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ABSTRACT

Background: Benzophenone-3 is a type of ketone with 2 benzene rings attached to a carbonyl 
group (C=O) and one benzene ring attached to a hydroxyl group (-OH). As an endocrine-
disrupting chemical, benzophenone-3 is known to be associated with reproductive, 
developmental, thyroid, and endocrine toxicities. Benzophenone-3 is commonly used in 
hair products, cosmetics, and ultraviolet (UV) filters because of its characteristic property 
to absorb UV light. This study aims to investigate the association between the use of hair 
products and urine benzophenone-3 using the data from the Korean National Environmental 
Health Survey (KoNEHS) cycle 4 (2018–2020), which represents the Korean population.
Methods: Using the KoNEHS cycle 4 survey, the data of 3,796 adults aged ≥ 19 years 
were analyzed. Based on the 75th percentile concentration of urine benzophenone-3, the 
participants were divided into the low- and high-concentration groups. Chi-square test was 
conducted to analyze the association of urine benzophenone-3 with distribution of general 
characteristics, use of personal care products, consumption of marine foods, and use of 
plastic products as the variable. Logistic regression analysis was conducted to calculate odds 
ratios (ORs) for the high-concentration group of urine benzophenone-3 based on the use of 
hair products.
Results: Women with < 6 times or ≥ 6 times of hair product usage had significantly higher 
adjusted ORs compared to those who did not use hair products. The calculated ORs were 
1.24 (95% confidence interval [CI]: 1.12–1.38) for women with < 6 times of usage and 1.54 
(95% CI: 1.33–1.79) for women with ≥ 6 times of usage.
Conclusions: This study revealed the association between the use of hair products and the 
concentration of urine benzophenone-3 in the general Korean population.

Keywords: Benzophenone-3; Oxybenzone; Hair preparation; Cosmetics; Korean National 
Environmental Health Survey

BACKGROUND

Benzophenone-3 is a type of ketone with 2 benzene rings attached to a carbonyl group (C=O) 
and one benzene ring attached to a hydroxyl group (-OH).1-3 Among various benzophenone 
derivatives, benzophenone-3 is commonly found in the human matrix such as urine, blood, 
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and breast milk.2,4,5 However, benzophenone-3 has recently been reported to be an endocrine-
disrupting chemical with a negative impact on the human body2,6 as well as the aquatic 
ecosystem when released into the river and sea.4,5,7,8

Benzophenone-3 has a characteristic property to absorb ultraviolet (UV) A (320–340 nm), 
UVB (290–320 nm), and UVC (200–280 nm) rays.9,10 Because of this property and low cost, 
benzophenone-3 is commonly used in hair products, cosmetics, UV filters, textiles, fibers, 
plastics, and paints.2,9,11,12 Hair products include products for cleansing, conditioning and 
treatment, hair styling, coloring and bleaching, and perming or relaxing.13 Benzophenone-3 
is added to hair products to protect the skin and prevent the degradation of hair product 
components.

So far, many studies have reported on the association of urine benzophenone-3 with 
UV filters, make-up products, lotions, and plastic containers, but only few studies have 
investigated the association between urine benzophenone-3 and hair products.14-18 In 
addition, previous studies were based on small number of participants14,16,18 and have focused 
on comparing urine benzophenone-3 concentration of personal care product users with 
nonusers while overlooking the frequency of use.16 Therefore, this study aims to determine 
the association between the urine benzophenone-3 and the use of hair products in general 
Korean population using the data of the Korean National Environmental Health Survey 
(KoNEHS) cycle 4 (2018–2020), a nationwide survey.

METHODS

Study participants
This study analyzed the KoNEHS cycle 4 data collected from 2018 to 2020. The KoNEHS is 
a nationwide legal investigation conducted by the Ministry of Environment and National 
Institute of Environmental Research at 3-year intervals from 2009.19 The participants of 
the KoNEHS were 4,239 adults aged ≥ 19 years. In this study, 443 participants with missing 
values of the main variables and urine creatinine level outside the range of 0.3–3.0 g/L were 
excluded. Finally, 3,796 participants were analyzed (Fig. 1).

