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3GCs (third-generation cephalosporin): =R +77ORKR) >

3GCREC (third-generation cephalosporin resistant Escherichia coli): 3 =X+ 277 0RR) Ui tE KGR
ADI (acceptable daily intakes): —B{ERFAE

AMR (antimicrobial resistance) : ZEHI|fi 4

AOEL (acceptable operator exposure level): F (& BEHBE

APIs (active pharmaceutical ingredients) : EZEERA R (REE)

ARGs (antimicrobial-resistance genes) : ZEHI| it 14 & 15 F

ARfD (acute reference doses): S EA=E

CDC(U.S. Centers for Disease Control and Prevention) : KkE&EREE FHtE 32—
CRE (carbapenem-resistant Enterobacteriaceae) : )L/ AR A4 NHIE R E
DNA (deoxyribonucleic acid) : T4 ¥V R#%EE

ECDC (Europian Centers for Disease Control): BX & HE & HE 24—

EFSA (Europian Food Safety Authority): BXM B R&R £ B

EPA (U.S. Environmental Protection Agency): KkERIERER

ESBL (extended-spectrum beta-lactamase) : B 5 B4 HRE p-594~7—+F

FDA (U.S. Food and Drug Administration): kE R MEEME

IPM (integrated pest management): #2 & HEE HE

LC (liquid chromatography) : & A9 Q< ~J 5 74—i%

LC-MS (liquid chromatography-mass spectrometry) : i& AV Q< T S5 74—EE ik

LC-MS/MS (liquid chromatography-tandem mass spectrometry) & AV QYR 574 —2 T LEE R L



MALDI-ToF MS (matrix-assisted laser desorption ionization-time of flight mass spectrometry):
TRV IRZEL—F—BBE A A L RITEE R EE 0

MS (mass spectrometry) : B & 5 #7i%

MIC (minimum inhibitory concentration) : /N & fE 1L ;= E

MLST (multi-locus sequence typing) : ZiB{cFERIN2/EL S

MRSA (methicillin-resistant Staphylococcus aureus) : A F 1) Uit tEE /TR IKE
MRL (maximum residue level): sx KFEEL )L

MS/MS (tandem mass spectrometry): 22T LB E 7%

NARMS (U.S. National Antimicrobial Resistance Monitoring System) : K EZE &I EE=2J2 T AT L
NoAEL (No observed adverse effect level): &2

PCR (polymerase chain reaction) : 7R!) A5 —+ & §H K i

PFGE (pulse-field gel electrophoresis): 7N JLR 74— LR LB R KENiE

gPCR (quantitative polymerase chain reaction): & 2R A5—t & R it

U.K. (United Kingdom): % &

U.S. (United States) : k&

USDA (U.S. Department of Agriculture): KkE R4

USGS (U.S. Geological Survey): kK E & sHZEFr

UV (ultraviolet) : 42414

VRE (vancomycin-resistant Enterococci): /\>a< AL Uit B E

WGS (whole genome sequencing): &4/ L —2 oy

WHO (World Health Organization) : tH &2 #4E8

WWTP (wastewater treatment plants) : #E7K (R 7K) ALIR15
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IRFRELTWVAZEE, ARBIDBKRNRZD—ERL
MNEYCMBEINTWVEWCEEZEKRT S (FlEL
T.HEKDSHLBELIZWEBEINTWSDIE, 1K
DT)—TIEEERD 56%. Hi—FDHI<LHTIE
55% T8 D). I\ T ZTaDFYATIE, ADHE
D 1%L SR MICAEBEINTEDT . 70%H°
REFICEEHEHIh TS,
WBTSUPATIEK, EFBICEVNVEETEHS
N MEMBENMBMEYEICESSIZERESNDT
BN H D, BlIELT. 6 DDELBISRIZET S
56 FBEOMEEART7OT. LTAYAH, I—AY
N BEUVA—RISUT DT KLEBHERDFRA
KELVREKIZEWNWTFH /TS L)L (ng/L)
Mo AI0T S LI YRIL (ug/L) DL JLTHERH
Shf-A. FOREIZIANIZRL—BHMIZLAESH
SMBELFECEBLTWVE, ThbXER
ETHoTH. MEMHEELSE. MiEMEYE
BRLSD REFORMEMEDZIRE DM
[ZDOWTIE. THMEMEORELEEINDEES
HR) 230, B LI-MMAEMEDREIL. Z<DIE
~HPFFFETIEEMINTEST . ZDEHED
ADREIZHT DBEMNZIRVIEFBHATH S,
Fl=. MEBTIKFER (NAFVIIR) EEHIZfE
RAT5ILICIEBRELH D, BUIREBINT-T
HKERIE. NAAV) YR EE(EN S, TKULEE
OO RETOIADHMIEEITRDETIERER
ICBEAT-BMMEL D, INMAVIYRIZ) AL
SN EEHOBVNTIEZHE-HIFL. EYMDORK
RERESEL-HDOIEFELTEASINB[31],
A—AY/NOHETIE, WEIN-TKFRFIC
[EMELIMMAEYMEEL ESBL ELEF L E DEHIM
MHRENFEL. HEHEDEEZHAWVEOLLETIE,
NODFEYMEDOKRENEBTHLHZENHAL
MEET2[32], BE. CNOMEDILE - £
FHELEMENREBEICEZSHEIZDOLNTOE
RIIBELNTNS, LALRIEDIHAETIE, AN
DBRZLRBEANDGEITREINTUNSE 3,

BEREY

ZFITEDFELITEL TD, BXTEL-REHSIN
SEEY



EFIMERE EHDO IS RXDIMEREICHED A
BEEO)X. BREEETIZERSOEYME
FREMSREEIND, EFITEE. BRSMEE
/x-?A( BWT—RISERAIN M AE Y EEE

O HBREZEITHHOER(ERSE) DFER
EICKYELRHE, ZRIMEEIEE . Bz i
PFF=HIZFEREINEZNAFV)IRENLTEDS
AENDEHEEN BB,

KEEFMEE=2)>2T L AT L (NARMS)
MoDT—2 (N, £E8/NT STAEL M. BLUERAHE
MIZH T HEAMECEREL T EEICED
CEEMBY —RASURKEH) ICLDE, BRE
NMEEBESIESETHEICH ITHERIM K. 10
FLEIZEYREDLLIFETLTWSIEEZRL
TWLBM LML, NARMS (T4 GERR M) #
HIZHFHERIT L EBHLEN=H. ChoD
HMEOERMEICLKIRBL O AN—LIZXT S
BENLGFSEITHATHS,

BERAHYHEOHME XK. TSAIRLGEEDTH
HEEEF LICERTE#EEE T 5, ClE.
EYIHBEOMEN L. —ARICAICREE TR

THMENDREAMIEEEDIRIEERSE D,

FIZ (X, blaCMY-2 EREIENSET77ORKRY) F—
FTERETDHTIAIRIE, LT AV DD FDHIL
ERTBLVEAMERMRAICLEELTNLS
[47]

FYMOERIE. MMEVESLVERTHER
OHEBZEVNSD. BRRASMIE. —RIZH@EIN
BOWFEFEFONMWEYELEERICHHTL, il
EYMENREFICEETIHRIE. RAGER
IZIKET 5. MMEYEDEFEIL. BMOBEAIC
B+ HEEHE T E R F D ERE L TEHIM
HEEMEE, EREFEHELE-TIETERLSS
LSOl AR (BLUEMEEIBEY) 28T HE
FRIZ. TIEEPDOERITHMEZER - BRIE. i
EYMEEZESEFLVEREGIELIARAANTIEDMH
EYERBEEZTEIEIAENEZIN TS

52]
o

EHITTE THEREN =R RERYIEFSIN-IR

5

REREZEVIEELGEHTHY., BEIXERAR
[CEshd, ERIT. REVOEECERDOR
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B, TIEDEE, RE LU T RKAD I EMSL
ENERCEDE, BU--AETUESII B,
FCon-4£ESATLTEH,. ERFFERASINS
AT, SFRMEEIE (MRS £ IEBKRMEHEE
[C&-THEIND, CNDNEBIIESETHER
BLUMHEEGEFORAHLIUVELXTELSESD
75\\ ;0)‘_&%)\}%1#‘ *T?'%ﬂ%ﬁéo)ﬁﬁf ;ﬁ)‘j]—c
HAEMNEIMIZDVNTEAS I TIFZLL B,

BMHEROCNAFTV)YRTHRIES - LIE
X, IR RERY AN TULVGEWNTIESEERL
TEHIMHEMEYCTHEEEFNEEICEEN
BP0 %6571 FERITH M EMIE—ELIERIZADE.
NMEMENSDBERENGLTEFELEITS
B8, DRI, GRIEMEMZSL) FEAEE A
MNEIEDOMEMEDEICE LT LIS 962
Y% FLIEDAREEN DD EEXRLTNDE
Sl EMDEZEM——X(ZEahE-EREROE
BAETIZBNT, BH#hX 1 ANY3—)LA-U#ETE
108~108 aE— DB R G EEFEELIEN
BALMIH-TEY. BHERAT T, BHIZERE
FELGVDEEDOERMEROFEINRINTL
B4,

$ BELURBEOEFETF(TEERESH
SDAINRRLMEFERE L, REFEER
HISICKDILEHTBRBEICK>T, COERKMIIZIE
BICEELQIVSRAOMEENBEMICENELD
AEEMZERLTHEY . EXGBRESBETHLHY,
%%@Ei‘ihﬂf‘b%o)ﬁﬁb\ﬂﬂ#waﬁ}ﬂéin
DR BDDLIES LU TKEIRIEL., EA
Mt E THEREINDAREE A H D8 1, FHImt 1%
BIEFOAEARICELTIE,. REDICRHIN
BR—RSAVULRNTOER|IMEDELEIIRL
THRMIZFHET S ELNH L,

KEERTE

KEETE(RNEOEMR) JRE.LBEYVOD
ERULFHEBLTHY . HROEYB REHES
DINJBEDOF 8%ITHEBLTULNS, 2015 FDKE
BEAESILX. &R T 76.6 BAM OKEEY
BEVFEBREBRO THo 1z, BREEERNT
10 [ZRDEY TH-oT=I:

e FEMATE6EAIY)
e AVFGB2EAIY)



AR T (A3 BAL)
RN L GBABRALY)
NS TUAQIBERNY)
JILT—14E\ALY)
ICTRA28ANY)
F)AEAL)
SvYyRv—(A1E'AN)
BA4(0.98AL)

RMEMEL, KEEE. FICKEPEHEAFURT
LIZBEWT, EREHIET 5F-OICtHR P THER
SNTWVD, ChbE—BIZEHBPISRMEhDh .,
FEBEITNANR M) —F AN EYE ESN S, §]
LT.KEZEICEITAMMEMEDFEREL.
RESEOERARZENLIELETR RS FEXRE
LTWWAILIZKY . RETHIDHIREHETHS, xb
EHETEOINMEYEDOFERICETHERIE. &
FrEETEBEIN-. Sl KEEMIEICET S
LDTHHH ., COERIT SR INMEMERF
FAHOHEEESLVER/NNI—ERTEDOTIE
BN, ChoEfBEIZESITAKEEYITHT
SMMEMEOFERIL. EEEYICERINSE
DERLCV AT LT TEHIGICIRBEISNDIEN SN,
LAOL. iEMEDFERALNRFI SN TOSEIC
BLTH MMEMEDOFERICIIHLELERELA
bNd, Smith BME, /LD z—IZE T 5IME
MEDOFEREZEX. £ES kg HF=YbHTH Img &
HEL(COFERAIEEIC, 100 FrUZEBZ5K
FEYTEEDOTHD) —AFV(KAEET
Y DEFED 2 FEHIZZLN) TIE, 2015 F(Z 560
U EDIMEMENERINA, ChiTY
rEFEE kg H71-Y 600mg Ll EDIMAEYEEIC
HETE, FIICEFA2ORMEMEEREL.
HE D —3FZ Piscirickettsia salmonis [Z&>TBIE#E
ZENBEVIEYFTEDT INILAOF LR
ELTLS,

ERESLUTRAMFETCOEANERSN
TWSIMEET, —ROICEEICHARON
TWB, BlELTAFURTIE,. BEERAOY YA
T T AFERICOVTIRFGER SN =MEY
E(F, 7ALIz=a—)L . FFITFESHAIUY
BLEUTEXFIUIODIEDAHTHS,

HET7CT7DELDERZIFLHEL D E
ERKEVMEEERETE. AMEVEOFEFREE
FIERGEELREFEREICEEL D T—42% U
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ET5MYBADGEN (FITERBICBRESNT
WB) O . MEEOFEREEEDOEITRET
5B, KEMDEEIZLIELIX, BLD/INREL,
BALRNILODFZEIZKEYITHONTWNSE=SH, T—
AORETHFICHETHL, TOTHENSDR
BNT=T—2E. ZLDGEE. BAROEBEEED
NEEFARFAENISDOIMEICEDNTNSS, £
DMWMEMEDORFERZIIHEEICLEZLNDE
EZAbND PIZIX, RF/ATFUTILhDOIRME
MERBEYD P IZE->T, HEETH 5,800 D
I2070%HL2 180V DRIVIFOTID,
12,300 b DRILITF7AFHY —IL, XUV 6,400
R DQRIANTYLNBEADTILAINIIZHHES
NTWAIENBELMN LS, ZHOT—RIZ1E
BEARBEENODHHEEFNLIN. ZTOEE
HHBRIICOMBEER—ETEIREDIES
FUBEDEBERTLTH 1=, COREIZEL-T,
COHIBDFTXEREEEN 17 ORLGLIMEE
ZEALTEY., INFEA 1kg 41=YH#TE 93mg D
BENAFHIN TN ZEELBALHIZHEST-, B
SINFMEMEDSBRLE M o-BDIE. X)L
T7ANEYY =)L, ET7LXFI TEXFIDY
V.7l 7z=3—)L. LT /A78FH DY
THo1=,

KEBBICETAMMENEDRFEREN.
TRTOBRABMIZHITHEREDF TR
BBELERETINEINMIDOVTIEEZ RN H S,
LAOL. iEMER. EELGFERANGZIALGN
RY.IREBEZFEL. ANEICEEERIZITEE
BREMEDICETH2EFMEEZET B
Nohd, CNITKEMOEEMDIETEZSIERE
L.EEZBOAEFBICEFZEZRIZTTAEELHD,
QAN ENEEINSKERE X, FHIMm
HOEEILSLIVILICENVT—ENHKREIZFE-
THY, KEEBENCOTOERIZEEEEZD
ATREEL BB,

AL EEREINSIERITEMEMIL. BXE
FEISOHEYO. DEBSLURLEDOADT
KENLTKERBICHHIN G, KEBTEESR
EINLDMENME LIV ENGNRET S
T EERFO)H—N—I215YES, HHE
n=tEYIE. BREKESYICEET SHERMEL
SUICIEREMMEMICL>THEBINDKEM
EMBERITBENICEITIHAIEELNH D, I
FTOREARICES>T. ANEOREMEDH.



ERER 7 BERR ICFERIL =T FORBET 57
BMRFELDIEMNRINTNNDS, ZDIEIF.
MEICEBOEBE(ANSAITGIELI-REME
) NIEEL=CEERLTNDE ™, thh~DIE
BUREMEDNELDAN) LERMIZIXATEE
THY. BENLTRERR (AORYKRWLOEE)
NEETLHAREELH D, EREICSNT. EY
e THOARDKERMEME . Aeromonas salmonicida
subspecies salmonicida DfiftE¥EE. AREDHEZ
HERBREKEORBIZHS TAMHETSRAIFDES
(MM EYMDOHEEED—FEE) (XFER I TLY
5. LHL. NTHERRESIESRITHMEDD., KE
BIEHRROERTMEEZEFLI-ILERIIET
DRI, BYOFEEIL. ZDVRIER/NMRIC
TODITKZILD, EDBEYMHIEOEFR)ZHE
THIEGEDIVRIDEBDI=DOIZIE, LYZBLDIE
WOV ETHD, T, PBERBFITSZHREAIL.
ADMMHRERMENEECHMEEZKAT LR TE
Wi (TR T ERAH D=0, HEIZET S,
RMEMEIERAR(RYMNZIZLHERAT
FEWNMbOKEBOREHEIEMNICEXREZZFE
FAEh 3081 SFEINTWSEMBARIZEITS
FEEIMMEDEIEERICEHBYSHTENRTINT
Wb, TEEREMARZEEICZRELRYIES
=& . Z DM MEREMENS UMM EEFIEA
MHANITIEELSD, AOHIERFLEMARAN
DBRTBEEHEDITHHREILBLN TS, LHL.,
ABLUHIMORBEIZHTIERDIRIIE, +
SITERBAEITIEBBEIN TGN, KERFEICH
(THMMEMEDFERICOVNTIX. ZOHE. &
RSN L5EHE. BEIUIMMEYME MDA EDOR
HDUIZAWLWLNTWSEBRGE . FRHGHS LS
W FICRFERLUVEMATEEMIFICHS TS, K
EEBAEESATLICEEL-HMAEY RRME
MELVOHELEY) DEFITEETIEOLRNILE X
VEIE. ZLTHEERLUEBBAIZH-0END
YROIZDNTH, KYZBLDIEFERIBIDETH D,
NEIZDOVT BRLRILEBLUVEKRLANILTH
REEEHET 5= DMBRHEHERNIDLETH D,
US4 TAF RGN REMYIREEREHE (OIE)

KEEMRKIZET. TD-ODEENEEH SN
TS (http://www.oie.int/index.php?id=171&L=0
&htmfile=titre_1.6.htm),

KEZEIEIZHTSTMEYREDE

MMEMREERI DY KEBOFIEHT
EERMT BBFANESNTE = FIZE. /)LD
I— RV SUR BEUMED I RTOEELEE
ol (FUZERR) T 2O RBMEB LV KREF
YT EEDIODTOF I HEEICE DHIEEEE
ERNEICERELTVND, DIFUEREIL, Ba—
AVIRDEAELVRXFEETLLFERSAT
W5, V7OF VRS IV EEERANRIIEEE
THY., WD ENMED B ERIEIMFTEIHE
YRDILTWEW, T, DI9FUVIEARRIZETS
MERRFEDT INTLAVENEMIZFIET 5
ENTEDN . BIRRERERSLGVRRET
[FEARE LTI ENIEEFTHTELY,

NHMEVROERZERI DA DOAEELTE
BERIDIT. N MF X2 T4 ELUVHRABTRED
BEOHRENEITOND, RIFGKEEIUNTY
ADENT-ETREENFONDGEE . BDA R
[FEMEN . KRR LY DK 50, ZARLHE]
ELT BALBREHTIHR(EEDF YY)
[CHREREAZER T 5 & KEBIZEITHER
EERBLID. CNOD VAT AL, Ml EHEE
BREDAERFZEZBL T, MADKEFZMNOELANIL
FTHRAGRETERT HENTED,

FYBRWVERDZME LCRBEDHRITHT S
BHEZESVRAT LI iMEMRODLEMEEER
SEAEOICENTHLIREELAH D, BLAIL
DIWEMEDOERIF. LIFLIEZEE LWAE
DENEEKRYT D, Tz, ZLDRB/ENEADER
ETZ5I1ERII O, AMTRESNDIMAE
MEBBRODEMNEILSLITET T 5,

KENFAFRETLEVDRMTIGNES.
AR ECEOINMBENREORTEELVE
BT AFHESh @Y ERHL, ED
EOERADIERISRIL DO REMENH D,

B. RIEHD AMRZEDKSITRTET REMN ? MHIERRIEDBEFF X X RIZE>T R, 5K
WS XTI, BIFHEICKS T BEGIDMN? ChioDHEERELRL, YRVERDT=HDNAD

WEEE=SI T THENTESEN?



