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Abstract: Bisphenol A (BPA) and its analogs are collectively termed bisphenol compounds (BPs),
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which are predominantly utilized in the manufacturing of polycarbonate plastics and epoxy resins.
BPs are ubiquitous in diverse environmental matrices, human tissues, and metabolic products.
Extensive research has demonstrated that BPs exert adverse effects on the nervous, reproductive,
immune, and metabolic systems. After exposure in humans, BPs are primarily excreted in urine.
Consequently, the development of efficient and robust analytical methods for BPs quantification in
urine is essential for assessing population exposure levels. In this study, solid supported liquid-liquid
extraction (SLE) was combined with ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS/MS) technology to establish a high-throughput determination method for
17 BPs in human urine. After enzymatic hydrolysis treatment of the samples, the steps of fully
automatic SLE purification, nitrogen blowing concentration and redissolution were carried out
successively. Separation was performed using a CAPCELL PAK ADME chromatography column (100
mmx2.1 mm, 2 pm), and gradient elution was carried out with 0.05 mmol/L. ammonium fluoride
aqueous solution and 0.05 mmol/LL ammonium fluoride methanol solution as the mobile phases. MS
detection was carried out using the electrospray ionization (ESI) negative ion scanning mode under
the multi-reaction monitoring (MRM ) mode. Qualitative analysis was conducted based on retention
time and ion abundance ratio, and quantitative analysis was performed using the internal standard
method. Under the optimized conditions, 17 BPs can be effectively separated. The linear relationships
of the 17 BPs within the corresponding mass concentration ranges were good, and the correlation
coefficients (7) were =0.998 6, the limits of detection (LODs) and quantification (LOQ) were 0.002-
0.489 pg/L and 0.005-0.986 w.g/L, respectively. Children’s mixed urine samples with low background
content were selected as the matrix, and then spiked recovery tests were conducted at three spiked
levels (low, medium and high). The results showed that the recoveries of 17 BPs were 61.1%-121.7%,
the intra-day RSDs were 1.3%-11.2%, and the inter-day RSDs were 3.7%-19.0%. This method was
used to determine 50 random urine samples, and the results showed that a total of 11 BPs were
detected. Among them, bisphenol S (BPS) and BPA had the highest detection rates, which were
98.0% and 86.0% respectively, and the median detection levels were 0.075 png/L and 0.829 pg/L
respectively. This method is simple to operate, sensitive and reliable. It is suitable for the rapid
quantitative analysis of 17 BPs in human urine and can provide effective technical support for the
risk assessment of BPs exposure in the population.

Key words: solid supported liquid-liquid extraction (SLE) ; ultra-high performance liquid
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Table 1 Retention times and MS parameters of the 17 bisphenol compounds (BPs) and 10 isotope internal standards

Analyte Retention time/min  Precursor ion (m/z) Product ions (m/z) CEs/eV DPs/V
Bisphenol S (BPS) 3.45 249 108", 92 -35, -38 -92
Bisphenol F (BPF) 4.53 199 93", 105 -26, =27 -86
Bisphenol E (BPE) 5.24 213 198", 197 -23, -34 -56
Bisphenol A (BPA) 5.84 227 212", 133 -24, -33 -68
Bisphenol B (BPB) 6.51 241 2127, 211 -24, -32 -90
Bisphenol AF (BPAF) 6.81 335 265", 197 -30, =51 =70
Bisphenol C2 (BPC2) 7.00 279, 281 35", 37 =55, =55 -96
Bisphenol C (BPC) 7.25 255 147", 239 -34, -33 -90
Bisphenol Z (BPZ) 7.50 267 173, 223 -35, -42 -132
Bisphenol AP (BPAP) 7.61 289 274", 211 -27,-34 -86
Bisphenol M (BPM) 9.37 345 133", 329 -41, -45 -137
Bisphenol G (BPG) 9.38 311 295", 175 -40, -43 -130
Bisphenol BP (BPBP) 9.48 351 273", 274 -34, -31 -92
Bisphenol P (BPP) 9.61 345 3307, 133 =37, -43 -123
Tetrachlorobisphenol A (TCBPA) 9.65 365 3147, 286 -34, -36 -164
Tetrabromobisphenol A (TBBPA) 10.09 543 446", 291 -44, -50 -112
Bisphenol PH (BPPH) 10.41 379 209, 363 -47, =50 -148
BPA-D, 3.42 231 2167, 135 =24, -33 =74
BPS-D, 3.45 257 112°, 96 -35, -42 -90
BPF-°C, 4.53 205 99°, 93 -29, -29 -80
BPE-"C, 5.24 219 204", 203 -23, -32 -54
BPB-D, 6.51 249 2197, 220 -34, -24 -96
BPAF-"C , 6.81 347 277, 208 -29, =51 -60
BPZ-"C,, 7.50 279 1797, 235 -38, 41 -118
BPAP-D; 7.61 294 279%, 211 -29, -38 -40
BPP-"C, 9.61 349 333", 135 -35, -45 -85
TBBPA-D, 10.09 547 424", 452 =55, -45 -132

