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Abstract

The possibility of treating vegetable tannery indugprimary sludge (VTPS) throu
anaerobic digestion was investigatddoreliminary test was carried out using munic
anaerobicsludge as inoculum and VTPS as substrate in armansly fed CST
(Continuous-flow StirredFank Reactor) under mesophilic conditions but ndhiae
production was observed. As a consequence, ditfenemobial community was used
inoculum. The processfficiency in two reactors (R1 and R2) was compaséth the
aim of evaluating microbial community adaptatiom&ods the inhibiting character
the matrix. R1 was fed with a mixture of an incregsamount of VTPS and
conventional domestic primary sludge (CDPS) andvR2 CDPS only as control.
Results showed that it is possible to co-digest STHOPS up to 30:7Before COD an
VSS removals decrease and acetate starts to ac@mal COD and a VSS remo
efficiency of 48.7% and 53.2% were obtained witbRPS/VTPS ratio of 30/70.
Through batch test, a specific methane producti&tyiP) of 0.27 NL CH g-1 VSSq
was estimated for R1 with a CDPS/VTPS ratio of 80fhree times higher than the
SMP obtained in batch test with CDPS as singletsaies(0.09 NL CHg™ VSSed).

INTRODUCTION

Tannery industry generates a large amount of bolid and liquid wastes: more tr
594.000 tons per year of solid wastes and 15-36frwater per ton of finished prodi
are produced in the Italian context.

The Tuscan tannery district is the second largedEurope and is divided into t
different sectors were chrome and vegetable tanmprngresses are alternativ
operated. This d&#rs the opportunity of treating vegetable and oigotanner
wastewaters in separated wastewater treatmensflMWTP).

In this context, in the Cuoiodepur WWTP (San MiojaPisakaly) are treated almc
exclusively vegetable tannery wastewaters chiaraed by high COD concentrati
(12-23 gQ L™, Suspended Solids (6-31 gS%)LAmmonium (0.12-0.25 gN-NHL™),
Chlorides (0.3 to 8 g't) and Sulphate (1.7-2.7 g$Q_") (Mannucci et al., 2010).

In the last two decades, the potential benefitdhef anaerobic treatment of tann
wastewater are confirmed by the increasing attandiedicated to the investigation
the anaerobic process as a technological solutiotrdat this particular industr
wastewater (Boshoff et al., 2004; Rajesh Banu aaltafgpan, 2007).



However, the presence of inhibiting compounds saglpolyphenols (Vijayaraghav
and Murthy, 1997), metals and sulphide (Shin ¢t1897; Roy et al., 2013), limited f
application of anaerobic processes to tannery weasés at full-scale.

Moreover, tannins are commonly recognized as hiacgfry compounds and th
presence potentially affect anaerobic processestMtal., 2009).

In this context, sulphate reduction remains a mésue due to higher kinetics
sulphate reducinbacteria (SRB) respect to methanogens; sulphiddugex by SRB i
moreover, toxic to both SRB and methanogens. Tagest of inhibition exist as a res
of sulphate reduction (Wang et al., 2013). Primatybition is due to competition f
common orgaie and inorganic substrates from sulfate reduciagtdria (SRB), whic
suppresses methane production. Secondary inhibitesults from the toxicity «
sulphide to various bacteria groups. The inhibitspiphide levels reported in f
literature were in the range of H&D0 mg L* of dissolved sulfide or approximately-50
400 mg L* of undissociated $% (Chen et al., 2008).

Primary sludge obtained from the sedimentation aftipulate matters contained
vegetable tannery wastewaters are still charaet@ti® high concentration of inhibiti
compounds for anaerobic processes. High organidsnatrients concentration allo
the use of primary trannery sludge as a source fédilizer production: in th
Cuoiodepur WWTP context, the sludge is used to ymeda high nitrogen ai
phosphorous content fertilizer after thermal dgyiand mixing with byproduct o
industrial tannery process.

