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Uncertainty evaluation for the determination of 18 kinds of photoinitiator
residues in UV printing inks in baking paper films by liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To evaluate the uncertainty of the determination of 18 kinds of photoinitiators residues in
printing UV inks in baking paper molds by liquid chromatography-tandem mass spectrometry. Methods
According to the CNAS-GL006: 2019 Guideline for uncertainty assessment in chemical analysis, mathematic
models was established to identify the source of uncertainty and quantify the component of uncertainty. Finally, the
uncertainty of the determination results of 18 photoinitiators in the baking cake paper mold was synthesized. Results
The residues of 18 photoinitiators in the cake paper molds were 0.0432-0.0477 mg/kg, the uncertainties of synthesis
were 0.0010-0.0026 mg/kg, and the expanded uncertainties were 0.0020-0.0052 mg/kg. Conclusion In the
uncertainty evaluation process for the determination of 18 kinds of photoinitiator residues, the uncertainty
introduced by the standard working curve fitting account for the largest weight, and the uncertainty introduced by
the sample weighting can be ignored. Through the statistical analysis of T test, the uncertainty introduced by the
recovery rate is not considered.
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UV [k 23 B8 C Rl 6 S 2 S5 5% B — 2865 k),
EATRAUR AR P e TS e i ok iz . &
B marE, A RRA RS, B BoE A
S REERL, X6 ] K BRI ER AR R v [ 4
FHEE P C IR AR, Nk, BT UV EE R
B OV £ A 2 1) & R 65 | & 700 A B B B 1 A R L
B HEZEIRE L AE RN ERLRE s
R, AR, — SR SRS R E T
B R BT AR B R &5 SR EA T BOAR H AR, AR E R IA B3
WRIERRT . H AT SCRR IR 5 2 1 SR 5 T SR A Aok A
ih OB E 1 &R R ) s, F BRI s W
A T - R IR R L 1), LG T I S S R A SR
AR L o BN 2l B S5V O TR OB (% R B T
WA B AU 25 1 € Sy IO 288 D0 5 4 s f 8 BV T 3 Fiobs | &
FIERS ek AN A A o THIAT S 2RI | 2% 700 ] B A 1
SERCTRURE €20 1 32 H IR T T 0 R AS B 2 WU 0 . ST UL,
AWFFAMAE CNAS-GL006:2019 { Ab22 204 FR AN E 1 13T
it YU AR, 0 HE o SR U S A VRO (% - R I R
TSI AT £ S B bR ED R UV i A8 b 18 Rl &7
BIFR BE 0 ik, WPHERR A R ENR UV R 18 Rt
51 &5 B8 I A 2 AN 00 BE R IR TR, X4
AN B AN A BE AT AR T, Sk ) 4 SR A o AR U
PEALR AR A

2 MREREE

2.1 U5

Agilent 1260-6460 YA (1 35~ = PUZL AT BT 1A (S [
GHARFHE A BRA H]); XPE 205 B HL 1R (G M4 ) -
FEF Z AR A ), 0412-1 B0 AL BT R ),
XWS0A i F-5fir CHIAR LR A il it A BR 2> =1); Milli Q
KX (3E [ Millipore 2y Fl); KUDOS A i e ae (-
R A IR A FD .

18 FiOGH] & FIbREY) i : 2- 5 3 -4- B 4 3L 2K Y i
[(2-hydroxy-4’-(2-hydroxyethoxy)-2-methylpropiophenone,
HMMP, 4 =96%, CAS: 131-57-7]. 2-F 5L-1-[4-(F BLmi
) 7% 3 1-2-(4- 18 ok 3 )-1- T4 i (2-methy1-1-[4-(methylthio)
phenyl]-2-(4-morpholinyl)-1-propanone, Irgacure 907, iJF
= 98%, CAS:71868-10-5) . 4- & K — 2% H [
(4-hydroxybenzophenone, 4-HBP, 4l & = 98%, CAS:
1137-42-4) . 1-¥% 35 © F %8 JE i (1-hydroxycyclohexyl
phenyl ketone, HCPK, 4l =99%, CAS: 947-19-3), 4-—H
HILRH 2 21 (ethyl-4-dimethylaminobenzoate, EDMAB,

