
 

 

Great Lakes Fruit, Vegetable & Farm Market EXPO 
Michigan Greenhouse Growers EXPO 

December 4-6, 2012 

DeVos Place Convention Center, Grand Rapids, MI 
 

 

 

 

Food Safety 
 

Where: Grand Gallery (main level) Room E & F 

MI Recertification credits: 2 (COMM CORE, PRIV CORE) 

Moderator: Phil Tocco, Agriculture & Natural Resources Educator, Jackson Co. MSU 

Extension 

 

2:00 pm Alternatives to Chlorine for Sanitizing Dunk Tank Water   

 Gordon Davidson, Food Science Dept., MSU 

2:45 pm Food Safety Modernization Act Update   

 Byron Beerbower, Food and Dairy Division, MDARD, Lansing, MI 

3:15 pm Use of Zero Valent Iron to Decontaminate Irrigation Water   

 Manan Sharma, Research Microbiologist, USDA-ARS, Beltsville, MD 

4:00 pm Session Ends 

 
  



Alternatives to Chlorine for Sanitizing Dunk Tank Water 
 

Gordon R. Davidson, Ph.D. Candidate 
Food Science & Human Nutrition 

Michigan State University 
469 Wilson Rd. 

323 GM Trout FSHN Bldg. 
East Lansing, MI 48824 

(517) 355-8474, Ext. 170 

 

Table 1. Sanitizers used in wash water during processing of various fruits and vegetables. 

 



 
Figure 1. Design for iceberg lettuce processing in a pilot-scale leafy green processing line.  

 

 

 

Table 2. Alternatives to chlorine for sanitizing fresh fruits and vegetables 

 



Use of Zero-valent Iron to Decontamination Irrigation Water 
 

Manan Sharma, Research Microbiologist 
Environmental Microbial and Food Safety Laboratory, United States Department of Agriculture 

Agricultural Research Service, Beltsville MD 20705 
301 504 9198; manan.sharma@ars.usda.gov 

 

Contaminated irrigation water can be a vehicle to disseminate bacterial foodborne pathogens to produce 

crops and cause human illness.  In 2006, 71 infections of Escherichia coli O157:H7 were associated with 

the consumption of contaminated, shredded iceberg lettuce.  The most likely source of E. coli O157:H7 

was irrigation water that had been contaminated with dairy manure effluent containing the pathogen 

(CFERT, 2008).  In 2005, lettuce contaminated with E. coli O157:H7 through irrigation water containing 

the pathogen sickened 135 individuals in Sweden.  Lettuce was irrigated with river water containing cattle 

feces (Soderstrom et al. 2008).   Produce commodities have been responsible for high profile outbreaks 

involving several commodities, including leafy greens, peppers, and sprouts over the past five years 

(CFERT, 2008; CDC, 2008; EFSA, 2011).  Irrigation water which does not contain pathogens or transmit 

them to growing produce crops is of utmost importance to the produce growers and consumers. Irrigation 

water standards proposed in the California Leafy Green Marketing Agreement (LGMA) were developed 

in response to produce outbreaks and these standards state that for foliar application, E. coli levels cannot 

exceed an average of 126 CFU or MPN 100ml
-1

among five samples taken over 30 days.  

Biosand filter zero-valent iron incorporated (ZVI) treatment has been used in permeable reactive barriers 

to remove a broad range of chemical contaminants in groundwater (Meggyes and Simon 2000).  ZVI 

oxidizes continuously in water through reactions with dissolved oxygen and protons to form amorphous 

iron hydroxides which are subsequently converted into more stable oxides and oxyhydroxides, such as 

magnetite, goethite, and lepidocrocite (Odziemkowski et al. 1998; Phillips et al. 2000).  Iron hydroxides, 

oxides, and oxyhydroxides have a relatively high pHpzc (point of zero charge) and can strongly adsorb 

viruses and other negatively charged microorganisms via electrostatic interactions.  ZVI does not generate 

potentially harmful byproducts like other chemical treatments.  ZVI-based technology has achieved 

greater than 5-log removal of two model viruses (bacteriophages MS2 and ØX174) in synthetic 

groundwater in minutes (You et al. 2005).  These results strongly suggest that ZVI can remove viruses 

quickly and effectively from water without using a chemical treatment; however, ZVI has not been 

evaluated to remove and inactivate potential bacterial pathogens in irrigation water.  As water becomes a 

more critical resource in agriculture, ZVI treatment could provide an agriculturally sustainable approach 

to providing irrigation water of sufficient quality to produce growers, and potentially allow more sources 

of water to become eligible to irrigate produce.  Preliminary, laboratory-scale experiments has indicated 

thate ZVI-based sand filters can inactivate up to 4-5 log CFU E. coli O157:H7 in inoculated water (Mudd 

et al. 2011).  Our work presented here evaluated the use of ZVI-based filtration in a small, field-scale trial 

growing spinach plants. 

