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fil b BHE RS IR I 24 Fl' OPEs ,OPAs J¢ PBs 25¥ T, A& B4 0.01~0.58 pg/L, EHIFR K 0.03~2.00 pug/L, Jii
Fr E L N 69.0%~129.6%, HIXHHRAEIR2E N 0.5%~10.9% (n=6). Xt 20 FFUBEMEAE | 10 fF—kMAb L&
Ko 20 PRAHIE BT AE, SOPEs 35 Fl <4 PR ~19.1 pg/L, SOPAs 3 Fl Jg<#6: H P ~1248 pg/L, ZPBs J5 [ Jy
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ABSTRACT: Objective To establish a method for simultaneously determining the migration amounts of 24 kinds

of organophosphate esters (OPEs), organophosphite antioxidants (OPAs), and parabens (PBs) in food contact
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materials by liquid chromatography-tandem mass spectrometry. Methods The food contact materials to be tested
were subjected to migration experiments in accordance with the expected types of food and contact modes, so as to
obtain the soaking solution. After centrifugation, the soaking solution was separated by liquid chromatography,
determined by tandem mass spectrometry, and quantified by matrix-matched standard curve. Results The optimized
method could simultaneously detect 24 kinds of OPEs, OPAs, and PBs in the migration soaking solutions of food
contact materials. The limits of detection were 0.01-0.58 pg/L and the limits of quantitation were 0.03—2.00 pg/L.
The spiked samples recovery rates ranged from 69.0%—129.6%, with relative standard deviations of 0.5% to 10.9%
(n=6). The 20 packaging film bags, 10 disposable take-out boxes and 20 paper tableware items were tested. The
2OPEs ranges were <limit of detection-19.1 pg/L, ZOPAs were <limit of detection-1248 pg/L, and XPBs were <limit
of detection-0.501 pg/L. The monitoring of the migration amounts of food contact materials was limited, its health
risks required more attention and research. Conclusion This method is simple to operate and highly sensitive,
which is suitable for the determination of the migration amounts of OPEs, OPAs and PBs in food contact material
samples.

KEY WORDS: food contact materials; organophosphate esters; migration; paraben; organophosphite antioxidants
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BEE AT 2RI, AR DA IR £ b IR
JE RN H H AR, £ f 3 A 4 A ) i K] kg 52 3
BORBRZ I . Gt R, 2020 4, HIEShSZITER
HIRF T 170 12, IREITH 3.44 DNEGHTE, TH%
584.8 1A it AR AR, Horhi T S0% R ih f ke bkt
S H ACRIERHR A, 0 B R b R R B 2 LA
YT X B E ) B CORIE T M REA B, 3 a5 2B 77 1
R b S S TR RE A I 25 2R USR], LA A 7 fin 1
PR e R I S A IS AL A 2 T bR R e S
XA, AT JLARBAE 5 B B i i A B A
X B AL R TR R XU o Hh, AT AL R R
(organophosphate esters, OPEs)., P2 ig(organophosphite
antioxidants, OPAs)LA J X ¥2 2K F i@ B (parabens, PBs)j&
S PR LA/

OPEs j&— 2K BRI, 754 BRIGIE N IZ 1 F; OPAs
Je— K LR R AW R AN H BRI,
2N T INAE R f B parabens, PBs M2 —28% TLAY
N T I W NCAB LV N = TR OR- v S = OE A 9
FO Horh, PBs 2 Bl DA LA A B 5 0 1 D9 43 T A
PoJge, WAk M, OPEs gt i AR5 i
WE A RIS, ettt Btk W
ST SRR RS OPAs 197 BT LA
b, (AE B WFFE R Y], OPAs 5 OPEs A U4y, it
] BEF B LA VT I M 8 S e R 2 AU kb,
B g0 R B, TEInH . S AM L S MUK B2 il 25 10 T,
OPAs 2x R FHHAL ]y A2 AL W) OPEs, M4/ OPEs 14
REART, XS R I T WS, AT L

SRE . ik EEEEM T RE. i, EEEAR
N5 OPEs (i FERFRA. miAMREN, —it
b OPEs (975 5 50k [ & WAL bR, [,
X F B AR R 5 e 0 A R A R B
SEmAEL, HED TS EAA B OPEs. OPAs
J PBs B WA RS BEAY BB SR A R . T Ik, A<
TSRS T — i i A €033 - B D6 0T 192 ] o ) 2
Kk 24 # OPEs. OPAs M PBs MIIT & 19751, 30 H
BT R T B SR RN R HLlF AT T iR bk, 153 T
TS YLEBLRIRI AL B, A T AR E AT S AT R OPEs.
OPAs J% PBs 5 Y&tk it AR B4 T B AR T BRSS9

