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Abstract

An incubation experiment was conducted at Southiéimois University Edwardsville (SIUE) to
investigate the effects of biosolids and WTRs agion on soil solution chemistry of Troy soils ihgr
incubation time. The results indicated that eqtillilm time for each element was different. In gehesail
solution pH was significantly increased (p<0.05)hwincreasing WTRs application rates at all incidrat
times. Similarly, electrical conductivity of soiblaition was significantly increased (p<0.05) witltieasing
WTRs application rates at all incubation times.cAIEC of soil solution was significantly increassith
increasing WTRs application rates in 50 gHipsolids-amended soils. Large changes in condégrisaof
different anions with WTRs and /or biosolids apation during the incubation time. Calcium
concentrations were significantly increased withréasing application rate of WTRs at all incubation
The results also indicated that 24 hours may begméor Cr to equilibrate with the solid phase. Matue

of Mg concentration at 20 days of incubation was ¢ineatest in biosolids-untreated soils, and then M
concentrations decreased with increasing incubdtioe. In biosolids-treated soil, the K concentrat
were dramatically increased with increasing incidmatime to 20 days at all WTRs application ratela
concentrations in biosolids treated and un-treatéld were much higher after 20 days incubatiore timith

a subsequent decrease at 40 and 60 days of inenb@tie P concentrations were significantly reduced
with increasing WTRs application rates at all inatiin times. While, the concentration was signifiba
increased with increasing the incubation time inthbdiosolids treated and untreated soils. Cu
concentrations in biosolids untreated soils weralsmnd there was a significant difference between
incubation times or application rates of WTRs. AlBlb concentrations in leachate were not detectable
biosolids untreated soils. While, in biosolids-tezasoils ,Ni concentrations were significantly reesed
after 20 days incubation and reached to the maximahe at all treatments of WTRs after 20 days
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incubation time. In biosolids-treated soils, Mn centrations in soil solution were much higher tkiaose

of un-treated soils. Also, maximum concentratioh$/a were observed after 60 days of incubation time
Mn concentrations were significantly decreased wvittieasing application rate of WTRs in biosolidsl a
treated and un-treated soils. Zn concentrationg wigmificantly decreased with increasing applaratiate

of WTRs in biosolids treated and un-treated sdiisbiosolids untreated soils, Mo, Fe and V wereyver
small concentrations in soil solution during altubbation time. The maximum concentration of Sr was
observed after 20 days of incubation, but maximuan dncentration was recorded after one day of
incubation. However, in biosolids-treated soil,cBncentration reached to the maximum after 20 daygs
Ba concentration reached to the maximum value &fletays of incubation. Al concentrations in biddsl
untreated soils were very small and there was aifsignt difference between incubation times or
application rates of WTRs. While, in biosolids-tezh soils , Al concentrations were significantlgri@ased
after 40 days incubation and reached to the maximahle at all treatments of WTRs after 40 days
incubation time.

Keywords: Biosolids - composition -Soil solution-WTRs
1. Introduction

Soil solution analysis can be used for predictibmplant response (bioavailability) to nutrients anace
elements in the soil. An understanding of soil 8olucomposition can also be helpful in estimatthg
speciation and forms of trace elements and nusigitich may be transported into surface and ground
water (Sposito, 1984). Trace elements in the sdiltion equilibrate with various solid phase comguts.
Therefore soil solution is used to predict bindoiguutrients and trace elements to solid phase coens.

Trace metal mobility and solubility in soils arearfvironmental significance due to their potertiicity

to both humans and animals (Chirenje et al., 2008gt al., 1995). Trace metal mobility is closetated

to metal solubility, which is further regulated bgsorption, precipitation and ion exchange reastion
soils. Although much effort has been spent on mingefrace metal solubility (Cederberg et al., 1985;
Martin et al.,2003; Sposito, 1984), such predicionfield conditions suffer from much uncertaintjis
uncertainty is partially due to the difficulty irssessing the effects of dynamic soil solution clsémyion
trace metal speciation (Jensen et al., 1999). Hewe@hanges in soil solution chemistry, such asrpHiox
potential and ionic strength, may also significarghift the retention processes of trace metalsdils
(Gerringa et al., 2001). These effects may be &urtdomplicated by ligand competition from otheri@as
(Amrhein et al, 1994; Norrstrom and Jacks, 1998).

Water treatment residuals (WTRs) and biosolidsbaté by-products from municipal treatment processes
Aluminum-based WTRs/Alum-sludge are considered &te&vgroduct from drinking water treatment
facilities. Alum [Al(SQy); * 14H,Q] is the main component used in the treatment ggedor colloid
destabilization, flocculation, and water clarificat. Biosolids are a by-product of wastewater trestt.
Both products have been studied separately for thiects and benefits for land application as an
alternative method of beneficial reuse. The beseafft WTR soil application include increased orga@ic
improved structure, and increased water-holdingacigy (Bugbee and Frink, 1985; Elliott et al., 1990
Rengasamy et al., 1980; Mahdy et al., 2009). Lapgli@ation of biosolids is both environmentally and
economically advisable. Biosolids addition provideganic matter (OM) to soil and this addition may
represent a good alternative to prevent degradatiosoils (Roldan et al., 1996) and to improve many
physical properties of agricultural soils such astew holding capacity, aeration, porosity and catio
exchange capacity (Engelhart et al., 2000). Moredtie application of this residue offers the poiity of
recycling plant nutrients with the beneficial effeon soil fertility and plant nutrition (Casadoly/eet al.
2007; Gasc6 and Lobo, 2007).

