on dermal exposure from tattooing was carried out. Hazard identification was collected from toxicity data on
systemic effects caused by dermal exposure to phenol, and the most sensitive toxicity value was adopted
Exposure assessment (Exposure,e,) Was calculated by applying phenol contents and standard exposure factors

Results: The phenol concentration in the 30 products was from 1.4 to 649.1 pg/g. The toxicity value for systemic
effects of phenol was adopted at 107 mg/kg. EXposureeqo in tattooing was from 0.000087 to 0.040442 mg/kg
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DNEL jerma Was calculated at 0.0072 mg/kg (=toxicity value 107 mg/kg
Thirteen out of 30 products showed an RCR between 1.02 and 5.62. The RCR of all red inks was above 1
Conclusions: Phenol was detected in all of the 30 tattoo inks, and the RCR of 13 products above 1 indicates
a high level of risk concern, making it necessary to prepare safety management standards for phenol in tattoo
71
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RCR=Exposure o/ DNE Lgermal (3)

n. & 3

TAE B 3070 AFelA sl=e] A 1.4 pg/g,
Ao 649.1 pg/gel AZEHJTE B2 = ABM
oA 1.4-342.6 ug/gel HEEJom, BHA=EE
6.6-201.8 pg/g, CEA == 18.7-309.1 pg/g, DEA=
£ 45.4-649.1 pg/g 52 YERITH(Table 1).
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Az AuxZo wmE AATA W (cardiac
arthythmia), 74 ¥ (tremor, convulsion), &=l (loss
of consciousness) 5 HAIF] FA3 F3AE
AMAT 5719 QA AAETE GR1EA0H, o]
7heH 7HE W 88 SEAIY (AR, ra)dl
g 107 mgkgl 2 BRI tH(Table 2).'"20

DNELgermar A2 (rat) Al 227 5233 107 mg/
kgoll sl Aol Al A& we 2343 RAS
918 AFse rateh AbEke] AR 2 585l of
g AF 6.5, S W= tigk AF 10, NOAEL
21 LOAEL A& thg AF 10 5 & AFsE 650
(6.5%10%10=650) WG 3T T AAE o] &3t ¥

Table 1. Phenol concentrations of 30 tattoo inks (ug/g)

Phenol (ug/g)

Brand Color

mean* +SD
red 342.6 +17.7
A blue 272.7 +294
yellow 182.7 +2.2

black 1.4 +0.2

red 201.8 +1.2

B blue 118.2 +3.2
yellow 176.7 +0.9

black 6.6 +0.3

red 309.1 +6.4

C blue 188.8 +0.2
yellow 18.7 +0.8

black 39.5 +1.1

red 649.1 +7.4

D blue 122.8 +8.3
yellow 454 +1.2

black 120.6 +7.1

red 283.6 +6.6

E blue 79.3 +0.8
yellow 82.2 +0.9

black 19.5 2.1

F black 39.9 +0.1
G black 59.2 2.3
H black 20.3 +0.4
1 black 111.7 +1.4
J black 33.0 +1.0
K black 37.0 ESW)
L black 23.1 +3.0
M black 139.0 +3.5
N black 50.0 2.8
(0] black 29.5 +1.1

*Mean of three time-analysis in one sample
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Table 2. Systemic toxicity data on dermal exposure for phenol

Species Exposure Duration LOAEL Systemic Effects Reference
Severe muscle tremors
Rat Marked twitching . 17)
(F*) 24 hr 107 mefke Generalized convulsions Conning & Hayes. 1970
Loss of consciousness and prostration
Ié\lj[n::;l 1 hr 425 mg/kg Cardiac arrhythmia Warner & Harper 1985'¥
Rabbit Cardiac arrhythmia 19
™) once 357 mg/kg Ventricular tachycardia Wexler et al. 1984
Pi Dyspnea
(F’;” 24 hr 500 mg/ke Twitching Pullin et al. 19782
Tremors
Rabbit 18 day 130 mg/kg/day Twitching Deichmann et al. 1950'?
*F=Female, **M=Men or male
Table 3. Result of dose-response assessment of tattoo inks
Variable Value unit Reference
LOAEL 107 mg/kg Conning and Hayes (1970)"”
650 Intraspecies (rat — human); 6.5
AFs (6.5%10%10) - Interspecies (Human Variability); 10
’ LOAEL to NOAEL; 10
Skin absorption rate of phenol 44 % Baranowska et al. (1981)™"
DNEL 0.0072 mg/kg LOAEL/AFs

