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ABSTRACT. Endocrine disrupting chemicals (EDCs) are compounds that come from outside the body and disrupt hormone
action within the body's endocrine system. Examples include parabens, benzophenones, bisphenols, and phthalates, which are
currently used in a wide range of applications. However, continuous exposure to them can have negative effects on glycemic
control, reproduction, metabolism, nervous system development, pregnancy, childbirth, and growth. In this study, human samples
(urine) were pretreated using liquid-liquid-extraction to determine the exposure level of EDCs and then analyzed effectively
and rapidly by UPLC-MS/MS. In this way, the analytical conditions were established and the reliability of the simultaneous
analysis method was evaluated through method validation. The results showed that the accuracy ranged from 75.28 to 122.36% and
the precision ranged from 2.16 to 22.74%. The analytical method established in this study can be used as a methodology for
future studies to evaluate and monitor the exposure of EDCs in human samples.
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1)=& EDSP (Endocrine Disruptors Screening Program)e}+
EDCs AHAIEE &9stal 3lar’ §3 A3 REACH
(Registration, Evaluation, Authorization and Restriction of
Chemicals)ehs 315+272 Baehe] =S B34 stot2
A pelsha QIokt ot w4 alatetE Aoy

=
& A3kl QA g, EDCsel| tiet he] i s ejof v 3|
$ 5 Walolnt]

b o]
EAIR 19204 FHHLE ALEE T 0], 4-810] ESA
Hl 2 AH(4-hydroxybenzoic acid, 4-HB)S] &7 o AEZE A}
2 Zlojof whe} o w2 methylparaben, MeP), o €17}
2}l (ethylparaben, EtP), 3 & 2 -2}l (propylparaben, PrP),
el ul2}dll (butylparaben, BuP) 5©] It} o] 5L o|AE
2] $ARAL AT glon] el A ge) B of
Ut ek wAle] SIE4 e B E 9ok  alehu
< 4HBR 7heisdE § =il 2FFRHo|E 8 &
AT A9E AE R Ao SR 34-Tslo| EE
Al ¥l ZAH3,4-dihydroxybenzoic acid, 3,4-DHB)2 4-HB2]
Zeavstol] oja A4 ECHS MePa} EtPo] Aol A o]
=245} ¥hS-S 55 4-510] E2 4] v Eln 2l (-hydroxy
methylparaben, OH-MeP)¥} 4-3}o] =2 4] of & w2}l (4-
hydroxy ethylparaben, OH-EtP)© & th A} c} 10

H| A5 T2 7haA 2 AR E T, g A &
Hizo] A F2E 7HAAL itk o] & 53] H|AH=
A(bisphenol A, BPA)= @ 2] AKX ¥ Zg}AE, PVC, A&
4 5 thsHAl o] &5 o] ghAINE 1A o] A 7|,
A, A7 ol d 35 Ao, E dgh A Fol
NS = AL A v]AHE S(bisphenol S, BPS),
H| A 9| B(bisphenol B, BPB), H] A& F(bisphenol F, BPF)
5o tAA7E k= Qlek ! wheba] @)= BPS, BPB,
BPF, H| 2 H| & Z(bisphenol Z, BPZ), H] 2]+ AF(bisphenol
AF, BPAF), H] A |3 AP(bisphenol AP, BPAP), H] A
P(bisphenol P, BPP)5-& Al&35lal glom E35] AW =
BPF7} 22 sE& 213 &g P g EgtHamn A
&= A(tetrabromobisphenol A, TBBPA)= E A B &4
QAAIBFR), o ZA] 9 Eej7lmu|o| = 4:2] WAL Aok 2
AFEI L 915 TBBPAL: THAHA 28 758 wajet 7l
o] ot Wyt Qh30 24 6-E 8] B & 1 9 5(2,4,6-
tribromophenol, TrBP) .= BFRZ 285 11 ) t}. TrBP+= Al
AR A " A EZANE S fEvithe 237t 9l
1:]—.17

Wz me s AETeR qud AE 28 7}
AL Qe SFghEo| v Wiz =o] QAW ol %24 ¥ o] EDCs
2 Z-2-5}31 Wl 29| i=-1(benzophenone-1, BP-1), #l 2 +=
-2(benzophenone-2, BP-2), ¥l % 5] =-3(benzophenone-3, BP-3),

i

{

)] Z 1| ==-8(benzophenone-8, BP-8)-2> AJA| £](in vitro) !

