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iR S B EIURER IR N A0 - Bl 2 508585 - H A SSIEER P IRIIPiER - C Skt AR
PUAER - DURMHENT SBUERE IR - A SESHEEL TR ZIUER S EEHEK C 55 - HALEHE
BIR B (E PR ZEIAEFRRE 94.9 — 98.1% » FEREPREKREpR B VIR ZEIRARE 77.3 — 92.4% > Bl s
fit— FH M IE (sulfamonomethanoxine, SMM) K FRFRANE 2 98.8% ; 4r &G T e BEE VUER B KR A Ty 57.7 —
75.8% > ¥ SMM EFRFRANF 36.4% < A S5 RFE ST ISR MR /KRGH  FERDER 15 K - BIRIgH TUERZRIER -
DAPUPUERZAN G |7 T Al S B > 455 2 SHEUR - FR T HERC B I8S )  HERR A RSB 2 ER
JE (91.3%) » BLHTEEM: A WBEERARRT - RIRIRINEIR R 2585 R R TN DU AE Y 2 FAE - BESh » (ERIMERE
Z7KAE ] T e g M AR R BB T A E SR 2 /KRS /D R AR S PRK RS H 3R h VBRI B Y BAE
8 - SR bl BARERIER R ARSI R - BUODTEEE MR E A - DI R R

R PR ~ TUERERGUEENA - FEFIR -

i

BHCEE TR AETIA RSN EE LR N A mBE AT - XRESA/NEEYELE TZRES A
R - W T AT » AR IR - A FEARRIRENRE - G5 BREYEEIAER TS
AREIRET - RIS BERE TP R VIR IR ARG - #E T AT RE A A SHAY ST (Arias and Murray, 2009) - —f([fi = @ &
YEEE L AEPEREAZBEWE BRI ISR EFERCEEHE RIVEE - Jit - HaEEEEE
K& -~ % i —REPTER AR - DU RS 2 34 - EREENTIEZZE D 50% AR EZE (Lipsitch e
al., 2002) - {EEREE KLY 50% HUEEIFH R > 30% HTAE#EAE & (FEDESA, 1998) « FH#EmIREE L H [ERF EEF 26 41
EREEDEMEINAEY) - BRI RIREE - TSRV REK - W ERRREZE RS o H5TE KRR g
5 BT T1% 2 KBRS (Escherichia coli) B 68% 2 BEKE (enterococci) EEHTEEN: - HigE ML N A (E
26 {E S - 60 {EEfE - HE—HiEERRIE SR E P8 » RoRA AN EHATIR S (Stine ef al., 2007) © K[
EUCHEVEREEHEMENREN - NMERSEFIEECEDER MR EEVSHEIYER AR - DUFEE AE
2 EEYEGRAR « BREE 1986 28 [FERRERINIIAEZE » 1997 s E(FE T RISIRE H S Ebi e Zhisset » B
R AREE A RS (Bogaard and Stobberingh, 2000) « & 2% |FPUFRZ (tetracycline, TC) {E B4 RACHER % - R AN
) BrgE PP E HE R8T ) (Cherubin, 1984) -

fEARHA N & HUER 2 (chlorotetracycline, CTC) 5435 ({H#{F2EFK 6 & H ) BUE A F(HE FH SUIR R 45 (FEFEEIK 12
@A ) Mg RIEREZER  TIEPHAVIRRFEEHEEREAE SR - (/NESEIREFERRZENE > 18P
AR R EUZ S (Ghosh and LaPara, 2007) - {E# i EE/KERESH » BURZK S Acinetobacter spp. B2 EEH1EENE
(72.4%) BHEAERFBE /K (33.0%) 15 > AZ /KRS H T (56.5%) BHERER LlF (28.6%) 15 » Fon R /KR I 2 4 B4 M0 i
PUEEMEANE - WACEN SR AR 2 B HT4EM: (Zhang et al., 2009) - EVE MG La T AR A BRI R » IR
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2 ENOG AR 2 FEK SO A RS B A - DA AT Z (lincomycin) 56,760 ng/L ~ 1 {2 (oxytetracycline,
OTC) 8,318 ng/L ~ fimfz 81 (sulfathiazole) 4,844 ng/L ~ CTC 2,821 ng/L ~ TC 1,129 ng/L ~ ZZ#Z (tylosin) 1,001 ng/L
SR MAERTHEERY 6 BUSAYRT > BRI A] (sulfonamides) ~ TC ~ A ATHESH (lincosamides) %7 3 FHiA:
ZPMELLAEL S (Lin ef al., 2008) - E/EHIE B FE5 25 PR ENR 28 - BREVREL T EUE M TR B 2 = BE U RK i
H SR I B REK - BRIBORUKEER R KAS 5 A S RIS HHEAEA LR i F T e o ANGH SR ELi (s SR (E I HiE
R A RIRER B85S R EIE E  BK ~ BURUK R EEYI TR G BB RS AR Z i - IHRBUEF
FHRA B A T P CE AP E R E 2 275 -

