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Phthalates Exposure Assessment in Nail Technicians

Nantaporn Phatrabuddha! Teeranun Nakyai' Kamonwan Promtes'”

! Industrial Hygiene and Safety Program, Faculty of Public Health, Burapha University

Abstract

Phthalates, semi-volatile organic compounds, are commonly used in a wide range of
daily consumer products. Because phthalates are endocrine-disrupting substances, they can
have widespread effects on the human body. This study aims to assess phthalate exposure
among nail technicians due to contact with phthalates present in nail polishes, nail extension
materials, and nail decoration products—particularly during filing and buffing processes. Dust
contained phthalate was collected using vacuum devices equipped with dust collection bags.
Three types of phthalates— Dibutyl phthalate (DBP), Benzyl butyl phthalate (BBP) and Di (2-
ethylhexyl) phthalate (DEHP) were analyzed using gas chromatography-mass spectrometry
(GC/MS). The study assessed exposure through unintentional ingestion and dermal absorption
of phthalate-containing dust. The study found that DBP was the most phthalate in nail salon
(1384.9 +374.3 ug/g of dust) followed by DEHP (239.2 £ 164.4 pg/g of dust) and BBP
(26.7 £ 12.5 pg/g of dust) respectively. The exposure assessment of phthalate revealed that the
primary route of exposure is through unintentional ingestion. When compared to the reference
doses established by EFSA and the US. EPA, the levels were found to be within acceptable
limits. However, since phthalates can also be encountered in the general environment,
minimizing exposure is essential for worker safety and health. This can be achieved through
the use of phthalate-free products, the installation of air purifiers to reduce dust, maintaining

workplace hygiene, and wearing appropriate personal protective equipment during work etc.
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dadruiimsnuanausogaduigilanie
18Tao152gn@91n Guo Ay Kannan ~ 142
pilslumsidSuamssududamsgadunuan
191g519n19 (Internal dose) Y99 Wormuth 118

AWUS  ANAITNN 3

E __ Cd.TFing.Rdust ing
Xdust ingestion — BW

__ Cd.T.D.Fskin.Bs

Ex L = — 2
dust to skin BW

4 4 a 4
Vnﬁ'lﬁﬁ 1. ﬁﬂ"l')gsll’ﬂ\?!,f’ﬁ@\‘] GC/MS Tumsaasizdarsnan

GC condition MS Conditions
Inlet temp. 290 ¢ Solvent delay 6 min
230 ¢ (Source),
MS temp.
Carrier gas He 1.0 mL/min 150 ¢ (Quad)
Injection mode Splitless Transfer line temp. 280 ¢
Injection volume 1ulL MS mode EIL, SIM Mode

Oven temp. program

50 ¢ hold time 1 min,

to 280 ¢ at 30 ¢/min, to

310 c at 15 ¢/min hold

time 4 min

M319h 2. mmmaé’nﬁmaz retention time UYBIF1TNUANLUAS Benzyl benzoate (BB)

Name Rt Qtion Cfion
BB* 7.77 105 91

DBP 8.38 149 167

BBP 9.69 149 91
DEHP 10.27 149 167

* internal standard; Rt- retention time; Qt- quantification ion; Cf-confirmation ion
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At ANUHNY Aftnua nuw
EX g ingestion MITUAURTEUNIaNFIUNINNIINY ng/kg BW/day
EXy,0 0 stin MIFUFNAaUNEaNHIUMTYAT ng/kg. BW/day
NAINUY
cd Ysuamuanlugdu ng/g of dust
T Fadaumarhamlu 24 427 0.417 -
Usgnoue1Inia 10 42 Tue/u)*
BW (NSTDA, 2009)  thwiinmasluau'lng 63.12 kg
R ng(USEPA201D) 53 Id5udumanisinlu 0.03 g/d
A lvgaoiu
F,,,(Wormuth et al,2006) ~ dAdIUMIAATUVBINUATIY
TNMENNMIIUDLUANNNUAN
ARz YA
DBP 0.685 -
BBP 0.725 -
DEHP 0.552 -
D (Guo and Kannan 2011)  iSinaudufims@auuiia 0.96 g/m’
Fskin (Wormuth et dagiumsgadnueanuand
al.,2006) sumenammiialugIvg)
DBP 0.0007780
BBP 0.0003540
DEHP 0.0000530
Body Surface (BS)** e umeRduiaiunan 14.62 m’/day

