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Evaluation of Household Water Quality in Bath and
Highland Counties, Virginia

ABSTRACT

During Fall 2000 in Bath and Highland Counties, Virginia, programs of household
water quality education, which included water sampling, testing, and diagnosis, were
conducted. Participation in the water quality programs was made available to any
resident of these two counties who utilized a private, individual water supply.  During
the course of the projects, 60 households submitted water samples which were ana-
lyzed for iron, manganese, hardness, sulfate, chloride, fluoride, total dissolved solids,
pH, saturation index, copper, sodium, nitrate, and total coliform and E. coli bacteria.
These analyses identified the major household water quality problems in these two
counties as iron/manganese, hardness, and bacteria.

Following completion of the programs, a survey was mailed to the 60 participants.
Thirty-one participants returned survey forms on which they identified their reason(s)
for participating in such a program; the primary reason was concern about safety of
their water supply. Returned survey forms also provided insight into measures partici-
pants had already taken, or planned to take, to improve the quality of their water
supply.  Nearly three-fourths of the households who reported having at least one water
quality problem had taken, or planned to take, at least one measure to improve the
quality of their water supply.  Twenty percent or more of all participants had taken, or
planned to take, one or more of the following actions: shock chlorinate the water
system, improve the physical condition of the water source, and contact a state agency
for further assistance.
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INTRODUCTION

The water supply and wastewater disposal requirements of the vast majority of rural homes
and farms throughout Virginia are met by individual water supply and wastewater disposal
systems.  In Bath and Highland Counties, for example, the majority of housing units (68%) are
served by individual water systems (Koebel et al., 1993). Virtually all of these homes depend
on groundwater sources.

Throughout these two counties, most wells were drilled only for farm or domestic water
supply.  George and Gray (1988) have estimated that 90% of the drilled wells are inadequately
constructed, while essentially all dug/bored wells are inadequate.  More than one in one
hundred households were also estimated to have failing or inadequate waste disposal systems.

Bath and Highland Counties have a combined land area of 948 square miles, and are both
located within the Valley and Ridge physiographic province.  Both counties lie in the west-
central area of the state and share their western borders with West Virginia.  All of the two-
county area lies within the James River basin, with the exception of the northern part of
Highland County which drains into the Potomac River.

The population of the two-county area decreased by more than 15% during the period
1980-90. Despite this population decline, the total number of housing units increased by 14%,
and some new homesites are rural-based without public water and sewage services.  As rural
home sites encroach on agricultural land, the water supply becomes suspect to residents.  Of
equal importance is the potential failure of septic systems, since a number of home sites are on
land less than ideal for a properly functioning septic system.

In addressing similar concerns, Ross et al. (1991) initiated a pilot program of household water
quality education in Warren County, Virginia, which included water sampling, testing, and diagno-
sis.  Based on requests and support from local interests, subsequent programs have been conducted
in 66 additional counties.  During the course of these projects, nearly 10,000 households  submitted
water samples through local Virginia Cooperative Extension Offices to be analyzed for the follow-
ing:  iron, manganese, hardness, sulfate, chloride, fluoride, total dissolved solids, pH, saturation
index, copper, sodium, nitrate, and total coliform and fecal coliform/E. coli bacteria.

Major household water quality problems identified, as a result of these previous analyses,
were determined to be iron/manganese, hardness, fluoride, and total dissolved solids, and
because of their potential health significance, corrosivity, bacteria, and to a lesser extent,
sodium and nitrate, although the occurrence and extent of these problems varied across coun-
ties.  In most county programs, a limited number of additional samples from “high-risk”
households were tested for over two dozen pesticides and other chemical compounds. Most of
these compounds have been detected in measurable quantities in one or more samples, with
several values exceeding a corresponding U.S. Environmental Protection Agency Health
Advisory Level (HAL) or Maximum Contaminant Level (MCL).  It was the need to assess the
current state of rural household water supplies in Bath and Highland Counties, in addressing
the above water quality issues, that led to the implementation of the Household Water Quality
Education Program in both counties.
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OBJECTIVES
The primary goal of this project was to conduct educational programs on household water

quality to include water testing/diagnosis in Bath and Highland Counties.  The general program
objectives were to: (1) improve the quality of life of rural homeowners by increasing awareness
and understanding of water quality problems, protection strategies, and treatment alternatives;
and (2) create a groundwater quality data inventory to assist local governments in land use and
groundwater management planning.

METHODS

Household water quality educational programs were offered through the local Virginia
Cooperative Extension Offices in Bath and Highland Counties during Fall 2000.   Any house-
hold resident of these counties who utilized a private, individual water supply was eligible to
participate.  The programs were patterned after the model developed under the pilot educa-
tional program completed in 1989 in Warren County (Ross et al., 1991).  Local news media and
agency newsletters publicized the program in each county, and program fact sheets were
prepared (see Appendix).