M

AABRBHERIS B - A SR 6,000 87 > FYHALSE - IFRELIESFATIISE R AR - I
ELERHE (R 1) - C HEIEMIE 800 BH > H 2008 4 7 HiL » NAEER PRI R - RIS /K s B i a6 = B
AERHIER > WIEHELE > 2505k 2012 812013 4 5 H e 10 H4k 4 TEREE(E (ERBHREY) ) - HEAL (3%
Weey 2 18 ~ BEOREE 60C LA EZ RN ) ~ BRI BERIFEDK  IRESETREDK » BURK MR A S¥r R
Ko CSHEREZ IR (5 BT IRRAR S ) - A BERFES IR Z 3R OIrEREEEE ) B M /KR H SR
& > AR E B LR 120 kg B > o3RI 2012 42 AR 7 Ay ~ 2013 3 A & 7 A - #k 2012
2 — 10 HEL 2013 523 — 9 FHEGTEREE - /KIgHFERWER M1~ M2) > 3 DURE LSRR (CF) 75 Rt
R4 - Bl 1 oo RESE 5 B HBREmIRRS -

® 1. BHG A SRR MINEERRR LR E
Table 1. Antibiotics residues in feed and environmental samples from pig farm A

Antibiotic® Dosage Feces Compost Soil Wastewater ~ Anaerobic treated Effluent
(kg/month) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
mean SD  mean SD  mean SD  mean SD  mean SD mean SD
TIA 7.9 1,225 1,845 650 768 50 100 206 238 159 207 50 100
TC 0 687 610 13 26 7.0 11 105 135 14 17 4.5 5.6
OTC 12.5 2,450 759 126 137 54 94 795 581 180 118 44 44
CTC 28.7 5,745 4,750 165 125 255 458 2,054 2251 156 173 66 93
Amoxicillin 9.9 0 0 0 0 0 0 0 0 0 0 0 0
Neomycin 2.4 0 0 0 0 0 0 0 0 0 0 0
SMM 10.2 498 622 1,492 491 1.9 2.3 242 201 3.0 2.3 1.9 3.0

n =4. SD: standard deviation (calculated by STDEV function of Microsoft Excel)
Minimum dectection limit (MDL): TC 2.5 ppb; OTC 2.5 ppb; CTC 2.5 ppb; SMM 1 ppb.
* TIA: Tiamulin, TC: Tetracycline, OTC: Oxytetracycline, CTC: Chlortetracycline, SMM: Sulfamonomethanoxine.

IL HiEREEST
PP PR S BRI RMPHORE B /KE Mg iR s O 0ME - B S EHUAIR R IERE - DURAHEMT &
=R (LOMSIMS) 45 HTHUAE 20BN - SHHTIF H 440 B2 (damulin, TIA) ~ TC « OTC ~ CTC ~ FIBE7EAF
HriE 2 (neomycin) ~ kg —FH & BEIE (sulfamonomethanoxine, SMM) Kz fisifizr — FH ELMRIE (sulfamethazine) » HEAEA(L
BRSO KRB LR [((RHEAT—SE Rt iiA Z S E - EHEELPIHAERSE) / RHAT— S EE
PR SR ] x 100% 5 G0 HERRRE LPRR N (( ZEEFHARSE - HIETHARESRE ) / ZEFHAER
£ 8 % 100% -
L VUERZRGUIERR 2 7t
£% F DNA %£ HY 2 4H (PowerSoil® DNA Isolation Kit, Mobio Lab. Co., USA) fli Y 3£ {# + |- 1% & /K kg b >
DNA - #/ER BRI T © HUBEER L E A SFEEREENR 2 MEE » fILA 60 pL C1 Z#NK (& SDS ZatAl »
FHLUS AR ) - BEZIR A S sec - DIHARISE T (MagNA Lyser, Roche, USA) 7£ 5,500 rpm {E&{4- T » fEF 25 sec
£ 10,000 x g T 30 sec » BH FIBR ZHVTHERELVE © K AR FEIRYSEER (C2 — C6 1 C2 & E Al
LUIUEIE DNA Z AHEELfRIE - C3 &FE B LLIUREES MYIE DNA 2 A1 ELRARY)E - C4 RysneEEs
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W C5 Rz ZBE 2R » CO Byl /A ie ) B jjesat 88 /T DNA Si(L2PBE > H{% 7]#3 100 uL DNA ( E5 >
2017) - Zx &G $H S E (polymerase chain reaction, PCR) 2 5[+ ¥ BLAG &R & - 4158 2 - PCR [ZEAHE T fy
20 — 50 ng 5z DNA ~ 0.25 mM dNTP ~ {5 [F 0.5 uM ~ 1 x ZTELEER K2 0.5 U (B ) Taq 40 (TaKaRa
Bio Inc., Japan) » 2 JE4E#GTE Ky 20 pL - PCR RZJERRAF © 55— 8 » 94°C ~ 5 min 5 5 P IEIRIEHE 35 20
94°C ~30 s 55C ~45s>72C ~ 1 min ; F=207EE > 72°C ~ 10 min » HY 5 pL PCR E¥J8L 1 uL AU AGLELR &
a1 #E1T 1.5% BREBREEIR T - BASERIR » FIFVR(LZFELt - WAERIMEFRS HEG I IRAEEC SR -