Knowledge of the chemical composition of the soluson can be a useful tool for evaluating theeeff§

of biosolids and WTRs amendments. The soil solugadhe mobile phase in soils from which plantswder
their supply of nutrients and the medium where sb&mical reactions occur (Curtin and Smillie, 1995
There is evidence that the chemistry of the sdiltgmn of biosolids amended soils is a good indicdor
solubility, mobility and availability of nutrient@and in general for the nutrient status of the soil.
Unfortunately, few data on the effects of biosoladsd WTRs application on soil solution chemistrg ar
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available for neutral and slightly alkaline soilthese data are important to predict nutrient migbdind
availability to plants and losses by leaching aray thelp to elaborate a careful strategy includhmg use
of biosolids and WTRs amendments in managementeimical fertility of slightly alkaline soils. This
study was undertaken to investigate the effectbio$olids and WTRs application on the soil solution
chemistry of Troy soils using selected incubatiomes.

2. Materials and Methods

2.1 Description of soil, biosolids, and WTRs

This laboratory incubation experiment was perfornvéth soil collected from an agricultural field in
Liberty, lllinois located at 685872E, 44201764N edibs. The soil had not been amended with biasolid
or animal manures for at least 25 years. Soilevesalyzed for general properties according todstih
methods (Page et al., 1982) (Table I).

Properties of interest include pH, cation excharageacity (CEC), OM, P-bicarbonate, and texture.

Biosolids were collected from the Troy Municipal $tewater Treatment Plant in Troy, Illinois. The erat
content of the biosolids was 75%. The pH of thesbiids was 11.9+0.2.

Drinking water treatment residuals (WTRs) were extiéd from the Hartford Drinking Water Treatment
Facility in Hartford, lllinois. The WTRs were takedirectly from holding tanks, where coagulated
particulates and alum and lime treatment are alibwe precipitate from water. Water was drained
following collection until the WTRs reached a maigt content of 100%. The pH of the WTRs was
9.0+0.1. WTRs were stored indoors in plastic busket

Soils, biosolids, and WTRs were chemically chamdmtel using inductively coupled plasma mass
spectroscopy (ICP-MS) to determine concentratiohelements (Poulter-Miller, 2006). Samples were
oven-dried at 45°C for 3 days and ground to afio@der in an agate mortar and pestle. Ground ssmpl
were digested using EPA method 3050B for sludgdssaiis.

2.2 Sample preparation and experimental design

All samples of soil, biosolids and WTR were grouncda fine powder using a ceramic mortar and pestle.
After grinding, each of the three components (Hidspo WTRs, and soil) was weighed appropriately to
provide each of the following treatments: WTR sa(@, 20, 40, and 80 g WTRs kgoil). Each WTR
treatment level was crossed with biosolid loadiatgs of (0, 25, and 50 g biosolidkgoil) (n=3 for each
treatment combination). The experimental design avaglit -split plot design repeated for each lesfel
biosolids application. This design was chosen bsedhe purpose of the objective of the experimerst

to determine the effects of incubation, time, biosoand WTRs. The treated soils were well mixethwi
biosolids and WTRs and transferred to a large igldéh. De-ionized water was added to bring thé teoi
its field capacity. Then, the treated and contoillsswere transferred to glass jars. The moistorgent of
the treated and control soils was kept constaninguincubation by calculating the field capacitydan
periodically weighing the jars and adding de-iodizeater to compensate for water loss via evaparatio
Jars were covered with perforated plastic covetsinoubated at 25 °C for 60 days. After the incidmat
period, the soils were air-dried, crushed to pa&syan sieve, and sub- samples were collected fematal
analysis.

2.3 Soil solution extraction

At 1, 20, 40, and 60 days after application of WHRs/or Biosolids, four 25 g soil were collected soil
solutions were extracted using a rapid centrifugatinethod (Elkhatib et al., 1987). Soil solutionergv
filtered through 0.45 um filters. EC and pH wereaswed in soil solution at each incubation interifan
analyzed by inductively coupled argon plasma emisspectrometry( ICP-MS) for Ca, Mg, Na, K, P, Fe,
Mn, Cu, 2Zn, Ni, Mo, Cr, Sr, Ba, V, Al and Si and nlo Chromatography(IC) for
NO;,NO,,PQ,, SO, CI,F,,Br,OH,CQ,HCO;.
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2.4 Satigtical analysis

Statistical analysis was done using analysis ohdance Statistical Analysis Software (SAS, vers3od)
(SAS Institute Inc., 1999). All statistical testene performed with a significance level of 0.05ra@s
were generated using SigmaPlot (version 10.0) éSgdftware Inc., 2006).

3. Results and Discussion

3.1 Changesin éectrical conductivity (EC) and pH with incubation

In general, soil solution pH was significantly iresed (p<0.05) with increasing WTRs applicatiorgait

all incubation times (Table 2).Also, soil pH wagrsficantly increased with increasing WTRs applizat

of 50 g.kg'biosolids-amended soil (Table 1).The increase hvgas associated with increased application
rates of WTRs and biosolids because the pH of Wamkbiosolids were 9.00 and 11.90 respectively. In
general, pH of soil solution was highly changedwghange in incubation time (Table II).

For example, in soil treated with 80 gk@TRs, pH of soil solution increased from 7.94 t628 8.13 at
20 and 40 days of incubation respectively, thenréuiction in pH was recorded. On the contrangait
treated with 80 g.K§ WTRs and 50 g.ky biosolids, pH of soil solution increased from 91689.81,9.85,
and 9.50 at 20,40,and 60 days of incubation(TdbpleSImilarly, In general, electrical conductiviof soil
solution was significantly increased (p<0.05) witttreasing WTRs application rates at all incubation
times (Table Il).Also, EC of soil solution was sijgantly increased with increasing WTRs applicatio
rates in 50 g.kdbiosolids-amended soil (Table I1). In general, EGail solution was highly changed with
change in incubation time(Table I1).For examplesail treated with 80 g.kjWTRs, EC of soil solution
increased from 846.50 to 866.53,880.12, and 895[1Scm' at 20 ,40 and 60 days of incubation
respectively. On the contrary, in soil treated wah g.kg' WTRs and 50 g.k§ biosolids, EC of soil
solution increased from 3830 to 4000,4100, and 4186m" at 20,40,and 60 days of incubation(Table II).
It was obvious that WTRs and biosolids applicatidfects the soil solution chemistry in two ways,aas
liming agent and as a supplier of nutrients. Asnang agent, WTRs and biosolids application induced
increases in soil solution pH as suggested by naartlyors in the case of lime application (Bakkealet
1999; Derome and Saarsalmi, 1999; Hildebrand aheéi&eKirchner, 2000). As a supplier of elements, th
increase in the soil solution pH with WTRs and bl@s was partly due to ligand exchange between WTR
and biosolids SO4 and OH ions (Alva and SumnerQ1L99

