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1.0 Introduction 

 
The U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD) 
National Risk Management Research Laboratory (NRMRL) and EPA Region VII are conducting 
a large-scale study to identify the prevalence of lead (Pb) and other contaminants in drinking 
water (DW) at four mine waste areas in Washington County, Missouri (Figure 1-1).  As shown in 
Table 1-1, historical analyses of drinking water from private wells in these areas have shown 
contaminants to be present above the Maximum Contaminant Levels (MCLs) for drinking water 
as established by the Safe Drinking Water Act (SDWA) and subsequent amendments.  The areas 
associated with these exceedences have been listed on the National Priority List (NPL) of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 
commonly known as Superfund.  Several households in Potosi, Richwoods, Old Mines, and 
Furnace Creek mine waste areas (shown in Figure 1-1) are receiving bottled water as a 
temporary, short-term Alternative Water System (AWS). 
 

Table 1.1.  Historical Data for Metals Exceeding Action Levels In Washington County Well 
Water 

Analyte 
Regulatory 
Standard 

Action Level 
(µg/L) 

Washington County Wells 
Maximum Concentration 

(µg/L) 

Antimony MCLa 6 10 

Barium MCL 2,000 9,290 

Cadmium MCL 5 31.5 

Iron SMCL 300 613 

Lead MCL 15 808 

Manganese SMCLb 50 2,800 

Thallium MCL 2 7 
  a MCL = Maximum Contaminant Level (MCL) 
  b SMCL = Secondary MCL 
 
Homeowners with contaminated wells above the action level will receive Point-of-Use (POU) 
treatment units as an interim AWS until a permanent long-term AWS becomes available.  To 
support the selection and installation of these POU devices, EPA Region VII and EPA ORD 
initiated a pilot program to sample private wells in representative geologic formations to 
determine the water quality characteristics in Washington County.  A total of 27 well waters that 
are representative of the 348 homes in Washington County with private well sample locations 
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were selected as representative of the hydrogeology in the area.  This number includes 8 
residences where EPA has installed Culligan POU adsorption filtration units at the kitchen sinks.  
The objectives of this project were to collect water samples from the selected households, 
conduct field measurements for the collected water samples, and analyze the collected water 
samples for total metals, dissolved metals, anions, inorganic parameters, total organic carbon 
(TOC), and microbiological parameters (E. coli).  Volatile and Semi-Volatile Organic 
Compound (VOC and SVOC) parameters were planned for analysis in the event that high TOC 
levels were observed in the water samples.  This report presents the analytical results from this 
sampling effort as well as recommendations for POU devices potentially suitable for the affected 
households. 
 
Shaw Environmental and Infrastructure, Inc. (Shaw) supported the EPA NRMRL’s Water 
Supply and Water Resources Division (WSWRD) through this Work Assignment (WA) under 
EPA Contract No. EP-C-09-041.  Shaw provided analytical support to characterize the water 
quality in these sampled locations and assisted in the evaluation and selection of POU devices 
for the various households. 
 
Under the Superfund Technical Assessment and Response Team (START) program, Tetra Tech 
EM, Inc. (Tetra Tech) was tasked by EPA Region VII to provide sampling support for this study.  
Tetra Tech obtained access permission from property owners to collect water samples from the 
27 drinking water wells.  Tetra Tech coordinated the sampling effort with homeowners as 
appropriate and recorded supplemental data regarding the type of water source at these facilities.  
Shaw provided support for the field effort by ordering and shipping sample containers and 
preservatives directly to the sampling locations for use by Tetra Tech. 
 
Shaw subsequently analyzed water samples shipped by Tetra Tech for project-specific water 
quality parameters in accordance with the analytical methods specified in the approved Quality 
Assurance Project Plan (QAPP) for this project (QAPP No.W-13768-QP-1-0, approved 
September 18, 2009).  These water samples were analyzed in the laboratories located at the EPA 
Test & Evaluation (T&E) Facility in Cincinnati, Ohio.  Field parameters were measured by Tetra 
Tech at the sampling locations. 
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1.1 Document Organization 

This document is organized into the following sections: 
 

Section 1.0 –  Introduction – This section presents a brief introduction to this report. 
 

Section 2.0 –  Sampling and Analytical Design – This section presents the criteria for 
selecting the sampling locations, the sampling procedures, and the analytical 
methodology. 

 
Section 3.0 –  Analytical Results – This section presents the analytical results from the 

samples collected during this pilot program. 
 
Section 4.0 –  Selection of Point-of-Use Devices – This section presents the selection criteria 

for POU devices and also presents operational and installation considerations. 
 

Section 5.0 – Conclusions – This section summarizes the test results and conclusions for 
this pilot program. 

 
Additionally, this report also includes the following appendices: 
 

 Appendix A – POU Recommendations Based on Historical Monitoring 

 Appendix B – Draft Trip Report and Data Summary compiled by Tetra Tech to document 
the field activities conducted during the sampling effort 

 Appendix C – Quality Assurance Project Plan (QAPP) for this project 

 Appendix D – Permeate Pump Testing at the EPA T&E Facility  
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2.0 Sampling and Analytical Design 

This section presents the rationale for the sites selected for sampling during this pilot program, 
the sampling design, and the parameters analyzed for each sample.  This section also presents the 
Quality Assurance (QA) criteria employed for the analyses. 
 

2.1 Selection of Sampling Locations 

Figures 2-1a through 2-1e present the locations of the homes currently receiving bottled water in 
Washington County and the sites sampled for this pilot study program.  Each home that currently 
receives bottled water is a potential candidate for a POU device.  The POU study area 
encompassed approximately 384 square miles in Washington County, Missouri.  This area is the 
sum of the study areas previously identified by EPA as the Richwoods Sampling Area (Figure 2-
1b), Old Mines Sampling Area (Figure 2-1c), Potosi Sampling Area (Figure 2-1d), and Furnace 
Creek Sampling Area (Figure 2-1e).  These sampling areas are locations of historical, large-scale 
mining operations.  These areas are primarily rural, with scattered residences and a few 
commercial businesses generally located along highways.  Lead, zinc, iron ore, silver, and barite 
have been mined in these areas.   
 
Details of the homes that were sampled locations are presented in Appendix B, “Draft Trip 
Report and Data Summary” prepared by Tetra Tech.  Tetra Tech selected the sample locations 
for the pilot program to encompass the different geological settings for the homes, well depths, 
current status of POU devices in the homes, and the presence of contaminants based on historical 
analyses. 
 

2.2 Field Data Sheets 

A field sheet was completed for each sample collected (see Table 2-1).  The completed field data 
sheets are included with the Tetra Tech trip report presented in Appendix B.  All field sheets 
included the sample number, date, and time.  In addition, the field sheets included the unique 
property identification assigned to the property during site assessment activities, property 
ownership information, site address, mailing address, exact location, specifics of sample 
collected (pre- or post-treatment filtration, unpurged, or purged), type and numbers of containers 
collected, and analyses to be performed.  The field sheets for untreated, purged samples included 
purge times or estimated purge volumes. 
 
The field sheets also documented the results of any analysis that had been performed in the field.  
The following water quality parameters were measured by using a field instrument (YSI556 
water quality meter): pH, temperature, conductivity, Dissolved Oxygen (DO), Oxidation-
Reduction Potential (ORP), and Total Dissolved Solids (TDS).  Field test kits were used to 
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measure hardness and chlorine (free and total), and these results were also recorded on the field 
sheet.  Water quality parameters were not recorded for unpurged metals samples. 
 

2.3 Analytical Parameters and Procedures 

The collected samples from the pilot program were analyzed for the following parameters: 

 Total Metals – Antimony (Sb), Barium (Ba), Manganese (Mn), Iron (Fe), Cadmium (Cd), 
Arsenic (As), Thallium (Tl). 

 Dissolved Metals – The samples were processed in the field using a 0.45 micron filter to 
distinguish between total and dissolved metals for the same analytical parameters. 

 Speciated Arsenic III and Arsenic V – The samples were processed by using solid phase 
micro-extraction (SPME) cartridges in the field to allow speciation of Arsenic (III) and 
Arsenic (V). 

 Anions – fluoride, chloride, phosphate, sulfate 

 Inorganic Parameters – alkalinity, turbidity, total suspended solids (TSS), TDS. 

 TOC – Samples were analyzed for TOC in lieu of analyzing for VOCs and SVOCs.  If 
TOC samples exceeded 5 mg/L, VOC and SVOC analyses were planned to be performed 
to characterize the wells containing elevated TOC.  As will be discussed in Section 3, 
none of the well samples exceeded this limit. 

 Nitrate and Nitrite 

 E. coli bacteria 

 Water Quality Parameters – pH, temperature, conductivity, DO, ORP, TDS, hardness and 
chlorine (free and total).  These data were collected in the field. 

 
Table 2-2 presents a summary of the analytical procedures for the pilot program. 
 

2.4 Sampling Procedures 

Tetra Tech collected samples from 27 houses for subsequent laboratory analysis at the T&E 

Facility in Cincinnati, Ohio.  Eight of these houses represent locations where EPA Region VII 

has installed Culligan adsorption filter POU treatment systems.  At these locations, four sets of 

samples were collected as follows: 

 

 Tap, Unpurged - Unpurged samples representing water that has been allowed to sit in 
the system for at least 4 hours (overnight preferred) was collected from the treated tap 
water from the Culligan unit.   

 Tap, Purged - The Culligan unit was then purged by running water for at least 5 minutes 
prior to collecting the purged water samples. 
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 Faucet, Unpurged - The untreated water from the kitchen sink faucet (or an outside 
faucet) was also collected as unpurged well water. 

 Faucet, Purged - The kitchen sink (or an outside faucet) was then purged by running 
water for at least 5 minutes prior to collecting the purged well water samples. 

 
Samples were also collected from 19 residences where no POU treatment systems have been 

installed and that are currently provided with bottled water by EPA.  At these residences, purged 

and unpurged water samples from the kitchen sink faucet were collected for metals analyses. 

 

The unpurged and purged tap samples for metals analyses from the Culligan POU units at the 8 

houses were numbered ORD-1 through ORD-16.  Samples of untreated well water (unpurged 

and purged) were labeled beginning with ORD-100, with samples ORD-100 through ORD-116 

corresponding to locations where samples ORD-1 through ORD-16 were collected. 

 
2.5 Sampling Containers, Quantities, and QC 

Sample containers, quantities, and QC sample analysis are presented in the QAPP (Appendix C). 

 

2.6 Sample Preservation and Holding Times 

Sample preservation and holding times are presented in the QAPP (Appendix C). 
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Table 2.1.  Field Parameters Datasheet 

SAMPLE COLLECTION FIELD SHEET 
 
Washington County Point of Use Study     Sample Number:  ORD-100__ 

Latitude:         Sample Date:     

Longitude:         Sample Time:     

 

Property Identification Number:        Study Area:       

Owners Name:         Owners Phone Number:      

Mailing Address:             

Tenant’s Name):        Tenant’s Phone Number:      

Property Address:             

Residence owner occupied: __________  Well shared with other residence(s):       

Number of Occupants or persons supplied by well:      Children under 6 yrs:      

 

Well Depth:     Pump Depth:      Well Age:    

Flow Rate at House:        Flow Rate at POU:     

 

Holding Tank Make/Volume:              

Treatment System(s):             

 

Sample Collection Description:            

              

 

Purge Time or Volume:             

 

Field Parameters: 

Temperature (°C):  ORP (mV):  

Conductivity (μS/cm):  Test Kit Results: 

pH:  Hardness:  

TDS (mg/L):  Free Chlorine (mg/L):  

DO (mg/L):  Total Chlorine (mg/L):  

 
Remarks:  
 
 
Photo Number:     
Sampler’s Initials:        
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Analyses: 

Sample Location Laboratory Analysis 
Number of 
Containers 

Sample Processing Preservative 
Container 
Type 

Tap, Unpurged Total Metals 1 Unfiltered HNO3 to pH <2 125 ml HDPE 

  1 Filtered* HNO3 to pH <2 125 ml HDPE 

Tap, Unpurged Arsenic III/V 1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

  1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Tap, Purged Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 

1 Filtered HNO3 to pH <2 125 ml HDPE 

Tap, Purged Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, 
Unpurged 

Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 
1 Filtered HNO3 to pH <2 125 ml HDPE 

Faucet, 
Unpurged 

Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, Purged Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 
1 Filtered HNO3 to pH <2 125 ml HDPE 

Faucet, Purged Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, Purged 
Anions (fluoride, 
chloride, phosphate, 
sulfate) 

2 None 4°C 
40 ml amber 
glass 

Faucet, Purged 

Inorganic Parameters 
(alkalinity, turbidity, 
total suspended solids, 
total dissolved solids) 

2  4°C 250-ml HDPE 

Faucet, Purged 
Total Organic Carbon, 
Nitrate/Nitrite 

1  
H2SO4 to pH 
<2, 4°C 

250-ml HDPE 

Faucet, Purged E. coli bacteria 2  Na2S2O3, 4°C 
100-ml fecal 
coliform bottle 

Faucet, Purged 
Volatile Organic 
Compounds 

3 

Quench chlorine 
with ascorbic acid  
if necessary, see 
section 4.2 

HCl to pH < 2, 
4°C 

40 ml amber 
glass 

Faucet, Purged 
Semivolatile Organic 
Compounds 

1 

Quench chlorine 
with sodium sulfite 
if necessary, see 
section 4.2 

HCl to pH < 2, 
4°C 

1 L amber glass 

Tap samples are treated water samples collected after POU treatment. 
Faucet samples are untreated water samples collected at the field site. 
*Samples filtered through a 0.45-µm syringe filter prior to preservation. 
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Table 2.2.  Summary of Proposed Analytical Procedures for Pilot Program 

 
Matrix  Measurement Sampling (1Faucet, 

2Tap)/ Measurement 
Method 

Analysis Method Sample Container/ 
Quantity of Sample 

Preservation/ 
Storage 

Holding 
Time(s) 

Water pH 1Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water ORP Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water Conductivity Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water D.O. Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water Free chlorine Faucet DPD 8021, Standard Method 4500-
CLG  

Field Sample NA NA 

Water Total chlorine Faucet DPD 8167 Field Sample NA NA 
Water Hardness Faucet Standard method 2340C Field Sample NA NA 
Water Total Metals Purged faucet (*filtered 

and unfiltered)/ICP-OES 
Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at Room 
Temperature (RT) 

6 months 

Water Total Metals Faucet without purging  
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Total Metals Purged tap (*filtered and 
unfiltered) /ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Total Metals Tap without purging 
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Arsenic(III) and 
Arsenic(V) 
speciated 

Faucet samples filtered 
through SPME ion-
exchange cartridges for 
speciation at field site 
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402 
& 403)  

50 mL in 125-mL 
HDPE bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 
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Matrix  Measurement Sampling (1Faucet, 
2Tap)/ Measurement 
Method 

Analysis Method Sample Container/ 
Quantity of Sample 

Preservation/ 
Storage 

Holding 
Time(s) 

Water E coli analysis Purged faucet Shaw SOP 305 (Hach Method 
10029) 

100 mL in EPA fecal 
coliform sampling 
bottles 

Sample bottles come 
with sodium 
thiosulfate pellet, 
store at 4C 

24 hours 

Water Alkalinity Purged faucet EPA 310.1 (Shaw SOP 502) 250 mL 
polypropylene bottles 

4 ±2C 14 days 

Water VOC Purged faucet EPA 524.2  Quenched with 25 
mgs ascorbic/vial and 
then preserved at 
pH<2.0 using HCl  

14 days 

Water SVOC Purged faucet EPA 525.2 1 L amber glass  Preserved with 40-50 
mg sodium sulfite, 
pH<2.0 using HCl 

14 days 

Water TOC Purged faucet EPA 9060A (Shaw SOP 401) 1 x 250 mL 
polypropylene 

4 ±2C at pH<2.0 
with H2SO4

28 days 

Water Turbidity, TSS 
and TDS 

Purged faucet EPA 180.1 for turbidity (Shaw SOP 
507) 
EPA 160.2 for TSS (Shaw SOP 509) 
EPA 160.1 for TDS (Shaw SOP 510) 

2 x 250 mL HDPE 
bottles 

4 ±2C 48 hours for 
turbidity, 7 
days for 
TSS  TDS 

Water Anions fluoride, 
chloride, nitrite, 
nitrate, bromide, 
phosphate and 
sulfate 

Purged faucet EPA 300.0 (Shaw SOP 405) 125 mL HDPE 
bottles 

4 ±2C 48 hours  

 
1 Faucet samples are untreated water samples collected at the field site  

2 Tap samples are treated water samples collected after POU treatment 
* Samples filtered through 0.45µm syringe filter
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Figure 2-1a

Washington County Missouri
Homes Receiving Bottled Water

Washington County

Property sampled during
Point of Use Study

Homes receiving bottled water

GM-2 
19/323



O
F

F
IC

E
D

AT
E

D
E

S
IG

N
E

D
 B

Y
D

R
A

W
N

 B
Y

C
H

E
C

K
E

D
 B

Y
A

P
P

R
O

V
E

D
 B

Y
Ci

nc
in

na
ti

, O
H

2/
16

/10
JI

S
JI

S
KB

RS
D

R
A

W
IN

G
N

U
M

B
E

R
s-

13
62

77
-2

/1
0-

w

Figure 2-1b

Washington County Missouri
Homes Receiving Bottled Water

Richwoods Sampling Area

Property sampled during
Point of Use Study

Homes receiving bottled water
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Figure 2-1c

Washington County Missouri
Homes Receiving Bottled Water

Old Mines Sampling Area

Property sampled during
Point of Use Study

Homes receiving bottled water
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Figure 2-1d

Washington County Missouri
Homes Receiving Bottled Water

Potosi Sampling Area

Property sampled during
Point of Use Study

Homes receiving bottled water
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Figure 2-1e

Washington County Missouri
Homes Receiving Bottled Water
Furnace Creek Sampling Area

Property sampled during
Point of Use Study

Homes receiving bottled water
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3.0 Analytical Results 

 

This section summarizes the analytical results for the samples collected for this effort and 

analyzed at the T&E Facility. 

 

3.1 Pilot Program Samples 

Table 3-1 presents the sample number, property ID and a description of the samples collected for 

analysis for this pilot program.  This table links the sample IDs to the property IDs used in 

subsequent tables to identify the analytical results. 

 

3.2 Analytical Results for Metals Samples 

Tables 3.2.1 through 3.2.8 present the analytical results for the following metals: 

 Lead (Pb) – Table 3.2.1 

 Arsenic (As) – Table 3.2.2 

 Barium (Ba – Table 3.2.3 

 Cadmium (Cd) – Table 3.2.4  

 Antimony (Sb) – Table 3.2.5 

 Iron (Fe) – Table 3.2.6 

 Manganese (Mn) – Table 3.2.7 

 Thallium (Tl) – Table 3.2.8. 

 

As presented in Section 2, the samples were analyzed using ICP.  However, during the analytical 

program it was discovered that other metals potentially present in these samples was interfering 

with the wavelength for Lead.  Accordingly, all the samples were re-analyzed for lead using 

Atomic Absorption Spectroscopy (AAS) and it is the results from these analyses that are 

presented in Tables 3.2.1. 

 

Figures 3-1a through 3-1e show the homes with arsenic levels above the MCL in each sampling 

area.  Similarly, Figures 3-2 (a – e) through 3-4 (a – e) show the homes with barium, cadmium, 

and lead above the MCL in each sampling area, respectively.  Based on the results presented in 

these tables, the majority of the sites (21 out of 27sites) will require treatment for lead.  Two sites 

showed an exceedence for antimony and only one site each showed an exceedence for barium 

and cadmium. 
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3.3 Analytical Results for Anions, Ammonia, and Alkalinity 

Tables 3.3.1 through 3.3.3 show the analytical results for anions, ammonia, and alkalinity, 

respectively.  Two sites showed an exceedence for nitrate, and one site showed an exceedence 

for sulfate. 

 

3.4 Analytical Results for Solids, TOC, and Turbidity 

Tables 3.4.1 through 3.4.3 show the analytical results for solids (TSS and TDS), TOC, and 

turbidity.  Only 3 sites showed an exceedence for TDS. 

 

3.5 Analytical Results for E. coli 

Table 3.5 shows the analytical results for E. coli.  Two sites showed an exceedence for E. coli. 

 

3.6 Comparative Results from Region VII Laboratory and External Laboratory 

Table 3.6.1 show a comparison of results from the pilot study data to seven duplicate samples 
analyzed by Region VII for metals using ICP followed by Mass Spectroscopy (MS).  A close 
agreement can be observed between these two sets of analytical data, thus confirming the 
accuracy of the analytical data for the samples analyzed at the T&E Facility. 
 
To confirm the lead results from the ICP runs at the T&E Facility, five samples were selected for 
analysis by ICP-MS at an offsite, commercial laboratory.  These five samples were also analyzed 
for arsenic and lead using AA at the T&E Facility.  Table 3.6.2 shows the analytical results from 
these samples.  Lead levels using ICP-MS were lower than the levels reported by the ICP but 
nevertheless are above the MCL for two samples, both of which are untreated water.  The lead 
levels reported by AA show very close agreement with the levels reported by ICP-MS.  Barium 
levels reported by the ICP and ICP-MS are comparable and close to the MCL in two samples.  
Thallium and arsenic levels were reported as non-detectable by both the ICP and the ICP-MS  
 

3.7 Comparison of Pilot Study Analytical Data to Historical Data 

Table 3.7.1 through 3.7.4 show a comparison of the pilot study data to data from historical 
sampling events conducted in Washington County for lead, arsenic, barium, and cadmium, 
respectively.  These tables show good agreement between the analytical results obtained from 
this pilot study to that obtained historically.  Thus, future decisions about the placement of POU 
devices in homes could be based on the available historical data in most cases. 
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Table 3.1

Pilot Program for Selection of POU Devices

Sample ID's by Property Identification Number, Site Name, and Field Description

Site Name Property Identification # Sample ID Sample Date Description on Field Sheet

Richwoods 20158 ORD-135 10/27/2009 Faucet Purged

Richwoods 20158 ORD-134 10/27/2009 Faucet Unpurged

Richwoods 40015 ORD-15 10/29/2009 Tap Unpurged

Richwoods 40015 ORD-16 10/29/2009 Tap Purged

Richwoods 40015 ORD-146 10/29/2009 Faucet Unpurged

Richwoods 40015 ORD-147 10/29/2009 Faucet Purged

Richwoods 40034 ORD-148 10/29/2009 Faucet Unpurged

Richwoods 40034 ORD-149 10/29/2009 Faucet Purged

Richwoods 40140 ORD-139 10/28/2009 Faucet Purged

Richwoods 40140 ORD-139-FD 10/28/2009 Faucet Purged

Richwoods 40140 ORD-138 10/28/2009 Faucet Unpurged

Richwoods 40159 ORD-143S 10/28/2009 Faucet Purged

Richwoods 40159 ORD-142 10/28/2009 Faucet Unpurged

Richwoods 40159 ORD-143US 10/28/2009 Faucet Purged

Richwoods 40159 ORD-143USUF 10/28/2009 Faucet Purged

Old Mines 20199 ORD-150 10/30/2009 Faucet Unpurged

Old Mines 20199 ORD-151 10/30/2009 Faucet Purged

Old Mines 30090 ORD-121 10/23/2009 Faucet Purged

Old Mines 30090 ORD-120 10/23/2009 Faucet Unpurged

Old Mines 30312 ORD-111 10/21/2009 Faucet Purged

Old Mines 30312 ORD-110 10/21/2009 Faucet Unpurged

Old Mines 30412 ORD-123(Inside) 10/23/2009 Faucet Purged

Old Mines 30412 ORD-123(Outside) 10/23/2009 Faucet Purged

Old Mines 30412 ORD-122 10/23/2009 Faucet Unpurged

Old Mines 30513 ORD-144 10/29/2009 Faucet Unpurged

Old Mines 30513 ORD-145 10/29/2009 Faucet Purged

Old Mines 30541 ORD-140 10/28/2009 Faucet Unpurged

Old Mines 30541 ORD-141 10/28/2009 Faucet Purged

Old Mines 30924 ORD-131 10/27/2009 Faucet Purged

Old Mines 30924 ORD-131UF 10/27/2009 Faucet Purged

Old Mines 30924 ORD-130 10/27/2009 Faucet Unpurged

Potosi 123 ORD-13 10/27/2009 Tap Unpurged

Potosi 123 ORD-14 10/27/2009 Tap Purged

Potosi 123 ORD-133 10/27/2009 Faucet Purged

Potosi 123 ORD-132 10/27/2009 Faucet Unpurged

Potosi 555 ORD-1 10/20/2009 Tap Unpurged

Potosi 555 ORD-102 10/20/2009 Faucet Unpurged

Potosi 555 ORD-103 10/20/2009 Faucet Purged

Potosi 555 ORD-2 10/20/2009 Tap Purged

Potosi 20332 ORD-113 10/22/2009 Faucet Purged

Potosi 20332 ORD-112 10/22/2009 Faucet Unpurged

Potosi 20425 ORD-115 10/22/2009 Faucet Purged

Potosi 20425 ORD-114 10/22/2009 Faucet Unpurged

Potosi 20435 ORD-100 10/20/2009 Faucet Unpurged

Potosi 20435 ORD-101 10/20/2009 Faucet Purged

Potosi 20459 ORD-117 10/22/2009 Faucet Purged

Potosi 20459 ORD-116 10/22/2009 Faucet Unpurged

Potosi 20517 ORD-152 10/30/2009 Faucet Unpurged

Potosi 20517 ORD-153 10/30/2009 Faucet Purged

Potosi 20594 ORD-109 10/21/2009 Faucet Purged

Potosi 20594 ORD-108 10/21/2009 Faucet Unpurged

Potosi 20594 ORD-109FD 10/21/2009 Faucet Purged

Potosi 20594 ORD-108FD 10/21/2009 Faucet Unpurged

Potosi 20594 ORD-7 10/21/2009 Tap Unpurged

Potosi 20594 ORD-7FD 10/21/2009 Tap Unpurged

Potosi 20594 ORD-8 10/21/2009 Tap Purged

Potosi 20594 ORD-8FD 10/21/2009 Tap Purged

Potosi 20613 ORD-10 10/24/2009 Tap Purged

Potosi 20613 ORD-125 10/24/2009 Faucet Purged

Potosi 20613 ORD-124 10/24/2009 Faucet Unpurged

Potosi 20613 ORD-9 10/24/2009 Tap Unpurged

Potosi 20868 ORD-104 10/20/2009 Faucet Unpurged

Potosi 20868 ORD-105 10/20/2009 Faucet Purged

Potosi 20868 ORD-3 10/20/2009 Tap Unpurged

Potosi 20868 ORD-4 10/20/2009 Tap Purged

Potosi 23428 ORD-137 10/28/2009 Faucet Purged

Potosi 23428 ORD-137-FD 10/28/2009 Faucet Purged

Potosi 23428 ORD-136 10/28/2009 Faucet Unpurged

Potosi 24019 ORD-106 10/21/2009 Faucet Unpurged

Potosi 24019 ORD-107 10/21/2009 Faucet Purged

Potosi 24019 ORD-5 10/21/2009 Tap Unpurged

Potosi 24019 ORD-6 10/21/2009 Tap Purged

Potosi 24055 ORD-11 10/24/2009 Tap Unpurged

Potosi 24055 ORD-12 10/24/2009 Tap Purged

Potosi 24055 ORD-129 10/24/2009 Faucet Purged

Potosi 24055 ORD-128 10/24/2009 Faucet Unpurged

Potosi 24080 ORD-119 10/22/2009 Faucet Purged

Potosi 24080 ORD-118 10/22/2009 Faucet Unpurged

Potosi QAQC ORD-159FB 10/24/2009 Field Blank

Furnace Creek 636 ORD-127 10/24/2009 Faucet Purged

Furnace Creek 636 ORD-126 10/24/2009 Faucet Unpurged

GM-2 
26/323



Table 3.2.1

Pilot Program for Selection of POU Devices

Analytical Results for Lead (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals (Lead) by AA Lead 37 40 39 36 -- -- -- --

40015 Richwoods Metals (Lead) by AA Lead <0.2 <0.2 <0.2 <0.2 <0.2 1 <0.2 <0.2

40034 Richwoods Metals (Lead) by AA Lead 8 9 7 12 -- -- -- --

40140 Richwoods Metals (Lead) by AA Lead 25 22 22 23 -- -- -- --

40140 
1 Richwoods Metals (Lead) by AA Lead 23 -- 25 -- -- -- -- --

40159 Richwoods Metals (Lead) by AA Lead -- <0.2 -- <0.2 -- -- -- --

40159 
2 Richwoods Metals (Lead) by AA Lead <0.2 -- <0.2 -- -- -- -- --

40159 
3 Richwoods Metals (Lead) by AA Lead <0.2 -- <0.2 -- -- -- -- --

40159 
4 Richwoods Metals (Lead) by AA Lead <0.2 -- <0.2 -- -- -- -- --

20199 Old Mines Metals (Lead) by AA Lead 14 14 15 14 -- -- -- --

30090 Old Mines Metals (Lead) by AA Lead 20 21 22 19 -- -- -- --

30312 Old Mines Metals (Lead) by AA Lead 35 32 35 33 -- -- -- --

30412 Old Mines Metals (Lead) by AA Lead <0.2 <0.2 <0.2 <0.2 -- -- -- --

30412 
5 Old Mines Metals (Lead) by AA Lead 11 -- 17 -- -- -- -- --

30513 Old Mines Metals (Lead) by AA Lead 25 28 26 28 -- -- -- --

30541 Old Mines Metals (Lead) by AA Lead 34 36 36 37 -- -- -- --

30924 Old Mines Metals (Lead) by AA Lead 3 3 2 6 -- -- -- --

30924 
6 Old Mines Metals (Lead) by AA Lead 7 -- 2 -- -- -- -- --

123 Potosi Metals (Lead) by AA Lead 27 29 32 43 <0.2 3 <0.2 2

555 Potosi Metals (Lead) by AA Lead 80 86 91 87 <0.2 <0.2 <0.2 2

20332 Potosi Metals (Lead) by AA Lead 21 32 28 32 -- -- -- --

20425 Potosi Metals (Lead) by AA Lead 14 15 16 18 -- -- -- --

20435 Potosi Metals (Lead) by AA Lead 27 23 35 23 -- -- -- --

20459 Potosi Metals (Lead) by AA Lead 10 0.2 5 4 -- -- -- --

20517 Potosi Metals (Lead) by AA Lead 34 34 37 40 -- -- -- --

20594 Potosi Metals (Lead) by AA Lead 77 72 76 63 <0.2 2 <0.2 <0.2

20594 
1 Potosi Metals (Lead) by AA Lead 59 53 55 48 <0.2 <0.2 <0.2 2

20613 Potosi Metals (Lead) by AA Lead 7 13 10 11 <0.2 <0.2 <0.2 <0.2

20868 Potosi Metals (Lead) by AA Lead 38 54 45 29 <0.2 <0.2 <0.2 <0.2

23428 Potosi Metals (Lead) by AA Lead 32 41 30 36 -- -- -- --

23428 
1 Potosi Metals (Lead) by AA Lead 30 -- 31 -- -- -- -- --

24019 Potosi Metals (Lead) by AA Lead 62 61 99 66 <0.2 <0.2 <0.2 1

24055 Potosi Metals (Lead) by AA Lead 40 45 47 41 1 1 <0.2 <0.2

24055 
7 Potosi Metals (Lead) by AA Lead <0.2 -- <0.2 -- -- -- -- --

24080 Potosi Metals (Lead) by AA Lead 25 29 29 29 -- -- -- --

636 Furnace Creek Metals (Lead) by AA Lead 48 48 48 69 -- -- -- --

National Drinking Water Regulations MCL for Lead: 15 

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

DissolvedTotal Total

Property ID Property Location Analysis Analyte

Dissolved

Table 3.2.1

Pilot Program for Selection of POU Devices

Analytical Results for Lead (µg/L)
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Table 3.2.2

