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a-R-Deltamethrin
%N (R)-a-cyano-3-phenoxybenzyl (1R,3R)-3-(2,2-
dibromovinyl)-2,2-dimethylcyclopropanecarboxylate

CAS No.: 55700-99-7
Deltamethrin

(S)-a-cyano-3-phenoxybenzyl (1R,3R)-3-(2,2- trans-Deltamethrin

dibromovinyl)-2,2-dimethylcyclopropanecarboxylate (S)-a-cyano-3-phenoxybenzyl (1R,3S)-3-(2,2-

CasH1oBrNOs  MW: 505.2 CAS No.: 52918-63-5 dibromovinyl)-2,2-dimethylcyclopropanecarboxylate

CAS No.: 64363-96-8

Fig. 1 Chemical structure of deltamethrin
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Table 1  Compositions of the formula feeds

) Proportion )
Formula feed types Ingredient types ) Ingredients
0
For finishing period ~ Grains 64 Corn, polished rice, milo
broiler Oil seed meal 21 Soybean meal, rapeseed meal
Animal by-products 5 Fish meal, poultry by-product meal
Brans 1 Rice bran
Others 9 Animal fat, calcium carbonate, salt, plum vinegar,
betaine, calcium phosphate, food-processing by-
product, feed additives
For growing pig Grains 80 Corn, milo
Oil seed meal 15 Rapeseed meal, soybean meal
Brans 2 Rice bran
Others 3 Animal fat, calcium carbonate, salt, calcium
phosphate, silica, feed yeast, dried yeast cell wall,
zeolite, Actinomycetes, humic acid, yucca powder,
feed additives
For finishing beef Grains 88 Corn, barley
cattle Brans 11 Wheat bran
Oil seed meal 1 Rapeseed meal