E 2] & & Ak(triclosan, TCS)1} E 2| & 2 7|9k (triclocarban,
TCB) &atAl A A EA = A 2o, 4FF 22 It
QA BEstetAEol Wol AFEHE T, & A= 429 3
Zhegoll A TCS7H A&d =R =& W7k 2ok

o|e} 72 EDCs EHE-2 QAo £H A ¢hal 2
£9S B9 w2Et QH wE2FS B 9etol
We AFAE0] 2 F EDCsE BA457] 918 crorgt
MRS AT o AR A S o5 1A
Z=2(solid-phase-extraction, SPE), N A]|-H A =2 (liquid-
liquid-extraction, LLE), E-AFHA|-H 4| 1] A 3=Z(dispersive-
liquid-liquid-microextraction, DLLME) 50| ©o]-&%| ¢t} »2425
A= 2 2000 o] ZRbol| 145 AA ARutE
222 7] (high performance liquid chromatography, HPLC), 7}
2 A Z2u}E 723 (gas chromatography, GC) 5& A3}
A, FTolle 2 145 A SzntE 2 -
A ZFE A 7] (high performance liquid chromatography-triple
quadrupole mass spectrometer, HPLC-MS/MS)& A}-8-3}¢
e sk ek

AAANRE] AE, 5ol BE A7} e 2o] 2857
ool e o] E Ao theft 2SS FA 24T B e
of th. whebA & Aol A= Hrf B84 Q1 EDCso| <
A=EF7he flste] 23445 HA A2utE 1 0]-dY
A FFE A 7] (ultra performance liquid chromatography-triple
quadrupole mass spectrometer, UPLC-MS/MS)& ©]-8-3}¢]
¥ % % 7% EDCsur el 7%, shebul oAb 4%,
H 2835 11F, Ml = 335, FtAlF 23)E5 SAl A

Aesta, Ao BT 5 Qi BANS Yt 24
el 54 4%S At
041 HfiH

5 5 2 2 (internal standard, IS)2 *C 59| ¥4 & X3}
H =48 AHESHATh B4l AHEE EEEA S Merck
AH(Darmstadt, Germany)ol| 4] J-¢] 5} 31t} LLEQ} UPLC ©]
Ao AHRE FRee 3R SRTE AL, ofA
E Ao E(ethyl acetate, EA)2 Honeywell(99.70%=HPLC)of| 4]
T3} T) W E-E(methanol), ©}A] E U E & (acetonitrile)2-
] A1 2] 0F(99.9%=HPLC)o]| A] Ll aHl 3 oA E Ak acetic
acid)T} O}A| EAMY X E(ammonium acetate)> Merck Aol
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UPLC-MS/MSE o] 83t 4 A= &

A Fgste] AHESETE AW F SR A2 0| A%y
A ol AF TheEAE S vl FF 2 Y oA/
o}& A u}} o} A (B-glucuronidase/Arylsulfatase) & 2= Merck
Aboll Al Y ste] o] -85St

A AR

g E 2AHS & AR A8ARE W, 205
3}o15}7] 9J5lo] IBM ZFTE A& 687 £ 2077 2
12 ol M A 2 stich

X2 Y

AR BAL AR 500 uLoj] RS2 50 ul
2} & A (B-glucuronidase/Arylsulfatase) 10 pL, 1M ammonium
acetate buffer (pH5.0) 300 pL-2 @31 E¢gtc} o]X LLES
28] EA 5mLE @11 4= 2g7]|(vertical shaker SHK3,
labtech®, Seoul, Korea)ol| A} 3057} =3}, 10,000 rpm
ofl A SEXF AR F e % *Hi% FHO A4 &
t}. o] 3HAS 23] HhEgith 59 10 mLoj| 5= 100 uL
2 do] £ F, ALY EZ= 7] (CVE3000, jungbiotech®,
Incheon, Korea)=Z 100 pL7} H-& w7tA| 553111, 50%
methanol 100 pLE- g o] & 200 L2 A=A 3+ T UPLC-
MS/MSE B4 51 th(Fig. 1),