Pilot Program for Selection of POU Devices

Analytical Results for Arsenic (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

40015 Richwoods Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

40034 Richwoods Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

40140 Richwoods Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

40140 
1 Richwoods Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

40159 Richwoods Metals by ICP Arsenic -- <0.2 -- <0.2 -- -- -- --

40159 
2 Richwoods Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

40159 
3 Richwoods Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

40159 
4 Richwoods Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

20199 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30090 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30312 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30412 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30412 
5 Old Mines Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

30513 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30541 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30924 Old Mines Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

30924 
6 Old Mines Metals by ICP Arsenic <0.2 -- 2 -- -- -- -- --

123 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

555 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

20332 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

20425 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

20435 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

20459 Potosi Metals by ICP Arsenic 1 <0.2 <0.2 <0.2 -- -- -- --

20517 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

20594 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 1 <0.2 <0.2

20594 
1 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

20613 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

20868 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 1 <0.2 <0.2 <0.2

23428 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

23428 
1 Potosi Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

24019 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

24055 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2

24055 
7 Potosi Metals by ICP Arsenic <0.2 -- <0.2 -- -- -- -- --

24080 Potosi Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

636 Furnace Creek Metals by ICP Arsenic <0.2 <0.2 <0.2 <0.2 -- -- -- --

National Drinking Water Regulations MCL for Arsenic: 10

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.2

Pilot Program for Selection 

of POU Devices

Analytical Results for Arsenic (µg/L)
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Table 3.2.3

Pilot Program for Selection of POU Devices

Analytical Results for Barium (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Barium 999 996 992 994 -- -- -- --

40015 Richwoods Metals by ICP Barium 59 56 59 59 13 9 13 9

40034 Richwoods Metals by ICP Barium 463 466 463 444 -- -- -- --

40140 Richwoods Metals by ICP Barium 1748 1751 1745 1755 -- -- -- --

40140 
1 Richwoods Metals by ICP Barium 1757 1723 -- -- -- --

40159 Richwoods Metals by ICP Barium -- <0.2 -- <0.2 -- -- -- --

40159 
2 Richwoods Metals by ICP Barium <0.2 -- <0.2 -- -- -- -- --

40159 
3 Richwoods Metals by ICP Barium 520 -- 520 -- -- -- -- --

40159 
4 Richwoods Metals by ICP Barium 445 -- 439 -- -- -- -- --

20199 Old Mines Metals by ICP Barium 2127 2145 2122 2140 -- -- -- --

30090 Old Mines Metals by ICP Barium 1087 1154 1092 1109 -- -- -- --

30312 Old Mines Metals by ICP Barium 406 409 415 412 -- -- -- --

30412 Old Mines Metals by ICP Barium 1 1 1 2 -- -- -- --

30412 
5 Old Mines Metals by ICP Barium 53 -- 53 -- -- -- -- --

30513 Old Mines Metals by ICP Barium 234 242 231 247 -- -- -- --

30541 Old Mines Metals by ICP Barium 806 805 800 803 -- -- -- --

30924 Old Mines Metals by ICP Barium 1027 961 1032 953 -- -- -- --

30924 
6 Old Mines Metals by ICP Barium 1043 -- 1048 -- -- -- -- --

123 Potosi Metals by ICP Barium 391 450 394 455 15 5 15 5

555 Potosi Metals by ICP Barium 1430 1413 1425 1404 532 406 536 432

20332 Potosi Metals by ICP Barium 395 400 392 398 -- -- -- --

20425 Potosi Metals by ICP Barium 181 177 183 183 -- -- -- --

20435 Potosi Metals by ICP Barium 131 131 133 131 -- -- -- --

20459 Potosi Metals by ICP Barium 11 11 10 11 -- -- -- --

20517 Potosi Metals by ICP Barium 208 203 207 206 -- -- -- --

20594 Potosi Metals by ICP Barium 233 233 229 238 94 37 93 38

20594 
1 Potosi Metals by ICP Barium 232 241 229 240 93 36 91 38

20613 Potosi Metals by ICP Barium 463 488 467 489 166 63 167 59

20868 Potosi Metals by ICP Barium 86 92 90 92 29 27 28 27

23428 Potosi Metals by ICP Barium 277 273 277 272 -- -- -- --

23428 
1 Potosi Metals by ICP Barium 279 -- 276 -- -- -- -- --

24019 Potosi Metals by ICP Barium 244 244 244 243 9 6 9 7

24055 Potosi Metals by ICP Barium 1185 1187 1181 1179 1002 892 989 875

24055 
7 Potosi Metals by ICP Barium 4 -- 4 -- -- -- -- --

24080 Potosi Metals by ICP Barium 1321 1307 1314 1306 -- -- -- --

636 Furnace Creek Metals by ICP Barium 448 436 445 434 -- -- -- --

National Drinking Water Regulations MCL for Barium: 2000

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.3

Pilot Program for Selection 

of POU Devices

Analytical Results for Barium (µg/L)
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Table 3.2.4 

Pilot Program for Selection of POU Devices

Analytical Results for Cadmium (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

40015 Richwoods Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4

40034 Richwoods Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

40140 Richwoods Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

40140 
1 Richwoods Metals by ICP Cadmium <0.4 -- <0.4 -- -- -- -- --

40159 Richwoods Metals by ICP Cadmium -- <0.4 -- <0.4 -- -- -- --

40159 
2 Richwoods Metals by ICP Cadmium <0.4 -- <0.4 -- -- -- -- --

40159 
3 Richwoods Metals by ICP Cadmium <0.4 -- <0.4 -- -- -- -- --

40159 
4 Richwoods Metals by ICP Cadmium <0.4 -- <0.4 -- -- -- -- --

20199 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30090 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30312 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30412 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30412 
5 Old Mines Metals by ICP Cadmium <0.4 -- <0.4 -- -- -- -- --

30513 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30541 Old Mines Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

30924 Old Mines Metals by ICP Cadmium 4 3 4 3 -- -- -- --

30924 
6 Old Mines Metals by ICP Cadmium 3 -- 3 -- -- -- -- --

123 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 1 <0.4 <0.4 <0.4 <0.4

555 Potosi Metals by ICP Cadmium 1 1 1 1 1 1 <0.4 1

20332 Potosi Metals by ICP Cadmium 1 1 1 1 -- -- -- --

20425 Potosi Metals by ICP Cadmium 1 1 1 1 -- -- -- --

20435 Potosi Metals by ICP Cadmium 6 6 6 5 -- -- -- --

20459 Potosi Metals by ICP Cadmium 2 2 2 1 -- -- -- --

20517 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

20594 Potosi Metals by ICP Cadmium 1 1 1 1 1 1 <0.4 1

20594 
1 Potosi Metals by ICP Cadmium <0.4 3 1 1 <0.4 1 <0.4 1

20613 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4

20868 Potosi Metals by ICP Cadmium 1 1 1 2 1 1 <0.4 1

23428 Potosi Metals by ICP Cadmium 1 1 1 1 -- -- -- --

23428 
1 Potosi Metals by ICP Cadmium 1 -- 1 -- -- -- -- --

24019 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 2 1 <0.4 2

24055 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4 <0.4

24055 
7 Potosi Metals by ICP Cadmium 1 -- 1 -- -- -- -- --

24080 Potosi Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

636 Furnace Creek Metals by ICP Cadmium <0.4 <0.4 <0.4 <0.4 -- -- -- --

National Drinking Water Regulations MCL for Cadmium: 5 

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.4

Pilot Program for Selection 

of POU Devices

Analytical Results for Cadmium (µg/L)
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Table 3.2.5 

Pilot Program for Selection of POU Devices

Analytical Results for Antimony (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Antimony <2.1 2 1 <2.1 -- -- -- --

40015 Richwoods Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

40034 Richwoods Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

40140 Richwoods Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

40140 
1 Richwoods Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

40159 Richwoods Metals by ICP Antimony -- <2.1 -- 1 -- -- -- --

40159 
2 Richwoods Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

40159 
3 Richwoods Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

40159 
4 Richwoods Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

20199 Old Mines Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

30090 Old Mines Metals by ICP Antimony 5 4 5 4 -- -- -- --

30312 Old Mines Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

30412 Old Mines Metals by ICP Antimony 4 4 4 5 -- -- -- --

30412 
5 Old Mines Metals by ICP Antimony 6 -- 5 -- -- -- -- --

30513 Old Mines Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

30541 Old Mines Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

30924 Old Mines Metals by ICP Antimony <2.1 <2.1 <2.1 1 -- -- -- --

30924 
6 Old Mines Metals by ICP Antimony <2.1 -- 2 -- -- -- -- --

123 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

555 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

20332 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

20425 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

20435 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

20459 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

20517 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

20594 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 1 1 <2.1 <2.1

20594 
1 Potosi Metals by ICP Antimony <2.1 4 <2.1 <2.1 4 <2.1 <2.1 <2.1

20613 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 2 <2.1 <2.1 <2.1 <2.1

20868 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

23428 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

23428 
1 Potosi Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

24019 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

24055 Potosi Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1 <2.1

24055 
7 Potosi Metals by ICP Antimony <2.1 -- <2.1 -- -- -- -- --

24080 Potosi Metals by ICP Antimony 5 9 4 <2.1 -- -- -- --

636 Furnace Creek Metals by ICP Antimony <2.1 <2.1 <2.1 <2.1 -- -- -- --

National Drinking Water Regulations MCL for Antimony: 6 

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.5

Pilot Program for Selection 

of POU Devices

Analytical Results for Antimony (µg/L)
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Table 3.2.6

Pilot Program for Selection of POU Devices

Analytical Results for Iron (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Iron 3 2 2 3 -- -- -- --

40015 Richwoods Metals by ICP Iron <0.7 <0.7 <0.7 43 <0.7 1 <0.7 <0.7

40034 Richwoods Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 -- -- -- --

40140 Richwoods Metals by ICP Iron 4 2 3 3 -- -- -- --

40140 
1 Richwoods Metals by ICP Iron 4 -- 4 -- -- -- -- --

40159 Richwoods Metals by ICP Iron -- <0.7 -- <0.7 -- -- -- --

40159 
2 Richwoods Metals by ICP Iron <0.7 -- <0.7 -- -- -- -- --

40159 
3 Richwoods Metals by ICP Iron <0.7 -- <0.7 -- -- -- -- --

40159 
4 Richwoods Metals by ICP Iron <0.7 -- <0.7 -- -- -- -- --

20199 Old Mines Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 -- -- -- --

30090 Old Mines Metals by ICP Iron 1 1 2 7 -- -- -- --

30312 Old Mines Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 -- -- -- --

30412 Old Mines Metals by ICP Iron 2 2 2 6 -- -- -- --

30412 
5 Old Mines Metals by ICP Iron 196 -- 175 -- -- -- -- --

30513 Old Mines Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 -- -- -- --

30541 Old Mines Metals by ICP Iron 3 2 4 2 -- -- -- --

30924 Old Mines Metals by ICP Iron 2 1 2 <0.7 -- -- -- --

30924 
6 Old Mines Metals by ICP Iron 3 -- 3 -- -- -- -- --

123 Potosi Metals by ICP Iron 2 2 3 2 2 2 2 2

555 Potosi Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7 <0.7

20332 Potosi Metals by ICP Iron 2 1 2 1 -- -- -- --

20425 Potosi Metals by ICP Iron 2 2 2 1 -- -- -- --

20435 Potosi Metals by ICP Iron 6 <0.7 6 6 -- -- -- --

20459 Potosi Metals by ICP Iron 55 3 99 61 -- -- -- --

20517 Potosi Metals by ICP Iron <0.7 <0.7 <0.7 4 -- -- -- --

20594 Potosi Metals by ICP Iron <0.7 <0.7 3 1 <0.7 1 <0.7 <0.7

20594 
1 Potosi Metals by ICP Iron <0.7 2 2 1 <0.7 <0.7 <0.7 <0.7

20613 Potosi Metals by ICP Iron 3 4 3 2 3 4 3 3

20868 Potosi Metals by ICP Iron <0.7 ND 3 5 <0.7 <0.7 <0.7 <0.7

23428 Potosi Metals by ICP Iron 2 1 1 <0.7 -- -- -- --

23428 
1 Potosi Metals by ICP Iron 1 -- 1 -- -- -- -- --

24019 Potosi Metals by ICP Iron <0.7 <0.7 <0.7 <0.7 2 <0.7 2 2

24055 Potosi Metals by ICP Iron 4 3 6 4 4 3 3 3

24055 
7 Potosi Metals by ICP Iron 3 -- 5 -- -- -- -- --

24080 Potosi Metals by ICP Iron 1 58 2 3 -- -- -- --

636 Furnace Creek Metals by ICP Iron 3 2 3 2 -- -- -- --

National Drinking Water Regulations MCL for Iron: 300

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total 

Table 3.2.6

Pilot Program for Selection 

of POU Devices

Analytical Results for Iron (µg/L)
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Table 3.2.7

Pilot Program for Selection of POU Devices

Analytical Results for Manganese (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Manganese 2 2 2 2 -- -- -- --

40015 Richwoods Metals by ICP Manganese 1 1 1 1 2 2 2 2

40034 Richwoods Metals by ICP Manganese <0.5 <0.5 <0.5 <0.5 -- -- -- --

40140 Richwoods Metals by ICP Manganese 2 2 2 2 -- -- -- --

40140 
1

Richwoods Metals by ICP Manganese 3 -- 3 -- -- -- -- --

40159 Richwoods Metals by ICP Manganese -- <0.5 -- <0.5 -- -- -- --

40159 
2

Richwoods Metals by ICP Manganese <0.5 -- <0.5 -- -- -- -- --

40159 
3

Richwoods Metals by ICP Manganese <0.5 -- <0.5 -- -- -- -- --

40159 
4

Richwoods Metals by ICP Manganese <0.5 -- <0.5 -- -- -- -- --

20199 Old Mines Metals by ICP Manganese <0.5 <0.5 <0.5 1 -- -- -- --

30090 Old Mines Metals by ICP Manganese <0.5 <0.5 <0.5 <0.5 -- -- -- --

30312 Old Mines Metals by ICP Manganese 1 1 1 1 -- -- -- --

30412 Old Mines Metals by ICP Manganese <0.5 <0.5 <0.5 <0.5 -- -- -- --

30412 
5

Old Mines Metals by ICP Manganese 9 -- 8 -- -- -- -- --

30513 Old Mines Metals by ICP Manganese <0.5 <0.5 <0.5 <0.5 -- -- -- --

30541 Old Mines Metals by ICP Manganese 3 2 3 2 -- -- -- --

30924 Old Mines Metals by ICP Manganese 2 2 2 2 -- -- -- --

30924 
6

Old Mines Metals by ICP Manganese 2 -- 2 -- -- -- -- --

123 Potosi Metals by ICP Manganese 2 2 2 2 2 2 2 2

555 Potosi Metals by ICP Manganese 19 20 19 19 19 19 19 19

20332 Potosi Metals by ICP Manganese 2 2 2 2 -- -- -- --

20425 Potosi Metals by ICP Manganese 2 2 2 2 -- -- -- --

20435 Potosi Metals by ICP Manganese 21 21 21 21 -- -- -- --

20459 Potosi Metals by ICP Manganese 10 3 9 3 -- -- -- --

20517 Potosi Metals by ICP Manganese 3 4 3 4 -- -- -- --

20594 Potosi Metals by ICP Manganese 1 1 1 1 1 1 1 1

20594 
1

Potosi Metals by ICP Manganese 1 2 1 1 1 1 1 1

20613 Potosi Metals by ICP Manganese 1 1 1 1 1 1 1 1

20868 Potosi Metals by ICP Manganese 19 19 19 19 19 19 19 19

23428 Potosi Metals by ICP Manganese 2 2 2 2 -- -- -- --

23428 
1

Potosi Metals by ICP Manganese 2 -- 2 -- -- -- -- --

24019 Potosi Metals by ICP Manganese 1 1 1 1 2 1 2 2

24055 Potosi Metals by ICP Manganese 1 1 1 1 1 1 1 1

24055 
7

Potosi Metals by ICP Manganese 1 -- 1 -- -- -- -- --

24080 Potosi Metals by ICP Manganese <0.5 18 <0.5 2 -- -- -- --

636 Furnace Creek Metals by ICP Manganese 1 <0.5 1 <0.5 -- -- -- --

National Drinking Water Regulations MCL for Manganese: 50

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total

Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.7

Pilot Program for Selection 

of POU Devices

Analytical Results for Manganese (µg/L)
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Table 3.2.8

Pilot Program for Selection of POU Devices

Analytical Results for Thallium (µg/L)

Faucet Purged
Faucet 

Unpurged
Faucet Purged

Faucet 

Unpurged
Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

40015 Richwoods Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

40034 Richwoods Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

40140 Richwoods Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

40140 
1 Richwoods Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

40159 Richwoods Metals by ICP Thallium -- -- <1.8 <1.8 -- -- -- --

40159 
2 Richwoods Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

40159 
3 Richwoods Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

40159 
4 Richwoods Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

20199 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30090 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30312 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30412 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30412 
5 Old Mines Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

30513 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30541 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30924 Old Mines Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

30924 
6 Old Mines Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

123 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

555 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

20332 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

20425 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

20435 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

20459 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

20517 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

20594 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

20594 
1 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

20613 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

20868 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

23428 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

23428 
1 Potosi Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

24019 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

24055 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8 <1.8

24055 
7 Potosi Metals by ICP Thallium <1.8 <1.8 -- -- -- -- -- --

24080 Potosi Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

636 Furnace Creek Metals by ICP Thallium <1.8 <1.8 <1.8 <1.8 -- -- -- --

National Drinking Water Regulations MCL for Thallium: 2 

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Dissolved Total
Property ID Property Location Analysis Analyte

Dissolved Total

Table 3.2.8
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Table 3.3.1

Pilot Program for Selection of POU Devices

Analytical Results for Anions (mg/L)

Property ID Property Location Analysis Fluoride Chloride Nitrite Bromide Nitrate Phosphate Sulfate

2 250 1 NA 10 NA 250

20158 Richwoods Anions by IC 0.079 2.854 0.351 0.203 1.006 <0.087 4.209

40015 Richwoods Anions by IC 0.099 2.773 <0.045 <0.036 0.050 <0.087 150.865

40034 Richwoods Anions by IC 0.084 15.941 <0.045 0.235 5.510 <0.087 12.658

40140 Richwoods Anions by IC 0.036 3.968 <0.045 0.048 1.297 <0.087 6.187

40140 
1 Richwoods Anions by IC 0.047 4.017 <0.045 0.042 1.299 <0.087 6.180

40159 
2 Richwoods Anions by IC 0.085 6.530 <0.045 0.048 1.656 <0.087 11.379

40159 
3 Richwoods Anions by IC 0.084 4.536 <0.045 0.047 2.257 <0.087 11.853

40159 
4 Richwoods Anions by IC -- -- -- -- -- -- --

20199 Old Mines Anions by IC 0.100 3.555 <0.045 <0.036 4.985 <0.087 5.650

30090 Old Mines Anions by IC 0.063 5.642 <0.045 <0.036 0.484 <0.087 5.746

30312 Old Mines Anions by IC 0.105 9.465 <0.045 <0.036 6.491 <0.087 10.692

30412 Old Mines Anions by IC 0.085 10.413 <0.045 0.051 <0.038 0.586 84.565

30412 
5 Old Mines Anions by IC -- -- -- -- -- -- --

30513 Old Mines Anions by IC 0.167 8.552 <0.045 0.072 13.939 <0.087 31.283

30541 Old Mines Anions by IC 0.063 21.304 <0.045 0.219 0.992 <0.087 5.097

30924 Old Mines Anions by IC 0.073 4.329 <0.045 0.065 2.081 <0.087 10.931

30924 
6 Old Mines Anions by IC 0.079 4.321 <0.045 0.061 2.076 <0.087 11.131

123 Potosi Anions by IC 0.066 9.927 <0.045 0.059 3.489 <0.087 12.894

555 Potosi Anions by IC 0.060 6.839 <0.045 <0.036 0.963 <0.087 10.916

20332 Potosi Anions by IC 0.099 4.654 <0.045 0.102 0.920 <0.087 6.765

20425 Potosi Anions by IC 0.069 11.679 <0.045 0.116 6.978 <0.087 10.197

20435 Potosi Anions by IC 0.074 2.573 <0.045 <0.036 0.055 <0.087 22.078

20459 Potosi Anions by IC 0.075 5.170 <0.045 0.066 0.498 <0.087 522.706

20517 Potosi Anions by IC 0.264 50.450 <0.045 0.077 3.331 <0.087 24.931

20594 Potosi Anions by IC 0.089 2.814 <0.045 <0.036 0.555 <0.087 7.370

20594 
1 Potosi Anions by IC 0.081 2.101 <0.045 <0.036 0.498 <0.087 7.222

20613 Potosi Anions by IC 0.086 3.691 <0.045 <0.036 0.872 <0.087 7.256

20868 Potosi Anions by IC 0.066 29.955 <0.045 0.434 17.352 <0.087 42.901

23428 Potosi Anions by IC 0.037 9.776 <0.045 0.142 5.034 <0.087 26.158

23428 
1 Potosi Anions by IC 0.050 9.765 <0.045 0.153 5.022 <0.087 26.377

24019 Potosi Anions by IC 0.060 1.634 <0.045 <0.036 0.590 <0.087 6.363

24055 Potosi Anions by IC 0.119 10.090 <0.045 0.074 1.723 <0.087 11.644

24055 
7 Potosi Anions by IC <0.011 0.119 <0.045 <0.036 <0.038 <0.087 0.289

24080 Potosi Anions by IC 0.167 1.839 <0.045 <0.036 1.020 <0.087 6.248

636 Furnace Creek Anions by IC 0.125 6.393 <0.045 <0.036 0.897 <0.087 13.869

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

National Drinking Water Regulations MCL:

Table 3.3.1

Pilot Program for Selection of POU Devices

Analytical Results for Anions (mg/L)

GM-2 
35/323



Table 3.3.2

Pilot Program for Selection of POU Devices

Analytical Results for Ammonia

Ammonia

mg/L

20158 Richwoods <.021

40015 Richwoods <.021

40034 Richwoods 0.024

40140 Richwoods 0.082

40140 
1 Richwoods 0.081

40159 
2 Richwoods 0.069

40159 
3 Richwoods --

40159 
4 Richwoods --

20199 Old Mines <.021

30090 Old Mines <.021

30312 Old Mines <.021

30412 Old Mines <.021

30412 
5 Old Mines --

30513 Old Mines <.021

30541 Old Mines 0.026

30924 Old Mines 0.030

30924 
6 Old Mines <.021

123 Potosi 0.024

555 Potosi <.021

20332 Potosi <.021

20425 Potosi <.021

20435 Potosi <.021

20459 Potosi <.021

20517 Potosi <.021

20594 Potosi 0.030

20594 
1 Potosi 0.037

20613 Potosi <.021

20868 Potosi 0.021

23428 Potosi 0.081

23428 
1 Potosi 0.076

24019 Potosi 0.023

24055 Potosi <.021

24055 
7 Potosi <.021

24080 Potosi <.021

636 Furnace Creek <.021

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Property ID Property Location

National Drinking Water Regulations MCL for Ammonia: NA

GM-2 
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Table 3.3.3

Pilot Program for Selection of POU Devices

Analytical Results for Alkalinity

Alkalinity pH

CaCO3/L s.u.

20158 Richwoods 315 7.81

40015 Richwoods 384 7.27

40034 Richwoods 371 7.54

40140 Richwoods 324 7.73

40140 
1 Richwoods 322 7.71

40159 
2 Richwoods 351 7.8

40159 
3 Richwoods 308 7.7

40159 
4 Richwoods -- --

20199 Old Mines 350 7.17

30090 Old Mines 355 7.4

30312 Old Mines 332 7.62

30412 Old Mines 474 7.42

30412 
5 Old Mines -- --

30513 Old Mines 372 7.15

30541 Old Mines 270 7.64

30924 Old Mines 369 7.48

30924 
6 Old Mines 369 7.46

123 Potosi 332 7.7

555 Potosi 249 7.52

20332 Potosi 450 7.35

20425 Potosi 389 7.88

20435 Potosi 330 7.5

20459 Potosi 313 7.55

20517 Potosi 393 7.23

20594 Potosi 357 7.45

20594 
1 Potosi 360 7.45

20613 Potosi 209 7.84

20868 Potosi 380 7.38

23428 Potosi 379 7.44

23428 
1 Potosi 376 8.2

24019 Potosi 290 7.5

24055 Potosi 326 7.75

24055 
7 Potosi 20* 5.5

24080 Potosi 266 7.79

636 Furnace Creek 373 8.11

Maximum: 474 8.2

Average: 345 7.5

Minimum: 209 5.5

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

* Field blank pH measurements would not stabilize

Property ID Property Location

National Drinking Water Regulations MCL for Alkalinity: NA

GM-2 
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Table 3.4.1

Pilot Program for Selection of POU Devices

Analytical Results for Total Suspended and Total Dissolved Solids (mg/L)

Property ID Property Location Total Suspended Solids Total Dissolved Solids

20158 Richwoods 0.505 284.343

40015 Richwoods 0.518 593.264

40034 Richwoods 1.064 175.532

40140 Richwoods 0.851 300.851

40140 
1

Richwoods 0.889 296.444

40159 
2

Richwoods 0.000 408.368

40159 
3

Richwoods 0.000 303.279

40159 
4

Richwoods -- --

20199 Old Mines 0.407 335.366

30090 Old Mines 0.000 333.071

30312 Old Mines 0.000 349.796

30412 Old Mines 0.000 626.459

30412 
5

Old Mines -- --

30513 Old Mines 0.000 431.500

30541 Old Mines 0.403 295.968

30924 Old Mines 0.658 342.105

30924 
6

Old Mines 1.010 346.465

123 Potosi 2.577 332.990

555 Potosi 1.562 262.500

20332 Potosi 0.000 435.060

20425 Potosi 0.000 405.534

20435 Potosi 2.008 334.940

20459 Potosi 0.000 734.500

20517 Potosi 0.403 489.110

20594 Potosi 0.781 351.172

20594 
1

Potosi 0.787 345.276

20613 Potosi 1.181 187.402

20868 Potosi 2.429 493.927

23428 Potosi 1.626 399.593

23428 
1

Potosi 1.653 402.479

24019 Potosi 1.709 281.624

24055 Potosi 0.000 316.000

24055 
7

Potosi 1.695 0.000

24080 Potosi 1.195 262.151

636 Furnace Creek 0.000 380.328

National Drinking Water Regulations MCL for TSS (NA), TDS (500)

20: Result exceeds the MCL

--: Sample not analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

GM-2 
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Table 3.4.2

Pilot Program for Selection of POU Devices

Analytical Results for Total Organic Carbon

TOC

mg/L C

20158 Richwoods 0.2885

40015 Richwoods 0.3272

40034 Richwoods 0.4092

40140 Richwoods 0.5999

40140 
1

Richwoods 0.5704

40159 
2

Richwoods 0.5227

40159 
3

Richwoods 0.3661

40159 
4

Richwoods --

20199 Old Mines 0.5385

30090 Old Mines 0.4253

30312 Old Mines 0.4924

30412 Old Mines 0.8368

30412 
5

Old Mines --

30513 Old Mines 0.5546

30541 Old Mines 0.4102

30924 Old Mines 0.3717

30924 
6

Old Mines 0.5131

123 Potosi 0.3584

555 Potosi 0.6992

20332 Potosi 0.5777

20425 Potosi 0.5168

20435 Potosi 0.5077

20459 Potosi 0.3530

20517 Potosi 0.8998

20594 Potosi 0.4929

20594 
1

Potosi 0.4793

20613 Potosi 0.1730

20868 Potosi 0.7228

23428 Potosi 0.5311

23428 
1

Potosi 0.5333

24019 Potosi 0.3086

24055 Potosi 0.4735

24055 
7

Potosi 0.2503

24080 Potosi 0.4085

636 Furnace Creek 0.4708

National Drinking Water Regulations MCL for TOC: NA

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Property ID Property Location

GM-2 
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Table 3.4.3

Pilot Program for Selection of POU Devices

Analytical Results for Turbidity

Turbidity

NTU

20158 Richwoods 0.11

40015 Richwoods 0.10

40034 Richwoods 0.11

40140 Richwoods 0.12

40140 
1 Richwoods 0.12

40159 
2 Richwoods 0.13

40159 
3 Richwoods 0.17

40159 
4 Richwoods --

20199 Old Mines 0.13

30090 Old Mines 0.20

30312 Old Mines 0.19

30412 Old Mines 0.16

30412 
5 Old Mines --

30513 Old Mines 0.14

30541 Old Mines 0.17

30924 Old Mines 0.16

30924 
6 Old Mines 0.32

123 Potosi 0.13

555 Potosi 0.13

20332 Potosi 0.18

20425 Potosi 0.11

20435 Potosi 0.16

20459 Potosi 1.95

20517 Potosi 0.17

20594 Potosi 0.39

20594 
1 Potosi 0.34

20613 Potosi 0.09

20868 Potosi 0.19

23428 Potosi 0.11

23428 
1 Potosi 0.13

24019 Potosi 0.18

24055 Potosi 0.14

24055 
7 Potosi 0.11

24080 Potosi 0.15

636 Furnace Creek 0.15

National Drinking Water Regulations MCL for Turbidity: NA

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Property ID Property Location

