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ABSTRACT: Objective To establish a method for determination of perchlorate in honey by solid-phase
extraction-high performance liquid chromatography-tandem mass spectrometry. Methods The samples were
extracted with acidified methanol water, purified by WAX solid phase extraction column, separated by phenyl-hexyl
chromatographic column, determined by electrospray ion source in the mode of anion multi-reaction monitoring, and
quantified by internal standard method determination. Results The limit of detection for perchlorate was 0.33
pg/kg , and the limit of quantitation was 1 pg/kg. The recoveries of perchlorate were 91.6%-108.3% in the range of
1-10 pg/kg, with relative standard deviations of 2.81%-3.47%. Conclusion The method is accurate and sensitive,
which is suitable for the determination of perchlorate in honey.
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3 - R T U AR (- TR O B
DOEMEAUE, REUEHAR, o R 0 e s i PR K
T 5 €5 i R R B ANt A AN 8 o HL AT XKL ARIE
g AL b SRR O BN E TR R 2, (N
2 i SR ER O B R A S D o 2015 AR SE it
TR ATV AR AE“SN/T 4089-2015 3 H Iy vh i 4
FR R (I 5 7122, R AT M AR AL ET X Tk s, HL
A Fr W B A I A o B 225 ik R B P e
Wtk A 25 5% f e R A I i RO 8.1 ik 1.370)
N e v i AR R ) 7 R R T RR AR TR s /K M B I
J Ak BRI G, L e S B vp A R A SR AR IR
BEZE 20 15 YL BTt AN, o BRAR A (0 A

AR SCHR R H I P A5 e 8 v s SRR R AR D TR R
R, 456 1 BRonc B F ek e, a0 e 2 BRI R R iy
R PRALEITT, SR FH 55 B 2 32 i S AR W B 52 45 T A 22
B /N A (WAX [ #H % B #E , weak-anion exchange
chromatography) it ft., 15 20 A 0,335 - #8106 0T 3% 1% (high
performance liquid chromatography-tandem mass
spectrometry, LC-MS/MSYill, A %08/ T XA i1 G,
e AT 1 e dr . BETT AT T o SR AR PR
fRTAH . MERA ARSI Ty, i R 3 I B T mT
Ay TR T P T s ) R 2, e g A 7
M AR it B AR T R T RO SR

2 MHEREE

2.1 X5

Nexera 30A = 0B (% (H 4% B H 22 w]); Qtrip
6500 —HPUMAT BT, P amiss & FIR(EE Applied
Biosystems 2 F); Phenyl-Hexyl f{4:(150 mm x 2.1 mm,
3 um, 3E[E Waters A#]); Cig O3EA(150 mm x 2.1 mm,
3 um, 3E[E Waters 23 r]); Hypercarb {fi%4:(100 mm x
2.1 mm, 5 um, EEMELNF); WAX BEFHFET: (60 mg/
3 mL). GHP JEJ(0.20 pm)(3& [E Waters 23 7]); SA300 4%
#% (H A& Yamato 24 F]); g 1R 21 #% (3£ B Scientific

Industries A Fl)o

FE . HRR (e, b [l RS A AD); o A RN
FR i b (98%, EIE Sigma A H]); AR IR N FRBRAE S
(1 mg, ¥[E Cambridge Isotope laboratories Inc 22 H]); T
KRB A

PRV AT . TR PRI SR BRI i 12.63 mg
F 10 mL RIS, KB RIFE A B 208, B g
1000 mg/L f# 5%, F 4 °CHAF T I-AF

IBRIE IR T K 5 A SRR R P b b o it i
il B 500 mg/L i 5, T 4 °CHMF F IR F.

Bl ARV IR AR 5 2 K 32 0 o e TR A
TEVE T AT, T TR A 24 W B R v T AR R o

AR TAEEW: B 500 mg/L 459 20 pL T 10 mL
i, FKEfmIF A 2208, BHR 1 mg/L WAR L
YEWR, T 4 °CHAF TR
22 HmPRERSEK
221 #& K

FREL S g(KG 2 0.01 g)FEfH % 25 mL BRLELOE
PAGE 5 bR AR, A 5 mL KA1 5 mL B RS, Fhn
A 100 pL R, R G, MG EEIZI4R% 15 min, 1§
Hiiko
222 % 4

YT 3 mL HEEA 6 mL /K TG1L WAX [ AHAEBUR:,
B FRREROE A IR IF B0 WAX VR, FEE R
KA 3 mL /KA1 3 mL FEEMRGE WAX /M, Bt T
WAX /IME, B f# A 6 mL 2&0K-H EE(1:99, VIV IR E,
WA VERE M, 50 °CRAMRT, i 1 mL50% H BEK i i
(57 1% HH R A s, el ISR
23 HHEeESRIEEN
23.1 RABEHEE

{43 £ Phenyl-hexyl 4341 (150 mm x 2.1 mm,
3.5 um); PEFEE: 5 uL; FEUE: 30 °C; RSN A 5% A
W(E 1%FER); Waht B: 1% R B, ak:
0.2 mL/min; #fEEVEML, B AME I 1.

