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Decreases of Tetracyclines and Antibiotics—Resistant Bacteria During Composting of Chicken Manure

QIU Tian-lei, GAO Min, HAN Mei-lin, WANG Xu-ming"

(Beijing Agro—Biotechnology Research Center, Beijing Academy of Agriculture and Forestry, Beijing 100097, China )

Abstract: Veterinary antibiotics are widely used as feed additives in livestock breeding for growth promotion and disease prevention. Com—
posting may provide a practical and economical solution for reducing the risks of antibiotic pollution to the environment. A pilot field study
was conducted to investigate the changes of antibiotics[tetracycline (TC ) and oxytetracycline (OTC )] and tetracycline—resistant bacteria
(TRB) during composting of chicken manure mixed with goat manure. Results showed that both temperature and degradation rates of OTC
were higher in the manure inoculated with microbial composting agents(CA ) than that without microbial agents(CK). The content of resid—
ual OTC in the manure decreased from 76 pg-kg™ to below the detectable limit after 47 day of composting. However, OTC content in CK did
not change during composting. Tetracycline (TC ) disappeared rapidly in both CA and CK 17-days after composting. Salmonella in the
manure were killed in both CA and CK treatments within 8 days, whereas coliforms were continuously detected until the 47th day. Over the
47-day composting, TRB decreased by 1.41 lg CFU ¢ in CA and 1.60 Ig CFU-¢™" in CK, compared to the initial. However, the proportion
of TRB to total bacteria increased at beginning and then declined, but the TRB proportion was still 4.00% (CA ) and 1.17%(CK) higher at
the end than at the beginning.
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Table 2 MRM parameters for antibiotics
BiFXS Quantitative  FEFLHLE REHAERE KD RER

?ILEE% and quanlitative ion Cone voltage/ Collision  Detection
Antibiotic . o L o
pairs/m-z A4 voltage/eV limit/pg-kg
. 445.12>410.04
e 445.12>427.25 22 28,18 12:5
oTC 461.18>426.16 o 2 16 133

461.18>443.31

479.18>443.99
cre 479.18>461.99 28 32.26 136
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Table 1 Physical and chemical properties of manures for composting

iH PUFRZE TC/pg kg

+228 OTC/png ke AHLHE Org. C/% 4% TN/% 4=W TPI% 440 TK/% J3%4) Total nutrient/%  C/N

XHIRZ CK 21 76 20.2
SEERA CA 21 82 23.1

1.3 2.7 1.47 5.5 155
1.47 243 1.62 5.5 15.7
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Figure 1 Dynamics of manure temperature during composting
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Table 3 Characteristics of composting materials

HENERITR]  BRA SKE Water HL 5% EC/ 4R B TBCY
Time/d  Sample  content/% mS-em™ lg CFU-g"
0  SZERYICA 373 836 1044 8.72
X g CK 40.5 8.26 9.64 8.71
8 SR CA 361 8.02 1653 7.99
XPHRZH CK - 384 826  17.58 8.28
17 SCIRZHCA 301 8.66  17.86 7.42
IR CK 32.7 8.51 17.23 8.03
47  SLERZCA 247 8.66  15.65 7.27
X g CK 23.3 8.33 15.63 9.26

2.3 MINEEERREBAE

HENE R GR BB, SR b A U R R A - B R P A
U= AR B S8R o BE HENEIR A T
I B) P S, PRRTE A 2R 1 5 AN (] 2 1 e A (I
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Figure 3 Dynamics of Salmonella population in two composting treatments
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Figure 4 Dynamics of coliform population in two composting treatments



UK, 26 AN R o PR IS 3 B0 TR 1 T 799

), MHCPER T &7 LB 530 R 4.00% (525 2H ) A
1.17% (X B0 ), ¥4 T 5B 0.40% (525520 ) Fl
0.39% (X HEZH ) . AR IR A T oA R R, 15
A DU ERZ PR AN G g i ELA A R A2 A
IR 19 d B USSR P R A B F) B
PR (1.3%2 9.6% ) , i s ik AL J= , O ER SR Hivk4n A
TP AT B PR AT, BT DL SR A
AR AT [ T ELAT b7 FE e R R (4.0% ) - PUFA
RPUIEA R A X AT = PR IS, 5 Selvam
SRS HE N Hh U BR ZE B S AR AR AL DA
S5 HENE B S a6 R e, A A DU A R
PUME A TR L) S R, 5 K AR B K S EK
(A DU ZE T2 BT EL 1A fR A A AR,

