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In vitro exposure oBtaphyl ococcus aureus strain ATTC 9144 for 10-days to
environmental water samples including ambient freater and wastewater treatment plant
influents and effluents increased the Minimum litbity Concentration (MIC) values versus the
controls in 110f the 51 (22%) samples assayed.e&ses in the MIC values for all of the assayed
antibiotics were observed in more than one samfieibiotic resistance, as measured by an
increase in the MIC values greater than or equdltitmes the control sample MIC value, was
observed most frequently for tetracycline (22%) trabeta lactam ampicillin, (20%), and the
beta lactam methicillin (18%). The aminoglycosikinamycin, increased the MIC values least
frequently (9%). Methicillin was co-resistant wampicillin and tetracycline in all of the
methicillin resistant samples. For other antilo®tssayed for their MIC valuesStaphyl ococcus
aureus ATCC 9144 after exposure to environmental watgitsjisplayed multi-antibiotic
resistance with ampicillin and tetracycline resis® suggesting a common origin or assembly of
resistance traits. Vancomycin resistance was prasd0% of the 40 samples assayed for its

MIC, and coexisted with methicillin resistance B4 of the vancomycin resistant samples.
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Introduction

The prevalence of antibiotic resistant pathogeairstris of widespread concern
due to its decreasing the arsenal of antimicr@gehts available to treat human and
animal infectious bacterial diseases (World He@ltbanization, 2000). The recent human
morbidity and mortality in the United States reisgitirom infection caused by both
nosocomial and community-associated methicillinstaat Saphylococcus aureus
(MRSA) has further highlighted the high prevaleaoe commensurate public health
implications of antibiotic resistant bacteria (Gastfor Disease Control, 2007). In 2005,
the U.S. Center for Disease Control (CDC) estimétedoccurrence in the U.S. of 94,360
invasive MRSA infections. Approximately 18,650 g&ns died during hospital stays
related to these infections (Klevens, et al., 200IMe more recent emergence of
vancomycin resistar8 aureus indicates that further urgency is warranted torasisithe
presence of antibiotic resistant bacteria, since@aycin is one of the few remaining
antibiotics effective for treatment of MRSA infemtis (Schaff, et al. 2002). The costs of
treating human incidences of disease associatédantibiotic resistant pathogens alone
are high, with likely conservative estimates of-$ billion per year in the U.S. alone

(United States General Accounting Office, 2004; Ma@n, 2001).

Literature Review
Pharmaceuticals and Antibiotics in the Environment

Both human and veterinary pharmaceuticals are g@glm increasing quantities
worldwide. | recently available information, matlggowth in pharmaceuticals was

forecast to increase 6 - 7% in 2006, with a valu®640 to $650 billion (IMS Health,



Inc., 2006), but the actual values achieved arecagently publicly available. In the
U.S., estimates run between about 30 and 50 mplaxmds of antibiotics are produced
each year (Chandler, et al., 2007). Estimatesesigfat about 70% of these antibiotics
are used in agriculture (Mellon, et. al, 2001). nyitherapeutics, including most if not all
antibiotics, are largely unmetabolized and consetijyiexcreted in urine and feces that
can then enter the environment directly (e.g. feommal husbandry and livestock
production) or after treatment (e.g. sanitary seydhjienert, et al., 2007). Disposal of
unused pharmaceuticals down sink drains or taietading those at hospital and other
health care facilities is yet another pathway fegirtintroduction into the environment
(Brown, et al., 2006; Bound and Voulvoulis, 200%ughton, 2002, 2003 (b); Emmanuel,
et al. 2005).

Recent investigations have demonstrated the widadppsresence of
pharmacologically active compounds in ambient vwatemastewaters, drinking water,
sewage sludge, and soil. (Abuin, et al., 2006; Ba#l., 2006; Brown, et al., 2006; Ellis,
J. B., 2006; Hochereau, et al., 2005; Kolpin, et20)00; Managaki, et al., 2007).
Detected compounds include both human and vetgriharapeutics, including vasoactive
compounds, anti inflamatories, analgesics, steraidd antibiotics. The presence of these
compounds is generally associated with either lonatreceiving input from livestock
production activities, treated sewage effluentltasges from wastewater treatment, or
urban runoff.

The presence of pharmaceuticals and personal cadeigis (PPCPSs) in the
environment has received increasing attention \gsigators in Europe, Asia, and North

America (Bound and Voulvoulis. 2005; Boyd, et 2D03; Brown, et al. 2006; Bruchet, et



al., 2005; Kolpin, et al., 2002; Lishman, et 2D06). While not intended to discount the
importance of other compounds detected, the pahéggus of this review is with respect
to targeted antibiotics.

The first broad national survey of the occurrentcgharmacologically active
pharmaceuticals and metabolites in U.S. watergifg®h95 pharmaceuticals in 80% of
139 sampled fresh water bodies (Kolpin, et al.,20@®nly eight of the 31
antibiotic/antimicrobial or antibiotic/antimicrobimetabolites included for analysis were
not detected. Trimethoprim, detected in 27.4%aofges, and erythromycin, detected in
21.5% of samples, were the most frequently deteagiiotic/antimicrobial.
Concentrations of detected antibiotics/antimicrisbianged from 0.02 ug/L
(ciprofloxacin) to 1.9 ug/L (sulfamethoxazole).ti&dugh the sampled waters were
selected to be representative of those with a higbtential for pharmaceutical detection
(i.e., downstream of highly urbanized areas anakéck sewage discharge or livestock
production) the Kolpin, et al. study provided imjpefor additional investigation into the
occurrence, prevalence, sources, and transporfatadf pharmaceuticals including
antibiotic/antimicrobial in U.S. waters (Batt, &t 2006; Glassmeyer, et al., 2005;
Karthikeyan and Meyer, 2006; Stackleberg, et &07). Commensurately, spatially
focused investigations in other countries havesiased knowledge of the occurrence of
PPCPs and antibiotic/antimicrobial in various eswimental waters (Abuin, 2006;
Andreozzi, et al., 2004; Bruchet, et al., 2005;t@@asni, et al., 2006; Ellis, 2006; Giger,
et al., 2003; Hirsch, et al., 1999; Jacobsen andlidd, 1988; Lindberg, et al., 2005;
McCardle, et al., 2003).

A study of 18 antibiotic/antimicrobial in wastet@atreatment plant (\ WWTP)



effluent, surface waters, and groundwaters in Geyrdatected a variety of
antibiotic/antimicrobial (Hirsch, et al., 1999)ivé& antibiotic/antimicrobial were detected
in WWTP effluent. Erythromycin (as its principaldrolysis product erythromycin-4®)
was detected at the highest concentration of 6,gitl was detected in every effluent
sample at concentrations greater than 1 ug/L.aBweithoxazole and roxithromycin were
also detected in every WWTP effluent sample witlximam concentrations greater than
or equal tol ug/L, and were detected in all sampie®pncentrations greater than 0.1
ug/L. Other antibiotics/antimicrobials examinedreveetected at lower frequencies, but
when detected concentrations exceeded 0.1 ug/Libidiics were detected less
frequently and at lower concentrations in surfae¢ewsamples. In surface water,
erythromycin was both the most frequently deteetetibiotic, and was also detected at
the highest concentration, with detection in atl ®wf 52 samples greater than 100 ug/L,
and in three samples greater than 1 ug/L. Thénérdargeted antibiotic/antimicrobial
were detected in surface water in the sub ug/Lear@nly 2 antibiotic/antimicrobial,
sulfamethoxazole and sulfamethazone, were detecgpdundwater. Sufamethoxazole
was detected in 3 out of 59 groundwater samplesmatentrations up to 0.49 ug/L.
Sulfamethazone was detected in 3 out of 59 grouteiveamples at concentrations up to
0.16 ug/L.

In England, a study of PPCPs in urban surface amdnglwaters from London
evaluated 6 antibiotic/antimicrobial as part odager PPCP suite (Ellis, 2006). No
antibiotic/antimicrobial were detected in sampleliected during dry weather flows either
upstream or downstream of a WWTP, or in groundwsaenples collected from the trunk

line into the treatment plant. However, analytgahsitivity was reported to be variable



and relatively low compared with other studies.

A study of 5 macrolide antibiotics in water fronmeh rivers in Spain, one in an
agricultural area, one in a mixed agricultural baur area, and one in a highly developed
urban area, detected erythromycin, clarithromyaig azithromycin at concentrations <
0.2 ug/L (Abuin, et al., 2006). Erythromycin wastekted in all 3 river samples, whereas
clarithromycin and azithromycin were only detecirethe sample collected from the
highly urbanized river. Kitasamycin and roxithrazimywere targeted in the analysis but
were not detected.

An evaluation of 110 PPCPs in samples from 10 WSBI/TP effluents and waters
from upstream and downstream of the WWTP dischangisded 10 veterinary, 5
human, and 6 mixed use (human and veterinary)iantiantimicrobial (Glassmeyer, et
al., 2005). Only 2 antibiotic/antimicrobial weretdcted. Sulfamethoxazole was detected
in almost three quarters of samples with a medincentration of 0.835 ug/L and a
maximum concentration of 2.9 ug/L. Trimethoprimswietected at the lower frequency
of 60%, and at a lower median (0.011 ug/L) and marm concentration (0.414 ug/L).

Other investigations have also detected antibantahicrobial in the vicinity of
WWTP discharges. Five of 6 targeted antibiotiagfactobial were detected in effluents,
and upstream and downstream samples from three VEWiTliRew York State (Batt, et
al., 2006). In WWTP effluents, ciprofloxacin andfamethoxazole were both the most
frequently detected antibiotic/antimicrobial (89%chk), and were detected at the highest
concentrations in all samples. The maximum detkectacentration of sulfamethoxazole
was 6.0 ug/L; the maximum detected concentratiasipzbfloxacin was 5.6 ug/L.

Trimethoprim was detected in every sample, andlahmycin and tetracycline were



detected in some but not all effluents. No taegeibiotics/antimicrobials were detected
in upstream samples. Ciprofloxacin, sulfametholgzmnd clindamycin were all detected
in downstream samples where they were also detactgustream WWTP effluent.
Concentrations detected in samples collected 1@mnebwnstream from WWTP
discharge, presumably within the mixing zone ofdiseharge, were generally similar to
those detected in effluent. Concentrations dirnetdsby an order of magnitude or more in
samples collected 100 meters downstream of the Wdiddharge.

Six antibiotic/antimicrobial of 21 analyzed werdeltged in influents and effluents
from 7 WWTPs in Wisconsin that discharge to eithaiface waters or groundwaters
(Karthikeyan and Meyer, 2006). Sulfamethoxaza&acycline, trimethoprim, and
erythromycin were the most frequently detectedoaotic/antimicrobial, and were
variously detected in samples of both influent affident at concentrations ranging from
1.2 ug/L for sulfamethoxazole, to 0.04 ug/L forroftoxacin. Tetracycline and
trimethoprim were detected in all effluent sampld®n they were detected in influent
samples from the same WWTP, though at reducedslelvet generally in the same order
of magnitude concentrations. Sulfamethoxazole desscted with nearly as high a
frequency as tetracycline and trimethoprim, and alss detected in two groundwater
monitoring wells at WWTPs that employ subsurfaseliarge. No other targeted
antibiotics/antimicrobials were detected in grouathv. Seasonal variations
corresponding to the use of antibiotic/antimicrgld@ example during cold and flu
season, is suggested by the increased detectederms during winter months.
However, the lack of consistent seasonal samptealifof the detected

antibiotic/antimicrobial makes this associationcpative.



The transport and fate of the antibiotic amoxitiMias investigated in 8 WWTPs
in Italy (Andreozzi, et al., 2004). Amoxicillin wadetected in 5 of the 8 sampled effluents
with concentrations ranging from 0.00ag/L to 0.12 ug/L. Results of associated batch
experiments showed a temperature dependent rareaficillin degradation by direct
photolysis, with rates increasing with increasieqperature up to 80. Hydrolysis was
the principal mechanism of amoxicillin removal, v half life of less than 5 hours at
25°C, whereas adsorption to activated sludge was wdédéo occur at a slower rate.

Two antibiotics/antimicrobials were detected in pls of water collected four
months apart at 3 locations upstream and downstod&WTP discharges to the Seine
River near Paris, France (Bruchet, et al., 20@)lfamethoxazole was detected at a
concentration of 202 ug/L in 1 of the 6 samplesectdd from the 3 sampling locations.
The macrolide antibiotic roxithromycin was detecie@ of the 6 samples, with a
maximum detected concentration of 395 ug/L. Maxmwoncentrations of both were
detected at the nearest downstream sampling poimt & WWTP discharge. Additional
analysis of a sample collected from the nearestindr@am location to the WWTP also
showed the presence of 4 additional antibiotickiding erythromycin at 0.075 ug/L.

WWTP influent, effluent, and sludge collected dgrihsampling events from five
WWTPs in Sweden were analyzed for 12 human usbiatitiantimicrobial (Lindberg, et
al., 2005). Doxycycline was detected in all 3 neas, and at the highest concentration of
any antibiotic detected (2.480 ug/L in an influsample). The highest concentration of
doxycycline detected in effluent (0.915 ug/L) wasajer than the concentration detected
in influent (0.333ug/L) from the same sampling @éve@oncentrations of doxycycline in

sludge were below the quantitation level in all Bigamples. Trimethoprim was detected



at the second highest concentration in influen0QLl8g/L), and was also detected in
effluent and sludge. Similar to doxycycline, tHituent sample exhibiting the highest
concentration (1.34 ug/L) for trimethoprim was dezdhan the influent sample from the
same sampling event. The maximum detected corat&mts of other
antibiotic/antimicrobial surveyed (sulfamethoxazalprofloxacin, ofloxacin, norfloxacin)
were also detected in influent samples. All conmutsuwere detected in every influent
sample and most effluent and sludge samples, thmuggme cases (especially ofloxacin)
below the quantitation limit. Detected concentmasi of targeted antibiotic/antimicrobial
in sludge samples ranged from 4.8 mg/kg (ciproftiXato 0.1 mg/kg (norfloxacin and
ofloxacin). Mass analysis of detected antibiotitfaicrobial generally followed the order
of sludge < influent < effluent with the exceptiohdoxycycline which was not detected in
7 of 10 sludge samples. Sulfamethoxazole and tiiopeim were not detected in any
sludge samples.

A similar investigation evaluated 10 human and rnedey
antibiotics/antimicrobials among 26 pharmaceutjdalsamples of influent and effluent
from 6 WWTPs in Italy (Castiglioni, et al., 2006Dbserved concentrations in discrete
samples were not provided; however population ntieethWWTP influent and effluent
loads were calculated. Only oxytetracycline areluwbterinary antibiotic tilmicosin were
not detected in any reported WWTP influent or effiu Influent and effluent loads of
ofloxacin were the highest of any detected antibi@nd overall median removals were
less than half of influent concentrations (57%}adings of ciprofloxacin and
sulfamethoxazole were the second and third higlhetgrmined, respectively, with median

removals for both of greater than 50%. Howeveriareremovals of all detected



antibiotic/antimicrobial were less than 40%. Loadwinter were greater than those
measured in summer consistent with reported ppaguomipatterns for the detected
antibiotic/antimicrobial. Attenuation of the comteations for detected
antibiotic/antimicrobial in surface waters lessrtiiakm downstream from WWTP
discharges varied from about 50% for spiramyciless than 5% for sulfamethoxazole.
Evaluations of concentrations and loadings of ma@nd fluorquinolone
antibiotics/antimicrobials in the Glatt River, 3 W\¥s, and in groundwater near Zurich,
Switzerland indicated the presence of the macrelagthromycin, clarithromycin,
roxithromycin, tylosin, and spiramycin and the flaquinolones ciprofloxacin and
norfloxacin (McCardle, et al., 2003; Giger, et2003). About 90% of the quantified
fluoroquinolones, ciprofloxacin and norfloxacin, weemoved in the WWTP. Removals
were largely associated with sorption to sludgéhwesiduals in the range of 1.4 to 2.4
mg/kg. However, no significant removal of antil@édantimicrobial in methanogenic
sludge digesters was observed. Effluent concemtisabf the fluoroquinolones detected
ranged from 0.036 to 0.106 ug/L. In water sampéiected from the Glatt River water
downstream from the WWTP discharge, fluoroquinolooecentrations were less than
0.0019 ug/L with additional attenuation or dilutiobserved further downstream.
Detected macrolide antibiotic concentrations showeldstribution similar to those
predicted by reported therapeutic consumption, alahthromycin being detected at up
to 10 times the concentration of erythromycin asxithromycin. Concentrations of
macrolide antibiotics detected in samples collech@thg summer months were about
double those detected in samples collected in wirtdacrolide antibiotics exhibited

lower removals (about 20% on average) from treatmmeW/WTPs than
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fluoroquinolones. However, no removal of erythremywas observed. Residual
concentrations of clarithromycin detected in wai@mples collected from the Glatt River
downstream of WWTP discharges were detected inaige of 0.007 - 0.075 ug/L. No
other macrolide antibiotic was detected in the dstweam samples.

