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Abstract

This study investigates the effect of psychrophitiesophilic and thermophilic
temperatures on the anaerobic treatment of slatighise wastewater, in terms of
biogas production, occurrence of 30 pharmaceutimadpounds of veterinary use, 4
antibiotic resistance genes (ARGs) which providestance to tetracyclinete{W),
fluoroquinolonesdnrS), , macrolide-lincosamide-streptogramenr(B) and
sulfonamidesdull) antibiotics, as well as class | integron-integrgeneifitli 1), related
to horizontal gene transfer. The highest methaelel yvas obtained at a mesophilic
temperature (35°C) (323 mL GHy TCOD) followed by the yield obtained at
thermophilic temperature (53°C) (242 mL £1g TCOD). Regarding pharmaceuticals,
chlortetracycline, oxytetracycline, tilmicosin, alcomycin were the most abundant in
the slaughterhouse wastewater, being detected mpiadotly in the solid phase (with

median concentrations >20@/kg dry weight). On the other hand, ciprofloxacin,
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ofloxacin, norfloxacin, lincomycin and ibuprofen rgehe most predominant in the
anaerobic digestate regardless of the treatmemeieture. Psychrophilic temperatures
(21 °C) exhibited moderate to low pharmaceuticatsaval, while a large fraction of
them were removed at a thermophilic temperaturehiag 70-90 % removals for
tetracycline, macrolides and one sulfonamide (pylidine).

The highest relative abundance of the quantifieds8Rvas found at 53 °C, suggesting
that thermophilic temperatures normally associatitk better removals of pathogens

do not necessarily show better removals of anitbresistance genes.

Keywords. Anaerobic treatment; slaughterhouse wastewaterpeutical
compounds; antibiotic resistance genes; temperature

1. Introduction

The meat processing industry has been recognizedeasf the industrial sectors with
the largest freshwater utilization, being equivater29 % of the water consumption by
agriculture (Gerbens-Leenes et al., 2013; MekoramehHoekstra, 2012). This is
expected to increase in the following decadesyedigtions for the global meat
production are also rising with current estimatiassuming a consumption of 465
million tonnes by 2050 (Aziz et al., 2019). Slawgghbuses produce large volumes of
wastewater and solid waste as a result of theotyrtion and cleaning activities.
(Cuetos et al., 2008). Slaughterhouse wastewaW®@¥\(pcontains high amounts of
carbohydrates, proteins and lipids and is consilaneimportant source of pathogens
and antibiotic resistant microbes, thus potentiadigtributing to the spread of these
pollutants into the natural water bodies (Grod.e2819; Savin et al., 2020). In this

sense, SWW is considered one of the most detrilhiewliastrial wastewaters because
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of its inadequate treatment in many countries, iogusevere river and groundwater

pollution (Aziz et al., 2019; Bustillo-Lecompteat, 2016; Odekanle et al., 2020).

Different technologies are being used for the tresit of SWW, including physical—
chemical methods and biological aerobic proced3ex (et al., 2020; Gannoun et al.,
2009). However, anaerobic treatment processedtaaetang attention due to its
associated advantages: excellent organic mattesvaiable to withstand higher
organic loading rates as compared with other biokddgreatments, low generation of
sludge, reduced costs, higher removal of pathogedghe conversion of the organic
fraction into valuable by-products, such as biogé#ss last aspect is especially
interesting when taking into account the globalrgnerisis and continuous long-term
increase in the demand and price of fossil fueis €t al., 2018; Shilpi et al., 2019; Wu

et al., 2016).

Within anaerobic digestion (AD), one of the mosportant factors to consider is
temperature (T), having a direct effect on its perfance and the stabilization of the
waste. Three different operating temperature itisrare described in the literature: i)
psychrophilic range (<25 °C, PAD), ii) mesophiamge (30-40 °C, MAD) and iii)
thermophilic range (50-60 °C, TAD) (Rodriguez-Valdena et al., 2019). The
optimum digestion temperature must be selectediderisg the potential biogas yield,

guality of the digestate and heat requirement lneae the desired temperature.

