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Simultaneous Analysis for Veterinary Drug Residues in Honey by HPLC/MS/MS
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ABSTRACT - This study was conducted to establish the simultaneous analysis method for veterinary drug resi-
dues in honey by high performance liquid chromatography tandem mass spectrometry (HPLC/MS/MS). The eleven
targeting veterinary drugs with honey test method in Korean Food Standards Codex were divided into Group 1 (strep-
tomycine dihydrostreptomycine, neomycine) and Group 2 (oxytetracycline, enrofloxacin, ciprofloxacin, cymiazole,
chloramphenicol, amitraz, coumaphos, fluvalinate) to be analyzed simultaneously. From the results, the retention time
(RT) of the targeting drugs was within 15 min, the range of detection limits was 0.0056 to 0.0643 pg/g and the range
of quantification limits was 0.0169 to 0.1948 ug/g. The coefficients of determination (R?) for Group 1 (0.05~1.0 ng/
mL) and Group 2 (0.01~1.0 pg/mL) were 0.9917~0.9987 and 0.9923~1.000 respectively, and showed the good linear-
ity. The recovery rates for Group 1 (final conc. 0.25 pg/g) and Group 2 (final conc. 1.0 pg/g) were 65.1~80.6% and
64.2~90.3% respectively. Also, the analysis results of inter day (n = 3) and intra day (n = 6) RSD (%) for area and
retention time showed that the RSD (%) for area and retention time was below 10.92% and 1.57%. Therefore, the
simultaneous analysis method of this study is evaluated to be a good test method for veterinary drug residues in honey.
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3193, Group 2 oxytetracycline, enrofloxcin, ciprofloxacin,
cymiazole, chloramphenicol, coumaphos, amitraz, fluvalinate

2 A5 AR E BE ¥FE-2 Sigma-Aldrich (USA)
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AFE & TE7F 99.9% oSl AlFS AHEsHAT

AA g e} o] F 4o 2 AFE3F methanolZ} acetonitrile2]
73§ HPLC gradeS! Burdick & JacksonA}2] A& o|m
heptafluorobutric acid ¢} formic acide= Sigma-Aldrich (USA)
AL AlFo 2 EFS AME-3FS UL waters= Thermo Scientific
A} (USA)Z A3+ 3%} water (> 18.2MQ cm resistivity)
£ ARESIITE SPE cartridgeZ ARS8 WCX (60 mg, 3 cc),
HLB (60 mg, 3 cc)= Waters Corporation (USA)2] A|&ES
AHE-sHA T

LEIRES

Group 18] opi=FE|FAte| EA] FE&2loFEe] N

T J‘»’E(Stock solution)& HF F=7F °F 100 ug/mL &
T7F HES water® Fo XAt WA Byste] ARE-
S &3 8- (working standards) water® 3]
ste] ZAsIT ofv|ieg] ZAte| EA] SE& O FES
glofl F2do] lermz %E]Ei%%ﬂ(polypropylene) A
o] Ag 7175 AESIATE Group 29] 7N =N (stock
solution)> 7t FFANE] HF F=7F ¢ 100 ug/mL 4
T7F H%E acetonitrileZ o] ZA|5le] W HAsIA
ARt &5 B389 (working standards)y acetonitrile

2 34ske] 2AHSICh

A2 HXg
Group 19| A8 AAE= HE 3g& 50 mLIA4AFE
S}al water 20 mLS o] SEZF JEsle] 53] =9l
o] 89S u]g] methanol 5 mLe} water 5 mLE &4
5IA1Z71 WCX cartridgeol] &2FA17]13L water S mLZ A F
skal 2132 7hsted oF 10:7F 74Zs}°ﬂu} 3mL 100 mM
HFBA/methanol £ 02 823+ F 45°ColH 2422 ¥
Z3Fal, 20 mM HFBA/water§<9 1 mLZ &332 0.2 pm
filter2 oj3}sto] A|@&Mo g ARE-SIAATE

Group 29| A8 AA = EE 3¢ 50mL FEoI| F
3} 0.2 M sodium phosphate buffer (pH 7.8) 15 mLE ¥
3L 57 JA"ete] =Es] =1l o] €4S wlE] methanol
5mLe} water 5mLZ 432171 HLB cartridgeo] &2
A7) water 5mLE A3 3t AFL 7lste] o 102
7F AZ3I9 . 5 mL methanol £8 02 &53F & 45°C
NA AAr= &3}, 50% methanol &% 1 mL= £3)3}
3 0.2 pm filter2 oJ7}sle] AJFgH oz AR