Since European regulation on land application isobeng increasingly stringe
despite the presence of tannins andrtbéfect on the outcome of the competit
between sulphate reducing and methanogens (Manetueti, 2014), it is important
evaluate alternative options for sludge disposahss anaerobic digestion.
Literature on anaerobic digestion of tannerydgle shows considerable variation in
inhibition/toxicity levels reported for most substas. The major reason for th
variations is the complexity of the anaerobic digesprocess where mechanisms ¢
as antagonism, synergism, acclimation, anchmlexing could significantly affect tl
phenomenon of inhibition.

Although several works have been performed for eapnwastewater anaero
treatment (Daryapurkar et al. 2001, Lefebvre ef@04), only few works on anaero
digestion of tannery sluddeave been published (Dhayalan et al. 2007; Thangiaet
al., 2010; Zupancic et al., 2010; Sri Bala Kameswaial., 2012 and no informatio
about the application of anaerobic processes onstihe vegetable tannery prim
sludge are present in literature.

Dhayalan et al. 2007 confirms the possibility teat; in batch conditions, untani
solids leather wastes, chrome and vegetable tarssdples obtaining higr
performance from the digestion of chrome tanningtesmthan vegetable tanning ones.
Zupancic et al., 2010 investigated the potentiathef anaerobic digestion of different
types of tannery waste: chrome tannery sludge, ewvdigishing and waste sl
trimmings. Used tannery sludge is a mixture of @mynchrome tannery sludge ¢
biological sludge from an industrial WWTP treating tannery t@asters. Batch tes
have been conducted to estimate the BMP (Biochénhieghane Potential) of tl
individual substrates and co-digestion process baea tested using a seowintinuou
and anaerobic sequencing batch reactor (ASBR).

Batch tests are generally used to evaluate theegradability and methane produci
potential of organic substrates and provide guidatac continuous study (Li et ¢
2014). Continuous studies allow to assess thelisgabnd performance of reactc
which is more useful for industrial application.

Regardless of the treated solid waste and the nesedior technology, when conduci



anaerobic digestion, start-up and biomass adaptptmcedures are pivotal (Zupaneic
al., 2010).

The presence of high concentration of recalcit@m inhibitory compounds and
lack of adaptation of the biomass, are regarddatieasnain cause of the low efficien
as solids reduction and biogas production, of thaeeobic digestio applied t
vegetable tannery WWTP sludge.

An appropriate management of the acclimatationgsecould allow the application
the anaerobic digestion process to vegetable tgnpemary sludge reducing t
inhibitory effects on methanogenic bacteria.

The aim of this work is to evaluate the efficierafythe anaerobic digestion proces
vegetable tannery industry primary sludge (VTPS)e Technical feasibility of tt
process was investigated through continuously fedcb scale reactors and spe:
batch tests. The role of a gradual adaptation @&ewbic biomass to VTPS v
investigated through the feeding of a mixture ofnery and civil wastewater sluc
with an increasing fraction of industrial sludge.

MATERIALS AND METHODS

Anaerobic batch téswere conducted using an OxiTop® OC110 system (WId/
Germany) while continuous tests were performedgusio (R1 and R2) identical ber
scale continuously fed 3.8 L CSTR (Continuous &tirfank Reactor).

Control reactor (R2) was fed with CDPS from a mipatWWTP (Poggibonsi, Siena -
Italy) for more than 230 days and have been usembmisol reactor. R1 was fed witl
mixture of CDPS and VTPS. The CDPS/VTPS ratio wasrehsed in time in order
acclimate the biomass. Four volumetric CDPS/VTPi®sahave been tested (90/
80/20; 70/30; 60/40) during the experimentationt tlhated more than eight mont
VTPS were collected daily from the primary settéthe Cuoiodepur WWTP.
Temperature and pH were continuously measured treugH probe (LZ%46, Hacl
Lange, Germany) connected to a control unit (SC1le@fch Lange, Germany) tl
allowed the dosage of a buffer solution (NaOH O.1Nlemperature control w
obtained by a crythermostat and liquid recirculation in the extersalell of the
reactss. A rubber seal ensures hermetic closure of #aetors. Sludge mixing w
ensured by three shovels installed on a verticatsh