7171&M

EDCs9] 22 4 A=&S 9|4 UPLC(1290 infinity ||
bio LC, Agilent Technologies, Santa Clara, CA, USA)2} MS/MS
(API 4000, AB Sciex, Arcade, NY, USA)YE A&31%c &

WEHA neEd 27% AR

| Urine 5000 |

+ IS 501l
+ B-glucuronidase/Arylsulfatase 1040
+ 1M ammonium acetate buffer (pHS5) 3004

| Incubation |

37°C, 4hr

1x
E

-

| Liquid-Liquid-Extraction |

| Vacuum concentration |

Concentrating until 10040

| Reconstruction |

Reconstructing with
50% MeOH 1004

UPLC-MS/MS

Figure 1. The process of preparation for human urine.
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%t UPLCE) 1%@}3; = 0.1% ofH E4to] el
FHAE AT, B 0.1% P = o) kel o

EUEHS ARESF o H, FAREl /0 ¥ (gradient mode)=
2 2F B Al 7] = ESI negative mode =

Apgstel welstaict. 4

Aseich UPLC 9 9l Qe al7lo] 7A149) 45
Z

AL

712 Table 19 YEFH S

ES)
AE0] Qg Q37 U HA =

S|
&

FREEYN YRR

72 Table 291 e A

AoidEde] BeE 913 92 CAPCELL PAK CI8 2AMH KM AS
ACR S3 (2.0 mmlLD. x 150 mm, Shiseido, Japan)& A}-&3} H ALof A o] BEAYH §aAe AE357] ¢eiA B4
Table 1. UPLC-MS/MS conditions for EDCs analysis in human urine
Parameters Conditions
Column HPLC SHISEIDO Capcell pak C18 ACR (2x150 mm, 3.0 pm)
Column oven 40 C
Mobile Phase A : 0.1% Acetic acid in water
B : 0.1% Acetic acid in acetonitrile
Gradient Mode Time 0 0.5 11 12.5 15 15.1 20
B (%) 25 25 55 100 100 20 20
Flow rate 250 pL/min
Injection volume Sub
Ionization mode ESI negative
Curtain Gas 35 psi
Source temperature 450 C
Ion Spray Voltage -4500 V
Ion Source Gas 1 40 psi
Ton Source Gas 2 60 psi
Collision Gas (CAD) 8
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Table 2. Multiple reaction monitoring parameters of mass spectrometer for EDCs analysis in human urine