An analysis of 12 drinking-source water and fingleinking water samples from
a facility in New Jersey detected 6 of 37 antiloi@intimicrobial targeted (Stackleberg, et
al., 2007). In source water samples, sulfamethanas detected at the highest
concentration (0.08 ug/L). Sulfamethazone was thismnly targeted antibiotic detected
in finished drinking water (0.01 ug/L), and wasei#ed at equal frequencies (8%) in both
source water and finished drinking water. Sulfdrogézole was detected in source water
at the second highest concentration (0.06 ug/Ld,veas the most frequently detected
antibiotic (83%). Erythromycin and its common hylgsis product erythromycin-#
were both detected in source water: the highestergmation of erythromycin and
erythromycin-HO detected were 0.04 ug/L and 0.01 ug/L, respdgtivdowever,
erythromycin-HO was detected at a higher frequency (58%) thahrenmyycin (17%).
Sulfadimethoxine was detected at a maximum conagaoitr of 0.01 ug/L and was

detected at the same frequency (17%) as erythromyci

The presence of antibiotics/antimicrobials have alsen investigated in samples of
soils (Davis, et al., 2006), and aquaculture tadiand sediments (Jacobsen and Berglind,
1988; Kim and Carlson, 2007). Detections of aatibs/antimicrobials in associated
water samples were in the low to sub ug/L rangéd,veere consistent with results for

previously discussed investigations.
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Evaluation of the runoff potential for antibiotiastimicrobials from agricultural
soils observed variable loss rates during a siredlatinfall from soils to which
tetracycline, chlorotetracycline, sufathiazolefaukethazine, erythromycin, tylosin, and
monensin had been applied (Davis, et al., 2006 Use of antibiotics/antimicrobials in
aquaculture in Norway was shown to introduce oxgtafcline into sediments at active
concentrations that persisted with a half life lodat two and a half months (Jacobsen and
Berglind, 1988).

Notwithstanding the low concentrations detectedl ttve wide variability in
analytical targets, the presence of antibioticgfaatobials in a wide array of
environmental compartments is well establishede d&ta suggest that the potential exists
for ecological pressure favoring the selectionmiitaotic resistant bacterial phenotypes
resulting from chronic exposure in the environmedioreover, the detection of several
antibiotic/antimicrobial in most instances impliesther pressure favoring multi-antibiotic

resistant bacterial phenotypes that could be ofe@onfor public health.

Antibiotic Resistant Bacteria and Genes in the Envonment

The presence of antibiotic resistant bacteria éneifivironment including solls,
manures, human and agricultural wastewater, fretg@nmaarine water, and in
aquaculutural waters and fish have been the subjetidespread investigation over the
past 3 decades. Groundbreaking work performedeirutls. established the presence and
transmissibility of antibiotic resistance in lacédermenting bacteria isolated from sewage
influent and effluent collected from five urban aMyWTPs in Alabama (Sturtevant, et al.,

1969). Low numbers of lactose fermenting bact@i@1% to 1% of total lactose
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fermenting colonies, 2x 0 >1@ colonies/ml) isolated were resistant or multistsit to
streptomycin or tetracycline, with 10 — 100 folels$ resistance observed for
chloramphenicol. Multi-antibiotic resistances trieus combinations of other
antibiotic/antimicrobial including ampicillin, chtamphenicol, cephalothin,
dihydrostreptomycin, tetracycline, kanamycin, aatidixic acid were also reported; no
isolate showed resistance to gentimicin or colisémtibiotic resistance patterns observed
were very similar in influent and effluent derivedlonies. Although the frequency of
observed antibiotic resistance in isolated bacteas low,in vitro transmittal of multiple
antibiotic resistance from sewage isolated hosb$scfermenters to an antibiotic sensitive
E. cali strain was observed in about 50% of the isoleetbke fermenting bacteria.

A later investigation in the same laboratory supgathe previous work
(Sturtevant, et al., 1971). Generally low numi{e@do of total colonies) of total
coliforms and fecal coliforms isolated from duplegamples of WWTP influent from 5
facilities in Alabama were resistant to both stospgcin and tetracycline. Two of the 10
samples assayed, however, exhibited higher freiggen€resistance to streptomycin and
tetracycline (10% and 70% of total colonies, refipely). Colonies exhibiting resistance
to streptomycin, tetracycline and ampicillin wetgoaobserved, but at a lower frequency
(< 3% of total colonies). About half of the antib@tesistant colonies were capable of
transmission of the observed multiple resistancemtantibiotic sensitive receptor strain
of E. cali.

Research in Great Britain demonstrated the presamtéransmissibility of
antibiotic resistance in coliforms isolated frowerns and coastal marine waters (Smith, H.

W., 1970; Smith, H. W., 1971). Fresh water sasplere collected from 98 locations on
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54 rivers (Smith, H.W., 1970). Variability was eipged between sampling locations in
the incidence of coliforms resistant to the antiblantimicrobial chloramphenicol,
ampicillin, tetracycline, neomycin, and streptomydut consistency was generally
observed for multiple samples collected at diffetenes from the same location. A
higher incidence of antibiotic resistant coliformas observed in samples collected in
urban, sewage impacted, areas than in samplestealle rural areas, and sewage
treatment plant influents contained higher con@giatns of antibiotic resistant coliforms
than effluents. Most of the resistant strains werther characterized &S coli.
Antibiotic resistance was shown to be transmissibla pathogeni&. coli strain and to
Salmonella typhimurium.  Subsequently, coastal marine water samples vedliezied
from 10 locations each along stretches of 15 ramygleefected beaches used for
recreational bathing (Smith, H.W., 1971). IsolaEedoli demonstrated resistance to one
or more of the antibiotic/antimicrobial chloramploerh, ampicillin, tetracycline, neomycin,
and streptomycin. Transmissibility of resistane@tpathogeni&. coli strain and to
Salmonella typhimurium was observed in the majority of samples that wssrated based
on chloramphenicol resistance. Antibiotic/antiralaial resistant bacteria dissipated at
room temperature to non detectable levels afteays.d Comparison of results from the 2
Smith studies reveals that the incidence and trsstility of ampicillin resistance was
higher in polluted fresh water than in sewage ing@dcoastal marine water. Additionally,
a study performed in Ireland demonstrated thastréssible ampicillin resistance factors
were not influenced by dilution of raw sewage irimawater (Smith, P. R., et al., 1974).
A study of wastewaters and sewage from two hdspit@ietermaritzburg, South

Africa demonstrated the presence of antibioticstasce in total coliforms to ampicillin,
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cephaloridine, chloramphenicol, kanamycin, neomyaiytetracycline, streptomycin,
sulfonamide, and tetracycline (Grabow and Prozek8y;3). Total coliform
concentrations in sewage were about double thaselfm hospital wastewater, but
antibiotic resistant colonies were more numeroumspital wastewater isolates, with the
exception of colonies resistant to cephaloridinevitro transmittal of antibiotic
resistance, denoted as resistance (R+) factors,ifolated antibiotic resistant total
coliform colonies to a clinical nalidixic acid regnt strain oE. coli andS. typhi, showed
that the R+ factor could be transferred. The rfresjuently observed transmittals of the
R+ factor were for ampicillin, chloramphenicol, amdracycline, with higher frequency of
transmission observed f&: coli thanS typhi as recipient. Transfer of multiple antibiotic
resistance was also observed. Co-resistance titimphloramphenicol, streptomycin,
sulfonamide, and tetracycline were the most abunolaserved in both hospital and
sewage isolates, as well as the pattern of cotaesis to the greatest number of tested
antibiotic/antimicrobial. While non-transferabletibiotic resistance was observed, it was
lower than the observed transferable resistancedoln antibiotic studied.

A study examining the occurrence of multiple-amtilai resistant bacteria among
2,653 standard plate count (SPC) bacteria isofedas 7 finished drinking waters in
Oregon revealed that 33.9 % of samples containeittia resistant to at least 2 of the 5
antibiotics (sulfonamide, streptomycin, kanamycinipramphenicol, tetracycline)
screened (Armstrong, et al., 1981). Analysis & S®C isolates from 12 corresponding
source waters indicated a reduced frequency aftligple-antibiotic resistance
phenotypes, suggesting that elements of treatnmehtesidence in the distribution

systems such as in biofilms, may enhance expressionltiple-antibiotic resistant
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phenotypes. Additional characterization of thetiplg-antibiotic resistant strains
identified 60% to be Gram-negative rods, and 40%et@ram-positive cocci and rods,
including Saphylococcus aureus.

The ability of genetic elements conferring resistato transfer from WWTP
influent and effluent derived coliforms (78% iddirtl asE. coli) resistant to
chloramphenicol, streptomycin, and tetracyclinamnasolated antibiotic sensitie coli
strainin situ in membrane diffusion chambers was demonstratétbida (Altherr and
Kasweck, 1982). In the isolated antibiotic resista coli, resistance to streptomycin was
most abundant (8.3 — 13.2%), followed by tetraogctiesistance (5.0 — 9.3%), and
chloramphenicol resistance (0.6 — 1.7%). Resistaficome isolates to sulfathiazole was
also observedIn situ, resistance was transferred in a temperature depemanner with
optimal transfer at 2&. Transfer of antibiotic resistance was assodiatiéh
identification of a 60 mega Dalton plasmid in tremgugants.

A survey of antibiotic resistant bacteria in 22anlyJ.S. rivers reported that
between 3.9% and 73% of isolated bacteria weredhnpiesistant (Ash, et al., 2002).
The magnitude of ampicillin resistance, as detegthioy the Minimum Inhibitory
Concentration (MIC) assay was >256 ug/ml for 98%hefresistant isolates, most of that
were identified as Gram-negative strains. Multgtibiotic resistance to other beta
lactam antibiotic/antimicrobial was also obserweih resistance to cefalothin being the
most prevalent, followed by cefotaxime, cefazidimapenim, and amoxicillin-clavalanic
acid. About 20-30% of the cefotaxime resistantéxaa were determined to be Gram-
positive organisms. Ampicillin resistance genesengarried on 70% of plasmids isolated

from Gram-negative strains; 97% of these also edrmnother resistance trait.
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Some similarities and differences were observedsults from samples collected
upstream and downstream of a Pamplona, Spain WVisERadge to the Arga River.
Multiple antibiotic resistances were detected ataited Gram-negative bacteria, which
were non-transferable and therefore were suggéstied chromosomally mediated (Goni-
Urriza, et al., 2000). More than half (58%) of #m@erobacteria isolated did not
demonstrate antibiotic resistance, but three qusadktheAeromonas stains showed
resistance to one or more antibiotic/antimicrobsahtibiotic resistance increased
downstream from the WWTP discharge for both strainih the incidence of resistances
observed, except for nalidixic acid, being aboutatq Beta lactam and tetracycline
resistances showed the greatest magnitude of seiedrequency for both enterobacteria
andAeromonas downstream of the WWTP discharge, from 5% or lgsgream to over
20% each downstream of the WWTP discharge. Thk lpgals of resistance to nalidixic
acid were observed in upstream samples and thee&irtlownstream samples, suggesting
a source(s) other than the WWTP discharge.

The resistance of fecal coliforms to ampicillinjasamphenicol, unidentified
sulfonamides, tetracycline, and streptomycin wevestigated in fecal coliform isolates
from 14 water samples in Finland representing WWAfIRent and effluent, livestock
production effluent, polluted rivers and lakes, #mel Baltic Sea (Niemi, et al., 1983).
Resistance to one or more antibiotic/antimicrol@a$ observed in 31% of the fecal
coliform isolates, and multiple resistance was olexein 11% of the isolates. Resistance
to ampicillin was most frequently observed (20%)lofved by tetracycline and
sulfonamides (12% each), cloramphenicol (4%), arepsomycin (3%).

Analysis of the antibiotic susceptibility of colifm bacteria isolated from the
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Sumijin River in Korea showed antibiotic resistamcever half (53.6%) of the 1,400
isolates analyzed (Park, et al., 2003). Antibsoagaluated represented the beta lactams
(ampicillin, carbenicillin, cefoxitin, cefotaximgminoglycosides (gentamycin, kanamycin,
streptomycin, tobramycin), quinolones (nalidixiecdaciprofloxacin), sulfonamides
(sulfamethoxazole), and chloramphenicol, tetrang¢land trimethoprim. The decreasing
order and magnitude of resistances observed @atemblolonies were sulfamethoxazole
(61.3% of resistant colonies), aminoglycosides (Gfi%esistant colonies), beta lactams
(57.9% of resistant colonies), tetracycline (33.@fesistant colonies), trimethoprim
(28% of resistant colonies), quinolones (21.3%esfstant colonies), and chloramphenicol
(16% of resistant colonies). Analysis of classtégrons in 150 of the antibiotic resistant
isolates revealed the presence ofititel gene in 36 of the isolates, with 30 of these
identified as residing i&. coli. Seven distinct antibiotic resistance-associgestes were
identified in the integrons including two coding faminoglycoside and trimethoprim
resistancedirA andaaa). However, over 60% of the integrons were determioeoe
incomplete or non-functional.

Variable multi-antibiotic resistance was obserreH.icoli isolated from 5
locations along the Ganga River in India, whicherees inputs of untreated sewage and
other wastes despite its use as a water suppbriftking and irrigation water (Ram, et
al., 2007). Of the 15 isolates investigated framrelocation almost all showed reduced
susceptibility or clinically defined resistanceruiltiple antibiotic/antimicrobial.
Resistance of the isolat&d coli to the cephalosporin cephalothin was most pretalen
with 29 isolates exhibiting resistance, followeddiyerazine (19), amoxicillin (16), and

tetracycline (15). Allisolates from one site skemlwresistance to ampicillin, amoxicillin,
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and piperacilin. Fourteen of the isolates froms thcation also showed resistance to
cephalothin, and a lesser number to tetracycliheaf® cipropfloxacin (4). Moreover,
shiga toxin or enterotoxin producing genes werermahed to be present in all of the
isolates assayed.

Listeria species were observed to be reduced by 69% toi9a¥%VWTP
discharging to the River Sar in Spain (Combarr@|etl997). Howevel,isteria species
increased in receiving waters downstream of the VWW\With the pathogeh.
monocytogenes being most prevalent in the downstream samplesreter Listeria
were not reduced from numbers observed in the W\éfflirent over 25 Km downstream.
All Listeria strains isolated from the river were resistamabdixic acid, with resistance
also observed for aztreonam (94.4%), moxalactan®¥sh cefotaxime (46.3%),
nitrofurantoin (38.1%), and norfloxacin (6.3%). di&ances of less than 5% to
tetracycline, streptomycin, kanamycin, tobramyanezlocillin, erythromycin and
chloramphenicol were also observed. Over hdlfigteria strains isolated from all
sources exhibited multi-resistance to five or mamgbiotic/antimicrobial (influent 61.8%;
effluent 76.6%; Sar River water 52.9%).

The presence of antibiotic resistant bacterialrstranost notably pathogens or
pathogen indicators, has led to evaluation of attibresistant genes and the potential for
transfer to non-resistant bacteria in the envirarin@@ruden, et al., 2006; Muela, et al.,
1994; Pei, et al., 2007; Roe, et al., 2003; Szamepaki, et al., 2007).

Results obtained from an evaluation of antibiogisistance containing plasmid
transfer efficiency betweds coli species from the River Burtron in Spain showed tha

the growth phase and cell length but not the oleskephysiologic state of donors affected
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plasmid transfer (Muela, et al., 1994). The edfidy of transfer remained relatively stable
during the same period for recipients. Exponegtialvth of donors disfavored transfer,
which was maximal during the initial hours of grévand in the stationary growth phase.
The number of transconjugants formed, howeverdgyedeclined over time to non
detectable levels after 30 hours of incubationarkdystems, and declined at an enhanced
rate to non detectable levels after 24 hoursumithated systems.