1 MR5RE

1.1 ¢ 2|

QTRAP™ 6500 Vi A €2, 1% - = 5 DU AR AT 5§ AW (35 [
Sciex A ]); PF120 HL PE I8 R T4 46 (3% Carbolite 2
Al); Milli-Q #@ZE/KHL(EE Millipore 2 Fl); ACQUITY
UPLC BEH C;g f8i5%4#1:(100 mmx2.1 mm, 1.7 pm, 3
Waters A )0
1.2 ¥ 5#R

HIiE . CRRE (), 55 I FEBR G /R BHE A wl);
ToKCE . KBGO HTEE, E255E B0 A R H);
S5 FH K R Al

20 PFIDRIIESE | 10 fF— IR RSP SE & e 20 PRARHIAE R
TR
1.3 fREYIR

W2 = W [ (trimethyl phosphate, TMP, Zli[E 99%). #
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iR = Z. Wi (triethyl phosphate, TEP, 4iJ¥ 99%) . Wifz = lg
(tripropyl phosphate, TNPP, 4 99%). BfR — 5 Nl
(triisopropyl phosphate, TIPP, 4iJ¥ 93%). W2 —1E T g
(tributyl phosphate, TNBP, 4l 99%). WffR = (2-A LK)
fig[tris(2-chloroethyl) phosphate, TCEP, 4liJ¥f 98%]. Wiz =
(2-404 )i [tris(1-chloro-2-propyl) phosphate, TCIPP, 4li
B 99%]. Wilk = <HE (triphenyl phosphate, TPHP, 4fiJ&¥
99%) . B MR = H ZE E (tricresyl phosphate, TMPP, 4l &
99%) . Wi R = (1,3- = & -2- N £ ) [ [tris(1,3-dichloro-
2-propyl) phosphate, TDCIPP, #iJ¥ 98%]. Bk =(2- T A&
F) g [tris(2-butoxyethyl) phosphate, TBOEP, 4li[F 96%].
2 = 1F J% B8 (tri-n-amylphosphate, TNPTP, 4li[F 97%). 2-4
3 & 3 — K BL 1 R TR (2-ethylhexyl diphenyl phosphate,
EHDPP, 4fi & 92%) . B — 2- & & C &) M
[tris(2-ethylhexyl) phosphate, TEHP, 4l 99%]. AR = (2-
S5 P9k 2 3 ) B [tris(2-isopropylphenyl) phosphate, TIPPP,
SERE 99%]. —(2,4- TRUT 56) MV B iR 2K g [ tris(2,4-di-tert-
butylphenyl) phosphite, AO168, 4l 99%], W (2,4- KT
BOR W) ZF ok O ORE W BE R R [3,9-bis(2,4-di-
tert-butylphenoxy)-2,4,8,10-tetraoxa-3,9-diphosphaspiro[5.5]
undecane, A0626, 4liJE 96%](7£[E Dr. Ehrenstorfer /A H]);
= (2,4- T-BUT BRI B B R K [tris(2,4-di-tert-butylphenyl)
phosphate, AO1680, 4liJ¥ 98%] (&K Toronto Research
Chemicals A F]); 3,5- T 2E-4-F2 LK 5L — 2 FEBE IR g
(diethyl 3,5-di-tert-butyl-4-hydroxybenzyl phosphate, AO1222,
AL 99%)(3z s U b W) JST ), S B PR K — 5 TR
(diisooctyl phenyl phosphite, DiOPPi, 4l 95%)( 127 7
A AL B BB AT IR A A, 4- 52 kORI IR R
(methylparaben, MEP, 4liJ& 99%) . 4-¥% %78 H iR T I8
(butylparaben, BUP, 4fiJif 99%) . 4- % %L 2K H & 2 Mg
(ethylparaben, ETP, #fi & 99%) . 4-3¥% % 78 H iR 19 Mg
(propylparaben, PRP, #fi/& 99%)(dt i il itim4E A A R
Al)o BT HRUEY) BTC ] A BT iR B 100 pg/mL (bR HERE
W
1.4 #RfERRECH

SYRIMEIRERAER 3, WATIRERR ) OPEs . OPAS I
RS 1.00 mg/L, PBs FUVE L 100.00 pg/L A HRERE
s SRR A FRAEREFFNE 1. 5. 10, 20, 50, 100,
200 pL % 1 mL A8, 2502 HRIGHER 2 1.00 mL.
IARIEZR ST OPEs, OPAs JEiHEV&KE R 1. 5. 10, 20, 50,
100 F1 200 pg/L; PBs B # ) 0.1, 0.5, 1.0, 2.0, 5.0,
10.0 1 20.0 pg/L.