In general, it is assumed that increasing tempegasults in an increase in biogas
production. However, this is not always the cageeislly in waste with high content
of proteins such as SWW, since the high levelswohania generated during protein
degradation can inhibit the digestion process (Gtad., 2008). Most of the studies

dealing with SWW have been conducted in mesopaiid thermophilic temperatures.
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Mesophilic temperatures are the most desired fora8Eney imply lower electricity
requirements than thermophilic treatments for IngatVoreover, at mesophilic more
microbial groups can be active and present lovesraf ammonia inhibition and
process instability (Schmidt et al., 2019). Howeweermophilic temperatures have
been shown to display better pathogen removalféoal coliforms and salmonellae)
which is an important aspect to consider when dgalith SWW (Loganath and

Senophiyah-Mary, 2020).

SWW is also characterized by having a significaespnce of pharmaceutical
compounds (PhACs). This is not surprising sinceugeof veterinary PhACs is a
common practice in the animal production industitye consumption of these
compounds depends on the level of industrializaticthe farming sector and have a
high variability among countries (Gonzalez and Aage2017). For example, in China
the total use of veterinary antibiotics in 2013 \@pproximately 80,000 tons as
compared to 11,000 tons used in the US (Cholloat. £2020). Within the European
Union, Germany and Spain are the countries withhtgbest antibiotic consumption
(Gonzalez and Angeles, 2017). The occurrence ofhduring anaerobic treatment is
widely reported in literature (Oliver et al., 2020arel et al., 2012), but no clear general
trend has been found between the temperature dppiie their effect on their removal.
In fact, most of the studies concluded that a teatpee increase favors the
biodegradation of some PhACs and reduce the renodwahers (Carballa et al., 2007;
Davidsson et al., 2014; Gros et al., 2020; Zhaai.e2015). Related to antibiotic
resistance genes (ARGS), literature is even mangadictory, since some studies
recommend thermophilic digestion for ARGs remo@ier et al., 2020; Zou et al.,

2020) and others do not (Huang et al., 2019).
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Overall, experimental evidence on the combined ra&hof PhACs and ARGs in
complex wastewaters such as SWW is still limitedd®m et al., 2020) and a direct

comparison of their occurrence at different tempegearanges is still missing.

In this study the methane production potential \&/V8 coming from the inlet of an
industrial slaughterhouse wastewater treatment fBAWWTP) was investigated at
different temperatures (21°C, 35 °C and 53 °C)h#&acterization of the SWW and the
inoculum was also conducted considering macro aitbpollutants. The presence of
30 multiple-class PhACs was analyzed at beforeadired the anaerobic treatments to
assess their possible removal, considering bott anot liquid phases. Finally, class |
integron-integrase genal 1) related to horizontal gene transfer together with

different ARGs was quantified before and afterdfiterent anaerobic treatments tested.

2. Materialsand methods

2.1 Anaerobic inoculum and slaughterhouse wastewate

The sludge used as inoculum was collected from soptelic (35° C) anaerobic
digester from Girona WWTP (Catalonia, Spain). SWéswampled from a pig
slaughterhouse plant which handles approximat@9®n¥/d of SWW located in

Catalonia-Spain.

Inoculum and SWW characteristics are shown in Téble

Table 1. Inoculum and SWW characteristics.

Parameter Inoculum SWw
pH 7.2+0.2 6.7+0.1
TCOD (mg/L) 13,520 £ 184 6,786 + 147
SCOD (mg/L) 167+ 6 2,254+ 3
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TS (g/L) 15.0+0.2 n.m

VS (g/L) 9.8+0.1 n.m
TSS (g/L) n.m 1.7+0.2
VSS (g/L) n.m 1.5+0.1
PQ2-P (mg /L) 40.6+1.2 31.1+0.1
Cl(mg /L) 255+1 2,523+2
Na* (mg /L) 119+1 1,638+1
NH4*-N (mg/L) 51145 173+1
Acetic acid (mg/L) 3.6x0.2 458114
Propionic acid (mg/L) n.d 355428
Isobutyric Acid (mg/L) n.d 81+2
N-Butyric acid (mg/L) n.d 104+8
TKN (mg/L) 1,16245 350+1

n.m: not measured; n.d: not detected.

