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Problem: Transport of pathogens through soilsProblem: Transport of pathogens through soils

Hepatitis Virus

4 µm

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

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

Streptococcus Cryptosporidium
parvum oocysts
Cryptosporidium
parvum oocysts

Virus  0.01-0.2 µm                Bacteria 0.1-3.0 µm             Protozoa 1.5-10 µm



Limitation:  Information on Limitation:  Information on oocystoocyst transport through soils largely transport through soils largely 
based upon work involving permanentbased upon work involving permanent--charge charge 

soils (PCS)soils (PCS)

Objective:  Better understanding of the ability of  variableObjective:  Better understanding of the ability of  variable--charge charge 
soils soils (VCS) to remove oocysts under a range of conditions.(VCS) to remove oocysts under a range of conditions.

Exploration:Exploration:

1.1. OocystOocyst removal as a function of weathering &     macropore removal as a function of weathering &     macropore 

structure.structure.

2.2. Mechanisms governing Mechanisms governing oocystoocyst--grain interactions.grain interactions.

3.3. Effect of organic matter on sorption & release.Effect of organic matter on sorption & release.

4.4. Effect of sorbing clay particles on transport behaviorEffect of sorbing clay particles on transport behavior



First Case Study:First Case Study:
Hawaiian VCSHawaiian VCS

Highly aggregatedHighly aggregated

Highly weathered (fluctuating Highly weathered (fluctuating redoxredox) ) 

Low organic carbon content (1Low organic carbon content (1--1.5%)1.5%)

Metal oxides on grain surfaces (10Metal oxides on grain surfaces (10--18 % total Fe Content)18 % total Fe Content)

Unknown ability to remove or attenuate Unknown ability to remove or attenuate C. parvumC. parvum oocystsoocysts
(Note: VCS problems documented in Brazil, Georgia, (Note: VCS problems documented in Brazil, Georgia, TenneseeTennesee))



Preliminary study: Use carboxylated fluorescent Preliminary study: Use carboxylated fluorescent 
microspheres as  microspheres as  abioticabiotic surrogates for oocysts? surrogates for oocysts? 

MicrospheresMicrospheres

Diameter:     1.6 µm         2.9 µm            4.9 µmDiameter:     1.6 µm         2.9 µm            4.9 µm
Type:             YG                BB                          Type:             YG                BB                          
YGYG

C. parvumC. parvum oocystsoocysts

microspheresmicrospheres C. ParvumC. Parvum oocystsoocysts

Considerations:Considerations:

••SizeSize
••Aspect ratioAspect ratio
••Buoyant densityBuoyant density
••Surface chargeSurface charge
••Attachment behavior Attachment behavior 
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Preliminary study: Model granular media with iron Preliminary study: Model granular media with iron ––
coated quartzcoated quartz

FeFe-- quartzquartz
Clean QuartzClean Quartz

Maximum coatingMaximum coating 16 % coating16 % coating 8% coating8% coating 4% coating4% coating



Static Columns (Sorption Studies)Static Columns (Sorption Studies)
Injectate

Glass 
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1010--15 g of granular media per vial15 g of granular media per vial
constant temperatureconstant temperature
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mesh

Plastic 
Stopcock

Eluent



Attachment of Attachment of oocystoocyst--size microspheres in static sand size microspheres in static sand 
columnscolumns

(Data: A. (Data: A. MohanramMohanram and D. and D. MetgeMetge))

Sediment Iron Content (% Fe)
0 5 10 15

M
ic

ro
sp

he
re

 R
ec

ov
er

y 
(%

)

0.1

1

10

100
Conditions: static, 4 h incubations, 20Conditions: static, 4 h incubations, 20--2222ºº C, 10C, 10--22 M M NaCl NaCl 
Medium: 0.59 mm quartz grains (15 g) Medium: 0.59 mm quartz grains (15 g) 
Colloid: 2Colloid: 2--, 3, 3--, & 5, & 5--µµm carboxylated polystyrene microspheresm carboxylated polystyrene microspheres

22--µmµm

33--µmµm
55--µmµm



FlowFlow--Through Column SetupThrough Column Setup

syringe syringe 
pumppump injector

packed column

fraction 
collector



Effect of organic matter on Effect of organic matter on oocystoocyst transport in Fetransport in Fe--coated sand columnscoated sand columns
(Ref: (Ref: AbudaloAbudalo, Ryan, Harvey, , Ryan, Harvey, MetgeMetge, in preparation), in preparation)

NOM Concentration (mg/L)
0 5 10 15 20 25

O
oc

ys
t R

ec
ov

er
y 

(%
)

20

30

40

50

60

Column: 1.0 x 10 cm Column: 1.0 x 10 cm 
Conditions: 2 m/day, 20Conditions: 2 m/day, 20--22 C, 1022 C, 10--44 M M 
NaCl NaCl 
Medium: 0.92 mm quartz grains, 4% FeMedium: 0.92 mm quartz grains, 4% Fe
NOM: NOM: SuwaneeSuwanee River River fulvicfulvic acid acid 
Pathogen:Pathogen: killed killed C. parvum C. parvum oocystsoocysts
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