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Abstract: Phenols such as bisphenols, parabens, and triclosan are common environmental en-

docrine disruptors. Previous epidemiological studies have suggested that phenols may affect se-
men quality, but the results were inconsistent. In addition, most existing studies have been lim-
ited to the effects of a single chemical compound, ignoring the health effects of mixed exposure
to multiple chemicals. Thus, we aimed to explore the associations between individual and
mixed exposure to phenols and various semen quality parameters.

In this study, a rapid and sensitive method was used to determine 18 phenolic compounds in
urine samples of 799 volunteers who donated sperm samples to the Shanghai Human Sperm
Bank. A spot urine sample was collected from each subject on the day of their clinic visit and
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stored at —20 C until testing. Urine samples (200 pL) were extracted and added with 20 pL of
an internal standard and 50 pL of B-glucuronidase solution. The mixtures were then incubated
for 12 h at 37 C. After hydrolysis, the samples were extracted twice using ethyl acetate (500
rL). The concentrations of the 18 phenolic compounds were measured using high performance
liquid chromatography-tandem mass spectrometry ( HPLC-MS/MS). Semen quality parameters
were analyzed using a computer-aided semen analyzer. Multiple linear regressions were used to
detect the associations between individual phenol exposure and semen quality parameters. In
addition, weighted quantile sum (WQS) models were used to explore the associations between
mixed-phenol exposure and semen quality parameters. After adjusting for potential covariates,
the results of multiple linear regressions showed that exposure to ethyl paraben ( EtP) was sig-
nificantly negatively associated with sperm concentration and total sperm count (P<0.05). In
addition, exposure to mixed phenols was significantly associated with decreased sperm concen-
tration; methyl paraben (MeP) and EtP were identified as the main contributors to this de-
crease. Thus, phenol exposure may be associated with decreased semen quality in young
males, particularly with respect to sperm concentration and total sperm count.

Key words: high performance liquid chromatography-tandem mass spectrometry ( HPLC-MS/

MS) ; phenols; semen quality; mixed exposure; male reproductive health

ANERE BRI R BAE LI, 24 A 8% ~
12% B9 RIAFATEARZEA T B IR, 0 b 2 50% 7]
AT B S R RN 5 55k A gl R Y
WRTHE 2, ke asm™ ASRAE I
F TR I ) P RRER IO (A i A
Yl RS O AR BEAh, BREE N AT T ) (en-
docrine disrupting chemicals, EDCs) # & X 5 ¥
AEFEARFR B AR H 2552 BT CHE, Bk &
Yy — 255 DR IR 58 N 40 W T30, A 48 XU 26
(bisphenols) X2 HA H RS (parabens) | 24
7% B il 2% ( hydroxybenzophenones ) F1 T 5§ 71 45,
M2ALA ) 2 W T Tl AR 7™ AT 2 B
AN BT HRRZ, 1 H R AN A
AN it A b 30 3 P R KR R B TR A A A ik B 2
e 7/

ITAER ORI 22 B AT A I SE el 1 2k
G5 B VRGBT e (R A O, — TR T TR A5
MARBITTZA T 190 2 54 G 1 H R
W A(bisphenol A, BPA) & | 45 5 #278 BPA ¥
JESHFWRIE EE S H FR 115 71 2 10 2% U

K Jurewicz 45 [ HRGE WK SR O R LR
F R PR /K- 505 T IR 2 16 1 AL T S2 10 7K 7 B
EASE, SR, Ho A LIRS 5% 45 5 0 K e B 2
Y SRS T R R G 2R el T H AT
WFFEZE R A —3, I BG4 58405 7 BT B 25
bR — Y R R B, 20 T IS h £
FRR Y IR A R B R, By AL B IR A 5 5R
55 BRI ) IR o i — 2B 8T

SR, 2 Rh Y2k & 0 4 TR At 43 W EL AT Pk R vk
KR EATT BT AN TR] AR 1 3 BBl RIS [ A AR 1 I
e RIS e YN N Y RPN R A 3
— PRl BN E 2 R I 2R A W Tk, A,
IR W AE AR i) 2 S A A IR et KT DA S BT
FE AW ST A R M BN A M T R T R R T
FARPIR, A WA/ A 35 5 T 3 7 (LC-
MS/MS 5, GC-MS/MS) B\ # UF B J& H T & 4 #r
s R T BT (EEA (ORI 3k 7 KRB A T
LT RAFAEA o AR GEnY TUAL B8 A (e
WA HL(LLE ) |[FAHAHL (SPE) ) #E0), Jf HfF Z K
HERBERA EAPLER . AT AR

SIRARS: PR, A XU AEE OB AR, XU, Bt BRAE 5K %, sk, B2 b G Wik & 82 5 U5 MR R Bt B SR BR A0 A, (2

% ,2024,42(2) :203-210.