A9 (INWIZAIUVDITIINY

' 9
MYUDNTUNT)

a a) Y a Y o &
* 1lszigiunanantaliusmsvesiuiuau

{ Aa . A Yo ' v A ' ~
mslszainaiuiivess umelsaiunmiminuasdiugundoluanTneeiy 16 - 1nnd1 60 3 1indoyya NSTDA (2009)

' = a 3 o A a o { A ' ' a g
ﬁ']uqﬂmﬂﬂiuﬂuhlﬂﬂ 163.23 HUALUANT uazumumﬂaﬂcluﬂu”lm 63.12 Alansu Iﬂﬂﬁuﬂﬁﬂlﬂﬂinﬂ'\ﬂﬂTﬂuﬂﬂiuﬁTﬂﬂ!ﬂu 11 4 voq

X A \ P ' 2 ,
NuRweaT1ame” unua luaunish 3 vod Mosteller (1987) (BS=((H x W)/3600)"” x 0.25 ------- 3)
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Ex_dust ingestion

Ex_dust to skin

Total exposure

(ng/kg.BW/day)
DBP BBP DEHP DBP BBP DEHP DBP BBP DEHP
%H‘Ll“ﬁ 1 242.0 5.7 13.6 128.6 1.3 0.6 370.5 7.0 14.3
%’m‘ﬁ 2 199.2 6.1 21.6 105.8 1.4 1.0 305.0 7.5 22.6
%’m‘ﬁ 32009 3.2 7.8 106.8 0.7 0.4 307.7 3.9 8.1
%H‘Ll“ﬁ 4 91.3 1.4 28.5 48.5 0.3 1.3 139.8 1.8 29.8
%H‘Ll“ﬁ 5 206.7 2.8 59.3 109.9 0.6 2.7 316.6 34 61.9
méa 188.0 3.8 26.2 99.9 0.9 1.2 287.9 4.7 273
SD 50.8 1.8 18.0 27.0 0.4 0.8 77.8 2.2 18.8

$ "9 a [ Y %
msnﬁ 6. AMDWOINTIUTUNTNUAN

MD190IMISVTUAA (ng/kg BW/day)

EFSA”™ TDI" US EPA" RfD"**
DBP 1x10° 1x10°
BBP 5x10° 2x10°
DEHP 5x10° 2x10°

*TDI; Tolerable daily intake, **RfD; References dose, "EFSA, 2005, bUS.EPA, 2005
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BB Benzyl benzoate

BBP Benzyl Butyl phthalate

DEP Diethyl phthalate

DMP Dimethyl phthalate

DBP Di-n-Butyl phthalate

DiBP Diisobutyl phthalate

DEHA Di(2-ethylhexyl) adipate

DEHP Di(2-ethylhexyl) phthalate

DnHP Di-n-hexyl phthalate

DnOP Di-n-octyl phthalate

GC/MS Gas chromatography-mass
spectrometry

LOD Limit of detection

LOQ Limit of quantitation

Rt Retention time

Qt ion Quantification ion

Cfion Confirmation ion

RfD Reference dose

TDI Tolerable daily intake

EFSA The European Food Safety
Authority

Thai J Toxicol 2025; 40(2): 38-50

48

US. EPA United States Environmental

Protection Agency

1PNA13919949

YAvw. aue. a9 Fuasuae walnenil 10,000
510 Funasgiu wented  wiisdeNuuAsy
pou'lall. Available at https://www.matichon.
co.th/economy/news 3867500, accessed on 10
March, 2025.

Ceballos DM, Young AS, Allen JG, et al. Exposures
in nail salons to trace elements in nail polish from
impurities or pigment ingredients - A pilot study. In¢
J Hyg Environ Health 2021;232:113687.
Zeverdegani SK, Mohebian Z. Assessing the health
risks of dermal exposure to heavy metals dust
among nail salon technicians. Work
2024;78(4):1069-79.

