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G]_"()“ndwater Vulner abilil:y Figure 1. Drinking water outbreaks

by source type, 1971-2001
to Microbial Contamination Mix

1%

By Kelly A. Reynolds, MSPH, Ph.D.

The vulnerability of groundwater supplies is further

exemplified by drinking water outbreak data where

the majority of documented outbreaks were traced Surface water
to a groundwater source. 28%

Groundwater
62%

Of the 751 drinking water waterborne outbreaks
that occurred in the United States from 1971-2000,
62 percent were linked to groundwater systems

Table 1. Evidence of groundwater well contamination
Sample Description Virus Positive Source
448 utility wells, 35 states 32% virus positive Abbaszadegan et al., 2003
50 homeowner wells 8% virus positive Borchardt et al., 2003
29 utility wells 16% virus positive Foutet al., 2003
48 midwest utility wells 42% enterovirus positive Borchardt et al., 2004
6% norovirus group 1 positive

https://esrac.arizona.edu/sites/default/files/2004_12_on_tap.pdf
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Review
Factors Influencing Microbial Contamination of Groundwater:
A Systematic Review of Field-Scale Studies

Francesco Bagordo 17, Silvia Brigida 2(D, Tiziana Grassi #*(, Maria Clementina Caputo 309, Francesca Apollonio 4

Lorenzo De Carlo 37, Antonella Francesca Savino °, Francesco Triggiano %, Antonietta Celeste Turturro 3,

Antonella De Donno 2(9, Maria Teresa Montagna ¢ and Osvalda De Giglio

Land-use activities

sources
“Microorganisms are released onto the
soil, infiltrate, and then cross the
unsaturated zone of the aquifer, before
eventually reaching the saturated zone Cﬂﬁfﬁ’fﬂifﬁ”jj&‘f Microorganisms
and contaminating the groundwater.”

Environmental
factors

. Hydraulic
“During each of these phases, properties of soil

microorganisms are subject to the
influence of various factors, including
land-use activities, environmental e
conditions, the hydraulic properties of hydrogeological Unsaturated
the soil, and other geological and settings £0Ne
hydrogeological settings.”

Saturated zone

(groundwater)

Microorganisms 2024, 12(5), 913; https://doi.org/10.3390/microorganisms12050913
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Microbial Pathogens of Public Health Concern

- Bacteria
— Pathogenic E. coli
— Salmonella
— Listeria

« Viruses
— Hepatitis A
— Noroviruses

- Parasites
— Cyclospora
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Sources of Microbial Pathogens
in the Environment

- Fecal pathogens (Salmonella, E. coli, Noroviruses, Cyclospora)

— “Zoonotic” pathogens: those capable of
infecting animals as well as humans

« Livestock and animal manures

«  Wildlife
— Seepage from on-site septic systems
— Poorly/untreated human sewage

- Naturally occurring
— l.e. Listeria
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Review of Factors Affecting Microbial Survival in
Groundwater

DAVID E. JOHN*T AND JOAN B. ROSE®:*

The geometric mean value for inactivation
rates for coliphage, poliovirus, echovirus,
coliform bacteria, enterococci, and Salmonella
spp. were similar at approximately 0.07-0.1
log,,/day, while geometric mean inactivation
rates for hepatitis A virus, coxsackievirus, and
phage PRD-1 were somewhat less at 0.02-
0.04 log,,/day.

Maan inactivation ratea (log/d)
[

D - 10 1l - 15 16 - 20 21 - 25 26-30
Tempezature groups (- )

OPolioviruse BHepatitis A BEchovirus BColiphage

Average US groundwater temp = 5°C to 22°C

https://www3.epa.gov/ceampubl/learn2model/part-two/onsite/ex/ine_henrys_map.html

https://doi.org/10.1021/es047995w
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Assessing Risks from Groundwater

When assessing microbial
risks with groundwater, it is
important to consider
potential issues arising from:

1. Adjacent Land Use
(Environmental Sources),

2. Hydrogeologic Pathways,

3. Pathways associated
with well construction,
and

4. Other Special Cases.
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Adjacent Land Use: Lateral Zone of Influence

|, Lateral Radius
I’ of Influence
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https://epa.illinois.gov/topics/water-quality/groundwater/wellhead-protection.html
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Adjacent Land Use : Lateral Zone of Influence

https://www.protectingwater.ca/planning-process/vulnerable-areas/wellhead-protection-areas/
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Adjacent Land Use : Lateral Zone of Influence

EVAPORATION
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https://www.hopkinsmn.com/995/Wellhead-Protection
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Adjacent Land Use: Onsite Septic Systems

Domestic
well

Domestic septic system
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Leachates from onsite septic systems can lead
to contamination through subsurface flow
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Epidemiologic Investigation

Overall, of the 654 bus passengers rep-
resented in the trips analyzed in this re-
port, 274 persons were interviewed
1 (there were no refusals) and 108 met the

* | case definition. Detailed data on symp-
toms were collected from 54 ill passen-
gers and 10 ill bus company A employ-
ees; most frequent symptoms were di-
arrhea, vomiting, and nausea (Table 2).

