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Spring blamed for slick patch of
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Metagenomic Analysis of Soil Bacteria from Rhodes Clay Hole in Lincoln County

@ Gaston College
Opportunities For Life

Chandra Carswell, Patricia Jones, Ashley Hagler MLAT., M.5.
Arts and Science Division
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Abstract
The main purpose of this research was to conduct a survey of bacterial
species i local soil s=amples and to examine a claim that a local clay de-
posit was antimicrobial. Microbial biodiversity in local soil samples was ex-
amined wsing 185 rRMA sequencing. 185 RMNA sequences are relatively

ed basad on its ability to detect organisms that are unculurable under nor-
mal lab conditions.

Six of the examined fifteen samples from the local day deposit were suc-
cessful for 165 amplification using the 27F and 1492R primer sef. Samples
were sequenced using Sanger sequencing methods at the DMNA Analysis
Facility at Yale University. After analyzing resulting sequences using
BLAST. MEGAS.0 and ClustalWy, it was found that the samples matched to
wanous uncultured environmental bacteria. In addition, bacteria was defini-
tvely shown to be present in the “antimicrobial” soil.

Hypothesis

Since soil is known to be a prefemmed environment for many bactenal spe-
cies, it is expected that various species of bacteria will be found in all soid
samples, induding clay samples from an undisclosed location, which is
touted to be antimicrobial. It is also expected that many of the species of
bacteria isolated will be "uncultured”.

Gaston College
Results
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Methods

Sol samples were collected by the owner of the property and numbered
before being browght into the lab to prevent bias by researchers. Re-
searchers examined 15 soil sampdes from various locations on the owner’s
property in addition to other soil samples from bocations in Lincoln and
‘Gaston Counties.

DMA was isolated using the MoBio PowerSaod Isolation Fit (MoBio) follow-
ing the included instructions. The 165 region for each sample was ampli-
fied wsing the 27F and 1492 primers (see below for sequences) using the
following conditions Denaturing. 48°C Annealing. 72°C Extension;

35 cycles). Primers were ordered from Eurofins MW and used for the
first time on this project at a 100uM concentration. Resulting samples
wiere analyzed wsing gel el is (XTAE, 45mingd120V), stained
using SybrSafe DNAGEI Stain (Life Technologies). Samples showing a
positive amplification result were gel purified and used in TOPO-TA doning
(Life Technologies) in order to isolate individual sequences.

uencing was conducted on the isolated sequences using the

Sanger seq
mnuers.al M13 seq.lenl:ng primer at the DNAAnaI;rsaa Facility at Yale Uni-
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& — ¥ Ssquence M
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Discussion
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| for 165 amplfication using the 27F and 1432R primer sat. Four valld se-
quencas wers obtalned after Sanger Sequencing and slimination of chimera
data. After analyzing the resulting sequences using BLAST, MEGAS.D ard
Clustay, It was found hat the sampies matched 0 vanous weukred envi
ronmental bacterla. The analyzed 169 s2quances showed high levels of con-
servation, which was expected and samples 2 and 4 appear fo be most
closaly refated.  This sUpports the claim that the biodiversky of sol containg
pactzna that are not cuturabie.

In adafion, our data Shows Mat bactera ks present In the soll tat the land-
wneT s cumently claiming to b2 ant-microbial.




AMNALYSIS OF SOIL ISOLATES FROM ANTIBIOTIC PRODUCING BACTERIA ‘(ﬂ(ﬁL]RI
Crystal Ballard (Faculty advisors: Susan Whittemore and Cliff Grimsley)

Arts and Science Division , Gaston College
Gaston College

Dpporiuniiies For Lie

ABSTRACT METHODS Data Analysis
e Small Werld Initiative [SW1] incorporabes the search for antibiotic producng mioobes i
o 5cil in the uncergrmcuste bislogy carriculum. Gaston College has integrated the SWI |, o samoies weere giluted 2rd plsted on LS agar contmining cyciohexmice ot 26°C DA Blast Analysis for Prevdomanas

in Introcuctory Microniology (810 273). The rising threst of aptibiotic recistant bacteris is
the reticnale behind the SWI. ESKAPE pethogens are responsiole for a large percantage of
nosocomial infections and represent the majority of antibiotic resistant isclstes.

