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Hazard Analysis for the Application of Good Agricultural Practices(GAP) on
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ABSTRACT - This study established hazards which may cause risk to human at farm during cultivation stage of
paprika. Samples of plants (paprika, leaf, stem), cultivation environments (water, soil), personal hygiene (hand, glove,
clothes), work utensils (carpet, basket, box) and airborne bacteria were collected from three paprika farms (A, B, C)
located in Western Gyeongnam, Korea. The collected samples were assessed for biological (sanitary indications and
major foodborne pathogens), chemical (heavy metals, pesticide residues) and physical hazards. In biological hazards,
total bacteria and coliform were detected at the levels of 1.9~6.6 and 0.0~4.6 log CFU/g, leaf, mL, hand or 100 cm?,
while Escherichia coli was not detected in all samples. In major pathogens, only Bacillus cereus were detected at lev-
els of <1.5log CFU/g, mL, hand or 100 cm?, while Staphylococuus aureus, Listeria monocytogenes, E. coli 0157
and Salmonella spp. were not detected in all samples. Heavy metal and pesticide residue as chemical hazards were
detected at levels below the regulation limit, physical hazard factors, such as insects, pieces of metal and glasses, were
also found in paprika farms. Proper management is needed to prevent biological hazards due to cross-contamination
while physical and chemical hazards were appropriate GAP criteria.

Key words: good agricultural practices (GAP), paprika, hazard analysis
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1o]4 B= upel zho] 3329 wtxze]7t s7tel] thate] A
Ho g 2EAE 2.1~45log CFU/g or leaf, A|uj%73-&
1.9~5.5 log CFU/mL, 242k 7H21 91482 3.0~6.6 log CFU/
hand or 100 cm?, 28] 2 A= 2.3~4.3 log CFU/100 cm?
TFEoR 77t AEHAT WA, FzZe7e] A4 A, CF
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Table 1. Microbial population of sanitary indication bacteria and fungi in samples obtained from farms during cultivation of paprika
(Unit : mean + standard deviation; log CFU/g, leaf, mL, hand or 100 cm?)

Total bacteria Coliform Fungi
Samples Farms Farms Farms
A B C B C A B C
Paprika 3.7+0.7 45+12 40+x12 2015 19+21 27+21 11+£09 13+12 32=%15
Crop Leaf 32+1.1 43+£05 40+05 19+13 29+1.0 3.8+£07 43+03 41+£03 44+02
Stem 2.1+04 24+£09 3.0+1.0 ND¥ 29+1.1 17«17 29+02 29+£0.7 3.1+03
Cultivation Water 19+18 3.1+£12 30+£06 05+12 0.1+02 ND ND ND ND
environment NSY 22+£03 21+05 24+04 08+£07 02+03 04£09 04+06 09+13 ND
WNS? 53+£03 55+03 48+07 43+01 46+02 23+02 19+03 1.7+14 04+04
Personal Hand 6.1+09 63+£1.0 66+1.7 14+£19 25+14 22+£12 35+09 34+£02 38+04
hygiene Glove 42+05 39+18 50+20 1.6+1.8 19+1.5 3.0+18 27+1.0 29+07 36=1.1
Clothes 3.0+09 3.8+0.8 33+04 27+03 1.1+12 23+12 20+£1.0 3.1+1.0
Carpet 41+09 32+£06 39+07 22+£20 3.1+05 1.1+13 34+£07 35+05 3.5+07
Utensils Basket 35+£0.7 43+12 37+£07 12+19 29+23 28+15 34+09 44+£06 44+1.1
Box 23+09 3.6+09 28+04 1.0+£1.2 ND 23+1.6 44+04 2103

