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 Air temperature means plotted by time period and site show an overall decrease in air 

temperature at all sites across time.  This is similar to temperature averages taken from NOAA.   

 Water Temperature 

 Figures 22 and 23 illustrate the time series plot of water temperature across time periods 

and years.  

 

                        Figure 22: Time Series Plot of Water Temperature across Time Periods 

 

                        Figure 23: Time Series Plot of Water Temperature across Years 
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Water temperature means plotted by time show a sharp decline from during construction 

to postconstruction, followed by an increase in 2012-2013.  

 pH 

 Figures 24 and 25 illustrate the time series plot of pH across time periods and years.  

 

                        Figure 24: Time Series Plot of pH across Time Periods 

 

                        Figure 25: Time Series Plot of pH across Years 
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 Dissolved Oxygen 

 Figures 26 and 27 illustrate the time series plot of dissolved oxygen across time periods 

and years.  

 

                        Figure 26: Time Series Plot of Dissolved Oxygen across Time Periods 

 

                        Figure 27: Time Series Plot of Dissolved Oxygen across Years 

Dissolved Oxygen has increased to before-construction conditions.   

  

Present-dayPostDuringBefore

11

10

9

8

7

6

Time Periods

m
ill

ig
ra

m
s
/

L
it

e
r

2

6

16

22

26

Site

Dissolved Oxygen

201219951994199319921991

11

10

9

8

7

6

Year

m
ill

ig
ra

m
s
/

L
it

e
r

2

6

16

22

26

Site

Dissolved Oxygen



55 
 

Conductivity 

 Figures 28 and 29 illustrate the time series plot of conductivity across time periods and 

years.  

 

                        Figure 28: Time Series Plot of Conductivity across Time Periods 

 

                        Figure 29: Time Series Plot of Conductivity across Years 

Conductivity levels have increased across time.   Site 2, not surprisingly, has the highest 
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de-icing winter season. Salts and other ions have negatively affected the conditions of site 2.  
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CHAPTER 4 

DISCUSSION 

 

Since the construction of Interstate 26 between Tennessee and North Carolina, travel is 

more efficient than the small, winding highway that was previously the major link between the 

two states.  South Indian Creek, which is the major drainage system for Unicoi County, 

Tennessee, meanders along the interstate.  Because of the mountainous terrain and steep slopes 

in the area, runoff from the interstate continuously feeds into South Indian Creek.  Because the 

interstate construction was an extensive alteration of the area, the landscape and its dynamic 

interaction with environmental factors will never be the same as before-construction.    

The sites in this study are all headwater streams that are heavily influenced by riparian 

vegetation and have little buffering capacity.  Habitat assessments have shown that many of the 

sites lack sufficient deep-rooted vegetation for support and prevention of erosion.  The sites are 

at the foot of sloped hills and are in direct contact with runoff from roads/Interstate 26, farms, 

and residential neighborhoods.  Excess nutrients, toxic agents, and sediments flow freely across 

impervious surfaces into the streams.  These all affect the degree of recovery of the stream 

because aquatic microorganisms are sensitive to these changes and alter their enzyme activity in 

response.   

South Indian Creek was negatively affected by the interstate construction activities 

(Scheuerman et al., 1999; Gu, S.,1996).  More recent data collection and analyses uphold past 

studies and illustrate that all biological parameters dropped during the height of construction 

activity.  Present-day conditions show that water quality conditions for most parameters have not 

recovered and that there are long-term impacts from the interstate construction. Galactosidase 
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activity, dehydrogenase activity, and acridine orange direct counts for sediment have not 

recovered.  Glucosidase activity, acid phosphatase activity, and acridine orange direct counts for 

water, however, have recovered to levels in proximity with before-construction conditions.   

The year 2012/2013 had the highest amount of precipitation of all the years, closest to the 

1992 and 1995 averages.   Precipitation is an important determination of how toxicants are 

removed from the system.  Higher precipitation can help flush out the excess toxic materials. 

However, increased precipitation may also introduce large amounts of toxicants, organic matter, 

and nutrients into the system. As the ecological stoichiometric theory suggests, when the ratio of 

carbon: nitrogen: phosphorus: sulfur changes (typically around 100:10:1:1), microbial 

metabolism and activity alter in response.  

Severe precipitation events can scour the sediments and dissemble habitats for 

microorganisms.  This may cause a temporary decline in microbial population growth.   Present-

day pH levels have significantly decreased from before-construction, during-construction, and 

after-construction pH levels.  This may be due to the higher amount of precipitation in 

2012/2013 and may indicate larger concentrations of acid deposition.  Acid leaching from pyrite 

may also explain the lower pH values and may indicate failing pyrite encapsulation and long-

term mitigation strategies.  The increase in conductivity levels in 2012/2013 supports the fact 

that pyrite might be leaching because of the increased ion levels in the water.  Salt used on the 

roads and interstates during the winter might also explain the increase.  

Regional environmental conditions show that average air temperatures have decreased 

with time.  Air temperatures measured from past and present-day EHSL studies are in accord 

with the National Oceanic and Atmospheric Administration.  The years 1996 and 2012/2013 had 

the lowest averages.  The lower air temperature is typically associated with lower water 
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temperature; however, water temperature appears to have increased since 1995 while the 

difference between the air temperatures since 1995 is insignificant.  Runoff from the interstate 

and other impervious surfaces may be responsible for the increase in water temperature, 

especially because precipitation was highest during 2012/2013.  Loss of riparian vegetation and 

canopy cover may also explain the decline in water temperature. Warmer water temperature is 

associated with lower dissolved oxygen, but DO has increased since 1995, as well as water 

temperature.  The solubility of oxygen, however, changes with atmospheric pressure and salinity 

as well as temperature. 

The difference in response of the biological parameters may be attributed to various 

environmental conditions because microbial growth is dependent on other microbial populations, 

nutrients, oxygen, pH, temperature, and water and sediment composition.  The increase in 

acridine orange direct counts in water implies an increase in bacteria in the water.  Larger water 

column bacterial populations may be attributed to runoff from nearby agricultural land and/or 

failing septic tanks. The decrease in acridine orange direct counts in sediment suggests that 

perhaps the sediments have been scourged by heavy erosion and habitats are not available for the 

bacterial growth.  The larger precipitation averages in 2012/2013 may be responsible, especially 

if these events were severe and washed away sediments.   

The results indicate that Galactosidase activities have not recovered to before-

construction levels.  Before-construction GAL activities are significantly different from all 

following years and levels are approximately the same during-construction, postconstruction, and 

present-day.  GAL is involved in metabolism of lactose, so the lower GAL activity may be 

indicative of the loss of riparian vegetation and canopy cover. The decrease in pH, the increase in 
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conductivity, the increase in precipitation (which may cause increased runoff from impervious 

surfaces), and the increase in water temperature may also explain the lack of recovery.   

Present-day Glucosidase activities have increased to the proximity of before-construction 

activities.  The increase in GLU activity typically indicates bacterial abundance, heterotrophic 

uptake of glucose, and bacterial production.  However, the sediment bacterial counts dropped 

while GLU increased, so recovery may be attributed to organic carbon loading, which would 

provide more substrate per cell.  Galactosidase declined because of loss of vegetation, while 

Glucosidase increased, suggesting that there are more degraded forms of carbon entering the 

stream, such as from soil.  

Present-day Alkaline Phosphatase activities have increased to the proximity of before-

construction levels.  Between the years 1993-1996, alkaline phosphatase activities were 

extremely low, suggesting the activity was repressed by inorganic phosphate, such as from 

fertilizer use.  Lower pH would also repress the activity of AP (Chrost), but data shows a lower 

pH in 2012, when alkaline phosphatase levels appear to recover.  The increase in phosphatase 

activity indicates that inorganic phosphorus is the limiting nutrient.  Alkaline phosphatase 

activity increases in order to scavenge more phosphate from organic phosphate molecules.  This 

suggests a healthy stream, one that is not repressed by nutrient loading such as by fertilizers.    

Before-construction Dehydrogenase activities are significantly higher than all following 

years, which indicates that the DHA has never recovered from the interstate construction.  DHA 

levels are approximately the same during-construction, postconstruction, and present-day.  The 

decrease in dehydrogenase activity indicates a decrease in aerobic metabolic activity, or total 

respiration as a rate of oxygen uptake and carbon dioxide production.  Insufficient oxygen and/or 

carbon may cause a decline in DHA.  Because dissolved oxygen has increased to before-
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construction conditions, it would suggest an increase in dehydrogenase activity.  However, 

dehydrogenase is also dependent on a wide variety of environmental parameters.  The lack of 

recovery of dehydrogenase activity may be explained by lack of sediments for microbial growth 

and metabolism, the decrease in pH, the increase in conductivity, the increase in precipitation, 

and the increase in water temperature.   

The multivariate analysis of variance (MANOVA) determined that there was not a 

significant difference between sites.  This would indicate that the reference site and the sampling 

sites all responded the same and perhaps climatic variables are at play such as drought, flood, 

and climate.  There is also the possibility that microbial enzyme activities are not a sensitive 

indication for environmental conditions. 