4l =99%, CAS: 10287-53-3). & H il (benzophenone, BP,
4l i =99.9%, CAS: 119-61-9) ., 4-(— H & F) K H
[4-(dimethylamino)benzophenone, DMBP], 4l & = 98%,
CAS:530-44-9) . 44 — H & o4 5 X B [ [4,4-bis
(dimethylamino)benzophenone, MK, #f if = 98%, CAS:
90-94-8], 2,2- — 4 Ht -2- % H T Z [ (2.2-dimethoxy-2-
DMPA, 4 fF = 98%, CAS:
24650-42-8) ., 4-H 7 — K H il (4-methylbenzophenone, MBP,
4l =99.9%, CAS: 134-84-9), 2-¥3%:-4'-(2-}2 L H HE)-2-
FH FL 2K P i (2-hydroxy-4-methoxybenzophenone, HMBP, 4fi
B = 98%, CAS: 106797-53-9) . 2- & 3 ¥ [
(2-ethylanthraquinone, EA, #iJF =97%, CAS: 84-51-5),

44- W (= & A H ) K H [ (4,4-bis(diethylamino)
benzophenone, DEAB, 4iJ¥ =99%, CAS: 90-93-7), 2-4H &
I -9-fifil(2-chloro-9H-thioxanthen-9- one, CTX, 4l =98%,
CAS: 86-39-5) . 4-7K H I J& I 7% (4-phenylbenzophenone,
PBZ, 4% =98%, CAS: 2128-93-0) . 2--53 T4 L 188 nifi iy
(2-isopropyl-9H-thioxanthen-9- one, ITX, 4l =98%, CAS:
5495-84-1). 1-5-4-T9 %A L 44 -9 (1-chloro-4-ropoxy-
CPTX, 4f ¥ = 97%, CAS:
142770-42-1) . XF — H & 2 %% B R 57 =F iR (2-ethylhexyl-4-
4ai B = 98%, CAS:
21245-02-3) (HA TCI 2AH]); M. WE(fAIEs, £E
Fisher A F); HRR((i4l, 2 ACS lab 22 H]); 0.22 pm JE
TR (3E [ Millipore A F]); 82502 FH/K b Milli-Q 841K .

R it SR T 40022 T ) s RS
22 TLWHE
22,1 ERERH

18 FhIEE1 & I TR A AR 25 R BC il 433 o ff
B 18 FhFREA: 10.00 mg T 10 mL A7 (0258000 b, Y B v
SEZS, BRI E 25 1000 mg/L ARAER £, T 4 °C 45
PR RAE .

18 Firle 5 | & R b v I R A il . MR 3.0 mL iR
AFRERIT % T 100 mL AR A R, FREE M ES, Bl
RCHEEE A 30 mg/L WA, T 4 CHE IR A7
K 30 mg/L TR A AR R B 2 3 mg/L IR &A%
WE W, PRI

18 il | & 3R i b ol A b R W A i 25 3 o
HREL 3 mg/L {RAFRUE PR 0.010, 0.025. 0.050,
0.075, 0.100, 0.125 mL F 6 4~ 10 mL fEa &, 7
F0.1%F R 7K-0.1% F R 2. (60:40, V:V)Hi B Bk i hy
0.003, 0.0075. 0.015. 0.0225. 0.0300., 0.0375 mg/L YR
EFRUER T TAEVAIR, 0.22 pm SALUEIE vk, BRECELA .

phenyl acetophenone,

9H-thioxanthen-9-one,

dimethylaminobenzoate, EDB,
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222 HSATAE

FREUSLR B RE RO RE B 3.00 g TF 50 mL B0,
HERINA 10 mL ZJiF, B A28 4 0 min, #§.0:(4000 r/min,
10 min), B FYW, i 0.22 pm ERRE
223 RAEE-ERAE S

