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ABSTRACTS

Objectives. Ultraviolet (UV) radiation may cause skin cancer, photo-ageing, erythema, and sunburn.
Benzophenone (BP) is commonly used to protect skin from UV radiation. In Korea, sunscreen, sunblock, so-
caled ‘blemish bam’ (BB) and ‘color correcting’ (CC) creams, and foundation may contain from 0.5 to 5%
benzophenone in order to protect skin from UV radiation. The purpose of this study is to understand the levels
of benzophenone derivatives in urine among a group of university students and identify the contribution of
cosmetics use.

Methods: Forty volunteers (20 women and 20 men) were asked about skin type, frequency of use of cosmetics,
and recognition of related health effects, etc. in a survey. Subjects were divided into severa subgroups and were
compared for concentration of benzophenone-1 (BP-1) and benzophenone-3 (BP-3). Their urine was pretrested
with enzyme hydrolysis and solid phase extraction. Determinations of BP-1 and BP-3 in the urine were made
with LC-MS/MS.

Results: Among the study subjects, 82.5% used basic cosmetics at least once per day, and 77.5% used
sunscreens at least once per day. The concentrations of BP-1 and BP-3 of the males were 4.36 ng/mL and
9.16 ng/mL, respectively. Those of the femaes were 3.98 ng/mL and 5.07 ng/mL, respectively. The use of
cosmetics was positively related to urinary benzophenone levels.

Conclusions: BP-1 and BP-3 were widely detected among the university students. Cosmetic use was identified
as a potential source. Implications of such exposure deserve further investigation.
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(a) Benzophenone-1(C;3H;,03)
Fig. 1. Chemicd structure of BP-1 (a) and BP-3 (b).
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< BP-1, BP-3 (Fig. 1), HE-EFE4 (19
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(USA)lIA isk3lem, pH 5] IM A= FopAE|
o|Eo) &aAIA AREsIATE.

Ry =3
Fr=
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(b) Benzophenone-3(C,4H,,05)

Table 1. LC-MS/MS parameters for analyzing BP-1 and

BP-3
Parameters Benzophenone-1 Benzophenone-3 BH(LI\;)HG
Q1(m/z) 2131 227.3 241.3
Q3(m/2) 134.7 211.0 1419
DP -75 -80 -80
EP -10 -10 -10
CE -28 -34 -38
CXP -7 -11 -7
Injection 5 ul
volume
Column 150x2.0 mm |.D. 3 um,
12 nm AQ 12S03-1502WT
FHow rate 250 ul/min
.. A1 5mM ammonium acetate and 0.02% formic
Mobile ~ .
Phase acid in water
B : methanol
~ Time (min) 0 10 15 151 25
Gradient
B (%) 30 95 9% 30 30

MS(Agilent 110 series, APl 4000, AppliedBiosystem,
USA)E AHE&-siSiTh

4, LC-MSMSE 0|28t 4

A7t ¢sE AlEe] 42 Agilent 1100 Al
2= HPLC % APl 4000 MSMS *]2<El (Applied
Biosystem, USA)2- ©]-&3lt}. o]%4 A9l A%
5mM gEFoHHC|ES}H 0.02% EE4H(formic acid)
o] X3 FTHTE o83 on, o5 B
WS o83t Ztzke] &u= 0.2 um o =HA
oF 23t FAE o]&dte] E7lete] AREE o,

AE FYFE SulE shich. LIRS £
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Table 2. Persona patterns of cosmetics use.

Classification Made Femde Totd
dry 8 3 1
skin aily 10 15 25
combination 2 2 4
not 20 5 25
make up sometime 0 7 7
amost 0 8 8
not 14 7 21
bb/cc sometime 3 6 9
amost 3 7 10
ingredient yes > ! 12
no 15 13 28

Y 77t 2084 F 408elqth. I B 714,
A3, B8 I ZEFE oM 2AKE 3 4
3 AXo] 11, AAdo] 49, E3tido] 5o 7 F
AbE] o] EF 04 HRE 73 e Aol 71
B2 07 Uepth ARHIE AL 7|23
9] A5 AA 825%7t 7 13] o ARSI,
X}Wﬁ}ﬂhﬂ o] A5 715%7t sk 13] o) AR
e Aoz Ueyt volay] AE3 BBAHS
25%% 7| 234E 2o)A A BT e A}
SES B3tk sPdEol tig X FellA s
F A AR FAA Al Ak Wgell oA
57.5%(23%)°] ZE2tha Helat sPES e
) 5o} RS aelsherlel tigh E3elM = 3

