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[ Abstract] Objective To assess the exposure to and health risks from endocrine-disrupting chemicals (EDCs) in
primary and secondary school students. Methods The participants of this study were 330 primary and secondary school
students who were selected at random from visitors to the Sleep Research Center of Shenzhen People’s Hospital between
July and September of 2022. The students provided bedtime and next-morning urine samples and completed question-
naire surveys. A triple quadrupole-linear ion trap mass spectrometer was utilized to assess the concentrations of 34 EDCs,
encompassing 7 organophosphate flame retardants (OPFRs), 3 parabens (PBs), 10 phthalates (PAEs), 4 benzophenones, 7
synthetic phenolic antioxidants (SPAs), and 3 bisphenols, in both bedtime and morning urine samples to estimate the
students' daily intake (EDI) of these EDCs. Results Most EDCs were detected at rates exceeding 40% in both bedtime
and morning urine samples from 330 participants ultimately included in the analysis. The highest detection rates were
observed for monomethyl phthalate (MMP), mono[2-(carboxymethyl)hexyl] phthalate (MMCHP), and mono [2-ethyl-5-
carboxypentyl] phthalate (MECPP). Di (2-ethylhexyl) phthalate (DEHP) had the highest EDI, with the mean EDI from
morning samples exceeded the RfD. Seventy-two students (21.8%) had a phthalate HI greater than one. Conclusions The
cumulative exposure to PAEs among primary and secondary school students in Shenzhen is relatively high, posing
potential health risks. To mitigate these risks, it is advisable to minimize contact with products containing PAEs.

[ Keywords] endocrine disruptors; exposure assessment; risk assessment; primary and secondary school students;
Shenzhen city
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BHA V& & 43 7l 8¢ =, B 17 JR W ~F 350 3 B A I
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KA &Y, #E 8T IRV BPA HI BPF (1 °F 1k

J5 B i (3928 1.90 ng/mL) « 7E R JR H BPA [-°F 13
W # 7 (3.00 ng/mL) . PAEs 24L& 4, 78 B /i
JRAE H MMP [~ 33 9 B % 15 (34.46 ng/mL) « £
JR PR o MECPP [1)~F- 35 B #2751 (20.98 ng/mL) «

#1 BHRNGAEA EDCs 25 294/ (ng/mL)
Table 1 Limits of detection, detection rates, mean concentrations (ng/mL), 25th/50th/75th percentile concentrations (ng/mL), and
interclass correlation coefficients for 34 endocrine-disrupting chemicals (EDCs) of 6 categories in bedtime and morning
urine samples from 330 primary and secondary school students in Shenzhen city, 2022

