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Factors Affecting Subsurface Bacteria Transport on the Field ScaleFactors Affecting Subsurface Bacteria Transport on the Field Scale
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ColumnColumn
-scale-scale

Intermediate-scaleIntermediate-scale
(photo courtesy of J. Ryan, CU)(photo courtesy of J. Ryan, CU)

Field-scale Field-scale 
(USGS  Cape Cod, MA array)(USGS  Cape Cod, MA array)
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Hepatitis VirusHepatitis Virus CryptosporidiumCryptosporidium
parvum oocystsparvum oocysts

4 µm

StreptococcusStreptococcus  

Virus  0.01-0.2 µm         Bacteria 0.2-3.0 µm        Protozoa 1.5-10 µm Virus  0.01-0.2 µm         Bacteria 0.2-3.0 µm        Protozoa 1.5-10 µm 

Transport of Waterborne PathogensTransport of Waterborne Pathogens

•Chlorine-resistant
•Low infective dose
•Ubiquitous
•Long-lived



Fluorescent microspheres as surrogates for oocysts? Fluorescent microspheres as surrogates for oocysts? 

microspheresmicrospheres C. ParvumC. Parvum oocysts oocysts

Considerations:Considerations:

•SizeSize
•Aspect ratioAspect ratio
•Buoyant densityBuoyant density
•Surface chargeSurface charge
•Attachment behavior Attachment behavior 

Dia:     1.6 µm         2.9 µm                   4.9 µmDia:     1.6 µm         2.9 µm                   4.9 µm
Type:     YG                BB                          YGType:     YG                BB                          YG

C. parvumC. parvum oocysts oocysts

MicrospheresMicrospheres
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LaserLaserSheath-fluidSheath-fluid
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SampleSample
IntakeIntake

Sheath Sheath 
FluidFluid

CoupledCoupled
ComputerComputer

FLOW CYTOMETER, USGS, BoulderFLOW CYTOMETER, USGS, Boulder
(Differential quantification of poly-(Differential quantification of poly-
disperse microsphere and oocysts)disperse microsphere and oocysts)

AlignmentAlignment
OpticsOptics AlignmentAlignment

OpticsOptics



  

Injectatepump

Injectate

Multi-Level
Samplers

Injection
Well

Groundwater
Flow

Phage 
Enumeration

Dilution
Series

Agar Plates
Containing
Host

PRD1 (60 nm)

MS2 (20 nm)

Microspheres (100 nm)

Bromide

Large-scale MLS sampling array Large-scale MLS sampling array 
Cape Cod, MassachusettsCape Cod, Massachusetts

Injection
sites



  

-Infective-Infective
-Intact-Intact

-Non-infective -Non-infective 
-Intact-Intact

-Non-infective -Non-infective 
-Disintegrated-Disintegrated

Surface-Induced InactivationSurface-Induced Inactivation

3535S-labeledS-labeled
capsid capsid 3232P-labeledP-labeled

DNADNA
Type 1Type 1 Type 2Type 2

Solid SurfaceSolid Surface
Iron/Al oxidesIron/Al oxides

Use of a dual-label to assess phage inactivationUse of a dual-label to assess phage inactivation

PFU
3232PP
3535SS

PFU
3232PP
3535SS

PFU
3232PP
3535SS



  

ClosuresClosures

Protective CageProtective Cage

MembraneMembrane

Plastic tiesPlastic ties

Slotted PVC well screenSlotted PVC well screen

GroundwaterGroundwater
FlowFlow

USGS Well Site 513USGS Well Site 513

ContaminantContaminant
PlumePlume

1.1. In SituIn Situ Survival Studies: Survival Studies:
(Ex: Down-well filter-chambers)(Ex: Down-well filter-chambers)

Groundwater flow



  

Case : Groundwater isolate (Pseudomonas stutzeri)1  
(Cape Cod aquifer, 11 m depth, USGS well series F513) 
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Pre-cessation Pre-cessation “Carrying Capacity”“Carrying Capacity” (1995)(1995) 

Current  Current  “Carrying Capacity”“Carrying Capacity”  (8-9-05)(8-9-05)

Down-well
Filter
Chamber

Design: J. Lisle, USGS



  

Set of 3 conc’ns bracketing carrying capacity in each well 

5 x 106/mL 5 x 105/mL 5 x 104/mL

F513A F513B F513C F513D F513E F513F

Acetate injection wells
Down-well Survival/Growth (F513)

Bacterium: bfp-labeled P. stuzeri



  

Classic “Run & Tumble” Classic “Run & Tumble” 
Bacterial ChemotaxisBacterial Chemotaxis
Water columnWater column Porous mediumPorous medium

““tumble”tumble”

““run”run”

Modified from Ford & Harvey, 2007

?
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Basic Experimental Design
(Proposed to NSF)

Injection
MLS

Sampling
MLS
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Preliminary Chemotaxis assessment: Preliminary Chemotaxis assessment: 
Modified down-well filter-chambersModified down-well filter-chambers



  

P. stutzeri 
bfp-expressing
(chemotactic)

P. stutzeri 
DAPI/Sybr Gold 
(Impaired chemotaxis)

Cultures Illuminated 
with ultraviolet light

Test BacteriumTest Bacterium
                      ↓↓
Genetically EngineeredGenetically Engineered
to produce “BFP”to produce “BFP”

Contol BacteriumContol Bacterium
                              ↓↓
Stained withStained with
(DAPI + Sybr Gold)(DAPI + Sybr Gold)

Differentiating test and control Differentiating test and control Pseudomonas stutzeriPseudomonas stutzeri
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