MATERIALS AND METHODS 

Preparation of biosand ZVI columns.  Commercial HydrAid Biosand Filters (Cascade Engineering) 

were built as recommended by manufacturer containing underdrain gravel, filtration gravel and filtration 

sand (100 lbs or 45.4 kg) into 20 L of water.  Dimensions of Filters (referred to as columns) are 0.77 m 

(2.5 ft) high with a diameter of 0.38 ft (0.14 m).  Column casing weigh ca. 3.6 kg (8 lbs) empty and 63.5 

kg (140 lbs) full with sand and gravel.   Columns were then modified in the filtration sand layer to contain 

either filtration sand layer sand only (S), a combination of zero-valent iron (ZVI) and filtration sand at a 
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1:1 ratio (SI), or ZVI only with no filtration sand (I).  ZVI  (Peerless Metals) was not treated in any 

manner before being incorporated into columns.  In SI columns, 23 kg (45 lbs) filtration sand and an 

equivalent amount of ZVI was added to columns.  In I columns, 45 kg (100 lbs) of ZVI was added in 

place of the filtration sand layer. Functional columns were prepared by gravity-feeding 20 L of 

uninoculated ground water through each column every day for 10 days to allow a biological layer to 

develop in the filtration sand layer.  Groundwater originated from the USDA-ARS Beltsville Area 

Research Center (BARC) farm, and contained no E. coli populations.  Water was collected in 20-L 

carboys (Nalgene) and transported back to laboratory to pulse through columns. 

 

Field column inoculation.  Sand (S) and  sand-iron (SI) columns were built in the same fashion as 

laboratory scale columns, but used for a small field-scale irrigation system.  A non-pathogenic E. coli 

O157:H12 strain (Nal
R
) was used in field trials, and was introduced in the same manner as laboratory 

experiments.  An initial population of E. coli O157:H12 ranged from 8.4 – 8.5 log CFU/100 ml in water 

that was gravity fed on day 0 into field columns (S, SI, or control, which received no filtration treatment) 

and filtered water was collected in 20-L carboys, where one 2-L sample of water was taken for microbial 

analysis. At least 10 L of water was collected before microbial analysis. Filtered water was then pumped 

through a system to irrigate spinach (‘Tyee’) grown  in elevated beds.  After the inoculation event on day 

0, columns were fed with uninoculated groundwater for up to 13 days and E. coli O157:H12 counts were 

recorded (Table 1).  Spinach plants were harvested (10 g) on each day of irrigation and analyzed for E. 

coli O157:H12 populations (Table 2).  

RESULTS AND DISCUSSION 

Water filtration treatment effects on E. coli O157:H12 populations.  E. coli O157:H12 populations in 

water not filtered C (no treatment), or filtered through sand (S) and sand-zero valent iron (SI) are 

described in Table 1.  Initial populations in water before filtration ranged from 8.43 – 8.51 log CFU 100 

ml
-1

.  On day 0, E. coli O157:H12 populations from zero-valent iron-filtered water were significantly (P < 

0.05) lower (2.34 log CFU 100 ml
-1

) in comparison to populations in sand-filtered water (7.8  log CFU 

100ml
-1

) or in unfiltered control water (8.29 log CFU/100 ml
-1

).  These results indicate that filtration 

through the zero-valent iron column reduced populations significantly more than through filtration 

through sand column.  On day 1, when uninoculated groundwater was flushed through all of the columns, 

ZVI-filtered water contained significantly lower E. coli O157:H12 counts (1.75  log CFU 100 ml
-1

