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ABSTRACT
Arkansas
produces
approximately
onebillionbroilers(Gallusgallus
domesticus)
eachyear.Phosphorous
runofffromfieldsreceivingpoultry
fitter is believed
to beoneof thep~mary
factorsaffecting
water
quality
in northwest
Arkansas.
PoultryHttercontains=20g P kg-~, of which
--2 g Pkg-~ is watersoluble.Theobjective
of this studywasto determineif solublePlevels couldbereduced
in poultryHtterwithAI,Ca,
and/orFe amendments.
PoultryHtterwasamended
withalum,sodium
aluminate,
quicklime,slakedlime,ealciticlimestone,
dolomitic
limestone,gypsmn,
ferrous
chloride,
ferricchloride,
ferrous
sulfate,andferric
sulfate,andincubated
in the darkat 25°Cfor 1 wk.TheCatreatments
weretestedwithandwithout
CaF2
additions
in an attempt
to precipiratefluorapatite.
Attheendof theincubation
period,
thefitter wasextractedwithdeionized
water
andwater
solublePdetermined.
Water
solu-x
ble Plevels in the poultrylitter werereduced
from>2,000mgP kg
litter to <1mgPkg-[ litter withtheaddition
of alum,
quicklime,slaked
lime,ferrous
chloride,
ferricchloride,
ferrous
sulfate,andferricsulfate
underfavorablepHconditions.Gypsum
andsodium
aluminate
reduced
watersolubleP levels by 50to 60%.Calciticanddolomiticlimestone
wereless effective.Theresultsof this studysuggest
thattreatinglitter
priorto fieldapplication
withsome
of thesecompounds
couldsignificantly
reducethe amount
of solubleP in runofffromHtter-amended
pastures.
Therefore,
chemical
additions
to reduce
solublePin Httermay
bea best
management
practicein situations
where
eutrophication
of adjacent
water
bodiesdueto Prunoffhasbeenidentified.Preliminary
calculations
indicatethatthis practicemaybeeconomically
feasible.More
research
is needed,
however,
to determine
anybeneficial
and/or
detrimental
aspects
of this practice.
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HOSPHORUS
is generally considered the limiting nutrient responsible for eutrophication in lakes and reservoirs, since certain algal species can obtain N from atmospheric sources. Tighter controls of point sources of
P, such as municipal wastewater treatment plants, has
resulted in decreased P loading from point sources into
the aquatic environmentin the last few decades. Improvement of water quality, however, has not always been observed whenpoint source loads were reduced. Therefore,
attention is currently being focused on nonpoint sources
of P, such as agricultural runoff. Oneof the major sources
of P runoff from agricultural lands is animal waste.
Several investigators have characterized P runoff from
fields receiving poultry manure (Edwards and Daniel,
1993a,b; McLeodand Hegg, 1984; Westerman and Overcash, 1980; Westermanet al., 1983). These studies have
all shownthat P runoff increases as the manureor litter
application rate increases and as rainfall intensity increases.
Drying time has also been shownto be an important parameter with respect to P runoff, with longer periods betweenapplication and rainfall resulting in greatly reduced
runoff of P (Westerman and Overcash, 1980; Westerman
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et al., 1983). Recent studies have found that high concentrations of P (14-76 mgP -1) i n r unoff f rom pastures
receiving poultry litter, most of which is dissolved inorganic P (=85 %), with only small amountsof particulate
P (Edwards and Daniel, 1993a). Sonzogni et al. (1982)
indicated that dissolved inorganic P is directly available
to algae and concludedthat best management
practices used
to decrease P runoff should consider the bioavailable-P load,
rather than focusing on the total-P load.
Rapidand concentrated growthof poultry industry, fueled
by the demandfor low-fat meat, has caused concerns to
be voiced in several states with respect to water quality.
Arkansas is the numberone poultry producing state in the
USA,with approximately one billion broilers produced
per year (Wooley, 1991). Each broiler produces =1.5
of poultry litter during a 10-wkgrowingcycle (Perkins et
al., 1964). This litter contains 8 to 25.8 g P kg-~, with
soluble reactive P levels up to 4.9 g P kg-1 (Edwardsand
Daniel, 1992). Runoff of P from fields receiving poultry
litter has been speculated to be one of the primary factors
affecting water quality in northwest Arkansas. High bacterial counts and high biochemical oxygen demandshave
also been attributed to litter. Proposals to decrease the
amountof litter applied to pastures have the greatest support at present. Transporting materials greater distances
or building litter storage facilities, however,will increase
the cost of disposal. Analternative solution to this problem may be chemical fixation (precipitation with metals
and/or adsorption onto metal oxides or hydroxides). Compounds such as slaked lime [Ca(OH)2or alum (A12(SO4)3.
14H20]could be added to the litter before field application, resulting in P fixation. TodetermineifP fixation using
chemical amendmentsis feasible, information is needed
to determine its potential impact on poultry production and
the environment.
The best information on P fixation has been provided
by researchers studying wastewater treatment. In a review
of Swedish wastewater treatment plants, Ulmgren(1975)
found that when alum was used to precipitate P, the pH
had to be lower than 6.4 to result in P concentrations of
0.8 mgP L-1, whereas the pH needed to reach this concentration with lime was 11.5. He indicated that at a pH
of 6.0, A1PO4solubility reaches a minimum(0.01 mg
L-l). The AI/P moleratios generally found in the precipitates were 1.5 to 2.5. Of the plants studied in Sweden,33
used alum, 9 used quicklime (CaO), and 1 used ferric chloride. Treatment with these substances not only reduced
P content in effluent water, but also decreased suspended
solids, BOD,heavy metals, wormeggs, and parasites (Ulmgren, 1975).
Precipitation reactions for AI, Ca, and Fe phosphatesare:
Abbreviations:
BOD,
biochemical
oxygen
demand;
EC,electrical conductivity; APHA,
American
PublicHealthAssociation;
SRP,solublereactive
phosphorus;
SOC,solubleorganiccarbon;ICP,inductivelycoupled
argon
plasmaemission
spectrometer.
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H20+ 2 PO43---" 2 AIPO4+ 3 SO~-+ 14 H20