2.2 Biochemical Methane Potential (BMP) tests

The maximum specific methane production from SWV¢ gaantified using BMP
tests. They were conducted under three differenpégatures (psychrophilic
“PAD=21°C”, mesophilic “MAD=35 °C” and thermophili@AD=53 °C”). 250 mL
bottles (150 mL working volume) were used for tHdMBtests with a ratio Inoculum/
Substrate (I/S) of 2 (Zahedi et al., 2017). Aftealsng the BMP bottles, they were
placed in three different incubators controlle@ BPC, 35 °C and 53 °C. To ensure
mixing, the bottles were placed in shakers at 50. rAll tests were conducted in
triplicates. The biogas produced in the blanksyevith inoculum and without SWW)
was subtracted from the biogas obtained in theraéses conducted with SWW. The
BMP tests lasted for 28 days. Specific methandymtion (SMP) was expressed in
milliliters of methane produced per gram of TCORad (at normal condition, P=1 atm

and T2= 0°C).
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2.3 Analytical methods

Classical parametersin AD

Total solid (TS), volatile solid (VS), total suspled solid (TSS), volatile suspended
solid (VSS), total Kjeldahl nitrogen (TKN), totahemical oxygen demand (TCOD) and
soluble COD (SCOD) were analysed following standaeihods (APHA, 1995). lons
and volatile fatty acids (VFA) were analyzed via thromatography (ICS5000,
DIONEX) and gas chromatography (Trace GC Ultra Tadisher Scientific)
respectively. pH and conductivity were measuredgua pH meter and conductivity

meter (Crison).

The biogas volume was measured using the same dudtiyy reported in literature
(Zahedi et al., 2018). At the beginning of each glamy the pressure of the headspace
of each BMP bottle (volume of 100 mL) was recordethg a pressure sensor
(PM7097, IFM). An infrared Ckisensor (GasTech S-Guard) was used to monitor the

CHa content in the biogas.

Analysis of PhACs

PhACs concentrations were analyzed in the inocusMiyV and outlet samples of the
BMP tests. The analysis of 30 PhACs (Table S1)aeaased out in the solid and
aqueous phases, separately, using a method adaptethe one described in Gros et
al. (2019). Methodology, chemicals and reagentslaseribed in supplementary

material..

The total concentration (liquid+solid) was calcathtaiccording to Gros et al. (2019)

employing the following equation:

C = [Ciiquid+ Csolid® grp/grs*% TSin the solid fraction] (Eg. 1)
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whereCiiquia and Cwiig are the concentrations of PhACs quantified in ipeid and solid
(Iyophilizate) samples respectively,@nd gsare the weight of the solid fraction and
the weight of the sample before centrifugationpeesively and % TS in the solid
fraction was calculated as the weight after lyapation/weight before

lyophilization*100.
Eq. 2 was used to calculate the initial concerdratif PhACs in the inlet:
Cin = [(CI* VI) + (CSWWVV SWMW)/(VI + VSWV)] (Eq. 2)

where Cl and CSWW are the concentrations of PhAEasured in inoculum and
SWW respectively, while VI and VSWW are the voluneésnoculum and SWW added

in each BMP test, being 75 and 75 mL respectively.

DNA extraction and quantification of antibiotic resistance genes

Inoculum, SWW and outlet samples of the BMP testsveollected in triplicate and
centrifuged at 4,000 for 10 min at 4 °C. The obtained pellet was sudpdnn lysis
buffer (20 mM Tris-HCI [pH 8.0], 2 mM EDTA and 1.2%iton X-100) and treated
with lysozyme (20 mg/mL) and proteinase K (10 mg)nmihe standard phenol-
chloroform method was used for the extraction afageic DNA (Sambrook and
Russell, 2001), and Qubit 2.0 fluorometer (Life Riealogies; Carlsbad, CA, USA) was

used to determine its concentration.

Copy numbers of the four ARGs analysed (givingstasice to sulfonamidesu{1)
antibiotics, tetracyclinegef\W), macrolide-lincosamide-streptogramenr(iB) and
fluoroquinolonesdnrS)) were quantified by Real-time PCR (qPCR) assMart| et al.,
2013; Subirats et al., 2017), These ARGs were chimgebeing representatives of the
most important antibiotic groups used in veterinaryd have been already identified in
slaughterhouse samples in previous (Gros et d92Class | integronsrl 1), related

8
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to horizontal gene transfer and the 16S rRNA gaemicative for bacterial abundance
were also quantified. The conditions detailed irelfaet al., (2003) were used to
guantify the selected genes. Briefly, a MX3005Rays(Agilent Technologies; Santa
Clara, CA, USA) was used for all gPCR assays, asgbdiation curves were generated

(from 60 to 95 °C). ANOVA or Student’s t-tegt<0.05) were used to compare the data.