1.5 UEERHE

151 Juig&AF
JOT TG SR P HA 1% 5 2 F- 1l (electron spray ionization,
ESI), 1EfeFUHm, 7 4500 v, 1E&F#

31 5500 V; B FURIEE 500 °C, FALSES 60 psi, Hilh
SR 40 psi, ATUES 30 psi; SRITZ SO A
(multiple reaction monitoring, MRM), £5-1k.& 4 A {4 B3 B[]
FETEE BRI 1.

x1 HFNYHNRIESH

Table 1 Mass spectrum parameters of the analyte

kAR OET O TET O MHLLE REEER

(m/z) (m/z) /eV /eV
TMP 141.2 109.0*, 127.0 60 23,23
TEP 183.1 99.1*, 127.1 30 30, 15
TNPP 225.3 99.1*%, 141.0 40 30, 14
TIPP 225.3 99.1*%, 141.0 40 30, 14
TNBP 267.1 99.0%, 155.0 40 24, 14
TCEP 284.9 99.0%, 161.1 50 42, 31
TPHP 327.0 77.0%. 153.2 100 57. 33
OPEs TCIPP 327.1 99.1%, 251.1 100 28, 13

TMPP 369.1 166.0*, 243.1 160 40, 42
TBOEP 399.0 199.2* 299.1 100 25, 15

TDCIPP 4309 208.9*, 99.1 100 23, 42
TNPTP 309.0 99.0%. 169.1 60 34, 20
TEHP 4352 99.3*, 321.0 100 50, 26
EHDPP 363.0 251.2%, 77.2 40 33, 54
TIPPP 453.2 369.0*%. 327.0 140 35, 45
AO1680  663.5 551.4*, 495.1 160 34, 44

AO168 647.6 441.3*, 347.5 130 44, 50
OPAs A0626 605.3 335.2%,279.2 130 26, 36
AO1222 3573 301.4*, 2172 100 22, 32

DiOPPi 379.2 379.2*%. 351.0 130 13, 30
MEP 151.0 136.0*, 91.9 -100 -18, 25
ETP 165.0 137.1*, 92.0 -100 -18, =27
PRP 178.9 137.0*%. 91.9 -100 -20, 28
BUP 193.0 137.0*, 92.0 -100 21, 28

PBs

T E R T
1.52 &Lt

SR ACQUITY UPLC BEH C g (43541:(100 mmx2.1 mm,
1.7 pm) > 038 /04 F:, R 0.35 mL/min, F:iR 40 °C, L)
2 mmol LREKIER TN A, FECNTEIAHE B, %R
A AT B B Ve 0~1.0 min, 90% A; 1.0~6.5 min,
90%~10% A; 6.5~8.0 min, 10% A; 8.0~11.0 min, 10%~0% A;
11.0~17.0 min, 0% A; 17.0~17.1 min, 0%~90%A; 17.1~22.0 min,
90% A, HEFEER 2 uL.
1.6 HIRIETTE

iz I8 GB 31604.1—2023 { B L& EF M B
ful Ak R il TERS IR GG ) 2 GB 5009.156—2016 ( &
Al A E AR UE B A IR L it it A B 1 i A HE
WAEN] ) R, B OSULEE . A%LTR . 10% BRI
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W, R 70 °C. 2 h NEBAME, ERTTRELRERFE S 9 IR
WRET, XS IETIER LR, WS RIH . Hr: R4S
FESLRAERB I, SRka . 40 4RBESEFE AL SR A
B, Rt s KERHASREL,

B ML AESL 1.0 mL, L1 3000 r/min 53 2.0 5 min,
HR LW R SR R AR . A SEIR BT AT B B AR L 4
450 °CHI%E 4 h LIEBRANE, T4 H B2 YOkt T
A RIS R
1.7 HEGE

%% GB 5009.156—2016 S5EF 2420 ik, % T
G B TR B ), A S R BR A
FERE AT S & B IR FR L (S TR, X T IC A
R AR, SR gs IR S/ ok 6 dm*/L iE
FTs
1.8 HIELIE