IMEYEMERRES LT ARG ZREE IV
AETIHE

REBHUTIL (LI, K, HIE) h Oy E
M RERAS EU ARG ZRE T B1=0HIZ1F., £<
DHELFAARETHS(F 1), AMR Ff=1&
ARG #HRHTH=-HDHE—ICLTHREBDAEIL
B AHEIZETRE. BRBLUBMHNESEN
B b60. FNTN0GAT. B, BEICRE
BHEERWARETHD, UTICEAEZEEZD
MR, BLURAETRT,

b=

EREICEVLVTHEYZBOLEZY., 5HAITS
CENATRER A MR (X UM EMET 1R
FRAEBRHETH-0DAEELTELRMIZT—IL
RREAVE—RThHolz, IBEXTLM. EEMT
HY. BRSNS MEMER S ITESIENTE
5. BEYUTILED AMR DIEEXIZESBEE
TlX. BHOMEZEB T 5= DITHR L EIREE
MELIEIRI) =T IEMEERT S, 2182
BROHMEZRRETHEMNTRINTINS, &
ERHBRIIRERTHY. COFEITERNDZL
VRIRICHET 5, D FEYFFEEII B
IS EHBXRICKYBRHIA-HEITEESTTLSRK
BETHY. MHEEZHRETIHVMTJELEBESE
HIENTED, MMEYEMMEME XM EY
EEEAOBIREMICK->THY TS E g
TEHIENTE. MEYMEZRVRABRZILTS
HE5ZET. TR ERENTEET SE
BEHTEITHIENTTRETH S,

EEXICITIRBEOMEYEF RS L TRELHFHIR
155, BRABREREDFEALEDHFITERRE
TEBTHENTET . COZEFREY VT
O L THITRAZGHIBREL S, £, Z2<DHM
FHIFBEARLATICENT, £ETLHHEREL
BUVMRREICH T 5, BEMREGHETE. 20
BAERVEEBRCEROEETRE. BLURE
B EELNDELLS, YUTIVOREFES
FURBFEIN-HMIE. ENEYORES LUE

EOWEAIEEET L BEEDRAOR AR,

COHEZEDUEEANERBNIETHLHERE DN
5. REYUTIVICETHMEITZHRTHY. BE
PHLEDIIGREDHEERINY ZBEND
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BN BLUVEDLSILGEEOMMELTRET S
BEAHAINMIDODWTHOMNLORELTENEIT
NIEESHN, COZ e, RBRETOHERETED
WEIZDEMD,

EBREAFRL-MEMEICOBEKRERESE.
ZTOEBEEEEITINMENEREEZRET D
WMERKRFFREL. R/EREBEILEEE (MIC)IC
FOTHESIND. DHEMNZTDEDICHLERSZ
HTHID., TIEMETHEINEZHET 56
[CE<AWLNBIHETHD, BE/LShI-Taka
—JLE BEZMWIMMEEFET 50 DAh YA TE
MEET D, MIC DRTE X FET=. BZHE/MEDH
ERETDHETIIRESINGS. MHTEDEEREH
ERTMICH)—TF ) DE=RI)UTETEEIZT B,
LML, BRZMZERET 5D MIC AvbA D&
BEERICHITHARBEDRICEOVTEY .. BIRE=
)T IZIXBEY TIXEVTTREENH B, T,
DAL ERNEEICEIGELEEED T TIT
b=, REFHEZ KL TOELATEEED
H5. EFADHD MIC R HFIZEIGEZMH YN
J. F-EHENE MIC DFIZEDCERZMA
YA ITDFEREEEINTIND, TARIILEGE
(X, THHEDRES LY MIC O#EMNTTEELR. LU
EELERRZEORAEARETHD. TA RV
BUEDHRICKARZH/MMEDERIZDOLNTIE,
MIC BITEELRHRDERLH 5,

DFEYFHIF %

NFEMENFRIMED DB RERKS
FUHEE) DECHLTEHERALHNICT SO
[ZfEASNhD, T1-. ARG OEH B, BLUVE
BTN FOMENEF R TS (EHEBPOES
F=MEMDELZDEEREST D) OIZERALG
N5, BHMIZIE ARG, BELUEDRERF. %
BUNICAUTIS—EPEARS . TS5RAIFEE
BRFOLIGEGCTFKEGEICEET HELEF
NEEND, RETHR+HTHNIEL. B FEWER
FEIRENTEURLLGBELEAETHLIN
Bl SE0ER. BITE0EHS. RELGEEA
DT IEREVNSTLDOOMDERMN, WEDES
AREBYUTILBOMEDAEICE T50Fi&
DEREWHFTNS, LML, ZOERITTAST
ETCHY. MEYEEBRETOERMNIBEFE>TL
b,



R AS—EEHH R (PCR) (X, DNA DRI
REEUTIHDIZERSNLIEMTHY., Z<D
NFEVMEHFEDOEBRLLDIAETHS, 125
BI7%: PCRIEIZEK ST, EZMERFOHEELFTET
EEM.HUTINBIZEDEIE THENEET S
MOV TOFERIFFoNLL,

EEH PCR(qPCR) it (. BHIERF D
ZTIREICT BN PCREEETHME REY LT
ILHRIZIFZVAEERKRY T IL I35, BHES
BERDOERE)DEALTWSIEE D, EHEE
FHAMETHIGEICTTDREIXBETT S, &5
[Z. gPCR ;L IFBH#MZE PCR KYEEMETHY ., 5t
BICITBRELDLBELADLETHD, COLIFT E
HARBREM COEENT —FDLLEREREICT
%, LML, AMR [ZX T DN ADREEFMT S
HDORKEDEEN T —EAMNERBTELONST:
. gPCR [£ AMR FHED=H DEFHATIZEH LY
T—HRRAIZALS N TS 8,

BMMELT,.96 ITILEIX 384 DL TH—T
yhTRIFFIZEHRDIZEN ARG ZEETESLSIC
FREtESNhiz gPCR TS5 yhIr—LMHERSN TLY
B8 8 EHDIENZRIFICEFRTS5E. RIG
HME < DZEMIZx LRBEIESN TULVEL =8, B
—DIENZERITT S5 EICLHRBRENEL ST
BEMENH D, =, FOYTLYbTI4IL PCR [,
BRFOBEMICE O THUTILERTFORAEIZTT
Y ILEL. 4 DiEFEIZ DL TIEEMZ gPCR
FEERAWT. ZIICEENSD ARG ZEHMi g 567,
COHEEIEZICEITHHEBBERRLTHY. F
f= QPCR KYLIEFETH D, FAYTLYLTIAIL
PCR IZI&. PCR *> qPCR LR DR R (FAL A,
RIEMAEMRIZE>TIEIFHBEMTHY . REFD
BAFEIL#IHAER S TH B0,

RIZEFHDFEMEMF L, FHLER
FHMAESND DNA O—4 2 5 12&B3DT
BB, 7T )AL= T (B—Fyr—4
Voo T77a—F) TR B—DEEF (ZLF
16S rRNA EB{EF)% PCR IZ&-THEIEL. B5h
7o) aAvE S —4 2 RT B, CDAEIK, YV
TILHFDEHRLEELRFEIRADIENTED,
DNA —45 2305 1dFE =, ARG D K53 HEREE
EFLEMIZTES, D=5 DRIl PCR
TIREHAATZED I epicPCRTHY .. CD A%
TIEIEMRRIZH T 16SH XU ARG E RIS SET=
ETOERE2EKDL—42 0 NaieTHY.
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BHEEINEMEEGEFNZOMEIZHETEE0
HOIOEBELMNZTEIENTES, ZDAHEIE.
MEMEREBZICHTLHEMEIIUTESLSIC
RETSNTHEY. BIEYUTILICHLTH#EET S
ZENEIESN TV,

SEERED AMREIE ICEAT 50 FEWMFENFE
[ZIE. &5 /L= (WGS) %, <ky
DAXEL—Y—RB( A ERITERBEEES
#1 (MALDI-ToF MS) n'd %, WGS [&. 7 BRI (T
BEEEN D ARG DIRHEMRIBETHY . FERHN S F I
SNSMEE. BERERDBERICE TS TEDRIFE
ELLHMEBET HIEN RSN TLNAPS, WGS (FIR
. ABBESHTO AMRY—RASUR[ZHEL
T—RMICERASNTWSA, BEREOHAEZ
HERELIZIGEDZTDOREILFFMINTLEL,
WEDESAH, WGS (I ERFNEETINE
SMERETBIENTESLNDHTHY. MHEDFE
EIZDWTIFRETHIENTELL, WGS [2&
B5T—amB MIC Z#TE T 5HEIRAFEFTHS
B4, Z5[2, WGS [2L->THRETESD (X, BEEID
&G FEIXBENOMMEECFEELUEE
AIHEGEFDHTHAH, WGS IZ&>T ARG [
TOEEHEEECEFDRHEHTET HEMT
BETH DN, ThlE ARGIEEIZKDANKTILE
DIRIELVEBEVRIETHET S LTEETH
3

MALDI-ToF MS [&, IEENR#BLTHELREE
ATRER: AEMNDEEHEDENFETHDM, &
FMEORBEDOBEHDO-O ., EFIWEDRER
ERBAVNIEPIENRMENEDNEBHE LU
R, FLEMMEVEFRAE T COMEIEE
DEELGEFLIYENERE -BETRETESLS.
MALDI-ToF MS D EMNHEDH BN TLABH100

DFEMEMFETEEEZLVERRIC, EE5R
ETEEILIONRHELGHRATH>TH. ARG &
BRHETBHIENTESMU, ZMEEFHIAFELS:

5. —MRICZFOHUTILIETHEEZETRE0DE
RAGNBEN, BIFIILTRBETIHEEELLE
W8, B FOBREDERRMGEEIZE>TE
EINDMEERE TGN EIZEELAITAEE
SN2 108 SFY ARG DY U FILdE =L
HMADILDRED ., HEORBRFE (T ZTOEY
DEFUFHRAT IO TIHEL, LI=A>T, it
HEEFILECHEERMEOATREEDIEIET
HY. HEEMHEREDOIEETIEGEL,



AR /ZOR

HHPLGARS /ZHOATIE. BEY T ILHDS
i LT=2 DNA ICREEGE— o T %175,
RNTEDBREY VT ILROm S EEFZE. BEA
D ARG EDERFIELIEICEDNWTRIET HEN
TED, COF A, TKRE LUHEKR108 55z
PR BB KA D E(ELS 109 SR
EHLVADBERMILGE KRLALBABLUFH
MO TILh DB EFERE T 5=0IC
FERIN TS,

AT ) IGEDERFN B AT I L —Y
UM 1 EOSUT, YT ILRIZEETS%L<
DELZLMMES LVIEMMEETFERE TEDEE
NIZHSB(PCR EIT. MR ELDETHDHREERE
FENETNIZOVWTHIEDORBRENELT D), A
BT IZHRIZIFVKODDRRELRH D, CDFH %
FEETHY. MEEMDEEILZTDMRIIETIE
HHERICBONS FEDERFDU—FIE)—
FEEDIK—BRTHD=H. TDREIIRE
BTHY—FELARNML 8 AZRETFEOHT-ART )
L770—F(F. COMBO@BRIZEIDONBL
NN ZLDBEELH-5T AT/ LD RO
BRI, COAETHRHETELDIEEER DM 4&E
EF (FEIEFEVNVBE)DHTHHENSZETH
%, COHEIE. FIBRD R FEENELI-FELER
BRIC.BEICRIESN-EEFICTEBLLZL, 37
D ARG [IBRHBTHIENTEY I EH(C
HLUEMZESLE-TMECFEZER>THETS
AIREMEAH D (TI/F)AVRTEFILNSV AT
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ALFEMDETERFML., £z URIE TN —
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FIEHLOTH D EIZFEE L TE-AMEYE
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ODORPFLHREETERESTIDICRID ERE
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RMEYRIER—RETIEEN . N\OBESLUVKYLHLRE - ERRICEEEZRIILIDDONERE
ET5OIZIE, SLEIAENBETHY . RELNBR CHERASNIRMEMELRFLLJIIFEIC
ANDBEEIZEEELSDZEIZEALTORESAH S,

HMELDHRIZEY, A\OEFBRFENRERERELTH SN S Aspergillus fumigatus A3, IRETOR) 7
VLR ERFIOERICKY . REREMMELZEBLELIEATEINTLS,
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EYANGETIIENBEZIN TS,
FDISLTRMEMEEDOHLIELRIFBRTIEXERAINGEVA, R THEAINIMMEYEICTT
HEFIMEICILHFELTVSTHEELH S,
ERHCEELMMEMELERL L THEATAIEEEBEILZFIRTE=-0ODHENHY . DR
EEOTIRVHMEF AT 5-0DETILE. (EMRERADILBZB LS5O DEKKRDERE. H&
CEMREER T HARENEABRENBITOND, LALELS, ChoDAEKIEHT LEHHRMIZAA
SNEHITTIIE BEEFINLDBEERES SUHE~NDBIFEEDOIELTVLELL TS,

HZHLE1—F UTISRARBITENRLADERFER LL, S5LGHTINEBIEETELTNS:
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EMFIERAICET SHRANGERANLEZSDH S,

o RELLTOEMUMNFRASN. REFEALGVEEIZOH . A\OERRELTERASLIMIMEYE
FRELLCEEICHERTSCLEEETH-0IC. TOFMMHEICET ST 42 &ERTRET 5,

o EMREFHELITERT D-ODMBEDRIROLIEMNDOETAIREGRBEEZHFEL., HEE
ARBERETHERICFART A-OORREEXRT 5.

o KR CEERCHRMANENEASNHERNABETINSGEIC, RAIMEDIEMMNEC TV HIE
T 5-ODBENTHEREDHIFNELVELREDE=L) VT EZERKET S,

o NWMAEMFEZRELLTERTA-OORAERRAEEDT- AMR 7923075 0%, KEMRBDE
TITESVWTEHIHELERETT S,

RMEMEIL. EYREFEDORHDEELLTEFERAINTLS, ChoDMEMFI O RIZIE., BRK
THEASNAIREEBZIL. TS0V T2/ R BLUNIT =) ER—H . BiZICERL
2D H5. EMERELELTHRMEYEIEFEAT HIECLY . BERICHEAET SRS EMENEERT
BHFREMENEL D, BRI RNEFIEHLEL T, ZOEFIMMEMENAANDREREEZSIESECLIZY., BLUATAD
RPFEZ AR T D= OIT— BRI ERASN S MMENE I T L ERTERBEGET S ENETFoND,
BIZIE, BELLTORNTNIAOUDERIK. TSAZIRLICRESND strd—strB BInFRIZk>Ta—
FENBTI/JVIAVFRRI7RA—ELRELZRBEMBANMEEL. ANV TR UM EE/IEHIENT
EFHR W FRTOTI/T)AVRICH T EERIMMEZEZ 5 Z5FHLWNIAT DT IAIF DA R =
LEEMEICEOVTHERLTWVS, 16S-AF5—HBEEFICKAEAM IR EEETEIRESA TGN
N EEMICEEGRMENEOERETOFEAL. A\OEELREEL AR T IRICEEEZRITIHNELS.
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T ARILFILR - TZH AR (Aspergillus fumigatus) (&, IREBEF T—RHLER THD, I—AV/\THHTH
ESINF=ITRTOR) 7Y=L R ERE R EZERT Aspergillus fumigatus [Z&k2RREE(X, 2D 10 FRET
WEPHAPTHRE -RESNELIIEoT=, COERIFRAICKYNZREEL, BIMERIZHLAETE
BEICEVTCEECLELEMGMEREMEREREELZSITECT . N7V —IILRRERXRITERETE
FFEREATHEY. DWOMDEIZEVTIEFELEEGMEEHFITH S (https://water.usgs.gov/nawga/pnsp/usag
e/maps/& & http://www.fao.org/faostat/en/#data/RP) . IR D) 7V — L RITEE & [T E RIS
BEERADON) TV —ILZRERELHD, COXRFT. REMEBREESLUVEZDEREENTER
FEZ AT A-OITFERENG, N7V —ILRREREE. ChoERRPEDBEDOFILELGES>TLS; L
MLEHS , EFIT RIS L TIESIRAL BUORERIZDOAEA>TNVSRE, BEES IUMMOREIZH T
BTV —ILDERAM., TR34/LISH ELTHILNDRNMITY —ILiittE A. fumigatus ¥R B ZEIRLI-ZEE R
29 B ELE R A S SN TULVS (http://ecdc.europa.eu/en/publications-data/risk-assessment-impact-environme
ntal-usage-triazolesdevelopment-and-spread) 14 271, g REZ &I, FEFIMHERICRELI-BE DO KIS
FURTIZRI 7Y =L R BERE CTARABRINEBEEN G o258 1L MM EREEF LTI H
[CRRELI-CENTRREINT-, COEFITHEMRDERIITHEATHIMN, BEENBRZHKRICRELERIZ.Z
DHNBERN T EZFIEL-FTREMETIELY,
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AEITIX, NAOBRLIEDARICERINSIM
EMELR—FEFEICEET L. ERRED
FEHO-OIZEBEYISERIN S MEYEIZD
WTERBAT 5 (X 4) . ChoOiEMFRIO I,
BEVLKEBBEICSVWTHERINDILDLH D,

AERRWLT. BRERCEIYITIXERINGWA, 4
MIFERSNSIMMEMFIZDOVTIEERLAL,
EFIE. MEESLIUVERMHDOEMREFHT
B=OICHRE—BRMIZERAINIEETH S, tHH
I XEER TIEFERSNGELA, o (FEEHFIM R
ERFOHBERICEAELED,

LEREVICRBEMRNERASILIDH
HLEA

EMIZH 1+ 5B REE L. fHT HIEAE
#THY. EREICEET. FHOBEINGEINDIL
BREBESNTZEE .. BIEORAZELBLSES,
HEAZEOHERLE, WO DILEMIZDNTIE,
W2 (T B E R R AEZ HNEI 9 588 H A EEH
SNTWWAWBIRIEX, R=ZVYY  ARLTRRAD D,
ToLARAL . a5 L7x=a0— )L BELUAF
TS AR, ThDIMEEDSH AR
Th<A4 & BFZ= (100 ppm) TEAL=HE L
OMDHEMERLEISH L TEBAFRIENREE R
L. HEMIHLTIIESETHoI=. RAFLTRTAL Y
(& 1958 FIZKETHEMIHED-OHICRADIZFTFS
n=-mE#chHs,

—fRIZ. AR LA NEEO S OMEY . (24
AREZEIZBITHHMBA M REEEINGTD-0OI1ZE
AEhd, [FEALEDHMBEMEMRERATRESTS
FURBREL-HABPTHELTERL. — A D
1O EYDOLEE . BFFLIIWETEFLTL
5, MEMEEYRERAIL. ERICRETE-0HI2,
FELREAIGHE IR PRI GENEHDO
HEzbELTH,

BIEEREIEFMAOEMIL. ME OEEBARETA~
DBEAZMEIZT D, SRR (CEKE. ER. AR
E). BR. FEE=EBAROTELHEIFRICKDE
B ICKYRIEAELD,
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Z<DMAHEMRDORLETOERIZEITEHID
BERRATYT L WEARISHEYDORE CHEFEL .
BRI KELER ($ 100 5 CFU) ICHEET 555
SEBHTHL REFHL. REEOEIERE
[CEEERIFT, WERAEIZESTHFELLLRWVWEHT
(X, ZDEENNZ 5N, BEEXTEILICEDD,
LA OFEEEEHOM . FRETEYEREICE
HEINTLNST, BREZHIETH-HDERILEF
ERICLTHESE TH D, MEFIE— AR I FHRLE
Df=OIZFERASN ., BEBEERZ LD, ZDEORK
2%[H1ET B,

RELEEYICHERIZEZEL T, YT AE
THONRITENO. EMRDERIPEN-ERT
FREFOFERIFHEEINGL, 52, HEYERE
PORBEFEDERAFAXAMNEMTBIZONT, FE
K tEE L OEMREEZEZRLTLESATREMSEM
X35,

HEEA

EHREARDZAERICHESND RERA
T EERPEZTFHLUEAET OO EYRE
[CEWTHELEREN, FTEM TV —ILIF S H G
EEWIZIEERESN TS (hitps://ecdc.europa.eu/s
ites/portal/files/media/en/ publications/Publications/ris
k-assessment-impact- environmental-usage-of-triazole
s-on-Aspergillus- spp-resistance-to-medical-triazoles.
pdf) o FUTYV —ILIFRBARINLOIMERESEE
BL.BYEFICTZELIBITENH DD T (HRUR
ZIZBNESN, ENTLERZREFT D). Eis
ATDOHRERRKYEHRNOTUY, LUAETITRE T
Ko EDFMBEDEWNMEMIZSLEREIN T
=M RAETIE/ME, FoEQDD | KELGEDE M
EMILZLFERSIN TS, SHIZ, 2006 Fhi 20
15 FEITMFT M TY—ILEREETRTOEY
TH 5 BFITEML =B HEN TULS (https://water.u
sgs.gov/nawqa/pnsp/usage/maps) . —cD{FEFHAE D1
mE, —HWITFHBEELNKRKZESWRE. MEFNER
BEEVOrVEAIVEASVRLGEEDHFH LWMEYE
[CEELIEIZEY . IR TREFNGN TV —
IWERAWCENRREESE Z b 5202,
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LD DREBFHEIZSL T EYPEELE
BISERINSILEMEICET 5T —2hUESN.
HMESN TS KERERER (https://www.epa.g
ov/sites/production/files/201701/documents/pesticides
-industry-sales-usage2016_0.pdf) ; KEE 54 (Unite
d States Department of Agriculture: USDA) M 2 ¥4%
&t (National Agricultural Statistics Service: NAS
S) ; A4 IL=T M (https://www.cdpr.ca.gov/docs/p
ur/purmain.htm) , 7 A1 A B EFF (USGS) R D
£EKEFHET 0P o/ (National Water-Quality A
ssessment Project) . BEDERAELHETET 510
[CAMBIUVHMBOT—2Y/—RZEFERALTLS,

NASS BXILEYWERRAITOISLOT—2IE.
RS TOILEYMEFRALAEETEMEEDEEKICH
THERTRBLTVD EEWEFERT IR
EOoBEERESN. ABFICERASIN-EEDE
S DOE. FIARM. WESN-EBEOEELGE
DIFBHBEENTNS, EMICFIASN-MEDT
—A(&. QuickStats T—4~—X (https://quickstats.na
ss.usda.gov) THIFAAIRETH 5.