Urine benzophenone-3 concentration
The KoNEHS included the data of urine benzophenone-3 concentration. From each participant 
who signed the informed consent for human-derived material research, 50–75 mL of urine 
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Final study subjects
(n = 3,796; 1,780 men and 2,016 women)

Persons excluded (n = 443)
- Without values of urine creatinine or

urine benzophenone-3
- Urine creatinine level was not within

normal range (0.3–3.0 g/L)

KoNEHS cycle 4
Total adults (age ≥ 19)

(n = 4,239; 1,889 men and 2,350 women)

Fig. 1. Flow chart of the selection of study participants. 
KoNEHS: Korean National Environmental Health Survey.
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sample was collected in a 125-mL sterile specimen cup. Urine samples which had ≤ 36 mL 
were noted as insufficient amount. The collected urine samples were transferred to an 
opaque container to be left on iced water for 20 minutes in a shaded area to lower the sample 
temperature. The samples were stored at −70°C until use in subsequent analyses. From the 
urine samples, benzophenone-3 was isolated and quantitatively analyzed using the API Triple 
Quad 5500 high-performance liquid chromatography/mass spectrometer of AB Sciex. The limit 
of detection for urine benzophenone-3 was 0.129 μg/L. Internal quality control was carried 
out daily in order to manage precision and accuracy. Precision control was used to analyze 
the consistency of the testing method. Relative standard deviation of 2 low-volume standard 
solution was less than 15% within batch and less than 20% between batches. For accuracy 
control, quality control sample was selected. Analytical concentration was established after 
correcting values of recovery rate, dilution factor, and standard solution measurements.19

Use of hair products
In the KoNEHS questionnaire, the use of hair products was assessed using the following 
categories: No use, once or no use per month, 2-to-3 times per month, 1-to-2 times per week, 
3-to-5 times per week, and every day (6 or 7 times per week). In this study, the participants 
who responded no use were placed in the ‘No use’ group; those who responded once or no 
use per month, 2-to-3 times per month, 1-to-2 times per week, and 3-to-5 times per week 
usage were placed in the “< 6 times of use” group; and those who responded every day (6 or 
7 times per week) were placed in the “≥ 6 times of use” group. Hair products include hair gel, 
hair spray, hair mousse, hair wax, hair serum and hair dye. Shampoo, hair cleanser and hair 
treatment were not included in hair products and were categorized under body cleansers.19,20

Potential confounders
The confounders in this study included general characteristics, use of perfumes, body-
cleansing products, make-up products, manicure products, antimicrobial products, 
fragrance products, and UV filters that are known to contain benzophenone-3.2,10-12,21 
The frequency of consumption of crustacean, fish, seaweed, shellfish, or other seafood 
was also included as benzophenone-3 has been detected in the marine environment and 
organisms.4,5,9,11,22,23 Additionally, the use of clear plastic containers for storing cooked food or 
boiled water and the frequency of drinking from polyethylene terephthalate (PET) bottles or 
plastic bags were included.2,5,9

Statistical analysis
Chi-square test was conducted to analyze the association of urine benzophenone-3 in 
participants with distribution of general characteristics, use of personal care products, 
consumption of marine foods, and use of plastic products as the variable. The concentration 
of urine benzophenone-3 was then divided by quartile, and based on the 75th percentile 
concentration of each total, men and women, the low- and high-concentration groups 
were classified.20,24 To calculate odds ratio (ORs) for the high-concentration group of 
urine benzophenone-3 based to the use of hair products, logistic regression analysis was 
conducted. Further, complex sample analysis was used to consider the stratification, 
clustering, and weighted variables.19 IBM SPSS version 28 for Windows (IBM Corp., Armonk, 
NY, USA) was used, and the significance level was set at p < 0.05.

Ethics statement
This study received approval from the Institutional Review Board (IRB) of Soonchunhyang 
University Gumi Hospital (IRB No. 2024-01-01).
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RESULTS

Table 1 presents the general characteristics of the participants. Among a total of 3,796 
participants, 1,780 (46.9%) were men, and 2,016 (53.1%) were women. The urine 
benzophenone-3 concentration was higher in women (17.0 ± 0.9 μg/g Cr) than in men (8.8 ± 
0.2 μg/g Cr). The total, men and women group were then divided into 4 quartiles according 
to the 25th percentile, 50th percentile, 75th percentile urine benzophenone-3 concentration 
group. Men were higher in proportion of those with ≥ 25 body mass index (kg/m2) and current 
smoker status than in women. Women were higher in proportion of those who used ≥ 6 times 
of hair products, perfumes, body-cleansing products, make-up products, manicure products, 
antimicrobial products, fragrance products, and UV filters than men. A higher proportion of 
men used PET bottles or consumed crustacean, shellfish, or other seafood more than once 
per month than women. Also, men were higher in proportion of those who used clear plastic 
containers for storing boiled water more than once per month than women.