* Quantitative ion; CEs: collision energies; DPs: declustering potentials.
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ROR R B . i FOREEF, il AR AE B B 1B AT
IE AR TR SR A AR AN 2 R e SR A U
W BE  AE A HLAE HY e TR R 0 R R RE Y Ak
B, e, R 5K A 0.05 mmol/L Ji Ak &% 7K %
1 0.05 mmoV/L 81k &% H B W AE I sh Al o 7 B
HEAY %% 70 M 44 F , 17 Ff BPs iy MRM {5 i &
U
2.2 SLE &£#%mtik
221 EHERFAKHEKR

BPs & — 2 fi 0l VL 1L & ) (2 2 R 2 (pK,) H
7.55~10.80) , 7£ i SLE A 1 it A 20 2 49 6l M 7 )
(HP4R 5 LR WA pH () ol fE #F BPs 7F SLE M
B 43 TE B2k B, DT AR 75 B Y RO A E

100

80—

60— 1

40 3

Relative abundance / %

20—

15 16 17
| 11 17y

t/min

1 17% BPs i) MRM & i &
Fig.1 MRM chromatogram of the 17 BPs
Peak identifications: 1. BPS; 2. BPF; 3. BPE; 4. BPA; 5. BPB; 6. BPAF; 7. BPC2; 8. BPC; 9. BPZ; 10. BPAP; 11. BPM; 12. BPG; 13.

BPBP; 14. BPP; 15. TCBPA; 16. TBBPA; 17. BPPH.
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FEAH 2 KR AR R pH A, L 2S FInAR
(50 pg/L) BIIR & IR FE R FE T, % 48 1T AR RHA (0.,
70.80.90.100,110 F1 120 pL) &Y 2k %t 17 # B #x
b4 W e %ot [l e = CRip b B8 B 5 e B ARE & 19
W TET R/ ] J55 2 e E b o i 1 e T RL) (R S i), 4
RS H A Z KN A, Y 2K R
110 pL B EREE R pH 290 9.24) .4 9 7 BPs [
7 %5F [0 0 N 62.99%~90.2% $2 7 & 75.3%~97.0%,
[ i 17 F BPs A9 4 XF 1] 5 3R S 2 1 3k 31 B =
(80.8%) , Al itk S 56 6 5% 7% miy 4b i FE rp WS 110
pL Z Ak T BRI pH.
2.2.2 VRV R AR K