AHF5E R F WPS Office 2017 X EE RT3 AN S 3,
KA OriginPro 2021 XM ¥EEATLE . AW ALK

HIME 3, SLEREE R L 3 UGl E i BE T
HERESH

21 GIEXEFMKL

AHH5E L) OPEs, OPAs i ¥ i}y 20 pg/L, PBs it
WEEH 2.0 pg/L WIBRUER BN AE S, 43 31% ACQUITY
UPLC BEH Cy5 (100 mmx2.1 mm, 1.7 pm), ACQUITY HSS
T3 (100 mmx2.1 mm, 1.8 pm)Lk &2 ACQUITY UPLC Phenyl
(100 mmx>2.1 mm, 1.7 pm) 3 R EFE AT T 028, AR
rh 24 FIREIN AR S5 AR M 22 IR, BRI AL A3 T3 Bl
HEEHE e R IUE AR R, (HEZRG PTG el I 1 0
., ¥ ACQUITY UPLC BEH C s /F N 525256 v i F Y
T o ASBIFEE 43 1% B I LG WA HLAH, 2 mmol/L &
MRk, 7K. 0.1%M R 3 FlKARVE R W S AR RCR AT T 1
B, XL RN, LB EXTT OPEs WETE
BRI, s sk e I BE-KIR R b, PBs IR REK, (BLES
OPEs #5R, J5 L5250 4k 2% AT P -2 mmol L MR s AH
NSERT AN, 24 Fh RN BT LR B IR A 1 R

2

1601
20r T™MP 120| TEP TNPP TIPP
S 2 o 40r 2120}
x 15¢ x < <
a & 80¢ & o
= 10} 5 S =
E E S 2} 2
8 e 40r % = 40}
x 3 = X X
0 P I N )| s ‘ » 0 s —~ J s s L ;
15 20 25 30 35 40 45 50 55 60 65 70 60 65 70 75 80 65 70 75 80 85
£ B4 B 1] /min A4 £5 s} [B] /min £ B3 st B8] /min 1 B3 B5F 18] /min
3501 1207
200 TNBP _ TPHP 60r TCIPP 60f TMPP
5 & & &
x 250 Z 80 Z E
12200 E % 40t % 40t
2150 E k= =
¥ e 407 ¥ 20¢ % 20f
2% 2 2 2
50
% 0 0 0
0 65 70 75 80 85 90 70 75 80 85 90 60 65 70 75 80 85 15 8.0 8.5 9.0
4 B4 st ] /min £ B4 5} ] /min 1 B4 st 8] /min 84 st 8] /min
200 207 407 120
TBOEP TDCIPP EHDPP TIPPP
2 160 g 1.6 % 30l %
=] X X 80t
120 12 i &
3 3 & 20t 5
= 80} = 0.8t = =
%= 5 £ 10 £ Y9
> 40 = 04 = ey
0 . . " . : ool . . . 0 s . . .
70 75 80 85 90 70 75 80 85 90 86 88 90 92 94 90 95 100 105 11.0
A B st 18] /min 1 B4 s} 8] /min £ B st 8] /min B4 st 8] /min
1 AR SR A B (50 pg/L)

Fig.1

Extracted ion chromatogram of standard sample (50 ng/L)
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407 400 S
A0626 400+ AO1222 | DiOPPi 12} MEP
z 40
£ & 350 g £
| Hoo x 30} X
@ = 5 @ @ I
& 201 Egzoo 2 5ol £
= = = =
= % 150 = = 4
£ 10] = 100} = 10l =
= 501
0 0 0 0 —
12.0 12.5 13.0 13.5 140 145 7.0 7.5 80 85 9.0 7.0 7.5 8.0 8.5 90 50 65 60 65 70
A4 B3 B ] /min 1483 Bt ] /min A4 B3 Bt ] /min £ 84 B[] /min
r 351
PRP 10} BUP . TCEP
é g '?2 30+
X x 8 £
o =l I
= b= 6 = 20
E 2 4l £
ES ¥ I
£ | 21
5 L
Q 0 . . ) . . . .0 .
S5 60 65 70 75 60 65 70 75 80 60 65 70 75 80 55 60 65 70 715
£ E4 15t 8] /min £ £4 st 8] /min £ B4 Bisf 8] /min {3 B4 15t 8] /min
TEHP 12' AO168 2997 01680 3001 rNpTP
N 2l S 160 2250
x 107 X = X 200
= g 10 £ 120 &
S 58t 4 =150
= E ¢l % 80 =
& St S = 100
= % 4 = B
<= = Al 40 ~ 50+
0 - : S0 ‘ ‘ .0 = ‘ 0 : : : ;
11.0 115 120 125 13.0 150 155 160 165 17.0 13.0 135 140 145 150 80 85 9.0 95 10.0
£ B4 B 6] /min £ 4 B[] /min 483 B[] /min PR 15F [E] /min
B 1(2E)  FRERE SRR TR (50 pg/L)
Fig.l Extracted ion chromatogram of standard sample(50 pg/L)
e L P = N N=PAN — i | Rb LY
22 BIAESRMM B PRV AR A AR AR, Bl i OPEs F1 OPAs i ik