GM-2 
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Table 3.5

Pilot Program for Selection of POU Devices

Analytical Results for E-Coli

E-Coli E-Coli (Duplicate)

20158 Richwoods 0 0

40015 Richwoods 0 0

40034 Richwoods 0 0

40140 Richwoods 0 0

40140 
1 Richwoods 0 0

40159 
2 Richwoods 0 0

40159 
3 Richwoods 0 0

40159 
4 Richwoods -- --

20199 Old Mines 0 0

30090 Old Mines 0 0

30312 Old Mines 0 0

30412 Old Mines 0 0

30412 
5 Old Mines -- --

30513 Old Mines 0 0

30541 Old Mines 0 0

30924 Old Mines 0 0

30924 
6 Old Mines 0 0

123 Potosi 0 0

555 Potosi 0 0

20332 Potosi 0 0

20425 Potosi 70 20

20435 Potosi 0 0

20459 Potosi 0 0

20517 Potosi 5 0

20594 Potosi 0 0

20594 
1 Potosi 0 0

20613 Potosi 0 0

20868 Potosi 0 0

23428 Potosi 0 0

23428 
1 Potosi 0 0

24019 Potosi 0 0

24055 Potosi 0 0

24055 
7 Potosi 0 0

24080 Potosi 0 0

636 Furnace Creek 0 0

National Drinking Water Regulations MCL for e-coli: 0 

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Softened

3: Unsoftened

4: Unsoftened, unfiltered

5: Samples taken from the outside faucet

6: Unfiltered sample
7: Field Blank

Property LocationProperty ID
e-coli per 100 mL

GM-2 
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Table 3.6.1

Pilot Program for Selection of POU Devices

Analytical Results for Metals, Comparison to Region 7 Analytical Results (µg/L)

Event ID:

Analysis:

Analyte Purged Unpurged Purged Unpurged Purged Unpurged Purged Unpurged

30412 Old Mines Lead <0.2 <0.2 <1 <1.11 <0.2 <0.2 <1 <1

30412 
1 Old Mines Lead 11 -- 17.4 -- 17 -- -- --

20613 Potosi Lead 7 13 8.73 10.6 10 11 9.46 11.3

24055 Potosi Lead 40 45 44.2 46.1 47 41 44.3 46

636 Furnace Creek Lead 48 48 51.7 49.2 48 69 54.2 52.6

30412 Old Mines Arsenic <0.2 <0.2 <1 <1 <0.2 <0.2 <1 <1

30412 
1 Old Mines Arsenic <0.2 -- <1 -- <0.2 -- -- --

20613 Potosi Arsenic <0.2 <0.2 <1 <1 <0.2 <0.2 <1 <1

24055 Potosi Arsenic <0.2 <0.2 <1 <1 <0.2 <0.2 <1 <1

636 Furnace Creek Arsenic <0.2 <0.2 <1 <1 <0.2 <0.2 <1 <1

30412 Old Mines Barium 1 1 <10 <10 1 2 <10 <10

30412 
1 Old Mines Barium 53 -- 53 -- 53 -- -- --

20613 Potosi Barium 463 488 477 504 467 489 504 510

24055 Potosi Barium 1185 1187 1230 1240 1181 1179 1220 1260

636 Furnace Creek Barium 448 436 459 453 445 434 479 473

30412 Old Mines Cadmium <0.4 <0.4 <1 <1 <0.4 <0.4 <1 <1

30412 
1 Old Mines Cadmium <0.4 -- <1 -- <0.4 -- -- --

20613 Potosi Cadmium <0.4 <0.4 <1 <1 <0.4 <0.4 <1 <1

24055 Potosi Cadmium <0.4 <0.4 1.08 1.11 <0.4 <0.4 1.07 1.18

636 Furnace Creek Cadmium <0.4 <0.4 <1 <1 <0.4 <0.4 <1 <1

30412 Old Mines Antimony 4 4 <2 <2 4 5 <2 <2

30412 
1 Old Mines Antimony 6 -- <2 -- 5 -- -- --

20613 Potosi Antimony <2.1 <2.1 <2 <2 <2.1 2 <2 <2

24055 Potosi Antimony <2.1 <2.1 <2 <2 <2.1 <2.1 <2 <2

636 Furnace Creek Antimony <2.1 <2.1 <2 <2 <2.1 <2.1 <2 <2

30412 Old Mines Manganese <0.5 <0.5 <1 <1 <0.5 <0.5 <1 <1

30412 
1 Old Mines Manganese 9 -- 8.97 -- 8 -- -- --

20613 Potosi Manganese 1 1 <1 <1 1 1 <1 <1

24055 Potosi Manganese 1 1 <1 <1 1 1 <1 <1

636 Furnace Creek Manganese 1 <0.5 <1 <1 1 <0.5 <1 <1

30412 Old Mines Thallium <1.8 <1.8 <1 <1 <1.8 <1.8 <1 <1

30412 
1 Old Mines Thallium <1.8 -- <1 <1.8 -- -- --

20613 Potosi Thallium <1.8 <1.8 <1 <1 <1.8 <1.8 <1 <1

24055 Potosi Thallium <1.8 <1.8 <1 <1 <1.8 <1.8 <1 <1

636 Furnace Creek Thallium <1.8 <1.8 <1 <1 <1.8 <1.8 <1 <1

*: Lead analysis by AA

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Samples taken from the outside faucet

5

6

50

6

ICP * ICP/MS

National Drinking Water 

Regulations MCL

15

10

2000

Property ID Property Location

Dissolved Metals (Faucet) Total Metals (Faucet)

POU Pilot Study Region 7 Samples POU Pilot Study Region 7 Samples

ICP * ICP/MS

Table 3.6.1

Pilot Program for

Selection of POU Devices

Analytical Results for 

Metals, Comparison to

 Region 7

 Analytical Results 

(µg/L)

GM-2 
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Table 3.6.2 

Pilot Program for Selection of POU Devices

QA/QC (µg/L)

Analysis:

Purged Unpurged Purged Unpurged Purged Unpurged

20199 Old Mines ORD-150 Faucet Lead -- 43 -- 15 -- 14

30541 Old Mines ORD-140 Faucet Lead -- 87 -- 51 -- 36

123 Potosi ORD-14 Tap Lead 26 -- <5.0 -- <0.2 --

555 Potosi ORD-103 Faucet Lead 78 -- 77 -- 80 --

24055 Potosi ORD-11 Tap Lead -- 26 -- 0.38 -- <0.2

20199 Old Mines ORD-150 Faucet Arsenic -- <5.0 -- <5.0 -- ND

30541 Old Mines ORD-140 Faucet Arsenic -- <5.0 -- <5.0 -- ND

123 Potosi ORD-14 Tap Arsenic <5.0 -- <5.0 -- ND --

555 Potosi ORD-103 Faucet Arsenic <5.0 -- <5.0 -- ND --

24055 Potosi ORD-11 Tap Arsenic -- <5.0 -- <5.0 -- ND

20199 Old Mines ORD-150 Faucet Barium -- 2140 -- 1900 -- --

30541 Old Mines ORD-140 Faucet Barium -- 803 -- 780 -- --

123 Potosi ORD-14 Tap Barium 15 -- 12 -- -- --

555 Potosi ORD-103 Faucet Barium 1430 -- 1300 -- -- --

24055 Potosi ORD-11 Tap Barium -- 892 -- 839 -- --

20199 Old Mines ORD-150 Faucet Cadmium -- <0.20 -- 0.62 -- --

30541 Old Mines ORD-140 Faucet Cadmium -- <0.20 -- 0.45 -- --

123 Potosi ORD-14 Tap Cadmium <0.20 -- 0.096 -- -- --

555 Potosi ORD-103 Faucet Cadmium 1 -- 0.071 -- -- --

24055 Potosi ORD-11 Tap Cadmium -- <0.20 -- 0.35 -- --

20199 Old Mines ORD-150 Faucet Antimony -- <5.0 -- 0.092 -- --

30541 Old Mines ORD-140 Faucet Antimony -- <5.0 -- 0.09 -- --

123 Potosi ORD-14 Tap Antimony <5.0 -- 0.12 -- -- --

555 Potosi ORD-103 Faucet Antimony <5.0 -- 0.12 -- -- --

24055 Potosi ORD-11 Tap Antimony -- <5.0 -- 0.2 -- --

20199 Old Mines ORD-150 Faucet Iron -- <80 -- 32 -- --

30541 Old Mines ORD-140 Faucet Iron -- 2 -- 34 -- --

123 Potosi ORD-14 Tap Iron 2 -- 45 -- -- --

555 Potosi ORD-103 Faucet Iron <80 -- 34 -- -- --

24055 Potosi ORD-11 Tap Iron -- 3 -- 47 -- --

20199 Old Mines ORD-150 Faucet Manganese -- <5.0 -- 0.38 -- --

30541 Old Mines ORD-140 Faucet Manganese -- 2 -- <5.0 -- --

123 Potosi ORD-14 Tap Manganese <5.0 -- <5.0 -- -- --

555 Potosi ORD-103 Faucet Manganese 19 -- <5.0 -- -- --

24055 Potosi ORD-11 Tap Manganese -- 1 -- <5.0 -- --

20199 Old Mines ORD-150 Faucet Thallium -- <1.0 -- <1.0 -- --

30541 Old Mines ORD-140 Faucet Thallium -- <1.0 -- <1.0 -- --

123 Potosi ORD-14 Tap Thallium <1.0 -- 0.15 -- -- --

555 Potosi ORD-103 Faucet Thallium <1.0 -- 0.1 -- -- --

24055 Potosi ORD-11 Tap Thallium -- <1.0 -- 0.48 -- --

--: Sample Not Analyzed

<2.0: Non-Detect, Sample is less than the Reporting Limit

ND: Non-Detect

20: Sample exceeds the MCL

Property ID Property Location Sample Number

ICP ICP/MS

Total MetalsFaucet or Tap Total Metals 
Analyte

Total Metals

AA

MCL

50

2

15

10

2000

5

6

300

Table 3.6.2

Pilot Program for

Selection of POU Devices

QA/QC

(µg/L)
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Table 3.7.1

Pilot Program for Selection of POU Devices Comparison to Historic Data

Analytical Results for Lead (µg/L)

Event ID: 1 091305_121705 2 1 Carbon Filter

Analysis: ICP/MS ICP/MS ICP ICP/MS ICP/MS

Year: 2006 2005 2005 2006-2007 2008 2008 2008 2008 2008 2009

Analyte Purged Unpurged Purged Purged Unpurged Purged Purged Purged Purged Purged Unpurged Purged Unpurged Purged (2008) Purged 
8 Unpurged

20158 Richwoods Lead 37 40 31.2 39 36 -- -- 28.4 **/ 33.3 -- -- -- -- -- -- -- -- -- --

40015 Richwoods Lead <0.2 <0.2 -- <0.2 <0.2 -- -- 23.4 -- <0.2 1 <0.2 <0.2 -- -- -- -- 1

40034 Richwoods Lead 8 9 10.3 7 12 -- -- 32.8 -- -- -- -- -- -- -- -- -- --

40140 Richwoods Lead 25 22 -- 22 23 -- -- 25.2 -- -- -- -- -- -- -- -- -- --

40140 
1 Richwoods Lead 23 -- -- 25 -- -- -- -- -- -- -- -- -- -- -- -- -- --

40159 Richwoods Lead -- <0.2 -- -- <0.2 -- -- 39.6 -- -- -- -- -- -- -- -- -- --

40159 
2 Richwoods Lead <0.2 -- -- <0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
3 Richwoods Lead <0.2 -- -- <0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
4 Richwoods Lead <0.2 -- -- <0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

20199 Old Mines Lead 14 14 -- 15 14 15.2 -- -- -- -- -- -- -- -- -- -- -- --

30090 Old Mines Lead 20 21 23.4 22 19 -- -- 21.4 -- -- -- -- -- -- -- -- -- --

30312 Old Mines Lead 35 32 18 35 33 -- -- 18.9 -- -- -- -- -- -- -- -- -- --

30412 Old Mines Lead <0.2 <0.2 -- <0.2 <0.2 -- -- 23.5 -- -- -- -- -- -- -- -- -- --

30412 
5 Old Mines Lead 11 -- -- 17 -- -- -- -- -- -- -- -- -- -- -- -- -- --

30513 Old Mines Lead 25 28 -- 26 28 -- -- 25.5 -- -- -- -- -- -- -- -- -- --

30541 Old Mines Lead 34 36 -- 36 37 -- -- 52.8/ 68.8 
1 -- -- -- -- -- -- -- -- -- --

30924 Old Mines Lead 3 3 -- 2 6 -- -- 7.95 -- -- -- -- -- -- -- -- -- --

30924 
6 Old Mines Lead 7 -- -- 2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

123 Potosi Lead 27 29 -- 32 43 -- 43.7 -- 59.6 <0.2 3 <0.2 2 1 1 1 1 2.3

555 Potosi Lead 80 86 -- 91 87 -- 92.8 -- -- <0.2 <0.2 <0.2 2 1 -- 1 -- --

20332 Potosi Lead 21 32 -- 28 32 17.2 -- -- -- -- -- -- -- -- -- -- -- --

20425 Potosi Lead 14 15 -- 16 18 16.9 -- -- -- -- -- -- -- -- -- -- -- --

20435 Potosi Lead 27 23 -- 35 23 38.2 -- -- -- -- -- -- -- -- -- -- -- --

20459 Potosi Lead 10 0.2 -- 5 4 73.7 -- -- -- -- -- -- -- -- -- -- -- --

20517 Potosi Lead 34 34 -- 37 40 44.2 -- -- -- -- -- -- -- -- -- -- -- --

20594 Potosi Lead 77 72 -- 76 63 83.9 -- -- -- <0.2 2 <0.2 <0.2 1 1 1.49 1.1 1.3

20594 
1 Potosi Lead 59 53 -- 55 48 -- -- -- -- <0.2 <0.2 <0.2 2 -- -- -- -- --

20613 Potosi Lead 7 13 -- 10 11 110 -- -- -- <0.2 <0.2 <0.2 <0.2 1 1 1 1 1

20868 Potosi Lead 38 54 -- 45 29 -- -- 31.7 -- <0.2 <0.2 <0.2 <0.2 1 1 1 1 1

23428 Potosi Lead 32 41 -- 30 36 -- -- 30.5 -- -- -- -- -- -- -- -- -- --

23428 
1 Potosi Lead 30 -- -- 31 -- -- -- -- -- -- -- -- -- -- -- -- -- --

24019 Potosi Lead 62 61 -- 99 66 -- -- 48 -- <0.2 <0.2 <0.2 1 1 1 1.28 1 1

24055 Potosi Lead 40 45 -- 47 41 -- -- 47.2 -- 1 1 <0.2 <0.2 1 1.1 1 1 1.8

24055 
7 Potosi Lead <0.2 -- -- <0.2 -- -- -- -- -- -- -- -- -- -- -- -- -- --

24080 Potosi Lead 25 29 -- 29 29 -- -- 37.9 -- -- -- -- -- -- -- -- -- --

636 Furnace Creek Lead 48 48 -- 48 69 -- -- -- -- -- -- -- -- -- -- -- -- --

National Drinking Water Regulations MCL for Lead: 15

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

8: Region 7 EPA Laboratory

**: Metals by ICP

Events presented include all available historic data related to the 27 Property IDs sampled during the POU Pilot Study. 

 Unpurged 
8

2009

Dissolved Metals (Faucet) Total Metals (Faucet) Dissolved Metals (Tap) Total Metals (Tap)

ICP/MSAAAA

POU Pilot Study Carbon FilterPOU Pilot Study POU Pilot Study POU Pilot Study

AA AA
Property ID Property Location

2009 2009 2009

Table 3.7.1

Pilot Program for 

Selection of POU Devices

Comparison to Historic Data

Analytical Results for Lead (µg/L)
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Table 3.7.2

Pilot Program for Selection of POU Devices Comparison to Historic Data

Analytical Results for Arsenic (µg/L)

Event ID: 1 091305_121705 1

Analysis: ICP/MS ICP/MS ICP/MS

Year: 2006 2005 2006-2007

Analyte Purged Unpurged Purged Purged Unpurged Purged Purged Tap Purged Tap Unpurged Tap Purged Tap Unpurged

20158 Richwoods Arsenic <0.2 <0.2 1 <0.2 <0.2 -- 10**/1 -- -- -- --

40015 Richwoods Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 1 <0.2 <0.2 <0.2 <0.2

40034 Richwoods Arsenic <0.2 <0.2 1 <0.2 <0.2 -- 1 -- -- -- --

40140 Richwoods Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 1 -- -- -- --

40140 
1 Richwoods Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

40159 Richwoods Arsenic -- <0.2 -- -- <0.2 -- 1 -- -- -- --

40159 
2 Richwoods Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

40159 
3 Richwoods Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

40159 
4 Richwoods Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

20199 Old Mines Arsenic <0.2 <0.2 -- <0.2 <0.2 1 -- -- -- -- --

30090 Old Mines Arsenic <0.2 <0.2 1 <0.2 <0.2 -- 1 -- -- -- --

30312 Old Mines Arsenic <0.2 <0.2 1 <0.2 <0.2 -- 1 -- -- -- --

30412 Old Mines Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 2.15 -- -- -- --

30412 
5 Old Mines Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

30513 Old Mines Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 1 -- -- -- --

30541 Old Mines Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 1/1 
1 -- -- -- --

30924 Old Mines Arsenic <0.2 <0.2 -- <0.2 <0.2 -- 1 -- -- -- --

30924 
6 Old Mines Arsenic <0.2 -- -- 2 -- -- -- -- -- -- --

123 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- <0.2 <0.2 <0.2 <0.2

555 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- <0.2 <0.2 <0.2 <0.2

20332 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 -- -- -- --

20425 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 -- -- -- --

20435 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 -- -- -- --

20459 Potosi Arsenic 1 <0.2 -- <0.2 <0.2 1 1 -- -- -- --

20517 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 -- -- -- --

20594 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 <0.2 1 <0.2 <0.2

20594 
1 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- <0.2 <0.2 <0.2 <0.2

20613 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 1 1 <0.2 <0.2 <0.2 <0.2

20868 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- 1 <0.2 <0.2 <0.2

23428 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- -- -- -- --

23428 
1 Potosi Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

24019 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- <0.2 <0.2 <0.2 <0.2

24055 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- <0.2 <0.2 <0.2 <0.2

24055 
7 Potosi Arsenic <0.2 -- -- <0.2 -- -- -- -- -- -- --

24080 Potosi Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- -- -- -- --

636 Furnace Creek Arsenic <0.2 <0.2 -- <0.2 <0.2 -- -- -- -- -- --

National Drinking Water Regulations MCL for Barium: 2000

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

**: Metals by ICP

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

8: Region 7 EPA Laboratory 

Events presented include all historic data available related to the 27 Property IDs sampled during the POU Pilot Study

Property ID Property Location
ICP

Total Metals (Faucet)

2009 2009 2009 2009

Total Metals (Tap)

ICP ICP ICP

Dissolved Metals (Tap)Dissolved Metals (Faucet)

POU Pilot StudyPOU Pilot Study POU Pilot Study POU Pilot Study

Table 3.7.2

Pilot Program for

Selection of POU Devices

Comparison to Historic Data

Analytical Results for Arsenic (µg/L)
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Table 3.7.3

Pilot Program for Selection of POU Devices Comparison to Historic Data

Analytical Results for Barium (µg/L)

Event ID: 1 091305_121705 2 1 Carbon Filter

Analysis: ICP/MS ICP/MS ICP ICP/MS ICP/MS

Year: 2006 2005 2005 2006-2007 2008 2008 2008 2008 2008 2009

Analyte Purged Unpurged Purged Purged Unpurged Purged Purged Purged Purged Tap Purged Tap Unpurged Tap Purged Tap Unpurged Purged Purged  
8 Unpurged

20158 Richwoods Barium 999 996 993 992 994 -- -- 980**/1010 -- -- -- -- -- -- -- -- --

40015 Richwoods Barium 59 56 -- 59 59 -- -- 71.4 -- 13 9 13 9 -- -- -- 32.8

40034 Richwoods Barium 463 466 425 463 444 -- -- 436 -- -- -- -- -- -- -- -- --

40140 Richwoods Barium 1748 1751 -- 1745 1755 -- -- 1790 -- -- -- -- -- -- -- -- --

40140 
1 Richwoods Barium 1757 -- 1723 -- -- -- -- -- -- -- -- -- -- -- --

40159 Richwoods Barium -- <0.2 -- -- <0.2 -- -- 783 -- -- -- -- -- -- -- -- --

40159 
2 Richwoods Barium <0.2 -- -- <0.2 -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
3 Richwoods Barium 520 -- -- 520 -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
4 Richwoods Barium 445 -- -- 439 -- -- -- -- -- -- -- -- -- -- -- -- --

20199 Old Mines Barium 2127 2145 -- 2122 2140 1770 -- -- -- -- -- -- -- -- -- -- --

30090 Old Mines Barium 1087 1154 1070 1092 1109 -- -- 984 -- -- -- -- -- -- -- -- --

30312 Old Mines Barium 406 409 817 415 412 -- -- 863 -- -- -- -- -- -- -- -- --

30412 Old Mines Barium 1 1 -- 1 2 -- -- 50.3 -- -- -- -- -- -- -- -- --

30412 
5 Old Mines Barium 53 -- -- 53 -- -- -- -- -- -- -- -- -- -- -- -- --

30513 Old Mines Barium 234 242 -- 231 247 -- -- 217 -- -- -- -- -- -- -- -- --

30541 Old Mines Barium 806 805 -- 800 803 -- -- 787 -- -- -- -- -- -- -- -- --

30924 Old Mines Barium 1027 961 -- 1032 953 -- -- 311 -- -- -- -- -- -- -- -- --

30924 
6 Old Mines Barium 1043 -- -- 1048 -- -- -- -- -- -- -- -- -- -- -- -- --

123 Potosi Barium 391 450 -- 394 455 -- 442 -- 394 15 5 15 5 52.8 58.9 10 28.9 83.4

555 Potosi Barium 1430 1413 -- 1425 1404 -- 1400 -- -- 532 406 536 432 602 -- 464 -- --

20332 Potosi Barium 395 400 -- 392 398 887 -- -- -- -- -- -- -- -- -- -- --

20425 Potosi Barium 181 177 -- 183 183 486 -- -- -- -- -- -- -- -- -- -- --

20435 Potosi Barium 131 131 -- 133 131 118 -- -- -- -- -- -- -- -- -- -- --

20459 Potosi Barium 11 11 -- 10 11 30 -- -- -- -- -- -- -- -- -- -- --

20517 Potosi Barium 208 203 -- 207 206 265 -- -- -- -- -- -- -- -- -- -- --

20594 Potosi Barium 233 233 -- 229 238 650 -- -- -- 94 37 93 38 101 318 41 244 339

20594 
1 Potosi Barium 232 241 -- 229 240 -- -- -- -- 93 36 91 38 -- -- -- --

20613 Potosi Barium 463 488 -- 467 489 511 -- -- -- 166 63 167 59 142 320 88.3 355 308

20868 Potosi Barium 86 92 -- 90 92 -- -- 74.7 -- 29 27 28 27 10 12.4 10 12.1 50.6

23428 Potosi Barium 277 273 -- 277 272 -- -- 303 -- -- -- -- -- -- -- -- --

23428 
1 Potosi Barium 279 -- -- 276 -- -- -- -- -- -- -- -- -- -- -- -- --

24019 Potosi Barium 244 244 -- 244 243 -- -- 623 -- 9 6 9 7 10 5 10 5 5

24055 Potosi Barium 1185 1187 -- 1181 1179 -- -- 1150 -- 1002 892 989 875 395 964 558 895 968

24055 
7 Potosi Barium 4 -- -- 4 -- -- -- -- -- -- -- -- -- -- -- -- --

24080 Potosi Barium 1321 1307 -- 1314 1306 -- -- 1210 -- -- -- -- -- -- -- -- --

636 Furnace Creek Barium 448 436 -- 445 434 -- -- -- -- -- -- -- -- -- -- -- --

National Drinking Water Regulations MCL for Barium: 2000

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

**: Metals by ICP

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

8: Region 7 EPA Laboratory 

Events presented include all historic data available related to the 27 Property IDs sampled during the POU Pilot Study

Total Metals (Tap)

Property ID Property Location
ICP ICP/MS

Unpurged  
8

Total Metals (Faucet)

2009 2009 2009 2009

ICP ICP ICP

Dissolved Metals (Tap)Dissolved Metals (Faucet)

POU Pilot Study Carbon FilterPOU Pilot Study POU Pilot Study POU Pilot Study

Table 3.7.3

Pilot Program for

Selection of POU Devices

Comparison to Historic Data

Analytical Results for Barium (µg/L)  
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Table 3.7.4

Pilot Program for Selection of POU Devices Comparison to Historic Data

Analytical Results for Cadmium (µg/L)

Event ID: 1 091305_121705 1 Carbon Filter

Analysis: ICP/MS ICP/MS ICP/MS ICP/MS

Year: 2006 2005 2006-2007 2008 2008 2008 2008 2008 2009

Analyte Purged Unpurged Purged Purged Unpurged Purged Purged Purged Tap Purged Tap Unpurged Tap Purged Tap Unpurged Purged Purged  
8 Unpurged

20158 Richwoods Cadmium <0.4 <0.4 1 <0.4 <0.4 -- 5**/1 -- -- -- -- -- -- -- -- -- --

40015 Richwoods Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- <0.4 <0.4 <0.4 <0.4 -- -- -- -- 1

40034 Richwoods Cadmium <0.4 <0.4 1 <0.4 <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

40140 Richwoods Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

40140 
1 Richwoods Cadmium <0.4 -- -- <0.4 -- -- -- -- -- -- -- -- -- -- -- --

40159 Richwoods Cadmium -- <0.4 -- -- <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

40159 
2 Richwoods Cadmium <0.4 -- -- <0.4 -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
3 Richwoods Cadmium <0.4 -- -- <0.4 -- -- -- -- -- -- -- -- -- -- -- -- --

40159 
4 Richwoods Cadmium <0.4 -- -- <0.4 -- -- -- -- -- -- -- -- -- -- -- -- --

20199 Old Mines Cadmium <0.4 <0.4 -- <0.4 <0.4 1 -- -- -- -- -- -- -- -- -- -- --

30090 Old Mines Cadmium <0.4 <0.4 1.59 <0.4 <0.4 -- 1.39 -- -- -- -- -- -- -- -- -- --

30312 Old Mines Cadmium <0.4 <0.4 1 <0.4 <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

30412 Old Mines Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

30412 
5 Old Mines Cadmium <0.4 -- -- <0.4 -- -- -- -- -- -- -- -- -- -- -- -- --

30513 Old Mines Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- -- -- -- -- -- -- -- -- --

30541 Old Mines Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1/1 
1 -- -- -- -- -- -- -- -- -- --

30924 Old Mines Cadmium 4 3 -- 4 3 -- 6.41 -- -- -- -- -- -- -- -- -- --

30924 
6 Old Mines Cadmium 3 -- -- 3 -- -- -- -- -- -- -- -- -- -- -- -- --

123 Potosi Cadmium <0.4 <0.4 -- <0.4 1 -- -- 2.13 <0.4 <0.4 <0.4 <0.4 1 1 1 1 1

555 Potosi Cadmium 1 1 -- 1 1 -- -- -- 1 1 <0.4 1 1 -- 1 -- --

20332 Potosi Cadmium 1 1 -- 1 1 1 -- -- -- -- -- -- -- -- -- -- --

20425 Potosi Cadmium 1 1 -- 1 1 1 -- -- -- -- -- -- -- -- -- -- --

20435 Potosi Cadmium 6 6 -- 6 5 7.58 -- -- -- -- -- -- -- -- -- -- --

20459 Potosi Cadmium 2 2 -- 2 1 1 -- -- -- -- -- -- -- -- -- -- --

20517 Potosi Cadmium <0.4 <0.4 -- <0.4 <0.4 2.69 -- -- -- -- -- -- -- -- -- -- --

20594 Potosi Cadmium 1 1 -- 1 1 2.42 -- -- 1 1 <0.4 1 1 1 1 1 1

20594 
1 Potosi Cadmium <0.4 3 -- 1 1 -- -- -- <0.4 1 <0.4 1 -- -- -- -- --

20613 Potosi Cadmium <0.4 <0.4 -- <0.4 <0.4 1 -- -- <0.4 <0.4 <0.4 <0.4 1 1 1 1 1

20868 Potosi Cadmium 1 1 -- 1 2 -- 1 -- 1 1 <0.4 1 1 1 1 1 1

23428 Potosi Cadmium 1 1 -- 1 1 -- 2.69 -- -- -- -- -- -- -- -- -- --

23428 
1 Potosi Cadmium 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- --

24019 Potosi Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- 2 1 <0.4 2 1 1 1 1 1

24055 Potosi Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 1 -- <0.4 <0.4 <0.4 <0.4 1 1 1 1 1

24055 
7 Potosi Cadmium 1 -- -- 1 -- -- -- -- -- -- -- -- -- -- -- -- --

24080 Potosi Cadmium <0.4 <0.4 -- <0.4 <0.4 -- 2.98 -- -- -- -- -- -- -- -- -- --

636 Furnace Creek Cadmium <0.4 <0.4 -- <0.4 <0.4 -- -- -- -- -- -- -- -- -- -- -- --

National Drinking Water Regulations MCL for Cadmium: 5

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

**: Metals by ICP

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

8: Region 7 EPA Laboratory 

Events presented include all historic data available related to the 27 Property IDs sampled during the POU Pilot Study

Total Metals (Tap)

Property ID Property Location
ICP ICP/MS

Unpurged  
8

Total Metals (Faucet)

2009 2009 2009 2009

ICP ICP ICP

Dissolved Metals (Tap)Dissolved Metals (Faucet)

POU Pilot Study Carbon FilterPOU Pilot Study POU Pilot Study POU Pilot Study

Table 3.7.4

Pilot Program for

Selection of POU Devices

Comparison to Historic Data

Analyticla Results for Cadmium (µg/L)
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Figure 3-1a

Washington County Missouri
Wells with Arsenic Levels above the MCL

Washington County

Property sampled during
Point of Use Study

Wells Above Arsenic MCL
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Figure 3-1b

Washington County Missouri
Wells with Arsenic Levels above the MCL

Richwoods Sampling Area

Property sampled during
Point of Use Study

Wells Above Arsenic MCL
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Figure 3-1c

Washington County Missouri
Wells with Arsenic Levels above the MCL

Old Mines Sampling Area

Property sampled during
Point of Use Study

Wells Above Arsenic MCL
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Figure 3-1d

Washington County Missouri
Wells with Arsenic Levels above the MCL

Potosi Sampling Area

Property sampled during
Point of Use Study

Wells Above Arsenic MCL
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Figure 3-1e

Washington County Missouri
Wells with Arsenic Levels above the MCL

Furnace Creek Sampling Area

Property sampled during
Point of Use Study

Wells Above Arsenic MCL
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Figure 3-2a

Washington County Missouri
Wells with Barium Levels above the MCL

Washington County

Property sampled during
Point of Use Study

Wells Above Barium MCL
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Figure 3-2b

Washington County Missouri
Wells with Barium Levels above the MCL

Richwoods Sampling Area

Property sampled during
Point of Use Study

Wells Above Barium MCL
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Figure 3-2c

Washington County Missouri
Wells with Barium Levels above the MCL

Old Mines Sampling Area

Property sampled during
Point of Use Study

Wells Above Barium MCL
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Figure 3-2d

Washington County Missouri
Wells with Barium Levels above the MCL

Potosi Sampling Area
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Point of Use Study
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Figure 3-2e

Washington County Missouri
Wells with Barium Levels above the MCL

Furnace Creek Sampling Area

Property sampled during
Point of Use Study

Wells Above Barium MCL
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Figure 3-3a

Washington County Missouri
Wells with Cadmium Levels above the MCL

Washington County
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Point of Use Study
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Figure 3-3b

Washington County Missouri
Wells with Cadmium Levels above the MCL

Richwoods Sampling Area

Property sampled during
Point of Use Study
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Figure 3-3c

Washington County Missouri
Wells with Cadmium Levels above the MCL

Old Mines Sampling Area

Property sampled during
Point of Use Study

Wells Above Cadmium MCL
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Figure 3-3d

Washington County Missouri
Wells with Cadmium Levels above the MCL

Potosi Sampling Area

Property sampled during
Point of Use Study

Wells Above Cadmium MCL
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Figure 3-3e

Washington County Missouri
Wells with Cadmium Levels above the MCL

Furnace Creek Sampling Area

Property sampled during
Point of Use Study
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Figure 3-4a

Washington County Missouri
Wells with Lead Levels above the MCL

Washington County

Property sampled during
Point of Use Study

Wells Above Lead MCL
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Figure 3-4b

Washington County Missouri
Wells with Lead Levels above the MCL

Richwoods Sampling Area

Property sampled during
Point of Use Study

Wells Above Lead MCL
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Figure 3-4c

Washington County Missouri
Wells with Lead Levels above the MCL

Old Mines Sampling Area

Property sampled during
Point of Use Study

Wells Above Lead MCL
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Figure 3-4d

Washington County Missouri
Wells with Lead Levels above the MCL

Potosi Sampling Area

Property sampled during
Point of Use Study

Wells Above Lead MCL
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Figure 3-4e

Washington County Missouri
Wells with Lead Levels above the MCL

Furnace Creek Sampling Area
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Point of Use Study

Wells Above Lead MCL
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4.0 Selection of Point-of-Use Devices 

This section summarizes the data from the sampling effort conducted during the pilot program 

and presents a selection of potential POU devices. 

