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Abstract

Both raw and composted poultry manure is appliesbdsamendment. The aims of this study were: 1) to
develop phytotoxicity indexes for organic wasted aomposts, and 2) to assess the correlation among
phytotoxicity indexes, ecotoxicological endpoint&latability and physicochemical parameters during
passive composting of poultry manure. Six 2emmposting piles were constructed and four paramet
groups (physicochemical and microbiological pararsgtecotoxicological endpoints, and biological
activity) were determined at four sampling timesimly 92 days. Extracts were used to carry out acute
toxicity tests orDaphnia magnalLactuca sativandRaphanus sativus€omposting decreased average
toxicity 22.8% for the 3 species abd magnawas the most sensitive species. The static regpira

index decreased from 1.12 to 0.46 mggdDM H* whilst organic matter reduced by 64.1% at the&nd
the processEscherichia colicolonies remained higher than values recommengaatérnational
guidelines. Th®. magnaimmobilization test allowed the assessment of iptes¢eachate or run-off
toxicity. The new phytotoxicity indexes (RGJgand GlGgq), proposed in this study, as well as salinity,
proved to be good maturity indicators. Hence, thpFsgotoxicity indexes could be implemented in
monitoring strategies as useful ecotoxicologicaldoMultivariate analyses demonstrated positive
correlations between ecotoxicological endpointe (oxicity) and biological activity (stability). Tése

two parameter groups were associated at the fampbng time and showed negative correlations with
several physicochemical parameters (organic angamic contents). The final poultry manure compost

was rendered stable, but immature and, thus, @aideifor soil amending.

Keywords: Daphnia magnglactuca sativamaturity, phytotoxicityRaphanus sativystability.
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1. Introduction

Poultry production is a quantitatively important@aghdustry worldwide. World production of eggs has
increased 24.98% between 2001 and 2011, accomlistgtistics from Food and Agriculture
Organization of the United Nations. During the sgagod, egg production in Argentina soared 101.7%
(FAOSTAT, 2013). Consequently, a large volume o$te@gpoultry manure) is an inevitable side effect
of this increase.

Commonly, raw poultry manure is applied to farmlasdorganic amendment (Bolan et al., 2010). This
waste contains nutrients (N, P, K), heavy metals (b, Zn, Ni, Cd, Cu, Mn), xanthophylls, antibisti
antiprotozoals, antioxidants, mold inhibitors, patles, polychlorinated phenols, tetrachlorodibefzo
dioxin and hormones (Frank et al., 1988; Jacksah. e2003) that may impact negatively the ecosgste
through leaching and runoff. These adverse effattscosystem can be circumvented with low-cost
composting. Composting minimizes the concentradiophytotoxic substances, controls the spread of
pathogens, improves storage and handling of wasteéreduces unpleasant odors (Edwards and Daniel,
1992). The quality of the compost may have eithgositive or negative impact on both soil fertilggd
plant health. Nutrients loss depends on severtdifasuch as aeration, moisture content, temperatur
and carbon-to-nitrogen (C:N) ratio (Ogunwande gt24108). The initial C:N ratio is the most widely
used parameter for deciding composting methodolBgultry manure contains high nitrogen content.
Therefore, the degradation process may be impraddahg carbon-rich materials (Petric et al., 2009).
High initial C:N ratio causes longer compostingéifTuomela et al., 2000), whereas low initial C:N
ratio generates higher emission of volatile gasesl@achates (Tiquia and Tam, 2000b). Co-composting
of poultry manure with other agricultural wastegpmoves the physicochemical characteristics and
reduces the phytotoxicity (Rizzo et al., 2013). @osting may be aerated by passive or active systems
(Ogunwande, 2011). Passive aeration is an effestesgpensive treatment system for co-composting

poultry manure, poultry litter and sawdust, accogdio Ogunwande and Osunade (2011), and is more
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cost-effective than active aeration systems in seofinitial capital investment, operation, mairdgeoe,
and operator training costs (Solano et al., 2001).