alum
2 H20+ 2
ferric sulfate

F~2(SO4)3.

PO43- "*"

3 H2PO~- + 3H+
slaked lime

5 Ca(OH)2

2 FePO, + 3 SO~- + 2 H20

-- " Ca s(PO4)3OH +

9 H2

(Ripley, 1974). Lime can be added as CaOor Ca(OH)2.
Similarly, ferric chloride or ferric sulfate appear to be
equally effective. Sodiumaluminate (Na2A1204)has been
used in the place of alum. Hsu (1976) indicated that the
optimumpH for P removal with A1 and Fe was dependent
on the metal/P moleratio. At metal/P ratios of two to five,
the optimumpH range for P removal by A1was 5.5 to 8.0,
whereas for Fe the optimum pH range was 4.7 to 7.1.
Poultry production provides an ideal setting for the use
of chemical precipitants. At present, whenbroilers reach
maturity and are removedfrom the houses, the litter, which
is composedof a bedding material and manure,is collected
and spread on adjacent pastures. This material has extremely high concentrations of water soluble P (>2000 mg
P kg-l). Whenthe first heavy rainfall event occurs, P is
transported with runoff water into nearby water bodies.
If alumor slaked lime were applied to the litter prior to
removalfrom the houses, the water soluble P could be converted to an insoluble mineral form via precipitation or
adsorption, which would be less susceptible to leaching
or runoff. The objective of this study was to determine
if soluble P levels in poultry litter could be reduced using
A1, Ca, and/or Fe amendments.
Prior to initiating field-scale studies, a laboratory incubation study was conducted to determine whether or not
soluble P levels could be reduced in poultry litter and, if
so, to ascertain which amendmentswouldachieve this goal
and critical levels of the various amendments.
MATERIALS AND METHODS
Twenty-sixgramsof fresh poultry litter (20 g dry weight
equivalent)wereweighedinto glass bottles. Thelitter had been
forced througha 2-ramsieve to break up large clumpsand mixed
in a portable cementmixer for 2 h to insure homogeneity.The
bedding
of this litter wasrice hulls. Thelitter hadnot beenstacked
or composted.Theinitial pH(1:1) and electrical conductivity
(1:10, litter/water extract) was8.2 and 8970~tS -1, respectively. Total N, P, and Kwere42.8, 18.1, and 27.3 g kg-t, respectively. Total KjeldahlN wasdeterminedon the fresh poultry litter according to the methodof Bremmerand Mulvaney
(1982). Total P and K weredeterminedon fresh litter using the
methodof Hnangand Schulte (1985).
The litter was amendedwith AI, Ca, and Fe compounds
to
reduce P solubility. Materials tested included alum, sodium
aluminate,quicklime, slaked lime, caleitic limestone,dolomitic
limestone,gypsum,
ferrous chloride, ferric chloride, ferrous sulfate, and ferric sulfate. All amendments
were reagent grade
materials. After the amendments
had been added, the mixtures
werestirred with a spatula for =1 rain. TheCatreatments were
tested with and without CaF2additions as a secondaryamendmentin an attemptto precipitate fluorapatite. Calciumcarbonate
was added as a secondary amendment
in cases where the primaryamendment
was believed to be an acid formingcompound.
Therewere20 different chemicaltreatmentstested, withfive rates
of each treatment(total numberof treatments equaled100plus

