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ABSTRACT - This study was conducted to evaluate pesticide residues and foreign metallic matter on a total of
104 powdered agricultural products in Incheon. Residue testing for 373 pesticides was conducted by GC-MS/MS, LC-
MS/MS, GC-ECD, GC-NPD and HPLC-UVD. Foreign metallic matter was detected by magnetic rod. As a result pes-
ticide testing, 7 of the 104 products were found to be within the MRL of the pesticides. The detected pesticides were
chlorpyrifos, etofenprox, fenoxanil, malathion, permethrin, tebuconazole and tetraconazole. As for foreign metallic
matter, 16 samples were above the allowable limits set by Korean regulations. Therefore, the inspection of residual
pesticides in raw material, and the removal of foreign metallic matter will require further stringent attention for the

safety of powdered agricultural products.

Key words: Powdered agricultural products, Pesticide residues, Foreign metallic matter
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A A EAIE o71E T oA = A= 5
AHEQEAA SEE Qs 7wl AR HA 42 FoFol
0.01 mgkg °l’d FFshs FAE] v 58 FA =
Postive list, =10l 8187150 A E o] YA 242 F2F

3
Heir EHEES 9322 Sl zero tolerance 52 =Y
st FAHES] b SR FHskar oY, SEvhet
& 20199 1€ 1UFE BE 5AHE0) S EEFEE o
A = (PLS, Positive List System)S Al33l3L Ut} o]
A Foke] ket ARS8l =Eetal o B w4k
B ES ATy 5 R0 AN el
=4 7Fsdo] A FAES ¥R I s AR B2
&S ol HASH HEE FHRwokl dig At
& FT8sitha AZETO.

ol E(FM)E AFES ATy T HHAA HA
=2 H U5 B AETL ofd Ao=2AN HHT
A Q7 2 H 7 AAY A SO F
gt S etk AFFA NS olE ASE

A =83 7ol oy olwHdE Avle A,
e Y8 FFHA A FoE Qe olEe]
A 7 e FAE A9ES < At 53,
FEA olEEMT)S e dx sAES EEUE
HEE ZAAAM 1A = d Rl v, vt
2 Soz mAR SR St £ FAAET)
TF Aol Sol7te Aoz FAHHEN

w2 ATl E feEe 22 siterieE
T LA A B FEAlE 4TS Hetet
of B¢ FAETIEFS Aol Wi HAg Bk
< sk avARpE hsta 79, AFHE ¢ U=
5 AFAES gRstrA R 2ARES AAEHIH

Materials and Methods

AHE
20199 2¥€H-E 109714 <ld A 79 W EntE

Table 1. Number of powdered agricultural products collected for residual pesticide monitoring

Type Group Commodity (raw materials)
Cereal grains (1) Rice (1)
Potatoes (5) Jerusalem artichoke (4), Yam (1)
Pulses (1) Red bean (1)
Nuts and Seeds (1) Peanut or nuts (1) Almond (1)

Pome fruits (7)
Citrus fruits (8)

Berries and other small

Apple (5), Pomegranate (2)
Calamansi (8)

Acai (2), Aronia (3), Camu camu (1), Goji berry (2),

Fruits (31) . i
fruits (12) Strawberry (1), Vitamin tree (3)
Assorted tropical and .
sub-tropical fruits (4) Noni (4)
Flowerhead brassicas (2) Cabbage (1), Broccoli (1)
Barley glass (4), Kale (3), Spinach (1),
Leafy vegetables (13) Korean wormwood (4), Shinsuncho (1)
Vegetables (25) Root and tuber vegetables (7) Chinese bellflower (2), Finger root (1), Ginger (1), Maca (3)
Fruiting vegetables, . .
cucurbits (2) Sweet pumpkin (1), Bitter melon (1)
Fruiting vegetables other than .
cucurbits (1) Paprika (1)
Mushrooms (1) Chaga mushroom (1)
Herbs (16) Hibiscus (6), Lemon Balm leaves (5), Moringa leaves (5)
Spices, fruit or berry (1) Pepper (1)
Herbs and Spices (33) Spices, seeds (1) Mustard seed (1)

Spices, root or rhizome (7)
Other spices (8)

Turmeric root (7)
Cassia bark (8)

Tea leaves (2)

Puer tea (2)

Other plants (4)

Aloea vera (1), Boswellia (1), Lotus seed (1), Pine needle (1)

() : Number of samples.
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Table 2. The sample list grouped by country of origin