HE T PR JRIK
amRE  WEMER WEMYE LOD icc
KihE/% M Py Psy Pis RihE% M Py Py Py
OPFRs dibutyl phosphate DBP 0.010 7394 0.13 <LOD 0.08 0.18 9545 0.84 0.14 026 0.55 0.012
bis(1-chloro-2-propyl) phosphate BCIPP 0.200 4848 1.33 <LOD <LOD 1.65 8515 528 1.06 2.59 543 0.033
diphenyl phosphate DPHP 0.010 9333 041 <LOD 023 049  99.09 2.07 029 0.62 142 0.005
di-p-tolyl-phosphate DCP 0.002 4879 0.0l <LOD <LOD 0.01 69.70  0.04 <LOD 0.01 0.02 0.053
bis(2-butoxyethyl) phosphate BBOEP 0.020 57.88 026 0.01 0.09 031 67.58 047 <LOD 0.13 0.55 0.018
bis(1,3-dichloropropyl) phosphate BDCPP 0.090 46.67 034 <LOD <LOD 0.26  76.06 1.01 0.09 030 0.98 0311
diethyl phosphate DEP 0.160 72.73 0.59 <LOD 041 0.73 91.52  1.63 048 097 1.78 0.007
Parabens methyl paraben MeP 0.010 9727 1438 1.06 343 1052  98.79 40.87 4.04 12.42 41.57 0.200
ethyl paraben EtP 0.020 100.00 4.77 0.17 043 222 99.09 5.09 028 0.60 2.67 0.450
propyl paraben PrP 0.010 9212 236 0.2 028 096 9697 233 0.18 048 1.56 0.340
Bisphenols bisphenol A BPA 0.060 5697 1.90 <LOD 0.36 2.05 5848 3.00 <LOD 0.90 3.94 0.118
bisphenol F BPF 0.050 9758 1.90 0.63 1.15 2.15 83.64 157 057 134 2.11 0.126
bisphenol S BPS 0.020 5424 1.56 <LOD 042 188 2879 0.64 <LOD <LOD 0.50 0.032
Benzophenones benzophenone-1 BP-1 0.010 86.36 0.77 0.05 0.13 028 9455 078 0.12 023 049 0478
benzophenone-2 BP-2 0.010 2485 0.04 <LOD <LOD <LOD  47.58 0.09 <LOD <LOD <LOD 0.053
benzophenone-3 BP-3 0.060 80.61 3.82 0.14 0.60 1.15 77.88 331 038 0.83 1.80 0.398
4-hydroxybenzophenone 4-OH-BP  0.001 9485 0.10 0.01 0.03 0.08 97.88  0.15 0.04 0.08 0.17 0.447
Phthalates monomethyl phthalate MMP 0.120 100.00 34.46 10.28 21.35 4530 100.00 16.74 6.06 12.41 22.12 0.107
monoethyl phthalate MEP 0.090 9515 253 075 145 298 91.21 224 036 091 222 0.080
monoisopropyl phthalate MIPrP 0.020 7970 0.18 0.02 0.05 0.10 9818 0.13 0.07 0.11 0.16 0.006
monobutyl phthalate MBP 0.010 99.70 1698 5.92 12.92 2590 100.00 502 1.87 3.55 643 0.104
monobenzyl phthalate MBzP 0.010 63.64 0.14 <LOD 0.04 0.12  73.64 050 <LOD 0.09 0.23 0.162
mono(2-ethylhexyl) phthalate MEHP 0.050 9485 279 0.58 145 298 99.39  3.05 1.05 1.69 3.52 0.368
mono(2-ethyl-5-oxohexyl) phthalate MEOHP  0.010 100.00 2.57 1.00 1.81 3.21 99.39 298 0.88 1.83 3.36 0.256
mono(2-ethyl-5-oxohexyl) phthalate MEHHP  0.010 99.70 10.80 3.94 7.13 1230 100.00 10.84 3.86 6.96 14.33 0.170
mono[2-(carboxymethyl)hexyl] phthalate MCMHP  0.010 100.00 3.90 145 2.63 466 100.00 3.97 1.10 249 449 0.248
mono(2-ethyl-5carboxypentyl) phthalate MECPP 0.010 100.00 14.52 4.82 895 17.09 100.00 20.98 5.02 10.52 24.44 0.201
SPAs 3-tert-butyl-4-hydroxyanisole BHA 0.020 99.09 11.59 048 2.68 9.55 100.00 10.45 135 3.90 10.85 0.161
2,6-di-tert-butyl-4-methylphenol BHT 0.010 49.70 0.27 <LOD <LOD 042  46.06 044 <LOD <LOD 0.58 0.037
2,6-di-tert-butyl-4-(hydroxymethyl)phenol BHT-OH  0.010 79.09 0.19 0.02 0.06 0.15 9455 0.17 0.04 0.10 0.19 0.030
3,5-di-tert-butyl-4-hydroxybenzoic acid BHT-COOH 0.010 96.97 582 0.53 2.13 6.01 99.70 759 197 3.79 8.06 0.199
3,5-di-tert-butyl-4-hydroxy-benzaldehyde BHT-CHO 0.020 72.12 222 <LOD 1.00 3.10 8455 422 1.05 3.07 6.16 0.038
2,6-di-tert-butyl-p-benzoquinone BHT-Q 0.010 2485 1.00 <LOD <LOD <LOD  52.73 7.11 <LOD 0.95 8.65 0.007
2,6-di-tert-butyl-4-hydroxy-4-methyl-2,5-cyclohexadione BHT-quinol 0.100 58.79  2.11 <LOD 0.27 1.59 8242 732 0.85 321 725 0.055

