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roblems with warer treat-
Pmml systems designed 1o

control algae, biofilm, or
waterborne pathogens are some-
times not identified until green
and slippery algac grows on
greenhouse floors, emitters are
clogged or plant discases occur.
That is not the best monitoring
method.

Monitoring water

All warer trearment systems
require regular maintenance and
checking. For example, copper
systems rely on controlled clee-
trolysis to form soluble copper
ions, often resulting in corroded
connections and plates or rods
that require maintenance. [f

an injector is not functioning
for a product such as chlorine

-

et

SANITIZING AGENT CONCENTRATIONVAND DEMAND

Last of a four-part series on monitoring irrigation water for floriculture crops

of a sanitizing agent. Too high a
dosage is a worker safety; plant
phytotoxicity, and environ

By Jinsheng Huang, Paul Fisher,
Dustin Meader and William Argo

be easily performed on site using
a colorimetric rest kit. These
lorimetric test kits can be

tal risk; too litdle dosage leads to
ineffective treatment.

On-site tests enable the
grower to check the concentra-
tion of sanitizing agents. These
tests, with examples in Table
1. include manual colorimetric
tests, handheld meters or inline
controls for continual dosage
systems. Because sanitizing
products are generally short-lived
in water, onsite tests are the best
option for reliable measurement.
On-site tests have the ad

caregorized into visual tests, such
as test strips and test ampoules;
tiprimentic test (such-as, the
droplet tesckit where drops of

a reagent is added until a color
change oceurs, and inst

= and has not exceeded its shelf
life. Because colorimetric tests

— and especially test strips — are
inherently subjective, train one
person to do the tests. With in-
line control systems, train staffro
check that sensors are calibrated
and ensure they have a rechnical

and ¢ nse und 4

that measure the color of solu-
tions or test strips. Visual tests
tend to be more subjective than
instruments but are generally
adequate for horticultural use.

We have evaluated water
treatment systems in several

b perations, More

of being low cost and rapid,
allowing repeat measurements
and the tracking of trends over
time (just as one can track warter
pH or EC).

M,

dioxide or activared p
an incorrect level can be dosed

B
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of the concen-
wration of sanitizing agents can
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often than not, the ll,‘thl!(lll)sil.s
have either not been recentdy
checked or the sensors are our of
calibration. If the manufacturer
provides or recommends a test
kit, make sure the kit is used

regularly — ar least once a month
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ing of the system.

The Oxidation Reduction
Potential (ORP) can be read
with a meter similar to a pH
meter. ORP is a measurement of
the sanitizing (oxidation) power
of oxidizers including chlorine,
chlorine dioxide and ozone.
ORP sensors are often placed
in line for controlling dosage of
these oxidizers, and hand held
meters arc also available. The
units of ORP are in millivolts
(mV) of oxidation or reduction
and high values (650 1w 800
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Table 1. At a given chiorine concentration (in this case, 2 ppm), the value of (ORP) in ¢ water as the solution
pH increases. Higher ORP values indicate higher sanitizing strength of a chiorine solution.
Test strips (such as LaMotte Insta-Test Hydrogen A Iamoda com
1”““'—‘&";0: Peroxide Test Strips No.2984
Activated Peroxy- Colorimetric test kits (such as CHEMets K-5510) www.chemetrics.com
WW Test strips (such as LaMotte Insta-Test Peracetic Acid
ps as » §
: www.lamotte.com
110200 mglipaa  Test Strips No.3000
Colorimetric test kits (such as CHEMets K-7905) www.chemetrics.com
Test strips (such as Hach Free & Total Chlorine Test VTR A
'45050) e
Total)
Chlorine, Hypochio- www.hach.com
Tous acid No.223101)
Chiorine (Free & Colorimeter || Test
Kit no, 587 HI 7
Handheld Colori
Chilorine Dioxide
Copper lonization or
Copper Salts
¢ 0.01-1 mg.L* Colorimetric test kits (such as Hach Model 0Z-2
Lt residual Ozone Test Kit, No, 2064400) Wi leech.com
ngs;:’lidps (such as Lamotte Insta-Test Test strlps No: LA Ot com
Quaternary ammo- 5-1040 mg.L*
nium chioride (QAC)
Colorimetric test kits (such as Tayor QAC test kit e S
K-9065 )
mV) indicate increasing sanitiz-  the specific sanitizing chemi- whereas hypochlorite, a weak For example, you can place a
ing strength. ORP is not u.scful cal, the concentration of active  sanitizer, predominates athigh — hose with solution into a bucket
for Ing Conc ingredient, and the i pH. At constant pH, ORP value  or other conrainer, and place

