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Abstract: The development and application of ambient ionization and miniature mass
spectrometry have become the current research hotspot, capable of rapid, sensitive, on-
site, and real-time analysis of samples without complicated sample pretreatment. In this
study, a rapid, on-site method was developed for the screening of hazardous substances
in infant toiletries using ambient ionization and miniature mass spectrometry. Without
time-consuming sample pretreatment, the liquid contained in baby wipes was drawn and
then dropped onto a Grade 3MM triangle paper substrate. A metal mini-alligator clip
was used to hold the triangular piece of paper with its tip about 1 cm in front of the inlet
of a miniature mass spectrometer. Aliquots of 10 pL. methanol containing 0. 3% formic

acid was used as spray solvent and dropped onto the paper substrate. A spray voltage of
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3.0 kV was applied, and then charged droplets were emitted from the paper tip, leading
to the acquisition of the MS/MS spectra in positive ion mode. Based on the observed sig-
nal-to-noise ratio (S/N) of the most intense MS/MS fragment peaks and using S/N=3
as a criterion, the limits of detection (LODs) of 5-chloro-2-methyl-4-isothiazolin-3-one
and 2-methyl-4-isothiazolin-3-one were estimated to be 50 and 20 pg/kg, respectively.
Other infant toiletry samples, including toothpaste, baby bottle and dish liquid, and
nappy cream, were analyzed by extraction nano-electrospray ionization (nanoESI). A
borosilicate glass capillary (1. 5 mm X 0. 86 mm X5 cm) with a pulled tip was prepared
using a P-1000 micropipette puller. The samples spiked with the analytes, such as
toothpaste spiked with diethylene glycol and salicylic acid, baby bottle and dish liquid
spiked with atranol and lyral, and nappy cream spiked with propylparaben and bu-
tylparaben, were gently picked up using a metal wire probe, and then inserted into the
pulled capillary, which had been prefilled with 10 pL of spray solvents. The capillary
was placed in front of the inlet of the miniature mass spectrometer. A high voltage of
3.0 kV in positive ion mode or —2. 5 kV in negative ion mode was applied via the metal
wire, producing the spray for immediate nanoESI analysis. The LODs were estimated to
be between 10 and 50 pg/kg for the eight hazardous substances. Coupling with minia-
ture mass spectrometry, the entire analysis could be completed in less than 1 min. The
simplified analytical procedures effectively solve the disadvantages of traditional analyti-
cal methods that are cumbersome and time-consuming. The proposed method is simple,
rapid, sensitive, efficient, and suitable for rapid, on-site screening of hazardous sub-
stances in infant toiletries.

Key words: ambient ionization; miniature mass spectrometry; rapid screening; infant

toiletries
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Fig.1 Analytical workflow for rapid on-site screening of hazardous substances in infant toiletries
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Table 1 Instrumental parameters of the miniature mass spectrometer

for the analysis of the eight target compounds

& B AL B THF
Compound Tonization mode Precursor ion (m/z) Product ion (m/z)
PP 50 S5 W W e ) ik 150[M+H]* 115,135
FH 256 S5 W W b ) iE 116[M+H]* 99,71
& B fi 151[M—H]~ 123
B ik 211[M+H]+ 175,193
—HEE iE 124[M+NH, ]+ 107,89
KA R il 137[M—H] 93
Xof 3 5 2 R T T il 179[M—H]~ 137,93
XoF $5 TR TR il 193(M—H]~ 137,93