¢

Bt 1 5158%94 Ao} TS s &L T

= ol 26 2% 65% HUaL, sl et
g70] SolgEe RS oMIUM? e 2Ed ®
Erhehs ©o] 24922 60%2] WSS YERS

TiE ), 36.8%7} 7154
<, 316%= YHENRS, 21.6%= 7H4S 1Editt
ARG 1’411?—%4 AFgEo] s RS
& sl AR 5 S
I tH(Table 2).
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Table 3. Benzophenone concentrations in urine by
subjects’ pattern of cosmetics use

BP-1 (ng/mL) BP-3 (ng/mL)

Mean SD Mean SD

Mae 20 436 1345 916 3185

Classification N

Gender
Femae 18 398 1136 507 9.90
02/
. week 7 112 166 116 149
3~6/
week 31 487 1358 859 2631
Consdering Yes 12 099 183 312 7.08

ingredients No 26 565 1472 911 2846
02/

27 310 960 343 784
week
Sunscreen 36/
11 6.83 17.68 1653 4261
week
0-2/ 28 502 1427 802 2755
week
BB cream 36/
Week 10 183 257 499 7.76
0-2/ 29 478 1406 7.71 27.10
week
Make up
36/ g .25 253 563 797
week . . ) i
total 38 418 1234 722 23.88
2 RSl FEE Tale 30 VERQITH A s

o) G2ke] AW 5 BP-1, BP-35 %9 HF+EFHX }
ke 7H2t 4.36+13.45ng/mL, 9.16+31.85ng/mLo] ™,
o 2}e] 739 3.98+£11.36 ng/mL, 5.07+9.90 ng/mL2-
2 L]—E]—L]— FAALE ol LUAT, BP-1¢}
BP-3 5 HAlAIN =4 S8 =AUt
Z1ZsPgEe] Aeols AR o482 HolA
A A *F‘l‘ﬂEJ} =2(3-69 /week) 2| BP-1
o] AREHILEY} e (0~2§]/w&k) TR 4 =7
A=A, PSA T 7l ol EA S8
71 Z5PdEe] AR FJ} il 25 =2l Bol 7]
oale ZoR Jepgth B sPEES ARSE o
A5l gt 1 E sh=rte] BladME A
Aog folhA] FUAW IHFHA e oAl
BP-Is=rt Z#shs 2ol vl3)] el =& 5%
SA=EJeH, BP-32 A oF 3 #A S =

HAFS AT T ARARS TPske Ro] Wx
e w2 e 2U 5 U BolFTh
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7t w8 9] BP-19] Hi+R
Sk %:556 83+17.68 ng/mL, AREHIE7} we
oA E 3.10+£9.60 ng/mL=E WEREo ™| BP-3¢] 7
+ =7} & 0] 16.53+42.61 ng/mL, A&
W7} B 78 343+7.84ng/mLE YERdth
AR

7] B BF SAXOE Fol5kA] ZUAT A=A
g ol *1%6}»: oM WxzH=E Tt =4
2450 A¥ = WixdEe Bl A=) AR

o eIt E]— ]’% HolFErh. skA|4H, BBAE 9
] < A= }\]._%5—].‘:_ 23} fi}zo* ° Q=3
Sk SRR A5 A S 2tk W
AR, oA WEslize] wo] wes] BB
Y ARSNIEL Se] MERThe AMgShe AE
oja) @etlg HelErk(Table 3).
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Fig. 2. Correlation between urinary concentration of BP-1
and BP-3.
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Table 4. Comparison of benzophenone concentration with

other studies
Author Country  Classification (n)  BP-1" BP-3"
Too Femae(48) 038 039
Zhang China Mae(52) 021 018
(2013)° Total (100) 028 026
Female(1,288) - 307
Gender
Mae(1229) - 168
Non-Hi ic
Antonia Whi?;an - 217
M.
USA i
Cddfat Race ’L\Ae('.ca” - 165
(Zws)le) merican
Non-Hispanic
black - 128
Total (2,517) - 229
Hispanic(82) 39 69
Non-hispanic
Tasuya whitears) 03 57
Kunisue” USA  Race Non-hispanic
2012 )
(2012) black(10) 62 66
Tota(625) 61 6.1
This Femade(18) 3.98 5.07
Sudy Korea Mae(20) 436 9.16
(2013) Total (38) 418 7.2

* BP-1 : Benzophenone-1, ng/mL
* BP-3 : Benzophenone-3, ng/mL
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