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Benzimidazole is an widely used anthelmintics in livestock clinics. The aim of present study was to

investigate benzimidazole residues in the meat in Sejong City. A total of 338 samples of meat(beef
287, pork 37, chicken 14) were selected from the laboratory meat(Korean beef genetic test, hygiene
test) supplied to school in Sejong City. Representative benzimidazole class drug such as thiabenda-

zole, 2-amino albendazole sulfone, fenbendazole, oxfendazole, and oxfendazole sulfone were moni-
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tored in samples by using lc-ms/ms and the analysis was preformed based on the Korea Food Code
guideline. Limit of quantitation (LOQ) was ranged from 0.56 to 3.02 ppb for target drugs and the ac-
curacy was within the acceptance criteria. Among the sample analyzed only one case, the pork meat

was found to have drug levels that exceed LOQ. However, the overall residue concentration was 2.17
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A GEA a2 7S AZ W 72 BﬂE]r (-
tubulin)ol] &2 2% Moz Asf 7185 AT S
= Aoz dAEte 7SS AFEATI= 01711\142 qloTet
(McEvoy &, 20006).

HIA O & eFE2 WAl 12|} ojnjuE JE|7} Hghd 7|
xR0 Z717F FAE] Qe 2R 19609 H Zofl EA1€
ElopfithE2 v]23to] 19709 o] HfIYE, SAMTE,

E, S2nE 9 NS 5 ¥ =] FAHO E
2] AFE-E 2L QltH(Furtado 5, 2016).

HA N GEA FE2 53] & B F gl 714835k
AF Ee 930l d=go] &1L AHste] Y 714832 Ao
5t7] sl AHEEAL §lom (Kang &, 2003) =HollA= A&
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ppb, which was lower than the maximum residue levels (100 ppb).

Benzimidazole, Fenbendazole, LOD, LOQ, Calibration curve
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Residual tolerance standards for veterinary drugs in meat
(muscle) 2017

Maximal residual limit (mg/kg)
No  Compound ADI (mg/kg

bw/day) Beef Pork  Chicken

1 Mebenazole 0.0125 - 0.06 0.06
2 Albendazole 0.005 0.1 0.1 0.1

3 Oxibendazole 0.06 0.1 0.1 -

4 Oxfendazole 0.007 0.1 0.1 -

5 Triclabendazole 3 0.2 - -

6 Thiabendazole 0.1 0.1 0.1 -

7 Flubendazole 0.012 - 0.01 0.2

3] =2 FosfoF gtkSon 5, 2020).

T 5AE W 59 ZUET AXQ] PLS (positive list
system)E S54NE GG7HA] o 28510 o|7]%] £3t BE
OFE }cgiTEi bHZE HAZE AlFotaLat ok o] A&

I e 7R AIZAOA = SARE A AAHAE (AR

OFERFAA, 202009 whet FFA 135 diste] A 7t 7504
(& 150, F1A] 400, ¥ 100, & 100) U E P AAE AA] F0
AUtt £ A5 Bl HAA 5= F4of vlste] AAF ATt

é—:H"L% l FB7FE ASAlOl 851 Qs g 3418

S 2 F3A AFRAHE A

249 A=E Aot fgt SRS ¥ AR FEE 9
o 20209 1€5H 12¥971A] AISEEAA|A] Shaol] S55=
FAE S 9 AP A A AR A 183
AN AS(A 7], A7) 4327 FollA 324 %% 729 A
B5k3aL, Har7]9] 49 oA 2344 20085 =551
Ao AHE 144L AA 2 AeASAT 7= :L,T o= g
Jow Hestglon, Ao E4Z sty AES & Jot
20T oJste] &=of Hasiict gt A7 Al WAILo|A sis

slo] 2AJo] Zodaisi.

x
1
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Kemidas BEZ Mix-18a (M8293-20s)& AH-&-9]
RaL 1411"?— %%Z‘i Oxibendazole d7< A&ttt &3

