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Abstract chicken, milk and egg from domestic markets. The
methods for sample preparation and instrumental analy-
sis were established by modifying QuEChERS method
to meet the Codex guidelines. The methods generated
0.0035 mg/kg of the limit of determination (LOD), 0.01
mg/kg of the limit of quantitation (LOQ) and standard
calibration linearity with >0.983 of the coefficients of
determination (R?). The methods exhibited the recovery
values of imidacloprid and its metabolites ranging from

Imidacloprid is a neonicotinoid insecticide widely used
for insect control in a variety of crops. The evaluation
of imidacloprid total residues in animal feeds derived
from crop by-products is required to ensure the safety
of livestock products. We performed simultaneous LC/
MS/MS analyses of imidacloprid and its metabolites in
five different livestock products including beef, pork,

*Corresponding author: In Seon Kim 65.66 to 119.27% without any interference between
Phone: +82-62-530-2131; Fax: +82-62-530-2139; matrices. Imidacloprid total residues in the livestock
E-mail: mindzero@jnu.ac.kr products were found as values lower than the LOQ and
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maximum residue limits (MRLs). This study suggests
that the methods are successfully applicable for the
safety evaluation of imidacloprid total residues in live-
stock products from domestic markets.

Key words: Imidacloprid, Livestock product, Neonicoti-
noid, Pesticide, QUEChERS
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Ao F7ke} RIS e whet FAHES] FA]
2ro 3] Zrkekal vk UNS A3-5%17]74(Food and
Agriculture Organization, FAO)ollX &3t 593 gl
w2 FT 397 OECD #7ke] =7 1919 §-7+2] A&
2 2l Al(retail weight, rwt)® 715381912 W 69.5 kg
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of I7tollM FEAAl YeRtar glth2]. -e2lvet 557
Ago] st 2022 Y 9wt AAEE A9
AR skl AR 107)] FEo 7 #-S el
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A ACH14]. F2uet AFeloREebd A= H2 LC/MS/
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Imidacloprid+= neonicotinoid 7l 354 AFA & 3
24 252 acetylcholine F&Aoll Agsto] 417285
sfro A AFads 7hALt16]. wEX3HY woke =
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3 E71F 0 2A 7k 3716l sl 0.02 mg/kg, 7
F2bzof tig) 0.05 mg/kg, 12|32 Lol tisl] 0.02 mg/kg
< Ag3kal 9l oH(https:/ /various.foodsafetykorea.go.kr)
olF 7IEo®E IuelA freHe HAkE T sk v
at7] flall 7712421 BUEEE AAlska Qv shAut FAks
% imidacloprid ] & FARE A7 o} A7HA] Had
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I (Fig. )8 EFFOEA] imidacloprid (%
99.9%)¢} 6-chloronicotinic acid (=% 98.0%)+= Sigma-
Aldrich (St. Louis, MO, USA)olA 7435132 ™ imida-
cloprid urea (3*% 98.0%)+ TRC (Toronto, ON, Canada)
o5 +4J3k3lt}. Egk imidacloprid olefin (% 99.1%) ¥}
5-hydroxy imidacloprid (5°%: 99.9%)+% Kemidas (Gun-
po, Gyeonggi-do, Korea)olXl -1al3ivh Aol ARt
718 HPLCHC.2A J.T. Baker (Phillipsburg, NJ,
USA)elA F38t5iem 7]et A9k Sigma-Aldrich (St.
Louis, MO, USA)°llA] #4805 S]sto] ARE-=t3itt. Al
79 F%F3 AAl] AM-EE QUEChERS kit Agilent
(San Francisco, CA, USA)2] #lES 15t AHE-33iL.
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magnesium chlorides 37}ste] 47]9} 2ol v &3
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mg2| Cig2 T3t w2 FE8 FH(dispersive SPE
tube)el §iL 23 F<F AT T 4°C 3L 8,000 rpmeilA]
I Eh dalEeeilth 4] & dolxl {8
PTFE-H membrane filter (0.2 ym)Z 33t o LC/
MS/MS?| #4el| o]g-83itt.
Imidacloprid & CHAIAE S| EAMH StE!
A% 5 imidacloprid ¥ tiAREES] AT
matrix-matched &AM 244, AR, st
(LOQ), 35828, ion ratio $%5& 11#3lo] CODEX 7}
ol=eRle] THH =% Sjslltt E5F¥2] matrix-matched
HFAS tix-8 AR FE292 oldsto] skt
Imidacloprid ¥ tlAMbe X3S 10 mLe] acetonitrile
o] galiate] 1,000 ug/mL2] stock solutions A3 5 o]
£ acetonitrile® 3]413}%] 100 ug/mL T2 working
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AlR0 FE el 10 ulA d7ksko] 5271 1.0 ug/mL =
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Fig. 1. Chemical structures of imidacloprid and its metabolites: 1. imidacloprid, 2. imidacloprid urea, 3. imidacloprid

