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Abstract This study was conducted to evaluate the safety of pesticide residues and heavy metals
in convenience foods preferred by single-person households, using by collecting 150 samples (96
meal kits, 28 salads, and 26 cut fruits) from the Jeollanam-do region. A total of 412 pesticide
residues and heavy metals (Pb, Cd, and As) were analyzed. Pesticide residues were detected in 68
samples (45.3%), with 53 compounds identified. Among the product categories, salads showed the
highest pesticide detection rate (67.9%), followed by meal kits (40.6%) and cut fruits (38.5%).
Fluxametamide was the most frequently detected pesticide. Heavy metals were detected at rates of
96.0% for both Cd and As, and 53.3% for Pb. Cd and As were most frequently detected in salads
(100.0% and 96.4%, respectively), while Pb showed the highest detection rate in cut fruits (76.9%).
Human exposure assessment for the detected substances showed that the hazard index (%ADI) for
pesticide residues ranged from 0.0142% to 30.9674%. For heavy metals, the risk levels relative to
toxicological reference values were 2.0536% for Cd, 1.4017% for As, and 1.0757% for Pb. All
evaluated risk levels were below 100%. These findings suggest that the pesticide residues and heavy
metals in the analyzed convenience foods do not pose a significant risk to human health, providing
a scientific basis for establishing practical safety standards.

Keywords convenience foods, pesticide residue, heavy metal, risk assessment, single-person
households
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Table 1. Number of samples and main ingredient composition of convenience foods analyzed in this study

Product type Number of Main agricultural ingredients Remarks
samples
Meal kit  Soups 47 Green onion, onion, cabbage, mushrooms, etc. With beef, pork, or seafood

Stir-fried and steamed dishes 35

Cabbage, onion, green onion, carrot, mushrooms, etc.

With beef, pork, or chicken

Others (non-heated) 14 Cabbage, onion, carrot, perilla leaf, etc. With raw fish, etc.
Salads 28 Lettuce, cabbage, chicory, etc. Mainly leafy vegetables
Cut fruits 26 Pineapple, apple, tomato, grape, kiwi, melon, etc. Mainly fresh fruits
Total 150
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Table 2. ICP-MS analytical conditions for heavy metal analysis

ICP-MS

Instrument NexION 2000, PerkinElmer
RF plasma power 1,600 W

Nebulizer argon flow rate 1.12 L/min

Auxiliary argon flow rate 1.20 L/min

Detector mode Pulse counting

Replicate integration 3
Scan mode Peak hopping
Dwell time 50 ms

Monitored isotopes 208pp Mg, PAs

Gas Argon
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Table 3. Linearity, LOD, LOQ, and recovery of detected pesticides in cabbage matrix