Twelve class | integrons encoding 19 differentlamitic resistance cassette arrays
containing 21 different resistance gene cassettes identified in 97 different multi-
antibiotic resistance plasmids isolated from WWiifient, activated sludge, and effluent
in Germany (Tennstedt, et al., 2003). Multi-resise profiles included various
combinations of up to 4 antibiotic/antimicrobiatinding ampicillin, cefaclor,
chloramphenicol, gentamicin, kanamycin, streptomytmbramycin, and trimethoprim.
Among the cassette arrays identified, several legah lescribed in human and veterinary
isolates, and several were new. Cassettes caalirapfibiotic resistance mechanisms
included aminoglycoside modifiers, beta lactamak#itors, dihydrofolate reductases,
chloramphenicol resistance proteins, and exporters.

In water samples collected from 16 coastal maapations in Oahu, Hawaii, both
methicillin resistance and toxin producing genesaweentified inS. aureus isolates
(Stotts, et al., 2007). Two genes associated mthicillin resistance (mecA and femA)
were associated with both methicillin sensitivaisis (5 isolates), and resistant strains (8
isolates), suggesting an unidentified determinantifethicillin resistance in some strains
of S aureus.

The presence of antibiotic/antimicrobial in the iemyment may favor selectivity
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for antibiotic resistant bacteria. The observesspnce of antibiotic resistant bacteria in
the environment suggests that vector derived oech&NA harboring antibiotic
resistance genes may be transferring resistantm$doetween bacteria. Recently, DNA
conveying resistance determinants was reporteaagriaterial and in bacteriophage
isolates cultured from environmental samples, , (@eal., 2007; Pruden, et al., 2006;
Szczepanowski, et al., 2007), as well as in baipthages (Muniesa, et al., 2004).

Coliphages containing determinants for expressfdwo beta lactamases were
isolated from influent samples collected from 5 WW¢T and pig, cattle, and poultry
abattoir wastewaters, which also contained higltentrations of fecal coliforms.
(Muniesa, et al. 2004). The high likelihood ofrtsduction was indicated; however,
characterization of the mechanism of transducti@h@esence of determinants for
resistance to other antibiotic/antimicrobial was performed.

Water samples and sediment collected from the RoRder in Colorado
containing Compounds for tetracycline and sulformindicated that genetic material
conveying identified antibiotic resistance can eaistside of a host organism (Pruden, et
al., 2007). Genes for tetracycline resistance yeesent in “pristine” upstream samples,
but genes for sulfonamides were not. The highastentrations of genes for both
tetracycline and sulfonamide resistance were dedentsamples collected from a dairy
wastewater lagoon that discharged its effluenh&oRoudre River. Genes for resistance
to both compounds were also detected in samplésctad downstream from the dairy
lagoon discharge, downstream of a WWTP dischamyjraan agricultural drainage
ditch. While the presence of the targeted restgt@enes was spatially consistent with

expected inputs of antibiotic resistant genes i.éhe dairy lagoon and downstream of
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discharges), flow weighted and temporal associatiere inconclusive. Genes coding
for resistance to tetracycline and sulfonamidesevedso detected in wastewater recycling
effluent and drinking water treatment plant produ€he transmissibility of the isolated

genes does not appear to have been investigatsrsnresults were reported.

General Mechanisms of Resistance and Their Conveyea

Antibiotic resistance was likely first describedli®56 in clinical isolates from
Japan, within a few years after various antibiotiese introduced into widespread use
(Davies, 1995). Since that time, antibiotic resise in Gram-positive and Gram-negative
bacteria to essentially every antibiotic has beentified. Moreover, widespread
resistance to multiple antibiotic/antimicrobiabiincreasing clinical concern.

Three broad mechanisms convey post-expressiondittitesistance at the
molecular level: (1) activation of antibiotic inaettion enzymes; (2) activation of genes
that confer resistance to the drug’s target; af@g¢8vation of genes that restrict drug
entry into the cell, or which actively transportigs from the cell thus preventing their
accumulation (Hawkey, 1998; Levy, 1992). Exampiekide transformation of the
antibiotic subsequent to entering the cell (eay. penicillin: beta lactamases, penicillin
binding proteins); reduced influx into the cellge.for fluoroquinolones and
aminoglycosides), or enhancing efflux from the (elfy., for tetracyclines); alterations in
the primary site of action (e.qg., for penicillingypduction of an alternative intracellular
target (e.g., for methicillin) (Hawkey, 1986). ktance may also occur via mechanisms
that effect elements of transcription or transhat@and these may be coincident with other

mechanisms such as enhanced efflux for the santmogiot as for fluoroquinolones
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(Woodford, 2005).

Genetic elements that confer the resistant traitbeaacquired via conjugatory
plasmid transfer, infection by phages, and upteden the environment, or result from
chromosomal mutations. Transfer of genetic elemeiatg proceed by at least three
mechanisms: uptake of DNA from the environment laacterial cell transformation;
transduction by phages; and conjugation (George_anmy, 1983, Madigan, et al., 2003;
McMurray, et al., 1980; Ochman, et al., 2000).

Uptake from the environment and transformationesliated in nature by
favorable ecological conditions and expressiorpetsic proteins required for capture
and cross membrane transport of naked DNA (Rudlial. €1974, Madigan, et al., 2003).
Transformation conferring antibiotic resistancet¢rhas been demonstrated in both Gram-
negative and Gram-positive bacteria, though atftequency (Cohen, et al., 1972; Rudin,
et al.,1997).

Phage mediated transfer and subsequent transfom@tcurs when a
bacteriophage injects DNA into a bacterial celréy introducing the resistance gene
which is later expressed in the infected bactéviadigan, et al., 2003). Identification of
phage-like particles with concurrent expressioresfstance to beta lactam antibiotics and
antimicrobials suggested phage mediated acquisifioesistance in Gram-positive
Rhodococcus equi isolated from AIDS patients (Nordmann, et al., 297Phage mediated
transfer of resistance for novobiocin was demotesthia vitro utilizing a clinically
isolatedStaphylococcus aureus strain. High efficiency transfer of coliphage gemwith
20% viability in receptoE. coli was shown to occun vitro indicating that transduction

could be a major mechanism for introducing divgnsito bacterial populations (Kenzaka,
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et al., 2007).

Plasmid gene transfer and subsequent transduat@mmvia sexual conjugations
between bacteria of like or different strains, arenrarely by uptake of DNA freed into
the media during cell lysis (Madigan, et al., 2008yansposons and integrons are
relatively short transducable genetic sequenceasriag contain specific resistance genes.
Integrons are self regulating units that have #pacity to capture other genes and
integrate them into plasmids or the host genomaeiltipMe adjacent genes contained in
integrons are known as “cassettes”, and many cktistentified convey resistance to
multiple antibiotic/antimicrobial. Integron meckak transfer of antibiotic resistance is
perhaps the principal mechanism of multi-antibioéisistance spread among Gram-
negative bacteria, and has also been recognizietpastant for Gram-positive bacteria
(Nandi, et al., 2004; Shi, et al., 2006). Chronmabgene cassettes conferring multi-
antibiotic resistance phenotypes in Gram-positaetéria have also been described
(Shittu, et al., 2007, Shi, et al. 2006).

Among prevalent mechanisms of general antibiosistance, energy dependent
efflux has been demonstrated for a wide arrayrotstirally and functionally dissimilar
antibiotic/antimicrobial including tetracyclinedydroquinolones, and macrolides (Levy,
1992). A multi-antibiotic resistance (MAR) regulbas been describedHtn coli that
conveys resistance to an array of antibiotic/actiobial including tetracyclines,
fluoroquinolones, and chloramphenicol in energyahelent influx inhibition and enhanced
efflux. Alternatively, elevated mutation rates wehown to influence vancomycin
resistance irs. aureus without increasing resistance to a wide arraytbéo

antibiotic/antimicrobial (Schaff, et al., 2002) urkhermore, the resistance $faureus to
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vancomycin was shown to be related to cell watlkéning and a subsequent “clogging”
of the cell wall with vancomycin itself, therebyhihiting entry of the antibiotic into the
bacterial cell (Cui, et al., 2006).

The presence in bacteria of multiple antibiotidstesmice determinants and the
horizontal transfer of the multi-antibiotic resista trait between bacteria is believed to be
enhancing development of multi-antibiotic resisemathin and across bacterial species
(Tenover, 2001). Integrons carrying multi-antibiotic resistancesettes can result in
resistance to an array of similar or dissimilankaotic/antimicrobial with equally varied
mechanisms of resistance.

Exposure oE. coli to sub-inhibitory levels of tetracycline was shotwmresult in
expression of four different plasmid associate@arinants that regulate active efflux
(McMurray, et al., 1980). Similarly, sub-inhibigolevels (1 - 5 ng/L) of
antibiotic/antimicrobial were demonstrated to conselective pressure for expression of
antibiotic resistance via activation of chromosog®ies regulating efflux of tetracycline,
chloramphenicol, beta lactams, puromycin, and nai@cid inE. coli. (George and Levy,
1983). Resistance was achieved in 50 - 200 geoesadf growth, and was reversed
within 100 generations of growth when antibioticsifaicrobials were removed from the
growth medium.

In Staphylococcus aureus, transduction and transformation appear to be
predominant mechanisms conveying antibiotic restgaleterminants (Lyon and Scurray,
1987). Invitro, calcium ions are required for both transductind rtansformation, and
transformation and transformational competenceaigsimal prior to exponential growth

due to absence of extracellular deoxyribonucleasmgl this interval of the growth cycle.
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Transformational competence is also dependent@prigsence of a superinfecting phage
or induced prophage. Spontaneous mutation thategsiresistance phenotypes occurs at
a relatively low rate. Transformation has beenshto transfer plasmid antibiotic
resistance determinants at high frequency, anchabsomal antibiotic resistance
determinants at a relatively lower frequency. Agass of phage-mediated conjugation
has been suggested in which mutant phage enhagiteslccontact. Moreover, sub-
inhibitory concentrations of beta lactam antibitati@gimicrobial were observed to increase
donor — recipient cell aggregation by 2 — 3 oradnhagnitude, though other
antibiotic/antimicrobial including vancomycin had effect (Barr, et al. 1986).

Three principal mechanisms of resistance to pémiaihd other beta lactam
antibiotics have been characterize®iureus. beta lactamase hydrolysis of the beta
lactam ring; reduced affinity of penicillin bindingroteins for the antibiotic; and tolerance
to the bactericidal effect (Lyon and Scurray, 198Characterized plasmids conveying
resistance genes to beta lactamas&sanreus ubiquitously convey resistance to metals,
disinfectants, and/or other classes of antibiatiai@icrobial. Staphylococcus aureus
strains carrying both plasmid associated and in#gr@ chromosomally encoded
transposons have also been isolated. Methiadiistance results from reduced affinity of
this and analogous beta lactam antibiotic/antintizidor penicillin binding proteins,
characteristics coded by thac family of related gene cassettes (Woodford, 2005).

Reduced affinity between ribosomes and macrolidibiatics due to a single
alteration of an adenine nucleotide residue ir2®@ ribosome, which induces a
conformational shift in the ribosome, results ia tRsistance phenotypes3naureus for

this class of antibiotic/antimicrobial (Barr, et #086; Woodford, 2005). Erythromycin
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induces methylation of the target adenine, regultirthe expression of plasmid or
chromosomally encoded resistance.

Tetracycline resistance # aureus is conveyed by plasmid and chromosomal
genes encoding for decreased uptake into the cethare prevalently, increased efflux
from the cell (Barr, et al., 1986; Woodford, 200%)hromosomal, but not plasmid, coded
tetracycline resistance is inducible, and can efsorey resistance to minocyicine.
Ribosomal protection systems also appear to beciassd with tetracycline resistance,

but the mechanism(s) is not as yet understood

Protocol and Rational

The research presented herein focused on the igagsh of environmental water
samples to induce antibiotic resistance in a mougiobial system. Based on studies
described earlier that demonstrated the widespreadrrence of antibiotic/antimicrobial
compounds and antibiotic/antimicrobial resistardtéaal strains in environmental waters
and wastewaters, it was hypothesized that selegtegsure and/or genetic factors that
may convey antibiotic/antimicrobial resistant tsai non-resistant bacteria may be
present. The hypothesis was testedtro using filter sterilized environmental
water/wastewater samples, and a sensitive Granigokacterial strain. Specifically, the
experimental element of this study employabhyl ococcus aureus ATCC 9144 §A), a
strain known to be sensitive to a wide spectruramnpibiotic classes including the beta
lactams, macrolides, aminoglycosides, tetracyclighsopeptides, fluoroquinolones, and
sulfonamides. ThiSA strain has been used in other investigations camgethe ability

of various natural and synthetic compounds to iedartibiotic resistance (Bordas, et al.,
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1997; Brady and Katz, 1992). The broad inherensigeity of SA 9144 therefore
potentially renders it a useful tool to assessrenmental waters for their ability to induce
antibiotic resistance.

Evaluating the effect on the model system of expo$n ambient environmental
waters, treated wastewater influents and treafieeeefs, and pharmaceutical
manufacturing effluents would demonstrate the pakfor these waters to induce
antibiotic resistance in native bacterial populagio Moreover, the results could suggest
that the model system may be applicable as amataliof the potential for an

environmental water to induce antibiotic resistainceative bacterial populations.

Materials and Methods
Sample Collection

Samples were collected directly into certified nlsample containers (amber
borosilicate glass or HDPE cubitainers), and plamede for transport to the laboratory
where they were stored &Ctuntil preparation. Samples collected by U.S.
Environmental Protection Agency (U.S. EPA) sangpfiersonnel at facilities undergoing
regulatory compliance inspections were labeled aitbnymous codes, which allowed
identification of the facility type (sewage treatmh@lant, pharmaceutical plant), sample
type (influent, effluent), and the date of collecti Split samples (i.e. co-located samples)
collected in the field from the same location arithww minutes of each other, were
available from most sampling events. Surface wsdetples collected by U.S. EPA
sampling personnel were given identifiers as tovtheer body, location in the waterbody

(e.g., upstream, downstream) and the date of tiollec All other samples were collected
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by the author. Locations were noted and in sorse<calentified using a global
positioning system (GPS). Samples were labeleld avitoded sample location or station
identifier, and the date of collection. The tinfecollection, general ambient conditions,

and other relevant information regarding the laratvere recorded.

Sample Preparation

Environmental samples were filter sterilized uncinstant low pressure without
any manual disturbance, so as not to disrupt bagtetentially present in the sample,
through a 0.2 um absolute pore size glass filder {iMillipore) with sterile reservoir. In
some cases, aseptic transfer to disposable gifrital plastic tubes was performed.
Appropriate volumes, usually 1 ml, were asepticaiysferred from the 50 ml sample and
were then used for exposures. Sewage influentleartimt would not pass through the
0.2 um filter were pre-filtered, under low presswith no manual disturbance, through a
0.45 um absolute pore size glass fiber filter praofittering under low pressure with no
manual disturbance, through the 0.2 um filter. eAftitration, samples were stored €4

unless under study.

Media and Reagents

Trypticase Soy Agar (TSA), Difco Lot # 414774B, ahgpticase Soy Broth (TSB),

Difco Lot # 4112355, were prepared according tonlaaufacturers directions in
deionized water, except for TSB medium used folosupes that were prepared at half
(50%) strength to minimize any potential interferen Portions of medium were added to

borosilicate culture tubes, capped, and sterillaedutoclaving (20 min @ 15 psi, I’Z).
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The TSA culture plates and slants were preparetirbgtly pouring autoclaved (sterile)
medium into sterile petri plates and tubes, resypagt Sterile TSA slants and petri plates
were stored for relatively short periods to enghet the media were not compromised.
Tubes or petri plates were prepared and used deded ubes exhibiting any

discoloration or growth during storage were disedrd

The following antibiotic/antimicrobial were usedtms study: ampicilin (Amp);
erythromycin (Ery); kanamycin (Kan); norfloxacingN; sulfamethoxazole (Sul);
tetracycline (Tet); vancomycin (Van); and methicilMet). The abbreviations for these

compounds will be used in all tables and throughbettext without further description.

Antibiotics were prepared as follows:
Ampicillin (Sigma Lot # 77H0408): 12.8 mg was dik&d in 100 ml distilled deionized
water. The final concentration was 128 ug/ml.
Erythromycin (Sigma Lot # 107H0644, 966 ug activgredient/mg): 13.24 mg was
dissolved in a small volume of methanol then ddute 100 ml in deionized water. The
final concentration of active ingredient was 12&muig
Kanamycin monosulfate (Sigma Lot # 101H01295, 7@&ctive ingredient/mg): 16.35
mg was dissolved in 100 ml deionized water. Thalftoncentration of active ingredient
was 128 ug/ml.
Methicillin (Sigma): 12.8 mg was dissolved in 1@0distilled deionized water. The final
concentration of active ingredient was 128 ug/ml.