UNS : Nutrient solution

PWNS : Waste nutrient solution

_: Negative sample by PCR and API kit
YND: Not detected
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g TELE HAEH f %—"”01 BAgE g gke] st
o A7<] 33 log CFU/g BThe @& #5302 AZEo] g
AH o2 Fogh £l AoR AU A 5 F C
T gzzlFlel YolA 2.7~3.8 log CFU/g —’F—%Ei A
259 7MY 2 2AEE UEIdTh AuiEe] A
23~4.6log CFU/ML 502 A9 #gAS A28 U5
o} FA-e 717} 0.0~0.5 2 0.2~0.8 log CFU/mL L= 7
Z5o] ImL F tdde]l 49 4] He = F
A7z e AT AN FHEFA v ok Akl
&3} 7ol Hlﬂﬂ Fog Fel Zow dAddnh Azt
A A AdA &, A 37 A

3.0 log CFU/hand or 100 cmzoi AEEo] tiid A&
A BlaA me —’Ffoi AZEAL, A T4l Bl B}
C &%l H &2 LH9=E UrE‘rkEP_U%, Al 57 BE A
A3k NS A A= —%ﬂ}% & A7 o= v
el o3k WAt g WAlEoF & o YztEr) &
g vy, vk gl He 5o %}OQE = ok dnkl#
o] Ao} vgt Ao AudA F AAHEEE vkt
Yol Autell A 1.2~2.93 1.1~3.1 log CFU/100 cm?® =52
2 717 AEEY Hde A 9 Bago] npEofok
g RHog Iy

NAFe g7 B4 3329 BE A ZoA AZSHA]
gob thadwtel olgh stzej7te] wated WA7s/de v
we AoR AdkEnt st A= H
AR EA Fo) A, HT AAHo| AAFE EFe o
SHel FAEOlA RIS AEHIL 3] zegts
H 25 e w4k B HAF 5o T ALkS Sl

hi

o o g2

ME 2ok o ZA3 A7 2ag 2o dddh
T30l 79 AAH oz 2 EA= 1.1~4.4 log CFU/g or
leaf, A &2 0.0~1.9 log CFU/mL, 244} 71191482 2.0~
3.81log CFU/hand or 100 cm? Z¥] X FFAE=TE 2.1~44
log CFU/100 cm? 7222 Z}z} AZF ST 2 EA 9] H$
v A8 5ol 9le HHt 43 log CFU/leaf 522 HAEH
A gk, 28591 w2z l= C 5% (3.2 log CFU/g)S A9
gk A9} B 5740l 9F 1.0 log CFU/ge] 522 HAEH o]
=71 ol HlE) AR YU QHEE YEI L,
At o] A= FHSFN (2F 1.9 log CFU/MmML P]RHS A

3t At AgoA] <F 1.0 log CFUML PR = EF
¥ Zlo= glFo] ol g Heiee A ow
@& Zlo® Adtdnt vk A4z A9 2 Ad e
%Loﬂ o) & E'_% A Zol| A 2010g CFU/100 cm? ©]’ge] <=

AZANT, 53 AN AR £, AYmT
z HHLL SN e %z—zi A25o) 2ol 1914
2 AASEE e td mated e PAs] Sl
25wyl BAsofol & SO ket

HEY OjdE 2

g 7te] AuieAlel] st F
E. coli O157, L. monocytogenes, Salmonella spp., B. cereus
2 S aureus®] SFEE B Ay AA BEXE E coli
0157, L. monocytogenes, Salmonella spp. 2 A% #2149 S.
aureus= 3 A FHE EE ABA EAE HAUL,
AFEAE A S aureusSt B. cereus®] 749+
EAE Al A7, NI B AYETellA <2.

Q3 WA mAgEel

o
g >

Table 2. Microbial population of pathogenic bacteria in samples obtained from farms during cultivation of paprika
(Unit : mean + standard deviation; log CFU/g, leaf, mL, hand or 100 cm?)

