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Abstract Among pre-harvest environmental factors, increasing attention has been paid to the effects of
chemical and microbiological factors on fresh produce. The occurrence and prevalence of these factors have
been usually studied with regard to the final products at the post-harvesting stage and/or when they are sold
in the market. However, the origin and routes of transmission of both factors remain to be clarified. In the
present study, we examined the contamination levels of food-borne pathogens and chemical factors such as
pesticide residues and heavy metals in 83 and 43 samples, respectively, including various soil, water, and
fertilizer samples, as well as post-harvested and processed samples. Among the organic farming samples, only
one pesticide, dimethomorph, was detected in the soil sample, however no pesticides were observed from any
other samples in organic farming system. Thus, it was thought that might be contaminated from conventional
farm land in the vicinity. Whereas many pesticide residues were detected in conventional farming systems
such as soil, fertilizer, water, and fresh produce as expected. Furthermore, heavy metals detected from all
tested samples did not shown contamination levels higher than the standard limit. We comparatively assessed
the levels of contamination by food-borne pathogens on the samples from organic and conventional farming
systems, and found aerobic bacteria at approximately 7 log CFU/g, with no significant differences observed
between the two systems. Coliforms were present at lower levels than aerobic bacteria. No human pathogens
were present among the coliforms detected, indicating that these bacteria are saprophytes without the ability
to cause food-borne illnesses. In contrast, among the high-risk food-borne pathogens, only sporadic cells of
Bacillus cereus were found on samples of organic farming system. These data extend previous findings that
the most prevalent food-borne pathogen is B. cereus and demonstrate that it spreads to whole living plants
via soil.
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Table 1. List of the 246 pesticides tested in this study

Category Pesticides

Anilofos, Bromopropylate, Carbophenothion, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Cyflufenamid,
Cyhalothrin (lambda), Deltamethrin, Dicloran, Dicofol, Dimethenamid, Disulfoton, Etrimfos, Fenpropathrin, Fen-
valerate, Flutolanil, Folpet, Halfenprox, Heptachlor, Lufenuron, Oxadiazon, Oxyfluorfen, Paclobutrazole, Parathion-
methyl, Permethrin, Propiconazole, Triflumuron, Trifluralin

GC-ECDL1

Aldrin, Azoxystrobin, Bifenthrin, Captan, Chlorfenapyr, Clofentezine, Dieldrin, Difenoconazole, Endosulfan (o.,f3-
sulfate), Flucythrinate, Imazalil, Indanofan, Metobromuron, Metribuzin, Mevinphos, Penconazole, Probenazole,
Prochloraz, Procymidone, Prometryn, Simazine, Simeconazole, Tefluthrin, Tetraconazole, Tetradifon, Thifluzamide,
Zoxamide

Acrinathrin, BHC (a, B, v, and 8), Bromobutide, Butachlor, Cyfluthrin, Dichlofluanid, Dithiopyr, Ethion, Fenami-
GC-ECD3 done, Fenoxanil, Fipronil, Fthalide, Indoxacarb, Iprodione, Isoprothiolane, Kresoxim-methyl, Mefenacet, Meto-
lachlor, Nuarimol, Piperophos, Pyridalyl, Qintozene (Pentachloroaniline), Tolylfluanid, Triadimenol

GC-ECD2

Alachlor, Bifenox, Chinomethionat, Chlordane (cis, trans), Chlorothalonil, Cypermethrin, DDT, Diclofop-methyl,
Endrin, Ethalfluralin, Etridiazole, Fenarimol, Flufenoxuron, Mecarbam, Methoxychlor, Methyl-pentachlorophenyl
sulfide, Ofurace, Pirimiphos-ethyl, Propanil, Pyridaben, Pyridaphenthion, Pyrimidifen, Thiobencarb, Tralomethrin,
Triadimefon, Vinclozolin

GC-ECD4

Cyproconazole, Dichlorvos (DDVP), Edifenphos, Etoxazole, Furathiocarb, Hexaconazole, Iprobenfos, Malathion,
GC-NPD1 Metalaxyl, Methabenzthiazuron, Myclobutanil, Parathion, Pendimethalin, Pyraclofos, Simetryn, Terbuthylazine, ,
Terbutryn, , Triflumizole

Azinphos-methyl, Bitertanol, Buprofezin, Cadusafos, Chlorpropham, Diniconazole, Diphenamid, Fenamiphos, Fen-
GC-NPD2 itrothion (MEP), Iprovalicarb, Isofenphos, Methidathion, Molinate, Phosphamidon, Prothiofos, Tebufenpyrad, Ter-
bufos, Thiazopyr