Group Compounds Q1 Q3 DP CE CXP
MeP 151.0 136.0/92.0 -10 -18/-18 -1/-1
EtP 164.9 136.0/92.0 -5 -22/-22 -13/-13
nPrP 179.1 136.1/92.0 -5 -20/-20 -5/-3
nBuP 193.1 136.0/92.0 -70 -24/-24 -11/-11
iPrP 179.1 136.1/92.0 -5 -20/-20 -5/-3
Paraben iBuP 193.1 136.0/92.0 -70 -24/-24 -11/-11
BzP 226.8 136.0/92.0 -15 -20/-20 -11/-11
MeP 13C6 157.1 98.1 -85 -28 -5
EtP 13C6 171.2 98.3 -90 -32 -5
PrP 13C6 185.1 97.9 -85 -32 -3
BuP 13C6 199.2 142.2 -90 -24 -5
4-HB 137.0 93.1/65.0 -65 -24/-44 -5/-9
3,4-DHB 153.1 108.9 -75 -20 -5
Paraben metabolite OH-MeP 167.0 107.8/151.9 -70 -28/-20 -5/-9
OH-EtP 181.1 107.8 -70 -32 -5
4-HB 13C6 1432 99.1 -70 -22 -5
TCS 2872 35.0 -75 -30 -3
Antimicrobial TCB 3129 159.8/126.0 -75 -26/-36 -11/-11
TCB 13C6 320.8 162.0 -85 -26 -3
BP-1 2129 134.9/91.0 -100 -22/-22 -23/-23
Benzophenone BP-2 244.9 135.0/109.0 -65 -24/-24 -9-/9
BP-8 242.8 123.0/93.2 -60 -24/-38 -9/-9
BPA 2273 212.0 -85 -26 -11
BPAF 334.9 264.7/197.1 -70 -30/-52 -15/-3
BPAP 289.0 274.2 -90 -28 -3
BPB 2413 211.9 -80 -24 -11
BPF 199.2 93.2/104.9 -100 -30/-30 -5/-5
BPP 345.4 330.0/315.1 -115 -38/-50 -17/-25
BPS 248.8 108.1/92.0 -115 -32/-50 -3/-3
BPZ 267.3 173.1/233.1 -110 -38/-44 -9/-11
. BPE 2132 198.2 -90 -24 -9
Bisphenol
TBBPA 542.8 79.0/446.0 -85 -102/-48 -3/-23
TrBP 326.9 78.9 -85 -62 -1
BPA 13C12 241.3 223.1 -100 -28 -7
BPS 13C12 260.9 114.0 -50 -28 -9
BPZ 13C12 2794 179.2 -115 -36 -9
BPE 13C6 219.2 204.0 -115 -24 -11
BPP 13C4 349.2 333.0 -170 -36 -19
BPAP 13C6 295.3 280.0 -140 -28 -13
BPAF 13C12 347.1 277.0 -125 -30 -13

QI is the first quadrupole, and Q3 is the third quadrupole.

DP means declustering potential energy. CE means collision energy. CXP means collison cell exit potential energy.

S
=

A

o 72 9] 244, 7 ZTA Limit of detection, LOD)
Al(Limit of quantification, LOQ), A&®= 4 A
Al st

Aol A4 st 98 ARE AFko] B
o H7ksto] 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 50 2 100

ot

1 oX. o

mo oY b o
ot flo

=
JL

ngmlL7} B =2 Z2A|et3, 2HA RS S8 AT}
AL A% ¥ UPLC-MS/MSE £-451 At}

HEA 3 At o Arke WA E A (method
detection limit, MDL) 7l'd 2] NIOSH (1995)*o]| A | A| &t
el whet Ak shaleh Al ] 419 2] 7] 4] (Lincar regression
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UPLC-MS/MSE o83t 4 A& 5 W&uA &4 27

equation, Y =bX + a)} o] 3] A 4] 9] # & @ XK(Standard
error, SEYE -3t &, A A 9] xE A5 AF 3
Ae] 718712 Wied 38 Fstol AETAE FosAch
A= AETHA kol 3.3& Fdto] A4kttt
HoE 9 AUE AR I3 ARE AT o] 054
FE), S(FFE), 2025 %) E S0(2iLE =) ng/mL7} F
5% B2EUS Wrlstel 2ASRL, B Aol H e
BAWE olgato] BAslAlth HREE FE ¥ B
o] &(Recovery, %), FUEE % H 4 &Y

(RSD, %)= ©]§sto] Ah&stAct.

Hlﬂx'l:ﬂ.l

re o
U

ofN

BA

1x

W 2 195

d

EAoA 0999012 o3t AMge HoFdrt
LODE= wtebll 27} 0.16(PrP) ~ 0.24(nBuP) ng/mL, o}zl =
) A4 7} 0.12(0H-MeP) ~ 2.05(4-HB) ng/mL, 3457}
0.19(TCB) ~ 0.22(TCS) ng/mL, ¥l % ¥ 3==7} 0.13(BP-8) ~
0.19(BP-2) ng/mL, B] 29| 4527} 0.16(BPB) ~ 0.79(BPA) ng/mL
o]tk

A3} = 7528(BPZ) ~ 12236(0H-MeP) %, 7 2= 2.16(PrP)
~ 22.74(TCS) %2] =22 X A TH(Tuble 4).