Bacillus cereus

Staphylococcus aureus

Samples Farms Farms

A B C A B C
Paprika ND? ND ND ND ND ND
Crop Leaf ND ND ND ND ND ND
Stem ND ND ND ND ND ND
Water ND ND ND ND ND ND
Cultivation environment NSP ND ND ND ND ND ND
WNS? 1.5+0.7 1.3+0.8 ND ND ND ND
Hand ND 20+1.3 1.3£1.5 ND ND ND
Personal hygiene Glove ND ND ND ND ND ND
Clothes ND ND 1.3+1.0 ND ND ND
Carpet 1.2+0.8 1.1+1.2 ND ND ND ND
Utensils Basket ND ND ND ND ND ND
Box ND 1.0+£0.8 ND ND ND ND

UNS : Nutrient solution

PWNS : Waste nutrient solution

ND: Not detected

9_: Negative sample by PCR and API kit
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CFU/mL or 100 cm? or hand ©]3l2 Z&E o] WA nAd
9 SHFFES HwA S5 74& 1= A H(Table 2).

BN 4F9l B. cereuse] 73-%- HFHAA 0.0~1.5
log CFU/mL, 27} <=3} Z—}‘?QHOM 2zt 2.0, 1.3 log CFU/
hand or 100 cm? 522 77 AZEEY o, AT 0.0~
1.2 log CFU/100 cm?, ¥}2~= 1.0 log CFU/100 cm*2 A&
HAAR AR GFEg £ Ao R dddn, a4
EntgEs} e FES S aureus$t B. cereus 53

W =] B2t o] ete] Tedl Al SR = A7
2 glom oA 27 £o08 HEY Wy ozt
ROl WA S F 53] 27 Lox] F2o] 7Hsst
22 gxgyle] SR E M= AuidAlA 5
g & FEedAZA P87 Folof wile]l aHET. B
gk AelA BT S o5 ArAht FEE SEEE 5
AF AFES AT EZ ANFAAE AFEAIT= 34
ARe A5 B2 o dern=E gzt Auj=|o|
WA HS WA st WEA, WA EAL, F54 Tl ofg 9
S Zole de|Weto] niAEY] 7t Frte] BF ] ojok
g Zo= FdE

2 A ME E coli 0157, L. monocytogenes 2
Salmonella spp.7t B A FAAM HEZF GJPAIT & 52
o] Aol ot AT L] F2Fol oJg Fuf AFH A}
AT A ERF] ofe BT AFE0] 354%2 TP =
ka1, 1 FJAF S 2= Salmonella spp., E. coli O157:H7,
Shigella, Campylobacter, B. cereus =2 2 YEFSOH, [

monocytogenes =3+ 0.5% 7} == 5 HWHA wAEC
Aoz dEA 9l

_4 s+ m—xggo] ;q_:_;a oz _7]. }%
B mARY] 3 FAE 0P HFES op|Y
& ol A TS WA S gr) W) v YR}
H Qb el W3k AR Apeh el e
Adgo] Wy oz AT,

w3k QIS e Fash WA v S aureus
E BE AR AZHA %oy} Hatakka 523 7
I B DIERE S RN R

T 3,

Ho|A S aureus”} WIS HAEEHIL, AFEF] 25~50%7}
BAaAl Aoz Bisial 9o 79l

94 Byl o =
Ao AFEHE EE AO2 BN, AT BAL)
WS Aow Ueld olF ey Slal Fue
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Table 3. Concentrations of heavies in paprika, agricultural water and nutrient solution collected from paprika farms during cultivation

stage
(Unit : mg/kg:L)
Farms
Samples Element A B ¢
First Secend First Secend First Secend
(Plating season) (Fluting season) (Plating season) (Fluting season) (Plating season) (Fluting season)
Paprika Cd 0.00072 0.00041 0.00042 0.00044 0.00036 0.00046
i Pb 0.02107 0.02046 0.01529 0.01066 0.01050 0.01299
Agriculural Cd 0.00005 0.00005 0.00003 0.00001 0.00008 0.00009
water Pb 0.00011 0.00011 0.00012 0.00013 0.00022 0.00016
Nutrient Cd 0.00000 0.00000 0.00000 0.00003 0.00031 0.00012
solution Pb 0.00010 0.00012 0.00016 0.00203 0.00052 0.00130
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Table 4. Pesticide residues concentrations of paprika during cultivation stage

