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[Abstract] Objective To develop an ultra-high performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS) method for the simultaneous determination of 33 aromatic primary amines in medical-grade
thermoplastic polyurethane (TPU). Methods The target compounds were extracted using 80% methanol and PBS
solution containing 10% ethanol as the solvents. The 80% methanol extract was filtered through and diluted to one-fifth
of the original concentration. The PBS extract was processed through an HLB solid-phase extraction column (3 mL,
60 mg, methanol and water equilibrium), eluted with 5 mL methanol, filtered, and diluted to 5 mL with methanol. Then,
analysis was performed using UPLC-MS/MS. Chromatographic separation was performed using an Agilent InfinityLab
Poroshell 120 EC-C18 column (150 mm X 3.0 mm, 2.7 pm) with methanol (A) and deionized water containing 0.1%
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formic acid (B) as the mobile phases. Gradient elution was conducted with a column temperature of 40 °C, a flow rate of
0.2 mL/min, and an injection volume of 1 pL. Mass spectrometry analysis was performed using an electro-spray ionization
(ESI) source in multiple reaction monitoring (MRM) positive ion mode. The standard curves, quantification limits,
precision, recovery rates, and matrix effects of the method under different extraction conditions were evaluated.
Results The 33 aromatic primary amines analyzed in the study showed good linearity (r > 0.998) within the 2-100
ng/mL concentration range. Detection limits ranged from 0.1 to 0.5 ng/mL, and quantification limits ranged from 0.3 to
1.7 ng/mL. Recovery rates for the 33 aromatic primary amines in 80% methanol samples ranged from 70.7% to 116.0%.
Recovery rates for 31 aromatic primary amines in PBS samples containing 10% ethanol ranged from 74.9% to 113.8%.
The intra-day and inter-day precision for different samples was both less than 10%, indicating good sample stability.
Analysis of aromatic primary amine content in sample extracts using this method revealed that methylenedianiline
(MDA) was detected in all 6 initially tested samples. Under simulated extraction at 37 °C and accelerated extraction at
60 °C, 3 samples exhibited continuous or delayed MDA release. 2,4'-MDA was detected in 2 samples during the initial
limit extraction phase and remained detectable in 1 sample under 60 °C accelerated aging conditions, but no release was
observed under the 37 “C simulated physiological environment. 2,2'-MDA was detected only in two samples during initial
limit extraction and was not released in subsequent simulated or accelerated extraction processes. Conclusion The
UPLC-MS/MS method demonstrates high sensitivity and accuracy, meeting the requirements for precise detection of 33

aromatic primary amines in medical-grade TPU and providing reliable technical support for risk assessment and quality
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control of aromatic primary amines in these materials and products.
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Fig 1 Extracted ion chromatograms of 5 enantiomers separated on 3 chromatographic columns

A, Shim-pack GIST C8; B, agilent InfinityLab Poroshell 120 EC-C18; C,phenomenon Titank F5. The five groups of isomers are: p-Phenylenediamine (1) and m-

Phenylenediamine (2), 2,6-Diaminotoluene (3) and 2,4-Diaminotoluene (5), p-Anisidine (10) and o-Anisidine (12), 4,4'-Diaminodiphenylmethane (11), 2,4'-

Diaminodiphenylmethane (16) and 2,2'-Diaminodiphenylmethane (26), 2,4-Dimethylaniline (19), and 2,6-Dimethylaniline (21).
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Fig 2 Extracted ion chromatograms of 33 aromatic primary amines at different concentrations of formic acid

8

‘ ' 0.4 mL/min
4 | ’
T R T
~ .‘,‘lz‘ ‘,A‘ _ ,,“g‘.,‘, I AL . ) |

10 ——— 0.3 mL/min
RS A
fn
2 15.0 —0.2 mL/min
jo)
g

" JM«J\J\M Mmh Ll Ak h

30

0.1 mL/min

15 ﬂ
0 5 10 15 20 25

30 35

t(Retention)/min

B 3 FEIGE T33P HAKRMNRENRE FaIEE

Fig 3 Extracted ion chromatograms of 33 aromatic primary amines at different flow rates



840

PR A=A (B 2D

5 5745

243

o
[=2NE, |
L —

A AN AN
S Lo U1 O »n
T T T

W
o w»

»
=}
T

Intensity/cps, x10°

0

w
T
—
—

15
R 13 |17

68910
o
45041
eIV
Vv, UYL

— = N
o o
——

o
[=2NE, |
T

Il
L ‘H ‘h‘n

33

31+32

30

w\,. .