Instrument Pesticides Linearity (R%) LOD" (mg/kg) LOQ? (mg/kg) Recovery” (%) (meantRSD)
GC-MS/MS Boscalid 0.9999 0.00030 0.00091 84.4+1.3
Chlorfenapyr 0.9995 0.00482 0.01460 111.9+£3.5
Dimethomorph E 0.9997 0.00096 0.00291 86.8+0.7
Dimethomorph Z 0.9994 0.00093 0.00282 80.9+2.2
Diniconazole 0.9999 0.00111 0.00338 91.7+7.8
Fluopyram 0.9995 0.00104 0.00315 82.742.9
Fluxapyroxad 1.0000 0.00169 0.00512 111.74£5.6
Indoxacarb 0.9995 0.00122 0.00371 73.2+1.9
Metalaxyl 0.9999 0.00121 0.00365 94.1+1.0
Paclobutrazole 0.9992 0.00140 0.00425 85.1£2.0
Penthiopyrad 0.9997 0.00112 0.00340 91.5+1.7
Procymidone 0.9998 0.00177 0.00537 83.1+8.6
Pyridalyl 0.9990 0.00136 0.00411 89.4+6.0
Tebufenpyrad 0.9998 0.00089 0.00268 84.4+3.4
Trifloxystrobin 0.9998 0.00162 0.00490 94.443.3
LC-MS/MS Acetamiprid 0.9942 0.00459 0.01392 114.1+1.8
Azoxystrobin 0.9959 0.00371 0.01124 108.6+1.6
Benzyladenine 0.9982 0.00386 0.01171 100.3+3.6
Carbendazim 0.9966 0.00230 0.00696 86.5£2.0
Chlorantraniliprole 0.9969 0.00381 0.01155 106.2+4.8
Cyantraniliprole 0.9956 0.00345 0.01045 103.2+7.8
Cyazofamid 0.9983 0.00359 0.01088 108.4+5.7
Cyenopyrafen 0.9960 0.00409 0.01239 108.4+2.7
Dimethomorph 0.9985 0.00369 0.01118 102.445.1
Dinotefuran 0.9982 0.00328 0.00995 104.0+4.4
Fenpyroximate 0.9977 0.00360 0.01090 100.6+5.8
Flonicamid 0.9959 0.00327 0.00992 113.3+7.1
Flubendiamide 0.9924 0.00506 0.01533 110.246.3
Fludioxonil 0.9978 0.00390 0.01182 98.543.1
Flufenoxuron 0.9978 0.00448 0.01358 98.4+5.0
Fluxametamide 0.9959 0.00304 0.00920 87.3+4.9
Imidacloprid 0.9948 0.00345 0.01044 113.9£5.3
Lufenuron 0.9973 0.00449 0.01362 94.742.9
Metaflumizone(E) 0.9978 0.00298 0.00903 95.2+7.7
Metaflumizone(Z) 0.9912 0.00398 0.01207 97.549.6
Picarbutrazox 0.9978 0.00422 0.01278 100.1£9.8
522 https://doi.org/10.11002/fsp.2026.33.3.518
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(continued)

Instrument Pesticides Linearity (R?) LOD" (mg/kg) LOQ? (mg/kg) Recovery” (%) (meantRSD)
LC-MS/MS TZ-1E 0.9958 0.00437 0.01324 110.5£2.7

Propamocarb 0.9942 0.00466 0.01413 103.0+8.4

Pyraclostrobin 0.9947 0.00412 0.01248 108.8+5.6

Pyribencarb 0.9932 0.00365 0.01106 109.7+4.3

Pyrifluquinazon 0.9973 0.00425 0.01288 104.5+4.9

Spinetoram-J 0.9954 0.00461 0.01398 94.2+0.6

Spinetoram-L 0.9976 0.00227 0.00689 112.1£3.0

Spirotetramat 0.9976 0.00388 0.01175 105.6+2.4

Spirotetramat-enol 0.9969 0.00334 0.01014 107.3£3.1

Sulfoxaflor 0.9910 0.00382 0.01157 101.6+3.4

Terbufos 0.9972 0.00360 0.01090 112.4+1.6

Thiabendazole 0.9973 0.00466 0.01411 100.2+2.5

Thiacloprid 0.9944 0.00236 0.00714 107.7+2.5

Thiamethoxam 0.9958 0.00293 0.00888 95.9+2.2

ULimit of detection.
ILimit of quantification.
Values are meantRSD (n=3).
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Safety evaluation of convenience foods

Table 4. Linearity, LOD, LOQ, and recovery of detected pesticides in grape matrix