Table 2 shows the distribution of urine benzophenone-3 according to each variable in the 
high and low concentration groups classified according to the 75th percentile concentration 
of urine benzophenone-3 (total: ≥ 1.73 μg/g Cr, male: ≥ 1.06 μg/g Cr, female: ≥ 2.51 μg/g 
Cr). The mean age of women was higher in the high-concentration group than in the 
low-concentration group. In women, the proportion of high concentration group of urine 
benzophenone-3 increased with frequent use of hair products, make-up products, manicure 
products, and UV filters. In men, the proportion of high concentration group of urine 
benzophenone-3 increased with frequent use of perfumes. In both men and women, the 
proportion of high concentration group of urine benzophenone-3 increased with frequent 
consumption of drinking from PET bottles.
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Table 1. General characteristics of the participants
Category Total (n = 3,796) Men (n = 1,780) Women (n = 2,016) p-value
Urinary benzophenone-3 (μg/g Cr)a 12.8 ± 0.3 8.8 ± 0.2 17.0 ± 0.9 0.002b

Range of quartile 1 (< 25th percentile) < 0.25 < 0.22 < 0.31
Range of quartile 2 (25–50th percentile) 0.25 ≤ Total < 0.61 0.22 ≤ Men < 0.47 0.31 ≤ Women < 0.84
Range of quartile 3 (50–75th percentile) 0.61 ≤ Total < 1.73 0.47 ≤ Men < 1.06 0.84 ≤ Women < 2.51
Range of quartile 4 (≥ 75th percentile) ≥ 1.73 ≥ 1.06 ≥ 2.51

Age (years) 47.6 ± 0.1 46.9 ± 0.1 48.5 ± 0.1 < 0.001b

BMI (kg/m2)a < 0.001c

< 25 2,092 (56.9) 860 (49.8) 1,232 (64.4)
≥ 25 170 (43.1) 920 (50.2) 784 (35.6)

Smoking status < 0.001
Non-smoker (ex-smokers included) 3,153 (81.0) 1,198 (66.4) 1,955 (96.6)
Current smoker 643 (19.0) 582 (33.6) 61 (3.4)

Use of hair products within 3 months < 0.001
None 2,156 (59.5) 1,283 (72.1) 873 (46.1)
< 6 times a week 1,137 (27.4) 363 (19.5) 774 (35.8)
≥ 6 times a week 503 (13.1) 134 (8.4) 369 (18.1)

Use of perfume within 3 months < 0.001
None 2,901 (72.5) 1,474 (78.1) 1,427 (66.5)
< 6 times a week 705 (21.7) 238 (17.2) 467 (26.4)
≥ 6 times a week 190 (5.8) 68 (4.7) 122 (7.1)

Use of body-cleansing products within 3 months < 0.001
None 398 (8.2) 354 (14.1) 44 (1.7)
< 6 times a week 894 (22.7) 326 (18.0) 568 (27.8)
≥ 6 times a week 2,504 (69.1) 1,100 (67.9) 1,404 (70.5)

Use of make-up products within 3 months < 0.001
None 1,764 (47.4) 1,461 (79.2) 303 (13.5)
< 6 times a week 806 (21.3) 195 (13.1) 611 (30.1)
≥ 6 times a week 1,226 (31.3) 124 (7.7) 1,102 (56.4)

(continued to the next page)
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Category Total (n = 3,796) Men (n = 1,780) Women (n = 2,016) p-value
Use of manicure products within 3 months < 0.001

None 3,343 (87.9) 1,776 (99.8) 1,567 (75.2)
< 6 times a week 422 (11.1) 2 (0.1) 420 (22.9)
≥ 6 times a week 31 (1.0) 2 (0.1) 29 (1.9)

Use of antimicrobial products within 3 months < 0.001
None 2,404 (58.7) 1,232 (63.8) 1,172 (53.4)
< 6 times a week 821 (23.9) 308 (19.7) 513 (28.3)
≥ 6 times a week 571 (17.4) 240 (16.5) 331 (18.3)

Use of fragrance products within 3 months 0.048
None 2,649 (67.8) 1,283 (68.3) 1,366 (67.2)
< 6 times a week 255 (7.7) 107 (7.8) 148 (7.5)
≥ 6 times a week 892 (24.5) 390 (23.9) 502 (25.3)

Use of UV-filter products within 3 months < 0.001
None 1,748 (46.5) 1,379 (74.8) 369 (16.4)
< 6 times a week 785 (21.1) 260 (16.6) 525 (25.9)
≥ 6 times a week 1,263 (32.4) 141 (8.6) 1,122 (57.7)

