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Effects of hydraulic retention time on sulfonamides distributions in anaerobic digestates of swine manure

XU Cai-yun*?, JIN Hong-mei**, DU Jing*%, CHANG Zhi-zhou**, HUANG Hong-ying®, ZHOU Li-xiang™

(1.College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2.Institute of Agricultural Re-
sources and Environment, Jiangsu Academy of Agricultural Sciences; Jiangsu Agricultural Waste Treatment and Recycle Engineering Re-
search Center, Nanjing 210014, China; 3.East China Scientific Observing and Experimental Station of Development and Utilization of Rural
Renewable Energy, Ministry of Agriculture; Key Laboratory of Agro-Environment in Downstream of Yangtze Plain, Ministry of Agriculture,
Nanjing 210014, China)

Abstract: Intensive animal husbandry is believed to be a major contributor to the increased environmental burden of antibiotics. Anaerobic
digestion( AD ) is an effective way to deal with manure and wastewater in intensive animal farms. Despite the volume of sulfonamides ( SAs)
in swine manure in China, little information is available regarding the degradation characteristics of SAs during the AD process using swine
manure. In this study, bench-scale completely stirred tank reactors (CSTRs) were chosen to degrade sulfadiazine (SD ), sulfadimidine (SM)
and sulfachlorpyridazine (SCP) in swine manure mixed with rice straw at mesophilic condition (37+1) °C and two hydraulic retention times
(HRT), i.e., 20 d and 15 d. The removal rates of SD, SM and SCP and their content distribution in solid and liquid digestates were analyzed
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during AD. Results showed that the removal rates followed the trend of SM>SD>SCP. The removal rates of the three SAs were more than
90% at HRT of 20-d; while the rates decreased at HRT of 15-d, especially for SCP, which removal rate was lower than 72.8%. The residual
SAs mainly existed in solid digestate during AD of swine manure, especially for SCP. Meanwhile, the distribution ratio of SAs in solid and

liquid digestate was higher at HRT of 15-d compared with HRT of 20-d. Different SAs presented extinct degradation characteristics during

AD. Increasing the reaction time between SAs in swine manure and substrates in digester was a key factor to stimulate SAs degradation dur—

ing AD. Meanwhile, residual SAs in solid digestate of swine manure need to further remove during their land application with purpose of en—

vironmental safety.

Keywords: sulfonamides( SAs ); hydraulic retention time; liquid digestate; solid digestate; distribution characteristics
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Figure 1 Schematic diagram of the CSTR in this study
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Figure 2 Daily volume biogas yield and volume fraction of CH, in biogas during anaerobic digestion of three treatments
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Table 2 Contents of sulfonamides in solid digestates at two HRTs

K I35 BRI ] #HE Content/pg-kg™ DW
HRT D oy sp
Sy 5.18 153 15.9
S 5.80 6.62 46.4

W R EE , BB R LR R R E A . XU
PR AT Ak b A v 1k o A e o i i e A R AE TR
AWAER . X FAFEE) HRT 4448, S, BB iR i b
SD.SM F01 SCP f ¥ £ BH . i F S B Bt e 2 1) )i
PR HRT 2058 1 240 F A= W0 Jo 1 %t SAs 7843 [
fift, XT3 ApiA: &, SCP 1E I i Hr A ] B i T
SD A1 SM. ix ] fig J& i F SCP W2 J&F £ $U 4 ik (pKa
5.50), FER A Ak FE i EE LIS AR, S
VAT B4 W R4 7 7K 43 i B 5 5 1 SD(pKa 6.40 ) 1 SM
(pKa 7.50) F 2 A4y FAA1E , LA K S e R 220,
2.3.3 SAS TE [ AHFIBAH 43 il

2z R AR AL R, SD .SM Fl SCP (1) 22 B K &
FLBR BAAE B AR AR ) 73 FCARAE P L3R 3, 8~
it fEr, KALFRAI SD 1 SM Y LR R AT
90%, 1fii SCP MIREMRRISANT =& . Wi AR HRT 1
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Table 3 Total mass of three sulfonamides and their distribution
rates in solid and liquid digestates during
anaerobic digestion at two HRTs

S S,
SM SCP SD SM SCP

W,/ng 5.96 1.76 18.3 6.61 7.55 52.9

W, /g 3.14 0.980 1.19 5.67 1.96 1.63
(WHW))/ng  9.10 2.74 19.4 12.3 9.50 54.5

W,/W, 1.90 1.80 154 117 3.86 324

R/% 95.5 98.6 90.3 93.9 95.2 72.8

T W (pg)=TH i B it (kg DW) x T8 i i A 28 - v B2 (g -
kg™ DW) s W( g =TE TR AMAFR (L) B P 2R 1 P (g - L)
W/W, S [TAR A3 TE HE 2 5 R (% ) S 5B 3, 11320 30y : R=[200- (W s+
W,)]/200x100%,

Note : W, (g ) =Total dry mass of solid digestate (kg DW ) xaverage

concentration of sulfonamide (g -kg™ DW):W,(wg)=Total volume of lig—
uid digestate(L ) x average concentration of sulfonamide (g -L™): W, /W,
indicated the ratio of total mass of solid digestate to liquid digestate:Re-
moval rate R (% )=[200-(W+W,)]/200x100%.

7, HRT B (1 b PR e 28 B A 2% 1) B i SR B IR T
HRT S AL B, 550 2 %] T SCP [ S o B . i
58 VFA R ORI —20, SHREHA RS+
PUER I EBR S IKAMEY BTG SRS A,
RSB A R A S IRARACI ) i SR 20%~40%
SR E Y — R 2R HEME B A SN ERE
W AR AL RL I A P AT — 2P A i 2 AR AR 3K
SE QIR DR RS T Sl i A= e AL EER R I 2h
Py I TR, DLt S JEUREBEA T DR AU I8 , B R s i 1
Tl e 2R A 7 e Al DR DR B8 XUBS P, R, ey Ay
R SAs B HACHI Y AR T B AT

X ORFEMERY SAS T, JEFETHIE Y 3 R AR
RO RS TR (R e >1), HoA SCP 1
P R AR d g, B R R S
TR (14 15 RS 2 I B ik A7 O P90 [ Ak e B, 2 e ] 4
RIS PR R AR B R (R $>8,) . X1,
SSEZETRMOR LE , T T PR PG R b A8 B JXURS: B
Ko PRI, 7 et At A DR S8 20 WA, RIS A )
S A PR B — 2B RR RO P A R
TH IR, AR R A

3 g

(1) H IR PR AEH AR F] R R AR 2 SDLSM A
SCP &t , ZSBRAN 72.8%~98.6%. 2/ L ik 5
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) HRT X} SAs 11 COD (1) L Fr3 | BB J = H
Bt R A B PE R . FEREXT T SCP,HRT=20d
I H 2 B %A 5] 90.3%, it & T HRT=15d Y
72.8%,

()R BE R IUER IR EERNILEEE
%, LR P A Rk i 0 TR TE 5 2k
Ao B v R s e LA T TR L B A A PR R A 2R
fi

(3)XFF 3 Pl Hi AL i w5 , SD 2 H o A
FEWAH 17T SCP WIAETR T H A Ao X g . GRS
Yy el AR B S S v RSB AE R
FRAL AR = e DR AR 1 T A E e A 23R = R AR
AL FE T SAs AR L BR 1 ek
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