The programs were launched through local meetings held in Bath County (Warm Springs)
and Highland County (Monterey) in late September and early October, respectively.   Attendees
of these initial meetings were presented with information on local hydrogeologic characteristics
in relation to groundwater pollution, likely sources of, and activities contributing to, groundwa-
ter contamination, the nature of household water quality problems (both nuisance and health-
related), and specifics of the water testing program to follow.  At these meetings, individuals
were invited to sign up to participate in the testing program at a basic cost of $30 per household
water sample submitted.

Provisions were made to analyze up to 100 household water samples in each county.  Water
sampling kits, for use by the participants themselves, were made available at the meetings and  at
the county Cooperative Extension offices after the meetings for late registrants.  Two types of
water sampling kits were distributed:  (1) general water chemistry analysis for iron, manganese,
hardness, sulfate, chloride, fluoride, total dissolved solids, pH, saturation index (Langlier),
copper, sodium, and nitrate; and (2) bacteriological analysis (total coliform and E. coli).

The sampling kits included a 250 ml plastic bottle for general water chemistry samples and
a sample identification form (see Appendix).  The form included sampling instructions and a
questionnaire on which participants were asked to describe the characteristics of their water
supply. Also included in the kits was a 125 ml sterilized plastic bottle for bacteriological
samples.  Instructions called for sampling from a drinking water tap and for flushing water
systems prior to sampling to minimize contaminants contributed by the  plumbing system.
Persons who already had a water treatment device, such as a water softener, were requested to
provide information about the type of equipment so that effective evaluation of their water
quality and proper interpretation of results could be obtained, as further explained below.

Water samples were collected on October 9 in both counties.  At the close of each collec-
tion day, all samples were packed in ice and immediately delivered to Virginia Tech in
Blacksburg for analysis.
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The general water chemistry and bacteriological analysis was coordinated by the
Department of Biological Systems Engineering Water Quality Laboratory at Virginia
Tech. The Soils Testing Laboratory of the Department of Crop and Soil Environmental
Sciences at Virginia Tech was subcontracted to analyze samples for several of the con-
stituents.  Water quality analyses were performed using standard analytical procedures
(USEPA, 1979).

After the analysis had been completed for each county, participants were reminded by
mail to attend subsequent meetings in either Warm Springs or Monterey to obtain and
discuss the test results and management practices to reduce or prevent water contamina-
tion.  Complete test results were ultimately mailed to those participants who could not
attend any of the meetings.  A sample report form and accompanying report interpretation
are shown in the Appendix.

At the conclusion of the programs, an evaluation survey was mailed to participants (see
Appendix).  The objectives of the survey were to determine (1) the reasons for participation in
the educational programs and for having household water tested, and (2) the actions to correct
water quality problems the participants had taken, or planned to take, as a result of participation
in the programs.  Limited socio-economic information was also requested to obtain a profile of
the total audience reached by the programs.

In addressing overall project objective 2, local government and public officials were kept
apprised of water quality test results, during the course of the programs and at their completion.
While the project was designed to involve voluntary participation, and quality control in
sampling was not assured, the information gathered was nevertheless deemed useful for water
quality assessment and planning at county and regional levels.

FINDINGS AND RESULTS

During the course of the projects, 60 individual household water samples were returned for
general water chemistry and bacteriological analysis from all areas of the two counties.   Two
surveys were distributed to all water testing participants:  One, the questionnaire with the water
sampling kit, to be completed and returned by all participants with the sample submitted for
analysis; and the other, an evaluation of the completed programs (see Appendix).  For the latter,
of the 60 forms mailed, 31 were returned (a 52% response rate).  Both surveys provided insight
into the characteristics of the households and their water supplies.

Profile of Participant Households

The average length of the respondents’ residence in Bath or Highland Counties was 23
years.  The length of residence reported ranged from 1 to 75 years.  Twelve percent of those
responding had lived in their present county for 5 years or less.  The size of the respondents’
households ranged from one to five members; average household size was 2.47.  It can, there-
fore, be estimated that approximately 150 residents of the two counties were directly impacted
by the water analysis/diagnosis aspect of the programs.
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Nearly two-thirds (65%) of the respondents were college graduates and 97% had at least a
complete high school education (see Figure 1); facts that are not surprising, since it is likely
that such individuals would have a greater awareness and understanding of water quality issues
and be more likely to participate in such a program.

Participation in the program was on the high end of income distribution.  Figure 2, which
shows the family income (before taxes) of the respondents, indicates that a majority of the
respondents exceeded the median family income ($27,986 averaged for the two counties and
according to the 1990 Census) (Koebel et al., 1993).  Thirteen percent of respondents declined
to indicate family income.

Profile of Household Water Supplies

The initial survey answers, provided by all 60 participants in the water testing programs,
helped to characterize their water supplies (see Appendix).  One set of questions dealt with the
proximity of the household water supply to potential sources of groundwater contamination.  One
such question sought to define housing density, which may have an impact primarily from the
standpoint of contamination from septic systems and related water quality problems.  Participants
were asked to classify their household environs  as one of the following four categories, ranging
from low to high density:  (1) on a farm, (2) on a remote, rural lot, (3) in a rural community, and
(4) in a housing subdivision.  As shown in Figure 3, farm was the most common at 68%, while
subdivision (2%) was the least common.

