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Uncertainty evaluation in determination of 2-phenoxyethanol in cosmetic by
high performance liquid chromatography
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ABSTRACT: Objective To evaluate the uncertainty of determination of 2-phenoxyethanol in cosmetic using high
performance liquid chromatography according to “Method for the detection of preservatives in cosmetics (draft for
comments)”. Methods The sources of uncertainty in determination of 2-phenoxyethanol were analyzed according to
the national measurement technical specification JJF 1059.21-2012 Evaluation and expression of uncertainty in
measurement. The combined uncertainty and extended uncertainty were calculated by establishing mathematical
model. Results When the 2-phenoxyethanol content in the sample was 0.439%, the expanded uncertainty was
0.016%, and the 2-phenoxyethanol content was expressed as 0.439%%0.016%. Conclusion The uncertainty of
determination of 2-phenoxyethanol in cosmetic is relatively small, and the method is accurate and reliable. The main
sources of uncertainty are from the repeatability of sample measurement, standard solution preparation and sample
volume determination.
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ez i FU SRR S B A AR S et R LA
B3 SEEES =GR R R R R
R T E S, TR NPT BN/, it
BHA ARSI 1A, 0 2 B4l LAkt i JIr (58 FH ) I 65 7] 44
KRR R LR 32 o T AN FE AR AR A 5 A K
i, SR ARt it mP 5 18 750 A ARSI 2 (SR 3 ey ) (et
FE SRR S 23 P2 S0 O X AR AR S A T
FEARIRE F I HOR G JIF 1059.1-2012 I A6 1 BT
SEGFR ) UVR (AR22 50T A ASH 22 B PR e ) DXk
SIS A A BRI HEA T A TP, T I
S5 LT AT I A AT SE VRS OB AR

2 MREREE

21 UE5EH

U3000 7Y w5y 8508 G385 (LG R A8 R R 25,
2E[E Thermo 2AH]); AL204 HL TR, XP205 HL K
[d=0.00001 g, #FFEEI-FEHIZ(H E)ARAFE]];, CF16RXII
EOH(HAHSLA A

AR LN R S (AEEE 99.8%, M Bepure 23 F]); &
fi&. B, BEMR(( 4, 260 Fisher 2 H]); St KN
B,
22 MEEH

TREE N (20+4) °C, AHFHRIE <75%.
23 BiEXRH

OB Y8423 MGIIC (250 mmx4.6 mm, 5 pm);
b A DAL ot 875 J 390 R ARG 325 (AR SR 3 Ly ) 7=« R

SEWEMA AR &5 23 FPg 4y 5.3,

2.4 LWL

FRIBUCE A X B A 192.58 mg T 10 mL 37 B A5 =2
o, HCEEMIFER 2208, BSRE B bR G 5
W HR AR A R I br v 2R 5V W

FESLALBR: FREURESS 1.0 ¢ THEEE S, AR
i 8 mL, WWiENRT: 30 s, AR 20 min, FHFBCEAE
10 mL, #&%), LA 10000 r/min 2.0 5 min, B FiFHRZ
0.22 um JERETUE, ALY

3 HEREHR

3.1 HEFRA
ERL E W iy g I SN WS
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%XIOO% (1

K - R R A OB L, %,

- S VA VP I A A 4R 2L S VR B, pg/mL;

V- AT, mL;

m-FESL IFRFE R, g0
3.2 MERNHZEERKIE

F 200 A B A R S A 2 B R A

PRUERIA MBI AW EE u(br): SR HEY) B
LRSI NI E B u(br ), ARHEYI AR LS | AN 2
BE u(hs )y PRAEHR IR RE S | AT E B u(bs \); bR
HEHI LA S ABOARBEE L u(hs )

PR 5 5950 A Ak B R — BObE 5 AR R S
u(FE): AUFERE ARG I AT E R u(bE ); FEMEZSI
NI E u(kE ), BRG] ABIAREATEE u(FE o).

R (% A5 AR E w(f9).

) et A TR o iy A A T (ERE BN, SR AR X A
HE A AR uly (=38 upy (), BP

U (X)= \/ - (Mp) i (%m) Hi (T/_Fv) it <%p)
ity (BE ), (B )y (BE )4, (1)
33 NETHEESTENEN
3.3.1  AF0R A& SV G| NS AR ST AR R A [, (FF)]
(1) FRUED AL 5 A AR AR AEAS 2 BE [ (B )]
AR HE ) 5 UE 5 | 2 A5 2 4 2 Tk B 1Y 4l
99.8%, U=2%(k=2), Wure (H5 ;) =%=0001000
(2) H5 E W R = 51 A B R X RS S R
[tral(FF )]
bR e R AR SR TR BE d=0.00001 g A4 HE 1K,
e=10 d Bl e=0.1 mg!"" HIFR LA I 2 o0 b A0 4%
RV FFINERZE ub wi) . EEME u@s w) . 3BT u(bs
m3) M u(bR ) SF RS0 ARGEIZ AT A TR A 45
R, X HA A BRSBTS
125 g PN, KV/RIER2%EH-0.2 e fI-0.02 mg,
WX A FERE R 0.02 mg, #¥I5)0 k=V3it5E, W

u(b 1) :% =0.0115 mg.

e 4 IR PR ZE R 0.1 e A 0.01 mg,
ML SERE Y 0.005 mg, #5150 k=V3iT5E, )

U(FFna) = % =0.00289 mg.