Others Calcium propionate
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22 &I
) 7Ebr=FUL, Eip=FIL, ~FH, TRy, v 7a~FH 350 EK - PCB Rk
HAEHWE. 224- N AFAXUZ 3K e~ N7 7 AW, V=T Lo /) a—
JUIEEE 1k (99.0 %LL Eo b o, B LR % -, AITE#K (JIS K0211 @ 5218 1T/
FTENTHHA) 2 HWT=.
2) o-R-TIH AN AR
a-R-T/VHZ A MU FEAERL (M 98.0 %, Toronto Research Chemicals Inc.#4) 25 mg % IEfE
ICE-STS0mLOERET 7 AZAN, T M AZMATENPL, BITERE CREBZ M
T a-R-TNH AN MEREREZFHAR L7 (Z0W 1 mL X, a-R-TAX ARV E1LTO05
mg A EAETH. ) .
3) trans-7 /v H A N REAERE
trans-7 V2 A N U AEAESL (MIEE 98.2 %, Clearsynth Labs Limited #) 25 mg % [EfEIZ & -
TS50 mL ORET7FAICAN, TEMAZMATENL, BIERETTE N ZMMAT
trans-7 )V Z A N EHEFK AR L7 (20 1 mL VX, trans-TVZ A U & LT 0.5
mgxEHETDH. ) .
4) TNANE ALY ERERR
TIE AN RERER G 99.0 %, FIYEHISK T M) 25 mg # EMEICE > T 50 mL D&
TITAAZAN, TERNAZMATENL, BIZEBLETTEN A ZMATTAEANY U
WHKZFAK L2 (ZoW ImLik, TAFA BRI ELTO0Smg2EA8T5. ) .
5) FIHE AN RBMIKIEAEER
a-R-T/WH A MY U KW trans-T V2 A B U U BAEERE 2.5 mL % S0 mL 287 7 A 2T A
NTRAL, TITERET 224- RV ATFARZ =T Y 441) ZMATTAHE AR
U RBMERIRASEERE AR LZ (20 1 mL 1%, a-R-F/VZ A MY UK trans-7 v &
ARV ELTH 20 ug 285HTH. ) . ZOWRD—EREE, 224NV AFA =T
v hy (4+1) TERECHIRL, 1 mLPIZ a-R-TNAHF AN U KR trans-T IV Z A R &L
T 0.02, 0.03, 0.04, 0.05, 0.1, 0.2, 0.3, 0.4 X005 pg #EZHTHT/VZ A MY KR
AR & R L7z
6) TINH ALY EAERR
FNEANY AEREFR 2.5 mL & 50 mL O2E T T A ZEMRICAN, FICERE T
224-F U AFAXRZ =T Ry (4+41) ZIAT, 1mLHPICTAZ AR & LT20 g
EEATOHHRERM L., ZORO —EEE, 224-F)AFALLA X —TE R (441) T
EMICAHAIRL, 1 mLPIcF Azt b e LTENEN 0.02, 0.05, 0.2, XUN05 pg 2 &h
THTNHE AN ANEAERR Z LT
23 HEROEGE
1) ¥k - ZM-200 Retsch # (1 mm A7 U —, ff HEF[A#54% 14000 rpm)
2) EZACE R AR 0 SM-2000 Retsch 8 (1 mm A7 U — ) [alfin# (fH4%K) 835 rpm)
3) IRE O Ay = — 4 — MW-DRV ‘B ARFF TR (6 H I IEEI% 300 rpm)
4 ZEr A Y vt s 75 (20 mL £RFFH) : Chem Elut, 20 mL  Agilent Technologies H
5 0977 A MI—R/S T 7Tyt VA FVFEE I =4 T A ENVI-
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Carb/LC-NH2 (500 mg/500 mg) Sigma-Aldrich f
6) BT AR~ %7 A =47 A : Sep-Pak Plus Florisil cartridge (£ TAAI& 910 mg)
Waters B2 10 mL @ U F— "—%HfE L7 b O
7 AT T2 7 4% — : DISMIC-25HP (fL£% 0.45 um, [Ef% 25 mm, PTFE) HPEJEK R
8) FNWigH /s u~hJST77 :GPCYAT A V—x )Y Az Rl
9) GC-MS :
GC # : 7890A Agilent Technologies
MS i : 5975C Agilent Technologies %
24 TEEFE
AR T UESE 6 B 3 Hi 1 2O A/ a~ NI 7EESIFIZ L D —F oIt - T
ERELEZ. GCMS BT LE=F—A A E, —HFAINIECBTLTAVZA MY o ERLEL
miz 181 (BE&EA A >) , 253 (BERA A >) L L7z, vk, trans-7/VZ A N v DOE—7 (3,
TNEAN) L OE—7 L3BET D LR 0572728, trans-T VX A R UV OERIL,
trans-7 )V Z A N U ¥ OIERER K VT VA2 A N RERER CREMREIER LER L.
FNgRE7 v~ b7 77 kO GC-MS HIEFKM % Table 2 KT Table 3 (2, EEOPE %
Scheme 1 (ZZN LR LTC.

Table 2  Operating conditions of GPC

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x 300 mm, 15 pm) , Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x 100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 60~150 mL

Table 3  Operating conditions of GC-MS

Column DB-SMS+DG (0.25 mm i.d x 30 m+10 m guard columm,
0.25 pm film thickness), Agillent Technologies

Column temperature 70 °C (hold for 1 min) — ramp 25 °C/min — 150 °C — ramp 3 °C/min
— 200 °C — ramp 8 °C/min — 280 °C (hold for 10 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C
Carrier gas He 1.0 mL/min

Transferline temperature 250 °C

Ion source temperature 230 °C
Ionization Electron ionization (EI)
Ionization energy 70 eV

Monitor ion m/z 181 (for quantification), 253 (for confirmation)
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Sample (grass hay 5.0 g, others 10.0 g)

——add 15 mL of water and allow to stand for 30 min

——add 100 mL acetonitrile and shake for 30 min

— filtrate under suction filter (No. 5B)

——wash with 50 mL of acetonitrile

—— evaporate to the volume of 15 mL under 40 °C

Chem Elut cartridge

—apply sample solution and allow to stand for 5 min
——wash with 100 mL of hexane-ethyl acetate (1:1)
Hexane-ethyl acetate solution

——add 1 mL of acetone-diethylene glycol (49:1)

—— evaporate to dryness under 40 °C

——dissolve in 10 mL of cyclohexane-acetone (4:1)

— filtrate with membrane filter (< 0.5 pm)

Gel permeation chromatography

—apply 5 mL of sample solution

—collect 60~150 mL fraction

——add a drop of acetone-diethylene glycol (49:1)
——evaporate to dryness under 40 °C

