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Validation Study on Application of the Simultaneous Determination Method
of Organochlorine Pesticides by GC to Snack Type Pet Food

Chika SUZUKI, Yuki OKUTOMI" and Akiko TAKAHASHI"

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

The applicability of a simultaneous determination method of organochlorine pesticides in dry and
semi-dry type pet food using a gas chromatograph equipped with an electron capture detector (GC-
ECD) to snack type pet food was investigated.

Nineteen organochlorine pesticides (aldrin, a-BHC, f-BHC, y-BHC, 6-BHC, 0,p'-DDD, p,p'-DDD,
o,p'-DDE, p,p'-DDE, o0,p'-DDT, p,p'-DDT, dieldrin, endrin, hexachlorobenzene, heptachlor,
heptachlor epoxide, trans-heptachlor epoxide, methoxychlor and nitrofen) were extracted by
adding acetonitrile-water (3:1) and acetonitrile to sample. The extracted solution was filtered
and the filtrate was purified with a SPE column (Chem Elut, 20 mL, Agilent Technologies Inc.;
Santa Clara, CA, USA), gel permeation chromatography (GPC) and a SPE column (Sep-Pak Plus
Florisil cartridge, Waters Corporation; Milford, MA, USA) and injected into the GC-ECD to
determine the levels of the nineteen pesticides. The GC separation was carried out on a fused
silica capillary column (DB-1701, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.).

Spike tests were conducted on formed jerky, dried jerky (both hard and soft), biscuit and milk
powder spiked with 0.002 or 0.1 mg/kg of six DDT related compounds, 0.01 or 0.05 mg/kg of
methoxychlor and 0.002 or 0.01 mg/kg of other twelve compounds. Recoveries ranged from 81.0
to 118 % for formed jerky, dried jerky and biscuit, and relative standard deviations of repeatability
(RSD;) were not more than 11 %. Meanwhile, recoveries ranged from 46.8 to 170 % and RSD,
were not more than 15 % for milk powder.

This method was validated for analysis of organochlorine pesticides in snack type pet food except
for milk powder.

Key words: organochlorine pesticides; gas chromatograph equipped with electron capture detector
(GC-ECD); gel permeation chromatography (GPC); snack type pet food

*—U— 1R R BT WERIBAE A r~ £ ST T FARES B
NPT T = BEEASE () 2 W)

T OMRNEATECE N BERROK BE I R 2 A A v & — IR AR A



70 fREHFIE S Vol. 42 (2017)

1 #

MSIATEUE NEWOKEMBZ 2N 4 — DN ED S [EmEwHAEORERE) DV (T
ik S ). ) ICRERT 2 00EIC >0 TiE, itk MERLOCEREOZ W, K74, &
SRIALY T =y PG E VWS TERERERSE, FICFERLLTHWLND LD AT L THEHE
ZHEDTETZ. L LR D, AL 254 10 A, KE FDA 25, HEEY v —F—IZRKT 5 L H#E
B END RG~DIFERRADRBBERENEEL TVDEAR L P2 L &2, BUETIIRA Y ¥
—F—, EMEBES v —%— (N—FREATRKRY T EAT) , BEIEEOH IS (LLF T2
Ty 78S 5 L. ) OZYPEMRE D EM L TWDH. AL 25 AR LIRTIS R ARSI S
, AT v 78S SISOV TSR ZIT > TOARWAHIEIZ W TIE, FERE, 8 A P A
RDTZD DR LR AT TN D.

Rk 28 L, RIAHEROEI RIAM L EZHG T2 ERRREDOT A 7a~ N7
T 7K DFERESHIE (20 1) AHEFRBREIE 18 iR oL (DUT TH B3R R IR
Bl EWH. ) 12T, ATy 785 A~ O FPEILR D720 O 2 S MR 1T - T2

AERE Lz o 2 b, B A ORI EICHET 285 DB TERBENED L
NTWDH L D% Table 1 IZ/x LT=.