* 2. AFEBRVRREDIMEAERHFTER Z 511

Table 2. The primers for identifying tetracycline resistance genes used in this study

Primer Sequences® Target  Annealing (°C) Amplicon size (bp) Resistance Mechanism
TetAF GCTACATCCTGCTTGCCTTC

tetA 55 210 Efflux pump
TetAR CATAGATCGCCGTGAAGAGG
TetBF TTGGTTAGGGGCAAGTTTTG

tetB 55 659 Efflux pump
TetBR GTAATGGGCCAATAACACCG
TetCF CTTGAGAGCCTTCAACCCAG

tetC 55 418 Efflux pump
TetCR ATGGTCGTCATCTACCTGCC
TetDF AAACCATTACGGCATTCTGC

tetD 55 787 Efflux pump
TetDR GACCGGATACACCATCCATC
TetEF AAACCACATCCTCCATACGC

tetE 55 278 Efflux pump
TetER AAATAGGCCACAACCGTCAG
TetGF GCTCGGTGGTATCTCTGCTC

tetG 55 468 Efflux pump
TetGR  AGCAACAGAATCGGGAACAC
TetMF GTGGACAAAGGTACAACGAG Y

tetM 55 406 RPP
TetMR  CGGTAAAGTTCGTCACACAC
TetOF AACTTAGGCATTCTGGCTCAC

tetO 55 515 RPP
TetOR TCCCACTGTTCCATATCGTCA
TetSF CATAGACAAGCCGTTGACC

tetS 55 667 RPP
TetSR ATGTTTTTGGAACGCCAGAG
TetQF TTATACTTCCTCCGGCATCG

tetQ 55 904 RPP

TetQR ATCGGTTCGAGAATGTCCAC

* Auerbach et al., 2007.
® RPP: Ribosomal protection protein.

IV. HLEEME AR R T
IRRERE & 1% peptone Z MR /K (OB AR RE - HUS S MifE S M 0.1 mL ZRERMEEML | - B
HIEY 10 g i 100 mL f&E7K > 100 rppm FEEZz 30 min » HUAR(FEEMERELER - SR EE 3 (R -
Bz AL 3 4§ ¢ (i) Trypticase Soy Agar (TSA): enriched medium containing 1.5% trypticase peptone, 0.5% phytone
peptones, 0.5% NaCl, 1.5% agar; (ii) TSA +20 mg/L CTC; (ii)) Luria-Bertani agar (LA); (iv) LA + 20 mg/L CTC - Fijfy
FEDCTIEE 2R BWEEITCTEE2 K-
V. DUEEMEE R E
FEt Pk EELE TSA-CTC Bl LA-CTC B s R A & 2 DTse VAl - BEE S F R E Ay i gE 1% - DL GFX
Genomic Blood DNA Purification Kit (Amersham Biosciences, USA) fi{H{ DNA - DI4HE 16S rRNA FLR & —5 [T
27F (5'-AGAGTTTGATCCTGGCTCAG-3', Edwards et al., 1989) F1 1492R (5'-TACC TTGTTACGACTT-3', Wilson et
al., 1990) MEIE B EE 2 16S rRNA £ [R F B - i LAEZH (clean/gel Extraction kit, Biokit Inc, ROC) 4di{, PCR E¥) -
E 585 27F ~ 519F (5'-GTGCCSGCMGCCGCGGTAA-3") ~ 519R (5'-GWATTACCGCGGCKGCTG-3") (Lane
et al., 1985) & 1492R » DLE st (BigDye Terminator 3.1, Applied Biosystems, USA) #E{TEF R IE » HlgE% > &
s a2 B - B DL ABI3730 DNA [ 8% 5 (Applied Biosystems, USA) fi#f5 » i i E¥ LA Vector NTI Suite
11.0 (Invitrogen, USA) ZE4E#k & 1 Contig Express F2=04H & @ 58K ELE% 16S rRNA ELRfEHT - 152 DNA B4
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&R NCBI 495 (http://www.ncbi.nlm.nih.gov) | - DI4¢ FF2 2 BLAST (basic local alignment search tool) (Altschul
etal., 1997) #EFTLLES -