control) andthree replications (Table1). Thelowestrate of
Fe and AI amendments
was equal to the amountneededto achieve
a 1:1 metal/Pmoleratio, assumingthe P content of the litter
was 10 mgkg-1. The lowest rate of the Ca amendmentswas
basedon a Ca/Pratio of 1.5:1. It shouldbe notedthat whilethe
rates werebasedon the assumptionthat the P content of litter
was 10 mgP kg-1, the actual P content was found to be 18.1
mgP kg-1 (therefore, the lowestrate of Al and Fe was equivalent to 1:1.8 moleratio).
After amendments
were addedto the litter, deionizedwater
was addedto achieve a water content of 20%by volume.The
amended
litter wasthen incubatedin the darkat 25 °C for 1 wk.
A 1 wkequilibration time wasutilized for this study because
this is usuallythe timescale betweenthe removalof broilers from
the housesafter the final growoutbefore litter removaland land
applicationof the litter. Atthe endof this period,the litter was
transferredto polycarbonate
centrifugetubes, shakenfor 2 h with
200 mLof deionized water, and centrifuged at 4066 x g for
20 min. Unfiltered sampleswere collected for measurement
of
pH,alkalinity, and electrical conductivity(EC).Alkalinity was
determined by titration, according to APHA
method2320 B
(APHA,
1992). Filtered samples(0.454tmmillipore filters)
collected for measurement
of soluble reactive phosphorus
(SRP),
water soluble metals (Al, B, Ca, Cu, Fe, K, Mg, Mn,Na, P,
S, and Zn), soluble organic carbon (SOC), SO~, and CI.
metal and SRPsampleswereacidified to pH2.0 with nitric acid
to prevent precipitation. Chloride, SOC,and SO, sampleswere
not acidified. Solublereactive P wasdeterminedusing an astorbic acid technique, according to APHA
method424-G(APHA,
1992). Metals wereanalyzed using an inductively coupled argon plasma emission spectrometer (ICP), according to APHA
Method3120 B (APHA,1992). Soluble organic C was determinedas the difference betweentotal organic C and inorganic
C as measuredon a RosemontDC-190
organic C analyzer (RosemountAnalytical, Santa Clara, CA), using the combustioninfrared method according to APHA
method 5310 B (APHA,
1992). Sulfate wasdeterminedusing the turbidimetric method,
according to APHAMethod 4500-SO2~- E (APHA,1992).
Chloridewas determinedusing the potentiometric methodwith
a chloridometer, according to APHAMethod 4500-C1- D
(APHA,1992).

Table1. Ratesof chemicalamendments
utilized in this study.
Treatment
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

CaO
CaO + CaF2
Ca(OH)2
Ca(OH)2 + CaF2
CaCO3
CaCO3+ CaF2
CaM8(CO~)~
CaMg(CO3h+ CaF2
CaSO4.2 H20
CaSO4.2 H20 + CaF2
A12(SO4)3.18H20
AI2(SO4)y18 H20 + CaCO~
Na~AIaO4
Na2AI204 + CaCO3
Fe2(SO4)3.2H~O
FeCi3
FeSO,.7 H20
FeSO,.7 H20 + CaCO~
FeCI2"4 H20
FeCI2.4 H20 + CaCO~