 

4.1 Summary of Contaminants Detected 

Table 4.1 shows the compounds from the 27 sites that were detected at levels above their 

respective MCLs.  This table also shows the associated number of sites that were above the 

MCLs for each of the compounds.  Table 4.2 shows the analytical data for each property for each 

contaminant that exceeds the MCL.   

 

The majority of the sites monitored under the pilot program require POU drinking water 

treatment systems for lead (19 of 27 sites).  A small number of sites also require treatment for 

nitrate (2 sites), sulfate (1 site), E. coli (2 sites), barium (1 site), cadmium (1 site), antimony (2 

sites) and TDS (3 sites) because of MCL exceedences.   

 

For the majority of the sites, the only contaminant of concern is lead.  Lead can be removed at 

the kitchen tap by using a variety of POU devices including adsorption filters and Reverse 

Osmosis (RO) systems.  Both of these systems are typically mounted in the cabinet under the 

sink and treat only cold water that is used for drinking and cooking.  In addition to lead, RO 

systems can also treat the other contaminants identified in this study at concentrations above 

their MCLs.   

 

4.2 Selection of POU Devices 

Black & Veatch Special Projects Corp. (BVSPC) prepared a memorandum titled “Point of Use 

Technical Evaluation – Drinking Water Treatment Systems” (EPA Contract No. EP-S7-05-06, 

EPA Task Order No. 0036, BVSPC Project 044763, April 13, 2010) that compared different 

POU treatment technologies and presented the cost for each system.  Table 4.3 presents a 

summary of those technologies selected from this technical memorandum as the devices most 

suitable for the removal of lead and the few other contaminants detected during this pilot 

program.  Table 4.4 provides capital and operating and maintenance (O&M) costs for the 

different POU systems.  These costs were obtained principally from the BVSPC report and were 

supplemented with cost information obtained from other vendors for add-on system components 

(e.g., tanks, pumps) that are required for optimal operation of the selected POU devices.  Table 
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4.5 presents capital, O&M, and lifetime costs of adsorption filter treatment systems, including 

additional system components. 

 

In addition to the BVSPC report, Shaw also reviewed EPA reports from the EPA Environmental 

Technology Verification (ETV) Program.  The POU systems recommended in this report have 

been certified by NSF International (NSF).  Additional information was also obtained from 

knowledgeable contacts at vendors, installers, NSF, and EPA with experience in the installation 

and operation of POU systems. 

 

4.3 Operational and Installation Considerations 

To investigate operational and installation considerations, an adsorption system and an RO 

system was procured and installed in a typical under-the-sink cabinet at the T&E Facility.  Figure 

4-1 shows the installation of a Culligan Preferred 250 system along with a booster pump and an 

accumulator.  Figure 4-2 shows the installation of a Watts WP-4V RO system in a test mode.  

This installation includes a booster pump, an accumulator, and a permeate pump. In addition to 

lessons learned from the operation of these two test systems, a number of installation and 

operational considerations were identified from discussions with vendors, review of available 

literature, and experience from other EPA-led field efforts.  This section highlights some 

identified considerations that may influence the final selection of a suitable POU device. 

 

4.3.1 Faucet Pressure 

The majority of homes in this study area are fed from well pumps connected to an accumulator 

tank that is typically set to cycle between 20 pounds per square inch (psi) and 60 psi water 

pressure.  This pressure setting can result in a low pressure in the home that is further 

exacerbated by the pressure drop across POU devices, intended to operate at the higher line 

pressure that is typical of homes supplied by municipal water systems.  Thus, a concern that has 

been raised is the lack of water flow rate that is produced from the POU systems and the 

resulting additional time required to fill common household devices such as coffee pots.  As can 

be seen in Table 4.3, adsorption filter systems can treat more water per day than the RO systems.  

However, additional equipment can be employed to improve the water flow rate through the 

faucet.   

 

RO systems are typically rated to operate at 40 psi feed pressure.  Depending on the equipment at 

the property (well depth, pump condition, etc.), the line pressure may not reach 40 psi.  Since an 

RO system will not operate below 40 psi, the addition of a booster pump (such as an Aquatec 
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6800 with a transformer and pressure switch) will increase the line pressure above 40 psi and 

allow the RO system to operate as designed.  Adsorption filter systems may not have the same 

pressure requirement of RO systems; however, installations with low line pressure can also 

benefit from the addition of a booster pump to increase the flow rate through the filter.  A 

booster pump will require a 120 VAC outlet under the sink that must be installed if power is not 

already available at that location.  The cost of this electrical supply is assumed to be included in 

the installation costs. 

 

4.3.2 Permeate Pump 

Although not necessary for the operation of the RO system, a permeate pump can improve the 

performance of the system.  The Aquatec ERP 500 is powered by the hydraulic energy of the 

reject water lost to the drain (no electricity required).  The permeate pump forces product into the 

storage tank, reducing membrane back pressure and maximizing the available feed pressure.  The 

vendors indicate that these pumps can reduce the reject water from the RO system by up to 80 

percent.  Other benefits of permeate pumps include higher delivery pressure, faster water 

production, superior water quality, and extended filter/membrane life. 

 

A permeate pump was installed and tested at the EPA’s T&E Facility.  The results of these tests 

are presented in Appendix D.  On average, the presence of a permeate pump improved the 

permeate recovery (i.e., the ratio of permeate to feed water) by approximately 69% and reduced 

the time required to produce 1 gallon of treated water by 43% relative to a system without a 

permeate pump. 

 

On some RO systems, the post-filter is located downstream of the accumulator tank to remove 

any possible taste and odor that may be imparted to the water from the bladder in the 

accumulator tank.  For such systems, a permeate pump placed on the line leading to the 

accumulator tank would require that the post-filter be bypassed.  An example of such an 

installation is the Watts Premier WP-4V unit that was installed and tested at the T&E Facility. 

 

4.3.3 Accumulator Tanks 

Because RO systems produce water at a much slower rate than adsorption systems, they include 

an accumulator tank that is located under-the-sink to store treated water.  The accumulator tank 

stores water until it is needed and is pressurized to deliver water quickly.  After the tank is 

emptied, it is slowly refilled by the RO system.   
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Including an accumulator tank under the sink with an adsorption system would improve the flow 

rate of treated water from such systems.  As in an RO system, the water would flow through the 

adsorption filter at its normal treated flow rate of approximately 0.5 gallons per minute (gpm) 

and would be stored in the pressurized accumulator tank.  When water is needed, the water flows 

out of the accumulator tank at a rate of 1 gpm.  The accumulator tank would then be refilled as 

the water is treated by the adsorption filter.  The filter media and manifolds control the flow rate 

of the water through the adsorption filters (rather than the faucets), so that the water will have the 

required residence time in the media before filling the accumulator tank.  However, water quality 

may deteriorate in the accumulator tank with infrequent use. 

 

4.3.4 Faucet Flow Rate 

The U.S. Department of Energy recommends a flow rate of 1 gpm at a kitchen faucet for 

efficient use of water.  Including a booster pump and a permeate pump should allow the POU 

device faucet to flow at this rate when the accumulator tank is full.  As the accumulator tank 

empties, the flow rate is expected to drop until the flow reaches the maximum operating flow 

rate for an adsorption filter (approximately 0.5 gpm) or almost stops as in the case of an RO 

system. 

 

Alternative system designs are also available to increase the flow rate through the POU systems.  

These systems are also shown in Table 4.3.  As described above, an adsorption filter can be 

connected to an accumulator tank to increase the flow rate through the faucet.  This will increase 

the flow through the faucet for approximately 5 minutes.  After 5 minutes, the flow will decrease 

to approximately 0.5 gpm.   

 

If two adsorption filters are mounted in parallel, the system will continuously generate water at 

twice the rated flow rate for a single filter.  This increased flow rate could be used to replace the 

entire cold water supply to the kitchen sink, estimated at 10 gallons per day (gpd) based on the 

capacity of the units selected by BVSPC; however, this will increase the frequency with which 

the adsorption filter system cartridges will need to be replaced, as shown in Table 4.5.  This will 

increase the cost of use for this setup. 

 

There are also higher flow RO POU units, as shown in Table 4.3.  Excel Water manufactures 

undersink RO systems that are rated for 50 gpd and 100 gpd.  Both of these units include an 

accumulator tank that is located under the sink.  A small whole-house RO system, rated for 250 

gpd, includes a much larger accumulator tank.  This system could be used to supply all of the 
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cold water to the kitchen sink, but it is too large to be mounted under the sink.  A new system, 

the “GE Merlin Tankless RO System”, is small enough to be mounted under the sink, but it does 

not require an accumulator tank.  In fact, a pressurized storage tank will create backpressure on 

the system that will reduce performance.  This system is rated for a continuous flow of 0.5 gpm 

(720 gpd) of treated water. 

 
4.3.5 Water Hardness 

RO systems are designed for water hardness of 10 grains per gallon (171 mg/L CaCO3).  For this 

water quality, the RO membranes have an estimated life of 3 to 5 years.  The average water 

hardness of the 27 properties monitored during the pilot program was approximately 350 mg/L 

CaCO3.  At this hardness level, vendors project the membrane life expectancy of RO systems to 

be shortened from 3 years to 1 year.  Because the hardness level does not affect adsorption 

filters, the lifetime costs for the adsorption filter units is unaffected by hardness.  Table 4.5 

shows the capital cost, annual O&M cost, and lifetime costs for replacing the membranes every 3 

years, every 2 years, and annually. 

 

An alternative to replacing the membranes more frequently is to install a water softening system 

with the RO system.  Several types of POU water softening filters (Everpure, Doulton USA, 

Applied Membrane Filters, Pentek) can be used to reduce the water hardness entering the RO 

system.  A Pentek WS-10 water softening cartridge costs approximately $20 

(waterfiltersonline.com).  The capacity of this cartridge is 750 grains of hardness.  The average 

hardness of the samples collected for the pilot program was approximately 20 grains per gallon.  

With an estimated annual water use per home of 480 gallons/year (BVSPC), approximately 13 

water softening cartridges would be required annually.  This would result in an annual cost of 

$260 for water softening cartridges, much higher than the cost of any of the RO membranes 

listed in Table 4.4.  Also, it would be much more inconvenient than changing a membrane 

cartridge annually.  This increased cost and maintenance make the option of installing a POU 

water softener impractical.  However, if a location already has a whole-house water softener 

installed, the hardness of the water treated by the RO system would be reduced and the RO 

system would also reduce the sodium content of the softened water. 

 

4.3.6 End-of-Life Indicator Devices 

Each of the POU treatment devices evaluated in Table 4.3 has an end-of-life indicator, with the 

exception of the Culligan Preferred 250.  The end-of-life indicator notifies the resident when 

maintenance is required to keep the unit operating properly.  The majority of units include a 
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timer and an indicator light to remind the user to change filters, cartridges, membranes, etc.  

When an adsorption filter is exhausted, the unit will still allow water to flow through without 

adequate treatment, thus resulting in MCL exceedences without any warning to the resident.   

 

RO units also use lights to indicate that the prefilter should be changed.  However, the water 

produced by an RO system continues to be adequately treated even if the filters are not changed.  

The flow rates from these units will typically decline as the membranes deteriorate or become 

fouled with scale (from hard water).   

 

Three units -- two units from Adedge Technologies and one unit from Aqua Pure DWS1000 -- 

include a mechanical countdown shut-off device to stop the flow of water through the filter when 

maintenance is required (i.e., the cartridge needs to be replaced). 

 

A third-party shutoff device based on the volume of water treated is available from 

Freshwatersystems.com.  Termed the “Waterminder”, the system is available to monitor a total 

flow-through capacity of either 1800 gallons or 3800 gallons.  The system can be adjusted in 

100-gallon increments and can be restarted as required. 

 

Because the Culligan Preferred 250 does not have an end-of-life indicator, the adsorption filter 

must be changed at a predetermined time, or a flow totalizer (such as Grainger No. 3FKP1, 

$146) could be installed with the filter.  This cost has been included in the capital and annual 

total costs in Tables 4.4 and 4.5.  However, if the adsorption filter is changed on an established 

schedule (similar to units that have a time-based indicator, rather than a flow-based system), the 

cost of the flow meter could be eliminated. 

 

4.4 Maintenance and Monitoring 

After the POU treatment units have been installed, the units will require regular maintenance and 

sampling to ensure their effectiveness.  The frequency of maintenance and monitoring will 

depend on the systems procured for installation.   

 

4.4.1 Maintenance 

The presence of a local vendor capable of providing installation support and any required 

maintenance support may reduce O&M costs and be a favorable consideration during the 

selection of appropriate POU systems for Washington County.  The manufacturer’s maintenance 
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procedures and schedules should be followed to ensure the best performance from the systems.  

Some likely maintenance procedures include the following: 

 

 POU systems are not to be installed on hot water lines.  They are only meant to be 
installed on cold water supply lines. 

 Water that has air bubbles and has a cloudy appearance is typical after installation; the 
bubbles and cloudiness should disappear after water runs through the system. 

 Replace the filters/membranes according to the manufacturer recommendations (based on 
time or volume of water treated. 

 When replacing the filters/membranes, close the water supply to the filters/membranes 
and open the faucet to relieve the pressure.   

 A small amount of water may leak from the tubes, filters, membranes, etc.  A towel can 
be used to clean up the water. 

 Replace the battery in the faucet to remind about the filter replacement (if applicable). 

 Reset the auto-shutoff device (if applicable). 

 Record the water volume on the totalizer (if applicable). 

 For RO systems, fill and flush the accumulator tank 3 times during the initial startup and 
after replacing the membrane. 

 Sanitize RO systems annually. 

 Check the air pressure in the accumulator tank when the tank is empty of water.  
Supplement air pressure if needed. 

 If the RO system will not be used for more than 2 months, turn off the water supply to the 
system, drain the accumulator tank, and remove and store the membrane in the 
refrigerator. 

 With new adsorption systems, open the filtered water faucet and allow fine carbon 
particles to purge from the cartridge.  Close the faucet when “fines” (carbon particulates) 
are no longer visible in the filtered water, approximately 10 minutes. 

 

4.4.2 Monitoring 

Following installation of POU systems at various homes, a monitoring network to establish 

proper function of the system could be desirable after the first year of operation.  Thereafter, 

based on the results of the monitoring program, a changeout schedule for various replacement 

components (such as filters or membrane) could be established, eliminating further monitoring 

efforts. 
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A representative of NSF stated that a problem occasionally arises with units being assembled 

improperly at the factory.  Therefore, monitoring the unit soon after installation should ensure 

that the unit was assembled and installed properly.  Thereafter, the sampling frequency could be 

reduced.   

 

4.5 Comparison of Adsorption System and RO Systems 

The following table provides pros and cons of adsorption filters and RO systems for treating the 

contaminants detected during this study: 

 

Adsorption Filter RO System 
Less complicated. More complicated (multiple cartridges). 
Only treats water for lead. Treats a wider variety of contaminants. 
Less maintenance (only one or two cartridges). More maintenance with multiple cartridges. 
Not affected by hardness. Hard water can reduce membrane life by up to 

33%. 
Less expensive to operate.  Filter cartridges are 
cheaper. 

More expensive to operate especially if 
hardness results in annual membrane 
changeout. 

Higher flow rate (up to 1 gpm when installed 
in parallel). 

Lower flow rate.  Flow rate can be sporadic 
while accumulator tank fills. 

System could experience contaminant 
breakthrough if the filter changeout schedule is 
not followed. 

Less likely to have contaminant breakthrough 
even if scheduled maintenance is not 
performed. 

 

A theoretical understanding of the treatment mechanism of adsorption filters and RO systems in 

provided in Appendix D.  This information was extracted from 

http://www.explainthatstuff.com/howwaterfilterswork.html. 
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Table 4.1.  Compounds Detected Above the Drinking Water Maximum Contaminant Level 
in the Pilot Program 

Compound, units 

Number 
of Sites 

over 
MCL 

Maximum Detected  
Concentration 

MCLs 

Nitrate, mg/L 2 17.4 10 (P) 
Sulfate, mg/L 1 523 250 (S) 
E. coli, CFU per 100 mL 2 70 0 (P) 
Barium, µg/L 1 2145 2000 (P) 
Lead, µg/L 19 99 15 (TT) 
Cadmium, µg/L 1 6 5 (P) 
Antimony, µg/L 2 9 6(P) 
TDS, mg/L 3 734.5 500 (S) 
(P) Primary MCL 
(S) Secondary MCL 
(TT) Treatment Technique 

  

GM-2 
76/323



Table 4.2

Pilot Program for Selection of POU Devices

POU Sample Results Greater than the MCL

Lead  Barium Cadmium Antimony Lead  Barium Cadmium Antimony Lead  Barium Cadmium Antimony Lead  Barium Cadmium Antimony Nitrate Sulfate Sample Duplicate

20158 Richwoods 37 999 <0.4 <2.1 40 996 <0.4 2 39 992 <0.4 1 36 994 <0.4 <2.1 1.006 4.209 284.343 0 0

40015 Richwoods <0.2 59 <0.4 <2.1 <0.2 56 <0.4 <2.1 <0.2 59 <0.4 <2.1 <0.2 59 <0.4 <2.1 0.050 150.865 593.264 0 0

40034 Richwoods 8 463 <0.4 <2.1 9 466 <0.4 <2.1 7 463 <0.4 <2.1 12 444 <0.4 <2.1 5.510 12.658 175.532 0 0

40140 Richwoods 25 1748 <0.4 <2.1 22 1751 <0.4 <2.1 22 1745 <0.4 <2.1 23 1755 <0.4 <2.1 1.297 6.187 300.851 0 0

40140 
1 Richwoods 23 1757 <0.4 <2.1 -- -- -- 25 1723 <0.4 <2.1 -- -- -- 1.299 6.180 296.444 0 0

40159 Richwoods -- -- -- -- <0.2 <0.2 <0.4 <2.1 -- -- -- -- <0.2 <0.2 <0.4 1 -- -- -- -- --

40159 
2 Richwoods <0.2 <0.2 <0.4 <2.1 -- -- -- -- <0.2 <0.2 <0.4 <2.1 -- -- -- -- 1.656 11.379 408.368 0 0

40159 
3 Richwoods <0.2 520 <0.4 <2.1 -- -- -- -- <0.2 520 <0.4 <2.1 -- -- -- -- 2.257 11.853 303.279 0 0

40159 
4 Richwoods <0.2 445 <0.4 <2.1 -- -- -- -- <0.2 439 <0.4 <2.1 -- -- -- -- -- -- -- -- --

20199 Old Mines 14 2127 <0.4 <2.1 14 2145 <0.4 <2.1 15 2122 <0.4 <2.1 14 2140 <0.4 <2.1 4.985 5.650 335.366 0 0

30090 Old Mines 20 1087 <0.4 5 21 1154 <0.4 4 22 1092 <0.4 5 19 1109 <0.4 4 0.484 5.746 333.071 0 0

30312 Old Mines 35 406 <0.4 <2.1 32 409 <0.4 <2.1 35 415 <0.4 <2.1 33 412 <0.4 <2.1 6.491 10.692 349.796 0 0

30412 Old Mines <0.2 1 <0.4 4 <0.2 1 <0.4 4 <0.2 1 <0.4 4 <0.2 2 <0.4 5 <0.038 84.565 626.459 0 0

30412 
5 Old Mines 11 53 <0.4 6 -- -- -- -- 17 53 <0.4 5 -- -- -- -- -- -- -- -- --

30513 Old Mines 25 234 <0.4 <2.1 28 242 <0.4 <2.1 26 231 <0.4 <2.1 28 247 <0.4 <2.1 13.939 31.283 431.500 0 0

30541 Old Mines 34 806 <0.4 <2.1 36 805 <0.4 <2.1 36 800 <0.4 <2.1 37 803 <0.4 <2.1 0.992 5.097 295.968 0 0

30924 Old Mines 3 1027 4 <2.1 3 961 3 <2.1 2 1032 4 <2.1 6 953 3 1 2.081 10.931 342.105 0 0

30924 
6 Old Mines 7 1043 3 <2.1 -- -- -- -- 2 1048 3 2 -- -- -- -- 2.076 11.131 346.465 0 0

123 Potosi 27 391 <0.4 <2.1 29 450 <0.4 <2.1 32 394 <0.4 <2.1 43 455 1 <2.1 3.489 12.894 332.990 0 0

555 Potosi 80 1430 1 <2.1 86 1413 1 <2.1 91 1425 1 <2.1 87 1404 1 <2.1 0.963 10.916 262.500 0 0

20332 Potosi 21 395 1 <2.1 32 400 1 <2.1 28 392 1 <2.1 32 398 1 <2.1 0.920 6.765 435.060 0 0

20425 Potosi 14 181 1 <2.1 15 177 1 <2.1 16 183 1 <2.1 18 183 1 <2.1 6.978 10.197 405.534 70 20

20435 Potosi 27 131 6 <2.1 23 131 6 <2.1 35 133 6 <2.1 23 131 5 <2.1 0.055 22.078 334.940 0 0

20459 Potosi 10 11 2 <2.1 0.2 11 2 <2.1 5 10 2 <2.1 4 11 1 <2.1 0.498 522.706 734.500 0 0

20517 Potosi 34 208 <0.4 <2.1 34 203 <0.4 <2.1 37 207 <0.4 <2.1 40 206 <0.4 <2.1 3.331 24.931 489.110 5 0

20594 Potosi 77 233 1 <2.1 72 233 1 <2.1 76 229 1 <2.1 63 238 1 <2.1 0.555 7.370 351.172 0 0

20594 
1 Potosi 59 232 <0.4 <2.1 53 241 3 4 55 229 1 <2.1 48 240 1 <2.1 0.498 7.222 345.276 0 0

20613 Potosi 7 463 <0.4 <2.1 13 488 <0.4 <2.1 10 467 <0.4 <2.1 11 489 <0.4 2 0.872 7.256 187.402 0 0

20868 Potosi 38 86 1 <2.1 54 92 1 <2.1 45 90 1 <2.1 29 92 2 <2.1 17.352 42.901 493.927 0 0

23428 Potosi 32 277 1 <2.1 41 273 1 <2.1 30 277 1 <2.1 36 272 1 <2.1 5.034 26.158 399.593 0 0

23428 
1 Potosi 30 279 1 <2.1 -- -- -- -- 31 276 1 <2.1 -- -- -- -- 5.022 26.377 402.479 0 0

24019 Potosi 62 244 <0.4 <2.1 61 244 <0.4 <2.1 99 244 <0.4 <2.1 66 243 <0.4 <2.1 0.590 6.363 281.624 0 0

24055 Potosi 40 1185 <0.4 <2.1 45 1187 <0.4 <2.1 47 1181 <0.4 <2.1 41 1179 <0.4 <2.1 1.723 11.644 316.000 0 0

24055 
7 Potosi <0.2 4 1 <2.1 -- -- -- -- <0.2 4 1 <2.1 -- -- -- -- <0.038 0.289 0.000 0 0

24080 Potosi 25 1321 <0.4 5 29 1307 <0.4 9 29 1314 <0.4 4 29 1306 <0.4 <2.1 1.020 6.248 262.151 0 0

636 Furnace Creek 48 448 <0.4 <2.1 48 436 <0.4 <2.1 48 445 <0.4 <2.1 69 434 <0.4 <2.1 0.897 13.869 380.328 0 0

Count of Properties > MCL 21 1 1 1 19 1 1 1 24 1 1 0 20 1 1 0 2 1 3 2 1

National Drinking Water Regulations MCL for Lead (15), Barium (2000), Cadmium (5), Antimony (6), Nitrate (1), Sulfate (250), TDS (500), E-coli (0)

20:  Sample exceeds the MCL

--: Sample Not Analyzed

<0.2: Non-Detect, Result less than the Reporting Limit

1: Field Duplicate

2: Unsoftened, unfiltered

3: Unsoftened

4: Softened

5: Samples taken from the outside faucet

6: Unfiltered sample

7: Field Blank

Property LocationProperty ID
Total Dissolved 

Solids (mg/L)

E-Coli (e-coli per 

100mL)
Anions (mg/L)

Faucet Purged Faucet Unpurged

Dissolved Metals   (µg/L) Total Metals   (µg/L)

Faucet Purged Faucet Unpurged

Table 4.2

Pilot Program for Selection

of POU Devices

POU Sample Results Greater than the MCL

GM-2 
77/323



Table 4.3.  Proposed POU Devices for Treatment of Nitrate, Sulfate, E. coli, Barium, Lead, Cadmium, and TDS

Process Certified/
Contaminants Filtration Recommended

Treatment Options and Manufacturer's Listing N
itr

a
te

S
u

lfa
te

E
. c

o
li

B
a

P
b

C
d

T
D

S

R
O

IX M
F

S
B

A
C

A
A

/IB
S

N
S

F

W
Q

A

O
th

e
rs

E
T

V

Flow
Rate
(gpd)

Service
Cycle
(gal)

Reverse Osmosis (RO)/Filter Devices*
Membranes:

1-3 years
Watts WP-4V x x x x x x x x o o x x x 9.1 Filters - annual
GE Profile PXRQ15F x x x x x x x x o o x x x 11.2 Filters - annual
Whirlpool WHER25
(aka Sears Kenmore Ultrafilter 500) x x x x x x x x o o x x x x 14.5 Filters - annual
Pentek RO 3500 x x x x x x x x o o x 7.6 Filters - 6 mo.
Aqua Pure AP RO 5500 x x x x x x x x o o x 11 Filters - 6 mo.

High-Flow RO Devices
Excel Water 5-Stage RO System x x x x x x x x x x x x 50 Filters - annual
Excel Water High Capacity 5-Stage RO System x x x x x x x x x x x 100 Filters - annual
Excel Water Compact Wall Mount 250 GPD x x x x x x x x 250 Filters - annual
GE Merlin Tankless RO System x x x x x x x x x x 720 Filters - 6 mo.