Overall, South Indian Creek has not fully recovered to levels before construction of 

Interstate 26.  Some parameters seem to have increased to levels in proximity with before-

construction, while others declined during the height of construction and never recovered.  

The interstate construction altered the landscape of the Appalachian Mountains and its effects on 

the water nearby are still evident.  But because the interstate is not the only alteration of the land 

(failing septic tanks, agriculture, residential neighborhoods), the interstate may not be entirely 

responsible for the lack of recovery. Numerous environmental parameters are at play and 

microorganisms alter metabolism in order to proliferate. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

The construction of Interstate 26 caused adverse impacts on the water quality of South 

Indian Creek.  All biological parameters dropped during the height of construction activity.  

Present-day data analyses determined that some parameters did not recover to levels from 

before-construction.  The sites in the study are all headwater streams in mountainous terrain with 

little buffering capacity.  Because many of the sites lack deep-rooted vegetation for prevention of 

erosion, they are in direct contact with runoff from roads/Interstate 26, farms, and residential 

neighborhoods.    

Microbial enzyme activities are sensitive to a variety of parameters and provide a glimpse 

of the ambient environmental conditions. Galactosidase activity, dehydrogenase activity, and 

acridine orange direct counts for sediment have not recovered to the same levels before interstate 

construction activity.  Glucosidase activity, acid phosphatase activity, and acridine orange direct 

counts for water, however, have recovered to levels in proximity with before-construction 

conditions.   

Because South Indian Creek is a flowing water body with numerous interweaving 

relationships with physical, chemical, and biological parameters, it is difficult to determine the 

effect of a single environmental measure in the field. Runoff from the interstate and other 

impervious surfaces may be responsible for the increase in water temperature.   The highest total 

precipitation averages were in the year 2012/2013.  The decrease in acridine orange direct counts 

in sediment suggests that perhaps the sediments have been scourged by heavy erosion and 

habitats are not available for the bacterial growth.  Severe precipitation events can also cause 
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large amounts of toxins, nutrient, and/or organic matter to enter into the stream.  Present-day pH 

levels have significantly decreased from before-construction, during-construction, and after-

construction pH levels.   Because of the increase in precipitation averages, acid precipitation or 

acid leaching from pyrite may explain the lower pH values.  Future studies might determine if 

the previous pyrite encapsulation and other mitigation strategies are still effective for prevention 

of acid leaching into South Indian Creek.    

As the ecological stoichiometric theory suggests, when the ratio of carbon: nitrogen: 

phosphorus changes, microbial metabolism and activity alter in response.  This may have played 

an essential role in the response of the enzyme activities.  For instance, alkaline phosphatase 

dropped substantially during the height of construction, which suggests an increased input of 

inorganic phosphate caused repression of the enzyme activity.   

Future studies may include more sampling sites and dates to gain more information about 

the area and environmental dynamics involved.  One might also attempt to determine the source 

of the pollution by measuring various heavy metals associated with the roads, phosphates and 

nitrates associated with agriculture, and detergents and personal care products associated with 

residential runoff.   
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APPENDICES 

Appendix A 

Standard Operating Procedure for Detailed Field Sampling 

1.   APPLICATION: 

The application of this SOP is to provide a standard procedure for details of water 

analyses and sampling in the field. 

 

2.   SUMMARY OF METHOD: 

The procedures for the standard field analyses and sample collection at designated sample 

sites is outlined.  Field measurements include pH, conductivity, dissolved oxygen, water and air 

temperatures. 

3.   SAFETY:   

3.1 For depth measurements and width measurements, the person entering the water 

should wear a lifejacket.  It is also advisable to have a person on the bank to wear a 

lifejacket in case the person in the water would require assistance.    

3.2. Refer to EHSL safety manual for general laboratory safety procedures. 

 

4.   APPARATUS AND EQUIPMENT:  

4.1 Whirl-Paks, 4 oz (120 mL) with and without sodium thiosulfate, and/or sterile plastic 

sample bottles (500 mL or 1 L) 

 

4.2 Cooler with ice or freezer pack to maintain samples from the field 

 

5.   CALIBRATION PROCEDURES: 

5.1 Each instrument will be calibrated before leaving the lab.  The procedure for 

calibrating the field pH meter, the DO meter, and the conductivity meter are available 

in EHSL-SOP . All data will be recorded in a field logbook at the time of collection. 
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6.   CHEMICALS AND REAGENTS: 

6.1 Ensure that all glassware and other lab apparatus involved with this procedure 

are clean and nontoxic.  Use only detergents that are designed for 

microbiological work. 

7. PROCEDURES: 
 

7.1 Dissolved Oxygen 
9.1.1 The dissolved oxygen  will be measured with the YSI Model 57 

Oxygen Meter.  Turn switch to Red line and adjust Red line dial 

until meter is in line with the red line on the scale. Turn switch to 

zero and turn zero dial until meter reaches zero.  Make sure salinity 

dial is set on fresh (0).  Immerse probe in water and read DO from 

0-20 scale. 

7.2 Conductivity 
7.2.1 Switch to x100 If the reading is below 50 on the 0-500 range (5.0 on the 

0-50 mS/m range), switch to x10.  If the reading is still below 50 (5.0 

mS/m), switch x1 scale.  Read the meter scale and multiply the reading 

appropriately. The answer is expressed in micromhos/cm (mS/m).  

Measurements are not temperature compensated. 

 

7.3  pH 
7.3.1 pH will be determined using the model ESD pH 59.  Measure pH after 

water temperature has been determined.  To measure pH immerse probe 

in water and turn unit on.  Adjust temperature knob to corresponding 

water temperature and then allow pH to stabilize and record reading.  

The pH meter should be recalibrated at station using a one point 

calibration (pH 7.00 buffer) because the standard knob may be moved 

during travel. 

  

7.4 Temperature Measurements 

7.4.1 Water and air temperature measurements will be determined at each 

sample site using an alcohol thermometer.  The air temperature will be 

taken first then the water temperature. 

7.5 Depth 
7.5.1 Three depth measurements will be taken at the sample site using a meter 

stick.  These measurements will be taken at approximately 1/4, 1/2, and 

3/4 distances across the sample site. 

7.6 Width 
7.6.1 The width of the stream will be taken at the point of sample collection.  

Appropriate safety precautions should be observed. 
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Appendix B 

Standard Operating Procedure for Ion Chromatograph for Total Phosphorus 

 

1. Application:  

 

The application of this SOP is to provide a standard operating procedure for setting 

up and operating the Ion Chromatography (IC) to determine the concentrations of 

either cations or anions in a given sample.   

2. Summary of Methods: 

Introduce samples into a mobile phase, usually a liquid or gas, so the sample can be 

separated into components.    The sample is passed through a matrix which results in 

separation based on different migration of the ions.  In order for the samples to pass 

through the matrix they must first be mixed with an eluent.  The eluent is an aqueous 

solution consisting of ionic salts.  The eluent serves to stabilize the sample ions, 

provide kinetic flow through system, and provide counter ions to compete with the 

sample ions for active site on the stationary phase.  The matrix is contained inside a 

column that receives the mobile phase (sample and eluent) and allows the compounds 

to pass through at different speeds base upon their individual physiochemical 

characteristics.      

       3.       Interferences: 

     Refer to Principles and Troubleshooting Techniques in Ion Chromatography,       

             Dionex Corporation, January 2002. Document No. 065035. p 28-54. 

       4.      Sample Collection, Preservation and Handling: 

Samples must be collected, labeled, and handled according to department procedure.  

Samples must be stored at 4°C and analyzed within 24 hours of collection. 

       5.      Safety: 

      Refer to EHSL Safety Manual for general laboratory safety procedures. 

       6.       Apparatus and Equipment: 

6.1 Ion Chromatograph- An analytical system capable of performing IC  separations 

using conductivity detection. 

6.2 Ion Chromatography Autosampler- fully prepares samples for IC once loaded. 

6.3 IC Autosampler Sample Trays- small trays that hold sample for IC preparation. 

6.4 IC 5 ml sample vials. 

6.5 Filter Caps for 5 ml vials. 
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6.6 Eppendorf pipet 100µl-1000µl. 

6.7 Eppendorf pipet tips. 

6.8 Erlenmeyer flask 2L- for eluent waste. 

6.9  Eluent Reservoir 2L. 

6.10 Data System- desktop P.C. with software capable of controlling IC and 

Autosampler. 

7.  CALIBRATION PROCEDURES: 

      7.1. Standards (see section 8) are made and ran with sample to ensure accurate 

measurements. 

8.  Chemicals and reagents: 

   8.1 Seven Anion Standard II (use if testing for anions only). 

8.1.1 Use Seven Anion Standard II to make standards to run with each batch.  To 

make standards follow the chart below with the diluent being nanopure H20. 

8.2 Eluent- Use eluent concentration bottle provided by manufacture and follow 

directions provided.  The eluent used should be made from a .16 M sodium 

carbonate and .22 M sodium bicarbonate concentration.   

Serial Dilution for Standards 

 

Stock Solution is Seven 
Anion Standard II 

Diluent is nanopure H20. 