3. Resultsand discussion

3.1 Biogas production

The effect of the different temperatures tested®°2135 °C and 53 °C) on the inoculum
is presented in Figure S1. The fact that methaodymtion was obtained under all
temperatures indicates the presence of thermophiksophilic and psychrophilic
microorganisms in the inoculum. Fig. 1 shows theaglative specific methane
production (SMP). Results indicate that temperaltae a significant influence on the
anaerobic process. BMP tests conducted at 35°@miszbsthe highest production of
methane and the shortest start-up. This is migliuleeto the fact that the biomass used
as inoculum was withdrawn from an anaerobic digesteking at 35 °C and more time
for adaptation to the PAD (21 °C) and TAD (53 °&jperatures was required. A very
low CHs4 production was observed during the first 10 days32C but increased
exponentially afterwards till reaching its maximanound day 15, according to the
thermophilic blanks (Figure S1). The lowest {Hoduction rate was obtained under
psychrophilic conditions (21 °C) which presentambastant and linear increase till the

end of the tests.

Microorganisms grow best at temperature rangesesiophilic and thermophilic than in
psychrophilic (Hagos et al., 2016). It has beemshthat temperature increase the
maximum specific growth rate of microbes (Bousketal., 2005) and the hydrolysis

9
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step (Petropoulos et al., 2017). Generally, area®ed temperature has a positive effect
on the metabolic rate of microorganisms and acatdsrthe digestion processes (Hagos
et al., 2016), but it is not always true, espegialhen the substrate has high amount of
proteins or ammonia, as is the case of slaughteghmwastewaters, increasing risk of
free ammonia inhibition and process instabilityl{fadt et al., 2019). In the present
paper some free ammonia (it will be commented énnéxt section) inhibition on the
methanogenic population under thermophilic condgioould have happened and it
might explain the higher values of propionic addamned and the lower SMP in these
tests. The lower SMP in PAD (71+17 mL @k TCOD), as compared to the tests
conducted at MAD is in agreement with Agler etvaho observed an approximate four
times decrease in activity when the operating teatpee decreased from 37 °C to 22
°C (Agler et al., 2010). Also the increase of mathaolubility at lower temperatures
results in less methane being released to thelgesepdecreasing the SMP (Noyola et

al., 2006; Skouteris et al., 2012).

400
—(O— PAD (21 C)

—+ MAD (35°C)
—/\— TAD (53 °C)

300 A

200 -

SMP (ml CH4/g TCOD)

100 A

0 5 10 15 20 25 30

Figure 1 Cumulative specific methane production with stadd#aviation from the

215 SWW at PAD (21 °C), MAD (35 °C) and TAD (53 °C).
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3.2 Effluent characteristics

Table 2 presents the results obtained from theachenization of the three different

digestates at the end of the BMP tests.

Table 2. Parameters analyzed at the end of the BMP te#itsstandard errors.

Parameter PAD (21 °C) MAD (35 °C) TAD (53 °C)
pH 7.7+0.0 7.7£0.0 8.2+0.1
Conductivity (Sm/cm) 7.1+0.1 7.2+0.1 7.410.1
TCOD (mg/L) 7,980+10 7,770x70 7,560+85
SCOD (mg/L) 256+12 17542 800+20
TS (g/L) 10.16+0.45 10.03+0.26 9.32+0.19
VS (g/L) 5.51+0.02 5.27+0.02 4.84+0.03
CI (mg /L) 1,433+2 1,426+1 1,420+1
Na* 890+1 883+1 895+1
N-NH4* (mg/L) 482+0 522+2 627+8
Acetic acid (mg/L) 5.840.6 3.610.3 44.0£3.0
Propionic acid (mg/L) n.d n.d 27410
Isobutyric Acid (mg/L) n.d n.d 88+1
N-Butyric acid (mg/L) n.d n.d n.d
TKN (mg/L) 816+11 810+6 829+12

n.d: not detected

For all conditions, an average TCOD removal peragadf 23 % + 3 % was obtained.

The high amount of non-biodegradable COD presetitdrBMP tests and mostly

coming from the inoculum explains this relativebyv removal value observed. The

inoculum comes from a full-scale anaerobic sludgester operating with 20-30 days

of hydraulic residence time (HRT). Under these HRalimost all the biodegradable

material has already been eliminated, practicalying organic matter that is difficult

to biodegrade. In the BMP to maintain an I/S rafi@, half the volume was provided

by the inoculum with a TCOD of 13,520 mg/L whileetbther half was provided by the

11



229 SWW, with a TCOD content of 6,786 mg/L, resultimgain initial TCOD concentration
230 in each BMP of around 10,150 mg/L. Therefore, a?d4@0 % of the organic matter
231 present in the SWW was degraded (6,786 mg/L), lineration percentages of TCOD
232 would have been less than 40 %. In addition, takabgaccount that more than 30 % of
233 the organic matter of the SWW can be non-biodedniad®ziz et al., 2019; Ortner et

234 al., 2020), a 23 % removal of TCOD indicates a gpedormance of the AD process.