Drinking from PET bottles < 0.001
Rarely 1,047 (23.6) 401 (18.3) 646 (29.3)
≥ Once a month 2,749 (76.4) 1,379 (81.7) 1,370 (70.7)

Drinking from plastic bag 0.951
Rarely 2,424 (66.2) 1,140 (66.2) 1,284 (66.2)
≥ Once a month 1,372 (33.8) 640 (33.8) 732 (33.8)

Use of clear plastic container for cooked food 0.112
Rarely 2,987 (76.7) 1,402 (76.3) 1,585 (77.2)
≥ Once a month 809 (23.3) 378 (23.7) 431 (22.8)

Use of clear plastic container for boiling water 0.002
Rarely 3,594 (94.4) 1,673 (93.8) 1,921 (95.1)
≥ Once a month 202 (5.6) 107 (6.2) 95 (4.9)

Consumption of crustacean 0.003
Rarely 1,943 (47.5) 883 (45.9) 1,060 (49.2)
≥ Once a month 1,853 (52.5) 897 (54.1) 956 (50.8)

Consumption of fish 0.795
Rarely 374 (11.1) 167 (11.2) 207 (11.1)
≥ Once a month 3,422 (88.9) 1,613 (88.8) 1,809 (88.9)

Consumption of seaweed < 0.001
Rarely 224 (6.4) 126 (7.7) 98 (4.9)
≥ Once a month 3,572 (93.6) 1,654 (92.3) 1,918 (95.1)

Consumption of shellfish 0.003
Rarely 1,767 (44.4) 801 (43.0) 966 (45.9)
≥ Once a month 2,029 (55.6) 979 (57.0) 1,050 (54.1)

Consumption of other seafood 0.001
Rarely 1,465 (36.4) 652 (34.0) 813 (38.9)
≥ Once a month 2,331 (63.6) 1,128 (66.0) 1,203 (61.1)

Data are shown as number (%) for categorical variables and as mean ± standard error for continuous variables.
BMI: body mass index; UV: ultraviolet; PET: polyethylene terephthalate.
aUnweighted count; bThe p-value by independent 2 sample t-test; cThe p-value by χ2 test.

Table 1. (Continued) General characteristics of the participants

Table 2. General characteristics of participants according to urinary benzophenone-3 based on gender
Category Urine benzophenone-3

Total (n = 3,796) Men (n = 1,780) Women (n = 2,016)
Low High p-value Low High p-value Low High p-value

Age (years) 47.2 ± 0.1 48.8 ± 0.2 0.005b 46.8 ± 0.1 47.3 ± 0.4 0.375b 48.2 ± 0.1 49.2 ± 0.2 0.012b

BMI (kg/m2)a < 0.001c 0.276c < 0.001c

< 25 1,540 (72.3) 552 (27.7) 646 (75.4) 214 (24.6) 915 (72.4) 317 (27.6)
≥ 25 1,307 (78.6) 397 (21.4) 687 (74.9) 233 (25.1) 597 (78.7) 187 (21.3)

Smoking status < 0.001 < 0.001 0.117
Non-smoker (ex-smokers included) 2,301 (72.6) 852 (27.4) 871 (71.7) 327 (28.3) 1,462 (74.6) 493 (25.4)
Current smoker 546 (85.1) 97 (14.9) 462 (82.0) 120 (18.0) 50 (76.4) 11 (23.6)

Use of hair products within 3 months < 0.001 0.084 < 0.001
None 1,707 (78.2) 449 (21.8) 968 (75.2) 315 (24.8) 692 (79.1) 181 (20.9)
< 6 times a week 802 (70.4) 335 (29.6) 269 (73.7) 94 (26.3) 569 (72.8) 205 (27.2)
≥ 6 times a week 338 (69.9) 165 (30.1) 96 (78.0) 38 (22.0) 251 (66.9) 118 (33.1)

(continued to the next page)
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Category Urine benzophenone-3
Total (n = 3,796) Men (n = 1,780) Women (n = 2,016)

Low High p-value Low High p-value Low High p-value
Use of perfume within 3 months < 0.001 0.013 < 0.001

None 2,247 (78.7) 654 (21.3) 1,113 (76.2) 361 (23.8) 1,114 (78.9) 313 (21.1)
< 6 times a week 472 (65.2) 233 (34.8) 173 (72.3) 65 (27.7) 313 (65.5) 154 (34.5)
≥ 6 times a week 128 (65.4) 62 (34.6) 47 (67.7) 21 (32.3) 85 (69.2) 37 (30.8)