R AR AR

BRI EREE
A BFEFERE LT LLCTC ~ OTC F TIA &8 » 47705y 5,745 ~ 2,450 K 1,225 ppb (= 1) - HiEREEE

W2 BEAE {7 {E (standard deviation, SD) g5 @ BURH 4 KERGE R ITEERK > ILEERBEFSK - /NG5
TeHiC 77 e ELfilss A RE o HERDEE bR SMM 4 > HAPUAEYE & EWEFEK > LRI S U 2 AR
=0 7949 — 98.1% ( % 3) ¢ [HEE/K (wastewater) FHHILL CTC Bl OTC &8 E » 77 75 2,054 K2 795 ppb 4%
JBRE FEFE 1% (anaerobic treated wastewater) = & [F#{K » UMK (effluent) E-SfiE D42 » CTC Bl OTC & =57
Fy 66 B1 44 ppb (3 1) - FEEREEKER AR BIVWRZ AR 77.3 — 92.4% » A& SMM KRR A| 5
98.8% ; - E M5 R B VUBE 2O KBRS By 57.7 — 75.8% 0 ¥ SMM EERFRHAI K 36.4% (3£ 3) ° MFEEE
VIHEE LR % » PUAERSERIERD » BBRFER 46.9 — 98.1% ; /K&K =K @M% - SLAEZEENKR
BV > KBREER 757 — 99.2% o CHARIEGERFRNIIAEYE - SHEESPIUEZRRE Rl - (£ 2012 4
10 FAEFE{E ST OTC 13.1 ppb » HE Ry G REetIE TR R TR -

3. HER(EBUR KRR A S Y KR

Table 3. Removal rate of antibiotics after composting and wastewater treatment in pig farm A

o Solid Wastewater treatment

Antibiotics® - - .

Composting Anaerobic process Aerobic process Total
TIA 46.9 229 68.5 75.7
TC 98.1 86.2 68.7 95.7
OTC 94.9 77.3 75.8 94.5
CTC 97.1 92.4 57.7 96.8
SMM — 98.8 36.4 99.2

* TIA: Tiamulin, TC: Tetracycline, OTC: Oxytetracycline, CTC: Chlortetracycline, SMM: Sulfamonomethanoxine.

IL.

Widyasari-Mehta et al. (2016) F & F 5 S BEME SRR EZBHE (ZYWEZRE ) » TC - CTC
F OTC ERE43R1E TC 1.5 — 300 vs. 1.5 — 227 mg/kg » CTC 2FE 1.7 — 46.3 vs. 15.8 — 55.1 mg/kg » OTC 0.6 —
221 vs. Kfgt— 6.2 mg/kg » WEREHIIATTA 2 s B Rl — FRIELE (sulfadimidine) - HIRATESEY) - HaRfmhs
g (sulfadiazine) ~ iRz (sulfadoxine) ~ fifz — FH & WIE (sulfadimethoxine) 7F MifEFEE5 B 1.0 mg/kg » TIA 1F
B 55 REEFE P Rt - (EAERESES R AR FE S P i = AT 2 1.4 mg/kg ° Liu er al. (2015) 5 5 #EE AL
R » Hoh > AT REH SR EE Y E D o AR T RIREBRIEE 91% 0 RS 14 RIEEFRFHE A 99% » )9 HK
EHEACRRERATETRAH - &80 7 K% - EFRFRANE S 60 — 68%  EFEF TR EHBEHEAEI 7 Ki% - LS
CTC ~OTC J TC EFRFITHI Ry 74 ~92 e 70% (Wu et al., 2011) < FE3 = PIFI IR R BLAE 38 & T HERC A LER HERS -
CTC 1£ 14 RN A #2568 & Ak » OTC B TC RIIA[AE 42 RN & AFR » #54F 157 C HYRE 5 N R ERY » 71 49 K
% OTC ~ TC K CTC 7 EFE203H B 64.7 ~ 66.7 Kz 73.3% (Chai et al., 2016) » Zhou et al. (2013) WF5E R {EHL T EE
KRB EEKH 118 50 @A R a8 50y - A SRH 7= UREEFREINE » BIGRIESE(LREHE UV - 7
YT S S T EE 5,800 ppm HYVUIRZIHEIAEZFA TC 81 OTC » /KA HLA R EFRFAAN FEE ~ 55 K&
AorpliA R E - EpE IR (TC ~ CTC ~ OTC) 1£ A 35 5 H oy KERF S5l 83.3 — 94.8% vs. 88.9 —
100% > 11 453 ZFR#=R5T A B 58.8 — 73.8 vs. 93.8 — 100% » B HHy AR £ - HHEERE » FIFEMNES
JEEERFEE S OTC ~ CTC K EEFRIUIBZ (doxycycline, DC) » EEZ R 71 — 76% ~ 75 — 80% % 95%
(Montes et al., 2015) © Yin ez al. (2016) 5 HIFREH LRI ZERFEFE S CTC B4 OTC » 52 2 EERAVER TR 7371 £ 60
mg/kg B 40 mg/kg (HEETEY) ) - BRSNS @ HEE(L - SR ESREHLE AR T E » HEERFHY
PUAERERBERAR — » I 100% -
MEEFE SR 2 KA TP AR SR