olefin, 4. 6-chloronicotinic acid, 5. 5-hydroxyimidacloprid.
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Table 1. Multiple reaction monitoring (MRM) conditions of LC/MS/MS for the analysis of imidacloprid and its meta-

bolites in livestock samples

Precursor ion

Product ions (m/z)

Chemicals

(m/z) Quantitative (CE, eV)* Qualitative (CE, eV)
Imidacloprid 256.2 209.1 (16) 175.2 (21)
6-Cloronicotinic acid 158.1 122.1 (24) 78.1 (25)
Imidacloprid urea 212.1 128.1 (22) 126.1 (24)
Imidacloprid olefin 254.2 205.1 (13) 235.8 (11)
5-Hydorxyimidacloprid 272.0 255.2 (16) 191.2 (21)
* Collision energy
o HES AT thy tlET ARl FEew sl S
0.0025~0.1 pg/mL W49 matrix 7|9 EFFNS ZA5
oItk FEAPAE A7Is) Po] ZAG BFEF 7 ULE B 2
271710 F38te] YRt chromatogram 73] peak area
= 7Ieo® Adsialvk B4 9] 2 A(Limit of Quan- 2ol 52

titation, LOQ)= A1 & 7] (signal to noise, S/N)<] #ko]
1091 Z71ellA] vk} o] ARkeRltk LOQ (mg/kg) = &
2AFHng) x [HFF 47 (mL)/717] FUHuL)] x 1/
AEFK(g). T, BAEEY sE AP SRSt
A8 5.0 goll imidacloprid % ™A 0.01 mg/kg
(LOQ), 0.1 mg/kg (10LOQ)¥} 0.5 mg/kg (S0LOQ) <=
o7 A3 v A7Ie} ol AlRE ZAlete] Fasklth

244717

AFHFE LC/MS/MSE Waters model ACQUITYTM
UPLCTM A|2=Hllo] FM1]¥ Waters Xevo TQD triple quad-
rupole mass spectrometer 4] A5+ positive model|4]
electron spray ionization (ESI) ®* % o]3}s}3) 0
A4 multiple reaction monitoring (MRM) 31
Table 13} it} #4744 CAPCELL CORE C18 (150
x 2.1 mm, 2.7 um, Shiseido, Osaka, Japan)°|3l.2.H ©|&
A2 0,1%(v/v) formic acid”’} -2 E(A)T} acetonitrile
(B) Z3H-E=A 52 0.3 mL/min®| itk o549 #&
< 5% B (2.0 min) — 10% B (4.0 min) — 70% B (4.5
min) — 30% B (6.0 min) — 5% B (1.0 min)%] 71 0=
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Table 2. Sample matrix effects on the calibration linearity of imidacloprid and its metabolites

Sample matrix effects (%)*

Chemicals
Milk Egg Pork Beef Chicken
Imidacloprid -11.74 7.65 -8.58 -19.82 -25.33
6-Cloronicotinic acid 198.82 0.62 50.53 23.22 -5.50
Imidacloprid urea -12.21 5.64 -7.45 -31.88 -26.73
Imidacloprid olefin -21.18 -1.75 -1.02 -19.19 -24.19
5-Hydorxyimidacloprid -3.09 0.67 6.05 -9.60 9.96