BPs (1454 th 35 & A WA 30 AS DL 2R
LK PR AH X A o AR 256 DL X LGRS $8 45
X T 6 B vk B R (EAL % 5% IPA 1) EA.
MTBE. ¥ 5% IPA [ MTBE .EA-MTBE (1: 1, v/v)
& 5% IPA ) EA-AMTBE(1:1,v/v)) %} 17 # BPs
4 M AR SR, v R 0 3 R B AR FR Y R 4 mL, 25 R
mE 2 FiR, i EA FI1 & 5% IPA 9 EA #F 47 36 B
F, K2 B AR AL A W 10 26 o 8] e A 25 8 KL ]
%I T BPS.BPC.BPZ .BPC2 #1 BPAP ix 5 fi BPs,
FH EA VIR 45 310 09 48 68 [mDOR TS 5% IPA (1) EA
P& T 6.0%~21.5%. K H U5 4 Fi vk B R
(MTBE. & 5% IPA ) MTBE .EA-MTBE(1:1,v/v)
A 5% IPA 1 EA-MTBE(1:1,v/v) ) #1755 BB,
Fr BPS 4b, HoAth 16 F H 45 4k 5 9 (9 4 X6F [m] i 52 1
IR T4 EA PR r 45 20 0% 4o %5 [m i . Rk,
ARSI B A R BEA A R PEIBLIA )
2.2.3 BB FIER

A7k DL R o 8 bk, E— 2B B TR

RO FZ o 25 SR, Y PR B F AR A 1 mL
BF, & BHARfL & W A 56 4, o 5 % BPs (1 44
XF S HE /N T 36.1%; 2 i JH 2~6 mL EA # 47 BE i
iF, REB 4> H AR A W 00 4 X [ il R 44 T R B 4R
Th, BB 22K K B4l A 2 mL EA SRS, 17
it BPs 4 % [a] i 2 (4 °F ¥ {8 A% 1 (69.4%) , H
BPAF .BPB il BPC 9 4 XF [o] Y SR 3 i T 19.1%.
17.3% #1 16.5%. WA, >k H 2 mL EA 3l AU
HLVE 30 FH ot B8/ BB R 04 g AE AT g B AIK S
AR TN 25 A JEC A 19 [R) R 447 J 0 W ik 40 JOr 5 114 Bisf
] o PRI, 52 56 2 V6 M Vs S B R 2 mL.
23 SBRWLEHIEL

A TR H T 4 A A 20% . 30% . 40% . 50% .
60%.70% Fi1 80% H Fs /K ¥ W AE S B WS W, 45 H A%
Yy 2 %ot TSR AT B . S5 SRR 20% K
W AT B It BPF .BPA .BPB il BPS 14 % 1]
WK 4 T 100%, Ui B B 3 AR B 58 4, i Ik i
BPPH.,BPG Fl BPM [ 4t X [n] g K 28 i1 8 AL K
18.1%.34.8% il 47.7%. >4 W1 LU A5 T8 %2 50% B
BPPH. BPG #il BPM 1 45 X} [l i 2 43 51| 3 &
63.3%.63.2% 1 86.4%, 3+ H. >4 H B Lb 471 if — 25 T+
BF oA . 3= B H AR P 0 JE A MR, #EOK
AH L 481 352 o B, VS ik B A /N 3 3 Xof [l i o
I 5 177 76 A HILAE b 8] 458 w8 1), G At B 348 O, 46 X6 [l
WA R o ZE A T TR R BB AT LA B A B
A0 U T A T AL S W A R O R 2 G R
WA A W B T ROR e BB 50% IR OK IR TR
VR B G 1 0 T
24 BERMEEWNERI N XRTEE

