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Abstract: An analytical method based on high-performance liquid chromatography-tandem mass

spectrometry ( HPLC-MS/MS) was developed for detecting chlorate and perchlorate residues in
milk power. Chlorate and perchlorate in milk power were extracted using a 0. 1% (v/v) formic
acid-acetonitrile solution. The extract was centrifuged at 10 000 r/min for 10 min and the su-
pernatant was cleaned up on a PRIME HLB column. Separation of chlorate and perchlorate was
performed on an ion-exchange column ( Thermo Scientific Acclaim TRINITY P1 50 mm x2. 1
mm 3 pm) by gradient elution using acetonitrile and 20 mmol/L ammonium acetate solution as
the mobile phase. The analytes were identified by MS/MS. Quantification was achieved using in—
ternal standards. Chlorate and perchlorate demonstrated good linearity in the ranges of 2.0-
40.0 and 1.0-20.0 pg/L respectively with correlation coefficients (r?) greater than 0.999.
The limits of quantification ( LOQs) of chlorate and perchlorate were found to be 15.0 and 7.5
wg/kg respectively. The recoveries of chlorate and perchlorate ranged from 89.24% to
107. 85% at the three spike levels of 30.0 60.0 and 120.0 and 15.0 30.0 and 60.0 wg/kg
respectively with relative standard deviations ( RSDs) ranging from 3. 15% to 10.42% (n=6) .
This method is convenient rapid accurate and efficient thus demonstrating its suitability for
use in the determination of chlorate and perchlorate in milk power.

Key words: high-performance liquid chromatography+andem mass spectrometry ( HPLC-MS/
MS) ; chlorate; perchlorate; milk power
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PRIME HLB

s 1

N 1.1 N

. . ACQUITY UPLC TQS -
¥ ( (EST) )( Waters )
N o 78 G-l6 ( Sartorius ); Vortex Wizard

( VELP ) VAC ELUT=0
( Agilent ) Synergy
o ( Merck Millipore ) » Thermo Scientific
( EFSA) Acclaim TRINITY P1 (50 mmx2. 1
3 0.3 pg/kg BW/day * mm 3 pm) ( ) o« MCE

(0.22 m () ).
PES (0.2 ym  ); (0.22 pm
( ) ) . PRIME HLB.C
o PSA( N- ) ( Waters

) Carb  OnGuard I RP

0 RN - ( ) o

B - / (1000 mg/L )

o ( 100 mg/L CIL ) N
N ( Scharlau ) .

_ IC-MS/ 1.2
MS N : 0.1 mL
N o (1000 mg/L) 10 mL
- 10 mg/L
. 4 °C o
o - : 2 mL
(10 mg/L) \0.1 mL
o (100 mg/L) 10 mL

LCMS/ 2.0.1.0 mg/L
MS 4 C o
. ; 0.05 mL
- 1o-18 (200 mg/L) .0.1 mL
0.1%(v/v) - (100 mg/L) 10.0 mL
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0, m/z 82.9 m/z 84.9
20, 4.0.1.0 mg/L
4 °C o m/z 66.9  m/z 68.9 m/z 66.9
20 mmol/L m/z 98.9 m/z 100.9 m/z 83.0 m/z
- (1:2 v/v) 85.0 m/z 83.0 o
©2.0.4.0.10.0.20.0.40.0 pg/L 60 V
:1.0.2.0.5.0.10.0.20.0 pg/Lo Lo
—1803\ —1804 1

20.0.5.0 pg/Le

13
1.3.1
2 ¢f 0.001 g) 50
mL 75 wL
SmLO0.1%(v/v)
45 °C 20 min 5 min
10.0 mL 10 000 r/min
10 min o
1.3.2
3 mL PRiIME HLB
0.22 pm MCE
1.4
14.1
: Thermo Scientific Acclaim TRINITY
P1 (50 mmx2.1 mm 3 pm) (
) 135 C; DA B
20 mmol/L X 0.5 mL/min.

:0~0.5 min 35%A; 0.5~4.0 min
35%A~65%A; 4.0~5.0 min 65%A~90%A; 5.0
~7.0 min 90%A; 7.0~8.0 min 90%A ~35%A; 8

~10 min 35%A. NI D
1.4.2
. ESI ;
( MRM) ; 13 kV; 160 V;
1600 C; 21000 L/h;
2150 L/h. 4 1,
2
2.1

Table 1 Parent ions daughter ions collision energies and

internal standards of chlorate and perchlorate

c d Parent ion Daughter  Collision Internal
empoun (m/z) ion(m/z) energy/eV standard
Chlorate 82.9 66.9" 15 chlorate20,
84.9 68.9 14
Perchlorate 98.9 83.0" 16 perchlorate—
100.9 85.0 17 180,
Chlorate-%0, 89.0 71.0" 16
Perchlorate0, 106.9 88.9" 18
*  Quantitative ion.
2.2
C 18
. - SN/T 40892015

