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Determination of Methamidophos in Dry and Semi-dry Type Pet Foods by LC-MS/MS

Toshiichi KOMORIYA”®

(*Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

An analytical method was developed to determine methamidophos levels in pet food using liquid

chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Methamidophos was extracted with acetone-water. The extract was purified with macroporous
diatomaceous earth, Envi ENVI-Carb (Supelco; Bellefonte, PA, U.S.) and Sep-Pak Plus Silica
Cartridge (Waters; Milford, MA, U.S.), followed by LC-ESI-MS/MS analysis for determination of
methamidophos. The LC separation was performed with an ODS column (ZORBAX Eclipse
XDB-C18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara CA, U.S.)
using 2 mmol/L ammonium acetate solution-methanol (19:1 v/v) as the mobile phase. MS/MS
analysis was performed in the selected reaction monitoring (SRM) mode. Spike tests were
conducted on adult dry dog food, all life stages semi-dry dog food, and two kinds of dry cat food
spiked with 0.02 or 0.2 mg/kg of methamidophos and adult dry dog food and dry kitten food
spiked with 0.01 mg/kg of methamidophos. The mean recoveries of methamidophos ranged from

72.6 to 86.8 % and the relative standard deviations of repeatability were not more than 8.7 %.

A collaborative study was conducted in nine laboratories using adult dry dog food, all life stages
semi-dry dog food or adult dry cat food spiked with 0.08, 0.05 or 0.08 mg/kg of methamidophos.
The mean recovery of adult dry dog food was 85.9 %, the repeatability and reproducibility in
terms of the relative standard deviations (RSD, and RSDg) were 2.1 % and 11 %, respectively, and
the Horwitz ratio (HorRat) was 0.48. The values for all life stages semi-dry dog food and adult
dry cat food were 85.6 %, 4.0 %, 11 % and 0.49, and 80.6 %, 2.6 %, 12 % and 0.53, respectively.

This method was validated and established for use in the inspection of pet food for

methamidophos.

Key words: pesticide residue ; methamidophos ; liquid chromatograph-tandem mass spectrometer (LC-

MS/MS) ; electrospray ionization (ESI) ; pet food ; collaborative study
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Fig. 1 Chemical structure of methamidophos
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Table 1 Ingredients list of pet foods

Pet food types Ingredients
Corn, Gluten feed, Rice bran, Soybean meal, Wheat bran, Poultry by-product meal, Animal fat, Feather meal, Fish oil (DHA,
Dry type EPA), Yeast extracts, Carrot, Chamomile, Rosemary, Oolong tea extracts, Minerals (Calcium carbonate, Salt, Zinc sulfate,
for adult dogs Calcium iodate, Copper sulfate), Vitamins (A, B,, B;,, D3, E, Calcium D-pantothenate, Choline chloride, d-biotin), Coloring

agents (Yellow-4, Blue-1)

Grains (Corn, Wheat, Bread crumb), Meat (Poultry by-product meal, Beef meat meal, Beef powder), Soybean meal, High-
Semi-dry type fructose corn syrup, Animal fat, Defatted rice bran, Beer yeast, Vegetables (Spinach, Carrot, Pumpkin), Dried small fish,
for dogs of all life stage Powdered cheeze, Oligosaccharide, Propyleneglycol, Minerals (Ca, Cl, Cu, I, Na, P, Zn), Emulsifier, Preservative (Potassium
sorbate), Malic acid, Citric acid, Coloring agents (Titanium dioxide, Red-106, Yellow-4, Yellow-5 Blue-1)

Grains (Corn, Bakery waste), Meat (Poultry by-product meal, Pork meat meal), Corn gluten meal, Fish (Fish meal, Powdered
Dry type fish extracts, Tuna meal), Animal fat, Powdered cellulose, Vegetables (Beat pulp), Minerals (Cl, Co, Cu, Fe, I, K, Mn, Zn),
for adult cats Vitamins (A, By, By, By, B», C, D, E, K, Choline, Niacin, Pantothenate, Biotin, Folic acid), Amino acids (Methionine,
Taurine), Coloring agents (Red-102, Red-106, Yellow-4, Yellow-5, Blue-1), Antioxidants (Mixed tocopherol, Herb extracts)

Dry food

for Kittens Grains, Meat, Plant protein extracts, Fish (White fish, Bonito, Tuna, Salmon), Amino acids (Taurine), Vitamins, Minerals
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Table 2  Operating conditions of LC-MS/MS for analyzing methamidophos

Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5
Mobile phase 2 mmol/L ammonium acetate solution-methanol (19:1)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer N, (340 kPa)

Drying gas temperature N, (350 °C)
Capillary voltage 4kV

Table 3 MS/MS Parameters

) Precursor Product Qualifier Fragmentor Collision
Target 1on
(m/z) (m/z) (m/z) voltage (V) energy (eV)
Methamidophos 142 94 125 100 12
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Sample 10.0 g
—— add 20 mL of water and allow to stand for 30 min