SHEN Xiaoli, TANG Weifeng, LIU Junxia, AO Junjie, LIU Xiaoning, HUANG Xian, QIU Jin, ZHANG Jun, ZHANG Qianlong. As-
sociation analysis between mixed exposure to phenols and semen quality. Chinese Journal of Chromatography,2024,42(2) :203-

210.



2 1)

RS 45 I IAL B IR & 228519 PR RTIR : (9 G5 M - 205 -

L AR AT ] A A P R

BT, URAZH F T A 1 — AT (R B A N
TRPRE T 18 FIERZE AL A ) (AL4E W 72 FE 8 HH R I |
WS 2 2K H R 2 NPt s 7)) 1) HPLC-MS/MS
JriEN IR T REEA A TR 2 B 58 0 42 14 S B
Ky . ASSC L 2021 4E 12 A -2022 46 11 A |
T T NG T AR WOk T 1 B B AR 4, o
MrisZfb &4 o — TR AR & 28R 5 B MRS T
ELICIIVES

1 SLIEEH

1.1 UE5iXH

Agilent 1290-6490 = R0 AH (15 — 1 PO A AT
Ji AL (3£ [ Agilent 22 7]) 5 7080 4= A sh A= 1k 73 Hr
i ( HAS Hitachi 23 7)) ; Nikon eclipse 50i & 3 %%
(A OB & JRATBR A F] ) ; CPA225D HL
T3 AT KF(0.00001 g) (%[ Satorious 2\ H] ) ;
Vortex-Genie2 Jig iR 1R & %% ( 3£ [H Scientific Indus-
tries /% 7] ) ; Thermo SPEI21P & .0 ¥ 4i £ 4t Fil
CL31R Multispeed #.L>#1( 3 [E Thermo 24 H]) .

HEE NG SENBE O IR BRI ik 4, B-4
ZWE B 2 W (85 000 unit/mL) , DL b ¥y [ E
Merck A F

Xof 30 KL R /G ( MeP) % 5 5L 28 H iR 2, s
(EtP) WA RRNER (PrP) X EHERHRR T
fik (BuP) X R8I R IE Bifis (HeP) X258
M2 KTig (BzP) .BPA XU B(BPB) Xy S(BPS)
=44 (TCS) ¥y H 7% [¥ Dr. Ehrenstorfer 2\
Al AWy AF(BPAF) AU P(BPP) XUl Z( BPZ) |
2,4- " FRFETIOKHE (BP-1) 2,2, 4,4 - U35
ZEHER ( BP-2) 2, 2'- 3% Fe-4-H 48 5L 28 R
(BP-8) fil 4-32 5L A Wi (4-HBP) g A In & K £
£ TRC /A 7l ; Wl AP (BPAP) g H 3% [ New
Haven AccuStandard 23 7], Pt MeP-"C, g A fin
ERZ1Z TRC v+, Wik BPA-d, W H & K
CDN Isotopes /], TCS-d, 14 [ % [¥ Dr. Ehren-
storfer 2\ ],

B — 2 BT B —Ff Y A 3B 2, % BPA
BPS .BPB .BPP .BPAP .BPAF # BPZ, N#5 & BPA-
dye; XF BRI R B2, & MeP,EtP, PrP BzP,
BuP il HeP, N #5°A MeP-"C,; & 528 R 28, &%
BP-1 BP-2 BP-8 #il 4-HB, W45 & BPA-d,,; =&/
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Table 1 Demographic characteristics of the
participants in the study

Characteristic n (%)

Abstinence time/d

<3 178 (22.3)

3-8 590 (73.8)