NAR PRI 53 52 2% , 25 He b i)+ 90 1 4 1 — [

| Sk R H, PR e L — =7
FAR(1.2.3.4.5.6 mL) [ EA X 17  BPs YE/L S SR I, AT RE 2 400 1 sl 5 H b 20 A 9 04 8 1
150
4 MRN EA === EA containing 5% IPA @ra MTBE
1 &3 MTBE containing 5% IPA E== EA-MTBE (1:1,v/v) E=E EA-MTBE (1:1,v/v) containing 5% IPA
Mg
2 I NE
%‘ 100\ I L
2 N ﬂ.: N \ M- N NI’
1 SEPNEY SHp I N i
2 \4._ ,_i'._i' Y ~! \!‘_ ol .
2 \4.-i,l.i|-i|. /" N SHGNE -
B i o N I\ PN o\ I\ \"'E| N[l
5 !1.:i'.i'.:hl_-ll_.i.:.,:ii.. " - N
2 5o~ NAPNER NRMUHH CRONR NAGUR § CNRH NEUOWH NRATAT NEOA NI/ N 5. NEONE N
VA NNl NEORET NN NN Wit NEMNE \ NN VEe . m \HANEN o 4
INENEE NN e NEEE Neean NEGYak NGPURT RRONE N W Rl B o By SO HR NEGNEH NE ©
il NENEN NECNWT NI Wl VAN W I\ R SHA0RA A En NEGUER NACREd e A b
NAGR A INOAC AN RN PR NEPNRH NAGNE Pl B NONN Wl OHNRH NEGNHE NED  NEY m
| Ml NENRM NECNNE NEZNH wbl SEANE W \: NEANEE NEqURE N Unfl Naooml NEPOWE Nadve -
NEGNRH NEANAH NENWE NEWVEA NECURE NECNWE NEANA RHON - UNE N N
D NEANED NN NN N M N CRNAA AR AR NHGNAM NECURA CEWURE NE#nEn NGUL
NAGR ,-i._nl.hﬂl_.i._.,l_ii.. - WLl NECNM ._~ W NOONE ..~..
o NEANRE NGANGH NEnal] NAZNEN NRANeE WEMNa] NaNeR NEAWEH NRCNES CRNaR SRQNaH AACRD CEA0HR NA20sA CRANEH QNG NROUE
BPF BPE BPA BPB BPS BPC BPZ BPC2 BPAP BPG BPAF BPP BPM BPBP TCBPA BPPH TBBPA

B2 FREBEHAFX 175 BPs %33 5 I 2 A%
Fig. 2 Effects of different elution solvents on the absolute recoveries of the 17 BPs
EA: ethyl acetate; IPA: isopropyl alcohol; MTBE: methyl tert-butyl ether.
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b A8 B, JE f 7= A 3 5 &40 (matrix effect, ME) .
4 B bR 43 B 4 A Sl 0] 5 B b % o R A TR AR
22 SE I, 23 B A3 M A5 v R . AR ST 1.3
1.4 1 7 10 4y LB R A IR FE JEAT AL 2 A
Fe Ak A5 B0 5 TR R R L AR A5 H AR
b AW AR I 5 2 (3% 2) R H BR(LOD, # 3), A
0.2.0.5.1.2.5 fl 10 pg/L H kB 3 4 i i ik 2, i
) X 0 ) 3 S5 DG A o i 2%, O 2f ME= (3% i T
e Ao 74 1T 256 Ak /0 700 A o 1l 2 RR - 1) X 100% Ofe 3T
M JE TN . 24 IMEI<20% I, ) 52 17 78 55 58 &%
N7 524 20%<IMEI<50% i, 3 2 17 76 Hh 45 35 8400
M IMEI=50% i, ) 28 A7 78 5 B R0, 25 R
% 2 fir/n , BPE . BPZ . BPG ., BPM . BPAF #I BPP,
BPBP 4§ 7 A~ H brfb 45 9 52 B0 55 i B0y , o4 B
e/ BB S L L Y G VAN S N AN R R - it
BCINE KT AR I i 5 SR A S ), AR T R
Pk 2 i o

FE AR i 3 A2 2% Kt K A L X o A R R
v W N 2R A AR b (W] 2R PN B R
TRAE i W 0 G BRE TFBE . AR, Z R TR &R
7 37 40 0 BR , 18 £ E LU UE B4 B bR ik & P B g
WA 5 Z XN R AL R AR . X T8 L8 3 A X B
[0 2 N AR B ARG W, 75 S 256 7% TEFE i i Ak
P 3k i v g [l iR L R R AR 3X AN R 2R, AR
A R PR A R R A IS AR S I E
Bro ABEFEH XN 17 # BPs A 10 ff BPs ¥4
—— X 7 B[R] 2 A T 55 41 7 Bl BPs JG X R A
FE AR . TEIR A 2 H R I A [A) R LAY TR
A AR E B AR K P 0.1,0.2,05.1 F1 5
pg/L) K 30 wL WARTE & 3 W (50 pg/L) , % 1.3 F
1.4 5 5 B AT R AL B S B AL B . 43R A 10
i [R] A7 28 N A o 11 380 X L AR i 7 F BPs 19
AR RT3 (28 N BR A TE S A9 300 5 7K /552 B i v 7K
)L IR N R REAE 5 A AR AKCE T S E AR X i
HRAFEIT 100% 19 [ 057 R AR 10 Y 4E o Hods e 1
Bo HH UG AS 20 0 [l 57 3 AR X 6 R L ER 2.
2.5 FHEZFWIE
251 AMEEBRHRMEER