235 Interms of effluent characteristics, very simvatues were found in the BMPs

236 conducted at 35 °C and 21 °C, despite the lastamlgsesulted in a 22 % of the

237 methane detected at 35°C. This was also observE@bhaughton et al. (2006), that
238 found no similar COD removal efficiencies betweessophilic and psychrophilic

239 conditions for AD of brewery wastewater while deieg a 50 % reduction in the SMP
240 at the psychrophilic temperatures. As previouslytioaed, the low SMP obtained
241 under 21 °C might be attributed to a reductiorhemdanaerobic activity of the biomass
242 and also to an increase of the methane solubAigye et al., 2010; Noyola et al.,

243  2006).

244  TKN values at the end of the BMP tests were moiess constant (805-837 mg/L) and
245 lower than the values of the TKN that the inoculisrexposed to in the full scale

246 anaerobic digester where it was withdrawn fromacb1,000 mg/L see Table 1).

247 Ammonium values were influenced by the operatio@aperature due to higher

248 hydrolysis of proteins at higher temperatures (kinal., 2003; Mehari et al., 2018).
249 The concentration of ammonium at the end of the BMBs 482+1 mg/L, 522+2 mg/L
250 and 627+8 mg/L at 21 °C, 35 °C and 53 °C, respdgtiThese values were lower than
251 those reported (684-1239 mg/L) by Ortner (20209radinaerobic mesophilic AD of

252 SWW in a batch reactor (Hansen et al., 1998; Maidt., 2020; Yenigin and Demirel,
253 2013). The concentration of free ammonia (FA), Whas been reported to inhibit the

12



254  digestion process (Yenigun and Demirel, 2013) vedsutated using the equation from
255  Anthonisen et al., (1976) ((1.214xNkix10°H)/(e5344/(273+TCCL 1 PH)). According to this
256 formula our FA values were around 10, 28 and 225\#gN/L in PAD, MAD and

257 TAD, respectively. It has been reported that irtiobi of the methanogenic activity and
258 VFA accumulation could occur at an FA level of 49 MHs.n/L, indicating that the FA
259 present in the thermophilic tests could be payti@hibit the production of biogas.

260 However, it is not clear to which extend this camtcation is inhibitory as other

261 researchers have only found inhibition at FA comegions of 400 mg NEIN/L or even
262 higher. (Hansen et al., 1998; Liu et al., 2019aRalkt al., 2011; Sutaryo et al., 2014;
263  Yenigun and Demirel, 2013). Some inhibition on tethanogenic population under
264 thermophilic conditions could explain the higheogonic values and the lower SMP in
265 these tests. Higher values of VFA at thermophdimperature has been also reported in

266 the literature with other substrates (Hao and Wa045).

267 3.3 Pharmaceutical compounds

268 16 out of the 30 targeted compounds were detectind deginning or at the end of the
269 BMP tests being predominant in the solid fractibakile 3), as has been found in other
270 studies (Boix et al., 2016; Gros et al., 2019; Yahgl., 2016). High differences were
271 observed between the presence of these PhACs indb@lum and the SWW. These
272 differences are attributed to the fact that theuhom came from a municipal WWTP

273 and the SWW came from a meat processing industry.