Participants were also asked to identify potential contamination sources within 100 feet of
their water supply.  The only sources identified were streams, home heating oil storage tanks,
and septic system drainfields, noted by 17%, 5% and 3% of all households, respectively.
Indications of proximity (within one-half mile) to larger activities which could potentially
contribute to groundwater pollution were also sought.  Agricultural activities were the most
commonly identified; 53% of the participants indicated that their water supply was located
within one-half mile of a major farm animal operation and 12% within one-half mile of field
crop/orchard production.

Information was also obtained regarding characteristics of the participants’ water supply
systems. Regarding the type of water source supplying the household, 48% of the participants
reported that they rely on a well and 52% depend upon a spring. Participants having a well
were asked to provide an estimate of the well depth, if known. Of those participants indicating
well depths, 96% reported depths of more than 50 feet, while 4% reported less than or equal to
50 feet.  The maximum well depth reported  was 500 feet; the average well depth was 185 feet.
Twenty-nine percent of the wells were constructed in or prior to 1970.  The earliest reported
well construction date was 1930.

Household water systems were further identified with respect to the type of material used
in the piping network for water distribution throughout the dwellings.  The most widely used
material was copper (46%), while plastic was reported by 34% of the participants.  Seven
percent of participants reported, “Don’t know."

To properly evaluate the quality of water supplies in relation to the point of sampling,
participants were asked if their household water systems had water treatment devices currently
installed, and if so, the type of device.  The results of the inquiry are presented in Figure 4.
Twenty-eight percent of the participants reported at least one treatment device installed, with
the most common type of treatment device in use being a water softener (35%) followed
closely by sediment filter (29%).



Figure 2. Family Income of Participants

Figure 1. Educational Level Achieved by Participants
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Figure 3. Housing Environs of Participants
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Participants' Perceptions of Household Water Quality

Participants were also asked about problems they were experiencing in their household water
systems (see Appendix).  They were asked initially whether or not they experienced one or more
of the following conditions:  (1) corrosion of pipes or plumbing fixtures; (2) unpleasant taste; (3)
objectionable odor; (4) unnatural color or appearance; (5) floating, suspended, or settled particles
in the water; and (6)  staining of plumbing fixtures, cooking appliances/utensils or laundry.  With
the exception of (1) above, with which 7% of the participants identified, participants were given
several more specific descriptions from which to choose if answering positively.

Thirteen percent of the participants responded that their water had an unpleasant taste.  For
these participants, the identification of tastes is presented in Figure 5.  “Sulfur” taste was the
most common problem (50%), followed by “metallic”, identified by 38% of those who re-
ported taste problems.  Thirteen percent of those with taste problems indicated “other” includ-
ing such a description as acidic.

An objectionable odor was reported by 13% of the participants.  Of these, the description
of odors selected is shown in Figure 6.  The most prevalent odor described, by far, was “rotten
egg,” or sulfur, identified by 75% of those reporting odor problems. Twenty-five percent
reported “other” odors, such as fishy.

Thirteen percent of the participants affirmed their water had an unnatural color or appear-
ance.  “Muddy” was identified by 38% of those who reported appearance problems (Figure 7),
followed by “milky”, “black/gray”, and “oily film”, all at 20%.
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A related question sought to identify the presence of solid particles in participants’ water
supplies. Twelve percent described such a condition; more than two-fifths of these (43%)
reported that they noticed “white flakes” in their water followed be “black specks” and “brown
sediment”, both at 29% (Figure 8).

Staining problems on plumbing fixtures, cooking appliances/utensils, and/or laundry were
reported by 40% of the participants.  As presented in Figure 9, the major problem was that of
“rusty” identified by 46% of those with staining problems, followed by “white/chalky” at 38%.

Household Water Quality Analysis

Ultimately, two sample groups resulted:  the “tap water” and “raw water” samples.  The
“tap water” group consisted of the 60 individual household water supplies analyzed to repre-
sent the actual water quality at the drinking water tap (including treated water).  The “raw
water” group consisted of samples from untreated systems only - a total of 43 samples.

The raw water sample results presented below may not be entirely indicative of the status of
raw groundwater quality in Bath and Highland Counties.  This may be particularly true for many of
the nuisance contaminants for which treatment systems have been installed, since many of the
already treated supplies likely represented the worst cases for specific contaminants correctable by
treatment devices. Therefore, the inclusion of actual raw water (before treatment) analyses, if they
had been available from those households with treatment devices installed, would likely have
tended to worsen the overall assessment of raw water quality in the two counties.

General Water Chemistry Analysis

The tests included in the general water chemistry analysis are listed in Table 1, along with
the detection limits, where appropriate, for each test as determined by laboratory equipment
and testing procedure constraints.  Also presented are the averages and ranges for each sample
group defined for both counties combined.  Table 2 provides, for both sample groups and each
county, as well as both counties combined, the percentage of constituent values exceeding a
given water quality standard or guideline.  The results and importance of each test for both of
the sample groups are individually discussed below.

Iron.  Iron in water does not usually present a health risk.  It can, however, be very objec-
tionable if present in amounts greater than 0.3 mg/L.  Excessive iron can leave brown-orange
stains on plumbing fixtures and laundry.  It may give water and/or beverages a bitter metallic
taste and may also discolor beverages.