ESECiE o3 E = E i = &4 I'.EE::EEE A<=y
CERasgtoattpERtEt R agErCtE Rttt Cptt s rt raatts aacTaaty
mmmw@:::mmmw

Secondary metabolites from the genera Frevdomonas and Badilus have more than COCasErEEto Esctc
mntibiotic actity. Sporulation, quorum sensing and biofilm formation may also b . tagatgecacictittaca gt s psactac pEs Rt taato ot tp s ptborce
afM=cted by these secondary metabolites |Then, et al.|. Sramicdin and pumulin are exam- . . . . -

4 Iy metnie ! o _I_ =ne p « Sorend)patch technique wes used to tast for antibiotic sctvity agminst ESKAFPE safe relatives. CEChogEtcCact S A S ctoe I R Rt L DO O o COT St E o T
ples of secondary metsbolites yielding antibiotic activity [Abdulksdir]. Soil ssmples from ectatasgicprage

varicus locetions around Gaston County ware piated. Technigues ussd included spreacy’
patch agpinst safe relative and a combination of bicchemical and genetic technigues. The
media used was LB agar with cydohexdmide to decrease fungal growth.

E DMA Bl=st Anabysic for Bocillus
A e A5 O oSSt E R ST T e EEgamEgIRECgEac-
sEEitaacacsisEpmmacrpcEEaacispeasac iCEEramacC pa priaa taropatacsiictt

BACKGROUND
Rt a 3= E o a3 A T T T O S O CECEECE St At
ESKAPE ESKAPE Gram Staining » Isolates wiln antiiotc actvity were lurmer chamactenzed by morphologlcal and genetc (165 RMA) tests. | [tSassteatesrtcaccaagsraca atpostaprcaanct R RS SR EAtCE EOCaCact Epsactsaaac
path safe Relati The 155 sequences were ampilfied using primers 27F and 149F and pURE Taq Ready-To-Go PCR acgErCRaactc CaCEEIAEEran SR LRt CopaatEERcasa gl FACE LRI acEE
athogens are Relanve beads. Sequencing was done by Yale University. Data evaluation by BLAST. cergtgascasagIssECCtrspEtcptasagtctE ttasEERaEa SR StACCR A S
“‘::—m- ”—..::“- ...“.-.:n.. teLcTt s EtEccisaccaasEaporacsEctasc Aty s s ooscsEtaatacstas stspcaas
e P = o b e Bl s e e e i e
— T S ——— stzEeEEstatiEmaaactEEEEeact EaEt ECa Eea RA A A A Et SR A e s st st a s aE i aat
— = — e
e i =
E— — —r—
po ==y e e
e e DISCUSSION/FUTURE RESEARCH
[Tha SWI FH'I'FI‘GEG a clear and pr\edse methad far sa\eenIng and identflication

of antibiotic producing microbes. Two Bacilius soll isolates and bwo
Pseudomonas soll Isolates with antisiotic actvity against ESKAPE safe
relatives were characterized by 165 rRNA sequencing and various other
jraditional methods Including Gram stalning, KOH testing, colony morphokogy

Antibiotics are molscules thst are produced by bactaria or fung or synthesized in the abor-
mtory. Antiiotics have the adilty to kill or inhibit other microbes. The modem  discovery)
ord Fubzequent development of ankibiotics into pharmaceutical products from the 15307