i

Table 1 Maximum limits of organochlorine pesticides in pet food
Maximum limit

Pesticides

(ng/e)
BHC (Total of a-BHC, f-BHC, y-BHC and ¢ -BHC) 0.01
DDT (Total of p,p'-DDD, p,p'-DDE, p,p'-DDT and o,p'-DDT) 0.1
Total of aldrin and dieldrin 0.01
Endrin 0.01
Total of heptachlor and heptachlor epoxide 0.01
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Table 2 Ingredients list of snack type pet foods used in this study
Classification Type Ingredients
Chicken white meat, white fish, corn starch, non-glutinous rice, wheat flour,
powdered mashed potato, salt, vegetable oil (contain soybean oil and canola oil),
Formed jerky (for dogs) powdered starch syrup, collagen peptide (salmon), wheat protein, glycerin,

Formed jerky
(about 20~35 %
moisture content)

propylene glycol, pH adjuster, preservative (potassium sorbate), antioxidants
(sodium erythorbate, V. E), color former (sodium nitrite)

Formed jerky (for cats) 1

Meat (chicken, beef), soybean protein, wheat flour, fish meat, beef tallow, actinidia
polygama, glycerin, thickening agent (modified starch), sorbitol, minerals (Ca, P,
Na) , preservative (sorbic acid, sodium dehydroacetate), seasoning, color former
(sodium nitrite), sodium polyacrylate, coloring agents (caramel, food red no.106),
V.E

Formed jerky (for cats) 2

Tuna, chicken, defatted soybean, beef, starches, wheat protein, lard, yeast, salt,
oligosaccharide, sorbitol, leavening agent, seasoning, minerals (Ca, P), phosphate
(Na, K), sodium lactate, antioxidant (V.C), preservative (sorbic acid), vitamins
(V. E, V. A), calcium lactate, color former (sodium nitrite)

Formed jerky (for cats) 3

Chicken white meat, salt, sorbitol, glycerin, sodium phosphate, antioxidants (V. C),
color former (sodium nitrite)

Dried jerky Lo
Dried jerky (h:
(hard, about 10~15% f:f dfrs)y (hard) Chicken white meat, salt
moisture content) s
Dried jerky (soft) Chicken white meat, glycerin, sodium lactate, trehalose, potassium chloride,

Dried jerky
(soft, about 25 %
moisture content)

(for dogs) 1

antioxidants (V. E, sodium erythorbate), sodium phosphate, preservative
(potassium sorbate)

Dried jerky (soft)
(for dogs) 2

Chicken white meat, glucosamine, fructo-oligosaccharide, glycerin, sodium lactate,
trehalose, potassium chloride, antioxidants (V.E, sodium erythorbate), sodium
phosphate, preservative (potassium sorbate), pH adjuster, flavoring agent, color
former (sodium nitrite)

Dried jerky (soft)
(for dogs) 3

Beef tendon, salt, glycerin, propylene glycol, preservative (potassium sorbate),
antioxidant (sodium erythorbate), color former (sodium nitrite)

Dried jerky (soft)
(for dogs and cats)

Cod, D-sorbitol

Confectionery

Confectionery
(biscuit for dogs) 1

Wheat flour, sugar, vegetable oil, tapioca starch, vegetables (spinach, carrot,
pumpkin), milk powder, chicory extracts (containing dietary fiber and
oligosaccharide), leavening agent, minerals (Ca, Na), flavoring agent, yucca
extracts, coloring agents (food yellow no. 4, food yellow no. 5, food blue no. 1)

Confectionery
(biscuit for dogs) 2

Wheat flour, margarine, granulated sugar, egg, rice germ and soybean fermentation
extracts, trees extracts, galactooligosaccharide, whey protein concentrated powder
(dairy products), non-fat dry milk, lactose, vegetable oil, sweetener (D-sorbitol),
calcium carbonate, green tea extracts, antioxidants (V. E, rosemary extracts)

Milk powder

Milk powder (for dogs) 1

Dry milk (non-fat dry milk, casein), oils and fats (vegetable oil , animal fat, y -
linolenic acid), powdered egg yolk, soybean protein, oligosaccharide, L-carnitine,
minerals (Ca, P, K, Mg, Fe, Cu, Mn, Zn, I, Co), emulsifier, vitamins (V. A, V. B,
V. B2, V. Bs, V. Bi2,V. D, V. E, V. K, nicotinic acid, pantothenic acid, folic acid,
choline), flavoring agent, taurine

