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1. INTRODUCTION 

The Smith Mountain Lake Water Quality Volunteer Monitoring Program (SMLWQVMP) is a 

program designed to monitor the water quality of Smith Mountain Lake, located in southwestern 

Virginia.  The program is jointly coordinated by scientists from Ferrum College in Ferrum, 

Virginia and members of the Smith Mountain Lake Association (SMLA), a lake residents' citizen 

association.  This document reports on the 1990 and 1991 monitoring efforts of the SMLWQVMP, 

which are the fourth and fifth years of this ongoing program.  The detailed data, data analysis, and 

conclusions for the first three years (1987, 1988 and 1989) can be found in the Final Report to the 

Virginia Environmental Endowment (VEE) by Johnson and Thomas (March, 1990).  The VEE 

provided primary funding for the project during the first three years.  

In May of each year, a training session was organized and taught by the Ferrum College scientists 

and the SMLA Volunteer Monitoring Coordinator with assistance from the student technician.  In 

1990, the student technician was Missy Talley and the training session was held at the Bethlehem 

United Methodist Church in Moneta, Virginia.  In 1991, the student technician was Rick Sloan 

and the training session was held at the Smith Mountain Lake Visitor Center at Hales Ford Bridge.  

Both sessions were well attended with attendees including experienced monitors and new 

volunteers.  The number of monitors participating was very consistent, with some experienced 

monitors leaving the program but new monitors joining the program each year.  The program 

consisted of a review of the previous year's findings and the planned schedule for the upcoming 

year.  Returning monitors confirmed their sample site locations on the map of Smith Mountain 

Lake provided by the program directors, received new supplies (sample bottles and filters), and 

had their monitoring equipment checked.  The program co-directors worked with the new 

volunteer monitors to assign sample site locations, explain the sampling procedures, and issue 

sampling equipment and supplies.   

Sample collection began the first week of June each year and the first sample bottles and sample 

filters were picked up in the second week of June.  The sample bottles and sample filters were 

picked up and new supplies issued each Tuesday.  In 1990, samples were collected for thirteen 

weeks until the first week in September.  In 1991, the decision was made to collect samples for 
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twelve weeks because Ferrum College begins fall semester the first week in September and sample 

pick-up and analysis are difficult to complete. 

Newsletters were written and published by the program co-directors each summer, reporting on 

activities of the program and data analytical reports.  Announcements were included in the 

newsletters in addition to advice or tips on more efficient sample collection.  Two newsletters were 

written in 1990 and one in 1991. 

At the end of each monitoring season, a meeting and social event is held.  At these combination 

picnic/business meetings, the co-directors of the program from Ferrum College gave reports on 

the results of the sample collection and analyses, and the SMLA program coordinator and president 

made presentations about the success of this year's program and the next year's plans for the 

SMLWQVMP.  

The results of the data analyses, and conclusions and comparisons with the previous three years’ 

data, will be discussed in the following sections.  
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2. METHODS 

Detailed methods of sample collection, sample analyses, and quality control/quality assurance 

procedures can be found in the VEE Report (Johnson and Thomas, 1990). 

The parameters measured included: turbidity, measured with a Secchi disc; total phosphorus, 

measured spectrophotometrically after persulfate digestion; and chlorophyll-a, determined using 

the acetone extraction method with fluorimetric detection. 

Quality control and quality assurance procedures evaluated both sample collection and storage by 

the volunteer monitors, and the laboratory procedures used to determine total phosphorus and 

chlorophyll-a. 
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3. RESULTS 

3.1 1990 Results 

The three water quality parameters that are studied on Smith Mountain Lake are water turbidity, 

total phosphorus, and chlorophyll-a.  In 1990, the average seasonal value for each water quality 

parameter was: (1) Secchi depth = 2.41 m; (2) total phosphorus concentration = 25.2 ppb; and (3) 

chlorophyll-a = 4.53 ppb. The average values are also displayed in Table 1. 

Table 1. Comparison of water quality data from Smith Mountain Lake from 1987 
to 1991 with data from other southeastern lakes and reservoirs. 