* [(Slope of linearity curve in matrix - slope of linearity curve in solvent only)/(slope of linearity curve in solvent only)]

x 100%.
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Table 3. Correlation factors of determination (R?) of matrix-matched calibration curves of imidacloprid and its metabolites

R? in livestock sample matrices

Chemicals
Milk Egg Pork Beef Chicken
Imidacloprid 0.9964 0.9911 0.9948 0.9986 0.9833
6-Cloronicotinic acid 0.9982 0.9997 0.9967 0.9962 0.9979
Imidacloprid urea 0.9990 0.9997 0.9967 0.9994 0.9987
Imidacloprid olefin 0.9990 0.9994 0.9938 0.9975 0.9973
5-Hydorxyimidacloprid 0.9990 0.9968 0.9966 0.9991 0.9942

o] BFAFAL AP AG(R?) = imidacloprid©] %-$- 0.983
~0.996, 6-chloronicotinic acid®] 7% 0.996~0.999, imida-
cloprid urea®] 79 0.997~0.999, imidacloprid olefin?|
739 0,994~0.999, 12|31 5-hydroxy imidacloprid 9] 7-¢-
0.994~0.999 #1919 A41/d5 HOItKTable 3). olz{st A%
AT 3 sFAE T ARk B gk =uis] 71o]
tklog de7 CODEX CAC/GL 40[13] 2 A]&o]okE
BAA L] AE T AIEW v W Akl Hst vlo| =gt
19]elA Ash= A7gA521 0.980 o2l AANE 5
SkGITE 4719 7tol=eele] -3t matrix-matched <
Aol A imidacloprid €] #HAAE%H ng) ¥ F = eHA(LOQ)
+ 717} 0.0035 ng# 0.01 mg/kgel e, 2H¥ LOQ2
1/10 =<1 0.001 mg/kgolAl back calculation A7}
70% o)’dolqltt. o]} #o] TlolEeRlE FFHate] AT
g5t 22 07 imidacloprid €} ©]¢] FEo] dgE=
A ES sl 418 = QIltHFig. 2). whbA 2 AT
oA g5le W] $4HE AlE 5 imidacloprid HiEe
dFshet] A3keA A8d T dvhes As glsisich
FAHe AR F imidacloprid FHES @zt Qo]
A AR A IS g-lah] 8 S9E AlEE
3}3itk Imidacloprid 9} thAMHES thx7- AlEe] LOQ
¥} o]¢] 108 2 508 2] FEE A T 5o R
gaE ANES 5 A3 Table 4004 ROl vhel 24ht)

C_Imidacloprid_LOQ_1

20220431_124 Sm (Mn, 4x4) MRM of 13 Channels ES+

256.2 = 2091 (Imidacloprid)
4.91e4

Imidacloprid®] 7% -, A&, F#HAL7|(HEA), 2371
(s3) ¥ Hgarl(Etd) AR T 39ES B 89.66~
119.27% o)tk tAMEES] 314-82] 79 6-chloroni-
cotinic acid= H 82.03~111.57% FF°1%2" imida-
cloprid urea®l 7% %3t 65.65~99.21% I, imidaclo-
prid olefin<> %3t 79.59~118.31% %, L& il 5-hydroxy
imidacloprid= 33t 85.99~115.52% |3tk 3l5-& 4
Fjof| A At EF=H K Relative Standard Deviation, RSD)
= °F 1.6~17.7%°13t} 85&& & o imidacloprid urea
o] slago] A o® Ygkor o= imidacloprid urea?)
Boll tigt 431 %7} 5 mg/mL [20] FFO2 ol {7180
T FEEE Eo] WA v Aow F5ESI ol
gk Blad Al dyks AEEEE a8 CODEX 49 4
Fo] oA 9] Tto| =eflef Adeh= 60~120%2F RSD
20% olUlE F53elth b 2 A7telA 3% imida-
coprid 759 TAMS Fiseks F7keE o o¥=
7ho|EeiRlel| F-elelE® FHARE AR 5 imidacloprid #H
5 BUHPsHE bl QoA Agst Wile®s 3hdEgith

)
472 ANt AP WARFS B el
Y FA PO H5ES B TRl A

C_lmidacloprid_10L0Q_1
20220431_127 Sm (Mn, 4xd)

