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Abstract: A method was initially developed for the determination of particle size and distribution of
cerium oxide nanoparticles in cosmetics using single particle inductively coupled plasma—mass spec-
trometry (splCP-MS). 0. 1% Triton X—100 was employed as an extractant for ultrasound-assisted ex-
traction of cerium oxide nanoparticles in cosmetics. The data were acquired in pulse signal mode,
and the particle size and distribution were determined through calculation. The effect of different cal-
culation methods on the detection limit of particle size when spICP-MS is used for the detection of
nanoparticles in cosmetics was further investigated. The experimental results demonstrated that the
lower limit of particle size detection was influenced not only by the background signal of the isotope to
be detected but also by the cosmetic matrix. Different background thresholds significantly affected
both the lower limit of particle size detection and the number of identified particles, thereby directly
impacting compliance and safety considerations for cosmetics. The accurate selection of the threshold
value is an important factor in the determination of the presence or absence of nanoscale particles in
cosmetics by sampling spICP—MS for cosmetic use, which should be further evaluated on the basis of
the existing classification of cosmetic matrices, depending on the nature of the sample. This method
enables rapid screening of cerium dioxide nanoparticles in sunscreen cosmetics while simultaneously
determining and characterizing their particle size and distribution, providing a framework for discuss-
ing compliance and safety investigations regarding nanoparticle-containing cosmetics.
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1.3.1 splCP-MS RIFMAKTH  FRIO. 1 gCREHHZ 0.000 1 g) FESE T 10 mL &0, I 1%
Triton X-100 FiFE £ 10 mL Ff: 48 A 2 H 30 min, F2HL200 wl 28348 B R B FE SE S T 50 mL 308
W, LKA FE A S0 mL I8 R 30 min, MERURIFE /3 0B, Ko B IO AE SR B AL R, SEER T
T spICP-MS [ as TAESRAF LR 1o BN, MRAEAE S AR SR O B R R 2 S G IR
HEA G T NG PORBRLRE BOE . A o i 5 g, 1 UCGEERE I T Y I R AR5
TEZEHIRARE T, LA 100 nm ApRiAz i) 5 e FRAR

F1  spICP-MS{XZR TAESME

Table 1~ spICP-MS instrumental operating conditions

Parameter Value/type/mode Parameter Value/type/mode
RF power(kW) 1.20 Skimmer and sample cone Ni
Plasma gas flow rate(L-min™") 9.0 Total acquisition time(s) 60
Auxiliary gas flow rate(L-min™") 1.10 Torch Mini-torch
Carrier gas flow rate(L+min™") 0.70 Chamber temperature( °C) 5
Peristaltic pump(r+min™") 20 Stand depth(mm) 5.0
Sample flow rate(mL-min™") 0.4 Isotope monitored e

1.3.2 ICP-MSEMESIITE  HEFARILL 0.3 o FESh B TRIWRLMEHEMETEN , AN 5 mL HNO, I
2 mL H,0,, 1E 100 “CIEHRMPES:H A% 30 min J5, BCEER, SR SIS RN . WK
FRETE R BT ST TN TH AR b, BOE R A TIH AR . IBMRES O R AR EIRG , i R T e
BT 120 CF AR, ERIAFBARL M1 mL B RN, FAMESE)G, KRN ME,
W ETEE R E 25 mLA R, EREREN . FEHR R TR E I ] 25 A s A

JH 59 H5 i TR V28 I S 4l e 22 B R EE 43 S 0 1,00, 5,00, 10.0., 50.0., 100 weg/L B 2 5 bRif
TAEEW, 5% ISR H] Ge . In. Re BTRRIEENIHA 10. 0 po/L HIIRA NFRAT .

A ZHL: 1ICP-MS SN #1550 W5 %5 85 PR it 14 L/min; 54 E S, Ji# 1 mL/min;
FALEE 3 C; MO AR, W4 2 mL/min; FEAEFEAEH 40 v/min; TEREITE] 0. 02 s ARIKIE
RIWRHE TR . 25 ARSI WA iAo

2 GRSt

2.1 SR BRIIE LR

2.1.1 AREVTEFEFRAEEHRAOZME  BAAR R (Limits of detection in size, LOD,, )0 & X
STRESEASIN F ) A RURE ) e /NVREARS o 3 I 6F B8] 23 B 23 A TR R B P T M W B,
WURLAE 5 5 B 5 T T I 2 ROBURDREAR A I PR A OGBS A [E] SR oM s 5 A
ZRFE T, BRI G — R RIS SCER AN]SR 245 20 A A Bl URE P A H PR DL
#2, splCP-MSHRIARK IR AL S Te F T . R 2B R 3 UIAH G, PR S T a5
BRI PR 28 5 VARG, RiAR RO R R B e TSGR & TARARZS I A (5 LG .