Norfloxacin (Sigma Lot # 83H0921): 12.8 mg wassdiged in a small volume of acetone
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and diluted to 100 ml with deionized water. Thaficoncentration of active ingredient
was 128 ug/ml.
Tetracycline (Sigma, 987 ug active ingredient/nig).97 mg dissolved in a small volume
of 0.1N HCI and diluted to 100 ml with deionizedteta The final concentration of active
ingredient was 128 ug/ml.
Sulfamethoxazole (Sigma): 12.8, 25.6, or 51.2 mg dissolved in a small volume of
acetone and diluted to 100 ml with deionized watEne final concentrations were 128
ug/ml, 256 ug/ml, 512 ug/ml, respectively.
Vancomycin: 12.8 mg was dissolved in 100 ml destideionized water. The final
concentration was 128 ug/ml.

All antibiotic stock solutions were filter sterdid (0.2 um absolute pore size,
Millipore) immediately following preparation. Stlsolutions were either stored &C4
for up to 30 days, or frozen for later use. Frnegzvas found not to diminish activity

during the course of the study.

Staphylococcus aureus

American Type Culture Collection (ATC@&aphylococcus aureus strain 9144
Lot # 1158720 $A) was prepared for use as follows. A fresh loojy@bhilized SA
obtained from ATCC was inoculated into TSB, mixethg a vortex mixer for 30
seconds, and incubated af@7vith shaking at 250 rpm for 12 - 24 hours. Agdasf the
resulting culture was streaked onto TSA plates¥edid by incubation at 3T overnight.

Individual colonies were picked from the TSA platesl inoculated into TSB, mixed well,
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and incubated overnight at ®7with shaking at 250 rpm. Resulting cultures were
streaked onto TSA slants, incubated dC3for 12 — 24 hours, and stored aC4until

use. The day prior to use, a small amount of b@acteas aseptically transferred with a
sterile loop from the slant to 1 ml of TSB, incudmhiat 37C with shaking at 250 rpm for
12 — 24 hours Saphylococcus aureus was then inoculated (10 ul) directly to exposure
tubes. Slant cultures were stored for up to 3 waek&C. Fresh cultures were prepared

from slants by repeating the procedure used fomitial lyophilized SA.

Exposures

All procedures were performed aseptically in adgatal laboratory hood.
Exposures 08A to evaluate the ability of the introduced envir@mtal sample to induce
antibiotic resistance were performed as followserite sample jars containing the filter
sterilized environmental samples were manually shd&r 30 seconds immediately prior
to withdrawing a sample. A 10 ml sterile borosile culture tube containing 1 ml of 50%
TSB received 1 ml of environmental sample for eaxgposure. A 10 ul loop &A was
inoculated into each tube. Tubes were mixed usiagrtex mixer and incubated at’G7
with shaking at 250 rpm for 16 — 24 hrs. On subsetdays throughout the duration of
exposures, the procedure was replicated, withfero$a 10 ul loop of the exposure
culture inoculated the previous day. The proceawae repeated for 10-days unless
stated otherwise. Following the exposure, 10 @awh sample was either inoculated to
100% TSB and incubated at°87with shaking at 250 rpm for the MIC assay the
following day, or inoculated to a TSA slant, inctdshat 37C for 16 — 24 hours, and

stored up to 3 weeks at@. For use, a small amount (1 ul) was collectethfthe TSA
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slant culture with a sterile loop, inoculated i1@0% TSB, mixed using a vortex mixer,
and incubated at 3C with shaking at 250 rpm for the MIC assay théofeing day.
Control samples consisting of filter sterilized ®/8 NaCl (sterile saline) were
exposed to SA and with each batch of environmevadér samples, and treated
identically to environmental water samples. Byiefiterile saline (1 ml) in 1ml 50% TSB
were incubated for the 10-day period, unless otisermdicated. Post exposure handling
of the control sample was also identical to thelbatf environmental water samples for

which the control sample was used as a baseline.

Minimum Inhibitory Concentration (MIC) Assay

The MIC assay was performed in the manner repgmedously (Bordas, et al.,
1997; Kleiner, et al., 2007). Exposure culturesrfrenvironmental water samples and the
associated control sample (sterile saline) wergvgror 16 - 24 hours in 100% TSB, and
were serially diluted in sterile 0.85% NaCl (physgical saline) from an estimated starting
concentration of 0CFU/ml to a final concentration of approximately GFU/ml. The
diluted cultures (0.2 ml) were inoculated into 18Bof TSB in a 50 ml borosilicate screw
top culture tube, mixed using a vortex mixer, aacktully poured into a sterile multi-
channel pipetter reservoir, for an assay concéatraff about 16 CFU/ml.

MIC's were determined in 96-well factory sterilizeglture plates (Corning 3595,
12 rows, 8 columns) as follows. An aliquot (12baflone of the suite of
antibiotic/antimicrobial was added to the first ladlthe first column of the 96 well
culture plate (MIC assay plate). The procedure nepsated in each column of the MIC

assay plate until the first well of each columntimthe exception of the plate control as
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described below, was charged with antibiotic/artiotvial. Each MIC assay plate also
contained a plate control (no antibiotic/antimiaed)y consisting of 125 ul sterile saline,
which was treated identically to columns contairamgibiotic/antimicrobial, to ensure
consistency o8A growth in each row of the assay. Using a muliretel pipetter, a
portion of theSA culture (125 ul) which had been exposed to thad@mwmental water
sample of interest or the control saline, was tdkam the 20 ml reservoir and
transferred sequentially to each well of each réwhe MIC assay plate, beginning from
the wells furthest from the wells charged with biotics/antimicrobials and control saline,
proceeding toward the culture plate row contaitireyhighest concentration of
antibiotics/antimicrobials and the control salinellw An equal volume and concentration
of SA was consequently added to each well of the MI@yagkte. Immediately upon
introduction ofSA culture previously exposed to environmental orticarsaline to the
first well (that containing antibiotic/antimicroliahe contents of the wells were rapidly
mixed by pipeting up and down four times with thelthchannel pipetter. The mixed
suspension 0%A and antibiotic/antimicrobial was then transfertedhe next row of the
MIC assay plate, mixed as for the initial portioasd sequentially transferred again until
the last row on the plate was reached. The eX@ssll in the last row was discarded to
maintain equal volumes in each well on the MIC pgdate. The procedure results in a 2-
fold serial dilution in each well. MIC assay pktgere immediately covered, and
incubated at 3T for 16 to 24 hours.

For the MIC assay, one or more, as necessary lide¢he full suite of
antibiotic/antimicrobial evaluated, 96 well asséatgs were devoted to each exposure

culture. Likewise, MIC assay plates containingheatcthe antibiotic/antimicrobial
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assayed were devoted to B exposed sample exposed to sterile saline ovetutation
of the exposure element of each experiment.

Following incubation, absorbance at 620nm was detexd in each well using a
Sunrisey automated plate reader. Results for each plate printed, and the results
analyzed as described below.

Split samples (i.e. co-located samples) colleatetie field from the same location
and within minutes of each other, were availalenfimost sampling events, were also
exposed to SA and assayed. Each exposure sangitedral MIC assay contained at
least one sample that was exposed to sterile salidavas otherwise processed identically
to and within the same batch as environmental wsstemples. At least one exposure
sample was also assayed for its MIC for at leastadfrthe panel of
antibiotics/antimicrobials in duplicate to evalu#ite precision of the MIC assay (assay
duplicates). Each 96 well assay plate containgdll&hassay control sample (sterile
saline) to assess the presence/absence and refaifamity of SA growth in each row of
the MIC assay plate when no antibiotic/antimicrblias present. The absorbance of
samples was randomly measured in duplicate byl#te peader to ensure precision of the

instrument.

Data Analysis

Data were analyzed using a standard protocol faaroning the MIC. Growth
inhibition in each well of the 96-well culture piatvas determined from the absorbance
measurement. An increase in absorbance greateRthimes that of the previous well

was used as the marker for reduced inhibition olgin, and the concentration of
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antibiotic in the well just previous was determiraithe MIC concentration. Data were
also evaluated qualitatively by scoring the quatitie results as either positive (+)
indicating an increase in antibiotic resistance@Mof greater than two wells in antibiotic
concentration versus the related exposure cordropke (sterile saline), or negative (-)
indicating no change or a reduction of greater thasmwell in antibiotic concentration
(MIC) versus the exposure control sample. In Hre cases where the exposure control
sample was assayed for its MIC in duplicate and MafDes for a given
antibiotic/antimicrobial were not identical, the raaonservative estimate (i.e. higher
value for an increase in MIC, lower value for desein MIC) was used in determining
the MIC for the environmental water exposed samptecases where control duplicates
did not agree and sample duplicates also providteht MIC values, values were also
scored using the more conservative estimate. ®antipht when assayed for the MIC in
duplicate (either split samples or MIC assay repdéis) produced contradictory results
(e.g. one + and one -) were ranked as + sincestingle did exhibit an ability to increase
MIC versus the associated control (sterile sakaeple.
Results and Discussion

The exposure of bacteria to many if not all antibior antimicrobial compounds,
especially when such exposure occurs at sub-thatiag®ncentrations, whethar vitro,
invivo, or in the external environment, can result ingélection of resistant bacterial
strains. The widespread use of antibiotics angnarbbials in human and veterinary
medicine and as supplements to enhance growtheweptr disease in animal husbandry
results in discharges to surface waters. In ti&,&xcretion of drugs - that typically is in

the form of active ingredient - generally result€onveyance to wastewater treatment,



36

whether on-site (e.g. septic system) or off-sitg.(8 sanitary sewer and centralized
wastewater treatment). The polar nature and caesg@ppreciable solubility of many
oral dosage antibiotic/antimicrobial compounds @cbka passage through the majority of
wastewater treatment processes. Animal wastdading those from free ranging
livestock, concentrated animal feeding operatians, aguaculture, also contain
unmetabolized antibiotics that can be releaseditiace waters in recharge and runoff, or
by direct defecation to streams. Cleaning andgpetiscare products that contain
antimicrobial compounds provide yet another sowifcgich compounds to environmental
waters.

The question arises as to the biological importari@ntibiotic/antimicrobial
compounds when discharged to, and subsequenttedliluithin, environmental waters.
In this case, the development of antibiotic/antioial resistance in bacteria from
exposure to sub-therapeutic concentrations of tbesgounds is hypothesized, and is
tested in an indicator bacterium. Given the doouse presence of various combinations
antibiotic and antimicrobial compounds, and othgheopogenic constituents in
environmental waters, establishing a biologicatifitance to their occurrence completes
a link regarding their environmental effects anteptial relevance to human and animal

health.

Wastewater Treatment Plant (WWTP) Influent and Effluent
Influent and effluent samples were collected bined samplers from the U.S.
EPA from 3 anonymous wastewater treatment plant&/{\R's), denoted as A, B, and C,

during routine compliance inspections. The idgrdftthe WWTPs were not disclosed, as
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previously described. Exposures3a were started within 48 hours from the time of
sample collection. Results are described below,aaa shown in Table 1, and are

summarized in Table 1a.

WWTP Influent A/Effluent A
Influent A and Effluent A exhibited a very largerease the MIC value versus
the control for Amp, (426 times the control for bptEry ( 16 and 8 times the control,
respectively), Sul (32 times control for both), t 4 and 8 times control, respectively),
and Met (32 times control for both). Kan and Vahieited no increase in MIC value

versus control. Nor exhibited a slight decreaskli& value versus control.

WWTP Influent B/Effluent B
Influent B and effluent B assayed for the MICugabn June 23, 2005 exhibited
neither an increased nor decreased MIC (> 2 wellsle versus control for either sample.
The results suggest that no factor was preseheihifluent B or Effluent B that conveys

resistance to any of the antibiotic/antimicrobested.

WWTP Influent C/Effluent C

Influent C and effluent C assayed for the MIC eafuin June 23, 2005 exhibited
neither an increase nor a decrease MIC (> 2 wealigus control for either sample, except
for Met which exhibited a 2 well decrease in theOMidalue for Effluent C. The results
suggest that no factor was present in the Infl@at Effluent C that conveys resistance

to any of the antibiotic/antimicrobial tested.



Table 1: The MIC value results for Sewage Treatridemt Influent A, B, and C and Effluent A, B, a@dSamples. The MIC values
represent the concentration (ug/ml) of antibiotitifaicrobial in each sample. Multiple values witlai cell represent results from
duplicate MIC assay determinations. Duplicate MKSay results are shown as multiple values ingpeoariate cell in the table.

Assay Date

06/23/05 Influent A Effluent A Influent B Effluent B Influen tC Effluent C Control

Compound
Amp 21.3 21.3 0.005 0.005 0.011 0.0025 0.005
Ery 2 1 0.125 0.125 0.125 0.125 0.125
Kan 64 64 64 64 64 64 64
Nor 0.125 0.25 0.25 0.25 0.25 0.25 0.5
Sul 256 256 4 8 16 8 8
Tet 0.125 0.25 0.016 0.033 0.033 0.033 0.033
Van 1 1 1 1 1 2 1
Met 16 16 0.25 0.5 0.25 0.125 0.5

0.25

8¢



Table 1a: The MIC value scoring for Wastewateraiimeent Plant Influent and Effluent Samples A, B, A+ indicates an increase in the MIC
of at least two wells greater than control. A digates an MIC value between one well greater, ledguar any number of wells less than the
control. Duplicate assay results were identical are shown as a single result.

Assay Date
6/23/2005 Influent A Effluent A Influent B Effluent B Influen tC Effluent C
Compound
Amp + + - - - -
Ery + + - - - -
Kan - - - - - -
Nor - - - - - -
Sul + + - - - -
Tet + + - - - -
Van - - - - - -
Met + + - - - -

6€
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Additional Evaluation of Influent A and Effluent A

The 10-day exposures 8A using Influent A and Effluent A were re-assayed fo
the MIC values on July 8, 2005, to further asskhebserved potency of these samples at
increasing the MIC value. Post exposure MIC vaéseilts are shown in Table 2 and the
significance summarized in Table 2a.

Influent A and Effluent A samples, respectivelyhiexed increases in the MIC
values versus the control for Amp, Ery, Tet, and.Meacreases in the MIC values for
these compounds were consistent, and ranged froAlB0 times control for Amp, about
8 — 16 times the control for Ery, about 4 — 16 8rtiee control for Tet, and 128 times the
control for Met. Effluent A exhibited an increaseghe MIC values versus the control for
Sul, which was assayed in duplicate, of 4 — 16githe control range. No change in the
MIC values greater than one well versus the comfi@l values were observed for Kan,
Nor, or Van. Results confirm the antibiotic resiste, measured as an increase in MIC
values, conferred on tI&#A by both Influent A and Effluent A. ResistanceSfto Sul for
Influent A appears diminished when compared to Mi€ults obtained from the June 23
assay, possibly reflecting a real decrease inigchetween the dates that the SA was
assayed, or an example of the generally observagbi@aresponses to Sul during the
course of this work. MIC results for Amp and Teg also somewhat lower than in the
previous (June 23) MIC assay. However, MIC redoltdMet are greater than those from
the previous assay. It was not determined whehieis the result of variability in the
assay itself or truly diminished or enhanced astiwihen samples are stored &€ 4or 2

weeks, but likely reflects variability in the MIGsay.



Table 2: Additional evaluation of Influent and E#ht Sample A potency.
Values represent the concentration (ug/ml) of &tiddantimicrobial at which
the MIC was observed in each sample. Duplicate BE§ay results are shown
as multiple values in the appropriate cell in tigle.

Assay Date
7/8/2005 Influent A | Effluent A Control
Compound
Amp 21.3 10.7 0.021
21.3 21.3 0.021
Ery 1 2 0.125
2 2 0.125
Kan 64 64 64
64 64 64
Nor 0.125 0.25 0.125
0.125 0.25 0.25
Sul 4 128 8
8 64 16
Tet 0.25 0.5 0.063
0.5 0.25 0.033
Van 1 1 1
2 1 1
Met 16 16 0.125
16 16 0.125

1474



Table 2a: Comparison of results for the MIC valoersg for Influent A and Effluent A assayed on &5
and 7/8/06. A + indicates an increase in the Mi@tdeast two wells greater than control. A —igades an
MIC value between one well greater, equal to, gr mumber of wells less than the control. Resubltsaw
scored as positive where the MIC of one sampledf@icate was > 2 wells versus the control expssur
sample MIC.

