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ABSTRACT - This study was aimed to investigate pesticides residue levels in nuts and seeds distributed in Gyeonggi-
do. We investigated nuts and seeds in 131 products, which is pumpkin seeds (n=17), sunflower (n=12), sesame (n=23),
perilla (n=11), peanut (n=18), almond (n=8), chestnut (n=6), walnut (n=14), pine nut (n=3), pecan (n=4), macadamia (n=3),
brazil nut (n=5), cashew nut (n=4) and ginkgo nut (n=3). As a result of evaluating 339 pesticide residues, eight out of 131
samples were detected at the range of 0.01-0.07 mg/kg. Additionally, 7 out of 8 detected samples exceeded MRLs (Maxi-
mum Residue Limits) and 85% of them were imported. Pyraclostrobin applied on the positive list system (PLS) was
detected in five Chinese pumpkin seeds samples, and the range was 0.02-0.04 mg/kg. In Indian and Korean sesame seeds,
pendimethalin, boscalid, and bifenthrin were detected at 0.04, 0.05, and 0.06 mg/kg, respectively. The ratio of estimated
daily intake (EDI) to acceptable daily intake (ADI) was 0.002—0.372%, indicating that the risk level was safe.
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¥4 &% & GC (Gas Chromatography) 160%, LC

(Liquid Chromatography) 17952 #4393, BT EZ S
Kemidas Co. (Suwon, Korea)ol|x -3t A3t
B2 98] ARE-3F A]9FS acetonitrile (Burdick & Jackson,
Muskegon, MI, USA), 8|2+ water (Supelco, Darmstadt,
Germany)2} methanol (Wako, Osaka, Japan)2 A}8-3192
™ formic acidE= Thermo Scientific (Waltham, MA, USA),
ammoniumformate<= Sigma Aldrich (St. Louis, MO, USA)E

Table 1. The classification of analyzed samples by origin

AH&-3FAT.

Alge & 2 AAE= EN 156629l w2 QuEChERS
(Quick, Easy, Cheap, Effective, Rugged and Safe) kit
(CHROMAtific, Heidenrod, Germany)E AF&-3l5oH, F
£ ©AE= extraction kit (MgSO,, NaCl, NaCitrate,
Na,HCitrate)S AH8-31%13L, A &A= d-SPE (dispersive
solid phase extraction) kit (PSA (primary secondary amine),
MgSO,)E AH&-3t3ith.

Syringe filter= polytetra-fluoroethylene (PTFE)A] & <
0.2 pm, 13 mm +24& AHE-3H3ITH

A Hx
A2 AF34(7.1.22)0 R A1dH-Al 28-S ©]
AT, E4)7]1(Robot coupe, Vincennes, France)E ©]
of #43tk AR 10 g& B3] Zof 50 mL &F
A E2]#H(Combi-5 14R, Hanil Scientific Inc, Gimpo,
Korea)oll %] acetonitrile 10 mLe} 733HA] &5 412 H

g, NaCl 1 g, NaHCit1.5H,0 0.5 g, Na,Cit2H,0 1 g

4
Wi 177 sl £E50] 42 Tt 4°C, 4,000 rpmoi| A

= PSA 25mg, MgSO, 150 mge] mE] &4 JE 2mL
el Yar 3027 ZshA EE9 412 5 4,000 rpm
oA 5E7F DA Fel3td PTFE syringe filter2 o33t
F AggAo 7 3L

PR
Ao 2 HA B8 95ke] TSQ 9000 GC- MS/MS (gas
chromatography-mass  spectrometry/mass spectrometry, TSQ9000,

Category Group Commodity Domestic Imported country
Pumpkin seed (17) 3 China (14)"
Sunflower seeds (12) - Bulgaria (4), USA (4) China (4)
Sesame (23) 9 China (6), India (8)
Oilseeds Perilla (11) 4 China (7)
Peanut (18) 16 China (2)
Almond (8) - 8
Nuts and seeds Chestnut (6) 6 -
Walnut (14) 1 USA (13)
Pine nut (3) 3 -
Peanuts Pecan (4) - USA (4)
or Macadamia (3) - USA (1), Australia (2)
treenuts Brazilnut (5) - Peru (5)
Cashew nut (4) - Inida (2) China (1) Vietnam (1)
Ginkgo nut (3) 3 -

D( ) Number of sample
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Thermo scientific, Waltham, MA, USAS} QTRAP® 4500 LC-
MSMS  (liquid chromatography-mass  spectrometry/mass
spectrometry, US/QTRAP4500, AB Sciex, Framingham,
MA, USA) ¥ E ARSI 717184 2742 22} Table
2, Table 337 7t}