274

13



275 Table 3. PhACs measured in the liquid and solid fractionsifthe inoculum, the SWW and the effluent of thdMBtests.

Inlet Outlet
Compounds Inoculum SWWwW 21°C 35°C 53°C
liquid fraction solid fraction | liquid fraction solid fraction | liquid fraction solid fraction | liquid fraction  solid fraction | liquid fraction  solid fraction
(ng/l) (nglkg®) (ng/L) (ng/kg*) (ng/L) (ng/kg*) (ng/L) (ng/kg*) (ng/L) (ng/kg*)
Tiamulin n.d n.d n.d 8.44+0.56 n.d n.d n.d n.d n.d n.d
Tilmicosin n.d n.d 1.75+0.09 206.43+6.56 blq 116400 blg 88.47+8.43 blg 28.28+16.42
Lincomycin n.d n.d 20.07+0.34 506.80+121|1 13.6840.1 330.32+0.89 7.2940.22 264.65+21.21 7.60+0.26 n.d
Tetracycline n.d 455.08+30.08 n.d n.d n.d 356.18%5. n.d 361.51+30.08 n.d 238.90+27.89
Oxytetracycline n.d 128.81+10.94 Blq 357.20+7.97 d n. 173.74+2.27 n.d 193.15+12.93 n.d 81.3048.06
Chlortetracycline n.d 30.96+4.65 0.50+0.02 10236313 n.d 1783134 n.d 16461120 n.d 550+87
Ciprofloxacin 0.66+0.08 137981740 n.d n.d 0.67+0.08 127204512 0.88+0.07 142454329 2.39+0.19 1527544113
Ofloxacin blg 2884+155 blg 47424 blg 2583+122 0.615 23181166 1.0440.06 25694534
Enrofloxacin n.d 37.90+0.21 blq 90.11+4.99 n.d Ba3®55 n.d 58.64+0.93 n.d 64.55+4.80
Flubendazole n.d n.d blg 38.06+0.43 blg blg blg blg blg blg
Norfloxacin n.d 26174510 n.d n.d n.d 2476+18¢ n.d 7424437 n.d 2289+232
Azithromycin n.d 234433 n.d n.d n.d 134+8 n.d 9745 n.d blg
Sulfadiazine n.d n.d 0.24+0.001 4.11+0.30 0.21+0.01 3.26%0.46 0.13+0.01 3.68+0.10 0.19+0.01 2.73+0.14
Sulfapyridine n.d 20.87+0.85 n.d n.d n.d 8.47+0.05 n.d 10.55+0.34 n.d blq
Diclofenac 1.03+0.05 76.25+£10.79 n.d n.d 0.76+0.01 34.83+1.08 0.58+0.06 33.66+1.19 0.80+0.10 22.09t4.2
Ibuprofen 15.71+0.30 236.41+24.27 0.42+0.04 n.d 5¥0406 83.53+8.58 8.03+0.39 114.69+1.61 11.29+0.30 78.10+0.73
276  n.d: non-detected; blg: below limit of quantificati * Refers to Kg of dry weight.

277

14



278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

Chlortetracycline, oxytetracycline (tetracyclingglimicosin (macrolide), and
lincomycin (linsosamide) were the most abundant ®@hf the SWW (with median
concentrations >200g/kg dry weight in the solid fractions) and are @hdused
antibiotics in animal breeding operations. Othenpounds, such as the
fluoroquinolone antibiotics ofloxacin or enrofloxacsulfadiazine (sulfonamide),
tiamulin (macrolide) or the anti-helminthic flubeamble, also used in animal
production, were detected in liquid and solid fiat$ of the SWW at concentrations

lower 1 u g/L and 100u g/kg dry weight, respectively. All these compouads

antibiotics commonly used as veterinary drugsedattor prevent respiratory tract
infections, pneumonia, gastrointestinal diseasegameral bacterial infections in pigs,

cattle and sheep.

Regarding the inoculum, ciprofloxacin, ofloxacimrfioxacin (fluoroquinolones),
azithromycin (macrolide), tetracycline and ibuprofanalgesic/anti-inflammatory)
were the most predominant compounds (with mediaceaatrations >20Qg/kg in the
solid fractions). Tetracycline, chlortetracyclinedaoxytetracycline, enrofloxacin
(fluoroquinolone antibiotic), sulfapyridine (sulfamide antibiotic) and diclofenac (anti-
inflammatory), also used in human medicine, weteated in the liquid and solid

fractions of the inoculum at concentrations below @/L and 200 g/kg dry weight.

Results indicate that SWW is a considerable soof@hACs when used as substrate
for anaerobic digestion; in fact, the occurrencéloficosin, lincomycin, flubenzole and
sulfadiazine in the inlet of the BMP was only ditiied to SWW inputs (Table 3 and
Figure 2). On the contrary, ciprofloxacin, norflaka azithromycin, tetracycline and
ibuprofen were introduced in the BMPs only throtigé inoculum. Chlortetracycline
and oxytetracycline were detected in both SWW aodulum, but they were