Milk powder (for dogs) 2

Milk protein, animal fat, non-fat dry milk, vegetable oil, powdered egg yolk, milk
oligosaccharide, dry yeast, pH adjuster, emulsifier, taurine, L-arginine, L-cystine,
DHA, vitamins (V. A, V. D, V. E, V. K, V. B1, V. B, pantothenic acid, niacin, V. Bs,
folic acid, carotene, biotin, V.Bi2, V.C, choline), minerals (Ca, P, K, Na, Cl, Mg,
Fe, Cu, Mn, Zn, I, Se), nucleotide, flavoring agent (milk cream)
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Table 3  Pesticide standards used in this study

Name Manufacturers Formula MW CAS No.  Purity (%)
Aldrin Dr. Ehrenstorfer GmbH Ci12HsCls 364.9 309-00-2 99.0
a-BHC Dr. Ehrenstorfer GmbH CsHeClo 290.8 319-84-6 98.0
S -BHC Dr. Ehrenstorfer GmbH CsHsCls 290.8 319-85-7 98.4
y-BHC Dr. Ehrenstorfer GmbH CeHsCls 290.8 58-89-9 98.6
0-BHC Sigma-Aldrich CsHsCls 290.8 319-86-8 99.4
o,p'-DDD Sigma-Aldrich Ci14H10Cla 320.0 53-19-0 99.8
p,p'-DDD Sigma-Aldrich Ci4Hi0Cla 320.0 72-54-8 99.5
o,p'-DDE CHEM SERVICE Ci14HsCls 318.0 3424-82-6 99.5
p,p'-DDE CHEM SERVICE Ci14HsCla 318.0 72-55-9 99.5
0,p’-DDT CHEM SERVICE C14HoCls 354.5 789-02-6 97.8
p.p'-DDT Dr. Ehrenstorfer GmbH C14HoCls 354.5 50-29-3 98.5
Dieldrin Dr. Ehrenstorfer GmbH Ci2HsClsO 380.9 60-57-1 99.0
Endrin Dr. Ehrenstorfer GmbH C12HsClsO 380.9 72-20-8 99.5
Heachlorobenzene Dr. Ehrenstorfer GmbH CsCis 284.8 118-74-1 99.5
Heptachlor Dr. Ehrenstorfer GmbH Ci1oHsCly 373.3 76-44-8 99.0
Heptachlor epoxide CHEM SERVICE CioHsCl;0 389.3 1024-57-3 99.5
trans -Heptachlor epoxide CHEM SERVICE CioHsCl70 389.3 28044-83-9 98.7
Methoxychlor CHEM SERVICE Ci6H15CI30 345.7 72-43-5 99.3
Nitrofen Wako Pure Chemical Industries C12H7CLNOs 284.1 1836-75-7 99.0
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Table 4  Operating conditions of gel permeation chromatography (GPC)

Column Shodex CLNpak EV-2000 AC (20 mm i.d.x300 mm, 15 pm), Showa Denko
Guard columm Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm), Showa Denko
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 70~120 mL
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Table 5 Operating conditions of gas chromatograph
equipped with electron capture detector (GC-ECD)

Column DB-1701 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
DB-5 (0.25 mm i.d x30 m, 0.25 pm film thickness),
Agillent Technologies
Column temperature 80 °C (hold for 1 min) — ramp 20 °C/min — 180 °C — ramp 2 °C/min

— 260 °C — ramp 5 °C/min — 275 °C (hold for 5 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C

Carrier gas He 1.0 mL/min

Detector Electron capture detector
Detector temperature 280 °C

Injection volume 1 uL

Sample 10.0 g

add 20 mL of acetonitrile—water (3:1) and allow to stand for 10 min
add 100 mL of acetonitrile and shake for 30 min
—filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

wash with 50 mL of acetonitrile

evaporate to dryness under 40 °C
add 20 mL of saturated salt solution
Chem Elut, 20 mL

apply sample solution and allow to stand for 5 min

——place a receiver (200 mL eggplant flask)

wash flask with 20 mL of hexane and apply washed solution (three times)

elute with 60 mL of hexane

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 the fraction of 70~120 mL

evaporate to dryness under 40 °C

dissolve in 2 mL of hexane
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply sample solution and wash with 2 mL of hexane (twice)
elute with 15 mL of hexane—diethyl ether (9:1)

evaporate to dryness under 40 °C

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

GC-ECD

Scheme 1 Analytical procedure for organochlorine pesticides
in dry and semi-dry type pet food
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Fig. 1-1  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
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Fig. 1-2  Calibration curves of hexachlorobenzene, methoxychlor and nitrofen by peak height
(low concentration)
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Fig.2 Chromatograms of standard and blank solutions

(GC-ECD conditions are shown in Table 5. Arrows indicate the retention time of pesticides.)