Commodity (raw materials) Country of origin
Acai (2) Brazil (1), China (1)
Almond (1) America (1)
Aloe vela (1) China (1)
Apple (5) Poland (4), China (1)
Aronia (3) Poland (3)
Barley glass (4) Korea (4)
Bitter melon (1) Korea (1)
Boswellia (1) India (1)
Broccoli (1) Korea (1)
Cabbage (1) Korea (1)
Calamansi (8) Philippines (4), Vietnam (4)
Camucamu (1) Peru (1)
Cassia bark (8) Vietnam (8)
Chaga mushroom (1) Russia (1)
Chinese bellflower (2) China (1), Korea (1)
Finger root (1) China (1)
Ginger (1) Korea (1)
Goji berry (2) China (2)
Hibiscus (6) Egypt (3), Poland (1), China (2)
Jerusalem artichoke (4) Korea (4)
Kale (3) Korea (3)
korean wormwood (4) Korea (4)
Lemon Balm leaves (5) China (5)
Louts seed (1) Vietnam (1)
Maka (3) Peru (3)
Moringa (5) India (3), Indonesia (2)
Mustard seed (1) Canada (1)
Noni (4) Vietnam (2), China (2)
Paprika (1) Korea (1)
Pepper (1) Malaysia (1)
Pine needle (1) Korea (1)
Pomegranate (2) China (2)
Puer tea (2) China (2)
Red bean (1) Canada (1)
Rice (1) Korea (1)
Shinsuncho (1) Korea (1)
Spinach (1) Korea (1)
Sweet pumpkin (1) Korea (1)
Strawberry (1) Korea (1)
Turmeric root (7) Korea (3), India (4)
Vitamin tree (3) China (3)
Yam (1) Korea (1)
Total 104

() : Number of samples.

Table 1, Table
Fo] F5E 1
2

57, M 53

A 7](LC-MSMS)E 10552 AT

HRE HARl ARESE 373FS] T ETEES
AccuStandard (New Haven, CT, USA)2] &=5=7} 3l® A
F2 AT EFFIE BAEO] ALSE water
(Honeywell, Ulsan, Korea), acetonitrile (ACN, Honeywell,
Muskegon, MI, USA), dichloromethane (DCM, Honeywell),
hexane (Honeywell), methanol (Honeywell), acetone (Junsei,
Tokyo, Japan), sodium chloride (Junsei)= HPLC grade ]}
AREEFATE. GC, HPLC 415 918 AA| o] AAlo ARg-gh
SPE (solid phase extraction)= florisil cartridge (1g, 6mL,
Bekolut,  Haupststuhl,  Rhineland-Palatinate, ~ Germany),
aminopropyl (NH,) cartridge (1 g, 6 mL, Bekoluty& AM&-3}31 T}

=]
XE} BAYY
RS AADE AETA WA GRS chesorrhe
2Ay . Ay

A2y F SHEUEZ FE3H2 ACNSE 5
2 amino-propyl 2830] X E FHEAE o]&ate] A
At o2, 71AFZZrtE 2 Z(GC, Gas chromatograph) 2
M ZZrLE T E(LC, Liquid chromatograph)Z =7 8l+=
Algrgolth. A oF 5¢5 A™s] st DW 20 mLe
Hof 2A17F WS & ACN 100 mLS 7] Eq5-Eie
712 387 743} 3 thS oA (GE Healthcare Life Science,
Chicago, IL, USAY’} Z#E e F-auzu7|2 7o )st
Gk 2 & ]S sodium chloride 15 go] E¢] Y= £
Zh 710l Hatel AstAl e v b3 & 7t ol
Fold wi7p#] HX39 A, ACN F2 GC LC E482
2 742} 20 mLE FH3Fe] 40°C +E73oA Y FE53HA

GC 48 A5 IFEE acetone/n-hexane (20/80,
v/v) 9 mLE 7F8Fe] &388 3 n-hexane 5 mLS} acetone/
n-hexane (20/80, v/v) S5mLZ v]g] 43} A1 florisil 7}
EFA(lg, 6mL)dl Hdte] 29 12429 &xz 83
AA Aol wigith, vk 8Z08 thA] 40°C T84
ol 7HHESF3st WHFES acetone/n-hexane (20/80, v/
v) 2mLe] &3listed A|@gHow 3Tt
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2o £5F &5
S 40°C FEFA A sEstal RES ACN 2mLE
43)$+ & 0.2 um syringe filter (Advantec, Otowa, Tokyo,
Japan)2 ofF}sto] A|Pgor it

