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Evaluation of Household Water Quality in Smyth and 
Washington Counties, Virginia 

ABSTRACT 

During Spring and Fall 2000 in Smyth and Washington Counties, Virginia, pro
grams 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, I 09 households submitted water samples 
which were analyzed 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 109 partici
pants. Fifty-two 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 
participants 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. Fifteen percent or more of all participants had taken, or 
planned to take, one or more of the following actions: use bottled water for drinking/ 
cooking, shock chlorinate the water system, and purchase or rent water treatment 
equipment. 
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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 Smyth and Washington Counties, however, the majority of housing units (73%) are 
served by public/private water systems (Koebel et al., 1993). While the remaining 27% rely on 
individual water systems, 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 nearly 60% of the drilled wells are 
inadequately constructed, while nearly all dug/bored wells are inadequate. Almost one in one 
hundred households were also estimated to have failing or inadequate waste disposal systems. 

Smyth and Washington Counties have a combined land area of 1016 square miles, and are 
both located predominantly within the Valley and Ridge physiographic province. The south
eastern portions of both counties lie within the Blue Ridge physiographic province. Both 
counties lie in the southwestern area of the state and Washington County shares its southern 
border with Tennessee. Essentially all of the two counties drains into various forks of the 
Holston River, which is a part of the Tennessee River drainage system. 

The population of the two-county area decreased by 2% during the period 1980-90. Despite 
this population decline, the total number of housing units increased by 8%, 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 impor
tance 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 diagnosis. Based on requests and support from local interests, subsequent programs have 
been conducted in 68 additional counties. During the course of these projects, more than 
10,000 households submitted water samples through local Virginia Cooperative Extension 
Offices to be analyzed for the following: iron, manganese, hardness, sulfate, chloride, fluoride, 
total dissolved solids, pH, saturation index, copper, sodium, nitrate, and total coliform and fecal 
colifonn/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 Smyth and Washington Counties, in address
ing 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 Smyth and Washington 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 Smyth and Washington Counties during Spring and Fall 
2000. Any household 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 educational 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 Smyth County (Marion and 
Rich Valley) and Washington County (Hayter's Gap, Konnarock, and Mendota) in late May and 
early June. Attendees of these initial meetings were presented with information on local 
hydrogeologic characteristics in relation to groundwater pollution, likely sources of, and activi
ties contributing to, groundwater 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 for the tests listed below including 
a "present/absent" analysis for the bacteriological tests offered. Participants were given the 
option of paying an additional $10 to obtain two bacteriological results as a quantitative count 
analysis. A second phase of the programs was initiated by similar meetings held in Abingdon 
(Washington County) and Marion in late October for which participation in the testing pro
grams, which included the bacteria quantitative count analysis, cost only $10 per sample. 

Provisions were made to analyze up to 100 household water samples in each county. Water 
sampling kits, for use by the participaµts 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 i;equested to 
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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 June 7 and 19, and again on November 1, in both coun
ties. At the close of each collection day, all samples were packed in ice and immediately 
delivered to Virginia Tech in Blacksburg for analysis. 

The general water chemistry and bacteriological analysis was coordinated by the Depart
ment 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 constituents. 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 at the same sites as the earlier meetings they attended to obtain and 
discuss the test results and management practices to reduce or prevent water contamination. Com
plete test results were ultimately mailed to those participants who could not attend any of the meet
ings. 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 (I) 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, I 09 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 109 forms mailed, 52 were returned (a 48% 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 Smyth or Washington Counties was 20 
years. The length of residence reported ranged from I to 70 years. Nineteen percent of those 
responding had lived in their present county for 5 years or less. The size of the respondents' 
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households ranged from one to fourteen members; average household size was 2.79. It can, 
therefore, be estimated that more than 300 residents of the two counties were directly impacted 
by the water analysis/diagnosis aspect of the programs. 

Nearly one-half ( 46%) of the respondents were college graduates and 94% 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 likely majority of 
the respondents exceeded the median family income ($25,507 averaged for the two counties 
and according to the 1990 Census) (Koebel et al., 1993). Twenty-one percent ofrespondents 
declined to indicate family income. 

Profile of Household Water Supplies 

The initial survey answers, provided by all 109 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 54%, while 
subdivision (2%) was the least common. 

Participants were also asked to identify potential contamination sources within 100 feet of 
their water supply. The major sources identified were streams, septic system drainfields, and 
home heating oil storage tanks noted by 19%, 17% and 16% 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; 58% of the participants indicated that their water supply was located 
within one-half mile of a major farm animal operation and 39% 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, 83% of the participants 
reported that they rely on a well and 17% 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, 90% reported depths of more than 50 feet, while 10% reported less than or equal 
to 50 feet. The maximum well depth reported was 960 feet; the average well depth was 208 
feet. Twenty-eight percent of the wells were constructed in or prior to 1970. The earliest 
reported well construction date was 1880. 

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 plastic (47%), while copper and steel were reported by 27% and 26%, respec
tively, of the participants. Six percent of participants reported, "Don't know." 

To properly evaluate the quality of water supplies in relation to the point of sampling, partici
pants were asked if their household water systems had water treatment devices currently installed, 
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Figure 1. Educational Level Achieved by Participants 
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Figure 3. Housing Environs of Participants 

Housing Environs Distribution 
(N=107*) 
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Farm (54.2%) 

*Two participants did not respond. 

and if so, the type of device. The results of the inquiry are presented in Figure 4. Seventeen 
percent of the participants reported at least one treatment device installed, with the most common 
types of treatment devices in use being water softeners and sediment filters, both at 37%. 

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 16% of the participants identified, participants were given 
several more specific descriptions from which to choose if answering positively. 