1 Hexachlorobenzene 6 f-BHC 11 p,p'-DDE 16  Nitrofen

2 a-BHC 7 o0-BHC 12 Dieldrin 17 p.,p'-DDD

3 y-BHC 8  Heptachlor epoxide 13 o,p'-DDD 18  p,p'-DDT

4 Heptachlor 9 trans-Heptachlor epoxide (for reference) 14  Endrin 19 Methoxychlor
5 Aldrin 10 o.,p'-DDE 15 o,p'-DDT

A: Standard solution (0.005 pg/mL: 0.005 ng as each pesticide)
B~F: Sample solutions (B: formed jerky (for cats) 3, C: dried jerky (hard) (for dogs), D: dried
jerky (soft) (for dogs) 3, E: confectionery (biscuit for dogs) 2 and F: milk powder (for dogs) 1)
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DHIBIAT 27832 T2 728D, RMENGRERE ) DKM — 27 OSHHEITZE LI T, T ORI
L L. Iy (KA 1220 Tik, AHEERZIRER 18 ko FHEIN R
46.8~170 %, O LFEEIL RSD, & LT 15 %L FCTh 7. p,p-DDD, p,p'-DDE, o,p'-DDT,
TRy, =2 b 72 ROANFT 7o XAl o ToYEY IR ERIL, @Rz 44
MEFBIEIZED DN BEO FEEOHMEN ThH o 7o, By I OFRIE, RECEOMHEMIZH
7228, pp-DDD, =2 RU LV KEO=ba 7 TlE, 120 %EB 2 5EINRICARHERLRD L
iz, Zhix, B I7 OfEEEICE WD THIHEE CIR DV IBE 2 BRICE £ 0 BAETZ DB O
VERNEEIC 22D 2 &, KM —7 ORBENRERLEEZ L.
Bon-rsa~ 77 50O —H% Fig. 3 1R LT-.
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Table 6 Recoveries for pesticides
Spiked .

Pesticides II::vel Samples Recovery” RSD;”

(mg/kg) (%) (%)