ICPak™ Anion HR
1 min. Thermo Scien—

tific Acclaim TRINITY P1

o Thermo Scientific Acclaim

TRINITY P1 o

o Thermo Scientific Acclaim TRINITY

P1
20 mmol/L
- 0.5 mL/min.
1. 58min
3. 84min., MRM
1.
2.3
231
o MCE
\PES

o 0.1%( v/v) -
v/v) 10 pg/L MCE
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Fig. 1 Multiple reaction monitoring ( MRM)
chromatograms of chlorate perchlo—
rate and their internal standards
“PES
10 pg/L
o
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o 2 4
90%
o PES
PES
20
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Table 2 Adsorption of chlorate and perchlorate by

different membranes

Recoveries/%

Compound
MCE PES Nylon
Chlorate 99.58 99.14 82.17
Perchlorate 97.80 95.38 13.33
Chlorate%0, 99.61 99.03 82.66
Perchlorate—1804 98.04 95.36 13.70
2.3.2
PRiME HLB N OPH N
Carb ~PSA OnGuard
I RP
Cig 5 mL
5 mL Carb
PSA OnGuard [ RP
5 mL o
5 5 mL 10 pg/L
10 pg/L
3 °
3 5 4

Table 3  Recoveries of the four compounds purified by

five solid phase extraction columns

Recoveries/%

SPE column Chlorate— Perchlorate—
Chlorate Perchlorate 1803 1804
PRIME HLB 83.97 79.80 83.43 79.35
Cig 81.56 81.33 82.07 81.44
Carb 29.69 34.53 31.84 34.92
PSA 0.00 0.00 0.00 0.00
OnGuard Il RP  70.30 66.67 68.98 65.66
PRiIME HLB C18
OnGuard Il RP
Carb PSA
o PRIiME HLB
PRiME HLB o
233
2¢g o
60 30 pg/kgo -
(1:2 v/v) . - (1:2 v/v).0.1%
- (1:2 v/v) .0.1% - (1:
2 v/v) .0.05% ~(1:2 v/v) .0.05%

- (1:2 v/v) PRIME
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HLB 2.5
(2. 0. 1% 251
( 98.06% ~ 100. 69% 103. 69% ~
105. 86%) - 0.1% - -
0.05% - N - o
0. 05%
- . (r?) 0.999(  4).
N 10 ( S/N) 15.0
o o wng/ke 7.5 nglkgo
- 4
5 Table 4 Regression equations correlation coefficients
° ) (%) and limits of quantification ( LOQs)
mL 0. 1% 20 min 10 mL of chlorate and perchlorate
o Compound Regression equation r? LOQ/( pg/kg)
Chlorate Y=4.61x10"2X+9.29x1072  0.9995 15.0
100 3 T3 Chlorate ==3 Perchlorate I Perchlorate V=7.82x1072X+3.80x107° 0.9996 7.5
- T T [ I ND: not detected.
2 ¥ 252
60
g 47 GB/T 274042008 2 2 4 .8
20 .
0 ‘ A A 30.0460.0.120. 0 pg/k
(—“\e\\\w N ‘0“‘\\(\“ . “\a\\\aﬁo\ Ce&od“(\\e Ce\odxm\"f negrxs
™ Gt I e o 15.0.30.0.60. 0 pg/kg
Qe Q'\O/e\ o \“‘\h ’ 6 5
Q05" °
) 89. 24%~107. 85%
Fig. 2 Effect of the different extraction solutions on 3.15% ~ 10. 42% GB/T 27404-
the recov;i(?sfof ch.lorate.dand perchlorate 2008 . .
MRM 3,
2.4 5 (n=6)
7 Table 5 Recoveries and relative standard deviations
A ) UL (RSDs) of chlorate and perchlorate( n=6)
° - 20 mmol/ . ] Spiked level/ Recovery/  RSD/

- (1:2 v/v) empoun ( pe/ke) % %
2.0.4.0410.0.20. 040. 0 pg/L Chlorate 30.0 107.85 1042
1.0.2. 0.5.0.10.0.20. 0 pg/L 000 7.7 523

120.0 89.24 5.47

o B: Perchlorate 15.0 104.53 4.74

1.3 30.0 90.10 7.66

60.0 103.29 3.15

(ME %)=, / . x100% 2.6
ME  63% ME 83%. o
10 6 o
. 5 19.62~85.25 pg/ks o
7.5
o2 pnglke 10.34~28.79 pg/kgo
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Fig. 3 MRM chromatograms of the blank a sample and a spiked sample
Spiked levels: chlorate 60.0 pg/kg; perchlorate 30.0 pg/kg.
° 3
Table 6 Results of the determination of chlorate
and perchlorate in milk power
Contents/ kg N
Sample No. (peg/ke)
Chlorate Perchlorate - °
1 ND 2.38 .
2 ND 12.86
3 ND 10.34
4 ND 23.55
5 ND 7.52 .
6 19.62 3.72
7 27.97 2.86
8 40.40 3.06
9 21.18 28.79 1 Lee E Phua D H Lim B L et al. ] Emerg Med 2013 44
10 85.25 16.53 (2): 381

ND: not detected.
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