3.2 Changesin soil solution composition during incubation

Soil solution composition reflects the intensitydadistribution of trace elements in the soil aguephase
and represents the integration of multiple physiagiemical, and biological processes occurring
concurrently within the soil (Sposito, 1984).Howeveomposition reflects the soil moisture content,
sample handling, and the displacement techniqugormVzations and anions in soil solution include
Ca,Mg,K,Na,NQ,CIl,SQ,,HCO;,CO;, and H2PQ, of which Ca and Mg are the dominant soil solution
cations and HC®and CQ are the dominant anionic species(Hirsh and Ba@8qQ)L

Large changes in concentrations of different amisith WTRs and /or biosolids application during th
incubation time were noticed(Table Il).N@oncentrations were significantly increased witlréasing
application rate of WTRs at all incubation timefieTvalue of N@ concentration at 80 gkgwas 314.33
mgl™* after one day incubation, then increased t0361'ragR0 days of incubation and the maximum value
was recorded at 60 days of incubation .Similarypiosolids-amended soil the N€oncentrations were
much higher than those in untreated biosolids ¢®ddble II).In biosolids-treated soil, the nitrate
concentrations were dramatically increased withréasing WTRs application rates. For example, the
nitrate concentrations increased from 124.67 to.&78ngl* after one day of incubation when 80 g'kg
WTRs was applied, and reached to 394.67 after 28 dhincubation. But, the value was 408.33 and 427
mgl™* after 40 and 60 days of incubation at the saméaapion rate of WTRs in 50 g.Kgbiosolids-treated
soil (Table I1). The nitrite concentrations wereldve 0.01 mgt* at all application rates of WTRs and
biosolids at all times of incubation (Table II). & iosolids treatment, WTRs rates, incubation tand
their interaction significantly affected nitraterm@ntrations in soil solution (Table II). The rélathigher
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NO; levels in soil solution from WTRs and/or biosoliasiended soils suggest that co-application of WTRs
and biosolids enhanced nitrification more efficignthan no co-application. The improvement of
nitrification seemed to be the result of inducetbatiof DOC since, according to Hildebrand and $kha
Kirchner (2000), this output is a potential enesgurce for heterotrophic nitrifiers.

In contrast, the orthophosphate concentrations wsgmificantly reduced with increasing WTRs
application rates at all time of incubation (TableWhile, the concentration was significantly ieased
with increasing the incubation time. For examptebiosolids-treated soil, the concentration of pinzde
increased from 0.6 to 0.67 and 0.85 at 1, 20, &hdays of incubation respectively at 80 g-kaf WTRs.
However, in biosolids-untreated soil, the phosphet@centrations were much lower than those of
biosolids-treated soil (Table Il). The biosolidedtment, WTRs rates, incubation time and theirauaton
significantly affected phosphate concentrationsdih solution (Table II).

Many researchers have been investigating the wbilWWTRs to reduce the mobility and promote ratemt

of P in impacted soils (Peters and Basta, 1996;00/0r et al., 2002; Dayton et al., 2003; Ippolitcak,
2003; Makris et al., 2004; Novak and Watts, 2004yton and Basta, 2005; Elliot et al., 2005; Malatis

al., 2005; Novak and Watts, 2005a; Silveria et2006; Agyin-Birikorang et al., 2007, Agyin-Birikang

and O’Connor, 2007; Mahdy et al., 2007,Huff,2010lt. has been demonstrated that WTR can promote P
retention when applied to biosolids-amended séltswever, there are no field studies to date thatigo
specifically on co-application of biosolids and WE'B silt loam agricultural soils. Ippolito et #1.999)

and Bayley et al. (2008) reported that WTRs canrawp P retention in field conditions but previous
studies have focused primarily on sandy or sendi-gwils.

In contrast of phosphate, sulphate anion concémtiatvere dramatically increased during incubatiore
and with increasing application rate of WTRs induailids treated and untreated soils (Table Il).lysblids
untreated soil, SQconcentration increased from 13.23 to 45.73 Tnafler one day of incubation when the
WTRs applied with 80 g.kgWhile, the concentration increased to 83,126.6d, 273.67 mgtt after 20,
40, and 60 days of incubation respectively. Sirhylan biosolids-treated soil, SGconcentrations in soil
solution increased from 65 to 243.67, from 86.6298.67, from 170.75 to 338.33, and from 273.6346
mg.I* at 1,20,40,and 60 days of incubation respectiTelyie ). The biosolids treatment, WTRs rates,
incubation time and their interaction significandffected SQ concentrations in soil solution (Table II).
The increase in SQOconcentrations in soil solution occurred with WT&splication was due to the high
concentration of aluminum sulphate in WTRs.

In general, Cl and F concentrations in soil solutivere significantly decreased with increasing WTR
application rates in biosolids treated and unteaeils at all incubation times(Table Il).Howevéne
concentrations of them were significantly increaséth increasing of incubation time. The maximum
value for chloride concentration was noticed agd@* WTRs in 50 g.kd biosolids-treated soil after 60
days of incubation. Similarly, the maximum value flaoride concentration was noticed at 80 - MyTRs

in 50 g.kg" biosolids-treated soil after 60 days of incubatidine biosolids treatment, WTRs rates,
incubation time and their interaction significandffected Cl and F concentrations in soil solut{dable
).

Br, OH, and C@ concentrations in soil solution were measured,doutcentration was below 0.01, 0.10,
and 0.10 mgt for Br, OH, and CQrespectively at all treatments and incubation tifTeble I1).