The process was operated at 35£0.5°C, pH valuemeastained at 7£0.02 and sol
retention time (SRT) was controlled # days. Feeding and wasting pumps wo
simultaneously and with the same flow to avoid gfenin pressure inside the react
Feeding and effluent were analyzed twice a weekthadfollowing parameters we
monitored according to IRSA-CNR (ltalian Institutd Water Researchationa
Research Council) methods: COD, TSS and VSS. Sidphaere evaluated throt
ionic chromatography (ICS1000, Dionex, U.S.A) whielphides and Acetate w
measured through colorimetric analysis using cevietst (Hach-Lange, Germany).
Methane fraction in the produced biogas was evetu#dirough gas chromatogra)
(MicroGC3000, Pollution, Bologna - Italy).

As inoculums, for both R1 and R2, a mixture of aobe sludge from a municig
anaerobic digester (54 %) (San Colombano, Florendély), anaerobic bioma
acclimated to VTPS (15%), bovine manure (22%) anchgry tannery sludge fro
Cuoiodepur WWTP (VTPS, 9%) have been used to olataihigh biodiversity of tf
microbial consortia.

Acclimated biomass to VTPS wadtained in batch conditions after 100 day:
operation at 37 °C. Bovine manure (80%) and VTPB8%P have been used
inoculum. Every 7 days, 33% of the total volume eveeplaced with a mixture
bovine manure and VTPS. The ratio between VTPS laowdne manure have be



increased in time reaching manure/VTPS = 4 at tigeo the acclimatation phase.
VTPS fraction in the R1 feeding mixture have bewreased stepwise to encourage
adaptation of the inoculum to the tannery primaungge:

* Phase I: CDPS/VTPS = 90/10, from day 0 to day 69;
* Phase Il: CDPS/VTPS = 80/20, from day 70 to day, 127
* Phase Il: CDPS/VTPS = 70/30, from day 128 to dal, 25
* Phase IV: CDPS/VTPS = 60/40, from day 251 to day

Batch tests were conducted with an inoculum:sutestratio ¢ 1:1, using the R
effluent as inoculum and a mixture of VTPS and CDW8 a volumetric ratio of 30:7
Batch tests using R2 effluent as inoculums and CB®Substrate were conducte
estimate the specific methane productivity (SMPIRfh Batch testwere carried out
triplicate, at 35 £ 0.5 °C for 15 days, in a clogethperatureontrolled anaerob
digester (Pitk et al. 2012). Cumulative biogas piitbn, COD and VSS remo
efficiency, biogas production and ¢iercentage in the produced biogas were us
key parameters for the estimation of the anaenptmcess efficiency.

To solve the carbon mass balance Eq. 1 and Eqvebeen used:

CHagop = (CODyy — CODgye — CODgg, — ACOD) * 0.35% (Eq. 1)

NLCH
CHaygs = (VSSin — VSSoue) * 1.42 * 0.35 =0 (Eq. 2)

Where:

CODy, is the influent COD;

COD,,; is the effluent COD;

CODsp, is the COD used int the sulphate reduction prod€e®s,, = ASO, *
0.67 gCOD g~150,)

ACOD; is the removed soluble COD;

1.42 gCODgVSSis the conversion between COD and SSV.

Adopted Oxitop® reactor are equipped with a presstansducer for the measuren
of the pressure variation in the headspace duadgab production. Theolume (ir
normal conditions) of the produced biogas was esgBohusing Eq 3.

(Vhs*Pr) T
VBiogas = hT‘Rﬁ (Eq. 3)

Where:

Vs IS the volume of the headspace;

Py is the recorded pressure;

Py is pressure in normal conditions = 1 atm

Tg is temperature inside reactor = 35°C = 308 K;

Ty is temperature in normal conditions = 20°C = 293 K.