Fie 1.2 799 77 P e ) 3R 90 0T ak vk B AR G A o T
VEWS W, 4% 1.5 9 -k RE o i . LB R G S
XiF IS PN A i 1T AR 2 EE (V) X H R AR A G R
(X, we/L) il briE i £ . 454 17 FF BPs i A BE
PR 5 8 7K ST DA B 46 P 38 BRI 50 0k 1 8 A 3 19 46

R2 17HBPs AR S E BRI AR
Table 2 Background mass concentrations, MEs and corre-
sponding internal standards of the 17 BPs

e UM andand
BPS 0.009 43.3 BPS-D,
BPF 0.015 314 BPF-"C,
BPE 0.009 19.7 BPE-"C,
BPA 0.276 38.2 BPA-D,
BPB <LOD 28.0 BPB-D,

BPAF 0.007 7.7 BPAF-"C,,
BPC2 <LOD 32.0 BPAF-"C,,
BPC <LOD 22.9 BPB-D,
BPZ <LOD 17.5 BPZ-"C,,
BPAP <LOD 22.0 BPAP-D,
BPM <LOD 3.0 BPZ-"C,,
BPG <LOD 2.5 BPF-"C,
BPBP <LOD 15.4 BPS-D,
BPP <LOD 10.7 BPP-"C,
TCBPA <LOD 334 BPZ-"C,,
TBBPA <LOD 27.1 TBBPA-D,
BPPH <LOD 27.1 BPP-"C,

PEJE 22, 3 3 W %1, BPAF 7£ 0.2~40 pg/L i
il N £k 7 ¢ & K 4, BPA .BPE fll BPC2 7£ 0.1~40
pg/LoJu N2tk ¢ R R4, 4 13 ff BPs 78
0.05~40 wg/L yu Bl N etk R R4 A C R B (r) 3
>0.998 6.

WX 7 A AT AR SRR S AT s A5 R
#4743, & ¥l BPF .BPE .BPA .BPS #ll BPAF
AR BEMT GG, UXEHR LG4
it AR S A DU A B (I b 3 AR T 25 AR
F LOD, ¥{Em b 10 F%5 45 #E 22 (SD)AE Ry Ho g 5 BR
(LOQ) o Xt F7E 4 Ji B2 25 (H BE I 7 ok A rp R AR
Y 12 F BPs, SR AR K F Inbs i, REIAAH 4 T
355 R L (S/N) X iy Jot s vk B 1) H AR AL & 4, Bl S
PL 7 A VAT bR I 28 18 09 3 A% br e 25 4F %07
5 LOD, 10 fif R 2 4E K LOQ™ . 17 Fh BPs i)
LOD # LOQ % 3 frss , LOD A 0.002~0.489
pg/L,LOQ J 0.005~0.986 wg/L.

2.5.2 EWREAMEEE

SR FH 2 BT 0 b 0k 25 8 A Ty vk B UE B RORS %
B MR BUIRAS I & i LB IR A PRAEE R nAs g
T, AR 4 45 B AR AL G 00 A IS % & {6 1 LOD , X &
%o o 3 A K B AR [ | & I As K F-
AT E 6 K, IFELSM E 5 A, i MR R H
. H A ks % & . H b, BPF.BPE.BPS.BPC2,
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Table 3 Linear equations, linear ranges, correlation coefficients (r) , limits of detection (LODs) and quantification
(LOQs) of the 17 BPs