Rate of
primary amendment Secondary
~ g kg
litter-t
30, 60, 90, 120, 150
30, 60, 90, 120, 150
40, 80, 120, 160, 200
40, 80, 120, 160, 200
50, 100, 150, 200, 250
50, 100, 150, 200, 250
100, 200, 300, 400, 500
100, 200, 300, 400, 500
100, 200, 300, 400, $00
100, 200, 300, 400, $00
100, 200, 300, 400, 500
100, 200, 300, 400, S00
25, 50, 75, 100, 125
25, 50, 75, 100, 125
~0, 120, 180, 240, 300
50, 100, 150, 200, 250
90, 180, 270, 360, 450
90, 180, 270, 360, 450
60, 120, 180, 240, 300
60, 120, 180, 240, 300

__
0
5
0
5
0
5
0
5
0
5
0
100
0
100
0
0
0
100
0
100
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Fig. 1. Effect of Ca amendments
to poultry litter on water soluble reactive P.

RESULTSANDDISCUSSION
Calcium Amendments
Calciumoxide decreasedthe water soluble P levels in
the litter from >2000mgP kg-t to <1 mgP kg-~ when
an equivalent of 43 g Ca wasaddedper one kg of litter
(Fig. 1). It is not known
whetherthis wasdueto precipitation or adsorption. Whatever
the mechanism,
the data suggest that solubleP runofffromfields receivingpoultrylitter could be decreasedsignificantly if the litter were
pretreated with CaO.ThepHof the litter increased from
7.2 (control) to =12at the higherrates of CaO(Table
A reduction in pHof the litter treated with CaOwould
be expected with time, due to equilibration with atmosphericCO2.This gradual reduction in pHmayresult
in increasedP solubility, since the solubility of Caphosphates is extremelypHdependent.Evenif the pHdrops
to 8, however,the equilibriumconcentrationof the most
"l’able 2. Effect of AI, Ca, and Fe compoundson pHof poultry litter.t
Amendment
level
(see Table1 for actual rates)
Treatment

lx

Control
CaO
CaO + CaF2
Ca(OH)~
Ca(OH)2 + CaF2
CaCO3
CaC03 + CaF2
CaM8(CO3)2
CaMg(CO~)2+ CaF2
CaSO4.2 H20
CASO4.2H20 + CaF2
A12(SO4)3.18H20
AI2(SO4)3-18 H20 + CaCO3
Na2AI204
Na2AI204 + CaCO~
Fe2(SO4)3.2 H20
FeCI3
FeSO¢7 H20
FeSO4.7 H20 + CaCO~
FeCI2.2 H~O
FeCI2-2 H20 + CaCO~

7.30
9.82
9.71
9.12
9.51
7.87
6.88
7.69
8.21
7.41
7.36
5.73
7.56
7.78
7.97
7.21
5.33
7.13
6.73
7.19
7.32

~" LSD(0.05) = 0.30.

2x

11.76
11.38
11.06
11.43
8.10
7.64
7.35
8.05
7.57
7.14
4.26
6.75
8.97
9.31
4.86
3.52
5.67
6.17
4.85
6.23

3x

12.29
12.24
12.23
12.21
7.87
7.75
7.84
7.51
7.36
7.43
3.81
6.46
9.88
10.31
2.77
2.21
4.39
6.03
4.42
6.05

4x

5x

12.41
12.40
12.32
12.30
7.37
7.56
8.24
7.65
7.68
7.61
3.59
5.37
10.55
10.56
2.45
1.97
4.28
6.14
4.09
5.83