Overall, 2% of samples in the tap water sample group and none of the raw water samples
had iron concentrations exceeding the U.S. Environmental Protection Agency (EPA) Secondary
Maximum Contaminant Level (SMCL) of 0.3 mg/L.  It should be noted that the occurrence of
excessive iron was noted only in Bath County (Table 2).  The presence of so little iron was
surprising in view of the generally accepted notion that excessive iron is prevalent in rural
water supplies throughout much of Virginia.  Only two of the  participants reported the installa-
tion of an iron removal filter, however, water softeners, which can remove small amounts of
iron, as well as manganese, had been installed in 10% of the households. Despite the treatment
equipment in place, the results of the sample questionnaire (see Appendix) revealed that 46%
of the 24 who reported staining problems, or 18% of all participants, classified the color of
those stains as “rusty” (red/orange/brown).  Stains of this color on plumbing fixtures, cooking
appliances/utensils, and/or laundry are usually attributed to excessive iron concentrations.
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It should be noted that the SMCL for iron is likely based more on taste considerations than
long-term staining tendencies, particularly on plumbing fixtures.  It has been suggested that
concentrations below 0.1 mg/L are preferred, when stain prevention is of concern. When a value of
0.1 mg/L was used as the threshold concentration, an additional 7% of samples in both the tap
water and raw water sample groups of both counties combined exceeded this limit.

Manganese.  Manganese does not present a health risk.  However, if present in amounts
greater than 0.05 mg/L, it may give water a bitter taste and produce black stains on laundry,
cooking utensils, and plumbing fixtures.

The results of these analyses indicated that the extent of manganese problems in the two
counties was somewhat greater than that of iron, with 10% and 9%, respectively, of the tap
water and raw water samples exceeding the SMCL. It should be noted that a higher percentage
of these samples were from Bath County (Table 2).  While manganese stains are generally dark
and only 5% of all participants indicated “black” stains, the “particles in water” description of
“black specks,”  reported by 3% of all participants, may also provide evidence of excessive
manganese concentrations.

Hardness.  Hardness is a measure of calcium and magnesium in water.  Hard water does not
present a health risk.  However, it keeps soap from lathering, decreases the cleaning action of
soaps and detergents, and leaves soap “scum” on plumbing fixtures, and scale deposits in water
pipes and hot water heaters.  Softening treatment is highly recommended for very hard water
(above 180 mg/L). Water with a hardness of about 60 mg/L or less does not need softening.

Hardness is an additional “natural” parameter usually linked to karst terrain and limestone
formations that are prevalent in this region of Virginia.  As mentioned above, 10% of all partici-
pants had installed a water softener (Figure 4), and 23% of samples in both sample groups ex-
ceeded the maximum recommended hardness level of 180 mg/L.

Hardness tolerance, like that of many nuisance contaminants, is somewhat relative to
individual preferences.  For example, water with total hardness between 60 mg/L and 180 mg/L
may warrant the installation of a commercial water softener in the view of some household
water users while others are satisfied with untreated water.  Fifty-two percent of the tap water
samples and 51% of the raw water samples of both counties combined were in the range of 60
mg/L to 180 mg/L total hardness, indicating that three-fourths of all samples could be classified
as “moderately hard” or harder.

Sulfate.  High sulfate concentrations may result in adverse taste or may cause a laxative
effect.  The SMCL for sulfate is 250 mg/L.  Sulfates are generally naturally present  in groundwa-
ter and may be associated with other sulfur-related problems, such as hydrogen sulfide gas.  This
gas may be caused by the action of sulfate-reducing bacteria, as well as by other types of bacteria
(possibly disease-causing bacteria) on decaying organic matter.  While it is difficult to test for the
presence of this gas in water, it can be easily detected by its characteristic “rotten egg” odor,
which may be more noticeable in hot water.  Water containing this gas may also corrode iron and
other metals in the water system and may stain plumbing fixtures and cooking utensils.

Sulfate concentrations were relatively low for both the raw water and tap water sample groups
and none of the samples exceeded 250 mg/L.  The complaints of a “rotten egg/sulfur” odor by
three-fourths of those reporting odor problems indicate that hydrogen sulfide gas may be a
somewhat widespread problem in household water systems in the two counties; a conclusion that
can not be confirmed by the presence of sulfate.
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Figure 5. Unpleasant Tastes Reported by Participants

Figure 4. Household Water Treatment Devices Installed

100%

75%

50%

25%

Softener Iron Filter Chlorinator Acid Neutr. Sedi. Filter Carbon Filter Other

Type of Treatment Device

P
er

ce
n

t 
o

f 
H

o
u

se
h

o
ld

s 
w

/T
re

at
m

en
t 

(n
=1

7)

35.3%

11.8%

5.9% 5.9%

29.4%

5.9%

35.3%

100%

75%

50%

25%

0%
Bitter Sulfur Salty Metallic Oily Soapy Other

Description of Taste

P
er

ce
n

t 
o

f 
H

o
u

se
h

o
ld

s 
w

/P
ro

b
le

m
 (

n
=8

)