Use of body-cleansing products within 3 months < 0.001 0.053 < 0.001
None 337 (82.2) 61 (17.8) 270 (73.6) 84 (26.4) 35 (76.3) 9 (23.7)
< 6 times a week 658 (71.9) 236 (28.1) 240 (72.7) 86 (27.3) 446 (77.6) 122 (22.4)
≥ 6 times a week 1,852 (75.2) 652 (24.8) 823 (76.1) 277 (23.9) 1,031 (73.4) 373 (26.6)

Use of make-up products within 3 months < 0.001 0.684 < 0.001
None 1,456 (83.1) 308 (16.9) 1,094 (75.0) 367 (25.0) 245 (83.0) 58 (17.0)
< 6 times a week 565 (70.2) 241 (29.8) 143 (76.0) 52 (24.0) 462 (74.9) 149 (25.1)
≥ 6 times a week 826 (66.0) 400 (34.0) 96 (74.7) 28 (25.3) 805 (72.5) 297 (27.5)

Use of manicure products within 3 months < 0.001 < 0.001 < 0.001
None 2,573 (77.2) 770 (22.8) 1,330 (75.1) 446 (24.9) 1,205 (76.7) 362 (23.3)
< 6 times a week 256 (59.2) 166 (40.8) 1 (95.6) 1 (4.4) 288 (68.7) 132 (31.3)
≥ 6 times a week 18 (58.1) 13 (41.9) 2 (100.0) 0 (0.0) 19 (62.5) 10 (37.5)

Use of antimicrobial products within 3 
months

0.002 < 0.001 0.001

None 1,845 (76.6) 559 (23.4) 934 (76.9) 298 (23.1) 879 (72.9) 293 (27.1)
< 6 times a week 583 (72.4) 238 (27.6) 221 (70.2) 87 (29.8) 383 (76.7) 130 (23.3)
≥ 6 times a week 419 (73.1) 152 (26.9) 178 (74.3) 62 (25.7) 250 (76.4) 81 (23.6)

Use of fragrance products within 3 months 0.002 0.079 0.010
None 2,015 (76.4) 634 (23.6) 971 (76.1) 312 (23.9) 1,036 (75.4) 330 (24.6)
< 6 times a week 177 (70.3) 78 (29.7) 80 (77.3) 27 (22.7) 109 (76.3) 39 (23.7)
≥ 6 times a week 655 (72.5) 237 (27.5) 282 (71.6) 108 (28.4) 367 (72.2) 135 (27.8)

Use of UV-filter products within 3 months < 0.001 0.002 < 0.001
None 1,454 (82.8) 294 (17.2) 1,051 (76.0) 328 (24.0) 305 (82.3) 64 (17.7)
< 6 times a week 561 (71.5) 224 (28.5) 176 (70.9) 84 (29.1) 403 (74.3) 122 (25.7)
≥ 6 times a week 832 (66.1) 431 (33.9) 106 (75.5) 35 (24.5) 804 (72.6) 318 (27.4)

Drinking from PET bottles 0.002 < 0.001 < 0.001
Rarely 796 (77.8) 251 (22.2) 304 (79.0) 97 (21.0) 496 (78.7) 150 (21.3)
≥ Once a month 2,051 (74.1) 698 (25.9) 1,029 (74.3) 350 (25.7) 1,016 (72.9) 354 (27.1)

Drinking from plastic bag 0.237 0.250 0.013
Rarely 1,815 (74.8) 609 (25.2) 846 (74.8) 294 (25.2) 957 (73.8) 327 (26.2)
≥ Once a month 1,032 (75.4) 340 (24.6) 487 (75.9) 153 (24.1) 555 (76.3) 177 (23.7)

Use of clear plastic container for cooked food 0.402 0.002 0.001
Rarely 2,227 (74.9) 760 (25.1) 1,053 (75.7) 349 (24.3) 1,182 (74.3) 403 (25.7)
≥ Once a month 620 (75.5) 189 (24.5) 280 (73.4) 98 (26.6) 330 (75.7) 101 (24.3)

Use of clear plastic container for boiling water 0.002 0.160 0.001
Rarely 2,690 (74.7) 904 (25.3) 1,250 (75.0) 423 (25.0) 1,436 (74.1) 485 (25.9)
≥ Once a month 157 (80.4) 45 (19.6) 83 (77.1) 24 (22.9) 76 (85.4) 19 (14.6)