HEr22 5]45k0] 1 ppb~50 ppb7tA

ZJEH% - ZEfR - 0

xS =0
= - U=t

OHAIR 3A5to] EH[stlon Wi EEEHEE SAMIH

Z£-D7 #5E= 100 mL &FEAT FUs| ol DMSO
2 ZAA7HA] A9 100 mg/L7t = A g & vgh-E =2 3]4]5}o]
1 mg/L7F =] A sttt 40 AH8-gt WukQl(Macllvaine) &
S8%(pH 2)2 0.1 M A4 500 mLofl 0.2 M JATGEE 45
mL 75t} pH 25 95 EHIsHlom ARSEA] 892 250
mL §FZetA T 0] Nad-EDTA (Tetra sodium-Ethylene
Diamine Tetraacetate Acid) 0.07 g, O}AFZHIAL oS W

I D.W.E FAA7IA] A9 vt

A HA 4 g2 50 mL LAlE= o] FHotar 4k
€4 1 mLe} AR+ 2 g= 7Iske] 5 wkskaitt. o
Aokt HAlOl 1 mg/L SAMtE-D7(WHEEEE)E 200

ppbE 451 500 UL A7l 3 1057 B
SPHEENaC) 0.3 g3 WEkel 9589 2 mL &
IEISHATH @O EHER 5 mLE Eo] 1087t JotA et
stal 0TOlA 5,000 G & 2087 A& & A45HE&
sto] ARPEAIEH 50 uLE H7FsHIT @A) ot EHE
4 5 mLE ¥ 1581 Z5HA wylstal 0ToflA] 5,000 G &
1027 YAEET & AFAS FIsto] ARhgA&A 50 uLs
ettt @9t 9] A5 dS T3t F MgS04 900 mgdt @
Z} o]z} o}Hl(Primary secondary amine, PSA) 150 mg= X
et 15 mL YR &A 58 #ESRE & 204
5,600 G& 15%7F YHE2SIAH. 4SAL 10 mL S0
EAT0 A S 5T F wES 500 ulbs ol =k
uto| 32 4R 7] ol &4 0TollA 3,500 G= 5&3t ¢

_T,?:'_
AR F gFoNe B4 Folstor

r\l

LC MS/MS 7171%= WatersAHUSA, Massachusetts)2] AC-
QUITY UPLC I-Class & Xevo TQ-XSZ AR5t on Z¥
© Waters ACQUITY UPLCY, C18 2.1 mmx 100 mm, 1.7 um)
<, ]84 20 mM ammonium formate in D.W. (A)2} 0.1%
formic acid in ACN (B)2 gradient mode® ARE-5} 1L 7]
ARg-oto] BA5H cH(Table 2). AA
= #2472 Collomix VIBA x.30& AREaL, ARV 2
TOMY MX-3073 3t 4% ¥4&2]7] CONTINET-R <
AH&-5H T
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LC-MSMS conditions

Conditions HPLC and MS

Waters ACQUITY UPLC®, C18, 1.7 um
2.1x100 mm

A: 20 mM ammonium formate in D.W.

B: 0.1% formic acid in ACN

Column

Mobile solvent

Gradient Time Mobile Mobile
(m) solventA (%) solvent B (%) Curve
0.0 83.0 17.0 0
0.5 83.0 17.0 6
3.5 55.0 45.0 6
6.0 55.0 45.0 6
7.0 5.0 95.0 6
9.0 5.0 95.0 6
12.0 83.0 17.0 1
Flow rate 0.3 mL/min

Injection volume 3 uL

Ionization mode  ESI positive (Keto-TrBZ: Negative)
IS Oxibendazole d7

Temperature 450°C

Collision gas N2

Operation mode MRM mode

ZH] E448 esto] AFEA]7| Calibration ¥ Multi Re-
action Monitoring (MRM) parameter® &7 3}o] 235}
HTable 2). FFAARE flsto] “QofEG Al Wedo]
A 7ol =l SAAT(AF o oFE A B 7)ol whet Matrix
standard (Std)Z #44 HAF5Z AAlste] LOD (A&THA) 2
LOQ (B eADE Ar=stoiTt.

Aol A gl ElopittE, 2-ofv|k dWittE HE,
HHlcks, SAMITHS, SAHITE A2 jEZA AR ES
1~50 ppb 7HA] 624 &A5to] sFFo] 3 & (Intraday), 3L
ZHInterday) 27435t AW (Intercept)d] EEHXKSTD)S} &
ZE9] BH71&7(Slope)S 5+ tHTable 3).