MRM of 13 Channels ES+
2562 > 209 1 (Imidacloprid)
2.09e5

Fig. 2. Typical LC/MS/MS chromatograms of imidacloprid and its metabolites fortified in chicken samples at levels of

LOQ (A) and 10LOQ (B).
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Table 4. Recovery values of imidacloprid and its metabolites fortified in livestock samples

Recovery (%)*

Chemicals Samples Fortified level (mg/kg)
0.01 (LOQ) 10 x LOQ 50 x LOQ
Milk 89.66 + 4.36 95.69 + 3.14 94.28 + 3.17
Egg 119.27 + 15.47 114.91 + 5.07 106.61 + 17.78
Imidacloprid Pork 114.57 + 5.34 96.58 + 4.15 100.94 + 2.40
Beef 96.07 + 4.15 99.29 + 2.74 105.52 + 5.58
Chicken 109.53 + 5.32 106.94 + 8.60 113.79 £ 6.35
Milk 95.09 £ 5.15 98.28 + 2.10 96.01 + 2.68
Egg 108.14 + 11.55 111.57 + 4.67 98.34 + 9.31
6-Cloronicotinic acid Pork 101.48 + 6.86 85.45 + 2.04 91.13 £+ 2.26
Beef 107.98 + 19.07 82.03 £ 2.19 90.24 + 3.85
Chicken 82.56 + 11.18 98.06 + 3.47 97.67 £ 3.71
Milk 74.38 + 2.70 79.54 + 4.80 89.40 + 2.66
Egg 65.65 + 10.16 89.15 + 5.44 88.43 + 5.47
Imidacloprid urea Pork 77.68 + 4.13 7772 £ 528 79.10 £ 2.54
Beef 71.05 £ 12.10 78.24 + 3.58 89.92 + 1.60
Chicken 81.36 + 7.78 99.21 + 3.44 95.33 + 13.85
Milk 93.33 £+ 8.79 94.94 + 3.81 91.95 + 3.24
Egg 88.27 £ 15.20 92.67 + 4.00 94.81 £ 5.07
Imidacloprid olefin Pork 114.58 + 3.72 79.59 + 3.54 93.09 + 3.43
Beef 91.26 + 4.05 94.70 + 4.32 89.74 + 3.71
Chicken 83.49 + 13.57 118.31 + 3.62 104.17 + 12.39
Milk 89.20 £+ 5.20 9723 £ 1.75 96.79 + 3.94
Egg 100.01 + 13.53 108.80 + 5.37 108.06 + 8.08
ii'u Fz‘jﬁg‘rym Pork 106.82 + 2.49 87.11 + 139 99.22 + 2.09
Beef 85.99 + 3.44 97.10 + 1.88 97.44 + 1.70
Chicken 109.76 + 8.30 114.21 + 2.41 115.52 £+ 9.81

* Data are means * standard deviation of 5 replicates.

Om 71 A¥R= Table 5614 HojE nfel it WAkl
AAISE A7} imidacloprid 2] 739 B FAHE Al5e]
LOQ <3 10LOQ % 50L0Q ol Hit 3482
78.05~114.03%°1%1.27 RSDE 0.8~7.6%°13ich tAkiHE
9o Hit 3§ 6-chloronicotinic acid®] 3% 86.12~
116.79%°121.2H imidacloprid urea®] 7%-$- 73.47~92.01%,
imidacloprid olefin®] 79~ 80.27~99.58%, “12]iL 5-hyd-
roxy imidacloprid®] 73-¢- 87.69~102.10%°131t}. ©]& o
APE 9] 39=Eoll RSDE < 0.3~15.6%°191t) o213 2
The & Aol FEisk FA Y Al s e 9
njakgiet. b 2 ATtella] Rl A imidacloprid
WraEs U ske A3l ARE F e HYE

SJuIsigict.