E

CORIEREE 2]

HPLC #2442 ShiseidoA} (Japan)2] SPLC (5100 Auto-
sampler NASCA, 3301 Dual pump MSI, 3014 oven)$}
HPLC-MS/MS+< Thermo ScientificA} (USA)®] triplequadru-
pole mass spectrometry TSQ Quantum Ultrag A&-3}%S

v A& -2 Thermo Hypersil gold C,; (2.1 mm x 100 mm,

Table 1. Gradient time table of mobile phase (Group 1)

Time (min) A% B%
0 90 10

2.0 90 10

9.0 5 95
10.0 5 95
10.1 90 10
15.0 90 10

A : 10 mM HFBA in water, B : 10 mM HFBA in acetonitrile

Table 2. Gradient time table of mobile phase (Group 2)

Time (min) A% B%
0 90 10

2.0 90 10

9.0 0 100
10.0 0 100
11.0 90 10
15.0 90 10

A : 0.1% formic acid in water, B : 0.1% formic acid in acetonitrile

5um)E o80T AY 25 40°C, 52 0.3 mL/min
o7 NFE FHFL s0uly F stk HPLCY °l%F

A} 272 Table 1 (Group 1)3 Table 2 (Group 2)2} 22,
selected reaction monitoring (SRM)S- 913+ ©]-23}+= electro-
spray ionization (ESI) 402 3llon 7} AHEo] g

295 913 product ion Z collision energy (CE)L x

(i

S AFRA7e AF FYHst AR o5
A EFENES FYsHHA MS parameter®] 7S
5} 3FATh.

Results and Discussion

NN 2
Group 19¢] opv| =2 FAto|=

S "= 542 reversed-phase SPE Xt} cation exchange
SPES Ah&sh= Zo| o a2l Aoz duA oo
B AME oF Fo] 2429l WCX cartridgeE A3
b 7 =2 I5ES 45 F AUUAL o]= Heller DN
53 22 Aot} 3ol 73S ion pairing reagent®
Al A W M58 s ks HFBAE ©l&3t] 20 mM
HFBA7} ¥3% water®} acetonitrile®] &3 &1jS A&

st} 7} 2SS Rela

T Aol FoleAd

3te] gradient programs ©]&
THFig. 1).
olu| .eF P IAPO| =] TEEFES o8 B 4
7ﬂ SHEE Aol e, 53 =
- 7ok Aoz dEA AT, AA glass volumetric
ﬂask\/‘r glass vialdll R#E olu|=FT|IAlo|=A] HFE
Nl == Aol Aol wet HApH o7 adhe A
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Fig. 1. SRM chromatograms of eleven veterinary drugs ; a) group 1, b) group 2.

FE BAh WA Group 15 4T &
2} viaks ARESFATE Group 29] -9 Yol 3
4 FHE g st 3FES =132 02 M sodium
phosphate buffer2 pH 7.82 273} Hydrophilic lipophilic
balance (HLB) cartridge®] 2 S22 4 AEF )

2
=]
HN

MS/MS XA

7 % .Q_oﬂ(l ug/mL)—O—

13k ESI positive 2} negative modeol| 4] 2] o3} %

A& AESAY. 7 AE9 o]23}E parent ion3} product
ion®. 29| o]qYZAL HESIY] product ionol| tHEF 2
9] collision energys 41783} 2™ Table 33 Table 4°
ERNSITE Group 12 lon source ESI+ Spray voltage:=
positive mode 4000 V, negative mode 3000 V, sheath gas

7H1:H)(4 o7 XTE]:H /’37]0” ZTX—]

pressure 40.0, auxiliarygas pressure 20.0, capillary tempera-
ture 350°C, vaporizer temperature 300°CE A7 3} T},
Group 22] Ion source= ESI+2} ESI-, spray voltage positive
4000 V, negative 3000 V, sheath gas pressure 40.0, auxiliary
gas pressure 20.0, capillary temperature 350°C, vaporizer
temperature 200°C= A4ttt SE&&2%FF 115l of