12.5%

50.0%

0.0%

37.5%

0.0% 0.0%

12.5%



Figure 6. Objectionable Odors Reported by Participants
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Figure 7. Unnatural Appearance Reported by Participants
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Figure 8. Particles in Water Reported by Participants

Figure 9. Staining Problems Reported by Participants
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Chloride.  Chloride in drinking water is not a health risk.  With the possible exception of
coastal areas, natural levels of chloride are generally low, and high levels in drinking water
may indicate contamination from a septic system, road salts, fertilizers, industry, or animal
wastes.  High levels of chloride may speed corrosion rates of metal pipes and cause pitting and
darkening of stainless steel.  The EPA has set an SMCL for chloride of 250 mg/L.  None of the
tap water or raw water samples exceeded the SMCL for chloride.

Fluoride.  Fluoride is of concern primarily from the standpoint of its effect on teeth and
gums.  Small concentrations of fluoride are considered to be beneficial in preventing tooth
decay, whereas moderate amounts can cause brownish discoloration of teeth, and high fluoride
concentrations can lead to tooth and bone damage.  For these reasons, the EPA has set both a
SMCL of 2 mg/L and a Maximum Contaminant Level (MCL) of 4 mg/L.  None of the samples
in the tap water or raw water sample groups exceeded either standard.

Total Dissolved Solids (TDS).  High concentrations of dissolved solids may cause adverse
taste effects and may also deteriorate household plumbing and appliances.  The EPA SMCL is
500 mg/L total dissolved solids.  Average TDS concentrations were 162 mg/L and 180 mg/L
for the raw water and tap water sample groups, respectively. None of the samples in either
sample group exceeded the standard.  The maximum TDS concentrations among the raw water
and tap water samples were 405 mg/L and 473 mg/L, respectively.

pH.  The pH indicates whether water is acidic or alkaline.  Acidic water can cause corro-
sion in pipes and may cause toxic metals from the plumbing system to be dissolved in drinking
water.  The life of plumbing systems may be shortened due to corrosion, requiring expensive
repair and replacement of water pipes and plumbing fixtures.  Treatment is generally recom-
mended for water with a pH below 6.5.  Alkaline water with a pH above 8.5 is seldom found
naturally  and may indicate contamination by alkaline industrial wastes.  The EPA has set a
suggested range of between 6.5 and 8.5 on the pH scale for drinking water.

The average pH reading was 7.5 for both the tap water and raw water samples.  One of the
samples (from Bath County) in each sample group exceeded a pH of 8.5, with a maximum pH
value of 8.6.  Seven percent of the tap water and 9% of the raw water samples had a pH value
of less than 6.5, with a majority of these from Highland County. While the remaining samples
had a pH above 6.5, slightly acidic water with a pH between 6.5 and 7.0 can lead to less
immediate staining and corrosion problems.  An additional 10% and 12% of samples in the tap
water and raw water sample groups, respectively, fell into this category.

Saturation Index.  The saturation index (Langlier) is used, in addition to pH, to evaluate
the extent of potential corrosion of metal pipes, plumbing fixtures, etc.  It is a calculated value
based on the calcium concentration, total dissolved solids concentration, measured pH, and
alkalinity.  A saturation index greater than zero indicates that protective calcium carbonate
deposits may readily form on pipe walls. A saturation index less than zero indicates that the
water does not have scale-forming properties and pipes may be subject to corrosion.  Satura-
tion index values between -1 and +1 are considered acceptable for household water supplies.

No saturation index values were determined to be above +1 in either sample group.  Values
of less than -1, however, were determined for 28% of the tap water samples and 26% of the
raw water samples.  Average saturation index values were -1.18 for the former and -1.28 for
the latter sample group with minimum value of -6.81 for both sample groups.

Copper.  The EPA health standard for copper in public drinking water supplies is 1.3 mg/L,
the maximum level recommended to protect people from acute gastrointestinal illness.  Even
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lower levels of dissolved copper may give water a bitter or metallic taste and produce blue-
green stains on plumbing fixtures.  Consequently, EPA has established an SMCL for copper of
1.0 mg/L in household water.

None of the tap or raw water samples exceeded the recommended health level of 1.3 mg/L
or the SMCL of 1.0 mg/L. The maximum copper concentration measured was 0.40 mg/L. Since
natural levels of copper in groundwater are low, and the primary contributor of copper in
drinking water is corrosion of copper water pipes and fittings, low copper levels were expected,
even in the case of tap water samples, assuming that water lines were flushed properly prior to
sampling.

Sodium.  Sodium may be a health hazard to people suffering from high blood pressure or
cardiovascular or kidney diseases.  For those on low-sodium diets, 20 mg/L is suggested as a
maximum level for sodium in drinking water, although a physician should be consulted in
individual cases.  Average sodium concentrations were 13 mg/L and 7 mg/L for the tap water
and raw water sample groups, respectively, while the maximum concentration was 178 mg/L in
the former case and 94 mg/L in the latter case.  For the tap water and raw water samples,
respectively, 13% and 9% exceeded 20 mg/L with the vast majority of these samples from Bath
County (Table 2).  Most of these discrepancies were likely primarily due to the impact of
installed water softeners on the tap water sample group (10% of all participants reported the
use of a water softener).