T S 56 3 R v & A [ () AL U T F R A —
SE W B FH S 25X 5286 AR 5 g o ARBIFSE 43 Il % i 7K
RN FRRNUM N, FAEaHR. . BRE
LYERER S FE DA ALIEREEA T T, AR R A
WR: B HIR R, IMARAPRER, Befl OPEs fl
OPAs JEE KN 10 pg/L, PBs RN 1 ne/L BIELR
TIFREIE A LR B FUINFR ISR 4058 0.22 pm FLIE
PR3k 90 I A TSR A, 3 e 5 A 3 e e R
B TRRN L o SRS EE AT A, FER IR, RGBT
F TNPP. TCEP X ETP iX 3 Fifb 51 52 50 45 S T0 5 i (U
TR ELTE 70%~120%22 8]), XFHAth 21 Fhib &4 & 45 5
SRS 2) ORI JGELL 5K, RAT BRI
IO B 3 I A
2.3 EFRMMN

A BIF 5 R P A5 A 45 P2V 9 0 R S 00 (matrix
effects, MEs)IFAT1FMy, BRI : RAKRSTEHZR
IR IR R 28 R IR . A3 3 Fhas IRV, IR

J 4 10 ng/mL, PBs Fig RN 1 ng/mL BIIE T INAR AT,
P BEATAL 7 L A T A o L A B T 75 Y R i R e
A T e 5 5 000 0 R g g T AR L RN, . S5 SRR, A
TSI () 24 FhEEIN R, 16 FE P BT 7 3 FirEhit
WA MEs J5E7E 80%~120%=2[A]; TMPP . TEHP.
EHDPP, TIPPP, TNPTP 7 10%Z BRI 4% RPRM T
FEFTHI(MEs JEFE 47.8%~62.0%); AO168. AO1680 &
AO0626 TE 4% & T h R B T 596l (MEs 95 [
32.0%~36.4%). AHFFER A2 IR IR L 5T i Ze X A

A EATE B, R PR

2.4 FEWIE
LHEEE, MRRAEZR

FEHROUAL IS A 25T, R bR W ARSI 2 (A
WHERE, LhEARYIBTS PRI EE LU RS AR RO, ne/L), UETH
TN PABFR(DIATEAE R, S5503R0H, A5 15 Fh
OPEs .5 il OPAs 7£ 1~200 pg/L 5[ .4 F PBs 7 0.1~20.0 pg/L
JUHINTE 3 RN H I BA RIFRYZIECR, b
FHOKTF 0.99, 435 1 mL 25 (VA 10 pg/L 7K

2.4.1
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*F- OPEs J OPAs. 1 pg/L ) PBs, FiMRATANIR 7 vk S Tl
T, AHFSE T I BR (limit of detection, LOD) B8 3 1%
fRME 4, EREBR(limit of quantitation, LOQ)% if 10 1%
fEME LT, 3R 3 B, 3 RN 24 AR89
LODs #i[F 2} 0.01~0.58 pg/L, LOQs i [F % 0.03~2.00 pg/L,
FIE 6% T Aor DU 5K
242 EHRBEBAEEE

AT F R 2 R IRAE A AR &L, 2 3 mA
OPEs. OPAs 4 10, 50 A1 100 ug/L (PBs & 1.5 #1 10 pg/L)
KPR, RS T 6 RERE LK, TH5e
) 1T 56 A 2 BE o AR AR 9T H 24 R 0 5 1 [l i R S R
N 72.2%~126.4%, A0 XF An fE fW 2% (relative standard
deviations, RSDs)JLFI A 0.5%~10.9%, A% B K Hihf i 7]
DL 2 A B 2SR (WL 4)
2.5 EFRHEERNE