2EKEFMIOOI/MNE. KEREYHREH
BARICHLIBFERGENODEERES LV UFEE
MREICEONT. BETAVLLOI-REDEM
FREZHEELTVS, BEEREOT—2(E. H5
g OREMOEMERICE DT, XYL
HTOEREFAZFATLIOITERSIN. XEE
BABREMHABRICL-THESIN TS 22, US
GS FREMADEMDHETEMEEIRHEL TS (http
s://water.usgs.gov/nawga/pnsp/usage/maps/county-lev
el

KENTOEREDFERICETHIAETILLETH
B, SHIZ. IMAEDFINEDRREFAINTILDS
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flig2=HICIE. T—2DEF LB LUV T—2FHE
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EEYICERShARMEMFIDER
HLEA
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ARVTRRAOVIFERRTERSNST7I/S 1T
VRRBEETHY ., EELTHEREEDREIZE
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REnd, IRTOF7I/F)aLRICtEERTHE
FIIAHHEEEGILAVMMIFEEL, KEEEIZEK
HEEFIEBDIRIEERSES,

KETIE 1950 FRH 5. EMIZHITHHE R
PIEEHIE T B=DICANL TR A UNERSH
TE, ANLTRRAD VIEEREIET D=0,
BN CHEZSFIEETOYHAEDEANE., £
(FRTRELVANOQEEKRICERAIND, BT
AT =B TOINSDEDIZKT EANTT
AV DFERIFHIBESN TS, £=IEHFRTSN
TULVEL, &K 5 [ KEIZBIT5EBEYIHT S
ARVTRRAL U DRAZREFEEH LD TH S,

KETEYDOHEICERSN TSR TT
A20M 0%ULIE, FOELV) T RBEICH
WTIIILD4=T7EHE (Erwinia amylovora) [Z&2 X
BREHILT A-HICERIN TSR, XL T
FRADUIEER. AFF ARTIIL AFRDOB &
P=a—P—35URTH, MERAKRDI=HIZE RS
NTW3, F—RRM)T7 FMYEBEUVRARTIL,
2016 FETIIBHRGRHFDOT. IFRAELTOHAK
SROIE - FHO-OIZERAIN TV A, Th
LBBRAAB LY EU TOFEAIIERBINTLVN
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NIEKEFE, FOBLVIVTNRILEELHERK
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[CKDBEEICHLTRIMEBLELED AR TKRDE
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BAHE.AENEERNLGBAHAHT, BER., BOR
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a0——%#HEL. BFEREEHETTIE. —0D
TE&HT=Y 10°CFU LU L EE(CHEFET 522, iiPK
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1 HM%BNT. 22T E. amylovora IXZERR 5 Tl
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BT, AEISEYEBEIET IOV —20/\VE
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FERIEREADBEENEETFNS, EOCHFIDH
OHRADKBIRDLELY L., ERIZEL>THENT
H5. REEOEROBE AR, FITKERITHL,
[LEEFCH =2 KIGHED FRITIC KB rIE L IL
HETE 4,000 FRILMS 7,000 FRILDEREERELD
NTWNBPRE 200 2RxDEEEIL. CORKIEHS
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nTL321,
ARLTRIAL DGR L THEYTH S
EDFERIZKY, HIEE T MSHEOFIEA AT EE(Z7AR
of=, LMLEAS, 1960 ERIZIZZDHEEEH &
URERIEICR T HEZIE R ICEBBIN TULED
ot BRI TIIRAMN TR AL U ZEHEICEBET
BlERIMNHT=c ANLTRIAI VR FIELVY
JR#ETRAICERINTHS 20 FORIZ, Rk
LTI A U2 &5 ISR D FIE K BB F AR
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A UMt KB AFH ARSIV, AFS O
FUZa—V—FUFDELDMBTHRESN TS
215,219, 226, 2291 'Eamylovora IZHFHRAL T AL
UMMED <&, rpsL EL TSN DEBIEFDEAR
ZFREIGEREL., 73/ 43 BETOID UMD
TILXZUADTI/BRER[KAR]ICERT 52,
SUHUMTHEES NI E.amylovora #k4. InEEIZ
REMIETZTI/T)IAVRRRI7E—EZEI—FK
93 strA-strB 2L TR T I AL UMitEE #E S
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ARLTRRAD VI ZEDOTHED IR EIZE D
HoF . FUBLV U IRBETKRALELTHERS
NTHEY. BETLERBAERARDIHDRED
IEZEHIFIEED 1 DTH D, EFIMELERENTS
=8Iz, AL TR AU FLIELIE, hRARAY
oEO—T—23 0 THRAINGD . EEAFT
roHaoyvén—7—2a B LR THIAS
nNd, STUoF7A)HEETIE, ANLTRRAIU(F
B—FR LT, ELLFAFOTSH A ED
HAEHOER. X TSHAIIUE LUV EM
HEHETHRFTINTS(EK6),
KEDOEERBICBITHEMHEDI-HD X
LIRAL U ERICET A EEE. LTIZ5I A
SNBKREOREFRAT —IN—ZIAMNSH{ELNS,
USGS (&, B#hAsr&L T 18,000~19,800 kg MDAk
LT A UM 2015 FIEDIZERSIN-LETE
L1=. & 2 [%. NASS QuickStats T—H2~R—ZX M 53R
Hiont-. KEIZHIF5 1991 M 2015 FFETH
ARVTRRALD U ERICEAT SBMETH D, —HRIC.
ARVTRIA VD ESLOER/NNF—2F, 20
RID 24 ERMTELBILTL=, T 7 (X, 2015 ED R+
LIRAL U ERAZENEHNTHY . ARPOREIC
FERHEINE=ANTRAO 0D 2% TIZFIA
INFTEERLTWNS, EMICEZ SN SR LT
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YAV UDMEIZESDT. BELELTOFERICEAT S
— BB REMAENTEDD ERBED Ty
M EREHEFERSN-REEOEENE &%
BEETHIENEETHD. R 7IE. RFLTTAY
UM 2015 FE DL T RIEEIED 26%(ZF 1 2 (0]
FERINIZCEETRT, TUIE, 2015 FOFBE@mIE
D 16%T, ERYICTFY 3 EFERAINIZ(R 7).
VADOKIZIFK, FUDORKYEDHEWNGEETRAMNT
AU SN=AY, T D FEEEE (20,823
HA) ELEEL T, UV RBREDIZSMIEEMZKE
A (136,358 HA) THAHZEM L, BELL
TIRXYLTIZFERSINANTRIAL VD ADE
o= (K1),

BLT.RKBDOFOBLVI IRBEICHAS
NBRALTRIAL U DBREIX, HFXEIZEDN
THBINDIREICHERFAOHOTITHD (X 5),
RAXZEICEDHIE, HESTERBBICRNT
b<A 2% 10~15 B, FHIE@IED 100%(EHT
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HEDROHDHTARZAE5TUIT Maryblyt %0
Cougarblight 5IZKBFIEY R TET ILHEH S0 21,
Nhold, KERREVRIEZHTEL, HIEEITHE
KIDFERICEDNAZTEIRNEHFHERTENT
5, FRASNDETILIE. REEFEIIABEDOR
BRICETANEROZEDHKAEBREXS. TEDH
BB ITH KSR RERE QR R IEGE LR EE 1
RIDPIREEH. AEEFHTHLINES M LT
INSA=RIZEDNTN B 2224 i DET
LI HEENRENBRMBAN T UERE
DEAIVTERETHIEITKRILD, Ff=. ALY
FRAL U DBEFERES FVERIMEIEDBDIZE
INE R

KE EPAFEIE. ZAVAMEEUVA) THIL=T
MORESNTAFEDHBIZE T, #HEIT ) —=
DU IR (FITERER) EFIEN SRR EHEHT 57
H. ALTRIA LU DOHIBRBRICHT SRR
RZEHFEHFA LT, EPA [X., M DUIREESH KU FH
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TH5T—RIL, BEETIEIRABETH D,
BERANTINRAIUIF BESh-EISEI(C
SOBEREETOFERIINZ. REXEDEY
RERBROEOIZ, TlRAELTHLFIATETH S,
USGS F7=I& USDA T—E~R—X [, EBEEMLE
EZIZBH3ANTRRAVUERADETOHIR
FTELENEEZOND, REXBETHEASNDSRE
LIRRAL U DEIESTETHS,

XTSI AO)Y

TXITESHAOIDIE TS AV RIE
HOPTLRALREREE TS, TIH AUV ILER
RIZBEWT—RIZERASN (KX 34040 %) 1
BEOTISYA7UITx T HFERIm ML, LIEL
(X, DT RSH A0 FEICHMEE TR TS,

XTSI AU IE, 1972 FEITKE THEY
FHEED=HICEFZSINT=H., ThIZEFIZRLTRT
A UM E. amylovora AERIL TULYSihig THi b
SNF=FDEHIC. KMERHEHOI-ODORERE
KOEZREZHEILEDTHD A XTSI HA0)Y
FFERL.EESIURI AT Xanthomonas
campestris pv. pruni IC&YRET 2 2R KD
BREMELTHEERINTWS, EMARELLT.
TXITRSHAOVDNEAFITISH A ERE
BFERIEAXTISHAIVANT D LIEELT
BRSNS, KEROHEEHDI=HIZ, HIBFETAF
TR AD)EARNTRRAL VA EDHE
TRIBICERTHIENTES, TRSHAHEE
FEFMELEDIRINFNEEZZLSNTILNSA,
TXOTRSHAOIVODOHENTOREICHRTHE
ML (X KISFHHERE (E. amylovora) £1=(XE
EELURI2) 2 OB R #E & A& (Xanthomonas
arboricola pv pruni) [CEWT, WELEHRE SN TLY
A A

B MEREIEOR=OI2, AXSTRSHA45)
FEESLURIEYUIZ 150 ppm DAETUAS
N5, BETEEEHEHINSHEY., INFERT 21 BET
A~7 BREBETHEITEIENTES . FRNDEEE.
BEFHSLURBRERIZHLT, BEFIEIRI45Y
VIZEMRRXIBDOF XTI YA B EF
AIENTLVS,

NEREFEHT B1=DIZIE. AFTRSHAHY)
VIFFOE LV T2 200 ppm TULE SN S, BTE
BHIZAWAL, KMEROREITELIBAEERHS &
USKEREHTT 3~6 HRRTHRKT H2EMNTE
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5, JUOTIERK 6 EDAFITRSHAI)D
WHMNHFRISNTHY., T TIEERRKRK 10 EO
WA SN TS, TOBLPIUTITEITHF4
XTI AOIUHMERTE S ML, UNFERT 60
HETTHS,

3 [&. NASS QuickStats T —AN—ZXA ML B S
N=T—RIZE DL 1991 Eh5 2015 EFTHXKE
DRBEIZHBITE2F XL TISHAII DEREE
RLTWA, AF LTS 1IUCDEREIE. 20
FERIZH > TELZE TGN oA, 2011 F(ZY)
VIABETOEREIUVEE~ADBERANEMLI=C
EMD, RED 2HRE LB TIXEMEREH=(F3I),
2015 &, NASS T—AR—X [, &5 12,020 kg DA
XTI AV O RBREICHERSINI-CEEH
HLI(F 7). USGS [ZRIHDHETEITOTHY.
2015 £E(Z(F 12,470~13,998 kg DA FLThSH A4
DUNMEREShzELTLNS,

2015 FIZAFITISH A0 RBLEEIZT
VICEfASINE=DE, FUONRFERERFISHHLERX
HERZMEL O TNDIEE, BEMICKE S DT
UHHIESNTOWAKETBIOIMICH TR T
F A UmittE E. amylovora A EN -2 &(2&D
(RO, AL TRAV U EREDRERE LM
BRIC, REIZH T HEMBED-OIZERIN DA
FOTFISHAIIODEIL, R XETHESIND
EXYEIEEMZDEL,

ARLTR Ao EELIZ, KE EPA [ZHHES)
—Z Y REHIET =012, 70U ME IUAHY
THIL=ZTMIZENT, MBI T 5 F2TRIY
A0V DREBFERAEREH ALz, ChHDRES
N-BREHAET COMBEICET LA THY
A1) DERT—2IE. BERTIERAKTHS,

KEIZMAT,. STUTA)AIEYHED-O
DAXFLTRSHA)ODEREHFALTLDS (X
6) o XTI HAIY UL, BE—DIAFIELT.
FrEF X TRSHAOI+ RN TRIADUF
I EAF LTRSS YAV U+ R TRIA U +H8
DEEBELTERIND, ChElE, AFTaDF
KEDXKEHFEEHEHT H-HIZFEAINS (K 6),
FXOTISHAOIUIEFEZ. STUT A)ATIER
BREROBREFET 202, T34 X014
LHABEDOETERINTWNS, STUTA)HEE
TEMIZERSNE A XL TRSH A9V DEICD
WTIEFREHATH D,



HAARAL Y

ARATATUIE. BERIZELT Streptomyces
kasugaensis Mo #)ICHEBERE R EIN - FATHY
KEEEETHT7I/J)ALRTHS, hARATAY
VIFHRIVEZE(EN, MDTI/T)ALREIEE
BAOMIBIZE>TAVINVEERERET 52, 5
AARADUNIE AR FIATIL—Y . JILZIBELDV
EHOMBEMREEDCHHDOL-OICERAIND
(% 8) P, WEMIRBRAKIZEITEIHARAIA UMt
(X, ksg AROV(CAFILNS U RTS5—E) F=1E
16S Y7k —Ls RNA(16S rRNA) [ZH T2 B ZER
ZR BT EFILNSURTS—FEBERIZES
EBEHENLTELD HAA TSI UIREERET-(XER
ENMEETIIBEAIN TG, BBERTERINS
TI/F)AVREARARAL U EDRB DR ZETE
[FRSNTULAEL, AT, hRAIA UM EAES
RCEASNAEEIC T HERM MBI EL T
WBDNESIHERLSN TGN, ChioDIERANG,
BELLTOHRARASUFERN. REDADE
FRICEEERITTERMMEDERIZBEVTER S
NHEEIEZEZLNTLVEWN, AIRAITALUDRE
MtES LV HBIREEIZDOVNT, EEMIZE=SYY
JEBENEETHD,

k& Y

TORRAD UG STUTAINEEDTHAR
R EEF. T AR MIEBELUTE/ODLKD
M OMEAMRLEELFIET S5-OIZERASNETS
JT)AVRTH D £ EELGHERLEEDBE
FEOCBRRICBVLWT—RMICERAINSIREET
Hd. RAXEBIZENIEX. TR UIEE—D
RERIELTRFEINTELT . CLATFITHRS
HYA0)oFEERIEEMEMEAEHLE TRTESN
TW3 (R 6) FUAYAL U ERURBORTXE
(&, 2T H A+ TAFTES (www.terralia.com/agr
oquimicos_de_mexico/composition_index) , {E¥1%
[HEET D=0, oA UEERTHEHIL.
7 BREIFRT 2~4 [\, N THEAINS, FHINT:
HENDHERAL, FAK RERESNDIENS
LY IRFERTD AL, 21~30 HORBEIEED
HETVERVTIFIEESNTLGL, STUT A
HEEICETETU3RAVVDERT—RIERD
holgEhot=,

XV
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FEVUEEILER DNA Sy AL—REBETS
BRX/00THD, A XV UBEIL. BRIRT— M
[CASNZI)LA0F/00RERREEICERZR
AR, XV Bk 1998 £ E. amylovora D R+
LI A D UMtEdk MNHIBEL TR, BEFL D
MEHEZEIEITB-DIZARASTILTHERINTE
f=o BRI HEILIZE T, T O XIGHEIH 5%t
B XV BDO DIEEBL TSR 238, Ay
DUBRIFBARBS LUV OE T, OME 1KLL AEE
FlHT B=OICFERIN TE 2020  EELLT
TXVIOBOEREHATIENENLLHD
DM, EQEYIZHLTERINTLNSDMNIZDL
TIXBHSMTALY,

i

. HESLVERDENREEHEHT S
OIZHREGLFERASNATWSILEYTHS, ZE
BILPEREL. FEAETRTOERREY. B
FRABLUVHREREMIZERIA TS, BEEL
T.HIIEYSHEEEL FICHIKERT L.
ERSURERAIEBEEZSALREENH D, 1
MEEEL-LTTEFOROEF LRSI TL
B, fRlTFE, ERIMED L RRICERET HEMN
RSN TS, CORBIELRET SN TLV B2,

$RIX. 2017 FEIZHKE EPA ICKUBBBREREZ
[+71=. EPA [, RERELG LI D T OR[A~AD
BEZERTIAZZET LS. RITXELTEBEL
2o SBIC. TRTCOREEF T HEXEDFE AR
. BI5C48HE. BET2URMICKREL-, BE
MBIREAEEME. HFICAH. KEESHEME LU
KBEEBEBR~NDHMHICHETIEBERGXEIZE
mlfz. XM, —FARAELYORDOZEKRKE. B
FRAMRE. BEUETOEDITHTS 1 T—H—H
YDEHDRKEFAERNEESNT, TOBMEL
https://www.regulations.gov/document?D=EPA- HQ-
OPP-2010-0212-0061 CTAFageTH 5, LEEDFH
BRINE-RAXZICBIT5EYICT2HDE
BOFEARICDONTIL, (T8 AZSRINLL B
FREMI RSN M 4 DERRREREIL.
YD 1.2kg/HA NS T—0 53kg/HA EFTKE
<EB#Hb,

KEIZBITHHDERAEDHEEZ USGS 7T—
AR—ZAD BB/, (EYMEFEDORB S TR AL
THARTHD, BIZIL. thITEEER. KERILER. A2
AU A X IBILER. RERER. XDk <