It should be reemphasized, however, that the suggested threshold of 20 mg/L for sodium is
relatively low and applicable only to individuals suffering from health problems, such as heart
disease or high blood pressure.  To evaluate the presence of high sodium levels in the context
of an otherwise healthy individual, a threshold value of 100 mg/L sodium has been suggested.
Only one of the tap water samples exceeded this 100 mg/L threshold.

Nitrate.  High levels of nitrate may cause methemoglobinemia or “blue-baby” disease in
infants. The EPA has set a MCL for nitrate (as N) of 10 mg/L and it has been suggested that
water with greater than 1 mg/L be used with caution for feeding infants.  Levels of 3 mg/L or
higher may indicate excessive contamination of the water supply by commercial fertilizers and/
or organic wastes from septic systems or farm animal operations, which may be subject to
seasonal and climatic influences.

The maximum concentration of nitrate obtained was 4.5 mg/L for both water sample
groups.  Therefore, none of the tap water samples or raw water samples exceeded the MCL of
10 mg/L, and serious nitrate contamination does not appear to be a widespread problem in
either county.  When a 1 mg/L threshold value was selected, however, a higher occurrence of
nitrate was determined.  In this case, 10% of the tap water and 12% of the raw water samples
exceeded the level of potential concern to infant health.  However, only one of the tap water
and 5% of the raw water samples had a nitrate concentration exceeding 3 mg/L, indicating that
health-impacting levels would likely be approached in few, if any, cases.  In the non-standard
threshold cases, incidences of excessive nitrate were substantially higher for Highland County
compared to Bath County.

Bacteriological Analysis

A common hazard of private household water supplies is contamination by potentially
harmful bacteria and other microorganisms.  Microbiological contamination of drinking water
can cause short-term gastrointestinal disorders, such as cramps and diarrhea, that may be mild
to very severe.  Of the non-gastrointestinal disorders, one particularly important disease



Measured Concentrations

Raw Water (n=43) Tap Water (n=60)

Detection
Test Limit Avg.1 Min. Max. Avg. Min. Max.

Iron (mg/L) 0.005 0.028 DL2 0.264 0.039 DL 0.801

Manganese (mg/L) 0.001 0.018 DL 0.386 0.020 DL 0.386

Hardness (mg/L) 0.3 117.5 DL 235.1 118.5 DL 332.4

Sulfate (mg/L) 0.3 8.6 0.9 65.8 11.6 0.9 67.7

Chloride (mg/L) 1.0 4.0 DL 70.0 5.5 DL 70.0

Fluoride (mg/L) 0.1 0.10 DL DL 0.10 DL DL

TDS (mg/L) 1.0 162.0 4.0 405.0 180.4 4.0 473.0

pH - 7.47 5.18 8.59 7.51 5.18 8.59

Saturation Index - -1.28 -6.81 0.03 -1.18 -6.81 0.12

Copper (mg/L) 0.002 0.032 DL 0.395 0.029 DL 0.395

Sodium (mg/L) 0.01 6.84 0.08 94.20 13.24 0.08 178.40

Nitrate (mg/L) 0.005 0.595 0.036 4.517 0.513 0.036 4.517

1Averages calculated on the basis of below detection limit (DL) values set equal to the DL.

2Sample concentration non-detectable, i.e., below the detection limit for the given contaminant.

Table 1. Average and range of concentration of contaminants comprising general
water chemistry analysis for Bath and Highland Counties.
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Table  2. Percent of concentrations exceeding established standards for contaminants
comprising general water chemistry and bacteriological analysis for Bath and
Highland Counties.
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Percent of Values Exceeding Standard

Test Standard

Iron (mg/L) 0.3 0 0 0 1.7 3.8 0

Manganese (mg/L) 0.05 9.3 20.0 3.6 10.0 19.2 2.9

Hardness (mg/L) 180.0 23.3 20.0 25.0 23.3 19.2 26.5

Sulfate (mg/L) 250.0 0 0 0 0 0 0

Chloride (mg/L) 250.0 0 0 0 0 0 0

Fluoride (mg/L)

TDS (mg/L) 500.0 0 0 0 0 0 0

pH - Low 6.5 9.3 6.7 10.7 6.7 3.8 8.8

pH - High 8.5 2.3 6.7 0 1.7 3.8 0

Saturation Index - Low -1.0 25.6 26.7 25.0 28.3 30.8 26.5

Saturation Index - High +1.0 0 0 0 0 0 0

Copper (mg/L)

Sodium (mg/L) 20.0 9.3 26.7 0 13.3 26.9 2.9

Nitrate (mg/L) 10.0 0 0 0 0 0 0

Total Coliform ABSENT 74.4 53.3 85.7 66.7 46.2 82.4

E. coli ABSENT 46.5 26.7 57.1 41.7 23.1 55.9

      Raw Water        Tap Water
Total Bath High.
n=43 n=15 n=28

Total Bath High.
n=60 n=26 n=34

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

2

4

0

0

0

0

1.0

1.3
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transmissible through drinking water is Viral Hepatitis A.  Other diseases include salmonella
infections, dysentery, typhoid fever, and cholera.