AHFFERS 20 RS . 10 H—W A2 E R 20
H4EHI14 HL% OPEs. OPAs Y PBs 17 T i A8 5L 00 I X 3%
WE, RS

2.5.1 OPEs 5 OPAs

OPEs 5 OPAs /1, £ 11 FgH /3K, it HRAE 50%
DIEWMBREA 4 f, 2012 AO1680(K: i #
96.0%) . AO168( 5 i & 80.0%) . A0626( ¥ i &
60.0%) . TPHP (5 %R 58.0%) . 1E FF A £ 40 43 v, 78
BT RSS2 A0L68 I AOL1680,
AO168 J5i &8 ¥ & 1 Fl i <LOD~950 pg/L, AO1680 i
B Yk B T Bl <LOD~1243 pg/L. R M E,
YOPEs i [l & <LOD~19.1 pg/LCEH¥I{E 2.60 pg/L),
YOPAs i il H<LOD~1248 pg/LCEHIME 306 pg/L), fik
F ZHOU %27 BALASCH ZUSIE5y . #HE GB
9685—2016( & fb & A E ZARME B b BEMbTRL K i i s
TS bR UE ) FESK, AO168 T LAE N £ S 42kt hasm
R, e aERA I THE; A A01680 AER
SHEERIPDRRAS IR . AR EE ZHOU 2B 5Y, AO1680 1Y
15U FEOR B AOL168 1Y) IZ i, T H AT X b 4l
K OPAs P WE ISR AEH /D, BRI C i

3 ZM45EE. LODs & LOQs
Table 3 Linear ranges, LODs and LOQs

95% .1 10% 2. 1% 4% 1R
e AL R VLA LODs LOQs R LA LODs LOQs LR VEAH LODs LOQs
/(ng/L)
PEY i1 /(ug/L) /(ug/L) PEY i1 /(ng/L) /(ug/L) PV /(ug/L) /(ng/L)

TMP 1~200 0.9999 0.06 0.20 0.9983 0.01 0.03 0.9999 0.02 0.06
TEP 1~200 0.9997 0.01 0.03 0.9992 0.02 0.06 0.9993 0.02 0.06
TNPP 1~200 0.9998 0.03 0.09 0.9963 0.03 0.09 0.9945 0.02 0.06
TIPP 1~200 0.9974 0.04 0.12 0.9956 0.04 0.12 0.9935 0.03 0.10
TNBP 1~200 0.9974 0.01 0.03 0.9966 0.01 0.03 0.9963 0.01 0.03
TCEP 1~200 0.9992 0.02 0.06 0.9997 0.02 0.06 0.9970 0.02 0.06
TPHP 1~200 0.9997 0.03 0.10 0.9993 0.02 0.06 0.9991 0.02 0.06
TCIPP 1~200 0.9959 0.42 1.40 0.9976 0.31 1.10 0.9919 0.33 1.10
TMPP 1~200 0.9994 0.03 0.11 0.9977 0.03 0.10 0.9978 0.04 0.13
TBOEP 1~200 0.9937 0.01 0.03 0.9969 0.01 0.03 0.9981 0.01 0.03
TDCIPP 1~200 0.9987 0.10 0.34 0.9965 0.12 0.39 0.9958 0.06 0.18
TNPTP 1~200 0.9996 0.01 0.03 0.9971 0.01 0.03 0.9941 0.02 0.06
TEHP 1~200 0.9946 0.06 0.20 0.9940 0.22 0.70 0.9915 0.16 0.50
EHDPP 1~200 0.9942 0.15 0.50 0.9905 0.37 1.20 0.9937 0.26 0.85
TIPPP 1~200 0.9916 0.01 0.03 0.9943 0.01 0.03 0.9906 0.01 0.03
AO168 1~200 0.9985 0.01 0.03 0.9998 0.01 0.03 0.9982 0.01 0.03
A01680 1~200 0.9976 0.02 0.06 0.9996 0.02 0.06 0.9987 0.03 0.10
A0626 1~200 0.9995 0.01 0.03 0.9996 0.01 0.03 0.9993 0.03 0.10
AO01222 1~200 0.9929 0.01 0.03 0.9961 0.01 0.03 0.9917 0.01 0.03
DiOPPi 1~200 0.9930 0.35 1.20 0.9977 0.39 1.30 0.9984 0.58 2.00
MEP 0.1~20.0 0.9996 0.02 0.06 0.9996 0.02 0.06 0.9994 0.02 0.06
ETP 0.1~20.0 0.9997 0.02 0.06 0.9999 0.02 0.06 0.9993 0.02 0.06
PRP 0.1~20.0 0.9999 0.02 0.06 0.9998 0.02 0.06 0.9998 0.02 0.06
BUP 0.1~20.0 0.9999 0.02 0.06 0.9998 0.02 0.06 0.9994 0.02 0.06
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Table 4 Precision and accuracy (n=6)