®1 RIEERBBER
Table 1 Mobile phase elution gradient table

i [A] /min Al% B/%
0 70 30
3.0 70 30
3.5 30 70
7.5 30 70
8.0 70 30
13.0 70 30
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B dn 4 R

LRI 4 %10 45

232 kA&t
E U I I T TR R

Wor=: 2NN, BmSEHEE: 4000 vV, FSES:
0.5 MPa; K755 EJI: 0.35 MPa; #BISE1: 0.7 MPa;
BB : 550 °C; B TR 13 V; W ES 7%
SERCE R . PRERIE] . R Rl A L 2.

3 HR5iE

3.1 Jle zkﬁ:E’]'ﬁl:ﬂf.
AR A TR A | ARRETF, HAEE PCl
57C1 2 FhIEAE R, (5 AR b HA S W] o S
TR, T TP Clo,), MILE &R K NFR
1E BST _FRIUN T FH(M-HD). Bl 1, 7if
S AAAE RN BT RE S5, 155 MS2 F, aniE 2.

AR AR, il Cg AR, JEiE A
Waters 23 5] [ Cyg (5 FE . $HL 2 ] ) Hypercarb 635 |
Waters /A 7] ) Phenyl-hexyl €& 3iAE#EAT T K X, 220
A5, = EER EL 7E Phenyl-hexyl i H: - HA BRI HIHE,

T i, il 3, NILASCRA B T Waters AWl
Phenyl-hexyl &4+ .

33 ERRERIRE

SE6 AR R BUAS [RIRE I3 A 308 AT oo SRR S A I R AS [+,
FOAS TARSEIS A Y 2 Rl et o SRR SR 1 W B SR,
ficihil 3 mL 10 pg/mL 50%H F B K T (B 1% 00 F ) A v
AmEhbruE, b 1 mL VR bR EHEERE, 5358 2 mL
Forr 1 mL R R HEHERE, 55 1 mL it GHP BEiERE, g
TRANE 4, RS EN 250 AT Ab B P FE AR JE R AR

N L HY I 5, GHP BEXTRER AW MR 2L, TR b
GHP i‘l?b\o
OISR E R A SR R P AR OCHE, T
2 RiEsH
Table 2 Parameters of mass spectra
H oy 2R WS 1% (m/z) FERE TR (m/z) £ B ) 8] /min EEHEDP)YV fli 1% L GBI (CE)/eV
98.8/82.9 -45 -36
AR 98.8/82.9 6.79
100.9/84.9 -45 -36
106.9/88.9 -45 -37
i AL -D3 106.9/88.9 6.79
106.9/70.8 -45 -56
98.8 .
20+ 113.0 12 91.0
16 10+
glor 175.0 2
2 g 8
= 12 181.0 =
£ 8F 100.9 1630 £
3 o1l = 4t 106.9
B Al 89.1 = 113.0
h 2 || 175.0181.0
0 AL oha | " .J|| Jl. 'l.ln J| 0 Ll L L|l
40 60 80 100 120 140 160 180 700 40 60 80 100 I20 140 160 180 200
JFifor ki /Da [ a7 [/Da
B SRR B AR R B i ]
Fig.l Proton ion mass spectrum of perchlorate and internal standard
8 8
829 251 849 88.9
7 [ | 7 |
§ 6 %20' § 6
£ 5 & st £ 5t
= 4 = = 4t
53 98.8 = 10f 109‘9 53 106.9
2 I E . | E 2 I
5r |
I 66.9 687 | h lta49 708 i
910 50 60 70 80 90 100 110 120 910 30 60 ?0 80 90 100 IIO I20 910 60 80 100 120
[ for [t/Da JFi 17 HE/Da ffifor 1t/Da

K2 IR L PRI MS2 BTk ]

Fig.2 Secondary mass spectrum of perchlorate and internal standard
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457 679 %8 UL, BOHUFCRREE 48510 1,25, 10,20, 50 pg/L
o 9881829 HOBRYE TARAE, FIECIIA 25 uL 100 ng/mL P9, EHLIY
2 30l o GERHRWT, SR Y € T L (Y) 5
2 as (X, pg/L)E 2R, ZRiEE5H2 Y=0.0795 X + 0.0118, &k
i% 20[ JEFEH 0.5~ 100 ng/mL, AHHEZRE r 7 0.9997. 44 6
2 s Ao RS I M R TP, HelWRH SIN =3 3
10p B 7 gk KPR (limit of detection, LOD), {FM:Ek S/N =10 1
05p JL . B R EEBR(limit of quantitation, LOQ), TTHE S35
0.0 L 1 L 1 Loa 1 [ — 1 1 ] . N N
01 23456 7 8 910111213 SRR ELAY LOD i 0.33 pg/kg, LOQ M 1 pg/kg.
Fsf ] /mi N .
- 00000 . -®- ORWRMERETTBL o ITRBREMETTAL
K3 AR g
Fig.3 Chromatogram of p:rlchlorate i;gﬁg : "/_./-_59'
=
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2 0 : . : ' . .
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2000 s Sk SRR
1000 Fig.5 Comparison of matrix standards and solvent standards
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Fig.4 Effects of 2 different filter membranes on perchlorate solution