Table 3. SRM parameters for Group 1

Veterinary Parent ion Prf)duct CE (V) Polarity Tube lens

drugs

. 246.1 29
Streptomycin ~ 582.3 + 46

262.9 32

Dihydro 221.0 34
streptomycin >84.4 245.9 28 " 146

. 161.2 31
Neomycin 615.4 + 131

3232 21

g SRM chromatograme Fig. 13} 7T},

Group 12] &% X89S FAE9 spiking 31 0.05~
1.0 ug/g =5 STHAIR =A } Group 2] &9 ¥

o 1=
g X—}/H g A#E Table 5 JERAATE Group 19]

7t FEgookE e ABAS(R)E 0.9917~0.9987C2 %
33 HAAHS gl 5 e, Group 2E 0.9923~

Sk
=
1.0000 22 2013 545 FeiE2d Ay #Hy 2
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Table 4. SRM parameters for Group 2

Table 6. Chromatographic Precision of standard solutions

Veterinary Parent ion Product
ion

drugs CE (V) Polarity Tube lens

426.1 18
Oxytetra ¢y + 101
cycline 443.1 11
. . 288.1 16
. +
Ciprofloxacin ~ 332.0 2451 ” 99
. 316.1 18
. +
Enrofloxacin ~ 360.0 245.0 25 103
144.0 29
iazol 219. +
Cymiazole 0 105.0 30 88
Chloram 256.9 14
phenicol 3208 151.0 19 i 102
227.0 24
h 2.9 + 94
Coumaphos 36 307.0 15
. 163.1 15
. +
Amitraz 294.0 1221 29 72
. 181.0 31
Fluvalinate 502.9 + 98
207.9 10

o=20
A 2] AUAE FRIs] 8 FAIE &% %
T&YE Hrtsted 7t 249 =71 0.25 ng/g, 1.0 pg/g

o] HEE AEE A st 63] ¥HE 543t intra day
relative standard deviation (% RSD, At ZF=HA)S <l
stk g o] AlFENS 3%‘7 W 278k inter
day relative standard deviation (% RSD, At ZZH2HE
T3kt 2 A3 Group 12 7 A& thdl inter day
RT RSD (%)E 0.23~1.57, area RSD (%)% 2% 6.10~
1092, intra day RT RSD (%)= 0.01~0.1, area RSD (%)
= 1.23~7.73 22 YERST. Group 2 7+ A3l thet inter
day RT RSD (%)= 0.13~0.95 ©]aL area RSD (%)= 3.43~
12.29, intra day RT RSD (%)= 0.01~0.2, area RSD (%)

Table 5. Linearity of Veterinary drugs

Inter day Intra day
Veterinary drug (Cogr/lc (0RSD),n=3 (% RSD),n=6
0.25 1.0 0.25 1.0
. Area 10.92 6.86 7.31 7.73
Streptomycin
RT 0.41 0.23 0.10 0.08
Dihydro Area 10.65 9.43 1.23 5.49
streptomycin RT 0.50 0.35 0.09 0.01
. Area 10.02 6.10 1.59 2.02
Neomycin
RT 1.25 1.57 0.02 0.01
. Area 6.34 10.44 3.55 1.31
Oxytetracycline
RT 0.39 0.29 0.05 0.11
. . Area 6.62 3.99 1.48 0.34
Ciprofloxacin
RT 0.24 0.28 0.14 0.20
. Area 3.99 4.00 3.12 1.67
Enrofloxacin
RT 0.27 0.13 0.11 0.04
. Area 4.37 10.62 0.63 0.31
Cymiazole
RT 0.44 0.33 0.06 0.05
. Area 9.95 6.65 3.94 3.07
Chloramphenicol
RT 0.48 0.44 0.18 0.03
Area 4.73 343 3.57 2.37
Coumaphos
RT 0.64 0.75 0.04 0.01
. Area 9.05 12.29 0.41 1.39
Amitraz
RT 0.95 0.94 0.06 0.01
Fluvalinas Area 4.03 10.50 4.10 2.85
WAIEE T Rr 073 019 004 001

= 031~4.102 et zHzhe] 237k |
codex AA71ZE 20%0 U] =A] <k
6l YR AT

S

13% ©]3}2A]

53 ~5EolH o] E Table

A& Group 12+ Group 29| 7}

&3 B

7Fste] zF EZ o] T} 0.25 ng/g, 1.0 pg/g®

AEE A3t 33] wkE 2243819} Group
80.6%, Group 2 £ 64.2~90.3%= YEFST],

o

= o)
o =
| H=%

12 65.