MY

AHAIR HE AT}

2 AofA gt 2o R AA A AR 0=20)2]
EDCs 5-A| ¥4 23} MeP, EtP, 4-HB, 34-DHB 2 OH-MePo|
100%2] AZ5-S 1.9 nPrP, OH-EtPo] 70% ] A}, BPA,
BPF Y BPS=30% o]/48] AESEE& Ktk A&d 55+
4-HB(420.95) > 3,4-DHB(104.42) > EtP(71.08) > MeP(32.6)

ol giet,

Table 3. Results of detection limit(LOD), quantification limit(LOQ), and linearity of the EDCs analysis method in human urine through

analysis method validation

Group Compounds LOD (ng/mL)  LOQ (ng/mL) Linear equation 1
MeP 0.20 0.67 y=0.00367x+0.000862 0.9997
EtP 0.22 0.72 y=0.0069x+0.000344 0.9998
nPrP 0.17 0.55 y=0.0033x+0.000367 0.9999
Paraben nBuP 0.24 0.80 y=0.0192x+0.00106 0.9998
iPrP 0.16 0.54 y=0.0021x+0.000251 0.9998
iBuP 0.20 0.67 y=0.0191x+0.00159 0.9996
BzP 0.18 0.58 y=0.00401x+0.000219 0.9999
4-HB 2.05 6.76 y=0.0116x+0.453 0.9997
Paraben 3,4-DHB 1.18 3.90 y=0.0346x+0.626 0.9992
metabolism OH-MeP 0.12 0.38 y=0.0194x+0.000903 0.9999
OH-EtP 0.19 0.62 y=0.0432x+0.00116 0.9998
Lo TCS 0.22 0.73 y=0.000766x+0.00004 0.9994
Antimicrobial
TCB 0.19 0.61 y=0.0279x+0.00371 0.9998
BP-1 0.18 0.58 y=0.142x+0.00474 0.9996
Benzophenone BP-2 0.19 0.62 y=0.012x+0.000344 0.9999
BP-8 0.13 0.42 y=0.00276x+0.000248 0.9998
BPA 0.79 2.62 y=0.012x+0.0624 0.9994
BPAF 0.17 0.55 y=0.00458x+0.000258 0.9998
BPAP 0.17 0.56 y=0.0156x+0.000801 0.9995
BPB 0.16 0.53 y=0.000391x+0.000021 0.9999
BPF 0.18 0.60 y=0.000209x+0.000588 0.9996
Bisphenol BPP 0.49 1.61 y=0.0606x+0.00831 0.9998
BPS 0.26 0.87 y=0.00221x+0.000136 0.9997
BPZ 0.19 0.64 y=0.00438x+0.000401 0.9998
BPE 0.16 0.53 y=0.032x+0.0163 0.9997
TBBPA 0.66 2.17 y=0.00012x+0.0000378 0.9996
TrBP 0.50 1.65 y=0.00159x+0.00179 0.9997
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Table 4. Precision and accuracy of the EDCs analysis method in human urine through analysis method validation