Axe s Sotd D& A8 AS Y 2 AFE
Aef 2t Aol AA 717184 Sth GC 3 LCsk 4%
AHFEM7I(MSMS)E 373%2] TS HEA AL o17]

Table 3. Analytical conditions of GC-MS/MS

A AEE 5 AR AFE A aAIgE vl wlet ECD
(Electron capture detector), NPD (Nitrogen phosphorus
detector), UVD (Ultraviolet detector) & HEH & A&
S B4 7hsd AE71E AEete] gRlsih

GC-MS/MS (Agilent Technologies, Santa Clara, CA, USA)
= 7890Bel 7000DE AA% Z& ARSI, LC-MS/
MS (Thermofisher Scientific, Waltham, MA, USA)&=
Vanquish UHPLC2} TSQ AltisZ AFE-3}2TE GC (Agilent)
= 6890N 2495 LC (Dionex, Sunnyvale, CA, USA)E
Ultimate 3000 UHPLCE A&-319 T},

Part

7890B (GC)-7000D (MS/MS)

Column

Injection volume
Flow rate

Injection temperature
Split mode
Oven temperature

lon source temperature

Agilent DB-5MS (250 um % 30.0 m, 0.25 um)

1 uL

Carrier gas : He, 0.8 mL/min
Collision flow : N,, 1 mL/min
Quench flow : He, 4 mL/min

250°C
splitless

70°C — 70°C(2 min) — 180°C(8.5 min) — 300°C(39.5 min)

250°C

Table 4. Analytical conditions of LC-MS/MS

Part

Vanquish (UHPLC)-TSQ Altis (MS/MS)

Column

Injection volume
Mobile phase

Gradient condition (%B)
Flow rate
Oven temperature
Ion source type

Scan range

Thermofisher Scientific Accucore aQ (2.1 mm x 100 mm, 2.6 pum)

2 ulL

A : 5 mM Ammonium formate in water
B : 5 mM Ammonium formate in MeOH

20 — 20(0.5 min) — 70(2.5 min) — 95(9 min) — 95(12 min) — 20(12.1 min) — 20(15 min)

0.3 mL/min
40°C

ESI (Electrospray ionization), Positive ion spray mode (3000 V)

50-1650

Table 5. Analytical conditions of GC-ECD and GC-NPD

Part 6890N (ECD)

Column
Injection volume

Carrier gas flow

Injection temperature 250°C
Detector temperature 280°C
Split mode split (42.2:1)

150°C — 150°C(1 min)
— 240°C/min(10.5 min)
— 280°C(28 min)

Oven temperature

6890N (NPD)
Agilent DB-5 (250 um x 30.0 m, 0.25 pum)
1 pm
N,, 1.2 mL/min
270°C
300°C
splitless

120°C — 120°C(1 min)
— 240°C/min(13 min) — 280°C(27 min)
— 300°C(30 min)
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Table 6. Analytical conditions of HPLC (UVD)

Part Ultimate 3000 (UHPLC)
Detector UV-VWD (Variable Wavelength Detector)
Column Shiseido Capcell Core C,; (4.6 mm x 100 mm, 2.7 pum)

Injection volume

Flow rate
Mobile phase

Gradient condition (%B)

10 uL
0.8 mL/min

A : 5% acetonitrile

B : acetonitrile/methanol (8/2, v/v)
10 — 80(13 min) — 80(16 min) — 10(16.1 min) — 10(20 min)
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Table 7. Moisture content of 7 powdered agricultural products of pesticides detected

Type Commodity Moisture Moisture
P (raw materials) (%, fresh, raw) (%, powder)
Calamansi 89.7" 5.2
) Calamansi 89.7" 4.5
Fruits

Calamansi 89.7" 3.1
Noni 90.0% 1.9
Korean wormwood 87.3" 3.2
Vegetables Paprika 92.7Y 7.2
Shinsuncho 92.0" 4.1

1) Korean Food Composition Table, National Institute of Agricultural Sciences'®.
2) A review of the scientific validation for its nutritional and therapeutic properties'”

ol wt AAlskint. ZAl 500 g
5Lt %@ T HdS A BAH4(10,000 7}
O 2 1027 Ao} SIS B F 71xs)]

2o 3RS AYe A sty 2EY
x1.4 mm)ol| 534314 OW.]-J—/_ ol 9= Hvkee] =3
= $17b2 7 2 E3 o) AL B
How Atd AE 123]6‘}0% 300°CoA] 1217+ 33}
oAl 7HEsle 3|SAIZ]l & Ao g AVLFEE Fol F

