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• WI: Viruses frequently present in raw Ground 
Water PWS source aquifers – including  the 
“geologically “protected”. 

• WI: Higher frequency in wet periods. Leaking 
sewer systems implicated.

• EPA  & Unregulated Contaminants – USGS 
Emerging Contaminants, Viruses … 
Pharmaceuticals?

• Original Source Water Protection  - GW 
Vulnerability concepts based on private wells, 
geology, and nitrate.

Why Study?



Partnerships

•Majority funding
•Drinking Water (SWP)
•Public System gpd
•Well (re)selection
•Cold calling of PWS
•Data shares
•Contracts and grants
•Technical Report
•Final State Report

(Iowa)
•Sampled wells
•Shipped Samples
(Colorado)
•Pharmaceuticals

•Analyzed for Viruses

•Sampled Wells
•General WQ
•Nutrients
•Metals, Anions
•Pesticides
• Pathogens

Funding for:
•Sample Collection
•Virus Analysis
•Data management/ 

interpretation

Participating 
Community
Water Supplies 
Thank You!!

EIL – U of Waterloo

http://www.iowadnr.gov/
http://www.usgs.gov/
http://www.usda.gov/


Hydrologic Conditions
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Hydrologic Conditions



Well Selection
Only enough funding to sample 66 wells 
(out of ~6,000 public wells: 1%)



Factors 

• Pumping Rate 
• Well Age 
• Land Use 
• Geologic 

Protection 

http://water.epa.gov/drink/info/well/upload/2003_06_03_
privatewells_pdfs_household_wells.pdf



Selected Wells
Well Age Well Susc. Well Use Land Use

Date Conf. Layers Daily Discharge Majority 1000 ft

<1980 A 24 0-50 ft. A 29 <40,000 gpd A 30 Row Crop A 12
1980-2000 B 21 50-100 ft. B 15 >40,000 gpd B 36 Developed B 34

>2000 C 21 >100 ft. C 22 Grasses C 20

AQUIFER Aquifer 
Count AQUIFER Aquifer 

Count
Alluvial 12 Silurian 7
Cambrian-Ordovician 8 Silurian-Devonian 7
Devonian 8 Mississippian 5
Buried Sand and Gravel 7 Cambrian 2
Dakota 7 Ordovician 2

Devonian, Ordovician 1



sample 
bottles

outlet

flow-meter
pH meter

connection to 
pH adjustment

Sampling Setup

Pneumatic pump 
and field notes

Virus Sampling 
“Apparatus”



Pre-sampling Preparation

• Filtering Apparatus Construction
• Water Plant Operator Contacts

– Approximately 66 well operators 
– Alignment of expectations

• Materials and Equipment Preparation
– Inventory of Equipment
– Preparation of Reagents
– Sterilization of fittings and tubing



Sampling Protocols

• Set-up of Filtering Apparatus
• Flow Rate Adjustment
• pH stabilization
• Virus filter attachment
• Re-adjust flow rate and check pH
• Four hours of pumping
• Supplemental sample collection
• Virus sample shipping



Challenges

• Pumping Rates (well head vs. protocol)
• Timing of sampling
• “Wasting” water and cost
• Connecting to well house spigots
• Effluent rates and drains
• Flooding
• Cold weather sampling



Challenges/Acknowledgements



Study Analytes

• General water quality indicators
• Nutrients
• Metals
• Pesticides/degradates
• Pharmaceuticals
• Pathogens/bacteria
• Viruses

http://pubs.usgs.gov/circ/circ1210/major_findings2.htm





Why Glyphosate?

USGS Pesticide 
Synthesis Project



Water Chemistry Results



General Water Quality



Metals



Pesticides



Herbicide Metabolites:
41% ESA’s 



Pharmaceuticals



Pharmaceuticals – 33% of wells
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thiabendazole
sulfamethoxazole
ranitidine
cotinine
nicotine
promethazine
chlorpheniramine
atenolol
tramadol
warfarin
carisoprodol
acetaminophen
methotrexate
diphenhydramine
lidocaine
n-desmethyldiltiazem
1,7-dimethylxanthine
caffeine



Bacteria / Pathogens



Viruses



Virus:

Viruses: 21%, Human 3%

Location (MATRIX) conf G2 
Norovirus

Human 
PolyomaVirus

Bovine 
Polyomavirus PMMV Campylo-

bacter

Perry #22 (BBBA) 77 3.26

Perry #9R (BABC) 3 4.3

de witt #7 (CCBC) 200 4.92

audubon #13  (AAAA) 16 4.28

massena #6  (CAAA) 12 0.46

cascade #4  (AABA) 23 4.23

knierim #1 (ACAA) 125 6.38

ionia #2 (BCAB) 138 3.7

joice #1 (CBAC) 93 0.4

algona #8 (CBBB) 73 4.64

waverly #6 (BABB) 1 4.73

janesville #3 (BAAA) 0 2.64

decorah #7 (BABC) 1 3.6

dumont #2 (BBAB) 50 1.33

independence #3  (AABB) 20 1.12



Other  Results
• Arsenic: 8% of wells > DWS (10 µg/L)

• Strontium: 3% of wells > suggested 
DWS

• Atrazine: No detections above 0.1 µg/L 
(SHL MDL). 13% above 0.02 µg/L 
(USGS MDL).

• Glyphosate: Not Detected (0.02 µg/L). 
AMPA in 2 wells (3%).



Well Age 



Land Use



Land Use 



Geology – Well Depth



Conclusions
• Trace levels of pharmaceuticals and 

herbicide metabolites commonly occur in 
raw PWS groundwater.

• Human viruses detected less frequently, 
but a wastewater indicator virus occurred 
more commonly.

• Wastewater constituents present in over 
half the wells tested. 



Conclusions (continued)

• Younger wells have significantly lower 
nitrates on average. Non-significant 
relationships also occur with pesticides

• “Developed” areas had the only pathogens. 
Ag- and Native-land had significantly higher 
pesticides.

• Significant correlations exist between 
‘contaminants’ and well age, area land use, 
and geologic confining layers.



Conclusions (continued)

• We didn’t find an inexpensive indicator of 
Virus potential. Pharmaceuticals, bacteria, 
coliphage did not indicate virus occurrence.

• Drought conditions may have significantly 
affected our results – including 
identification of indicators. 

• After years of extensive application, we did 
not detect Glyphosate in groundwater. 



• Repeat a similar study under normal-to-
wet conditions.

• Repeat sampling at a selected subset 
of the wells for temporal relationships. 

• Occurrence of viruses in small PWS 
and private wells. 

• Occurrence of other contaminants in 
small PWS and private wells. 

Future Studies
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