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The degradation and adsorption of sulfonamides in mesophilic anaerobic digestion of swine manure
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Abstract: Concentrated animal feeding operations (CAFOs ) are considered to be point sources of sulfonamide (SAs) pollution. Anaerobic

digestion(AD ) is used to treat manure and wastewater from CAFOs, reducing contamination and producing renewable energy and bio—fer—

tilizer. However, little is known about how the AD process affects SAs. In this study, bench—scale batch experiments were conducted to in—
vestigate the biodegradation and adsorption characteristics of sulfadiazine (SDZ) and sulfamethazine (SM2) via AD of swine manure un—

der mesophilic conditions[(37x1)°C]. The removal rates of SDZ and SM2 were 58.7% and 74.0%, respectively, at initial concentrations of
20 mg- L. The first—order model best fit SDZ and SM2 removal dynamics, with degradation half-lives of 5.85 d and 5.90 d, respectively.

Adsorption was rapid early in the AD process; SDZ and SM2 were adsorbed rapidly on solid digestates within 4 h and reached adsorption e—

quilibrium within 12 h. After this point, slow biodegradation occurred, and was the dominant SDZ and SM2 removal pathway after 24 h. The

removal rate through biodegradation reached>80% for both SAs. SAs removal was significantly correlated with the soluble chemical oxygen

demand(SCOD ), indicating that degradable organic matter was co—metabolized during SAs removal during AD of swine manure.
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Figure 1 Schematic diagram of anaerobic reactor
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1.2.3 B17 ik
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Table 1 Batch experimental design

- ~
T1 + 4.0% + - - - -
T2 + 4.0% + - + - A+B+H
T3 + 4.0% + - - +  A+B+H
T4 + 4.0% + + + - A+H
TS + 4.0% + + - + A+H
T6 - - - + + - H
7 - - - + - + H

1+ 0.1%NaN; #2240 6 € 3% S AU 2R s AT R, B/ )
Woesige , H—sK AR s =7 SR “TOI AR s “+ "R R IR

Note:0.1% NaNj; was used to inhibit microbial activity via inactivating
cytochrome oxidase; A —adsorption, B —biodegradation, H —hydrolysis; “~ "

indicated “null or absence”; “+” indicated “existence or presence”.

(Ir&THk 28.5 o), &R HIALT5 T8 20%(V/IV ), K
% 800 mL, LT TS Ffif -k 4.0%. Hodr . T2 F1 T3 4h B
4B A SDZ F1 SM2 (43 98.0% , W F fin 4k
A2 R S A ) A HAE RGP U EE S 20
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5.0 0.3 80% 20%
5.5 0.3 10% 90%
8.0 0.3 10% 90%
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Figure 2 Daily biogas productivity(a) ,accumulative biogas
production(h) and methane content(c ) during anaerobic

digestion of swine manure
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(1] 2a) o XF BECT1) i Sl 7257 13 d BIIAF| < g
{8 45.76 mL-g™ VS-d™, FlJG &4 R, 45 22 d 45
FE WIN SDZ(T2) Fl SM2(T3) J5 R G2 B i 3h 85
1%, S ATESS 21.20 d 3K 3 77 S0 (H (32.12.31.29
mL-g? VS-d™) (H B Si FF (B 2b), Bhndic
A= R AL PR I IR0 A0 19 A B 28 7 R AR
—3k, A3 355.6 mLeg™ VS(T1).366.7 mL-g™ VS(T2)
1368.5 .mL-g VS(T3), [RIf, &-Ab 3 e & iz
TR o BEARRFAE IR H Y (55%~T2% ) (Kl 2¢ ) o
R PRI A 20 mg- L7 T, 48 L %
WAL Y03 20 52 2 B A VR L (H B fe AR P
N IR A DR ETH AR E #2517, 5 Z AT E I R
— 0, HABAIN NaN; AR, A SR A (R4
), UEEH R G P I P e 2 B
2.2 H R ER

PRATH AT Ja S B A A an gk 3 Fom . A~
PRAGH bR R TS R 3 AE 37% /247, H T1-T3 4b
PR 225, 5 ARS8 T4 TS5 4b
FASIN T NaNs, (A YR BEX A ML R T A%
I TS KA

®3 REHELAEZEFRERRKE
Table 3 Dry mass of feedstock and solid digestates after anaerobic

digestion of swine manure

ARPRA ORBERTVIRL T, RRERWIRITE s PRI ER%

T1 32.00+0.62 20.64+0.84 36.56+2.31
T2 32.00+0.35 19.99+0.44 37.54+0.68
T3 32.00+0.23 19.25+0.32 39.84+1.44
T4 32.00+0.78 32.73+0.83 -2.28+0.08
TS 32.00+0.45 31.94+0.28 0.19+0.09

T B AR N 22

Note : average + standard deviation.
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Figure 3 Concentrations of COD(a),SCOD(b) and total VFAs(c)

in liquid digestates of different treatments

2.3 SDZ #0 SM2 &R B 70 £E 4 P& AR 44T
2.3.1 WAk SDZ i SM2 (43 x5 f,

PR AL AR R AL Y SDZ A SM2 YR ARk
WKl 4 fos . A LRt AUA KRR A b B A
WHBTAE R AU T AR 4k, B SDZ 1 SM2 FEA
{F457E 19.64~20.0 mg+ L ([&] 4a)F1 19.71~20.0 mg- L~
(E 4b)JE RN . AT I, fEE ZE TR R At fE v
PUAE R BKIEER N, 5 5eai il — 3, 7EK
B K I AE R R B, T AR TP AE R AR B A
12 h B B IEAK, BEJS SDZ F SM2 3t 7 {57 #5: 78
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19.0 mg- L' (14 4a)F1 18.0 mg- L' (& 4b) A h5. 1T
PRAEFREE it AR 3R /KA A ] Z AT T T4k
W HSDZ FISM2 e 1) AP 32 B2 p W B AR P 328
0y, B A s A (12 h N), 55 Yin ZEMBF 5T
SR —F, TEIEH PR AT b FE i A i
SDZ 7l SM2 ¥ i B8 MR FFAR , A4S o i A
SDZ F1 SM2 %% 88 He & 43 % &y 11.78 mg L~ H1 6.60
mg- L7 KR, AEWIREfEAE I AE SDZ il SM2 2Bk
EE TR, R e e 1 12 h 5, A YA o
A S H
2.3.2 RN LSRR SDZ A1 SM2 [1)ERREh 12
A DA A R TP R MA R AN B B AR Ak, 1H5R
135 SDZ F1 SM2 ()5 LR (B 5) IREATHILZS SRmsT,
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Figure 5 Removal dynamics of SDZ and SM2 during anaerobic

digestion of swine manure

R4 BEPRREHUPERENERER—RINFSH
Table 4 First—order kinetics parameters of SAs under mesophilic

anaerobic digestion of swine manure

P RRR K/h™! Tin/d Fli
sDzZ 0.001 3 5.85 388.46%
SM2 0.002 0 5.90 792.75% %+

T FoR P<0.001,
Note: *** indicated P<0.001.

15K T B R BRI — S5 AR BT
131 — B 3 112 280N 3k 4 s . SDZ i SM2
(IR 23 2051k 5.85.5.90 d, B B AR T2 Rk 1k
HRE R R X B TR SRR R
TR YIE M = TR R G, A B XA A A
YEFIHEBR ,
2.3.3 SDZ Il SM2 iy :Rristz
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