Finally, HCO; concentrations in soil solution were dramaticaltgreased with increasing biosolids rate,
WTRs rates, and incubation time (Table Il).For amst in biosolids untreated soil, Hg@oncentration
increased from 62.60 to 480 mby.&fter one day of incubation when the WTRs appliéth 80 g.kg

! While, the concentration increased to 517,6208%) 644.33 mgti after 20, 40, and 60 days of
incubation respectively. Similarly, in biosolide#&ted soil, HC@concentrations in soil solution increased
from 807.33 to 984.67, from 925.67 to 1092.33, fi@62.25 to 1149, and from 1025 to 1473.33 thatl
1,20,40,and 60 days of incubation respectively@dhl The biosolids treatment, WTRs rates, incidmat
time and their interaction significantly affectedC8; concentrations in soil solution (Table II). The
increase in HC@concentrations in soil solution that occurred Wt#TRs and biosolids application was
due to the high concentration of lime in WTRs. Tehessults were coincide with the results of Hireld a
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Banin,(1990) who reported that Hg@nd CQ are the dominant anionic species in soil solutibsemi-
arid soil (Hirsh and Banin,1990).In atypical ariilsvith pH 8.0 (California, US), Villarroel et 1,993)
found that CI>S@>NOs;>HCO; and Cl in soil solution of salt soils ranges frarfew milligrams per liter to
several hundred milligram per liter.

Also, large changes in concentrations of elemairitis WTRs and /or biosolids application during the
incubation time were noticed(figs 1-3).Ca concdiars were significantly increased with increasing
application rate of WTRs at all incubation time$feTvalue of Ca concentration at 20 days of incobati
was the greatest in biosolids-untreated soils, @anconcentrations were decreased with increasing o
incubation time (Fig.1 A).In biosolids-amended gbié Ca concentrations were much higher than those
untreated biosolids soil (Fig.1 A).In biosolidsdted soil, the calcium concentrations were draraiyic
increased with increasing incubation time to 20sdatyall WTRs application rates. The maximum vaifie
Ca was recorded (about 580 Y.kt soils treated with 50 g.Rgbiosolids and 20 g.KgWTRs. The
relative higher Ca levels in soil solution from W3 Rnd/or biosolids amended soils suggest that co-
application of WTRs and biosolids enhanced soliybdif lime and release more soluble calcium because
WTRs and biosolids contain more lime which was dddigring treatment of both.

In contrast, Mg concentrations in biosolids unteeatoils were much higher than those of biosolids-
treated soils(Fig.1 B).In general, Mg concentragiowere significantly increased with increasing
application rate of WTRs at all incubation timeseTvalue of Mg concentration at 20 days of incudmati
was the greatest in biosolids-untreated soils, tdgnconcentrations were decreased with increasfng o
incubation time (Fig.1 B).However, in biosolids-amed soil, Mg concentrations were much higher after
20 days incubation time and reached to maximumevafter 60 days of incubation (Fig.1 B). The result
clarified that 60 days of incubation were the ltod for Mg equilibrium in soils treated with Bilids
and WTRs. Similar results were reported in différstiudies. Villarroel et al.,(1993) studied a tygiarid

soil with pH 8.0(California, USA) and reported th@a and Mg concentrations in soil saturation ex$rac
range from 1.0-2.0 x TOM, and Ca concentrations was higher than Mg canagons in soil extracts.

Similarly to Ca, Large changes in concentration& afith WTRs and /or biosolids application duririget
incubation time. K concentrations were significgnticreased with increasing application rate of VETeR

all incubation times. The value of K concentratain?0 days of incubation was the greatest in bidsol
untreated and treated soils, then K concentratisare decreased with increasing of incubation tiFig.{
C).In biosolids-amended soil, K concentrations wengch higher than those in untreated biosolids soil
(Fig.1 C).In biosolids-treated soil, the K concatibns were dramatically increased with increasing
incubation time to 20 days at all WTRs applicatiates. The maximum value of K was recorded (abfut 5
mg.I") at soils treated with 50 g.Rgpiosolids and no WTRs.

Also, Na concentrations in biosolids amended swié&se higher than those of biosolids un-amended
soils(Fig.1 D).In general, increasing of WTRs apglion rates to 20 g.Kgsignificantly increased Na
concentrations at all incubation times, but 40 g.kgplication rate of WTRs reduced Na concentrations
Na concentrations in biosolids treated and un-ekabils were much higher after 20 days incubdiie,
then much reduction in Na concentrations were adtat 40 and 60 days of incubation (Fig.1 D)

In contrast, the P concentrations were signifigargduced with increasing WTRs application ratesliat
time of incubation(Fig.1 E).While, the concentratiovas significantly increased with increasing the
incubation time in both biosolids treated and waited soils. For example, in biosolids-treated dbig
concentration of phosphate increased after 40 ddymcubation respectively at 80 gkgpf WTRs.
However, in biosolids-untreated soil, the phosphet@centrations were much lower than those of
biosolids-treated soil (Fig.1 E).

Many researchers have been investigating the wbilWWTRs to reduce the mobility and promote ratemt
of P in impacted soils (Peters and Basta, 1996;00¢0r et al., 2002; Dayton et al., 2003; Ippolitak,
2003; Makris et al., 2004; Novak and Watts, 2004ytion and Basta, 2005; Elliot et al., 2005; Maletis
al., 2005; Novak and Watts, 2005a; Silveria et2006; Agyin-Birikorang et al., 2007, Agyin-Birikang
and O’Connor, 2007; Mahdy et al., 2007,Huff,2010).

In biosolids untreated soils, Cr was not detectahbléng all incubation time(Fig.2 A).While, in bioigds-
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treated soils ,Cr concentrations were significaimiigreased after one day incubation and reachdtieto
maximum value at all treatments of WTRs after oag iticubation time(Fig.2 A). Cr concentrations were
reduced with increasing of incubation time to 2@gjand then increased at 40 and 60 days of inicubat
but, still lower than that after one day incubati®he results indicated that 24 hours may be enéoigBr

to equilibrate with solid phase.