Garcia E, Sharma S, Pierce M, et al. Evaluating a
county-based healthy nail salon recognition
program. Am J Ind Med 2015;58(2):193-202.
Mendelsohn E, Hagopian A, Hoffman K, et al. Nail
polish as a source of exposure to triphenyl
phosphate. Environ Int 2016;86:45-51.

Chou M, Dhingra N, Strugar TL. Contact
sensitization to allergens in nail cosmetics.
Dermatitis 2017;28(4):231-40.

Young AS, Allen JG, Kim UlJ, et al. Phthalate and
organophosphate plasticizers in nail polish:
evaluation of labels and ingredients. Environ Sci
Technol 2018;52(21):12841-50.

Mondal T, Mondal S, Ghosh SK, et al. Phthalates -
a family of plasticizers, their health risks,
phytotoxic effects, and microbial bioaugmentation

approaches. Environ Res 2022;214(Pt 3):114059.



N3asHiEINe lne 2568; 40(2): 38-50

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wang Y, Qian H. Phthalates and their impacts on
human health. Healthcare (Basel) 2021;9(5):603.
Promtes K, Kaewboonchoo O, Kawai T, et al.
Human exposure to phthalates from house dust in
Bangkok, Thailand. J Environ Sci Health A Tox
Hazard Subst Environ Eng 2019;54(13):1269-76.
Bai PY, Wittert G, Taylor AW, et al. The
association between total phthalate concentration
and non-communicable diseases and chronic
inflammation in South Australian urban dwelling
men. Environ Res 2017;158:366-72.

Tsai MJ, Kuo PL, Ko YC. The association between
phthalate exposure and asthma. Kaohsiung J Med
Sci 2012;28(7 Suppl):S28-36.

Jurewicz J, Hanke W. Exposure to phthalates:
reproductive outcome and children health. A review
of epidemiological studies. Int J Occup Med
Environ Health 2011;24(2):115-41.

Wang Y, Zhu H, Kannan K. A review of
biomonitoring of phthalate exposures. Toxics
2019;7(2):21.

Xia B, Zhu Q, Zhao Y, et al. Phthalate exposure and
childhood overweight and obesity: Urinary
metabolomic evidence. Environ Int 2018;121(Pt
1):159-68.

Chou YY, Huang PC, Lee CC, et al. Phthalate
exposure in girls during early puberty. J Pediatr
Endocrinol Metab 2009;22(1):69-77.

Grindler NM, Vanderlinden L, Karthikraj R, et al.
Exposure to phthalate, an endocrine disrupting
chemical, alters the first trimester placental
methylome and transcriptome in women. Sci Rep
2018;8(1):6086.

Verma R, Vinoda KS, Papireddy M, et al. Toxic

pollutants from plastic Waste- a review. Procedia

Environmental Sciences 2016;35:701-8.

Thai J Toxicol 2025; 40(2): 38-50

19.

20.

21.

22.

23.

24.

25.

26.

27.

49

Ferguson KK, McElrath TF, Meeker JD.
Environmental phthalate exposure and preterm
birth. JAMA Pediatr 2014;168(1):61-7.

Ahern TP, Broe A, Lash TL, et al. Phthalate
exposure and breast cancer incidence: a danish
nationwide cohort study. J Clin  Oncol
2019;37(21):1800-9.

Sritotai W, Suwan D. Method for determination of
phthalate contents in PVC plastic toys using gas
chromatography/mass spectrometry. Bulletin of
Applied Sciences 2012;1(1):23-9.

Guo Y, Kannan K. Comparative Assessment of
Human Exposure to Phthalate Esters from House
Dust in China and the United States. Environmental
Science & Technology 2011;45(8):3788-94.
Wormuth M, Scheringer M, Vollenweider M, et al.
What are the sources of exposure to eight frequently
used phthalic acid esters in Europeans? Risk Anal
2006;26(3):803-24.