1]

Veterinary drugs Range (ng/g) Linear regression equation ~Correlation Coefficient (R?)
streptomycin 0.05~1.0 Y =13.1567X — 533.892 0.9934
Groupl dihydrostreptomycin 0.05~1.0 Y =130.26X — 3817.73 0.9987
neomycin 0.05~1.0 Y =1512.06X — 43100.9 0.9917
oxytetracycline 0.01~1.0 Y =6170.65X — 86333.5 0.9992
ciprofloxacin 0.01~1.0 Y =3778.64X - 19331.6 1.0000
enrofloxacin 0.01~1.0 Y =9364.66X — 13662.6 0.9993
cymiazole 0.01~1.0 Y =16160.8X — 245327 0.9959
Group2 chloramphenicol 0.01~1.0 Y = 142.919X — 4302.91 0.9993
coumaphos 0.01~1.0 Y =9725.25X + 322069 0.9923
amitraz 0.01~1.0 Y =139364X — 949713 0.9992
fluvalinate 0.01~1.0 Y =1526.17X - 3355.17 0.9994
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Table 7. Recovery of the veterinary drugs

. Recovery (%)
Veterinary Drugs Conc. (ug/g)
Honey
) 0.25 743 +4.2
Streptomycin
1.0 80.6+ 1.4
) . 0.25 65.1+23
Dihydrostreptomycin 1.0 712+33
Neomvein 0.25 70.6 + 8.6
y 1.0 72.6+0.2
Oxytetracycline 0.23 o1t s
y y 1.0 85.1+1.4
‘ i 0.25 792+£72
Ciprofloxacin 1.0 83.1+33
) 0.25 76.1 £8.6
Enrofloxacin 1.0 823+0.2
Comiazole 0.25 85.1+£6.2
y 1.0 90.3 +8.4
. 0.25 64.2+3.1
Chloramphenicol 1.0 65.3+1.9
Coumaphos 025 TS
p 1.0 74.9+1.9
Amitrar 0.25 743 +3.1
1.0 72.1+£19
) 0.25 70.3+3.1
Fluvalinate
1.0 713+1.9

Table 8. Limit of detection and quantification of the veterinary

drugs
Veterinary Drug LOD" (ug/g) LOQ" (ug/g)
Streptomycin 0.0643 0.1948
Dihydrostrptomycin 0.0402 0.1219
Neomycin 0.0443 0.0955
Oxytetracycline 0.0056 0.0169
Ciprofloxacin 0.0258 0.0782
Enrofloxacin 0.0090 0.0272
Cymiazole 0.0103 0.0312
Chloramphenicol 0.0149 0.0451
Coumaphos 0.0093 0.0282
Amitraz 0.0090 0.0272
Fluvalinate 0.0180 0.0546

LOD’: Limit of Detection, LOQ"™": Limit of Quantification

B A FFEH

Group 13 Group 29| 71714 HEIAE +3 234 4
Z3H= 0.0056~0.0643 pg/g, A FIHAIE 0.0169~0.1948%
L ESLTH(Table ).

HPLC-MS/MSZ o] &3] H&E

(<) =
- jL
e AT S st AEsAd T EEe 44

1o
olft
il
o
lo

o] AFH 1159 sELFES 27 ZF Group 1
(streptomycine, dihydrostreptomycine, neomycine)¥ Group
2 (oxytetracycline, enrofloxacin, ciprofloxacin, cymiazole,
chloramphenicol, amitraz, coumaphos, fluvalinate)® 2 1]
A sl 74 e e A el T s
R RTE 158 WSy, AEA= 0.0056~0.0643 pg/
g, AHFIAE 0.0169~0.1948 pg/g 2 JEFEO ™ Group
1 (0.05~1.0 pg/ge] F=" 1) Group 2 (0.01~1.0 pg/mL)
o ARNES A A 71 TELFEY] FAd
F(RH)= 0.9917~0.9987, 0.9923~1.0002-Z u]]-- F5 3k A4
HE By, AF F57F 025 ug/g, 1.0 pg/golx el 3l
&2 Group 1 65.1~80.6%, Group 2 64.2~90.3%%Z L}EFS:
o}, =3 area ¥ RT ©ll ti$t inter (n=3), intra day (n=6)
RSD (%) #4147+ areax 10.92%°]3}, RTS 1.57% ©]
2 et 453 o5 Ho ¥E S5 5EEodE
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