HRELLTRRICEFTFNTNS, AZEARELLEE
EOFERAT—RO\WT, MRHIcHFEAETLIHGE
M) DEICHLTEERL. EMERLLTE
RASN2HDRELXZEHFIK T 5LETELTER
L7=, 2015 £EIZ (. #5 4,216,580~4,588,046 kg DR
NREDEMIZFIAINT=,

USGS Mo T—42I1%. D EEMEISZTOEH
DEFEERLTNS, - S HE R, ER. &
BIEY . ZEICBIT507EBROE-HDEFEREL
THRFINTWD, FETOFEECERENHERA
ENORBLYIIFETEETH D,

hE®EA

HidEt 36 BEONTY—ILREEXRNER
RNEETIN. REEOETHERAINTLNSD
T—EDOHTHBH, IFEAEDN )T —ILRIRE
HRIIEREH-7Y—ILITERHDIH, LD D L
Y7 —ILIE-7V—ILITEHLT (FIZIL. /0
TR RI)TOATHE LV TILRITHR—IL) .
— B FOEERHEFE OV OIDMEEFILRID
REBEFICET A WBIAIX, /24T —IL . RoY (2
=)L) . BEDEERAN) 7Y —IL(TRLIFY
—J)L,. o7z /arJ =)L, IRFPaFJ—)L, 7O
Eary—ILBLUTFTary—IiL) . EEAN)
T —ILERBRDOERAEEF T A fumigatus @2/
SBEEHEERL, ORI 7Y —ILIRERE (Hl X
(. RUTOATAY) LB LT, REM D ATEEM
=H9524,

HREDDTHLRE. BEIZBFHN)T7Y—IL
FRICEATIAFARE CTRLFRLGANT—42%8
LTWA. FREETEEZHEHLTLS USGS O
Pesticide National Synthesis Project [Z&k#LIE, )7
V—IILO#EREIE 1992 FIZHART 2015 4EIL 6
FULEICEMLTL=(R4), N7V —ILER=ZE®
HETENE (L. 1992 FE(Z(F#5 350~600 b THoT=hS,
2015 £E(ZI%#9 2,600~3,750 b lziEmLTLM=(F
BIHETEME) , 1992 FITREZLFEHSINT-BFEEDL
7T —ILD>36, 2BITHEEICFEA=ENBILT
W= M) 7O AT42 (131 kY — 0.09 k) &3H0T
AJL(129 b — 46 k), — . 1992 F(Z 3 EB
[ZZLERSNNI T =L THATOEa+ ) —
ILOFEAZFELEMLTLN =274 - 1,012+
)0 1992 EMBBAINI=RITY—ILDIBLKD
M. 2015 FIZHRBZLMFERASNEHEETSNTL
A5(K 5):77aFJ—IL(1,25 k), FAFFaF
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J—IL (412 b)) ARTFY—IL (217 bU) B KD
071/ —IL(176 k),
REEZ-EREREFICL O TEEMICHAS
a7V —LFEICmA, 2Y0742=)L, FAED
FV =, TTaAFV—=ILEIUVRN)FaFY—ILE
Wo-REDZEPLEDEMICHTIERREA
BTH-OICFARELRERAH D, FETDOR)
TV DOEREICEATHERITAFTELGL,
tEOT—21&. E:EBEEEHE (FAO) D
FAOSTAT Dz H A+ EBLTAFUAEETHD, =
DERIE. MBEISRHEIN=Tr—MZED
WTWS, ChEDT—RIZEWLWT, 7Y —ILIE
AZIZT =)L (CTI—=ILELTERONG) &S
IW—TleEnTHY., BAlICEETEHENTELL,
KETIE 2015 FDA/F—ILFEHEFN) 7Y —
IWMERE®D 1%KiETHoT-, 2014 FOT—2%HR
ELEEDSS,. M) T —ILEASIEY —IILDEH
ENEMN=DIE. DI514F(2,99% ko) KLY
(2,705 k) . 752 R (2,241 k) EE (1,430 k).
R—52K (1,230 b)) TH2Tzo NITYV—ILEASH
J—ILDFEREIL, 2005 £, 5 2014 EDREIZHR—
SURTIFEULEICEML, 99547 T 180%., £E
T 125%. FAJT 70%1EMLT= (TS5 RI& 2005 &
DT—RERELTULEWL)  BFIZDI5M4F K1Y,
TIVATIE, (XEMNICEWEhEEEE T 5K E
CIFIFRIBEDONITYI —ILEASEY—ILDFER%E
HELTHY., it EBLLOT—2HEEZED. =
NoDT—RxTEILHEEIBENBETHD,

o EmH

FOTHRETIE. MORARFELITERDIRME
MEIDNMEVIBRED=OIZFERAIN TS, ZD 1D
DBEINE, OoHIAD (N EFIA4L2 A)THY.
Streptomyces BREICK>THEERIND, Do HTUT
A VIERUNTG—EEFIENHEERERREF LR,
77 TIEEREH Rhizoctonia solani [2&5 4R ®D
WAEROHEIFERAING 29, ZoF oMU,
BREVIDURILAURRRERITHY. SEAH
RIEED IR - EE D BEEAE (3t L THEMA
SN TS (B & 1E#R - http://www.cdxzy.com/en/pro
C/201209/156.html) , S 5D &S%EVE YR, E XA
M. EERTHEASNIBEZEICX I 5t i B E
NHEIOMESHERITSINTULEL, BIEMZETS
ETHEHICKEREBICFIASN S MEMHA
fICEFETLHH. CLDFERICDOVNTIEIFEA



ERBNTULVRLY,

B. MEMAIZRRLLTHEAT SRS REVEAETIALCERBOECTEA R DREEE

DESEEDM?

Z<OETI. RRELTEASN SR E Y
ZEOT. RELAKRDOFERAZHRHFL TS, b

DIRFNREFEIZK>TELDS, WOHMDETIE.

RENLFEAEGLD ELEBSN TR, KEi
TIXBREIVRVETML . RESIVOERMIZE TS
MMEMHI DO AN DREEERT S0 DR HE
BRICONWCRIBELGENZR D,

KETIE. EPA N EWICE RSN SYME D HH
ZRIHEREBETH D, ZDEF. EOMEZR
EYIERTEENTEINERET HRIBDH
BEEBELTLS, KETIEEN TN DFER D IZHE
ST BFEDEYEIXEYMEICR S L TERHF
AhtEnS. FIAE TRREIDENT IL—TI
F oI FEIT BT TOTFU T
AO AN OB RTEXUVBEFFUNEFENS, O
NOREPYOVTHIZH, BRRET IL—T 2B
NEEFERNDIENTED, HREITIL—TD
PTHEFT VDA FERANFAISNTNHEHD
Hd. HEMIFERI. EATESREZEMTHIR
THIENTES,

EDBAED = DYEDERZFZDEFRAI DRI,

EPA [(XIRESN-FEAETHOEBS OER S
NRIBIZEZ DMV ELUAN B, BER. %
DDZHELBENEMCKBEERERICHTSHE
ELREEXTMT D, SHIZ, EPA [FIRFESHI-E
DT FELERAICERETIREDHBTELH
Ed D, EPA RBHEF DRI XEICIE, FRAREA
ELZOHIBRBEIZHIN TS, HIZIERIL
ThRALUBEXUVT S (D) THBHM., EPA [
ARNVTRRADVEFERTHEEED-HDIHE
KOBERBFIUFHEZEDFEA. FRA%K 12 BFRELL
NOBERADOFIRE. & KUURFEFT DK 0 F AR
BDEFEERLTNS, EYICFEHAINSER| D
AN XEICEREBE SN TS ENREFNDFERAE.
AEERIE. BLUFIRBIEICITEMBERALH S,

RN ES DEREIL. EYHERFDOERAS LV
R—T T4 12D TFFIELTLS (Regulation
(EC)N01107/2009) ., HE¥IFLE & FIZTHIHZICH T 15
BlX. BRIORBALSDLETH D, EFSA HEHEYE

50

COBRBICEDIVRIEENGLIM?

(MEYREFICHLTERINIEYILER S OEHE
) AL, A DOMBEAEFNEFNLDOERLA
ILTE DR ZFTMT 5. ZEDFEMS R T LA
BESNTWS, FEYENRTRETHH LIRS
NTWBEE. TLEhE. TOMESIUVZTDRE
MHAANBLUVEYDOREICELICEITERMIC
FELGEEFRIFST . RIE, HIZEMELLEWE
MESLVEMESHEICRETETIHBEEEBAT
FEARIFILWMEAICEBVNTERRESINS, FHEY
B 15 FHEZHRICEEIND, BEEE (W A—
Hh—F) L. EMNHRAIETICEKZEDEHEKRNH D
ZEMNTED,EFSA [FRAREFEZLAIL(MRL) Z18
~IAHEREEED,

BEDBRZRRIX. AT IEHEOHEMEIC
O, EBREWICE T5FHHBRICE>TED
HEELRDHOND, LOLENS, ZOHEE T,
FERIBRBSNIEEOMENRIITTEIMEN
HFESNTLNVEWN, BESNDEHEDH DA DM
EYMERICHRMEDFDARIFTHZEICONTIKIFE
AEFBN TG, SEEIAELNNBETH D,
EFSA (X, F B GIRBEZRDLIICER
5

e —HEWHFAE(AD) HEELEELDURY
BLEKEICOE>TERT52EMNTES—H
L-YDERE

o AMSHEAE (ARMD) ROEWMLEBAIC.E
BREICIIBECEEZENHLGNEHESNS—
HL4r-YDERE

o EBBESHBE(AOEL) EEXENREEICE
EEARIZFTIEDENERBRES

ADI &V ARD fEIXESH= (NoAEL) IZED
E VT RIEYEERBRICBOVTRETRLZES
EZNELLGIVVMEORKEEFIEZZ2E
BTE--HDELTEEIND, TEFREIT. AR
FMEANLDRBIDERE (F%10) . BEUITE AN DR
ZHTELSSEE (FIDEZE 10)Z YA A 10012
BESND, TI/T)AVK. FSHAOYL B &



Ux/00(F, 3—0OvNTIEFEELLTOFEALNK
BEINTULELM, M7V —ILIXFERSN TS,
)7 —ILIZDULVT EFSA IZ&YERESNT= ADI,
ARfD B LU ACEL lEZ R 9IZ7RT .
A—0OYNTIE. ETIEDE=HDT—IHFZ
LTWS1=8. EFIMNERIN-FORED ADE
E~DOBREFIMTIEERETHD, —Ou/N
DIWEMRNZRVIESERERICE T, MiEFE:

FMEFFRDIEEVEIRBEVDOREDE=S
DT TENE, FYBRENLGBREFBREIEET
BHTEMNFRELBEDTHAI . O DHMAEWHI
F. RERERETHANTRTHD, RAIXELLE
GEREE RS D0, B L BIE. SRBAEEHH
HRETEENOREITHERATILEHBEEICER
TW%,

C. BELLTHEASATLWAIRMEDFHIT. REBEFADIDRBZEOEEFRXLTNIDESS
M ? R EHIRY 57=HIZFED &SGTREL RN ?

BIBRDOREPTRESh M EMBREDH

RWEDHIEIZDRENHFTIEIYESEDS
—EINTLAN ., RELELTHERSNAMMEYH
IZBET T —RIEEHBUL BIZRIE. X TRSY
A7) 1F. BERKBTHREICREEINSN, CTh
F.RE~NDLELGFERADHERTHLIEEALND
O IMAEDESH, BRRARICE TS X TRSHYA
JIVDBREERELLTOFEREREMITHEER
T—RERWN AFVIUBEXUTI/T)aER
[COVWTHLRBHEDIENEZ D, MITV—ILRIE
BAICBLTIE. FREQFY—ILETFTary—L
NARELTOKETEHEINATNS P, Zhod
RERFIERETEERINATEY . FZBUSATT
DOTAEIFV—IILORENLERBIZHEITHIMER
HEAZEOHEEELAERELIZCENL, CORER
ERHIETOARFOFEAICEEL TS AREMSEA
=W, TAEQFYV LB LUTFTaFY—ILIE R
AADRBKMLELRE SN, + S HERAT
HRTWEVNEDD ., CNIEEEXETORAE TR
MALRHELEZMKICERT 3D EHEESNT=,
AOM|ETIE. TTAFV =D AYTAHILZT M
ISHENFURDILITEILLAES KU D 5
LD HEMS LUCHEBEORBE YT IS
BHENEE), COMEBEEFIFINSDZAT T
FRAINTEST . ATORGHIE Central Valley
TRHXEIZEREINTEY . IRELEIKRRIZELS
NEREOBEELEES 1=, LT KETOH
Y7 J—ILDOERIE 2005 F LA KIEIZHEMmLTLY
BICLEDLLT . TOREFOECODVTOHREIF
[ EA ETEUN (https://water.usgs.gov/nawga/pnsp/usag
e/maps/compound_listing.php) .
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HRERBIVANDOREICETHIRVEEMIE.
[CETIILFRSN-REREICKELTE:,
BIZIEL EPA (X, RFLTRRAL VB LUV FTH
YA DLREZ. TDFERICK-THERK
BIUHTKPIZREESNBFOENMNEHLZ(RE
LIRRAD U F) o TADERRMICKSERE
(U.S. EPA streptomycin, 2006 &) . A F > T35 H 4
DUVIFEEPRIAVURBETOFERZ (US.
EPA oxytetracycline, 2006 %) ELTL ), i)l
ADREKRKPFIRFIOAFIV—ILORKEE
(1.215 mg/L) &, #hEk E THREShI-FTHREEL
REREMMGoNW, N7V —ILRREEH
DREICHTHFERADETILCIE. ChoDHEHR
BN, NA\OBE#IZOL-OOBEORIEEZEZS
EETERANBIUHTKFPIZHEETLHIEN
HEESNIZ,

BREDOREFIOHBIEEERIET/ATA—4

WO DER, fHlZ £, ZDOWEBILFZHMEF S
(BIMRIZEL DRI T DR ML) ERE.
TESIVKDEE. FEKBEEELREL BE
DIREBENBEICEEEZERZR S, AXITISH 1Y)
URTI/T)AVROIEEYIEBH TKBENS
LAY (Royal Society of Chemistry, 2017) . N7V —
JUISEEES B KAEAME LY, ZDIKBEDIREIZK
Y, REPTOBIHORERITEVLDHD. HIZ L,
BENRTL—LLTHERASINDEZE . KMHES
EXFXITRSHAOVUIEHAURICEDOREH S
BREINDS BU, LHALELS, #HIBEORITESL
S E . XTI AU KREITE Y A DR,
ERLURICEFLEFL,



PH.A(FVRBRE. ERAA V. BRMEELED
TIEFMEE. IMEYHIOREBRRLEZDBEE
IS ET S P22 ZREOHRTIE, LEEIES
MERET HRIREMEEHEHA. TDLIRICRTESH
F=HAEICEERBIREADNY . IENFEIRT Y
RIDBEEDCENRSIN TSP, TERIZHT
PMMENKIOZBREDIYRNEBAMLETH
%)[255]o

RERICETARMEDFRI DO REE

BEPOEREDREMETDEREEINET S
HIZIE. IEEMLE R E. EYIER R LU
NTOEBIZEATIHENIVETHD, atA—
IWESNEAEEHETT. N\UFIAMLD ADKS571E
AT LED TLHEMREIZHEEL, BEFER 7
BRICITBE ESh Ao =0, thDEA&mD FIc
X, KUBBKHIZEET 2303H5, HIZIX. A+
DTS HAOUDIEBEVNRERBADZEARZ. L&
FRIZBWTHLEFITRBEETERREINGD
2581, Kahle BIXEDE=R) T T—3hB, )TV
—)LiEEaw(Z)ary—i,. FaEary—iL. T
TaFV— L) DAKERETIILEBHRERETS
Al REMEE R4,

KPS LUV R OKEDRIGEFIIZEK
HIEEYDRE) X, FFEMMLB LB EELGTAN
—XALTHY. RERFBIZIEL, BB pHELD
BE)VERL. TNODRREICEEERIFLEFDIB
27 RAREHEMBLER. ChoDIEEaYMDERICH
WTREIZR-LEBD, HIAIX. RAFED~DR
EIZKY. 7/ RONEBRNERINDE
RSN TSP,

BILAEYDOHEERN. BEEHEOR/EKE(ETHTL

F—HLAWZEITEBESN L FIZIE. RFLT
AL UDNBREYIIERBREFTEZRTE,
FEAEDMMEDRIORBMENE L UL BREY
FFEEZ2IZIERESN TG0, ZEJIMEIC
T EHEIXIFEAERMDEETHD. BEDHT
NHFIZBETEHESICKY . REITES>THOTHEY
BEUVBEFROWNOIDRBEEY D REE A EIEE
[Zhzo7=125,

i AE R 0D HEEL D )

BEDRMXEIZIL, KO, RBKLFEETS
IYT7.EF=IEFHKEEY TOHBEEEICIEE
EERALENEEZROELE BETHLD—HE
MEHRBEENEENTLS, BHXEFZNIE
EMEN, EBEEOETIED HHICKEAEND
BEICBHAFERICK - TH TKEREZ5 =T
ATREME N H D EEZEEL TS, R XERDH
BREICK. UTOEDEEEND:

e HEDRKFKPLITITEKGERLEZERER
FRELGWNIE

o IREFHWRIEL. R)MNERTEHEZEFERATIU7
FHATESUWREMDHAEEICITFEALLEL
&

o 1 —RUEEYDRKRERARHEERIENE

o WERBATORIMKEITHELIE

o UNFERFEAINEWNEEEIFUINERFREER
BEIXEREEZSLIL

REDIEMZRE I O-OICHESNLERA
EE, T—AEEETILIZEDSLTWS, FHIE=
) TIZE- T RIEEMETDRBEDEIT
DEREYMDIHE DN RGH RN AIEEEL D,

D. it YR IX B\ CRLRFICHE LV TRAMMEZEDRERIRT 505 ? COFEFWEILA

FDOREICHLTEBRIZESDESSM ?

