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Introduction

Ironisacommon trace element in soilsand groundwater.
Iron is the fourth most abundant mineral in the earth’s
crust. Thebulkironcontent of soilsistypically intherange
of 0.5% to 5% (by volume), and is dependent upon the
source rocks from which the soil was derived, transport
mechanisms, and overall geochemical history. Ironoccurs
naturally inwaterinsolublefor m asferrousiron (bivalent
iron: Fe*?) or non-solubleform asferriciron (trivalent
iron: Fe').

During colonia times, bog iron was mined from bogs,
streams, and waterways in the New Jersey Pine Barrens
(Pinelands). The Pine Barrensinclude portions of seven
counties: Ocean County, Burlington, Gloucester, Atlan-
tic, Cumberland, Cape May, and Camden County. The
soilsaregenerally sandy and acidic. Drained water laden
with organic acids (mainly humic and fulvic acids) from
decaying vegetation percolates down to iron-rich clays
underlaying much of the Pine Barrens, and in the process
leaching outthesolubleiron. Ironingroundwater quickly
oxidizestoareddish-brown product (hydratediron oxide)
whenexposedtoair. I ronisacommonwater contaminant
that is not considered a health hazard; however, its pres-
enceat elevated levelscan causeaesthetic problemson
ornamental plants, buildings and structures, and its
accumulationonirrigation equipment canleadtoclogged
emitters(Figureland 2).
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Fig. 2. Rusting of metal structures.

Iron Forms and Levels

Iron can be present in awater supply in many different
forms (soluble, chelated, organic, and precipitated) and
may or may not be apparent to the eye. These forms
includeferrous(Fe*?) or dissolvediron, whichisinvisible,
whilethe ferric (Fe*®) or oxidized (rusted) iron becomes
apparent through precipitation, and usually appears as
brownish red colored particles suspended in the water.

Irrigationwater withironlevelsabove 0.1 ppmmay cause
cloggingof dripirrigationemittersand above0.3 ppmmay
leadtoironrust stains, and discoloration onfoliageplants
in overhead irrigation applications. These levels are
generally below the levels that cause toxicities in plant
tissue except when iron levels exceed 4 ppm or when the
root medium pH isbelow 5.5.

Ironfixingbacteria, mainly fromthefilamentousgenera
such as Gallionella spp., Leptothrix and Sphaerotilus
and less from the rod type, such as Psendomonas and
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Enterobacter, react with soluble iron, Fe?, through an
oxidation process that changes the iron to an insoluble
form, Fe™. Whentheferricironissurrounded by bacteria
colonies, a bluish bronze sheen, sticky iron slime gel is
created. The bacteria keeps the iron in the water from
settling out and so when irrigation is applied to plants so
isthebluishirondeposit. |npropagationhousesoneoften
observes a slimy yellowish mass that is responsible for
clogging theirrigation drippers or nozzles.

Management Methods to Control
Iron in Irrigation Water

Depth of irrigationintake. Nursery growerscanreduce
the problem of iron deposits by making sure that their
irrigation intakes are located 18 to 30 inches below the
surface of thewater. Intakestoo close to the bottom pull
settled iron sediment off the bottom of the pond. Those
too closetothesurface pull moreof theoxidized formand
other organisms that flourish on iron such asiron fixing
bacteria. Treatment of iron dependsontheform (soluble,
chelated, organic, or precipitated) inwhichit occursinthe
untreated water. Therefore, water testingisneeded before
considering or selecting the appropriate treatment equi p-
ment for effectiveremoval of iron.

Samplingandtestingirrigationwater . Beforeimplement-
ing any control method, growers should draw water
samplesfromthewell or thepumpinto clean polyethylene
bottles, filled completely, and closed tightly to avoid air
oxidation and sendthemtoawater analysislaboratory for
complete analysis. For alist of certified water testing
laboratoriesineach county inNew Jersey visit thefollow-
ing website address: www.rcre.rutgers.edu/pubs/
publication.asp?pid=FS343. A complete analysis of a
water sample(includingtotal hardness, pH, iron, turbidity,
color, and taste or odor) and initial observation when the
samplewasdrawn, will giveanindication of the presence
of iron. If afreshly drawnwater sasmpleappearsclear, this
does not mean that the water contains no iron. Thisis
becauseironthat isnot visibletotheeyecan bepresent
asferrousbicarbonate (Fe(HCO,),). However, during
sampling and by the time the water sample reaches the
laboratory, oxidation of some or all iron can occur and
turbidity may show upintheresults. Ferroushicarbonate,
when oxidized, changesinto ferric hydroxide[Fe (OH).]
producing carbon dioxide and lowering the pH.

