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ABSTRACT - The objective of this study was to analyze hazards for the growing stage of 6 tomato farms (A, B,
C; soli farms, D, E, F; Nutriculture farms) located in Gyeongsangnam-do to establish the good agricultural practices
(GAP). A total of 144 samples for analyzing hazards collected from cultivation environments (irrigation water, soil,
nutrient solution, and air) and personal hygiene (hands, gloves, and cloths) were assessed for biological (sanitary indi-
cations and major food borne pathogens) and chemical hazards (heavy metals). Total bacteria, coliform, and fungi
were detected at levels of 0.2-7.2, 0.0-6.1, and 0.0-5.4 log CFU/g, mL, hand or 100 cm?, respectively. Escherichia coli
were only detected in the soil sample from B farm. In case of pathogens, Bacillus cereus was detected at levels of 0.0-
4.4 log CFU/(g, mL, hand or 100 cm?), whereas Staphylococuus aureus, Listeria monocytogenes, E. coli 0157, and
Salmonella spp. were not detected in all samples. Heavy metals as a chemical hazard were detected in soil and irriga-
tion water, but levels of them were lower than the permit limit. In conclusion, chemical hazard levels complied with
GAP criteria, but biological hazards at the growing stage of tomato farms were confirmed. Therefore a proper man-
agement to prevent microbial contamination is needed.
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Table 1. Samples collected from 6 tomato farms for the microbial assessment

The number of

Farm Samples Sampling method

samples
Cultivation environment soil Sterilized sample bag 4
Irrigation Water Sterilized plastic bottle 4
A Hands Glove juice 4
Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
Cultivation environment soil Sterilized sample bag 4
Irrigation Water Sterilized plastic bottle 4
Soil B Hands Glove juice 4
Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
Cultivation environment soil Sterilized sample bag 4
Irrigation Water Sterilized plastic bottle 4
Hands Glove juice 4
¢ Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
.. . Nutrient solution Sterilized plastic bottle 4
Cultivation environment . . .
Irrigation Water Sterilized plastic bottle 4
D Hands Glove juice 4
Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
.. . Nutrient solution Sterilized plastic bottle 4
Cultivation environment . . .
Irrigation Water Sterilized plastic bottle 4
Nutriculture E ' . Hands Glove j l.Jice 4
Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
.. . Nutrient solution Sterilized plastic bottle 4
Cultivation environment . . .
Irrigation Water Sterilized plastic bottle 4
Hands Glove juice 4
F Workers' hygiene and Utensils Gloves Swabbing 4
Clothes Swabbing 4
Airborne - 4
Total 144
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Table 2. Microbial population of sanitary indication bacteria and fungi in samples collected from tomato farms at the growing stage
(Unit : mean + standard deviation; log CFU/g, mL, hand or 100 cm?)

Soil Farms Nutriculture Farms
Classification Samples Microorganism
A B C D E F
APCY 7.0+£04 72+1.0 6.4+0.0 NS NS NS
Soil Coliform 6.1£14 54+1.4 44+0.0 NS NS NS
E. coli 2 +9 - NS NS NS
Fungi 4.7+0.0 44+0.0 44+0.1 NS NS NS
APC NS¥ NS NS 0.8+0.1 02+0.0 1.4+0.1
Cultivation Nutrient Coliform NS NS NS ND ND ND
environment solution E. coli NS NS NS - - -
Fungi NS NS NS 0.2+0.2 ND 0.0+0.2
APC 1.4+£0.5 1.3£0.1 1.7+ 1.0 1.2+0.0 1.8+0.0 02+0.2
Irrigation Coliform 0.1+0.2 ND® ND ND ND ND
Water E. coli - - - - - -
Fungi ND ND 0.7+0.1 ND ND 1.3+0.1
APC 4.0+0.1 4.0+0.1 46+0.5 4.7+0.8 40+1.0 4.8+0.0
Coliform ND 04+0.6 1.1+£1.5 2004 2.0+0.0 1.0+14
Hands
E. coli - - - - - -
Fungi 2.6+03 4.8+0.0 2.6+0.1 2.1£2.1 43+1.3 33+0.0
APC 39+04 29+0.2 42+0.2 39+0.2 4.0+0.4 54+0.3
Personnel Coliform 1.7+ 0.4 ND 33+£04 22+1.8 2.6+0.3 3.8+0.5
hyei Gloves . . i . _ _ .
ygiene E. coli
Fungi 33+0.2 12+02 3.6+02 04+04 43+03 48+1.1
APC 3.4+0.1 3.1+£0.0 33+0.2 3.1+0.5 39+0.2 37+0.2
Coliform 1.1+£0.5 0.5+0.8 1.7+1.5 23+0.5 23+04 29+0.1
Clothes .
E. coli - - - - - -
Fungi 26+0.2 22+0.2 3.6+0.7 ND 54+0.1 34+04
YAPC : Aerobic Plate Count
)_ : Positive samples by cultural method but not by PCR and API kit
9+ : Positive samples by cultural method by PCR and API kit
“NS : No sampling
SND : Not detected
7] W&ol fainAEZHE o S SHE] Y8l (4.0-4.6 log CFU/hand)} Yl A18l-57(4.0-4.8 log CFU/hand)
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Table 3. Microbial population of pathogenic bacteria in samples collected from tomato farms at the growing stage of soil and nutriculture
farms during growing stage

(Unit : mean + standard deviation; log CFU/g, mL, hand or 100 cm?)