The use of toxicity tests on aquatic and terrdstriganisms allows the integral assessment of tstev
before disposal. Several authors have reporte @oxicity on several organisms exposed to raw (&up
and Kelly, 1992; Gupta et al., 1997) and compoptadtry manure (Komilis and Tziouvaras, 200D).
magnahas demonstrated a good sensitivity to assesstiori landfill leachate (Matejczyk et al., 2011;
Pablos et al. 2011), hazardous wastes (Pablos @08P) and municipal solid waste leachate (Isidbr
al., 2003; Bortolotto et al., 2009). Germinatioden (Gl) is the phytotoxicity index used commordy t
assess toxicity from complex solid samples, suchaste or compost. However, there is a lack of
ecotoxicological tools in the literature when a enati demonstrates high toxicity. In addition, otz
monitoring strategies have not previously been tigexudy a passive aeration composting of poultry
manure with low quantities of carbon-rich materidlse aims of this study were: 1) to develop
phytotoxicity indexes for waste or compost sampdesl 2) to assess the correlation between
ecotoxicological endpoints with both stability golaysicochemical parameters during passive aeration
composting of poultry manure. A seed toxicity st used to assess effects on a terrestrial pteoe s
our objective was to develop the phytotoxicity iree On the other hanD, magnatest was selected to
assess possible leachate or run-off toxicity, sihisea standard toxicity test widely used in ntorning

programs of different kind of samples.

2. Materials and methods

2.1 Composting
2.1.1 Experiment
Poultry manure was collected in an automatized fafrthe Zucami® type, located in Hurlingham,

Argentina. Six 2-m(1m x1m x1.2m) composting piles were built mixjpoultry manure with dry grass
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(7:3 viv) in an experimental field of the Natiomastitute of Agricultural Technology (INTA),
Hurlingham, Argentina. Composting piles had anahiC:N ratio of 24.6 + 3.6:1 and moisture conteht
70.6 = 3.2% wb. In addition, wood chips were addedulking agent. A static pile with a passive
aeration system and V-shaped pipe configurationusad as composting method, according to
Ogunwande (2011). A pipe with 35-mm diameter pations was used, as recommended by
Ogunwande and Osunade (2011).

Experimental design consisted of a completely ramded statistical design with 6 composting piles
(n=6) and repeated measurements. Each composkngas the experimental unit € 6 piles).
Sampling was done by quartering from each pileagsd, 14, 56 and 92 € 24), according to
standardized specifications (USDA and USCC, 200itgd sub-samples were taken from each

composting pile and at each sampling time and kepe at 4 °C until analysis.

2.1.2 Physicochemical and microbiological characterizatio

The following physicochemical parameters were eatald: ambient and pile temperature, moisture
content (MC), organic matter (OM), total organichzn (TOC), total Kjeldhal nitrogen (TN), C:N ratio
soluble organic carbon (SC), total phosphorous,($&uble phosphorous (SP), major cations, metals,
pH, and electrical conductivity (EC), accordingstandard methods (USDA and USCC, 2001). The
major cations (Ca, Mg, K, Na) and metals (Zn, M) @ere quantified using an atomic absorption
spectrophotometer (Varian model 220 A). The pesged of OM and TN losses were calculated using

Eq. 1 and 2, according to Paredes et al. (2000).

OMlosq%)=100-100x X4(100-X;) Equation 1
X,(100- X,)
— X1N2 H
TNIosg%)=100-100x| ——= Equation 2
XZNl
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where N and N are the initial and final TN percentages, andakd X are the initial and final ash
percentages, respectively.
Commercial kits (Rida Count®) were used for micodbgical characterization to determine total

coliforms, E. coliandSalmonellaspp. (CFU @) provided byR-Biopharm AG.

Biological activity was measured using the staggpiration index (SRI) (lannoti et al., 1993; USDA
and USCC, 2001). This technique is a static regpiratability assessment method which is performed
in mesophilic temperatures (37 °C) with sealed ®Q0flasks. An electrochemical dissolved O
electrode is placed in the headspace of the fladikecords the Qair concentration drops within the
flask. Oxygen uptake rate (OUR) is finally expressemg Q g* OM h* and is calculated via the slope
of the Q concentration drop. The SRI is the maximum avetd@eR calculated during a 24 hour period

(after the initial lag time).

2.2 Toxicity tests
In order to simulate the mixture of water-extrateegubstances present in leachate or runoff, agueou
extracts were prepared mixing a dry sample witlmieed water (1:10 w/v). These extracts were stirre

at room temperature (23+2 °C), according to a mhoeedescribed by Tiquia et al. (1996).

2.2.10rganisms

Two species of plants and an aquatic crustaceas uged as test organisms. A non-chemically treated
seed lot of lettucel( sativavariety “Carilauquen INTA”) and radistiR( sativusvariety “Puntas

blancas”) were obtained from the experimental atatiof the INTA, located in La Consulta and San
Juan cities, Argentina, respectively. Seeds wepe ikea dry environment at 4 °C.

The aquatic crustacedh magnawas reared in a laboratory of ecotoxicology (IMY,ANTA). The

population of daphnid was fed 3-4 times per weegk w&imixture of several species of algae, under
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controlled conditions (23 + 2 °C and 16L:8D). Dexhlated and aerated tap water (pH = 8.1 £ 0.3sEC

642 + 24S cm') was used as culture medium.