il present have saved milions of lives worldwice. In the late 15303, the ability of bacte- ) amylase progucion and moiiity. Genafic similariies made i dificuit o
ria to overcome the effects of the antibiotic was observed |&minoy; Devies and Davies). Bacdllus (rod) with spores Bacillug (rod) Mo aporas classily species.
Antibiotic resistance may anse wia random mutstions or the exposure to tempersbune or Gram = [CK1 & Ck13) Gram—{CR2 & CR7)
P changes. The main cause of resistancs gevelopment is due to medicsl personnel cwer- FLILre plans INciude ncorporatian Mm?_l“\e cnemical -
prescribing antiniotics with failure to provide agequate patient instructions. The Iack of pa- Four isclates: CRZ. CR17. Ckl and Ck19 inhibited the of ESKAPE reletives. analysis and cnange from the PuReTag ™ Ready-io-Go - PCR Deads.
tient compliance with antibiotics has also contributed to the public heakh crisis. [Lee, ot ' ' B Future students wil also wse an expanged vanety of agars for plating lso-
al.; WHO]. The meat ingustry also plays a lange mode in the gewelopment of resistanos. Anti- |ates.
biotics, inchsding those used for human diszase, howe been rovtinely  adminiztered by
farmers to food animals at low doses for long periods of tme as growth promoting agents REFEREMCES
mrd preservatives (WHO|. Antiniotic resistance in pathogens has become B serious threst Charscheristic of the &
to giobal public heaith, with some bactaria scguiring multiple resistance mechapisms, sclates
I-_:u\ring few or even no antbibiotics that can effecthvely cure the infection. There are now &5 oz i — f— ’:‘c:l'l"‘;“_" f_l"l;j‘f;r'"‘n"" ot Aniibicric: Ena: Licdeoss Mo e chualiargech ol T Fuitini
tmated to be mo.r\: mm.ism Inu.ufn l:fmrlent types of r.u!sl:um:z ;:.ns_-:M:Arthl.r. et ps s s as C‘DCA;mu.lumnrm:l:b-.I Foasiaiance. D15, i Swaws e goraidnugmsisiance
Concurrent with the rize of anbiboic ressiance bacteria s the dedine in the develop- ) Diavien, 1 Yihaes hove all e andbioies gone’t Canadian Joumal of infacices Disaases snd Merlicsl
mient of mew antbiobics. Sinos the 15605 only 2 new major classes of antibiotics hawe Yellow Opaque Wicrobkslegy 17]5) 257T-200, 2008
miade it to the market [Lee, et al.] The kigh cost of dnug development has lead many phar- & Rods G-Rod G+ Roa Duvies, J and O Derdes Origies: and Evoiution of and
misceutical companies to focus more on profiabés drugs ciasses (Kans) ey Frviown. TA0E 414420
Yag ax ax H Chan ol al, Lai Asplied Mciotiskogy. 47, 180-188 {2008
iTp s vl i B
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The bacteria found in soil is influenced by gecgraphical location such as (. Euroipaan Joummal of Appled Bdancs 4S) 31215, 242
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THE EFFECTS OF UVB AND UVA RADIATION ON KERATINOCYTES AND FIBROBLAST ‘(ﬁ(‘L]RI
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Science Division v
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ABSTRACT METHODS DATA AMALYSIS
This expanment focusad on UVA (320-400nm} and UNVS (250-320nm) radiation On the first day, the celis were plated on flat bothom 24-well cell alture plates. The e S e i
on cultured skin celis. The calls ware expdsed 1o the UV ragiations 1o womately edia used for plating the cefis is DMEM based. supplemented with 10% FBS, 50U Peni- | v | v [P o] S 0 ]| g [yt
test the effect of call death, cylotoxicily, and viallity. The celis wers platad on flal #in_ 50 mg/mL Streptomycin, and 45 pg'ml amphatericin. The two cell lines that will be - == - -
bottom 24-wel c2ll culwre plaies. The media used for plating he cells ls DMEM sed are, Normal Human Demmal Fibroblasts (MHDF) — primary human celis; purchased B = 4 | T
basad, supplemented wih 10% FBS, 50U Penicilin, S0 mgimlL Streptomycin, and - . £00-3511 and HaCaT Kerat s — hu cell line: Y — ! ..:E:".‘._:'::'?'
45 pg/mL amphotedcin, The purpose of this study Is fo 562 what wavelength re- ! b == . st ma—
om AddexBio, product | = = | i ————
sults In the most c2ll damage. The calls wers placed under the amps at 30cm - = s ey
for a total of 15 minutes per day. This expenment was repeated over the course | [ TOOZD001. i == = -
of £lx days. Wihin this expesiment much data was gained to show a change In Each day the celis were tested at a distance of 30cm from the UV light source. The fi- =
call viaolity. WER the wse of PrestoSius™ Cell Viabllily Reagent | was possible problast were tested first then proceeding were the keratinocytes. After each plate had ‘ — ar
to read wiablity. Pictures taken with an Inverted microscops shows Me change of | peen exposed, pictures were taken then, a viability reading was constructed followed by a B -
e calls foemation and oovious cell death.  This expeniment shivws valuabie data el count.
that coukd result In finding what wavelengtn ultimately hamms human skin most. — L —E—
— miams | o
e | =
BACKGROUND ] ~ I I l I l I ;
RESULTS e ——— = =S =
A and UNB radiation are fownd within most light sources including the ——— N .
sun, lamps and other sources of light. LA is considered the longest wave- i i e e -
length between UVA and UVE. UVA is 320-400nm. The Skin Cancer Foun- ‘:‘:'-:"':'-'.-.-"""o:-_ [ — 2]
dation states that, “UNA rays account fior up to @5 percent of the UV radiation The phata s=quence chown is the Soroblac e ¥
) ) control, WA exposad, and UVE exposed. T -
reaching the Earth's surface. Although they are less intense than UVE, UWVA Thass ahotos show the cslls sfer ssch dey - o T T
rays are 20 to 50 fmes more prevalent” (Epstein, and Wang par. 5). o mxpozune. iz emsily seen that call count
The shorter Ulra-Viclent wavelength is UVE which is measured from 200 hminishies 55 the Expocu time
= =n engn is I s m - incresses. The sctusl oell count dats |
220nm. UVE radiation is known to have more damaging effects on the upper mﬂrm Bnayzic. : DISCUSSION/CONCLUSION/FUTURE RESEARCH
level of the epidemis. PLANS
. . : Conduding that within this experiment it is seen that UVE treatment had
Over the past years research has been done on keratinocytes in the basil
Layer of the skin. Keratinocytes are a predominate cell type within the epider- khe most effect on both kerstinocytes and fibroblast. The reason | hypothesize
mis. Keratinocytes function as a bamer against damage that occur within the khis iz because the UVE ray being = r penetrates the cells
environment, such as LNV radiation. Research that was constructed over the
past decades has tested the UVA damage that occurs on the basal level. COMTEC, AR ELAST [ —— [ —— jrtencely which resubts in 2 more rapid cell death. From this | can draw the
What | researched was the effect on keratinocytes and fibroblast at a con- onclusion that UVE causes the mos: cellular damage within the cells.
stant distance of 30cm ower the span of five days. This study shows what the
indiidual rays do at a close o fi 35t and kerat This study Preceding this experiment | plan on nesearching ways to rejuvenzte dam-
i5 usefud by showing how the rays affect these cells. By understanding how e o . e - hped cells from UV radiation that would also not cause abnormal cell growth.