Parameter                         Average - Smith    Mountain    Lake             Average of 
                                          1987      1988        1989      1990     1991      80 S.E. Lakes* 

Total Phosphorus (ppb)      19.7         20.9        27.8     25.2      25.9            33.0 

Chlorophyll-a (ppb)             3.8          2.6          3.7        4.5        3.0              8.1 

Secchi Disk Depth  (m)       2.4          2.7           2.2        2.4        2.6              1.7 
(*Reckhow, 1988) 

In 1990, the weekly mean of all stations followed a fluctuating pattern similar to the previous three 

years, as illustrated in Figure 1.  The Secchi depth exhibited the highest mean value in Week 5, 

indicating that the lake water was the clearest at most stations during the first week of July.  The 

lowest mean value occurred during Week 1 indicating that the water was the most turbid during 

the first week of June.  The grand mean of Secchi depth values, including all 826 values for all 

stations and all 13 weeks, was 2.41 + 0.11 m.  The total phosphorus concentration exhibited the 

lowest mean value in Week 13 and highest mean value in Week 1.  The chlorophyll-a 

concentration exhibited the lowest mean value in Week 5 and the highest mean value during Weeks 

12 and 13. 
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Figure 1. 1990 Smith Mountain Lake data averaged by sampling period. 
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When these three water quality parameters are evaluated based on the means for each station and 

correlated with miles to the dam, trends are exhibited which would be considered typical of a 

reservoir.  As can be seen in Figure 2, the upper reaches of the tributaries are more riverine, while 

the lower reaches (closer to Smith Mountain Lake Dam) exhibit more lacustrine (lake-like) water 

quality.  The Secchi depth increased as miles to the dam decreased, indicating higher water clarity 

closer to the dam in the larger expanse of water.  The lowest water clarity (SD  = 1.0 m) was 

measured at a station approximately 18 miles from the dam, and the highest water clarity (SD = 

4.6 m) was measured at a station approximately 5 miles from the dam.  The increase in Secchi 

mean depth was significantly correlated with decreasing miles to the dam.  The total phosphorus 

concentration (TP) decreased closer to Smith Mountain Lake Dam, indicating less nutrient-

enrichment in the larger expanse of water.  The highest total phosphorus concentrations (TP = 59 

ppb and 42 ppb) were measured at stations approximately 17 and 15 miles from the Smith 

Mountain Lake Dam and the lowest total phosphorus concentrations (TP = 11 ppb) were measured 

at stations approximately 1 and 2 miles from the dam. The decrease in total phosphorus 

concentration was significantly correlated with decreasing miles to the dam.  The chlorophyll-a 

concentration (CHA) also decreased toward the dam, indicating less algal growth in the larger 

expanse of water.  The highest chlorophyll-a concentrations (CHA = 11 ppb) were measured at a 

station approximately 17 miles from the dam, and the lowest chlorophyll-a concentrations (CHA 

= 0.2 ppb) were measured at stations approximately a mile from the dam. The decrease in the 

chlorophyll-a concentrations was significantly correlated with decreasing miles to the dam.   

The average values of the three water quality parameters, when compared to other southern lakes 

and reservoirs, indicate excellent water quality in Smith Mountain Lake as a whole. 
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Figure 2. 1990 sample site average versus miles to the SML Dam. 
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3.2 1991 Results 

In 1991, the average seasonal value for each water quality parameter was: (1) Secchi depth = 2.55 

m  (787 measurements); (2) total phosphorus concentration = 25.9 ppb (485 analyses); and (3) 

chlorophyll-a = 2.97 ppb (480 analyses). 

In 1991, the weekly average parameter values are illustrated in Figure 3.  The Secchi depth (SD) 

exhibited the highest (SD = 2.7 m) mean value in Week 3 and the lowest mean value  (SD = 2.3 

m) during Week 9.  The total phosphorus (TP) concentration exhibited the lowest mean value (TP 

= 21.9 ppb) in Week 10 and the highest mean value (TP = 34.8 ppb) in Week 3.  The chlorophyll-

a (CHA) concentration exhibited the lowest mean value (CHA = 1.9 ppb) during Week 12, and 

the highest mean value (CHA = 5.1 ppb) during Week 3. 
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Figure 3. 1991 Smith Mountain Lake data averaged by sampling period. 