. . . . Soil Farms Nutriculture Farms
Classification Samples Microorganism Y B C ) E F
B. cereus 43+03 43+£02 44=+0.1 NSV NS NS
S. aureus ND? ND ND NS NS NS
Soil E. coli 0157 3 - - NS NS NS
L. monocytogenes - - - NS NS NS
Salmonella spp. - - - NS NS NS
B. cereus NS NS NS ND ND ND
L. S. aureus NS NS NS ND ND ND
Cultivation  \ ient solution . coli 0157 NS NS NS ; ; -
environment
L. monocytogenes NS NS NS - - -
Salmonella spp. NS NS NS - - -
B. cereus 0.5+0.7 ND ND ND ND ND
L. S. aureus ND ND ND ND - ND
frrigation i 0157 . - - , - -
Water
L. monocytogenes - - - - - -
Salmonella spp. - - - - - -
B. cereus 29+02 20+£09 26+£03 28+00 2.1=+0.1 1.1+1.5
S. aureus - - - - ND -
Hands E. coli O157 - - - - - -
L. monocytogenes - - - - - -
Salmonella spp. - - - - - -
B. cereus 23+£00 20=+13 1.7+£0.1 2.6+£0.5 22+0.1 1.9+0.0
S. aureus - ND ND ND ND -
Personnel Gloves  E. coliO157 - - - - - -
hygiene
L. monocytogenes - - - - - -
Salmonella spp. - - - - - -
B. cereus 1.3+£0.0 1.0+£1.3 1.2£02 13+£04 1.1+15 05+£0.7
S. aureus - ND - ND ND ND
Clothes E. coli 0157 - - - - - -

L. monocytogenes
Salmonella spp.

YNS: No sampling
PND : Not detected

9. : Positive samples by cultural method but not by PCR and API kit
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Ao Z ALBHTISH),

B. cereuse EZAATZANA EFLS 4.3-441og CFU/g
2 AEFNL, LTS A5 AsGlAT 0.5 log CFU/
mL AZEH Ao, FAR 57N = Fh = A8l
A B BHE =HAoh i1 e EA A sl

o,

A 222 2.0-2.9 log CFU/hand, 7+ 1.7-2.3 log CFU/100
cm?, 24 E-2 1.0-1.3 log CFU/100 cm? 522 A& =AU
om, FAAu)FEL] £oA = 1.1-2.8 log CFU/hand, 47+
oA A= 1.9-2.6 log CFU/100 cm?, ZFFE-o A= 0.5-1.3 log
CFU/100 cm® #2082 AEE o] EZA 53 vl
TR HAEHAY B cereuse FE EFA 27t
N, S aureust FASHAl Aol SP9E AEFS AHFH S
5 B. cereus7}t AoNA AT Faol o3l AF=o] &
A7 wstol olof tigt AAgt #E|7} o] Fojxof & A
ojt}.

SELSH

EnE QAN FEHete B4 A, v
Table 404 H= upe} zro] YA FAHQ] LUNkAl 3}
A= 242t 1.4-2.83 0.0-0.4 log CFU/plate® 7 &5

Fom, WA nAEL B. cereusto] C2F Fs7dolA 0.7
# 0.2 log CFU/plate®= 7H2t AZ = AT 80l 45
1.1-1.8 log CFU/plate= HE= o] 7] & EA3te A&

Table 4. Microbial population of air-borne bacteria from tomato farms at the growing stage

(Unit : mean =+ standard deviation; log CFU/plate)

. . Soil Farms Nutriculture Farms
Microorganism

A B C D E F
APCY 2.8+0.0 2.8+0.1 26+04 1.4+0.2 1.7+0.5 1.6+£04
Coliform 02+02 02+02 ND? 04+0.6 04+0.6 03+04
E. coli 3 - - - - -
E. coli 0157 - - - - - -
L. monocytogenes - - - - - -
Salmonella spp. - - - - - -
B. cereus ND - 0.7+0.1 ND - 02+0.3
S. aureus ND ND ND ND ND ND
Fungi 1.8+0.1 14+0.1 1.7+0.1 1.4+0.0 1.1+0.2 1.3+£02

DAPC : Aerobic Plate Count
YND : Not detected

3. : Positive samples by cultural method but not by PCR and API kit

Table 5. Concentrations of heavy metals in soil and irrigation water collected from tomato farms at the growing stage

(Unit : mg/kg or L)

Soil Irrigation Water
Elements * Soil Farms Soil Farms Nutriculture Farms
A B C A B C D E F
Cd NDV ND ND ND ND ND ND ND ND
Cu 23.68 17.29 18.17 ND ND ND ND ND ND
As ND ND ND ND ND ND ND ND ND
Hg ND ND ND ND ND ND ND ND ND
Pb 9.25 9.42 10.60 ND ND ND ND ND ND
Cr ND ND ND ND ND ND ND ND ND
Zn 86.89 89.84 78.56 ND ND ND ND ND ND
Ni 16.35 15.20 14.90 ND ND ND ND ND ND

ND : Not detected
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ek, R BEvelEo Qg wAegel
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=
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gl
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2
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E AuicA o] AusAEt 1Al diste] AESH 9
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AESHA Qslass FAe Aot AujggolA I8
FAIFEe] 735 EARAMEEe] Bl vl g
o]l 7.2 2 6.1 log CFU/g AEE AL, B7HEol
A& 1.7 log CFU/mL ©]3t2 HEEHIJSH, E. coli®] 735
BEEe] EGAR 11 AZH AT FAA 5] &
A} B EFoll M= LA o 1.4 2 1.8 log CFU/
mLFEo 2 HEHAT MAAL] A Akl o
o] ER A= 0.4-4.6 log CFU/hand, 100 cm?
FEo g JlAaEHo) = 0.4-5.4 log CFU/hand, 100 cm?
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