Analyte Linear equation Linear range/( pug/L) r LOD/(pg/L) LOQ/(pg/L)
BPS ¥=0.09225x+0.02079 0.05-40 0.9995 0.023 0.056
BPF y=0.19776x+0.01677 0.05-40 0.9999 0.054 0.145
BPE y=0.094742+0.00536 0.10-40 0.9999 0.035 0.096
BPA ¥=0.110502+0.00693 0.10-40 0.9999 0.489 0.986
BPB y=0.484902-0.01070 0.05-40 0.9998 0.002 0.005

BPAF y=0.089702+0.02855 0.20-40 0.9994 0.017 0.040
BPC2 y=0.001762+0.00004 0.10-40 0.9999 0.029 0.097
BPC y=0.10818x-0.00014 0.05-40 0.9999 0.007 0.022
BPZ y=0.08527x+0.01414 0.05-40 0.9996 0.003 0.009
BPAP y=0.09803x+0.02076 0.05-40 0.9997 0.003 0.010
BPM y=0.005112+0.00072 0.05-40 0.9994 0.006 0.019
BPG y=0.093722+0.03280 0.05-40 0.9986 0.025 0.084
BPBP y=0.01528x+0.00178 0.05-40 0.9998 0.003 0.011
BPP y=0.136542-0.01992 0.05-40 0.9996 0.003 0.010
TCBPA y=0.043762+0.00368 0.05-40 0.9996 0.002 0.006
TBBPA y=0.128052-0.00288 0.05-40 0.9998 0.007 0.023
BPPH y=0.046712-0.01342 0.05-40 0.9987 0.017 0.057

y: peak area ratio of the target compound to the corresponding internal standard; x: mass concentration, ng/L.

BPG #l BPPH (1 3 4~ findr K -~F 4 %4 0.2.0.5.1.0
pg/L, BPA () 3 A~ kx /K 435 8 0.5.1.0.5.0
pg/L, Ho4x 10 # BPs 1% 3 A~ ks K F- 43 514 0.1,
0.2.0.5 pg/L. Z5WR U3 4 Frow 76 3 4 ks K F

N ,17 F BPs [\ IR Ky 61.1%~121.7%, H AT H
R4 3MMIRAET17#BPsHEKE BN HERBEE

[B) K %5 B 4 9K 1.3%~11.2% F1 3.7%~19.0%, *H
i, TCBPA 1 BPPH H F it /b — — X 1 1 [] 137 &
WAR, =& I = 5 5 89.5%~121.7% il
61.1%~69.2%, H: 4% BPs ) MUK Ky 92%~118%,
HF 5 %) v B R ORG 2% B8 1) KL«

Table 4 Recoveries, intra- and inter-day precisions of the 17 BPs at three spiked levels

