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Abstract  
Surface water irrigation systems that rely on reused water may be a source of bacteria that could 
reach produce destined for fresh consumption.  Therefore, the proposed Food Safety 
Modernization Act (FSMA) seeks to limit the amount of microbes in agricultural water as a 
means to protect human health.  We tested one possible means to remediate water quality: would 
copper sulfate added to irrigation ditch water reduce generic E. coli levels in water in the ditch 
and at the end of irrigation furrows.  Copper sulfate products are currently registered for use as 
an algaecide.  Trials were conducted with source water levels of E. coli above proposed FSMA 
standards.  We found that the addition of copper sulfate significantly reduced generic E. coli 
levels in the ditch and at the end of furrows.  In the few cases where E. coli was detected, it was 
at exceedingly low levels, far below the proposed standard of 126 CFU9 (colony-forming 
units)/100 ml water.  If water treatment becomes necessary, copper sulfate treatments might be 
used to bring water into compliance with proposed standards. 

 

Introduction   

The FSMA seeks to protect humans from food-borne pathogens.  The U.S. Food and Drug 
Administration (FDA) has proposed rules to implement the FSMA that include regulations to 
limit the microbial content in agricultural irrigation water.  In the revised proposed FSMA rules, 
agricultural water could be used for irrigation if the rolling mean of generic E. coli levels is 
below 126 CFU/100 ml water.  If the level is exceeded, growers would be required to take 
remedial actions. One potential action is to treat irrigation water with a bactericide before it is 
delivered to the field.  The objective of this study was to determine the effect of copper sulfate 
on E. coli levels in irrigation canal water and in the water at the ends of furrows of a field. 

 

Materials and Methods 
The experiment was conducted at the Malheur Experiment Station, using one of the station’s 
cement irrigation ditches and an adjoining furrow-irrigated quinoa field.  Tests were repeated on 
two dates, September 9 and 24, 2014. 

On each sample date, weirs were placed in the ditch and siphon tubes were set. Water flow over 
the weir was determined. It was approximately 0.1 cubic ft/sec on September 9 and 0.05 cubic 
ft/sec on September 24.  Copper sulfate crystals were placed in a burlap bag that was tied closed 
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and anchored in the middle of the canal. Crystals dissolved in the water releasing copper that 
mixed in the water as it flowed through the ditch. 

We collected samples at several locations and time periods (Fig. 1).  To determine E. coli content 
of the water in the ditch, we collected samples upstream of the copper sulfate addition point.  To 
determine how E. coli and copper levels changed in the ditch, we collected samples at two points 
upstream of the furrow-irrigated field and an additional location downstream from the field.  We 
also collected samples at the end of two furrows.  Water samples were tested for total coliform 
bacteria, generic E. coli (the FDA indicator organism for water quality), and copper.  Samples 
were collected 1 hour after the copper sulfate was introduced, and then at 3, 5, and 7 hours post 
introduction, for a total of 4 collection times per sample date.  We allowed 1 hour for the first 
collection for treated water to reach the end of the furrows. 

 

 

 

Figure 1.  Diagram of the copper sulfate test site.  Numbers indicate the locations where 
samples were collected; 1 is water source before copper sulfate introduction site (Cu); 2 
and 3 represent sample points downstream of the copper sulfate addition, 152 and 341 
ft respectively; 4 is a location downstream of the furrow field, 544 ft below the copper 
sulfate introduction; 5 and 6 are sample sites at the end of furrows, 344 and 382 ft from 
the siphon tubes. Malheur Experiment Station, Oregon State University, Ontario, OR, 
2014. 
 

We used the IDEXX Colilert® +Quanti-Tray/2000® system (IDEXX Laboratories, Westbrook, 
ME) to quantify total coliform bacteria and generic E. coli concentrations in the samples. The 
Colilert system has been approved as a water quality testing system by the U.S. Environmental 
Protection Agency (1999) and we followed the manufacturer’s directions in conducting assays.  
Briefly, a reagent pack that contains two enzyme substrates and a nutrient broth was added to 
100 ml of a water sample. One substrate reacts with galactosidase enzyme found in coliform 
bacteria.  The second substrate reacts with the glucuronidase, which is present only in E. coli. 
Aliquots of each sample are then placed in wells of Quanti-Tray/2000 trays. The presence of 
coliform bacteria is indicated by a yellow color and the presence of E. coli is indicated by 
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fluorescence. The most probable number (MPN) of either total coliforms of E. coli is determined 
from the number of positive wells for each sample (Edberg et al. 1988, Edberg et al. 1990). If all 
sample wells are positive, MPN values are reported as greater than 2420.  Quantification would 
then require serial dilutions of the original sample to be tested.  The FDA considers the MPN of 
E. coli in a sample, to be analogous to the CFU, number of Colony Forming Units, for water 
quality testing. 