=8 31(3.9)
Smoking status

Never 580 (72.6)

Former 105 (13.1)

Current 114 (14.3)
Alcohol consumption

Never 219 (27.4)

Occasionally 518 (64.8)

Usually 62 (7.8)
Educational level

Below bachelor 282 (35.3)

At bachelor 353 (44.2)

Above bachelor 164 (20.5)
Age/years (Mean+SD) * 26.11+5.70
BMLI/ (kg/m?) (Mean=SD) * 22.92+2.77
Creatinine/ ( wmol/L) (Mean+SD) * 12187+7394

n (%) : number of volunteers and the corresponding per-
centage; BMI; body mass index. * n=799.

R2 RETBEULGMHRERESTRGHE

Table 2 Mass concentration distributions and detection rates of phenols in the urine samples

LOD/ Mass concentrations of phenols/(ng/mL) .
Compound - - Detection rate/%
(ng/mL) Min Max P10 P25 Median P75 P90
Bisphenols (BP)
BPA 0.08 <LOD 43.22 0.01 0.20 0.56 1.63 4.08 85.73
BPS 0.003 <LOD 270.05 0.02 0.05 0.23 0.70 1.44 94.99
BPB 0.0003 <LOD 0.90 <LOD 0.003 0.01 0.03 0.08 84.98
BPP 0.0001 <LOD 15.21 <LOD 0.004 0.02 0.08 0.27 81.10
BPAP 0.002 <LOD 4.59 <LOD 0.004 0.02 0.06 0.17 81.98
BPAF 0.001 <LOD 0.66 <LOD <LOD <LOD 0.02 0.05 35.79
BPZ 0.01 <LOD 0.60 <LOD <LOD <LOD 0.03 0.06 48.69
Parabens
MeP 0.002 0.033 599.87 1.58 3.23 8.73 28.53 72.76 100
EtP 0.005 <LOD  1603.10 <LOD 1.40 2.49 5.47 15.41 84.61
PrP 0.0005 <LOD 568.01 0.15 0.71 2.65 8.84 26.28 93.37
BzP 0.003 <LOD 0.22 <LOD <LOD <LOD <LOD 0.005 16.02
BuP 0.002 <LOD 68.95 <LOD <LOD <LOD <LOD 0.01 23.53
HeP 0.002 <LOD 0.18 <LOD <LOD <LOD <LOD <LOD 9.89
Benzophenones
BP-1 0.005 <LOD 131.99 <LOD 0.01 0.02 0.08 0.28 78.35
BP-2 0.002 <LOD 25.01 <LOD <LOD <LOD 0.01 0.02 36.92
BP-8 0.05 <LOD 25.02 <LOD <LOD <LOD 0.07 0.54 29.54
4-HBP 0.01 <LOD 3.04 <LOD 0.01 0.04 0.09 0.22 75.47
Antimicrobial
TCS 0.002 <LOD 342.89 0.01 0.09 0.31 1.09 6.44 91.24

P10: 10th percentile; P25. 25th percentile; P75. 75th percentile; P90 90th percentile. MeP: methyl 4-hydroxybenzoate; EtP: ethyl 4-
hydroxybenzoate; PrP. propyl 4-hydroxybenzoate; BzP: benzyl 4-hydroxybenzoate; BuP: butyl 4-hydroxybenzoate; HeP:. heptyl 4-
hydroxybenzoate; BP-1; 2,4-dihydroxy benzophenone; BP-2; 2,2’ 4, 4'-tetrahydroxy benzophenone; BP-8. 2,2’-dihydroxy-4-methoxy