S Ay R S e iE IR B AR (10/1 pg/L) rfrk BE IR (5075 pg/L) B AR(100/10 pg/L)
- " /(pg/L) S5 [T /% RSDs/% S5 IR /% RSDs/% S IR /% RSDs/%
TMP <LOD 97.0 0.8 96.1 0.7 99.9 0.7
TEP <LOD 99.8 1.8 98.5 2.8 101.6 1.3
TNPP <LOD 112.8 3.0 107.4 3.9 105.9 3.1
TIPP <LOD 77.9 8.8 85.8 7.5 110.9 3.7
TNBP <LOD 121.8 6.4 111.1 5.9 101.1 438
TCEP <LOD 107.3 2.0 102.3 2.7 103.3 2.1
TPHP <LOD 109.8 3.8 107.1 2.7 108.3 1.1
TCIPP <LOD 110.2 4.0 105.1 6.0 101.3 5.4
TMPP <LOD 101.2 4.2 100.4 3.3 100.8 3.3
TBOEP <LOD 119.2 4.3 112.9 2.0 106.7 1.9
TDCIPP <LOD 103.6 2.0 100.9 2.5 101.9 1.8
o, TNPTP <LOD 115.1 2.7 106.6 3.9 102.2 2.5
SN TEHP <LOD 101.9 7.2 110.2 6.8 94.5 6.7
EHDPP <LOD 95.4 10.4 88.4 9.7 90.1 8.2
TIPPP <LOD 121.7 1.2 115.1 1.5 109.8 1.2
AO168 <LOD 109.3 1.6 106.8 1.3 107.5 1.3
AO1680 2.41 115.7 1.9 109.7 2.6 106.0 1.6
A0626 0.714 106.7 1.3 102.9 2.1 103.8 2.0
AO1222 <LOD 122.9 2.7 105.5 3.6 91.2 14
DiOPPi <LOD 111.1 8.6 105.0 7.9 90.3 7.6
MEP <LOD 75.0 10.0 83.2 32 102.8 0.7
ETP <LOD 119.6 5.0 102.9 45 105.3 12
PRP <LOD 79.9 8.9 92.1 47 103.3 1.5
BUP <LOD 74.9 10.4 85.7 4.0 100.4 2.7
TMP 0.138 96.5 1.1 99.5 12 100.1 0.5
TEP <LOD 99.8 24 104.6 1.4 102.9 1.0
TNPP <LOD 119.7 2.7 120.6 2.8 112.2 3.4
TIPP 0.0406 92.0 8.6 103.1 8.8 102.5 8.4
TNBP <LOD 111.1 6.2 113.6 6.1 115.5 5.3
TCEP <LOD 112.3 2.2 112.7 2.4 106.0 4.1
TPHP 0.0636 116.5 3.0 109.6 45 110.6 45
TCIPP <LOD 121.6 3.4 122.5 2.1 109.6 3.0
TMPP 0.773 94.2 2.5 103.2 3.1 104.0 3.3
TBOEP <LOD 119.0 4.1 115.1 3.8 110.9 25
TDCIPP <LOD 111.4 43 110.7 24 108.6 2.6
o, > = _ TNPTP 0.179 94.0 6.9 102.3 7.0 112.4 3.3
10% LB TEHP <LOD 74.4 6.0 89.2 6.0 101.2 6.4
EHDPP <LOD 78.7 8.1 105.2 8.5 102.5 7.7
TIPPP 0.128 77.7 1.7 104.7 1.3 107.4 1.8
AO168 <LOD 107.4 2.1 105.9 1.3 103.4 1.2
AO01680 1.23 114.6 3.9 112.8 2.8 108.6 3.1
A0626 0.489 107.6 43 112.9 3.7 111.8 42
AO1222 <LOD 114.4 4.7 112.2 3.6 94.7 3.4
DiOPPi <LOD 101.1 8.8 94.6 6.9 99.2 5.3
MEP <LOD 108.3 9.5 100.5 6.9 101.0 1.3
ETP <LOD 104.2 9.4 103.7 1.9 103.4 2.0
PRP <LOD 106.6 9.8 96.2 49 99.4 1.3
BUP <LOD 93.2 10.6 95.8 1.4 99.9 2.2
TMP <LOD 102.0 0.6 99.1 0.7 99.1 0.7
TEP <LOD 104.9 1.5 100.6 1.7 98.7 0.8
TNPP <LOD 108.4 3.3 100.4 3.1 95.7 28
TIPP <LOD 107.3 9.1 94.9 7.0 92.4 5.7
TNBP <LOD 119.1 5.4 106.6 4.1 113.8 3.3
4% 1R TCEP 0.0216 112.1 2.6 107.5 1.4 108.2 1.2
TPHP <LOD 116.8 32 108.9 1.9 110.7 1.6
TCIPP <LOD 117.2 52 113.4 5.5 108.7 49
TMPP <LOD 82.2 42 95.9 4.1 100.5 5.1
TBOEP 0.235 110.7 3.7 115.4 45 107.5 3.1