Twelve 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 (46%), followed by "bitter", identified by 23% of those who reported 
taste problems. Fifteen percent of those with taste problems indicated "other" including such a 
description as flat. 

An objectionable odor was reported by 15% 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 63% of those reporting odor problems. Thirteen percent reported 
"other" odors, such as manure. 

Ten percent of the participants affirmed their water had an unnatural color or appearance. 
"Muddy" was identified by 64% of those who reported appearance problems (Figure 7), 
followed by "yellow" at 46%. 
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A related question sought to identify the presence of solid particles in participants' water 
supplies. Seventeen percent described such a condition; more than one-third of these (37%) 
reported that they noticed "white flakes" in their water followed by "brown sediment" and 
"black specks'', at 26% and 21 %, respectively (Figure 8). "Other" particles, including descrip
tion of rust flakes, were indicated by 21 % 

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 
"white/chalky" identified by 55% of those with staining problems, followed by "rusty" at 43%. 
Sixteen percent of those reporting staining reported "other", including a description of stains as 
yellow. 

Household Water Quality Analysis 

Ultimately, two sample groups resulted: the "tap water" and "raw water" samples. The 
"tap water" group consisted of the 109 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 90 samples. 

The raw water sample results presented below may not be entirely indicative of the status of 
raw groundwater quality in Smyth and Washington 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, 6% of samples in the tap water sample group and 7% 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 Washington 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 6% of the households. Despite the treatment 
equipment in place, the results of the sample questionnaire (see Appendix) revealed that 43% 
of the 44 who reported staining problems, or 17% of all participants, classified the color of 
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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. 

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/Lare preferred, when stain prevention is of concern. When a value 
of 0.1 mg/L was used as the threshold concentration, an additional 22% 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 slightly greater than that of iron, with 9% and 10%, 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 Washington County (Table 2). While manganese stains are generally 
dark and only two participants indicated "black" stains, the "particles in water" description of 
"black specks," reported by four participants, may also provide evidence of excessive manga
nese 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/Lor less does not need so~tening. 

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, 6% of all partici
pants had installed a water softener (Figure 4), and 47% and 50% of samples in the tap water 
and raw water sample groups, respectively, exceeded 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. Eighteen percent of both the tap 
water and raw water samples of both counties combined were in the range of 60 mg/L to 180 
mg/L total hardness, indicating that more than two-thirds 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 only one of the former and two of the latter exceeded 250 mg/L. The complaints of 
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Figure 4. Household Water Treatment Devices Installed 
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Figure 5. Unpleasant Tastes Reported by Participants 
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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 
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Figure 9. Staining Problems Reported by Participants 
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a "rotten egg/sulfur" odor by more than three-fifths 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. 

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 CTDS). 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 237 mg/Land 254 mg/L 
for the raw water and tap water sample groups, respectively. Three of the tap water samples 
and two of the raw water samples exceeded the standard. The maximum TDS concentrations 
among the raw water and tap water samples were 895 mg/Land 2080 mg/L, respectively. 

J2tl. 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 7.4 for both the tap water and raw water samples. Four of the 
samples in each sample group exceeded a pH of 8.5, with a maximum pH value of 8.9. Nine 
percent of the tap water and 11 % of the raw water samples had a pH value of less than 6.5. 
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% of 
samples in both the tap water and raw water sample groups 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 37% of the tap water samples and 34% of the 
raw water samples. Average saturation index values were -1.29 for the former and -1.19 for 
the latter sample group with minimum value of -5.36 for both sample groups. 
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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 
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/Lor 
the SMCL of 1.0 mg/L. The maximum copper concentration measured was 0.38 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 22 mg/Land 12 mg/L for the tap water 
and raw water sample groups, respectively, while the maximum concentration was 634 mg/Lin 
the former case and 186 mg/L in the latter case. For the tap water and raw water samples, 
respectively, 15% and 11 % exceeded 20 mg/L with a slight majority of these samples from 
Washington County (Table 2). Most of these discrepancies were likely primarily due to the 
impact of installed water softeners on the tap water sample group (6% 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. 
Seven percent 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/Land 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 8.7 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, 44% of the tap water and 46% of the raw water samples 
exceeded the level of potential concern to infant health. Additionally 20% of the tap water and 
21 % of the raw water samples had a nitrate concentration exceeding 3 mg/L, indicating that 
health-impacting levels would likely be approached in a number of cases. In the non-standard 
threshold cases, incidences of excessive nitrate were slightly higher for Smyth County com
pared to Washington 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 
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Table 1. Average and range of concentration of contaminants comprising general 
water chemistry analysis for Smyth and Washington Counties. 

Measured Concentrations 

Raw Water (n=90) Tap Water (n=109) 

Detection 

Test Limit Avg.I Min. Max. Avg. Min. Max. 

Iron (mg/L) 0.005 0.231 DL2 8.941 0.203 DL 8.941 

Manganese (mg/L) 0.001 0.021 DL 0.254 0.020 DL 0.254 

Hardness (mg/L) 0.3 158.5 DL 355.8 147.9 DL 355.8 

Sulfate (mg/L) 0.3 12.9 DL 354.7 21.4 DL 1023.4 

Chloride (mg/L) 1.0 6.7 DL 79.0 7.3 DL 96.0 

Fluoride (mg/L) 0.1 0.16 DL 1.90 0.16 DL 1.90 

TDS(mg/L) 1.0 237.0 15.0 895.0 254.0 15.0 2080.0 

pH - 7.36 5.70 8.90 7.37 5.70 8.90 

Saturation Index - -1.19 -5.36 0.11 -1.29 -5.36 0.11 

Copper (mg/L) 0.002 0.044 DL 0.378 0.046 DL 0.378 

Sodium (mg/L) 0.01 12.37 0.32 186.40 21.61 0.28 634.20 

Nitrate (mg/L) 0.005 1.617 DL 8.714 1.533 DL 8.714 

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. 
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Table 2. Percent of concentrations exceeding established standards for contaminants 
comprising general water chemistry and bacteriological analysis for Smyth 
and Washington Counties. 