SMLA Water Quality Volunteer Monitoring Program         1990-1991 

RESULTS     
10 

When these three water quality parameters are evaluated based on the means for each station and 

correlated with miles to Smith Mountain Lake Dam, the same trends observed in 1990 are 

exhibited.  Water quality improves as measurements are made closer to the dam, as illustrated in 

Figure 4.  The Secchi depth increased as miles to the dam decreased, indicating better water clarity 

closer to the dam in the larger expanse of water.  The lowest water clarity (SD  = 1.3 m) was 

measured at a station approximately 18 miles from the dam, and the highest water clarity (SD = 

4.2 m) was measured at a station approximately 3 miles from the dam.  The increase in Secchi 

mean depth was significantly correlated with decreasing miles to the dam.  The total phosphorus 

concentration (TP) decreased closer to Smith Mountain Lake Dam, indicating less nutrient-

enriched water.  The highest total phosphorus concentrations (TP = 66 ppb) were measured at a 

station approximately 17 miles from the Smith Mountain Lake Dam, and the lowest total 

phosphorus concentrations (TP = 12 ppb) were measured at a station approximately 1 mile from 

the dam.  The decrease in total phosphorus concentration was significantly correlated with 

decreasing miles to the dam.  The chlorophyll-a concentration (CHA) also decreased toward the 

dam, indicating less algal growth in the larger expanse of water.  The highest chlorophyll-a 

concentrations (CHA = 5 ppb) were measured at stations approximately 13 and 12 miles from the 

dam, and the lowest chlorophyll-a concentrations (CHA = 1 ppb) were measured at a station 

approximately 2 miles from the dam. The decrease in the chlorophyll-a concentrations was 

significantly correlated with the decreasing miles to the dam.  

The grand mean of the three parameters for the entire summer, and for all stations combined are 

listed in Table 1.  The values were very similar to those from 1990, again indicating excellent 

water quality in Smith Mountain Lake as a whole. 
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Figure 4. 1991 sample site average versus miles to the SML Dam. 
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3.3 Yearly Comparison of Parameters 

If the entire five years’ worth of data for all three water quality parameters is examined, a trend 

toward decreasing water quality is evident (Figure 5).  Fluctuations occur from year to year, but 

the general trend in the means for Secchi depth is decreasing, indicating less water clarity, and the 

trends in the means for total phosphorus and chlorophyll are increasing, indicating greater nutrient 

enrichment and greater algal populations.  These trends are expected even in a pristine lake 

unaffected by human activities, but the rate of change is usually increased by humankind's 

activities.  Five years of data is not sufficient to be confident about the rate of change of these 

trends on Smith Mountain Lake.  As more data is collected in the years to come, assessments will 

be made with more confidence.  

 

Figure 5. A comparison of annual average values for each water quality parameter.  
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4. QUALITY ASSURANCE AND CONTROL 

The results of the quality assurance program for 1990 and 1991 indicate that the SMLWQVMP 

continues to produce reliable information on the trophic status of Smith Mountain Lake.  The 

detailed description and results of the full quality assurance program, examining the validity of 

sample collection, preservation, and analytical techniques, are presented in the 1990 VEE report.  

It is not necessary to duplicate the entire quality assurance scheme every year, but we continue to 

examine certain aspects of the program, especially those aspects involving new personnel.  In both 

1990 and 1991, the quality assurance program included duplicate analyses to check the precision 

of analytical procedures and the use of field blanks and surrogate samples of known concentration 

to check the precision and accuracy of the entire (sample collection, preservation, and analysis) 

analytical scheme for total phosphorus and chlorophyll-a.  In the past two years we have not 

included Secchi disk measurement in the QA/QC program because earlier efforts have convinced 

us that this measurement is reliable (after proper training) because of its simplicity.  In short, we 

need to be concerned that variation in concentrations of phosphorus and chlorophyll-a reflect real 

variation in the lake and are not artifacts of sampling and analytical methods, but are convinced 

that variation in Secchi depth readings reflect real changes in water clarity. 

4.1 QA/QC for Total Phosphorus 

The primary test of reliability for total phosphorus data is the use of field blanks and surrogate 

samples, distributed randomly among volunteer monitors during the summer.  The field blanks 

(distilled water) and surrogate samples (20 ppb standards) are placed in used sample bottles that 

have been treated in the same manner as all other sample bottles.  They are carried into the field 

by the monitors, handled and stored in the same manner as the other samples, and analyzed along 

with all the samples collected in a given week.  The results are shown in Table 2.  The average 

values are within 2 ppb of target values and precision is generally good.  Examination of the 

individual values indicates that most of the deviation is produced by a relatively few "outliers".  