23 JRigAEAF EDCs —HHSATRELANKE(E 1)
EtP(0.450). BP-1(0.478) J 4-OH-BP(0.447) Al 1)
ICC {H 3 B Hnl G P 11l (0.40<1CC<0.75),
RIT R AT G (ICC<0.40) o R
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ZHANE WAL 2 (8] B IEAH S, BRAH O R B a

7£-0.02~0.94, H:7h MEOHP 5 MEHHP. MCMHP.
MECPP (# #H % % % 73 7] v 0.88, 0.94 F1 0.86)
MEHHP 5 MCMHP. MECPP( ¥k #H 3¢ & %7 7l N
0.87 1 0.89). MCMHP 5 MECPP(#k #H % 2 $ N
0.88) . [A] 3% 5 L 5ik () AH SR A (P<0.05)
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Fig. 1 Spearman's rank correlation coefficients between concentrations of 31 endocrine-disrupting chemicals (EDCs) measured in
bedtime and morning urine samples of primary and secondary school students in Shenzhen, China, 2022
(*P<0.05, **P<0.01, ***P<0.001)

24 WA MBEGRENEFAE(K2) A
R BB YN EDI /K, PAEs(JuH: & DEHP) [
EDI t & T HAtAb &4 . BT SR o EDI 48 5 5
(11>3 Rk A4053 %)% DEHP(18.10 pg/kgbw-day '),
MeP(0.89 pg/kgbw-day ') Fl BHA(0.35 pg/kgbw-
day '); /R JRh EDI {8 5 = 11 3 Flrik &4 /& DEHP
(20.87 pg/kgbw-day™!), MeP 1 MBP(3.98 #1 0.76
ug/kgbw-day™!) o AN BRRIRTHIDEHP ) EDI T
{8 (20.87 pg/kgbw-day ) # i 2 % {4 (20 pg/kgbw:

day™ ) 4b, HA K IREE R BTE LS00 EDI K3
KBt Z%E. A, TH5 HL A HQ B/ et &)
(1) B2 AR A e XL IS, B R VAR A, 47(14.24%)
A DEHP [T HQ i#id 1, [FII 50(15.15% ) AKI HIp g
( HIpae=>HQwmep, MBP, MB2P, DEHP) 1 RRPEA
i, 82(24.85%) A DEHP f{] HQ # i 1, H [A #
82(24.85%) N ] Hlpag, fH 48 3 1, 1 H AL & 9
HIH AR 1.

2 WX G AL THEA R/ (pg/ke bw-day-!)
Table 2 Estimated daily intake (mean and 25th/50th/75th percentiles, pg/kg bw-day!) of 25 endocrine-disrupting chemicals
(EDCs) of 6 categories in 330 primary and secondary school students in Shenzhen, based on paired bedtime and morning
urine measurements

HEHI R =373

[aeLy]
M Pys Psy Prs M Pys Psy Prs

OPFRs
DBP 0.01 0.00 0.00 0.01 0.05 0.00 0.01 0.04
BCIPP 0.05 0.01 0.02 0.07 0.31 0.03 0.10 0.28
DPHP 0.01 0.00 0.01 0.02 0.13 0.01 0.03 0.07
DCP 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 2 Continued
& ELl B
M Pys Py Pss M Pys Py Pss
BBOEP 0.01 0.00 0.00 0.01 0.03 0.00 0.00 0.03
BDCPP 0.02 0.00 0.00 0.02 0.07 0.00 0.01 0.04
DEP 0.03 0.01 0.02 0.04 0.12 0.01 0.04 0.11
Parabens
MeP 0.89 0.03 0.10 0.51 3.98 0.13 0.54 1.97
EtP 0.21 0.01 0.02 0.08 0.48 0.01 0.03 0.13
PrP 0.21 0.00 0.01 0.04 0.24 0.01 0.02 0.08
Bisphenols
BPA 0.12 0.00 0.01 0.08 0.23 0.00 0.03 0.18
BPF 0.09 0.02 0.05 0.11 0.13 0.01 0.04 0.11
Benzophenones
BP-1 0.02 0.00 0.00 0.01 0.04 0.00 0.01 0.03
BP-3 0.10 0.01 0.02 0.06 0.14 0.01 0.03 0.10
4-OH-BP 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01
Phthalates
MEP 0.41 0.03 0.07 0.20 0.26 0.02 0.04 0.14
MBP 2.05 0.33 0.83 1.83 0.76 0.10 0.26 0.64
MBzP 0.02 0.00 0.00 0.01 0.06 0.00 0.01 0.02
DEHP 18.10 3.51 6.54 12.47 20.87 3.50 8.45 19.38
SPAs
BHA 0.35 0.03 0.09 0.26 0.71 0.05 0.17 0.49
BHT 0.04 0.00 0.00 0.04 0.03 0.00 0.00 0.02
BHT-OH 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.01
BHT-COOH 0.23 0.03 0.07 0.15 0.50 0.07 0.15 0.41
BHT-CHO 0.09 0.00 0.03 0.10 0.31 0.03 0.12 0.27
BHT-quinol 0.07 0.00 0.01 0.06 0.63 0.03 0.11 0.32
34t i AW TR I, fR IR A K 3 A5 WD B v T B