Coliform bacterial detection is simply an indication of the possible presence of pathogenic,
or disease-causing organisms.  Detection of coliform bacteria is confirmed by a total coliform
analysis result above zero.  Coliforms are always present in the digestive systems of all warm-
blooded animals and can be found in their wastes.  Coliforms are also present in the soil and in
plant material.  While a water sample with total coliform bacteria present may have been
inadvertently contaminated during sampling, other possibilities include surface water contami-
nation due to poor well construction, contamination of the household plumbing system, or
water table contamination.  To determine whether or not the bacteria were from human and/or
animal waste, positive total coliform tests were followed up by an analysis for E. coli bacteria.
Therefore, most probable number quantitative bacteria counts were obtained for both total
coliform and E. coli bacteria.

Of the 60 household water samples from the two counties analyzed for total coliform
bacteria, 40 (67%) tested positive (present).  Subsequent E. coli analysis for these total
coliform positive samples resulted in 25, or 63%, positive results, or 42% of all household
water samples undergoing bacteriological analysis.  The percentages of positive total coliform
and E. coli results for the raw water sample group were 74 and 47, respectively.  Quantitative
bacteria counts ranged from zero up to the detection limit of 2400 colonies/100ml for total
coliform and 46 colonies/100ml for E. coli bacteria.

The susceptibility of household water supplies to bacteriological contamination has often
been associated with the type of water source.  For example, it is generally accepted that the
likelihood of bacteriological contamination of springs is greater than that of well water sup-
plies, which usually offer better protection from surface, or near surface, contaminants.  This
contention  is clearly borne out by the results of this program, which indicated that the inci-
dence of total coliform and E. coli contamination of springs was 87% and 71%, respectively,
while for wells, positive total coliform and E. coli results were obtained for 45% and 10% of
the samples.

The age of a water source/system is an additional factor which may have an influence on
contamination susceptibility. With respect to wells in particular, deterioration of the well
structure over time, cumulative damage caused by equipment traffic, etc., and prolonged
exposure of the wellhead area to potentially harmful pollutants may all contribute to the
eventual contamination of the well. A major age-related impact could relate to the development
of, and conformance with, well construction standards through the years. Major legislation in
Virginia to address such issues has been enacted in recent years, most notably in the early
1970’s and early 1990’s. Therefore, for the purpose of examining the occurrence of bacterio-
logical contamination with well age, the sample results were evaluated for the following three
construction date categories: (1) pre-1970, (2)1970-1989, and (3) 1990 to date. With respect to
total coliform bacteria, for each of the above categories, the percentages of well water samples
determined to be positive were as follows: (1) 33, (2) 50, and (3) 33. For E. coli bacteria, the
corresponding percentages were: (1) 17, (2) 8, and (3) 0. For E. coli bacteria specifically, an
overall improvement was noted with time, likely influenced not only by the newness of the
wells, but also recent legislation.

Fecal bacteria present in household water supplies may have originated from animal waste
generation or human waste from septic systems.  Although, positive results should be viewed
with concern, they are not a cause for panic.  Individuals have probably been drinking this
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Table 3. Measures taken or planned by respondents, since water quality
analysis, to improve water supply (Bath and Highland
Counties)

Percent of Respondents who
Reported the Following Problems

Percent
of All Health Nuisance Health &

Respondents Only Only Nuisance None
Measure (n=31) (n=14) (n=3) (n=6) (n=8)

Contact an Agency,
such as the Health Department 22.6 28.6 0 50.0 0

Seek Additional Water Testing
from Another Lab 6.5 7.1 0 16.7 0

Determine Source of
Undesirable Condition 3.2 7.1 0 0 0

Pump Out Septic System 0 0 0 0 0

Improve Physical Condition
of Water Source 29.0 42.9 0 50.0 0

Shock-Chlorinate Water System 32.3 42.9 0 50.0 12.5

Obtain New Water Source 3.2 0 0 16.7 0

Use Bottled Water for
Drinking/Cooking 12.9 28.6 0 0 0

Temporary Disinfection,
such as Boiling Water 6.5 14.3 0 0 0

Purchase or Rent
Water Treatment Equipment 3.2 7.1 0 0 0

Improve Existing Water
Treatment Equipment 3.2 0 0 16.7 0

Take Other Measures to
Eliminate/Reduce Contaminant(s) 3.2 7.1 0 0 0

Have Not Done Anything 41.9 21.4 100.0 0 87.5
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water for some time with no ill effects and could possibly continue to do so.  Nevertheless,
such problems should be further investigated and remedied, if possible.  Program participants
whose water tested positive were given information regarding emergency disinfection, well
improvements, septic system maintenance and other steps to correct the source of contamina-
tion.  After taking initial corrective measures, they were advised to have the water retested for
total coliform, followed by E. coli tests, if warranted.