R 1 19H] A BiiEsE s h A P14 E TIA ~ TC ~ OTC ~ CTC Jz SMM -« [ A 355 PRFE & T S S PR TS
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ZKAEH M1 B M2 i RHRRAE - it B S R S P Al B 2 PR R 80 DL CTC & & » #9185 255 ppb
TENEER 15 REFXRERGE > ARG SEHAEREY > AR (CF) 2 MR RT S RigH AR -
Qiao et al. (2012) F2 o ARk = (B0 i FH 74 B e I TUER 2T A R 2 &8 (ZWE ) #HRK
S By 4.7 ng/kg o R FE By 776.1 pg/kg » Hor TC ~ OTC K CTC A5 s B fE 43 Bil Ky 90.0 ~ 12.3 J% 239.4 pg/
kg o HEEEREY ARG E RGP > TRZENAZINER R B A EEEMARTZER > TC
72 86.2 — 198.7 pg/kg > CTC HIS A 4.6 & 7.3 pg/kg [ (Hamscher et al., 2002) » 75 H Ayt Eass BT > S
FAFEHPR A AR 2 1% - TP RrE s i A ER S M A H b 2 YRS i B S Y b gg i R R
#EF YRS (Zhou et al., 2016) »
BHSIREESPEEEE E R

SRl 5 AEL10 A H A 58 C3HERE 6 FEAFEEREE S > 6D 2 R R bl CTC HELH 484 FHE
LELBIB > SEUEHH TSA P& RR R REERETERSIA RSN CTC HE > Bl LA IEARE
E (£ ) o HEERIRIIPUEZR 2 A 519 6 RS > TSA BREA4ARYHT CTC &S 4L EEIILLE
10 BHHVBIESS RN 5 Bfn ; 72 LA B HE Rt $iT CTC E# 5 48 EEILLG (BRIE([ERE SN ) > 10
B EIEEIRARRY 5 B - R ARIRINPUAE R 2 C 5y 6 fEEREEE LT > TSA 81 LA 558 REAHAPT CTC
B SR EIELG > 2810 B 2 BUE KT 5 BB - $h4h > $it CTC H# 5 484 E R LG E =
SRR LAY 1 10 HERE A SBIUHERR ~ 138 - BREEEVKRBORZKE S » 10 AR E C B AR /KLY
TZKEE 6 o SRR RS HEERUA I CTC 095645 (&7 3R 6 (f A ) Bl AR CTC 2415 (73R 12
& H ) 2 FEIRHEEE IR A > H 48 ht CTC FHEE EfE R E 72 52 (Ghosh and LaPara, 2007) - Alali
et al. (2009) JREH RATE S B NFERTR AT > 0.04 g/swine kg-month CTC B » ZE{HPHEEME E. coli Eh
BIA B SR (96.6 vs. 81.1%) > MAEATE ~ IrE%E - IEEEAIMEEE =R -

IV. HEAEFE IR 2 /KR s T st 8

2012 2 H J 7 AR EFEF R 2 /KAEH (M1~ M2) Bl FI{BAE (CF) Z KRR+ - 15 [E H G BRER 8L
NEFRFEERIEGAT - $1 CTC ZEHE G A FBLHIE(LER - Fr M2 40k 2 2 7 HAZS B2 BEh
Bers A ZE 70% DL M1 AHEREURN 7 A8 A MBI A 7y this » 72 50% o CF HRHAVPTEE 4 F
Horbt o HEESILE 10% BUN (8 1) » DL TSA B TSA + CTC B At 8dE R - M1 B M2 407E 7 A{nhigéttd
EEE LM A LA LA B LA + CTC B2 T 8GE R - [FIRE(E 7 A bige4 EEE o bhi = A
15 o fiEam Ll TSA B LA 5238 5581 TSA + CTC 8¢ LA + CTC REEEE#sE R - CF4HfE2 -3~ 4~ 6 & 7 BiHigE
A R E 7y ERITEE M1 B M2 40 Ryl - AR EREE RGN E T Z & - B2 F P IR /et B
2 RZuh (http://www.cwb.gov.tw/V7/climate/agri/agri_month.htm) 4C$%Z0R (52 A{3&R ) » 2012 3~ 46 %
7T HHI AR ERHK T 5 19.9 ~ 243~ 27.7~29.0C - 7 A{nPigEt A FEE /s tbR e A sE R - 157 Al
TTEPRFER /KBRS - EORER S8 & R E (mesophilic beateria) 2 42 « 554p » Udikovic-Kolic et al.
(2014) $i5 H e TNFEACHY M EE HE I DA B 3 A i h S A B s B EE AN B - R NS AR it 3 =
VLS NEE R | P

80 1

~l
=]

60
50 A

5
[=]

30 A
20 A
10 A

0 -

CTC resistant microbes (%)

1. 2012 SEKREHMENN A 556 S EM LERADH IR T S SRR H B H ot -

Fig. 1. The percentage of CTC resistant bacteria in paddy soil fertilized with swine manure from A farm and chemical

fertilizer in 2012.
M1, M2: Soil irrigated with swine manure; CF: Soil applied with chemical fertilizer. L: Luria-Bertani agar; A:
Trypticase soy agar.
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V.