24 A3 JUE(RSD)= 0.27~4.15%, F&=(Accuracy)
£ 98.30~113.15% ¥%3, LOD(HEHA)E STD/SOll 3.3
HiE 58 o=, LOQZRA)= STD/SCl 1081E J3t %
o2 AAct. ZF JEE LOD (ppb)et LOQ (ppb)= Ltk
< 036, 1.09, ¥tk AEAf0|E 0.406, 1.39, YHITHE &
£ 0.42, 1.26, 2-o11| = SIS AE 048, 1.44, &2

%

&
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0.35, 1.05, H¥I" 0.41, 1.25, H¥ItE 0.24, 0.72, SAdTh
< AE 0.19, 0.56, EloHItkZ 0.26, 0.79, 5-5to] =5A] Elot
HHE 1.00, 3.02 o]t} B A2olA AT 0.999 oL
£ ARdE Eith(Table 4).

AAA R 3387(4 287, HIA] 37, & 14)S A AARE 23
AA 9] 2%0] NFsHe= 7A(A 5, HA] 2)0flA EloptkET &
HIgHE, S A0S ARE S015HiT)

FAAA A ARgHoz BRE 749 A FFgA]
A LOQ oAt 7 &A% AL 1719 A& (Sample 6, HA)E
g AlgolA glE 37HA] i rEEHtEY} SAMc
Z, SAUTESAE)S FoF 5 At oJsf 5 Woll Aot

SAE AEAAS FH] e ot o] ojof|= 7t
2t AE9)FEA A= 20249 149 195H A=A HL7],
28 5 5% FAE] W8l PLS Al=E S AP %
o7 ofd] m} FEFEY AFFE7IE F5 fle 229
3% EHE 7152 0.01 mg/kg FE2E HEotA "ot &S
ol Ag ST s WA FAIME AT A=
Sl A5 o =8 Ee A TIES A Sl
Aom FikE g AAAG(AFFEIAA, 2020052

S5} HAE) 9 FE BRE ASH 0T PAL Uk
AT AEAC] GBI U ot FAE 452 o
& WAO|THEA TR ARANE ZASHA,

AAREA FEAE S48 AL BS99 &, 91
Bol A7A B AHAS GH2 | AR5 TS BHos
AGET 9o olefa MAEA TEAL FF 10S F
S5H RIS 25T A9 A% Fol HRHE A%
8 % 9lo] Skl Al Aot Aol 0.1 mg/ks] HE
3871 A(QHTHS, WAtHs, SAMTE, Hohln)e 48
Sfo] gelstaL UTHAIECIoREHAA, 2021).
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Matrix Standard validation data (unit : ppb), RSD (residual standard deviation), std (standard concentration), Conc. cal.
(calculated concentration)