Outbreak of Viral Gastroenteritis
Due to a Contaminated Well

International Consequences

Michael Beller, MD, MPH; Andrea Ellis, DVM, MSc; Spencer H. Lee, PhD; Michael A. Drebot, PhD;
Sue Anne Jenkerson, MSN, FNP; Elizabeth Funk, MD, MPH; Mark D. Sobsey, PhD;
Otto D. Simmons IH, MSPH; Stephan 3. Monrog, PhD; Tamie Ando, PhD; Jacqueline Noel;

Martin Petric, PhD; John P. Middaugh, MD; John S. Spika, MD

Context.—Small round-structured viruses (SRSVs) are known to cause viral
gastroenteritis, but until now have not been confirmed in the implicated vehicle in
outbreaks.

Objective.—Investigation of a gastroenteritis outbreak.

Design.—After applying epidemiologic methods to locate the outbreak source,
we conducted environmental and laboratory investigations to elucidate the cause.

Setting.—Tourists traveling by bus through Alaska and the Yukon Territory of
Canada.

Participants.—Staff of a restaurant at a business complex implicated as the
outbreak source, convenience sample of persons on buses that had stopped there,
and bus employees.

Main Outcome Measures.—QOdds ratios {ORs) for illness associated with ex-
posures. Water samples from the restaurant and stool specimens from tourists and

restaurant staff were examined by nucleic acid amplification using reverse ° : _ . _
transeription polymerase chain reaction and sequencing of viral amplification prod- fce, “ and celery® have oecurred. Wa- TC=10-50 CFU; FC=2-18 CFU
ucls terborne outbreaks involving commu-
. i . i . . . . ity water systems®# and tami-
Results.—The itineraries of groups of tourists manifesting vomiting or diarrhea G4 a, ey .
nated wells have been reported. Die Test: motel > restaurant

were traced back to a restaurant where buses had stopped 33 to 36 hours previ-
ously. Water consumption was associated with illness (OR, 5.3; 85% confidence
interval {Cl], 2.3-12.6). Eighteen of 26 employees of the business complex were ill;
although not the index case, an employee ill shortly before the outbreak lived in a
building connected to a septic pit, which was found to contaminate the well supply-
ing the restaurant's water. Genotype 2/P2B SRSV was identified in stool specimens

of 2 tourists and 1 restaurant employee. Stools and water samples yielded identi-

cal amplification product sequences.
Conclusions.—The investigation documented SRSVs in a vehicle epidemio-
logically linked to a gastroenteritis outbreak. The findings demonstrate the power

SMALL ROUND-stractured viruses
(SR8Vs), also called Norwalk-like vi-
ruses, are human enteric viruges in the
family Caliciviridae.! These viruses have
not been cultivated in vitro, do not have
apractical animal model in which they can
be propagated, and are shed in rela-
tively low numbers for only a short time
during human illness.* Nevertheless,
SRSVshave been established as the ma-
jor cause of viral gastroenteritis among
adults worldwide."* Outbreaks due to per-
son-to-person* or common-source trans-
mission by foodhandlers,”™'* and con-
sumption of contaminated oysters,'*

Transmission via aerosolized vomitus
may be possible #7" Although epidemio-
logic and laboratory investigations of
SRSV outbreaks have been thorough,
none has identified SRSVs in the incrimi-
nated vehicle. We investigated a gastro-
enteritis outbreak in tourists traveling
by tour bus between the United States
and Canada, which provided an oppor-
tunity to develop novel labhoratory meth-
ods not previously used tostudy SRSVs.

Environmental Investigation

There were 2 shallow wells at the busi-
ness complex. Well 1 was located under
the motel and about 45 m from a lake and
served the motel and restaurant. Sew-
age from the motel was piped to a septic
pit lined with wood about 15 m from well
1,located between the well and the lake.