the rays manipulate the calls wiabdity, cell count and cell health furiher re-
search can be done to see how to rejuvenate damaged cells.

cjtes
corkrol, UVA, expozed, and UWVE exposed.
Thezse pivotos show the ozlls sfter sach day of
expazsure. It iz easily seen thet ool oount o
mTini shes 25 the exposure Hme inceases. The
ksl cell oount
= REFERENCES
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hieghan Dariey www skinmancer onz/ prevention uva-and-uvnfunderstancing- v -and-us.
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THE EFFECTS OF TEMPERATURE CHANGE ON THE MANGROVE JELLYFISH

T
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Gaston College e CCURI w
@ Opooetuniiies Fos Life Arts and Seience Division ‘
Gaston College e
ABSTRACT RESULTS DISCUSSION
Jellyfich are not really fish at all, they ares In accordance with the research on the mangrove jelly-
- 8 Ower an eight week period of time the size of the jellyfish de- ; . . g =ty
free float th h lati
pating . ?’_EE _mug  getatinous creased in both fanks due fo them being in captivity. The control fish they are happle# N warm environments. They
plankton. Their bodies are 90% water, fo tank A, the jeliyfish were much smaller than the tank that the brea_d, feed and _ﬂc-unsh in warmer tem_perature_s. My
put that in prospective humans are about temperature was reduced. studies showed just the opposite. The jellyfish in the

70% water. The Population of jellyfish have
exploded over the past 10 years. Scientist
believe this is due to global warming.

cooler tank were larger and healthier than the jellyfish in
the warmer tank.

Figuee 1 Mangreve Jelliish

BACKGROUND

The Cassiopeaxamachanais the type of jellyfish we will be observ-
ing for this study. It iz known by such names as the mangrove jel-
Iyfish, c.xamachana the upside down jellyfish. It is often called the
upside down jellyfish because it spends much of its time upside B —

down on the seafloor, appearing to be a flower. They can swim, Fugara 2= (Darmater of ungreis lallfish Mstme In casdimaters.
but spend maost of their ime on the bottom of the sea (Fleck & Fitt,
1999). They spend most of their lives in the medusa stage. The
turtle is there natural enemy. The taxonomy of the mangrove jelly-
fish Phylum: Cnidaria Class: Scyphoza Order: Rhizostomae Fami-

ly:Cassiopeidae. DATA Fgure 7: Control Tark A wnd Experirrvental Tank B in Lab Esvironm et
Jellyfish best survive in nutrient rich, oxygen poor water. Most jelly- Fomanm S—

fish love warm waters, but there are species that can live in cooler . -

waters (Fitt & Castley 1998). *

The increasing population is believed to be because of global -

warming. Jellyfish tend to flourish when there is something is out - "

of balance in nature, if it is from global warming, to overfishing, or . _\_‘"Q\w .

