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The goal of this series of modules on
water treatment is to equip growers
with the knowledge to successfully
implement water treatment systems
on their farms. Fruit and vegetable
growers are continually assessing
their operations to determine where
they can limit risk and increase
productivity. As a result, many have
expressed interest in learning more
about how on-farm preharvest water
treatment systems work and how they
may fit within their current setup.
These four modules help growers to: 1) understand the background for water treatment; 2) learn
about different approaches to treating water on-farm; 3) how to implement these systems to meet
requirements of the Produce Safety Rule; and 4) how to verify that the system is operating as
intended.
W 920-A, Agricultural Water Treatment and FSMA
W 920-B, Agricultural Water Treatment Tools
W 920-C, Developing On-farm Agricultural Water Treatment Programs
W 920-D, Implementing Agricultural Water Treatments on the Farm

In this module, we will focus on both system evaluation as well as troubleshooting if
problems arise. We will cover basic components, methods for monitoring chemical
as well as UV light treatment systems and approaches for correcting issues as they
arise.

The first system we will discuss is the tablet chlorinator system.
This system utilized calcium hypochlorite tablets that come in many dimensions.
Each manufacturer will specify the types of tablets which their systems are optimized
to use.
The active antimicrobial compound produced in these systems is hypochlorous acid,
which was discussed in module 2.
This is a similar type of system utilized for pool chlorination.

A tablet chlorination system should be sized based upon flow rates (gallons per
minute) a farm would expect to use. If higher flow rates are used for special
circumstances, such as frost protection, this should be considered when sizing units.
In these systems, a portion of the water being pulled out for irrigation or other field
applications is diverted to the chlorination system. The flow into the system will be
monitored with a flow meter.
These systems can be installed using gravity to feed a stream of hypochlorous acid
back into the intake of the pump efficiently chlorinating the system. In systems
where this setup is not possible, a skid with a pump will be necessary to inject the
treated water. In these systems a reservoir at the base of the unit will hold the
concentrated hypochlorous acid solution.

As water flows into the system, it comes up through a perforated divider, many times
referred to as a sieve plate, where it will contact the bottom layer of tablets. Water
will then flow out where it rejoins the primary line carrying with it hypochlorous acid.

As with any EPA registered pesticide products, the label is the law, so make sure that
any products you are injecting have a label for treating agricultural water in the field.

We will discuss each of these systems in greater detail in the coming slides.

Venturi systems are nice because they do not require electricity to inject a liquid.
Within fruit and vegetable production, they are most commonly used for fertilizer
injection.
Venturi systems work by narrowing the the flow of water just prior to the injection
point, this negative pressure will draw a compound into the water stream. Inevitably,
these systems can have greater variation when evaluating the injected compound
compared to systems which are driven by electric pumps. This is due to fluctuations
in pressure at the inlet and outlet sides of the system (shown further in the next
slide). Regulators can be used to help compensate for some of these fluctuations.

This diagram shows the basic principle of the Venturi system and the means by which
a compound will be incorporated on the outlet side. To reiterate, you have narrowing
of the flow, which creates a vacuum allowing for incorporation of your injected
compound (shown in yellow) through formed suction.
The pressure on the inlet side will be higher than that of the outlet side. The larger
the pressure differential, measured in PSI. To learn more about these types of
systems you can refer to this webinar produced by Mazzei®, which is a commercial
manufacturer of Venturi style injectors:
https://www.youtube.com/watch?v=GECrGkLEfFo.

The next water powered injection system we will discuss will be the water powered
piston.
As water flows in under high pressure the piston will be pushed up, eventually
opening the valve to the injected compound (shown in yellow)

Once the piston is displaced, the valve will open and allow mixing of your injected
compound, as the water exits the system.

We will now transition to electric powered pumps that inject compounds by
displacing the compound, thus providing the energy to incorporate it into the system.
These systems will inject compounds with less variation compared to the Venturi and
hydraulic powered piston that were just discussed, which is important for any
chemicals that may be used for ag water treatment as their concentrations are likely
to be very low.
We will discuss two basic pump styles, peristaltic and diaphragm pumps, although
others may also be appropriate.
These pumps require electricity in order to operate, most will run on 120 volts.
In these systems, once the pump is on and operating, it will physically draw the
sanitizer from a reservoir and introduce it into the irrigation line. Typically a filter and
weight are installed on the end of the line to assure constant flow as the container
empties. As with all connections to an irrigation line, even previously discussed
hydraulic pistons or Venturi systems, a check valve will be installed. This valve will
only allow flow into the irrigation line. If a check valve was not installed, once the
system was turned off, water would siphon into the sanitizer container.

In peristaltic pumps the liquid which is being injected flows through a tube that is
compressed by a motor-driven rotor assembly. In this system, the liquid (in our case
a sanitizer) being injected doesn’t actually come in contact with the components of
the pump.
These pumps can be variable speed or fixed speed. A variable speed pump will allow
greater flexibility in delivery volumes, but should always be checked to make sure the
proper speed is set at startup.
The speeds for a variable speed pump is based upon the percent time the pump is
operating. For instance, a 50% setting equates to 30 seconds on and 30 seconds off.