Chlorpyrifos-methyl, Diazinon, Dimepiperate, Diphenylamine, Fenbuconazole, Fenothiocarb, Fenthion (MPP),
GC-NPD3 Flusilazole, Fosthiazate, Metconazole, Phorate, Phosalone, Pirimiphos-methyl, Profenofos, Pyriminobac-methyl (E
and Z), Tebuconazole

Chlorpyrifos, Cyprodinil, Dimethoate, EPN, Esprocarb, Ethoprophos, Fenazaquin, Fludioxonil, Mepronil, Napropa-

GC-NPD4 mide, Phenthoate, Pyrazophos, Tebupirimfos, Tolclofos-methyl, Triazophos

Chromafenozide, Clothianidin, Cyhalofop-butyl, Dimethomorph, Dimethylvinphos (Z), Ferimzone, Flumioxazin,
LC-UV1 Hexaflumuron, Mepanipyrim, Metamifop, Novaluron, Pirimicarb, Pyributicarb, Pyriproxyfen, Quinoclamine,
Tebufenozide, Thiabendazole, Thiacloprid, Trifloxystrobin

Acetamiprid, Boscalid, Cyazofamid, Cymoxanil, Diethofencarb, Diflubenzuron, Diuron, Fenpyroximate, Fluacrypy-
LC-UV2 rim, Forchlorfenuron, Imibenconazole, Imidacloprid, Pentoxazone, Pyraclostrobin, Pyribenzoxim, Pyrimethanil,
Pyroquilon, Spirodiclofen, Teflubenzuron, Uniconazole

Amisulbrom, Bendiocarb, Benthiavalicarb-isopropyl, Benzoximate, Carbendazim, Chloraniliprole, Ethaboxam,
LC-UV3 Etofenprox, Flubendiamide, Flupicolide, Hexythiazox, Mandipropamid, Methoxyfenozide, Oxaziclomefon, Pency-
curon, Silafluofen, Spiromesifen, Thiophanate-methyl, Tiadinil, Tricyclazole

LC-FLD1 Carbaryl, Carbofuran, Fluquinconazole, Isoprocarb, Methiocarb, Methomyl, Thiodicarb

LC-FLD2 Aldicarb, Ethiofencarb, Fenobucarb, Metolcarb, Oxamyl, Propoxur, Thiamethoxam
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Table 2. Pesticide residues detected on environmental materials and harvested lettuce from organic and conventional farming systems

Result (mg/kg)
Sample Detected pesticide MRL (mg/kg)
Organic Conventional
Alachlor 0.034 NA?
Azoxystrobin 0.028 NA
Bifenthrin 0.122 NA
Boscalid 0.126 NA
Clothianidin 0.018 NA
Cypermethrin - 9.475 NA
Dimethomorph 0.031 0.104 NA
Diniconazole 0.025 NA
Soil Flufenoxuron 0.017 NA
Flutolanil 0.184 NA
Imidacloprid 0.043 NA
Metalaxyl 0.033 NA
Pendimethalin 0.064 NA
Pyraclostrobin 0.546 NA
Tebuconazole 0.01 NA
Thiamethoxam 0.033 NA
Trifloxystrobin 0.011 NA
Bifenthrin 0.053 NA
Dimethomorph 0.013 NA
Fertilizer Ethiofencarb 0.042 NA
Pentoxazone 0.058 NA
Pyridaben 0.016 NA
Water Dimethomorph 0.003 NA
Dimethomorph 0.021 20.0
Lettuce Imidacloprid 0.012 7.0

*Not available MRL for soil, fertilizer, and water.
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Table 3. Concentrations of heavy metals detected on environmental materials and harvested lettuce from organic and conventional