Assay Date 6/23/2005 6/23/2005 7/8/2005 7/8/2005
Compound Influent A Effluent A Influent A Bffluent A
Amp + + + +
Ery + + + +
Kan - - - -

Nor - - - -

Sul + + - +
Tet + + + +
Van - - - -

Met + + + +

A%
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Influent A/Effluent A Exposure Time Course
To further assess the observed activity of Imlu® and Effluent A at increasing the MIC
values, exposures ®A of 1-day and 3-days to each were performed. ExpssafSA to Influent
A were performed in duplicate for both the 1-dagt #me 3-days exposures. The MIC assay was
performed on July 18, 2005. Samples were mairdaanefC on the different dates.

No increase of more than one well in the MIC valuesus the control were observed for
either the 1-day or 3-day exposures, except fapgmoximately 10-fold increase in the MIC
value versus the control observed for a single ddgticate sample. No difference in the MIC
value versus the control was observed in the dWtetrduplicate. Results are shown in Table 3,
and are summarized in Table 3a.

To provide an additional evaluation of the contiztiveen the original 10-day exposure
results and those obtained after 1-day and 3-dagsexes, samples collected after 3-days
exposure to Effluent A were re-assayed on Augu2005. Results of the re-assay are shown in
Table 4 and are summarized in Table 4a. The eesaltfirm the time course MIC value assay
results obtained on July 18, 2005. No sample sdameincrease in MIC value with respect to
the control, with the exception of Tet, which ex@l a slight increase in the MIC value versus

the control in one of the duplicate MIC re-assays.



Table 3: Influent A and Effluent A exposure tineucse MIC values. Values represent the conceotrati
(ug/ml) of antibiotic/antimicrobial at which thel®l was observed in each sample. Duplicate MICyassa
results are shown as multiple values in the appatgpcell in the table.

A?,Si%);z%g? Influent A, Effluent A, Control, Influent A, Effluent A, Control,
1-day 1-day 1-day 3-day 3-day 3-day
Compound exposure exposure exposure exposure exposure exposure
Amp 0.011 0.005 0.011 0.011 0.005 0.021
0.011 0.011
Ery 0.25 0.25 0.125 0.25 0.125 0.25
0.25 0.25
Kan 2 4 4 4 2 2
4 4
Nor 0.25 0.25 0.25 0.25 0.25 0.25
0.25 0.25
Sul 4 8 4 8 16 8
8 16
Tet 0.063 0.063 0.063 0.125 0.063 0.063
0.125 0.125
Van 1 1 1 1 2 2
1 1
Met 0.125 0.125 0.125 0.25 0.125 0.25
0.125 2

14%



Table 3a: The MIC value scoring of Influent A daffluent A exposure time course. A —
indicates an MIC value between one well greatangaktp, or any number of wells less than
the control. No sample increased the MIC valueentban one well above the control.

Assay Date
7/18/2005

Compound

Influent A,
1-day
exposure

Effluent A,
exposure
1-day

Influent A,
3-day
exposure

Effluent A,
3-day
exposure

Amp

Ery

Kan

Nor

Sul

Tet

Van

Met

1%



Table 4: Re-assay of MIC values for 3-day exposiute course samples of SA exposed
to Effluent A. Values represent the concentratiog'ml) of antibiotic/antimicrobial at
which the MIC was observed in each sample.

Assay Date
8/7/2005 Effluent A
Sday Control
Compound
Amp 0.043 0.043
0.021 0.043
Ery 0.25 0.25
0.25 0.25
Kan 0.25* 16
8 8
Nor 0.5 0.25
0.5 05
Sul 32 64
8 64
Tet 1 05
2 0.5
Van 4 1
2 2
Met 0.5 0.5
0.25 0.25

*Result considered anomalous since inconsistetit @tther results for this compound in this assay

1%



Table 4a: Scoring of results of re-assay of 3-@gosure time course samples for Effluent
A. A +indicates an increase in the MIC of at tdas wells greater than control. A —
indicates an MIC value between one well greatangaktp, or any number of wells less than
the control. NA: Not Assayed.

Assay Date

8/7/2005 Duplicate
Effluent A Effluent A

Compound 3-day exposure 3-day exposure

Amp

Ery

Kan

Nor

Sul

Tet

Van

Met

LY
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Influent A/Effluent A Dose Response

A dose response (50 ul, 100 ul, 250 ul, 50Q@00 ul) over a 5-day exposure of SA to
Influent A and Effluent A exhibited no differena@i control except for Influent A at 250 ul for
Amp, Ery, Kan, Nor and Tet; and Van, and in a grggmple of duplicates at 1000 ul for Amp,
Ery, Sul, and Tet. These results are considergplest since no other assay of Influent A
exhibited an increase in MIC versus control sarplor or Van, and since replicates exhibited
very different results at a1000 ul volumeS& exposed t&A for 10 days, which exhibited no
increase in MIC versus control oxvells. Results are shown in Table 5, and arexs&anmed in

Table 5a.



Table 5: The MIC values for Influent A and Efflueh exposures oBtaphylococcus aureus to 50 ul, 100 ul, 250 ul, 1 ml volumes for 5-days
and 10-days. Values represent the concentratgim(yof antibiotic/antimicrobial at which the MI®@as observed in each sample. Where
more than a 2 well difference was observed inicaf#@ controls, the range between control sampéssused to determine the 2 well
difference between the control range and the enmemtal sample was used to determine a positivdtreBuplicate MIC assay results are

shown as multiple results in the appropriate table

A?Z%%z%%? 5-day 5-day 5-day 5-day 5-day [10-day 10-day | 10-day | 10-day 10-day 10-day
Exposure
Duration
Influent Influent Influent Influent Influent Effluent Effluent Effluent Effluent Effluent Control
Compound 50 ul 100 ul 250 ul 500 ul 1iml 50 ul 100 ul 250 ul 500 ul 1iml
Amp 0.011 0.011 21.3 0.005 10.65 0.011 0.011 0.011 0.011 0.011 0.011
0.011 0.011
Ery 0.125 0.125 64 0.125 1 0.125 0.125 0.125 0.125 0.125 0.125
0.125 0.0625
Kan 4 2 64 2 4 4 2 2 2 2 2
2 1
Nor 0.25 0.25 4 0.125 0.25 0.25 0.25 0.25 0.25 0.25 0.125
0.25 0.125
Sul 4 4 8 4 64 4 4 4 4 4 4
4 16
Tet 0.063 0.063 0.50 0.033 0.25 0.063 0.063 0.063 0.063 0.033 0.033
0.063 0.063
Van 0.25 1 32 1 1 1 1 1 1 1 1
1 1

6V



Table 5a: MIC Scoring of Influent A and Effluentddse response determined from 5-day and 10-dasaxgs. A + indicates an increase in the MIC of

at least two wells greater than control. A — iltiés an MIC value between one well greater, egualrtany number of wells less than the control.

Assay Date
7/19/2005 5-day 5-day 5-day 5-day 5-day 10-day 10-day 10-day 10-day 10-day
Exposure
Duration

Compound Influent A Influent A Influent A Influent A Influent A Effluent A Effluent A Effluent A Effluent A Effluent A

P 50 ul 100 ul 250 ul 500 ul 1ml 50 ul 100 ul 250 ul 500 ul 1ml

Amp - - + - + - - - - -
Ery - - + - + - - - - -
Kan + - + - - - - - - -
Nor - - = - - - - - - -
Sul - - + - + - - - - -
Tet - - + - + - - - - -
Van - - + - - - - - - -

0S
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Pharmaceutical Manufacturing Effluents

Pharmaceutical manufacturing plant effluent sampleie obtained by trained
personnel from the U.S EPA during two routine coamge inspections at different
facilities (Pharm A and Pharm B, respectively).clk&acility’s identity, for obvious
reasons, was kept anonymous. Exposures weredstaitten 48 hours from the time of
sample collection. Assays for the MIC values wegtermined after exposures of
Pharmaceutical Effluent A for 10-days, and Pharmacal Effuent B for 3-days and 10-
days.

The MIC value for the 3-day exposures3fto pharmaceutical plant effluent
sample Pharm B are shown in Table 6, and resdtsianmarized in Table 6a.
Saphylococcus aureus exposed to Pharmaceutical Effluent B for 3-dayslabed neither
an increase nor decrease in the MIC versus thealdat any of the
antibiotics/antimicrobials assayed, except for\@hith showed a 2 — 3 well decrease
versus the controlSaphylococcus aureus exposed for 10-days to pharmaceutical effluent
samples Pharm A and Pharm B exhibited neithen@ease nor decrease in MIC versus

control for any sample. Results are shown in Tabknd are summarized in Table 7a.



Table 6: Time course MICs of Pharmaceutical Marufaeg Sample Pharm B
Effluent. Values represent the concentration (ugdhantibiotic/antimicrobial
at which the MIC was observed in each sample. iPatgl control MIC assay
results are shown as multiple results in the appatgptable cell. NA: Not
Assayed.

Assay Date
8/7/2005 Pharm. B Duplicate
Effluent ' Pharm.l B Efﬂqent Control
3-day incubation 3-day incubation
Compound
Amp 0.043 0.043 0.043
0.043
Ery 0.25 0.5 0.25
0.25
Kan 4 8 16
8
Nor 0.5 0.5 0.25
0.5
Sul 16 8 64
64
Tet 0.25 0.25 0.5
0.5
Van 1 1 1
2
Met 0.25 0.25 0.5
0.25
Duplicate NA NA 0.5
Met

[AS]



Table 6a: MIC scoring of Pharmaceutical (Pharm) Macturing Effluent Time
Course. A —indicates an MIC value between onégvebter, equal to, or any
number of wells less than the control. No sampiesiased the MIC value more
than one well above the control.

Assay Date
8/7/2005 Duplicate
Pharm. Effluent Pharm. Effluent
3-day 3-day

Compound

Amp

Ery

Kan

Nor

Tet

Van

Met - -

€9



Table 7: MICs of Pharmaceutical Manufacturing @gfits Pharm A and Pharm B after 10-day
exposure. Values represent the concentration (ugfmantibiotic/antimicrobial at which the

MIC was observed in each sample. The results foln easay date are compared to associated
control sample. Duplicate assay results are stasamultiple values in the appropriate cell in
the table. Duplicate MIC assay results are shasvymatiple values in the Pharm. Effl. A and
Control table cells.

Assay
Date 6/23/2005 | 6/23/2005 | 8/17/2005 | 8/17/2005 8/17/2005
Compoun Duplicate
d ngafllr n’l\ Control E ng‘:[rg' Igharm. Control
) Effluent B

Amp 0.005 0.005 0.021 0.021 0.021
0.005 0.021
Ery 0.125 0.125 0.125 0.125 0.125
0.125 0.125
Kan 64 64 4 2 2
64 4
Nor 0.25 0.5 0.25 0.25 0.25
0.25 0.25
Sul 8 8 8 16 16
4 16
Tet 0.016 0.033 0.125 0.125 0.125
0.016 0.125
Van 1 1 1 1 1
1 1
Met 0.50 0.50 0.25 0.125 0.25
0.50 0.25

14°]



Table 7a: MIC scoring of Pharmaceutical ManufacigriEffluent (samples Pharm. A and Pharm. B)
after 10-day exposure. A + indicates an increaghe MIC of at least two wells greater than contro
A —indicates an MIC value between one well greaqual to, or any number of wells less than the
control. No sample increased the MIC value mbesmtone well above the control.

Assay Date

6/23/2005

8/17/2005

Compound

Pharm. A
Effluent

Duplicate
Pharm. A
Effluent

Pharm. B
Effluent

Duplicate
Pharm. B
Effluent

Amp

Ery

Kan

Nor

Sul

Tet

Van

Met

GS
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Ambient Fresh Waters
Catskill-Delaware Upstate Tributaries

Samples were collected by U.S. EPA personnel frorBieok and a tributary to
the Beaverkill River, both of which ultimately disrge to the Neversink Reservoir of the
New York City Catskill - Delaware Watershed thabydes drinking water to New York
City. SA exposed to the environmental waters samples vesegyad for MIC values
following 3-days, and 10-days exposures. Contol@es for all sample assays were
generally within the one well response criteriazept for Sul for which duplicate samples
both exhibited a two well (4x) higher response frotiners in the set in the 1-day exposure

assay.

Fir Brook

SA exposed to Fir Brook water in duplicate fod&ys exhibited no increase of
more than one well in MIC values versus the comesllts for any
antibiotic/antimicrobial marker assayed. Result$-day and 3-day exposures are shown
in Table 8, and are summarized in Table 8a. Dafaid0-day exposures, which was the
standard exposure protocol used in these studiesvibonmental waters, are shown in
Table 9, and are summarized in Table 9a. MIC asktye duplicate exposures showed
marked disagreement, with one sample of the duplslaowing an increase in the MIC
values compared to the control sample for Amp (b0&dntrol), Ery (512 x control), Sul
(16 x control), Tet (16 x control), Van (64 x casljr and Met (64 x control), and the
duplicate exposure sample showing no difference ftontrol. To evaluate the

discrepancy, the samples were re-assayed. WWTPples&filuent A was also grown
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from a stored culture and re-assayed as a poteoisiive control sample. Re-assay
confirmed the original MIC result indicating thétetobserved MIC value discrepancy was
related to the sample and therefore was not arriexgretal anomaly. Both duplicate
exposure samples exhibited an increase in the MI@=wf greater than 64 times the
associated control in each of 2 determinationsgusiat from a pre-thawed (Tube 1 used
in previous assay) and a freshly thawed tube dbiatit (Tube 2). Re-assay results are
shown in Table 10, and are summarized and comgarebe initial and the re-assay in

Table 10a.

Beaverkill Tributary

Saphylococcus aureus exposed to Beaverkill Tributary water for 3-daysl 10-
days exhibited no difference in MIC values versoistol results for all but one
antibiotic/antimicrobial compound assayed. Resufit8-day exposures are shown in
Table 8, and are summarized in Table 8a. Result®8-day exposures are shown in Table
9, and are summarized in Table 9a. Exposuf@db Beaverkill Tributary water did not
result in an increase in MIC values versus therodsfor any sample. However, the
control MIC values in the 3-day exposure duplicsays for Sul were less 2 and 3 wells
less than the control exposure duplicates. Thislmaelated to the variability generally

observed in the MIC values for Sul.



Table 8: MIC results for three-day exposureStaphylococcus aureus to Fir Brook
and Beaverkill Tributary water. Values represeet¢bncentration (ug/ml) of
antibiotic/antimicrobial at which the MIC was obged in each sample. Results from
duplicate exposures are shown as multiple valudseimppropriate cell in the table. A
duplicate of Fir Brook and the Control exposuresMi&ET were also assayed for the
MIC in duplicate resulted in the triplicate valisg®wn.

Assay
Date ;
8712005 | Fir Brook Eﬁgﬁgﬁy
-day 3-day Control
Compound
Amp 0.043 0.043 0.043
0.043 0.043 0.043
Ery 0.25 0.25 0.25
0.25 0.5 0.25
Kan 8 4 16
8 8 8
Nor 0.25 0.5 0.25
0.5 0.25 0.5
Sul 16 32 64
8 16 64
Tet 0.25 0.5 0.5
1 0.25 0.5
Van 1 1 1
1 1 2
0.50 0.50
Met 0.25 06255 0.25
0.25 ) 0.50

859



Table 8a: MIC scoring for three-day exposureS&to Fir Brook and Beaverkill
Tributary water. A + indicates an increase inMH€ of at least two wells greater
than control. A — indicates an MIC value betwean well greater, equal to, or any
number of wells less than the control. No sampiesiased the MIC value more than
one well above the control.

Assay Date
8/7/2005 Beaverkill

Fir Brook Tributary
Compound 3-day exposure 3-day exposure

Amp - -

Ery - -

Kan - -

Nor - -

Sul - -

Tet - -

Van - -

Met - -

65



Table 9: MIC results for ten-day exposure$afto Fir Brook and Beaverkill
Tributary water. Values represent the concentrgtigml) of
antibiotic/antimicrobial at which the MIC was obged in each sample.