Similarly, Cu concentrations in biosolids untreatsulls were very small and there was a significant
difference between incubation times or applicatiates of WTRs (Fig.2 B). While, in biosolids-tredte
soils, Cu concentrations were significantly inceshafter one day incubation and reached to thermaxi
value at all treatments of WTRs after one day imtiolm time (Fig.2 B). Cu concentrations were reduce
with increasing of incubation time to 20 days, éimeh increased at 40 and 60 days of incubationdhillt,
lower than that after one day incubation. Thesalt®®n soil solution chemistry were reported. Watcet
al.,(1997) reported that Zn and Cu concentrationsail solution of soils from South Australia wigt
7.59-8.99 range from 0.009-0.218 and 0.058-4.43kgMeéspectively. In German non-contaminated soil
with 2.3 % CaCO3 and soil pH 8.5, Zn, Cu, and Ce &187, 0.66, and 0.20 pM/L in soil solution,
respectively (Helal et al., 1996).

Also, Ni concentrations in leachate were not defdet in biosolids untreated soils (Fig.2 C). White,
biosolids-treated soils, Ni concentrations wereigigantly increased after 20 days incubation aeached
to the maximum value at all treatments of WTRsré#tedays incubation time (Fig.2 C). Ni concentrat
were reduced with increasing of incubation timelfoand 60 days of incubation. There was no diffegen
in Ni concentrations between 40 and 60 days afi@rhation.

On the contrary, Mn concentrations were signifibamcreased during incubation time at all treattsesf
WTRs in biosolids un-treated soil (Fig.2 D).In gedethe maximum concentration of Mn was observed
after 60 days of incubation. In biosolids-treateidss Mn concentrations in soil solution were muggher
than those of biosolids un-treated soils. Also, imaxn concentrations of Mn were observed after 6@sda
of incubation time. Mn concentrations were sigrifily decreased with increasing application rate of
WTRs in biosolids and treated and un-treated ¢Bit.2 D).

In general, Zn concentrations in soil solution wesignificantly increased with increasing time of
incubation to 20 days (Fig.2 E).However, more réidncin Zn concentrations was found at 40 and 6@&da
of incubation in biosolids treated or un-treatedss@n concentrations were significantly decreaséith
increasing application rate of WTRs in biosolidsl ameated and un-treated soils (Fig.2 E).

Si concentrations in soil solution were signifidgrincreased with increasing of incubation timeg(Bi
F).Application of WTRs with different rates increg@sSi concentrations in biosolids treated and atece
soils. The maximum value of Si concentrations vex®rded at 50 g.Kgbiosolids-treated soil treated with
20 g.kg' WTRs (Fig.2 F). The results indicated that equilin between soil solution and solid phase for
Si was 60 days.

In biosolids untreated soils, Mo, Fe and V were lse@ncentrations in soil solution during all inatton
time (Fig.3 A, B, and C). While, in biosolids-tted soils, Mo, Fe and V concentrations were sigaiftly
increased after 20 days, 40 days and one day itionb@me for Mo, Fe and V, respectively. In gerera
increasing of WTRs application rates reduced comagons of Mo, Fe and V in soil solution. The
significant reduction of agueous Fe concentratidngng incubation was probably a result of FeCO3
precipitation. On the other hand Sr and Ba conagintrs were detectable in biosolids untreated (5dg.3

D and E). The maximum concentration of Sr was olexbafter 20 days of incubation, but maximum Ba
concentration was recorded after one day of indolaHowever, in biosolids-treated soil, Sr concatibn
reached to the maximum after 20 days and Ba coratant reached to the maximum value after 60 déys o
incubation. Addition of WTRs with different ratescreased Sr and Ba concentrations in soil leachate.
Similarly, Al concentrations in biosolids untreatedils were very small and there was a significant
difference between incubation times or applicatiates of WTRs (Fig.3 F). While, in biosolids-trehte
soils, Al concentrations were significantly incredsafter 40 days incubation and reached to the rmaxi
value at all treatments of WTRs after 40 days iatiaim time (Fig.3 F). Al concentrations were inced
with increasing of WTRs application rate up 20 d.kthen reduced at 40 and 80 g'kapplication rate.
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This results were disagree with other results whighorted that Al concentrations were significantly
increased with increasing of WTRs application r@¢eghdy et al.,2009).

Effects of WTRs on trace elements availability ifodolids-treated soils has been studied by many
researchers. Makris et al.,(2009) reported thatAll@/TRs was highly effective in removing both A3(v
and As(lll). The study of Hovsepyan et al.,(200®jicated that a strong affinity of Hg for AI-WTRad
can be used to remove Hg from agueous solutionis. dlsility points to the potential of AI-WTRs as a
sorbent in soil remediation techniques based onintigebilization. Nagar et al.,(2010) have been
proposed the AI-WTRs as a low-cost alternative sorkfor arsenic (As)-contaminated aquatic and soil
system and they found that the AI-WTRs demonstra@i%o As(V) sorption in the entire pH range. Brown
et al.,(2005) found that both soil solution and aniam nitrate extractable heavy metal( Cd, Pb, 2md
were decreased by all treatments included limeedPmud, cyclonic ashes, biosolids, and waterrireat
residuals. In a similar experiment, Amrhein et @994) used soils incubated under water-flooded
conditions, and found increased Fe (Il) concertdregiin pore water with incubation time possiblyaas
result of reductive Fe dissolution (Amrhein et 4B94). Finally, it can be concluded that the reigucin

soil solution trace elements concentrations resylfrom the application of WTRs to biosolid-amended
soils can be explained by formation of metal-selféw solubility product, and the floc-adsorptiamd the
co-precipitation processes, in which the formatida mixed solid phase by the incorporation of rhietas
into the crystal lattice of another precipitatiralid phase is expected (Karthikyan et al., 1996).