Instrument Pesticides Linearity (R%) LOD" (mg/kg) LOQ” (mg/kg) Recovery” (%) (meantRSD)
GC-MS/MS Boscalid 1.0000 0.00062 0.00188 90.2+1.2
Cyprodinil 0.9995 0.00133 0.00403 88.1+1.4
Pyrimethanil 0.9998 0.00190 0.00577 80.5+2.7
Tebuconazol 0.9998 0.00163 0.00493 90.1£1.4
LC-MS/MS Acetamiprid 0.9968 0.00121 0.00367 90.2+1.8
Azoxystrobin 0.9946 0.00092 0.00279 104.6£1.6
Carbendazim 0.9938 0.00124 0.00377 76.3£2.0
Dinotefuran 0.9937 0.00084 0.00254 91.4+4.4
Etofenprox 0.9939 0.00159 0.00483 109.8+4.6
Fenhexamid 0.9932 0.00216 0.00655 109.8£5.5
Flubendiamide 0.9964 0.00227 0.00689 92.7+6.3
Fludioxonil 0.9908 0.00264 0.00801 100.6£3.1
Flufenoxuron 0.9941 0.00198 0.00601 82.6+5.0
Flupyradifurone 0.9916 0.00244 0.00741 102.1+3.4
Imazalil 0.9965 0.00128 0.00388 104.0+£2.5
Imidacloprid 0.9920 0.00154 0.00467 107.0£5.3
Novaluron 0.9974 0.00082 0.00247 85.0+4.7
Pyraclostrobin 0.9941 0.00137 0.00416 110.6£5.6
Sulfoxaflor 0.9971 0.00094 0.00285 93.9+3.4
Thiabendazole 0.9906 0.00074 0.00225 71.7£2.5
YLimit of detection.
ILimit of quantification.
IWalues are mean+RSD (n=3).
Table 5. Linearity, LOD, LOQ, and recovery of heavy metals (Pb, Cd, and As)
Heavy metals Linearity (R?) LOD" (mg/kg) LOQ? (mg/kg) Recovery” (%) (meantRSD)
Pb 1.0000 0.09565 0.28986 85.7£1.2
Cd 1.0000 0.01770 0.05362 89.1£1.0
As 1.0000 0.02773 0.08402 102.0£1.2
YLimit of detection.
ILimit of quantification.
Values are meantRSD (n=3).
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Table 6. Detection frequency of pesticide residues and heavy metals in convenience foods

Product type Number of Number of detected samples (Detection rate, %)
analyzed samples
Pesticide Pb Cd As
Meal kit 96 39 (40.6) 44 (45.8) 93 (96.8) 92 (95.8)
Salads 28 19 (67.9) 16 (57.1) 28 (100.0) 27 (96.4)
Cut fruits 26 10 (38.5) 20 (76.9) 23 (88.5) 25 (96.1)
Total 150 68 (45.3) 80 (53.3) 144 (96.0) 144 (96.0)
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(A) Total (n=150)

(B) Meal kit (n=96)

(C) Salads (n=28)

16.9%

30.5% '
Total

59 [ e |

5.1%
/ 51% 51%

(D) Cut fruits (n=26)

12.2%

24.4%

Total

4.9% 4
. 4.9%

4.9%
9.8%  |4.9%
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Fig. 1. Compositional distribution of detected pesticide residues in convenience food agricultural products. (A), Total samples (n=150);
(B), Meal kits (n=96); (C), Salads (n=28); (D), Cut fruits (n=26). The percentages represent the frequency of each pesticide among
the total detections within each category. Pesticides with fewer than three detections are grouped as ‘Others’.
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Table 7. Detection results of pesticide residues in convenience foods by product type

Pesticides Total (n=150) Meal kit (n=96) Salads (n=28) Cut fruits (n=26)
Acetamiprid 4 (0.0100-0.0305)" 2 (0.0263-0.0305) 2 2 (0.0100-0.0240)
Azoxystrobin 5 (0.0114-0.0407) 3 (0.0114-0.0358) 1 (0.0157) 1 (0.0407)
Benzyladenine 2 (0.0104-0.0295) 2 (0.0104-0.0295) - -

Boscalid 4 (0.0107-0.0338) 2 (0.0107-0.0115) - 2 (0.0189-0.0338)
Carbendazim 11 (0.0123-0.6568) 6 (0.0123-0.6568) - 5 (0.0589-0.4116)
Chlorantraniliprole 1 (0.0124) 1 (0.0124) - -