(D) AH 35 451

L5 ZORBAX Eclipse Plus-C gRRHD {i%44:(2.1 mmx
50 mm, 1.8 pm), WzhH: 0.1%H FR/K(A)-0.1%H R 215 (B),
PH: 0.3 mL/min, JEEEARFH: 2 pl, HER: 25 °C. A PE 2
J¥: 0~4.0 min, 60%A~40%B; 4.0~10.0 min, 5%A~95%B;
10~18.0 min, 60%A~40%B..,

Q)T A

BT BT HL S AJS ESI+, K = 2
W, RS AU, WOE: 7 Limin, THESIEE: 230 °C;
FALAEIE ST 20 psi, F RS 380 °C, WY SFH: 11 L/min, W
M5 HE R : 1000 V, B4 HLT: 3500 V; B F-4F B RE): 15 ms.

3 HREHR
3.1 BFRA
HERTEREARIE 18 Bl s AR5 B i X TR AU
f =X )

m Rec

(D) X ARSI R FIER B &, mg/keg; CoN
RS EEIR R, mg/L; Ve AL IOR Y e AR,
mL; m IR T, g5 Rec AR5 IRTISC3E; £, A 3 52 1
S R R E R
3.2 AHEEXRIR

o T DR 2R O 2 FRDR LT AT (4 AN 2 B R UL o R4 5
B 10 25 IR DL B R R 1 S8, W R )y B — 2 T R

FEAERREI AR, RREIBEIE 1. BT R T e
N AR, & SHC2 WA B s, A bR A
W B, WA SHOHX AR MEAST E B 077 M JF 2K
Tk
33 ERETHEEMITE
331 AREEIRELE | A R E
TR T I 18 FGE] &, BLLLZE R > 4]
HATARERS L 5 1A BB T3
(OARHER PPk 5 | AN E
KA EYIRALE R 99.0%, B0, k™
RIS AR BRIEAEEE ;v (P)=0.01/7/3 =0.00577 .
PRESFRE IR T 02—, KPiR2240.1 mg!™,
BRI A0, BIRF GRS EATEIE R u =
0.1/43=0.0577 mg, K HFIFREA A 11.63 mg, 75NN
AN E B Ay RN R TR, MR E, IR,
FHOOE = A R FR i A X AR ME RS B E BE R u (W)=
2 (W) /W =0.00702 .
PRI WE LS, ke we 51 AR E
FRUESE R 10 mL A AR, SBEAEN
+0.020 mL!", B = AR A0 A, B RO R 5 |k i b v
AWEEN: u =0.02/~/6 =0.00816 mL .

EifiE10 mL

ST ELE(20£5) °C Z ], FEEMIEAK 25020 °0)
o 0.00118/°C. ¥ R i A TR (20 °C) il 5 2 A AR
Ak, BEIEaAE, BV IR 5 R AR A1 2 B
Heou, =10x5x0.00118/+/3=0.0340 mL .

R R AR AR R A 300 wL B MAE, fuzE
+0.0045 mL!", B =AM A6, RIESHRAG 5| A bR
EORE o B =0.0045/+/6 =0.00183 mL ;

u
Heift 300 uL

AN 7 B IR R

HERE
LT
i

mS

/N 3k
HHEE =Y

Soep (R ES

XHFE i

Rec

P ANEE BE R U

Fig.l Source of uncertainty
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=0.3x5%0.00118/+/3=0.00102 mL . {#if] 100 mL

{RHE300 uL
A, A AR2ZEL0.10 mL, B, BRG]
A R R B E R u, =0.10/7/6 =0.0408 mL ;
u =100x5x0.00118/4/3=0.340 mL

{100 mL

RONFRUEREC W, B 200 pL B, 1%
£0.003 mL, RN =704, BIRHRAE SR A R R E
EAH A u =0.003/+/6 =0.00122 mL , u -

FfE:200 pL IRIE200 pL

0.002 x 5% 0.0018/+/3 = 0.000681 mL . {8 Fi {5 10 mL 25 i,

AR A2 N40.020 mL, {Ri% =510, BIARET EYR
HEATHEE . H 0.1%H EK-0.1%H B2 2 E(60:40, V:)Hi
Fe, KB R 40(20 °C)R 0.00021/°C, ZIEHINE MK 2%k
(20 °C)4 0.00137/°C, BIJELEE 51 i (AR A v AS 1 22
JER: u  =(10x0.6x5x0.00021+10x 0.4 x 5% 0.00137)/

V3=00194mL; u_  =0.026=0.00816mL .

