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Animation courtesy Kevin Cunningham, USGS




Figure 5.9 Figure 5.10
GROUNDWATER CONTAMINANTS IN SOURCES OF GROUNDWATER
THE UNITED STATES CONTAMINATION IN THE US
Number of States Reporting as Major Contaminants Number of States Reporting Source
Source: US EPA National Vater Quality inventory, 1986 Repont 1o Source: US EPA National Water Quality Inveniory, 1588 Repont m.
Congress. EPA-440/4-8T-008, Congress. EPA-440/4-87-008
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Microbiology Primer — Types/size
Bacteria ~0.5to 1.5 um, genome ~ 10’bp
Virus ~0.020 to 0.25 um, genome 1,700 to 360,000 bp

Satellite virus - virusoid — 375 bp circular ss RNA, use helper virus for
movement/replication. Genome encodes a coat
protein of its helper virus — i.e. symbiosis

Viroid no protein coat = naked, genome circular 240-400bp ss
RNA — plant pathogens

Prion - ~ 250 aa, proteinaceous infectious particles, resistant to
Inactivation, causes scrapie, kuru, mad cow, etc.




Wastewater Microbiology

KEEP OUT?

13 million fecal coliforms per gram of feces

10 million enterococci per gram of feces

1 trillion total bacteria per gram of feces (~400-500 species - ~30% mass of
feces)

~140 types of enteric viruses found in humans (~1 billion per gram) and 1-
10% of the population is shedding them at any given time at 1 million to 1
billion per gram of feces (Hepatitus A viruses, Noroviruses, Poliovirus,
Coxsackie viruses, Echoviruses, Astroviruses, Rotaviruses, etc.)

Enteric virus diseases - asymptomatic, gastroenteritis, cold and flu-like
symptoms, myocarditis, paralysis, etc.
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Florida Coastal
Septic Tank Trivia

et be conservative (really conservative as 50% of the US
population reside in coastal communities) - If 1% of the coastal
counties septic tanks are coastal in nature = 137,863

septic tanks |
2.5 people per household shedding 100g feces each. q
1 trillion bacteria per gram h

137863 x 2.5 x 100g x 10%2=34.46 Quintillion
bacteria
— 34,465,800,000,000,000,000

And don’t forget the viruses ~34.46 quadrillion
Everyday




Currently used indicator bacteria

Total coliforms (gram negative bacilli, growth at 35°C after 48 hours
— Escherichia spp.

— Klebsiella spp.

— Shigella spp.

— Salmonella spp.

— Yersinia spp.

Fecal colifroms (growth at 45°C after 48 hours)

— Bacteria within the total coliform group, such as E. coli, which have adapted
for growth at intestinal temperatures

Enterococci (gram-posotive cocci, growth at 41°C after 48 hours)
— Species of bacteria such as Enterococcus faecalis

Clostridium perfringens (spore-forming anaerobic bacteria that grows at
45°C after 24 hours)




Colonies that are light to dark blue,
in whole or part, are counted as fecal coliforms

MA-MLIG

Colonies with a Colonies with a
green metallic fluorescent halo
sheen are counted are counted as

as total coliforms E. coli



‘ " The problem with the indicator system

N

* They do not accurately reflect water quality In
tropical and sub-tropical environments

— They can survive and replicate in warm soils and

shallow warm marine sediments

| * They can come from animals

— They can exchange genetic information with isolates
from other animals and humans
» This has plagued bacterial source tracking assays




Enter the Virus

 Host specificity

* Viruses such as Polio viruses and Hepatitis A viruses only use humans as hosts
o i.e. if you find them in the environment you know that human
wastewater is impacting that region — no question
* there are assays specific for viruses shed from livestock and domestic
animals

* This equals library independent source tracking
* i.e. bacteria source tracking DNA libraries are extremely limited in
capability

o they are shed in very high numbers (> million/gram feces).

 They readily move through karst due to their small size.

* Specific virus assays (polymerase chain reaction) are sensitive, rapid,
Inexpensive and give an accurate picture of the presence of host specific
waste impacting ground or surface waters



100 nm

483 Lytic Phage
Date: 01-14-2000 Time: 15:37:40 Photo# 94 12578



jer viral survival rates.
jlumics increase survival via

Fease adsorption = higher survival

alcium,magnesium) increase
gher survival rates.
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Port Largo Canal Plum Study —
End of incoming tide, 4/28/04,
1630hrs

Blue dots are sample sites

Yellow = < 5 CFU/100ml
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Port Largo Canal Plum Study —
End of outgoing tide, 4/28/04,
10:25hrs

Blue dots are sample sites

Yellow = <5 CFU/100m|
Orange = > 5 CFU/100ml
Red = > 10 CFU/100ml
Brown = > 20 CFU/100ml
Black = > 50 CFU/100ml|
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Port Everglades - surface water, outgoing tide, 7/31/07,
~11lam. Enterococci colony forming units (CFU).