——dissolve in 2 mL of ethyl acetate

ENVI-Carb/NH; cartridge (prewashed with 10 mL of ethyl acetate)
——apply sample solution

—clute with 8 mL of ethyl acetate

——add a drop of acetone-diethylene glycol (49:1)

—— evaporate to dryness under 40 °C

——dissolve in hexane-acetone (7:3) (grass hay 5.0 mL, others 10.0 mL)
Sep-Pak Plus Florisil cartridge (prewashed with 5 mL of acetone and 5 mL of hexane)
—apply 4.0 mL of sample solution

——eclute with 6 mL of hexane-acetone (7:3)

——add a drop of acetone-diethylene glycol (49:1)

—— evaporate to dryness under 40 °C

——dissolve in 2.0 mL of 2,2,4-trimethylpentane-acetone (4:1)
GC-MS

Scheme 1 Analytical procedure for simultaneous determination of pesticides
in feeds by GC-MS
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Fig. 2  Calibration curves of a-R-deltamethrin (left) and trans-deltamethrin (right) by peak height

3.2 WiEWHEORE

FlEfE 3/ (T rAa 7 —EERIH, AKEEHEXCRHFEER) , 58520, KZE,
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TR L 72 BHAI Z GC-MS IZIEA L, oz SIM 7 r~ N7 T L52MBLILEZ A, EE%E
Wiy 5 e — 27 133 bnienot.
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Fig. 3  Selected ion monitoring chromatograms of blank corn and standard solution
(Scales of vertical-axis are the same between left and right chromatograms for each
pesticide. Arrows indicate the retention time of pesticides.)
A: Standard solution (0.02 pg/mL: 0.02 ng as each pesticide)
B: Corn (blank)
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3.3 IRINENEER

TNE AT CEERICONT, WHAREEHESEE R OE 5 AZ LICZENLEN 0.2 XD
1 mg/kg A& (A& REHART T 0.1 ug/mL (2725 K 9 IEMEICHIR) , FE—FHEIZ 0.5 &
V5 mg/kg FAY & (BREREHART TO0.1 pg/mL 12725 K 9 IEMEICHIR) Z@imL, Kk
3 RPHMTHHT & FEh LRI K O LR E & SR D 72

ZDOFERIX, Table4 D EEBY, a-R-T/VH A LU AZOWTITFEHEILER 101~201 %, < D
W UNE I IAXHE AR 2 (RSD,) & LT 11.1 %LAF, trans-7 V4 A b U 220 TEEEIENR
3 106~205 %, OB UFEIZRSD, & LTI3.9 %L FCTHo=. £, trans-T NV H A R VU
BETNHE AN ERER CTREREZER L, E& LEMBRICOWTIE, FEHEIE 131~241 %,
ZOMIE UKEEIXRSD, & LT 143 %LU FTH-o 7=,

ek, Hon=SIM 7 u~ 7T AO—fl% Fig. 4 IR LT,

Table 4  Recoveries for a-R-deltamethrin and trans-deltamethrin
Feed types

Spiked Formule feed for
Pesticides level finishing beef cattle

b)

Corn Timothy

» Recoverya) RSDrb)

(mg/kg) Rec overya) RSD, Rec overya) RSD,

(%) (%) (%) (%) (%) (%)
0.2 201 8.9 176 9.9 — —
. 0.5 — — — — 196 6.9
o-R- Deltamethrin
1 109 11.1 110 5.5 — —
5 — — — — 101 6.7
0.2 205 9.5 176 9.9 — —
o 0.5 — — — — 203 9.2
trans- Deltamethrin
1 110 13.9 113 39 — —
5 — — — — 106 5.8
0.2 241 9.3 208 9.8 — —
a 0.5 — — — — 239 8.8
trans- Deltamethrin
1 140 14.3 144 3.6 — —
5 — — — — 131 9.5