 

Results 
On the first sample date (September 9), the mean amount of E. coli upstream from the weir was 
267 MPN/100 ml and ranged from 166 to 451 MPN/100 ml, which are all above the FDA 
proposed mean amount of 126.  In this case, the geometric mean would be 244. 

The addition of copper sulfate virtually eliminated E. coli from the ditch (Table1). E coli was 
detected in one sample collected from the first site after the copper sulfate release, but the 
amount was only 1 MPN/100 ml. 

Minute levels of E. coli were detected in two samples from the end of the furrows at the 1-hour 
sample point. There may not have been adequate contact time for the copper to completely mix 
in the water and kill all of the bacteria.  Copper was detected in all samples downstream of the 
introduction point but levels dropped appreciably between the first and last sample time.  Levels 
at the end of the furrows tended to be lower than at the top of the quinoa field. 

 

Table 1. Generic E. coli and copper levels in irrigation water over time following the 
addition of copper sulfate on September 9, 2014.  See Figure 1 for description of where 
samples were collected. Malheur Experiment Station, Oregon State University, Ontario, 
OR. 

  Time after copper sulfate introduction 
  1 hr 3 hr 5 hr 7 hr 
 Site E. coli (MPN/100 ml) 

1 Above weir 167 461 166 276 
2 1st downstream sample 0 0 1 0 
3 2nd downstream sample 0 0 0 0 
4 3rd downstream sample 0 0 0 0 
5 End of furrow 2 0 0 0 
6 End of furrow 4 0 0 0 

  
Copper (ppm) 

1 Above weir 0.00 0.00 0.01 0.00 
2 1st downstream sample 8.12 2.49 1.08 0.71 
3 2nd downstream sample 1.49 2.62 0.44 1.31 
4 3rd downstream sample 1.63 2.83 1.04 1.56 
5 End of furrow 0.08 0.26 0.18 0.44 
6 End of furrow 0.09 0.26 0.12 0.31 
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We observed similar results on the second sample date of September 24 (Table 2).  The mean 
level of generic E. coli upstream from the copper sulfate introduction site was 323 MPN/100 ml 
(note: the geometric mean is 298). Low levels of generic E. coli were detected at the first sample 
location below the introduction site at two time periods (1 and 7 hours after introduction), with 
the higher level at the later time.  Very low levels of generic E.coli were detected at the end of 
the furrows at 5 hours after introduction.   

Much higher levels of copper were detected throughout this sample date than during the first 
sample date.  This higher level may reflect the low water flow rate on this date, which would 
have allowed more concentrated amounts of copper to accumulate in the water. 

 

Table 2. Generic E. coli and copper levels in irrigation water over time following the 
addition of copper sulfate on September 9, 2014.  See Figure 1 for description of where 
samples were collected. Malheur Experiment Station, Oregon State University, Ontario, 
OR. 

  Time after copper sulfate introduction 
  1 hr 3 hr 5 hr 7 hr 
 Site E. coli (MPN/100 ml) 

1 Above weir 185 225 365 517 
2 1st downstream sample 1 0 0 42 
3 2nd downstream sample 0 0 0 0 
4 3rd downstream sample 0 0 0 0 
5 End of furrow 0 0 7 0 
6 End of furrow 0 0 11 0 

  
Copper (ppm) 

1 Above weir 2.00 3.00 4.00 2.00 
2 1st downstream sample 43.00 59.00 52.00 18.00 
3 2nd downstream sample 132.00 834.00 58.00 497.00 
4 3rd downstream sample 482.00 59.00 52.00 52.00 
5 End of furrow 35.00 48.00 14.00 81.00 
6 End of furrow 36.00 39.00 6.00 32.00 
   
 
Discussion 
The FDA is expected to publish the final version of the FSMA rules later in 2015.  At that time 
growers will know if water quality remediation will be necessary.  Copper sulfate products are 
registered for use for control of algae in irrigation systems and other aquatic areas.  Our results 
show that it would possible to adapt copper sulfate for control of E. coli in irrigation water.  
Further research would be necessary to determine appropriate rates for that purpose and to 
optimize delivery methods to assure that consistent concentrations of copper are available 
throughout an irrigation set. 
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