12.44
12.45
12.33
12.34
7.27
7.65
7.98
8.18
7.32
7.32
3.50
4.18
11.01
11.18
2.33
1.88
5.15
5.21
3.95
5.34
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soluble Ca phosphate minerals, such as brushite
(CaHPO4.2H20), would be =10-4 -~
Mor 3 rng P L
(Lindsay, 1979). This wouldstill be roughly two orders
of magnitudelower than soluble P levels determinedfor
the litter used (200 mgP L-~).
Recently,it has beendeterminedthat the majorityof P
runoff fromland applicationof poultry manureoccursduring the first runoff event (Edwardsand Daniel, 1993).
solubleP levels couldbe decreasedfor at least a fewweeks
followingland application, then there wouldbe time for
precipitation andadsorptionby soils to occur, as well as
uptakeby plants andmicroorganisms.
Therefore,if the solubility of P wasloweredfor only a short period of time,
it wouldbe beneficial from both an environmentaland an
agronomicviewpoint.
Calcium
hydroxidedecreasedP solubility in poultrylitter
in the same manneras CaO(Fig. 1). Since Ca(OH)2
less caustic, this treatment wouldbe preferable to CaO,
which can cause severe bumsuponskin contact.
Calcitic anddolomiticlimestoneon P solubility in poultry
litter hadverylittle effect onSRPconcentrations
(data not
shown). There are several possible reasons whythese
amendments
did not work.Onepossibility is that the experimentwasnot carried out for a sufficient periodof time.
Normally,it takes monthsfor limestoneto completelyreact andneutralize soil acidity. Ourincubationperiod was
1 wk, whichmayhave been an insufficient time period
for solubilization and precipitation reactions. Phosphorus
adsorptionby calcite shouldhaveoccurred,since this is
an extremelyfast reaction. Kuoand Lotse (1972) found
that 80%of the phosphatesorption frominorganicP solutions by CaCO3
occurred within the first 10 s.
ThepHof the unamended
litter wasinitially 8.2, which
decreasedto 7.2 after 1 wk. Bothcalcite anddolomiteare
relatively insoluble at this pH, whichmayhaveled to inadequateamountsof Ca2+ in solution to precipitate P.
Evenif the Ca~+ concentrations in solution were low,
however,P adsorptiononto the calcite surfaceshouldhave
removedP from solution, as shownin previous research
(Ameret al., 1985; Brown,1980; Griffin and Jurinak,
1974; Stummand Leckie, 1971). Phosphorusaccumulation on calcite surfaces wasdescribedby Stumm
and Leckie
(1971)as a three step process; (i) ehemisorption
of phosphate onto the surface causingthe formationof amorphous
Ca phosphatenuclei, (ii) a slowtransformationof these
nucleiinto crystalline apatite, and(iii) crystal growth
apatite. In our studythis processmayhavebeeninhibited
by the high SOClevels in these treatments. Highsoluble
C levels weremeasured
in the extracts of samplesthat had
relatively high pHs(Fig. 2). InnskeepandSilvertooth(1988)
showed
that apatite precipitationwasinhibitedby the presence of soluble organic compounds,such as fulvic and
humicacids. Magnesium
and pyrophosphate,both of which
are presentin poultrylitter, also inhibit this reaction(Amer
and Mostafa, 1981; Ameret al., 1985; E1-Zahabyand
Chien, 1982).
Gypsum(CASO4.2H20) decreased SRP from >2000
mgP kg-~ to --700 mgP kg-~ at the 100 g kg-~ rate (Fig.
1). It shouldbe noted that the lowestrate of gypsum
used
in this studywashigh enoughto exceedthe solubility product of gypsum(2.4 g L-~). This helps to explain whyin-
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Fig, 2. Effect of poultry litter

pH on soluble organic C.

creasing rates of this compound
did not influenceP (i.e.,
water soluble Ca levels will not be expectedto increase
after the solubility has beenextended).If the reduction
in SRPnoted with the gypsumtreatment was due to the
formationof Ca phosphatemineral or minerals, P removal
could be enhanced with this amendment
if the pHwere
increased to 8 or higher. If adsorptionof P by gypsum
was
the dominantmechanismof P removal with this amendment, then concentrationsof P should havedecreasedwith
increasingrates of gypsum;
however,this wasnot observed.
Theaddition of CaF2did not increase P removalin the
Catreatments, suggestingthat fluorapatite formationdid
not occur (data not shown).This could have been due
the presence of organic acids, Mg, and HCO3,all of
whichinhibit apatite formation (Brown,1981; Innskeep
and Silvertooth, 1988). Mineralequilibria studies often
indicate that whenCa phosphatesare formingthe solubility is intermediate between octacalcium phosphate
(Ca4H(PO4)32.5 H20) and beta tricalcium phosphate
(I~-Ca2(PO4)2)
(Mooreet al., 1991; Fixenet al., 1983).
Aluminumand Iron Amendments
Alumadditions greatly decreasedwater soluble P (Fig.
3). WithoutCaCO3to buffer the pH, water soluble P in4000
0 Alum
3000

1~2

Alum+

Calcite

~

2000

~000
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20
30
AmountAluminumAdded(g k~ 1)

Fig. ~ Effect of AI amendmentsto poultry litter
tive P.