) than 

sand-filtered water (7.56  log CFU 100 ml
-1

).  On all days after day 0, E. coli O157:H12 populations in 

ZVI-filtered water were similar to unfiltered, unincoulated groundwater samples.  In all cases, 

uninoculated groundwater (C) and ZVI-filtered water contained significantly lower E. coli O157:H12 

counts than sand-filtered inoculated water. On days following day 0, there is no statistical difference 

between E. coli populations from ZVI-filtered water and uninoculated, unfiltered water, showing that 

ZVI-filtration reduced E. coli populations to the same levels as in uninoculated water.   Populations of 

sand-filtered water on day 4 were significantly lower than on days 0 or 1, with a 4-log CFU reduction 

achieved over that time period.  By day 6, E. coli O157:H12 populations from control, ZVI, sand, and 

ZVI filtered water were significantly lower than their respective populations on day 0.  When E. coli 

O157:H12 counts were measured from emitters, similar trends emerged (Table 3) as when samples were 

analyzed directly after filtration.  However, when sampled from the emitters, sand-filtered water had 

significantly lower E. coli O157:H12 counts (5.74 log CFU 100 ml
-1

) than from emitted water treated 

with control  (8.33 log CFU 100 ml
-1

) on day 0.  E. coli O157:H12 population in ZVI-filtered water (2.82 

log CFU 100 ml
-1

) were significantly lower than those in either the unfiltered control or sand-filtered 

water.  Control and ZVI-filtered E. coli O157:H12 populations from emitter water were similar to those 

from water collected directly after filtration on day 0; however, E. coli O157:H12 counts from sand-

filtered water from emitters were ca. 2 log CFU lower when collected from carboys.  E. coli O157:H12 

populations in ZVI-filtered and in control, unfiltered water were significantly lower than  sand-filtered 

water collected from emitters prior to day 4.  For control and sand-filtered treatments, E. coli O157:H12 

populations decreased by 2.31 log CFU 100 ml
-1

 and increased by 1.93 log CFU 100 ml
-1

 between day 0 

and day 1, respectively.  These findings may indicate that E. coli O157:H12 populations in water may 



have been retained in irrigation lines, or that water was not flushed from the irrigation line from the 

previous day’s treatment.  On days 6 through 13,  E. coli O157:H12 populations in control and ZVI-

filtered water were both significantly lower than those in sand-filtered water collected from emitters.  

However, by day 15, all treatments had statistically similar E. coli O157:H12 populations in water 

collected from emitters.   For E. coli O157:H12 populations collected immediately after filtration and 

after pumping to the emitter head, water filtered through SI columns contained lower numbers and these 

declined more rapidly to undetectable limits when compared to water filtered through sand only, or 

unfiltered water. 

 

E. coli O157:H12 populations on spinach tissue.  Populations of E. coli O157:H12 on spinach tissue 

irrigated with ZVI-treated water (0.13 log CFU g
-1

) were also significantly lower than counts on plants 

irrigated with control (5.23 log CFU g
-1

) or with sand-filtered irrigation water (4.37 log CFU g
-1

) on day 0 

(Table 2).  Plants irrigated with ZVI-filtered water had significantly lower E. coli counts than plants 

irrigated with S-filtered water or the control on days 1 and 4 as well.  The lack of recoverable E. coli 

O157:H12 counts from spinach plants irrigated with SI-filtered water on days 8, 13 and 15 indicated that 

no bacteria could be recovered because populations were below the limit of detection (-1.52 log MPN g
-1

) 

of the MPN assay.  The lowered E. coli O157:H12 population in irrigation water subsequently led to 

lower E. coli populations on foliar surfaces when irrigated with ZVI-treated water.  A greater than 4 log 

CFU g
-1

 reduction on spinach tissue was observed on Day 0 when spinach plants were irrigated with ZVI-

filtered water compared to irrigation with sand-filtered water.  No significant differences were observed 

in E. coli O157:H12 counts on spinach plants irrigated with either unfiltered-control or S-filtered water on 

day 0, indicating the sand filtration is immediately effective as a mitigation treatment to reduce E. coli in 

irrigation water and on produce surfaces.  Spinach plants irrigated with S-filtered water containing E. coli 

O157:H12 did not decline significantly until day 6 after inoculation, whereas with spinach irrigated with 

control water, E. coli O157:H12 declined significantly by day 1.  These results indicate that ZVI 

treatment of irrigation water can significantly reduce the persistence and survival of E. coli on spinach 

foliar surfaces when compared to no filtration treatment or sand filtration. 