Adsorption/Filter Systems
Under Counter Regular

Culligan US-EZ-4 x ? x x x x 720 500
Pentek 1500 ? ? x x x 720 1000
Aqua Pure DWS1000 x ? x x x x x 864 625
Kenmore (2 Stage Dual) 38461 x ? x x x x x 864 1000
Kenmore (2 Stage Elite) 38501 x ? x x x x 720 280
GE Smart Water GXSV65F x ? x x x 864 1200
Whirlpool (Dual Filter) WHED20 x ? x x x 864 270
Culligan Preferred 250 x x x x 720 1,000

Under Counter Specialty - Arsenic
Adedge (two Stage) EHC2S271001 x ? x x x x x 720 1,000
Adedge (one Stage) Plus-AS-PB-PID x ? x x x x 1,440 960

Notes and Abbreviations
Applicability Certifications

x - applies to criteria listed NSF - National Sanitary Foundation, International
? - not NSF tested, but similar to lead WQA - Water Quality Association

Others - Consumer Report
Contaminants ETV - Environmental Technology Verification Program 

Ba - barium
Pb - lead
Cd - cadmium * RO Design Considerations (B&V Report)
TDS - total dissolved solids Hardness < 171 mg/l CaCO3

Fe < 100 ug/l
Processes (x - primary, o - optional) Mn < 100 ug/l

RO - reverse osmosis TDS < 2000 mg/l
IX - ion exchange (includes only cartridge-type filters) Inlet Pressure:  40 - 100 psi
MF - mechanical filtration
SBAC - solid block activated carbon
AA - activated alumina
IBS - iron-based sorption
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Table 4.4.  Capital and Operation and Maintenance Costs for Proposed POU Treatment Units
Capital Cost O&M Costs

Treatment Options and Manufacturer's Listing

Purchase

Pricea

Booster

Pumpb

Permeate

Pumpc

Pressure

Tankd Watermindere Installationa

Filter 

Costa
Membrane

Costa

Reverse Osmosis (RO)/Filter Devices*

Watts WP-4V $270 $125 $60 $100 $50 $70
GE Profile PXRQ15F $300 $125 $60 $100 $100 $90
Whirlpool WHER25
(aka Sears Kenmore Ultrafilter 500) $210 $125 $60 $100 $80 $60
Pentek RO 3500 $270 $125 $60 $100 $54 $102
Aqua Pure AP RO 5500 $410 $125 $60 $100 $93 $139

High-Flow RO Devices
Excel Water 5-Stage RO System $307 $156 $100 $81 $87
Excel Water High Capacity 5-Stage RO System $747 $156 $100 $171 $109
Excel Water Compact Wall Mount 250 GPD $4,265 $100 $66 $248
GE Merlin Tankless RO System $400 $250 $100 $92 $500

Adsorption/Filter Systems
Under Counter Regular

Culligan US-EZ-4 $119 $156 $50 $26 $50 $53
Pentek 1500 $175 $156 $50 $26 $50 $37
Aqua Pure DWS1000 $319 $156 $50 $50 $103
Kenmore (2 Stage Dual) 38461 $106 $156 $50 $26 $50 $52
Kenmore (2 Stage Elite) 38501 $150 $156 $50 $26 $50 $64
GE Smart Water GXSV65F $171 $156 $50 $26 $50 $43
Whirlpool (Dual Filter) WHED20 $161 $156 $50 $26 $50 $57
Culligan Preferred 250f $125 $156 $50 $26 $50 $70

Under Counter Specialty - Arsenic
Adedge (two Stage) EHC2S271001 $377 $156 $50 $50 $92
Adedge (one Stage) Plus-AS-PB-PID $471 $156 $50 $50 $141

a Unless otherwise stated, data from the April 15, 2010, Black & Veatch Report were used.
b Aquatec 6800 booster pump, transformer, and pressure switch from Freshwatersystems.com (<50 gpd)

Aquatec 8800 booster pump, transformer, and pressure switch from Freshwatersystems.com (>50 gpd)
Variable speed 3-4.0 gpm 65 psi 115 V UL pump from Freshwatersystems.com
NOTE:  Booster pump is not required if the line pressure is greater than 40 psi.

c Aquatec ERP 500 permeate pump from Waterfiltersonline.com
d 4.4-gallon pressure tank (#RO-132) from Freshwatersystems.com
e Cost of Waterminder 1800 or 3800 from Freshwatersystems.com (same price)
f Cost of Culligan Preferred 250 from Waterfilters.net
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Table 4.5.  Capital Costs, Operation and Maintenance Costs, and Lifetime Costs of Adsorption Treatment Systems
O&M Costs

Capital Cost Filters Cost

Treatment Options and Manufacturer's Listing

Purchase

Pricea

Booster

Pumpb

Pressure

Tankc Waterminderd Installationa Costa
Frequency

(per year)a Capital
O&M

(annual)
1 yr

(total)
3 yr

(total)
5 yr

(total)
10 yr
(total)

Adsorption/Filter Systems - Low Flow Systems
(one filter, rated at 0.5 - 0.6 gpm @ 60 psi)

Under Counter Regular
Culligan US-EZ-4 $119 $156 $50 $26 $50 $53 2 $401 $106 $507 $719 $931 $1,461
Pentek 1500 $175 $156 $50 $26 $50 $37 2 $457 $74 $531 $679 $827 $1,197
Aqua Pure DWS1000 $319 $156 $50 $50 $103 2 $575 $206 $781 $1,193 $1,605 $2,635
Kenmore (2 Stage Dual) 38461 $106 $156 $50 $26 $50 $52 2 $388 $104 $492 $700 $908 $1,428
Kenmore (2 Stage Elite) 38501 $150 $156 $50 $26 $50 $64 2 $432 $128 $560 $816 $1,072 $1,712
GE Smart Water GXSV65F $171 $156 $50 $26 $50 $43 2 $453 $86 $539 $711 $883 $1,313
Whirlpool (Dual Filter) WHED20 $161 $156 $50 $26 $50 $57 2 $443 $114 $557 $785 $1,013 $1,583
Culligan Preferred 250e $125 $156 $50 $26 $50 $70 1 $407 $70 $477 $617 $757 $1,107

Under Counter Specialty - Arsenic
Adedge (two Stage) EHC2S271001 $377 $156 $50 $50 $92 1 $633 $106 $739 $951 $1,163 $1,693
Adedge (one Stage) Plus-AS-PB-PID $471 $156 $50 $50 $141 1 $727 $106 $833 $1,045 $1,257 $1,787

Adsorption/Filter Systems - High Flow Systems
(two filters, rated at 1.0 - 1.2 gpm @ 60 psi)

Under Counter Regular
Culligan US-EZ-4 $238 $156 $26 $100 $53 8 $520 $424 $944 $1,792 $2,640 $4,760
Pentek 1500 $350 $156 $26 $100 $37 4 $632 $148 $780 $1,076 $1,372 $2,112
Aqua Pure DWS1000 $638 $156 $100 $103 6 $894 $618 $1,512 $2,748 $3,984 $7,074
Kenmore (2 Stage Dual) 38461 $212 $156 $26 $100 $52 4 $494 $208 $702 $1,118 $1,534 $2,574
Kenmore (2 Stage Elite) 38501 $300 $156 $26 $100 $64 14 $582 $896 $1,478 $3,270 $5,062 $9,542
GE Smart Water GXSV65F $342 $156 $26 $100 $43 4 $624 $172 $796 $1,140 $1,484 $2,344
Whirlpool (Dual Filter) WHED20 $322 $156 $26 $100 $57 14 $604 $798 $1,402 $2,998 $4,594 $8,584
Culligan Preferred 250e $250 $156 $26 $100 $70 4 $532 $280 $812 $1,372 $1,932 $3,332

Under Counter Specialty - Arsenic
Adedge (two Stage) EHC2S271001 $754 $156 $100 $92 4 $1,010 $106 $1,116 $1,328 $1,540 $2,070
Adedge (one Stage) Plus-AS-PB-PID $942 $156 $100 $141 4 $1,198 $106 $1,304 $1,516 $1,728 $2,258

a Unless otherwise stated, data from the April 15, 2010, Black & Veatch Report were used.
b Aquatec 8800 booster pump, transformer, and pressure switch from Freshwatersystems.com (>50 gpd)

NOTE:  Booster pump is not required if the line pressure is greater than 40 psi.
c 4.4-gallon pressure tank (#RO-132) from Freshwatersystems.com
d Cost of Waterminder 1800 or 3800 from Freshwatersystems.com
e Cost of Culligan Preferred 250 from Waterfilters.net
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Table 4.6.  Capital Costs, Operation and Maintenance Costs, and Lifetime Costs of RO Treatment Systems

3 Yr Membrane Replacement 2 Yr Membrane Replacement 1 Yr Membrane Replacement

Treatment Options and Manufacturer's Listing
Capital
Cost

Annual 
O&M 
Cost

1 yr
(total)

5 yr
(total)

10 yr
(total)

Annual 
O&M 
Cost

1 yr
(total)

5 yr
(total)

10 yr
(total)

Annual 
O&M 
Cost

1 yr
(total)

5 yr
(total)

10 yr
(total)

Reverse Osmosis (RO)/Filter Devices*

Watts WP-4V $555 $73 $628 $920 $1,285 $85 $640 $980 $1,405 $120 $675 $1,155 $1,755
GE Profile PXRQ15F $585 $130 $715 $1,235 $1,885 $145 $730 $1,310 $2,035 $190 $775 $1,535 $2,485
Whirlpool WHER25
(aka Sears Kenmore Ultrafilter 500) $495 $100 $595 $995 $1,495 $110 $605 $1,045 $1,595 $140 $635 $1,195 $1,895
Pentek RO 3500 $555 $105 $660 $1,080 $1,605 $156 $711 $1,335 $2,115 $207 $762 $1,590 $2,625
Aqua Pure AP RO 5500 $695 $232 $927 $1,855 $3,015 $256 $951 $1,975 $3,255 $325 $1,020 $2,320 $3,945

High-Flow RO Devices
Excel Water 5-Stage RO System $563 $125 $688 $1,188 $1,813 $168 $731 $1,403 $2,243 $212 $775 $1,623 $2,683
Excel Water High Capacity 5-Stage RO System $1,003 $226 $1,229 $2,133 $3,263 $280 $1,283 $2,403 $3,803 $335 $1,338 $2,678 $4,353
Excel Water Compact Wall Mount 250 GPD $4,365 $149 $4,514 $5,110 $5,855 $190 $4,555 $5,315 $6,265 $314 $4,679 $5,935 $7,505
GE Merlin Tankless RO System $750 $259 $1,009 $2,045 $3,340 $342 $1,092 $2,460 $4,170 $592 $1,342 $3,710 $6,670
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Figure 4-1.  Typical Adsorption POU Undersink Installation 
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Figure 4-2.  Typical RO POU System (not undersink installed) 
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5.0 Conclusions 

 

The pilot program sampling effort conducted for this study encompassed 27 homes of the 348 

homes with potentially contaminated wells in the four sampling areas of Washington County, 

MO.  These four areas include Old Mines, Richwoods, Potosi, and Furnace Creek. The analytical 

data from water samples collected from these 27 homes are summarized in Table 5.1 which 

shows that 19 homes (70% of the 27 homes sampled) had lead concentrations above the MCL of 

15 µg/L.  Lead was found to be the predominant contaminant exceeding the MCL.  However, up 

to 2 homes showed barium, cadmium, antimony, nitrate, and E. coli levels above their respective 

MCLs. 

 

Table 5.1 presents a summary of historical data for the 348 homes located in this study area.  The 

historical data show that about 90% of the 348 homes had a lead exceedence above the MCL.  

The historical analytical data for the 27 homes included in this study showed reasonable 

agreement with the data obtained from analysis at the T&E Facility.  Thus, the analytical results 

of the pilot study may be reasonably extended to the larger study area. 

 

Figure 5-1 presents a flow chart showing a decision methodology for selecting POU devices and 

add-on accessories based on the anticipated contaminants, expected water quality, and line 

pressure.  Table 5.2 identifies the sites in the four study areas that are potential candidates for 

specific POU devices based on the decision criteria presented in Figure 5-1.  Details of the 

contamination concentration leading to the POU selection are presented in Appendix A.  For 

properties with only lead, an under-the-counter adsorption filter (such as the Culligan Preferred 

250) is recommended.  However, the addition of an accumulator tank under the sink can improve 

the water flow rate through the faucet.  Figure 5-2 shows a conceptual diagram for a typical 

installation of an adsorption filter. 

 

For properties with multiple contaminants above the MCL, an RO system (such as the Watts 

WP-4V or GE Merlin) is recommended.  Depending on the line pressure, a booster pump and a 

permeate pump would also be recommended.  Figure 5-3 shows a conceptual diagram for a 

typical installation of an RO unit.  Figure 5-4 shows a conceptual diagram for a typical 

installation of a high-flow RO unit (GE Merlin). 
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Several installation and O&M considerations were also identified through this study.  

Principally, adsorption systems were preferred where lead was the contaminant of concern 

because of the higher flow rates associated with these systems along with the low cost of 

operation (filter changes).  RO systems were identified as a necessary treatment device in homes 

that showed the presence of other contaminants in addition to lead.  However, RO systems 

typically produced lower water flows and the membranes were prone to lower operational life in 

the presence of the hard water typical of this region leading to higher operating costs. 

 

This study also examined end-of-life indicator devices for the POU systems.  Two types of 

devices were potentially identified – a time-based indicator life and a flow-based resettable, 

water shutoff device.  A flow meter may also be used in conjunction with these devices to track 

water usage and to schedule the manufacturers recommended maintenance procedures (including 

replacement of various consumable elements). 

 

Table 5-3 summarizes the performance specifications for typical Under-the-Sink POU devices 

based on adsorption filters and RO Systems.  This table provides a guideline for the selection of 

a POU device based on site-specific preferences for flow rate and available line pressure.  The 

table also specifies recommended accessories based on site-specific conditions. 
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Table 5.1
Pilot Program for Selection of POU Devices

Analytical Results Summary for the Households Targeted for POU Devices

Lead Barium Cadmium Arsenic

Richwoods 5 2 0 0 0

Old Mines 7 4 1 0 0

Potosi 14 12 0 1 0

Furnace Creek 1 1 0 0 0

Totals: 27 19 1 1 0

Lead Barium Cadmium Arsenic

Richwoods 18.52% 40.00% 0.00% 0.00% 0.00%

Old Mines 25.93% 57.14% 14.29% 0.00% 0.00%

Potosi 51.85% 85.71% 0.00% 7.14% 0.00%

Furnace Creek 3.70% 100.00% 0.00% 0.00% 0.00%

Totals: 100.00% 70.37% 3.70% 3.70% 0.00%

Lead Barium Cadmium Arsenic

Richwoods 53 53 0 0 0

Old Mines 142 121 13 9 0

Potosi 152 140 4 3 0

Furnace Creek 1 1 0 0 0

Totals: 348 315 17 12 0

Lead Barium Cadmium Arsenic

Richwoods 15.23% 100.00% 0.00% 0.00% 0.00%

Old Mines 40.80% 85.21% 9.15% 6.34% 0.00%

Potosi 43.68% 92.11% 2.63% 1.97% 0.00%

Furnace Creek 0.29% 100.00% 0.00% 0.00% 0.00%

Totals: 100.00% 90.52% 4.89% 3.45% 0.00%

# of Properties Exceeding the MCL
Study Area

% of Properties Exceeding the MCL

# of Properties Targeted 

for POU Devices

Study Area % of Study Area

Study Area % of POU Study Area
% of Properties Exceeding the MCL

Study Area
# of Properties in POU 

Study

# of Properties Exceeding the MCL

GM-2 
86/323



Table 5.2
Pilot Program for Selection of POU Devices

POU Selection Summary

No Filter Adsorption Filter RO

Richwoods 53 0 53 0

Old Mines 142 1 119 22

Potosi 152 7 138 7

Furnace Creek 1 0 1 0

Totals: 348 8 311 29

No Filter Adsorption Filter RO

Richwoods 15.23% 0.00% 100.00% 0.00%

Old Mines 40.80% 0.70% 83.80% 15.49%

Potosi 43.68% 4.61% 90.79% 4.61%

Furnace Creek 0.29% 0.00% 100.00% 0.00%

Totals: 100.00% 2.30% 89.37% 8.33%

Study Area
# of Properties Targeted for 

POU Devices

Filter Selection (# of Properties )

Study Area % of Study Area
Filter Selection (% of Properties )
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Table 5.3.  Typical Performance Specifications for Under-the-Sink POU Devices 
 
 
POU Device 

Type 
Typical Installation Flow Rate 

(gpm) 
Recommended Line 

Pressure 
Recommended 

Accessories 
Capacity Recommended 

Maintenance 

       
Adsorption 
Filter – Low 
flow option 

Single Unit Under-
the-Sink 

0.5 gpm 10 psi to 40 psi.  Install 
booster pump if rated flow 
rate is not achieved. 

Waterminder 
shutoff device 
or other end-of-
life indicator 

500 to 
1000 
gallons 

Filter 
changeout at 
capacity 

Adsorption 
Filter – High 
flow option 

Dual Unit Under-
the-Sink 

1 gpm 10 psi to 40 psi.  Install 
booster pump if rated flow 
rate is not achieved. 

Waterminder 
shutoff device 
or other end-of-
life indicator 

1000 to 
2000 
gallons 

Filter 
changeout at 
capacity 

Adsorption 
Filter – 
Instantaneous 
High flow  

Single Unit Under-
the-Sink 

1 gpm 
instantaneous, 
0.5 gpm 
steady-state 

10 psi to 40 psi.  Install 
booster pump if rated flow 
rate is not achieved. 

‐ Accumulator 
tank (4 gallon) 

‐ Waterminder 
shutoff device 
or other end-
of-life 
indicator 

500 to 
1000 
gallons 

Filter 
changeout at 
capacity 
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POU Device 
Type 

Typical Installation Flow Rate 
(gpm) 

Recommended Line 
Pressure 

Recommended 
Accessories 

Capacity Recommended 
Maintenance 

Reverse 
Osmosis – 
Low Flow 

Under-the-Sink 
Installation 

1 gpm 
instantaneous, 
tailing off to 0 
gpm when 
accumulator 
tank is empty.  
Approximatel
y 10 gallons 
per day total 
flow. 

 40 psi minimum.  Install 
booster pump if this pressure 
is not available. 

‐ Accumulator 
tank (4 gallon) 
standard with 
RO system. 

‐ Filter 
maintenance 
indicator 
standard with 
RO systems 

‐ Permeate 
pump optional 
to reduce 
reject water 
volumes and 
cycle times 

No 
exhaustio
n 
capacity. 

Sediment and 
carbon filters 
integral to RO 
unit typically 
replaced at 6 
month 
intervals. 
 
RO membranes 
replaced at one 
to three year 
intervals 
depending on 
hardness. 

Reverse 
Osmosis – 
High Flow 

Under-the-Sink 
Installation 

Ranges from 
0.5 gpm to 1 
gpm 
continuous 
flow 
depending on 
water quality 
and time in 
service. 

 40 psi minimum.  Install 
booster pump if this pressure 
is not available. 

‐ No 
accumulator  
recommended 
for this system. 

‐ Filter 
maintenance 
indicator 
standard with 
RO systems. 

No 
exhaustio
n 
capacity. 

Sediment and 
carbon filters 
integral to RO 
unit typically 
replaced at 6 
month 
intervals. 
 
RO membranes 
replaced at one 
to three year 
intervals 
depending on 
hardness. 
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Figure 5-1.

Flow Chart of POU Device Selection
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Figure 5-2.

Schematic of
Typical Adsorption Filter POU System
To Remove Lead From Drinking Water

Booster
Pump
40 psi

Carbon-
Coated
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Totalizer

Located Under Kitchen Sink

To Treated Water Faucet
(Outlet Sample)

Accumulator
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To Cold Water Faucet
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Shut-Off
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Whole-House
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Figure 5-3.

Schematic of
Typical Reverse Osmosis POU System

To Remove Contaminants From
Drinking Water

Well &
Pump

Whole-House
Accumulator Tank

20–30 gal, 20–60 psi
Optional
Booster
Pump
40 psi

1 Pre-Filter
2 RO Membrane
3 Post-Filter

Accumulator
Tank

3.2 gal

Located
Under
Kitchen Sink

To Sink Faucet

1 2 3

Reject Water
To Drain

Optional
Permeate

Pump

To Cold Water Faucet
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Figure 5-4.

Schematic of
High Flow Reverse Osmosis POU System

To Remove Contaminants From
Drinking Water

Well &
Pump

Whole-House
Accumulator Tank

20–30 gal, 20–60 psi
Optional
Booster
Pump
40 psi

Located
Under
Kitchen Sink

To Sink FaucetTo Cold Water Faucet

RO Assembly
Reject
Water

to Drain
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

20002 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20004 Richwoods 1 0 0 0 Adsorption Filter 2

20005 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20006 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20007 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20009 Richwoods 1 0 0 0 Adsorption Filter 2

20012 Richwoods 2 0 0 0 Adsorption Filter 3

20014 Richwoods 2 0 0 0 Adsorption Filter 2

20016 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20018 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20024 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20028 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20031 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20032 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20051 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20052 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20092 Richwoods 2 0 0 0 Adsorption Filter ‐‐

20125 Richwoods 2 0 0 0 Adsorption Filter 4

20125 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20127 Richwoods 1 0 0 0 Adsorption Filter ‐‐

20158 Richwoods 3 0 0 0 Adsorption Filter ‐‐

40008 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40009 Richwoods 1 0 0 0 Adsorption Filter 2

40011 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40012 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40015 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40034 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40040 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40070 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40084 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40085 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40087 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40088 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40089 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40115 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40120 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40126 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40128 Richwoods 2 0 0 0 Adsorption Filter 2

40129 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40131 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40139 Richwoods 1 0 0 0 Adsorption Filter 2

40140 Richwoods 2 0 0 0 Adsorption Filter ‐‐

40154 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40159 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40161 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40164 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40184 Richwoods 1 0 0 0 Adsorption Filter ‐‐ Shares well with 40161

40186 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40203 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40207 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40215 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40223 Richwoods 1 0 0 0 Adsorption Filter ‐‐

40228 Richwoods 1 0 0 0 Adsorption Filter ‐‐

72 Old Mines 0 1 0 0 RO 1 ‐‐

20145 Old Mines 0 1 0 0 RO 1 ‐‐

20171 Old Mines 2 0 0 0 Adsorption Filter ‐‐

20173 Old Mines 1 0 0 0 Adsorption Filter ‐‐

20186 Old Mines 2 0 0 0 Adsorption Filter ‐‐

20199 Old Mines 1 1 0 0 RO ‐‐

20203 Old Mines 1 0 0 0 Adsorption Filter 2

20204 Old Mines 1 0 0 0 Adsorption Filter ‐‐

20206 Old Mines 1 0 0 0 Adsorption Filter ‐‐

20208 Old Mines 1 0 0 0 Adsorption Filter ‐‐

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU

20252 Old Mines 1 0 0 0 Adsorption Filter ‐‐

20334 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30006 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30008 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30017 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30025 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30026 Old Mines 1 0 0 0 Adsorption Filter 2

30040 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30048 Old Mines 0 1 0 0 RO 1 ‐‐

30055 Old Mines 1 0 0 0 Adsorption Filter 2

30069 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30070 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30071 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30075 Old Mines 0 1 0 0 RO 1 ‐‐

30088 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30090 Old Mines 2 0 0 0 Adsoprtion Filter ‐‐

30091 Old Mines 1 0 0 0 Adsoprtion Filter 2

30096 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30105 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30106 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30107 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30108 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐ Shares well with 30107

30112 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30127 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30139 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30142 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30146 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30148 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30155 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30156 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30165 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30173 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30177 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30180 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30181 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30185 Old Mines 1 0 0 0 Adsoprtion Filter 2

30214 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30223 Old Mines 1 0 0 0 Adsoprtion Filter 2

30245 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30247 Old Mines 1 0 0 0 Adsoprtion Filter ‐‐

30299 Old Mines 0 1 0 0 RO 1 ‐‐

30300 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30306 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30308 Old Mines 1 0 0 0 Adsorption Filter 2

30310 Old Mines 0 0 1 0 RO 1 ‐‐

30312 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30316 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30317 Old Mines 1 0 0 0 Adsorption Filter ‐‐ Shares well with 30316

30319 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30322 Old Mines 0 1 0 0 RO 1 ‐‐

30324 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30325 Old Mines 0 0 0 0 No Filter ‐‐ Shares well with 30326

30343 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30356 Old Mines 0 1 0 0 RO 1 ‐‐

30358 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30369 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30372 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30373 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30374 Old Mines 1 0 0 0 Adsorption Filter 2

30377 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30379 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30395 Old Mines 1 0 0 0 Adsorption Filter ‐‐
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU

30405 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30412 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30427 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30438 Old Mines 1 0 1 0 RO ‐‐

30446 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30448 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30449 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30457 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30459 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30502 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30513 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30529 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30531 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30532 Old Mines 1 0 0 0 Adsorption Filter 2

30534 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30538 Old Mines 2 0 0 0 Adsorption Filter ‐‐ Shares well with 30541

30539 Old Mines 2 0 0 0 Adsorption Filter ‐‐ Shares well with 30541

30540 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30541 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30551 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30552 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30561 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30576 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30585 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30586 Old Mines 0 1 0 0 RO 1 ‐‐

30602 Old Mines 1 0 0 0 Adsorption Filter 2

30604 Old Mines 2 0 0 0 Adsorption Filter ‐‐

30606 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30607 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30609 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30617 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30630 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30654 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30657 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30659 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30664 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30673 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30675 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30693 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30697 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30704 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30706 Old Mines 0 0 1 0 RO 1 ‐‐

30712 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30715 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30716 Old Mines 0 1 0 0 RO 1 ‐‐

30718 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30727 Old Mines 0 0 1 0 RO 1 ‐‐

30729 Old Mines 0 1 0 0 RO 1 ‐‐

30738 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30741 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30820 Old Mines 0 1 0 0 RO 1 ‐‐

30821 Old Mines 0 0 1 0 RO 1 ‐‐

30844 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30861 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30897 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30902 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30904 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30920 Old Mines 0 0 1 0 RO 1 ‐‐ Shares well with 30821

30924 Old Mines 0 0 1 0 RO 1 ‐‐

30928 Old Mines 0 0 1 0 RO 1 ‐‐ Shares well with 30947

30931 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30934 Old Mines 1 0 0 0 Adsorption Filter ‐‐ Shares well with 30931
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU

30944 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30947 Old Mines 0 0 1 0 RO 1 ‐‐

30952 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30953 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30959 Old Mines 1 0 0 0 Adsorption Filter ‐‐

30983 Old Mines 1 0 0 0 Adsorption Filter ‐‐

31047 Old Mines 1 0 0 0 Adsorption Filter ‐‐

40005 Old Mines 0 1 0 0 RO 1 ‐‐

1 Potosi 1 0 0 0 Adsorption Filter ‐‐

5 Potosi 1 0 0 0 Adsorption Filter ‐‐

13 Potosi 1 0 0 0 Adsorption Filter ‐‐

14 Potosi 1 0 0 0 Adsorption Filter ‐‐

41 Potosi 1 0 0 0 Adsorption Filter ‐‐

42 Potosi 1 0 0 0 Adsorption Filter ‐‐

47 Potosi 0 1 0 0 RO 1 ‐‐

64 Potosi 1 0 0 0 Adsorption Filter ‐‐

69 Potosi 0 0 0 0 No Filter ‐‐

75 Potosi 1 0 0 0 Adsorption Filter ‐‐

86 Potosi 1 0 0 0 Adsorption Filter ‐‐

87 Potosi 1 0 0 0 Adsorption Filter ‐‐

112 Potosi 0 0 1 0 RO 1 ‐‐

115 Potosi 1 0 0 0 Adsorption Filter ‐‐

116 Potosi 1 0 0 0 Adsorption Filter ‐‐

119 Potosi 1 0 0 0 Adsorption Filter ‐‐

120 Potosi 0 0 0 0 No Filter ‐‐

121 Potosi 0 0 0 0 No Filter ‐‐

123 Potosi 2 0 0 0 Adsorption Filter ‐‐

128 Potosi 1 0 0 0 Adsorption Filter ‐‐

423 Potosi 1 0 0 0 Adsorption Filter ‐‐

428 Potosi 0 0 0 0 No Filter ‐‐

432 Potosi 1 0 0 0 Adsorption Filter ‐‐

439 Potosi 1 0 0 0 Adsorption Filter ‐‐

441 Potosi 1 0 0 0 Adsorption Filter 2

443 Potosi 1 0 0 0 Adsorption Filter ‐‐

449 Potosi 1 0 0 0 Adsorption Filter 2

461 Potosi 1 0 0 0 Adsorption Filter ‐‐

470 Potosi 1 0 0 0 Adsorption Filter ‐‐

471 Potosi 1 0 0 0 Adsorption Filter ‐‐

473 Potosi 1 0 0 0 Adsorption Filter ‐‐

491 Potosi 1 0 0 0 Adsorption Filter ‐‐

523 Potosi 1 0 0 0 Adsorption Filter 8+

524 Potosi 1 0 0 0 Adsorption Filter 3

528 Potosi 1 0 0 0 Adsorption Filter ‐‐

529 Potosi 1 0 0 0 Adsorption Filter ‐‐

548 Potosi 0 1 0 0 RO 1 ‐‐

555 Potosi 2 0 0 0 Adsorption Filter 2

1634 Potosi 1 0 0 0 Adsorption Filter ‐‐

1646 Potosi 1 0 0 0 Adsorption Filter ‐‐

1653 Potosi 2 0 0 0 Adsorption Filter ‐‐

1661 Potosi 2 0 0 0 Adsorption Filter 2

1662 Potosi 2 0 0 0 Adsorption Filter ‐‐ Shares well with 1661

1663 Potosi 2 0 0 0 Adsorption Filter ‐‐ Shares well with 1661

1667 Potosi 1 0 0 0 Adsorption Filter ‐‐

20270 Potosi 2 0 0 0 Adsorption Filter ‐‐

20300 Potosi 1 0 0 0 Adsorption Filter ‐‐

20305 Potosi 1 0 0 0 Adsorption Filter ‐‐

20321 Potosi 1 0 0 0 Adsorption Filter ‐‐

20325 Potosi 1 0 0 0 Adsorption Filter ‐‐

20326 Potosi 1 0 0 0 Adsorption Filter ‐‐

20327 Potosi 1 0 0 0 Adsorption Filter ‐‐

20328 Potosi 1 0 0 0 Adsorption Filter ‐‐

20329 Potosi 1 0 0 0 Adsorption Filter ‐‐

20330 Potosi 1 0 0 0 Adsorption Filter ‐‐
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU

20331 Potosi 1 0 0 0 Adsorption Filter ‐‐

20332 Potosi 2 0 0 0 Adsorption Filter ‐‐

20335 Potosi 1 0 0 0 Adsorption Filter ‐‐

20337 Potosi 1 0 0 0 Adsorption Filter ‐‐

20338 Potosi 1 0 0 0 Adsorption Filter ‐‐

20339 Potosi 2 0 0 0 Adsorption Filter ‐‐

20340 Potosi 0 0 0 0 No Filter ‐‐ Shares well with Unknown Property ID 2

20343 Potosi 2 0 0 0 Adsorption Filter ‐‐

20344 Potosi 1 0 0 0 Adsorption Filter ‐‐

20353 Potosi 1 0 0 0 Adsorption Filter ‐‐

20362 Potosi 1 0 0 0 Adsorption Filter 2 Shares well with 20495

20373 Potosi 1 0 0 0 Adsorption Filter ‐‐

20379 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20496

20380 Potosi 1 0 0 0 Adsorption Filter ‐‐

20390 Potosi 1 0 0 0 Adsorption Filter ‐‐

20393 Potosi 1 0 0 0 Adsorption Filter ‐‐

20396 Potosi 1 0 0 0 Adsorption Filter ‐‐

20397 Potosi 1 0 0 0 Adsorption Filter ‐‐

20410 Potosi 1 0 0 0 Adsorption Filter ‐‐

20412 Potosi 0 2 0 0 RO 1 ‐‐

20414 Potosi 1 0 0 0 Adsorption Filter ‐‐

20424 Potosi 1 0 0 0 Adsorption Filter ‐‐

20425 Potosi 2 0 0 0 Adsorption Filter ‐‐

20427 Potosi 1 0 0 0 Adsorption Filter ‐‐

20432 Potosi 1 0 0 0 Adsorption Filter ‐‐

20435 Potosi 2 0 2 0 RO ‐‐

20455 Potosi 1 0 0 0 Adsorption Filter ‐‐

20459 Potosi 1 0 0 0 Adsorption Filter ‐‐

20464 Potosi 1 0 1 0 RO ‐‐

20465 Potosi 1 0 0 0 Adsorption Filter ‐‐

20467 Potosi 1 0 0 0 Adsorption Filter ‐‐

20471 Potosi 1 0 0 0 Adsorption Filter ‐‐

20481 Potosi 1 0 0 0 Adsorption Filter ‐‐

20486 Potosi 1 0 0 0 Adsorption Filter ‐‐

20494 Potosi 1 0 0 0 Adsorption Filter ‐‐

20495 Potosi 1 0 0 0 Adsorption Filter 2

20496 Potosi 1 0 0 0 Adsorption Filter ‐‐

20497 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20496

20503 Potosi 1 0 0 0 Adsorption Filter ‐‐

20508 Potosi 1 0 0 0 Adsorption Filter ‐‐

20517 Potosi 2 0 0 0 Adsorption Filter ‐‐

20519 Potosi 1 0 0 0 Adsorption Filter ‐‐

20571 Potosi 1 0 0 0 Adsorption Filter ‐‐

20576 Potosi 1 0 0 0 Adsorption Filter 3

20591 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20592

20592 Potosi 1 0 0 0 Adsorption Filter ‐‐

20594 Potosi 2 0 0 0 Adsorption Filter ‐‐

20600 Potosi 1 0 0 0 Adsorption Filter ‐‐

20603 Potosi 1 0 0 0 Adsorption Filter ‐‐

20604 Potosi 1 0 0 0 Adsorption Filter ‐‐

20607 Potosi 2 0 0 0 Adsorption Filter ‐‐

20613 Potosi 1 0 0 0 Adsorption Filter ‐‐

20618 Potosi 1 0 0 0 Adsorption Filter ‐‐

20625 Potosi 1 0 0 0 Adsorption Filter ‐‐

20637 Potosi 1 0 0 0 Adsorption Filter ‐‐

20638 Potosi 1 0 0 0 Adsorption Filter ‐‐

20669 Potosi 1 0 0 0 Adsorption Filter ‐‐

20701 Potosi 1 0 0 0 Adsorption Filter ‐‐

20731 Potosi 2 0 0 0 Adsorption Filter ‐‐

20767 Potosi 1 0 0 0 Adsorption Filter 2

20775 Potosi 1 0 0 0 Adsorption Filter ‐‐

20832 Potosi 1 0 0 0 Adsorption Filter ‐‐

20833 Potosi 1 0 0 0 Adsorption Filter 2
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Appendix A
Pilot Program for Selection of POU Devices