N
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=
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o
o
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oF TAY ARV whet 244,
ZH, BFIAIE Ikt A Aa8e 2
2 Al (coefficient of determination, R)HZ 213} 3L, 7
Z3HA(Limit of detection, LOD) % & #3tA|(Limit of
quantitation, LOQ)= ot ¢l A+& Wgol wt skt

&

Table 2. Analytical condition of LC-MSMS

Parameters Condition
Column CAPCELL CORE C18 (2.1 mm % 150 mm, 2.7 pm)
Flow rate 0.3 mL/min
Injection volume 5uL
A: 0.1% Formic acid, 5 mM
Mobile phase B:0.1% Formic acid, 5 M
Ammonium formate in methanol
min A (%) B (%)
0 95 5
1 95 5
Gradient 1> 70 30
12 2 98
16 2 98
16.1 95 5
20 95 5

Table 3. Analytical condition of GC-MSMS

Parameters Condition

Column TG-5SiIMS (30 mx0.25 mm, 0.25 pm,)
Flow rate 1.0 mL/min (He)

Injection

Volume / mode I ul/Splitless

Rate Temperature Hold
(°C/min) (°0) (min)
Oven initial 70 3
temperature
15 160 0
5 300 3
Flow rate 1.0 mL/min (He)
Ionization mode Ion source temperature
MS/MS  Transfer line temperature 280°C
Ion source temperature 280°C

LOD
LOQ

33 x5 /8
10x8/8S

&: The standard deviation of the response
S: The slope of the calibration curve

Results and Discussion

18 85

A A BOA F 8F9] Aol HEHNeH HEE 4
ol skl AAe A, AESHA, B =
Table 4} 2}, Aol AA4 ()R 25 0.99 o/de] 2
= Vel o, &A= 0.001 mgke-0.003 mgkg, 3
231 A= 0.004 mg/kg-0.010 mgkg &2 YEFSTHTable 4).

A} FUF IRFY M Zn

A7IE W 5 T A THF 1311 FAst 2
F5oFe BA% A= Table 594 o) AEE dR5F
& A FYFEPAA NN AAIZE FoFRS]87]F wet
Bk on, 71e] AR A B FoF A 20199 1
4 1958 AlgE wof 518 =4 55 AAEPLS,
Positive List System)oll W} 0.01 mgkgS 28331 ch?

% 13170 F 8719 FAFAFAAN FREF] HEH
NI 12371 AEHA Utk FFREe] AFE As
87 = 77l0] T AFRSIEIIEE sl A FAT
B2 54%E Uit BAY A3 SdFe ST 2
WA 57, AEA 3 1 2 Al A sl 170

AT Table 6).

B4 5ok 3395 F 5o AR8IIES 29D HE
2 g

< 8Folemn, o] T PLS 71&< 0.01 mgkgkgs =%
ate] FAS WgS e Fok2 73R, HA FAE A
9 tiFe] PLS 7IEeR FoF AR E/ES 2
g AS & AT

Table 4. Linearity, limit of detection (LOD) and limit of quantita-
tion (LOQ) of detected pesticides

.. Correlation coefficient LOD  LO
No. Pesticide B (me/ke) (mg/l?g)
1 Alachlor 1.000 0.002  0.007
2 Azoxystrobin 0.999 0.003  0.008
3 Bifenthrin 0.999 0.001  0.004
4 Boscalid 0.999 0.003  0.008
5 Flufenoxurone 0.999 0.003  0.010
6  Pendimethalin 0.994 0.002  0.007
7  Pyraclostrobin 1.000 0.002  0.005
8  Tebuconazole 1.000 0.002  0.006
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Table 5. Analysis result table of detected pesticides in nuts and seeds
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No. Sample Origin Pesticide Concentration (mg/kg) ~ MRL"(mg/kg) Remark
1 Pumpkin seed China Pyraclostrobin 0.03 0.01 PLS
2 Pumpkin seed China Pyraclostrobin 0.03 0.01 PLS
3 Pumpkin seed China Pyraclostrobin 0.03 0.01 PLS
4 Pumpkin seed China Pyraclostrobin 0.02 0.01 PLS
5 Sesame India Pendimethalin 0.04 0.01 PLS
Boscalid 0.05 0.01 PLS
Bifenthrin 0.06 0.05 -
6 Sesame Domestic Tebuconazole 0.01 0.2 -
Flufenoxuron 0.04 0.1 -
Azoxystrobin 0.07 0.1 -
7 Pumpkin seed China Pyraclostrobin 0.02 0.01 PLS
8 Sesame India Alachlor 0.02 0.05 -
) MRLs : Maximum Residue Limits.
Table 6. Result of exceeding Maximum Residue Limits (MRLs) NEAE 243 Adx2 e A Ed A Eo)
Commodity Origin  Pesticide ingredient Remark 0.04 mgkg AZ=HAL™ PLS7} Ao FAFoRE 3
Pumpkinseed  China (5)V  Pyraclostrobin PLS AEAT). 71EA oWE HEE AXAF I A5 7]
India(1)  Pendimethalin  PLS To] 0.05 mgke?l LEFRE Aol 0.023 mgkg HE]
Sesame . Boscalid PLS Rtk Kim'e] ol efatd =iad 5 ik 27heA
Domestic (1) Bifenthrin ) ok HJRo| U AZSHQL FUA ZAjoa] AZEo)
w7 et AE dehion ot B ATg fAS