40

5O

on water soluble reac-
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creasedat the highest alumrates. This wasbelievedto be
due to the acidity created by the alum, whichmayhave
caused:(i) dissolutionof inorganicCaphosphates,(ii)
hydrolysisof organicP, or (iii) dissolution of AI(OH)3,
whichwouldresult in P release if adsorptionhad beenthe
primarymechanism
of removal.ThepHof the alumtreated
litter droppedto 3.5 at the highestrate (Table2). Calcium
phosphatemineralsare highly soluble at this pHandcould
release enoughP to achieve the P concentrations noted
at the higher rates (Lindsay,1979). Dicalciumphosphate
is addedto poultryfeed to help insure properbonedevelopment,since mostof the P in soybean[Glycine max(L.)
Merr.] and corn (Zea MaysL.) is phytate P, whichis unavailable to chickenssince they lack the phytaseenzyme.
WhenCaCO3was added with the alum to buffer the
pH, virtually 100%of the soluble P was removedfrom
solution (Fig. 3). Hsu(1976) indicated that the optimum
pHrange for P removalby A1was5.5 to 8.0, as stated earlier. Cookeet al. (1986) stated that alumremovesphosphate fromsolutions by two different mechanisms,
depending on the pH. Under acidic conditions (pH < 6) they
indicated that A1PO4forms, whereas at pH 6 to 8, an
AI(OH)3ttoc forms, whichremovesP from solution
sorption of inorganic phosphateand entrapmentof organic
particles containingP.
Otherpositiveaspectsanticipatedwiththis practicewould
be a decreasein SOClevels in runoff water from litteramended
fields. Soluble organic C levels wererelatively
low under acidic conditions, whereasthey tended to be
high in the controls and in treatmentsthat increased the
pHof the litter (Fig. 2). Decreasesin SOCconcentrations
and associated reductions in biological 02 demandof
wastewatersare one of the primaryfunctions of flocculents used in wastewater treatment (Ulmgren, 1975).
Decreasesin SOCrunoff should also improvewater quality in lakes and rivers receiving runoff from pastures
amended
with poultrylitter treated with acid formingproducts by decreasing 02 demand.Addition of metal flocculents also decreasedthe solubility of Cuand Zn, which
occur in high concentrationsin poultrylitter (Edwards
and
Daniel, 1992). Minimum
solubility of both of these metals occurred at approximatelypH6 (data not shown).
Sodiumaluminate decreased SRPlevels to around 600
mgP kg-l at the lowestrate (Fig. 3). Increasingrates
Naaluminatedid not decrease water soluble P, whichwas
probablydue to elevated pHat the higher rates. Asmentioned earlier, the optimum
pHrange for P removalusing
A1is 5.5 to 8.0 (Hsu,1976).Calcitic limestoneas an additive to the Naaluminatetreatment did not decreasesoluble P (data not shown).
Additions of ferric Fe as Fe2(SO4)3.2 H20or FeC13
greatly decreasedP solubility at the lowerrates, but increasedthe solubility at the higherrates (Fig. 4). Increases
in SRPat the higherrates mayhavebeendueto: (i) dissolution of Caphosphates,(ii) acid hydrolysisof organic
and/or (iii) a decreasein adsorptionof P by Fe compounds
due to dissolution of Fe oxides andhydroxidesat low pH.
ThepHof these two treatmentsapproached2 at the higher
rates (Table2). Thesevalues are well belowthe optimum
pHrange (4.7 to 7.1) for P removalby Fe reported by Hsu
(1976). Therefore, removalusing these compounds
would
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havebeenenhancedif the pHof the litter hadbeenmaintained at a higher value.
Hsu(1973, 1975) showedthat the presence of sulfate
extendsthe optimum
range of acidity for P removalto lower
pHlevels for both Fe3÷ andA1, with the effect being far
more significant in the case of the Fe3÷ system. Hsu
(1976)stated that there is no needfor acidity adjustment
in an Fe3÷ system with SO4present. He suggested that
SO4induces coagulationof colloidal mixedsalts such as
Fe(OH)3and FePO4by neutralizing the excess positive
charges, but is unableto competewith PO4for Fe3÷. His
studies werecarried out with pure solutions, however,which
did not contain organic compounds.
Theresults fromthe
presentstudyindicate that pHadjustmentis necessaryeven
for Fe3÷ systemsthat contain SO4,suchas the Fe2(SO~).2
H20treatment, because whenextremely acid conditions
occur, water soluble P levels increase dramatically.