POU Selection by Individual Property ID

Lead Barium Cadmium Arsenic

Multiple 

Units?
CommentsProperty ID Location

# of Samples Exceeding the Action Level
POU

20837 Potosi 1 0 0 0 Adsorption Filter ‐‐

20838 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20837

20868 Potosi 2 0 0 0 Adsorption Filter ‐‐

20882 Potosi 1 0 0 0 Adsorption Filter ‐‐

20916 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20917

20917 Potosi 1 0 0 0 Adsorption Filter ‐‐

20941 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20837

21034 Potosi 1 0 0 0 Adsorption Filter ‐‐

23064 Potosi 1 0 0 0 Adsorption Filter ‐‐

23269 Potosi 2 0 0 0 Adsorption Filter ‐‐

23426 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 23427

23427 Potosi 1 0 0 0 Adsorption Filter ‐‐

23428 Potosi 2 0 0 0 Adsorption Filter ‐‐

23429 Potosi 1 0 0 0 Adsorption Filter ‐‐

23438 Potosi 1 0 0 0 Adsorption Filter ‐‐

23442 Potosi 1 0 0 0 Adsorption Filter ‐‐

23474 Potosi 1 0 0 0 Adsorption Filter ‐‐ Shares well with 20604

23482 Potosi 1 0 0 0 Adsorption Filter ‐‐

23564 Potosi 1 0 0 0 Adsorption Filter ‐‐

23566 Potosi 0 0 0 0 No Filter ‐‐

23569 Potosi 2 0 0 0 Adsorption Filter ‐‐

23594 Potosi 1 0 0 0 Adsorption Filter ‐‐

23611 Potosi 2 0 0 0 Adsorption Filter ‐‐

23612 Potosi 0 0 0 0 No Filter ‐‐

23658 Potosi 1 0 0 0 Adsorption Filter ‐‐

23672 Potosi 0 1 0 0 RO 1 ‐‐

23712 Potosi 1 0 0 0 Adsorption Filter ‐‐

24019 Potosi 2 0 0 0 Adsorption Filter ‐‐

24055 Potosi 2 0 0 0 Adsorption Filter ‐‐

24059 Potosi 1 0 0 0 Adsorption Filter ‐‐

24080 Potosi 2 0 0 0 Adsorption Filter ‐‐

24082 Potosi 1 0 0 0 Adsorption Filter ‐‐

24124 Potosi 1 0 0 0 Adsorption Filter ‐‐

24125 Potosi 1 0 0 0 Adsorption Filter ‐‐

636 Furnace Creek 1 0 0 0 Adsorption Filter ‐‐

1: Lead Sample does not exceed 15 µg/L, but either Barium, Cadmium, or Arsenic exceeds the MCL

2: Shares well with unknown Property ID, Adsorption Filter assigned based on results

20125: 2 Wells on the Property

POU Device Selection: If the Lead result exceeded the action level of 15 µg/L and any additional analytes exceeded their MCL, then a RO Unit was selected. If

Lead was the only analyte to exceed the action level, then an Adsorption Filter was seleted. If Lead did not exceed the action level, but other analytes exceeded

their MCL, then a RO was selected.  If no samples exceeded an action level, then No Filter was selected

Page 6 of 6
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1.0 INTRODUCTION 

The U.S. Environmental Protection Agency (EPA) Region 7 Superfund Division tasked Tetra Tech 

EM Inc., (Tetra Tech), under Superfund Technical Assessment and Response Team (START) 3 Contract 

No. EP-S7-06-01, Task Order Nos. 0144 through 0147, to provide sampling support for a large-scale pilot 

study in Washington County, Missouri, to evaluate lead in residential drinking water and alternative water 

systems to the point of use (POU) carbon filtration systems currently installed at residences near lead mine 

sites throughout the county.  This study was conducted by EPA Region 7 in conjunction with EPA’s Office 

of Research and Development (ORD) National Risk Management Research Laboratory (NRMRL).  

Analyses were performed at EPA’s Test & Evaluation (T&E) facility in Cincinnati, Ohio, operated by 

Shaw Environmental and Infrastructure, Inc. (Shaw).  Split samples were also collected for comparison 

analysis by the EPA Region 7 laboratory in Kansas City, Kansas. 

Four Superfund mine waste sites are located in Washington County.  In 2008, three of the sites (Old  

Mines, Potosi, and Richwoods) were placed on the National Priorities List (NPL) due to lead 

contamination in groundwater.  Investigation at the fourth site (Furnace Creek) is in progress.  At the time 

of this pilot study, approximately 270 residences at these sites were receiving bottled water supplied by 

EPA or had previously allowed EPA to install Culligan carbon filtration POU filters in their kitchen sinks. 

The POU study was designed to provide water quality data to assist EPA in deciding whether POU filter 

systems should be installed at residences currently receiving bottled water, or whether other technologies 

might be more effective.   

EPA elected to collect water well samples at 27 of the 270 residences in order to obtain data from 

10 percent of the locations in the study area.  START was tasked to assist in selection of sampling 

locations, obtain access from property owners, and collect the water samples.  Among the 27 residences to 

be sampled were eight where POU units had been installed.  Only one residence in the Furnace Creek area 

(EPA Property Identification Number FRCK-636) was receiving bottled water, and thus it was selected.  

The remaining 18 locations were selected proportional to the number of residences receiving bottled water 

in each of the three remaining areas.  That is, about 16 percent (4) were selected from the Richwoods area, 

38 percent (7) were selected from the Old Mines area, and 43 percent (7) were selected from the Potosi 

area.   

The geology and well depths included in the Hazard Ranking System (HRS) scoring packages for the three 

NPL sites were reviewed to ensure that samples from different sections of the aquifer (different bedrock 

units) were collected, if possible.  In addition, the sampling data for locations receiving bottled water were 

reviewed to determine what metals concentrations exceeded maximum contaminant levels (MCL).  It was 
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determined that all locations receiving bottled water had lead concentrations in groundwater above the 

action level of 15 micrograms per liter (µg/L) or cadmium concentrations above the 5 µg/L MCL.  

Consideration was also given to selecting some sampling locations where other metals had been identified 

at concentrations above their respective MCLs.  Two locations were selected where cadmium had been 

detected over its 5 µg/L MCL; however, only one of these could be sampled (Location 20435).  Access 

could not be arranged to sample the second selected location.  One location was selected where the barium 

concentration exceeded the 2,000 µg/L MCL; however, access could not be obtained for this location.  The 

highest previous barium concentrations detected at the sampled locations were 1,790 µg/L at Location 

40140 and 1,770 µg/L at Location 20199.  Remaining sample locations were then selected based on 

geographic distribution within the study area.  Typically, several wells were present in any area, and 

locations were selected randomly from within the local geographic area, with preference given to locations 

near main highways.  One nearby alternate location was selected for each of the 18 locations in the event 

that interior access could not be obtained.  START was able to sample 10 of the 18 pre-selected locations 

(including FRCK-636) and four of the designated alternate locations.  Five additional alternate locations 

were substituted in the field for locations where access could not be obtained at either the pre-selected 

primary or alternate locations.  A second location (30924) where cadmium had been detected at a 

concentration above the MCL was also selected.  It replaced a lead-contaminated sample location about 

3 miles to the north.  The other alternate locations were typically within about 0.5 mile of the originally 

selected location.   

2.0 SITE BACKGROUND INFORMATION 

The POU study area encompassed approximately 384 square miles in Washington County, Missouri 

(see Figure 1, Appendix A).  This area is the sum of the study areas previously identified by EPA as the 

Richwoods, Old Mines, Potosi, and Furnace Creek sites.  The study areas are locations of historical, 

large-scale mining operations.  These areas are primarily rural, with scattered residences and a few 

commercial businesses generally located along highways.  Lead, zinc, iron ore, silver, and barite have been 

mined in these areas. 

Washington County is in southeastern Missouri, on the northwest side of the St. Francois Mountains, 

which form the core of the Ozark Uplift.  Precambrian-aged rocks (particularly granites and volcanic 

rocks) are exposed in the St. Francois Mountains, with some of these rocks extending into southeastern 

Washington County.  Cambrian or Ordovician-aged dolomites with lesser amounts of shales, limestones, 

and sandstones are typically the uppermost bedrock in Washington County.  In the study areas, bedrock 

units generally range in age from the Ordovician-aged Roubidoux Formation to the Cambrian Potosi  
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Dolomite; however, older units may be exposed in stream valleys.  Several major structural trends and fault 

systems are present in the county, and blocks of bedrock have been moved up or down relative to each 

other.  Mine shafts, as well as solution weathering and fractures have created channels and conduits for 

groundwater movement within the aquifer (U.S. Department of Agriculture [USDA] 2003).   

The Ordovician-aged Roubidoux Formation and Gasconade Dolomite, along with the underlying 

Cambrian-aged Eminence and Potosi Dolomites, form the lower part of the Ozark Aquifer.  The Ozark 

Aquifer is the source of most domestic water wells in the area.  The underlying Elvins Group 

(Derby-Doerun Dolomite and Davis Formation) form the base of the Ozark Aquifer and confining unit for 

the St. Francois Aquifer.  The St. Francois Aquifer is typically not used as a water source in areas where 

the prolific Ozark Aquifer is present.  In Washington County, wells are typically completed as open holes 

in bedrock; consequently, wells could produce from both the Ozark Aquifer and the St. Francois Aquifer.  

Currently, 80 feet of surface casing is typically installed in wells; however, older wells may have less 

casing (Miller and Vandike 1997). 

Washington County is characterized by rugged terrain.  An elevation difference of over 1,000 feet occurs 

across the county; however, elevations locally may vary by about 200 feet (USDA 2003).  The climate in 

Washington County, Missouri, is characterized by cool winters and hot summers.  The average daily 

maximum temperature is 88 degrees Fahrenheit (°F) in the summer and 31°F during the winter.  Total 

annual precipitation is about 39.33 inches, with 47 percent (18.7 inches) falling between April and 

September (USDA 2003). 

3.0 SITE ACTIVITIES 

Residential well sampling activities were conducted in October 2009 by START team members (STM) 

Greg Blattner and Jason Heflin.  Samples from the 27 locations were sent to EPA’s T&E facility in 

Cincinnati, Ohio, for all analyses.  Split samples for metals analysis were collected at four locations under 

Analytical Services Request (ASR) number 4693 and sent to the EPA Region 7 laboratory in Kansas City, 

Kansas.  Table 1 summarizes the residential well addresses, EPA property identification numbers, dates 

sampled, and the sample locations and corresponding sample numbers.  Figure 2 in Appendix A shows the 

locations of the sampled residences, which of these locations had Culligan POU filters installed, and where 

split samples were collected.  A copy of START’s logbook is provided in Appendix B.  

  

GM-2 
107/323



 

X9004.09.0144, 0145, 0146, and 0147 4 

TABLE 1 
 

RESIDENTIAL WELL SAMPLE SUMMARY 
WASHINGTON COUNTY POINT OF USE STUDY – WASHINGTON COUNTY, MISSOURI 

 
Location Sampled and Corresponding Sample Number EPA Property 

Identification 
Mine Waste Area Sampled Address 

Latitude  

(Degrees North) 

Longitude  

(Degrees West) 
Sample Date Unpurged Culligan 

Tap 
Purged Culligan 

Tap 
Unpurged Sink Faucet Purged Sink Faucet 

Additional Samples 
Collected 

Samples Collected at Residences Having Culligan Point-of-Use Filtration Systems 

123 Potosi 11652 E. State Hwy E. 37.95754 90.74033 10/26/2009 ORD-13 ORD-14 ORD-132 ORD-133  
555 Potosi 10092 Warden Lake Dr. 37.94.81 90.72861 10/19/2009 ORD-1 ORD-2 ORD-102 ORD-103,  

20594 Potosi 10149 Laramarque Dr. 37.99488 90.7392117 10/20/2009 ORD-7/7FD ORD-8/8FD ORD-108/108FD ORD-109/109FD  

20613a Potosi 10488 Shepard Rd. 37.9841667 90.7604583 10/23/2009 ORD-9 ORD-10 ORD-124 
4693-4 

ORD-125 
4693-5  

20868 Old Mines 10614 N. Dogpatch Rd. 38.1956 90.71677 10/19/2009 ORD-3 ORD-4 ORD-104 ORD-105  
24019 Potosi 10797 Laramarque Dr. 37.98997 90.74809 10/20/2009 ORD-5 ORD-6 ORD-106 ORD-107  

24055a Potosi 12222 Gun Club Rd. 37.96299 90.81494 10/23/2009 ORD-11 ORD-12 ORD-128 
4693-8 

ORD-129 
4693-9  

40015 Richwoods 14377 W. State Hwy 47 38.12320 90.77866 10/28/2009 ORD-15 ORD-16 ORD-146 ORD-147  
Samples Collected at Residences Receiving Bottled Water 

20332 Potosi 10090 Shore Dr. 37.93527 90.806685 10/21/2009 NA NA ORD-112 ORD-113  
20425 Potosi 10513 Miller Rd. 37.96746 90.77184 10/21/2009 NA NA ORD-114 ORD-115  
20435 Potosi 10248 Keyes Branch Rd. 37.95713 90.75861 10/19/2009 NA NA ORD-100 ORD-100  
20459 Potosi 14243 E. State Hwy E 37.98760 90.72091 10/21/2009 NA NA ORD-116 ORD-117  
20517 Potosi 10994 E. State Hwy E 37.95254 90.75086 10/29/2009 NA NA ORD-152 ORD-153  
23428 Potosi 10066 Nugget Rd. 37.92219 90.75924 10/27/2009 NA NA ORD-136 ORD-137/137FD  
24080 Potosi 12019 Sunwood Rd. 37.92693 90.80856 10/21/2009 NA NA ORD-118 ORD-119  
20199 Old Mines 10752 Mystic Rd. 38.01986 90.74503 10/29/2009 NA NA ORD-150 ORD-151  
30090 Old Mines 17614 State Hwy F 38.02624 90.83862 10/22/2009 NA NA ORD-120 ORD-121  
30312 Old Mines 10148 Autumn Rd. 38.06864 90.73505 10/20/2009 NA NA ORD-110 ORD-111  

30412a Old Mines 10502 Peppersville Rd. 38.06873 90.71959 10/22/2009 NA NA ORD-122 
4693-1 

ORD-123 (Inside) 
4693-2 

ORD-123 (Outside) 
4693-3 

30541 Old Mines 15568 State Hwy F 38.003 90.82249 10/27/2009 NA NA ORD-140 ORD-141  
30924 Old Mines 19385 N. State Hwy 21 38.05744 90.76101 10/26/2009 NA NA ORD-130 ORD-131 (Unfiltered) ORD-131 (Filtered) 
30513 Old Mines 11695 Lakeshore Dr. 38.04562 90.66862 10/28/2009 NA NA ORD-144 ORD-145  
20158 Richwoods 10952 Click Rd. 38.18205 90.841365 10/26/2009 NA NA ORD-134 ORD-135  
40034 Richwoods 10880 Providence Rd. 38.19728 90.81641 10/28/2009 NA NA ORD-148 ORD-149  
40140 Richwoods 10172 Turtle Rd. 38.16844 90.81769 10/27/2009 NA NA ORD-138 ORD-139/139FD  

40159 Richwoods 10192 Calico Rd. 38.12638 90.77485 10/27/2009 NA NA ORD-142 ORD-143-S (Filtered) ORD-143-US (Filtered) 
ORD-143-USUF 

FRCK-636a Furnace Creek 13340 John Smith Rd. 37.87123 90.73136 10/23/2009 NA NA ORD-126 
4693-6 

ORD-127 
4693-7  

 
Notes: 
 
Sample numbers labeled with the prefix ORD- were sent to EPA’s Test and Evaluation facility for analysis; those labeled with the prefix 4693- were split samples sent to EPA’s Region 7 Laboratory. 
 
a Locations where split samples were collected for analysis by EPA Region 7 laboratory 
 
EPA U.S. Environmental Protection Agency   ORD Office of Research and Development 
FD Field duplicate   FRCK Furnace Creek 
NA Not applicable (no Culligan unit) 
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During residential well sampling from October 19 through 29, 2009, STMs Blattner and Heflin collected 

80 groundwater samples from 27 residential domestic wells.  Where POU systems had been installed, 

START collected samples from the Culligan POU tap before purging standing water from the unit 

(unpurged).  A second sample was collected after purging the POU unit.  At each residence, samples were 

also collected from the kitchen sink faucet before and after purging.  Residents had been asked not to use 

the POU tap for at least 4 hours prior to sampling that day; however, these durations of non use varied per 

location.  The time the unit had been unused, as well as the purge times at each sampling location, were 

recorded on field sheets for all locations.  These field sheets are included in Appendix C.  Homeowner 

questionnaires, which included information regarding the household water systems, are also included with 

the field sheets in Appendix C.   

At several locations, residents had installed water softeners or filters; consequently, additional samples 

were collected at those properties so that EPA could evaluate the effects of those systems.  At 

Location 30924, a non-Culligan filtered water sample (ORD-131 Filtered) was collected.  Also, samples 

were collected of softened and filtered water (ORD-143-S Filtered), the unsoftened but filtered water 

(ORD-143-US Filtered), and unsoftened and unfiltered water (ORD-143-USUF) at Location 40159.  At 

Location 30412, a split sample (4693-3) was collected of purged, unsoftened water at an outside spigot 

(ORD-123 Outside).   

The following is an outline of the routine sampling procedures followed by START: 

Unpurged Culligan POU Treatment Samples 

1. Completed property identification information on field sheet and homeowner questionnaire.  
Determined the approximate time elapsed since the POU carbon filtration unit last had been used 
(4 or more hours, if possible).  Recorded this information on the field sheet, along with the 
approximate date that the filter last had been replaced. 

2. Turned on filtered water and immediately filled one 150-milliliter (mL) high-density polyethylene 
(HDP) container pre-preserved with nitric acid (HNO3) for analysis for total metals. 

3. Filled a 0.45-micron Nalgene filter container with unpurged water from POU filtration unit.  Drew 
unfiltered water from the Nalgene container using a new syringe.  Attached a solid-phase 
micro-extraction (SPME) cartridge to the syringe and pushed water through the SPME cartridge 
using a low-volume peristaltic pump, collecting the sample in a 150-mL HDP container 
pre-preserved with HNO3 for total arsenic III/V analysis.   

4. Filtered the remaining water through the Nalgene filter using a hand pump.  Drew a sample of the 
filtered water into a new syringe.  Attached a SPME cartridge to the syringe and pushed water 
through the SPME cartridge using a low-volume peristaltic pump, collecting the sample in a 
150-mL HDP container pre-preserved with HNO3 for dissolved arsenic III/V analysis. 
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5. Transferred the remaining filtered water to one 150-mL HDP container pre-preserved with HNO3 
for analysis for dissolved metals.  

Purged Culligan POU Treatment Samples 

Before the appropriate sample containers were filled with purged water, water was allowed to run through 

the POU filtration unit for at least 5 minutes to ensure that the filtration unit and any water lines or holding 

tanks had been purged, and the well was drawing water from the aquifer. 

1. Repeated the procedure for collection of the unpurged metals samples.  Collected one 150-mL 
HDP container pre-preserved with HNO3 for total metals analysis.   

2. Filled a new 0.45-micron Nalgene filter container with purged water from filtration unit.  Drew 
unfiltered water from the Nalgene container into a new syringe.  Attached a SPME cartridge to the 
syringe and pushed water through the SPME cartridge, collecting the sample in a 150-mL HDP 
container pre-preserved with HNO3 for total arsenic III/V analysis.   

3. Filtered remaining water through the Nalgene filter using a hand pump.  Drew a sample of the 
filtered water into a new syringe.  Attached a SPME cartridge to the syringe and pushed water 
through the SPME cartridge, collecting the sample in a 150-mL HDP container pre-preserved with 
HNO3 for dissolved arsenic III/V analysis.    

4. Transferred the remaining filtered water to one 150-mL HDP container pre-preserved with HNO3 
for analysis for dissolved metals. 

Unpurged, Untreated Well Water Samples 

1. Completed property identification information on field sheet and homeowner questionnaire.  
Indicated whether well was in use or approximately how long since well last had been used. 

2. Turned on water and immediately filled one 150-mL HDP container pre-preserved with HNO3 for 
analysis for total metals. 

3. Filled a new 0.45-micron Nalgene filter container with unpurged water from kitchen faucet.  Drew 
unfiltered water from the Nalgene container using a new syringe.  Attached a SPME cartridge to 
the syringe and pushed water through the SPME cartridge, collecting the sample in a 150-mL HDP 
container pre-preserved with HNO3 for total arsenic III/V analysis.   

4. Filtered the remaining water through the Nalgene filter using a hand pump.  Drew a sample of the 
filtered water into a syringe.  Attached a SPME cartridge to the syringe and pushed water through 
the SPME cartridge, collecting the sample in a 150-mL HDP container pre-preserved with HNO3 
for dissolved arsenic III/V analysis.   

5. Transferred the remaining filtered water to one150-mL polypropylene container pre-preserved with 
HNO3 for analysis for dissolved metals. 
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Purged, Untreated Well Water Samples 

Before the appropriate sample containers were filled with purged water, water was allowed to run for at 

least 5 minutes to ensure that any water lines or holding tanks had been purged, and the well was drawing 

water from the aquifer. 

1. Repeated the procedure for collection of the unpurged metals samples.  Collected one 150-mL 
HDP container pre-preserved with HNO3 for total metals analysis.  

2. Filled a new 0.45-micron Nalgene filter container with purged water from filtration unit.  Drew 
unfiltered water from the Nalgene container into a new syringe.  Attached a SPME cartridge to the 
syringe and pushed water through the SPME cartridge, collecting the sample in a 150-mL HDP 
container pre-preserved with HNO3 for total arsenic III/V analysis.    

3. Filtered remaining water through the Nalgene filter using a hand pump.  Drew a sample of the 
filtered water into a new syringe.  Attached a SPME cartridge to the syringe and pushed water 
through the SPME cartridge, collecting the sample in a 150-mL HDP container pre-preserved with 
HNO3 for dissolved arsenic III/V analysis.   

4. Transferred the remaining filtered water to one 150-mL HDP container pre-preserved with HNO3 
for analysis for dissolved metals. 

5. Collected two unpreserved 40-mL amber vials for anions analysis.  

6. Filled test kit containers for field analyses of hardness and chlorine; performed these analyses, and 
recorded the results on the field sheet.   

7. Collected three 40-mL amber vials pre-preserved with hydrochloric acid (HCl) for volatile organic 
compound (VOC) analysis. 

8. Collected two unpreserved 250-mL HDP containers for analysis for inorganic parameters 
(alkalinity, turbidity, total suspended solids, total dissolved solids). 

9. Collected one unpreserved 1-liter (L) amber container for analysis for semivolatile organic 
compounds (SVOC).   

10. Collected one 250-mL HDP container pre-preserved with sulfuric acid (H2SO4 ) for analysis for 
total organic carbon and nitrate/nitrite.   

11. Collected two unpreserved, 100-mL fecal coliform containers for E. Coli analysis.   

12. Collected sample in YSI water quality meter and allowed field parameters (temperature, pH, and 
conductivity) to stabilize.   

13. Recorded field parameters for temperature (degrees Celsius [oC]), pH, and conductivity 
(microsiemens per centimeter [μS/cm]) on the field sheet. 

Quality Assurance/ Quality Control (QA/QC) samples consisted of a field blank and field duplicate 

samples sent to the T&E facility, and split samples sent to the Region 7 EPA laboratory.  The field blank, 
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field duplicates, and split samples were collected to measure sampling and analytical precision.  All 

QA/QC samples were collected, preserved, and analyzed in the same manner as the samples discussed in 

Section 3.0. 

START shipped samples the evening of every day on which sampling had been conducted, due to short 

holding times for E. Coli analysis.  Split samples 4693-1 through -9 were shipped to the EPA Region 7 

laboratory on October 26, 2009.  The split samples were analyzed for total and dissolved metals only. 

4.0 SPLIT SAMPLE ANALYTICAL DATA SUMMARY 

The samples submitted to the EPA Region 7 laboratory were analyzed for more metals than were the 

samples submitted to the T&E facility.  Total and dissolved cobalt, copper, nickel, and zinc were reported 

in the EPA split samples, while antimony, barium, cadmium, lead, and manganese were reported for 

samples submitted to both laboratories.  The T&E Facility was to submit the results of its analyses to EPA 

in a separate report. 

Table 2 compares the metals results reported by both the T&E facility and EPA Region 7 laboratory for 

unpurged residential well samples.  Table 3 compares the metals results from both laboratories for the 

purged residential well samples.  Two of the contaminants of interest for this study, arsenic and cadmium, 

were not detected in any of the split samples.  Antimony was not detected by the EPA Region 7 laboratory 

above a detection limit of 2 µg/L, but it was reported by the T&E facility at up to 6 µg/L.  Analytical 

results are compared to established benchmarks in the Superfund Chemical Data Matrix (SCDM) and to 

EPA’s Regional Screening Concentrations for tap water (EPA 2004, 2009).   

Precision, a measure of the variability of a measurement system, is typically estimated by means of 

duplicate and replicate measurements, and is expressed in terms of relative percent difference (RPD).  

Precision of the analytical results is evaluated by calculating the RPD between results for split samples 

(EPA 2007).  The RPD is calculated as follows:  

100
2

21

21 x
XX

XX
RPD

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

+
−

=  

 
where:  
 

X1 and X2 equal the concentrations reported for the duplicate pair. 
 
Table 4 shows RPD calculations for barium and lead in split samples. 
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TABLE 2 
 

ANALYTICAL DATA SUMMARY FOR UNPURGED RESIDENTIAL WELL SAMPLES 
WASHINGTON COUNTY POINT OF USE STUDY – WASHINGTION COUNTY, MISSOURI 

 
EPA Property Identification, Sample Number, and Results (µg/L) Benchmark Values (µg/L) 

30412 20613 FRCK-636 24055 

T&E EPA T&E EPA T&E EPA T&E EPA Analyte 
SCDM 
MCL 

SCDM 
RfD 

SCDM 
CR 

RSL 
(tap water) ORD-122 4693-1 ORD-124 4693-4 ORD-126 4693-6 ORD-128 4693-8 

Metals – Dissolved 
Antimony 6 15 NE 15 4 2 U ND 2 U ND 2 U ND 2 U 
Barium 2,000 2,600 NE 7,300 1 10 U 488 504 436 453 1,187 1,240 
Cadmium 5 18 NE 18 ND 1 U ND 1 U ND 1 U ND 1.11 
Lead 15 NE NE NE ND 1.11 U 13 10.6 48 49.2 45 46.1 
Manganese NE 5,100 NE 880 ND 1 U 1 1 U ND 1 U 1 1 U 

Metals – Total 
Antimony 6 15 NE 15 5 2 U 2 2 U ND 2 U ND 2 U 
Barium 2,000 2,600 NE 7,300 2 10 U 489 510 434 473 1,179 1,260 
Cadmium 5 18 NE 18 ND 1 U ND 1 U ND 1 U ND 1.18 
Lead 15 NE NE NE ND 1 UJ 11 11.3 J 69 52.6 J 41 46.0 J 
Manganese NE 5,100 NE 880 ND 1 U 1 1 U ND 1 U 1 1 U 

 
Notes: 
 
Bold value indicates a concentration that exceeds a benchmark value. 
 