4. Conclusion

Trace metal mobility and solubility in soils areearfvironmental significance due to their potentibedicity

to both humans and animals (Chirenje et al., 2008gt al., 1995). Trace metal mobility is closetyated

to metal solubility, which is further regulated bgsorption, precipitation and ion exchange reastion
soils. Numerous researchers have reported on changsolubility and mobility of trace metals with
incubation. However, reported data have often lweatradictory. This is in part due to the differeadn
soil/water ratios used in various experiments iditilg metal concentrations determined in pore water,
filtrates separated from soil suspensions, andeacHate from a soil leached with pure water or an
electrolyte. Additionally, changes in aqueous trawetal concentrations with incubation reported in
literature can be confusing. For example, metateatrations in pore water or metal mobility leaclsd
pure water may decrease with incubation when noigitation is observed. Therefore, the roles ofifFe
controlling metal concentrations in these systeeedrto be considered. We suggested that CEC af a so
may change with incubation underwater-flooding ¢ton, and thus might greatly affect metal solulili
and mobility.
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Table 1. General properties of the experimentaddiids, WTRs, and soils. Values are means * standar

deviation (n=3).

www.iiste.org

Element Units WTRs Biosolids Soil
pH 9.00+0.0! 11.940.: 6.27+0.1.
EC dsn? 1.88+0.0! 6.15+0.1: 1.05+0.0°
Texture nd nd Silty loan
o.M g kgt 67.6%0. 380.243.2 20.3+0.¢
Available-N mg k¢ 19.06+1.5 78.09+1.0' 23.3440.5!
KCI-Al mg k¢ 125.07+4.! 34.67+0.5! 75.23+1.5:
Available-P mg k¢t 17.12+0.5. 53.99+2.5. 26.00+4.0(
CEC cmol(+)kc™ 43.12+5 5. 76.00+3.! 10.53+0.01
ICP-MS analysis;
Aluminum (Al g kgt 12.6+0.0! 71.940." 71.0+0.4°
Sodium (Na g kg* 0.5+0.0: 1.5+0.0: <0.001
Iron (Fe g kg 121.0+4.( 82.3+2.¢ 123.2+4.¢
Potassium (K g kg* 0.5+0.0: 30.7+0.¢ 10.6+0.¢
Magnesium (Mc g kg* 12.6+0.! 3.6+0.¢ 1.5+0.0:
Silver (Ag) mg k¢ <0.002 2.00+0.1: <0.00:
Arsenic (As mg k¢ <0.1 11.51+0.2 3.80+0.1¢
Boron (B mg k¢ 12.30+0.5! 109.0745.0 6.55+1.0"
Calcium (Ca mg kc* 266.07+2.2 309.34+11.2 1.61+0.0
Cadmium (Cd mg k¢* 0.05+0.0( 1.57+0.0t 0.37+0.0:
Cobalt (Co mg k¢* 0.44+004 3.00+0.0: 7.53+0.3°
Chromium (Cr mg k¢ 3.83+0.0¢ 23.72+0.6! 12.82+0.5!
Copper (Cu mg k¢* 0.86+0.1( 342.0746.7 11.34+0.6!
Manganese (M1 mg k¢ 7021.85+279.7 3321.74+63.7 7822.82+444.€
Molybdenum (Mo mg k¢ 0.03+0.0« 4.600. 1 0.45+0.0°
Nickel (Ni) mg k¢t 7.75+0.7: 30.15+0.5! 13.50+0.5!
Lead (Ph mg k¢? 0.05+0.0( 29.16+0.3; 20.300.5.
Zinc (Zn) mg k¢ 10.95+0.8! 190.86+0.8 64.19+2.1!
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Table 2. EC, pH, and anion concentrations in swiltson of Troy soil amended with WTRs and Biosstid