2 4 6 8 10 12 14

16
t/min

22 24 26 28 30 32 34

B 4 33#FHREN LB FREE

Fig 4 Total ion current spectra of 33 aromatic primary amines

The peak numbers in the figure correspond to the order of the compounds listed in Appendix 2.
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N, A SRR AR TS AN, ¥ MDA, 2,4-MDA
M2,2-MDA=F BEr¥) . Hrb, T FAE P WFE P15
511°40.339. 0.075. 0.017 pg/g) FIP2(4351°40.659. 0.114,
0.003 pg/g) ¥k th iR =Fh Y T; | KBIUFEFP5. P6
KT~ R CHIFE S PSFIPO{LUAS R S MDA, & 43 51 0
0.059 ug/gf10.036 pg/g. FEHA T FA: K48 =i AR
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Table 1 Results of methodological investigation

80% Methanol PBS (10% Ethanol)

LOD/ LOQ/

Compound (ng/mL) (ng/mL) Matrix  Extraction RSD/% Matrix  Extraction RSD/%
effect  recovery/% A,B,C effect  recovery/% A,B,C

p-Phenylenediamine 0.9987 0.2 0.7 0.86 70.7 1.7,2.6,4.0 0.90 2.9 7.3,5.1,6.2
m-Phenylenediamine 0.9987 0.2 0.7 0.90 99.9 53,2.1,54 1.04 94.3 3.6,3.1,33
2,6-Diaminotoluene 0.9985 0.5 1.7 0.82 93.5 54,2.1,5.6 1.14 103.3 1.7,2.1,3.0
2,4-Diaminoanisole 0.9987 0.5 1.7 1.06 89.0 3.3,3.5,53 1.12 74.9 2.7,3.4,19
2,4-Diaminotoluene 0.9990 0.5 1.7 0.85 106.8 6.0, 3.3, 4.8 0.89 94.8 1.7,1.7,3.3
Aniline 0.9981 0.2 0.7 0.87 103.3 5.8,1.7,2.5 1.12 105 4.1,2.2,54
1,5-Diaminonaphthalene 0.9982 0.5 1.7 1.12 99.6 5.8,2.8,4.6 1.16 87.2 4.0,1.8,3.4
Benzidine 0.9995 0.2 0.7 1.10 116.0 2.0,1.9,3.1 0.88 113.8 3.6,0.6, 1.0
4,4'-Diaminodiphenylether 0.9988 0.1 0.3 0.95 96.9 44,64,6.5 0.84 112 4.4,09,2.1
p-Anisidine 0.9991 0.1 0.3 1.02 104.1 3.7,1.5,5.9 0.94 104.8 5.1,1.5,2.9
4,4'-Diaminodiphenylmethane 0.9992 0.2 0.7 0.99 114.3 1.9,2.0,3.5 0.86 101.1 4.6,2.6,3.9
o-Anisidine 0.9991 0.2 0.7 0.93 106.2 3.5,0.6,7.6 0.87 106.4 52,1.0,1.1
o-Toluidine 0.9983 0.5 1.7 0.97 105.8 47,13,7.5 0.92 105.9 6.3,2.6,2.1
3,3'-Dimethoxybenzidine 0.9994 0.1 0.3 0.92 105.9 1.5,2.0,5.5 1.04 103.7 4.3,1.7,2.3
3,3"-Dimethylbenzidine 0.9990 0.1 0.3 1.00 104.8 2.5,2.1,5.8 0.95 103.1 6.2,1.2,12
2,4'-Diaminodiphenylmethane 0.9994 0.1 0.3 1.06 108.9 39,1.1,35 1.03 103.3 48,1.3,34
2-Methoxy-5-methylaniline 0.9992 0.1 0.3 1.00 106.0 3.1,1.6,6.2 1.09 100.4 59,1.8,2.7
3,3'-Dimethyl-4,4'-diaminodiphenylmethane  0.9994 0.2 0.7 1.06 100.0 3.8,3.0,3.5 1.00 101.5 34,17,1.5
2,4-Dimethylaniline 0.9978 0.2 0.7 1.01 106.0 4.7,5.2,6.2 1.05 104.5 6.7,4.4,1.4
4-Chloroaniline 0.9991 0.1 0.3 0.95 106.1 4.1,1.0,6.1 1.08 102.1 48,1.4,43
2,6-Dimethylaniline 0.9988 0.5 1.7 1.01 104.3 5.5,1.4,8.0 0.98 102.9 8.4,3.4,2.9
2,4,5-Trimethylaniline 0.9988 0.2 0.7 1.02 99.8 3.7,1.3,2.6 0.99 99.1 55,2.2,09
4,4'-Diaminodiphenyl sulfide 0.9993 0.2 0.7 1.05 103.3 32,12,22 1.08 99.9 6.3,1.8,1.0
2-Naphthylamine 0.9993 0.2 0.7 0.99 105.8 3.1,2.6,3.4 1.10 100.2 58,2.8,1.8
2,4,6-Trimethylaniline 0.9992 0.2 0.7 0.98 108.7 3.0,1.5,3.8 1.10 101.1 7.7,19,3.2
2,2'-Diaminodiphenylmethane 0.9993 0.1 0.3 1.05 108.8 3.1,1.7,3.7 1.13 102.4 4.2,14,1.7
4-Chloro-o-toluidine 0.9993 0.1 0.3 0.98 107.1 3.7,1.6,6.7 0.92 99.5 33,17,1.8
2-Amino-4-nitrotoluene 0.9984 0.5 1.7 1.06 96.0 43,5.5,6.8 0.94 104.1 2.8,3.1,5.2
4-Aminobiphenyl 0.9993 0.2 0.7 0.99 101.3 2.7,2.1,6.1 0.94 96.2 2.3,1.7,45
3,3'-Dichlorobenzidine 0.9995 0.2 0.7 1.03 107.2 5.6,2.1,2.7 1.02 84.7 2.5,1.7,39
4-Aminoazobenzene 0.9987 0.2 0.7 0.97 104.5 2.1,2.1,6.7 1.12 86.9 2.5,2.1,3.2
3,3'-Dichloro-4,4'-diaminodiphenylmethane ~ 0.9995 0.1 0.3 0.99 101.7 2.0,2.2,3.9 1.05 95.3 43,0.9,3.2
0-Aminoazotoluene 0.9991 0.2 0.7 0.99 106.1 4.5,2.0,4.4 0.95 53.2 6.8,3.2,35