XN 2 g o tlo o

AEFoA AEH 5 < o}
JIARE TAZEo] 712 9 314, o gAY FE54 olE
EH7H)2 AgEsRS d 2F F 10.0mgkg °1d AF
a d ol&E

Solx ok Hn) wa

Table 8. Recovery rate, LOD and LOQ of pesticides detected

o] 7431;401)\1;_: o}

];],18)

Ak A4 o} ol% 483

Results and Discussion

o _-g_kl J-IE

BT FAETREEANA AEE AFEel thetd 3
& 2 A A3}E Table 834 2T LODE 0.001-
0.009 mg/kg, LOQE 0.004-0.019 mg/kgS & YER} U
710 A1EF 0.05mgkg ©lste] A&l 71EWel A
st gt sEFH 2 (Relative Standard Deviation, RSD%)
= 0.2-1.5%, 7t &l gt 3]5E2 02mgkg SENA
89.6-115.8% M= YEFH O™ 1.0mgkg S04 889-
114.4%= JJEFSiT

Fortification level

Pesticides Instrument (me/kg) Recovery=RSD(%) LOD(mg/kg) LOQ(mg/kg)
0.2 115.8+0.2
Chlorpyrifos GC-NPD 0.001 0.004
1.0 114.4+0.8
0.2 108.8+0.9
Etofenprox GC-MS/MS 0.006 0.019
1.0 106.4+0.8
0.2 89.6+0.6
Malathion GC-NPD 0.004 0.012
1.0 108.8+0.8
0.2 102.5+0.3
Permenthrin GC-ECD 0.002 0.006
1.0 107.9+£0.7
0.2 93.0+1.5
Fenoxanil GC-ECD 0.009 0.020
1.0 90.9+0.8
0.2 107.1+£0.5
Tebuconazole GC-NPD 0.004 0.011
1.0 110.5+0.4
0.2 95.5+0.4
Tetraconazole GC-MS/MS 0.002 0.007
1.0 88.9+0.9
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Tea leaves
(2, 1.9%)

Other plants
{4, 3.8%)

Others
(4, 3.8%)

Potatogs
(5, 4.8%)

Fig. 1. The distribution and the number of collected sample by
group.

a4 E54 2%

Yy etE 9 QLG EA FYg 42F 104719 &
£ X Fig 13 Zo] 1A= 337, #dF 314,
AMaF 257, A7 57, 71 AER 44, AR 24, 3R
17, 77 17, 23547 11, siilF{ 1702 R E
(31.7%), FLF(29.8%)9F N 27(24.0%), A1 F(4.8%)7 &
2 HFE AAEAL AEFE BHE S ER 1671(15.4%),
AAF 137(12.5%), A7 124(11.5%), 71EFFAI2 & 8
A(7.7%), ZFEF 871(7.7%), 37 771(6.7%) T2 &
Stk 28 FEVHEEY 9858 V1o E St 311
(29.8%), J4t 737(70.2%)°01R o™ U Tt 23
Aoz 7P Bty WEY 157, 9% 87, ZTE 87,
A 47, FAF 47, o|HE 37, vt 271, A=A
o} 274, HAlo} 14, v 14, FdolAlo} 17, Hapd |
A ol FUFAHE 734 FolMe FLFIT 307,
A E 304, AMaF 57, e ER 34, A 24, A

FFATF 1A, F7 1A, AR 13 el

Table 9. Number of pesticide residues detected from samples

770A 7] Foo]l AEHY 6.7%
o] AZES HIoH, 2REee] AE5d 5= HdF
47, AT 3ALZ Table 99 UeERATh 2FEto] 2
28 ANFE 74 T FUNE 44AmIEY 24, Z2H 27)
ol U4k 3710t o] F Fofo] AEH AEE
P ET 37, =UEY 17, AARES 17, g2z}
17, 2w 171019024 Table 1034 o] 75 %
ot BZ3 AES gt s HEE HAA 74 F
FYAFe] 471(57.1%), =HAte] 371(42.9%)°1 AL, At
I FPAF 22 SRR ARt AEES A
2H9.7%), FUAHS5.5%)e 2 Y] =& A= g3
= 2 FuAbellA ofz E=A HEE A