The work presented here is the first to evaluate the use of zero-valent iron to 

decontaminate water used to irrigate leafy greens.  Also unique to this study is the irrigation 

system built to evaluate the effectiveness of ZVI-based sand filters in a field setting under actual 

environmental conditions.  Filters containing zero-valent iron were more effective in reducing 

counts of E. coli O157:H12, a non-pathogenic surrogate used for E. coli O157:H7, in inoculated 

groundwater, than sand filters. The ZVI-mediated reduction of E. coli O157:H12 subsequently 

led to lower E. coli O157:H12 population on foliar tissues of spinach plants.  The increased 

efficacy of ZVI -filters) in removal and killing of E.coli O157:H12 from filtered water shows 

that it is more effective than columns containing sand only for bacterial decontamination of 

irrigation water. Sand filter columns are used to treat household drinking water in 

underdeveloped countries with poor hygiene.  Such sand filters are effective in removing 

chemical impurities and bacterial populations, to some extent, in drinking water (Sobsey et al. 

2008).  The sand filters were marginally effective in removing high populations of E. coli 

O157:H12 in our study. As seen in water samples collected directly after filtration and from 

emitters, E. coli O157:H12 populations decrease more slowly in sand-filtered water than in ZVI-

filtered water.  When inoculated water (ca 8.5 log CFU 100 ml
-1

) was filtered through the ZVI 

filters on day 0, E. coli counts were within LGMA standards (126 CFU 100 ml
-1

 or 2.1 log CFU 

100 ml
-1

) by day 1 (after being flushed with uninoculated water) from carboys (1.71 log CFU 

100 ml
-1

) and emitters (1.75 log CFU 100 ml
-1

).  In contrast, sand column filtration did not 

reduce E. coli counts in water to acceptable LGMA limits until day 13 or 15 in carboys and 

emitters, respectively.  Although this initial E. coli O157:H12 population in inoculated water 

could be considered high, several investigators have shown fluctuations in Salmonella spp. and 



E. coli populations in surface waters, especially those proximate to agricultural operations (Haley 

et al. 2009; Shelton et al. 2011).  Under the specific experimental conditions described here, it 

was possible to treat irrigation water containing populations of E. coli exceeding those stated in 

the Leafy Greens Marketing Agreement by ZVI-based filtration to make the water 

microbiologically acceptable for use in irrigating leafy greens. 

Several mechanisms have been shown to be responsible for the bacterial inactivation due 

to zero-valent iron exposure.  Physical disruption of cell membranes have been observed when E. 

coli cells were exposed to various concentrations of ZVI nanoparticles (Lee et al. 2008).  

Oxidative stress may have led to bacterial cell death, along with the oxidation of zero-valent iron 

(Fe
0
) to (Fe

2+
) inside cells to induce the formation of reactive oxygen species (Auffan et al. 2008; 

Lee et al. 2008).   E. coli lacking the superoxide dismutase genes sodA and sodB were inhibited 

by lower concentrations of iron-intermediate species (nMagnetite and nMaghemite) compared to 

wild-type E. coli (Auffan et al. 2008).    The relatively large surface area that the Hydraid 

Biosand filters (3 x 10
5
 mm

2
) provided enough contact time between ZVI particles and E. coli 

O157:H12 cells to allow inactivation.   

Sand filters containing ZVI may kill bacteria efficiently or may cause sublethal injury to E. coli 

cells, thereby stressing these bacteria such that they become vulnerable to the additional stress 

from exposure to dessication , UV radiation, and starvation conditions likely encountered on 

foliar surfaces. 

The use of a sand-based zero-valent iron column in a field-scale irrigation system 

reduced populations of the non-pathogenic E. coli O157:H12 surrogate by 5.5 log CFU 100 ml
-1

 

on day 0 in filtered irrigation water compared to control (unfiltered) water. Similarly, spinach 

plants irrigated with ZVI-treated irrigation water contained populations which were 5 log CFU/g 

lower than those irrigated with unfiltered control-treated water on day 0.  Other investigators 

have shown that E. coli in sprinkler-irrigated water survived for up to 7 days on lettuce in 

Arizona (Fonseca et al. 2011).  Those results are similar to our results observed on inoculated 

Tyee spinach irrigated with the control unfiltered treatment in our study.  In our study, E. coli on 

spinach irrigated sand-filtered water declined less rapidly than on spinach irrigated with control.  