Consumption of crustacean < 0.001 0.149 0.230
Rarely 1,452 (73.7) 491 (26.3) 664 (74.7) 219 (25.3) 793 (74.3) 267 (25.7)
≥ Once a month 1,395 (76.2) 458 (23.8) 669 (75.6) 228 (24.4) 719 (75.0) 237 (25.0)

Consumption of fish 0.172 0.321 0.006
Rarely 271 (72.9) 103 (27.1) 125 (77.5) 42 (22.5) 146 (69.4) 61 (30.6)
≥ Once a month 2,576 (75.3) 846 (24.7) 1,208 (74.8) 405 (25.2) 1,366 (75.3) 443 (24.7)

Consumption of seaweed 0.747 0.175 0.012
Rarely 174 (75.5) 50 (24.5) 100 (78.5) 26 (21.5) 113 (68.6) 44 (31.4)
≥ Once a month 2,673 (75.0) 899 (25.0) 1,233 (74.9) 421 (25.1) 1,399 (75.2) 460 (24.8)

Consumption of shellfish 0.114 0.030 0.069
Rarely 1,315 (74.3) 452 (25.7) 583 (73.1) 218 (26.9) 731 (75.7) 235 (24.3)
≥ Once a month 1,532 (75.6) 497 (24.4) 750 (76.7) 229 (23.3) 781 (73.7) 269 (26.3)

Consumption of other seafood 0.017 0.023 0.116
Rarely 1,088 (73.8) 377 (26.2) 471 (73.5) 181 (26.5) 608 (74.2) 205 (25.8)
≥ Once a month 1,759 (75.7) 572 (24.3) 862 (76.0) 266 (24.0) 904 (74.9) 299 (25.1)

Data are shown as number (%) for categorical variables and as mean ± standard error for continuous variables.
BMI: body mass index; UV: ultraviolet; PET: polyethylene terephthalate.
aUnweighted count; bThe p-value by independent 2 sample t-test; cThe p-value by χ2 test.

Table 2. (Continued) General characteristics of participants according to urinary benzophenone-3 based on gender



The association between use of hair products and urine benzophenone-3 concentration in 
total participants, men and women was evaluated by scatter plot in Fig. 2. Fig. 2A shows 
75th percentile concentration in total (no use: 1.38 μg/g Cr, < 6 times of use: 2.13 μg/g Cr, ≥ 
6 times of use: 2.73 μg/g Cr). Fig. 2B shows 75th percentile concentration in men (no use: 
1.04 μg/g Cr, < 6 times of use: 1.10 μg/g Cr, ≥ 6 times of use: 1.22 μg/g Cr). Fig. 2C shows 
75th percentile concentration in women (no use: 2.00 μg/g Cr, < 6 times of use: 2.92 μg/g 
Cr, ≥ 6 times of use: 3.72 μg/g Cr). Supplementary Table 1 shows quartile concentration of 
benzophenone-3 according to the use of hair products in total, men and women.

Analysis of variance was used to calculate the mean concentration of urine benzophenone-3. 
The mean concentration of urine benzophenone in total participants were 7.8 ± 0.2 μg/g Cr 
(no use), 21.5 ± 1.6 μg/g Cr (< 6 times of use), 16.6 ± 0.5 μg/g Cr (≥ 6 times of use) (p < 0.001). 
The mean concentration of urine benzophenone in men were 6.5 ± 0.1 μg/g Cr (no use), 20.6 
± 0.5 μg/g Cr (< 6 times of use) and 0.9 ± 0.0 μg/g Cr (≥ 6 times of use) (p < 0.001). The mean 
concentration of urine benzophenone in women 10.1 ± 0.6 μg/g Cr (no use), 22.1 ± 2.8 μg/g 
Cr (< 6 times of use) and 24.4 ± 0.8 μg/g Cr (≥ 6 times of use) (p < 0.001).

Table 3 shows the calculated OR values for high urine benzophenone-3 concentration 
according to the frequency of using hair products. The value of OR was higher in women 
with higher frequency of using hair products. The adjusted OR values were 1.24 (95% 
confidence interval [CI]: 1.12–1.38) in the group with < 6 times of use and 1.54 (95% CI: 
1.33–1.79) in the group with ≥ 6 times of use. The OR values were not significant in men. 
Furthermore, additional OR values for urine benzophenone-3 concentration according to 
the 50th percentile concentration, with the frequency of using hair products are detailed in 
Supplementary Table 2.