predominant in the SWW.
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Figure 2A depicts the average concentration optilemaceuticals in the inlet and in
the AD outlet at the different temperatures tegtegarithmic scale) considering both
liquid and solid phases (see equation 1 materinaethods section). The initial
concentration in the BMP tests was calculated altegrthe equation 2 (see material
and methods section). To facilitate the compar@mmong the different conditions
tested, the reduction of the individual PhACs ipidied in Figure 2B. Most PhACs
(except lincomycin (at 21 °C), sulfadiazine (at éeyperature) and ibuprofen (at 53
°C)) were reduced during the AD process althougir temoval percentages differed
among the different treatments. Other literatuvelists have reported no removal or
even an increase in concentration for ibuprofetiadiazine and lincomycin in
anaerobic conditions which is agrees with our figdi (Feng et al., 2017a; Gonzalez-
Salgado et al., 2020; Gros et al., 2019). An irgeean the levels of PhACs can be due
to the transformation of metabolites to the origo@mpounds during the anaerobic
treatment as was reported in an anaerobic sewtmsydelic et al., 2015), chemical
changes in the SWW and inoculum during their rerhovanalytical limitations, such
as matrix effects (Gros et al., 2020). In genehad,removals of all groups of antibiotics
were positive and influenced by temperature. BMigsteonducted at psychrophilic
temperature (21 °C) resulted in lower PhACs remasatompared to the tests
conducted at mesophilic (35 °C) or thermophilic {63 temperatures, which displayed
the highest removals. These results are in link ativer literature, with AD resulting in
higher PhACs removal when operating under thermigptonditions (Feng et al.,
2017b; Samaras et al., 2014; Youngquist et al.6paad in disagreement with others
that suggested that temperature was not imporvarnihé reduction of PhACs (Boix et
al., 2016; Gonzalez-Gil et al., 2016; Malmborg &agnér, 2015). The reduction

percentages for tetracyclines, macrolides and digwinolones were doubled under
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329

330

331

332

333

334

335

336

337

338

thermophilic conditions as compared to psychrophi@mperatures. Macrolides (except
tiamulin, which was totally degraded) showed avenagluction values of 43+15 %,
64112 % and 83+4 % at psychrophilic, mesophilic #remophilic temperatures,
respectively. In the case of tetracyclines the nrednction percentages were 41+4 %
(21 °C), 49+£7 % (35 °C) and 8118 % (53 °C) andltmroquinolones a reduction of

26+2 % (21 °C), 36+8 % (35°C) and 486 % (53 °C3 aehieved.

A possible reason why higher PhACs removals wesemfed at higher temperatures
could be that thermophiles have higher metaboliwiag and also that the solubility

and bioavailability of some persistent organic piahts are greatly increased, and thus,
the degradation of the pollutants by thermophibes lze faster and complete (Jing-lan et

al., 2012).
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340 Figure?2. A) Concentration of PhACs at the beginning (ihjtend at the end of the
341 BMP tests at different temperatures (21°C, 35°C&89€); B) Removals of PhACs in

342 the BMP tests conducted at 21 °C, 35 °C and 53 °C.

343 3.4 Antibiotic resistance genes

344 The four target ARGgnrS, tetW, ermB andsul 1 (conferring resistance to

345 fluoroquinolones, tetracyclines, macrolide-lincosaderstreptogramin (MLS) antibiotics
346 and sulfonamides, respectivelintl 1 (genetic marker of anthropogenic influence and
347 potential mobilization of ARGs) and 16S rRNA gemese measured in the inoculum,

348 the SWW and at the end of the BMP tests condudtddfarent temperatures. Their
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relative abundances were normalized to the 16S rigé&l#e copy number so an
estimation of the presence of the targeted gerf@mwihe overall microbial community
could be estimated (Figure 3). Results are exptdassiegarithmic scale, where values
of -1, -2, -3 and -4 indicate the presence of Istasce gene for every 10, 100, 1,000

and 10,000 copies of 16S rRNA gene, respectively.
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Figure 3. Relative abundance of ARGs in A) inoculum and SWW B) anerobic
effluents at different temperatures (21°C, 35°CZ8f¢€). Different superscripts
indicate significant differencg€0.05).