Laboratory Investigation

Stool cultures for bacterial pathogens
3 were negative for the initial 9 specimens;
* | electron mieroscopy revealed SRSVs or
small round viruses in 8 of the subse-

Bacterial contamination in well:

COMMENT

This investigation confirmed that a
contaminated well supplying a restau-
rant caused an outbreak of SRSV gas-
troenteritis. Prior to recognition of the e

100 bp —»
50 bp —

of molecular detection and identification and undersceore the importance of funda- outbhreak amone bus passengers. there B
mental public health practices such as restaurant inspection, assurance of asale  pETHODS il \ £ p £ thg b e B 1 gt logscaus GUIETCATTCCTOTGCGs 40
water supply, and disease surveillance. Background was 1llness In persons at the business o & e e o

JAMA, 1997;:2T2:563-568

From the Division of Public Heaith, Alaska Da-
partment of Heallh and Social Services, Anchorage
(Drs Beller, Funk, Middaugh, and Ms Jenkerson);
Bureau of Dissase Surveillance and Field Epidemi-
ology, Laboratory Centre for Disease Control, Ot-
tawa, Ontario (Dr Ellis); Mational Centre for Ertero-
viruses, Halifax, Mova Seotia (Drs L s and Drebot);
Division of Viral and Rickelisial Diseases, Maiional
Center for Infectious Dise. . US Centers for Dis-
ease Control and Prevention, Atlanta, Ga (Drs Mon-
rog. Ando, and Ms Noel); Departmant of Enviran-
mental Sciences and Enginearing, School of Public

Health, University of Morth Carclina, Chapel Hill {Dr
Sobsey and Mr Simmons). Virclogy Laboratory,
Depariment of Micrabiology, Hospital for Sick Chl-
dren, Toronto, Cntaria (Or Petric). Bureau of Infac-
tious Disease, Laboratory Cenire for Disease Con-
trof, Onawa, Ontario (Dr Spika). Cr Ellis is now with
the Bureau of Intectious Disease, Laboratory Can-
ire for Digease Control, Ottawa, Ontario

Reprints: Michae! Beller, MD, MPH, Division of Public
Heatth, Alaska Deparment of Health and Social Ser-
vigas, PO Box 240249, Anchorage, AK 98524 (a-mail:
mikeb@healtn state ak us)

The outbreak was reported to the
Alaska Division of Public Health after a
Fairbanks, Alaska, hotel operator rec-
ognized that ill bus passengers were
staying at the hotel. Ill bus passengers
werealsoidentified in hotelsin Skagway
and Valdez, Alaska; the investigation
subsequently implicated a restaurant in
the Yukon Territory of Canadain asmall
community on the Alaska Highway. The
restaurant, which catered largely to

Downloaded from www.jama.com by guest on December 3, 2009
Viral Gastroenteritis Due to a Contaminated Wel—Beller et al 563

JAMA, August 20, 1997—Vol 278, Mo 7

ing connectedtoa

complex. Fourill personslived inabuild-

ing the well and became ill on June 13

Sl 1 TATICDSTC YTCTOCTIT Wagoates {gagateqty dea 123
Water 84 TAattcceto tiotcotint atgg

septic pit contaminat-

completed. Finally, the outbreak cause
and vehicle were established by molecu-
lar analysis showing SRSV genetic ma-
terial found in water from the restau-
rant matched that of virus found in stools
of ill bus passengers and anill restaurant
employee.
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Hydrogeological Pathways: Impacts of Soil Type on Water and

Pathogen Movement

movement)

Low Porosity
(slow/little water

High Porosity
(fast/greater water
movement)

10

Sah LQ:;{N

Coarse texture

Medium texture

=

Clay (Compacted)
Fine texture

clay

\v \5?"

A\ &
30 X « SR, SR
/am_l_y clay Iba\ -

N Jor—

"f\
Sandy loam

90 80 70 60 50

< 1
Percent sand

https://www.scientistcindy.com/soils-and-groundwater.html
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Hydrogeological Pathways: Impacts of Soil Compaction on Water
and Pathogen Movement

Porous
Permeable

Porous
Non-permeable

Non-porous
Non-permeable

Compacted soils limit
water flow
— COMPAETED limited water flow limits
SOIL SOIL pathogen movement

https://soil.evs.buffalo.edu/index.php/Porosity
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Hydrogeological Pathways: Impacts of Soil Saturation on Water
and Pathogen Movement

Hygroscopic Capillary water Gravitational
water water
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to soil particles : P
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A soils ability to retain water is strongly related to particle size (i.e. soil type)

Clays retain more water than sand or silt >>
water passes quickly and easily through sand

https://www.scientistcindy.com/soils-and-groundwater.html
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Hydrogeological Pathways: Highly Vulnerable Aquifers