2.2.2Seed germination and root elongation test

Seed germination and root elongation tests wemgedaput at 22 + 2 °C in darkness for 120-h, acogrd

to standardized protocols (Sobrero and Ronco, 2@¢erimental design consisted of 10 treatments
(i.e. 9 different concentrations of the extractd arcontrol group) per composting pile and per sergp
time (n = 240) using triplicates. The extract concentragiased in the tests ranged from 0.5% to 100%
viv (0.5, 1; 5, 10, 20, 40, 60, 80, and 100%); dzied water was used as a negative control and zinc
chloride solutions as positive contréltotal of 15 tests were conducted using lettuad Ehtests using
radish.Fifteen seeds of each the species (radish anatdgtivere exposed to 4-mL of each of the nine
extract concentrations and control water in 90-mameter Petri dishes lined with filter paper (Muglkt
AB Box 300, SE-790 20 GRYCKSBO, Sweden). A total 8800 seeds of each species were used in
these experiments. The quality controls used weregntage of germination over 90%, coefficient of
variation for root elongation below 30%, in negatoontrols, whilst Zn (zinc chloride) was used as a
reference toxic in positive controls. The zinc clie cncentrations at each positive control were: 18.75,
37.5, 75, 150, 300 mg Zn'L

Toxicity endpoints assessed were seed germinatiomaot elongation (Inhibition concentration 50

[ICs0, NnO-0bserved-effect concentration [NOEC], lowdssarved-effect concentration [LOEC], relative
growth index [RGI], and germination index [GI]).tatations in germination and normal development of
seedlings were recorded. The root elongation lemghused to calculate RGI (Eqg. 3) (Alvarenga ¢t al
2007). RGI values between 0 and 0.8 are categoagéchibition of root elongation (1), values gerat
than 0.8 and less than 1.2 as no-significant-e{fld8E), and values greater than 1.2 as stimulation

root elongation (S) (Young et al., 2012). The nundfegerminated seeds and root elongation length



160 were used to calculate Gl (Eq. 4) (Zucconi etld81). Gl values lower than 80% were considered to

161 indicate inhibition (Tiquia et al., 1996).

_RLS .
162 RGI = AlC Equation 3
163 Gl (%) = %xg—gleoo Equation 4

164 where RLS is the radicle length of the sample, Rd.@e radicle length of the control, GSS is the

165 number of germinated seeds in the sample and G8@ isumber of germinated seeds in the control.
166 Two phytotoxicity indexes (RGl§s and Gl are proposed herein to assess the maturity of

167 composted manure. RGjgestimates the lowest extract concentration tagenhibition of root

168 elongation (RGI = 0.8). Gl£g, estimates the lowest extract concentration tagesponse of 80% in
169 Gl. The validation process of these new phytotdxicidexes was conducted using published and

170 unpublished data of our group from several typesaofples. Phytotoxicity indexes were applied t@adat
171 of four samples of compost and two samples of effls. The poultry manure derived compost (PMC)
172 was produced after a period of 12 weeks, accordifi®yzzo et al. (2013). Poultry manure was mixed
173 with corn bare cobs, sawdust and shavings. Commpppties were manually turned. The poultry litter
174 and horse manure derived compost (PLHMC) was cotagas an experimental field of the INTA after
175 a period of 16 weeks, according to Riera et al1{20Poultry litter contained a mixture composed by
176 poultry manure, feathers, spilled feed, and beddiatgerial. Active aeration composting was obtaimed
177 manually turned bins. The municipal solid wastawer compost (MSW1) was obtained from a

178 composting facility in Trenque Lauquen (Argentin@jganic fraction of MSW was separated at home
179 and then composted in the plant for 16 weeks. Aatieration composting was conducted in manually
180 and mechanically turned piles. Other municipaldsalaste derived compost (MSW2) was obtained from
181 a composting facility in Metropolitan Area of BuenAires (Argentina). Organic fraction of MSW was
182 manually and mechanically separated within thetplactive aeration composting was obtained in

183 manually turned bins after a period of 11 weeks $amples of the untreated and treated effluerg wer

184 collected in the treatment system from an anaefoibi@actor, according to Young et al. (2012). The



185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

anaerobic bioreactor was loaded daily with 35 kgevkal residues and 125 L of treated effluents.
Untreated and treated effluents were obtained firwminflow into the first treatment pond and the
recirculated flow to the bioreactor respectively.
Values of the phytotoxicity indexes (RGlgand GlGoy) were differentiated into two categories
according to the toxicity effects observed:

- Inhibitory effects:< 100%

- Non-inhibitory effects: > 100%

2.2.3D. magna immobilization test

TheDaphniaimmobilization test was used to assess the aouxteitty from composting extracts