10ml stock q.s. to 50ml 
with H20 

Standard 4(1:5)  

Take 25 ml of standard 1 
and q.s. to 50ml with H20  

Standard 3 (1:10)  

Take 25 ml of standard 2 
and q.s. to 50ml with H20 

Standard 2 (1:20) 

Take 25 ml of standard 3 
and q.s to 50 ml with H20 

Standard 1 (1:40)  
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9.  Procedure: 

 9.1 Turn on computer, autosampler, and I.C. unit. 

9.2 On the desktop of the computer is Chromeleon Icon double click with the mouse to 

start the program. 

9.3 If samples site is already programmed into Chromeleon then skip steps 9.4 through 

step 9.12.3. 

 9.4 To program a new sample series click on the file tab, then click on new, and use the 

sequence (using wizard) option. 

  9.5 Click next to start the wizard. Then, click next again (Choosing a Timebase default 

setting should be used). 

   9.6 Unknown Samples 

   9.6.1 Select use template (default) 

   9.6.2 Under Template for Sample Name: Choose start blank. 

   9.6.3 Beside Number of vials choose the number correlating to unknown plus 

three (Q.C., Q.C. Spiked, and end blank). 

   9.6.4 Beside Injections per vial choose 3. 

   9.6.5 Beside Start position choose sample start number (count over to first 

………………sample and use that number, remember samples are done in triplicate 

………………and one vial is equal to three entries on the computer).  

  9.6.6 Beside Injection volume choose 20ml (default setting). 

   9.6.7 Click apply and then next to continue programming.  

    9.7 Standard Samples 

   9.7.1 Select use template (default setting) 

   9.7.2 Under Template for sample name, name the standards (names can be 

………………changed later. 

   9.7.3 Beside Number of vials choose number of standards that are made 

………………(usually 4) plus one for a start blank, so usually 5 total. 

  9.7.4 Beside injections per vial choose 3. 

  9.7.5 Beside start position choose 1. 

  9.7.6 Beside injection volume choose 20ml (default setting). 

  9.7.7 Click apply and next to continue. 
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 9.8 Methods and Reporting 

  9.8.1 Click next (leave default settings) 

 9.9 Saving the Sequence 

  9.9.1 Under Name and Title, Name the sequence and title it. 

  9.9.2 Under Location, choose default settings. 

  9.9.3 Click finish and then done to complete sequence writing. 

 9.10 Appling the Type and Name to Each Entry 

9.10.1 Under the Name Column on the sequence browser rename the first three 

entries to “Run in”.   

9.10.2 Under the Type Column choose “blank” on No. 1,2,3. 

  9.10.3 Under the Name Column rename No. 4,5,& 6 “Blank”  

  9.10.4 Under the Type Column choose “blank” on 4,5,& 6. 

  9.10.5 Under the Name Column rename 7,8,& 9 “Std 1 (1:40)”. 

  9.10.6 Under the Type Column choose “standard” on 7,8,9. 

  9.10.7 Under the Name Column rename 10,11,12 “Std 2 (1:20)”. 

  9.10.8 Under the Type Column choose “standard” on 10,11,12. 

  9.10.9 Under the Name Column rename 13,14,15 “Std. 3 (1:10)”. 

  9.10.10 Under the Type Column choose “standard” on 13,14,15. 

  9.11.1 Under the Name Column rename 16,17,18 “Std 4 (1:10) ”. 

  9.11.2 Under the Type Column choose “standard” on 16,17,18. 

  9.11.3 Under the Name Column rename 19,20,21 “QC”. 

  9.11.4 Under the Type Column choose “validate” on 19,20,21. 

9.11.5 Under the Name Column rename 22,23,24 “QC Spike” Note in the.name 

which sample was used to spike the QC example: “QC Spike Buffalo 2” 

  9.11.6 Under the Type Column choose “spiked” for 22,23,24. 

9.11.7 Under the Name Column rename 25,26,27 the first sample name and 

number. Example “Buf 1” 

9.11.8 Under the Type Column choose “unknown” for 25,26,27. 

9.11.8 Continue naming every three numbers with one sample and changing the 

type to unknown. 
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9.11.9 When all samples have been named, name the last six numbers as “End 

Blank”  

9.12.1 On the end blanks change the type to blank. 

9.12.2 On the last end blank, under the program column, change the program to 

shutdown. 

9.12.3 At the top of the sequence page is a short list of the written program.  Copy 

and past a shutdown program from a saved template to the last part of the 

sequence at the top of the page. 

            9.13 Starting the Batch 

9.13.1 Fill the eluent bottle on top of the I.C with the liquid made in step 8.2. 

Then sonicate the eluent for a few seconds with a sonicator to degas. Then 

connect the bottle to the eluent tube on top.of the I.C. 

9.13.2 Place the empty labeled vials in the autosampler racks.  Fill the 5ml vial 

with appropriate sample, standard, or Q.C.  Fill the vials.between the two 

markings on the racks. 

9.13.3 Cap the vial with the filtercaps using the capping device.   

9.13.4 Load the autosampler racks in the appropriate order in the. autosampler 

according to the program that is being used. 

9.13.5 Under the batch menu on the sequence browser select start. 

9.13.6 When the start menu is displayed click the “ready check” option. Make 

sure all criteria are met under the ready check. 

9.13.7 Click on start to begin the batch. 

9.13.8 When the batch is finished click on each individual number on the .browser 

screen to view results. 

9.13.9 Click on each peak that has not been automatically named to manually 

name it. 

9.14.1 Print the results after a total trend line has been established by 

the.computer.  

10.  Calculations: 

 All calculations are performed by the Chromeleon program. 

11. Documentation: 

 The results are automatically saved until the program is used again.  A hardcopy should 

be obtained after each batch is completed with a trend line of the final results. 
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12. Quality Assurance and Quality Control: 

12.1 Q.C should meet criteria and any failing Q.C should be reported according to 

department policies. 

12.2 Preventative maintenance should be performed and a batch should be ran at 

least weekly to maintain hardware of I.C. unit.  

12.3 Blanks should be run with every sample batch. Blanks must be less than the 

lowest reported limit for samples analyzed. If blanks fail criteria repeat unit 

acceptable. 

  12.4  A replicate sample should be with every batch. 
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Appendix C 

 

Standard Operating Procedure for Analyzing Total Organic Carbon 

 

1. APPLICATION: 

The application of this SOP is to provide a standard operating procedure for the Elementar 

LiquiTOC analyzer for determination of total organic carbon (TOC) concentration.   Assays 

determined by analyzer include total carbon (TC), total inorganic carbon (TIC), dissolved 

organic carbon (DOC), non-dissolved organic carbon (NDOC), purgeable organic carbon 

(POC), and non-purgeable organic carbon (NPOC). 

2. SUMMARY OF METHODS: 

 The Elementar LiquiTOC analyzer uses a combustion oxidation method where a water 

sample is injected into a high temperature furnace containing platinum or a cobalt catalyst.   

An acid (HCl) is added to the sample to convert inorganic carbon into CO2 gas that is 

stripped out of the liquid by a sparge carrier gas.   The remaining inorganic carbon-free 

sample is oxidized and the CO2 generated from this process is directly related to the TOC.   

All carbon materials are oxidized to CO2 which is pushed into a non-dispersive infrared 

detector (NDIR) via a stream of nitrogen, which yields a measurement of total carbon.   A 

lower temperature furnace measures the TIC while the higher temperature furnace measures 

the TC.  The TOC can be calculated by subtracting the TIC values from the TC values. 

3. INTERFERENCES: 

 Any contact with organic material may contaminate a sample.   Avoid contaminated 

glassware, plastic containers, and rubber tubing.   The acidification and purging process can 

cause a loss of volatile organic substances.   Larger carbon containing molecules could fail 

to be extracted by the needle for injection.   Interference with the detection system may 

occur due to the gases evolved from combustion such as water, halide compounds, and 

nitrogen oxides. 

4. SAMPLE COLLECTION, PRESERVATION AND HANDLING: 

 Preserve samples that cannot be examined immediately by holding at 4 C with minimal 

exposure to light and atmosphere.   Rinse sampling bottles with sample water prior to filling.   

Unstable samples may be acidified with phosphoric or sulfuric acid to a pH < or = 2 though 

acid preservation invalidates any inorganic carbon determination on samples. 

5. SAFETY: 

 Refer to EHSL Safety Manual for general laboratory safety procedures.   High temperature 

combustion furnaces are allocated within the analyzer, it is vital to keep analyzer door 

closed during operation.   The acidification process utilizes hydrochloric acid (HCl), which 

is a non-flammable but highly corrosive acid.   Inhalation of vapor can cause serious injury, 

ingestion may be fatal, and the liquid can cause damage to the skin and eyes.   Analyzing 
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aggressive chemicals, acids, solvents, explosives, or materials that can form explosive gases 

is explicitly forbidden. 

     6.   APPARATUS AND EQUIPMENT: 

 6.1. Elementar LiquiTOC analyzer – high temperature combustion technique with 

Infrared detector. 

 6.2. Autosampler with syringe for liquid sample injection, magazine for sample vials has 

53 via positions. 