FPERESL (P2, P5. P8), #£37 °C T #4722 )R] s AR
P&, DU S AR B A A rh F AR 05 B A0 B R A T
Ko BERFRM, AL KAMFE P2 MDA, H 5 b
B[] 2 G248 b a3, i) K BRICHIRE S ¥Rkt B
bRy (32) .

HE—2E X FIREE A T60 C I I HE S5, 3 L iR

BESRFHEAIZYT ~ 150 ARG RN HI R . 255 WoR, Bl
PERFIRIZE K, | R BRYAE L PSHI)  H CHYRE S P8 h T U A
D EMDAKE Y | KA P2ERMDASY, 7Rk H /D
2,4'-MDA. & REW], L& T, s
TPUM AR S VE A B 0% T A1 e TR TC RIS T e B fd o
T 0 T 2R 7 S T (22) o
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Table2 Results of simulated extraction under physiological

environment and accelerated extraction of medical-grade TPU

Condition Compounds/(ug/g)
Sample
Temperature  Time MDA 2,4-MDA  2,2'-MDA
37 C 1d P2 N.D N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
3d P2 0.003 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
6d P2 0.006 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
14d P2 0.008 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
30d P2 0.009 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
60 C 1d P2 0.010 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
3d P2 0.018 N.D N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
6d P2 0.025 0.004 N.D
P5 N.D N.D N.D
P8 N.D N.D N.D
14d P2 0.040 0.005 N.D
P5 0.003 N.D N.D
P8 N.D N.D N.D
30d P2 0.078 0.013 N.D
P5 0.014 N.D N.D
P8 0.005 N.D N.D

N.D indicates not detected.
3 iTie
AMFSE I A T TR R R HTPU
33F AN AT UPLC-MS/MS 1%, il it 25 S PR IZ 12
(80% HH i) S AU AR BRI 12 42 (157 10% £ B PBSYA TR,
G337 CHI60 CHIEEAAE T E4T), REVEHAL T AR

o7 A AP A 5 R AR R 26 1F R I R i
14

AHIFFE 45 SR 2 1, 80% H st BRI $ 45 S AT 4 Jy 3
Al A e R VB AR 5 B AV B AR 1) S BEHE b, A B TR 5
HS W AR o 2RI PR FH PR I PBSIR $244
Z o, SRR RS MDA, HOT # Ff IE E T  FiR
P B () A K7 S 2 3G . AN, BE S P27E60 C L iR 4R
30 A& FIIMDAITE RS 1 (0.078 pg/g) it = T HAE37 °C.
243 AR 455 (0.003 pg/g), FLAEZSAF T [RIAS Hi2,4'-
MDA, X — G HER, MRHE R I R B o] BEAE7E
RS 11 “HE AR BRI