2 HRE5ITiE
2.1 ETHABEERSMNEEEXRIENR
3% 1R 0f &

BE T 4R 55 FL g A /) B 48 X 0 )
Sy PR A S N TR W R
TP e S S A A b ) T PR L S W e R R 47y
T e AR B R L RS M R A IR B L (H
XF 2240 )L e Tk RGBT — E 1 . 2
B DR ot it ik R B AR A R IR E AN
o F R GRS A s AR ] R P KL S 1 A R A g 22
2l LR A S s R s S A [ vk R Y
R G e T A R ) T P B S e b R ] 5 B
FE G 43 ) 25 884N Tl F 26 1 48 &R (Grade 1,
Grade 17 .Grade 3MM F1 Grade 31ET) Fi12£ Bt
M5 55 v 0 CHUBE 5% 0. 3% R I B BRI . &
B OGN EERM AWk . &5 REH . &
P& Grade SMM 4R SE I . 2 Fh ) S5 19 i 3 1% 5
U DAVAS 5 L S O . O 7 i A QL
2 RAE 0.3 0 H R I FF TWEE V5 A Ay 2
SRR H AR Y0 53 A S R N A 5
I, Fr 2 5k B Grade SMM @ 3£ 45 1 245 0. 3%
PP TR 1) P R 5 YRR A A 2 it 44K T8 55 L, 15 O 5 1Y)
AT R A I 25 35 ) ok o PR R G S v
Wk A o B T/ 2 150 HEAT AR S S

P33 g BT L H b R s W R B T
Jpom/z 115 4D 2 i TR L CLAER . X
P 5 S5 O W O D 9 43 F- 5 F m/ = 116 FF 47 Al
MG mE B TERERIERE T n/z
99, 1 fESEH TR £ OH M. HHRAR
W A R ] T PR 5 S 0 I R D 14— % T R
TE 2, EHC2 FhWy T R s B RE R B
W, DIE M L (S/ND Sy 3 Al 58007 3k i A o B
A5 PR G 55 5 s R R R L S s R T 1)
Far B 43931 R 50 F1 20 pg/kg.

2.2 ETERHNABEBEBEMNEEEXR
i B R 47 TRE 0 &

2.2.1 RN MGV RN R R o
H UL VS R T BN K A% R R HAIG
MM ES T 3 2 L LB Bh, 5K
6 9 B2 5 AN & — H B AU A R 1 R 4l L F
TERE 30 3 i A K A R A B AR
it s 23 LA R B L TCOK S O S TR R
FE e A Sy 2 RIS 35 1) o 2 45 0Ok = B T %
EREA YRR A S X (U
YT 35 5 7R st o TR ) B ) N 5 e 1
FESE IR L BCH T &4 10 mmol/L ZBR B 1Y)
H ISV VA Ry A BBUBE 25 5 50 — H I A 5 5 )
LS R . 3R] RE R T &R B 1 A AE VT AE



4

SRIURE S« JRUAL H 1 /0N 250 A58 4% 505 335 vk B9 e o 0 e 22 4y JL kAP T v B 3 ) I 423

WS I RO R NH, - X 75 5
BETE AR AE B T I3 W LMANH, 7 m/= 124,
T 5 i R R AR LM+ NH, 7 1E
O BE S AT RIE RS S L AR B T B A
B8 m/= 107 I 89, 73 Bl J& ok % 2k NH,
M H, O JE 3R . ALRFEAESEE T H B G
IK LT LG S TR T R 58 e A DA 28 I 25
ESIILNROWI 7] S EREAEPVAIOE AU S 3
L N by 2 US55 35 50 10 7K A R 1) o B A 5

ok @ 115
S
e sor z[MJrH]+
=
= B mlz 150
g 60 150
<
2 a0b
=
[}
& 20k 135
0 T T T T T T e T
60 80 100 120 140 160 180 200

mlz

Wi 7 g 58 o LG 5 A B R K A TR A T A e A A
TR 55 5 00 S S S AR SR R AT AR AR
SRR HE TE LM —H] m/=z 137, %)
HAT R R e rh R R CO, L 155 =
W ET m/z 93, HEMKZRN %
i B s TR 3. SEE e T H R MUK A R Y
TGS P v B s R R T L3 A AR R
PO A B 75 A G R 00 A5 ECAS: R 4 531 Sy 10
20 pg/kgo

99
op °
S
8 8o +
-§ l[M+H]
S ok m/z 116
£ 71
2 a0t
=
(5]
& 20k 116
R .
T T T T T T T
60 80 100 120 140 160 180 200

mlz

B2 AESSEWME (a)fl P ESEMUER(b) N ZRREE
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