 6.3. PC with interface; status display, control and evaluation unit with Windows 

operating system, installed with LiquiTOC program. 

 6.4. Air Pump for synthesized air. 

6.5       Printer 

 

      7.   CHEMICALS AND REAGENTS: 

7.1       Hydrochloric acid (HCl), 0.8 % dilution. 

7.2      Nanopure H2O. 

7.3      TOC, (KHP) Standard 500 mg/L (Potassium Phthalate). 

7.4.     TIC, Na2CO3 Standard 500 mg/L. 

7.5.     Preparing Parent Solution for Standard: 

 7.5.1.   For routine analysis, a 1: 20 dilution will be used. 

 7.5.2.   5 ml of TOC Standard 500 mg/L put in volumetric flask. 

 7.5.3.   5 ml of TIC Standard 500 mg/L is added to flask. 

 7.5.4.   Bring solution to 100 ml volume with Nanopure water. 

     8. CALIBRATION PROCEDURES: 

8.1. TIC and TOC can either be calibrated by means of a mixed standard or a single 

standard, the mixed standard is recommended.  
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8.2. A higher concentration from one standard solution should be prepared.   This parent 

solution should be diluted accordingly. 

 

8.3. Multiple point calibration from one standard solution, the user is able to perform 

calibration from one standard parent solution.   In general, working with at least a 5 

point calibration and a triple determination per calibration point is recommended. 

 

      9.   PROCEDURE: 

 

 9.1. Start-up and initialization 

   

  9.1.1.   Switch on computer and wait for entire booting process. 

 

  9.1.2.   Turn on the autosampler and wait for reference run to be completed. 

 

  9.1.3.   Turn on the main switch to the LiquiTOC analyzer (located on right side 

panel) and wait until the entire initialization is complete.   This involves allowing the 

syringe to go through a reference run to find the end position. 

 

  9.1.4.   Start the LiquiTOC software and wait until completely set up for running. 

 

  9.1.5.    Turn on the air pump and if necessary, plug in the CO2 removal unit.  Check 

the secondary valve on the CO2 removal unit to be certain it is open.  The gas 

pressure can now be adjusted to 1.0 – 1.10 bars on the screen, or on the pressure 

regulator. 

 

 9.2. Perform leak check prior to each analysis run or once a week with the Leak Check 

Wizard.  

  The leak check wizard is located under Options, Diagnostics ► Leak Check.  Be 

sure to follow all on screen prompts correctly.  

 

  9.2.1.   Leak Check Wizard Step 1:   The pressure of the system is released.   This 

takes a certain time.   The process is displayed in a bar graph. 
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  9.2.2.   Steps 2 & 3:   In these steps you will be instructed to remove the respective 

side wall of the analyzer in order to close a certain gas pathway by means of a 

clamp.   The wizard shows you how and where this must be done. 

 

  9.2.3.   Step 4:   The gas will be reopened, thereby building up pressure again.   The 

program will wait until a certain time until the pressure situations have been 

stabilized.   This will be displayed in a bar graph. 

 

  9.2.4.   Step 5:   This is the actual leak test.   The program checks whether the flow 

surpasses a certain “zero” threshold inside a defined time span.   If this is the case 

then the test will be considered “passed.”   Otherwise the test will be considered 

“failed.”   The flow curve as well as the test results will be displayed and can be 

printed.   If the leak test has not been passed it can be started anew. 

 

  9.2.5.   Step 6:   The pressure of the system will be released.   This takes a certain 

time.   The process is displayed in a bar graph. 

 

  9.2.6.   Steps 7 & 8:   In these steps you will instructed to remove clamp and to 

replace the side wall.   The wizard will show you how and where to this is to be 

done.   After leaving the wizard the gas supply will be reopened and the leak proof 

system will be ready for operation after a short while. 

 

 9.3. Make sure that the Nanopure water and 0.8% HCl containers are filled completely 

before each analysis.   The autosampler injection needle resting reservoir should also 

always be filled with Nanopure water. 

 

 9.4. Water analysis.   System ready and on Stand-by. Set Mode (located under System) 

to TIC / NPOC / TC = TIC + NPOC.  

 

  9.4.1.   Select calibration wizard for set up process, under Wizards. 

 

    Step1:   Select next to begin calibration definition input. 
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    Step 2: Samples are ran in triplicate, so number of     measurements 

per sample will be 3. The number of Run-In samples will increase by the 

factor input from number of measurements per sample.   

       2 Run-In samples will be used (due to triplicate increments total 

number of Run-In samples will total 6. The number of Blank samples 

(also by increments from the number of measurements per sample) will 

be 3.   The concentration range will be selected at 50 ppm. 

 

   Step 3:   5 calibration points are used for routine analysis.   Since one 

parent solution of TOC/TIC standard was prepared, select “different 

volumes from unique parent solution.” 

 

    Step 4:   Concentration values of particular parent solution will be 

selected.   TIC concentration of parent solution is 25 ppm, and NPOC 

concentration of parent solution is also 25 ppm. 

 

     Step 5:   After data is entered correctly, selecting “finish” will 

automatically insert data specified by previous steps of method building. 

 

  9.4.2.  Proceeding last standard data entry (STD 0.50) the next hole position 

should be named “QC” (in triplicate) followed by “Spike” hole position 

(also in triplicate).    

 

  9.4.3.   Following “Spike” enter, in triplicate, data lines for each site. 

    

   Example:     No.     Name                   Hole Position 

              31      CarrollCreek01            11 

              32      CarrollCreek01            11 

              33      CarrollCreek01            11 

              34      CarrollCreek02            12 

 

  9.4.4.   Proceeding final sample site entry, add final Run-In sample, in 

triplicate.   Save method by date in following folder: Local Disk [C:] 
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LiquiTOCDataCreek or site name (create folder if new 

creek)choose water or sediment accordingly and save. 

 

 9.5. Sample vial preparation 

 

 9.5.1.   All sample vials should be rinsed with Nanopure water.   Vials 

should be filled to top to ensure complete injection volumes, since each 

vial will be measured three times. 

 

 9.5.2.    Vials for sample sites should be rinsed once with sample water 

before filling with sample water.   

 

 9.5.3.    Vials used for Run-Ins and Blanks will be filled with Nanopure 

water. 

 

 9.5.4.     Hole position following final Run-In hole position should have a 

vial filled with Nanopure water, this will be the injection needle’s final 

holding position (do not include this vial in the method building). 

 

 9.5.4.     All vials should be covered with supplied cover foil (located in 

TOC supply drawer). 

 

9.6. Upon completion of method building and vials prepped and placed in appropriate 

single run. 

 

10.        MAINTENANCE 
  

10.1. Elementar LiquiTOC Analyzer  

 

10.1.1 Reactor tube removal. The reactor is a glass tube located behind the front 

door panel, and partially contained inside the furnace. To uninstall the 

reactor tube, remove the clamps located on the top and bottom and gently 

remove the tube from the top of the machine. The machine should be 

allowed to cool before removal of the tube.  
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10.1.2. Reactor tube cleaning.  Once removed, the Platinum catalyst  

should be removed and stored in a labeled container. The reactor then can 

be soaked in an appropriate acid bath overnight, and then rinsed 

thoroughly with Nanopure water. Once allowed to dry completely the 

Platinum catalyst will be reinstalled to a given height of 70mm. Re-install 

the tube and attach the clamps.  

 

10.1.3. HCl Absorption tube.  This tube can be removed and filled with new 

copper chips as deemed necessary.  

 

10.2.    Prior to each run, both 0.8% HCL and Nanopure Water reservoirs should be 

filled accordingly. After each routine maintenance job has been completed the task 

should be logged in the maintenance bar on the main screen of the LiquiTOC 

program.   

 11. CALCULATIONS:  

 Subtract inorganic carbon from total carbon when TOC is determined by difference. 

12.      DOCUMENTATION:  

 Documentation will consist of hardcopy of data report from computer and disk.    

13. QUALITY ASSURANCE AND QUALITY CONTROL: 

 13.1. Analyst will review at the bench level to assure all daily QC criteria have been met 

and will notify any failed QC to their supervisor. 

 13.2. Maintenance of test instruments and equipment are necessary to maintain accuracy. 

(see “Good Laboratory Practices”) 

 13.3.   Analyze a blank and a laboratory control sample prepared from a source of material 

other than the calibration standards, at a level similar to the analytical samples.   

Preferably prepare the laboratory control sample in a matrix similar to that of the 

samples.  Alternatively, periodically make known additions to samples to ensure 

recovery from unknown matrices. 

14. REFERENCE: 

 Method 5310, Total Organic Carbon (TOC). 
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Appendix D 

Standard Operating Procedure for Heterotrophic Plate Count: Pour Plate Method 

1. APPLICATION: 

The application of this SOP is to provide a standard procedure for the pour plate method 

for the Heterotrophic Plate Count (formerly known as the Standard Plate Count) for estimating 

the number of live heterotrophic bacteria in drinking water. 

 

2. SUMMARY OF METHOD: 

Heterotrophic plate counts are used to estimate general bacterial contamination of 

drinking water and natural waters.  These plate counts can also be used to measure changes 

during water treatment and distribution, and in swimming pools.  Water samples are collected in 

Whirl-Paks or sterilized plastic bottles.   