Percent of Values Exceeding Standard 

Raw Water Tap Water 

Test Standard Total Smyth Wash. Total Smyth Wash. 
n=90 n=SO n=40 n=l09 n=60 n=49 

Iron (mg/L) 0.3 6.7 0 15.0 6.4 0 14.3 

Manganese (mg/L) 0.05 10.0 4.0 17.5 9.2 5.0 14.3 

Hardness (mg/L) 180.0 50.0 54.0 45.0 46.8 48.3 44.9 

Sulfate (mg/L) 250.0 1.1 0 2.5 1.8 1.7 2.0 

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

2 0 0 0 0 0 0 
Fluoride (mg/L) ----r ---0- ---0- -0 ---0- ---0- -0 

TDS(mg/L) 500.0 2.2 2.0 2.5 2.8 3.3 2.0 

pH-Low 6.5 11.1 10.0 12.5 9.2 8.3 10.2 

pH- High 8.5 4.4 4.0 5.0 3.7 3.3 4.1 

Saturation Index - Low -1.0 34.4 32.0 37.5 36.7 35.0 38.8 

Saturation Index - High +l.O 0 0 0 0 0 0 

Copper (mg/L) ~ 
1.3 

0 

---0-
0 

-0 
0 0 0 0 

-0 ---0- ---0- -0 

Sodium (mg/L) 20.0 11.1 10.0 12.5 14.7 11.7 18.4 

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

Total Coliform ABSENT 55.6 64.0 45.0 56.0 63.3 46.9 

E.coli ABSENT 10.0 10.0 10.0 11.0 11.7 10.2 
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to very severe. Of the non-gastrointestinal disorders, one particularly important disease 
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 
"present" result or a most probable number quantitative count analysis result above zero, 
depending upon the chosen testing method. 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 contamination 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 either a 
present /absent or quantitative count analysis for E.coli bacteria. 

Of the 109 household water samples from the two counties analyzed for total coliform 
bacteria, 61 (56%) tested positive (present). Subsequent E.coli analysis for these total 
coliform positive samples resulted in 12, or 20%, positive results, or 11 % 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 56 and 10, respectively. Ultimately, 
103 samples were analyzed under a quantitative count scenario, with the remaining 6 samples 
undergoing "present/absent" analysis. For the former, quantitative bacteria counts ranged from 
zero up to the detection limit of 2400 colonies/l OOml for total coliform and 115 colonies/l OOml 
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 supplies, 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 incidence of total coliform 
and E. coli contamination of springs was 89% and 19%, respectively, while for wells, positive total 
coliform and E. coli results were obtained for 50% and 10% of the samples, respectively. 

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) 67, (2) 44, and (3) 39. For E.coli bacteria, the 
corresponding percentages were: (1) 11, (2) 13, and (3) 6. 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 (Smyth and Washington 
Counties) 

Percent of Respondents who 
Reported the Following Problems 

Percent 
of All Health Nuisance Health & 

Respondents Only Only Nuisance 
Measure (n=52) (n=9) (n=l2) (n=I 9) 

Contact an Agency, 
such as the Health Department 1.9 11.1 0 0 

Seek Additional Water Testing 
from Another Lab 3.9 11.1 0 5.3 

Determine Source of 
Undesirable Condition 3.9 11.1 0 5.3 

Pump Out Septic System 1.9 11.1 0 0 

Improve Physical Condition 
of Water Source 13.5 22.2 0 26.3 

Shock-Chlorinate Water System 15.4 22.2 0 31.6 

Obtain New Water Source 1.9 11.1 0 0 

Use Bottled Water for 
Drinking/Cooking 19.2 44.4 0 31.6 

Temporary Disinfection, 
such as Boiling Water 7.7 11.1 0 15.8 

Purchase or Rent 
Water Treatment Equipment 15.4 11.1 25.0 21.1 

Improve Existing Water 
Treatment Equipment 7.7 0 8.3 10.5 

Take Other Measures to 
Eliminate/Reduce Contaminant( s) 11.5 22.2 0 15.8 

Have Not Done Anything 36.5 0 66.7 15.8 
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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 I 09 households whose water supply had been tested. The objectives of the survey 
were to determine: I) 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. Fifty-two (48%) 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. Forty-four percent of the respondents indicated that they had previously obtained 
water test results. Of those reporting a prior testing date, 22% had done so within the past five 
years and 13% 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. Twenty-five percent of the respondents were prompted by nuisance problems, such as 
staining, objectionable taste and odor, etc. Four percent wanted to follow up on previous tests 
of their household water. Twelve 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 
(15% or more) indicating that they had already taken, or planned to take, one or more of the 
following actions: use bottled water for drinking/cooking, shock chlorinate the water system, 
and purchase or rent water treatment equipment. 

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: I) 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, 89% 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 use water for drinking/cooking, 
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, 65% 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 (33%) were the households 
with neither potential health problems nor unsatisfactory levels of nuisance contaminants. 