This is typical of measurements made at the parts per billion level, even under the most exacting 

of conditions.  Gain or loss of 0.1µg (one tenth of one millionth of a gram) will change the 

concentration in a 10mL sample by 10ppb.  
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Table 2. Values for TP field blanks and surrogate samples, 1990-91.  

  

1990-week Field blanks (ppb) 20ppb Surrogates (ppb) 
2 1.4 21.2 
  21.7 
3 1.8 14.1 
 0.6  
 1.8  
4 1.2 22 
 0 18.6 
 0 21.1 
5 0 21.1 
 1.2 14.8 
6 7.7 20.4 
  21.2 
7 0.3 19.7 
  18.9 
8 4.9 27.8 
 0.3 19.7 
9 1.3  
 1.7  
 1.7  

10 0.3 20 
11 5.9 16.5 

 2.5  
12 0.3 15.6 

 0.3  
13 4.1 25.3 

avg 1.8 19.8 
stdev 2.1 3.5 

   
   

1991-week Field blanks(ppb) 20 ppb Surrogates (ppb) 
2  23.1 
5 0.4 15.6 
 1.3 15.6 
 1.3 19.1 
8 0.0 15.9 
 2.9 9.5 
  28.3 

10 -2.9 21.6 
 0.0 22.5 
 -2.0 15.3 

avg 0.1 18.7 
stdev 3.8 10.3 
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Table 3 gives data from instrument calibration for 1991 and indicates the extreme reliability of the 

analytical procedure itself.  Displayed in the last column of the table, R^2 is the correlation 

coefficient and is a measure of how well the calibration curve fits the absorbance readings of the 

standards.  A correlation coefficient of exactly one is the highest value possible and indicates a 

perfect fit.  The weekly values are all very close to 1.0 and indicate the method works very well.  

The measured phosphate concentrations reliably reflect what is in the sample container and errors 

stem primarily from the collection, handling, storage and transfer of the water samples.  As a 

further check on the laboratory procedures, the samples collected during week 2 were analyzed 

twice.  The replicate analysis was performed the day after the original and all steps were repeated, 

from the pouring out of samples from bottle to test tube and sample digestion to instrument 

recalibration.  The absolute difference in the mean values was less than 1.5 ppb and there was no 

statistical difference between the values.  The complete results of the replication study are included 

in Table A.5 of the Appendix (see 9102 and 9102r). 

Table 3. Slope, intercept, and correlation coefficient (R^2) from 1991 phosphate 
calibration curves. 

 

4.2 QA/QC for Chlorophyll-a 

Reliability of the chlorophyll-a data was tested in two ways.  First, a single water sample from 

Adams Lake, on the Ferrum College Campus, was collected and 20 100 mL portions were passed 

Week Slope Intercept R^2 
1 0.0166 0.0019 0.992 
2 0.0135 0.0021 0.996 

        2(rep) 0.0180 0.0022 0.997 
3 0.0180 0.0016 0.921 
4 0.0069 0.0023 0.999 
5 0.0050 0.0023 1.000 
6 0.0003 0.0023 0.999 
7 0.0150 0.0021 0.994 
8 0.0066 0.0021 0.994 
9 0.0067 0.0021 0.985 

10 0.0104 0.0023 0.998 
11 0.0124 0.0023 0.999 

    
mean 0.0108 0.0021 0.990 

std dev 0.0057 0.0002 0.022 
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through 20 filters and analyzed.  This gives 20 filters with approximately the same amount of 

chlorophyll-a.  Although the water sample was shaken each time before removing a portion to be 

filtered, the amount of algae on each filter will vary by some unknown amount.  This means that 

the variability among the replicate analyses arises both from real differences and as an artifact of 

the analytical procedures, and we have no way of knowing their relative contributions.  The results, 

shown in Table 4, indicate a standard deviation of 5 ppb and good reproducibility for the 

determination of chlorophyll-a, an inherently imprecise measurement (the difficulties associated 

with the determination of chlorophyll are discussed in the 1990 VEE Report).  In the second quality 

control procedure for chlorophyll-a, samples were collected from the docks of two volunteer 

monitors (Pick and Chilton) and five filters were prepared from portions of each sample.  Each 

filter was then cut in two.  One half was returned to the field for normal handling and storage while 

the other half was frozen in a lab at Ferrum College.  The results of this procedure are also shown 

in Table 4 (the first filter of sample 1 was ruined before analysis).  Results again indicate 

reasonable reproducibility and indicate that sample handling and preservation do not significantly 

alter the sample. 