This may be due to the slow release of E. coli O157:H12 from the sand column when pulsed 

with uninoculated water on days of analysis and irrigation.  Unlike in ZVI columns used in our 

study, E. coli O157:H12 populations were not actively reduced in sand column.  This repeated 

exposure of spinach to sand-filtered water containing E. coli O157:H12 at these levels (5. 7 – 7.7 

log CFU 100 ml
-1

), most likely led to the elevated persistence of E. coli on spinach leaves 

compared to E. coli on spinach irrigated with control or ZVI-filtered water.  Even though E. coli 

O157:H12 populations in sand-filtered waters declined, other workers have shown that low 

levels (10
1
 CFU ml

-1
) of E. coli O157:H7 can persist on lettuce for up to 10  days (Mootian et al., 

2009).  Others have shown that irrigation water containing 10
4
 CFU ml

-1
  E. coli O157:H7  

contaminated 20% (4 of 20) lettuce plants when growing in the field (Erickson et al., 2010). 

However, spinach plants inoculated with < 1 log CFU 100 ml
-1

  E. coli O157:H7 in growth 

chamber did not support the survival of the pathogen for more than 24 h on foliar surfaces 

(Ingram et al. 2011).  These studies indicate that even though sand filtration reduced E. coli 

populations in irrigation water, the lack of an immediate reduction in E. coli populations by sand 

filtration may make it a less effective mitigation treatment compared sand-ZVI filtration. 

These results indicate the sand-ZVI filter may provide an important, cost-effective mitigation 

step in decontamination of irrigation water for small growers of leafy greens.  Future work 

should evaluate the effectiveness of ZVI in treating surface waters used for irrigation. With 



optimization and further investigation, ZVI-treatment of irrigation water may prove to be an 

inexpensive and simple method for maintaining compliance with LGMA standards while 

simultaneously allowing for more diverse sources of irrigation water to be used when irrigating 

leafy green commodities.    
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Table 3.  Populations of E. coli O157:H12 in 

inoculated water filtered by either no treatment 

(control), sand, or sand-zerovalent iron (ZVI) and 

collected from emitter before irrigation of spinach 

plants.  

 

Population (log CFU 100 ml
-1

) of E. coli 

O157:H12 in irrigation water collected 

from emitters 

 
Treatment 

Day Control Sand ZVI 

0     8.33a
 1
x

 2   5.74aby   2.82az 

1 6.02ax 7.67ax     1.71aby 

4 1.94by   5.96abx  '  0.69aby 

6 1.05by   4.32bcx <0.10by 

8 1.47by   3.51bcx −0.23by   

13       0.55bxy 2.21cx <0.10by 

15 0.76bx 2.00cx  0.07bx 
1
Within Treatment, means of day in the same 

column followed by a different( a,b,c) letters are 

significantly ( P < 0.05) different. 

2
Within Day, means of treatment in the same row 

followed by a different letter (x,y) are significantly 

(P < 0.05) different. 
 

 

 

Table 4.  Populations of E. coli O157:H12 on 

spinach irrigated with water filtered through 

control (no treatment), sand, or sand-zerovalent 

iron (ZVI) and collected from emitter before 

irrigation of spinach plants.  

 

Population (log CFU g
-1

) of E. coli 

O157:H12 on spinach  

 
Treatment 

Day Control Sand ZVI 

0     5.23a
 1
x

 2
 4.37ax  0.13ay 

1 2.78bx 4.28ax −0.18ay  

4   2.07bcx   3.29abx −0.29ay  

6 0.64cx 0.84bx  1.05ax 

8 −0.37dx  

    

0.56bcdx -- 

13 −1.15dx   −1.24dx    -- 

15 −0.95dx  −0.72cdx  -- 
1
Within Treatment, means of day in the same 

column followed by a different( a,b,c) letters are 

significantly ( P < 0.05) different. 

2
Within Day, means of treatment in the same 

row followed by a different letter (x,y) are 

significantly (P < 0.05) different. 
3
 -- indicate no E. coli O157:H12 populations 

were recovered. 

 