Mackevica 552 5% H 5 T 25 ARG P 2075 SRooi BE b 3 (bR 22 (A E A s NBTRLRLAZ (19455558
BE, IR TR TR /RIS . ARSIk FZTH S TERT, R BIRARE IR 9 nm, 53
R bR AR R S R A B R RS PR — SRR . DLZOr ik i AR R, ASZFE S
somn, HEEEECE I ZE R R TGS REER SR, TS BB ARKL R o B ik
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Table 2 Methodology of LOD_,_calculation and minimum particle size detected in samples

Assumed nanoparticle composition Detection limit of size/nm Sample matrix Reference
Ce0, 15 Soil [22]
CeO, 18~20 Water samples [23]
CeO, 4.0 Milli-Q water [24]
CeO, 23~25 Plant [25]
CeO, 10 Deionized water [26]
Ce,0, 13 Deionized water [26]
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Table 3~ Comparison of particle size and the particle concentration of CeO,~NPs extracted from lotion, cream and balm

Lotion Cream Balm

no  Median  Average Concentration Median  Average Concentration Median  Average Concentration

sizemm  sizenm  (x10°particles-g™)  size/nm  size/nm  (x10°particlescg™)  size/nm  size/nm  (X10° particles-g™")

30 13 15 2.8 9 11 5.1 9 11 3.5
4o 16 20 1.2 13 15 1.8 11 14 1.9
S50 19 24 0. 60 16 18 1.0 14 18 0.98
A
14 Lotion s H 144 Gream a5 1 144 Gream s
g
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, 008 i
g a7 g - E " R | 16 nm
? 20 - 5 20 £ 0.04 5 20 (30’)
2 1 =1 5 nm i T =} '8
e ‘ I =TT P
=2 ML | 2. 159 (30) 0.00; ’ 2. 159 i(4o) 0.00;
3 M50 60 70 80 90 100 3 é 30r1m i mum rjo % 1 o F10 R %50 mum »jo 9 100
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K2 spICP-MSJFEIAES (A) bt RF oA 7 B (B)
Fig. 2 Raw signal spectra of spICP-MS(A ) and the corresponding size distribution histograms(B)
dashed lines in the size distribution histograms describe particle thresholds determined by different multiples of standard deviation. The red line is
Gaussian curve fitting results CKLAR R 2340 B 7 [P R 3 2R 1 b A ) R 4000 b 2208 8 1) UKL R AR B8 5
LR AR L A il £8)

2.1.2 W RERSWARBHREMNBEEER IHEEARRERL ST SPORBRIE R MHEEH, &8
RS IO CeO,-NP RG], TERRRAEE (FRER - 1 000) AH IR 2540, SRV IR 7 VA A T &
FARZRT, YHER REN T LM TR, HERHIA CeO,~NP IR G BB 50 5 T W& P&
AH RPRLAR R /NBURLE Z I 3X A  AELIR 252 48 A i vh B ORI R SRS & AR A AR, AR
TE AR B RIURL , A A 23 PR A 5 I i) s i Y e /IR AR R AR . (HOEHE SO T, IR BLG G & 4
BRI B A RLAR RT R T U R SE PR >

HE 4 CeO,~NP I FKIH) CoAMES, ZEALAN XA RIAZ /N T 50 nm, ARBAHE AR5 A FK AN,
%GR BET J7i53K 5% . 1 BET 7k TR L )2 WM BIIE , 38 ) & A [m) SO AR ) P i e
&, MRS AW SR AT EAE R R A . BT BET kIR TR S Ty e, AR
RERBYURBRLI BE R, IEBA W LA T, Pl K50 o CeO,-NP RIAR /- AL TE, FEATES ~
35 nm X [B] N3 21500, KA FIIE R 34 nm, FAMEH 26 nm, FEGRMNBIARE PSS, 72
ATz EBBUTLIE L, /NF 13 nm B, BARGTHERARE R ZER . FE R v RE At
B A B CeO,~NPHE SRR S ATTE AL T8 . MELUIRAS BATRLEE CRIER 22 73 Bk, I HARLF 7R 807
WP A S & ERED . @ISR 3 5 2 RN CeO,~-NP IR B FE S ) BF B TS el 50, B 57
R o R 5 R Y CeO,-NP & AEBIRAE A, 53U 0~ 10 nm i3 [l N LT3 2 9 45 5 e )
FHREHE, HAE 50~100 nm JEFE P AE- S0 S B RIE T, Pr 2Bt “BE” S TImAFE . &2
o, FLIEAIFE R 2 AT R RAR A, 3 RIS R AR a5, RIFE FAE T FLi h i
(B S LF3E I T —1,  HPLI (B AN TR R AR TR AR, UL 3o BB ES T o, w3
W 78 FFVE RIRPRARR B R 034 15, 10, 39 nm. 3 FhEEFH A kAR BIR 28 rig i, HpE#F)
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AR . BEAh, BT spICP-MS AREX W1 ARSI ARKL TR SR B 5 B AR T 2EAT X 70, DA IHeRE
i AR AT A AR STRL Y S BRI G