FESRAIEK iR R R DRI E

ERGIRIER LR IR R PUEER HT

N A 2 C HF(FREMALHL . DNA BLFTA IR 2 TUERZ BT A A S [ (TetA ~ TetB ~ TetC ~ TetD -~ TetE -
TetG ~ TetM ~ TetO -~ TetS - TetQ) #1T PCR [ZJE » FRREAEAETHIHA/NAY DNA | EGEY) » FonsEFkmbEas
[t 10 FEETMEEA (2 5) « ZAMAS 2 B ES TR MRS fn RIED e S e - (H PB4 M BCHESE R AT (R 4) »
HERE LSRN A HEUHE S 0 2L PCR RFENE 2 & SIE » HEH R HEALER fh DNA ZEH(F » JRZEHH 38 PCR
RIEZWE o R » BT PCR DU HTHEANEE 5 DNA 22 16S rRNA FEREF » JRFETEEA > DNA R EREY) » I4S
SREG IR S BN 2 B T - I S8 B R AE © 15 R S/ K B A R B /K R 22 B 2 DNA A s
ZHIURZRERS [T R EIERIE (£ 5) » MAERURKS » A SEFTA R Z iTURZ AR [ TE 2 E K FE
C GRS tetE ~ tetS 2 & JE - Chee-Sanford et al. (2001) SR F R FEFEE RV EE/KIEF EH tetO ~ tetQ ~ tetW ~
tetM ~ tefB/P ~ tetS Jz tetT » Xu et al. (2015) FHE A4 TE/5/KEHEWUK S M P S A RIVUIRZ DT MERER > #8 rerA ~
tefB ~ tetE ~ tetM ~ tetZ Jr tetW Wyl R E 5 o (FREKBRIFEEM TR ST - tetA ~ tetC Fr tetG i Hifth ter &
PRI kgl (Auerbach et al., 2007; Zhang and Zhang, 2011) ©
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Table 5. Tetracycline resistance genes detected in total DNA of environmental samples from pig farms

Sample Farm tetA tetB tetC tetD tetE tetG tetM tetO tetS tetQ

A + + + + + + + + + +
Feces

C + + + + + + + + + +

A — _ _ — - — — - _
Compost

C — - - — - - — — - -
Soil A - - - — — + + + — _

oi

C - - + - - - + — —

A + - + - - + + + + +
Wastewater

C + + + - + + + + + +

. A + + + + + + + + + +

Anaerobic treated

C + + + + — + + + + +

A + + + + + + + + + +
Effluent

C + + + + - + + + - +

VI R B IR 2 /KR 3R o PUBR R UM

BIEDHRETEFE IR 2 KA T3 M UIR Z PR R o AA 0 - 2837 2012 81 2013 4 EFE IR 2 K
e 1338 M1 B M2 4 7 PURRZR T MRS R R By 1) R 33 ws. 31 ZREA 21 ws. 14 2% T IR LAE CFAHRAI B Ry 9 R (%
6) > IL&ERF NI EFEZ IR TP P gE AR AL > W EL CF 4HPrgsM A FEBE 7 bh Brfe M1 B M2 40 By (i
ZEERMER (F 4B 1) o DIEREMMES > 2012 B 2013 48 M1 B M2 415 H tetA ~ terB -~ tetC ~ terD ~ tetE -~
tetG ~ tetM ~ tetO ~ tetQ ~ tetS B EFTRE T A Fs 4 vs. 0~ 4vs. 0~ 8vs. 8 ~9vs. 0~ 0vs. 0~ 12vs. 5~ 14 ys. 13~ 12
vs. 14~ Tvs. 00 ws. 020 EAT teM B rerO YRR 1A = P97 96.4 81 92.9%  CF 4H4F 2012 B 2013 Fj>
10 {EPUEEZ DT R R A B R B s 0 vs. 0~ 0vs. 02 vs. 4~4v5. 0~0vs. 0~0vs.3~0ws. 1 ~1wvs. 1>0vs.
0~0vs. 02 < AL > bRz M1 AT M2 4183 CF 4 VIR Z T MR R AEAUAS 45 50RE > TI1SA] terM B2 rerO FERF]
B IR PR AR 2 (R - HH A WA PRI fh o B 32 MRETZEMEANE > 90.6% HA retM FE N
(R 7)) AR AEEE KT E T oM R EEFESFEK T 2 HLEEMEAE - Chen e al. (2014) S3HTLIFE
PR BEK TR £358 > Hoob tetA ~ tetC ~ tetG ~ tetO J7 tetS MRS » terB ~ tetD ~ terQ Hilfg H WK > H LA
tetG 1 B35 38 o Wu et al. (2010) BFEHESE tetM ~ tetO ~ tetQ . tetW HY 48 S i 5 B VU B 22 58 BF 1o o e AH Rl
P © Kang er al. (2015) Fl[FH PVC BT HIERURE B 6 2 FE 3NN (AL E & 20,000 kg/ha) $fPUBR Z TR
RV TFE - MIFHZGEEE 0 — 20 ecm FH{E/E 8530 5 FEPTIERA teB -~ tetG ~ tetM ~ tetW [ tefB/P > {HIE 20 —
40 cm B 40 — 60 cm 1 JE{EEET terB Bl terW > {H 30 FABTE 20 — 40 cm #2830 T SHAN=FEP MR o H I reB/
P 7E HIEPREENR R - B terG B teM  Schmitt et al. (2006) TR TIEPHYTUIRZ SRR » 5 terT ~
tetW Fi tetZ 17 +IEh 3 ARG 48 - {H tefY ~ tetS ~ tetC ~ tetQ Ft tetH HIJZRGEAC TS | A R0y it F ALY
AOREAREZ FEANHY LI A E > SRR L TUBR R P A RN [E] - HEEFA P RER S 2 118
i o
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*®7. BHEGUEERERERZ UBRERGUERR PCR EY) AT
Table 7. PCR products analysis of CTC resistant strains isolated from pig farms