D, AR BOE A . MR B PP ARG A A SG
AHXSARUEATE L, RP

T T p—— .

10

u, (V)= sqrt

2 . + Z‘ 2
\/” BeME300 L " REE300 pL

2

\/uz X U
<y B BE
BeE100 mL R EF100 mL =0.0113mL

300

2 ‘ + 2‘
\/" Bef200 uL " IEJE200 L

100

Y e U .
\/ “ R0 mUER " IR0 mLBR

200

L5 TR, Y R I R S A B A AR

B 5E T, B Uy (Co) =1y (B) +1 (W) 410y (V) =

0.0123, 18 FIbRUE I BCE S | AFIFEXIFRIEA 2 B L3R 1,
F1AVERRERE 3N KRR TR

Table 1 Relative standard uncertainty introduced by standard
solution configuration

et ttrer(Crer) EY  wa(Cod) WAV e Ceer)
HMMP 0.0149 DMBP  0.0179 DEAB 0.0180
Irgacure907 0.0179 MK 0.0179 CTX 0.0176
4-HBP 0.0175 DMPA 00177 PBZ 0.0176
HCPK 0.0148 MBP 0.0145 ITX 0.0178
EDMAB 0.0180 HMBP  0.0175 CPTX 0.0221
BP 0.0145 EA 0.0177 EDB  0.0177

332 RADZFRFMEFIANG R ZE

PRl R 2R FH 2 e/ — i LA i, KL E AL 6
Tolove B A B T L (MR BE 4330128 0.003 . 0.0075, 0.015,
0.0225., 0.0300, 0.0375 mg/L)&AFA7IE 3 ¥k, 1524
NN AR . X 6 BTG, A9 30 AAR R R R]
A5 4, = C,B, + B, UG HICREL ro FEXTHE—FE S
AT e v, il A SRR P 18 F5]
RV EEFME Co, FRER/INZIIEA 5| AR X AR
AN 2 P T YR Mg 7 {1 5% 26 s i 25 3RS

BN TEARN: u(e,) =~ +%+07 )

Z":[Aj ~(B, +5 %))

S 2 M 2% s_\/l-l — (3)

10

BRI RIS SR T I AN S, = (¢, ~2)" (4)

(2,300 S A B A ] (A 5 25 bR 225 A4
PRUEA RGN AE; B, AFRAERNRRIE; Co SRR Sk B
YI(E, mg/L; By whntERHERARIE; p IR Co MIREL n il
PR ER R I UE,  C R R4 o 5 8 9 - 244, me/L;
S VR WA 5% 22 1 °F- g

ZE LR A, ARFVKIAE 18 Fpes| & & i
W, DL RS/ I A AR v A O 5 R R
1% S EUE L 2.

333 HaRMFREIIANGTHTE

FERFREMHE 2 — K, BRAEERTH, K5
MR 2E+0.01 g, fREEHETE 4070, B RV 5 1 AR AT 2
BER: u =0.01/3=0.00577 g, FEGHFRFERH 3.08 g

FE GRS RI AR AR AT E N B u (W) = 2%,/
3.08 =0.00265 .
3.3.4 HoREaiim, ZAEG| N TR

i/ 10 mL BB, BRARNE R E
£0.06 mL M =507, BB WASIRTRS AR E A &
BER: o =0.06//6=0.0346 mL . 55 % % I £
(20+£5)°C, ZJEHIREIK 25020 °C) K 0.00137/°C, {R¥I5]
A, BB W IR E 5 R B AR A T
Ugprom =10%5%0.00137/4/3=0.0395 mL , i BE ff 4 %5 1A