D( ) Number of sample.

o
1470 F5 131719 A3 SHAFA g dFeeF &4
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Ak TR 174 F 57(29.4%), 27 2321 371(13.0%)
o] 81371%% é }” %P%%%“] =53
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Fo] A E o)A ol PLSE 0.01 mgkes] 7152 A&
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Table 7. Exposure assessment of detected pesticides in nuts and seeds

No. Pesticide Commodity (mg /]IEIEE/) day) (mg/?anrIlz/) day) EDZ,:)D P
1 Pyraclostrobin Pumpkin seed 3.330E-05 1.650 0.002
2 Pendimethalin sesame 1.364E-03 1.650 0.083
3 Boscalid sesame 1.705E-03 2.220 0.078
4 Bifenthrin sesame 2.046E-03 0.550 0.372
5 Tebuconazole sesame 3.410E-04 1.650 0.021
6 Flufenoxuron sesame 1.364E-03 2.035 0.067
7 Azoxystrobin sesame 2.387E-03 11.000 0.022
8 Alachlor sesame 6.820E-04 0.550 0.124

" estimated daily intake.
? acceptable daily intake.
3 (EDI/ADI)x100.

TS gAY 91014 A=A Fol| A F-A o= 3
e A e Z$- EDI/ADI (%) o] 0.083%S. 2
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0372%% flaf|Ado] W& Aoz eyt

= A=9 8%F9 w2l EDI/ADI (%) #el 0.002%-
0372%C.2 W2 FEUS Adslen o= oF A4
[e]

o
= T
9 22 4L Fa) G Hold e Ao AuEn,

fin)

Conclusion

fo e 1o O oY Hu @ N
Ml
= R
r)‘ ﬂﬁm 19 O\ b - é

o a1 ’_c‘ 01-)];
fol g NN o o
= £ NN % oft
3 oo i Wy
o & by i o 33! o

v} o M — rr

- Oﬁ' ﬂ mlo :‘\Iz :‘O Fﬁ,
K —{5 G, of =
T 2 of\
£ woF
e > ilg

[0 @ A ol
H i 2 29
o Loy
Zoolf e F
l L~
E{N i@ >
fuj
oL

©
fly
fil
[
[m
rE
o
m

13135 st Al & 14359 AA4SdR7
—?74 }M_uﬂ 330%¢] AREeks 249 A3t 1314

H ISR AERZ 574 74§Q

o Hel= 002mg/kg004mg/kg Fzo 2 el

A Z ek gt el e STu e, Bz

Edo] z+z} 0.04 mg/kg, 0.05 mg/kg, 0.06 mg/kg

ZHo FAY FAE BT B3 AEH 8%
I

fi o

>

A o
o
™
9
=
™
U
=
>
Q O
Ll
~~
< 4
N

N

g
_O,
(=)
[
(=3
=
X
o
W
\]
3
BN
[o
fu ©

v g

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Yu-na Lee https://orcid.org/0000-0003-0319-1669
Soo-Kyeong Moon https://orcid.org/0000-0002-0963-1699
Jung-Hee Lee https://orcid.org/0000-0001-6158-4095
Ae-ran Kim https://orcid.org/0000-0001-9699-8079
Kyeong-Eun Moon https://orcid.org/0000-0002-4134-9511
Choong-Won Kang https://orcid.org/0000-0002-8965-3395
Jin-Hee Lee https://orcid.org/0000-0003-0331-098X
Myoung-Ki Park  https://orcid.org/0000-0002-9056-5499

References

1. Kim, J.E., Kim, J.H., Lee, Y.D., 2004. Latest agrochemical
science, revised ed, Sigma press, Seoul, Korea. pp. 1-3.



Monitoring Pesticide Residues in nuts and seeds in Gyeonggi-do |57

. Song, B.H., Pesticide residues in agricultural products and its
countermeasures for safety. J. Food Hyg. Saf., 7, 121-132
(1992).