Spiked Intra-day Inter-day Spiked Intra-day Inter-day
Analyte level/ Recovery/% precision/%  precision/% Analyte level/ Recovery/% precision/%  precision/%
(pg/L) (#=6) (n=6) (n=30) (pg/) a2 (n=6) (n=30)
BPS 0.2 101.3 4.9 10.9 BPAP 0.1 101.9 1.9 7.7
0.5 96.6 2.2 6.5 0.2 95.7 7.4 8.5
1 98.5 4.1 7.3 0.5 100.2 4.6 8.3
BPF 0.2 95.7 3 9.7 BPM 0.1 98.6 10.5 13.4
0.5 100.3 2.2 10.5 0.2 97.1 7.9 17
1 103 3.2 8 0.5 117.7 5.6 10.7
BPE 0.2 91.7 3.7 7.1 BPG 0.2 98.4 6.1 16.1
0.5 95.7 2.1 8.2 0.5 98 6.5 13.5
1 97.5 4.5 7.5 1 99.6 7.2 13.7
BPA 0.5 107.9 8.6 15.9 BPBP 0.1 96.8 6.8 10.9
1 103.8 3.4 8.6 0.2 98.9 8.7 14.2
5 104.3 4 7.9 0.5 95 4.5 12.2
BPB 0.1 96.6 5.7 12.7 BPP 0.1 101.1 3.6 9
0.2 98.7 2.9 11.1 0.2 92.5 4.7 9.9
0.5 95.1 3.6 8.3 0.5 96.1 4 8.9
BPAF 0.1 101.4 3.7 11.7 TCBPA 0.1 96.2 3.3 13.1
0.2 104.9 1.3 8.5 0.2 89.5 7.2 14.8
0.5 102.9 3.3 7.9 0.5 121.7 6.3 12.8
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Table 4 (Continued)
Spiked Intra-day Inter-day Spiked Intra-day Inter-day
Analyte level/ Rec((::—egif/% precision/%  precision/% Analyte level/ Rec((;v_egil/% precision/%  precision/%
(pg/L) (n=6) (n=30) (pg/L) (n=6) (n=30)
BPC2 0.2 99.1 5 8.5 TBBPA 0.1 110.6 4.8 17.1
0.5 98.7 2.3 3.7 0.2 100.4 9.9 15.7
1 100.6 2 3.7 0.5 96 11.2 11.2
BPC 0.1 97.4 7.3 19 BPPH 0.2 68.6 5.6 17.5
0.2 94.7 3.2 10.6 0.5 61.1 3.7 18.2
0.5 94.4 3 13 1 69.2 5.6 16.6
BPZ 0.1 95.4 2.3 9.6
0.2 96.1 6.5 14.1
0.5 98 6.2 12.5

253 #EMH

3 2k W DU B R R S TR R AR R R
JoT 5 2 (S AR B B0, BE W8 S S B AT il DA SR A 3] A6 Tl
() ) [) 22 HE B (L 4 T o A HIF 5% 36 BUIE A IR & 1 10
JUER A R K L 17 F BPs BT 42t ¥k 2 43
WK 0.5 wg/LUEACE) F 5 /LK) B bR R
FELIEA BT 4 TA R AN-20 T % &4 F 4T
GAE o X TR A IMARFE &, 20 S 0.1.3.5 Al
7 d FEATINE 6T IR AR RE S 3 BIAESS 0.
1.2.3 F1 4 JR#EAT 0 A2, B 00 2 25 R 38 5 4% A AR
0 d & /o) i & AT b . IR A R BOR L7
4 CHAFTAEAE 7 d Ja ARAKE Az BRI 8 BPE
BPB.BPS.BPC .BPG #il BPM ¥ & & ¥ L %) 1A &
iR R L 5%; & K AR BR W&, BPE Fil BPA
() & i T BB 5% T FE-20 TR T A7 4 8
Jei o A% K S b BR W A9 BPE . BPA . BPB . BPP,
TBBPA .BPC.BPC2.BPG.BPM #I BPBP {4 7 &
I o) 0h & B R B O 5% K O bR R iR,
TBBPA .BPG .BPM #1 BPBP ) & & F [&#8d 5%,
AT UL, DRV TP a3 9 BPs R g Pk AH X T
I, K B 1] A7 2 XTI K OF BPs 19 K H 7= A 5
M, BLAM,7E 4 TRES 3 d DL KL-20 CTRIKEZEN
4 FRE G — 2 0 BPs JF 4R OB A B4
W, % T RFE S BIAETE 4 CR IR EE , R 17
W5 5 5 0 TE R Pl 72 , W) R & T -20 CIRAE , IFAE
— A~ F 58 BN RE 5 AT HEAT TR A G DR A U
Wi R EEAE-80 T F AT
2.5.4 AR BT AR

R AR TJ7 ¥ %) NIST 45 #E FRAE SRM 36723k
H W ) F1 SRM 3673 (3k A JE WA % ) #1710 %

BAEATINGE 6 o S, X P Ff SRM 354U
&4 BPA. Xt T SRM 3672, Il & 45 J i 4 {5
3.05 pg/kg, FHXE bR HEf 22 (RSD) 4 3.5%, 2 % {H N
(3.05+0.16) wg/kg; ¥ T SRM 3673, | & &5 £ 19 1
fH N 1.94 pg/kg, RSD N 3.2%, = % i (1.96+
0.11) pg/kg. 45K LW, M 5E (140 T 2 2% (515 Hl
ZW, HSZZ A0 b A8 O B, X R W] T
N7 5 vk B A R R RN R A AR E