SOOI EHEE 759 s AEHUN, SEEHE A
%A= chlorpyrifos, etofenprox, malathion, permethrin 4,
AH+A| & fenoxanil, tebuconazole, tetraconazole 3&°¢] 7
Z5o] AFA e} A7t HSZSHA AEE R Y
Yot AEEZE malathion©] 2702 AE3F7 =3%o
o I ol9le] FFEL BE 1744 HEFSMU

A5 AESTS AvEH Z2peAEgol4 malathion
o] z}z} 0.30 mg/kg, 0.22 mg/kg, chlorpyrifos 0.02 mg/kg,
permethrin 0.04 mg/kg, 4141 25Tl A] etofenprox 0.04 mg/kg,
g} 2] FHE | A tetraconazole 0.02 mg/kg, 2ol A
tebuconazole 0.04 mg/kg®] AESE AL =UE TN fenoxanil
o] &% AEHU

ZEPA| B oA Z4ZEF malathione AR, 7150l & ¢t
At sofoz dHA dom IF wjF, Q0] 5 FAE
o] o, wiFIGE 5o WAl AMEEHE ASA
71907 AEAZ A7 HGEZQ] acetylcholine esterases
AAste 717 Bl ASAES sk fradEe] A%
SHAl ®all o] ZREAVE fle AR dEA AT,
ESE chlorpyrifose Wi, &3}, wiE, Ald 5 53E9
AESAEZA AREET AER 7T WAL 7 s iAol

Type Number of samples N(;lg::::;;)f 2?;:%;3 (raws;anrzfel fials) Detected pesticide

Calamansi Chlorpyrifos
Permethrin
Fruits 31 4 12.9 Calamansi Malathion
Calamansi Malathion
Noni Fenoxanil

Korean wormwood Tebuconazole

Vegetables 25 3 12.0 Paprika Tetraconazole
Shinsuncho Etofenprox
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chlorpyrifos®] 7% A& 717y & 7}10}

Table 10. List of pesticide residues detected from samples

F AZE0T HE vl Jlom §F SAEM 1A%
Fo| =& woroz 4 YTPY. Permethrins 7HA], I
2 A2 W) 5 R ALLEE pyrethroid AlGe] 4
SAolH

ZE oA 7ZF tebuconazoleS F=E 159} Al

A wEshe 2AREY, B, 87h

o WAl

Commodity

Concentration MRLs Country of

Type (raw materials) Detected pesticide (me/ke) (me/ke) origin Result
Chlorpyrifos 0.02 1.0 Vietnam Suitable
Calamansi
Permethrin 0.04 0.5 Vietnam Suitable
Fruits Calamansi Malathion 0.30 7.0 Philippines Suitable
Calamansi Malathion 0.22 7.0 Philippines Suitable
Noni Fenoxanil 0.004 0.01 Vietnam Suitable
Korean wormwood Tebuconazole 0.04 0.05 Korea Suitable
Vegetables Paprika Tetraconazole 0.02 1.0 Korea Suitable
Shinsuncho Etofenprox 0.04 0.5 Korea Suitable
Table 11. List of metallic foreign matter detected from samples
Type (rg\?/l?n?'?ei:;}{s) (Ar:;(/)ll;g (Cn:gflzg Country of origin Result
Potatoes Jerusalem artichoke 19.9 10 Korea Unsuitable
Apple 8.8 10 Poland Suitable
. Apple 23.4 10 Poland Unsuitable
Fruits
Calamansi 25.6 10 Vietnam Unsuitable
Calamansi 7.4 10 Vietnam Suitable
Barley glass 21.8 10 Korea Unsuitable
Barley glass 8.6 10 Korea Suitable
Barley glass 452 10 Korea Unsuitable
Vegetables Kale 28.6 10 Korea Unsuitable
Korean wormwood 32.5 10 Korea Unsuitable
Korean wormwood 8.2 10 Korea Suitable
Maka 1.0 10 Peru Suitable
Cassia bark 18.5 10 Vietnam Unsuitable
Cassia bark 85.8 10 Vietnam Unsuitable
Cassia bark 334 10 Vietnam Unsuitable
Cassia bark 7.8 10 Vietnam Suitable
Hibiscus 350.3 10 Egypt Unsuitable
Hesgizeasnd Lemon balm leaves 5.8 10 China Suitable
Moringa 387.7 10 Indonesia Unsuitable
Turmeric root 222 10 Korea Unsuitable
Turmeric root 88.0 10 India Unsuitable
Turmeric root 30.8 10 India Unsuitable
Turmeric root 51.0 10 India Unsuitable
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