—: Not tested

Colored cells stand for recoveries of more than 200 %

a) Mean (n=3)

b) Relative standard deviation of repeatability

¢) Calculated with a calibration curve prepared by standard solution of trans-deltamethrin

d) Calculated with a calibration curve prepared by standard solution of deltamethrin
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Fig. 4 Selected ion monitoring chromatograms
(Arrows indicate the peaks of a-R-deltamethrin and trans-deltamethrin or deltamethrin)
A: Mixed standard solution of a-R-deltamethrin and trans-deltamethrin (0.1 pg/mL: 0.1 ng as
each pesticide)
B: Sample solution of corn
Spiked at 1 mg/kg of a-R-deltamethrin and trans-deltamethrin (0.1 pg/mL as each
pesticide: diluted sample solution 10-fold with 2,2,4-trimethylpentane-acetone (4:1))
C: Standard solution of deltamethrin (0.1 pg/mL: 0.1 ng as deltamethrin)
3.4 JLFERER
KIEOEM BB E 2R T D720, REIF@EE, OEPIRD 2 fE TH@ERBHT K 5 3k
AR BR 2 FEHi L 7=

EalEl e LTiE, AAFIEEHESFEELDE I A LIZTAVZ A MY CREEARE LT 1

mg/kg FHY & (AT HFEE 10 g2 LT 1 mL #1210 ug & HF 3 HEEHER 1 mL M) , FF
—REEIZIE S mg/kg Y E (OHTAHRENS glx LT 1 mL U2 25 ng 5 T HAEHER 1 mL

)z, ARBREICTHONEMGOR RIS L TR L2082 vz,

ZNEERE T, AT

TTBUENRMOKPEIH B 2 Attt o 7 — B RN L 2R AR, Rt 2 —, RAadEEr 72—
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KOEERE % — GE4RBR=E) Thotz. HREROMITICOVTIE, EEMIC A —FT 1 XX
M7= L FERBRICE T 5 FIE Y Y4552, Cochran HiiE, #HUE 1 ff D Grubbs HiidE b Ok A 2
& Grubbs MEZITVY, AIEOA A MR L2 ECFEBEIIEE, ik URBE (RSD,) K=
MIFFHEE (RSDp) Z#EM L, FHh7- RSDr /25, EIE Horwitz R % T HorRat %3k ®
7.

#t 1 Table 5, Table 6 XU Table 7 D &8 ThHho7o. a-R-T/NAHX A RY 22O T, WA
AEE HECA fEHE, EHEINEE 107 %, RSD,19 %, RSDg 14 %, HorRat 0.88, & 95 & A2 LIF,
AN 103 %, RSD, 14 %, RSDg 11 %, HorRat 0.66, FF > —gz& L, FHEIILE 89.5 %,
RSD, 11 %, RSDg9.0 %, HorRat 0.72 Toh ~7=. trans-7 /L% A F U 22T, WHFEERHE
Afarh, EHIEUCE 106 %, RSD, 19 %, RSDg 14 %, HorRat 0.87, &5 A Z Lix, FHEIIY
# 101 %, RSD, 11 %, RSDg 8.3 %, HorRat 0.52, FF v —zEL, “FEHENTER 86.4 %, RSD,
10 %, RSDR7.6 %, HorRat 0.59 Toh o7z, 7=, trans-TNVHF A NV U BT AH AN FEAER
THREREZERL, EELEERICONTE, WHEESARSEET, FHEIE 109 %,
RSD; 13 %, RSDg 10 %, HorRat 0.60, & 5 & A Z LIX, “FH[EILE 102 %, RSD, 7.7 %, RSDg
6.3 %, HorRat 0.40, € —iz#(E, F¥JEIILK 88.9 %, RSD, 15 %, RSDg 11 %, HorRat 0.89
Thot-.

SEOD, FB=E CTHEH L7 GC-MS OFFESE % Table 8 (278 L7z,

Table 5 Collaborative study for of a-R-deltamethrin

Feed types
Lab. No. ﬁi;rhni:ll;abizdczcztrle Corn Timothy hay
(mg/kg) (mg/kg) (mg/kg)
1 1.19 1.19 1.17 1.17 4.68 5.06
2 1.05 0.928 0.969 1.03 4.42 491
3 1.20 1.19 1.04 0.977 4.39 4.20
4 0.854 0.972 1.00 0.868 3.85 4.29
Spiked level (mg/kg) 1 1 5
Mean value” (mg/kg) 1.07 1.03 4.48
Mean recoverya) (%) 107 103 89.5
RSD:” (%) 19 14 11
RSD&” (%) 14 11 9
PRSDR” (%) 16 16 13
HorRat 0.88 0.66 0.72

a) n=8

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation
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Table 6  Collaborative study for trans-deltamethrin