Assay Date
8/17/2005
Resistance Beaverkill
Marker Tributary Fir Brook Control
Amp 0.021 0.021 0.021
0.021 21.3 0.021
Ery 0.125 0.125 0.125
0.125 64 0.125
Kan 4 4 2
4 4 4
Nor 0.125 0.25 0.25
0.25 0.125 0.25
Sul 8 16 16
16 256 16
Tet 0.125 0.125 0.125
0.125 2 0.125
Van 1 1 1
1 64 1
Met 0.25 0.25 0.25
0.25 16 0.50

09



Table 9a: MIC scoring for ten-day exposure§ato Fir Brook and Beaverkill Tributary water. A +
indicates an increase in the MIC of at least twélsigreater than control. A + indicates an inceeias
the MIC of at least two wells greater than contrAl- indicates an MIC value between one well
greater, equal to, or any number of wells less tharcontrol.

Assay Date
8/ 17);2005 Beaverkill Tributary Beavgmli'?ﬁf)eutary Fir Brook
Compound
Amp ) ) +
Ery ) ) +
Kan B B )
Nor B B -
Sul ) ) +
Tet ) ) +
Van ) ) +
Met ) ) +

T9



Table 10: The MIC values for re-assay of Fir Brdgkday exposure
samples. Values represent the concentration (ugfml)
antibiotic/antimicrobial at which the MIC was obged in each sample.
Met (tube 1) and Met (tube 2) are as describetdartéxt. MIC assay
results from duplicate exposures are shown asplauéntries in the
appropriate table cell

Assay Date
8/19/05
(Repeat of
Rty e
Effluent A
(Positive
Compound Fir Brook Control) Control
Amp 0.021 21.3 0.021
21.3
Ery 0.25 64 0.25
64
Kan 4 2 4
2
Nor 0.25 0.031 0.25
0.031
Sul 16 256 16
256
Tet 0.063 2 0.25
2
Van 0.25 64 1
64
Met (tube 1) 1 16 0.25
1
Met (tube 2) 0.25 16 16
16

29



Table 10a: Comparison of MIC values scoring fotihi(assay date 8/17/05) and re-assay (assay8tE2¢05) of Fir
Brook 10-day exposure samples. A + indicates arease in the MIC of at least two wells greatentbantrol. A —
indicates an MIC value between one well greatanaktp, or any number of wells less than the cdnNé: Not assayed.

Assay Date
08/19/07 . 08/19/07
(Repeatof | ogoo7Fir | RO | Effluent A 08/17/05 BT
08/17/05) Brook (Positive Fir Brook up
Brook Fir Brook
Control)
Compound
- + + - +
Amp
- + + - +
Ery
Kan
Nor
- + + - +
Sul
- + + - +
Tet
- + + - +
Van
+ + +
Met antibiotic NA NA
tube 1)
Met = = = = +
(antibiotic
tube 2)

€9
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Kensico Reservoir and Tributaries

Samples were collected from the Kensico Reserrairseveral of its tributaries
in Westchester County, NY on four different occasi§d/22/05, 9/26/05, 12/17/05,
1/08/06) by experienced U.S. EPA personnel. Sawpdge provided anonymously with
respect to the precise sampling location, and welgelabeled with the date of sample
collection and a unique identifier (A thru N). Hewver, the samples were documented as
having been collected from locations at increadistances from the intake to the New
York City water supply intake shafts, with sampld&ing closest and N being furthest.

Control samples generally exhibited good agreeme¥iiCs in assays where
exposure controls were run in duplicate. Excepgtiware observed for Amp and Sul in
the assay performed on 10/02/07, shown in TableFdt. Amp, a duplicate MIC values
were unexpectedly divergent (0.021 and 5.32 ug/mlje MIC values for Amp in other
control samples in this series exhibited valuatélower range (0.021 and 0.005 ug/mli
respectively), suggesting that the higher valmisnomaly. The MICs values for Sul in
the duplicate control samples (16 and 256 ug/mt) akhibited discrepancy. As for Amp,
however, the lower value is in general agreemettt ather control samples, also
suggesting that the higher value is an anomaly.

Kan exhibited a high, stable MIC for all sampleduding control. The MIC value
was achieved at the highest concentration, or glibeeassayed range, suggesting that the
Kan stock preparation might have lost potency dusiorage. Results for this antibiotic
are consequently not considered usable.

Upstream samples (Kensico C thru N) exhibited ooeiases greater than one well

in the MIC values versus the control for any aotiofantimicrobial.
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Results for samples Kensico A and Kensico B arevehn Table 11, and are
summarized in Table 11a. Exposures for the comtesé run in duplicate. As indicated
above, poor agreement was exhibited in the codtrplicate values for Amp and Sul.
Since the values obtained in one of the duplicap®sure control samples for these two
antibiotics/antimicrobials were markedly differéhtin those obtained in other assays,
results for Amp and Sul are discussed omitting ici@nation of the anomalous high values
(5.32 and 256 ug/ml, respectively)

. Amp (1014 x control), Sul (8 and 2 x controlgav/(64 x control), and Met (32
and 64 x control) exhibited increases in the MI@ea of one or more wells from control
for sample Kensico A, assayed in duplicate. Samdplesico B generally exhibited poor
agreement between duplicate exposure resultseait bne sample duplicate for Amp,
Ery, Nor, Tet, Van and Met showed a greater tanweth increase in the MIC value
versus the control. The other duplicate samplevelceither no increase in the MIC
value - or for Sul, Van, and Met - a decrease i€Malue versus the control MIC value.

Results for samples Kensico C thru Kensico G aogvehn Table 12, and are
summarized in Table 12a. Results for samples Kersithru Kensico L are shown in
Table 13 and are summarized in Table 13a. Resulsamples Kensico M and Kensico
N are shown in Table 14 and are summarized in Tedde Samples Kensico C thru N
exhibited no increases in the MIC values of twolsvet more versus the control except
for sample Kensico M which showed an increasedtratycline in one sample of
duplicate exposures. A decrease in the MIC vaitresus the control was observed in
some samples for Amp, Sul, and Tet. Decreasd®iiMiC values were generally 1 to 2

wells less than the control MIC value.



Table 11: The MICs values results for Samples Kendiand Kensico
B. Values represent the concentration (ug/ml) of
antibiotic/antimicrobial at which the MIC was obged in each sample.
Duplicate MIC assay results are shown as multiptees in the
appropriate table cell.

Assay Date
10/2/2005 Kensico A | Kensico B Control
Compound
Amp 21.3 21.3 0.021
21.3 0.043 5.32
Ery 64 64 0.25
64 0.25 0.25
Kan 64 64 64
64 64 64
Nor 8 8 0.25
8 0.5 0.5
Sul 64 16 32
256 8 256
Tet 8 8 0.5
8 0.5 1
Van 64 64 1
64 0.5 1
Met 16 16 0.5
16 0.063 0.25
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Table 11a: MIC value scoring for Samples Kensicandl Kensico B. A + indicates an increase in th€ Mdf at least two
wells greater than control. A + indicates an iaseein the MIC of at least two wells greater thantiol. A — indicates
an MIC value between one well greater, equal t@nyrnumber of wells less than the control. Ka&Malues were not
considered usable for this assay.

Assay Date
10/2/2005 Kensico A Kensico B
Compound
Amp + +
Ery + +
Nor + +
Sul - B
Tet + +
Van + +
Met + B

L9



Table 12: The MICs value results for samples Ken€idhru Kensico G. Values represent the
concentration (ug/ml) of antibiotic/antimicrobiahahich the MIC was observed in each sample

Assay
Date
10/10/2005 | Kensico C | Kensico D Kensico E Kensico F | Kensico G Control
Compoun
d
Amp 0.043 0.011 0.011 0.021 0.021 0.021
0.021
Ery 0.25 0.25 0.25 0.125 0.25 0.25
0.25
Kan 64 64 64 64 64 64
64
Nor 0.5 0.25 0.25 0.25 0.25 0.25
0.25
Sul 4 8 8 4 8 16
32
Tet 0.25 0.25 0.25 0.5 0.25 1
0.25
Van 1 1 1 1 1 1
1
Met 0.25 0.25 0.25 0.125 0.25 0.25
0.25

89



Table 12a: MIC scoring for samples Kensico C thamgico G. A + indicates an increase in the Mi@tdéast
two wells greater than control.A — indicates an MIC value between one well ggeagqual to, or any number of
wells less than the control. No sample increalkedMIC value versus the control.

Assay
Date
10/10/2005

Kensico C

Kensico D

Kensico E

Kensico
F

Kensico G

Amp

Ery

Kan

Nor

Sul

Tet

Van

Met

69



Table 13: The MIC value for samples Kensico H tiamsico L. Values represent the concentration
(ug/ml) of antibiotic/antimicrobial at which the KIwas observed in each sample. Duplicate assay
results are shown as multiple values in the appatgpcell in the table.

Assay

Date

12/31/2005

Compoun

d Kensico H |Kensico | KensicoJ KensicoK KensicoL C ontrol
Amp 0.005 0.005 0.011 0.005 0.005 0.005
Ery 0.25 0.125 0.25 0.125 0.125 0.25
Kan 4 4 4 4 4 4
Nor 0.25 0.25 0.25 0.25 0.25 0.25
Sul 8 4 8 8 8 16
Tet 0.25 0.25 0.25 0.25 0.25 0.25
Van 1 1 1 1 1 1
Met 0.063 0.063 0.063 0.063 0.125 0.063

0.063

0L



Tablel3a: MIC scoring for samples Kensico H thrungeo L. A — indicates an MIC value between one well greagual to, or any
number of wells less than the control. No sampbedased the MIC value more than one well abovedah&ol.

Assay Date
12/31/2005 Kensico H Kensico | Kensico J Kensico K Kensico L
Compound

Amp - - - - -

Ery - - - - -

Kan - - - - -

Nor - - - - -

sul - - - - -

Tet - - - - -

Van - - - - -

Met - - - - -

T.



Table 14: The MIC values for samples Kensico M Kedsico N. Values represent the
concentration (ug/ml) of antibiotic/antimicrobiahahich the MIC was observed in each sample.
MIC assay results for duplicate exposures are shasamultiple values in the appropriate cell in the

table.

Assay
Date
1/24/2006 | Kensico M |Kensico N Control
Compoun
d
Amp 0.005 0.005 0.005
0.011
Ery 0.25 0.25 0.25
0.125
Kan 4 4 4
4
Nor 0.25 0.25 0.25
0.25
Sul 16 32 32
32
Tet 4 0.5 0.5
0.5
Van 2 1 2
1
Met 2 2 2
4
Duplicate 2 2 2
Met 2

¢l



Table 14a: MIC scoring for samples M and N. Andlicates an increase in the MIC of at
least two wells greater than control. A — indisai@ MIC value between one well greater,
equal to, or any number of wells less than therchnt

Assay Date
1/24/2006

Compound Kensico M |Kensico N

Amp - -

Ery - -

Kan - -

Nor - -

Sul - -

Tet + -

Van - -

Met - -

€L
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South Branch Raritan River

Samples were collected on two occasions from thélSBranch of the Raritan
River in Hunterdon County, New Jersey. The furthgstream samples were collected
approximately 100 yards upstream of the Long Vdlley) Sewage Treatment Plant
(STP), the furthest downstream south of Ken LockaivGmrge (KLG) on Rt. 31 and 513
(on Durham House property) in Clinton, NJ. Locasioorganized from most upstream to

most downstream sample, are provided in Table 15.



Table 15: South Branch Raritan River sampling locat listed consecutively from upstream to

downstream. (LV — Long Valley, KLG — Ken Lockwooafge).

Sample

Description

LV-3

Intersection of Bartley and Coleman Rds. Furthestream sample

LV-1

Adjacent to Long Valley WWTP

LV-2

Downstream of Long Valley WWTP at intersection ¢6.R24 and 517

KLG-1

Upstream entrance to Ken Lockwood Gorge

KLG-2

Downstream terminus of Ken Lockwood Gorge

KLG-3

Rt. 31 and 513 (on Durham House property). Futtiesnstream sample.

72
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The MIC assay results for the South Branch Raf&er samples are shown in
Table 16, and are summarized in Table 16a. Sanwple collected during the first
sampling event adjacent to the Long Valley WWTPs wee only sample to show an
increase in MIC values versus the control. Howgerasults for the duplicate LV-1
sample exposures showed poor agreement, with omglesaxhibiting an increase in the
MIC value versus the control for Amp (62 x contraljd Met (4 x control) and the
duplicate sample exhibiting an increase in the Miflie versus the control for Amp (495
x control), Ery (128 x control), Kan (8 x contro§ul (2 x control), Tet (8 x control), Van
(32 x control) and Met (64 x control). The disaapy in results was further evaluated by
re-assaying the samples for the MIC. Results®ftéhassay are shown and compared
with the initial sample assay in Table 17, andrésalts are summarized in Table 17a. The
results from the re-assay showed excellent agreem#nthe results obtained from the
LV-1 duplicate sample from the initial assay, sgigrsuggesting that the initial result was
an anomaly and that the LV-1 sample induced mark&éeases in the MIC values versus
the control for Amp, Ery, Kan. Nor, Tet, Van, aneétM Sample LV-2 collected
approximately one half mile downstream of LV-1 dmt exhibit any increase in the MIC
value versus the control. The furthest upstreanpfa(LV-3) also did not exhibit any
increase in the MIC value versus the control. Re$wwom the duplicate MIC
determinations for LV-1 were inconsistent, howeerthis sample was re-assayed two
days after the initial MIC determination. The isay result verified that the sample
collected adjacent to the Long Valley WWTP discleagghibited an increase in the MIC

values versus the control for Amp, Ery, Nor, Teanyand Met.



Table 16: The MIC value results for South BranchitRa River samples from first sampling event. £\W.ong Valley, KLG —
Ken Lockwood Gorge. Values represent the conceoitrétig/ml) of antibiotic/antimicrobial at whichéhiMIC was observed
in each sample. Results from assay of duplicatesxgs are shown as multiple values in the sarhefdék table.

Assay Date
11/15/05 LV1 LV 2 LV 3 KLG 1 KLG 2 KLG 3 Control
Compound
Amp 2.65 0.043 0.043 0.043 0.043 0.043 0.043
21.3
Ery 0.125 0.125 0.125 0.125 0.125 0.125 0.125
16
Kan 8 8 8 8 8 8 8
64
Nor 0.25 0.25 0.125 0.125 0.25 0.25 0.25
8
Sul 256 64 128 128 64 128 64
128
Tet 0.5 0.5 0.5 0.5 0.5 0.5 0.5
4
Van 2 2 2 2 2 2 2
64
Met 1 0.25 0.5 0.25 0.25 0.25 0.25
16

L)



Table 16a: MIC scoring for South Branch RaritandRisamples from first sampling
event. LV — Long Valley, KLG — Ken Lockwood Gorgk + indicates an increase in
the MIC of at least two wells greater than contrAl- indicates an MIC value
between one well greater, equal to, or any numbesetls less than the control.
Results from duplicate exposures where one saropked + relative to control in the
MIC assay are scored as +.

Assay
Date
11/15/2005
Compoun
d LV1 LV 2 LV 3 KLG 1 KLG 2 KLG 3
Amp + - - - - -
Ery + - - - - -
Kan + - - - - -
Nor + - - - - -
sul + - - - - -
Tet + - - - - -
Van + - - - - -

8.
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Met
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Table 17: Comparison of MIC values for samplegectéd on the South Branch of the Raritan
River at Long Valley, NJ (station LV-1), assayedldi15/05 and 11/17/05. Values represent
the concentration (ug/ml) of antibiotic/antimicrabat which the MIC was observed in each
sample. Duplicates, for the samples shown, wegpesed to the same sample as their

associated sample.

Aszf‘g 11/15/05 | 11/17/05 | 11/15/05 | 11/17/05 | 11/15/05 | 11/17/05
Comgoun Lv1 LvV1 Du&li/czlate Du&li/czlate Control Control

Amp 2.65 21.3 21.3 21.3 0.043 0.043
Ery 0.125 64 16 64 0.125 0.25
Kan 8 64 64 64 8 8
Nor 0.25 8 8 8 0.25 0.25
Sul 256 256 128 256 64 128
Tet 05 8 4 8 05 0.063
Van 2 64 64 64 2 0.25
@ T 2 [ w | B | s | B

08



Table 17a: Comparison of MIC scoring for sampldiected on the South Branch of the
Raritan River at Long Valley, NJ (station LV-1)saged on 11/15/05 and 11/17/05. A +
indicates an increase in the MIC of at least twtlsigreater than control. A — indicates an
MIC value between one well greater, equal to, grrammber of wells less than the control.