——add 100 mL acetone and shake for 30 min
— filtrate under suction filter (No.5B)

— wash with 50 mL of acetone and top up to 200 mL with acetone
8 mL of sample solution
— evaporate to the volume of 2 mL under 40 °C

—add 3 mL water and 1 g of NaCl
Macroporous diatomaceous earth cartridge

— apply sample solution and allow to stand for 10 min

—— wash with 10 mL of hexane (four times)

under macroporous diatomaceous earth cartridge
— wash and elute with 10 mL of ethyl acetate (twice)

— elute with 40 mL of ethyl acetate
— evaporate to dryness under 40 °C

— dissolve in 5 mL of hexane-acetone (7:3)
Sep-Pak Plus Silica cartridge (prewash with 5 mL of hexane-acetone (7:3))

— apply sample solution

— elute with 20 mL of hexane-acetone (1:1)

— evaporate to dryness under 40 °C

— dissolve in 1 mL of water
LC-MS/MS

Scheme 1 Analytical procedure for methamidophos in pet foods
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- connect graphitized carbon cartridge (prewash with 5 mL of ethyl acetate)

— wash with 2.5 mL of hexane-acetone (7:3) (three times), and furthermore 5 mL
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0.16 pg x5 AT HHARMERZRB L, SHEMERK 5 uL % LC-MS/MS IZHEA L, 15D IRK
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Fig. 2  Calibration curves of methamidophos by peak area (upper) and peak height (lower)
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Table 4  Elution pattern from macroporous diatomaceous earth cartridge
and graphitized carbon cartridge

Fraction volume Hexane Ethyl acetate
(mL) 0~40  0~10 ~20 ~30 ~40 ~50 ~60 ~70  Total
Recovery of
methamidophos (%) 0 8 39 24 20 3 Tr. 0 94
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Table 5  Elution pattern from silica-gel mini column

Fraction volume  Hexane-acetone (7:3) Hexane-acetone (1:1)
(mL) (0~12.5) 0~5 ~10 ~15 ~20 ~25 Total
Recovery of
methamidophos (%) 0 > 85 2 0 0 92
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MR R A B AZ I RABRALE LT02 &000.02 mgkg Y4 B2 L7ZiEHZ2 HWT, ARk
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T 8.7 %LL T ORGENE HILTZ.
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Table 6 Recoveries of methamidophos from four kinds of pet food

Pet food types
Spiked Dry type for Semi-dry type for Dry type for Dry type for
level adult dogs dogs of all life stages adult cats kittens
(mg/kg) Recovery” RSD,”  Recovery’ RSD,”  Recovery’ RSD,”  Recovery’ RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.2 84.8 1.1 77.3 8.7 75.9 4.6 72.6 4.0
0.02 86.8 2.7 78.7 7.8 73.8 5.3 77.5 3.6
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
(A) Intans i_h' £ oarbounits (B) Intensity & arb.units
Methamidophos | Methamidophos
s 4 4’5 s 35 4 43 s
Fetention Time / min Fetention Time / min

Fig. 3 SRM chromatograms of standard solution and sample solution
LC-MS/MS conditions are shown in Table 2 and 3.
(A) Standard solution (The amount of methamidophos is 0.4 ng.)
(B) Sample solution of dry food for adult dogs spiked methamidophos at 0.2 mg/kg

3.7 EERF O R
AEOERETREMRT D720, RAHRIARBEEONH T A BRI A X I RERRE
L C0.01 mgkg fHSEZRML-REZHWNT, KECEVEEL, o/ —27 D SN k%
Koz, TOREE, SN 10 &7 DEIX 0.0l mgkg Tho7mZ &b, AX I RBFADER
TRRIX 0.01 mgkg TH-o7-. £z, RREZHWTRECHEST 3 AT CEE LB RIT
Table 7 D LBV TH Y, FHEILFEIL 82.0~85.7 %, Z DMK LKEE X RSD, & LT 2.0 %L TFT
boto. Tz, AXIRKRAOBRH TFIRIZSN LR 3 L7258 ENS 0.003 mgkg ThoT-.
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Table 7 Recoveries of methamidophos at the level of limit of quantitation

Pet food types
Spiked Dry type for Dry type for
level adult dogs kittens
(mg/kg) Recovery” RSD,”  Recovery” RSD,”
(o) (%) (%) (%)
0.01 85.7 1.5 82.0 2.0

a) Mean recovery (n=3)

b) Relative standard deviation of repeatability

3.8 JL[aE]EAER

REOEMBHBREELZRET H720, KA N7 A BB EORER K7 A IAHIRARA
&1L 7T0.08 mg/kg FEY & (1 mL HIC 0.8 ng 5 AT HEEHERKR 1| mL RN iﬁkﬁzﬁxﬁkbkﬁ%