CONCLUSIONS 

The Household Water Quality Educational Programs conducted in Smyth and Washington 
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 incidence of water 
treatment devices installed - 17% 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 
Smyth and Washington Counties, existing from a nuisance standpoint, were iron/manganese 
and hardness. The major health-related concern was bacteria. Fifty-six percent of the samples 
tested positive for total coliform and 11 % 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-three 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. Fifteen percent or more of all respondents had taken, or planned to take, one or 
more of the following actions: use bottled water for drinking/cooking, shock chlorinate the 
water system, and purchase or rent water treatment equipment. 
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APPENDIX* 

(1) Program Fact Sheet 

(2) Sample Identification and Questionnaire Form 

(3) Sample Water Quality Analysis Report 

( 4) Report Interpretation 

(5) Post-Program Survey 

* The following examples (2)-(5) represent forms, reports, etc. used in the Smyth County Program only. 
Paperworkfor Washington County was similar; except for the information that was county-specific. 
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( 1) Program Fact Sheet 

HOUSEHOLD WATER TESTING PROGRAMS 
WASHINGTON - SMYTH COUNTIES 

Fact Sheet 

Purpose: Improve the quality of life of private water system llscrs by increasing awareness and understanding 
of groumlwater quality problems, protection strategies and treatment altemal!ves; and to ere.ate a groundwater 
quality data inventory to i:ll>Sist local government decision making for groundwater protection purposes. 

Who is eligible? Washington and Smyth County residents who are served by a private water system ar~ 
eligible. 

What will we test for? 
l. General Water Analysis: 

Nitrate 
Chloride 
Fluoride 
Sulfate 

Iron 
Sodium 
Copp~r 

Manganese 

2. Bacteria: Total coliform and E. Coli Test. 

Hardness (Ca & Mg) 
pH (acidity) 
Corrosion Index 
Total Dissolved Solids 

Total Cost: Total cost for the test is $30.00 for basic presence/absence bacteria test, $40.00 for bacterial count 
test. Please make checks payable to VCE-Washjngton County. 

Jnformation Meetings: Participants sl1ould attend one of the following sessions to pay for and receive the 
sampling kit. You will also learn how to take the sample at this meeting. 

• Wednesday, :\fay 24, 2000 at 6:00 p.m .. Mendota Community Center 
• Thursday, June 1, 2000 at 6:00 p.m., Hayter's Gap Conununity Center 
• Monday, June 5, 2000 at 6:00 p.m., Northwood Middle School, Rich Valley 
• Monday, June 12, 2000 at 6:00 p.m .. Smyth County Farm Bureau, Marion 
• Tuesday, June 13, 2000 at 6:00 p.m., Konnarock Community Center 

Water Sample Delivery 
The water samples mnst be taken by someone in the household and delivered to one of the following sites at the 
appropriate time: 

• Wednesday, June 7, 2000 - 9:00-9:30 a.m. - Mendota C.ommunity Center 
• Wednesday, June 7, 2000-9:00-9:30 a.m. - Northwood Middle School, Rich Valley 
• Wednesday, June 7, 2000- I J ·00-11 :30 a.m. - Hayter's Gap Community Center 
• Monday, June 19, 2000- 9:00-9:30 a.m. - Konnarock Community Center 
• Monday, June 19, 2000- 11 :00-11 :30 a.m. - Sm}1h County Farm Bureau, Marion 

Test Results Deli\•ery 
Results of the water test will be returned on these dates. Dr. Blake Ross will be available to interpret results. 

• Wednesday, July 5 at 6:00 p.m .. Mendota Community Center 
• Thursday, July 6 at 6:00 p.m., Hayter's Gap Community Center 
• :\fonday, July 10 at 6:00 p.m .. Northwood Middle School, Rich Valley 
• Tuesday, July 11 at 6:00 p.m .• Smyth County Fann Bureau, Marion 
• Wednesday, July 12 at 6:00 p.m., Konnarock Community Center 

Confidentiality: All results will be kepi confidential. Information gathered will have no names and will not be 
of sufjicie111 detail ro detem1i11e a particular water supply. 
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(2) Sample Identification and Questionnaire Form 

SMYTH COUNTY HOUSEHOLD WATER QUALITY PROGRAM 

Smyth Co'1nry Cooperative 1'x1<•11sion 
P. 0. !lox 510 

Marion. VA 24354-0510 
(540) 783-5176 

SA \fPLE IDENTIFICATION (Please prinl clearly and provide compkt~ information on both sides of forrn. I 

Sampl~ No:_ ·------- Date collected: ___ ._ 

San:ple submitted by: ~---'F'-'O=R:...cO::.cl<:...;'FICE LSE 0:-IL \' 

Name: ____ _ Map Grid No. __ _ 

M.liling adores"-- Lab Sample No. _______ _ 

llac1e1ia Tesl Type: 

Telephone: ____ _ 

Household water supply source drawn for sample (check one): 

_ spring _cL'llern other (Specify· __ ·- _ 

If H'el/ is checked abo,e: (a) is it a_. dug or bored well _. drilled well. dt)n'/ knuw, 

(b) what !sits approximate dcplh. if known?---· .. _ /e.,1: 

(c) whal year was well construc:ed. ifknom1·1 

Do other households share the same \\oater supply? __ yes_ no If yes, approxin:ately how many'' ___ ... _ 

1\/P __ Count 

Wa:er treatment devices CLL'Ten;ly inslalkd and allecting cold water only drawn at faucet fur sample (check all tha! apply): 

none 

_u:atf:r sojiener (condilivner/ 

__ iron removal jilter 

acrd i1·ater neu:ra/i;er 

__ sedimenl jilter (screetJ or sand !fpe) 

__ uctil'utt'd carho11 (.'harcoa/) filler 

I 

__ auromatic ch/orinaJor __ other (specify': __________ ·---· ____ _ __ ) 
SAMPLING ll'iSTKUCTIONS: You musl rake your waler samples only on the colkction day you have b<:en assigned. Foe the general water 
analysis sample, use the larger plastic bottle as described below. A separate. smaller bot1le is provided for hacteriulogical samples which 
:;hould be taken last. lf~·ou have any questions aboul sampling procedures, call the Exlemion Office at 783-5176. 