In the pour plate method, the undiluted and/or diluted sample is aseptically pipetted onto 

the bottom of a sterile petri dish before heat-tempered melted agar is added and carefully mixed.  

After agar solidification the plates are inverted and placed in a 35°±0.5°C incubator for 48±3 

hours.  Colonies must be counted manually using a darkfield colony counter such as the Quebec 

colony counter. 

Water samples can also be assayed by spread plate or membrane filtration.  The pour 

plate method must be used however, if enumerating heterotrophs in drinking water under 40CFR 

141.74 (a)(3).  If a variance has been granted for Total Coliform Rule’s maximum contaminant 

level, then the spread plate or membrane filter methods can also be used (see EHSL-SOP#73 and 

SOP#74).  It is important to note that this membrane filtration procedure is not the same as that 

used for total and fecal coliforms. 

3. INTERFERENCES: 

Efficiency of pour plate procedure may vary widely dependent on water quality.  Actual 

pouring of the heated-tempered agar may cause initial heat shock to the sample microorganisms.  

Colony forming units (CFU’s) may be more difficult to discern due to depth within the agar.  

These colonies are usually slower growing and smaller, making them difficult to transfer if 

required.  Cross-contamination caused by inadequately sterilized media, instruments and 

working surfaces may lead to false-positive results. 
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4. SAMPLE COLLECTION, PRESERVATION AND HANDLING: 

NOTE:  Aseptic handling and sampling procedures should be followed at all times to inhibit 

contamination of sample and prevent personal exposure to possible bacterial 

contamination. 

4.1 Water samples can be collected in sterile plastic sample bottles or Whirl-Paks.   

4.2 Collect samples in the following manner: 

4.2.1 It is necessary to use the Whirl-Paks that contain the tablet of sodium 

thiosulfate with all samples that are not collected directly at the source.  

This enables the neutralization of potential chlorine in the water supply.  

Nonchlorinated sources may be collected in Whirl-Paks that do not 

contain the tablet or in sterile plastic bottles. 

4.2.2 Before collecting the sample, label the Whirl-Pak or sterile sample bottle 

with project or owner identification (project or resident’s name), site of 

collection (actual site ID or place at the house), date, and initials of person 

performing the collection. 

4.2.3 Open the Whirl-Pak or sample bottle immediately before collection of the 

sample.  Tearing off the top perforation and pulling the two white tabs 

(with sodium thiosulfate) or yellow tabs (without sodium thiosulfate) 

outward open the Whirl-Pak. 

4.2.4 Allow the water sample to flow from the tap for at least two to three 

minutes before collecting the sample.  Do the same for the sample bottle 

but allow the sample to completely fill the bottle. 

4.2.5 Close the container immediately after collection.  With Whirl-Paks, hold 

both ends of the long tabs and quickly rotate (“whirl”) the bag around.  

The two ends of this tab are then twisted together to make a tight seal. 

4.2.6 Collect a sample volume that is at least 2X more than the suggested 

volume needed for the assay (see Section 9.).  This may require multiple 

Whirl-Paks or a larger sample bottle. 

4.2.7 Immediately place the samples in a cooler with ice for transport back to 

the lab. 

  

4.3 Samples should be processed in the lab as soon as possible.  Do not exceed six hours 

between collection and actual assay. 

 

5.   SAFETY:   

7.1 Maintain aseptic techniques at all times to prevent personal exposure to high 

concentrations of bacteria. 
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7.2 Wash down working surfaces with 95% ethanol before and after performing the 

filtrations and counts. 

7.3 All disposable petri plates that have been inoculated with sample must be placed 

in properly marked biohazard bags. 

7.4 Refer to EHSL safety manual for general laboratory safety procedures. 

 

6. APPARATUS AND EQUIPMENT:  

7.5 Whirl-Paks, 4 oz (120 mL) with and without sodium thiosulfate, and/or sterile 

plastic sample bottles (500 mL or 1 L) 

7.6 Cooler with ice or freezer pack to maintain samples from the field 

7.7 Graduated cylinders and Erlenmeyer flasks for preparing culture medium 

7.8 Sterile pipettes with ability to measure 0.5 mL aliquots.  Best obtained with an 

Eppendorf pipet.  Also require 10 mL and 25 mL pipets. 

7.9 Hot plate/stir plate with clean stir bars 

7.10 Aluminum foil 

7.11 Balance (accurate to 0.1 g) 

7.12 Bunsen burner  

7.13 Petri dishes (100 mm diameter x 15 mm height)  

7.14  Incubator, 35 ± 0.5°C 

7.15  Waterbath, 44 – 46°C 

7.16  Quebec colony counter or other darkfield colony counter 

7. CALIBRATION PROCEDURES: 

7.1 The temperatures of the incubator and waterbath must be verified to ensure they are 

within the proper temperature range. 

 

8. CHEMICALS AND REAGENTS: 

8.1 R2A agar and plate count agar (tryptone glucose extract agar) can be used for the 

HPC.  R2A agar has been shown to give higher plate counts.  Make sure to stay with 

one media if data comparison is necessary.  The R2A agar must be used if the 

drinking water is in any water that has been granted a variance from the Total 

Coliform Rule’s maximum contaminant level. 

 

8.2 R2A Agar 

 

8.2.1 Dissolve 18.2 g of R2A media (Difco) in 1 L of dH2O.  Mix on a stir/heat 

plate and check the pH to make sure it is 7.2 ± 0.2.  If necessary, adjust 

with solid K2HPO4 or KH2PO4. 
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8.2.2 Turn on the heater, add 15 g of agar, and bring to a quick boil.  Make sure 

the flask is covered with aluminum foil after adding the agar. 

8.2.3 Autoclave this boiled agar mixture at 121°C for 15 minutes. 

8.2.4 This medium can be used immediately after heat-tempering (see 9.2).  If 

necessary, it may be stored at 4°C in screw-capped bottles or tubes for up 

to six months, or in petri dishes for up to one week.  

 

8.3 Plate Count Agar (tryptone-glucose yeast agar) 

8.3.1 Suspend 23.5 g of the Plate Count Agar (Gibco) in 1 L of dH2O and mix 

well on a stir/heat plate.  Cover the flask with aluminum foil.  

8.3.2 Heat to boiling then promptly remove from hot plate. 

8.3.3 Autoclave this boiled media at 121°C for 15 minutes. 

8.3.4 As noted above (8.2.4), this medium can be used immediately after heat-

tempering or may be stored at 4°C for up to six months.  If already poured 

in petri plates then it should be used within two weeks. 

8.4 Ensure that all glassware and other lab apparatus involved with this procedure are 

clean and nontoxic.  Use only detergents that are designed for microbiological work. 

8.5 It is important that the working surface is clear and wiped down with 70% ethanol 

before adding the media to the petri dishes.   

 

9. PROCEDURE: 

9.1  Sample Dilution: 

9.1.1. Prepare the area for this procedure by cleaning the counter tops with 70% 

ethanol or an antibacterial cleaner. 

9.1.2. Before transferring the required volume of sample, mix the contents of the 

container or sample bag by quickly inverting or lightly swirling the 

contents. 

9.1.3. With drinking water, an undiluted sample will usually work.  If necessary, 

prepare dilutions as shown below. 

 

SAMPLE  →→→→ →→→→→ 10
-1 

   →→→→→→→→→ 10
-2

 

             (0.5 mL q.s. 5.0 mL w/dH2O)  (0.5 mL q.s. 5.0 mL w/dH2O) 

      ↓                ↓      ↓ 

dispense 

  on plate:          1.0 mL               1.0 mL             1.0 mL  
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9.2. Pouring and Incubation: 

9.2.1. If agar has solidified then it is necessary to gently melt the agar medium in 

boiling water in a partially closed container.  It would be best if the agar 

was first distributed in smaller aliquots (100 to 200 mL) during media 

preparation to aid in the melting process and to help prevent 

contamination during actual pouring.   

9.2.2. Allow the melted agar to heat-stabilize in a 44-46°C waterbath.  This 

melted agar should not be held for longer then three hours. This agar 

medium should only be melted one time. 

9.2.3. Aseptically pipet 1.0 mL of undiluted and/or diluted sample (see 9.1) onto 

the bottom of a sterile 100 mm x 15 mm petri dish. 

9.2.4. Partially remove the foil cover on the media flask and aseptically add 

approximately 15 mL of the heat-tempered agar medium to each petri 

dish.  It is best to use a larger pipet and aliquot the media to a number of 

plates to help avoid contamination.   

9.2.5. Quickly place the lid back on the plate and gently swirl to allow mixing of 

the sample and medium. 

9.2.6. Allow the plates to solidify on a level surface then invert and incubate at 

35 ± 0.5°C for 48 ± 3 hours.  Do not stack more than four plates and give 

adequate space to allow uniform incubation temperature.  

 

9.3. Counting: 

9.3.1. Count all visible colony-forming units (CFU) using a darkfield colony 

counter such as a Quebec colony counter.  Count plates having 30 to 300 

CFU’s to calculate the best concentration.  It is acceptable to count less 

then 30 colonies on plates inoculated with 1.0 mL of undiluted sample.  