Farm Medium® tetA® tetB tetC tetD tetE tetG tetM tetO tetQ tetS
A LA(n=11) 0 9.1 0 9.1 27.3 18.2 90.1 9.1 0 36.4
TSA (n=21) 9.5 23.8 28.6 23.8 333 28.6 90.5 4.8 0 38.1
C LA(n=21) 19.0 4.8 23.8 28.6 4.8 9.5 95.2 143 9.5 9.5
TSA (n=24) 45.8 12.5 8.3 12.5 333 25.0 95.8 8.3 0 45.8

* Tetracycline resistant strains isolated from medium LA (Luria-Bertani agar) and TSA (Trypticase soy agar).
® Percentage of tetracycline resistant strains with PCR product of tetA gene.
n: Sample size.

VIL 585 S S P B R B L

Bt B S5 E PR R fn P B EEFT 1S 2 77 ARDUEEME (i A e T e e 1 B VU ER R PO B R A Aol 45
SREUT A 55 32 BRTEEVE S HERRAE 3 R & teM EIH - BT 90.6% S3BIRA tetM BH - C 35 45 PRETEEM: 73 BlEIR
18 2 R & teM B[R 0 ) 95.6% 73 BERA tetM BR[| (R 7) - BE— D E IS BEREV S 77 - SKEPRE R
[EYIfE% » AS5AE 10 T HEE - C BRI 20 #k - H A Bl C 5 EF P HIEEME & A Corynebacterium [&HY B
R (3= 8) o {1 C 3 EHEAE 5 i Microbacterium ~ Pseudomonas J Pseudoxanthomonas » H AL A $55tHE
Be o [EREKEE RSP B G EMHE 2 25 C HRREREHE/KEBUR KR G > PUEEMEEER A Bacillus
J& ks ¥ LLAN o 1575 Alcaligenes F E. coli » {FHU K dhth » A 5388 M4l 7 Comamonas ~ Rhodococcus ~
Providencia JStenotrophomonas ° C iU /KA ftH 2 B ARE:—2L » 2 r] FH (B fl B g ol AR Hop 4
A FEFTEERES 2 A - Harnisz et al. (2015) JEAIREE /i )7 A PRET SRR ELEE/KHT OTC B doxycycline (DC) Y
A TESE - 455251 OTC HHEHA deromonas sp. ~ Acinetobacter sp. ~ Shewanella putrefaciens ~ E. coli ~ Providencia
sp. Sz Pseudomonas sp. > #1 DC E ¥R A1 H E. coli ~ Shewanella putrefaciens J; Providencia sp. » K % B & £ J&
Proteobacteria #['9 o Chen et al. (2014) FI[FH 16S rRNA FL[RFE51 8 E Hiig g s (sulfadiazine) Bl TC 23 8fEfg »
SEL Y EERIB Y Pseudomonas B Bacillus » W22 faH E. coli B Enterococcus Jy FE05 B A FLE AT HT A R g
MEAHE (Walczak and Xu, 2011) o | _E#it > Sy B i E hrds i ERn 5= » 2835 Pseudomonas ~ Bacillus ~ E. coli
% Providencia HFH & SN FEERE LT - Huang ef al. (2014) FAHZACE P17 (next generation sequencing,
NGS) 812 i F R fEE 7570 (metagenomic approach) Sy MK VUIRZH R 2 G M SJE H A B4 > 454 A
OB G Bl UIE 2 2 4l &S Sulfuritalea ~ Armatimonas ~ Prosthecobacter ~ Hyphomicrobium ~ Azonexus ~
Longilinea ~ Paracoccus ~ Novosphingobium J; Rhodobacter » .t 6 {EH & &Y Proteobacteria H[I'T » HLFEHT
RER/EE > N EERZEREUN BT ENENK - ffa65 2 REEFESEETAZARE - GiE5it
IRER ~ GARIEC S ~ EIRBEH T30 HAEE AN T B b AR VIR R VA P22 2 « [RIIL - PrgsiEry 4 s B A
PRIGH RichE = 1 52 -
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# 8. JEM 16S rRNA ENFFHIEEDT CTC Z o7 HErk