B B SR 2 HE AL A B T Ve R B o
WP RIS Y, U R PUPEIL P 7E HEE h ARk
AR R — 58, I+ HEA AR R |
e 25 - SERTIEAN T LA B — A 5 DU AT
P P S e o 35 R A A R A R R A

127
I O350

10F oy e
E ++ ]
o 8 ] I
= L
o
& 6F
% L
® oar
@ |

2 L

0

0 8 19 47 110
HENESa]/d

B S #EdERERESHTN
Figure 5 Dynamics of total bacterial population in two

composting treatments

101
[ mELH
| Ex B
E | —I—_I_ o —E
= 6 T ]
W
Eul
= 4
2 o
0
0 8 19 47 110
HEAL R T)/d

E 6 HET R AR AR BTN
Figure 6 Dynamics of total TC—resistant bacterial population

in two composting treatments

16 -

wal 525540

I [mpoyiize

S 12r
E 10}
= L
| o8t
% L
# o

o ’_l_\

ol [ ]

0 3 19 47 110
HENEAFA]/d

& 7 MR TR IR RS E L B2
Figure 7 Proportion of TC—-resistant bacteria to total bacteria in two

composting treatments

3 g

(ORI AA AR T HEAETHE , I HAES 4 v
T RTEHENE TP AR

(2) 2858 “YHENERES A RO/ KEUR R (V01 TR
FIRIAGERE) , I HAERS IS B =T R EOR iR

(3) HENEAE BREGE A D U PR 2R DUk o 4 X8
Bk, USR] RE S BU5 BT RO AR

(4)HERE e, B2 v L 1) 52 B S s~
WP SHEAE st P ) DU R R BT R 7] o e

Sk

(1 ERME, 5 8 FREE BT R T S HIR e ] P R4 R
Z4iks, 2008, 33(9):519-522.

WANG Yun-peng, MA Yue. Potential public hazard of using antibiotics
in livestock industry[J]. Chinese Journal of Antibiotics, 2008, 33(9) .
519-522.

21 £ Fi, BRIRE. &SI PR IR R P RIS 75
AR BRI, A FREERL 24241, 2013, 32(9) : 1705-1719.
WANG Rui, WEI Yuan-song. Pollution and control of tetracyclines and
heavy metals residues in animal manure[J]. Journal of Agro—Environ—
ment Science, 2013, 32(9):1705-1719.

[3] Sarmah A, Meyer M, Boxall B. A global perspective on the use, sales,
exposure pathways, occurrence, fate and effects of veterinary antibiotics
(VAs) in the environment|[J]. Chemosphere, 2006, 65(5) :725-759.

[4] Kemper N. Veterinary antibiotics in the aquatic and terrestrial environ—
ment[J]. Ecological Indicators, 2008, 8(1):1-13.

[5] SRR, SR IIE, XUFH, 45 HURALIRAH 7 8 28 3220 3 i g0l

SIHTRIFTEN]. R IR SRR A4, 2005, 11(6):822-829.
ZHANG Shu—qing, ZHANG Fu—dao, LIU Xiu—mei, et al. Determination
and analysis on main harmful composition in excrement of scale live -
stock and poultry feedlots[J]. Plant Nuirition and Fertilizer Science,
2005, 11(6):822-829.

[6] BB, W ZE. AR IR A B 2655 40 A5 Y 2 A0 b A2



800

YR S ity 34 EFE 4

el 2F4%, 2012, 20(1) . 80-87.

SHAN Ying—jie, ZHANG Ming—kui. Contents of nutrient elements and
pollutants in different sources of animal manures[J]. Chinese Journal of
Eco-Agriculture, 2012, 20(1):80-87.

IAALT, % X, i, 55 [5IAR AR IR o S5O (3% R IR BT

12 [7) B A6 5 B A b Z R A AR B (T]. 4B Ak, 2013, 41
(7):993-999.
WAN Wei-ning, LUO Yi, JU Xue-hai, et al. Simultaneous determina—
tion of residual antibiotics in livestock manure by solid phase extrac—
tion—ultra—high performance liquid chromatography tantem mass spec—
trometry[J]. Chinese Journal of Analytical Chemistry, 2013, 41(7):
993-999.

[8] Yang Q X, Ren S W, Pan F, et al. Distribution of antibiotic —resistant
bacteria in chicken manure and manure—fertilized vegetables|J]. Envi—
ronmental Science and Pollution Research,2014,21(2):1231-1241.