Softener storemoveferrousbicarbonateinwater. The
simplest method to removeferrousbicarbonateironfrom
thewater isto passit through an air tight water softener
containing a resinous cation exchanger: an insoluble

matrix normally in the form of small (1-2mm diameter)
beads, fabricated from an organic polymer substrate with
a surface that easily traps and releases ionsin a process
called ion exchange. The capacity for removing iron
dependsonthecapacity of resin. By using abasic softener
regenerated with sodium chloride, iron can be removed
along with calcium and magnesium.

Oxidationfollowed byfiltr ationtoremovehighironwater
content. If well water has a high iron content causing
problems, thenconsider usingabasin aer ation pump. This
pump keepsthe water volume moving (creating ripples),
resultinginiron precipitation dueto oxidation. Removal
of the precipitated iron can be achieved by filtration. In
aerated water, theredox potential of thewater issuch that
itallowsoxidationof theferrousironintoferriciron, which
precipitatesintoiron hydroxide, Fe(OH),, thusallowinga
natural removal of the dissolved iron.

oxidation

Fer? Fers precipitation
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Fe(OH),

Thetimerequiredfor ferrousironto undergo oxidationto
theferricstateisdependent on many factors, thedominant
being: pH; temperature; dissolved oxygen level; and the
presence of other soluble ions. The lower the pH and
temperaturethelonger thetimerequired for completion of
the oxidation reaction. Increasing dissolved oxygen de-
creasesthetimerequired for oxidation. For example:

AtpH 7.0,90% Fe? oxidationrequires 1 hour at 21°C
and 10 hours at 5°C.

At pH 8.0, 90% Fe*2 oxidation occursin 30 seconds.

AtpH 6.0it requires 100 hours.

Thecritical dissolved oxygen concentrationis2 ppm.
Below that ferrousiron oxidation occursvery slowly.

Allowing compl eteaeration of thewater, then passing the
aeratedwater throughaneutralizingfilter (calcitefilter),
permitsfiltering out the suspendediron andraising thepH
before the water is alowed to pass through a water
softener. For this process, the typical filtration require-
ments are between 20 and 50 microns. Oxidation and
filtration isusually the most economical method foriron
removal intermsof operating costshecauseairisavailable
for free. However, because large retention tanks may be
required, this type of treatment may have higher capital
costs. Oxidationfollowedbyfiltrationisarelatively simple
process.



Oxidantsand oxidizingfilters. Other methodsof oxida-
tionincludethe useof oxidantssuchaschlorine, chlorine
dioxide, 0zone, and potassium permanganate. Chlorina-
tioniswidely used for oxidation of solubledivalent iron.
Chlorinefeed ratesand contact time requirements can be
determined by ssimplejar tests.

For acompl eteprecipitation of iron, itisrecommended to
add abaseto raisethe pH. Iron precipitatesmorereadily
asthepH israised aboveneutral. If aerationislimited by
apressure system and the pH of thewater isabove 6.8, an
oxidizingfilter can be an option (e.g. using manganese
greensand). Greensandisaprocessed material consisting
of nodular grains of the zeolite mineral glauconite. The
material iscoated with manganese oxide. Thegreensand
will removeiron better, asmanganese zeolite supplements
thenatural aeration of thewater, hel pingto precipitatethe
iron.

Chlorination asan oxidizingagent toremoveor ganic-
ironrichwater. Organicironisacompoundformedfrom
anorganicacidandiron. Thisformisoftenfoundinwater
withmorethan 2 ppm of dissolved organic carbons(DOC).
Tannins are natural organics produced by vegetation,
which stain water atea-color. Organicironisdifficultto
remove and therefore, it isimportant to note its presence
in water. Organic iron and tannins can occur in very
shallow wells, or wellsbeing affected by surfacewater. A
completeanalysisof awater sampleandinitial observation
whenthesamplewasdrawnwill giveanindicationof their
presence. For example, asample of water that contains
organiciron may beclear whendrawn at thepumpandthe
ironmay not precipitate, butitappear sinacolloidal form.
Organic iron and tannins can slow or prevent iron oxida-
tion, so water softeners, aeration systems, and ironfilters
may notwork well. Chemical oxidationfollowed byfiltra-
tion may bean option. Chlorination canbeconsideredas
atreatment method, especially whenironexistsinorganic
form. Chlorination breaks down the organic complexes,
and the iron then may be oxidized and precipitated by
aerationand pH adjustment. Chlorinatingirrigationwater
will result in a much faster oxidation rate and it can be
injectedingaseousor liquidform. Commercial irrigation
contractors can install these systems. For additional
information on locating irrigation contractors, contact
your local Rutgers Cooperative Research & Extension
Office. Gaseouschlorine, injectedfromcylinders,ismore
effectiveand economical over thelongrunthantheliquid
form, butitisextremely dangerouswhen cylindershaveto
be changed, particularly if the cylinders are housed in a
building. Liquidchlorine(5-15% sodiumhypochlorite), a
safer alternative, isinjected usingavariableratioinjector.
Liquid chlorine losses strength over time and hence, the