K438 I3 0.01 mg, WHLIXE)2FEE Hy 0.005 mg,
Wy 51500 k=SHFET, u(h ) :%
KA R IRZE H-0.9 e BI-0.09 mg, WX i)
Yo BN 0.09 mg, % A4 k=3I E, W

_ 0.09
u(*/]im4) = f =0.0519 mg.

=0.00289 mg.
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UEAh, PREGIREE | KA ) IR ) N B n] 2 AT
H T AR PR Y TR SRS, AR 2 IRFRE, BILLL 4
T & BUBR AT A A

} \/2 % (0.01152++0.00289
u(bsy) =
+0.00289%+0.0519%)

FREGREDI T 192.58 mg, WIARAEY) FRR RS BIA
FF A AR EAT B (BT 1)=0.0754/192.58=0.000392

(3) e o iy 2 o o AR B A A R X R o RS A
[t (FF V)]

o o T 28 T ) 3ok AR 5 AR R B R R TR R
BRSBTS AR 1. 5 mL
VAR FI 10 mL A8 FREY IR EE R B E 10 mL &
W NG EZE, Few bR GG £, I S mL B
W B A 2 50 mL 25 i, P 0 2 e ol s v HR )
W, Z )5 BRIy vk v R T AR v TR il 2R
960.97 pg/mL(FH 5 mL BIEAF W 5~10 mL 25
FHFCER). 384.39 ng/mL(FH 5 mL Fias W HCrp el
4~10 mL ZFEIEAFBEE ). 192.19 pg/mL(A 5 mL Bi&
ARLHCR Y 2~10 mL 250 B E 25), 38.44. 19.22
192 pg/mL ¥ b — $ik G o v 00 R i s (F
1 mL B AR I ARV T 1~10 mL 2 e
Z%), TRt ph 2 ]k AR v i L R 2R 1 R .
M JIG 646-2006 ( FB5ipins ) e A, 1| mL B AR 1E
A O 1 mL B X R 2 i AR 2 N +1.0%EP+0.01 mL;
5 mL B IR ASTERE N 2.5 Fl 5 mL B b 2 iR 22
H£0.5%F1+0.6%, AN 2, 4 F15 mL, FEA
YRR 2243 BIF5£0.5% . £0.6%M1£0.6%3144, BI+£0.01.+0.024
H£0.03 mL,

M JIG 646-2006 ( Biis ) "IN JIG 196-2006 ( #
B RS R ) UG MR LS I R ARV 22, FIR A
G)iHa p i H Fe 22 5L ARIARKS AR UEA I 5 E 1ty (Vi) o
BRI = IR N 22 °C, & HIE 20 °CHRfE, &R 25 (R
Y fifs £ ) R R I (B o R k) IR B ik &R B4 B R
1.37x107° 1 1.20x107°, B85 (4) M B0 5 [ 1)
AR AR UEAT T FE ) (Vi) o

=0.0754 mg

Qs v
urel(VVy:'(@ )= kﬁ;{g 3)

s a-t HAREES DR A (AR i 22 (e K AL 1R 22);
kB 5 Sy A D)
VBRI AT
1A
erl; @
K a-i PS5 D R AR 22, 55 T2 S8 <R B
ik R BBl AR,
kBRI 5 AT HED);

tre) (Vi )=

VERAER I TR
HRA SRR 1) AR IR R 725 | A A
KRB0 e (4 ) =0.0135.
(4) BRI IZRALA A IO HIXEBR A 72 B [ B )]
SRR TR A-WEE p HA TR
- HBRHE RIS A BRI B e A R (ST

_S 11, e’
Yo~ B AP P Sex ®)
" (4 —(By+B, )]
S:\/Zl—l[ i ( 0 lpz)] (6)
n-2
n -2
Sxx = Z (pi - p) (7)

j=1
K SIREMEMZE, A5 @ UChR THE IR R G T AR 7 {1
Bo-#R1; B-#ER; p-al B4 1IN R B - 5E TAE T ZRAY
FRE B (n=12); po- e IFE SV P 2R R L BE R TR TR
pg/mL; p- TAERRZR 4 S B B FE - 3{E, ng/mL; S,,- 1.
A i 2% P ek B 22 B~ 1, (ng/mL)’s

