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Monitoring of Veterinary Medicine Residues in Honey

Eun Gui Kang*, Yung Hyeun Jung, Ji Hye Jung, Mi Ran Kim, Kyung Jin Lee, Jinjoo Jung,
Jong Seok Park, Kyeong Nyeo Bahn, Young Mi Jang, and Chan Soon Kang

Center for Food and Drug Inspection, Gyeongin Regional Korea Food and Drug Administration

Abstract This research was carried out to investigate residues of neomycin, streptomycin, dihydrostreptomycin, amitraz,
2,4-dimethylaniline (one of amitraz’s metabolites), and coumaphos in honey in order to intensively control their use
following the establishment of Korean maximum residue limits (MRLs) for veterinary drugs in honey in 2007. To monitor
for residues, 110 honeys and food products with honey were collected and analyzed. The collected honeys included acasia,

mixed flower, chestnut, rape flower, jujube,

and native types.

Neomycin, streptomycin, dihydrostreptomycin,

oxytetracycline, and amitraz were not detected among samples. Coumaphos was found in the Korean acasia honey at 0.02
mg/kg, but its concentration was under the MRL (0.1 mg/kg) for coumaphos. According to the results, there were no
violations of the Korean MRLs of veterinary drugs in honey.
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Ylertolil FEFE Sk @ vte] Al (neomycin sulfate, 98%,
Sigma, St. Louis, MO, USA)S & o] A %3 LN (100
pg/mLyS 0.1 N GAHoR s|Mste] FFE&HoR ARSIt &
EEnto]ild TS ERAEREnfold] FFEQ] FAEEE
nlo] Al (streptomycin  sulfate, 95%, Fluka, Buchs, Switzerland)>}
s =2~ e Erlo]X (dihydrostreptomycin sesquisulfate, 98%,
Sigma) 247 &l o FFLA(100 pg/mLyS Azt o]
Zbzbe]l RFEUYE LIE &% F 001 M F4HHE K hexane-
sulfonic acid, sodium salt, >98.0%, Wako, Osaka, Japan) $+%-&
Aoz szl FFEAOZT AL} ol ERlZ(amitraz,
99%, Supelco, Bellefonte, PA, USA), 2,4-t]H|€obd @ (2 4-dimeth-
ylaniline, 99+%, Aldrich, St. Louis, MO, USA), "} (couma-
phos, 99.0%, Supelco) EFEE-S 100% OHEUEZ o] B
AN (100 pg/mLyS A=A o] zHzte] FFEYPAS Egste
22:12 EF F 70% oM EUEZR FXsle] EFLNOFZ A}
&3ttt

vlertoldl FE3 HA AR AR 10% HWEHEd FAH
AR FS 25% YELIoE(ammonia solution, 25%, Merck,
Darmstadt, Germany) 40 mLE &S 100 mLE -8-3}o] A|Z3}
A3, 0.1 M F2ke FgE A4k hydrochloric acid, 36-37%, Wako)
S X3t AxXsIE Y. AA FIEZAZ MCX(mixed mode
cation exchange, 60 mg, 3 cc, Waters, Milford, MA, USA)S A}
43193, ©l54 AE heptafluorobutyric acid(97%, Aldrich)<
0.01 M®] HEE 5% o EUEZS| =o|3 o5 B heptaflu-
orobutyric acidg 0.01 M°] EE= 50% o EUEL] =] 7
Z3I5th. 2EFErfolilz Hs|ERAEf Enlo]i] &3 4
Aol ALg-E AJ2kl 02 M EPIEN g 18 bEEL
UEF(1-hexanesulfonic acid sodium salt, 98.0%, Aldrich) 20.225
g& THT S0mLol| o] AESATE 0.01M FHEELN 43
gl | FHASINIEF 2.0225gS 7T 1 Lol Ho] A %3
% oA EAS 18l pH 3322 23 & A3t A
7FEE|A 2 HLB(hydrophilic lipophilic balance, 200 mg, 6 cc,
Waters)S AHE-3IATE o572 0.01M FHHEL 4589
850 mLell 1.2-YZEF|=-4-4E2F YEH(1,2-naphthoquinone-4-
sulfonic acid, sodium salt, 97%, Aldrich) 0.10408 g& =<1 &
7 ofEYEY 150mLE EH3IL oFNELRS ARESte] pH
352 2Aste] Az o)lF e 12-UZEF|=4-4E U
EF #EIE W] 3 ¢Fvy U2 WS A &
A wjuitt A2 Azt AREEIAATE ofH|Egtz, 24-T]W[E
ofddl, IwfEA FF % A AFEE oAE:FHA §He
1:499] EgNS ARSI, 025% SRUOKEE 25% SRy}
TE 1008 348t ARG-SIITE o] AT 100% HoleFE,
°]5% B 100% S HIEHUEZS ARSIt 4ol L Qagh o
4 Az 2 AAE o] AE-E ue-E(Methanol, HPLC grade,
Burdick & Jackson, Ulsan, Korea), ©}A E 1] E ¥ (Acetonitrile,
HPLC grade, Burdick & Jackson), ©}4l&(Acetone, HPLC grade,
Burdick & Jackson), &]4F(Hexane, HPLC grade, Merck)<
HPLCH-& ARE8ISL, S/ AdRtel 18 MQ o]l & o
ere Agar.
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| Qmrtolal A8 Q]3] Shiseido Nanospace 1I System HPLC
(Shiseido, Tokyo, Japan)”} API 4000 Qtrap mass Spectrometer
(Applied Biosystems, Foster City, CA, USA)°l &2+E LC/MS/
MSE AFEEI, E4] ZHL Unison UK-C18(2.0 mm 1.d.x75,
3 um, Imtakt, Kyoto, JapanyS AH8-3Iit). 7187188 27112 0-
L5271 o5 BE 20% FrAIStaL 7.087H4] 95%= 7M1
T 8.0%7HA 95% FAIAFTE olWjo] o] F&5S BT 02
mLA L™, A|FE 10 pul FUSIAEE MSMS Z7L Table 132
7+o] ESI positive ZEollA ] erlo]ile] Exlo]l2 [M+H]Q m/
z 61532 precursor ]2 MEEIAAL, 61538 MEF A
fragment ionS. 2 m/z 455, 323, 161, 1635 Aelsls]