DISCUSSION

This study investigated the association between the use of hair products and urine 
benzophenone-3 concentration. The results showed that women with hair product usage of 
< 6 times or ≥ 6 times had a higher OR for high urine benzophenone-3 concentration than 
women with no usage of hair products. In a study involving 168 Korean adults who used 
cosmetic products containing benzophenone-3, urine benzophenone-3 concentration was 
higher in users (0.00576 μg/g Cr) than nonusers (0.00292 μg/g Cr).16 In a study using data 
from the National Health and Nutrition Examination Survey to represent the general US 
population, the mean concentration of urine benzophenone-3 in the group who never
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Table 3. Adjusted odds ratios and 95% confidence interval of use of hair products with high concentrations of urine benzophenone-3
Use of hair products Total (n = 3,796) Men (n = 1,780) Women (n = 2,016)

Unadjusted Adjusteda Unadjusted Adjustedb Unadjusted Adjustedb

No use 1.00 1.00 1.00 1.00 1.00 1.00
< 6 times a week 1.51 (1.43–1.59) 1.06 (1.01–1.12) 1.08 (0.97–1.20) 1.03 (0.95–1.10) 1.41 (1.28–1.56) 1.24 (1.12–1.38)
≥ 6 times a week 1.55 (1.41–1.70) 1.00 (0.90–1.11) 0.85 (0.66–1.10) 0.74 (0.55–1.01) 1.87 (1.55–2.25) 1.54 (1.33–1.79)
The 75th percentile concentration of urine benzophenone-3 (Total: ≥ 1.73 μg/g Cr, Men: ≥ 1.06 μg/g Cr, Women: ≥ 2.51 μg/g Cr).
BMI: body mass index; UV: ultraviolet; PET: polyethylene terephthalate.
aAdjusted for age, gender, smoking, BMI, use of perfume, hair products, body-cleansing products, make-up, manicure, antimicrobial, fragrance, UV filter within 
3 months, drinking from PET bottle, drinking from plastic bag, use of clear plastic container for storing cooked food, use of clear plastic container for storing 
boiling water, consumption of crustacean, fish, seaweed, shellfish, and other seafood.
bAdjusted for age, smoking, BMI, use of perfume, hair products, body-cleansing products, make-up, manicure, antimicrobial, fragrance, UV filter within 3 
months, drinking from PET bottle, drinking from plastic bag, use of clear plastic container for storing cooked food, use of clear plastic container for storing 
boiling water, consumption of crustacean, fish, seaweed, shellfish, and other seafood.
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Fig. 2. Scatter plot of urine BP3 concentration vs. use of hair products. 
(A) Scatter plot of urine BP3 concentration vs. use of hair products in total participants (n = 3,796). (B) Scatter plot of urine BP3 concentration vs. use of hair 
products in men (n = 1,780). (C) Scatter plot of urine BP3 concentration vs. use of hair products in women (n = 2,016). 
BP3: benzophenone-3.



 uses sunscreen was 9.3 µg/g Cr, while in the group who always used sunscreen was 116.8 
µg/g Cr.17 The results of these previous studies were in line with the results of this study. 
So, urine benzophenone-3 can be used as a key indicator in the assessment of exposure to 
benzophenone-3 through hair products.

As an endocrine-disrupting chemical, benzophenone-3 is known to be associated with 
reproductive toxicity, developmental toxicity, thyroid toxicity, and endocrine toxicity.2,25,26 
Benzophenone-3 is also known to be associated with uterine fibroids,27 endometriosis,28 
hypothyroidism,2,3,29,30 lung cancer,31 and precocious puberty in both boys and girls.32-34 Also, 
benzophenone-3 can induce skin irritation,35 photoallergic contact dermatitis,36 and cheilitis.37

Benzophenone-3 is used in hair products as it can absorb UV light to prevent degradation 
of hair products and protect the skin. According to a study conducted in the US, 
benzophenone-3 was found in 8 out of 279 shampoos (2.9%), 7 out of 231 conditioners 
(3.0%), and 25 out of 286 hair-styling products (9.0%).38 In another study investigating 4,489 
hair-care products registered in an online shop, < 10% of benzophenone-3 was detected in 
1,363 conditioners (30.3%), 1,479 hair-styling products (32.9%), and 53 other hair products 
(1.2%).39 Among aerosol hairsprays, 0.014% of benzophenone-3 was detected, and pump 
hairsprays had up to 0.05% of benzophenone-3.40 Therefore, as hair products contain varying 
concentrations of benzophenone-3, the risk of benzophenone-3 exposure when using hair 
products cannot be ignored.