- White dots = non-detect sample point
Yellow = 0.4 to 1 CFU/100ml
. Orange = >1to 5 CFU/100m|
: * & Red=>5to 10 CFU/100mI
Brown = >10 to 15 CFU/100ml

Black = >15 to 31 CFU/100ml

Are panhandle shellfish harvesting waters being
impacted by plumes such as these?




e Norovirus Detection
- ‘5 ~=:Broward Outfall (2007 & 2008)

® 1 sample type +
O >2 sample types

Multiple genogro

ny Highest relative impact

£ 2009 Europa Technologies
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eptic system
ailure rate 20%

»~ 1,000 Class VI injection wells
» ~ 11,000 cesspits

i «~36,000 septic tanks

sEvery septic system made has a drain-field........ which is used each time waste
L. material goes down a sink or toilet....... microbes, nutrients, toxic chemicals....
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Indicator rank data.
Each site is given a
value based on the
number of each
indicators found for
each sample date.
1 = lowest number
7 = highest number
Indicator values
are then summed
(all dates and then
FC and Ent.).

#’s to the right are
The final score for
each site.
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v ' : v Negative control
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RT-PCR for enteroviruses
13 of 48 samples positive
via dot blot ~27%.

The image to the right is
of the dot-blot of the last
4 sample sets

The primer set used in
this assay will detect all
human enteroviruses
(Polio, Coxsackie, Echo)
and swine vesicular
virus (a virus that
evolved from a human
Coxsackie B virus)

Negative control

-

Positive control | .
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Enterovirus

Fecal Clostridium RT-PCR/Cell
coliforms Enterococci  perfringens Culture/Volume
/ St. Joe well 1 0.2 0.2 0.0 0.0 0.0 40.0 -/-/16L
St. Joe well 2 0.2 0.2 0.0 0.0 0.0 0.0 -/-/I6L
St. Joe well 3 0.0 0.0 0.0 0.0 0.0 0.0 -/-/16L
St. Joe well 4 0.0 0.0 0.0 0.0 0.0 0.0 -/-/16L
St. Joe well 5 0.5 0.5 0.0 0.0 0.0 0.0 -/-/16L
St. Joe well 6 0.3 0.3 0.0 0.0 0.0 0.0 -/-/16L
St. Joe well 7 0.0 0.0 0.0 0.1 Na 0.0 +/na/6L
Groundwater St. Joe well 8 0.0 0.0 0.0 0.0 Na 0.0 -Inal0.2L
Samples St. Joe well 9 0.0 0.0 0.0 0.0 Na 0.0 -/na/6L
St. Joe well 10 0.0 0.0 0.0 0.0 Na 0.0 -/na/0.3L
Well 22a 0.0 0.0 0.0 0.0 0.0 0.0 -/-/16L
Well 53 0.0 0.0 0.0 0.0 0.0 0.0 -/-I6L
City well 17 0.2 0.2 0.0 0.0 Na na -/-I6L
Woodville well 1 0.0 0.0 0.0 0.0 Na 0.0 -/na/6L
Natural Bridge well 0.0 0.0 0.0 0.0 0.0 0.0 +/-/4L
Surfacewater Wakulla Tunnel B 0.0 0.0 0.0 6.3 Na 0.0 -/na/6L
sample Spray-field effluent 325 12.5 6.5 0.0 60.0 40.0 -/-10.25L
Munroe Spring 7.9 2.1 5.4 0.0 0.0 20.0 -/-14L
Spring St. Marks Spring 14.0 3.3 2.2 0.0 20.0 0.0 -/-13.5L
vent/boil < Sally Ward Spring 0.0 0.0 0.4 0.0 Na 0.0 -Ina/6L
samples Wakulla Spring 2.4 2.0 0.0 0.0 Na na I-IBL

\__ Wakulla Spring 0.0 0.0 0.0 1.6 Na 0.0 -/na/6L






55'. .d-j . - ‘J.r 2 f= __ 1/
: =R, i ."'"-
N oxgrounaswal,
S To0n0a5y

hﬂa—--"

'L--_

SAT]] J.I.Ilfun.llj ,800 /
gitriaiz-\Lzoge —mfr.:fuu of1]2) 7e) a'//ut/an é
sgrournai w.;f—'r I-u/g“ S50) yf e’/ﬂ boundary and f/o ws
> JWJI,M_ KUlIZSoTingsit |

- 2/l T2 operat/ 15 '/gh/y effect/ve in |
1 rmaceufft:éﬂ andiorganic wastewater,
b’ 3, fm jeitreated effiuentithereby L

J7or 'T Q;,L iﬁmy Z‘he F/or/dan aqU/fer "

i w5, 3 T -Q
. H o : ,----
E o3 A ¥ - o .".._I":.'.-,. T :




Microbiological Indicators elevated during
higher flow conditions
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MysterySpring

Average spring vent bacteria count/ml = 5,870

Average spring vent virus count/ml = 29,900




Conclusions

* The combination of viral source tracking and chemical analyses has
successfully been used to study microbial and pollutant transport, and
nutrient loading from septic systems, injection wells, and spray-fields in
karst environments.

* Viral quantitative polymerase chain reaction (gPCR) Is a sensitive and
specific assay that can be used for source tracking of fecal-oral
microorganisms in the full range of different aquatic environments
(surface and ground waters, marine to fresh waters).

» These viral qPCR assays are host specific and tailored to study the
Influence of individual organisms.

e Any questions?



e Feline calicivirus — ~50% of cats are
believed to carry this RNA virus.

« Canine norovirus — 40 to 50% of dogs carry
antibodies to this virus.
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