TDCIPP <LOD 119.2 3.2 108.1 2.3 108.2 1.2
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R a4
am A SRR e i A NIFR(10/1 pg/L) H IR (50/5 pg/L) 1 W B (100/10 pg/L)
0 /(ng/L) SFHEICE%  RSDs/%  PHEICE%  RSDs/%  PHEIEE/%  RSDs/%
TNPTP 0.151 72.2 1.4 100.2 5.3 99.3 5.2
TEHP 0.0508 82.6 10.9 89.9 7.6 103.8 5.7
EHDPP 1.81 82.6 9.8 79.6 9.1 84.9 4.4
TIPPP <LOD 78.8 10.8 96.0 7.2 109.1 4.6
AO168 0.555 83.4 7.9 80.8 4.6 94.5 2.9
A01680 1.44 79.9 8.9 73.5 4.3 82.0 43
4%Z. 8 A0626 <LOD 82.9 10.1 82.4 6.1 100.9 5.3
A01222 <LOD 126.4 2.4 109.4 1.8 91.8 2.1
DiOPPi <LOD 103.2 10.3 96.0 3.4 90.4 4.0
MEP <LOD 85.6 10.9 94.2 7.5 100.1 1.5
ETP <LOD 88.7 8.6 97.4 4.3 100.0 1.5
PRP <LOD 106.4 6.2 99.0 5.5 100.6 1.6
BUP <LOD 106.8 7.6 98.7 2.3 100.5 0.7
AFFWHEBEERLGIRE . KL EFAAG e fib ARl H OPEs ,OPAs Fil PBs {4 Wil FIEAR o) A6 0 - B o

' OPEs.OPAs & il 17 T 5. HLAS & B, AHfF 58 H OPEs
TR R4S TR T i B s N R A P i B 24200 i AR o
OPAs I i 45 i85+ ZHOU 52 I%t 4132 £ i vh (1) OPAs
S E(SOPAs JE I 1.35~360 pg/kg, FHIH 15.6 ngke), 5
FLH S RO OPAs & i AL (ZOPASs U 4y 2.48~3951 ng/kg,
SEXME 107 pg/ke); i ik T x4 B A b (ZOPAs YL Rl N
20000~575000 ng/g, “FIME 175000 ng/g)? K % N KA
1 (ZOPAs J5 M 220~30731 ng/g)**,
252 PBs

1E 4 Fl PBs H1, MEP HI ETP 6 H < FIHe B AH X450 5,
i MEP(K: Hi % 36.0%, 8« ¥ FI<LOD~0.268 pg/L);
ETP(H: H 2 30.0%, J&i & it ¥ ¥ Fl<LOD~0.241 pg/L).
¥PBs i il <LOD~0.501 pg/L, “F-3IE 0.066 pg/L, Firf,
MEP F1 ETP 5 ZPBs M H#1>85.5%, Hrh, #% M GB
9685—2016 3Rk, MEP } PRP A LIAE £ 3 f b bk s
FUEF, MR E TR E A I THE . AT 45 R
MEP } ETP T # K T GB 2760—2024¢ £ b it 4 [E 5
PR B SR ESIFRME FARE ) T B R,

BADF R ER GNP 2N PBs
TEIAT BN, BAiERAEM AR PBs EBEE
K32 (H 5 1R BIAN S aF 5, £ i A0 pbh Bk
i) PBs 7 i 1) o 23 Bl A 5 B b 2 M (] AL 348 o i 34
Jm, ARG PBs HRERAEL . L, £ S itk
SRR O R SR ARAT WA B

3 & 1

A5 38 1 LAk 653 A SR, R FH 3k 5 DL B AR
HENZR E i, BT T — VRO L - R BT 7 ) U
£ ATk OPEs. OPAs il PBs YERS 1t (I 77 i o
SERRW, IR RER R, RS S, I HA RIS
W RERR R, TR R S Bl B RE B OPEs
OPAs il PBs WEHEE, WIENFE—S I RER

ASBIFFEE 1L X IR ARAS | — U RSS2 G B AR A LY
i SRAS T B b4 Ak B OPEs . OPAs Fil PBs 15 441 %]
AR . B IR RIA YT B K ) b e il AL b Bl
He. o SRR IS SRR, R AE 4 ] S BB b 4
Sl AR TG e OL, BTFTHE— R WG
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