1. Do not remO\'e cap~ from sample bottles until you are ready to take each sample. Do not touch inside or cap or mouth of either 

bottle. 

~ Turn on the cold water faucet in the kitchen or bathroom (select a stationary, non-swivel faucet, if possible) and allow· the water 

to run until it becomes as cold as it will get; then let it run for one more minute . 

. 1. Slowl} and carefully fill the larger bottle to avoid splashing or overflowing. Pour out this rinse waler and then refill bottk 

.:,1111ple1ely. Tighten cap on bottle securely. 

4. Ld the water run for an additional two or three minutes. Reduce flow to prevent splashing and carefull~ fill the smaller hnttle 

only once to the shoulder (just below the threaded lop). DO "JOT RJNSE BOTTLE. Replace cap tightly. 

< Oo nol \\Tile anything on the bottle labels. If samples are not to be delivered immediately, store in refrigerator or on ice unti I 

re.ady to deliver later that day. 

6. fill out this Sample Identification Fonn and Questionnaire (on reverse side) completely and bring it. along with both waler 

>ample bottles, to lhe designared colleclion site on your assigned collection day. 
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Sample Identification and Questionnaire Form (cont.) 

<}L FSTIOSl\AJRE (Please 3115\\'Cr the follo\\ing questions as completely as possible, considering how you view the prrsent condition of the 
watct sC<nipled, including imprO\'Clllents due to a:iy treatment devices identified on other side of form.) 

l. :)cscribc the location ofyot:r home. (Check one) 
__ ~on a j~·1rm 011 n ri?mote, rural lot in it rurai cummunitF _i"n ,i iwusin."!. .lubdil'isir.li! 

What pipe material is primarily med tlu·oughout your house for water distribution? (Check om') 
_coppa _lead _ _gah·anioedsteci __ J>lastic rPVC. PE, etc.) _ .:Jther (spec(fl" ------------

llo y,,u have problems \\ith crnTOsion or pitting of pipes or plumbing lixlures? __ rd __ no 

-1. Does your \\\Her have an unpleasant ta~te? ___ i t.'s ___ nv 

5. Jfyc·.1, how would you describe the taste? (Check all that apply) 
bitter _sulfi1r _sait1 metallic _oi~)' __ soapr _other ripcciJ.i•. __ 

6. Docs your water have an objectim1able odor'! __ __ 1,es __ 110 

I:'_w>, huw \Hiuld you describe the odor" (Check all that apply) 
__ "roffcn egg" ln· ....... u?.fiu· _kcro.\em! <.-lu:tmcal other (Sf'CC1jv: 

8. !)oe' YllUJ water have an 1ulJ1aniral color or appearance? __ ;oe1· no 

9. lf.l•es. how would you describe the color or appearance? (Check all that apply) 
mmld.1· __ milky _/>h1ck'grnv rint _yellow tin/ _ oill'film __ other (specif) 

! 0. Do you have problems with staining ol pltunbing fixt.1res. cooking appliances!utens;is. '1r laund1)? _ves __ "'-' 

11 II ye\'. how would you dc>cribc the color ofstains? (Check all that appl}) 
- __ hfue-green __ ,.us~· (red'oran;;e/brown) -- black or xray ----white or chalk _ulher (spec[fy: _____ _ 

l:. In a standing glass of water, dl> you notice floating. suspended. or settled particles? _ _ ye.1 no 

13. If res, how would you describe thi; material? (Check all that apply) 
__ whit~flakes __ hiad sped.1· _reddish-orange slime ____ brown sediment _ _ orher lspecifi" ____ _ 

I '1. If your water supply is locatct! 100 fret or less from any of the following, please indica:e. (Check all that applyl 
.... seprzc :i:rstem dru;nfii?ld ____ lwme healing oil Moragf! tank (above or belo·w ground) 

____ p;r privy or outlumse __ stream, pond. or iake 

_____ sinkhofr ct>mt:lt~ry 

15. Jfyour water supply i• ioc.ated Y, mile or closer to any of the folJO\\ing. please indirnte. (Check all that apply) 
__ __ lmidjill ____go(j'cuur."' 

___ ill<gai dump __ _field crop:orclrard 

--· "''fi1·e quarry ___Jarm tmimal op~ration 

__ ahanduned quarr_.i·, indw::try1. etc. __ mam{(i1crurinf(procel·sing operat1u11 (sp1.~c{fj': __ _ 

__ commerdal underground storage tank or supp~l' lines (gasohne .l'ervice station, Mating oil supplier. etc.) 

This material is based upon work supported by the U.S. Department of Agricultu:-e, Extension Ser\'ice. 

L~nd·Gn:uu Umver:m1es - Tht' Commonwi.>af1h ls Our Campu.. 
E:..littlston u a 1om: pro~~rcw1 of ;:irgmia Tech. Virgm1a Stare Unnwsrry the r 'S l>ep.i.r1me11t £'.I Afr' Kultu1\' and sluw anJ lifi.t.l gowmmmr.1 

Vugmid Cucpcrnt1'o't" EJ\ter1s1011 programs and employmeut 111i: open to all, re~.\rdless of rare, coior. r.:.l1g1011, sex, a~. 
veteran starus, nanonal cngm. d1sabdi1}·. or pohtu:al aifiliilbo:t. AJl equiil oppo~rumty/aftinnall\'C action e111rl0~er 
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(3) Sample Water Quality Analysis Report 

Smyth County 
Household Water Quality Program 

Smyth County CooperatiYe E>.1ension 
P.O. Box510 

Marion, VA 24354 
(540) 783-5176 

Sample No: S 

Marion, VA 24354 
(540) 783-

Souree: Drilled Well 

Treatment: None 

Test 

Iron (mg/I) 
Manganese (mg/I) 
Hardness (mg/I) 
Sulfate (mg/I) 
Chloride (mg/I) 
Fluoride (mg/I) 

Total Dissolved Solids (mg/I) 
pH 
Saturation Index 
Copper (mg/I) 
Sodium (mg/I) 
Nitrate-N (mg/I) 
Total Coliform Bacteria (col/lOOml) 
E. Coli Bacteria (col/lOOml) 

Water Quality Results 
Date of Sample: 6/19/00 

Household 
Water Sample 

< 0.005 
< 0.001 
240.4"'* 

6.494 
5 

<0.1 
326 
7.6 

-0.32 
< 0.002 

3.13 
1.539 

689** 
0 

•• Measured Value exceeds recommendation for household v.-ater. 