Formed jerky (for cats) 3 95.3 6.2

Dried jerky (hard) (for dogs) 110 7.5

0.002  Dried jerky (soft) (for dogs) 3 97.6 1.6

Confectionery (biscuit for dogs) 2 108 4.7

) Milk powder (for dogs) 1 70.1 9.0

Aldrin -

Formed jerky (for cats) 3 102 5.1

Dried jerky (hard) (for dogs) 97.6 6.6

0.01 Dried jerky (soft) (for dogs) 3 95.2 4.3

Confectionery (biscuit for dogs) 2 98.7 2.2

Milk powder (for dogs) 1 60.8 9.7

Formed jerky (for cats) 3 87.7 4.7

Dried jerky (hard) (for dogs) 92.7 4.2

0.002  Dried jerky (soft) (for dogs) 3 89.9 33

Confectionery (biscuit for dogs) 2 94.6 1.9

#-BHC Milk powder (for dogs) 1 85.0 13

Formed jerky (for cats) 3 95.9 6.7

Dried jerky (hard) (for dogs) 95.3 5.5

0.01 Dried jerky (soft) (for dogs) 3 88.3 2.8

Confectionery (biscuit for dogs) 2 92.6 1.4

Milk powder (for dogs) 1 71.4 3.1

Formed jerky (for cats) 3 103 4.6

Dried jerky (hard) (for dogs) 109 3.9

0.002  Dried jerky (soft) (for dogs) 3 104 3.6

Confectionery (biscuit for dogs) 2 111 2.7

Milk powder (for dogs) 1 99.0 5.3

S-BHC -

Formed jerky (for cats) 3 111 6.1

Dried jerky (hard) (for dogs) 107 7.4

0.01 Dried jerky (soft) (for dogs) 3 97.8 3.0

Confectionery (biscuit for dogs) 2 109 3.0

Milk powder (for dogs) 1 84.3 3.5

Formed jerky (for cats) 3 94.6 33

Dried jerky (hard) (for dogs) 97.7 2.3

0.002  Dried jerky (soft) (for dogs) 3 99.3 2.2

Confectionery (biscuit for dogs) 2 99.5 1.9

) BHC Milk povn'/der (for dogs) 1 82.7 5.6
Formed jerky (for cats) 3 103 5.5

Dried jerky (hard) (for dogs) 101 6.2

0.01 Dried jerky (soft) (for dogs) 3 94.4 2.5

Confectionery (biscuit for dogs) 2 97.1 1.2

Milk powder (for dogs) 1 78.0 34
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 98.0 4.5
Dried jerky (hard) (for dogs) 106 6.4
0.002  Dried jerky (soft) (for dogs) 3 100 3.9
Confectionery (biscuit for dogs) 2 107 3.1
5-BHC Milk pov%/der (for dogs) 1 88.3 7.2
Formed jerky (for cats) 3 107 8.5
Dried jerky (hard) (for dogs) 103 7.6
0.01 Dried jerky (soft) (for dogs) 3 100 4.9
Confectionery (biscuit for dogs) 2 102 3.2
Milk powder (for dogs) 1 82.3 6.1
Formed jerky (for cats) 3 98.2 3.5
Dried jerky (hard) (for dogs) 105 3.6
0.002  Dried jerky (soft) (for dogs) 3 95.9 5.7
Confectionery (biscuit for dogs) 2 109 4.8
Milk powder (for dogs) 1 76.8 2.8
op'-DDD -
Formed jerky (for cats) 3 109 0.5
Dried jerky (hard) (for dogs) 105 1.9
0.1 Dried jerky (soft) (for dogs) 3 109 2.0
Confectionery (biscuit for dogs) 2 109 3.6
Milk powder (for dogs) 1 89.9 5.6
Formed jerky (for cats) 3 99.7 4.6
Dried jerky (hard) (for dogs) 107 1.2
0.002  Dried jerky (soft) (for dogs) 3 95.3 8.3
Confectionery (biscuit for dogs) 2 105 4.8
Milk powder (for dogs) 1 135 15
pp'-DDD -
Formed jerky (for cats) 3 107 1.2
Dried jerky (hard) (for dogs) 106 2.6
0.1 Dried jerky (soft) (for dogs) 3 108 2.8
Confectionery (biscuit for dogs) 2 110 4.1
Milk powder (for dogs) 1 87.6 5.6
Formed jerky (for cats) 3 102 5.4
Dried jerky (hard) (for dogs) 106 3.6
0.002  Dried jerky (soft) (for dogs) 3 99.5 4.6
Confectionery (biscuit for dogs) 2 118 5.9
Milk powder (for dogs) 1 79.1 8.5
o.p'-DDE -
Formed jerky (for cats) 3 107 1.4
Dried jerky (hard) (for dogs) 107 2.3
0.1 Dried jerky (soft) (for dogs) 3 110 1.6
Confectionery (biscuit for dogs) 2 107 3.7
Milk powder (for dogs) 1 83.1 7.5
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 99.1 6.9
Dried jerky (hard) (for dogs) 101 39
0.002  Dried jerky (soft) (for dogs) 3 105 2.8