(USEPA, 1996). Toxicity tests were carried out tyylicate. Experimental design consisted in 10
treatments for each composting pile and samplimeg th = 240). Extract concentrations used in the tests
ranged from 0.1% to 80% v/v (0.1, 1, 4, 8, 15,448,60, and 80%), and a negative control. Ten rnesna
less than 24-h of hatching were exposed during #Bahstatic system, containing 30-mL of each aeni
the extract concentration or control water. A tafaf200 daphnids were used in these experiments.
Toxicity endpoints assessed were effective conagatr 50 (EGg), NOEC, and LOEC. The quality
controls used were immobilization under 10% in tiegacontrols and Cr (potassium dichromate) as
reference toxic in positive controls. The potassdiamromate oncentrations at each positive control

were: 0.1, 0.2, 0.3, 0.4 and 0.5 mg Cr. L

2.3 Statistical analysis
The temporal variation of parameters was assesseddsway ANOVA. When th& values of the
ANOVA were significant p<0.05), means were compared by the Tukey’s pak t@st. The influence

of physicochemical parameters on the ecotoxicoldgadpoints and biological activity was also
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assessed by multivariate statistical procedures$) as principal component analysis (PCA) and

correlation analysis (Pearson correlation coeffitie

3. Results and discussion

3.1 Composting

3.1.1Physicochemical characterization

The variation of the ambient and pile temperatuddiles showed a similar tendency from 40 days .(Fig
1). As was reported by other authors, two main hasn be seen in the temperature profile of
composting piles. The averageximum temperature of the pileenged between 40 and 46°C and
lasted for five days, as shown in Fig. 1 (top). le@er, some piles reached a maximum of 60.5° C. The
maturation phase started from day 40, when the ¢eatyre of the piles was similar to ambient
temperature. Passive aeration systems reach lewgreratures than active aeration systems (Barnngto
et al., 2003). Silva et al. (2009) reported thatomposting of poultry manure with low quantitids o
carbon-rich materials (80:20 ratio) reached a marmpile temperature lower than 40°C. However,
Ogunwande and Osunade (2011) compared three passatgon composting of poultry manure that
reached a thermophilic phase above 42 °C thatddsteapproximately 20 days. However, this longer
thermophilic phase could be due the initial compasiof the composting piles. Ogunwande and
Osunade (2011) evaluated composting with sawdosting manure and litter. Poultry manure is
characterized by a high relative density, whereaglsist and poultry litter are materials with lowndity
that could improve the total porosity of the mix.this study, the initial composition had a high
proportion of poultry manure (70%) which could haffected the porosity and thus oxygen diffusion.
Both the organic and inorganic content decreasd&l £(34.8% and EC = 54.59%<0.05) during the
biodegradation period. Other parameters showegrefisant decrease as well, such as MC, TOC, SC,

TN, Ca and Mg (Table 1). The MC was kept above ®&§%nanual irrigation. The pH was remained

10
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slightly alkaline from day 14, then increased amelfinal pH was less than 9. This increase could be
attributable to proteolysis and high microbial @ity during the first days of composting (Bustaneat
al., 2008). Authors reported similar pH values ggpassive and active aeration systems (Ogunwande
and Osunade, 2011; Rizzo et al., 2013). The higialinalues of EC could be associated to the pypult
diet (Bolan et al., 2010). Although EC decreaskd,dompost obtained had restrictions in use dae to
high EC final value. Active aeration systems magclhea higher decrease of EC due to salt loss by
higher leaching (Rizzo et al., 2013). Such highv&fties in poultry manure compost were found by
Komilis and Tziouvaras (2009).

The highest losses of OM and TN were registerethduhe first 14 days (Fig. 1-middle). The
cumulative losses of OM and TN at day 92 were 01842.1 % and 68.1 + 10.4% respectively. Also, a
positive correlation between OM and EC éR0.77) was found. TN loss was associated withgthdual
increase of pH during the first 14 days (52.1%)iclttould increase the volatilization of N-NH
Ogunwande (2011) compared three passive aeratstarsy and reported a TN loss of 38.1% until day
14, lower than those found in this study. Tiguia dam (2002) reported similar losses of TN (58%)
using a forced-aeration system for composting oflitpplitter. On the other hand, Parkinson et 2004)
found a higher TN loss in active aeration systeamtim passive aeration system. Both moderate
temperatures and presence of microbial groupdribegase and / or maintain the pool of N, suchas N
fixing and nitrifying bacteria (Paredes et al., 829t could have caused a decrease in TN lossduiie

mesophilic phase.