EPIZERSh TOSIRMEMFIDO) R HZEFHET
2= D— IR A

EEIMEDRIRIEL, TELTHRBREIORSE X
UMENEANRESNOINBEDFIOREICE
DTS, EXIMEDERDOATREMRICHFES TS
ZTOMDERTLUTDEEYTHS:

e MEMKHORR (RAMEOHECERSE
A F—REI TR =8)

o MEMEZIEEITIVEDFH

o MMAZERIREICTOIMEDRELSS

IR D RSIRMEYFRINENIGWERIER



SNZON . BEIOHMENDERISFRICE TS5
AHFNOREMS (LIFLIEF B TRESIND) 2K
DTRESND. MMEMRIDE R, (EHIME)
WMEMICLDERE. SLFHIEBRFIITLFH
MK RRADEREFFHERE, ZHEIU
KIZEDBFRIZKO>TEI S, FEAEDIMEY
FlIFEK[EAETHES ERICEDHELREINDT
NTHD. MEVMHNBESNDIMEDFIDRE
[F. BEMITH T LA ME O EYFRIF A (M
RBICRAL. TOEEGHEICZEEZRITTE)IC
FOTHLRESND . ELDRMEMF DEYFH
FIAREIE, TRAFFEEEEY~DREIZES
THEFTEDL. COTETEHRMEDERMET
BT, LALahn, REMBIERE (MEYDIE
ESFVEREZBETHENTEDRE) JYEN
RETYH, REIMMEENE5TLK T EEDOFEEZS
OIMDMRERT HENONTLNSHE 20,

MMEYFINERSN SIS E -, EHIM14E
RIZDENSTHEERIFZT . EBIUVRBBDR
ENFALEES (ZLOMBEVELZDLIIC
HEASND) . MEVEFOEEIJEL F-ME
MEINNILFHDBRERCLOIGEE0H, ME
M~DIFRT T LT, WO DIMAEYH
(FRBRITEFEINLD, CHITLEMEN~ DRSS
[FIEFCDGV, HHRILERTIE., FBICHT D
ChoDERAEE. MEMFRIZSCEN S
EHH\IHTTEASNKZLIETEFNATS
BEICEAT, MHEERICRETHZENLEMIC
BEWEFREND, MEMHIEIIHRIZ, )7
V—LRERKIEERESIV ETOEZFEZED
ELERSN TS,

RIZICE T HRAMMERRTE. EDIHICH
BIHOMEYDIATELIVINOMENDEE
[TIRTFT 2. IRIEPOMEMIE—MRAIC, BRRE
ALEMMEEBZREL TS, BIEHRICHMEY
RINFRYT DL, MHEEZLOREMEDIEMICOE
MEHEREMENH D, ChoDHE AL DEFIM EE
EFMN, TIAIFD RS GKFIRERRELETE
FICBHLELAIRETH D, CNoDABRFIE., &
SHE NS B DME A~ DRFTED R EZ RIS
THMN. N KFRELLTHONETOERXTH
%, ME B TKFERENRD=OIZET ROEH
NBLETHA:

o EFMMEEEFARUHEILAVMEIZHS
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o EERMICEBIOIMEVMIASEEICFETD
(MEYRLOEME. TNODEEFOHER
EABELT=0)

o WMAMMNEIET H-OICF ARG KRR
#EID

RULBEREOEWFTUF I ADRFEREDLLS
FADHERALEELIRRICEFTIEEE~ADE
Rt EEF D KFRBETH D BN IR T
DA ACEYOHRMICEoT, MEZLOA
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Cehitrg &R (Pectobacterium — YILT=F8 4/ E% 100 ppm DAL TR AL U125 [
spp.) BEL. RULWTESIZHEZ S,

1=1XZ B HE® (Peronospora YO NETHDIGE . TIETRELTLSDES 100 F
tabacina) f=1% 200 ppm Z&EAHT 5,
85 N JF (Pseudomonas YO EFNEETDET. 5~7 BRERTRYERT,
syringae pv. tabaci) B\IZ 1A, #EEERALTHRLY,

HEREY

o3, Fo.ak KGR (E amylovora)
AT RE— . ETh

BATE#DHAIZ 100 ppm TEAL. RUNT 3~4 EEIZEF
5,

Y FTER. RENELDFETS~7 HEIZEET D,
MVIE: . T47 FE (Erwinia spp.) ARLTRR A2 50 ppm 12 4 BEREIET=(E 200 ppm [Z 20
EVAVIE 4 ELLHMER 2E. U RZERET 5.

(Pseudomonas spp.) BALIEERICEZ S,
ZLDHED EEHER 4~5 BEI1Z 200 ppm THEAT 5.

(B—x—2ay, (Xanthomonas
LoXa3.35435  campestris)
vy, 240T2FA

FERMBHONIGE (X BRLI-EZREL.4BTE
IZIEET S,

%)
N (Za—Ivy— REISAVER
S—DH) (Agrobacterium spp.)

200 ppm DAL TP AL U TREMERE. BRE
15 HERELERREEN. FHELIRICBET S,

BE.BRBERINDITXITISHAVIVELIUVRNTRIAL U OMBRBADOERIZDOVTIE, ARICIFRBESLTULEN

62



Y V3] h < mHEE
Gm Gm olc oTc oTc oTc Sm
+0Tc | +oTc +in +Sm | +Sm
-+ +55

JamEvysy N E R X¥ X — _ _ _ _
IPE] PR - - - -1 -1T-7]Xx
FRINGHR, Zo= BKIBIER. BEHRF X - - - — — -
BIRE TR
h—F—>3v B m & X T - T x | - 1 - 1 -
a1 ZEZr - -1 -1 -1 -1T-[x
e RER X | - | - | X | - | - [ -
Fay) ARy, ARF ABK. IRER X X - X - - -
)V
TR FIEEFF. v R liER X X - X - - X*
HAE bR FTT40O
BREWED REELAER. KER| - - - - — - X
Fo VAT X - X - X X -
PACIRES EEHER X - - - — - X*
e EETE x | - | - | - | - [ - | -
233 EHA. BN X - - X - - .

SHE—OHREBEFBLVAaZEIN-REM., Cu=til. Gm=5223A4> >, oTec=A XL TFRSH A9 Sm=ArLTrTA Y,

*X[ZEMICERSh I IMEMFIETS
— IOV TEER DBV MEMH,
*RBFFEEIREAOBERDOAETT .

63




2015 F*DREY~D

M EYH I OER

E2710)) 0 . | AP

e | ERER | EssEk L A Tmmy CEEE | g

b (%)

(HA) (kg)
HRATAL Y 1.2 4 590

yoa | 136,358 aﬁ%ﬂﬁa FXTRSH A9 1.5 18 6,033
ARLTRTAL Y 1.9 26 15,241

Xanthomonas
TE 43,197 | arboricolapv. | AFYTEIHATI 22 6 771
pruni

HAARAL Y 1.3 8 181

o 20,823 E. amylovora TxXTSHA0) 2.9 49 5,216
ARLTRRAIY 3.2 16 1,315

HAARAL Y 1.3 4 771

st 200,978 FTxFITRSHA40) 22 18 12,020
ARLTRTAI Y 2.5 25 16,556

aNASS o7 H A/ FUSDA (29 5 2015 £ R E I SO EMIE RSN I EWF O fERT—4 https://quickstats.nass.usda.gov/.
P USDA. NASS =T YA 2012 ERE LY R IDSDAYE— LB D T HETE (HA),
CHEAE:)EMEAOERRZOTY. 2)LEMBE INMEDNFI CTUESNZEEYNO HA DEFHEEHDER HA DEETTE
Sf-fE. )EMEKISERASN =B REDEET.

64



&8 W4 . Za—C—SUFBLUKBIZETARRTOARHT AL OERARRE

£, B W9 - IR E A Y

HOSUR, XKE AENIRE LUV EER

(Pseudomonas syringae pv. syringae)
ERFR(FRAEFF.MXT,OMTN . BEAMESS (Xanthomonas campestris pv vesicatoria)
Vi)

FOLIIL—IDDBH, Za—T—FUF ;&5 9% (Pseudomonas syringae pv. actinidiae)

KRR ()T RFRL), X &4 (Erwinia amylovora)

HFFELVKRE

DIV KE 2L EBHAE 7 (Xanthomonas campestris pv juglandis)

£ 9 EFSAIZE->TEDHBNI=F)T7Y—IL®D ADI, ARFD, AOEL

rJF7YJ—L ADI, mg/kg A E/H ARfD, mg/kg A E AOEL. mg/kg {&E/H
JoEary—IL 0.04 0.3 0.1

FJarJ—IL 0.03 0.03 0.03
IRFa+J—)L  0.008 0.23 0.008
oJx/ary—)L 001 0.16 0.16

JolLary—IL 0.01 0.1 0.025

ADI, —BENHFAE ;ARMD. R4S HBAE  AOEL. FXEBRENT=

1 AEVMEDOY T I7A4F=—  BHERRE

thRS4A APIs HEEE

APIs (Active pharmaceutical ingredients) : EE 32 & i 45 (R ZE)

65



20,000
18,000
16,000
14,000
12,000

10,000
8,000
6,000
4,000
2,000

o

195911993 1995 1997 1995 2001 2003 2005 2009 2011 2015

Kilograms streptomycin

I

Ave, number of applications

N i

1991 1993 1995 1997 1999 2001 2003 2005 2009 2011 2015

Ave, percent of acreage treated
P
(=]

FRETTTTIRIT
10
ol o T 00 ol o O

1991 1995 1955 1957 1999 2001 2005 2005 2009 2011 2015

LtDTSTE. BEFERINDIAN TRV DBREFOTSIL)THD. FROTSTEEMADRANL TV DERAD T
BERT, FTOTITE. AT A0 THLKED 1 BB EYMOREM TEEOFH/ A—EU ETRT,
Hi 88 T —4(d. USDA National Agricultural Statistics Service QuickStats T—4~X—ZXM 5 AFLT=,

66



i

1991 1993 1995 1997 1995 2001 2003 2005 2009 2011 2015

Kilograms oxytetracycline

Ave, number of applications

St

1991 1995 19495 1997 1999 2001 2005 2005 2009 2011 2015

ddd il IJIH|

1991 1593 1995 1997 1999 2001 2003 2005 2009 2011 2015

L}

]
]

LT I v T | (Y]
Lo R o T |

[*,
o [ o I o s s N o o |

Avg, percent of acreage treated

EDTSTE. BEERINDGTFITISHAIIUDREFOTSL)THD. FROTSTE. BRI TE2AF TS A9
VOBROFEHRETT ., TOTSTE AFITISH A9 THEKES 1 RLEBLEEMORENEROTY/ S —EU MR
ED

Hi 88 T —42I1%. USDA National Agricultural Statistics Service QuickStats T—2~X— XM S5 1=,

67



3000

0

3

o}

L _ 2500
= = 2000
T E

:::: ]

£ 5 1500
=

< g 1000
¢ B

=]
33 500 |
o =

£

3

LI R CRT A RC . ORI SR\ R G < SRR R RS N SN SN SN
AT DT AT AT AT DT R DT AR AT AR ADT AR ADT ART ADT ART ADY AR ART AR AR AR AR

Year

REIZBTERERMN 7V -LZERXOERMERAEDEHEE, 2013~2015 EOT—2(E RFOEFEBET —FEINT
BESNDFRALGHEEETH D, 2015 FOT—RE. BFOLNEREDOHEEBITEENTLVEL,

Hi B : USGS Pesticide National Synthesis Project https://water.usgs.gov/nawga/pnsp/usage/maps/county-level/

F—AY— R EHETEAE D R EA - https://water.usgs.gov/nawaga/pnsp/usage/maps/about.php

N
T

Other crops

Pasture and hay
Alfalfa

Orchards and grapes
Rice

Vegetables and fruit
Cotton

Wheat

Soybeans

Comn

n
T

ONRROOROR0

Estimated use in million pounds

Hi 8 : USGS Pesticide National Synthesis Project  https://water.usgs.gov/nawga/pnsp/usage/maps/county-level/
68




10.

11.

12.

13.

14.

15.

16.

17.

18.

EEXH

Ansari, F., et al., The European Surveillance of Antimicrobial Consumption (ESAC) Point-Prevalence
Survey of Antibacterial Use in 20 European Hospitals in 2006. Clinical Infectious Diseases, 2009. 49(10): p.
1496-1504.

CDC, Antibiotic Use in the United States, 2017: Progress and Opportunities. 2017, US Department of Healtn
and Human Services, CDC: Atlanta, GA.

Finley, R.L., et al., The scourge of antibiotic resistance: the important role of the environment. Clin Infect
Dis, 2013. 57(5): p. 704-10.

Kotay, S., et al., Spread from the Sink to the Patient: In Situ Study Using Green Fluorescent Protein (GFP)-
Expressing Escherichia coli To Model Bacterial Dispersion from Hand-Washing Sink-Trap Reservoirs.
Applied and Environmental Microbiology, 2017. 83(8).

Hocquet, D., A. Muller, and X. Bertrand, What happens in hospitals does not stay in hospitals: antibiotic-
resistant bacteria in hospital wastewater systems. Journal of Hospital Infection, 2016. 93(4): p. 395-402.
Varela, A.R., et al., Vancomycin resistant enterococci: From the hospital effluent to the urban wastewater
treatment plant. Science of The Total Environment, 2013. 450-451: p. 155-161.

Varela, A.R., et al., Genetic characterization of fluoroquinolone resistant Escherichia coli from urban streams
and municipal and hospital effluents. FEMS Microbiology Ecology, 2015. 91(5): p. fiv015- fiv015.

Islam, M.A,, et al., Environmental Spread of New Delhi Metallo-B-Lactamase-1-Producing Multidrug-
Resistant Bacteria in Dhaka, Bangladesh. Applied and Environmental Microbiology, 2017. 83(15).

Diwan, V., et al., Antibiotics and antibiotic-resistant bacteria in waters associated with a hospital in Ujjain,
India. BMC Public Health, 2010. 10(1): p. 414.

Devarajan, N., et al., Occurrence of Antibiotic Resistance Genes and Bacterial Markers in a Tropical River
Receiving Hospital and Urban Wastewaters. PLoS ONE, 2016. 11(2): p. e0149211.

Proia, L., et al., Occurrence and persistence of carbapenemases genes in hospital and wastewater treatment
plants and propagation in the receiving river. Journal of Hazardous Materials, 2018. 358: p. 33-43.

Lamba, M., D.W. Graham, and S.Z. Ahammad, Hospital Wastewater Releases of Carbapenem-Resistance
Pathogens and Genes in Urban India. Environmental Science & Technology, 2017. 51(23): p. 13906-13912.
Lamba, M., Graham, DW, Sreekrishnan, TR, Ahammad, Carbapenem resistance exposures via wastewaters
across New Delhi. Environment International, 2018.

Quintela-Baluja, M., Urban water cycle and antibiotic resistance genes dissemination. 2018, Newcastle
University.

Varela, A.R., et al., Insights into the relationship between antimicrobial residues and bacterial populations in
a hospital-urban wastewater treatment plant system. Water Research, 2014. 54: p. 327-336.

Graham, D.W., et al., Underappreciated Role of Regionally Poor Water Quality on Globally Increasing
Antibiotic Resistance. Environmental Science & Technology, 2014. 48(20): p. 11746- 11747.

Homem, V. and L. Santos, Degradation and removal methods of antibiotics from aqueous matrices — A
review. Journal of Environmental Management, 2011. 92(10): p. 2304-2347.

Bouki, C., D. Venieri, and E. Diamadopoulos, Detection and fate of antibiotic resistant bacteria in wastewater
treatment plants: A review. Ecotoxicology and Environmental Safety, 2013. 91: p. 1-9.

69



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Wang, Q., P. Wang, and Q. Yang, Occurrence and diversity of antibiotic resistance in untreated hospital
wastewater. Science of The Total Environment, 2018. 621: p. 990-999.

Sobsey MD, A.L., Andremont A, Ashbolt NJ, Husman AM de R, Gin KY-H, Hunter PR, Meschke JS,
Vilchez S. Briefing Notes - Antimicrobial Resistance: An Emerging Water, Sanitation and Hygiene Issue.
2014, World Health Organization.

Karanika, S., et al, Fecal Colonization with Extended-spectrum Beta-lactamase—Producing
Enterobacteriaceae and Risk Factors Among Healthy Individuals: A Systematic Review and Metaanalysis.
Clinical Infectious Diseases, 2016. 63(3): p. 310-318.

LaPara, T.M., et al., Tertiary-Treated Municipal Wastewater is a Significant Point Source of Antibiotic
Resistance Genes into Duluth-Superior Harbor. Environmental Science & Technology, 2011. 45(22): p. 9543-
9549,

Singer, A.C., et al., Review of Antimicrobial Resistance in the Environment and Its Relevance to
Environmental Regulators. Frontiers in Microbiology, 2016. 7: p. 1728.

Sauer, E.P., et al., Detection of the human specific Bacteroides genetic marker provides evidence of
widespread sewage contamination of stormwater in the urban environment. Water Research, 2011. 45(14): p.
4081-4091.

Verhougstraete, M.P., et al., Linking fecal bacteria in rivers to landscape, geochemical, and hydrologic factors
and sources at the basin scale. Proceedings of the National Academy of Sciences, 2015. 112(33): p. 10419-
10424.

Peal, A., Evans, B., Blackett, I., Hawkins, P., Heymans, P, A review of fecal sludge management in 12 cities.
World Bank - Water and Sanitation Program. 2015.

Zhang, T. and B. Li, Occurrence, Transformation, and Fate of Antibiotics in Municipal Wastewater
Treatment Plants. Critical Reviews in Environmental Science and Technology, 2011. 41(11): p. 951- 998.
Pharmaceuticals in drinking-water. 2012, World Health Organization.

Gullberg, E., et al., Selection of Resistant Bacteria at Very Low Antibiotic Concentrations. PLOS Pathogens,
2011. 7(7): p. €1002158.

Andersson, D.1. and D. Hughes, Microbiological effects of sublethal levels of antibiotics. Nature Reviews
Microbiology, 2014. 12: p. 465.

Basic Information about Biosolids. [cited 2018 June 25]; Available from:
https://www.epa.gov/biosolids/basic-information-about-biosolids.

Wellington, E.M.H., et al., The role of the natural environment in the emergence of antibiotic resistance in
Gram-negative bacteria. The Lancet Infectious Diseases, 2013. 13(2): p. 155-165.

Leonard, A.F., et al., Human recreational exposure to antibiotic resistant bacteria in coastal bathing waters.
Environ Int, 2015. 82: p. 92-100.

Leonard, A.F.C., et al., Exposure to and colonisation by antibiotic-resistant E. coli in UK coastal water users:
Environmental surveillance, exposure assessment, and epidemiological study (Beach Bum Survey). Environ
Int, 2018.

Chantziaras, 1., et al., Correlation between veterinary antimicrobial use and antimicrobial resistance in food-
producing animals: a report on seven countries. Journal of Antimicrobial Chemotherapy, 2014. 69(3): p. 827-
834.

Hoelzer, K., et al., Antimicrobial drug use in food-producing animals and associated human health risks:
what, and how strong, is the evidence? BMC Veterinary Research, 2017. 13: p. 211.

Pal, C., et al., Co-occurrence of resistance genes to antibiotics, biocides and metals reveals novel insights into
their co-selection potential. BMC Genomics, 2015. 16: p. 964.

Pal, C., et al., Chapter Seven - Metal Resistance and Its Association with Antibiotic Resistance, in Advances
in Microbial Physiology, R.K. Poole, Editor. 2017, Academic Press. p. 261-313.

Hu, J. and N. Wang, Evaluation of the Spatiotemporal Dynamics of Oxytetracycline and Its Control Effect
Against Citrus Huanglongbing via Trunk Injection. Phytopathology, 2016. 106(12): p. 1495- 1503.

70


http://www.epa.gov/biosolids/basic-information-about-biosolids

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

95.

56.

57.

58.

59.

60.

Johnson, T.A,, et al., Clusters of Antibiotic Resistance Genes Enriched Together Stay Together in Swine
Agriculture. mBio, 2016. 7(2).

Zhu, Y.-G., et al., Diverse and abundant antibiotic resistance genes in Chinese swine farms.

Proceedings of the National Academy of Sciences, 2013. 110(9): p. 3435-3440.

Wang, Y., et al., Comprehensive resistome analysis reveals the prevalence of NDM and MCR-1 in Chinese
poultry production. Nature Microbiology, 2017. 2: p. 16260.

Muziasari, W.1., et al., The Resistome of Farmed Fish Feces Contributes to the Enrichment of Antibiotic
Resistance Genes in Sediments below Baltic Sea Fish Farms. Frontiers in Microbiology, 2017. 7(2137).
Brooks, J.P., A. Adeli, and M.R. McLaughlin, Microbial ecology, bacterial pathogens, and antibiotic resistant
genes in swine manure wastewater as influenced by three swine management systems. Water Research, 2014.
57: p. 96-103.

Cook, K.L., A.M. Netthisinghe, and R.A. Gilfillen, Detection of pathogens, indicators, and antibiotic
resistance genes after land application of poultry litter. J Environ Qual, 2014. 43(5): p. 1546-58.

FDA, National Antimicrobial Resistance Monitoring System — Enteric. Bacteria (NARMS). 2015: Rockville,
MD: U.S.

Mollenkopf, D.F., et al., Genotypic and epidemiologic characterization of extended-spectrum cephalosporin
resistant Salmonella enterica from US beef feedlots. Preventive Veterinary Medicine, 2017. 146: p. 143-149.
Bearson, B.L., et al., The agricultural antibiotic carbadox induces phage-mediated gene transfer in
Salmonella. Frontiers in Microbiology, 2014. 5: p. 52.

Chambers, J.E., et al., Human and ecological risk assessment of a crop protection chemical: a case study with
the azole fungicide epoxiconazole. Critical Reviews in Toxicology, 2014. 44(2): p. 176- 210.