farming systems

Result (mg/kg)
Sample T;g Organic Conventional S(ﬁllr;lﬁg
A B C A B C
Cd 0.38+0.07* 0.29+£0.05 0.26£0.07 0.71+0.03 0.71£0.03 0.32+0.04 4.0
Cr6+ 0.00 +0.00° 0.00£0.00  0.00£0.00 0.00 +0.00 0.00 £ 0.00 0.00 £0.00 5.0
Cu 21.04£0.75 7.79 £ 0.11 990+043 31.90+052 31.90+0.52 3598+0.92 150.0
Soil Ni 8.32£0.02 508+035 485+137 1541+£023 1541£023 20.74+122 100.0
Pb 11.50 £0.42 478+125  4.85£0.08 9.61 +0.45 9.61 £0.45 9.85+£2.09 200.0
Zn  11733£240  4924+149 75.15£3.30 105.04+325 105.04+3.25 12437+5.49 300.0
As 7.98 +0.33 13.06 £ 0.71 9.03+0.27 6.90 £ 0.50 6.90 £0.50 5.67+0.30 25.0
Hg 0.03+0.00 0.03+0.01 0.03 £0.00 0.02+0.00 0.02 £0.00 0.04+0.01 4.0
Cd 0.04 +£0.01 0.21+0.01 0.11 +£0.01 0.28 £ 0.06 0.28 £0.04 0.11 +£0.00 5.0
Cr 440+£0.17 870+0.84 9421342 5.98 +£0.99 5.87+1.61 8.55+3.24 200.0
Cu 1391+£029  5348+3.12 2333+725 22.60+4.11 19.85+0.10 18.70+5.71 360.0
Fertilizer Ni 3.24+0.13 8211058 5531041 6.06 +0.43 6.07 £0.64 5.39+0.69 45.0
Pb 0.51+0.23 1.55+£0.13 11.42+£8.94 0.95+0.10 1.02 +£0.46 455+4.42 130.0
Zn 4276 £0.74 402.31£20.18 89.20+9.50 91.87+1.65 103.66+20.67 74.70+3091  900.0
As 1.99 £0.13 6.96+0.58  428+041 4.81+£043 4.82+0.64 4.14 £0.69 45.0
Hg 0.03+0.01 0.05+0.01 0.04£0.01 0.04£0.01 0.03 £0.01 0.03 £0.00 2.0
Cd 0.00 +0.00 0.00£0.00  0.00£0.00 0.00 +£0.00 0.00 £0.00 0.00 £0.00 0.005
Cr6+ 0.00 +0.00 0.00£0.00  0.00£0.00 0.00 £ 0.00 0.00 +£0.00 0.00 £ 0.00 0.05
Water Pb 0.00 +0.00 0.00£0.00  0.00£0.00 0.01 £0.00 0.01 £0.00 0.01+0.01 0.05
As 0.01+0.01 0.02£0.01 0.02+0.02 0.01£0.00 0.12£0.01 0.03+£0.01 0.05
Hg 0.00+0.00 0.00+0.00  0.00+0.00 0.00 £0.00 0.00 £0.00 0.00 £0.00 0.001
Lettuce Cd 0.01+0.01 0.01£0.01 0.03+£0.01 0.02+0.03 0.07£0.01 0.01£0.00 0.2
Pb 0.04 +0.01 0.02+0.03  0.05%0.01 0.03+£0.04 0.06 £0.03 0.09 £0.07 0.3

 Data represent the means and standard deviation of duplicates. The experiment was repeated two times with similar results.

® Not detectable.

€ Standard derived from www.law.go kr.
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Table 4. Relative numbers of total aerobic and coliform bacterial populations present on environmental materials and harvested

lettuce from organic and conventional farming systems

Sarmol Total aerobic bacteria (log;(CFU/g) Coliforms (log,(CFU/g)
ample

Organic Conventional Organic Conventional
Soil 7.17 £0.45 7.55+0.34 1.77+£0.79 0.83+1.44
Fertilizer 5.38+2.83 5.60+2.20 0.33+0.57 0.78 £ 0.68
Water 438 +2.40 1.19+2.06 0.33+0.58 0.00 £ 0.00
Lettuce 7.63 £ 0.06 6.87+£0.91 0.52+0.53 1.02+1.07
Lettuce in room temperature storage 7.11£0.87 7.40 + 0.60 0.34+£0.59 ND
Lettuce in 4°C storage 7.43£0.79 7.48 £0.35 ND* 0.32+£0.55
Lettuce in market 7.69 £ 0.37 7.69 £ 0.60 ND 0.77£0.13

# Not detectable (any bacteria did not grow on plate with undiluted sample).
® Data represent the means and standard deviation of duplicates. The experiment was repeated two times with similar results.

Table 5. Numbers of detectable food-borne pathogenic bacterial populations on environmental materials and harvested lettuce from

organic and conventional farming system

Food-borne pathogenic bacteria (log;(CFU/g)

Sample
Organic Conventional
u E. c E. c

B.c 0157 - H7 L.m S.t S.a B c 0157 - H7 L. m S.t S.a
Soil 4.65+0.41 ND® ND ND ND |337+1.17 ND ND ND ND
Fertilizer 1.97+£0.94 ND ND ND ND ND ND ND ND ND
Water ND ND ND ND ND ND ND ND ND ND
Lettuce 2.19+0.78 ND ND ND ND (2.01+£0.98 ND ND ND ND
Lettuce in room 2.79+046  ND ND ND ND |136+0.02 ND ND ND ND
temperature storage
Lettuce in 4°C storage 2.69+1.23 ND ND ND ND [0.51+0.88 ND ND ND ND
Lettuce in market 220+191 ND ND ND ND |1.36+2.36 ND ND ND ND

* B. ¢, Bacillus cereus; E.c, Escherichia coli; L .m, Listeria monocytogenes; S. t, Salmonella typhimurium; S. a, Staphylococcus aureus.
® Not detectable (any bacteria did not grow on plate with undiluted sample).
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