Chlorfenapyr 2 (0.0877-0.1790) 1 (0.0877) 1 (0.1790) -

Cyantraniliprole 2 (0.0279-0.0289) 1 (0.0279) 1 (0.0289) -

Cyazofamid 2 (0.0167-0.0263) - 2 (0.0167-0.0263) -

Cyenopyrafen 3 (0.0268-0.0891) 3 (0.0268-0.0891) - -

Cyprodinil 1 (0.0680) - - 1 (0.0680)
Diflubenzuron 1 (0.0273) - - 1 (0.0273)
Dimethomorph 3 (0.0753-0.4496) 1 (0.0753) 2 (0.2929-0.4496) -

Diniconazole 2 (0.0291-0.0334) - 2 (0.0291-0.0334) -

Dinotefuran 9 (0.0107-0.0561) 5 (0.0136-0.0561) 2 (0.0173-0.0174) 2 (0.0107-0.0341)
Etofenprox 4 (0.0462-0.1659) - - 4 (0.0462-0.1659)
Fenhexamid 1 (0.0303) - - 1 (0.0303)
Fenpyroximate 1 (0.0132) 1 (0.0132) - -

Flonicamid 6 (0.0145-0.0253) 3 (0.0145-0.0222) 3 (0.0155-0.0253) -

Flubendiamide 7 (0.0116-0.2724) 3 (0.0298-0.2724) 3 (0.0119-0.0172) 1 (0.0116)
Fludioxonil 6 (0.0217-0.0640) 1 (0.0334) 3 (0.0217-0.0640) 2 (0.0284-0.0470)
Flufenoxuron 2 (0.0142-0.0184) 1 (0.0184) - 1 (0.0142)
Fluopyram 3 (0.0181-0.0186) 3 (0.0181-0.0186) - -

Flupyradifurone 2 (0.0428-0.0612) - - 2 (0.0428-0.0612)
Fluxametamide 16 (0.0113-1.3844) 6 (0.0113-0.0367) 10 (0.0146-1.3844) -

Fluxapyroxad 2 (0.0139-0.0147) 1 (0.0147) 1 (0.0139) -

Imazalil 1 (0.0728) - - 1 (0.0728)
Imidacloprid 5 (0.0135-0.0553) 2 (0.0135-0.0255) 1 (0.0186) 2 (0.0337-0.0553)
Indoxacarb 1 (0.1112) 1 (0.1112) - -

Lufenuron 2 (0.0105-0.0385) - 2 (0.0105-0.0385) -

Metaflumizone 2 (0.0553-0.4747) 1 (0.4747) 1 (0.0553) -

Metalaxyl 1 (0.0257) - 1 (0.0257) -

Novaluron 2 (0.0428-0.0659) - - 2 (0.0428-0.0659)
Paclobutrazole 3 (0.0115-0.1445) - 3 (0.0115-0.1445) -

Penthiopyrad 2 (0.0213-0.5597) - 2 (0.0213-0.5597) -

Picarbutrazox 1 (0.0675) - 1 (0.0675) -

https://www.ekosfop.or.kr
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(continued)
Pesticides Total (n=150) Meal kit (n=96) Salads (n=28) Cut fruits (n=26)
Procymidone 2 (0.0188-0.0272) 2 (0.0188-0.0272) - -
Propamocarb 1 (0.0118) - 1 (0.0118) -

Pyraclostrobin
Pyribencarb
Pyridalyl
Pyrifluquinazon
Pyrimethanil
Spinetoram

Spirotetramat

4 (0.0103-0.0294)
1 (0.0226)
8 (0.0153-0.1706)
1 (0.0105)
1 (0.1631)
1 (0.0655)
14 (0.0215-0.2793)

3 (0.0124-0.0294)
1 (0.0226)

4 (0.0153-0.0688)

10 (0.0222-0.2793)

4 (0.0249-0.1706)
1 (0.0105)
1 (0.0655)
4 (0.0215-0.1339)

1 (0.0103)

1 (0.1631)