2EdErjolaly) Tl E2 e Erle]d] B8 98 HH
T f=x38 Ax7F A2E HPLC/FLD(Shiseido Nanospace 1I
System, Shiseido)S AFE-dR o™, B4 ZAHLS Capcell pack
C182.0 mm 1.d.x250 mm, 5 pm, Shiseido)S AFZ-&} T ©]5A+
fr&e 9 025mL e, A8 30l FHHAAL, 33
oz of7]go] 260 nmel™, FFiFE 435 nmollA] S8 st
Atk 10m ¥ o] zhe Ay & fEAs; FA|9 olF
A8 02M FA3IUYEF(sodium  hydroxide, Ducksan, Ansan,
Korea)Z %S £9 0.15mLAoH, ¥ 25E 70°CHT)
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Table 1. MS/MS operating conditions for analysis of neomycin

Parameter Condition
Instrument API 4000 Qtrap (Applied Biosystems)
Ionization mode  ESI positive mode
MRM mode
. Precursor  Fragmention I 2) 3)
Detection (m/2) (m/z) Dp’ CE? CXP
455 95 35 6
6153 323 95 32 7
’ 161 95 47 12
163 95 47 12
Ion spray voltage 4500 eV

YDeclustering potential, “collision potential, Pcollision cell exit potential

ol Egt=, 24-Tivdobdd 9 IwmixA BAMS 3|
PDA(photo diode array, Shiseido) HZ717F &2 HPLC(Shiseido
Nanospace 1I System, Shiseido)S A3} o™ 4 AL Cap-
cell pack C,(4.6mm 1dx250 mm, 5pm, Shiseido)S A3} T}
7187182 242 032874 ©1%7d BS 45-100%7H] S7H
ﬂ F 35274 o188 BE 100%= fANTIAL 3627 ol
BE 45%% S § 4027HA] FAIAF oldf o olFt fr
% Y 1L0mLeH, AlEe 20 ul FHHAL, HE T
Egze ot W7t He o s "iEuo}o:] oln| Egt=e}
= 313nmollA, 24-tulgeld A 233 nmeof|A] A5}