AJFEEXE 6 AR E 1R E L BEbR e s A T T
W, HAUEEIE 2 R, THEE R AR 2. AR 21
By, 2 IS4, AR i 2R v T A 2 Aotk
WO A £ BE B AW BE O po = 451.24 pg/mL . M

. :0.0648\/1+1+(451.24—266.19)2
P0.0573V2 12 684869.36

»)=0.900/451.24=0.00199.,
332 AOMAER G AL T — BT A AR AR
A R [ (FF)]

(1) BESRFRE DA AR AN E JE [ (FE )]

Al 3.3.1(2), FESHFRAERATREE d=0.0001 g FIHL TR
SR, e=10 d Bl e=1 mg, FRAEREZI N 1 g,

TE 50 g ARV, KPR EIRZEN 0.3 e B 0.3 mg,
MWK AR FERE N 0.3 mg, A0 k=3 5, W)

u(ﬁéml) =

=0.900 N )I_I\IJ Urel (*ZT:

0—;’:0.173 mg.

B

KB IEF 44 R EEEIRZEN 0.1 ¢ B 0.1 mg,
WX SRR 0.05 me, HIIAIME k=3 5, N
0.05
BB
KF4r#EI18 0.1 mg, WILXH:FEEN 0.05 me,

ﬁﬂ@ﬁﬁkaﬁﬁ%,mm#myﬁ%?
T #1225 0.3 e H1—-0.3 mg, T HC X [] 2 5%
B 03 mg B4 A5 k= B33 g, )

. 0.3
u(Ffg) = N 0.173 mg,

NG
FESRTRIE 2 YRR T (L B AR PR D), AL

u(bf ) = =0.0289 mg,

=0.0289 mg
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\ T4 AT HEAS B o i . %
LAE: 4 J5E b HEA B2 u(w)z%:o.oowz% o UV RE AT S T A

5 5 =0.351 mg.
+0.0289° +0.1737)

FREURE & 2 £, FREERS30 1.0364 F1 1.0220 g M
BE BT 1A AR T 4 BT S B g (BE ) =

2 2
iy~ \/2><(O.173 +0.0289

12x(—
\/000035 1.0364° 10220

(2) BESLE T AR X AR AT E S [ra(FE )]

HHE JIG 10-2005 (& FHBE R AR ) IBLE, 10 mL L
B L2 H+0.10 mL, IFR 1 FEAE R RS AR
X BRUEAAE L et (FF 1)=0.00840.,

(3) TR METIAARXTAREAS 0 E JE [, (FE )]

KR —FE ST 10 REZ M RETEM, 45578
0.429%.0.435% . 0.434% . 0.428% . 0.444% . 0.449% . 0.426% .
0.453%. 0.451%. 0.455%; FIIHN: 0.440%, % A ZF

—) = 0.000482.,

S ABIMSS PR EATIE L A tre(0)=0.00792/0.440=0.0180.,
3.3.3 AR E AT NG AR TR [, ()]

AR B R, SEE T U3000 5 450 AH (4 1% A
RN E P RSD=0.20%, T AH X B A E N
0.20%, I35, T AR € 15 50 A A X bR S o
0.0020

NE)