Schettler T. Human exposure to phthalates via
consumer products. Int J Androl 2006;29(1):134-9;
discussion 81-5.

Guo Y, Kannan K. A survey of phthalates and
parabens in personal care products from the United
States and its implications for human exposure.
Environmental Science & Technology
2013;47(24):14442-9.

Cal EPA (California Environmental Protection
Agency). Summary of data and findings from
testing of a limited number of nail products.
Available  at  https://dtsc.ca.gov/wp-content/
uploads/sites/31/2017/05/NailSalon_Final.pdf.
accessed on 23 Apr, 2025

Hubinger JC. A survey of phthalate esters in
J Cosmet Sci

consumer cosmetic products.

2010;61(6):457-65.



N3asHiEINe lne 2568; 40(2): 38-50

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hubinger JC, Havery DC. Analysis of consumer
cosmetic products for phthalate esters. J Cosmet Sci
2006;57(2):127-37.

Koniecki D, Wang R, Moody RP, et al. Phthalates
in cosmetic and personal care products:
concentrations and possible dermal exposure.
Environ Res 2011;111(3):329-36.

Koo HJ, Lee BM. Estimated exposure to phthalates
in cosmetics and risk assessment. J Toxicol Environ
Health A 2004;,67(23-24):1901-14.

Wallace DR. Dibutyl phthalate. In: Wexler P, ed.
Encyclopedia of toxicology (Second Edition). New
York: Elsevier, 2005: 1-2.

Monti M, Fasano M, Palandri L, et al. A review of
european and international phthalates regulation:
focus on daily use products. 2022;25(3):503.

EU. Regulation (EC) no 1223/2009 of the european
parliament and of the council of 30 November 2009
on cosmetic products. 2009.

Washington State Legislature. Toxic-free cosmetics
act (Chapter 70A.560 RCW). Available at
https://app.leg.wa.gov/rcw/default.aspx?cite=70A.

560&full=true&pdf=true. accessed on 25 Apr, 2025
California State Legislature. California toxic-free
cosmetics act (AB 2762). Available at
https://leginfo.legislature.ca.gov/faces/bill TextClie
nt.xhtml?bill_id=201920200AB2762. accessed on
25 Apr, 2025

Ministry of Food and Drug Safety RoK.
cosmetic standards.

Regulations on safety

Available at https://www.law.go.kr/admRulLs
InfoP.do?admRulSeq=2100000236290. accessed
on 23 Apr, 2025

EFSA. Opinion of the scientific panel on food
additives,

flavourings, processing aids and

materials in contact with food (AFC) related to di-

Thai J Toxicol 2025; 40(2): 38-50

38.

39.

40.

41.

42.

43.

50

butylphthalate (DBP) for use in food contact
materials. European Food Safety Authority journal
2005.

EFSA. Opinion of the scientific panel on food
additives, flavorings, processing aids and materials
in contact with food (AFC) related to bis (2-
ethylhexyl) phthalate (DEHP) for use in food
contact materials. European Food Safety Authority
journal 2005.

EFSA. Opinion of the scientific panel on food
additives, flavourings, processing aids and
materials in contact with food (AFC) related to
Butylbenzylphthalate (BBP) for use in food contact
materials. European Food Safety Authority journal
2005.

U.S. EPA. Phthalates TEACH chemical summary.
Available at
https;//archive.epa.gov/regionS5/teach/web/pdf/phth
alates_summary.pdf. accessed on 14 March, 2024
Kolena B, Petrovicova I, Sidlovska M, et al.
Occupational phthalate exposure and health
outcomes among hairdressing apprentices. Hum
Exp Toxicol 2017;36(10):1100-12.

Craig JA, Ceballos DM, Fruh V, et al. Exposure of
nail salon workers to phthalates, di(2-ethylhexyl)
terephthalate, and organophosphate esters: a pilot
study. Environ Sci Technol 2019;53(24):14630-7.
Varshavsky JR, Morello-Frosch R, Harwani S, et al.
A pilot biomonitoring study of cumulative
phthalates exposure among vietnamese american

nail salon workers. Int J Environ Res Public Health

2020;17(1):325.