benzophenone ; 4-HBP . 4-hydroxy benzophenone; TCS: triclosan.
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Table 3 Associations between phenol concentrations in urine samples and semen quality parameters,
as determined by multiple linear regression
B (95% CI)®
Compound Semen concentration” Total sperm count”’ Semen volume Progressive motility
Crude Adjusted Crude Adjusted Crude Adjusted Crude Adjusted
Bisphenol
BPA -0.003 0.002 -0.019 0.004 -0.018 0.023 0.188 -0.025
(-0.037, 0.031) (=0.035, 0.039) (-0.064, 0.026) (-0.041, 0.049) (=0.090, 0.054) (-0.054, 0.100) (-0.551, 0.927) (-0.827, 0.777)
BPS -0.020 -0.019 -0.033 -0.031 -0.031 -0.029 0.368 0.279
(-0.046, 0.006) (-0.047, 0.009) (-0.068, 0.002) (-0.066, 0.004) (-0.087, 0.025) (-0.087, 0.029) (-0.210, 0.946) (-0.325, 0.883)
BPB -0.014 -0.010 -0.031 -0.007 -0.012 0.039 -0.070 -0.212
(-0.039, 0.011) (-0.038, 0.018) (-0.064, 0.002) (-0.040, 0.026) (-0.065, 0.041) (-0.019, 0.097) (-0.614, 0.474) (-0.812, 0.388)
BPP -0.004 -0.001 -0.015 -0.001 -0.020 0.004 0.068 -0.004
(-0.021, 0.013) (-0.020, 0.018) (-0.038, 0.008) (-0.024, 0.022) (-0.057, 0.017) (-0.036, 0.044) (-0.311, 0.447) (-0.418, 0.410)
BPAP -0.004 0.000 -0.015 -0.002 -0.018 0.003 -0.177 -0.394
(-0.032, 0.024) (-0.030, 0.030) (-0.052, 0.022) (-0.039, 0.035) (-0.077, 0.041) (-0.060, 0.066) (-0.791, 0.437) (-1.047, 0.259)
Paraben
MeP -0.029 -0.028 -0.024 -0.010 0.015 0.043 0.241 0.240
(-0.062, 0.004) (-0.063, 0.007) (-0.068, 0.020) (-0.054, 0.034) (-0.056, 0.086) (-0.030, 0.116) (-0.487, 0.969) (-0.514, 0.994)
EtP -0.022 -0.023 -0.039 -0.036 -0.052 -0.042 0.050 -0.015
(=0.040, —0.004) (—0.041, —0.005) (-0.062, —0.016) (—0.059, —0.013) (-0.089, —0.015) (—0.080, —0.004) (-0.338, 0.438) (-0.407, 0.377)
PrP -0.014 -0.013 -0.014 -0.006 0.003 0.020 -0.150 -0.154
(-0.032, 0.004) (-0.031, 0.005) (-0.037, 0.009) (-0.029, 0.017) (-0.034, 0.040) (-0.018, 0.058) (-0.536, 0.236) (-0.551, 0.243)
TCS 0.011 0.010 0.015 0.012 -0.007 -0.008 0.165 0.141

(-0.009, 0.031) (-0.011, 0.031)

(-0.012, 0.042) (-0.015, 0.039)

(-0.050, 0.036) (-0.051, 0.035)

(-0.278, 0.608) (-0.307, 0.589)

a) Values were adjusted for age ( continuous), BMI ( continuous) , abstinence period ( categorical ), smoking status ( categorical ), alcohol
consumption ( categorical) , educational level ( categorical), and creatinine level ( continuous). b) Values were transformed using the natural
logarithm. 3. regression coefficient; CI. confidence interval. Values in bold indicate statistical significance (P<0.05).
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Fig. 1 Associations between phenol concentrations ( quantiles) in urine samples and semen quality parameters,
as determined by multiple linear regression
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Table 4 Associations between WQS indices and semen quality parameters, as determined by the WQS regression model

Positive Negative
Parameter :
B (95% CI)® P-value B (95% CI)® P-value
Semen concentration” 0.027 (-0.045, 0.099) 0.470 —-0.103 (-0.181, —0.025) 0.010
Total sperm count” 0.027 (-0.075, 0.129) 0.605 -0.103 (-0.207, 0.001) 0.053
Semen volume 0.126 (-0.038, 0.290) 0.132 -0.096 (-0.247, 0.055) 0.214
Progressive motility 0.439 (—1.448, 2.326) 0.648 -0.906 (-2.640, 0.828) 0.306

a) Values were adjusted for age (continuous), BMI ( continuous) , abstinence period ( categorical) , smoking status ( categorical) ,
alcohol consumption ( categorical) , educational level ( categorical), and creatinine level ( continuous). b) Values were transformed
using the natural logarithm. Values in bold indicate statistical significance (P<0.05).
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