Sulfoxaflor 7 (0.0124-0.1839) - 4 (0.0124-0.1839) 3 (0.0502-0.0506)
Tebuconazole 4 (0.0120-0.0409) - - 4 (0.0120-0.0409)
Tebufenpyrad 1 (0.0128) 1 (0.0128) - -
Terbufos 1 (0.0532) 1 (0.0532) - -
Thiabendazole 3 (0.0137-0.0891) - 1 (0.0198) 2 (0.0137-0.0891)
Thiacloprid 2 (0.0114-0.0182) 1 (0.0182) 1 (0.0114) -
Thiamethoxam 5 (0.0484-1.0014) 5 (0.0484-1.0014) - -
Trifloxystrobin 3 (0.0124-0.0216) 3 (0.0124-0.0216) - -
Total detected compounds 53 32 27 21
Total detections 181 81 59 41

YRange of detected pesticide residues.

INot detected.

Table 8. Detection results of heavy metals in convenience foods by product type

Product type Concentration (mg/kg)

Pb Cd As
Meal kit 0.0093 (0.0003-0.0552)" 0.0058 (0.0010-0.0269) 0.0119 (0.0050-0.1885)
Salads 0.0126 (0.0006-0.0490) 0.0052 (0.0008-0.0147) 0.0027 (0.0005-0.0109)
Cut fruits 0.0135 (0.0002-0.0613) 0.0010 (0.0002-0.0045) 0.0027 (0.0003-0.0104)
Total 0.0110 (0.0002-0.0613) 0.0049 (0.0002-0.0269) 0.0086 (0.0003-0.1885)

YRange of detected heavy metals.
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Table 9. Exposure assessment of detected pesticide residues in convenience foods

Pesticides Mean concentration EDIY ADP Hazard index”
(mg/kg) (mg/kg b.w.”/day) (mg/kg b.w./day) (%ADI)

Acetamiprid 0.0227 7.928E-05 0.0710 0.1117
Azoxystrobin 0.0232 8.103E-05 0.2000 0.0405
Benzyladenine 0.0200 6.971E-05 0.0100 0.6971
Boscalid 0.0187 6.531E-05 0.0400 0.1633
Carbendazim 0.1963 6.856E-04 0.0300 2.2853
Chlorantraniliprole 0.0124 4.344E-05 0.2600 0.0167
Chlorfenapyr 0.1334 4.658E-04 0.0042 11.0908
Cyantraniliprole 0.0284 9.930E-05 0.5700 0.0174
Cyazofamid 0.0215 7.509E-05 0.1700 0.0442
Cyenopyrafen 0.0490 1.711E-04 0.0510 0.3356
Cyprodinil 0.0680 2.375E-04 0.0300 0.7918
Diflubenzuron 0.0273 9.548E-05 0.0200 0.4774
Dimethomorph 0.2726 9.521E-04 0.2000 0.4760
Diniconazole 0.0313 1.092E-04 0.0023 4.7481
Dinotefuran 0.0240 8.382E-05 0.0200 0.4191
Etofenprox 0.0807 2.818E-04 0.0300 0.9395
Fenhexamid 0.0303 1.057E-04 0.2000 0.0528
Fenpyroximate 0.0132 4.609E-05 0.0100 0.4609
Flonicamid 0.0190 6.636E-05 0.0250 0.2654
Flubendiamide 0.0587 2.050E-04 0.0170 1.2060
Fludioxonil 0.0415 1.449E-04 0.4000 0.0362
Flufenoxuron 0.0163 5.691E-05 0.0120 0.4743
Fluopyram 0.0183 6.391E-05 0.0100 0.6391
Flupyradifurone 0.0520 1.817E-04 0.1200 0.1514
Fluxametamide 0.1464 5.113E-04 0.0085 6.0154
Fluxapyroxad 0.0143 4.985E-05 0.0210 0.2374
Imazalil 0.0728 2.541E-04 0.0300 0.8471
Imidacloprid 0.0293 1.023E-04 0.0600 0.1706
Indoxacarb 0.1112 3.884E-04 0.0100 3.8845
Lufenuron 0.0245 8.555E-05 0.0100 0.8555
Metaflumizone 0.2650 9.255E-04 0.1200 0.7712
Metalaxyl 0.0257 8.990E-05 0.0800 0.1124
Novaluron 0.0544 1.900E-04 0.0100 1.8996
Paclobutrazole 0.0644 2.249E-04 0.0220 1.0224
Penthiopyrad 0.2905 1.015E-03 0.0810 1.2528
Picarbutrazox 0.0675 2.357E-04 0.1200 0.1964
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(continued)
Pesticides Mean concentration EDI" ADP Hazard index”
(mg/kg) (mg/kg b.w.”/day) (mg/kg b.w./day) (%ADI)