ZAMZ2 A2 = imidacloprid X220 2AM

Sulellx] 51 gl F4HE AR 5 imidacloprid 9F
o]9] e Ee] AFEE A A7z Table 601 AIA &
nte} 29k} Imidacloprid €} tiAbEE2] 2 BE A
ellA BAH O] AFEA(LOQ) olskw FARE It viEE]
2 A LOQ ofstellA imidacloprid €} ©]9] that
el AREE ATk A2 AgekA o A
A back calculation®] 70% ©]/d<l A +%(0.001
mg/kg)FEH LOQ Afol9] Hfjelr HEHe= e
imidacloprid olefin ©2A] ¥il7] A|5elA F 0.003 mg/
kg Tolfom A&7 ion ratiot 25.87%EA EFE
E%9] 0.005 mg/kg7t 2= ion ratiot Hi¢- FAFSHITH
(Fig. 3). X3t imidacloprid urea®] 7% @4 Alg5olA
0.005~0.007 mg/kg w22 A& oM HEE] ion
ratiot= 53.5~80.2%°]{tt. Ton ratio® 7|02 #4442
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Table 5. Inter-institutional recovery values of imidacloprid and its metabolites fortified in livestock samples

Recovery (%)*

Chemicals Samples Fortified level (mg/kg)
0.01 (LOQ) 10 x LOQ 50 x LOQ
Milk 90.87 + 0.82 92.37 + 1.20 91.74 + 3.49
Egg 114.03 + 2.96 103.81 + 1.14 104.50 + 0.94
Imidacloprid Pork 105.05 + 7.98 102.88 + 0.62 100.54 + 3.12
Beef 107.10 + 1.61 95.34 + 0.29 90.89 £ 0.27
Chicken 78.05 £ 2.73 95.17 + 3.62 96.31 + 0.77
Milk 9791 £ 3.04 93.67 + 1.59 94.97 £ 1.61
Egg 90.83 £ 3.09 91.11 + 0.36 93.93 + 141
6-Cloronicotinic acid Pork 96.83 + 2.03 94.04 £+ 0.38 94.72 + 1.04
Beef 105.62 + 2.64 87.75 £ 0.79 86.12 £ 1.55
Chicken 116.79 + 2.34 88.76 + 0.53 86.47 + 424
Milk 85.57 + 1.88 90.05 + 0.90 91.89 + 2.48
Egg 8532 = 2.05 90.18 + 2.43 90.17 + 1.44
Imidacloprid urea Pork 76.41 £ 0.83 89.47 + 2.24 87.54 + 2.80
Beef 92.01 + 0.46 83.90 + 1.59 80.93 + 2.43
Chicken 73.47 + 2.94 88.18 + 0.97 88.50 + 1.33
Milk 88.62 + 7.36 93.76 + 4.88 98.72 + 1.78
Egg 88.35 + 3.27 86.47 + 1.12 87.01 £ 5.31
Imidacloprid olefin Pork 82.02 £ 5.50 91.78 + 4.50 94.34 + 2.36
Beef 99.58 + 15.53 88.47 + 7.17 80.27 + 441
Chicken 95.34 + 6.01 91.27 + 1.00 87.51 £ 1.93
Milk 95.52 + 1.15 9541 + 0.67 99.26 + 1.59
Egg 91.30 + 2.56 90.64 £ 1.99 92.35 + 1.66
ii'u Fz‘jﬁg‘ryﬁ Pork 87.27 + 2.01 96.56 + 1.16 9538 + 4.10
Beef 102.10 + 1.84 92.19 + 0.46 87.69 + 2.81
Chicken 92.17 + 2.30 9224 + 1.84 91.70 + 2.48

* Data are means * standard deviation of 5 replicates.

Table 6. Residues of imidacloprid and its metabolites in the livestock samples from domestic markets

Residue (mg/kg)*

Chemicals
Milk Egg Pork Beef Chicken
Imidacloprid <0.01 <0.01 <0.01 <0.01 <0.01
6-Cloronicotinic acid <0.01 <0.01 <0.01 <0.01 <0.01
Imidacloprid urea <0.01 <0.01 <0.01 <0.01 <0.01
Imidacloprid olefin <0.01 <0.01 <0.01 <0.01 <0.01
5-Hydorxyimidacloprid <0.01 <0.01 <0.01 <0.01 <0.01

* Data are obtained from analyses in triplicate.
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