Compound Std 1 day 2 day 3 day RSD Conc. cal.  Accuracy
Albendazole 1 297895 286804 293365 1.91 1.17 116.62
583938 561566 575576 1.97 2.15 107.52
5 1453052 1376184 1415587 2.72 5.10 101.94
10 2738819 2671317 2719340 1.28 9.63 96.33
20 5742860 5526559 5596159 1.96 19.83 99.16
50 14506054 14061660 14240624 1.57 50.12 100.24
Slope 290273 281440 284788
Intercept —36894 —47107 —36778 103.64
Albendazole sulfoxide 1 92223 96022 91395 2.65 1.16 116.38
2 169447 167658 166646 0.84 2.07 103.63
5 400383 395800 398095 0.58 4.87 97.46
10 794278 786213 779870 0.92 9.60 96.01
20 1687471 1685244 1635348 1.77 20.34 101.69
50 4107636 4151112 4051818 1.21 49.95 99.90
Slope 82303 83210 81088
Intercept 1460 —6735 —2091 102.51
Albendazole sulfone 1 49416 50020 48870 1.16 1.23 122.90
2 101799 100783 99097 1.36 224 111.93
5 243684 248425 248521 1.12 5.13 102.56
10 468775 469875 461680 0.95 9.47 94.70
20 993271 991909 978171 0.85 19.76 98.79
50 2543712 2519431 2521230 0.54 50.18 100.35
Slope 50978 50454 50491
Intercept —14230 -9913 —14271 105.21
2-amino albendazole 1 30801 31424 31439 1.17 0.88 88.50
2 46945 49762 49305 3.11 2.13 106.59
5 82967 86114 84173 1.88 4.69 93.72
10 154750 156789 154635 0.78 9.76 97.58
20 308496 313862 306207 1.27 20.77 103.85
50 721790 720187 704032 1.37 49.77 99.54
Slope 14148 14084 13752
Intercept 16782 19792 19935 98.30
Oxfendazole 1 67832 67301 67966 0.52 1.24 124.36
2 124706 127202 125665 1.00 2.18 109.15
5 296273 301581 300821 0.96 4.99 99.77
10 583729 579999 577375 0.55 9.52 95.24
20 1240631 1229722 1209638 1.28 19.96 99.81
50 3096279 3115907 3065799 0.82 50.10 100.20
Slope 62049 62381 61319
Intercept —8477 -11299 -8127 104.75
Oxfendazole sulfone 1 42208 41315 42059 1.14 1.33 133.28
2 83237 81884 82582 0.82 2.29 114.62
5 201718 199770 202593 0.72 5.09 101.85
10 386219 381641 383000 0.61 9.39 93.89
20 820621 817074 821112 0.27 19.67 98.33
50 2124077 2098127 2126518 0.74 50.23 100.46
Slope 42570 42072 42631
Intercept —14684 —13757 -15612 107.07
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Continued
Compound Std 1 day 2 day 3 day RSD Conc. cal.  Accuracy
Febantel 1 188038 187646 181660 1.92 1.42 142.15
2 388969 389456 379077 1.52 2.50 125.23
5 913038 901588 891715 1.18 5.30 106.00
10 1595511 1655164 1626967 1.84 9.22 92.18
20 3380618 3515773 3454668 1.96 19.10 95.48
50 9014432 9378615 9335989 2.15 50.46 100.92
Slope 179823 187538 186738
Intercept -57296 =79187 —93812 110.33
Fenbendazole 1 295326 283696 283696 2.33 1.09 108.63
2 607675 590590 590590 1.65 2.15 107.51
5 1476476 1420119 1420119 2.26 5.05 101.09
10 2779458 2710053 2710053 1.47 9.51 95.15
20 5950897 5767692 5767692 1.81 20.18 100.92
50 14863963 14292665 14292665 2.28 50.01 100.02
Slope 297789 286337 286337
Intercept —38610 —22143 —22143 102.22
Thiabendazole 1 111227 109744 106760 2.08 1.17 116.50
2 223398 224630 217766 1.65 2.17 108.38
5 528094 530472 513631 1.74 4.86 97.11
10 1068986 1070971 1033288 2.00 9.60 96.03
20 2310840 2270130 2168447 3.26 20.21 101.04
50 5753889 5618949 5423078 2.97 50.00 100.00
Slope 115668 112786 108763
Intercept —30392 -16714 —-18036 103.18
5-hydroxy 1 13846 13448 12753 4.15 1.65 164.99
thiabendazole 2 27761 27308 25800 3.81 2.51 125.33
5 66926 66919 62529 3.88 4.93 98.62
10 140027 136659 130743 3.46 9.36 93.60
20 299122 292049 279585 3.41 19.08 95.42
50 819405 792052 754632 4.12 50.47 100.94
Slope 16504 15942 15201
Intercept —14214 —12416 -11937 113.15
W ool A|Sn o] MAEIchEA SR oH2ol  QUECHERS MO 2000WE 2] 4% U ikzo] 2
32 S84 0E Q| At FHEsES Holn T FET} Ste s HEA 2325 s dE F= ol
Joe B WAVITES] WE ATHo] 0] F0 AZE  Tlee 5, 2016). QUECHERS & FA5 ALzol 571890
el oK Mottier 5, 2003) OB hAle BT AL 9 $FES ol BYSH] At A HIBS B S84
Age o o okEst A7V £ 02T A8 HRO B 2T el ok R §7]8u)E0] B2} oYL Y=
At A b= ARt Ao g A A Ut 2 AFoA s FAdeS o2 oM EUOlER S &)
2 AF= 20179 AESA 5 FEEAFF AR H A &2 ARESHo] RS FESISITE & &5 B0 folAl #iA|n]
5 &5l MAE SARAH(AFFEAE Y, 2018) & 24 9FE9] LOQE 0.22~1.27 ppbZ 01% AR 25 W
NEZW (ABIGEAUA, 202009 B4 PG TAZ A WL AT WAGIEA oFEe) £77] 4RIF BAW FF
& 35 9 BYS AYsAth. A Algd oFeS FE51 o AR ﬁJ%LOQ 11.1~40.4 ppb)el] vl F2 FX& &
o primary amine A-g3lo] WA TS kRS NgomR sleo] B Aio] 28T 23 U BAHo) H44

g 3&sheth. ol o
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Detection limit and quantitation limit for each component (unit : ppb), y=ax+b (a=slope, b=intercept), I’ (coefficient of determination)