RESULTS AND DISCUSSIONS

A preliminary continuous test was carried out usangerobic sludge from a munici
WWTP as inoculum and 100% VTPS from Cuoiodepur WVEERhe only substrate
R1. No methane production and a COD removal efiimyeof 13% have been obser
after 30 days of operation.

A new inoculum was performed for both R1 and R2.

In R2 average COD and VSS removal during the whetperimentation we



22.445.1% and 25.3+4.6%, respectively.

Referring to R1, COD and VSS removal efficiencythe last 20 days of phasavere
37.6% and 37.0%, respectively, and increased winepércentage of VTPS in the f
increased from 10% to 20%, reaching removal efiicies of 61.3% and 54.6
respectively, in the last 20 days of phase Il. W& &nd of phase Ill, COD and V
removals dropped to 48.7% and 53.2%, respectively.JO® and VSS removals tre
during the whole experimentation are reported guFé 2 and 3, respectively.
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Figure 1 — COD removal efficiency in R1
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Figure 2 — VSS removal efficiency in R1

For both COD and VSS removal, changes in feedinmposition causes raf
reductions that are more evident in the transifrom phase Il to phase Ill. Within
single phase, both COD and VSS increases reachagmam values at the end of e
phase mayb due for the acclimatation of the anaerobic biamasthe new feedir
composition.

The reduction of the removal performances in Rthatend of phase Il respect to th
in phase Il could be due to the achievements abiting condition after the icrease ¢
VTPS fraction in the feeding. VSS removal effiades are less influenced by feec
changes than COD removal efficiencies maybe dudigber inhibitory effects ¢
methanogenic bacteria than others as the acetatenatation during phase Itdonfirms
(Figure 4). No acetate accumulation was observé&tPRin
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Figure 3 — Acetate concentration in R1

As COD and VSS removal, Sulphate removal efficiem@s influenced by feedi
changes. At the beginning of phase lll there wahange in tanneryrpnary sludg
sulphate concentration that caused a reducticsuliphate removal efficiency also
favourable condition for SRB due to high acetatecemtration (Figure 5). At the end
phase IIl with an influent sulphate concentrationilar to influent sulphate in phas
and Il, sulphate removal reached 84% similarly tatwobtained in the previous pha
Sulphide concentration lower than 1 mg' lwere maintained during the wh
experimentation.
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Figure 3 — R1 influent sulphate concentration arighsate removal efficiency in R1

During phase lll a percentage of 65+5.5 % of,@Hthe produced biogas was obtai
in three different sampling; batch tests on biggasluction were made through Oxi
system to confirm the data and to estimate ridwgo between removed COD ¢
produced CHwith the operational conditions maintained in ghlkand in R2.

An example of the trend of the overpressure inqueréd batch tests is reportec
Figure 6.
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Figure 6 — Overpressure trend in batch tests

A biogas production of 0.25 NL was estimated frdva €OD removal (0.65+0.08) &

a methane percentage of 65£2.2% and a methanegiiaawf 0.29 L CH per g COIL
were obtained. The ratio between produced,; @Hd removed COD was used
estimate the SMP during phase lll, that result&¥ NL CH, g-1 VSSq, three time
hilgher than the SMP obtained in batch test with S@B single substrate (0.09 NL £H
g~ VSSed).

CONCLUSIONS

The study was carried out in laboratory scale mracwith the aim of evaaie th
efficiency of the anaerobic digestion process ofjetable tannery industry prim:
sludge (VTPS). Continuously fed CSTR experimenashthat inhibitory effects ¢
methanogenic biomass could starts with a CDPS/Vi&i® of 30/70 when acet:
stated to accumulate in R1 and COD removal decredsessignificant variation ¢
VSS removal efficiency were observed and VSS reinov/&3.3% was maintained
steady state in all the tested conditions. Thegmes of up to 30% of primary sludge
the feeding resulted in an increase of 300% on specifithame production respeci
the digestion of the sole civil primary sludge.
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