Precision (%) n=5

Accuracy (%) n=5

Group Compounds 05ng/mL  SngmL 20ng/mL 50ng/mL 0.5ng/mL Sng/mL 20ng/mL 50 ng/mL
MeP 16.05 242 3.54 4.80 102.20 108.32 98.70 99.16
EtP 6.44 2.92 2.98 3.84 101.52 115.16 100.60 101.72
nPrP 10.19 2.85 3.33 4.40 98.16 106.40 94.80 96.84
Paraben nBuP 17.28 2.32 3.67 4.68 104.88 115.80 104.10 107.64
iPrP 6.95 2.16 2.57 4.54 94.52 109.68 98.40 98.16
iBuP 5.41 3.26 3.19 4.04 100.28 115.84 108.00 103.04
BzP 8.22 2.37 3.23 4.10 103.96 114.20 102.70 102.48
4-HB - 7.11 3.13 10.14 - 105.16 104.50 102.40
Paraben 3,4-DHB - 5.81 6.55 3.20 - 109.72 100.30 98.00
metabolism OH-MeP 5.44 18.30 20.07 10.97 92.48 101.04 91.00 94.80
OH-EtP 3.37 2.40 333 2.32 106.56 122.36 111.00 114.68
o TCS 22.74 8.49 6.86 11.96 91.48 120.00 114.50 104.36
Antimicrobial
TCB 10.09 491 6.60 8.24 97.04 107.28 91.70 95.36
BP-1 6.34 4.85 2.90 7.62 105.28 113.20 108.80 105.24
Benzophenone BP-2 4.84 4.08 423 6.50 99.68 108.52 96.10 91.08
BP-8 5.50 2.54 445 4.66 100.92 116.40 111.40 110.72
BPA - 6.29 438 3.59 - 106.60 98.40 102.20
BPAF 7.96 6.27 7.61 10.09 95.92 110.84 100.60 98.08
BPAP 14.17 4.42 4.17 7.40 108.44 104.80 92.40 88.44
BPB 6.21 2.92 2.78 2.60 98.04 111.72 103.30 103.24
BPF 16.82 9.87 223 3.26 100.12 111.92 101.10 101.36
Bisphenol BPP 7.33 4.44 6.07 4.90 95.32 114.04 99.20 97.24
BPS 7.96 6.36 6.50 4.13 101.28 103.08 103.60 100.00
BPZ 14.59 4.53 3.03 3.53 75.28 1112.84 99.40 103.56
BPE 8.69 4.55 2.58 5.46 107.00 111.60 98.30 102.44
TBBPA - 13.67 5.51 11.47 - 103.92 101.70 94.60
TrBP - 5.26 797 2.81 - 108.40 105.80 103.96

w_

7| & 71210 H| W

Z L 10d %59 &8 3 EDCsE 243 AFE figt
A HE Table 69 A A3t Kang 5(2016)°-2 w24 4
%, Jala 5(2022)"% m}el il 7 459} v 2957 8%, Chen
5(2022) 2 sl F 4%, Bl A EF 3F, AR 1F
2 W2 93=7 15, Hartmann 5-(2023)7-2 utepillF 6%,
H AW E 6%, M2 =7 2% 4 FHAF ITOE F 15
2] EDCsE aWoflA] FAlo 245t 48 o] A
glofi= & LLE,*¥ SPE,** online-SPE**** @ 2] 2] ¥
M A Z=Z=(supported liquid extraction, SLE)’! H}H-& A}
Bokelet At Al RO AR 100-500 pLgle™, LOD=
LLE ®3 9] 72 0.00017(BzP)~0.17(MeP) ng/mL, SPE
.2 0.04(BuP)~0.3(MeP) ng/mL, online-SPE -2 0.1(PrP)~
2.3(TCS) ng/mL, SLE ®}*H-2 0.1 ng/mL % t}.

2 9t LLE W& S8l & 2759 EDCs(u 2=
7%, Sl AR R 4, Bl AdER 1S, =R

means the value that excluded from accuracy and precision results as they were either close to LOD or exceeded the LOD of 0.5 ng/mL

3% U GRAR 25 AW A BA BAT 5
.0 = 0.13(BP-8) ~ 2.05(4-HB) ng/mL.©.

U OBzt 22 2ol Tk s,
Hue Fo e A7R B F
glom, A e|st 7]7] &4

ks
oy
o
)
¢
% o

%
Bir)
)
Ve
o
i)
rr
=
alu
ny
Mo
o2
o
fu
v
og
=
il
i)
filo
f
>,
2

H o 3Loj| A= UPLC-MS/MSE A3} 27 2] EDCs
(b5 7%, Thebal AR 4%, Bl A SR 11, W
295 3% W P24 25)2 FA BAT 59

-
T -
A2 et 717 2de SEEn. s E w4 24

Journal of the Korean Chemical Society



UPLC-MS/MSE 0] 83t 2 A& & WEH|A adE4 27% SAEAY 24 197
Table 5. Comparison with other studies analyzing EDCs in human urine
. Sample  Prepa-
Continent Reference Analyte amount (mL) ration LOD (ng/mL)
7 parabens (MeP, EtP, PrP, BuP, iPrP, iBuP, BzP) . N
4 paraben metabolite (4-HB, 3,4-DHB, OH-MeP, OH-EtP) 8' %ggg_ he%)zf(;%;‘f 4)_HB)
A Korea 11 bisphenol (BPA, BPAF, BPAP, BPB, BPF, BPP, 05 LLE 0.16(BPB) ~ 0.79(BPA)