34 HMEILESAEE

[& FHZE B (solid phase extraction, SPE) 2T 43 & Ji i
TR AR i A AR 9%, A 2 T AR SR AR (A R )
HEARRE i 1Y) E BRI P B, 5 o v B AR T 4
&Y 8, RIG TR Ve, X558 M 4L Bin
REIP BB, BRI S R I 5 ) R AR 4
FIR R T, $2 8%t B ARTEI P A A R B . WAX HERY
JEURLZ — PR A 55 B B S 3 BRI, B K i
X R R T ) A S A B R R .
FRER TP A R I SE A, NIRRT WAX [EHHAE
IUREAE S A AL B A AR S BURE . e B2 1% FF 1R R i T
FRACIE, e ERR AR LS -1k B T8 X B 555 [ 8 38 4
FL TP B 1 RIS 2N I B, PR KR R R R 2
Bt o TR . FABR AR S 2.2 853 0 7 ik il VE Al
s R, Pl B R 250 1.2.5.10,20,50 ng/mL
RSB IR, o 25 W C i DA A IR v B AR s A b o, X
H T I ThR I S SIRRE, Q1R S BTN, BE AT 4 WAX
FEFAb G 2T T3/

3.5 FHERMER. &R
TEARACZEAET, JHBIPERE SR 2.2 T893 1007 i A I

FHERMEAE fd% 2.2 3R 1, 2. 10 pg/kg 3
AT 1 s R ER R VEV W, BN US KPR 10 1R
AT, DUAS 7L RISl 91.6% ~ 108.32%, FHXTHR
W 22 (relative standard deviation, RSD) 4 2.81% ~ 3.47%,
W3 3,

3.7 FERERM

KA TTEXT AL | R RE . EE . 3F
LHEE S AARER, 761, 2. 10 pg/kg 3 MRMIKT-H
A R R EAT 0 s B, AR MRl 90.8% ~
107.3%, HXTFREMRZE N 1.81% ~ 4.36%, W3 4, J1iEE
PP . e . s . BE . FEEES A
[ 25 P s R L A = A E .

4 5 i

AR SCHESE T AR AR A - i A8ORORE €5, - HR B 5T
(solid phase extraction purification-high performance liquid
chromatography-tandem mass spectrometry, SPE-HPLC-

MS/MS)Il 7 e B v sy RIRER 7 I oM vk o Tk Sk
R ERR . R mRL, TERTAL B AN [RE AR B R
ah, ARLRER TR, fem T REBE, FEAR TN
R, T vkl T e v e R R OGN, Ok i R
JEE 38 P B GIE T A A D AT A o o 4
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®3 BEPSEBRIMZEWERE RSD (n=10)
Table 3 Standard recovery rate and RSD of perchlorate in honey (n=10)
WM
RV €5 1 pg/kg 2 pg/kg 10 pg/kg
EHAng/ke) /% W fE A (ng/ke) B A4/% W /(ng/kg) A/ %
1 0.962 96.2 1.899 94.95 9.862 98.62
2 0.933 93.3 1.832 91.6 9.731 97.31
3 0.986 98.6 1.99 99.5 10.518 105.18
4 1.053 105.3 1.973 98.65 10.832 108.32
5 0.977 97.7 1.954 97.7 9.876 98.76
6 0.974 97.4 1.978 98.9 9.876 98.76
7 1.005 100.5 1.965 98.25 9.899 98.99
8 0.968 96.8 1.899 94.95 10.155 101.55
9 1.022 102.2 2.033 101.65 9.879 98.79
10 0.961 96.1 1.978 98.9 9.695 96.95
RSD(n=10) 3.32 3.32 2.81 2.81 3.47 3.47
x4 TEETMPSDEBREMITEIEK RSD(N=6)
Table 4 Standard recovery and RSD of perchlorate in different honey species (n=6)
wnkF
A 1 pg/kg 2 ng/kg 10 pg/kg
B /% RSD(n=6) BT /% RSD(n=6) B2 /% RSD(n=6)
TR 91.0~103.0 2.13 95.5~103.5 1.98 91.9~108.2 1.81
B 90.8~105.0 2.92 91.5~100.5 2.69 91.8~101.8 2.09
AL 91.5~102.0 3.18 92.5~99.0 2.93 92.0~101.5 2.29
BT 92.0~98.0 2.92 96.5~101.5 2.75 92.7~98.5 2.67
IR 91.6~107.3 4.36 93.0~104.0 3.91 92.7~109.3 3.03
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