[N

2
Sold o HEM

Yl QmfolAle] AL 0, 0.025, 0.050, 0.100, 0.200, 0.300
pg/mLe] o7 EE89S LOMS/MSE EX5le] 7+ 5o vz
HA e ohal] S 23S A7 A ARHAS y=136.25x-
452.840]1 3, ABA S E 09998 T Z2EN Erfo| 2z} =
22EAER| HEFHL 0, 025, 050, 0.75, 1.00, 1.25 ug/
mLe] &/l EFE8AS HPLC/FLDE £43lo] 2+ 5xe] va |
Aol il AP A A ZEFErolLle] HEd ALt
22 y=126754x+73124°] 31, ZFHARE)= 0.9998¢]H, T3 =
R2EHEutoldle] A ALk y=1264.0x+453120]3L, ¢
HAFE)E 0999431t} ol Egp=s} 24-tiWdoldde] 7
A& 0, 0.125, 0250, 0.500, 1.000, 2.000 ug/mLE, :fu}ﬁNﬂ
AL 0, 0.0625, 0.125, 0.250, 0.500, 1.000 ug/mLe] %=
3k ¥F89S HPLC/PDAC] FYst] 7t 59 v=3 E’i@
| oisl AEAS e Ay, Zzbe] A ALk
y=848356.8x-3392.9, y=749067.1x-70595.7, y=499862.4x-1216.9°]
3 Zzbe] ZHEAe] A= 09998, 0.9974, 0.9997¢] Tt
Figs. 1-3¢} 7Fo] wjEZ 20 GF3F glo] Fart & == A

< Flsiieh

2

fr
PR

=|Ac>
ABEEE) 5ol FF T IFL71FY 05, 1, 28071 5
T2 BFgds /1 T g7ke] Axeiel Fsle *‘fﬁ ? LC/

MS/MS, HPLC/FLD, HPLC/PDA 4135t A3}, W ow
FEE 72.1-80.2%1H AHEFHIKCV, %)7F 10.0 © -8}22 Ea
EErlo|ls) 3| =2 AE Enlo|ile] 3|4g2 77

i

5% 2UEHH 645

WX of +WR W (F palw) 6 15.3455.4 ant fon Sampe 19 (NEO_R_I00pp-2) 0TNEQ_OBUBOT WA (TIL... WL 1T 0o
2400

2000

1500

Trten=ity, cp=

000

S0

" it B
1

AL e OV TR 10 T
2 H 4 i ] 7 L] ] 10

ﬁame
w Retention

v

0 4
HVW\/U n

Fig. 2. LC chromatogram of honey spiked with (dihydro)
streptomycin.

- UVB000-238nm  — UVe000313nm

«| Retention Time Wmitraz 24.167

mAy

2,4-dimethyaniline 6.418

Coumaphos 15.490

Fig. 3. LC chromatogram of honey spiked with amitraz, 2,4-
dimethylaniline, and coumaphos.

113.5%2F 98.6-104.2%°1 FHEZAZKCY, %)= 5 °lsk3
ol Egtx, 24t dopd®, Arkrso Bege 24zt 90.9-
100.1%, 50.6-59.6%, 92.6-95.9%= ANEFZHIHCY, %)= 10.0
o] &} th(Table 2).

AgutET#A A ol =] AF o) FLH|(S/N ration)
33S AEAR 1, 2% o) 7Y 102 FFA= 3 4
7} Ylerleolale]l AETHAIE 0.005 mgkeol, BHEHIAE 0.015
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Table 2. Recoveries and CVs of each veterinary medicine
analyzed by the present method

Table 3. Residues of neomycin, streptomycin, and dihydro-
streptomycin in 110 samples

Concentration Mean recove cv Streptomycin
Analyte spiked per garm of %) Ty %) Sample Neomycin  Dihydrostrepto-
the honey (mg/kg) ° ° mycin
Neomycin 0.05 72.1 9.7 Mixed flower 40 (ND)" 40 (ND)
0.10 77.0 4.3 Acasia 36 (ND) 36 (ND)
0.20 80.2 54 Domestic Chestnut 6 (ND) 6 (ND)
Streptomycin 0.10 113.5 47 honey Native 15 (ND) 15 (ND)
0.20 108.2 1.9 Rape flower 1 (ND) 1 (ND)
Jujub 1 (ND 1 (ND
Dihydrostreptomycin 0.10 98.6 14 e (ND) (ND)
0.20 104.2 07 Imported honey 4 (ND) 4 (ND)
Amitraz 0.10 90.9 2.1 Products with honey 7 (ND) 7 (ND)
0.20 100.1 22 Total 110 (ND) 110 (ND)
0.40 99.4 0.2 DNot detected
2,4-dimethylaniline 0.10 50.6 7.9
0.20 59.6 7.9 )
0.40 $33 77 A sigka, ~EEre|ale] 4% 23] AEHLOH, opvlE
Coumaphos 0.05 949 09 T2 trkke Z9h, Irkxse] A9 247F 107, 9719 HE
010 oso 35 AT e} AF 48 FQ B a7 mUeY 23 9
020 e s @ FEgooREe] A% go] AAapl Woln Aow vTo) ¥

mgkgoH, ZEEnfolils} t]s| =2 2B Enfolile] 4
A 0.03, 0.10 mg/kgo] AT}, o EE=, 24t dold#,
wlE2o] AESAIE ZH2E 0.005, 0.008, 0.006 mgkegA L, 4%
A& 0.015, 0.024, 0.020 mg/kgSth.