3.1.2Stability and microbiological contents

The highest pile temperature and biological agtii@®R! = 1.12 mg ©@g OM h*') were recorded during
the first 14 days (Fig. 1). The SRI showed a negatbrrelation with SC and Mn {R0.92 and 0.76
respectively; Table 3), whereas it showed a slgisitive correlation with TP (R0.65;p<0.05). Low

values of SRI at end of the process (day 92) inditthat biological stability (SRi 0.5 mg Q g* OM

11
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h™) was reachedsalmonellaspp. was not detected during composting. Howelerhigh counts of total
coliforms ancE. coliobservedn all piles and at all sampling times suggest thase pathogens survived

the short thermophilic phase of the process, wimditates the low quality of the derived compost.

3.2 Toxicity tests

3.2.1Quiality controls

Results of the toxicity tests were acceptable abogrto the criteria established by the qualitytcols.

In the seed tests, the coefficients of variatiotwieen the averages of root length in the negatwerols
were 19.6 and 23.3% for lettuce and radish, respdygf lower than that recommended in the test
protocols. The Igy average values of root elongation in the positmetrols were 55.4 + 16.9 € 15)
and 82.6 + 15.1n(= 18) mg L* of Zn for lettuce and radish respectively. Ondkieer hand, the average
value of immobilized neonates Dt magnain the negative controls was 2.2%, lower than that
recommended in the test protocols. Theferage value in the positive controls was 0.800% (1 =

21) mg L* of Cr.

3.2.2Exposure to extracts

Toxicity tests carried out on terrestrial plantaps (lettuce and radish) allowed determining thality

of the compost as a soil amendment, whereas oaqinatic organism (daphnid) allowed determining the
potential toxicity of leachates or runoff. The thr@ganisms exposed to aqueous extracts showesl acut
toxicity in all samples. Ecotoxicological endpoiwnfsthe test organisms at each sampling time can be
found in Table 2. The average &®©r I1Csp of the 3 species was 8.29 + 0.3584618) in the initial

sampling (day 0) and 31.12 + 10.998&18) in the final sampling (day 92). Compostingueed the
average toxicity by 22.8% for the 3 species. Thesiwity of the organisms measured in terms o§EC

or 1Cso was highest for daphnid, followed by lettuce amehtradish. Rizzo et al. (2013) also found

lettuce to be more sensitive to adverse effects thdish. Endpoints of immobilizatio®(magng and

12
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root elongationl(. sativaandR. sativu} exhibited toxic response in all samples. Delgedal. (2013)
reported high mortality on daphnid exposed to pguttanure leachates. Root elongation was an
endpoint with most sensitivity than seed germimatm the both plant species, as reported by Fgegtte

al. (2004). Seed germination exhibited no toxipoese in 17 and 33% of the samples for LOEC, NOEC
and IG respectively at dayl4 and 56 for lettuce and gtQdor radish. In addition, this endpoint
exhibited no toxic response from day 14 for rad&#veral authors have reported the genotoxicity of
leachate landfill and compost extracts on terraspliants and bacteria (Cabrera et al., 1999; DeB8e

et al., 2005; Kwasniewska et al., 2012). Guptaléeity (1992) demonstrated that poultry litter leatdn
may induce mutagenicity using the Ames test. Fughelies could focus on assessing the capability o

composting to reduce the genotoxicity of poultrynonz.

Insert Figure 1

3.2.3Phytotoxicity indexes

RGI and Gl have been used to assess the toxicitgraposting samples (Tiquia and Tam, 2000a;
Tiquia, 2010). The results obtained in the presandy are similar to those reported by other agthGt
values in the 100% extract concentration were aef2.5% of the samples for lettuce (average Glieval
= 3.88%;n=24) and in 16.6% of samples for radish (averapyeataie =21.07%n= 24). Komilis and
Tziouvaras (2009), for example, found Gl valuesMeein 0 and 6% in extract concentration of 100%
(raw extract) of poultry manure derived composhgsadish, lettuce, peppeCdpsicunmspp.), spinach
(Spinacia oleracern tomato Lycopersicon esculentyncress I(epidium sativutnand cucumber
(Cucumis sativys If raw extract inhibits germination completeBGI and Gl lose their value as
indexes. For this reason, Komilis and Tziouvar&@9® had excluded Gl data of poultry manure derived
compost from correlation analysis. An alternatixpeximental strategy was proposed by Morel et al.