[9] Marti R, Scott A, Tien Y C, et al. Impact of manure fertilization on the
abundance of antibiotic—resistant bacteria and frequency of detection of
antibiotic resistance genes in soil and on vegetables at harvest[]J]. Ap—
plied and Environmental Microbiology, 2013, 79(18):5701-5709.

[10] Byrne—Bailey K G, Gaze W H, Kay P, et al. Prevalence of sulfonamide
resistance genes in bacterial isolates from manured agricultural soils
and pig slurry in the United Kingdom[J]. Antimicrob Agents Chemoth—
er, 2009, 53(2):696-702.

[LIVE 55, Mese, E—W, 55 R HIZENE XA FH e th 40 B DU 3R

FEPUEACF B R R, 2008, 36(14) :5944-5945,
5947.
WANG Yong, LIN Xian—gui, WANG Yi-ming, et al. Effects of long
term application of manure on bacter resistance level to tetracycline in
farmland soil[]], Journal of Anhui Agricultural Sciences, 2008, 36
(14):5944-5945, 5947.

L1210k 3 BIRES, AR50, S5 S 3P PR R R R
WEAFRLI]. S TR, 2000, 9(5):962-967.

SHEN Ying, WEI Yuan-song, ZHENG Jia—xi, et al. Biodegradation of
tetracycline antibiotics residues in swine manure[J]. The Chinese Jour—
nal of Process Engineering, 2009, 9(5):962-967.

(13137 = sk R, DU . miR X S 2 rh 22 b A K 2 BRAk
. S SR IEEA R, 2013,29(1) : 64-69.

PAN Xun, QIANG Zhi-ming, BEN Wei—wei. Effects of high—tempera—
ture composting on degradation of antibiotics in swine manure[J]. Jour—

nal of Ecology and Rural Environment, 2013, 29(1):64-69.

[14] SRMVE, SR IIE, XUFEHE, 55, BN & &2 R A E
SIRBULRVERL. s E AR, 2006, 39(2):337-343.

ZHANG Shu-qing, ZHANG Fu-dao, LIU Xiu-mel, et al. Degradation
of antibiotics and passivation of heavy metals during thermophilic com—
posting process[J]. Scientia A gricultura Sinica, 2006, 39(2) :337-343.

[IS1%% i, S hde, 11, 55 SNRIT G W R X HENL LT 4ER Rl e R
FEARRCRIGDITENT]. AL BREERL A2, 2009, 28(4) - 820-823.
QIN Li, GAO Ru-ying, XU Ya—ping, et al. Decomposition effect of ad-
ditive of composite microbial system on cellulose and chlortetracycline
in composting[J]. Journal of Agro—Environment Science, 2009, 28
(4):820-823.

[16] AT, ffhr 2%, VESE 0T, 4. + R R TI-1 7ER 2 FHak

PR ). AR, 2013, 33(1):147-153.
SHEN Dong-shen, HE Hong—zhen, WANG Mei-zhen, et al. The role of
oxytetracycline —degrading bacterium TJ -1 on the hazard —free treat -
ment of pig manure[J]. Acta Scientiae Circumstantiae, 2013, 33(1):
147-153.

(1712 i, g, Rlr-F, 55 I S AT 4 R e &R+

BRI G TR RAFREERL A2, 2014, 33(3) 1465~
470.
QIN Li, GAO Ru-ying, XU Ya-ping, et al. Construction of a high—effi—
ciency complex microbial system to degrade cellulose and chlortetracy—
cline and oxytetracycline in compost[J]. Journal of Agro—Environment
Science, 2014, 33(3):465-470.

[18] Novo A, André S, Viana P, et al. Antibiotic resistance, antimicrobial
residues and bacterial community composition in urban wastewater|J].
Water Research, 2013, 47(5):1875-1887.

[19] Arikan O, Mulbry W, Ingram D, et al. Minimally managed composting
of beef manure at the pilot scale: Effect of manure pile construction on
pile temperature profiles and on the fate of oxytetracycline and chlorte—
tracycline[]]. Bioresource Technology, 2009, 100(19) :4447-4453.

[20] Miller C, Heringa S, Kim ], et al. Analyzing indicator microorganisms,
antibiotic resistant Escherichia coli and regrowth potential of foodborne
pathogens in various organic fertilizers[J]. Foodborne Pathogens and
Disease, 2013, 10(6):520-527.

[21] Selvam A, Xu D L, Zhao Z Y, et al. Fate of tetracycline, sulfonamide
and fluoroquinolone resistance genes and the changes in bacterial di-
versity during composting of swine manure[J]. Bioresource Technology,

2012, 126:383-390.