I

e

oY =4

A FAEA fEEE HE 10303 HE FHAF 1S
zgste] A 1107 e vlerteldl, HsE2iER Erfo]
AVZEFErfoldl, opm|Edfx, Ivprs R AR UL
poldl, 2ER Erfo R/ ER AER Erlol4l, 2EEnfolql
I Hs|ER2XEErlo]dl, ofn|Ecfxs} 24-trdobd e &
T AEEA @R, ZokEss Sk ool 17elM 0.02

mgkg AZEE o 7HF314-7155(0.1 mgkg) ©131tHTable 3 & 4).
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. Won SY, Kang HI, Jang HS, Lee HJ, Kim SH. Monitoring of

acaricide residues in honey. Annu. Rep. KFDA. 11: 189-201
(2007)

2. Rial-Otero R, Gaspar EN, Moura I, Capelo JL. Gas chromatogra-
phy mass spectrometry determination of acaricides from honey
after a new fast ultrasonic-based solid phase micro-extraction
sample treatment. Talanta 71: 1906-1914 (2007)

3. KFDA. Food Code. Korea Food and Drug Adminstration, Seoul,
Korea. pp. 2-1-13-14 (2008)

4. Mutineli F. Practical application of antibacterial drugs for the
control of honey bee diseases. APIACTA 38: 149-155 (2003)

5. Bruijnsvoort MV, Ottink JM, Jonker KM, Boer ED. Determina-
tion of streptomycin and dihydrostreptomycin in milk and honey
by liquid chromatography with tandem mass spectrometry. J.
Chromatogr. B 1058: 137-142 (2004)

6. Edder P, Cominoli A, Corvi C. Determination of streptomycin

residues in food by solid-extraction and liquid chromatography

with post-column derivatization and fluorometric detection. J.

Chromatogr. A 830: 345-351 (1999)

Table 4. Residues of amitraz, 2,4-dimethylaniline, and coumaphos in 110 samples

Sample Anmitraz 2,4-dimethylaniline Coumaphos
Mixed Flower 40 (ND)" 40 (ND) 40 (ND)
Acasia 36 (ND) 36 (ND) 35 (ND), 1 (0.02 mg/kg)
D o Chestnut 6 (ND) 6 (ND) 6 (ND)
omestic Honey Native 15 (ND) 15 (ND) 15 (ND)
Rape flower 1 (ND) 1 (ND) 1 (ND)
Jujube 1 (ND) 1 (ND) 1 (ND)
Imported honey 4 (ND) 4 (ND) 4 (ND)
Products with honey 7 (ND) 7 (ND) 7 (ND)
Total 110 (ND) 110 (ND) 109(ND), 1(DY?

"Not detected, ?detected
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.Reybroeck W. Residues of antibiotics and sulphonamides in etry. Food Addit. Contam. A 24: 280-284 (2007)
honey on the Belgian market. APIACTA 38: 23-30 (2003) 11. KFDA. Food Code. Korea Food & Drug Adminstration, Seoul,
.Hong JG. Risk assessment study on veterinary drug residue in Korea. pp. 10-5-11-12 (2008)
honey. Annu. Rep. KFDA, Korea 11: 28-90 (2006) 12. KFDA. Food Code. Korea Food & Drug Adminstration, Seoul,
.Jimenez JJ, Bernal JL, Nozal MJ, Toribio L, Atienza J. Charac- Korea. pp. 10-5-55-56 (2008)
terization and monitoring of amitraz degradation products in 13. KFDA. Food Code. Korea Food & Drug Adminstration, Seoul,
honey. J. High Res. Chromatog. 20: 81-84 (2005) Korea. pp. 10-5-68-69 (2008)
.Caldow M, Fussell RJ, Smith F, Sharman M. Development and 14. KFDA. Food Code. Korea Food & Drug Adminstration, Seoul,
validation of an analytical method for total amitraz in fruit and Korea. pp. 10-5-113-114 (2008)

honey with quantification by gas chromatography-mass spectrom-
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