even from toxic chemicals and trash being intreduced into the 4

ccean (Muller &Leitz 2002). £

METHODS ' \

T
Two tanks will be set up using the exact same water, tank, light- . N oo ACKNOWLEDGEMENTS
ing, and heaters. Each tank will be fitted with ten hand crafted . L Ashley Hagler, Biology Coordinator Gaston College
cages so to keep each jellyfish separate. Tank A will be the con- B e ——T T ——r Ten— Dr. Anst Lev, Biotechnology Coordinator Gaston College
trol tank and kept at a constant temperature of 76 degrees. Tank

B will be the test tank and the temperature of that tank will be

lowered each week by 5 degrees to see if any change can be
measured.

Dean Heather Woodson, Dean of Arts and Science Gaston College
Figuee 4 Decline in diameter of Margowe jeilyfish ower 2-menth peried.
Comml Tank & companed 1o Experimentsl Tank B, Joe Issa, Lab Manager Gaston Colege
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ABSTRACT
Anrimirrobial compounds do not completsly metabalize in buomams, cansmg large
amonmts of them to enter wastewater meament plants (Maglapalty, 2007). The
wastewater treamment facilities in Gaston County, Merth Carolina cumrently do nat
test for. or practice the removal of, amy kmewn antibiotic compounds in wast=water
efffnent. This shady focused oo an arsa Wastewater Treatment Plant found m Mot
Caroling We bypathesized the following . If antibiotic compoumids makes it throngh
the wastewater treatment process and are discharged into the local stream. then
there will be an increase in antbéotic resisance within environmental bacteria
found near the efffuent discharge sits. We comparsd emironmental soil and water
hacteria samples collected immediately downstoeam of the effiuent dischargs site
with emvirenmental sod and water bacteria samples collected from Crowders
Creek, which nms parallel to the discharge site. prior to the comvergence of both
streams. Both sodl and water samples were taken from sach site and were plated on
LB broth azar plates treated with cycloheximide. Master spread patch plates wers
created for all sofl and water samples. The 163 region of Ribosomal DA from m-
dividual colonies was exracted using Amplictac gold enzymes, then 1492F. and
27F primers were added and samples wers amplified using PCE. All samples were
sent to Yale University s DA analysis facility for Sanger saquencing. Identified
samples were then smeaked anto plates containing the following anfibacterial
discs: Ciprofloxacin, Streptonmycin, Erythromyrin, Tetacychine, and Ampicillin
Zpnes of mhibition were measured and noted for each hacterial species. Statistical
comparisons were mads between both sites to deferming any significant difference

GOAL
The goal of this project is fo test for antibiotic resistant populatons of water bacte-
ra foumd in both wastewater effinent discharpe and Crowders Creek stream wa-
ters. A comparison was then made betwesn both local aquatic environments to see
if there was a significant difference m anttheotic resistance between the bacteria
popalations. This study is intended to determine if anfibiotc resistance is preva-
lenf in stream ecosystems associated with local wastewater treatrment plants.

METHODS

Eight samples were pulled from both the effinent water and Crowdsrs Creek Prop-
er. The samples from the efffnent water were faken starting af the mitial fiow of the
water and were faken i increments of 110 feet stopping at 70 fest. The Crowders
Creek Proper samples were taken in the same marmer starting at a pomt parallal fo
the effhuent water initial flow. Samples were plated within § hours onfo plates of
LB Apar with cyclobeximide 3 drops of water wers placed on each plate and
were spread evenly acress the agar The plates were incubated at 28 degress Celsi-
s for up to 48 hours. After plates bad gromm sufficient amoumt of bacteria, mdi-
widual colonies were phicked from the original plates and patched onto master
plates wiith 32 sectioned grids. These plates were incubaced ar 28 degrees Celsius
for 2428 hours depending on the amount of prowth needed Each mdividual calo-
ny was then plucked from the master plate and a broth tube was made from the
bacteria. The 165 region of Fibosomal DNA from individoal colonies was extract-
ed nsing Ampliciac pold enzymes. then1+92F. and 27F primers were added and
samples were amplified using PCR. Fetumed samplss were nm throangh a blast
program and identified to the gemas level Identified samples were compared o
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RESULTS