CR Cancer Risk Screening Concentration (from SCDM) 
EPA U.S. Environmental Protection Agency Region 7 laboratory 
FRCK Furnace Creek 
J The identification of the analyte is acceptable; the reported value is an estimate 
MCL Maximum contaminant level 
µg/L Micrograms per liter 
ND Not detected; reporting limits not provided by T&E facility 
NE Not established 
ORD Office of Research and Development 
RfD Reference Dose Screening Concentration (from SCDM) 
RSL Regional Screening Level (EPA 2009) 
SCDM Superfund Chemical Data Matrix (EPA 2004) 
T&E Test and Evaluation facility 
U The analyte was not detected at or above the reporting limit. 
UJ The analyte was not detected at or above the reporting limit.  The reporting limit is an estimate. 
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TABLE 3 
 

ANALYTICAL DATA SUMMARY FOR PURGED RESIDENTIAL WELL SAMPLES 
WASHINGTON COUNTY POINT OF USE STUDY – WASHINGTION COUNTY, MISSOURI 

 
EPA ID and Results (µg/L) Benchmark Values (µg/L) 

30412 20613 FRCK-636 24055 

T&E EPA T&E EPA T&E EPA T&E EPA T&E EPA Analyte 
SCDM 
MCL 

SCDM 
RfD 

SCDM 
CR 

RSL 
(tap 

water) ORD-123 
(Inside) 

4693-2 
ORD-123 
(Outside) 

4693-3 ORD-125 4693-5 ORD-127 4693-7 ORD-129 4693-9 

Metals – Dissolved 
Antimony 6 15 NE 15 4 2 U 6 2 U ND 2 U ND 2 U ND 2 U 
Barium 2,000 2,600 NE 7,300 1 10 U 53 53 463 477 448 459 1,185 1,230 
Cadmium 5 18 NE 18 ND 1 U ND 1 U ND 1 U ND 1 U ND 1.08 
Lead 15 NE NE NE ND 1 U 11 17.4 7 8.73 48 51.7 40 44.2 
Manganese NE 5,100 NE 880 ND 1 U 9 8.97 1 1 U 1 1 U 1 ND 

Metals – Total 
Antimony 6 15 NE 15 4 2 U 5 2 U ND 2 U ND 2 U ND 2 U 
Barium 2,000 2,600 NE 7,300 1 10 U 53 54.1 467 504 445 479 1,181 1,220 
Cadmium 5 18 NE 18 ND 1 U ND 1 U ND 1 U ND 1 U ND 1.07 
Lead 15 NE NE NE ND 1 UJ 17 19.4 J 10 9.46 J 48 54.2 J 47 44.3 J 
Manganese NE 5,100 NE 880 ND 1 U 8 8.77 1 1 U 1 1 U 1 1 U 
 
Notes: 
 
Bold value indicates a concentration that exceeds a benchmark value. 
 
CR Cancer Risk Screening Concentration (from SCDM) 
EPA U.S. Environmental Protection Agency Region 7 laboratory 
FRCK Furnace Creek 
J The identification of the analyte is acceptable; the reported value is an estimate 
MCL Maximum contaminant level 
µg/L Micrograms per liter 
ND Not detected; reporting limits not provided by T&E facility 
NE Not established 
ORD Office of Research and Development 
RfD Reference Dose Screening Concentration (from SCDM) 
RSL Regional Screening Level (EPA 2009) 
SCDM Superfund Chemical Data Matrix (EPA 2004) 
T&E Test and Evaluation facility 
U The analyte was not detected at or above the reporting limit. 
UJ The analyte was not detected at or above the reporting limit.  The reporting limit is an estimate. 
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TABLE 4 
 

RELATIVE PERCENT DIFFERENCE CALCULATIONS FOR BARIUM AND LEAD 
WASHINGTON COUNTY POINT OF USE STUDY – WASHINGTION COUNTY, MISSOURI 

 

Location Parameter/Sample 
EPA T&E Facility 

Result (µg/L) 
EPA Region 7 Laboratory 

Result (µg/L) 
RPD 

D/Barium – Purged 53 53 0 
T/Barium – Purged 53 54.1 2.05 
D/Lead – Purged 11 17.4 45.07 

30412 
(Outside) 

T/Lead – Purged 17 19.4 13.19 
D/Barium – Unpurged 488 504 3.23 
T/Barium –Unpurged 489 510 4.20 
D/Barium – Purged 463 477 2.98 
T/Barium – Purged 467 504 7.62 
D/Lead – Unpurged 13 10.6 20.34 
T/Lead –Unpurged 11 11.3 J 2.69 
D/Lead – Purged 7 8.73 22 

20613 

T/Lead – Purged 10 9.46 J 5.55 
D/Barium – Unpurged 436 453 3.82 
T/Barium –Unpurged 434 473 8.6 
D/Barium – Purged 448 459 2.43 
T/Barium – Purged 445 479 7.36 
D/Lead – Unpurged 48 49.2 2.47 
T/Lead –Unpurged 69 52.6 J 26.97 
D/Lead – Purged 48 51.7 7.42 

FRCK-636 

T/Lead – Purged 48 54.2 J 12.13 
D/Barium – Unpurged 1,187 1,240 4.37 
T/Barium –Unpurged 1,179 1,260 6.62 
D/Barium – Purged 1,185 1,230 3.73 
T/Barium – Purged 1,181 1,220 3.25 
D/Lead – Unpurged 45 46.1 2.41 
T/Lead –Unpurged 41 46 J 11.49 
D/Lead – Purged 40 44.2 9.98 

24055 

T/Lead – Purged 47 44.3 J 5.91 
 
Notes: 
 
Bold value indicates calculation exceeds the acceptable RPD goal of 25 percent. 
 
D Dissolved 
EPA U.S. Environmental Protection Agency 
J The identification of the analyte is acceptable; the reported value is an estimate. 
µg/L Micrograms per liter 
RPD Relative percent difference 
T Total 
T&E Test and Evaluation 
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A maximum RPD of 25% is required for the data to be considered acceptably precise.  RPDs shown on 

Table 4 were calculated for lead and barium concentrations at Locations 20613, FRCK-636, and 24055.  

No RPDs were calculated for the inside samples from Location 30412 because of the low concentrations of 

metals detected.  The RPD was calculated for the purged sample collected from the untreated well water at 

an exterior spigot (samples ORD-123 [Outside] and 4693-3).  The RPD for the dissolved lead from the 

purged sample exceeds the RPD goal; however, this is related to the low concentrations detected in the 

samples.  The T&E facility determined a dissolved lead concentration of 11 µg/L in this sample, compared 

to the estimated 17.4 µg/L determined by the EPA Region 7 laboratory. 

The RPD calculated for the unpurged, total lead sample collected from the kitchen sink at Location 

FRCK-636 in the Furnace Creek study area slightly exceeded the RPD goal of 25 percent.  The T&E 

facility determined a total lead concentration of 69 µg/L in this sample, compared to the estimated 

52.6 µg/L determined by the EPA Region 7 laboratory.  However, based on the RPDs calculated for the 

28 sample pairs overall, the data appears to meet the precision criteria. 
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Figure 2
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Section 1 
 

1.0 PROJECT DESCRIPTION AND OBJECTIVES 
 
1.1  ENVIRONMENTAL SYSTEM 
U.S. Environmental Protection Agency (EPA) Office of Research and Development (ORD) 
National Risk Management Research Laboratory (NRMRL) and EPA Region VII are conducting 
a large scale lead (Pb) in drinking water (DW) alternative water system (AWS) Point of Use 
(POU) pilot study.  Four mine waste areas in Washington County, Missouri have metals in 
private drinking water wells above the regulatory limits as shown in Table 1-1.  Households in 
Potosi, Richwoods, Old Mines, and Furnace Creek mine waste areas are receiving bottled water 
as a temporary, short term AWS.  Homeowners with contaminated wells will receive POU 
treatment units as a mid-term AWS until a permanent long-term AWS becomes available.  
Private wells in representative geologic formations will be sampled to determine the water 
quality characteristics and the types of POU devices that will be installed in Washington County. 
 

Table 1-1.  Well Water Metals Exceeding Action Levels 

Analyte 
Regulatory 
Standard 

Action Level 
(µg/L) 

Washington County Wells 
Maximum Concentration 

(µg/L) 
Antimony MCL 6 10 
Barium MCL 2,000 9,290 
Cadmium MCL 5 31.5 
Iron SMCL 300 613 
Lead MCL 15 808 
Manganese SMCL 50 2,800 
Thallium MCL 2 7 

 
Shaw Environmental and Infrastructure, Inc. (Shaw) will support the EPA through this work 
assignment to characterize the water quality in a minimum of 27 well waters that are 
representative of approximately 270 homes in four Missouri mine waste locations in EPA 
Region VII.  The 27 (10% of 270) private well sample locations will be selected in Washington 
County, Missouri as representative of the hydrogeology in the area.   
 
The Tetra Tech EM, Inc. (Tetra Tech) Superfund Technical Assessment and Response Team 
(START) has been tasked by EPA Region VII to provide sampling support for this study.  Tetra 
Tech will obtain access permission from property owners to collect water samples from the 27 
drinking water wells.  This number will include approximately 8 residences where EPA has 
installed Culligan POU carbon filtration units at the kitchen sinks.  Tetra Tech will coordinate 
the sampling effort with homeowners as appropriate and record supplemental data regarding the 
type of water source at these facilities.  In order to perform the analysis in a timely manner, Shaw 
will order sample containers and preservatives to be shipped directly to the sampling locations 
for use by Tetra Tech. 
 
Shaw will analyze water samples shipped by Tetra Tech for project-specific water quality 
parameters in accordance with the analytical methods specified in this Quality Assurance Project 
Plan (QAPP).  These water samples will be analyzed at the laboratories located in the EPA Test 
& Evaluation (T&E) Facility in Cincinnati, Ohio.  Field parameters will be analyzed by Tetra 
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Section 1 
 

Tech at the sampling locations. 
 
1.2 PROJECT OBJECTIVES 
The objectives of this project are to collect water samples from the selected households in the 
mine waste area, conduct field measurements of the collected water samples, and to analyze the 
collected water samples for total metals, dissolved metals, anions, inorganic parameters, total 
organic carbon (TOC), microbiological parameters, and volatile and semi-volatile organic 
compound (VOC and SVOC) parameters. 
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2.0 ORGANIZATION AND RESPONSIBILITIES 
 
2.1  PROJECT ORGANIZATION 
Figure 2-1 depicts the project organizational chart for this study.  Table 2-1 presents the roles 
and responsibilities of the various project personnel.  Dr. John C. Ireland serves as the EPA T&E 
Contract Project Officer.  Mr. Craig L. Patterson, P.E., the EPA Work Assignment Manager 
(WAM) for this study, is responsible for overall technical direction and adhering to the 
guidelines of the QAPP.  Mr. Steve Harmon, the EPA Quality Assurance Manager (QAM), is 
responsible for review of QA documents and QA project assessments.  Mr. Craig Smith from 
EPA Region VII will provide direction and coordination with EPA Region VII for this project. 
 
Mr. Radha Krishnan, P.E., serves as the Shaw Program Manager for the T&E Contract.  Mr. 
Krishnan's QA responsibilities include project coordination and planning and document peer 
review.  Mr. Rajib Sinha, P.E., Shaw’s Project Leader (PL), is responsible for ensuring daily 
implementation of the requirements of the QAPP, daily project coordination and planning for 
Shaw personnel, preparation of project documents, coordination of Shaw personnel training 
concerning the requirements of the QAPP, and coordinating daily project activities.  Mr. Steven 
Jones is the Shaw QAM.  Mr. Jones is responsible for QA review of documents, 
nonconformance and/or technical changes, and QA validation (as requested) of generated 
laboratory data and project assessments.   
 
Contaminant analyses at the T&E Facility will be performed by the following Shaw Project 
Scientists: Mr. Kit Daniels, Mr. Lee Heckman, Dr. Nur Muhammad, and Ms. Jill Webster.  Dr. 
Shekar Govindaswamy, Lakeshore Engineering Services (LES), Shaw subcontractor, will also be 
responsible for performing contaminant analyses.  The project staff will be responsible for 
maintaining satisfactory documentation, performing data reduction, and following the 
requirements of the QAPP in all aspects of this project. 
 
Mr. Colin Willits will serve as the Project Manager for Tetra Tech and will oversee the sampling 
effort and data integration into existing EPA databases.  Ms. Jenna Mead, R.G. of Tetra Tech 
will provide coordination of the field sampling effort and for required field analyses. 
 
2.2  PROJECT SCHEDULE 
Sampling for this study is expected to commence on October 19, 2009, and continue through 
November 6, 2009.  Laboratory analysis will commence upon receiving the samples and will 
continue until all results have been obtained within the holding time for each method. 
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Table 2-1.  Project Roles and Responsibilities 

Name of 
Person/Affiliation 

 
Project Role 

 
Phone Number, email 

John C. Ireland/EPA EPA Contract Project Officer/ 
Contract requirements 

513-569-7413, 
Ireland.John@epa.gov  

Craig L. Patterson/EPA EPA Work Assignment 
Manager/ QAPP, data 
reduction/reporting 

513-487-2805, 
Patterson.Craig@epa.gov  

Steve Harmon/EPA EPA QA Manager/ QAPP 
requirements 

513-569-7184, 
Harmon.Stephen@epa.gov  

Craig Smith/EPA Region 
VII 

EPA Region VII Work 
Assignment Manager/Project 
Coordinator 

913-548-7000 
Smith.Craig@epamail.epa.gov  

E. Radha Krishnan/Shaw Shaw Program Manager/ 
Project leadership/peer review 

513-782-4730, 
Radha.Krishnan@shawgrp.com  

Rajib Sinha/Shaw Shaw Project Leader/ Project 
direction 

513-782-4964, 
Rajib.Sinha@shawgrp.com  

Steven Jones/Shaw Shaw QAM/ QAPP 
requirements 

513-782-4655, 
Steve.S.Jones@shawgrp.com  

Kit Daniels/Shaw Shaw Project Scientist/ 
Chemical Analyses 

513-569-7018, 
Kit.Daniels@shawgrp.com  

Lee Heckman/Shaw Shaw Project Scientist/ 
Microbiological Analyses 

513-569-7065,  
John.Heckman@shawgrp.com 

Nur Muhammad/Shaw Shaw Project Scientist/ 
Microbiological Analyses 

513-487-2808 
Nur.Muhammad@shawgrp.com 

Jill Webster Shaw Project Scientist/ 
Chemical Analyses 

513-487-2822 
Jill.Webster@shawgrp.com 

Shekar Govindaswamy/ 
LES 

LES Project Scientist/ 
Chemical Analyses 

513-569-7459, 
Govindaswamy.Shekar@epa.gov  

Colin Willits/Tetra Tech Tetra Tech/ Project 
Manager/Sampling 
Coordination and Data 
Management 

(816) 412-1785 
colin.willits@ttemi.com 

Jenna Mead/Tetra Tech Tetra Tech/Scientist/ 
Contaminant sampling 

816.412.1771  
jenna.mead@ttemi.com 
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EPA Project Officer 
John C. Ireland, Ph.D. 

EPA Work Assignment Manager 
Craig L. Patterson, P.E. 

EPA QA Manager 
Steve Harmon 

Shaw Project Leader 
Rajib Sinha, P.E. 

Shaw Program Manager 
E. Radha Krishnan, P.E. 

Shaw Project Personnel 
Shekar Govindaswamy, Ph.D. (LES) 

Kit Daniels 
Nur Muhammad, Ph.D., P.E. 

Lee Heckman 
Jill Webster

Shaw Operations Manager 
Paul C. Kefauver 

Shaw QA Manager 
Steven Jones 

EPA Region VII Work 
Assignment Manager 

Craig Smith 

Tetra Tech 
Collin Willits 
Jenna Mead 

 
Figure 2-1:  Project Organization Chart 
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3.0 SCIENTIFIC APPROACH 
 
3.1  SAMPLING DESIGN 
 
Figure 3-1 presents a map of the sampling area.  Figure 3-2 shows the sampling locations that are 
currently receiving bottled water.  Tetra Tech will collect samples from approximately 27 
houses.  Of these locations, 8 houses represent locations where EPA Region VII has installed 
Culligan POU treatment systems.  At these locations, four sets of samples will be collected as 
follows: 
 

 Unpurged samples representing water that has been allowed to sit in the system for at 
least 4 hours (overnight preferred) will be collected from the treated tap water from the 
Culligan unit. 

 The Culligan unit will then be purged by running water for at least 5 minutes prior to 
collecting the purged water samples. 

 The untreated water from the kitchen sink faucet will also be collected.   

 None of these residences are believed to have water softeners or other owner-installed 
treatment systems; however, additional samples may be collected if other water treatment 
systems are identified.  

 
Samples will also be collected from 19 residences where no POU treatment systems have been 
installed and that are currently provided with bottled water by EPA.  At these residences, 
unpurged water from the kitchen sink faucet will be collected for metals analyses.  Following 
purging of the water lines and holding tank (typically about 5 minutes), a second set of samples 
for metals analyses (including arsenic) will be collected.  Samples of the purged water will then 
be collected to determine water quality parameters and for additional analyses.  Additional 
samples may need to be collected if any owner-installed treatment systems are identified. 
 
3.2  MEASUREMENTS AND ANALYTES 
 
This project will include a number of field analytes for field measurement and laboratory 
analysis, as identified in Section 4. 
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Figure 3-1 Map of Sampling Area 
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Figure 3-2 Sampling Locations Receiving Bottled Water 
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4.0 SAMPLING PROCEDURES 
 
4.1  SITE-SPECIFIC FACTORS 
 
Tetra Tech will collect samples for laboratory analysis at the T&E Facility in Cincinnati, Ohio.  
Shaw will provide Tetra Tech with appropriate sample containers and preservatives.  Shaw will 
also provide solid phase micro-extraction (SPME) cartridges for field extraction for arsenic 
speciation and Tetra Tech will prepare separate arsenic (III) and arsenic (V) samples using these 
SPME cartridges while taking samples in the field.  Similarly, metals samples will be processed 
using a 0.45 micron filter to distinguish between total and dissolved lead ions.  EPA Region VII 
laboratory will provide any preservatives (nitric acid, hydrochloric acid, sulfuric acid, sodium 
thiosulfate, etc.) not provided by Shaw.  The appropriate preservative will be added to the sample 
bottles in the field during sampling. 
 
Samples will be analyzed for Total Organic Carbon (TOC) in lieu of analyzing for VOCs and 
SVOCs.  If TOC samples exceed 5 ppm, VOC and SVOC analyses will be performed to 
characterize the wells containing elevated TOC. 
 
A field sheet will be completed for each sample collected (see Table 4-1).  All field sheets will 
include the sample number, date, and time.  In addition, the field sheets will include the unique 
property identification assigned to the property during site assessment activities, property 
ownership information, site address, mailing address, exact location and specifics of sample 
collected (pre- or post-treatment filtration, unpurged, or purged), containers collected, and 
analyses to be performed.  The field sheets for untreated, purged samples will include purge 
times or estimated purge volumes.  The water quality parameters pH, temperature, conductivity, 
dissolved oxygen (DO), oxygen-reduction potential (ORP), and total dissolved solids (TDS) will 
be obtained by use of a field instrument (YSI556 water quality meter).  Field test kits will be 
used to measure hardness and chlorine (free and total), and these results will also be recorded on 
the field sheet.  No water quality parameters will be recorded for unpurged metals samples. 
 
4.2  SAMPLING PROCEDURES 
 
Tap, Unpurged (Culligan POU Treatment Unpurged Samples) 

 
Complete field sheet property identification and homeowner questionnaire.  Determine 
approximate time that has elapsed since the POU carbon filtration unit was last used (4 or more 
hours, if possible).  Record this information on the field sheet along with the approximate date 
that the filter was last replaced. 

1. Turn on the POU system tap water and immediately fill one 125-milliliter (mL) high 
density polyethylene (HDPE) container and preserve with nitric acid (HNO3) for analysis 
for total metals (this is the “Tap, unpurged, total metals, unfiltered” sample). 

2. Fill a 0.45-micron nalgene filter container with unpurged water from the POU filtration 
unit.  Draw unfiltered water from the nalgene container using a new syringe.  Attach a 
SPME cartridge to the syringe and push water, either manually or by using a peristaltic 

GM-2 
294/323



QAPP for Metals Removal Sampling 
Date: October 1, 2009  

Revision No. 1 
Page 2 of 7 

Section 4 
 

pump, through the SPME cartridge at a rate of 3 mL/min to collect a 20 mL sample in a 
125-mL HDPE container and preserve with HNO3 for total arsenic III/V analysis (this is 
the “Tap, unpurged, Arsenic III/V, unfiltered” sample). 

3. Filter the remaining water through the 0.45-micron nalgene filter using a hand pump.  
Draw a sample of the filtered water through a new syringe.  Attach a SPME cartridge to 
the syringe and push water through the SPME cartridge, either manually or by using a 
peristaltic pump, at a rate of 3 mL/min to collect a 20 mL sample in a 125-mL HDPE 
container.  Preserve the sample with HNO3 for dissolved arsenic III/V analysis (this is the 
“Tap, unpurged, Arsenic III/V, filtered” sample). 

4. Transfer the remaining filtered water to one 125-mL HDPE container and preserve with 
HNO3 for analysis for dissolved metals (this is the “Tap, unpurged, total metals, filtered” 
sample). 

 
Tap, Purged (Culligan POU Treatment Purged Samples) 

Before filling the appropriate sample containers with purged water, allow water to run through 
the POU filtration unit for at least 5 minutes to ensure that the filtration unit and any water lines 
or holding tanks have been purged and the well is drawing water from the aquifer. 

 
1. Repeat the procedure as outlined above for collection of the unpurged samples.  Collect 

one 125-mL HDPE container and preserve with HNO3 for total metals analysis (this is 
the “Tap, purged, total metals, unfiltered” sample). 

 
2. Fill a new 0.45-micron nalgene filter container with purged water from the filtration unit.  

Draw unfiltered water from the nalgene container using a new syringe.  Attach a SPME 
cartridge to the syringe and push water through the SPME cartridge, either manually or 
by using a peristaltic pump, at a rate of 3 mL/min to collect a 20 mL sample in a 125-mL 
HDPE container.  Preserve the sample with HNO3 for dissolved arsenic III/V analysis 
(this is the “Tap, purged, Arsenic III/V, unfiltered” sample). 

3. Filter remaining water through the nalgene filter using a hand pump.  Draw a sample of 
the filtered water through a new syringe.  Attach a SPME cartridge to the syringe and 
push water through the SPME cartridge, either manually or by using a peristaltic pump, at 
a rate of 3 mL/min to collect a 20 mL sample in a 125-mL HDPE container.  Preserve the 
sample with HNO3 for dissolved arsenic III/V analysis (this is the “Tap, purged, Arsenic 
III/V, filtered” sample). 

4. Transfer the remaining filtered water to one 125-mL HDPE container and preserve with 
HNO3 for analysis for dissolved metals (this is the “Tap, purged, total metals, filtered” 
sample). 

Faucet, Unpurged (Unpurged, Untreated Well Water Samples) 
 
Complete field sheet property identification and homeowner questionnaire.  Indicate whether 
water has been in use or approximately how long it has been since water was last used. 
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1. Turn on water and immediately fill one 125-mL HDPE container and preserve with 
HNO3 for analysis for total metals. 

2. Fill a new 0.45-micron nalgene filter container with unpurged water from kitchen faucet.  
Draw unfiltered water from the nalgene container using a new syringe.  Attach a SPME 
cartridge to the syringe and push water through the SPME cartridge, either manually or 
by using a peristaltic pump, at a rate of 3 mL/min to collect a 20 mL sample in a 125-mL 
HDPE container.  Preserve the sample with HNO3 for dissolved arsenic III/V analysis.   

3. Filter the remaining water through the nalgene filter using a hand pump.  Draw a sample 
of the filtered water through a new syringe.  Attach a SPME cartridge to the syringe and 
push water through the SPME cartridge, either manually or by using a peristaltic pump, at 
a rate of 3 mL/min to collect a 20 mL sample in a 125-mL HDPE container.  Preserve the 
sample with HNO3 for dissolved arsenic III/V analysis.   

4. Transfer the remaining filtered water to one 125-mL HDPE container and preserve with 
HNO3 for analysis for dissolved metals. 

 
Faucet, Purged (Purged, Untreated Well Water Samples) 

Before filling the appropriate sample containers with purged water, allow water to run for at least 
5 minutes to ensure that any water lines or holding tanks have been purged and the well is 
drawing water from the aquifer. 
 

1. Repeat the procedure for collection of the unpurged metals samples.  Collect one 125-mL 
HDPE container and preserve with HNO3 for total metals analysis.  

2. Fill a new 0.45-micron nalgene filter container with purged water from filtration unit.  
Draw unfiltered water from the nalgene container using a new syringe.  Attach a SPME 
cartridge to the syringe and push water through the SPME cartridge, either manually or 
by using a peristaltic pump, at a rate of 3 mL/min to collect a 20 mL sample in a 125-mL 
HDPE container.  Preserve the sample with HNO3 for dissolved arsenic III/V analysis.   

3. Filter the remaining water through the nalgene filter using a hand pump.  Draw a sample 
of the filtered water through a new a syringe.  Attach a SPME cartridge to the syringe and 
push water through the SPME cartridge, either manually or by using a peristaltic pump, at 
a rate of 3 mL/min to collect a 20 mL sample in a 125-mL HDPE container.  Preserve the 
sample with HNO3 for dissolved arsenic III/V analysis.   

4. Transfer the remaining filtered water to one 125-mL HDPE container and preserve with 
HNO3 for analysis for dissolved metals. 

5. Fill test kit containers for analyses for hardness and chlorine; perform these analyses, and 
record results on field sheet.  Obtain results for chlorine before sampling for VOCs and 
SVOCs. 

6. Collect two unpreserved 40-mL amber vials for anions analysis. 
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7. Collect sample in YSI water quality meter and allow parameters to stabilize (typically, 
record at lowest temperature reading).   

8. Record the following YSI field parameters on the field sheet: 
 

- Temperature (oC) 
- pH 
- Conductivity (microsiemens per centimeter [μS/cm]) 
- Dissolved Oxygen (mg/L) 
- Oxidation-reduction potential (millivolts [mV]) 
- Total dissolved solids (mg/L) 

 
9. Fill two, unpreserved 250-mL HDPE container for inorganic analyses.  (This can be done 

while parameters stabilize.) 

10. Fill one 250-mL HDPE container and preserve with H2SO4 for analysis for total organic 
carbon. 

11. Collect two 100-mL glass containers and preserve with sodium thiosulfate (Na2S2O3) for 
analysis for E. coli bacteria. 

12. If no chlorine is present in the water, collect three 40-mL vials and preserve with 
hydrochloric acid (HCl) for analysis for VOCs.  If chlorine is present collect three 40-mL 
vials and preserve with approximately 25 mgs of ascorbic acid followed by HCl.  Allow 
the ascorbic acid to completely dissolve before adding HCl. 

13. If no chlorine is present in the water, collect one 1000-mL amber glass container and 
preserve with HCl for analysis for SVOC.  If chlorine is present collect one 1000-mL 
amber glass container and preserve with approximately 50 mg of sodium sulfite followed 
by HCl.  Allow the sodium sulfite to completely dissolve before adding HCl. 

 
All water samples will be stored in coolers maintained at or below a temperature of 4°C.  An 
EPA Chain-of-Custody Form will accompany each shipment of samples.  Samples will be 
shipped each day using Federal Express priority overnight to: 

 
U.S. EPA Test & Evaluation Facility  
1600 Gest Street 
Cincinnati, Ohio 45204 
Attn: Kit Daniels 
Mobile Phone Number: 513-378-4408 

 
 
4.3  SAMPLING CONTAINERS, QUANTITIES, AND QC 
Sample containers, quantities, and QC sample analysis are shown in Table 4-2. 
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4.4  SAMPLE PRESERVATION AND HOLDING TIMES 
Sample preservation and holding times are shown in Table 4-2. 
 
4.5  SAMPLE NUMBERING 
Tetra Tech will provide field sheets and sample labels.  Sample labels will indicate the prefix 
“ORD” and be sequentially numbered.  All sample containers from a specific sample will be 
labeled using the same sequential number, and the date and time of collection.  Duplicate 
samples will be collected from 10 percent of the sample locations (four locations, including one 
location having a Culligan POU system).  Field duplicate samples will be labeled with the same 
number as the initial sample with –FD following the number.  The following is an example label 
for this task: 
 

Washington County POU Study 

ORD-1   Arsenic III/V 

Date:  _________ Time:  ________ 

 

The samples for metals analyses from the Culligan POU units will be numbered ORD-1 through 
ORD-16.  Samples of untreated well water (purged and unpurged) will be labeled beginning with 
ORD-100, with samples ORD-100 through ORD-116 corresponding to locations where samples 
ORD-1 through ORD-16 were collected. 
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Table 4-1.  Field Parameters Datasheet 
SAMPLE COLLECTION FIELD SHEET 

 
Washington County Point of Use Study     Sample Number:  ORD-100__ 

Latitude:         Sample Date:     

Longitude:         Sample Time:     

 

Property Identification Number:        Study Area:       

Owners Name:         Owners Phone Number:      

Mailing Address:             

Tenant’s Name):        Tenant’s Phone Number:      

Property Address:             

Residence owner occupied: __________  Well shared with other residence(s):       

Number of Occupants or persons supplied by well:      Children under 6 yrs:      

 

Well Depth:     Pump Depth:      Well Age:    

Flow Rate at House:        Flow Rate at POU:     

 

Holding Tank Make/Volume:              

Treatment System(s):             

 

Sample Collection Description:            

              

 

Purge Time or Volume:             

 

Field Parameters: 

Temperature (°C):  ORP (mV):  

Conductivity (μS/cm):  Test Kit Results: 

pH:  Hardness:  

TDS (mg/L):  Free Chlorine (mg/L):  

DO (mg/L):  Total Chlorine (mg/L):  

 
Remarks:  
 
 

Photo Number:     

Sampler’s Initials:      
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Analyses: 

Sample Location Laboratory Analysis Number of 
Containers 

Sample Processing Preservative Container 
Type 

Tap, Unpurged Total Metals 1 Unfiltered HNO3 to pH <2 125 ml HDPE 

  1 Filtered HNO3 to pH <2 125 ml HDPE 

Tap, Unpurged Arsenic III/V 1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

  1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Tap, Purged Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 

1 Filtered HNO3 to pH <2 125 ml HDPE 

Tap, Purged Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, 
Unpurged 

Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 
1 Filtered HNO3 to pH <2 125 ml HDPE 

Faucet, 
Unpurged 

Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, Purged Total Metals 
1 Unfiltered HNO3 to pH <2 125 ml HDPE 
1 Filtered HNO3 to pH <2 125 ml HDPE 

Faucet, Purged Arsenic III/V 
1 Unfiltered, SPME HNO3 to pH <2 125 ml HDPE 

1 Filtered, SPME HNO3 to pH <2 125 ml HDPE 

Faucet, Purged Anions (fluoride, 
chloride, phosphate, 
sulfate) 

2 None 4°C 40 ml amber 
glass 

Faucet, Purged Inorganic Parameters 
(alkalinity, turbidity, 
total suspended solids, 
total dissolved solids) 

2  4°C 250-ml HDPE 

Faucet, Purged Total Organic Carbon, 
Nitrate/Nitrite 

1  H2SO4 to pH 
<2, 4°C 

250-ml HDPE 

Faucet, Purged E. coli bacteria 2  Na2S2O3, 4°C 100-ml fecal 
coliform bottle 

Faucet, Purged Volatile Organic 
Compounds 

3 Quench chlorine 
with ascorbic acid  
if necessary, see 
section 4.2 

HCl to pH < 2, 
4°C 

40 ml amber 
glass 

Faucet, Purged Semivolatile Organic 
Compounds 

1 Quench chlorine 
with sodium sulfite 
if necessary, see 
section 4.2 

HCl to pH < 2, 
4°C 

1 L amber glass 

Tap samples are treated water samples collected after POU treatment 
Faucet samples are untreated water samples collected at the field site 
Filtered samples filtered through a 0.45µm syringe filter prior to preservation   
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Table 4-2.  Summary of Analytical Procedures. 
 