Maximum Recommended 
Level or Range 

0.3 
0.05 
180 

250 
250 

500 
6.5 to 8.5 

-I to 1 

1.0 
20 
10 
0 
0 

Analysis coordinated by Water Quality Laboratory, Dept of Biological Systems Engineering, Virginia Tech. Blaoksburg, VA. 
The infonnation provided is for the exclusive use of the homeowner and should not be used as official uocumer:tatiur of 

water quality. This material is based upon work supported by the l:.S. Department of Agriculture. Extension Service. 

Lar.d-Grant UDl\lcrs1ues ·The Commonwea.Jth Is Our Campus 
Extension 1s a joint program of Virginia Tech, Virginia Stare University. che U.S Department of Agnculturc. and state anJ 101,:aj gl1vemmem~ 

V1rgirua Coopcra1ive E'l(tension programs and employent are opi:n to all, regardless of race, color, rehg1cn, se.-.:.. f.!!c. 
\'eteran stams, national origin, or political affiliation. An equal opportun1ty/affumative action employer 
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( 4) Report Interpretation 

Smyth County Hou,.hold Water Quality Program 

INTERPRETll\G YOUR HOCSEHOLD WATER QUALITY .'\'.\/Al.YSIS REPORT 

Iron in waler Lloes not usually prescm a health risk. It can, however. he \tcry objec1ionable if presenl in amo1111t1'. i;rc.ats;r than O. i__m.gfl. 
Excessive iron can leave red-oran~e-br~wn st.ains on p~umbing fixtures and laundry. It may give water and/or beverages a biller, mewll:c 
taste and discolm hcvcragcs. 

~NESJ: 
\1angancse does nOl present a l:calch risk. However, if present in nmoums gre<Her than 0 05 m¥/l it may give 1Aate1 iJ bi:ler taste and 
produce black stains on laundry, cocking utensils, and plumbing lixrnrcs. 

HARDNESS 

Hardness is a measure of calcium and magnesium in water. Hard water docs nut present a heal!h risk. However, it keeps soap from 
lathering. decreases cleaning action of soaps and detergents, leaves soap "scum" on plumbing fix1urcs. and leaves scale dcoosi1s .,11 water 
pipes aud hot water heaters. Sotkaing treaunent is highly recommended for very hard wa:er (aboye !80 mgill Water wiih ~hardness of 
about SU m~'I or less does not need softening. Water hardness may also be reported in units of grains per gallon, or gpg (I gpg = 17.1 
mg/I hardness). In all but curemely hard water situations, it may be desirable to soften ouly the hot water. 

Sl.!LEAJL 
High sulfate concentrations may result m adverse taste as well as cause a laxative effect. The Secondary ~aximcm Contaminant Lc\'c: for 
sulfate is~- Sulfates are ge11erally naturally present in groundwater and be hoked to other sulfur-related problems, such as hydrogen 
sulfide gas. T!Jis gas may be caused by the action oi sulfate reducing bacteria as well as other types uf bacteria or. deca}ing organic matter. 
While it is difficult to test for the pre<ence of hydrogen sulfide gas in "'at<r, ii can be easily dctec1cd by its characteristic ··ronen egg· odor 
which ma;· be more noticeable in hot wa1~r. \Vater conrnining this ga~ m~y also corrode iron an<l other metals in 1h~ water syMem a~ well 
as stain plumbing fixt:.ues and cookin}! utensil:i. -

CHLORIDE 
Chloride in drinking water is not a heahh risk. Natural levels of chlorides are low; high levels in drin.lung wa1er usually indicate 
contamination from a septic system, road salts. fertilizers, industry, or animal wastes. High levels of chloride may speed curroswn rates of 
metal pipes, and causing pit11ng and darkening of stainless steel. The EPA has set a Secondary Maximum Cor.taminant Level for chloride of 

lli..luiLl 

ELU.QRillE 
Fluoride is 01· concern primarily from the standpoilll of its effect on teeth and gums. Small concentrations of '.luoride arc considered to be 
beneficial m preventing tooth decay while moderate amounts ca.'l cause brownish discoloration of teeth and high tluorice concentra1ions can 
lead to tooth and bone damage. For these reasons, tl1e EPA has set both a Secondary Maximum Comaminant Le;·cl and a Maximum 
Coman~inant Level of 2 and 4 rn~il, respectively. 

TOTAL DISSQ!.VED SOLIDS !IDS) 
High concentrations of dissolved solids may cause adverse taste effects and may also lead to increased deterioration of household plumbing 
and appliances. The EPA Secondary Maximum Contaminant Level is~ total dissoll'ed solids. 

llli 
The pH or· water indicates whether !t is acidic (below 7 .0) or alkaline (above 7 .0). Acidic water can cause corrosion in pipes, an<l mav 
cause toxic metnls from plumbing systems, such as copper and lead, to be dissolved in drinking water. Dissoh·ed copper may give water a 
bitter or metallic taste, and produce blue-green stains on plumbing fixtures. The life of plumbing systems may be shortened due to 
corrosion requiring expensive repair and replacement of water pipes and plumbing fixtures. The use of plastic pipes throughout the water 
distribution system should lessen these concerns. Water with a pH~ is considered to be acidic enough to require ircatmenl. 
Alkaline water with a pH~ is seldom found naturally, and may indicate coniammation by alkaline mdustrial w;istes. Tnc EPA has 
set a suggested range of t>etween ~on the pH· scale for drinking water. 