(This study, 2024)  BPS, BPZ, BPE, TBBPA, TrBP)

3 benzophenone (BP-1, BP-2, BP-8)

2 antibacterial (TCS, TCB)

0.13(BP-8) ~ 0.19(BP-2)
0.19(TCB) ~ 0.22(TCS)

Korea

(Kang et al., 2016 4 parabens (MeP, EtP, PrP, BuP)

1 SPE  0.04 (nBuP) ~ 0.3 (MeP)

India 4 parabens (MeP, EtP, PrP, BuP)

30
(Jalaet al., 2022) BPP)

8 bisphenol (BPA, BPF, BPB, BPS, BPZ, BPAF, BPAP, 0.5 LLE

0.01(nBuP) ~ 0.17(MeP)
0.03(BPS) ~ 0.13(BPB)

4 paraben (MeP, EtP, PrP, BuP)
3 bisphenol (BPA, BPS, BPF)
1 benzophenone (BP-3)

1 antibacterial (TCS)

Taiwan
(Chen et al., 2022)""

0.1 SLE 0.1(all analyte)

4 paraben (MeP, EtP, PrP, BuP)
USA 1 bisphenol (BPA)

0.1(nPrP) ~ 1(MeP)
Online 0.2(BPA)

(Aryaetal., 2020)* 1 benzophenone (BP-3) 0.1 SPE  0.4(BP-3)
. 1 antibacterial (TCS) 1.7(TCS)
America
3 paraben (MeP, PrP, BuP) 0.2(nBuP) ~ 1(MeP)
USA 1 bisphenol (BPA) 0.1 Online 0.4(BPA)
(Chen et al., 2022)* 1 benzophenone (BP-3) ‘ SPE  0.4(BP-3
1 antibacterial (TCS) 2.3(TCS)
Italy .
(Friserio, G ctal, 2020 Dispehnol (BPA) 0.1 SPE  0.15(BPA)
6 paraben (MeP, EtP, PrP, BuP, iBuP BzP) 0.0002(BzP) ~ 0.02(MeP)
Austria (Hal:tmann, C 6 bisphenol (BPA, BPAF, BPB, BPC, BPF, BPS) 02 LLE 0.01(BPS) ~ 0.07(BPC)
Europe etal., 2023)% 2 benzophenone (BP-1, BP-2) ’ 0.002(BP-1) ~ 0.01(BP-2)
P 1 antibacterial (TCS) 0.01(TCS)
4 paraben (MeP, EtP, PrP, BuP) 0.1(BuP) ~ 1(MeP)
Norway (Vindenes et 3 bisphenol (BPA, BPF, BPS) 01 Online 0.1(BPS) ~ 0.2(BPA)
al., 2021)% 1 benzophenone (BP-3) ’ SPE 0.4(BP-3)
2 antibacterial (TCS, TCB) 0.1(TCB) ~ 1.7(TCS)
HE o FE ALg3Slo] BAHO a4 ASHEE, . Bergman, A ; Heindel, J. J.; Jobling, S.; Kidd, K. A.; Zoeller,
A, XA, A& U AFSHA)S AAEE I, & ;1; 5 Worlzl) Heal;l} Oxgznizgtic;n:f(‘)tge ;](‘) ;};e Science of
B = ZEA] Bl M3lel A2 A9t B o ndocrine Disrupting Chemicals ; 2012,
= TFZCS ‘;\ ] :\—' ol A ;L 2 4:1 . ;:J/P = A . Lee, C.-W.; Choi, K.-H.; Jeong, S.-W.; Kim, H.-L.; Seo,
oA ZE 4&¥ 5 EDCs 54 A2 3 el AR Y.-R. Journal of the Korean Society of Endocrinology
AR 2 27F2] EDCsE 242 = Qo] A8 A= 2009, 24, 7.
Zolal, B A8AS Z7AZ 2 gl " o|th . Yoon, J.-A. Journal of Law and Policy Studies, 2017, 17,
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