of activated peroxygens (such
as Zero'Tol or X3) or hydmg;.n

pH. For example, the ORP
value in a 2 ppm free chlorine

dioxide, or for g
technologies such as copper or
UV light.

The value of ORP in a

sanitizing solution is affected by

lution increases as the pH
decreases because the strong
sanitizing and oxidizing form
(hypochlorous acid) of free

chlorine predominares at low pH

increases as the residual chlorine
concentration increases,

One practical challenge to
measuring ORP is that the water
should flow over the sensor, and
several minutes may be required
before the ORP value stabilizes.
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the end of the sensor into that
solution. The sensor should

be calibrated with a standard
solution before use. Clean the
sensor after cach measurement,
and store according to manufac-
wring instructions. If the water

-]
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Table 2. At a constant pH, the value of ORP in chiorinated water increases as the concentration of free chlorine increases, indicating increasing sanitizing
strength,

Measurements Significance Example sources Target range

Various. For
example, Extech
Sanitizing strength of or Hanna meters.
Oxidation Reduction chiorine, chlorine dioxide, $400 Search online, e.g. Typical target above
Potential (ORP) CISS ORE e or ozone for oxidation of PaEgE www.specmeters, 700 mV.
microbes. com, www.grainger,
com, www.pulsein-
struments.net
Various. For
example, Extech
- or Hanna meters.

. Affects ORP (high oxygen z -
Dissolved Oxygen on Site DO is generalll yand  $150 10 $250 Search online, e.g. 5-15mg/L for agricul-
(DO} 3 d.“"'h" = ‘www.specmeters, tural crops

microbial growth.
com, www.grainger,
com, www.pulse
Instruments.net
Chemical Oxygen Z
et Co0) ; iz uh
Biological Oxygen iatoras microbes. Affects sanitizing Water testing BODS <20 mg/L for
Demand (BOD) P10Ry agent demand, and also a labs agricultural crops
measure of biological water
quality.

treatment system is injecting for horticultural crops.

a sanitizing agent according

to a targeted ORP value (for Sanitizing agent demand
example, automated dosing of Sanitizing agent “demand” af-
chlorine or ozone), then regular  fects how much “residual” active
maintenange and ealibration of - ingredient remains thar is avail-
the ORP sensor is an essential able o conmol targer organisms
part of dependable control, such as plant pathogens after a

For plant pathogens, research  chemical is dosed into irriga-

has shown rapid control of Py- tion water. For example, 2 mg/L

thium zoospores with a chlorine  (ppm) of residual “frec chlorine”

solution when the ORP was over  is recommended by plant pathol-
700 mV. Ac 2 mg/L of chlorine,  ogists for control of Pythium and
and pH around 7, the ORI is Phyrophthora zoospores. The

approximately equal 10 700 mV.  residual free chlorine represen
Research isnt yer av

lable on the  the combined hypochlorous acid
relationship of ORP and control  and hypochlorite that has not

of plant pathogens for chlorine reacted with organic matter or
dioxide or ozone. For control of  other contaminants after dosing
human pathogens in wash water  into the water sample.