9.3.2. If there is no plate with 30 to 300 colonies, and one or more plates have 

more than 300 colonies, use the plate(s) having a count nearest 300 

colonies.  Report this as estimated CFU per mL. 

9.3.3. If plates from all dilutions of any sample have no colonies, report the 

count as <1 per mL.  If a larger volume was used then report as <1 per 

sample volume used. 

 

10. CALCULATIONS 
 

10.1. Calculation of heterotrophic plate count:  

Compute the heterotroph concentration using the plate that has the most 

distinctive individual colonies that fall within the 30 to 300-colony range.  

Obtain an average number CFU when performing in duplicate or triplicate 

(see Section 9.3). 
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CFU/mL  =        colonies counted          

          volume sample plated (mL) 

11. DOCUMENTATION: 

11.1 Record as ‘HPC = # CFU per mL’.  Also, report the method used, the 

incubation temperature and time, and the medium.   

Example:  ‘pour plate method, 35°C, 48 hrs, R2A agar’. 

12. QUALITY ASSURANCE AND QUALITY CONTROL: 

12.1 A blank control plate for each batch of agar will be checked for sterility.  Data will 

be rejected if this plate is contaminated. 

 

13.   REFERENCES: 

13.1    APHA, AWWA, and WPCF. 1992.  Standard Methods for the Examination of Water 

and Wastewater, 18
th

 edition.  A.E. Greenberg, L.S. Clesceri, and A.D. Eaton, Eds.  

American Public Health Association, Washington, D.C. 

13.2     U.S. Environmental Protection Agency. 1999. National Primary Drinking Water 

Regulations. U.S. Code of Federal Regulations, 40 CFR, Part 141, Subpart C, Section 

141.21, Washington, D.C. 

13.3   U.S. Environmental Protection Agency. 1997. Manual for the Certification of 

Laboratories Analyzing Drinking Water. EPA 815-B-97-001. Office of Groundwater 

and Drinking Water, Cincinnati, OH. 
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Appendix E 

Standard Operating Procedure for Acridine Orange Direct Counts 

 

1. APPLICATION:  

 

The application of this Standard Operating Procedure is to provide a standard procedure for 

Acridine Orange Direct Count. 

 

2.  SUMMARY OF THE METHOD: 

 

AODC is a procedure that allows one to count the number of bacterial cells in a sediment 

sample. The AO stain is a nucleic acid stain that is useful for determining cell cycles. The 

stain interacts with DNA. DNA intercalated fluoresces green while RNA electrostatically 

bound AO fluoresces red.  

Sediment Samples are collected using Whirl-Paks. The sediment samples are measured out 

and put into a 50 ml centrifuge tube. PBS + Tween 80 is added and then the sample is 

centrifuged. The sample must be allowed to sit for at least 3 hours, overnight is preferable (if 

overnight place in cooler).  

  

The supernatant is then removed and added to a sterile 15ml centrifuge tube. AODC satin is 

added and vortexed. This is allowed to sit at room temp for 2 minutes.  

  

The samples are then filtered using a .2 micron pore filter. The filtered is removed from the 

vacuum and mounted on a microscope slide and the cover slip is sealed. If the slide is to be 

store it should be kept at 4 C. 

 

 

3.  INTERFERENCES: 

 

3.1 When taking the sediment sample be sure to minimize the number of small 

pebbles and rocks and other things that will not break down in the centrifuge tube. 

   

3.2 When prepping the slide be sure there are no air bubbles under the coverslip.  

   

3.3 Be as aseptic as possible. 
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4.  SAMPLE COLLECTION, PRESERVATION AND HANDLING: 

 

4.1 Samples are collected using the following method: 

 4.1.1 Samples are collected in Whirl-Paks, before collecting the sample label the Whirl-

Pak with project or owner identification, site of collection, date, and initials of the person 

performing the collection. 

  

4.1.2 Open the Whirl-Pak immediately before collecting the sediment sample. Tear off 

the top perforation and opening it via the two tabs on the sides. 

  

4.1.3 Fill the Whirl-Pak with approximately 5 grams of sediment and immediately close 

the bag after collection by holding the long yellow tabs on the side and whirling it around.  

  

4.1.4 The samples are then immediately put into a cooler with ice and brought back to 

the lab. 

 

 

5.  SAFETY: 

 

5.1 Be as aseptic as possible. 

 5.2 Wear goggles while using the vacuum. 

 5.3 Wash filtering apparatus with 70% ETOH and dH2O. 

 5.5 All samples must be disposed of in biohazard containers. 

 5.6 Refer to the EHSL safety manual for general Lab safety procedures. 

 

6.  APPARATUS AND EQUIPMENT: 

 

 6.1 Whirl-Paks  

6.2 Cooler  

6.3 Graduated Cylinder  

6.4 50 and 15 ml centrifuge tubes  

6.5 10 and 1 ml sterile pipettes 

6.6 Membrane filters, 0.2 micron polycarbonate filters 

6.7 Balance  

6.8 Tweezers  
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6.9 Microscope slides, coverslips and clear nail polish  

6.10 Petri dishes  

 

 

7. CALIBRATION PROCEDURES: 

 

 7.1 The samples must be at room temperature when read under the microscope. 

 

      8. CHEMICALS AND REAGENTS: 

0.1% Acridine Orange (AO) Stain  

 Dissolve 0.1 g of AO in 100 mL of dH2O.  Filter sterilize through a 0.2 µm filter into a 

sterile glass bottle.  Store at 4°C. 

 

Irgalan Black (IB) Stain  

 Best to use prestained polycarbonate membrane filters, 0.2 µm, 25 mm, black (Proetics, 

Cat# 11021).  If these filters are not available then make stain by dissolving 0.2 g of IB in 

100 mL of 2% acetic acid.  Store at 4°C. 

 

0.2 M NaH2PO4 

Dissolve 24.0 g of NaH2PO4 (or 27.6 g of NaH2PO4·H2O) in approximately 900 mL of 

dH2O.  Stir well and q.s. to 1 L.  Store at room temperature. 

 

0.2 M Na2HPO4 

 Dissolve 28.4 g of Na2HPO4 (or 53.6 g of Na2HPO4·7H2O) in approximately 900 mL of 

dH2O.  Stir well and q.s. to 1 L.  Store at room temperature. 

 

PBS + Tween 80, pH 7.2 

 Add 140 mL of 0.2 M NaH2PO4 and 360 mL of 0.2 M Na2HPO4 to approximately 500 

mL of dH2O.  Stir well and add 10 mL of polyoxyethylene (20) sorbitan monoleate (Tween 

80).  Adjust pH to 7.2 with concentrated HCl or NaOH and q.s. to 1 L.  Autoclave at 121°C 

for 60 minutes.  Store at 4°C. 

9.  PROCEDURES: 

Sediment Sample 

1. Add 30 mL of sterile PBS + Tween 80 into a sterile 50 mL centrifuge tube.  Record this 

buffer volume on the benchsheet. 
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2. Place 0.3 g of sediment into the tube and record this mass on the benchsheet.  Make sure 

no large rocks or other solids that will not break up in a vortexer are included.  It is 

important that all matter is able to be broken down. 

3. Vortex on high for one minute.  After votexing, ensure the mixture is completely 

homogenous.  If clumping is noticed, vortex until the clumps break down. 

4. Allow the solids to completely settle, leaving a  relatively clear supernatant.  This must 

be done for at least three hours.  Often overnight is best. 

5. Add 0.5 mL of this suspension into a 15 mL sterile centrifuge tube containing 5 mL of 

sterile dH2O and 500 µL of AO stain. 

6. Vortex sample for 30 seconds and allow the mixture to remain at room temperature for 2 

minutes. 

Slide Prep and Enumeration 

1. Place a pre-stained 25 mm, 0.2 µm pore polycarbonate nucleopore filter on a sterile 

filtering apparatus and pour the stain suspension through this filter.  Rinse the filter at 

least three times with dH2O after filtration.   

2. After removing the filter, rinse the filter apparatus with 70% ethanol and dH2O. 

3. Place the damp filter on a drop of immersion oil on a slide, then cover with another drop 

of immersion oil and a coverslip.  If the slide is to be stored, then seal with clear nail 

polish and store at 4°C. 

4. Examine the mounted filter at 1000X using epi-fluorescent microscopy.  Make sure the 

slide is at room temperature before viewing. 

5. Count 10 fields and record the number of fluorescing green, yellow or red bacteria. 

 

10.  CALCULATIONS: 

Cells/g of sediment = A * B * C 

Cells/mL of water = D * B 

Where,  A = avg # bacterial cells for 10 counts / buffer-diluted sediment volume  

  filtered (mL), 

 B = area filtered (mm
2
) / area viewed (mm

2
), 

 C = buffer volume (mL) / sediment mass (g) 

 D = avg # bacterial cells for 10 counts / water sample volume filtered (mL) 

 

11.  REFERENCES: 

 

http://www.med.umich.edu/flowcytometry/PDF%20files/aostain.pdf 

 

 

 

http://www.med.umich.edu/flowcytometry/PDF%20files/aostain.pdf
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Appendix F 

 

Standard Operating Procedure for Phosphatase Activity 

 

 

1. APPLICATION: 

The application of this SOP is to provide a standard procedure for the determination of 

phosphatases in sediment or water samples.  