. Lee, E.Y., Noh, H.H., Park, Y.S., Kang, K.W., Jo, S.Y., Lee,
S.R., Park, 1.Y., Kim, T.H., Jin, Y.D., Kyung, K.S., Monitor-
ing of pesticide residues in agricultural products collected
from markets in Cheongju and Jeonju. Korean J. Pesticide
Sci., 12, 357-362 (2008).

. Ministry of Food and Drug Safety, (2022, December 1).
Food Code. Retrieved from https:/various.foodsafetyko-
rea.go.kr/fsd/#/

. Lee, GA., Nut intake prevents gallstones in women. Bull.
Food Tech., 17, 86-90 (2004).

. Zujko, M.E., Witkowska, A.M., Antioxidant potential and
polyphenol content of beverages, chocolates, nuts, and
seeds. Int. J. Food Properties, 17, 86-92 (2014).

. Lee, C.H., World nut supply and demand trends. World agri-
culture, 186, 95-110 (2016).

. National Institute of food and Drug Safety Evalua-
tion(NIFDS), (2022, October 2). Guidelines on standard pro-
cedures for preparing analysis method. Retrieved from
https://www.mfds.go.kr/brd/m_218/view.do?seq=26588&sr
chFr=&srchTo=&srchWord=&srchTp=&itm_seq 1=0&itm
_seq 2=0&multi_itm_seq=0&company cd=&company nm

=&page=7

. National Health Commission, Ministry of Agriculture and
Rural Affairs, State Administration for Market Regulation,
(2022, October 2). National Food Safety Standards Maxi-
mum Residue Limits of Pesticides in Food. Retrieved from

10.

11.

12.

13.

14.

15.

https:/fsvps.gov.ru/fsvps-docs/ru/importExport/china/files/
gb 2763 2019.pdf

Han, S.H., Park, S.K., Kim, O.H., Choi, Y.H., Seoung, H.J.,
Lee, Y.J., Jung, J.H., Kim, Y.H., Yu, L.S., Kim, Y.K., Han
K.Y., Chae, Y.Z., Monitoring of pesticide residues in com-
mercial agricultural products in the northern area of Seoul,
Korea. Korean J. Pesticide Sci., 16, 109-120 (2012).

Kim, Y.K., A study on the carbamate pesticide residues in
domestic and imported crops in Chonnam Province. Korean
J. Food Nut., 13, 164-170 (2000).

Kang, N.S., Kim, S.C., Kang, Y.J., Kim D.H., Jang, J.W.,,
Won, S.R., Hyun, J.H., Kim, D.E., Jeong, 1.Y., Rhee, G.S.,
Shin, Y.M., Joung, D.Y., Kim, S.Y., Park, J.Y., Kwon, K.S.,
Ji, Y.A., Monitoring and exposure assessment of pesticide
residues in domestic agricultural products. Korean J. Pesti-
cide Sci., 19, 32-40 (2015).

Jang, M.R., Moon, HK, Kim, T.R., Yuk, D.H., Kim, J.H.,
Park, S.G,, Dietary risk assessment for pesticide residues of
vegitable in seoul, korea. Korean J. Nutr, 43, 404-412
(2010).

Ahn, J.W., Jeon, Y.H., Hwang J.I., Kim, H.Y., Kim, J.H.,
Chung, D.H., Kim, J.E., Monitoring of pesticide residues and
risk assessment for fruit vegetables of environment-friendly
certified and general agrecultural products. Korean J. Env.
Agri., 31, 164-169 (2012).

Do, J.A., Lee, H.J., Shin, Y.W., Choe W.J., Chae, K.R.,
Kang, C.S., Kim, W.S., Monitoring of pesticide residues in
domestic agricultural products. J. Korean Soc. Food Sci.
Nut., 39, 902-908 (2010).


https://www.mfds.go.kr/brd/m_218/view.do?seq=26588&srchFr=&srchTo=&srchWord=&srchTp=&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=7
https://fsvps.gov.ru/fsvps-docs/ru/importExport/china/files/gb_2763_2019.pdf
https://fsvps.gov.ru/fsvps-docs/ru/importExport/china/files/gb_2763_2019.pdf