Procymidone 0.0230 8.035E-05 0.0350 0.2296
Propamocarb 0.0118 4.124E-05 0.2900 0.0142
Pyraclostrobin 0.0176 6.147E-05 0.0300 0.2049
Pyribencarb 0.0226 7.901E-05 0.0400 0.1975
Pyridalyl 0.0622 2.172E-04 0.0280 0.7758
Pyrifluquinazon 0.0105 3.660E-05 0.0130 0.2815
Pyrimethanil 0.1631 5.697E-04 0.0200 2.8486
Spinetoram 0.0655 2.287E-04 0.0250 0.9147
Spirotetramat 0.0842 2.941E-04 0.0500 0.5881
Sulfoxaflor 0.0674 2.354E-04 0.0500 0.4708
Tebuconazol 0.0239 8.347E-05 0.0300 0.2782
Tebufenpyrad 0.0128 4.488E-05 0.0021 2.1370
Terbufos 0.0532 1.858E-04 0.0006 30.9674
Thiabendazole 0.0409 1.428E-04 0.1000 0.1428
Thiacloprid 0.0148 5.156E-05 0.0100 0.5156
Thiamethoxam 0.2917 1.019E-03 0.0800 1.2735
Trifloxystrobin 0.0156 5.448E-05 0.0400 0.1362

DEstimated daily intake = residual mean concentration (mg/kg) x daily food intake (kg/day) / 66.57 kg (mean body weight of Korean adults referenced
from NHIS, 2024).

Ibody weight.

DAcceptable daily intake.

Y%ADI = (EDI / ADI) x 100.

Table 10. Exposure assessment of detected heavy metals in convenience foods

Heavy Concentration  EDI" Weekly intake? PTWI %PTWI Monthly intake” PTMI® %PTMI”
metals (mg/kg) (ng/kg (ng/kg (ng/kg (ng/kg (ng/kg
b.w./day) b.w./week) b.w./week) b.w./month) b.w./month)
Pb 0.011 0.0384 0.2689 25 1.0757 - - -
As 0.0086 0.0300 0.2103 15 1.4017 - - -
cd 0.0049 0.0171 - - - 0.5134 25 2.0536

DEstimated daily intake = residual mean concentration (mg/kg) x 1000 x daily food intake (kg/day) / 66.57 kg (Mean body weight of Korean adults
referenced from NHIS, 2024).

IWeekly intake = (EDI x 7).

JProvisional tolerable weekly intake.

Yo.PTWI = (weekly intake / PTWI) x 100.

Monthly intake = (EDI x 30).

9Provisional tolerable monthly intake.

7%PTMI = (monthly intake / PTMI) x 100.

e 807(53.3%)9] HEEZ U 7lEES HlaE E5A HEE ARt 4 S5 35 et dA=ET 3
7¥7+ A E(100.0%)2F D7) E(96.8%)4] =& AZES 1 7t A}, JRseke] fIsiAlgE 0.0142-30.9674% HHES Ut
Fom, Fd-& ZHHIAA 76.9%=F 7H Wo| AEE A} Z+ o SFEL FIEF 2.0536%, HA 1.4017%, E 1.0757%=
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