injection rate must be increased. It is recommended to
inject liquid sodium hypochl oritecontinuously at arate of
1ppmforeach1ppmofironintheirrigationwater. Mixing
liquid sodium hypochloritein water resultsin theforma-
tion of hypochlorous acid (HOCL) and hydroxyl ions
(OH), areactionthat raisesthepH of thewater. Theamount
of HOCI that will be present in solution, and thus active,
will belarger at lower pH levels(moreacidic conditions).
At pH 8, only about 22% of thechlorineinjectedwill bein
theactiveHOCI form, at pH 7, about 73%will beintheHOCI
form, and at pH 6, about 96% will be in the HOCI form.
Hypochlorous acid reacts with iron in solution and oxi-
dizestheferrousironintotheferricform. Theferriciron
then becomesthe insolubleferric hydroxide as a precipi-
tate. Chlorineshould beinjected beforethefilters sothat
these precipitates may be trapped in thefilters. Chlorine
may react with some metal and plastic components of
irrigation systems. Therefore, always check with the
manufacturer or supplier of system componentsto iden-
tify any potential problems before beginning a chlorine
injectionprogram. Thewater canbetestedfor freechlorine
usinganinexpensiveD.P.D. (diethyl-phenylene-diamine)
testkit. A swimming pool kit at the end of theirrigation
line or riser can be used but it should measure free
chlorine. Many pool test kitsmeasureonly total chlorine.
Chlorination should be followed by filtration when or-
ganic complexes of iron are present in water. Caution
should be exercised when chlorination is selected as a
method for ironremoval inirrigation water because some
plantsaresensitivetochlorine, namingafew: crapemyrtle,
dogwood, hibiscus, hydrangea, juniper, rhododendron,
rose, sugar maple, spruce, and viburnum.

Other productsfor sequesteringironinwater. Examples
known to the authors include: Di-Solv® (Flo-Tec Inc.,
Largo, Florida), a negatively charged compound can be
added to irrigation water to eliminate mineral buildup, a
nourishment source for bacterial growth. The use of Di-
Solv® reducesplugged emittersdueto biol ogical contami-
nants. Another product by the same company is Aqua-
Solv®, achemica compoundthat sequestersiron, calcium,
and manganeseions. Similar products may be available
fromother suppliers. Effectiveapplication dependsupon
equipment availability and concentration of iron or other
problemmineral content.

Iron TestingKits. Irrigationwater can betested for iron
levels(0-10ppm) usingasimpletestkit. Examplesknown
totheseauthorsincludeaninexpensive, simple, easy, and
safe CHEMets® colormetricirontestkit. Thekit contains
30 individual tests, vaccum-sealed ampules, plus com-
parators. Similarly,amulti parameter testkit (hardness, pH,
and iron) such asHach® Model: HA-62A (100 tests) can



beused for testing ironin water in the range of 0—~10ppm,
whereas, Hach® Iron model | R-18 measuresironinwater
when iron concentration is below 5ppm. Other quick
testing kits (48 individual tests) that measureferrousiron
concentration (test kit code8052-310) or ferrousplusferric
forms(test kit code8052-311) intherangeof 0—10ppmcan
be found at the Analyticon Instruments Corporation®
(Springfield, NJ), www.analyticon.com/analyticon/prod-
ucts/laboratory/simplepack_testkit.ntm. LaMotte® Model
P-61 code 4447 is another test kit that can be used for
testingiron (0.5-10.0ppm) in agricultural water supplies.
Similar kitsmay beavailablefrom other suppliers.
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