SR i N T R AT R B A TS
T 2023 477 [ S8 S PEAS 1T K] (the German Ex-
ternal Quality Assessment Scheme for Analyses
in Biological Materials, G-EQUAS) #9558 71 % [H br
FeXt . 5T H 41455 BPA BPS f1 BPF, 3% 1 & .
G A [A) & 2 () JRFE (A A B) ,E 45 R 5 2%
HIR 5 s, 45 R Bon , 0 IRIFEA iy 3 F
BPs Ml E 5 Rt TS HMEWHZ N X —45
SRE— B UE S 1A J7 B AE D AR PR PR B
BPs I H 85 i 1 28 S0V A A 1

£S5 G-EQUASH 3T BPsHIMELRSSEMEILL

Table 5 Comparison of determination results and refer-
ence values of the three BPs in G-EQUAS

Uri Determina- Reference  Tolerance
rine
Analyte sample tion result/ value/ range/
P (pg/L) (pg/L) (pg/L)
A 1.16 1.21 0.82-1.60
BPA
B 13.60 14.62 11.47-17.77
A 0.68 0.63 0.45-0.81
BPS
B 3.32 3.30 2.67-3.93
A 1.66 1.68 1.32-2.04
BPF
B 4.60 4.59 3.78-5.40

G-EQUAS: the German External Quality Assessment
Scheme for Analyses in Biological Materials.
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2.6 SEERFE RN

K AT %k 50 AL IR A iy 17 # BPs
HEAT TN AE o AE W GE HT, R FE B A AF T -80 THY 2%
PEF o D E SR WK, 11 Fl BPs 244 A [a] 72 Y
¥ i, Bk 41 45 BPF.BPE .BPA .BPB.BPS .BPZ,
BPAP .BPG .TCBPA .BPPH #1 TBBPA, H. ', BPS
1 BPA By £ 3 fe L 43 %1 98.0% i 86.0% ; H:
W& TCBPA, K % 4 70.0%. It 5k, BPF .BPAP,
BPE .BPB #il TBBPA £ iR K+ 10%. £ 11 Fif
A K ) BPs 1, BPA AYAG & i e i AR
o7l 0.829 wg/L(LOD~8.117 pg/L) ; H ik &
BPS, ki th % & P {7 {5 4 0.075 pg/L(LOD~10.781
pg/L) o AW ARGt BPs (4 & it Al
Kt 8 55 R O A 9 W T BIE 5 2 AH A0 3
AR XS IR 58 8 43 W TP 4 BPs Bk % 14 5 g M o
[ A, 122 45 Rt $E % BPS B Ak & [ AR 7= A i i
KT R BPA BACH .

3 g

A )y ¥ T SLE-UHPLC-MS/MS $ R, # 4 T
— AT [m] B AR PR W 17 A BPs By A I
2. ZOT B4 B 3h SPE Ak TR, | i b b
fiff f J5 B9 PR W P G BPs 2R 4T E AR Sk . AR
b R4 B8 5 A DA Bt g B S R SR T 17
Fir BPs 19 43 B 2 M 5 o BT o 1% 0 1 TR SRR
W R FE — o AR e TN TR Ak B AT
e 51 & A 45 1R 22 A28 SUT5 e ) L, 3% 05 96 AR A
P8 T M RCR 5 i R B O Y R
HEBA VE , [a] I B AR T A= 42 4 KU, B 8 8 2
BA S BIF 5 v s 3 A A A 7 K, R PR A BPs 7E
HE T 11 2 88 KT DA R S FR O 4) B 3 i il 4 it
THIWMEAR LR, BEHE KK BPs A Zbric )
FETT 3 L R B A 4 B sl b B R 1 43 # O
A AR KRBT A W 5 A R O A T
REEDAEM, L MER R 8 H &R
G3HT o

S E WK
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