Feed types
Lab. No. fii;)srhr?nl:glabizefdcz(ifle Corn Timothy hay
(mg/kg) (mg/kg) (mg/kg)
1 1.18 1.19 1.09 1.12 4.76 4.65
2 1.02 0.954 0.977 1.06 4.12 4.55
3 1.20 1.17 1.01 0.906 4.06 3.87
4 0.861 0.933 0.974 0.905 4.19 4.34
Spiked level (mg/kg) 1 1 5
Mean value” (mg/kg) 1.06 1.01 4.32
Mean recoverya) (%) 106 101 86.4
RSD:” (%) 19 11 10
RSDR” (%) 14 8.3 7.6
PRSDR” (%) 16 16 13
HorRat 0.87 0.52 0.59
a) n=8

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation
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Table 7 Collaborative study for trans-deltamethrin
(Calculated with a calibration curve prepared by standard solution of deltamethrin)

Feed types
Lab. No. fiflzrllr?nl;abi?fdcz(t)trle Corn Timothy hay
(mg/kg) (mg/kg) (mg/kg)
1 1.07 1.19 0.989 1.01 4.32 4.21
2 1.01 0.944 0.977 1.06 4.12 4.55
3 1.22 1.19 1.02 0.921 4.13 3.94
4 1.08 1.04 1.11 1.09 5.34 4.94
Spiked level (mg/kg) 1 1 5
Mean value”” (mg/kg) 1.09 1.02 4.44
Mean recoverya)’b) (%) 109 102 88.9
RSD:” (%) 13 7.7 15
RSDR” (%) 10 6.3 11
PRSDx” (%) 16 16 13
HorRat 0.60 0.40 0.89

a) Calculated as the amount of deltamethrin

b) n=8

¢) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

e) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 8 Instruments used in the collaborative study

GC columm
Lab. No. GE-MS (i.dxlength, film thickness)
. Rtx-5MS, Restek
1 GCMS-QP2010 Plus, Shimadzu
(0.25 mm i.d.x30 m, 0.25 pm)
. Rtx-5MS, Restek
2 GCMS-QP2010, Shimadzu _
(0.25 mm i.d.x30 m, 0.25 um)
. Rtx-5MS, Restek
3 GCMS-QP2010 Plus, Shimadzu )
(0.25 mm i.d.x30 m, 0.25 um)
GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
4 . .
MS: 5975C, Agilent Technologies (0.25 mm 1.d.x30 m, 0.25 um, Duraguard 10 m)

4 F&EOH
BRI OT L Z AN Y CBMERIZONWT, BT RIS O R D GC-MS 1T KD —F o
La s, UM EHmRLILEZA, UTORERHGLIL, BEHNWRETHD EEZ LN,
1) MEMRIE, 0.02~0.5 pg/mL (FEAEE L TO0.02~0.5ng fHYS &) O CEMRMEZ R L.
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2) LIBLAZLIZONT, KRB THONZZ u~ 7T AT, EREYIT S E—713R
ORI T.

3) WINENGERER & LT, ARIEICEY 3 SOHMT o2 350 L TR K OO LR E 2Rz & 2
A, EOWNMRBEXCHERIZUTO LB ThoTz.

WHAEEHESEE R OE > AT LICENZEIL 1 mgkg Y &, FE I —HEIZ 5 mg/kg
FIS B2 LIZimnEGRER Tlx, RURFEREGL LN TER. —F, WAFEEHES
AR OVE D HAZ LIZ 0.2 mgkg FHY &, TF T —HEIZ 0.5 mgkg HHYEZIRMLIZEZ A,
B 1L 200 % & B2 DfEHR EleoTo. B, TOMEULEEIZIINU T ThHoT-.

4) WHAFEEREAEFEBERE ) A LICTAZ A R R MEELE LT 1 mgkg FINE, FF
T— 5 mg/kg MY B AT L2 O T 4 BRI WD TRIEICHE W R 5BR & FE e L
e A, RIFRHERNIE L.
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