Pornsukarom, S. and S. Thakur, Horizontal dissemination of antimicrobial resistance determinants in

multiple Salmonella serotypes following isolation from the environment of commercial swine operations
after manure application. Applied and Environmental Microbiology, 2017.

Jechalke, S., et al., Fate and effects of veterinary antibiotics in soil. Trends in Microbiology, 2014. 22(9): p.
536-545.

Liu, J., et al., Soil-borne reservoirs of antibiotic-resistant bacteria are established following

therapeutic treatment of dairy calves. Environmental Microbiology, 2016. 18(2): p. 557-564.

Durso, L.M., et al., Assessment of Selected Antibiotic Resistances in Ungrazed Native Nebraska Prairie
Soils. J Environ Qual, 2016. 45(2): p. 454-62.

Wolters, B., et al., Transferable antibiotic resistance plasmids from biogas plant digestates often belong to the
IncP-1g subgroup. Frontiers in Microbiology, 2015. 5(765).

Xie, W.-Y., et al., Changes in antibiotic concentrations and antibiotic resistome during commercial
composting of animal manures. Environmental Pollution, 2016. 219: p. 182-190.

Pornsukarom, S. and S. Thakur, Assessing the Impact of Manure Application in Commercial Swine Farms on
the Transmission of Antimicrobial Resistant Salmonella in the Environment. PLOS ONE, 2016. 11(10): p.
e0164621.

Udikovic-Kaolic, N., et al., Bloom of resident antibiotic-resistant bacteria in soil following manure
fertilization. Proceedings of the National Academy of Sciences, 2014. 111(42): p. 15202-15207.

Kyselkova, M., et al., Tetracycline resistance genes persist in soil amended with cattle feces independently
from chlortetracycline selection pressure. Soil Biology and Biochemistry, 2015. 81: p. 259-265.

Fahrenfeld, N., et al., Effect of Manure Application on Abundance of Antibiotic Resistance Genes and Their
Attenuation Rates in Soil: Field-Scale Mass Balance Approach. Environmental Science & Technology, 2014.
48(5): p. 2643-2650.

Marti, R., et al., Safely Coupling Livestock and Crop Production Systems: How Rapidly Do Antibiotic
Resistance Genes Dissipate in Soil following a Commercial Application of Swine or Dairy Manure? Applied
and Environmental Microbiology, 2014. 80(10): p. 3258-3265.

71



61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

Williams-Nguyen, J., et al., Antibiotics and Antibiotic Resistance in Agroecosystems: State of the Science.
Journal of Environmental Quality, 2016. 45(2): p. 394-406.

Muurinen, J., et al., Influence of Manure Application on the Environmental Resistome under Finnish
Agricultural Practice with Restricted Antibiotic Use. Environmental Science & Technology, 2017. 51(11): p.
5989-5999.

Rahube, T.O., et al., Impact of Fertilizing with Raw or Anaerobically Digested Sewage Sludge on the
Abundance of Antibiotic-Resistant Coliforms, Antibiotic Resistance Genes, and Pathogenic Bacteria in Soil
and on Vegetables at Harvest. Applied and Environmental Microbiology, 2014. 80(22): p. 6898-6907.

Tien, Y.-C., et al., Impact of dairy manure pre-application treatment on manure composition, soil dynamics of
antibiotic resistance genes, and abundance of antibiotic-resistance genes on vegetables at harvest. Science of
The Total Environment, 2017. 581-582: p. 32-39.

Poirel, L., et al., Carbapenemase-producing Acinetobacter spp. in Cattle, France. Emerging Infectious
Diseases, 2012. 18(3): p. 523-525.

Al Bayssari, C., et al., Emergence of OXA-48-Producing Escherichia coli Clone ST38 in Fowl. Antimicrobial
Agents and Chemotherapy, 2015. 59(1): p. 745-746.

Webb, H.E., et al., Carbapenem-Resistant Bacteria Recovered from Faeces of Dairy Cattle in the High Plains
Region of the USA. PLOS ONE, 2016. 11(1): p. e0147363.

Chen, B., et al., Class 1 Integrons, Selected Virulence Genes, and Antibiotic Resistance in Escherichia coli
Isolates from the Minjiang River, Fujian Province, China. Applied and Environmental Microbiology, 2011.
77(1): p. 148-155.

Coleman, B.L., et al., Contamination of Canadian private drinking water sources with antimicrobial resistant
Escherichia coli. Water Research, 2013. 47(9): p. 3026-3036.

Allen, H.K., et al., Call of the wild: antibiotic resistance genes in natural environments. Nature Reviews
Microbiology, 2010. 8: p. 251.

Cytryn, E., The soil resistome: The anthropogenic, the native, and the unknown. Soil Biology and
Biochemistry, 2013. 63(Complete): p. 18-23.

Rothrock, M.J., et al., How Should We Be Determining Background and Baseline Antibiotic Resistance
Levels in Agroecosystem Research? Journal of Environmental Quality, 2016. 45(2): p. 420-431.

Durso, L.M. and K.L. Cook. Impacts of antibiotic use in agriculture: what are the benefits and risks? Current
Opinion in Microbiology, 2014. 19: p. 37-44.

FAO, STATISTICS FISHERIES AND AQUACULTURE STATISTICS STATISTIQUES DES PECHES.
2017.

Henriksson, P.J.G., et al., Unpacking factors influencing antimicrobial use in global aquaculture and their
implication for management: a review from a systems perspective. Sustainability Science, 2017.

Smith, P., Antimicrobial resistance in aquaculture. Rev Sci Tech, 2008. 27(1): p. 243-64.

Nguyen Dang Giang, C., et al., Occurrence and Dissipation of the Antibiotics Sulfamethoxazole, Sulfadiazine,
Trimethoprim, and Enrofloxacin in the Mekong Delta, Vietham. PLOS ONE, 2015. 10(7): p. e0131855.
Welch, T.J., et al., IncA/C Plasmid-Mediated Florfenicol Resistance in the Catfish Pathogen Edwardsiella
ictaluri. Antimicrobial Agents and Chemotherapy, 2009. 53(2): p. 845-846.

Mclintosh, D., et al., Transferable, multiple antibiotic and mercury resistance in Atlantic Canadian isolates of
Aeromonas salmonicida subsp. salmonicida is associated with carriage of an IncA/C plasmid similar to the
Salmonella enterica plasmid pSN254. Journal of Antimicrobial Chemotherapy, 2008. 61(6): p. 1221-1228.
Verner-Jeffreys, D.W., et al., High Prevalence of Multidrug-Tolerant Bacteria and Associated Antimicrobial
Resistance Genes Isolated from Ornamental Fish and Their Carriage Water. PLoS ONE, 2009. 4(12): p.
e8388.

Chanda, M., et al., The use of antibiotics and disinfectants in ornamental fish farms of West Bengal, India.
Journal of Natural Science, Biology, and Medicine, 2011. 2(2): p. 139-140.

72



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

H., S.C., et al., Stress and welfare in ornamental fishes: what can be learned from aquaculture? Journal of Fish
Biology, 2017. 91(2): p. 409-428.

Storteboom, H., et al., Identification of Antibiotic-Resistance-Gene Molecular Signatures Suitable as Tracers
of Pristine River, Urban, and Agricultural Sources. Environmental Science & Technology, 2010. 44(6): p.
1947-1953.

Graham, D.W., et al., Appearance of B-lactam Resistance Genes in Agricultural Soils and Clinical Isolates
over the 20th Century. Scientific Reports, 2016. 6: p. 21550.

Agga, G.E., et al., Antimicrobial-Resistant Bacterial Populations and Antimicrobial Resistance Genes
Obtained from Environments Impacted by Livestock and Municipal Waste. PLOS ONE, 2015. 10(7): p.
€0132586.

Karkman, A., et al., High-throughput quantification of antibiotic resistance genes from an urban wastewater
treatment plant. FEMS Microbiology Ecology, 2016. 92(3): p. fiw014-fiw014.

Cavé, L., et al., Efficiency and sensitivity of the digital droplet PCR for the quantification of antibiotic
resistance genes in soils and organic residues. Applied Microbiology and Biotechnology, 2016. 100(24): p.
10597-10608.

Racki, N., et al., Reverse transcriptase droplet digital PCR shows high resilience to PCR inhibitors from
plant, soil and water samples. Plant Methods, 2014. 10(1): p. 42.

Spencer, S.J., et al., Massively parallel sequencing of single cells by epicPCR links functional genes with
phylogenetic markers. The ISME Journal, 2016. 10(2): p. 427-436.

Tyson, G.H., et al., WGS accurately predicts antimicrobial resistance in Escherichia coli. Journal of
Antimicrobial Chemotherapy, 2015. 70(10): p. 2763-2769.

McDermott, P.F., et al., Whole-Genome Sequencing for Detecting Antimicrobial Resistance in Nontyphoidal
Salmonella. Antimicrobial Agents and Chemotherapy, 2016. 60(9): p. 5515-5520.

Tyson, G.H., et al., Using whole-genome sequencing to determine appropriate streptomycin epidemiological
cutoffs for Salmonella and Escherichia coli. FEMS Microbiology Letters, 2016. 363(4): p. fnw009-fnw009.
Zhao, S., et al., Whole-Genome Sequencing Analysis Accurately Predicts Antimicrobial Resistance
Phenotypes in Campylobacter spp. Applied and Environmental Microbiology, 2016. 82(2): p. 459- 466.
Nguyen, M., et al., Developing an in silico minimum inhibitory concentration panel test for Klebsiella
pneumoniae. Scientific Reports, 2018. 8(1): p. 421.

Biswas, S. and J.-M. Rolain, Use of MALDI-TOF mass spectrometry for identification of bacteria that are
difficult to culture. Journal of Microbiological Methods, 2013. 92(1): p. 14-24.

Choquet, M., et al., Comparison of MALDI-ToF MS with the Rapidec Carba NP test for the detection of
carbapenemase-producing Enterobacteriaceae. European Journal of Clinical Microbiology & Infectious
Diseases, 2018. 37(1): p. 149-155.

De Carolis, E., et al., A rapid diagnostic workflow for cefotaxime-resistant Escherichia coli and Klebsiella
pneumoniae detection from blood cultures by MALDI-TOF mass spectrometry. PLOS ONE, 2017. 12(10): p.
e0185935.

Idelevich, E.A,, et al., Rapid detection of antibiotic resistance by MALDI-TOF mass spectrometry using a
novel direct-on-target microdroplet growth assay. Clinical Microbiology and Infection, 2017.

Miltgen, G., et al., Detection of carbapenemase activity in Pseudomonas aeruginosa by Matrix-Assisted Laser
Desorption lonization-Time of Flight Mass Spectrometry (MALDI-TOF MS). Journal of Microbiological
Methods, 2018. 145: p. 66-68.

Oviarfio, M., et al., Quantitative and automated MALDI-TOF MS-based detection of the plasmid-mediated
quinolone resistance determinant aac(6')-1b-cr in Enterobacteriaceae. Journal of Antimicrobial
Chemotherapy, 2017. 72(10): p. 2952-2954.

Luby, E., et al., Molecular Methods for Assessment of Antibiotic Resistance in Agricultural Ecosystems:
Prospects and Challenges. Journal of Environmental Quality, 2016. 45(2): p. 441-453.

CLSI. M100: Performance Standards for Antimicrobial Susceptibility Testing. 2018; Available from:
https://clsi.org/standards/products/microbiology/documents/m100/.

73



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.
115.

116.

117.

118.

119.

120.

121.

122.

123.

Standardization, 1.0.f., ISO 20776-1:2006 Clinical laboratory testing and in vitro diagnostic test systems --
Susceptibility testing of infectious agents and evaluation of performance of antimicrobial susceptibility test
devices -- Part 1: Reference method for testing the in vitro activity of antimicrobial agents against rapidly
growing aerobic bacteria involved in infectious diseases. 2006.

Bengtsson-Palme, J. and D.G.J. Larsson, Concentrations of antibiotics predicted to select for resistant
bacteria: Proposed limits for environmental regulation. Environment International, 2016. 86: p. 140-149.
Guo, J., et al., Metagenomic analysis reveals wastewater treatment plants as hotspots of antibiotic resistance
genes and mobile genetic elements. Water Research, 2017. 123: p. 468-478.

Yang, Y., et al., Fate of antibiotic resistance genes in sewage treatment plant revealed by metagenomic
approach. Water Research, 2014. 62: p. 97-106.

Froes, A.M., et al., Distribution and Classification of Serine f-Lactamases in Brazilian Hospital Sewage and
Other Environmental Metagenomes Deposited in Public Databases. Frontiers in Microbiology, 2016. 7: p.
1790.

Munk, P., et al., A sampling and metagenomic sequencing-based methodology for monitoring antimicrobial
resistance in swine herds. Journal of Antimicrobial Chemotherapy, 2017. 72(2): p. 385- 392.

Petersen, T.N., et al., MGmapper: Reference based mapping and taxonomy annotation of metagenomics
sequence reads. PLOS ONE, 2017. 12(5): p. e0176469.

Auffret, M.D., et al., The rumen microbiome as a reservoir of antimicrobial resistance and pathogenicity
genes is directly affected by diet in beef cattle. Microbiome, 2017. 5: p. 159.

Fitzpatrick, D. and F. Walsh, Antibiotic resistance genes across a wide variety of metagenomes. FEMS
Microbiology Ecology, 2016. 92(2): p. fiv168-fiv168.

Thomas, M., et al., Metagenomic characterization of the effect of feed additives on the gut microbiome and
antibiotic resistome of feedlot cattle. Scientific Reports, 2017. 7(1): p. 12257.

Vikram, A., et al., Impact of “Raised Without Antibiotics” Beef Cattle Production Practices On Occurrences
of Antimicrobial Resistance. Applied and Environmental Microbiology, 2017.

Lanza, V.F., et al., In-depth resistome analysis by targeted metagenomics. Microbiome, 2018. 6: p. 11.
Robicsek, A., et al., Fluoroquinolone-modifying enzyme: a new adaptation of a common aminoglycoside
acetyltransferase. Nature Medicine, 2005. 12: p. 83.

Knudsen, B.E., et al., Impact of Sample Type and DNA lIsolation Procedure on Genomic Inference of
Microbiome Composition. mSystems, 2016. 1(5).

Albertsen, M., et al., Back to Basics — The Influence of DNA Extraction and Primer Choice on Phylogenetic
Analysis of Activated Sludge Communities. PLOS ONE, 2015. 10(7): p. e0132783.

Mullany, P., Functional metagenomics for the investigation of antibiotic resistance. Virulence, 2014. 5(3): p.
443-447.

dos Santos, D.F.K,, et al., Functional Metagenomics as a Tool for Identification of New Antibiotic Resistance
Genes from Natural Environments. Microbial Ecology, 2017. 73(2): p. 479-491.

Allen, H.K., et al., Functional metagenomics reveals diverse (3-lactamases in a remote Alaskan soil. The Isme
Journal, 2008. 3: p. 243.

Donato, J.J., et al., Metagenomic Analysis of Apple Orchard Soil Reveals Antibiotic Resistance Genes
Encoding Predicted Bifunctional Proteins. Applied and Environmental Microbiology, 2010. 76(13): p. 4396-
4401.

Marathe, N.P., et al., Functional metagenomics reveals a novel carbapenem-hydrolyzing mobile beta-
lactamase from Indian river sediments contaminated with antibiotic production waste. Environment
International, 2018. 112: p. 279-286.

Sommer, M.O.A., G. Dantas, and G.M. Church, Functional characterization of the antibiotic resistance
reservoir in the human microflora. Science (New York, N.Y.), 2009. 325(5944): p. 1128- 1131.

74



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.
143.

Uyaguari, M.1., et al., Characterization and Quantitation of a Novel B-Lactamase Gene Found in a
Wastewater Treatment Facility and the Surrounding Coastal Ecosystem. Applied and Environmental
Microbiology, 2011. 77(23): p. 8226-8233.

Maiden, M.C.J., et al., Multilocus sequence typing: A portable approach to the identification of clones within
populations of pathogenic microorganisms. Proceedings of the National Academy of Sciences, 1998. 95(6): p.
3140-3145.

Huijbers, P.M.C., et al., Role of the Environment in the Transmission of Antimicrobial Resistance to

Humans: A Review. Environmental Science & Technology, 2015. 49(20): p. 11993-12004.

Leonard, A.F.C., et al., Is it safe to go back into the water? A systematic review and meta-analysis of the risk
of acquiring infections from recreational exposure to seawater. International Journal of Epidemiology, 2018:
p. dyx281-dyx281.

Griffith, J.F., et al., Epidemiologic evaluation of multiple alternate microbial water quality monitoring
indicators at three California beaches. Water Res, 2016. 94: p. 371-81.

Thapaliya, D., et al., Prevalence and Characterization of Staphylococcus aureus and Methicillin-Resistant
Staphylococcus aureus on Public Recreational Beaches in Northeast Ohio. GeoHealth, 2017. 1(10): p. 320-
332.

Schijven, J.F., et al., Fate of Extended-Spectrum Beta-Lactamase-Producing Escherichia coli from Faecal
Sources in Surface Water and Probability of Human Exposure through Swimming. Environ Sci Technol, 2015.
49(19): p. 11825-33.

Ruppé, E., A. Andremont, and L. Armand-Lefévre, Digestive tract colonization by multidrug-resistant
Enterobacteriaceae in travellers: An update. Travel Medicine and Infectious Disease, 2018. 21: p. 28-35.
Coleman, B.L., et al., The role of drinking water in the transmission of antimicrobial-resistant E. coli.
Epidemiology and Infection, 2011. 140(4): p. 633-642.

Walsh, T.R., et al., Dissemination of NDM-1 positive bacteria in the New Delhi environment and its
implications for human health: an environmental point prevalence study. Lancet Infect Dis, 2011. 11(5): p.
355-62.

Davison, A., G. Howard, M. Stevens, P. Callan, L. Fewtrell, D. Deere, J. Bartram, Water Safety Plans
Managing drinking-water quality from catchment to consumer. 2005, World Health Organization.

Wulf, M.W.H., et al., Infection and colonization with methicillin resistant Staphylococcus aureus ST398
versus other MRSA in an area with a high density of pig farms. European Journal of Clinical Microbiology &
Infectious Diseases, 2012. 31(1): p. 61-65.

Bisdorff, B., et al., MRSA-ST398 in livestock farmers and neighbouring residents in a rural area in Germany.
Epidemiol Infect, 2012. 140(10): p. 1800-8.

Casey, J.A,, et al., High-density livestock operations, crop field application of manure, and risk of
community-associated methicillin-resistant Staphylococcus aureus infection in Pennsylvania. JAMA internal
medicine, 2013. 173(21): p. 1980-1990.

Paget, J., et al., MRSA Carriage in Community Outpatients: A Cross-Sectional Prevalence Study ina High-
Density Livestock Farming Area along the Dutch-German Border. PloS one, 2015. 10(11): p. e0139589-
e01395809.

Hau, S.J., et al., Single Nucleotide Polymorphism Analysis Indicates Genetic Distinction and Reduced
Diversity of Swine-Associated Methicillin Resistant Staphylococcus aureus (MRSA) ST5 Isolates Compared
to Clinical MRSA ST5 Isolates. Frontiers in microbiology, 2018. 9: p. 2078-2078.

Hau, S.J., et al., Antimicrobial Resistance Distribution Differs Among Methicillin Resistant Staphylococcus
aureus Sequence Type (ST) 5 Isolates From Health Care and Agricultural Sources. Frontiers in
microbiology, 2018. 9: p. 2102-2102.

Davies, P., Livestock associated MRSA: What are the risks to human health? Allen D. Leman Swine
Conference, 2012. 39.

Zhu, Y .-G., et al., Microbial mass movements. Science, 2017. 357(6356): p. 1099-1100.

Gillings, M.R., et al., Using the class 1 integron-integrase gene as a proxy for anthropogenic pollution. The
Isme Journal, 2014. 9: p. 1269.

75



144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Mao, D., et al., Prevalence and proliferation of antibiotic resistance genes in two municipal wastewater
treatment plants. Water Research, 2015. 85: p. 458-466.