(Unit : mg/kg)

No. Elements Farms Detection Re51dual.qua£1t1ty
I I 11 permitted”

1 Tebupirimfos D - - 0/3 (0%) 0.1

2 Tolclofos-methyl - - - 0/3 (0%) Not criterion
3 Tefluthrin - - - 0/3 (0%) 0.05

4 Phosalone - - - 0/3 (0%) Not criterion
5 Terbufos - - - 0/3 (0%) Not criterion
6 Methiocarb - - - 0/3 (0%) Not criterion
7 Endosulfan (Total) - - - 0/3 (0%) Not criterion
8 Cyazofamid - - - 0/3 (0%) 2

9 Pyraclostrobin - - - 0/3 (0%) 0.5

10 Dicofol - - - 0/3 (0%) 1.0

11 Isoprocarb/MIPC - - - 0/3 (0%) Not criterion
12 Deltamethrin - - - 0/3 (0%) 0.2

13 Iprodione - - - 0/3 (0%) 5

14 Diflubenzuron - - - 0/3 (0%) 1

15 Pyrimethanil - - - 0/3 (0%) Not criterion
16 Pyrazophos - - - 0/3 (0%) Not criterion
17 Ethoprophos/Ethoprop - - - 0/3 (0%) 0.02

18 Metalaxyl - - - 0/3 (0%) 1

19 Kresoxim-methyl - - - 0/3 (0%) 2.0

20 Diniconazole - - - 0/3 (0%) Not criterion
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Table 4. (Continue) Pesticide residues concentrations of paprika during cultivation stage
(Unit : mg/kg)