2 2

BUaLA 19 4 5 R ) u,cl(n)ziwﬁ“@l;b‘%:
0.00525 .
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Table 2 Relative uncertainty introduced by the standard curve
wEY ith £ 7 72 Co(mg/L) S Sxx u(Co)(mg/L) ttrei( Co)
HMMP Y=821688X+821.67 0.0140 433.7485 0.000263 0.000342 0.0244
Irgacure907 Y=11518240X+8017.20 0.0133 4555.4623 0.000141 0.000259 0.0195
4-HBP Y =440216X+348.77 0.0139 190.2443 0.000268 0.000264 0.0190
HCPK Y=558337X 97.81 0.0139 271.7957 0.000268 0.000297 0.0213
EDMAB Y=4106927X 1342.58 0.0142 2383.9505 0.000306 0.000352 0.0249
BP Y=455160X+234.58 0.0145 389.9030 0.000295 0.000520 0.0358
DMBP Y=7143456X+239.19 0.0141 5743.5028 0.000295 0.000519 0.0368
MK Y=20439677X+3647.45 0.0145 14087.4757 0.000263 0.000449 0.0309
DMPA Y=397447X+10.20 0.0145 334.5717 0.000295 0.000544 0.0375
MBP Y=552432X+970.57 0.0137 332.9034 0.000261 0.000394 0.0287
HMBP Y=1057189X+66.83 0.0143 375.7011 0.000306 0.000216 0.0151
EA Y=279579X+58.62 0.0147 172.6997 0.000295 0.000374 0.0255
DEAB Y=21613587X+20726.99 0.0146 3624.1233 0.000295 0.000102 0.0070
CTX Y=28026X+59.18 0.0146 24.5456 0.000236 0.000566 0.0420
PBZ Y=1291164X+440.18 0.0139 523.2236 0.000263 0.000246 0.0177
ITX Y=3331228 X+1979.04 0.0144 1147.1869 0.000306 0.000209 0.0146
CPTX Y=2032453X+45.86 0.0147 617.0140 0.000306 0.000185 0.0126
EDB Y=1125346X-620.29 0.0144 810.3256 0.000295 0.000745 0.0519
335 #RFAMINGTHLE @g4‘

FT A B A s T R A e 4 R A B R PR ROR
WEEZMT, MRFEHT 6 srikE:, LSESEAR
HEMR 22 FR AT E T . IZRHER A 6, 6 Uik h o B
il F e 8 43 5911 9 (0.0148 . 0.0146., 0.0147. 0.0138. 0.0150,
0.0143 mg/L), FHEH 0.0145 me/L, HFRUEAHE R H:

umwz%ﬁﬂmm%,m%%&,iﬁ%%ﬁﬁﬁ@x
n
W () ="02) 00126 18 FOEHI LRGSR

BAESIARAT & BE L3 3.
33.6 ZREILEIINGRALE

REEHT, AHHE B 55 1 KN S BT ik
PR ET AR, [EDBCRRIZ N, s BS54
5%, AN E BEAG A W] L LA AR fE R 22 (RSTD) Y TE 45
o R EAR R GE, &, T 83 HBEK
F(n=3) bR, FREETAT 6 Ik, THA LI E T
feci

YR LA R AR br G 22, PR T RS, «
u(Rec)

1 2 N " EID\
R”DU%dﬂuxﬁﬁﬁﬂkﬂﬁ 1, I 100%, &EAEAEAE
2518 R 42 | AR L2 4.