This is an example of a peristaltic pump shown drawing the liquid from the reservoir
below and injecting it inline to an irrigation system.

Diaphragm pumps work through a motor moving a diaphragm that will move back
and forth creating a vacuum to draw the liquid from the reservoir below. Similar to
peristaltic pumps, these systems also come in fixed and variable speeds.
As shown here the diaphragm has ceased flow of the sanitizer from below causing
the valve to block flow through positive pressure created.

As the diaphragm begins to move back, the valve is displaced allowing for the
compound to flow freely from the reservoir below finishing once cycle of the pump.

When you are deciding what type of system you should invest in there are several
factors that should be considered.
The first is the makeup of the sanitizers. By nature, these compounds tend to be
corrosive and the materials that will be handling concentrated sanitizers will need to
be built to withstand this corrosivity. There are pumps and tubing that are designed
to withstand more corrosive compounds.
Additionally, some compounds such as PAA will have hydrogen peroxide that can
evolve during normal use creating a fair amount of gas. In some systems, like the
diaphragm pump, this can create pressure and cause the pump to seize. Therefore,
when gas is anticipated during normal operation, a peristaltic pump would be
preferred.
With these pumps, they must be located near power supplies and it would be
preferred to protect them from the elements in order to get the longest life. If it is
anticipated that these pumps will be exposed to all or some of the elements, this
should be communicated to your supplier.

We’ll now segue from injection systems to UV lights.
As previously discussed, ultraviolet (UV) lights are considered an EPA pesticide device,
which is different from an EPA registered pesticide product (like chlorine or PAA).
These systems will not have an EPA approved label, but the device manufacturer will
be registered with the EPA.
Beyond UV lights, water filters that have pores small enough to catch target
organisms such as bacteria and parasites or ozone generators are also considered EPA
pesticide devices.
We have elected to focus on UV lights as they have the greatest promise of treating
agricultural water that commonly has sediment which would easily clog many filters.
Ozone generators has been shown to have efficacy in treating agricultural water, but
are much more expensive than UV systems and therefore, not as practical unless
treating large quantities of water.

The basic components of a UV water treatment system are shown here. They are:
1) Outer case that will keep UV light from escaping the unit- most UV lights have a
stainless steel case.
2) Inside the case is the UV light. This light will generate UV light in the correct
wavelength to inactivate microorganisms.
3) The UV light will have a protective quartz glass that will keep the light from
getting dirty. This glass should be regularly cleaned as algae can grow and
sediment attach, decreasing the penetration of the UV light to the water you are
treating. The UV light and quartz glass can be unscrewed from the unit and be
removed as shown here.
4) There will also be a water inlet and water outlet. It is imperative that you
understand if your unit has a mandated orientation (vertical or horizontal) that
should be adhered to when installing.

In these systems the inlet will be connected so that all the water moving through the
system will come through. For higher flow rates multiple systems are joined together
for greater throughput. The pump that the system is hooked up to will drive the flow
of water through this system.
One end will be connected to a UV ballast that will provide power to the system.
Increasingly, these systems will also display the number of days the unit has been in
operation to give you an idea of bulb life. The bulb manufacturer will tell you what
the expected life of your bulb is. Most are rated for approximately 10,000 hours,
which is slightly longer than one year.

Sensors should be installed within UV water treatment systems. These sensors will
increase the cost of the unit, but they are the only means to monitor UV
transmittance and the efficacy of the treatment.
The sensor is designed to measure the UV light which is passing through the water,
the system has been designed by the manufacturer to sound an alarm if the %UV
transmittance falls below 50%, in which case the target microbial inactivation will not
be achieved. These alarm systems can also be installed with a solenoid to stop the
system if this occurs as well as a recorder to document %UV transmittance during
treatment.
Another additional cost will be associated with self-cleaning systems (as opposed to
manual cleaning). These systems wipe the quartz glass sleeve to assure it remains
clear for optimal water treatment.

It is imperative that a system be purchased with the UV sensor to monitor
transmittance. This is because UV transmittance will vary along with incoming water
quality. If the capacity of the system is surpassed, target microbial inactivation will
not be achieved. There are many uses for UV water treatment. When selecting a
supplier, target one which has experience treating agricultural water as opposed to
potable water.

This chart is a nice summary of material we have covered and compares various
aspects of chemical injection vs. treatment with pesticide devices.

For some operations a combination of water treatments may work the best given
cost associated with certain pesticide products, water volume, and their interaction
with fertilizers, pesticides, and herbicides. Additionally pesticide devices without
downstream activity may allow for growth of microorganisms within the irrigation
system.
One example is applying a pesticide product at startup and shutdown with all water
receiving a UV light treatment.
This of course will result in increased startup costs and complexity connected to
operation and monitoring.
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