Post-Program Survey

Following the completion of the educational program, a survey form (see Appendix) was
mailed to the 60 households whose water supply had been tested.  The objectives of the survey
were to determine:  1) reasons for program participation and for having water tested, and 2)
what the respondents had done to correct water quality problems as a result of participation in
the educational program.  Thirty-one (52%) had returned the survey forms by the  deadline.

Household Water Testing History

Participants were asked to indicate their previous experience with water testing and,
specifically, if and when they had last had a laboratory analysis of their present household
water supply.  Thirty-six percent of the respondents indicated that they had previously obtained
water test results.  Of those reporting a prior testing date, 78% had done so within the past five
years and 56% within the past two years.

Reasons for Program Participation

People participated in the water quality program for one or more reasons.  Ninety percent
of the respondents were prompted to participate by concern about the safety of their water
supply. Ten percent of the respondents were prompted by nuisance problems, such as staining,
objectionable taste and odor, etc. Twenty-three percent wanted to follow up on previous tests of
their household water. Twenty-three percent cited other reasons, such as general curiosity and
low-cost opportunity.

Follow-up Activities Taken or Planned

Participants were asked to indicate the measures they planned to take, or had already taken,
to improve the quality of their water supply, since receiving the results of their water quality
analysis.  Table 3 presents the results of this inquiry, with the greatest number of households
(20% or more) indicating that they had already taken, or planned to take, one or more of the
following actions: shock chlorinate the water system, improve the physical condition of the
water source, and contact a state agency for further assistance.

Participants were asked if the water analysis showed that their water was unsatisfactory for
one or more of the following: bacteria, nitrate, sodium, iron, manganese, hardness, and pH.
Responses were grouped in four categories:  1) households with potential health problems
(positive bacteria test results and/or unsatisfactory levels of nitrate or sodium in their water
samples),  2) households with unsatisfactory levels of nuisance contaminants (one or more of
the following:  iron, manganese, hardness, and pH),  3) households with potential health
problems and unsatisfactory levels of nuisance contaminants, and  4) households with neither
potential health problems nor unsatisfactory levels of nuisance contaminants.
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The measures planned or already taken to improve household water as follow-up to the
water quality analysis were generally in agreement with the water quality problems identified
by the testing.  Of the households with potential health problems only, and those with health
problems in combination with unsatisfactory levels of nuisance contaminants, 85% had taken,
or planned to take, at least one measure to improve their water supply.  The measures taken by
the greatest number of households in these two categories were shock chlorinate the water
system and improve the physical condition of the water source.

Respondents were more likely to address health-related problems than nuisance problems.
Of the households with unsatisfactory levels of one or more nuisance contaminants only and
those with nuisance problems in combination with potential health problems, 67% had taken,
or planned to take, at least one measure to improve their water supply.  Not unexpectedly, the
group of households that reported the fewest follow-up measures (13%) were the households
with neither potential health problems nor unsatisfactory levels of nuisance contaminants.

CONCLUSIONS

The Household Water Quality Educational Programs conducted in Bath and Highland
Counties were considered to be successful. The opportunity to participate in the programs was
well-received by those residents who chose to do so.  Individuals participated in the programs
primarily because of concern about the safety of their water supply.  Despite being voluntary
programs,  a somewhat geographically distributed sample representing diverse household and
water supply characteristics was obtained.  While the project was designed for voluntary
participation and quality control in sampling was not assured, the type of information gathered
and summarized was, nevertheless, deemed useful for water quality assessment at county and
regional levels.

Water quality analysis, for many nuisance constituents, generally supported the partici-
pants’ descriptions of their water supplies regarding such problems as staining, taste and odor,
and appearance. The severity of these symptoms is confirmed by the high incidence of water
treatment devices installed – 28% of all households participating had one or more water
treatment devices installed.

Considering the results for both the raw and tap water sample groups, and the influence of
the water treatment devices in use, the major remaining household water quality problems in
Bath and Highland Counties, existing from a nuisance standpoint, were iron/manganese and
hardness.  The major health-related concern was bacteria.  Sixty-seven percent of the samples
tested positive for total coliform and 42% were positive for E. coli bacteria.  In these positive
cases, participants were advised of ways to improve water supply conditions and were encour-
aged to pursue retesting for coliform bacteria.

Seventy-four percent of the households that reported having at least one water quality
problem had taken, or planned to take, at least one measure to improve the quality of their
water supply.  Twenty percent or more of all respondents had taken, or planned to take, one or
more of the following actions: shock chlorinate the water system, improve the physical condi-
tion of the water source, and contact a state agency for further assistance.
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(3) Sample Water Quality Analysis Report

(4) Report Interpretation

(5) Post-Program Survey
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*  The following example (3) represents report used in the Highland County Program only.  Reports for
Bath County were similar, except for the information that was county-specific.
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(1) Program Fact Sheet
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(2) Sample Identification and Questionnaire Form



Sample Identification and Questionnaire Form (cont.)

24



25

(3)    Sample Water Quality Analysis Report



(4) Report Interpretation
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Report Interpretation (cont,)



(5)   Post-Program Survey

28



29

Post-Program Survey (cont,)
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Notes
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