Data For Crowders Creek WWWTP Efluent Winter 2015

Antibiotic Tested | Totzl Number | Totzd Number of |% of Cultures Show-
of Plates Cul- | Plates Showing  |ing Resistance
tured Resistznce

Ciproflozacm 79 7 B.B5%

Erythrosmycin 73 46 58.23%

Straptormycin 79 17 2151%

Tetracydine 70 16 20.24%

Ampicillin 79 42 53.16%

=43 for Crowsders Cresk Strezm Efluent

Antibiotic Tested  |Total Number | Total Number of | % of Cultures Show-
of Plates Cul- |Plates Showing | ing Resistance
tured Resisance

Ciprofloracin 76 [i] s

Erythromycin 76 42 55 26%

| Strepbormycin 76 ] T.E3N

Tetracycline 78 F 2.63%

Morr picil fin 76 33 43.43%

For each antibiotic tested the percentzge of resistant bacteria was higher com-
ing out of the WWTP effluent when compared with Crowders Creek Stream. To
determine if the percentoge of cultunes showing resistance was 3 significant
amount a tao sample proportional test was used. & two sample proportional
tast is to determine whether the proportion of one independent samiple is sig-

nificant when compared to the proportion of another independent sample. The

eguation is:
[P1 — Pz)
Z I
0 s IR | 1 %
V Pl —plg-+ a0
Where, p=(zi+za}/(ny+na)

Ini this equation you need a critical value to indicate whether the difference was
significant for each item. The critical valued used in this experiment was

{a =0u05) 1.96 meaning that if the test statistic after running this equation was
higher than 1.96, there was a significant difference in the proportion of
antibiotic resistant bacteria coming out of the effluent of the Waste Water
Treatment Plant than there was runming in Crossders Creek Stream.

Results were as follows:

. Ciproflosacin Z=265

. Erythromycin Z,= 37.27

. Streptomyein Zy= 132.26

. Tetracycline Z= 342

. Bmrpicillin 2, =121

& CCURI

PERFELIIRET

DISCTUSSION

If antibiotic compounds make it through the wastewater treatment process and ane

discharged into the local stream, then there will be an increass in antibiotic resistance
within erwvironmentzl bacteria found nesr the efffuent discharge site. In the present
study, statistical analysis condudes that an increzse in antibiotic resistanoes exists in the
waste water nun-off in comparison to the natural creek parallel to the discharge site. The
frwe antibiotics tested in the discharge samples resulted in the following percentages of
resistznce from lowest to highest: Ergthromycin 58 23%, Ampicillin 53.16%,
Streptomycn 21.51%, Tetracydline 20.24%, Ciprofloxacin 8.86%. The same five
antibiotics were tested for Crowders Creelk and resulted in the following percentages of
resistance from lowest to highest: Ciproflosscin 078, Tetracydline 2.63%, Streptomycin
TB9%, Ampicillin 43.42% The tao sample proportional test shows that in comparison of
the discharge site and the creek, the discharge site had & significant difference of
artibiotic resistznce 3= fiollows: Ciproflocacin 265, Erythromycin 3727, Streptomgdn
132 286, Tetracycline 342, Ampiclin 121. The oriticsl weslue of the two sample
proportional test iz o = 0,05 and the mean is 1.96 with amything measuring over the
value mean shows a significant difference. Our results support the hypothesis that
antibiotic resistance is mone frequent in bacteria found in the discharge site than found
in Crowders Creek.

EECOMMENDATIONS
Although a siznificant difference in the antibiotic resishnce between the Wastewater
Effluent and Crowders Creek Stream was found for all antibiotics tested., firther caloures
are pecessary to belp confirm thess resalts. More cultures are needed to ensure the
stadstical accuracy of the dafa presented on this poster.

SOURCES
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K

These numbers indicate there is a significantly higher proportion of antibi
resistant bacteria coming out of the waste water trestment plant than there is in
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