Uud·Gnmt Univer~itie\ - ~ Cur:uuonwealth Is Our Campu~ 
Ex~nsion is a JOlnt prograx. \If V:ri;irna Tech. Virginia State Univers1[)'. tbe U.S DcparmlC'nt ot Agriculture, and ~rate anJ loc::i.l gnveHuuenr~. 

Virguua Coo~ratJve Exti.:ns!1lll progra~ aOO er.tployment arc opr.:n to at!, regardless of race. cobr. rdi1ion. ~x, a~e. \et:ran ~ti:il\t>. 
n411o;W ,n:gin, d1sab1li1y, m pohtical atfih.atkm. An equal opporrunicy/artimiauve action emplc~·er. 
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Report Interpretation (cont,) 

Si\TUllATION_ INDEX 
The s.1turn1io11 (Langlier) index, in addition to pH, ts used to evaluate tbc extent of potential .:::orro~ion of metal pipes. piumhmg fix:1:re.1.. 
etc. It is a calculated \"alue hasc:d on the calcium conceotration. total dissolved solids concentra1lon. measured pM, and alkalinity. cm\I is a 
measure of the st:ale t{lrmation pmcutial of the water. A saturation index grearcr th.an zero indicates that pro:ective Cdldum l.'.artxm.:iic: 
deposits may rtadily form on pipe walls. A saturation index less than zero indicates 1ha1 lhe water due!-. not hav~ scak forming p1op1:rl1t'.~ 
and pipes may be subject to corrosion. Saruration index values between - I and -,- I arc considered acceptable for household water supp:ies. 
J\OTE: Values of less than -I need not be of concern If the water is not acidic (indicated by a pH of 7.0 or above). Water ,ottenor 
owoers may note a saturation index reading lower than desired. While these treatme.nt devices correct hardness, they may enhance the 
corrosion potential of the water. Concerns about resulting drinking water quality may be lessened by softening only the 'lot water '" 
bypassing c!ri.nkir;g water Jines. 

CQlTfR 

111e EPA drinking water standard for copper is~. based on conc~rns about acme gastroimestinal illness. Since dissolved oopper also 
leaves blue-greer. stains on plumbing fixtures, a Secondary Maximum Conramioam Level o: 1...UJuJ:J is also provided for copper. \Hile 
copper in household water most often comes from the corrosion of bra" and copper plumbing material<, this type of conta~1ination is not 
likely to be detected under the sampling procedure followed in this program which called for flushing the water lines. Therefore, any 
excessive amounts of copper from tl1e water source itself may indicate contamination from industrial wastes or dumps/landfills. 

SQlllilM 

Excessive >Odium has been linked to probkms with high blood pressure. and heart and kidney diseases. Moderate quantities or so<lium in 
drinking water are not considered harmful since an mdividual normally receives mosl (over 90%) of bis1bcr sodium intake from food. For 
those on low-sodium diets, both the American Hean Association and EPA suggest~ a., a maximum level for sodium in drii:king 
water; a physician should be consulted in individual cases. Water softening by ion-exchange will incr<asc sodium level> rn watci ·10 
reduce sodium in dnnking water requiring such treatment. soften only the hor water or bypass drinking waler lines. 

~ 
High levels of nitrate may cause methemoglobmcmia or '"blue-baby" disease in infant,. ·n.ough the EPA has set a :\1axtruum Cot:tanunam 
Le,·el for nitrate-nitrogen of J.!l.lwill. they suggest that water with greater th on l mg/I be used with caution for feeding i~fanls Lcveb of 
higher than 3 mg/l may indicate excessive contamination of water supply by con1merc1al fertilizers as well as organic waste' from septic 
systems or farm animal operations. 

TOTAL CO! JFORM BA.cT.ERIA 
Microbiological contammation of drinking water can cause shon term gastrointestinal disorders. resulting in cramps and diarrhea that ~ff'Y 
be mild to very severe. Other diseases oi concern are Viral Hepatitis A, salmonella infections. dysentery, typhoid te•cr, and cholera. 
While coliform bacteria do oat cause disea~e. they sen•e as indicators of the possible presence or dtsease bac:eria. Coliform bactena are 
always present i:i the digestive systems oi humans and animals and co:rld also come from otl1er sources such as soil or decaying vege:ation. 
Analysts for total coliform bacteria is the EPA standard test for microbiological contamL'lation of a water supply. for which none should be 
present. 

Ji.CQl.I 
In the event that there are coliform bacteria present, a test for fecal bacteria, such as E.coli, is necessary lo determine whclh<r or not anv 
bacteria are from human aud/or animal waste. E. coli bacteria, this specit:s of which is harmless, always originate within the !nrestinal tract 
of warm blooded animals and humans and do not survive very Jong outside of the digestive system. The presence of E. coh bac:cr:a 
indicates that waste from a septic system or nearby animals is likely contaminating the water supply. 

EPA · U S. F.m 1row11enul Prmccbon Agency 

mg/l • Con.:entr.mon unu of milligrams per h1er m Vlaler. e"G_u1val:nl tu one part per mi11io:i lppml. 