A 257 (Ce0,-NP B i CeO,-NP
: . LA — Lolion+Ce0,~NP
g ol Cream+CeQ NP
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3 Timchi 7
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3 CeO,~NPIRXFI “Ce RIS T (A) BFLI . Rl F R 2 A CeO,~NP JGHIRAR S AT G OL(B)
Fig. 3 Raw signal spectra of CeO,~NP(A) and change in size distribution histograms after addition of CeO,~NP into cosmetics in-
cluding lotion, cream and balm(B)

the error bar represents standard deviation(n = 3)

2.1.3 spICP-MS#&MEER F|H spICP-MS % 10 L7 I 2540 4 ity v B A0 K SR AT 8 4E . 7EAS 5K
AT, DOERETETTE 3o G FUEVE D BIECAIE R, 10 4B 2ttt it Hh A 3 LA St B8 AR Ha 4k
2 LA ETURE (RI42<100 nm) , KaZESR L E 4,

4 FESAMZE R
Table 4 Results of test

. Particles(1~100) nm in the sam- . . Particle quantity concentration Detecting concentration
Sample No.  Matrix . Size distribution of particles 5. - " . -
ple for a 3o threshold criterion (x10” particles-g™") of cerium/(mg-kg™")

1 Lotion Y 11~100 2.8 0.1605
2 Balm Y 6~100 3.6 2.054

3 Lotion N - - <LOQ
4 Spray N - - 0.0181
5 Lotion N - - 0.009 6
6 Cream Y 5~100 5.1 5833

7 Cream N - - 0.066 1
8 Cream N - - 0.004 7
9 Balm N - - 0.156 3
10 Lotion N - - 0.007 1

2.2 ‘%ﬂiE%QghﬂU

U%E?Eﬁ}ﬁi/&fﬁﬁ*ﬁLﬁ”, BliTCE EAE R IR ARG F A PN As bR, AtilbrifEih 2, 153
EHJRE, PRSP EIC RN SR, 48R IR 4. HES 20 RS B T RE frﬁi’%ﬂm%ﬂn
MAEMIbRE R 22, DL 3 RE PRI 2255k DUREHRAE AR A I R o ARIEAE SRR 0.3 ¢, EARMH 2
mL, FREHHEITCEA IR, AEHT R 7R R (LOD) 4 0. 001 5 mg/ke, mgTBE(LoQ)
470.004 5 mg/kg, B AVHL, 10HFES PRI BT, HEERZERER, HAp LIRS P
TENSERTER TR, 1S TE S B, X35 833 mg/ke.

%of H AT 2 ARG I 45 SR AN K 2 B A A RE CREA2.<100 nm ) BRGNS S B0, RES TP AT Te R & B
T PRI EE>0. 1 mg/kg) B 4 FHAE S oA 3 SCAGIN 21 1 ORI SEAL IR . HoAth 6 A Sl (BT 38 ik B
<0. 1 mg/kg) AR H AL Ab il R

splCP—MS XK ALY FRAE 2 AR i A A Y ﬁﬁH@JE’J*HXT o SO & TE TN L 1Y o 1
HH PR B E 42 55 R R AT A SR A s S 2 . b A S o S 3 AN oK AR i T 58, DUIAS ]I 550
FRRERE SIS, AT E A S b s R R BT 255, HREEMBGEEI0 RSN, ok RF & dim N+
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TarE o AR AL BRG B R BCRL AR, JE ORI A R T, — i R ER R AR &, —
73 T3 BRI B AR AR RS R T BUNHEL R SEPR R . B, AT REEE SR URL A AR SR, AR AL TR 4]
RSHEE B AERER, ESCRd RR H B0E TSI RSP EOR BRI o X T4 e 3R & R ARA AR
TEJT IR FERIR R T, SRR ECRAR T 7 ik th R B P ARERLH
3 & it

ARG ST 1 3 1 BRSO LR 5 S5 8 1 T U S 77 G S Ak i oK S AL il DR A A
R AT PR A 5 o I SR PR AR AR S BT AL B TR, 6k 3 FhEE ket P ) AR S AL
WURE SR IS BAE AT /A A . I 45 R /R, SEPREES P S AOR AL Bl i sy o ST i B
FBHEE BRI 5 3R BOS RE P AT E N, 6 TORL RS R T 100 nm BBTRLA At i A 77 i R vp
BNLE S Frids e AR URE A R PIEi,  BUA 2 4F P ELLBE T RIRE o sl ad ik AR5 07 SR 200 B
IR T LU BRI B S s BB 75 5 5 E RS ST 0 &, FFPud e TERE s P R A E 5 15
{HAFAE B B3 SR e T2 o (A HE B e 2N spICP-MS A At i HH AR PUBURE A AR
THAER EEN R, BAEBUA A ZE B R B b, ARIERE S TR BT e — A PRl . BTl
ROk, R —R e, BT EE ZAR . BOTAR . RIS AR SRR, dalhE
HOCEAAAFER 0] SE R BORCRLAR A5 8 o A B — B B MURLRL AR 3 A1 B AN K S AL A A bR )
Bt IR — IR IMERE S BTN, A BT SEBLR A spICP-MS B —J5 ik bt din e AR B0RE A
TER,

SE Lk
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