*LOAEL, Lowest observed adverse effect level; NOAEL, No observed adverse effect level; AFs, Assessment Factors; DNEL,

Derived no-effect level

Table 4. Standard exposure factors of tattoo inks

Exposure coefficient Mean Remarks
A. Body weight (kg) 64.2 Adult average weight
B. The amount used (mL) 2.0
C. The amount of retouch (mL) 2.0 Reoperation with one month, Retouch time: 60 minutes
D. Total amount of skin contact (mg) 4,000 B+C (The amount of used; 2.0 mL)+Retouch; 2.0 mL)
E. Skin absorption rate of phenol (%) 100

Exposure amount (mg/kg)=D*phenol concentration*E/A

*Reference: Regulations of subjects and methods of risk assessment of living chemical products (The Ministry of Environment

Korea, 2018)

Baranowska et al.(1981)2 %
A& (in vivoyellX FF FF&S de F= ot
12.6%%} 22.7%=Z X 73}t B Thomas J. Franz
(1975)= AFEe] AR5 o]gg AlFd W Al (in

o
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vitro)ol A TE- F4EL 10.9%EFHEHE Bkl
) AR AEARAA I F5Eo] TP R
L 44%Z 839, DNELgmas 0.0072 mg/kg
(=107 mg/kg+650%4.4%)S =Z3}3tH(Table 3).
EXposure pere EE=2A5 o)A #4148 98
o] 13] Al&A] AR 4,000 mg (AZRAMEZ 2,000
mgZt YEIXA] AR 2,000 mg), A HEANE 64.2

J Environ Health Sci 2019; 45(1): 9-17



Table 5. Result of risk characterization of tattoo inks
(DNEL=0.0072)

Exposure RCR
Color  Brand (mg/kg) (Exposure/DNEL)
A 0.021346 2.96
B 0.012573 1.75
red C 0.019259 2.67
D 0.040442 5.62
E 0.017670 2.45
A 0.016991 2.36
B 0.007364 1.02
blue C 0.011763 1.63
D 0.007651 1.06
E 0.004941 0.69
A 0.011383 1.58
B 0.011009 1.53
yellow C 0.001165 0.16
D 0.002829 0.39
E 0.005121 0.71
A 0.000087 0.01
B 0.000411 0.06
C 0.002461 0.34
D 0.007514 1.04
E 0.001215 0.17
F 0.002486 035
G 0.003688 0.51
black H 0.001265 0.18
1 0.006960 0.97
J 0.002056 0.29
K 0.002305 0.32
L 0.001439 0.20
M 0.008660 1.20
N 0.003115 043
(0] 0.001838 0.26

kgS AHE3IATHTable 4). ©] EFEW=ZA 5l 3070
AlE2] eSS 283l Akl A3 Exposure e
o w7 e (.012573-0.040442 me/kg, IHEHAo
0.004941-0.016991 mg/kg, =82 0.001165-0.011383
mgke, AL 0.000087-0.008660 mg/kge] 22

RCRE 4HEst A3 3070 #AF 5 1371 AFolA
RCRO| 1§ ZFate] gl 24 7Fsdol =2 A

RCRo] 15 ZFate 2102 gRIFom, weh
2 ) AFE F 4R AEL RCRO| 18 2H39,
bl AR AFS 247 27) AlFe]l RCRO] 1
< ZHshs ASE YEITH(Table 5).
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Ho|7l= AT AR T 4
O =2 PAHsS] ASHS 418 A+ (Regensburger
et al. 2010)94] F5FH o7 HEo| 0.2-385 ug/g 4
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g s e Aok

g HrkE Qg fad Bl A dAG ol
UeRd 7Hg s 85Fe] AX|F(rat, 107 mg/kg)ol
ek AFAEE AAo akstel]l 2loix AFs 650
2 F7F 24H6.5), T AH(10)# o2 NOAEL
14l LOAEL A8l tigh AF10S A3l b
3tk Ae¥® ZAAE (Conning & Hayes. 1970)
= rats o R ds =3 uel 225
EERRE ARl AEI 287 ¢S B2
o2 U 7k 2R 49A £F(ALE; 107,
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