No. Elements Farms Detection Res1dual‘ quagtlty
I I 11 permitted

21 Permethrin - - - 0/3 (0%) 0.5

22 Methomyl - - - 0/3 (0%) 1

23 Clothianidin - - - 0/3 (0%) 2

24 Halfenprox - - - 0/3 (0%) Not criterion

25 Azoxystrobin - 0.046 - 1/3(33%) 2

26 Mepanipyrim - - - 0/3 (0%) Not criterion

27 Fludioxonil - - - 0/3 (0%) 0.5

28 Pencycuron - - - 0/3 (0%) Not criterion

29 Iprobenfos/IBP - - - 0/3 (0%) Not criterion

30 Methidathion - - - 0/3 (0%) Not criterion

31 Tebufenpyrad - - - 0/3 (0%) 0.5

32 Malathion - - - 0/3 (0%) 0.5

33 Procymidone 0.522 - - 1/3(33%) 5

34 Flufenoxuron - - - 0/3 (0%) 0.3

35 Cyhalothrin - - - 0/3 (0%) 1.0

36 Chlorpyrifos-methyl - - - 0/3 (0%) 0.5

37 Diazinon - - - 0/3 (0%) 0.5

38 Cypermethrin (Total) - - - 0/3 (0%) 0.5

39 Chlorfenapyr 0.065 0.072 0.069 3/3(100%) 0.7

40 Fenvalerate - - - 0/3 (0%) 0.5

41 Tricyclazole - - - 0/3 (0%) Not criterion

42 Thiacloprid - - - 0/3 (0%) 1

43 Chlorothalonil - - - 0/3 (0%) 7

44 Vinclozolin - - - 0/3 (0%) 3.0

45 Phorate - - - 0/3 (0%) Not criterion

46 Bitertanol - - - 0/3 (0%) Not criterion

47 Imidacloprid - - - 0/3 (0%) 1

48 Bifenthrin - - - 0/3 (0%) 0.5

49 Tebuconazole - - - 0/3 (0%) 0.5

50 Chlorpyrifos - - - 0/3 (0%) 0.5

51 Carbofuran - - - 0/3 (0%) 0.5

52 Tebufenozide - - - 0/3 (0%) Not criterion

53 Triadimefon - - - 0/3 (0%) 1.0

54 Cadusafos - - - 0/3 (0%) Not criterion

55 Fenarimol - 0.04 - 1/3(33%) 0.1

56 Phenthoate/PAP - - - 0/3 (0%) Not criterion

57 Dimethomorph - - - 0/3 (0%) 0.5

58 Fenoxanil - - - 0/3 (0%) Not criterion

59 Fthalide - - - 0/3 (0%) Not criterion

60 Acetamiprid - - - 0/3 (0%) 5.0

61 Thifluzamide - - - 0/3 (0%) Not criterion

62 Trifloxystrobin - - - 0/3 (0%) 2.0

63 Fluquinconazole - - - 0/3 (0%) 2.0

64 Fipronil - - - 0/3 (0%) Not criterion

65 Cymoxanil - - - 0/3 (0%) 0.1

66 Fenpropathrin - - - 0/3 (0%) 1.0

67 Edifenphos - - - 0/3 (0%) Not criterion

68 Thiamethoxam - - - 0/3 (0%) 1

69 Tetraconazole - 0.21 0.32 2/3(66%) 1

70 Diethofencarb - - - 0/3 (0%) 5.0

D.: Not detected, ?Standard: KFDA (Korea Food & Drug Administration)
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Table 4. (Continue) Pesticide residues concentrations of paprika during cultivation stage

(Unit : mg/kg)

No. Elements Farms Detection Residual guantlty
I I i permitted

71 Buprofezin - - - 0/3 (0%) 0.5

72 Indoxacarb - - - 0/3 (0%)

73 Pyridaben - - - 0/3 (0%) 3

74 Carbaryl - - - 0/3 (0%) 1.0

75 Penconazole - - - 0/3 (0%) Not criterion

76 Flutolanil - - - 0/3 (0%) 0.05

77 Chlorfluazuron - - - 0/3 (0%) 0.5

78 Tetradifon - - - 0/3 (0%) 1.0

79 Cyprodinil - - - 0/3 (0%) Not criterion

80 Butachlor - - - 0/3 (0%) Not criterion

81 Furathiocarb - - - 0/3 (0%) Not criterion

82 Lufenuron - - - 0/3 (0%) 0.5

83 Hexaconazole - - - 0/3 (0%) 0.3

84 Boscalid - - - 0/3 (0%) 3

85 Carbendazim - - - 0/3 (0%) 5.0

86 Cyfluthrin (Total) - - - 0/3 (0%) 0.5

87 Pendimethalin - - - 0/3 (0%) 0.2

88 Pyridaryl - - - 0/3 (0%) Not criterion

89 Teflubenzuron - - - 0/3 (0%) Not criterion

90 Probenazole - - - 0/3 (0%) 0.07

91 Fenobucarb/BPMC - - - 0/3 (0%) Not criterion

92 Fenthion/MPP - - - 0/3 (0%) Not criterion

93 Nuarimol - - - 0/3 (0%) Not criterion

94 Paclobutrazol - - - 0/3 (0%) Not criterion

95 Triflumizole - - - 0/3 (0%) 5.0

96 Isoprothiolane - - - 0/3 (0%) Not criterion

97 Fenitrothion/MEP - - - 0/3 (0%) 0.1

98 Dichlofluanid - - - 0/3 (0%) 2

99 Pirimiphos-methy]l - - - 0/3 (0%) 1.0

100 Difenoconazole - - - 0/3 (0%) 1.0

101 EPN - - - 0/3 (0%) 0.1

102 Parathion - - - 0/4 (0%) 0.3
Total detection rate 2/102 (2.0%) 4/102 (4.0%) 2/102 (2.0%) 8/306 (2.6%)

"-: Not detected
YStandard: KFDA (Korea Food & Drug Administration)
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