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Comparison of anaerobic digestion systems in swine wastewater treatment with different chlortetracycline ad-
dition methods
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Abstract: This study examined the effect of chlortetracycline (CTC) addition methods (using manure collected from swine fed with CTC or
adding CTC directly) on anaerobic digestion systems in swine wastewater treatment under two different CTC concentrations (310.54 mg -
kg™ DM and 160.05 mg-kg™ DM) using 1.3 L anaerobic reactors run at 30 °C for 7 consecutive days. Concentrations of CTC and its active
metabolite 4—epi—CTC, methane production, pH, and methanogen diversity were examined. The results showed that the concentration of
CTC in the direct addition group, with an initial CTC concentration of 310.54 mg-kg™', was significantly higher than that of the in vivo group
(P<0.05). Meanwhile, the concentration of 4—epi—CTC in the latter was significantly higher than that in the former(P<0.05). Methane pro-
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duction in the direct addition group was reduced by 4.40% and 5.22%, respectively, at the two concentrations, compared to the in vivo

group (P<0.05). The pH of the biogas slurry in the direct addition method group was significantly lower than that in the in vivo and blank

groups (P<0.05). Both addition methods had no significant effect on the diversity of methanogens in the anaerobic digestion system (P>

0.05). The direct addition of 310.54 mg- kg™ CTC led to high CTC accumulation in the anaerobic digestion system, significantly reduced

the pH of the biogas slurry, and inhibited the amount of methane produced. Therefore, the effects of different CTC addition methods on the

anaerobic digestion system in swine wastewater treatment were different under the experimental conditions, and the use of an in vivo meth-

od might reflect actual production and provide more accurate results.

Keywords: chlortetracycline; anaerobic fermentation; swine wastewater; methane production; methanogen diversity
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Figure 1 Anaerobic digestion device
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Table 1 The design of anaerobic digition trial

CTC/mg-kg"  4-epi—CTC/mg kg™

SRES SRES
H— 23 IR R4 0 0
B muWELR NI 310.54 280.08
B mEEBER A 310.54 0
g A UNELE I (7 23 NV R R I 160.05 150.25
BHA ARHE RN 160.05 0

1.4 #iMIEFR
141 RGBSR pH

K HHEAK T8 R g0 b 215 LA pH Tl &
B pH.
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BC10 mLVEWHEE S, il A 10 mL 0.01 mol -
L' Na,EDTA [#) Mcl—Vaine ¥ , i€ i 1 75 30 s, #7510
min, 4 °C .13 000 r-min™ &.0> 10 min, [ REIA S —
FaE.OB o, eI S mLIREUR , EE Bk
BRI IR A PR LI, 4 °C 13 000 remin™ &
O 5 min, B VE WA A ZE BN . [ AH A BN
S 1 mL FEOEOE 1 mL KOG, SR 56 3 vt
FE 8 250 R FE 2 BUMEE B oK 3 mL 3 Pk /VRE
15125 1 min, 8 11 0.5 mL I EEHT 0.5 mL 2% iR F s
TRVEE o Ve 0.22 wm BB M 8IS, F T R 80R
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L 2H (IR B LS N 4l) 20 245 A P 4-epi—CTC -
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B T BRI IR AL RS CTC W B B 2
e TR PRI, DR T 2R G st P g o

L25S T () &m#

ERHRWE /mg- 1!

HiJ [ /d

FH B AR, M DR ST Ak 2R 40 1 ™ R ot i S 5 A1
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Figure 2 The concentration of chlortetracycline and 4-epi—CTC in anaerobic digestion system

900 [ o-dl e-shdl

800

700 +

7 B gt /mLL

600

500 L AnTT

A = W RNE O

30

Al /d
3 EEEMREELRETRHIRENEN

Figure 3 Effect of chlortetracycline on the methane volume of anaerobic digestion system
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Figure 4 The effect of chlortetracycline on the pH value of anaerobic digestion system
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Table 2 Effect of chlortetracycline on methanogenic archaea

diversity index H'

51 1d 4d 8d 28d
5E—l 1.60£0.07  1.49+0.14  2.1420.14  2.25:0.18
ot 1.59+0.02  1.40+0.17  1.98+0.27  2.1520.13
o] 1.50£0.04  1.43+0.19  2.08+0.19  2.29+0.09
EIng| 1.65£0.02  1.47+0.06  2.0320.16  2.190.17
Y 1.5320.11  1.50+0.16  2.01£0.06  2.200.09
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Figure 6 Dendrogram of the similarity of methanogenic archaea in

anaerobic digestion
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HEAT, DRI A P i Pl e R R g b CTC I R Y 222
A 2

A F  EL T dTEREH LR G IA
CTC, &4 CTC A1 HAR 7= ¥ 4—epi-CTC 2 4 B
L T L B S I AL A I £ 4—epi—CTC, 1 B 7E K
SRR, CTC UL W] B AR R 4—epi-CTCo 455 11N
2y, NIt CTC ARG 4 B 2656 25 d RG b A
R AN Z CTC, 1 H: 32 AT ) 4-epi-CTC 7E 15
5528 dA KA, 9B 4—epi—CTC 7E R A THIL R 5L
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