SH AR BoR, K 05 F A LIMDA R £, Hok
J5—J7 T H R T TPU A L 72 ik B S R T SR A4 17
K Sk, 53— U P R VR TR Rk rh S 3 H R 1 35 AT 1) 7K
fiff ol B A RN, X SRR R T S T A% YA
Ko BEAN, =AY R BER D R E BT R AR R R
PR MDA, $2&7R BRI I AT REAE iF 52 5 H R TR
HIRES#, NI AEMDA . ARl Z R S MDA H
IKFAFAE 225 o FE80% Y Bt BRI H A4 2R v, SRkt 52
B S P2 MD ARGt £ 5 35 155 T PSFIPS; SRAK IR Wk 5
FBHEE SR PTAYMD ARG H B 35 5 TP9; 5 i (P10) 52K
Bk AR s J (P12) BE Ryt 5 A B =4S A& W]
B, AT KB PR MDA . iR 25 R I, AN
RVETPU R %5 B 7 e 1) 5% BR 7K 7 S HAR AU A 3R
B R R h J1 2 AE e B 25 57, IX AT R B R i py
TSGR A RS ) A A 2 XU

B HITPUJ 12 Tl 325 2% R AB A A A, L2 fh i
BT (<30 ) EZRKMA(>90d) o X FULIEHFA Al
(C2) By avtl, T R FHAL A& I PN S, S IR
A2 8 P R (ECHA ) B4 FEPIMD A Y 1 il 852 77 2
PEEE(LOAEL= 9 mg/(kg-d) ), FFAkHE 24 5 A H AL R iR
i (PDE) PEAL 5 A 355, 45 BIMDAR) H ik PDE(E Ky
0.3 mg/d, #EMiHE T 1 H 3 S48 1 PDE(E 40.03 mg/d.
s B B H I — S e 1 g (b ek 545 ) 5%
5 g(UNAME L FR K SAS) B TPU SRR, R 5 H A R Y
MDAZAPEBE . 452611 2,4'-MDAFI2,2'-MDAR]
SRR EHATIAN .

ARG A R AR R A T A MDA
J2,4'-MDA % i (FE F0.003 ~ 0.078 pg/g) ¥k T Lk
A VEBE, PR AE B — S0 L B KU A1
SR, 22 PEEI BT A5 BRI A el FH 1) 52 M (Aan 22 28 B ] 1)
) DA SR B 0 IR A 5 R v RS TR 1 sh A A5 £k,
HAZ BN EIG PR . FRBAFE IR 3h ) S 56 R
FHALUE B ST, X PUMBE AL R 22 AT T
PR, PR AR 2 AT v 75 R U RS 1 S, JF



ERE PR A i v OB - BRI T A D s BE

20 TR WG v 33 07 A AR T ik AR A ST R

843

HEST B KBS PP A FR

AR FT S T —Fh R GV S0 H R, K e BRI
SR A BB ) h AR ARG &, URAN T A &
s A AR R o GE B ¥R 48 S5 1 o — ELI R T4 93 #%)
FEPPAR IR A B AR ) 2 S D A JE o 26T
AR, ST I UPLC-MS/MS 7 52 T 33F H bR
YRy R J3 25 5 R, HXLOD(0.1 ~ 0.5 ng/mL) i
T CH A", W 2R 2R SRR
T, FEBE FHTPUM B O B MD A S5 4 5 (1) “ 48 3R R ik
PG, 36T A T PTAR K IR A BRI 14 22 4 1 LA At
AN

2% LR, AW ST 1 5 1k B I TPUM R S
il 0 A R R AR L TR R A AT B, oA G
By 7 SR I R AR P 2 A MG 5 M PSR 4R i T
B RRAARE

* * *

BT WM OSTROE o g . BT, IR AR Bk, 7T
PALFIRIRG S AE, 8151 5T 18 SRR BIFFE ek . MBS AT RLAL ., )
WEEME S M SR, M TSRS, BT RS
LS S, WIAN . REE R I R TTHI ST Wik, RIS A
S RS R, VIS ST ST F A SRR WS AT
YRS R, BAERTHE S S RI BTk BB S W
PR 3 5 9 TR . IR 1R O 4 R Rk SCRARA AT, XD
BR R WA AT IR E R, IR X TARRBTA I f i3t
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