(1985), who determined Gl using three aqueous ext@ncentrations (10, 20 and 40% w/v) (Silva et al

13
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2009). However, this methodology cannot be usel anmty type of sample because the concentrations
depend on the toxicity degree. Therefore, we preposise RGIgs and GlGoy as cut-off values to
indicate the lowest concentration that inducesonhiy effects. Also, values lower than or equal to
100% indicate any toxicity degree from a samplaronaturity of the compost, whereas values greater
than 100% indicate a non-toxicity degree from aggarr maturity of the compost. These new indexes
allow the comparison between samples with diffetexicity degrees, such as EfICso or LCsp, which
are commonly used in ecotoxicology. The use of isd¥gpes of samples allowed to analyze the
robustness of the indexes during the validatiorcgse (Table 3). Mature compost (MSW2) and treated
effluent showed non-inhibitory effects, whereas iaune compost (PMC, PLHMC and MSW1) and
untreated effluent showed inhibitory effects.

The RGIG g values showed an increase between the initiafinablsampling time for lettuce from 0.31
to 30.50%, and for radish from 0.06 to 52.74% (EHpottom). The Glgyy, values showed an increase
between the initial and final sampling time fortlee from 0.42 to 54.34%, and for radish from G®6
54.76% (Fig. 1-bottom). These values indicate tioatposting reduced toxicity. However, the maximum
values of RGIG@g and GlGoy, Wwere lower than 100%. Therefore, the compostitesf this study did
not reach full maturity. Further studies could irpmrate these phytotoxicity indexes to assess akver

types of samples, such as effluents, surface watsolid waste extracts.

3.2.4Correlations

Multivariate analysis can suggest a relationshigvben toxicity and the inorganic and organic conten
An association between physicochemical parametet®eotoxicological endpoints, including the iditia
and final sampling times (Fig. 2) was detectedrafpplying Principal Components Analysis (PCA). The
results of this analysis account for 67.6% of tagability of the data matrix. PCA showed two clear
groups of parameters associated to each sampingg High values of EC, carbon content (TOC and

SC), TN, MC, OM and some cations (mainly Mn, Mg &wa) were associated with the initial time,
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whereas high values of the ecotoxicological endgdiow toxicity), pH and TP were associated with

the final time.

Insert Figure 2

A correlation analysis was carried out between oghemical and ecotoxicological parameters (Table
4). The EG, for daphnid showed a negative correlation with B&,and Ca (R 0.73, 0.72, and 0.69
respectively). Also, correlations were observedavieen phytotoxicity endpoints of lettuce and
physicochemical parameters. The highést&tues were obtained for 4 NOEC and LOEC of seed
germination on lettuce. Pablos et al. (2011) sugges relationship between electrical conductigityg
increasing toxicity. Specifically, authors assaethtonductivity with the inhibition of root elonga on
seeds of lettuce (Young et al., 2012). Thg,khowed a negative correlation with SC, Mn and RN (
0.86, 0.79, 0.71 respectively), whereas showeds#ip® correlation with both SRI and TP%R.85 and
0.70 respectively). The lack of strong correlati@mtween maturity and stability indexes was also
observed in Oviedo et al. (2015) as well as in Kisnaind Tziouvaras (2009). Komilis and Tziouvaras
(2009) reported negative correlations between Greds and both TOC and TN. However, we found a
negative correlation between Gl of lettuce and Mn (R 0.69). Both lettuce (R0.79) and radish ®
0.98) was obtained a positive correlation betwe&hd s and GlGoy The lower correlation between

these phytotoxicity indexes for lettuce could kelaitable to a higher inhibition of seed germioati

5. Conclusions
1. The proposed monitoring strategy demonstratedaivesffectiveness of passive aeration systems
to treat poultry manure that is present in higkcpetages in composting piles (>70%).
2. Although the values of SRI, C:N ratio and OM lasdicated compost stabilit§. coli colonies

remained higher than the limits recommended bymat&nal guidelines.
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3. TheD. magnaendpoints allowed the assessment of possibledéaahn run-off toxicity, which
showed positive correlations with phytotoxicity gots.

4. Multivariate analyses demonstrated positive cofi@ia between ecotoxicological endpoints
(low toxicity) and biological activity (stability)A PCA demonstrated that these two parameter
groups were associated with final sampling time stmalved negative correlations with several
other physicochemical parameters (organic and arocgcontents). The latter were associated to
initial sampling time.

5. The RGIG sand GlGoy indexes and salinity indicated that the compodtndit reach maturity.
As a result, the final compost was not considetgidisle for use as a soil amendment.

6. The newly proposed phytotoxicity indexes (R@é@nd GlGg) could be used to assess toxicity
from complex samples or could be implemented initoang strategies as useful

ecotoxicological tools.
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503
504

505
506
507

Table 1. Mean (x SD) physicochemical and microbiologicalgmaeters of the six composting piles at each sagpime and limit values of

final composts.