Maximum Contaminant Lenl (MCL) • Legally enfcn:table na11onal standard set hy the EPA ro protect tht' public from ~xpo~ure 10 wuer hazar~ S1an..:im.h only arpl~ :o 
publii.: drmkmg wacer byst~ms;, bul, th.:y also serve as. a 1!\)ide for mdividual water supphc~. 

Stcondan· Miuuoum Confamlmmt Ltnl (SMCL) - C•.1nce1~t1i1.lion linuts fnr nuisance c.:ontaminants mnd ph:--s1~3.l problems. The~ slandards are Til~t enforced by 
(l:OYernmr.~t!'I. However. the) ari: i.;.s.eful guidelines for llll1iv1dual w.uer supplies 

Comptled b)· Blake Russ, Exiension Agncllhura1 Eagu~t!r. and Kathy Patron, Extension Specialist. Housing. Virgin.a Ti::.:h_ Bladsburg:. \'A 

July 2000 

This maleriial is based. upon work SUWone.d by the U.S. Dcpamnenl of Agriculture-Extensivn Service. 
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(5) Post-Program Survey 

Smyth County 

HOUSEHOLD WATER QUALITY PROGRAM EVALl!ATION SURVEY 

Please answer each question below as instructed in reference to your household water supply only. Your answers 
are completely confidential and cannot be identified with any individual participant. 

1. Have you had a laboratory test of your V.·<1ter supply before this Household Water Quality Education 
Program0 Yes No 

If Yes, about what year was your last test? ____ _ 

2. What prompted you to participate in this program' (Check all that apply.) 

Concem about safety of my water supply 
Nuisance problems such as staining, objectionable taste or odor, corrosion, etc. 
Follow-up to previous test of my water supply 
Other (explain) ___________________ ---------

3. Did your household water analysis in this program show that your water was unsatisfactory for any of the 
following tests? (Check one response for each test.) 

l'iitrate Yes No 
Sodium Yes No 
Iron Yes No 
Manganese Yes No 
Hardness Yes 1'o 
pH Yes 1'o 

4. What were the results of the tests for the following? (Check one response for each test.) 

Total coliform bacteria 
E. coli bacteria 

Present 
Present 

Absent 
Absent 

5. Since receiving the results of your water quality analysis, which oflhe follov.ing measures do you plan to 
take, or have already taken, to improve the quality of your water supply? (Check all that apply.) 

Contact a state agency such as the Health Dept., Dept. of Environmental Quality, etc. for 
assistance or additional information 
Seek additional water testing from a laboratory 
Determine source of w1desirable condition 
Pump out septic system 
Improve physical condition of water source (well. spring, or cistern) 
Shock chlorinate water system 
Obtain new water source 
Use bottled water for drinking/cooking 
Temporary disinfection, such as boiling water 
Purchase or rent water treatment equipment 
Improve functioning of existing water treatment equipment 
Take other measures to eliminate or reduce contaminant(s) in your water (explain) 

Haven't done anything because 

----~----------~~~-~-----~ 

Land-Grant Universities -Thf' Commonwealth Is Our Campus 
Ell'.tens:on is a;oint program of Virginta Tech. Virgiraa State Univrrs1ty, the U.S. Departmelll of Agricultme, and state and ~ocal governments. 

Virginia Cooperative Ex.1cns1on progra:ns and employment are open to all, regardless of race, color, religion. sex. age, veteran statu'I, 
narional ongm, disabilrty, or polmcal affiliation All equal opportunit)•/affirma11ve action employer 
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Post-Program Survey (cont,) 

The following questions are designed 10 provide us with a profile of the total audience we've reached with this 
program. Be assurrd that ao~wers cano"t be identified with individual participants. 

6. How many years have you liwd at your present location? 

7. Number of persons in your household. 

8. What is the highest grade in school you've completed? (Check one.) 

Grade school 
Some high school 
High school graduate 
Some education after high school 
College graduate 

9. What is your family income )J_tlore tax~? (Check one.) 

Less than $10,000 
SI0,000 to $14.999 
$15,000 to $19,999 

__ $20.000 to $24,999 
$25,000 to S34,999 
$35,000 to $49,000 
$50.000 or more 

I 0. Other e-0rrunents about the Household Water Quality Education Program: 

11. Arc there other educational programs that you would like to see offered by the Sm) th County Exrension 
Office? 

12. Would you be interested in retesting your household water if this program were to be offered again in a few 
years? Yes__ No__ Maybe __ 

13. How did you hear about this Household Water Quality Education Program? {Check all that apply.} 

Newspaper 
Radio 
Tele,~sioo 

Extension Newsletter 
Flyer from child"s school 
Friend or Neighbor 
Other (explain) 

Thank you for ycmr participation. Please return !his survey form by January 20, 2001. A postage-paid envelope 
has been provided for your use in returning this form to: 

Linda Childers. Smyth CoWlty 
Virginia Cooperative Extension 
Extension Distribution C<:nter 

112 Landsdowne Str.oet 
Blacksburg, VA 24060-9984 
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Notes 
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Virginia Coopcralin: Exlcn~ion programs and cmploymenl arc open to all. rcgardkss of race. color. religion. ~ex. age. veteran statu~. national ongin. disahility. or poli1ical 
affil1<11ion. An equal opportunity/affirmative action employer. b~ucd in furthcrancl! of Coopera1ivi.: Exlcn.-.ion work. Virginia Polytechnic ln~titulc and Stale University. 

Virginia State L1nivcr.-.ity. and thi.: U.S. Dcp<1r1mc111 ofAgril:ulturi.: cooperating. J. David Barrett. Director. Virginia Coopaativi.: Extcn~ion. Virginia Tech. Blacksburg: 
Lorenza W. Lyom. Administrator. I 890 Extcn..,ion Program. Virginia State. Petersburg. 

VT/002/0501/150/211771/442939 
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