Assay Date 11/15/05 11/17/05 11/15/05 11/17/05
Compound LV 1 LV 1 DUIF_’\"/Cfte DUIF_J\"/Cfte
Amp + + + +
Ery - + + +
Kan - + + +
Nor - + + +
Sul + - - -
Tet + + + +
Van + + + +
Met + + + +

18
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To further evaluate the increase in the MIC valoeshe LV-1 sample, two sub-
colonies were selected after isolation on TSA. Twatrol (no exposure to
environmental water) sub colonies were similarlgced. LV-1 sub-colony samples were
assayed for their MIC values in duplicate. Resailesshown in Table 18, and are
summarized in Table 18a. The MICs for both LV-b solonies show consistent
agreement between duplicates; however, the twatselesub-colonies exhibited
differences in the MIC profile. One possibility fthis result is that a mixed culture of
multi-antibiotic resistan®A might have emerged from exposure to the LV-1 water
sample. One of the colonies (Colony 1) exposezhtople LV-1 in duplicate did not
exhibit any increase in the MIC values versus th&ml for Ery, Kan, Nor, Tet and Van,
whereas the other colony (Colony 2) exposed to Eab\-1 in duplicate showed
increases in the MIC values versus the controlifese antibiotics. One of the Colony 2

duplicates did not exhibit an increase in the M#Lie versus the control for Sul.



Table 18: The MIC values for sub-colonies cultuiresn primary exposure culture from South

Branch Raritan River samples from first samplingrév Values represent the concentration (ug/ml)
of antibiotic/antimicrobial at which the MIC wassdrved in each sample. Duplicate assay results are
shown as multiple values in the appropriate cehentable.

Assay Date
11/23/2005 Control Colony Control Colony LV 1 Colony LV 1 Colony
Compound |1 2 1 2
Amp 0.043 0.043 21.3 21.3
10.65 21.3
Ery 0.125 0.25 0.125 64
0.125 64
Kan 8 8 16 64
16 64
Nor 0.25 0.25 0.25 8
0.25 2
Sul 64 32 256 128
256 64
Tet 0.5 0.5 0.5 4
0.5 4
Van 2 2 2 64
2 64
0.125 4 16

€8



Table 18a: MIC scoring for sub-colonies cultureahf primary exposure culture from South Branch
Raritan River samples from first sampling evenY L Long Valley. A + indicates an increase in the
MIC of at least two wells greater than control.—Andicates an MIC value between one well greater,
equal to, or any number of wells less than therchntDuplicate determinations where one sample was
+ relative to control are scored as +.

Assay Date LV 1C1°|°”y Lvi1 (éolony
11/23/2005
Amp + +
Ery + +
Kan + +
Nor - +
Sul + +
Tet - +
Van - +
Met + +

¥8
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Samples were collected from the same locationseaSbuth Branch Raritan River
on a second sampling event approximately two mogitles the initial sample collection,
and MICs were determined after exposur&bto the samples for 10-days. Results are
shown in Table 19, and are summarized in Table MICs were not greater than control

for any sample collected during the second sampehmmt.



Table 19: The MIC values for South Branch Rariaver samples from second sampling event. LV —d ¥alley, KLG — Ken Lockwood Gorge. Values
represent the concentration (ug/ml) of antibiotitifmicrobial at which the MIC was observed in egample. MIC results from duplicate exposures are
shown as multiple values in a sample cell. For Méilplicate MIC assays were run for sample LV 1b@&<® b, and the control with results shown in italic

Assay Date
1/15/2006 LV 1b LV 2b LV 3b KLG 1b KLG 2b KLG 3b Control
Compound
Amp 0.005 0.011
000 0.011 0.005 0005 0.011 0.011 0.005
Ery 0.25 0.25
0o 0.25 0.25 0o 0.25 0.25 0.25
Kan 4 8
4 4 4 8 8 8 4
Nor 0.25 0.25
A 0.25 0.25 0o 0.25 0.25 0.25
sul 256 256
e 256 256 e 256 256 256
Tet 05 05
0o 0.5 05 0o 0.5 0.5 05
Van 1 1
1 1 1 1 1 1 1
0.063
Met 0.125 0.125 0.25 0.063
0.063 0.125 0.125 0.125 0.125 0.25 0.125
0.125

98



Table 19a: MIC scoring for South Branch RaritamgRisamples from second sampling event. LV — Loafiey, KLG — Ken Lockwood Gorge. A +
indicates an increase in the MIC of at least twhsagreater than control. A — indicates an MICueabetween one well greater, equal to, or any nuwibe
wells less than the control. No sample increakedMIC value more than one well above the contElplicate assay results were of the same magnitude
and are shown as single scores.

Assay Date

1/15/2006 LV1b LV 2b LV 3b KLG 1b KLG 2b KLG 3b
Compound

Amp - - - - -

Ery - - - - -

Kan - - - - -

Nor - - - - - -

sul - - - - - -

Tet - - - - - -

Van - - - - - -

Met - - - - - -

.8
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Raritan River, City of New Brunswick Source Water and Tap Water

Samples were collected at three locations on twsecutive days from the
Raritan River at Bound Brook, NJ, and the DelawRagitan Canal which serves as the
source water for drinking water for the City of N&munswick, NJ. Sampling on
consecutive days (May 1 and 2, 2007) took advantagetential runoff or sewer

overflows resulting from the storm event that ocedron the previous night through the

morning of the following day (0.85 inches at MidsHe, NJhttp://nj.usgs.gon Previous
rainfall occurred on April 27 when 4.23 inches aihfall were recorded at Middlesex, NJ.
Sampling locations were as follows: Sample RR 40ellRR 10-2 were collected from
the Raritan River in Bound Brook, NJ adjacent t® @ity of Bound Brook New Jersey -
American Water Works drinking water treatment facihtake which is located just
downstream of Lock 10 which will be further desedb Sample DRC 10-1 and DRC 10-
2 were collected at Lock 10 (a.k.a. 10 Mile Loakstjprior to overflow at the spillway;
Sample DRC NB-1 and DRC NB-2 were collected appnaxely 50 yards upstream of
the New Brunswick Water Company intake at the darasn terminus of the Canal at
the Raritan River in New Brunswick, NJ. New Brurdwap water was collected from
the tap after running for three minutes in the fabary at Lipman Hall, Cook College
Campus, New Brunswick, NJ. The cold tap water $&amvps immediately treated with
sodium thiosulfate to eliminate any chlorine reaidu

Saphylococcus aureus exposed to the environmental water samples weayed
for their MIC values on 05/21/07. Exposure sampled the control sample, including
duplicate exposures for some samples, were re-edsay06/01/07 to confirm results for

samples that showed a discrepancy in their MICeghetween duplicate exposures.
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Results for the MIC value determinations in the glasare shown in Table 20, and data
are summarized in Table 20a. The Van standardapparently consumed by others
working in the laboratory and consequently wasasstayed for its MIC value.

The MIC values for the samples collected at Loclo@a®5/01/07 (DRC 10-1) and
05/02/07 (DRC 10-2) were within the range of theleate control samples except for
Amp (532 times control) and Met (32 times contiolpne of the duplicate samples
collected on 05/01/07. The MIC values in the dampollected at the New Brunswick
water intake on 05/01/07 (DRC-NB-1) were identtcathe controls. The MIC values for
the samples collected on 05/02/07 (DRC NB-2) etgnibincreases in the MIC values
versus the control for Amp (213 times control), Kdrtimes control) and Met (32 times
control). The MIC values for New Brunswick tap ea{NB Water) samples were within
the range of controls except for Amp in one dupdicgample (213 times control). The
relatively high MIC value observed for Sul was dstent with the variability observed for
this antimicrobial marker throughout this work, asadonsistent with that observed in
studies performed by others (Bordas, et al., 188ady and Katz, 1992; Kleiner, et al.,
2007).

The MIC values for samples collected on 05/01/0¥ @sY02/07 from the Raritan
River where identical to the controls except fopldiate samples (RR10-2) collected on
5/2/07. The MIC values in the sample exceededadimerol for Amp (1936 times
control), Ery (256 times control), Kan (4 times trof), Nor (8 times control), Tet (16
times control), and Met (32 times control). TheQWialues for the corresponding
duplicate sample were identical to the control.nMas not assayed for its MIC value in

this assay.
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To further evaluate the results and discrepan@ésden duplicate determinations
observed in the samples run on 05/02/07, samples mgeassayed for their MIC values on
06/01/07. Comparison of relative results for s@sphat showed an increase in the MIC
value versus the control (i.e. MIC at least 2 watlsater than control) were very similar.
Results are shown in Table 20a and are summanzeédhle 20c. As a result, only the

MIC values from the initial assay were used inlfol@ta summaries.



Table 20: The MIC values for Delaware Raritan C4B&C), New Brunswick tap water (NBW),
and Raritan River at Bound Brook (RR) samples.u¥alrepresent the concentration (ug/ml) of
antibiotic/antimicrobial at which the MIC was obged in each sample. Duplicate assay results are
shown as multiple values in the appropriate celhetable.

5/1/07 5/2/07 5/1/07 5/2/07 5/2/07 5/1/07 5/2/07
Sample Date
Assay Date
05/21/07 DRC DRC DRC NB-1 | DRC NB-2 NBW RR10-1 | RR10-2 Control
‘ 10-1 10-2
Compound
Amp 5.32 0.011 0.011 21.3 21.3 0.011 21.3 0.011
0.011 0.011 0.011 21.3 0.011 0.011 0.011 0.011
Ery 0.25 0.25 0.25 64 0.25 0.25 64 0.5
0.25 0.25 0.25 64 0.25 0.25 0.25 0.25
Kan 8 8 8 64 8 8 64 16
8 8 8 64 16 8 16 16
Nor 0.5 0.25 0.25 4 0.5 0.5 8 0.5
0.5 1 0.50 16 0.50 0.5 0.5 1
Sul 256 256 256 256 256 256 256 256
256 256 256 256 256 256 256 256
Tet 8 0.25 0.25 8 4 0.25 4 0.25
0.25 0.25 0.125 16 0.25 0.25 0.25 0.25
Met 64 2 2 64 64 2 64 2
2 2 2 64 64 2 2 2

16



Table 20a: The MIC re-assay values for samples flembDelaware Raritan Canal
(DRC), New Brunswick tap water (NBW), and RaritameR at Bound Brook (RR).
Values represent the concentration (ug/ml) of &tiddantimicrobial at which the MIC
was observed in each sample. MIC assay resultufolicate exposures are shown as
multiple entries into the appropriate cell in théle.

Sample Date 5/1/07 | 5/2/07 | 5/2/07 | 5/2/07 | 5/2/07
Assay Date
6/1/2007 DRC DRC RR DRC Contro
Compound 10-1 10-2 | 10-2 | NB2 | NBW |
Amp 2.65 | 0.0025 | 1.33 21.3 10.65 | 0.005
0.0025 | 0.0025 | 0.0025 | 21.3 | 0.0025
Ery 0.125 | 0.125 16 64 0.25 0.125
0.125 | 0.125 | 0.125 32 0.125
Kan 4 4 32 32 4 4
4 4 4 32 4
Nor 0.25 0.25 4 4 0.25 0.25
0.25 0.25 0.25 2 0.25
Sul 256 32 256 256 256 64
32 16 16 64 16
Tet 8 0.125 2 8 2 0.125
0.125 | 0.125 | 0.125 2 0.125
Met 16 1 64 64 64 1
0.5 1 1 16 0.125

6



Table 20b: MIC value scoring for samples colledredh the Delaware Raritan Canal (DRC), the RarRarer (RR), and the city of New Brunswick tap wafBW Samples
were assayed on two different days to verify resulk + indicates an increase in the MIC of atiea® wells greater than control. A — indicatesMi€ value between one well
greater, equal to, or any number of wells less tharcontrol. Duplicates are samples exposed tnSuplicate. NA - Not assayed.

Assay

Date 5/21/07 ; ; ; ; ;
. Duplicate . Duplicate . . Duplicate B Duplicate Duplicate
DRC 10-1 DRC 10-1 DRC 10-2 DRC 10-2 RR 10-1 RR 10-2 RR 10-2 DRC NB-2 DRC NB-2 NBW NBW

Compound
Amp + - - - - + - + + + -
Ery - = - - - + - + + - _
Kan - = - - - + - + + - _
Nor - - - - - + - + + - -
Sul B B B B B B B + + B B
Tet + B B B B + B B - + B
Vet + - - - - + - + + + +

Assay

Date

6/1/2007
Compound
Amp + - - - NA + - + + + -
Ey - - - - NA + - + + - -
Kan - - - - NA + - + + - -
Nor - - - NA + - + + -
S + - - - NA + - + - + -

ul
Tet + - - - NA + - + + + -
Met + - - - NA + - + + + -

€6
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General Discussion of Results

This study evaluated the ability of environmentatevs to induce antibiotic
resistance in a laboratory Gram-positive bactstrain, Saphylococcus aureus ATCC
9144 GA). This strain oA has been utilized previously in studies evaluattirggability
of various natural and synthetic compounds andurest to induce antibiotic resistance
(Kliener, et al., 2007; Bordas, et al., 1997; Bradd Katz, 1992). Moreover, this strain
of SA is known to be sensitive to a wide spectrum oibéotic classes including beta
lactams, macrolides, aminoglycosides, tetracyclighsopeptides, fluoroquinolones, and
sulfonamides. Consequently, this strairsafis considered a viable tool to screen
environmental waters for their ability to inducedibiotic resistance.

The antibiotics employed in this evaluation andrthespective classifications and

modes of action are shown in Table 21.



Table 21: Summary of the antibiotic/antimicrobiaéd in the MIC assay f&aphylococcus aureus that had

been exposed to environmental water samples.

Compound Classification Mechanism of Action | Targets

Ampicillin (Amp) Beta lactam Bactericidal Gram-positive
Inhibits cell wall Some Gram-negative
synthesis

Erythromycin (Ery) Macrolide Bacteriostatic Gram-positive
Inhibits protein
synthesis

Kanamycin (Kan) Aminoglycoside Bactericidal Gram-negative
Inhibits protein Some Gram-positive
synthesis

Norfloxacin (Nor) Fluoroquinolone Bactericidal Gram-positive
Inhibits protein
synthesis

Sulfamethoxazole (Sul) Sulfonamide Bacteriostatic Gram-positive
Inhibits DNA synthesis

Tetracycline (Tet) Tetracycline Bacteriostatic Gram-positive/Gram-
Inhibits protein negative
synthesis

Vancomycin (Van) Glycopeptide Inhibits cell wall Gram-positive
synthesis

Methicillin (Met) Beta Lactam (penicillin | Inhibits cell wall Gram-positive

class) synthesis

G6
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Development of antibiotic resistance was obserubdequent to exposure &4
to samples from most of the environmental watessga examined (ambient fresh water,
sewage influent, sewage effluent, finished drinkiager), but not to all environmental
waters within a class. Table 22 provides a summargsults for the MIC value
determinations for each class of environmental iwatentibiotic resistance was not
detected after exposure A to either of the two pharmaceutical manufactupfant
effluents. Within the classification of ambiertghwaters examined, samples were
collected from rivers, and drinking water sourcders Drinking water sources were
contributing streams and downstream reservoirssilnaply potable water to the City of
New York; the Delaware Raritan Canal, which supptietable water to the City of New
Brunswick, NJ; and the Raritan River, which suppteinking water to the Town of
Bound Brook, NJ. Results for MIC value determimag of drinking water sources are
summarized in Table 23.

Eight of thirty-five ambient water samples exhilditaulti-antibiotic resistance.
One sample (Kensico M) exhibited resistance t@bstiline and no other antibiotic in one
sample from duplicate exposures. Resistance wastsasach compound included in the
MIC assay panel, though resistance to each washsa&rved in every sample. One of
three sewage influent samples exhibited multi-gotitdantimicrobial resistance. The
effluent sample collected from the same faciligoa¢xhibited multi-
antibiotic/antimicrobial resistance to the samegpai antibiotic/antimicrobial markers.
The magnitude of resistance, when observed, andntif@otics/antimicrobials to which
resistance irBA developed were the same in both influents andeefts collected from a

given facility, suggesting that the agent of resise (presence of antibiotic/antimicrobial,
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genetic material, or other agent in the wastewates persistent.