IRIA AKX I RAARLLTO0.05mgkg fAYSE (1 mLHIZ05ug 25 H T HEEHERR 1 mL
whn) %%bnbtaﬁﬂ%ﬁﬁu\f W ENEN B AR 0T v % — 2 BEAFSeET, #EEIE AN B AR
Ak s, SEEERERFMSES SO v 2 —, BREEHE RS AR ZEET, MNTATBE A R
%7}<E‘(é%£é&mﬁ./545*@%4%/}:@@% ety 22—, RAHTERE 22—, RMFEtE
VA=K OEERE 2 — (9 RBRE) TRV T, KRB CHhERBRZ FEhE L-. RO
Friz oW i, TUPAC 71 haa—L 9| \_TIEI/\, Cochran BiE, #FAUIE 1 D Grubbs #E K Y
SAAUVIE 2 D Grubbs 1 E 21T o 72 L CHE RIS, ol UG R K OV ] 7 BURS B O FH R Y R
7% (RSD, X IYRSDp) Z#H M L7z, 5472 RSDg 5, {&1E Horwitz &% H V> C HorRat % 3R &
7.

ZOFER % Table 8 IR Lo, BRH R T ARG TIE, FHENEIT 85.9 %, E Offilk UK E
FKOEMFBEEIZZNZRSD, KOXRSDg & LT 2.1 %& V11 % THY, HorRat iX0.48 TH
o, BREBEEAMAEI NI /T, FHEIGERIT 85.6 %, T O UK K OVEH
B IXE 24U RSD, XUV RSDg & LT 4.0 %KX 11 % TH Y, HorRat (%049 ThHoto. A
AR T A 85X, FHEIEET 80.6 %, & O UK M OVE R BURE L 1L 2 /L2 4L RSD, K&
'RSDg & LT 26%K%TN12%T& Y, HorRat (X 0.53 TH o7z,

B, BEOREYD, FRBRETHH L7 LC-MS/MS OFFf% % Table 9 128 L7
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Table 8 Collaborative study results of methamidophos

Pet food types
Lab. No. Dry type for adult dogs Semi-dry type for dogs of all life stages Dry type for adult cats
(mg/kg) (mg/kg) (mg/kg)
1 0.0708 0.0731 0.0470 0.0449 0.0646 0.0687
2 0.0815 0.0838 0.0495 0.0510 0.0773 0.0793
3 0.0596 0.0609 0.0390 0.0381 0.0608 0.0596
4 0.0599 0.0572 0.0387 0.0360 0.0560 0.0548
5 0.0709 0.0728 0.0430 0.0432 0.0681 0.0668
6 0.0660 0.0647 0.0386 0.0365 0.0537 0.0539
7 0.0704 0.0713 0.0494 0.0437 0.0677 0.0684
8 0.0697 0.0732 0.0431 0.0439 0.0666 0.0678
9 0.0655 0.0663 0.0430 0.0422 0.0608 0.0654
Spiked level (mg/kg) 0.08 0.05 0.08
Mean value” (mg/kg) 0.0688 0.0428 0.0645
Recovery”(%) 85.9 85.6 80.6
RSD,” (%) 2.1 4.0 2.6
RSDR?(%) 11 11 12
PRSD"(%) 22 22 22
HorRat 0.48 0.49 0.53
a) n=18

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

d) Predicted relative standard deviations of reproducibility between laboratories calculated from the

modified Horwitz equation

Table 9 Instruments used in the collaborative study
Lab. No. LC MS/MS ~ LCcolumn
(i.d.xlength, particle size)

1 Agilent Technologies Applied Biosystems Tosoh TSK-GEL ODS-100V
1200 series API 3200 (2.0 mm x150 mm, 5 pm)

) Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

3 Waters Waters GL Sciences Inertsil ODS-3
Alliance 2695 Micromass Quattro micro API (2.1 mm %150 mm, 5 pm)

4 Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

5 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
Alliance 2695 Micromass Quattro micro API (2.1 mm x150 mm, 5 pum)

6 Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

7 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 um)

3 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 pm)

9 Waters Waters Shiseido CAPCELL-PAK C18 AQ
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 um)
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Lz 2 A, FHEUNERIK, 72.6~86.8 %, * Ok UKL, MxHEMERFZE (RSD,) & LT
8.7 % LA T DR T b LTz,

7)) AKEIZLDALZ I FARAOERE FRIEL, #BH T 0.01 mgkg, B FRIZ 0.003 mgkg THY,
FHEELC ﬂLT+A@ﬁFﬁH%nt

8) FRARH RT7 ARG L ORI R 7 A I A X I FARA L LT O0.08 mgkg FIY &, 2R BRE
RKHAEIRTABBICAZ I FAARAELTO0.05 mghkg FHY EZ M LA Z HWT, 93 BR=
IZBWT, REICEWVILFRBREZER LZ. ZOME, BRigEREIEENMONT-.

# ##
LFEFBRIC SN L CTAW RN B ARG & > 7 — L BEBFIERT, ﬁl%kﬁﬁﬂiﬁﬂ%
=, EEREEBRMEASES SO & & — RO B RS EHE S AT IERT IS B 1T 2 BIRE SALIC
HOFERLET.
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