Compound LOD (ppb)

Albendazole Albendazole 0.36
Albendazole sulfoxide 0.46

Albendazole sulfone 0.42

2-amino albendazole sulfone 0.48

Oxfendazole/ Oxfendazole 0.35
fenbantel/ Oxfendazole sulfone 0.19
fenbendazole Febantel 0.41
Fenbendazole 0.24

Thiabendazole Thiabendazole 0.26
5-hydroxy thiabendazole 1.00

2

Benzimidazole quantitative assessment (unit: ppb, Beef sample: 1~5, pork: sample 6 and 7)

Tiabendazole Albendazole
Sample 1 0.1 -
Sample 2 0.6 -
Sample 3 0.2 -
Sample 4 - 0.2
Sample 5 - 0.8
Sample 6 - -
Sample 7 - -

E3 35E2 v oIS W A9 &35S It
Z 81%, WHITEE: 79%, SAIMITHE 93%, EFHTHE 96%, ©
opfIcHE 92%C.2 ethyl acetates &S E ARESH AP A

H(LHEE 75%, TS 80%, SAHITHE 95%, St
< 85%, EloHIttE: 90%)2t FAFE Ao & UEkthLee 5,
2010).

old 2117] 804, HA7] 1204, g17] 704, & 2704
< A B4 20109 SAHE F WA OEA FEA 3
24 2A|A 349] HjA]17]91A] fenbendazoleo] HEH
v} Ql9lon 11 A&l 423(0.0012~0.0031 mg/kg)o] &
7587 B} ¥e Ao g HuE v 9lrko]4Z, 2010).
E3F 201449 Al&A 9ol 58 F<1 A5 19770] gt Axte
ﬂﬂHE I 51871E OI%OE AEE 482 glglon <F

Fo AEde= 9o ® HA A ERHYEe] HE
(o 0002~0.00085 mg/kg)ﬂ Ao g slE ),

2 AFoM= A 23 SFEE 2007]0f|4 Elopdick
3 gelivkEo] RIS, A 7]oflA HHlckET} SAH
o, SAHNE HEo] ERIFTh BTt IRYHCE A=
o] HFAAA LOQ ooz 2HH AL 17]9] Hx| 17
ANEE T HA 1 goll et HF AR E ALtetd 2.17
ppb24] ADI (7 ppb bw/day) ¥ &% &&F3&s% 100

_&

LOQ (ppb) y=ax+b r
1.09 y=283346.14x—26340.17 0.99993
1.39 y=82355.02x—3455.85 0.99991
1.26 y=50250.36x—10281.86 0.99986
1.44 y=14217.53x+17396.84 0.99976
1.05 y=61916.09x—-9301.30 0.99990
0.56 y=42424.52x—14684.50 0.99979
1.25 y=184699.61x—76765.19 0.99940
0.72 y=292623.05x—-30750.78 0.99991
0.79 y=1122619.35x-23093.53 0.99992
3.02 y=15451.84x—-10072.98 0.99938

Fenbendazole Oxfendazole Oxfendazole sulfone
2.5 1.2 4.7
0.4 - 0.3

ppb ®t} Woua Yslolr odsithy et
1999; A& FE A, 2021).

HH(WHO,

PF

;g-

ks

"o

O

B2 ﬂ—?oﬂﬂ% 2020¥ 1¥€5E 129 71| AlFA] 24
AEEE A5 33874(4 287, HIA] 37, ¥ 14)S £4

2117]94 EopttE(34, 0.1~0.6 ppb), THITkE(24,
0.2 ppb, 0.8 ppb), HA 7] A HHIHE(271, 0.4 ppb, 2.5
ppb), $2¥HE(17, 1.2 ppb), S2HGEHE(Q2H, 0.3
ppb, 4.7 ppb) HEE U}

AAE B8 £5EE AR 02 A tEA FES A5s)
= A02 4% 4= 9l9lor ol BF &F8Ho w2

o=

SHA| ALgslo] 25 SIut AL} e Shelshlet.
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