TOP: Monitoring water quantity, quality and drainage is best done preventa- of fruits and vegetables, a target For example, a grower might

{ , rather th f . Ph Paul F - it . - i
Ehvaly, smiher than 156y proDiemE GCCUL FIION by Paut Fuher ORP of 650 10 700 mV is often  find that they need 1o inject

BOTTOM: agents can be using test strips. The test strips 1 king b uth 5 L of chlori |
above are used 10 measure \ﬁ(}m Ielt to “snn “ec chiorine, chiorine dioxide, LS ln.p:l(. ]H}: Il’u\.ﬂ SO ll[.l[Jnﬁ "]gj’ .. of chlonne to IK,“K
copper, peracelic acid and hydrogen peroside. Photo by Jinsheng Huang and so is a good starting point water, in order to have 2 mg/fL
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of residual free chlorine at the
irrigation emitter furthest away
ake. In tha

from the pond

case, the suspended solids or

other contaminants would creare

a demand of 3 mg/L (5 mg/L
applied minus 2 mg/L residual).
That means that 5 mg/L of
total chlorine would need w be
applied ar the source to have the
2 mg/L of residual free chlorine

available for cor

rol of pathogens

present in the irrigation system
ar the furthest outlet.

Demand will usually change
nd can even

d

char

ng the ye

e during a crop production

cycle. For example, the density
of microbes tends to increase
in pond water as the tempera-
tures increase I|]| [ll(' summer.
Increased demand will reduce

the residual free chlorine, Con-

sequently, the residual concen-
tration of frec chlorine may be
too high in the winter (causing
phytotoxicity and wasted chemi-

cal), or oo low in the summer

to control the

arget pathogens.

This change over time means

that regular testing of dosed
and residual active ingredient is
advised. The same concepr can
be applied to sanitizing agents
other than chlorine,

Other ways to measure the de-
mand of a water sample is the bi-
n demand (BOD,

Table 2) and chemical oxygen

ological oxy,

demand (COD). These variables

v used in drinking
water supplies, although the
EPA has recommended levels
.. The BOD

fepresents the amount of Oxygen

for irrigation

used up by microorganisms to

decompose organic waste marter

in water. To measure BOD, the
dissolved oxygen is measured in
the water, the container is closed
and incubated ar a constant
temperature for a sct period (for
example, five days), and then dis-

solved oxygen is again measured.

The measured drop in oxygen is

ing agents can be
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d using eolorimetric 1St kits combined with a pocket colorimeter, A reagent is added

into the solution, and a digital meter interprets the color change as a concentration. The HI 701 Checker HC Handheid
Colorimeter (left) measures free chiorine, and the Thermo Scientific Orion AQUAfast AQ4000 Colorimeter (right) can be
programmed to measure virtually all the sanitizing agents. Photos by linsheng Huang and Dustin Meador

DEMAND 32 MG/L

RESIDUAL 2 MG/L

Total Applied Concentracti

5 mg/L

Figure 3 The residual concentration of a sanitizing agent (in this case, 2 ppm) that is available 10 control pathogens
equals the total applied concentration (S ppm) &t the injectar minus the demand (3 ppm) from contaminants in the

irrigation water,

the BOD. The COD is similar,
but tests how much of a strong

oxidizing chemical is pee
complerely oxidize the con-
taminants (particles, ions, and
microbes). Although BOD and
COD are related to the
of sanitizing agent required in
horticulture irrigation water, this

ount

relationship is not direct and
requires further rescarch.
Dissolved oxygen (DO) levels
are important for root health
in hydroponic production. Re-
scarchers have found thar when
root zone oxygen level dropped
10 below 3 ppm in hydroponics,
tomaro plant roots were much
maore susceptible to Pythim

infection, and growth of tomaro

GreenhouseManagementOnline.com

and cucumber was reduced. Acra-

tion.of pond water reduces algal
growth,and 5 mg/L. is recom-
mended ro avoid fish kills. Acrar-
ing subirrigation tanks is likely
to increase efficacy of oxidizers
such as chlorine, however clear

e

mmendations are not yet

available, GM
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