Marked differences were observed between the inot@nd the SWW in all ARGs
studied (Figure 3A), with SWW presenting higher adbances for all the ARGs. The
sull andtetW genes which confer resistance to sulfonamidegetracyclines were the
most abundant. The relative abundance otthikgene was:-3.0+0.4 log full
copies/16S rRNA copies] in inoculum and..7+0.1 log ull copies/16S rRNA copies]
in SWW and the relative abundance of t#t®V gene was-3.31£0.1 log fetW
copies/16S rRNA copies] in inoculum and.9+0.1 log {etW copies/16S rRNA
copies] in SWW, respectively. Moreover, gxenB genewhich confers resistance to
macrolide-lincosamide-streptogramin antibiotgisowed a lower presence-4.4+0.1
log [ermB copies/16S rRNA copies] in inoculum ame.2+0.0 log rmB copies/16S
rRNA copies] in SWW), while genes conferring reaiste to fluoroquinolonesirS

were only detected in SWW{2.19+0.1 log §inr S copies/16S rRNA copies].

Regarding the anaerobic effluents (Figure 3B), gamaferring resistance to
tetracyclinestetW) and sulfonamidesiil1) were the most abundant in the anaerobic
effluents, follow by macrolide-lincosamide-streptaignin antibiotics¢rmB). These
ARGs have been consistently reported as the mosidant ARGs detected in the
anaerobic effluents from slaughterhouse sludgepamchanure (Gros et al., 2019;

Huang et al., 2019; Zhang et al., 2020).

BMPs conducted under mesophilic temperature shdugdter removalsp<0.05) of
ermB, tetW andintl1genes than psychrophilic conditions. Th#l gene has
implications to human health being linked to pokeshiorizontal gene transfer between

environmental bacteria and human pathogens, impatiie potential evolution and
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382 selection of new antibiotic resistance phenotygasritela-Baluja et al., 2019).

383 Intl1 gene has been reported to present a positivelatborewith the overall abundance
384 of ARGs (Zheng et al., 2020). In fact, a relatiapdietweernintl1 andsull was

385 described in Gillings et al., (2015Pn the other hand, the relative abundances of ARGs
386 andintll gene at 53 °C were much highpx@.05) than at 35 °C or 21 °C. In fact, the
387 gnrSgene was only detected at 53 °C. This is veryagilesince thermophilic (50-55
388 °C) systems are usually considered more effediige mesophilic (35-40 °C) in the
389 removal of pathogens and ARGs (Gros et al., 2020g0et al., 2020; Sui et al., 2016;
390 Zhang et al., 2015). Huang et al. (2019) and Suah. ¢2019) also found an increase on
391 the ARGs at higher temperatures in AD of swine eaitle waste. Huang et al. (2019)
392 concluded that the increase in the relative aburelahARGs at 55 °C compared to
393 lower temperatures (25 °C and 37 °C) was due tmage in the microbial

394 communities, enhancing the abundance &f eptococcus pathogen (22.12 %) at 55 °C,
395 while the relative abundance of the same microosgamt 37 °C and 25 °C was less
396 than 3.5. Unfortunately we can not confirm thasthvas the case in our study since the
397 abundance oftreptococcus was not quantified. Other reasons that could ekgdain

398 the high values of ARGs at 53 °C vs the other teatpees tested would be the higher
399 ammonium levels in the TAD. It is reported in lagure that ARGs, particulargrmB

400 were augmented due to the increase levels of steesed by free ammonia (FA)

401 (Zhang et al., 2020).

402 In short, the results presented show that incrgasimperature increases the quantity of
403 ARGs andntl1 gene during anaerobic digestion. More studiemaeeled to unravel the
404 reason behind this observation which will help larify the potential of anaerobic

405 digestion to attenuate ARGs in continuous feedimglerand different substrates.
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4. Conclusions

In this study, the effect of psychrophilic, mesdghand thermophilic temperatures on
the performance of AD of SWW, including biogasduotion and the occurrence of 30

PhACs and ARGs was assessed. The main concludisisned are:

-  BMPs conducted at 35 °C resulted in the higheshamet yield followed by the
tests conducted at 53 °C. The Gibtained at 21 °C was the lowest.

- The presence of pharmaceutical compounds was pradomn the solid
fraction as compared to the soluble part, highiighthe importance of
quantifying PhACs in this fraction for an accuragsessment of their
occurrence.

- In general, BMP tests conducted at 21 °C resuitédower PhACs removal as
compared to the tests conducted at 35 °C. The $tighmovals detected were in
the tests conducted at 53 °C.

- The relative abundances of ARGs anidll gene in SWW were much higher
than the ones found in the inoculum. At TAD, highaative copy numbers of
most of the ARGs anihtl1 gene were detected as compared to MAD, indicating

that higher temperatures diminishes the removéi®measured ARGs.
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