Target value or

Parameter 0-d 14-d 56-d 92-d . Reference
range / upper limit

pH 6.8+0.3 77403  76+04 8.2+0.4 6-8/9 WRAP (2011)
EC (mS cn) 17.6+1.9 13.3+55% 108+29 8018 <0.6/15  WRAP (2011)
C:N ratio 246+3.6 31.6+31 234+36 248%37 2011 SENASA (2011)
OM (%) 701+1.3 621+3.0 51.1+6.8 457+2.7 >15 SENASA (2011)
MC (%) 706+3.7 67.8+3.8 64.6+4F 604+42 35-40/50  WRAP (2011)
TOC (%) 350+0.7 31.0+15 255+34 229+13F - -

TN (%) 1.4 +0.7 1.0+0.1° 11+02 0.9+0.1° NPK > 6 SENASA (2011)
TP (mg @) 20.3+3.1° n.d. n.d. 248+3.0 NPK>6%  SENASA (2011)
SC (%) 25+0.3 n.d. n.d. 1.2+0.3 - -

SP (mg &) 0.5+0.1° n.d. n.d. 05+0.1 NPK>6%  SENASA (2011)
Ca (mg Y 79.8 +15.4 n.d. n.d. 31.5+408 > 1% SENASA (2011)
Mg (mg LY 125.2 +30.3 n.d. n.d. 709 +475% >0.05 % SENASA (2011)
K (mg L™ 1636.6 + 165.9 n.d. n.d. 1695.3 +8613 NPK>6%  SENASA (2011)
Na (mg LY 472.9 +39.9 n.d. n.d. 468.9 +139%  <100/150  WRAP (2011)
Zn (mg LY 0.9 +0.5° n.d. n.d. 0.6 £0.8 <150/400  WRAP (2011)
Mn (mg LY 2.0+05 n.d. n.d. 1.1+0.3 - -

Cu (mg LY 15+1.3 n.d. n.d. 0.9+0.7 <50/100  WRAP (2011)
(Té’g)co“forms 8.0x10 £ 1.0x10  n.d. n.d. 79'_533)‘)(11%? : :
E.coli(CFU)  1.9x16+1.1x1d  nd. n.d. 79'51XX11%§ Absent /1000 WRAP (2011)
Salmonellaspp. Absent n.d. n.d. Absent Absent/Zero  WRAP (2011)

Different letters indicate significant differencgs0.05) among sampling times.

EC = Electrical conductivity; OM = Organic matt&fC = Moisture content; TOC = Total organic carb®i = Total Kjeldahl nitrogen; SC =

Soluble carbon; TP = Total phosphorous; SP = Selphbsphorous; n.d. = no data
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508 Table2. Mean (95% CI) ecotoxicological endpoints of thet erganisms at each sampling time.

Endpoin 0-d 14-d 56-d 92-d

L ettuce

Seed germinatic

ICs0 (%) 23.5[15.6-31.5]  69.5[61.5-77.4] ** 60.0 [49.2-70.9] **  46.8 [44.4-49.3]
LOEC (% 28.3[17.7-39.0f  70.0[54.0-86.0]%*  64.0[50.6-77.4]%  50.0 [41.2-58.8f"
NOEC (% 14.2 [8.8-19.5] 50.0 [34.0-66.0]*%  44.0[30.6-57.4]%  30.0[21.2-38.8f"
Root elongatio

ICs0 (%) 8.8 [3.6-14.0f 45.4 [26.5-64.4% 55.0 [39.8-70.2} 32.9 [24.7-41.1F"
LOEC (% 7.8 [1.9-13.6F 25.2 [10.7-41.3] 38.3 [16.6-60.1f 28.3 [17.7-39.0f
NOEC (% 3.6 [0.5-6.7F 12.3 [3.9-20.7f 24.2 [6.9-41.4F 14.2 [8.8-19.5Ff
Radish

Seed germinatic

1Cs0 (%) 63.3 [47.7-78.8]** n.t. n.t. n.t.
LOEC (%) 88.0 [73.7-100.0]* n.t. n.t. n.t.
NOEC (% 68.0 [53.7-82.3]* n.t. n.t. n.t.
Root elongatio

ICs0 (%) 9.7 [4.4-15.0f 51.8 [34.4-69.2} 54.1 [39.5-68.7} 41.6 [20.6-62.7f"
LOEC (% 12.0 [0.0-24.3Ff 49.0 [21.2-76.8] 54.2 [33.9-74.5] 41.0 [11.6-70.4]
NOEC (% 5.5 [0.0-11.9F 32.2[8.1-56.3f 36.8 [21.4-52.3] 26.9 [3.0-50.8F
Daphnid

ECso (%) 6.7 [4.3-9.0F 26.5 [16.6-36.4]" 29.3[20.1-38.6f 28.5 [14.8-42.2}
LOEC (% 9.0 [5.0-13.0F 27.6 [17.0-38.2f 33.3[16.4-50.2f 28.2 [12.4-43.91
NOEC (% 4.3 [1.8-6.8F 16.8 [9.8-23.8F 21.0 [9.0-33.0Ff 17.3 [6.4-28.3Ff

509 Different letters indicate significant differendge<0.05) among sampling times.

510 * A total of 83% of the samples exhibiting a toxésponse.