Matrix  Measurement Sampling (1Faucet, 

2Tap)/ Measurement 
Method 

Analysis Method Sample 
Container/ 
Quantity of 
Sample 

Preservation/ 
Storage 

Holding 
Time(s) 

Water pH 1Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water ORP Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water Conductivity Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water D.O. Faucet EPA Region 7 4230.10 using YSI 
556 MPS  

Field Sample NA NA 

Water Free chlorine Faucet DPD 8021, Standard Method 4500-
CLG  

Field Sample NA NA 

Water Total chlorine Faucet DPD 8167 Field Sample NA NA 
Water Hardness Faucet Standard method 2340C Field Sample NA NA 
Water Total Metals Purged faucet (*filtered 

and unfiltered)/ICP-OES 
Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at Room 
Temperature (RT) 

6 months 

Water Total Metals Faucet without purging  
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Total Metals Purged tap (*filtered and 
unfiltered) /ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Total Metals Tap without purging 
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402)  

125  mL in HDPE 
bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water Arsenic(III) and 
Arsenic(V) 
speciated 

Faucet samples filtered 
through SPME ion-
exchange cartridges for 
speciation at field site 
(*filtered and unfiltered) 
/ICP-OES 

Inductively Coupled Plasma – 
Optical Emission Spectroscopy (ICP-
OES) (EPA 6010B) (Shaw SOP 402 
& 403)  

50 mL in 125-mL 
HDPE bottles 

HNO3 to pH<2.0, 
store at RT 

6 months 

Water E coli analysis Purged faucet Shaw SOP 305 (Hach Method 100 mL in EPA fecal Sample bottles come 24 hours 
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10029) coliform sampling 
bottles 

with sodium 
thiosulfate pellet, 
store at 4C 

Water Alkalinity Purged faucet EPA 310.1 (Shaw SOP 502) 250 mL 
polypropylene bottles 

4 ±2C 14 days 

Water VOC Purged faucet EPA 524.2  Quenched with 25 
mgs ascorbic/vial and 
then preserved at 
pH<2.0 using HCl  

14 days 

Water SVOC Purged faucet EPA 525.2 1 L amber glass  Preserved with 40-50 
mg sodium sulfite, 
pH<2.0 using HCl 

14 days 

Water TOC Purged faucet EPA 9060A (Shaw SOP 401) 1 x 250 mL 
polypropylene 

4 ±2C at pH<2.0 
with H2SO4

28 days 

Water Turbidity, TSS 
and TDS 

Purged faucet EPA 180.1 for turbidity (Shaw SOP 
507) 
EPA 160.2 for TSS (Shaw SOP 509)
  
EPA 160.1 for TDS (Shaw SOP 510) 

2 x 250 mL HDPE 
bottles 

4 ±2C 48 hours for 
turbidity, 7 
days for 
TSS  TDS 

Water Anions fluoride, 
chloride, nitrite, 
nitrate, bromide, 
phosphate and 
sulfate 

Purged faucet EPA 300.0 (Shaw SOP 405) 125 mL HDPE 
bottles 

4 ±2C 48 hours  

 
1 Faucet samples are untreated water samples collected at the field site 2 Tap samples are treated water samples collected after POU treatment* Samples filtered 
through 0.45µm syringe filter*
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5.0 MEASUREMENT PROCEDURES 
 
5.1  ANALYTICAL METHODS 
The analytical procedures are shown in Table 4-2. 
 
5.2  CALIBRATION PROCEDURES 
The calibration procedures, linearity checks, and continuing calibration checks listed in the 
analytical methods/ Shaw Standard Operating Procedures (SOPs) are referenced in Table 4-2.  
The instrument manual (YSI556) will be followed. 
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6.0 QUALITY METRICS (QA/QC CHECKS)  
 
6.1  QC CHECKS 
The QC checks for each analysis are shown in Table 6-1. 
 
6.2  QC OBJECTIVES 
The QC Objectives are found in the attached Shaw SOPs. 
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. 
Table 6-1.  QA/QC Checks  

 
 

 
Measurement 

 
Matrix 

 
QA/QC Check 

 
Frequency 

Acceptance 
Criteria 

 
Corrective Action 

Field site, pH Water Initial calibration 
 
Calibration check 

Daily 
 
Every batch 

±0.2 pH units 
 
±0.2 pH units 

Check standard buffers for 
contamination, check 
electrode for electrolyte, 
replace probe if required 

Field site, ORP Water Initial calibration 
 
Calibration check 

Daily 
 
Every batch 

±20 mV 
 
±20 mV 

Check standards for 
contamination, check 
electrode for electrolyte, 
replace probe if required 

Field site, 
Conductivity 

Water Initial calibration 
 
Calibration check 

Daily 
 
Every batch 

±0.5 or reading (or) 
±0.001mS/cm 
whichever is 
greater 

Check standards for 
contamination, check 
electrode for electrolyte, 
replace probe if required 

Field site, DO Water Initial calibration 
 
Calibration check 

Daily 
 
Every batch 

0 – 20 mg/L range:  
±2 % reading (or) 
0.2 mg/L 
whichever is 
greater 
 
20 – 50 mg/L 
range: ±6 %  

Recalibrate, check DO probe, 
check membrane, replace 
probe if required 

Field site, 
Chlorine (Free 
and Total) 

Water Initial calibration 
 
Calibration check 

Before each batch  
 
±10% true value 
(TV) 

Recalibrate 

Field site, 
Hardness 

Water Initial calibration 
 
Calibration check 

Before each use ±15 % TV Check calculations, repeat 
analysis 

Metals 
 

2% 
H2SO4 

Initial calibration 
 
Calibration check 

Every batch 
 
Every batch 

Calibration curve 
r2>0.999 
±10% TV 
 

Check standards for 
contamination, check ICP 
torch, tubing and replace if 
necessary 

E coli Water Perform a positive 
control and a 
positive control 
duplicate test using 
E coli per analysis 
batch 

Every batch Successful positive 
and negative 
control tests 

Change growth media/dilution 
buffer and retest 

Alkalinity Water Calibration check 1 per batch ±10% 
 
 

Investigate cause for invalid 
results, check all calculations, 
repeat analysis for affected 
samples 

Ammonia Water Initial calibration 
 
 
Calibration Check 

Before each use Calibration curve 
r2>0.995 
 
± 10% TV 

Recalibrate 

VOC Water Initial calibration 
 

Beginning of 
project and 

RSD < 20% or 
have a calibration 

Correct GC system 
configuration, check 
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Measurement 

 
Matrix 

 
QA/QC Check 

 
Frequency 

Acceptance 
Criteria 

 
Corrective Action 

 
 
 
 
 
Laboratory 
Fortified Blank 
(Continuing 
Calibration Check) 
 
 
Laboratory Reagent 
Blank 
 
Laboratory  
Fortified Sample 
Matrix 
 
 
 
Matrix 
Spike/Matrix Spike 
Duplicate 
 
 

whenever 
necessary. 
 
 
 
Beginning and end 
of every batch and 
every 10 samples 
 
 
 
Every batch of  
samples extracted 
 
Every 20 samples 
 
 
 
 
 
Every 20 samples 

coefficient of 
greater than or 
equal to 0.99 for 
non-linear curves 
 
±15% of TV 
 
 
 
 
 
Absence of VOC’s 
 
 
70-130% recovery 
 
 
 
 
 
70-130% recovery 

calculations, and rerun 
calibration. 
 
 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 
Check for contamination in 
GC system, re-prepare blank. 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 

SVOC Water Initial calibration 
 
 
 
 
 
 
Laboratory 
Fortified Blank 
(Continuing 
Calibration Check) 
 
 
Laboratory Reagent 
Blank 
 
Laboratory  
Fortified Sample 
Matrix 
 
 
 
Matrix 
Spike/Matrix Spike 
Duplicate 
 
 

Beginning of 
project and 
whenever 
necessary. 
 
 
 
Beginning and end 
of every batch and 
every 10 samples 
 
 
 
Every batch of  
samples extracted 
 
Every 20 samples 
 
 
 
 
 
Every 20 samples 

RSD < 20% or 
have a calibration 
coefficient of 
greater than or 
equal to 0.99 for 
non-linear curves 
 
±15% of TV 
 
 
 
 
 
Absence of 
SVOC’s 
 
70-130% recovery 
 
 
 
 
 
70-130% recovery 

Rerun standard curve, change 
Correct GC system 
configuration, check 
calculations, and rerun 
calibration. 
 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 
Check for contamination in 
GC system, re-prepare blank. 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 
Correct GC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
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Measurement 

 
Matrix 

 
QA/QC Check 

 
Frequency 

Acceptance 
Criteria 

 
Corrective Action 
 

TOC Water Initial calibration 
 
 
 
Laboratory 
Fortified Blank 
(Continuing 
Calibration Check) 
 
Laboratory Reagent 
Blank 
 
Laboratory 
Fortified Sample 
Matrix 

Beginning of every 
batch or as 
necessary 
 
Beginning of every 
batch and every 20 
samples 
 
 
Every batch of  
samples extracted 
 
Every 20 samples 

r2>0.995 
 
 
 
± 10% TV 
 
 
 
 
Absence of TOC 
 
 
Spike recovery 
within 75-125% 

Rerun standard curve, change 
standards 
 
 
Rerun standard curve, change 
standards 
 
 
 
Check for TOC contamination 
 
 
Check standards, rerun spike 

Turbidity, TSS 
and TDS 

Water Calibration Check 
 
 
 
 

Duplicates 

Prior to analysis, 
every 10 samples, 
and at the end of 
the batch. 
 
Once per batch or 
every 10 samples. 

± 10% TV 
 
 
 
 
RPD<20% 

Recalibrate and/or reanalyze 
affected samples. 
 
 
 
 
Repeat analysis on the same 
sample; if sample volume does 
not allow, choose another 
sample and document 
accordingly. 

Anions fluoride, 
chloride, nitrite, 
nitrate, bromide, 
phosphate and 
sulfate 

Water Initial Calibration 
or as needed. 
 
Calibration Blank 
 
 
 
 
Calibration Check 
 
 
 
 
 
Duplicates  

Every batch 
 
 
Every batch 
 
 
 
 
Beginning and 
ending every batch 
and every ten 
samples. 
 
 
Once per batch or 
every 10 samples. 

r2>0.995 
 
 
No appreciable 
quantities of  
analytes 
 
 
± 10% TV 
 
 
 
 
 
RPD<20% 

Check standards for accuracy 
of the dimension 
 
Check for IC system 
contamination, obtain second 
source of reagent water, and 
reanalyze affected samples. 
 
Correct IC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples. 
 
Correct IC system 
configuration, check 
calculations, rerun calibration 
checks and/or standards, and 
rerun affected samples 
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7.0 DATA ANALYSIS, INTERPRETATION, AND MANAGEMENT 
 
7.1  DATA REPORTING REQUIREMENTS 
All data generated during the study will be presented in tabular format.  Graphs of data versus 
time will also be prepared and presented. 
 
7.2  DATA VALIDATION PROCEDURES 
Data will be reviewed by the analyst and Project Leader prior to submission to EPA under the 
guidelines shown in Shaw T&E SOP 102, Data Review and Verification.  The Shaw QA 
Manager may review data during either a focused data review or during project assessments. 
 
7.3  DATA SUMMARY 
Analytical data will be presented in tabular format.   
 
7.4  DATA STORAGE 
The following documentation will be maintained in the project central file for this study 
according to Shaw T&E SOP 101, Central Files.   
 

1. Samples from the experiments will be analyzed, and records will be maintained for all 
samples collected.  Sample result records will be maintained for at least three years for 
reference. 

2. Written experimental progress reports will be included in the monthly reports prepared by 
Shaw for EPA on a monthly basis. 

3. Oral project progress reports will be presented by Shaw at technical team meetings 
(weekly). 
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8.0 DATA REPORTING 
 
8.1  DELIVERABLES 
Shaw will submit an Interim Summary Report presenting the analytical results from all the 
samples. 
 
8.2  FINAL PRODUCT 
After addressing EPA comments, Shaw will provide a Final Summary Report. 
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Appendix D 
 

Permeate Pump Testing at the EPS T&E Facility 
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POU Installation and Testing at the EPA T&E Facility 
 

An adsorption system and a RO system was procured and installed in a typical under-the-sink 

cabinet at the T&E Facility.  Figure 1 shows the installation of a Culligan Preferred 250 system 

along with a booster pump and an accumulator.  Figure 2 shows the installation of a Watts WP-

4V RO system in a test mode.  This installation includes a booster pump, an accumulator, and a 

permeate pump.  This appendix presents the installation details for these two systems and 

highlights some identified considerations from lessons learned from the operation of these two 

test systems. 

 

D.1 Installation of the Culligan Preferred 250 System 

The Culligan Preferred 250 with a pressure booster pump, flow totalizer, and accumulator tank 

was installed in a typical 36” sink cabinet as shown in Figure 1.  The kitchen sink was first 

installed as it would be in a typical home installation.  This installation took approximately 2 

hours and included the following items: 

 

1. Secure the 36” sink cabinet on a concrete pad at the T&E Facility. 

2. Cut a hole in the countertop to mount the 2-basin sink. 

3. Mount the sink in the countertop. 

4. Install the faucet and the drain cage onto the sink. 

5. Attach the countertop to the sink cabinet. 

6. Run a carbon-filtered cold water line to the pressure tank and to the kitchen sink. 

7. Sweat shutoff valves on the cold water line. 

8. Connect the cold water line to the kitchen sink faucet from the shutoff valve. 

9. Attach the garbage disposal to the drain cage. 

10. Run the PVC P-trap and drain line. 

 

After the kitchen sink was installed, the adsorption filter and associated hardware were installed.  

The installation was performed only through the front of the kitchen sink cabinet, as would occur 

in an actual home.  This installation took approximately 3 hours and included the following 

items: 

 

1. Lay out the equipment design inside the kitchen sink cabinet. 

2. Connect a brass saddle fitting to the copper cold water feed line.  The valve on the saddle 
fitting was closed. 
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3. Install a ¼” PVC tee on the accumulator tank.  Screw a ¼” MNPT x ¼” compression 
fitting into one side of the tee and a ¼” MNPT x 3/8” compression fitting into the other 
side of the tee.  Place the accumulator tank in the back corner of the cabinet. 

4. Mount the treated water faucet through the sprayer hose hole in the sink. 

5. Place the booster pump in the bottom back of the cabinet.   

6. Attach the following fittings to each end of the totalizer: 

a. ¾” PVC coupling 

b. ¾” – ¼” PVC reducer bushing 

c. ¼” MNPT x ¼” compression fitting 

7. Place the flow totalizer on the floor of the cabinet.   

8. Attach the 2 elbows included with the filter head to the filter head assembly. 

9. Secure the filter head assembly to the cabinet wall with two ½” screws. 

10. Install the filter cartridge to the filter head assembly. 

11. Use ¼” OD PE tubing to make the following connections: 

a. From the saddle fitting (compression fitting) to the booster pump (quick connect) 

b. From the booster pump (quick connect) to the filter elbow (compression fitting) 

c. From the filter elbow (compression fitting) to the pressure switch (quick connect) 

d. From the pressure switch (quick connect) to the flow totalizer (compression 
fitting) 

e. From the flow totalizer (compression fitting) to the accumulator tank 
(compression fitting) 

f. From the accumulator tank (compression fitting) to the 3/8” faucet tubing 
(supplied). 

12. Open the saddle fitting valve. 

13. Make the following connections with the booster pump, pressure switch, and transformer: 

a. Plug the booster pump into the pressure switch. 

b. Plug the transformer into the pressure switch. 

c. Plug the pressure switch into a 110V AC outlet. 
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Other items that were installed for testing purposes but would not be included in a typical 

installation were the following: 

 

 A pressure regulating valve to reduce the water pressure entering the sink (to better 
simulate water pressure from a well). 

 A lead feed pump and feed tank to introduce lead into the water for testing the adsorption 
filter. 

 A saddle fitting to connect the feed pump to the water line, and a static mixer to mix the 
lead solution with the feed water. 

 A sample port to collect influent water for analysis before treatment in the adsorption 
unit. 
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Figure 1.  Typical Adsorption POU Undersink Installation 
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D.2 Installation of the Watts Premier WP-4V RO System 

The Watts Premier WP-4V RO system was not installed in a typical kitchen cabinet; it was 
installed on a panel for easier installation and testing.  Figure 2 shows the RO system as it was 
tested.  Installation of the RO system consisted of the following steps: 
 

1. Run carbon-filtered water to a PVC tee. 

2. Connect a lead-water feed pump to the PVC tee. 

3. Connect a static mixer to the outlet of the PVC tee. 

4. Run ¼” PE tubing from the static mixer to the booster pump. 

5. Connect the booster pump to the inlet of the RO system (green tubing – supplied with RO 
system). 

6. Connect the red tubing from the RO system (drain) to the faucet (supplied with the RO 
system). 

7. Connect the black tubing from the faucet to the drain (supplied with the RO system). 

8. Install a PE tee on the accumulator tank. 

9. Connect the white tubing from the RO outlet to the accumulator tank. 

10. Connect the blue tubing from the accumulator tank to the flow totalizer. 

11. Connect the blue tubing from the flow totalizer to the faucet. 

12. Place a plug in the RO system where the line from the accumulator tank normally returns. 

13. Make the following connections with the booster pump, pressure switch, and transformer: 

a. Plug the booster pump into the pressure switch. 

b. Plug the transformer into the pressure switch. 

c. Plug the pressure switch into a 110V AC outlet. 

 
In cases where the permeate pump was tested, the following steps were included: 
 

1. The red tubing was connected to the permeate pump, and then connected to the tubing ran 
to the faucet (replaces Step 6 above). 

2. The white tubing was connected to the permeate pump permeate pump, and then 
connected to the accumulator tank (replaces Step 9 above). 
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Figure 2.  Typical RO POU System (not undersink installed) 
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D.3 Faucet Flow Rate 
The majority of homes in this study area are fed from well pumps connected to an accumulator 

tank that is typically set to cycle between 20 pounds per square inch (psi) and 60 psi water 

pressure.  This pressure setting can result in a low pressure in the home that is further 

exacerbated by the pressure drop across POU devices, intended to operate at the higher line 

pressure that is typical of homes supplied by municipal water systems.  Thus, a concern that has 

been raised is the lack of water flow rate that is produced from the POU systems and the 

resulting additional time required to fill common household devices such as coffee pots.  

Additional equipment can be employed to improve the water flow rate through the faucet.   

 

RO systems are typically rated to operate at 40 psi feed pressure.  Depending on the equipment at 

the property (well depth, pump condition, etc.), the line pressure may not reach 40 psi.  Since an 

RO system will not operate below 40 psi, the addition of a booster pump (such as an Aquatec 

6800 with a transformer and pressure switch) will increase the line pressure above 40 psi and 

allow the RO system to operate as designed.  Adsorption filter systems may not have the same 

pressure requirement of RO systems; however, installations with low line pressure can also 

benefit from the addition of a booster pump to increase the flow rate through the filter.  A 

booster pump will require a 120 VAC outlet under the sink that must be installed if power is not 

already available at that location. 

 

Including an accumulator tank under the sink with an adsorption system would improve the flow 

rate of treated water from such systems.  The water would flow through the adsorption filter at its 

normal treated flow rate of approximately 0.5 gallons per minute (gpm) and would be stored in 

the pressurized accumulator tank.  When water is needed, the water flows out of the accumulator 

tank at a rate of 1 gpm.  The accumulator tank would then be refilled as the water is treated by 

the adsorption filter.  The filter media and manifolds control the flow rate of the water through 

the adsorption filters (rather than the faucets), so that the water will have the required residence 

time in the media before filling the accumulator tank.  However, water quality may deteriorate in 

the accumulator tank with infrequent use.  The Culligan Preferred 250 showed a consistent flow 

rate of approximately 1 gpm with a full accumulator tank and 0.4 gpm at steady state operation. 

 

Because RO systems produce water at a much slower rate than adsorption systems, they include 

an accumulator tank that is located under-the-sink to store treated water.  The accumulator tank 

stores water until it is needed and is pressurized to deliver water quickly.  After the tank is 

emptied, it is slowly refilled by the RO system.  Although not necessary for the operation of the 

RO system, a permeate pump can improve the performance of the system.  The Aquatec ERP 
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500 is powered by the hydraulic energy of the reject water lost to the drain (no electricity 

required).  The permeate pump forces product into the storage tank, reducing membrane back 

pressure and maximizing the available feed pressure.  The vendors indicate that these pumps can 

reduce the reject water from the RO system by up to 80 percent.  Other benefits of permeate 

pumps include higher delivery pressure, faster water production, superior water quality, and 

extended filter/membrane life.  The Watts WP-4V unit at the T&E Facility was tested with a 

booster pump and a permeate pump.  The results of these tests showed that, on average, the 

presence of a permeate pump improved the permeate recovery (i.e., the ratio of permeate to feed 

water) by approximately 69% and reduced the time required to produce 1 gallon of treated water 

by 43% relative to a system without a permeate pump.  Details of these tests are presented 

below:  

 
RO Unit:  Watts WP-4V 
Accumulator Tank:  RO-132 
Booster Pump:  Aquatec 6800 
Permeate Pump:  Aquatec ERP 500 
 
Accumulator Tank Working Volume:  2.5 gallons 
Time to drain 2 L from tank:  20 seconds (1.6 gpm) – with and without permeate pump 
Time to drain entire tank:  3 minutes (0.8 gpm) 
 
Data with Permeate Pump – Tank Empty 
 Permeate (ml/min) Retentate (ml/min) 
  145   400 
  146   412 
  150   380 
  144   412 
  150   390 
  150   404 
  148   380 
  150   392 
Average 148   396 
Recovery = 148 / (148 + 396) x 100% = 27% 
Rate = 1 gal x 3785 ml/gal / 148 ml/min = 25 min/gal 
 
Data without Permeate Pump – Tank Empty 
 Permeate (ml/min) Retentate (ml/min) 
  132   408 
  158   420 
  158   400 
  156   420 
  140   404 
Average 149   410 
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Recovery = 149 / (149 + 410) x 100% = 27% 
Rate = 1 gal x 3785 ml/gal / 149 ml/min = 25 min/gal 
 
Data with Permeate Pump – Tank Full – Time and Feed Volume to Generate 1 L of Permeate 
 Time (min) Volume (mL) 
  7 2660 
  7 2730 
  8 2890 
  8 2850 
Average 7.5 2780 
Recovery = 1000 / (1000 + 2780) x 100% = 26% 
Rate = 1 gal x 3785 ml/gal / 1000 ml/7.5min = 28 min/gal 
 
Data without Permeate Pump – Tank Full – Time and Feed Volume to Generate 1 L of Permeate 
 Time (min) Volume (mL) 
  14 5120 
  13 5270 
Average 13.5 5195 
Recovery = 1000 / (1000 + 5195) x 100% = 16% 
Rate = 1 gal x 3785 ml/gal / 1000 ml/7.5min = 49 min/gal 
 
Summary 
R.O. Unit with and without Permeate Pump – Recovery and Flow Rate Data 
 Initial (Tank Empty) Final (Tank Full) 
 Recovery Flow Rate Recovery Flow Rate 
With Permeate Pump 27% 25 min/gal 26% 28 min/gal 
Without Permeate Pump 27% 25 min/gal 16% 49 min/gal 
 

With no water in the accumulator tank, there is no difference in performance between the 

systems with and without the accumulator tank.  As the accumulator tank fills with water, 

though, additional backpressure builds on the RO membrane.  The permeate pump pumps water 

away from the membrane, and the recovery and flow rate are similar to when the tank is empty.  

By the time the accumulator tank is full, there is a significant difference between the systems 

with and without the permeate pump installed.   

 

D.4 End-of-Life Indicator Devices 
A third-party shutoff device based on the volume of water treated is available from 

Freshwatersystems.com.  Termed the “Waterminder”, the system is available to monitor a total 

flow-through capacity of either 1800 gallons or 3800 gallons.  The system can be adjusted in 

100-gallon increments and can be restarted as required.  A unit was procured and tested at the 

T&E Facility.  Repeated tested revealed that the Waterminder accurately shutoff flow at dialed-

in total flow setting. 
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How Water Filters Work 

http://www.explainthatstuff.com/howwaterfilterswork.html 
Excerpted on April 15, 2010 

 
Water filters use two different techniques to remove dirt.  Physical filtration means straining 
water to remove larger impurities.  In other words, a physical filter is a glorified sieve—maybe a 
piece of thin gauze or a very fine textile membrane.  (If you have an electric kettle, you probably 
have a filter like this built into the spout to remove particles of limescale.)  Another method of 
filtering, chemical filtration, involves passing water through an active material that removes 
impurities chemically as they pass through.  There are four main types of filtration and they 
employ a mixture of physical and chemical techniques.  
 
Activated carbon (Adsorption) 
The most common household water filters use what are known as activated carbon granules 
(sometimes called active carbon or AC) based on charcoal (a very porous form of carbon, made 
by burning something like wood in a reduced supply of oxygen).  Charcoal is like a cross 
between the graphite "lead" in a pencil and a sponge.  It has a huge internal surface area, packed 
with nooks and crannies that attract and trap chemical impurities through a process called 
adsorption (where liquids or gases become trapped by solids or liquids).  But while charcoal is 
great for removing many common impurities (including chlorine-based chemicals introduced 
during waste-water purification, some pesticides, and industrial solvents), it can't cope with 
"hardness" (limescale), heavy metals (unless a special type of activated carbon filter is used), 
sodium, nitrates, fluorine, or microbes.  The main disadvantage of activated carbon is that the 
filters eventually clog up with impurities and have to be replaced.  That means there's an ongoing 
(and sometimes considerable) cost. 
 
Ion exchange 
Ion-exchange filters are particularly good at "softening" water (removing limescale).  They're 
designed to split apart atoms of a contaminating substance to make ions (electrically charged 
atoms with too many or too few electrons).  Then they trap those ions and release, instead, some 
different, less troublesome ions of their own—in other words, they exchange "bad" ions for 
"good" ones.  
 
How do they work? Ion exchange filters are made from lots of zeolite beads containing sodium 
ions.  Hard water contains magnesium and calcium compounds and, when you pour it into an 
ion-exchange filter, these compounds split apart to form magnesium and calcium ions.  The filter 
beads find magnesium and calcium ions more attractive than sodium, so they trap the incoming 
magnesium and calcium ions and release their own sodium ions to replace them.  Without the 
magnesium and calcium ions, the water tastes softer and (to many people) more pleasant.  
However, the sodium is simply a different form of contaminant, so you can't describe the end 
product of ion-exchange filtration as "pure water" (the added sodium can even be problematic for 
people on low-sodium diets).  Another disadvantage of ion-exchange filtration is that you need to 
recharge the filters periodically with more sodium ions, typically by adding a special kind of salt. 
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(This is why you have to add "salt" to dishwashers, from time to time: the salt recharges the 
dishwasher's water softener and helps to prevent a gradual build-up of limescale that can damage 
the machine.) 
 
Reverse osmosis 
Reverse osmosis means forcing contaminated water through a membrane (effectively, a very fine 
filter) at pressure, so the water passes through but the contaminants remain behind. 
 
If you've studied biology, you've probably heard of osmosis.  When you have a concentrated 
solution separated from a less concentrated solution by a semi-permeable membrane (a kind of 
filter through which some things can pass, but others can't), the solutions try to rearrange 
themselves so they're both at the same concentration.  Wait, it's simpler than it sounds!  Suppose 
you have a sealed glass bottle full of very sugary water and you stand it inside a big glass jug full 
of less sugary water.  Nothing will happen.  But what if the bottle is actually a special kind of 
porous plastic through which water (but not sugar) can travel?  What happens is that water 
moves from the outer jug through the plastic (effectively, a semi-permeable membrane) into the 
bottle until the sugar concentrations are equal.  The water moves all by itself under what's called 
osmotic pressure. 
 
That's osmosis, so what about reverse osmosis?  Suppose you take some contaminated water and 
force it through a membrane to make pure water.  Effectively, you're making water go in the 
opposite direction to which osmosis would normally make it travel (not from a less-concentrated 
solution to a more-concentrated solution, as in osmosis, but from a more-concentrated solution to 
a less-concentrated solution).  Since you're making the water move against its natural inclination, 
reverse osmosis involves forcing contaminated water through a membrane under pressure—and 
that means you need to use energy.  In other words, reverse-osmosis filters have to use 
electrically powered pumps that cost money to run.  Like activated charcoal, reverse osmosis is 
good at removing some pollutants (salt, nitrates, or limescale), but less effective at removing 
others (bacteria, for example).  Another drawback is that reverse osmosis systems produce quite 
a lot of waste-water—some waste four or five liters of water for every liter of clean water they 
produce. 
 
Distillation 
One of the simplest ways to purify water is to boil it, but although the heat kills off many 
different bacteria, it doesn't remove chemicals, limescale, and other contaminants.  Distillation 
goes a step further than ordinary boiling:  you boil water to make steam, then capture the steam 
and condense (cool) it back into water in a separate container.  Since water boils at a lower 
temperature than some of the contaminants it contains (such as toxic heavy metals), these remain 
behind as the steam separates away and boils off.  Unfortunately, though, some contaminants 
(including volatile organic compounds or VOCs) boil at a lower temperature than water and that 
means they evaporate with the steam and aren't removed by the distillation process. 
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