 

 

2. SUMMARY OF THE METHOD: 

For phosphatase testing of samples 4 tubes are used for testing acidity and four tubes are 

used for used for alkalinity.  One tube of each set is needed for a blank and 3 are used for 

sample duplicates.  Next, 5 mL of TRIS buffer pH 8.6 is added to the alkaline blanks and 

4 mL of the buffer is added to the sample tubes.  For the acid phosphatase samples, 5 mL 

of TRIS buffer pH 4.8 is added to the blank tubes and 4 mL of the same buffer is added 

directly to the sample tubes.  Next, 1 gram of sediment or 10 mL of water is added to all 

tubes (acid + alkaline).  The next step involves adding 1 mL of TRIS buffer with 

phosphatase substrate pH 7.6.  to the sample tubes of both sets.  Tubes are then vortexed 

and incubated overnight.  Absorbance is read the following day at 418 nm. 

 

 

      3.  INTERFERENCES: 

3.1) Avoid adding substrate to sample blanks. 

 

      3.2) Correct amounts of substrates, buffers, and samples should be used. 

 

      3.3) Make sure that samples are properly vortexed and well mixed. 

 

      3.4) Avoid large pebbles and shells when weighing out samples. 

 

      3.5) Allow for ample incubation time after vortexing.  

 

      3.6) Only the clearer top portion of the sample should be analyzed. 

             Avoid pipetting from the bottom of the test tube. 

 

      3.7) When using the spectrophotometer make sure that the blank and sample 

              cells are clean, dry, and free of external scratches. 

 

      3.8) If any sample has an absorbance of > 0.6, a dilution (1:4,1:10) must be  

             prepared for the entire 3 sample +1 blank series. 

 

      4.  SAMPLE COLLECTION, PRESERVATION AND HANDLING: 

4.1 For sediments, samples are collected by spooning into a sterile Whirl-pak or 

equivalent polyethylene sampling bag. 
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4.2 Samples should be transported in a cooler and kept at 4°C until needed. 

 

        5.  SAFETY: 

5.1 Aseptic lab practices should be followed at all times. 

 

5.2 Refer to EHSL safety manual for general laboratory safety procedures. 

 

5.3  All glassware should be properly sanitized or autoclaved. 

 

        6.  APPARATUS AND EQUIPMENT: 

 6.1 Micropipette + disposable tips 

       6.2 Small test tubes and caps 

       6.3 Balance or digital scales 

       6.4 Incubator 

       6.5 Vortex apparatus  

       6.6 Spectrophotometer 

       6.7 Cuvettes 

6.8 pH Meter 

 

 

         7.  CALIBRATION PROCEDURES: 

 

 Prepare a standard curve using p-nitrophenol. 

 

Stock Nitrophenol Standards, 1000 µg/mL 

 It is necessary to make up a separate standard for the alkaline phosphatase and the acid 

phosphatase.  Dissolve 10 mg of nitrophenol in 10 mL of alkaline dilution buffer or acid 

dilution buffer.  Prepare each standard as outlined in the below. 

 

Nitrophenol Standards 

 

 Stock nitrophenol    

   0.5 mL q.s. 

      (1:10)   to 5.0 mL 

   2.0mL q.s. to 10.0mL (1:5)     5.0mL q.s. to 10.0mL (1:2) 

     100 µg/mL  20 µg/mL  \ 

         (acid phosphatase)                  \   10 µg/mL 

       1.5mL q.s. to 10.0mL (3:20)     6.0mL q.s. to 9.0mL (2:3) /           
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    15 µg/mL  /    

(1:2) 5.0mL q.s.  

           (alkaline phosphatase)             to 

10.0mL 

                      

        3.0mL q.s. to 6.0mL (1:2)     4.0mL q.s. to 10.0mL (2:5)           

        1µg/mL    2µg/mL   5µg/mL 

    

    1.0 mL q.s. 

      (1:10)   to 5.0 mL 

    

    

        0.1µg/mL 

 

 

 

          8. CHEMICALS AND REAGENTS: 

 

1 M TRIS Buffer, pH 8.6  (for alkaline phosphatase) 

 Dissolve 6.06 g of TRIZMA Base and 1.92 g of TRIZMA HCl in 500 mL of dH2O.  

Adjust the pH to 8.6 with concentrated HCl or NaOH.  Filter sterilize through 0.2 µm 

membrane filter into a sterile 500 mL flask. 

 

1 M TRIS Buffer, pH 4.8  (for acid phosphatase) 

 Dissolve 0.60 g of TRIZMA Base and 15.76 g of TRIZMA HCl in 500 mL of dH2O.  

Adjust the pH to 4.8 with concentrated HCl or NaOH.  Filter sterilize through 0.2 µm 

membrane filter into a sterile 500 mL flask. 

 

1 M TRIS Buffer with phosphatase substrate, pH 7.6 

Dissolve 1.21 g TRIZMA Base and 1.21 g of TRIZMA HCl in approximately 90 mL 

dH2O.  Adjust the pH to 7.6 with concentrated HCl or NaOH.  Add 0.1 g of phosphatase 
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substrate and stir until dissolved.  Q.s. to 100 mL and filter sterilize through a 0.2 µm 

filter.  Store at 4°C in a sterile container. 

 

       Alkaline Dilution Buffer 

 Combine 100 mL of 1M TRIS buffer, pH 8.6, with 25 mL TRIS buffer with phosphatase 

substrate, pH 7.6, in a sterile container.  Store at 4°C. 

 

Acid Dilution Buffer 

 Combine 100 mL of 1M TRIS buffer, pH 4.8, with 25 mL TRIS buffer with phosphatase 

substrate, pH 7.6, in a sterile container.  Store at 4°C. 

 

9. PROCEDURES: 

 

9.1 For each sample arrange 4 small sterile glass test tubes for the alkaline phosphatase 

and 4 small sterile glass tubes for the acid phosphatase.  One tube is for the blank and 

three tubes are for the sample duplicates.  One tube for the negative control is also 

required for the entire set of samples for each analysis. 

 

9.2 Prepare the dilution tubes before the actual analysis.  The buffers are stable and can 

be prepared and added to the tubes days before the actual analyses. 

Alkaline phosphatase: 

Blank: 5 mL of TRIS buffer, pH 8.6 

 Samples and negative control:  4 mL of TRIS buffer, pH 8.6 

Acid phosphatase:   

 Blank: 5 mL of TRIS buffer, pH 4.8 

 Samples and negative control:  4 mL of TRIS buffer, pH 4.8 

 

9.3 On the day of sampling, add 1 g of sediment or 10 mL of water to each of the 

prepared dilution tubes.  Do not add sample to the negative controls.  Vortex to mix 

samples. 

 

9.4   Now add 1 mL of the TRIS buffer with the phosphatase substrate to each of the 

sample tubes and negative control.  Do not add the substrate to the blanks. 
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9.5 Vortex each test tube for at least 30 seconds.  The sample:buffer mixture must be 

homogenous. 

 

9.6  Incubate in the dark for 18 hours at 30°C. 

 

9.7 Read absorbance at 418 nm using the blank for each sample to zero the 

spectrophotometer.  If any sample has an absorbance >0.7 it will be necessary to dilute 

with dH2O. 

 

9.8 Calculate the concentrations of the samples based on the standard curve (see Section 

7) 
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Appendix G 

 

Standard Operating Procedure for Dehydrogenase Activity 

 

1. Application:     

          The application of this SOP is to provide a standard procedure for the determination of 

Dehydrogenase activity (DHA). 

2. Summary of the Method:   

          For the DHA testing of sediment samples four sterile test tubes are used.  One tube is for 

the blank and three are for samples.  For the blank tubes 2 mL of 0.1M phosphate buffer with a 

pH of 7.6 added to each tube.  For the sample tubes, 1 mL of the phosphate buffer is added.  

Next, 1 gram of sediment is weighed out or 10 mL of water is added to each tube (samples + 

blanks).  1 mL of an INT solution is then added to the sample tubes and all tubes are vortexed.  

All tubes are then allowed to incubate for 45 minutes in complete darkness.  A 1 mL aliquot of 

each tube is then filtered and the filters are then dried and dissolved with DMSO.  The tubes then 

incubate overnight and results are read via spectrophotometer the next day. 

3. Interferences:  

3.1) Correct amounts of buffers, samples and substrates should be used. 

3.2) INT is light sensitive and therefore begins to degrade in the presence of light.    

       Storage containers should be wrapped in aluminum foil or other reflective material  

       to minimize exposure to light. 

3.3) Only add substrate to the three sample tubes.  Doing so to the blanks will invalidate  

        the blank.  

3.4) When vortexing make sure the sample is thoroughly mixed together. 

3.5) When weighing samples of sediment, try to avoid large pebbles, shells, etc. 