511 ** A total of 67% of the samples exhibiting a toxesponse.

512 n.t.: no toxicity response.

513
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514 Table 3. Values of the new phytotoxicity indexes on sevgypes of samples to validate the proposed

515 methodology.

Type of sample Waste origin ~ Treatment  Seed RGIGg GICao0s Reference
Imma(t;:\;;c(::)o mpost Poultry manure CorAnCSg';ing I;:;E:;E :1%3% ;i% Rizzo et al. (2013)
TS P pouymane feve Leee 298 0% enaa ot
Imm?lt/lljé?/\;:f)mp%t fract?t))rr??)?ll\c/lsw co'rb\ncgg/se}ing Ihe;zligﬁ gggé ;124512 Unpublished data

Mat(l;;%\(/;\(/)zn)] post fract%rﬁ?)?il\(jlsw co'ro\ncgg/se}ing Lettuce 108.76 104.19 Unpublished dat
U‘l?r terz?etzdefeﬂfﬂii?t Cereal residues b,ibz)ndailg;ostt)iign Lettuce 111£3i?325 122417577 Young et al. (2012)

516 PMC: poultry manure derived compost. PLHMC: poulitter and horse manure derived compost.

517 MSW1 and MSW2: municipal solid waste derived contpos
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518 Table4. Pearson correlation coefficients among variouamaters measured at four sampling times at six ostimg piles i¢ = 24).

Physico-chemical parameters Stability D. magna L. sativa (lettuce) R. sativus (radish)
OM or NOEC or NOEC or NOEC or NOEC or
Ash ToC SC Ca Mg Na Mn Cu SRI LOEC LOEC r.e. ICs0 S.0. LOEC s.g. GRICys GICgox LOEC re. GRIGs GlCgon
pH n.s. n.s. -0.75* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
EC -0.80**  0.77** 0.83** n.s. n.s. ns. 0.79* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Ash -0.78* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
OM or TOC 0.92**  n.s. n.s. ns. 0.78* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Phy5|_co- TN 0.87** n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
chemical
parameters SC 0.77* n.s. ns. 0.78 ns. -0.92*% n.s. n.s. -0.86** n.s. n.s. n.s. n.s. n.s. n.s.
Ca 0.94* n.ss. 0.75* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
K 0.97** n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
zn n.s. 0.84* n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
Mn n.s. -0.76* n.s. n.s. -0.79* -0.91* n.s. n.s. n.s. n.s. n.s.
Stability SRI n.s. n.s. 0.85** n.s. n.s. n.s. n.s. n.s. n.s.
D. magna ECs. 0.90** n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
ICsor-e. 0.85 ns.  078%  090% 082%  ns. ns.  ns.
NOEC or
L. sativa | LOEC r.e. n.s. n.s. 0.84** 0.91* n.s. n.s. n.s.
(lettuce) ICoos
50 5.9 0.83* n.s. n.s. n.s. n.s. n.s.
CGRICos 0.79* n.s. n.s. n.s.
ICsor-e. 0.89%  0.81% 0.81%
R. sativus| NOEC or
(radish) | LOEC r.e. 0.87*  0.87*
GRIGy s 0.98**

519 Significant parameters are only showrp€0.01 and **p<0.001).

520
521

n.s.: not significant; r.e.: root elongation; sgeed germination; OM and TOC are shown togetheaiuse they have the same correlation
coefficient values; NOEC and LOEC are shown togebleeause they have the same correlation coefticadne.
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Figure captions

Figure 1. (Top): Average temperature of ambienaad of the inside of the composting piles (average
based om = 6) error bars demonstrate standard deviatighBjldle): Average cumulative losses
(+standard error) of the OM and TN (%) and aver@Bé (mg Qg* OM h) during the composting
period; (Bottom) Average values (xstandard errbthe phytotoxicity indexes measured during the

composting period.

Figure 2. Principal components analysis (PCA) shihwsassociation between physicochemical
parameters and ecotoxicological endpoints witheetsio the first two components. Data ofJGf
lettuce and radish are only shown for root elomgatBlack dots indicate each composting pile and

sampling time.
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