Biosolids WTRs EC, PH NOs NO, P SQ cl F Br  OH COs HCO3
, )
kgt kg? . .
g.kg g.kg uSscrit mg.I*
1-day Incubation
0 84650£1302 639006  6850+132 <001  015:003  1323%0.75 1820072  082:007 <001 <010  <0.10 62.60+1.35
0 20 950.86+18.09 7.61+0.04 255.67+4.04 <0.01 0.11+0.01 25.70+2.04 14.47+0.61 0.64+0.14 <0.01 <0.10 <0.10 366.67+4.16
40 124500£1500  7.87:0.04  30567+5.13  <0.01  009:001  3137+263  1427+110 040010 <001 <010  <0.10 390.00+5.00
80 1347.00+14.08 7.94+0.06 314.33+6.03 <0.01 0.05+0.01 45.73+1.55 8.57+0.50 0.13+0.06 <0.01 <0.10 <0.10 480.00+4.58
0 3830.00£31.07  9.36:005  12467+¢503 <001  164+0.08  65.00:400  4250:2.23  3423:084 <010 <010  <0.10 807.33+7.37
50 20 3910.00+89.09 9.46+0.02 277.00+11.00 <0.01 1.20+0.10 129.00+£3.00 35.67+1.53 25.67+2.52 <0.10 <0.10 <0.10 884.00+52.46
40 3990.00:40.05  9.56:0.04  33167+7.64 <001  083+0.03  164.00:458  2800:1.00 17.33:153 <010 <010 <0.10  910.00+10.00
80 4100.00+100.05 9.78+0.02 378.67+8.08 <0.01 0.60+0.03 243.67+7.23 22.33+2.52 16.33+1.53 <0.10 <0.10 <0.10 984.67+14.05
Biosolids WTRs 20-days Incubation
0 866.53+33.11 7.56+0.02 93.00+2.65 <0.01 0.23+0.03 35.17+2.25 41.80+3.30 1.20+0.10 <0.10 <0.10 <0.10 82.33+2.08
0 20 980.11+19.88  7.81#003  29167+379 <001 018001 4837297 3593336 0841005 <010 <010  <0.10 394.00+5.29
40 1280.00+20.00 7.92+0.03 320.67+9.02 <0.01 0.12+0.02 56.97+2.70 29.07+0.93 <0.10 <0.10 <0.10 442.00+6.24
80 13750044500  8.02:0.04  361.33:7.77 <0.0L  009:001  83.00:557  23.00+1.00 <010 <010  <0.10 517.00+6.56
0 4000.00+80.00 9.47+0.03 145.00+6.00 <0.01 1.85+0.02 86.67+2.52 82.27+2.82 43.67+4.51 <0.10 <0.10 <0.10 925.67+7.37
20 4085.00:55.00  9.52:003  30533#503 <001  145:0.17  160.67+503  78.10:191  33.00:300 <010 <010 <0.10  984.00+10.58
50
40 4175.00+85.00 9.60+0.15 344 .67+5.03 <0.01 1.18+0.04 203.00+2.65 60.33+2.52 21.67+2.52 <0.10 <0.10 <0.10 1004.00+4.58
80 4250.00:50.00  9.81:003 394674513 <0.01  0.67+0.04 29267+351 5400100  16.67+153 <010 <010 <0.10  1092.33+6.66
Biosolids WTRs 40-days Incubation
0 880.12:0.88  7.36:0.04  16267+9.29 <001  035:003 6367208 7133321 2274025 <010 <010  <0.10 268.00+9.54
0 20 995.00+10.00 7.75+0.04 296.33+3.79 <0.01 0.24+0.02 85.33+4.73 60.67+2.08 1.48+0.06 <0.10 <0.10 <0.10 465.33+11.02
40 1320.00¢60.00  8.19:002  360.67+551 <0.01  0.15:003  102.33t306  56.67t153 088003 <010 <010  <0.10 586.33+5.51
80 1398.00+47.00 8.13+0.03 392.67+4.73 <0.01 0.08+0.01 126.67+3.51 51.43+3.61 0.36+0.05 <0.10 <0.10 <0.10 620.33+9.29
0 4100.00£80.00  9.53:003  15000%252 <0.01  2.20#0.12  170.75:529  137.50+9.87 49.00:306 <0.10 <010  <0.10 962.25+5.51
50 20 4180.00+50.00 9.57+0.03 325.33+4.16 <0.01 1.46+0.09 204.33+5.13 121.00+4.36 48.33+1.53 <0.10 <0.10 <0.10 1009.00+6.56
40 4290.00:50.00  9.64:002  35500+1100 <0.01 125008  244.33:6.03  104.33t4.04 26.00:265 <010 <010 <0.10  1085.33+5.03
80 4380.00+£70.00 9.85+0.03 408.33+3.51 <0.01 0.85+0.06 338.33+7.64 84.33+5.51 17.67+1.53 <0.10 <0.10 <0.10 1149.00+6.24
Biosolids WTRs 60-days Incubation
0 895.15+84.85 7.12+0.03 192.33+3.06 <0.01 0.45+0.04 120.67+3.06 79.67+2.52 2.86+0.09 <0.10 <0.10 <0.10 298.00+2.65
0 20 1010.18439.72  7.85:0.03  306.00:361 <0.01  030:003  17267+451  64.67t153 188002 <010 <010  <0.10 491.33:6.66
40 1390.00+40.00 7.91+0.02 389.33+5.13 <0.01 0.11+0.01 216.00+5.57 57.33+2.08 1.28+0.05 <0.10 <0.10 <0.10 606.00+6.00
80 1430.00£2500  7.95:0.03  432.67+19.66 <0.01  006:002  273.67+513  53.33tl53 074007 <010 <010  <0.10 644.336.03
0 4185.00+45.00 9.40+0.09 182.33+6.66 <0.01 2.45+0.06 378.00+14.53 175.33+5.69 57.00+2.65 <0.10 <0.10 <0.10 1025.00+4.36
50 20 4260.00:40.00  9.42:004 34650354 <001  125:0.13  44050:6.36  147.50+354 5050:071 <010 <010 <010  1322.00+2.83
40 4400.00+60.00 9.46+0.05 387.67+8.74 <0.01 0.81+0.09 483.33+5.69 125.33+2.08 37.33+1.53 <0.10 <0.10 <0.10 1389.00+10.15
80 4600.00:50.00  9.50:0.04  427.00:361 <0.01  036:0.04 54600:3.61  109.67+7.37 23.67:t153 <010 <010 <010  147333*30.17
LSD 0.0 WTRS) 41.98 0.03 3.82 - 0.05 2.88 2.09 0.98 6.01
LSD o ox(biosolids) 29.73 0.01 4.87 - 0.01 1.95 2.28 131 - - 12.75
LSD g :(incubation) 26.00 0.02 4.07 - 0.04 3.02 1.90 0.90 - - - 7.43
ANOVA E-test
Biosolids sk *kk *% - *kk Kk Hkk *kk *kk
W‘I’RS *kk *kk *kk - *kk *kk *kk *kk - - - *kk
Incubation time ok *okk ke _ *kk *okk *kk *okk - - _ Hokk
WTRS X BIOSO|IdS *kk *kk *k - *kk *kk *kk *kk - - - *kk
WTRSs X Incubation ok *okk ke _ *kk *okk *kk *okk - - _ Hokk
BIOSOlIdS X |ncubat|0n *kk NS *kk - *kk *kk *kk *kk _ _ _ *kk
WTRs x Biosolids x Incubation haided NS i - i ok hakid ok - - - ok

Data are the average (n=3jtandard deviation .

b

°NS: non significant
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*** are significant at 0.001 probability level.