A8 I 53 A7 Hf N 22 A2 A N EDCs A4 & ) 1) 5 2
T O, KT RCT B PR 58 35 et v/ 52 A= i 11
S B MR . AR T IR YT
A R 34 FlAL A PRI B, HE T 31 R HY
R 40% B A P REAT T fd BE RS PR AL . 4
REIR, 78 2 R A F, DPHP. MeP. EtP. PrP.
BP-1.4-OH-BP.MMP. MEP. MBP.MEHP. MEOHP.
MEHHP. MCMHP. MECPP. BHA 1 BHT-COOH
(IR H R 5 I 80%, 3R TR HR /N 2 A2 34 i % 5
T PBs. 24, PAEs LL M & By 25t 8L 7
Wang W2 25 A % Bl SPAs 2516 &4, BHT-OH.
BHT-Q, BHT-CHO F1 BHT-COOH {45 Hi 2 3 il ik
BT 48%- 60%. 60% A1 89%, Mij A W 7T 7F = JR Af
A7y HI45 5] 94.55%. 52.73%- 84.55% A1 99.70%
(1) /=5 Kz H %6 . EDCs 76 AR 4 1) 22 B0, i
R TLAS /NI, 13X S A A 4 1 AR H R R
WIS 22 AR B 55 T SPAs KL &W . R4,

PR 3X AT B8 A PR A A T A AR 391 1) DR ¥ 7E A4 N 15 o
I TR e, AT ASE A 75 420 P 9 58 LT 384 o
PEN—2R) iz 48 FH IR BE L 77, OPFRs 4 FH &
B8 & Tk & 2 H 2548 in2*). BCIPP /£ A& OPFRs
FHER AW, FEREFTPRAE R i b A 80K 23 )
JN<LOD #12.59 ng/mL, T3 E LR RGN i —
T LE S A4 R (R AL BUK N 4.12 ng/mL)RY;
L 0~5 % )L EBE AR K — TR 7T A B2, R
YT dr /224 JR i BCIPP. BBOEP [ v Ao $5 i4k JiF
W, 1 DBP [R5 5. AW 5T &K I MeP, EtP
H1 PrP HE AT PR W A7 FOK S 43 A 3.43. 0.43 il
0.28 ng/mL, /= JR AL K435 8 12.42. 0.60 F
0.48 ng/mL, H.2 IR H 2355 T 90%, &t
FNBE V2 RF5 T PBs 554, —IidkE 9 MEZK
(1) 300 17 JRFE(1) PBs ()2 #& VT Af K I, MeP. EtP Al
PrP HIH B 435N 7.02+ 0.68 F11.21 ng/mLEY),
MR, AWFFHRIRE MeP H07%1(12.42 ng/mL)
WP, T A A B P 1 A B U AR s T 5 7E YT
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T B — T30 L ZE BN S BE SRR B, YRIINT /NS A SRR
W EtP H I R P KT SPAs, YR B 4K 1)
BHA A7 09K & 9 0.15 ng/mL, 1 35 [H 1) o A7 %
BHA ¥ [}y 0.5 ng/mLP2, 75 AHF 52 v, B A J& Al
IR BHA WA E0 BE 43 51l 2.68 F13.90 ng/mL,
R/ 224 BHA 2 58 7K1 5 T80 R B 4 A F0
I HA B0 AN S E (19 PR BHT 47 %
I35 1,404 2.14 F11.09 ng/mLP2), i AHF 7t v
BHT 1+ 7 KPS T4 H R (0.02 ng/mL) o A<
W5t 45 B 5 [H 4 4h R EDCs 16 &Pk B 43 A
706 25 52, IX A BE 5 A [R) i XN B 0 A= 3% 7 U0
MEZERH K.