Ferrous sulfate (FeSO~.7H20)additions greatly decreasedthe solubility of P in poultrylitter (Fig. 4). Water
soluble P concentrationswerenot significantly different
in the FeSO~treatment amendedwith CaCO3,indicating
that P removalwith this compound
is less pHdependent
than for someof the other Fe compounds.Additions of
ferrous chloride greatly decreasedP solubility (Fig. 4).
Additionsof calcitic limestonein conjunctionwith ferrous
chlorideresultedin moreefficient P removalat lowerrates
than ferrous chloride alone (data not shown).
Litter Management
Recently,there has beenincreasingemphasison decreasing runoffof bioavailableP, rather thanparticulateP, since
it is moreavailable for use by algae that are responsible
for eutrophication(Sharpleyet al., 1992;Sonzogni
et al.,
1982). Watersoluble P is by far the mostavailable form
of P to algae and bacteria. Drastic reductionsin soluble
P levels runningoff agricultural lands receiving poultry
litter shouldhelpimprove
the waterquality of adjacentlakes
andrivers.
It shouldbe noted that alumand lime are relatively inexpensiveand readily available. Calciumcompounds,
such
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as CaOor Ca(OH)2,cost approximately $55 per megagram. Results from this study indicate that 50 kg of
Ca(OH)2
per megagramof litter maybe adequate to immobilizemostof the litter P. Since there are 20 megagrams
of litter producedper houseper growout(each housecontains 15 000 to 20 000 birds), 907 mgof Ca(OH)2
(slaked
lime) is needed per house per growout. Assumingfive
growoutsper year, the annual cost of slaked lime for one
house wouldbe $275. Gross incomesper house normally
exceed$25000per year. Therefore,the cost of slakedlime
neededfor P immobilizationwouldbe =1%of the gross
income, whichshould be economicallyfeasible. Before
a valid economic
analysis of this processcan be made,however, on-farmexperimentsneedto be conductedto determineif treatmentlevels foundin this studyare adequate.
Althoughalumand ferrous sulfate are moreexpensive
than Ca(OH)2,the benefits of using these compounds
should far exceedthat of the Ca compounds.
Loweringthe
pHof the litter will decreaseNH3
volatilization. Highlevels of NH3in poultryhousesincrease the incidenceof ascites in poultry(waterbelly) andother respiratory related
maladies, such as NewCastle Disease (Andersonet al.,
1964)and airsacculitus (Ehrlich, 1963). Since the amount
of NH3volatilization is a function of the ratio of
NH3/NI-h
in the litter, whichis controlled by pH, reducing the pHof the litter to =6.0will causeNlosses via this
mechanism
to cease. This shouldresult in increasedweight
gains in the birds, as well as decreasedincidenceof respio
ratory problems.
Currently, the numberone complaintreceived by federal and state regulatory agencies concerningpoultry
productionconcernsodors arising fromlfihd application
of litter. Ammonia
is one of the primaryagents responsible for the odor. Wolfet al. (1988)estimatedthat 37%
the Nis lost fromlitter duringthe first 11d of application.
If these losses werecombined
with those that occurin the
houses,the total loss by volatilization wouldprobablyexceed 50%of the total N. Therefore,volatilization losses
not only result in air pollution, but in losses of valuable
fertilizer N. DecreasingNH3volatilization will result in
higherN/Pratios in poultry litter. Currently,the N/Pratio in litter is often as lowas 2, whereasthe N/Pratio in
the feed is near 8. Thedifference is mainlydueto Nloss
via volatilization.Sinceapplicationrates of litter are based
on the Nrequirementof the crop, less litter could be applied per acre if the Ncontent were higher.
CONCLUSIONS
Theresults of this studyshowed
that a reductionin soluble
P levels in poultrylitter canbe achievedusingAl, Ca,and/or
Fe amendments.AlthoughP precipitation using chemical
amendments
has beenused for >30yr for wastewatertreatment,there havebeenno reports in the literature of using
this technologyon animalmanures.Moreresearch is needed
in this area to determine:
(i) if these results canbe verified
by field studies, (ii) if the P mineralsformedby this process are stable in variousgeochemical
environments,
(iii)
if this is an economically
feasiblepractice, and(iv) if there
are any other beneficial or detrimental side effects from
this practice.
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