®3 HREEMSIANWENIRETHERE

Table 3 Relative standard uncertainty introduced by result

repeatability
(azy?] walfiey) BV walfy) B threi(frep)
HMMP 0.0167 DMBP 0.0196 DEAB 0.0065
Irgacure907 0.0384 MK 0.0127 CTX 0.0090
4-HBP 0.0257 DMPA 0.0196 PBZ 0.0086
HCPK 0.0057 MBP 0.0086 ITX 0.0139
EDMAB 0.0069 HMBP 0.0351 CPTX 0.0105
BP 0.0126 EA 0.0069 EDB 0.0094

RN TS 97.5% B A5, n-1 1 h R AR I 5H{E
lerit=l0.975(2)=4.303 FLAL, BHERWI, 18 FGT I AR « #/1
F eV Rec 5 1 WA BEZER, FEAHEHHPLER

PR T -
Rec

R4 ERERSIANBEIRENBER

Table 4 The relative uncertainty of recovery rate

ey’ Rec /%  RSTD/% T &Y Rec/% RSTD/% T &Y Rec/% RSTD/% T
HMMP 99.4 7.69 0.076 DMBP 101.7 4.47 0.378 DEAB 103.2 7.00 0.462
Irgacure907  97.3 7.32 0.364 MK 103.8 4.54 0.827 CTX 104.0 5.58 0.717
4-HBP 98.5 8.47 0.175 DMPA 104.8 527 0.913 PBZ 98.6 6.25 0.217
HCPK 101.1 4.16 0.257 MBP 95.9 8.55 0.478 ITX 100.8 8.30 0.099
EDMAB 104.2 2.56 1.639 HMBP 102.4 6.00 0.393 CPTX 106.3 6.28 0.996
BP 101.8 7.97 0.232 EA 107.3 5.28 1.380 EDB 106.1 4.45 1.371
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34 HREBFETHBERE. ERIHERE

[ 4543 J R S, R 5 8 P 0 A R 4 18
# M ik m oA R uy (0=
Ve (Coo + 1t (W) +ug (V) +u,(C,) +u(f,) o £ HUAR
RS2 1 BRI ] 95%, (0418 T k=2, SRAMTRAR
WERE UXO=kxu(X), HARGERILE 5,
4 &

SCIG I LC-MS/MS X HEBS 48 JE (A ER Il UV ¥ 25

HACK BRI, B AR R A ASE R BE 43 T A A
K, FEMAEL, ARMEATECE, EEMAEA —ERT
ik, FCRE S FRRE S A E T G AGE T AN, i T
KIS LB, RS 100%22F A8, FiAA% gL
ABIAMAHERE . SRR FE b, WoR B R0 it
A REI N i N R A AN R R A5 . BT A3
(1) KA AR S B (2) AU AR S & Rl
HEVR BV, (RE SR B R S AERRUEIR B A (3) $m AL
PRAERRITE N, (LR AR R s s~ (E

F5 18 MRS LFINATHEE

Table 5 Unertainty of 18 photoinitiatiors

X/ UuXxy/ X/ UXxy/
N PN N
wEY (me/ke) Uret(X)  u(X) (mg/ke) ey’ (me/ke) Uel(X)  uc(X) (mg/ke) AW X/(mg/kg) ua(X) uX) UX)/(mg/kg)
HMMP 0.0455 0.0337 0.0015 0.0031 DMBP  0.0458 0.0457 0.0021 0.0042 DEAB 0.0474 0.0212 0.0010  0.0020
Irgacure907 0.0432 0.0470 0.0020 0.0041 MK 0.0471 0.0383 0.0018  0.0036 CTX 0.0474 0.0468 0.0022  0.0044
4-HBP 0.0451 0.0369 0.0017 0.0033 DMPA  0.0471 0.0462 0.0022  0.0044 PBZ 0.0451 0.0270 0.0012  0.0024
HCPK 0.0451 0.0272 0.0012 0.0025 MBP 0.0445 0.0338 0.0015  0.0030 ITX 0.0468 0.02750.0013  0.0026
EDMAB  0.0461 0.03200.0015 0.0030 HMBP  0.0464 0.04250.0020 0.0039 CPTX 0.0477 0.0302 0.0014  0.0029
BP 0.0471 0.0410 0.0019 0.0039 EA 0.0477 0.0323 0.0015  0.0031 EDB  0.0468 0.0559 0.0026  0.0052
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