Ahammad, Z.S., et al., Increased Waterborne blaNDM-1 Resistance Gene Abundances Associated with
Seasonal Human Pilgrimages to the Upper Ganges River. Environmental Science & Technology, 2014.
48(5): p. 3014-3020.

Graham, D. Newcastle University.

Jong, M.-C,, et al., Co-optimization of sponge-core bioreactors for removing total nitrogen and antibiotic
resistance genes from domestic wastewater. Science of The Total Environment, 2018. 634: p. 1417-1423.
Munck, C., et al., Limited dissemination of the wastewater treatment plant core resistome. Nature
Communications, 2015. 6: p. 8452.

Bengtsson-Palme, J., et al., Elucidating selection processes for antibiotic resistance in sewage treatment
plants using metagenomics. Science of The Total Environment, 2016. 572: p. 697-712.

Christgen, B., et al., Metagenomics Shows That Low-Energy Anaerobic—Aerobic Treatment Reactors

Reduce Antibiotic Resistance Gene Levels from Domestic Wastewater. Environmental Science &
Technology, 2015. 49(4): p. 2577-2584.

Liddeke, F., et al., Removal of total and antibiotic resistant bacteria in advanced wastewater treatment by
ozonation in combination with different filtering techniques. Water Research, 2015. 69: p. 243-251.
Examples of Equivalent Processes: PFRP and PSRP. [cited 2018 July 7]; Available from:
https://www.epa.gov/biosolids/examples-equivalent-processes-pfrp-and-psrp.

Burch, T.R., M.J. Sadowsky, and T.M. LaPara, Fate of Antibiotic Resistance Genes and Class 1 Integrons in
Soil Microcosms Following the Application of Treated Residual Municipal Wastewater Solids.
Environmental Science & Technology, 2014. 48(10): p. 5620-5627.

Sandberg, K.D. and T.M. LaPara, The fate of antibiotic resistance genes and class 1 integrons following the
application of swine and dairy manure to soils. FEMS Microbiology Ecology, 2016. 92(2): p. fiw001-fiw001.
Nicholas, P., et al., Abundance of six tetracycline resistance genes in wastewater lagoons at cattle feedlots
with different antibiotic use strategies. Environmental Microbiology, 2007. 9(1): p. 143-151.

Burch, T.R., M.J. Sadowsky, and T.M. LaPara, Aerobic digestion reduces the quantity of antibiotic resistance
genes in residual municipal wastewater solids. Frontiers in Microbiology, 2013. 4: p. 17.

Burch, T.R., M.J. Sadowsky, and T.M. LaPara, Air-Drying Beds Reduce the Quantities of Antibiotic Resistance
Genes and Class 1 Integrons in Residual Municipal Wastewater Solids. Environmental Science & Technology,
2013. 47(17): p. 9965-9971.

Burch, T.R., M.J. Sadowsky, and T.M. LaPara, Effect of Different Treatment Technologies on the Fate of
Antibiotic Resistance Genes and Class 1 Integrons when Residual Municipal Wastewater Solids are Applied
to Soil. Environmental Science & Technology, 2017. 51(24): p. 14225-14232.

Lengeler J. W., D.G., and Schlegel H. G. , Biology of the Prokaryotes. 2009, Stuttgart, Germany.

Clardy, J., M. Fischbach, and C. Currie, The natural history of antibiotics. Current biology : CB, 20009.

19(11): p. R437-R441.

Guardabassi, L., et al., Antibiotic Resistance in Acinetobacter spp. Isolated from Sewers Receiving Waste
Effluent from a Hospital and a Pharmaceutical Plant. Applied and Environmental Microbiology, 1998. 64(9):
p. 3499-3502.

EPA, U.S., Pharmaceutical Industry: Hazardous Waste Generation, Treatment, and Disposal. 1976.

Bbosa, G.S., et al., Antibiotics/antibacterial drug use, their marketing and promotion during the post-antibiotic
golden age and their role in emergence of bacterial resistance. Health, 2014. VVol.06No0.05: p. 16.

Resurgence, T.W. Antibiotic abuse is driving antibiotic resistance 2015; Available from:
https://www.twn.my/title2/resurgence/2015/301-302/health1.htm.

Van Boeckel, T.P., et al., Global trends in antimicrobial use in food animals. Proceedings of the National
Academy of Sciences of the United States of America, 2015. 112(18): p. 5649-5654.

76


http://www.epa.gov/biosolids/examples-equivalent-processes-pfrp-and-psrp
http://www.twn.my/title2/resurgence/2015/301-302/health1.htm

166.
167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.
183.

184.

185.

186.

187.

188.

Agency, E.M., Environmental risk assessment of medicinal products for human use. 2006: London.

Larsson, D.G.J., Pollution from drug manufacturing: review and perspectives. Philosophical Transactions of
the Royal Society B: Biological Sciences, 2014. 369(1656): p. 20130571.

Larsson, D.G.J., C. de Pedro, and N. Paxeus, Effluent from drug manufactures contains extremely high levels
of pharmaceuticals. Journal of Hazardous Materials, 2007. 148(3): p. 751-755.

Libbert, C., et al., Environmental pollution with antimicrobial agents from bulk drug manufacturing
industries in Hyderabad, South India, is associated with dissemination of extended-spectrum beta-lactamase
and carbapenemase-producing pathogens. Infection, 2017. 45(4): p. 479-491.

Li, D, et al., Determination and fate of oxytetracycline and related compounds in oxytetracycline production
wastewater and the receiving river. Environ Toxicol Chem, 2008. 27(1): p. 80-6.

Kristiansson, E., et al., Pyrosequencing of Antibiotic-Contaminated River Sediments Reveals High Levels of
Resistance and Gene Transfer Elements. PLOS ONE, 2011. 6(2): p. e17038.

Khan, G.A,, et al., Occurrence and Abundance of Antibiotics and Resistance Genes in Rivers, Canal and near
Drug Formulation Facilities — A Study in Pakistan. PLOS ONE, 2013. 8(6): p. €62712.

Sim, W.-J., et al., Occurrence and distribution of pharmaceuticals in wastewater from households, livestock
farms, hospitals and pharmaceutical manufactures. Chemosphere, 2011. 82(2): p. 179-186.

Bielen, A., et al., Negative environmental impacts of antibiotic-contaminated effluents from pharmaceutical
industries. Water Research, 2017. 126: p. 79-87.

Bengtsson-Palme, J., et al., Shotgun metagenomics reveals a wide array of antibiotic resistance genes and
mobile elements in a polluted lake in India. Frontiers in Microbiology, 2014. 5: p. 648.

Pal, C., et al., The structure and diversity of human, animal and environmental resistomes. Microbiome, 2016.
4(1): p. 54.

Marathe, N.P., et al., A Treatment Plant Receiving Waste Water from Multiple Bulk Drug Manufacturers Is a
Reservoir for Highly Multi-Drug Resistant Integron-Bearing Bacteria. PLOS ONE, 2013. 8(10): p. e77310.
Li, D, et al., Antibiotic Resistance Characteristics of Environmental Bacteria from an Oxytetracycline
Production Wastewater Treatment Plant and the Receiving River. Applied and Environmental Microbiology,
2010. 76(11): p. 3444-3451.

da Costa, P.M., L. Loureiro, and A.J.F. Matos, Transfer of Multidrug-Resistant Bacteria between
Intermingled Ecological Niches: The Interface between Humans, Animals and the Environment. International
Journal of Environmental Research and Public Health, 2013. 10(1): p. 278-294.

Gonzélez-Plaza, J.J., et al., Functional Repertoire of Antibiotic Resistance Genes in Antibiotic Manufacturing
Effluents and Receiving Freshwater Sediments. Frontiers in Microbiology, 2017. 8: p. 2675.

AndraSeviz, A.T., et al., Surveillance for Antimicrobial Resistance in Croatia. Emerging Infectious Diseases,
2002. 8(1): p. 14-18. 2018 Antimicrobial Resistance Benchmark.

2018, Access to Medicine Foundation. p. 59.

Davies, S.C., Reducing inappropriate prescribing of antibiotics in English primary care: evidence and
outlook. Journal of Antimicrobial Chemotherapy, 2018. 73(4): p. 833-834.

O’Neill, J., & The Review on Antimicrobial Resistance. Tackling drug-resistant infections globally: Final
report and recommendations. 2016; Available from: https://amr-
review.org/sites/default/files/160518_Final%20paper_with%20cover.pdf.

Le Page, G, et al., Antibiotic risk assessment needs to protect both environmental and human health. Environ
Int, 2018.

Method 1671, Revision A: Volatile Organic Compounds Specific to the Pharmaceutical Manufacturing
Industry by GC/FID. 1998, U.S. Environmental Protection Agency.

Method 1667, Revision A: Formaldehyde, Isobutyraldehyde, and Furfural by Derivatization Followed by
High Performance Ligquid Chromatography. 1998, U.S. Environmental Protection Agency.

Seifrtova, M., et al., An overview of analytical methodologies for the determination of antibiotics in
environmental waters. Analytica Chimica Acta, 2009. 649(2): p. 158-179.

71



189. Petrovic, M., et al., Liquid chromatography-tandem mass spectrometry for the analysis of pharmaceutical
residues in environmental samples: a review. Journal of Chromatography A, 2005. 1067(1-2): p. 1-14.

190. Hao, C., X. Zhao, and P. Yang, GC-MS and HPLC-MS analysis of bioactive pharmaceuticals and personal-
care products in environmental matrices. TrAC Trends in Analytical Chemistry, 2007. 26(6): p. 569-580.

191. Diaz-Cruz, M.S. and D. Barcelo, Determination of antimicrobial residues and metabolites in the aquatic
environment by liquid chromatography tandem mass spectrometry. Analytical and Bioanalytical Chemistry,
2006. 386(4): p. 973-985.

192. Wang, J., ANALYSIS OF MACROLIDE ANTIBIOTICS, USING LIQUID CHROMATOGRAPHY- MASS
SPECTROMETRY, IN FOOD, BIOLOGICAL AND ENVIRONMENTAL MATRICES. Mass Spectrometry
Reviews, 2009. 28(1): p. 50-92.

193. Gros, M., S. Rodriguez-Mozaz, and D. Barceld, Rapid analysis of multiclass antibiotic residues and some of
their metabolites in hospital, urban wastewater and river water by ultra-high-performance liquid
chromatography coupled to quadrupole-linear ion trap tandem mass spectrometry. Journal of
Chromatography A, 2013. 1292: p. 173-188.

194. Hao, C.Y., X.M. Zhao, and P. Yang, GC-MS and HPLC-MS analysis of bioactive pharmaceuticals and
personal-care products in environmental matrices. Trac-Trends in Analytical Chemistry, 2007. 26(6): p. 569-
580.

195. Aga, D.S., et al., Challenges in the Measurement of Antibiotics and in Evaluating Their Impacts in
Agroecosystems: A Critical Review. Journal of Environmental Quality, 2016. 45(2): p. 407-419.

196. Moreno-Bondi, M.C,, et al., An overview of sample preparation procedures for LC-MS multiclass antibiotic
determination in environmental and food samples. Analytical and Bioanalytical Chemistry, 2009. 395(4): p.
921-946.

197. Speltini, A., et al., Analytical methods for the determination of fluoroquinolones in solid environmental
matrices. Trac-Trends in Analytical Chemistry, 2011. 30(8): p. 1337-1350.

198. Aga, D.S., et al., Determination of the persistence of tetracycline antibiotics and their degradates in manure-
amended soil using enzyme-linked immunosorbent assay and liquid chromatography-mass spectrometry. J
Agric Food Chem, 2005. 53(18): p. 7165-71.

199. Eichhorn, P. and D.S. Aga, Identification of a Photooxygenation Product of Chlortetracycline in Hog
Lagoons Using LC/ESI-lon Trap-MS and LC/ESI-Time-of-Flight-MS. Analytical Chemistry, 2004. 76(20):
p. 6002-6011.

200. Gunnar, C., O. Stefan, and L.D.G. Joakim, Effluent from bulk drug production is toxic to aquatic vertebrates.
Environmental Toxicology and Chemistry, 2009. 28(12): p. 2656-2662.

201. Pruden, A., et al., Antibiotic resistance genes as emerging contaminants: studies in northern Colorado.
Environ Sci Technol, 2006. 40(23): p. 7445-50.

202. Bengtsson-Palme, J., D.G.J. Larsson, and E. Kristiansson, Using metagenomics to investigate human and
environmental resistomes. Journal of Antimicrobial Chemotherapy, 2017. 72(10): p. 2690-2703.

203. Bengtsson-Palme, J. and D.G.J. Larsson, Protection goals must guide risk assessment for antibiotics. Environ
Int, 2018. 111: p. 352-353.

204. Le Page, G., et al., Integrating human and environmental health in antibiotic risk assessment: A critical analysis
of protection goals, species sensitivity and antimicrobial resistance. Environ Int, 2017. 109: p. 155-169.

205. Kraupner N, E.S., Bengtsson-Palmer J, Fick J, Kristiansson E, Flack C-F, Larsson JDG, Selective
concentrations for ciprofloxacin resistance in Escherichia coli grown in complex aquatic bacterial biofilms.
Environ Intl, 2018.

206. Lundstrom, S.V., et al., Minimal selective concentrations of tetracycline in complex aquatic bacterial
biofilms. Sci Total Environ, 2016. 553: p. 587-595.

207. AMR Industry Alliance. AMR Industry Alliance. 2017 [cited 2018; Available from:
https://www.amrindustryalliance.org/.

78


http://www.amrindustryalliance.org/

208.

209.

210.

211.

212.

213.
214,

215.

216.

217.

218.

2109.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

National Action Plan on Antimicrobial Resistance, G.o.l. Ministry of Health & Family Wellfare, Editor.
2017.

Sundgvist, M., Reversibility of antibiotic resistance. Upsala Journal of Medical Sciences, 2014. 119(2): p.
142-148.

Price, L.B., et al., The Persistence of Fluoroguinolone-Resistant Campylobacter in Poultry Production.
Environmental Health Perspectives, 2007. 115(7): p. 1035-1039.

Bengtsson-Palme, J. and D.G.J. Larsson, Antibiotic resistance genes in the environment: prioritizing risks.
Nature Reviews Microbiology, 2015. 13: p. 396.

Larsson, D.G.J., et al., Critical knowledge gaps and research needs related to the environmental dimensions
of antibiotic resistance. Environment International, 2018. 117: p. 132-138.

AMR Benchmark. AMR Benchmark. 2018 [cited 2018; Available from: https://amrbenchmark.org/.
Snelders, E., et al., Triazole Fungicides Can Induce Cross-Resistance to Medical Triazoles in Aspergillus
fumigatus. PLOS ONE, 2012. 7(3): p. €31801.

Jones, A.L., and E. L. Schnabel, The development of streptomycin-resistant strains of Erwinia amylovora.
Fire Blight: The disease and its causative agent, Erwinia amylovora. 2000: CAB International.

Verweij, P.E., et al., Azole Resistance in Aspergillus fumigatus: Can We Retain the Clinical Use of Mold-
Active Antifungal Azoles? Clinical Infectious Diseases: An Official Publication of the Infectious Diseases
Society of America, 2016. 62(3): p. 362-368.

Anuradha, C. and M.J. F., Emergence of azole resistant Aspergillus fumigatus and One Health: time to
implement environmental stewardship. Environmental Microbiology, 2018. 20(4): p. 1299-1301.

van der Linden, JW.M., et al., Clinical Implications of Azole Resistance in Aspergillus fumigatus, the
Netherlands, 2007-2009. Emerging Infectious Diseases, 2011. 17(10): p. 1846-1854.

McManus, P.S., etal., ANTIBIOTIC USE IN PLANT AGRICULTURE. Annual Review of Phytopathology,
2002. 40(1): p. 443-465.

Rupe, J.a.L.S. Soybean Rust. The Plant Health Instructor 2008; Available from:
https://www.apsnet.org/edcenter/intropp/lessons/fungi/Basidiomycetes/Pages/SoybeanRust.aspx.

McMullen, M., R. Jones, and D. Gallenberg, Scab of Wheat and Barley: A Re-emerging Disease of
Devastating Impact. Plant Disease, 1997. 81(12): p. 1340-1348.

Baker, N.T., and Stone, W.W., Estimated annual agricultural pesticide use for counties of the conterminous
United States, 2008-12, in U.S. Geological Survey Data Series 907. 2015.

Stockwell, V.O. and B. Duffy, Use of antibiotics in plant agriculture. Rev Sci Tech, 2012. 31(1): p. 199-210.
Gusberti, M., et al., Fire Blight Control: The Struggle Goes On. A Comparison of Different Fire Blight
Control Methods in Switzerland with Respect to Biosafety, Efficacy and Durability. International Journal of
Environmental Research and Public Health, 2015. 12(9): p. 11422-11447.

Thomson, S.V., Epidemiology of fire blight, in Fire blight: the disease and its causative agent, Erwinia
amylovora, J.L. Vanneste, Editor. 2000, CAB International: Wallingford, UK.

Loper JE, H.M., Roberts RG, Grove GG, Willett MJ, Smith TJ, Evaluation of streptomycin, oxytetracycline,
and copper resistance in Erwinia amylovora isolated from pear orchards in  Washington State. Plant Disease,
1991. 75: p. 287-290.

Norelli, J.L., A.L. Jones, and H.S. Aldwinckle, Fire Blight Management in the Twenty-first Century: Using
New Technologies that Enhance Host Resistance in Apple. Plant Disease, 2003. 87(7): p. 756-765.

Schroth, M.N., Streptomycin resistance in Erwinia amylovora. Phytopathology, 1979. 69: p. 565-568.

Smits, T.H.M,, et al., Whole-Genome Sequencing of Erwinia amylovora Strains from Mexico Detects Single
Nucleotide Polymorphisms in rpsL Conferring Streptomycin Resistance and in the avrRpt2 Effector Altering
Host Interactions. Genome Announcements, 2014. 2(1): p. e01229-13.

Jones, C.-S.C.A.L., Molecular Analysis of High-Level Streptomycin Resistance in Erwinia amylovora.
Molecular Plant Pathology, 1995. 85(3): p. 324-328.

79


http://www.apsnet.org/edcenter/intropp/lessons/fungi/Basidiomycetes/Pages/SoybeanRust.aspx

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

Chiou C-S, J.A., Expression and identification of the strA-strB gene pair from streptomycin-resistant Erwinia
amylovora. Gene, 1995. 152: p. 47-51.

Billing, E., Fire blight risk assessment systems and models, in Fire Blight: The disease and its causative
agent. 2000, CAB International: Wallington, UK.