Table 4. Quality control data for 1991 chlorophyll-a analysis. 
replicate Chlor-a (ppb) field 1(ppb) frozen 1 (ppb) field 2 (ppb) frozen 2 (ppb) 
1 28 no sample no sample 2 3 
2 24 13 13 3 2 
3 23 16 11 2 4 
4 31 13 14 3 3 
5 30   7 12 3 3 
6 32     
7 20     
8 24     
9 21     
10 23     
11 17     
12 20     
13 18     
14 21     
15 21     
16 19     
17 25     
18 22     
19 34     
20 29     

mean 24 12 13 3 3 
std dev   5   4   1 1 1 
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5. SAMPLING EFFICIENCY 

The monitoring program depends on volunteers for sample collection and one measure of success 

for the program is the consistency with which these volunteers attend to their stations.  Table 5 

below presents the collection efficiency for 1991. 

Table 5. 1991 volunteer sample collection efficiency. 
 

 

The figures show that the volunteer monitors are very conscientious about sample collection.  That 

advanced monitors collected over 95% of the samples possible in spite of bad weather, travels 

away from home, and illness is remarkable.  Their sampling efficiency is as good or better than 

that of professionals in agencies responsible for environmental sampling.  This degree of 

commitment undoubtedly carries over to the care with which samples are collected and is evidence 

of their dedication. 

 

      number       number   sampling 
Parameter      possible       taken   efficiency (%) 

    
Secchi disk     
measurements 864 739 86 

    
total phosphorous    
samples 504 485 96 

    
chlorophyll-a 504 480 95 
samples    

    
overall 1872 1704 91 

 
 

 
 



SMLA Water Quality Volunteer Monitoring Program         1990-1991 

CONCLUSIONS  
  

18 

6. CONCLUSIONS 

1990 and 1991 were good years for the SMLWQVMP.  The generous financial support of the 

Virginia Environmental Endowment had come to an end and the future of the program was 

uncertain.  The past two sampling seasons have proven that, after adequate development, a 

volunteer monitoring program can be continued on a fraction of the original budget and continue 

to produce high quality data.  We quickly point out that this could not have happened without the 

efforts and dedication of the SMLA and the many volunteer monitors.  Citizens who, along with 

both local and state officials, helped obtain funding from the State of Virginia during the past two 

years also played a critical role.  Although long-term funding has not yet been secured, it appears 

that we are moving toward a permanent program.  The past two seasons have been successful with 

regard to the following aspects of the program: 

 - Recruitment and number of volunteer monitors,  

 - Number of sampling stations and completeness of lake coverage, 
 - Competence of the student technician and volunteers, 

 - Quality assurance program for field and laboratory operations, 
 - Attendance at the training programs and year-end picnics, 

 - Obtaining state funding, and 
 - Continued publicity and requests for information. 

Tasks and challenges that remain include: 

- Extending coverage further up the Roanoke and Blackwater channels and Gills Creek, 
- Assuring long term funding, 

- Working more closely with other agencies and projects (The Blue Ridge Soil and Water 
Conservation District, especially the Blackwater Demonstration Project, and the State 
Water Control Board both generate data that can be useful to supplement and compare to 
the data produced from the SMLA monitoring project), and 

- Data interpretation, trend analysis, and water quality modeling based on data from the 
monitoring program and supplemented with data from other sources. 
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TableA1. SML 1990 Secchi depth data. 
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Table A.1. SML 1990 Secchi depths (continued). 
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Table A.2. SML 1990 phosphorus data. 
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Table A.3. SML 1990 chlorophyll data. 
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Table A.4. SML 1991 Secchi depths. 
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Table A.4. SML 1991 Secchi depths (continued). 
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Table A.5. SML 1991 phosphorus data. 

 



SMLA Water Quality Volunteer Monitoring Program         1990-1991 

APPENDIX  
  

27 

Table A.6. SML 1991 chlorophyll data. 

 