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)
Vol 1, No.2, 2011

Ca in Leachate

800
N Day 1 -
[ Day 20 A —
600 | HEEE Day 40 I
[ Day 60
'S 400 A N T
g LSD 005" 8.12
200
0 T
v A A v v A A A
& ¢ ¢ & & ¢ ¢ ¢
£ £ £ £ £ £ £ £
3 5 3 3 3 3 3 3
o o o o o o o o
5 o o o 5 o o o
2 5 g 3 2 5 g 2
’ 5 T ¥ ’ 5 T i
8 “ “ “ 8 . “ .
H 2 2 g H g g g
2 [ g g 2 g g g
a8 o o =3 s o o o
2 2 2 2 2 2 2 2
S S 3 2 2 2 2
8 8 ]
Treatments
Kin Leachate Mg in Leachate
60 100
I Day 1
[ Day 20 . Day 1 LSD 545 =1.23
50 | mmm Day 40 g0 |3 Day20
[ Day 60 C B Day 40 B
[ Day 60
40 4
60 4
e LSD 4 =0.56 -
S 30 4 >
£ £
40
20 4
204
10 i
0 0

& & & & & & & & & & & & & & & &
£ = £ = £ = £ = = = £ £ = = £ £
= = = = = = = = = = = = = = = =
2 3 2 3 2 3 2 3 3 3 2 2 2 3 2 2
S I 5 o S I 5 o I I e o IS o e o
° S E B ° S E B ° S 2 2 ° S 2 2
5 N N v 5 N N v 5 - N P 5 - N P
s 2 £ ¢ 3 £ £ £ i ¢ ¢ £ 35 £ £ ¢£
3 g 2 g 3 g 2 g H e 2 2 H e 2 2
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
s s s 2 H H H S S S ] S 2 2
Treatments Treatments
Na in Leachate Pin Leachate
60 30 ‘
. Day 1 T . Day 1
[ Day 20 25 [ Day 20 _
507 | mm Day 40 D 51 | Day 40 E
[ Day 60 [ Day 60
40 4 20
- LSO, =112 LsD, =083
=30 s
£
204
) ﬁ ﬂ H l l
il e il
& & & & & & 14 14 & & & & & & & &
£ £ = £ £ = £ £ = = z z z z z g
= = = = = = = = = = = = = = = =
2 2 2 2 2 2 2 2 H H H H H 3 3 3
= S ° o = S ° o o = e S s S e o
° B 2 2 ° ] 2 2 2 S g 2 ° S g 2
2 H 2 2 H 2 2 2 2 2 2 2 2 2 2
s s 2 = H H = = = 2 3 3 3

Treatments Treatments Flg . (1) : Ca’
Mg, K, Na, and P concentrations in soil solutioriTody soil amended with WTRs and Biosolids. Wheoe n
error bars are present, the standard error wasnadl to be represented as the scale of the diagram

34|Page
wWww.iiste.org



|- SULMA 08 + SPIOSOq 05

Wwww.iiste.or

SYLMQ 0 + SPII0SOId 05

SHYLMQ 02 + SPII0SOIq 05

n

SHLMG 0 + SPIOSOIG 05

Cu in Leachate

N Day 1

[ pay 20
I Day 40
[ Day 60

L su1ma o8 + spiosoq o

I suima ov + spiosoq o

=0.02

005

I suima oz + spiosoq o

LSD

L suL1Ma 0 + spiosoiq o

5
4

3
2
1
0

- I'Bw

L 541Ma 08 + SPII0SOIA 05

L s:1Ma 0 + SPI0SOIG 05

L s31Ma 02 + SPI0SOIq 05

L S41MQ 0 + SPII0SOIq 05

| ‘Hl

Crin Leachate

[ Day 20

I Day 40

[ Day 60

I Day 1

L su1ma 08 + spiosoid o

L su1ma or + spiosoid o

=0.003
005

LSD

L su1ma oz + spiosoiq o

L su1ma o + spiosoiq o

0.05
0.04 4

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)

Journal of Environment and Earth Science
Vol 1, No.2, 2011

0.03 §
0.02 4
0.01 4
0.00

. I'Bw

Treatments
Ni in Leachate

[ Day 40

[ Day 60

N Day 1
[ Day 20

0.05

Treatments

Mn in Leachate

N Day 1

[ Day 20
[ Day 40
[ Day 60

LSD

SHLMA 08 + SPIIOSOI] 05

SHLMA O + SPIOSOI] 05

SHLMA 0Z + SPIOSOI] 05

SULMA 0 + SPIOSOIq 05

SHLMA 08 + SPIOSOI 0

SULMA O + SPIIosoI 0

SHLMA 0Z + SPII0SoId 0

SULMA 0 + SPIOSOIq O

SHLMA 08 + SPI0SOI] 05

SYLMA O + SPI0SOI] 05

SYLMA 02 + Spllosolq 0§

SYLMA 0 + SPIIOSOId 05

SHLMA 08 + SPIOSOIq 0

SULMA O + SPIOSOIq 0

SULMA 0 + SPIIOS0Iq 0

SYLMA 0 + SPIOSOId O

Treatments

0.99

Siin Leachate

005

LSD

L SHLMQ 08 + SPIIOSOI 05

SYLMQ 07 + SPIIOSOI 05

SHLMQ 0Z + SPIOSOI] 05

SULMA 0 + SPIOSOIq 0G

SHLMA 08 + SPI0SOIQ O

SHLMQ 07 + SPIOSOIq 0

SYLMQ 0Z + SPII0SOIQ 0

[ Day 60

N Day 1
[ pay 20
[ Day 40

SYLMQ 0 + SPI0SOIG 0

20
154

S 10
£
5
0

i

SY1MQ 08 + Spos0Iq 0§

I

= L sy1Ma 0v + SpIOSOIq 0§

SYLMA 0Z + SPII0SOIQ 05

SYLMA 0 + SPIOSOIq 05

Znin Leachate

Treatments

SHLMQ 08 + SPIOSOIG 0

SYLMQ 0% + Spllosolq 0

SYLMQ 0Z + SPII0s0Iq 0

LSD _=0.005
05

0.10

sog
888 — |
2SR
—
8888 == SULM 0+ SPlOSOIq 0
100
o © = & o
8 8 3 S S
S ° S S S

. I'Bw

Treatments

the diagram

Treatments
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