Confectionery (biscuit for dogs) 2 100 2.3
Milk powder (for dogs) 1 68.8 8.3
p.p'-DDE -
Formed jerky (for cats) 3 104 2.4
Dried jerky (hard) (for dogs) 102 1.6
0.1 Dried jerky (soft) (for dogs) 3 110 1.1
Confectionery (biscuit for dogs) 2 106 3.0
Milk powder (for dogs) 1 77.0 9.3
Formed jerky (for cats) 3 88.6 11
Dried jerky (hard) (for dogs) 91.8 33
0.002  Dried jerky (soft) (for dogs) 3 92.0 8.1
Confectionery (biscuit for dogs) 2 93.0 3.5
Milk powder (for dogs) 1 46.8 10
o,p'-DDT -
Formed jerky (for cats) 3 108 2.8
Dried jerky (hard) (for dogs) 105 1.7
0.1 Dried jerky (soft) (for dogs) 3 109 2.5
Confectionery (biscuit for dogs) 2 108 2.7
Milk powder (for dogs) 1 78.0 6.7
Formed jerky (for cats) 3 98.5 5.5
Dried jerky (hard) (for dogs) 102 5.9
0.002  Dried jerky (soft) (for dogs) 3 93.1 5.2
Confectionery (biscuit for dogs) 2 103 5.6
Milk powder (for dogs) 1 77.1 5.4
p.p'-DDT -
Formed jerky (for cats) 3 108 2.1
Dried jerky (hard) (for dogs) 102 0.5
0.1 Dried jerky (soft) (for dogs) 3 108 1.5
Confectionery (biscuit for dogs) 2 108 4.1
Milk powder (for dogs) 1 80.1 10
Formed jerky (for cats) 3 99.3 6.0
Dried jerky (hard) (for dogs) 103 2.9
0.002  Dried jerky (soft) (for dogs) 3 98.6 5.1
Confectionery (biscuit for dogs) 2 97.8 7.8
Lo Milk powder (for dogs) 1 96.7 39
Dieldrin
Formed jerky (for cats) 3 111 8.6
Dried jerky (hard) (for dogs) 106 73
0.01 Dried jerky (soft) (for dogs) 3 99.7 5.9
Confectionery (biscuit for dogs) 2 104 1.8
Milk powder (for dogs) 1 80.3 6.5
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Table 6  Recoveries for pesticides (continuation)
Spiked .
Pesticides II::vel Samples Recovery” RSD;”
(mg/kg) (%) (%)
Formed jerky (for cats) 3 97.4 4.0
Dried jerky (hard) (for dogs) 108 4.7
0.002  Dried jerky (soft) (for dogs) 3 105 2.4
Confectionery (biscuit for dogs) 2 104 2.0
) Milk powder (for dogs) 1 170 7.3
Endrin
Formed jerky (for cats) 3 111 7.5
Dried jerky (hard) (for dogs) 112 8.0
0.01 Dried jerky (soft) (for dogs) 3 110 5.1
Confectionery (biscuit for dogs) 2 110 1.3
Milk powder (for dogs) 1 96.3 6.2
Formed jerky (for cats) 3 84.9 4.4
Dried jerky (hard) (for dogs) 90.0 2.0
0.002  Dried jerky (soft) (for dogs) 3 93.1 5.2
Confectionery (biscuit for dogs) 2 88.2 3.0
Milk powder (for dogs) 1 58.6 14
Hexachlorobenzene -
Formed jerky (for cats) 3 87.8 7.9
Dried jerky (hard) (for dogs) 92.3 6.1
0.01 Dried jerky (soft) (for dogs) 3 84.2 33
Confectionery (biscuit for dogs) 2 81.0 3.5
Milk powder (for dogs) 1 54.4 11
Formed jerky (for cats) 3 91.1 5.0
Dried jerky (hard) (for dogs) 94.6 5.1
0.002  Dried jerky (soft) (for dogs) 3 93.6 5.0
Confectionery (biscuit for dogs) 2 99.6 2.9
Milk powder (for dogs) 1 62.0 6.9
Heptachlor -
Formed jerky (for cats) 3 107 3.8
Dried jerky (hard) (for dogs) 104 7.1
0.01 Dried jerky (soft) (for dogs) 3 95.9 4.1
Confectionery (biscuit for dogs) 2 100 1.6
Milk powder (for dogs) 1 67.3 7.2
Formed jerky (for cats) 3 96.0 5.1
Dried jerky (hard) (for dogs) 106 2.6
0.002  Dried jerky (soft) (for dogs) 3 112 4.1
Confectionery (biscuit for dogs) 2 101 1.9
) Milk powder (for dogs) 1 94.6 3.0
Heptachlor epoxide -
Formed jerky (for cats) 3 111 5.1
Dried jerky (hard) (for dogs) 107 6.6
0.01 Dried jerky (soft) (for dogs) 3 101 5.0
Confectionery (biscuit for dogs) 2 106 0.9
Milk powder (for dogs) 1 80.6 4.8
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Table 6  Recoveries for pesticides (continuation)