FEXT TS AT ORI AL 65 3, IRYITE /e A 2 ik
PR MBzP [] EDI v A7 £ 7K ~F (0.00 pg/kgbw-
day ') $M% T LRI ARALAEE(0.42 pg/kgbw-day '),
i DEHP FIH 80K F (HERTJR: 6.54 pg/kgbw-day s
JR R : 8.45 pg/kgbw-day ) U 43 5 & T HL R B L
(3.37 ug/kgbw-day™!) 1 0.94 1 1.51 5, HAE LA
KT 3.57 Fi14.90 1% (1.43 pg/kgbw-day ') 81,
g ] — U N [0 A ek 2 7 M I F 7 45 SR A L
AW 72 ) MBP. MBzP 1) EDI /K Vi /& T H [
SEIKF, 1 DEHP W & 1 3 A A7 BOKSF 1 1 4% B
RPN i e G ) LEE B — S 1] BA B T
H L, DEHP () EDI 47 He AR B, 54t L .
BAE N AT 4E N ¥ PAEs & 52 UG V7 5 4 L, TR
Yl /N 2225 DEHP 1 EDI 47 B0k SF i s B, A&
AIF 5 () BEE AT pR AR PR v 23 0 A 50(15.15%) A1 82
(24.85%) % /N %2 A 1) Hlppp #8314 1, 11 DEHP
YEN PAEs I EBAL G, 0 5H 47(14.24%)
82(24.85%) % /N HQ KT 1, X R IERIIIH
/N2 AR A7 AT PAESs I8 88 KUK o RICGHH — T00K B A
XF )L # D AE I PAEs 81 XU VT A5 10 BT 70 45
HEIR T HUUMEE R, B 17% BT R Hipag,
j(ﬂ: 1[32]o

L5 B A [ A A LAt AH BB TS AH B, AT T T
RIAAE T 455K T OPFRs. PBs Al PAEs 4% 34 fif
W, S LT T MRS G5 s R, &
SRAE TR ST S USRI AT R, SR )
T B P TN A B R VR A I HE R . AR, A
TF 55 140 U8 5 6 G P B — R IT ML 4E 35, AT REAFTE
TP m AT, J5 SRR A T AT I AT N LA IE

gk L RTR, L AE N — AN Bk 1 U BE R
LA T A T M AR A B B, TR, L i R IR Dt
KRB RA BT, AP0 TR
N 22 A R EDCs 1 %8 72 6 far F0XURS: 3 4
RILZH X )L 3 i 5§ EDCs. Kb &4
() HQ JF A # i % 4= B {1, 16 PAEs I % 5 K&
T S, AN, 2023 ERE NI NE SR

AR ) b o A S OLE R W, B R
P A IE 5 R0 5 R0 55 2% 20 B R U G A 1
PAEsP3, $R IR 7E /N 22 25 () Bt 58 TRy v v gk —
N sE X PAEs B, KK MM AR &
PR D F N SR A i PAESs H 77 h, DA PR B AE
1) A8 B RIS o

BURTT A A RO RBRRTF AL
RFE WK, T RANABKBEAZ &, EITHFRZAT,
A5 A PN O B8 R AL 320k N Ao B R A £ kA2
EANER, R RFHARAEERSMER
RT H#@mO L £ H KA (% T A INUKY-
2021-003), & FHABGH R ARKY £ 5%
e Aty E &, kN FREREHIE.
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