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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 O157
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.
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A HEA we FEoR AFHUN, 53 szegle] A
Al F AAMEEE v e o] B A 43 ¥
4.1 log CFU/100 cm* #5202 AZEH o] sxe)7ie} A14

o HEo] e T Y H-FE AES AR At
A Azl T wAdg WA fg Exe] Fk] B
ke Aol 8 Aoz Fddr)

AT AAbE AAHoR A EAE 0.0-381og
CFU/g or leaf, A} 7S 0.0~4.6 log CFU/mL, 242k 7
el "]"3-‘-’- 0.0~3.0 log CFU/hand or 100 cm?, 28] 3 FY=

£ 0.0~3.1log CFU/100 cm® ©]3}e] FEo2 77t A&
] %14- sze)zbe AAE Al 5l et 2.2 log CFU/

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+07 45x12 40x12 20+15 19421 27£21 L1409 13+12 32415
Crop Leaf 32411 43+£05 40+£05 19+13 29+£10 38207 43+£03 41+03 4402
Stem 21+04 24%£09 30%1.0 ND# 2911 1.7+1.7 29402 29+£07 3.1£03
Cultivation Water 1.9+1.8 31+12 3006 05+12 01202 ND ND ND ND
eﬁvironment NSP 22+03 21x05 24=04 0807 02+03 04+09 04+06 09=13 ND
WNS? 53£03 55+03 48+£07 4301 46£02 23+£02 19+03 1.7£14 04404
Personal Hand 6.1+09 63+1.0 6.6+1.7 14+19 2514 2212 35+09 34+02 38x04
hygiene Glove 42405 39+18 50+£20 16+18 19%15 3.0+18 27+10 29+0.7 3.6+1.1
Clothes  3.0x0.9 3.8+0.8 33+04 ND 2703 11+£12 23412 20+£1.0 31=x1.0
Carpet 4.1+09 32406 39+£07 22£20 31£05 L1133 34£07 35£05 35+07
Utensils Basket 35407 43412 37+£07 12419 29+23 28=x15 34+£09 44x06 44+1.1
Box 23+09 3609 28=+04 ND 1.0+£1.2 ND 23+1.6 44+04 2103

NS : Nutrient solution

DWNS : Waste nutrient solution

3_; Negative sample by PCR and API kit
UND: Not detected
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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 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 NS” ND ND ND ND ND
WNS? 1.5+£0.7 13+£08 ND ND ND ND
Hand ND 20+£13 13+15 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 L1+1.2 ND ND ND ND
Utensils Basket ND ND ND ND ND
Box ND 1.0+0.8 ND ND ND ND

UNS : Nutrient solution

FWNS : Waste nutrient solution

YND: Not detected

“: Negative sample by PCR and AP1 kit
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CFU/mL or 100 cnt’ or hand )32 ZH&5lo] A nAY
2o 9ESFFe nA gEE 0T BH QTN Table 2).

EAle] A2 B cereuse] 7% # N oA 0.0~1.5
log CFU/ML, 217} <23} 213564 7k2} 2.0, 1.3 log CFU/
hand or 100 cm® 522 7172} ZAZ RSl on He OO~
12 log CFU/100 cm?, 9+22 1.0 Tog CFU/100 cm’ 2. 7
H9AT Az okp;al Zzzo] Zlow Wl L}
BEoEe} 2 AL S gureus$t B, cereus T3 7b-e-
el vidEe] Rateo] Zhsle] whdt AlF o2 A
g glom FHolAM 27 £o8 MRS Byl opys)
ool A A S g E5ste] 27 &ol|lx] F2o] 7h5E
u2 gzg7te] kg E 2

YRS SalA e Al
3 5 FEUA 4Ee Fels Bylol st ©
3 Aol YT Hao) o8 MARE FES Bug 5

2% HFHS YA/ LR ATAANEG ARANE A
AZE AR L olg Qor2 HZ7} Aol
LA WAt WL, WAEA, Bk Sl AT 9

Weto] whrlsfo} 7h g el BgE ofof

Salmonella spp7F B A 5ollA AEE 7 At & 59
o] 1ol ofehu Al =l A5 A
LT AR ER] ool BT HFE0] 354%2 Y =
UL, 1 A+ R Salmonella spp., E. coli O15T:HT,
Shigella, Campylobacter; B. cereus 9.3 WEFREO D], [,
B 0.5% 7 2eEE 5 e v
ot WY Eo] AHHow Frlkshe 7/i°§ a7 ot

4 Mz 9% FAE] 29L AFES )T

B AFolM = E coli 0157, L. monocytogenes 2

19 5 F 99

m(mocytogeﬁes

2
A Qb Fwwpetel] thek AAAS et 2dnte) ¢
7ol ¥ Zlow Audn

R A A Fae MUy vlEL] S aweus

£ 52 99k ert Hatakka 523 A
¢ =, 95 3 A

X}Rﬂ’é 7?@*3% =2 AR %%Elf‘%, Al AAglo]

Yok Ao FeA o8 HAH 9
Aol e 94He Felsh wgo] B A

Gt

] 7F Al Fge] shg-2of sl A FTAE, HY
AE 9 Fgolg Yoz g FEHshiS 4
A3} 54 350 2F ik F(1.2~1.4 log CFU/plate)Jr =%
©1(0.9~1.0 log CFU/plate) & Al¢jgt Hedo| A&HA o}
sz 7b B4 U9 *ﬂﬂﬂw H] 3 ] QH}EHX JF017]
2 Sle Ao ERIHAL A 371 F EA sk WA
28 AAEA ﬂ}ﬁaaﬂﬂ] G VA F Jonw T
 Z71R8 AR E HHeA eYdslejol dhm, of e 9
FAE ke o] Fofzjof & 740.1; AZYE e,
g Al s 2ol Al 55
stod WA S

FLetA ol FojHof & Fleltt,

i

2
o
2
Or_“.

S

| 1 :
&
o
re
R
i
L.
2
2,
S
1o >
n-{o
)
C,

s34
ssze)g} Aol el el 5e} el g
7 zasel dE £5% 29 oIRE s o 4

99 A AT FZ7tlA 0.02 mgkeglE A 5%

% 7V ®ol AEHUL, U5t e B BHelA A
0002 mg/L7} AEol HGon, 7tefe] A szt

Ao} oF mFelA] 0.0007 mgkel ©lskE
Al S FEEeErIES o FE -

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
’ 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)

Farms i i
No. Elements Detection Remdual. qua?)tlty
I n I permitted

1 Tebupirimfos 2D - - 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 Terbutos - - - 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
1 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

and Duck-Hwa Chung

(Unit : mg/kg)

No. Elements Farms Detection Readual}quagnty
I I I permitted

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

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

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 Vinelozolin - - - 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 Fenoxanit - - - 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 Trifloxystrebin - - - 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

"-: 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 F;uantlty
I i 1 permitted

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

72 Indoxacarb - - - 0/3 (0%) 1

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

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

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

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

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

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

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

80 Butachlor - - - 013 (0%} Not critetion

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-methyl - - - 0/3 (0%) 1.0

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

101 EPN - - - 073 (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
IStandard: KFDA (Korea Food & Drug Administration)
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