Deeper wells — lower risk
but much longer to
recharge times

Y -

)

i/

Hydrogeologic Pathways:
1. Fractured Rock
2. Carbonate Rock
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https://ourwatershed.ca/drinking-water/vulnerable-areas/
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Considerations with Well Construction

Measuring S
Yield paint | ]
(gpm) i Sanitary Seal —= |E£.E|
Land surface casing Casing — Concrete Slab
Soil \ T b i
Sand Annular Stati [ - I
and graval ik I l:
water ,.-' J
Clay layer el \ :
Dry sand I|
and gravel Y Grout Seal —=
A Fumping I| [
water | [’
level |
Draw- . ¥
Saturated down Tatal
sand and depth
gravel
(aquifer) Borehole
wall \\l =]
=| Well screen or
=| perforations
Shale Taipipe i Y
(non-aquifer) /a”'d entlcap

https://mbmggwic.mtech.edu/sqlserver/v11/help/welldesign.asp https://gregknowswater.com/protect-your-wellhead/
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Considerations with Well Construction

Well siting (and degree of Sanitary Seal —»
protection) Casing — Concrete Slab
_._d--‘
== E“"l
. |
Well casing B K
i
— Casing height ]
_ Grout Ent—ql- 5
— Casing depth 1|k
I
- Intact? B
Sanitary well cap/seal

Backflow prevention

https://gregknowswater.com/protect-your-wellhead/
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Considerations with Well Construction

Well siting (and degree of Sanitary Seal —»
protection) Casing — Concrete Slab
P
Well casing { 3
— Casing height ]
: Grout Seal —»
Casing depth | B¢
Intact? 5 /

Sanitary well cap/seal

Backflow prevention

https://gregknowswater.com/protect-your-wellhead/
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Backflow Prevention: Critical System Component

Vermin-proof; vented
well cap —
Backllow prevention
|
I v =
- Pitlexs a-'.iapter.. -
Grout seal .
[~ Water tahle re
2 L]
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https://www.knowyourh2o0.com/indoor-4/the-care-and-feeding-of-your-well https://extensionpubs.unl.edu/publication/g2050/na/html/view
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Assessing Risks from Well Construction

& Well Cap and Casing

Ground Surface

Grout Filling Annular
Space

Bottom of Casing
and Drive Shoe

* Does the ground slope away from well?

* Is there grout/concrete that seals the well
casing?

 Does the well cap have an adequate seal?

 |Is the well vented? Does the vent allow for
contamination?

« Backflow prevention?? Does it work?
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Assessing Risks from Groundwater: Special Cases

Water-bearing
fracture system
Springs
T
%‘\I
£ g
.f'f’f;
.-""f

https://nre.tas.gov.au/water/groundwater/aquifers/fractured-rock-aquifer
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Assessing Risks from Groundwater: Special Cases

Springs occur where groundwater comes to the surface

Huge potential for aquifer contamination if not properly protected
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Groundwater Monitoring

- Water can be tested to assess the

sanitary quality
— There should be no detectable generic
E. coli per 100 mL (O or less than the
detection limit of assay)

- If there is an issue, repairs and
mitigation steps should be taken
then water should be tested more
frequently to ensure that it is of
adequate sanitary quality for use
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Groundwater Mitigation

CHLORINE
SOLUTION

- If well is contaminated, mitigation e,
steps should be implemented:

TREATMENT ZONE

— Shock Chlorination
1. add bleach to 200 ppm
2. Allow for 24 — 48 hours of contact time, @SaniDate 12.0

3. Chlorinated water should be flushed
through the entire water system

— Continuous point-of-use (POU) disinfection
(Sanidate 12.0, UV irradiation, etc.)

— Point-of-use (POU) filtration (cartridge
filters, reverse osmosis)




Conclusions

« There are numerous sources of microbial contaminants in the
environment

— Once in groundwater, microbial contaminants can persist for long
periods of time

« Groundwater contamination can be associated with:
1. Adjacent land use,
2. Hydrogeologic pathways,
3. Issues with well construction, and
4. Other special cases.

- Water testing can help verify the sanitary quality of groundwater
used on farms.

« When groundwater is contaminated, mitigation strategies can be
implemented to ensure the sanitary quality of the water.
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Your Turn: Assessing Risks from Groundwater
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Questions /| Comments??

Dr. Chip Simmons
odsimmon@ncsu.edu
919-414-5632

https://ncfreshproducesafety.ces.ncsu.edu



mailto:odsimmon@ncsu.edu
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