Table 8. Identification of CTC resistant isolates using 16S rRNA sequences

Farm  Sample Strain Best match Identity %

A Feces LAl Corynebacterium glutamicum 100
Soil LA31 Ralstonia thomasii RAL4, MC5 99
Soil LA33 Bacillus thuringiensis BC101 100
Wastewater LA45 Rothia nasimurium CCUG 35957 99
Treated water LAS2 Acinetobacter seohaensis SA-A5-61 99
Treated water LASS Corynebacterium variabile T133 99
Effluent LAG61 Comamonas denitrificans 110 100
Effluent LAG63 Rhodococcus rhodochrous CG30(3)-4 98
Effluent LA64 Providencia stuartii REG203 99
Effluent LAG65 Stenotrophomonas maltophilia s215 100

C Feces LC11 Escherichia coli O83:H1 str. NRG 857C 100
Feces LCI2 Corynebacterium sp. T2-10 99
Feces LCI13 Corynebacterium testudinoris CCUG 41823 100
Compost LC21 Microbacterium barkeri GBA753 99
Compost LC23 Microbacterium xinjiangensis YIM 90724 98
Compost LC24 Pseudomonas thermotolerans CM3 99
Compost LC26 Pseudoxanthomonas taiwanensis S22-49 100
Soil LC32 Arthrobacter oryzae Asd M5-8 99
Soil LC31 Bacillus subtilis NH.160 100
Soil LC33 Bacillus altitudinis H1 99
Wastewater LC41 Wautersiella falsenii NF 203 99
Wastewater LC42 Sphingobacterium daejeonense 93
Wastewater LC44 Corynebacterium xerosis CG30(1)-4 100
Wastewater LC46 Staphylococcus gallinarum BBAL-01d 99
ATW* LC51 Alcaligenes faecalis MUNI 100
ATW LC52 Bacillus subtilis GRO11 99
ATW LC53 Bacillus licheniformis Y822 100
ATW LC55 Escherichia coli OSBH1 99
Effluent LC61 Bacillus subtilis P53 100
Effluent LCo64 Bacillus cereus 1L.26 100

* ATW: Anaerobic treated wastewater.

#®
FEEIR T 2 DU AE RSB LR HE - BRECH b RF EUEME SRR E - B[R EIIAER B E - ARER

36.4 — 99.2% o LUFTEESE /R MR /KR HIE B - 15 RIRRIARMR S EPTAE R > HAE PRGN
RRRE B - AimE R EAPUAERERERIRIIY) - BRI B i T CTC EPR R iTUERZR A -

DRIL > Byt fi e 2 PRI Sl (K2 B 4

VEORAE V)RR - AR A SR e e (i VIR R -

Z2EXR

B ML © RO - B - 2017 - JUARIEANE S B M ST S R S LRI - BAERFE S0 ¢ 124-
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The objective of this study was to reveal the impacts of the use of antibiotics in pig farm on the environment. The
antibiotic residues and distribution of tetracycline resistance genes from the samples of feces, effluent, compost, and manure-
amended soil were investigated. Two pig farms were selected; the feed of Farm A was supplemented with antibiotics, but
no antibiotics were added in the feed of Farm C. All of the antibiotic residues in samples were measured by HPLC-MS/MS.
The results showed the antibiotic residues in samples were significantly higher in Farm A than Farm C. The removal rates
for tetracyclines with treatments of composting, anaerobic digestion, and activated sludge digestion were 94.9-98.1%, 77.3-
92.4%, and 57.7-75.8%, respectively. For SMM, the removal rate with 98.8% under anaerobic digestion was higher than that
with 36.4% under activated sludge treatment. After 15 days, the antibiotic residues in the paddy soil irrigated with fresh pig
feces from Farm A could not be detected. By PCR with the primers of tetracycline resistance genes, most samples (91.3%)
from two farms showed positive effects. It demonstrated that antibiotic resistant bacteria also resided in the farm with no
antibiotics in feed. Besides, the number of antibiotic resistant bacteria and the detection rate for tetracycline resistance genes
in the paddy soil with chemical fertilizer were less than those with fresh swine feces. In conclusion, pig industry should
avoid using tetracycline to decrease the occurring frequency of multidrug resistance microorganisms and maintain healthy

environments.

Key words: Antibiotics, Tetracycline resistance gene, Pig manure.
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