The routes of human exposure to benzophenone-3 include skin absorption,2,4,41 food 
intake,42,43 and respiratory inhalation.7 Among them, the main route is skin absorption.2,4,44 
When applying benzophenone-3 to skin for 4 hours, the skin permeability was 35%.40 
In another study, after 30 minutes of skin application, benzophenone-3 was detected 
in the stratum corneum at 4% of the applied amount.40 When hair products are used, 
benzophenone-3 can be absorbed through the scalp and forehead. Because, first, 
benzophenone-3 has low volatility due to its low vapor pressure at ambient temperature 
(0.0005 Pa at 20°C).45 Hence, benzophenone-3 can stay attached to the scalp for a long time 
with low evaporation. Based on Fick’s law of diffusion stating that particles move from a high 
concentration area to a low concentration area, benzophenone-3 on the scalp permeates 
into the stratum corneum, skin surface lipid, and viable epidermis.46 Second, the scalp 
and forehead exhibit more pores than other skin areas, with the scalp having particularly 
large pores, allowing ready permeation of lipophilic materials.47,48 Benzophenone-3 can 
easily permeate into the scalp and forehead due to its lipophilic property, reflected on the 
logarithmic n-octanol/water partition coefficient (LogKow) of 4.0.2,5,18,25 Therefore, the use 
of hair products that contain benzophenone-3 enables the absorption of benzophenone-3 
through the scalp and forehead.

The components in hairspray products are released in the form of aerosol.40 Approximately 
85% of aerosol particles attach to the scalp and forehead upon a single spray.49,50 It is known 
that aerosols with aerodynamic equivalent diameter (da) < 10 μm can reach the lungs.49 
However, the da of pump-type hairspray aerosol is 60–80 μm and that of propellant hairspray 
is 25–50 μm.40,49,51 Hence, 95–99% of the hairspray aerosols exhibit da > 10 μm.40,49 Therefore, 
benzophenone-3 in hairsprays is unable to enter the lungs and become deposited in 
nasopharyngeal and bronchial regions.40,49,50 Consequently, benzophenone-3 in hairspray is 
absorbed through the lungs to a limited extent, highlighting the importance of exposure via 
skin absorption.
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Benzophenone-3 is metabolized mainly in the liver via Phases I and II.2,41,52 Phase I involves 
hydroxylation, oxidation, and reduction, whereby various benzophenone derivatives are 
generated.2,18,53 Phase II involves a conjugation process to increase the water solubility of 
benzophenone and allow its release in urine.2,18,53 Benzophenone-3 is detected in urine 
3 hours after skin absorption,54 while the blood benzophenone-3 concentration reaches 
its maximum after 4 hours.53 The scalp, in particular, may show a rapid increase in 
blood benzophenone-3 considering its high vascularity.55 It is thus presumed that, while 
benzophenone-3 is rapidly absorbed, the relatively long biological half-life of approximately 
79.2 hours10,56 implies that repeated use of hair products would lead to a continuous influence 
of benzophenone-3.3,57

In this study, the association between urine benzophenone-3 and hair products was observed 
in women only. In a study conducted in China, the level of benzophenone-3 detected in hair 
was higher in women than in men, attributed to the more frequent use of hair products and 
longer hair length in women.58,59 So, we presumed that urine benzophenone-3 was associated 
with only women, who applied a greater amount of hair products than men during a single 
use. Likewise, higher concentrations of benzophenone-3 were found in women than in 
men in this study. First, in this study, urine benzophenone-3 was calculated by dividing 
it with urine creatinine concentration for adjustment for urine dilution. Due to low urine 
creatinine concentration in women, urine benzophenone-3 concentration was higher in 
women.60 Second, women apply greater amount of cosmetics including hair products, UV 
filters, and make-up products than men, which inevitably increases urine benzophenone-3 
concentration.58,59

The limitations of this study are as follows. First, as a cross-sectional investigation, this study 
was limited in clearly identifying the cause-effect relationship. Second, work-related variables 
such as the work environment and wearing of protective gear were not analyzed in this 
study. Third, the type and amount per use of hair products were unknown so that the level of 
exposure could not be accurately estimated. Specifically, the definition of hair products was 
not clear so this could have caused the possibility of occurrence of exposure inaccuracies. 
Lastly, as the data in this study were based on a questionnaire, the potential for deviation 
according to the memory and recall of participants cannot be ignored.

To the best of our knowledge, no large-scale study has been conducted on the association 
of use of hair products with urine benzophenone-3 in the South Korean population. This 
study is thus significant in determining the association between hair products and urine 
benzophenone-3 using data representative of general Korean population. Based on this 
study, continuous monitoring of benzophenone-3 exposure through the use of hair products 
is necessary.
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