A summary of results categorized by antibioticfamtrobial compound class are
shown in Table 24. Resistance of expoS&do ampicillin and tetracycline were the most
commonly observed, and occurred in all samples evhesistance was demonstrated,
except for one of the duplicate exposures for sadphsico M which was only positive
for tetracycline,. The data strongly implies thatombined beta lactamase and active
efflux activity in each of the resistant SA cultsreMethicillin resistance was nearly as
prevalent, but at a slightly reduced frequencygssting a somewhat reduced incidence
of transmission or induction of the factors geng@dsociated with resistance to this
antibiotic. The mec loci that codes for the vasi@pecific penicillin binding proteins
associated with methicillin resistance has beentiited to co-occur with erythromycin,
tetracycline, and fluoroquinolone resistance imownity acquired MRSA strains in the
U.S. (Tenover, et al., 2006). Resistance wasaiserved to vancomycin in 4 of the
multi-antibiotic/antimicrobial resistant sampleghis study, and has been shown in clinical
strains of methicillin and vancomycin resist&At(Tenover, et al., 2001). This is believed
to be associated with vancomycin trapping by ovgr-essed membrane bound penicillin
binding proteins. The relatively reduced frequeasgl magnitude of resistance profiles to
other antibiotics evaluated suggests that the nmsaha of resistance may be less robust
(e.g. non specific efflux) or that specific factare not strongly expressed. Preliminary
experiments performed with this research suggdbadexposure to ug/ml concentrations
of ampicillin, tetracycline, and methicillin onlgsulted in low increases in the MIC value,
if any. The magnitude of antibiotic/antimicrohiakistance observed in the determinations

provided here were variable, but maximum increasédse MIC value of greater than
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1000 times the control for ampicillin and up toté¥es control for methicillin ambient
fresh water is reason for serious concern regamtimmal and ingestion related exposure

of humans.



Table 22: Summary of the MIC assay results foirenmental water samples.

Environmental

Number of samples

Number of MIC

Number of samples

Compounds for

Water

Water Sample analyzed Assays of capable of inducing | which
environmental resistance(MIC > 2 | antibiotic/antimicr
samples* wells > control MIC)** | obial Resistance

Observed (MiC > 2
wells > control MIC)

Ambient Fresh 35 63 9 Amp, Ery, Kan, Nor,

Water Sul, Tet, Van, Met,

Sewage Influent 3 15 1 ':‘AZF Ery, Sul, Tet,

Sewage Effluent 3 14 1 ':‘AZF . Ery, Sul, Tet,

Pharmaceutical

Effluent 4 ! 0

Finished Drinking 5 5 1 Amp, Sul, Tet, Met

* Includes all MIC assays of the same sample.sDw include assay of control samples
** Does not include split (co-located) samples

66



Table 23: Summary of the MIC assay results forkdino water source samples.

Drinking Water Number of Number of Samples with| Antibiotics/

Source Samples Antibiotic/Antimicrobial | Antimicrobials
resistance

New York City 14 3 Amp, Ery, Nor, Sul, Tet,

Reservoir and Van, Met

Tributaries

Delaware Raritan 4 2 Amp, Ery, Kan, Nor, Sul,

Canal Tet, Met

Raritan River at 2 1 Amp, Ery, Kan, Nor, Sul,

Bound Brook

Tet, Met

00T



Table 24: Summary of the MIC assay results by artidbclass for 10-day exposures.

Compound Antibiotic/Antimicrobial Frequency Frequency of Multi-
Class resistance with Amp
Resistance
Amp Beta Lactam 10/51 10/10
Ery Macrolide 8/51 8/8
Kan Aminoglycoside 3/49 3/3
Nor Fluoroguinolone 5/51 5/5
Sul Sulfonamide 8/51 8/8
Tet Tetracycline 11/51 10/11
Van Glycopeptide 4/40 4/4
Met Beta Lactam 9/51 9/9

TOT
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The widespread occurrence of antibiotics and antitbresistant bacteria in the
environment is cause for concern due to the pathiat further resistance may be
conferred to non-resistant pathogens by either @xgoto antibiotics or by incorporating
genetic material from resistant bacteria alreadg@nt. This work is the first known to
demonstrate that antibiotic resistance can be edluta laboratory strain of pathogenic
Gram-positive bacteri&gtaphylococcus aureus, by exposure to filter sterilized
environmental watein vitro. MoreoverS. aureus is associated with widespread
morbidity and mortality both in the United Stateslather countries directly related to
resistance irs. aureus to the antibiotic methicillin. This work is thiest identified to have
demonstrated that factors that convey resistanogetabicillin are present in
environmental waters. Moreover, resistance to eanycin in the majority of samples
analyzed for both methicillin and vancomycin resmigte exhibited multi-antibiotic
resistance to both. This finding is of importangiace vancomycin is considered one of
the final therapeutic defenses against MRSA inbesti The factors that convey the MAR
operon to bacteria appear to coexist in the enmieont, and may indicate that vancomycin
resistant MRSA will continue its emergence as arnompathogen, with possible
widespread increases in mortality occurring assalte

The multiple antibiotic resistances exhibited bynpkes assayed in this
investigation indicate that one or more mechanisiag be associated with the observed
resistances. Evidence for this potential was sstggewvhen two sub-colonies from a
single exposure culture were assayed for theirectse MIC values to the test panel of
antibiotic/antimicrobial. The MIC values for eashbculture were highly reproducible, yet

each exhibited unique resistance profiles. Pdiistbifor the observed variability include
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acquisition of more than one resistance factor. @agmid or integron containing variable
resistance cassettes) % from the environmental water, loss of a factoaassult of
excision or recombination, or potential point mig@atof some but not all bacteria in the
culture. The observed result is, in all casesixadrbacterial culture with respect to the
resistance phenotype. Each of the potential méaharhad been described in the
literature with respect to observed resistance q@iypes, and none can be discounted
here.

The relative abundance of methicillin resist&aphylococcus aureus (MRSA) in
the environment is, at present, unknown. The tesilthis investigation suggests that the
presence of MRSA in the environment may be subatarfuch presence may alone be
associated with some of the observed public healtlsequences, or may emerge as a
future source of MRSA with potential risks to pultiealth. Moreover, 18% of the
assayed samples, and df3he methicillin resistant samples, exhibitedbaresistance with
vancomycin. This number may be greater since vagcim was not assayed in 4 samples
evaluated in this study that induced methicillisiseance. Vancomycin and methicillin
multiple-antibiotic resistance has been describegdinical settings, but not in the
environment (Schaff, et al. 2002). This suggestibmultiple-antibiotic resistance to both
vancomycin and methicillin is consequently of cancgince the results suggest that
mechanisms are present in the environment for g@mee of the deduced co-resistance.

The mechanism(s) that are responsible for the sedantibiotic resistance remain
to be investigated. Filter sterilization of alMe@onmental waters evaluated in this study
indicate that transmittal of resistance was nod@ased with conjugation. The potential

that point mutations induced the observed mul@pigbiotic resistance appears unlikely in



104

accordance with reports of the low frequency ofatiath that induce resistance to even a
single antibiotic. Notwithstanding, mutation enbament of the frequency of mutation
vitro has been reported to be an important factor ieldpment of vancomycin resistance
in S. aureus (Schaff, et. al, 2002). However, enhancemenesitance to other
antibiotics assayed was not observed. Integratsritegrate cassettes conveying
multiple-antibiotic resistance to up to 4 antilbestof distinct classes have been described,
and such integrons have been observed both asdreplasmid genetic material, free
plasmids or phage plasmid associated, and intehnatie phage genomes. Any or all of
these are mechanistic candidates for inductiohe@bbserved resistance profiles. Some
evidence for a particle associated conveyancesidtegce was obtained in the failure to
establish a dose dependency for a sample for vehitbh resistance activity was
repeatedly observed. It is possible that the fésfdahat conveyed resistance existed in a
highly dilute state, but the effects were eithegniied or the probability of factor

transmittal increased with exposure to fresh sawypde the course of multiple days.

Summary

The work presented here is the first demonstraifan vitro induction of
antibiotic resistance in either a Gram-positivésoam-negative bacterium after exposure
to ambient environmental waters, wastewaters, iargthéd drinking water. Forty-three
environmental water samples were assayed for @abéity to induce antibiotic resistance
in Staphylococcus aureus strain 9144. Samples consisted of WWTP influewt a
effluents, pharmaceutical manufacturing efflueatapient waters, and finished drinking

water. Antibiotic resistance was assayed by det@rgithe Minimum Inhibitory
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Concentration (MIC) for compounds representingltéia lactam, macrolide, tetracycline,
aminoglycoside, glycopeptides, and sulfonamidesels®f antibiotics. MICs were
generally determined after 10-day exposureStaghyl ococcus aureus to each of the
environmental water samples.

Environmental water samples increased the MIC gaheesus the controls in 11
of the 51 (22%) of post exposusaphylococcus aureus samples assayed. Increases in
the MIC values for all of the assayed antibiotitifaicrobial compounds assessed were
observed in more than one sample. Antibiotic rasst, observed as increases in the MIC
value greater than 2 wells (4-fold) from the cohmbC value, was observed most
frequently for the tetracycline (22%), the betadac ampicillin (20%), and the beta
lactam methicillin (18%). The aminoglycoside kawaim increased the MIC values least
frequently (6%). Methicillin was co-resistant walmpicillin and tetracycline in all of the
samples exhibiting methicillin resistance. Forastantibiotics assayed for their MIC
values in environmental water exposgdphylococcus aureus, all displayed multi-
resistance with ampicillin and tetracycline resisesuggesting a common origin or
assembly of resistance traits. Vancomycin resigtavas present in 10% of the exposure
samples, and coexisted with methicillin in 75%lté ¥ancomycin resistant samples.

Increases in the MIC values were associated withiearhsurface water, WWTP
influent and effluent, and finished drinking watérhe results are consistent with findings
of studies that investigated the occurrence obartits in water samples. The results also
parallel the isolation of antibiotic resistant @ or genes conferring antibiotic resistance
from environmental water samples. The two pharemdca manufacturing effluents

evaluated did not induce antibiotic resistance weler, the types of pharmaceuticals
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manufactured at the sampled facilities, whethey thanufacture antibiotics, and
wastewater treatment processes employed are unknown

Variability was evident with respect to the MIC wa$ determined from water
samples from which duplicated exposures were adsdyesome cases, the MIC value
results from duplicate exposures show very pooe@gent. To assess this, samples were
re-assayed for MIC. Re-assay results generallfiromed the initial MIC assay results
indicating that the discrepancies were attributédldifferences in the exposed cultures
and not variability in the assay.

Sulfamethoxazole MIC values tended to be diffitalinterpret. The cutoff point
for determining the MIC was an increase in absarban twice that of the previous well
in a 96-well assay plate. For the many sulfamedhole MIC value assays, the cutoff
point was not definitive; measured absorbance tholalowly increase, eventually
reaching a plateau at the level of the associatatt@ samples. Moreover, the
absorbance observed for high concentration sulfaomeizole MIC titers were generally
two to three times greater than those of othebmits assayed. Absorbance measured
for sulfamethoxazole alone was found not to countelio the observed increase in
absorbance in the MIC value assay. While the re&mothe observed effect is unknown,
it is important to note that in general the MICuatutoff for sulfamethoxazole was not
clear cut, and the interpreted MIC value may owesthe actual MIC value.

The mechanism associated with the observed ing@asatibiotic resistance in
SA after exposure to environmental waters remainsiowk and to be determined. The
established presence of antibiotics in many amiietérs and wastewaters suggests that

selective pressures for antibiotic resistant phgres is widespread. However, the
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possibility that point mutation alone is resporesiappears negligible in light of
observation relating to the frequency of mutatitmme, and the observations that
exposures to environmental waters induced mulstasce phenotypes to antibiotics with
dissimilar mechanisms of action and consequent amesins of antibiotic resistance.

The mechanism associated with the observed ing@asatibiotic resistance in
SA after exposure to environmental waters remainsowk and to be determined.
Corresponding to the results of others, it applaty that the observed induction of
multi-antibiotic resistance results from transf@anisduction and/or transformation.
Phages or plasmids would be expected to pass thi@2gu filters. However, bacteria
would be excluded, arguing against transfer betwieesA utilized for exposures and
antibiotic resistant bacteria residing in the ekxpental environmental waters. The
relatively long term incubation time (10-days) abpkermit sufficient time to uptake of
DNA from the medium, thereby inducing resistancarduexposure. Confirmed
discrepancies in results obtained in some casesxfmsures to the same environmental
water, suggests that the nature of the samplethaircability to induce
antibiotic/antimicrobial resistance in tBA used in these studies was indeed variable.

The variability in the antibiotic resistance predlobtained also suggests one or
more mechanisms conveying the observed resistdre®p/pes. Resistance to multiple
antibiotics of several classes was ubiquitous mpdes that demonstrated antibiotic
resistance. However, results were not consistetnespect to the observed resistance
profiles in a given sample. For example, the Wvgample Effluent A exhibited relatively
high levels of resistance to multiple antibiotibaf did not display resistance to

vancomycin. Vancomycin resistance was observexttar in the majority of samples
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that exhibited antibiotic resistance.

Considerable variability in the magnitude of resmiste was also observed, but does
not appear related to the multi-antibiotic resiseaprofile. This could be the result of
different molecular mechanisms of resistance tfiattathe actual mode of action of a
post translational element as observed for vafi@ta lactamases, penicillin binding
proteins, and methicillin resistano®c gene products, or transcriptional control by
endogenous or exogenous promoters.

Notwithstanding, the public health implicationstis¢ ability of environmental
waters to induce antibiotic resistance in pathagbacteria are substantial. Waters used
for direct contact recreation, wild animal or lit@sk maintenance, and for non-disinfected
potable uses could all be reservoirs of varioutbiaic resistant bacteriaStaphylococcus
aureus has recently been detected in environmental fneshmarine waters, with up to
45% of the freshwater and 54% of the marine iselaang resistant to one or more
antibiotics (Harakeh, et al., 2006). The potertiainfection of humans or animals due to
contact or ingestion and the consequent diffictdtgmploy effective treatments could
substantially increase in patient care needs \Witthigh associated costs, as well as
potential mortality among susceptible populatiorduding the young, elderly, and
immunocompromised individuals. Economic impactsldanclude reductions in
recreational water use, and increased costs obwaser and drinking water treatment.
Moreover, the observed multi-antibiotic resistapogfiles obtained demonstrated that
exposure to environmental waters induces resista@noethicillin, and in a high
proportion of samples exhibiting methicillin reaiste, to vancomycin. This observation

implies that the potential for resistance to bdtthe principal antibiotics for addressifg



109

aureus infections is widespread, and may be of concenases where domestic or
recreational water use induces infection. Envirental exposure and consequent
dissemination of community acquired methicillin arsshcomycin resistar® aureus
(MVRSA) resulting from this exposure may not beldahind.

The 10-day time generally used for exposur&oto environmental waters to
assess induction of resistance may seem extemsiveplerspective of suspended bacteria
in the water column. However, observations of &aakinteractions in surface waters
suggests that bacterial attachment to immobilegghisscommon. Following
immobilization on sediments or other materials téaa may be exposed for long periods.

The results suggest that the presence of antibiatid/or antibiotic resistant
bacteria in the environment pose a threat to humeaith. Active control of the release of
antibiotics to the environment should be activelgdertaken. Various measures have been
proposed to reduce the discharge of unused phantigals, including antibiotics, to
waters (Daughton, 2003). While discharge of unb@ized antibiotics in urine is
inherently more difficult, and perhaps impossildecontrol, it is evident that reducing
exposures to humans and animals to pathogenicrizacteild mitigate at least some of
the need to employ antibiotics as a first line efiedse.

The variability in the observed resistance profiembined with observations that
selected antibiotics alone or in combination ditl iesult in substantial increases in
antibiotic resistance i8A suggests that the factors underlying the obsemsdtance are
associated with the nature of the environmentaémat that theSA were exposed.
Whether this is a result of inducible resistance ttuendogenous traits, or transfer of

resistance factors is not discernable. Inducemieantibiotic resistance resulting from
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activation of an operon has been observed for tmmuof multi-antibiotic resistance in
Bacteroides fragilis when exposed to benzene and benzene derived codgofor
regulation of the multiple antibiotic resistanceAN) operon for salycilate induced multi-
antibiotic resistance i&. coli; and for salycilate induction of multi-antibioticsistance in
S aureus (Pumbwe et al., 2007; Cohen, et al., 1993; Riordan, e2807). Since this is
the first demonstration that multi-antibiotic reéarsce could be induced in bacterial by
exposure to environmental waters, any suggestibtieainderlying mechanism are

speculative, at best.
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