Spiked 2) b)
Pesticides level Samples Recovery RSDx
(mg/kg) (%) (%)
Formed jerky (for cats) 3 96.1 7.9
Dried jerky (hard) (for dogs) 95.2 4.0
0.002  Dried jerky (soft) (for dogs) 3 101 5.8
Confectionery (biscuit for dogs) 2 101 3.2
trans - Milk powder (for dogs) 1 84.6 9.5
Heptachlor epoxide Formed jerky (for cats) 3 108 7.8
Dried jerky (hard) (for dogs) 105 6.4
0.01 Dried jerky (soft) (for dogs) 3 99.4 2.2
Confectionery (biscuit for dogs) 2 104 1.8
Milk powder (for dogs) 1 77.6 4.5
Formed jerky (for cats) 3 97.1 9.9
Dried jerky (hard) (for dogs) 95.4 3.1
0.01 Dried jerky (soft) (for dogs) 3 108 8.2
Confectionery (biscuit for dogs) 2 106 5.1
Methoxychlor Milk povi/der (for dogs) 1 94.8 3.6
Formed jerky (for cats) 3 110 4.5
Dried jerky (hard) (for dogs) 103 7.4
0.05 Dried jerky (soft) (for dogs) 3 99.7 34
Confectionery (biscuit for dogs) 2 105 2.2
Milk powder (for dogs) 1 85.4 2.1
Formed jerky (for cats) 3 101 5.3
Dried jerky (hard) (for dogs) 111 7.2
0.002  Dried jerky (soft) (for dogs) 3 101 4.3
Confectionery (biscuit for dogs) 2 109 3.2
) Milk powder (for dogs) 1 125 3.6
Nitrofen
Formed jerky (for cats) 3 114 5.0
Dried jerky (hard) (for dogs) 106 4.7
0.01 Dried jerky (soft) (for dogs) 3 101 4.0
Confectionery (biscuit for dogs) 2 107 2.7
Milk powder (for dogs) 1 91.2 7.7

Colored cells stand for outside the criteria of recovery rate at each concentration listed in the 3 (3) of
chapter 11 of Analytical standards of petfood.
a) Mean (n =5)

b) Relative standard deviation of repeatability
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Fig. 3 Chromatograms of standard and spiked sample solution

(GC-ECD conditions are shown in Table 5. Arrows indicate the retention time of pesticides.)

1 Hexachlorobenzene 6 fS-BHC 11 p.,p'-DDE 16  Nitrofen

2 «-BHC 7 o0-BHC 12 Dieldrin 17  p,p'-DDD

3 y-BHC 8  Heptachlor epoxide 13 o,p'-DDD 18 p,p-DDT

4 Heptachlor 9  trans-Heptachlor epoxide (for reference) 14  Endrin 19  Methoxychlor
5 Aldrin 10 o, '-DDE 15 o,p'-DDT

A: Standard solution (0.05 pg/mL for six DDT related compounds, 0.025 pg/mL for
methoxychlor and 0.005ug/mL for other twelve compounds: 0.05 ng, 0.025 ng and 0.005
ng as each pesticide.)

B: Five-fold diluted sample solution of formed jerky (for cats) 3 spiked at high concentration
of pesticide (spiked at 0.1 mg/kg of six DDT related compounds, 0.05 mg/kg of
methoxychlor and 0.01 mg/kg of other twelve compounds: 0.05 pg/mL, 0.025 pg/mL and
0.005 pg/mL, as each pesticides in the diluted sample solution)

3.4 GERRRS KL O RS
ATy 7 8L S 3B D A BUBHT A B 38 R R B INIE O 4 R K O R IR SR EEF S &2 RN L
ToBINEN AR 2 0 L, PRI, #uRk UKEOREERZER DY —27 O SN i b#RE I
M L7z,
ZORER, MY Y —F—, EMEHREY v —F— (h—KEAT) | EMEHBEYy—F— (VY
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T hEAT) ROETHEPORSAHERREEROERRA L ORI L, AR R SR
FBICHESNTE RIARBENEI RIABRBICBT DA FF v 7 v —LOEERR 0.01 mgkg
KO O B3R E B IR A4 0.002 mg/kg WM A MF 7 n—LORBRHEIRA 0.003 mgkg &
OZ OO SO BRI A 0.0007 mgkg #ZHTHZ e R<HEHATEEEZX 6Nz, —J,
B 27220 T, 3.2 Citdi L7RKME — 7 OB TRINEDNRROE SN HY, BE—27 0D
SN L b ZE Liginolzic®, EERAFEOHRFHITE ol