3.3.4  AARHARE A R AL A

W EE AR R UEAS B 2 B & B 1 AT Z AR IR 3. [
1 R4 s A ARG L L, AT LS 0 3 Wb 4 % b 4% 43 o
KNS

AR QY SEA XS A SR AN E BN

0.001002 +0.0003922 +0.0155>

EE uy (1) = =0.00115 ,

. SN — > \ _ 2 2 2 _
ER I ZE AR AT 5=0.0112%. 16 S2hri v, sk Uy (@) = [+0.00199” +0.000482~ +0.00840° =0.0253
W 2R A S U R, U o R s +0.0180% +0.00115
F1 EENHEMRETHEE
Table 1 Relative standard uncertainty of measuring tools
1%
‘ B 5 %FH R o @Hﬁ ﬁswé L e
i wH o I W KRB e Urel i A vl DEE B e
WL /mL :
/mL /°C PCT
10 mL 75 Hi R
1 10 +0.02 22 1.37x10° 0.00115  0.00158  0.00195
(A%
50 mL 7 R
s 1 50 +0.05 22 1.20x10° 0.00058 0.00139  0.00151 3 3
(AZ) 0.00195%+0.00151
Mg 1 mL BHAE 3 1 £0.01 22 1.20x10% 0.00577 0.00139  0.00594 +0.00594% x 3+0.00373% x 2 0.0135
W smL B 2 5 +0.03 22 1.20x10° 0.00346  0.00139  0.00373 +0.003732+0.003212 '
SmL Bl 1 4 £0.024 22 1.20x10° 0.00346 0.00139  0.00373 +0.001802 % 6
S5mLBwaS 1 2 £0.01 22 1.20x10° 0.00289  0.00139  0.00321
10 mL L 6 10 +0.02 22 1.20x10° 0.00115  0.00139  0.00180
(A %) ' ' ' ’ '
FERESR
f'%u 10mL lLEE 2 10 010 22 1.20x10° 0.00577 0.00139  0.00594 J0.005942 x 2=0.00840
PR = B B
2 tOERGIEERITE
Table 2 Results of standard curve fitting
Y B 1]]54 /E{ m'SL R _ .
W A Ifil TR 42 n p bR S Ser
p/(ng/mL) /(mAU 'min) /(mAU 'min)
1.92 0.71 0.69
19.22 1.70 1.70
A =0.0573p + 0.6262
38.44 2.81 2.80 ot
X FRE r=1
192.19 11.63 11.65 12 266.19 #HR B,=0.0573 0.0648 684869.36
384.39 22.79 22.77 TIE Bo=0.6262
960.97 55.65 55.65
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Table 3 Relative standard uncertainty of each component

e ANH S B SRR il ESSiA AR AN 5
ural(FF ) FrRUED) A EZA B ta(FR 5)=0.00100
Uret (B ) BRI o ¥4 B2 U (B 1)=0.000392
urea(B5 ) T o A R A ) 2o 5 B % e (FF 1)=0.0155
Urea(BF ) FREM LIS EA A% ura(BF )=0.00199
Uret(FE ) B ALK R 5 B2k U (B 1)=0.000482
ura(FE ) FEfbEZR ¥15] B ura(FE 1)=0.00840
trer(@) wEEME ER A% Urel(@)=0.0180
(130 TR (034 T A ¥4 B % a(1)=0.00115
0.020 -
0.015
i
ﬁ
Z 0.010 +
-ﬁp:<|
s
0.005
0 _- 1 I L L . L | L 1 -_I
u, (b)) u (b)) u (bR) i, (F5) u (FE ) u, (FF) u (@) u (1)
AHE R A

P &St R AR AN E

Fig.1 Relative standard uncertainty of each component
3.3.5 ARXTAREY R LA RN 0.439%+0.016%, k=2, 1% 715 AN & B S A4
MRAEBIR 2 YOM LR AL I SEIR AT RAT RN E O N Jrik BB AT R PR (AN E R R
0.439%. [HIL, JEP-3E ik MO bRMEARTEBE AT IR g phany it . o M R FORE B 2%, B T TS

um@paﬁﬁzummo HEMERGBERS LASR, 7 P M B A6 PR L 50 0 1522
2 (RESC B2 BRI R . JEUCPPBRYE I 200 2 5 ARG

CEAEERA 95%, A& HF =2, MAXRHEY e
REELEN: (@) = kg (@) = 2x0.0179=0.0358
3.3.6 AT ETHATE

b A dm b R R L BE bR E YRR R E E
U(@) = 0U (@) = 0.439%x 0.0358=0.0157

AN RE FERE/IN, FE BN D B W T AR 5 T A &
B R TR B IR IR, B DL R R SR e
s ph T A o A G 38 0 AR AR S P 7 DL A7
PR, TR HE - S 5 AR E R

33.7 FAEIRE SE M
W 1y e o A EL oL _
Ml RS LI N 0=0.439%20.016%, k=2, [1] CNAS-GL006:2019 fb24 43 b Fo AN BE A P4 G 6 ra [S ).
CNAS-GL006:2019 Guidance on quantifying uncertainty in chemical
:I: S
4 gn -Le analysis [S].
. . . . [2] ¥, Fst, T, S5 RSORRH e fth it A L
N O == = A W L 11 RS
H?Lﬁlfﬂz' AT, I Attt DR E/J!{‘)‘in BIARHIE BEITED]. H L E Tk, 2018, 48(8): 466-471.
{ZE(TE*J%D—'L*I%) >> “Eﬁ %%”%%W‘Vﬂﬂff 23 ﬁzﬂﬁ”qj 'E‘%Uﬁ Wang T, Li Z, Jia HB, et al. Evaluation of uncertainty in the determination
*H @i%/i{'ﬂﬂ%%&n’?: ':F' Xffh < H%" {Eﬁ\ﬁ, glﬁ l:'l—lrl ':F' %ff\‘ Z;@%"‘ of benzalkonium chloride in cosmetics by HPLC [J]. China Surfactant

(5 0.439%0F, 3B ANHE B 1 0.016%, KR ZLEE S Deterg Cosmet, 2018, 48(8): 466-471.
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