Lightner, G., Steiner, PW. , MARYBLYTTM: A computer model for predicting of fire blight disease in
apples and pears. Computers and Electronics in Agriculture, 1992: p. 249-260.
T., S., A predictive model for forecasting fire blight of pear and apple in Washington state. Acta Hortic,
1993(338): p. 153-160.
Roberts, M.C., Update on acquired tetracycline resistance genes. FEMS Microbiology Letters, 2005. 245(2):
p. 195-203.
Yoshii, A., H. Moriyama, and T. Fukuhara, The Novel Kasugamycin 2’-N-Acetyltransferase Gene aac(2’)-
Ila, Carried by the IncP Island, Confers Kasugamycin Resistance to Rice-Pathogenic Bacteria. Applied and
Environmental Microbiology, 2012. 78(16): p. 5555-5564.
Kleitman, F., et al., Erwinia amylovora populations resistant to oxolinic acid in Israel: prevalence, persistence
and fitness. Plant Pathology, 2005. 54(2): p. 108-115.
Shtienberg, D., et al., The Incessant Battle Against Fire Blight in Pears: 30 Years of Challenges and
Successes in Managing the Disease in Israel. Plant Disease, 2015. 99(8): p. 1048-1058.
Hikichi, Y., Noda, C., and Shimizu,K , Oxolinic acid. Jpn. Pestic. Inf. , 1989. 55: p. 21-23.
Maeda, Y., et al., New method to detect oxolinic acid-resistant Burkholderia glumae infesting rice seeds
using a mismatch amplification mutation assay polymerase chain reaction. Journal of General Plant
Pathology, 2004. 70(4): p. 215-217.
Baker-Austin, C., et al., Co-selection of antibiotic and metal resistance. Trends in Microbiology. 14(4): p.
176-182.
Seiler, C. and T. Berendonk, Heavy metal driven co-selection of antibiotic resistance in soil and water bodies
impacted by agriculture and aquaculture. Frontiers in Microbiology, 2012. 3(399).
Wales, A. and R. Davies, Co-Selection of Resistance to Antibiotics, Biocides and Heavy Metals, and Its
Relevance to Foodborne Pathogens. Antibiotics, 2015. 4(4): p. 567.
Shigemoto, R., T. Okuno, and K. Matsuura, Effects of Validamycin A on the Growth of and Trehalose
Content in Mycelia of Rhizoctonia solani Incubated in a Medium Containing Several Sugars as the Sole
Carbon Source. Japanese Journal of Phytopathology, 1992. 58(5): p. 685-690.
Kim, Y.-S., .-K. Lee, and B.-S. Yun, Antagonistic Effect of Streptomyces sp. BS062 against Botrytis
Diseases. Mycobiology, 2015. 43(3): p. 339-342.
Dungan, R.S., D.D. Snow, and D.L. Bjorneberg, Occurrence of Antibiotics in an Agricultural Watershed in
South-Central Idaho. J Environ Qual, 2017. 46(6): p. 1455-1461.
Battaglin, W.A., et al., Occurrence of Azoxystrobin, Propiconazole, and Selected Other Fungicides in US
Streams, 2005-2006. Water, Air, & Soil Pollution, 2011. 218(1): p. 307-322.
Kahle, M., et al., Azole Fungicides: Occurrence and Fate in Wastewater and Surface Waters. Environmental
Science & Technology, 2008. 42(19): p. 7193-7200.
Smalling, K.L., et al., Accumulation of pesticides in pacific chorus frogs (Pseudacris regilla) from
California’s Sierra Nevada Mountains, USA. Environmental Toxicology and Chemistry, 2013. 32(9): p.
2026-2034.
Deb, D., et al., Investigating Potential Water Quality Impacts of Fungicides Used to Combat Soybean Rust in
Indiana. Water, Air, and Soil Pollution, 2010. 207(1): p. 273-288.
Christiano, R.S.C., et al., Oxytetracycline Dynamics on Peach Leaves in Relation to Temperature, Sunlight,
and Simulated Rain. Plant Disease, 2010. 94(10): p. 1213-1218.
Wang, F.-H., et al., Antibiotic resistance genes in manure-amended soil and vegetables at harvest. Journal of
Hazardous Materials, 2015. 299: p. 215-221.
Laak, T.L.t., W.A. Gebbink, and J. Tolls, The effect of pH and ionic strength on the sorption of
sulfachloropyridazine, tylosin, and oxytetracycline to soil. Environmental Toxicology and Chemistry, 2006.
25(4): p. 904-911.

80



254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

273.

274.

275.

Chen, Z., et al., Bioavailability of Soil-Sorbed Tetracycline to Escherichia coli under Unsaturated
Conditions. Environmental Science & Technology, 2017. 51(11): p. 6165-6173.

Gonsalves, D. and D.P.H. Tucker, Behavior of oxytetracycline in Florida citrus and soils. Archives of
Environmental Contamination and Toxicology, 1977. 6(1): p. 515-523.

Xu, P., et al., Determination and study on degradation dynamics of fungicide validamycin a residue in soil
using pre-column derivatization and capillary gas chromatography. Journal of Analytical Chemistry, 2009.
64(8): p. 818-822.

Shen, Y., et al., Degradation of streptomycin in aquatic environment: kinetics, pathway, and antibacterial
activity analysis. Environmental Science and Pollution Research, 2017. 24(16): p. 14337-14345.

Li, R., et al., Photochemical Transformation of Aminoglycoside Antibiotics in Simulated Natural Waters.
Environmental Science & Technology, 2016. 50(6): p. 2921-2930.

Bauer, A, et al., Identification and characterization of pesticide metabolites in Brassica species by liquid
chromatography travelling wave ion mobility quadrupole time-of-flight mass spectrometry (UPLC-TWIMS-
QTOF-MS). Food Chemistry, 2018. 244: p. 292-303.

Davies, J., G.B. Spiegelman, and G. Yim, The world of subinhibitory antibiotic concentrations. Current
Opinion in Microbiology, 2006. 9(5): p. 445-453.

Mosquera, C.S., M.J. Martinez, and J.A. Guerrero, 14C tebuconazole degradation in Colombian soils.
Communications in agricultural and applied biological sciences, 2010. 75(2): p. 173-181.

Fustinoni, S., et al., Biological monitoring of exposure to tebuconazole in winegrowers. Journal Of Exposure
Science And Environmental Epidemiology, 2014. 24: p. 643.

Sexton, K., L. L.Needham, and J. L.Pirkle, Human Biomonitoring of Environmental Chemicals: Measuring
chemicals in human tissues is the "gold standard" for assessing people's exposure to pollution. American
Scientist, 2004. 92(1): p. 38-45.

Yang, N., et al., Mapping quantitative trait loci associated with resistance to bacterial spot (Xanthomonas
arboricola pv. pruni) in peach. Vol. 9. 2012.

Johnson, K.B., and T. N. Temple, Evaluation of strategies for fire blight control in organic pome fruit without
antibiotics. Plant Disease, 2013. 97(3): p. 402-4009.

Psallidas, P.G., and J. Tsiantos, Chemical Control of Fire Blight, in Fire Blight: The Disease and Its
Causative Agent, Erwinia amylovora. 2000, CAB International: Wallingford, UK. p. 199-234

Elkins, R.B., et al., Evaluation of Dormant-Stage Inoculum Sanitation as a Component of a Fire Blight
Management Program for Fresh-Market Bartlett Pear. Plant Disease, 2015. 99(8): p. 1147- 1152.

Johnson, K.B., et al., Integration of acibenzolar-S-methyl with antibiotics for protection of pear and apple
from fire blight caused by Erwinia amylovora. Crop Protection, 2016. 88: p. 149-154.

and, K.B.J. and V.O. Stockwell, MANAGEMENT OF FIRE BLIGHT: A Case Study in Microbial Ecology.
Annual Review of Phytopathology, 1998. 36(1): p. 227-248.

Lindow, S.E., Integrated control and role of antibiosis in biological control of fire blight and frost injury.
Biological Control on the Phylloplane, 1985: p. 83-115

Pusey, P.L., V.O. Stockwell, and M. Mazzola, Epiphytic Bacteria and Yeasts on Apple Blossoms and Their
Potential as Antagonists of Erwinia amylovora. Phytopathology, 2009. 99(5): p. 571-581.

Pusey, P.L., V.O. Stockwell, and D.R. Rudell, Antibiosis and Acidification by Pantoea agglomerans Strain
E325 May Contribute to Suppression of Erwinia amylovora. Phytopathology, 2008. 98(10): p. 1136-1143.
Stockwell, V.0, et al., Antibiosis Contributes to Biological Control of Fire Blight by Pantoea agglomerans
Strain Eh252 in Orchards. Phytopathology, 2002. 92(11): p. 1202-12009.

Wilson, M., and S. E. Lindow, Interactions between the biological control agent Pseudomonas fluorescens
strain A506 and Erwinia amylovora in pear blossoms. Phytopathology, 1993. 83(1): p. 117-123.

Pusey, P.L., et al., Antibiosis Activity of Pantoea agglomerans Biocontrol Strain E325 Against Erwinia
amylovora on Apple Flower Stigmas. Phytopathology, 2011. 101(10): p. 1234-1241.

81



276.

277.

278.

279.

280.

281.

282.

283.

Johnson, K.B., et al., Assessment of Environmental Factors Influencing Growth and Spread of Pantoea
agglomerans on and Among Blossoms of Pear and Apple. Phytopathology, 2000. 90(11): p. 1285-1294.
Lindow, S.E. and T.V. Suslow, Temporal Dynamics of the Biocontrol Agent Pseudomonas fluorescens Strain
A506 in Flowers in Inoculated Pear Trees. Phytopathology, 2003. 93(6): p. 727- 737.

Johnson, K.B., V. O. Stockwell, R. J. McLaughlin, D. Sugar, J. E. Loper and R. G. Roberts, Effect of bacterial
antagonists on establishment of honey bee-dispersed Erwinia amylovora in pear blossoms and on fire blight
control. Phytopathology, 1993(83): p. 995-1002.

Stockwell, V.0, et al., Control of Fire Blight by Pseudomonas fluorescens A506 and Pantoea vagans C9-1
Applied as Single Strains and Mixed Inocula. Phytopathology, 2010. 100(12): p. 1330- 1339.

Johnson, K.B., V.O. Stockwell, and T.L. Sawyer, Adaptation of Fire Blight Forecasting to Optimize the Use
of Biological Controls. Plant Disease, 2004. 88(1): p. 41-48.

Sundin, G.W., et al., Field Evaluation of Biological Control of Fire Blight in the Eastern United States. Plant
Disease, 2009. 93(4): p. 386-394.

McManus, P.S., Does a drop in the bucket make a splash? Assessing the impact of antibiotic use on plants.
Current Opinion in Microbiology, 2014. 19: p. 76-82.

Barry, A.L. and R.N. Jones, Cross-resistance among cinoxacin, ciprofloxacin, DJ-6783, enoxacin, nalidixic
acid, norfloxacin, and oxolinic acid after in vitro selection of resistant populations. Antimicrobial Agents and
Chemotherapy, 1984. 25(6): p. 775-777.

82



HEES

JEE M5 iR Abiotic degradation: AEMITEHNCKSHL, (EZMTOERICEZIEEYD SR,

EESEYAH S (JRZE) Active pharmaceutical ingredients (APIs): A, B, B LU MEWITHEERITT.
RMEYMEZROELEEEGRNICEFNLIEMEEME,

WG %% R Adaptive immune system: A OEIMIDEDRERDIE ., RWEAEHKRT 2H . TNODIEHEE
BIF5EEET 50,

k& Adsorption: [UAE=[THAD FHLBRRENEET S,

1FSMESEIE Aerobic digestion: #IEIZ ULV =EKNIBE T, FAERICEEREEZMA . MBI E L RS
BAHETEDREERBILSE S,

HE1iE Amplification: BEFIITREDT O MEEMEHMEEIIEEI EMTEHIL,

R4 H1E Aerobic digestion: fiEZRALVEKRIEEDSS BRZFERETHEICERYZERFESED
HD,

ZHIMH 4 Antimicrobial resistance (AMR): &EMIN LD BREFEZABFIEFHTHOIFERAINLGE
ML EME . ZOMBEIOENELZEBHEDIEENIETIEEHDIE, CNIZKY., BEVIERESN
FBELEEITHIENTES,

PRI B IE {1 FA3Z 4% Antimicrobial stewardship: iEEDFEAA . BREEDABICHELGIGEIZ, BEY)EE
RELVEREZRIZRYITONELSICER-RIETHLE,

JKEZEFE Aquaculture: KIRIFIZCHEWLWTHLE, B, Y. TOMOEYDOETE. A5 -FHig. INEEZ1TSZ
&Eo

4 5 Biotic degradation (biodegradation): HiE©CEELRE DEZF-MEMIC L > THEYMNEEMETH
EINDI L, EREIL. RBKCEES LV LIEFTEIYED,

FAEMFE| Biocide: BEELGHMAEMERREL .. HAVIEDEFHZMHRIFIE TS LEBMET HEFEH
XITEYFHR G,

4 ¥)ie#iE Bioconcentrate: {EEMENEYARNIZET T 5L,

INAF)1) vk Biosolids: /KL X TRATHIRBRICECHAEY T, BHELTHEMICFIATES, T
KFRELEEND,

HRa/ N1 A7 vt Cellular bioassay: fiF CEEFMEYMOHMIEZAWNT. MMEMEDONREREKRT S
Hiko

+ 770 XR1)F—+ Cephalosporinase: R= YU HELUET7ARKRIRINERED -7V LIREHIEL.
BNIL T E R, ZEOMEICL>TELESND,

HFERE Co-selection pressure: 1 FBORMEMEICH T I EECFOREN. EFELORMENED
MDD ENHIH . COFEIT. FRALZAMEMEICL ST, TNEIFERLLIRFEOIMMENE

83



DittEEERLTLESZE,
{RH Colonization: AZFRRIZT BRI ELL HRRNITREAENEETHIE,

A FI3E 4 Commensal: £4&£ 334D S5b—ANRE(CLH>THRIREZBE— A AICITERE &> THE
MNECHWERDOIE,

;5% Contamination: IREBE~ANDEEWEE-(XEYDEAN, RABREETIE. BAISEISHVRMAYES
EEIMEMEMDREANDEALEEERT D,

F54 /\—Drivers: MR D BRIE A CREFIMEMEMBREIEDRITEE . EHIMED A - EFVEFL
(DB EREF

4 HEE M Ecotoxic: £REERBLIUVREICEELRILFN - MEN - £EYEMR Iy Y —,
T K Effluent: HE/KSN BB XIEK,

BERILFA 9 #Z Electrochemical degradation: St RIZBEEEMNTEIET. BB TETRE. BB TS NRIG
ZEIL. BT 5ERILEMEILEI R T IRKLESE,

& & Enteric: iz, MaEo

REE Environment: K&K, TIELEBARRZMYEBIRE, RREETEIRT K. EER LU LTEIZER
Lt=,

IEY—1k Epimerize: (L EWMDHEEILERTILFEAET. ZOULDFFRRREFELDIELEDD, —
DORFRERFITODVTDIARERENHEET DL,

KBS Fallowing: JKEZBJEICHE VT, EEZBARNES L5102 BEEOBEARIC—EHHEELZE,

7z b4 Fenton oxidation: V) —S 0 WIVEEA T STV EEBILKREHKLEDBR)ICKST
ILEMZEBRILT 5L,

HRES" / L2 Functional genomics: 5/ LT —32ZFAWNWT 5/ LLRIFEIFEERS AT LEERDLARILT,
BERFEIVCIVNVEORBELUVEEEEZMRTHIL,

EIEF I Gene amplification: B {zFaE—& DM,
HSEMBEK Grey water: —fBREOCEEMETREL-HKDSE, RRELUMMLOHKUADED,

BIEF D KFI=HE Horizontal gene transfer: A EIRMIEM T MEYRBIZES T EENLTEEGEFD
7,

ADMEYFES/OE A —L Human microbiome: AR FE-IIAREFEL(B. . REH)ICBAICERIND
MEMDOER ., HEREIL. COMEYDOERICEEL. TOEREICELELLT . MEMENELSND L,
ERIT MR BARICS T DB AMNFEBL. AETREGREED) RVICILINEIELEED,

/K5 #2 Hydrolyze: KRR FEBRRF THERAIN- KD FERICHEFVEELLTHWWSILEYDO R ER
5o

& HI%R= R B (Integrated Pest Management: IPM): BEE4AYDFEAE FTRIERF(CEIE, FIATTRELH
SREEEEMEBRAEEFAV . IRMNBEDABLVIREIIH T DVRIEZR/INRET BLIBESINTHF
[REMBARRE

84



JEZRE K% FH Manure amendments: ERIBIC& 4. TIEOYEM - LFEHMEHRE, BRIIBRAZRELEFS,
HE Matrix: YT ILOBREB D D35 SO RELGLIME LN DR
A%/ Ls Metagenomics: TIRAGEREY VT ILHOSEESBESNI-MEY/ L DNAZRSHE S E

MIC #')—7 MIC creep: M F /- (T ERDEBEZ T A MMENEORERE(H/IRBELEE
Minimum inhibitory concentration: MIC) ¥ R &R IZ LR 35T &, MIC DIEMIE. MAEMDIMEMEIZH T
HRZHEDETOMMEDEMETRT,

Al E) %15 1= EF Mobile genetic elements: HiE D LB AR TOECRERFOBEZREL. HAHAHRH S D
HEANDERIM M ETFDIEEDRE LS DNA BT A

A EtE 1% EF Mobilized resistance determinants: 75 AR EIZR HEN A EEF.

B4R IE< vk Mycelial mats: ERDRBAZRBRTOERNELEL, TYMROBERRLIZLOD T, ZIhHD
REPORERZRING 5.

th#0 Neutralozation: HEKD pH %, BEEOCIEREMEICIRNTELRWKSIZHET L L,
JERETEDHE Non-pathogenic bacteria: B X ICEE T, KBRS LURZSIESREISLVVEAR,

FJ 0L Ozonation: BEKHRIZAY U EEAL. MEMERIEL ., FERYEZHHETH0ETOEX,
IN—T423=2% Partitioning: HKLEBIZK>THKPOERERBET DL,

fRIR{A Pathogen: A, E1¥). WL EDBEICKREFSIZRITEY,

E )4 yF FIE Piscirichkettsiosis: Piscirickettsia salmonis D EEMNRE TR IS, 5. TR, AXFX(Z#E T
BfFSR . VY —/\—Reservoir: BREEFSISRIT . B CERZIRNHELEEREREZRELTLS A, B,

BR.EVZTOMBEBEDL, FBRADDRIZIE. EED-HOAEEH-HMELTEZVLELTILONEET

5, RIETIE, RFK. KEE. LED . BB EYE CEAITEREREE - B M EEEFO)F—N—LL
TEDLIEBEETIMNIDNVTEET S,

LY Ak—L Resistome: R4 - FEFREMHTHEL TICHELE T SMEVEMREEETF.
¥ i21E Reverse-osmosis: 74 JLA—0REFE > TERYELRET HKLIEBHE T,

EE Sediment: KE=IFMDRADEIZHIEL-, BIL - RRICE>THER-RHEL-ERCIYEEDER

FERE 71 Selective pressure: E{AEE D EFFOEIEZE T L THBICH M DRIRED RS,

Y —7) A Soakaways: i [ZHE S T=. HLVE THEI-SNIZNT, MFRAKDEEZE>THFIEBTES K
SlZLiz3dD

El#H#hmH Solid-phase extraction: J&{A B R E BRI -ILEYE. TOYEN-LEHEBEICEDOLTSH
BT 5HE.

IX7& Sorption: HEMEER DYEIZfEFIE S, WEMN-LZHTOER,
B Volatilization: {EL=FMEMNEREL, ELE-ERRNERPITES L,

HEJK Wastewater: S0 UIZHET BEHFADKT, HEHYOR R BEO LSO MEEZS
T, RARDOKBE. HEIKICHRKDFRATIEELH S,
85



[[]]
.

AREET, ERRERERIMMEIA—S LI > THRFON-EMARFEERSICKHIREICE DT
ERENELz, CH AW EEW-ETEMARICESHBLET,

Flo. THAUEEHL T 200 = Wellcome Trust, iR REZEDERKICDOVWTIZE -ZiH ALV
fz. TRREREESE. 7—F 9V IL—TEERBLEE . XEI—T13x— 34— RBEBICEREILBALLITE

TO

Lacey Avery (Contractor within the U.S. Centers for Disease Control and Prevention):
XEI—T1r—b RE

Stephanie Gumbis (U.S. Centers for Disease Control and Prevention): 7 —x> 44 IL—TE#HB
Tara Henning (U.S. Centers for Disease Control and Prevention): 7—X>4 5 L —TE#E
Tim Jinks (Wellcome Trust): 3@ E 4

CarriAyne Jones (U.K. Science and Innovations Network): 7—F 2450 )L —TE#HH ., HEEHE
Jean Patel (U.S. Centers for Disease Control and Prevention):

HRAFE. T—F T IL—TEHR. RE

Lee Slater (Defra): 7—F2 5 IL—TEHKH

Kaytna Thaker (U.S. Centers for Disease Control and Prevention): XZa—T«1%—k. R

Sian Wiliams (Wellcome Trust): 7—%> 455 IL—TEH B

86