72%, Table 6 ([T RL7oEBY, MYy —F—, FMELRESYy—F— (- K¥AT) , #&
Mgy ¥ —%— (V7 b2 A7) ROEFEOY%ERRICET 2 RMEIGRERES S, &
Bk D 2 M VERERRIEICE O b EE RO TRE O BAEE A7 L7z

4 F&EOH
BREFICNE SN TS FTAE LT I KT 0 85238 &3 5 A 8RR R EICS

WT, =hr7xzy, ~FH 7B ROA MU B — L ORERIE NIIARED AT > 7

5L S S A~OWEHEFEIERKIZOWTRE L72RER, U TORRNE LT,

) =br 7=z, ~"FH 27X B EOA X7 a2 —/LORERIZOWVT, % 0.005~0.2
pg/mL (JEAE L L TH 0.005~0.2 ng tHY &) O CHEMBMEEZRLEZZ E0E, MERIERT
BHERORKREZ Y = v MUGERERREENEE CGDbES LS LE

B, YHMREROBEGIL, KEKEZ 0.002~0.08 mgkg &A1 50N HRE &2 AREICHRE
WAL U7 B BURHA TR P o & R IR RIS Y 3 5.

2) AT Y —F—, EMEREy—F— (IN—REATRRY T b2 A7) KOEFFEHIZTON
T, FHEZREREINHKEICE>THEONTZa~ T 021%, EBEZBHTAE— 271385
nipinole. —JF, BINNZIZo0nTIE, ZL<ofMe—r7 3R bh, KfEfr—70REI Kk
OMEFFRERIE, WEOHELED Y, KHEE— 27 NAERRE D TH L0 EEY—27 TH L0 0H]
BIDMAT 27277,

3) MYy —F—, EMELREY Yy —F— (N—KZATRKRNY T "2 A7) , ETEEOHB IV
7z, 7RV, a-BHC, p-BHC, y-BHC, 6-BHC, T 4 /v KU v, = KU v, ~FHrn
gy, NTE TN, ANTE TNV RF VR, rans-~T X 7 )L mRF Y RE= B
07>z b LT0.002 TN0.01 mgkg fHY &, DDT ¥ & LT 0.002 &0 0.1 mg/kg F834 &l Y
WA MFTZ7a—E LTO0.01 XT0.05 mgkg FHYEZIRML, KIEITHES T 5 S0MT oM %
FhE L, ECER O LEEEZ RO A, BT ¥y —F%—, FEMLETr—F— (h—F
BA TR T NEAT) ROETHHIZOWTIE, RBREOZYMEMRIEICED bR EE R
OHMTREO BIEE A T BARERP GO, ARERREEIEEOHEHAN AR THL LB
XTI, —0F, KHE— 7 PHEXMNGRS ThH L EY— 27 Th D0 OHBINTXT, 0
EREZEB L L, I VZI2oW T, pp-DDD, pp-DDE, 0,p-DDT, = KUY, ~F¥H
7auaXUBr RO b7 o AW TREBRIE O 2 Y EREGRIEICE O b IV B E O HEE % &
i L Cuh7z.

4) MY —F%—, BEMETES Y —F— (RIS TRRY T "2 AT) ROETEAOREH
PR FRRIEHE DO E RIRBF L OB R FUL, AHE R RRIEINEE I CHE SN N7 A - ROk
IRTAMBIZBIT A A M7 m—LOERERR 0.01 mgkg KOEDOMODEIKDE &R



86 fREHFIE S Vol. 42 (2017)

0.002 mg/kg WNZ A FF 7 v —/LORHIRFR 0.003 mgkg K OE DD 3 o 5 HH RS A
0.0007 mg/kg #EFT T 5 LaEHATEL BNz, —FH, BHILZIZonTiE, E&R
REORFHIIT A 2 hr o 7.

5) FAHE R REIBNEILEOM I N7 ~O#EHIZ OV T, R L 2IRE 5 OBRICEE Y »N
EL%@%@%%@K%?%D ABHZ L o TTRBHAK ORI BIT A R WREI R H 72 2 &,
Flo, HBonlcru~w 7T A, ERICEET IR -7 PROLNTZIENOLAREESE
i%ﬂfc.
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