3.6) Allow for ample incubation time after vortexing.  This allows the sediment time to  

       settle and become less turbid. 

3.7) Only the clearer top portion of the sample should be analyzed.  Avoid pipetting  

        from the bottom of the test tube. 

3.8) Practice sterile techniques when performing vacuum filtration. 

3.9) Be sure that filter paper is placed in the bottom of a large test tube before adding  
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       DMSO. This allows for a quicker dissolution. 

3.10) When using spectrophotometer make sure that the blank and sample cells are clean,  

          dry, and free of external scratches.   

3.11) If any sample has an absorbance of > 0.6, a dilution (1:4, 1:10) must be prepared  

         with DMSO for the entire 3 sample series and blank. 

4. Sample Collection, Preservation and Handling:  

 

4.1) For sediments, samples are collected by spooning into a sterile Whirlpak or an  

       equivalent polyethylene sampling bag. 

4.2) Samples should be transported in a cooler and kept at 4 degrees Celsius until  

        needed. 

 

5. Safety: 

5.1) Aseptic Laboratory practices should be employed at all times. 

5.2) Refer to EHSL safety manual for general laboratory safety procedures. 

5.3) Use caution when working with DMSO.  Nitrile gloves should be worn along with  

       standard safety attire. 

5.4) DMSO is carcinogenic and when absorbed cutaneously, inhaled, or ingested.  Refer   

        to MSDS sheets located in room #8 for more information on DMSO. 

5.5) All glassware used should be properly sanitized or autoclaved. 

 

6.  Apparatus and Equipment: 

6.1) Micropipette and disposable tips 

6.2) Test tubes and caps 

6.3) Balance or digital scales 

6.4) Incubator 

6.5) Vortex apparatus 

6.6) Spectrophotometer (Sectronic Genesys 5) located in room #3 
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6.7) curvettes 

6.8) pH meter 

6.9) vacuum apparatus 

6.10) sterile 0.45 micron membrane filters (cellulosic, white, plain, 25mm) 

6.11) Vented chemical hood with operational fan and lights 

6.12) aluminum foil 

7. Calibration Procedure: 

8. Chemicals and Reagents:  

8.1) INT Solution: [2-(p-iodophenyl)-3-(p-nitrophenyl)-5-phenyl 2H-tetrazolium  

          chloride]. In reduced light conditions, use a glass rod to mix 0.5 g of INT with  

          approximately 0.5 mL of 100% ethanol in a 150 mL beaker until a yellow paste is  

          achieved.  Next, add distilled water to approximately 90 mL and stir on a stir plate 

          protected from light for 30 minutes.  Bring volume to 100 mL in a volumetric  

          flask with distilled water.  Sterilize by passing through a sterile 0.2 micron  

          membrane filter.  Store this solution in a refrigerator at 4 degrees Celsius in a  

          sterile container wrapped in aluminum foil ( a pair of 50 mL centrifuge tubes  

          works well).  This supplies enough INT for 40-45 tubes. 

 

8.2)  0.1 M Phosphate Buffer, pH 7.6 : Dissolve 1.56 g of NaH2PO4 (or 1.79 g of 

          NaH2PO4 * H2O) and 12.35 g of Na2HPO4 (or 23.30 g of Na2HPO4 *7 H2O) in  

          1 Liter of distilled water.  Adjust the pH to 7.6 with concentrated HCL or NaOH.    

          Autoclave for 60 minutes and store at 4 degrees Celsius in refrigerator.  

 

8.3) Dimethyl Sulfoxide (DMSO)  

9. Procedure:  

9.1) For each sample arrange 4 sterile glass test tubes. One Tube for the blank and three 

       tubes for the sample duplicates.  It should be noted that the smaller sized test tubes 

       are most desirable for this purpose.  
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9.2) Add 2 mL phosphate buffer to each blank and 1 mL of phosphate buffer to each  

        sample tube. This step can be completed ahead of time in order to expedite the  

        process. 

 

9.3) Add 1 g of sediment to each tube. 

 

9.4) For each 3 sample tubes add 1 mL INT. 

 

9.5) Vortex each test tube for 30 seconds. 

 

9.6) Next, incubate all tubes for 45 minutes at 30 degrees Celsius in a complete darkness. 

 

9.7)Filter a 1 mL aliquot of each blank and sample through separate 0.45 micron  

      membrane filters.  It is important for the tubes to remain unmixed during the process. 

 

9.8) After vacuum filtration is complete, place each filter on a piece of aluminum foil to  

       dry for 3 minutes at 103 degrees Celsius. 

9.9) Working under a ventilated hood, place each filter into the bottom of a clean dry  

        sterile test tube.  Large tubes must be used for this purpose. 

 

9.10) Carefully add 5 mL of DMSO to each tube.  Cap the tube and vortex until it  

          dissolves.  It should be noted to wear nitrile gloves when working with DMSO.   

 

9.11) Incubate overnight at room temperature in the dark. 

 

9.12) The next day absorbance is read at 460 nm using the blank for each sample to zero  

          the spectrophotometer.  If any sample has an absorbance of > 0.6 it will be  
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          necessary to dilute it with DMSO. 

 

10. Calculations:     

       Mg/g or mg/mL = A x B x C x D 

    

       Where: A= absorbance 

                    B= X coefficient obtained by regression form standard curve 

                    C= dilution factor, if > 1 

                    D= conversion factor 

 

         Conversion factor for sediment is 5 because filter was dissolved in 5 mL DMSO. 

 

11. Documentation:  

           Documentation will consist of bench sheets with accompanying computer printout. 

12. QA/QC: 

       12.1) Aseptic Techniques are practiced at all times 
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APPENDIX L 

Box Plots of Microbial Enzyme Activities and Acridine Orange Direct Counts 
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Appendix M 

Data for Analysis 

GALACTOSIDASE 

 YEARS 

Site 1991 

GAL 

1992 

GAL 

1993 

GAL 

1994 

GAL 

1995 

GAL 

1996 

GAL 

12/13 

GAL 

2 227.4405 12.8638 3.5584 12.4113 3.358 2.746 3.153 

6 211.7342 10.3965 3.2646 13.3203 5.4800 7.6781 3.010 

16 257.2582 10.3038 4.6203 9.2506 8.8326 32.3595 3.2853 

22 236.9247 17.1108 5.1312 7.9220 10.1383 8.6843 3.0951 

26 148.8700 10.4167 4.3398 3.3439 4.7171 3.3826 8.2203 

 

GALACTOSIDASE 

 TIME PERIODS 

Site 91/92 GAL 93/94 GAL 95/96 GAL 12/13 GAL 

2 120.1522 7.9849 3.0520 3.153 

6 111.0654 8.2925 6.5791 3.010 

16 133.781 6.9355 20.5961 3.2853 

22 127.0178 6.5266 9.4113 3.0951 

26 79.6434 3.8419 4.0499 8.2203 

 

ALKALINE PHOSPHATASE 

 YEARS 

Site 1991 AP 1992 AP 1993 AP 1994 AP 1995 AP 1996 AP 12/13 AP 

2 207.1890 126.3617 13.9990 3.5943 7.9077 45.2321 83.1784 

6 97.8256 97.4609 11.3176 2.2892 12.1209 42.3949 64.8975 

16 202.4569 124.3685 10.7354 2.9405 10.8335 19.9544 59.1562 

22 134.4632 81.9164 6.5578 2.4705 12.4701 25.4375 46.9785 

26 165.4834 109.6685 9.7237 3.2390 14.6470 18.0745 45.5563 

 

ALKALINE PHOSPHATASE 

 TIME PERIODS 

Site 91/92 AP 93/94 AP 95/96 AP 12/13 AP 

2 166.77535 8.79665 26.5699 83.1784 

6 97.64325 6.8034 27.2579 64.8975 

16 163.4127 6.83795 15.39395 59.1562 

22 108.1898 4.51415 18.9538 46.9785 

26 137.57595 6.48135 16.36075 45.5563 
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GLUCOSIDASE 

 YEARS 

Site 1991 

GLU 

1992 

GLU 

1993 

GLU 

1994 

GLU 

1995 

GLU 

1996 

GLU 

12/13 

GLU 

2 681.2514 65.1179 8.1628 27.2102 17.2027 41.7831 134.7955 

6 134.4183 51.6967 6.8015 49.9527 19.2285 45.5186 118.7216 

16 183.2903 96.1292 6.4436 51.8367 18.4294 42.7485 120.7928 

22 557.7857 93.0069 11.1161 27.3657 39.4910 85.1476 128.2725 

26 287.2613 92.9032 9.5636 28.9566 23.7780 35.2511 116.8611 

 

GLUCOSIDASE 

 TIME PERIODS 

Site 91/92 GLU 93/94 GLU 95/96 GLU 12/13 GLU 

2 373.18465 17.6865 29.4929 134.7955 

6 93.0575 28.3771 32.37355 118.7216 

16 139.70975 29.14015 30.58895 120.7928 

22 325.3963 19.2409 62.3193 128.2725 

26 190.08225 19.2601 29.51455 116.8611 

 

DEHYDROGENASE 

 YEARS 

Site 1991 

DHA 

1992 

DHA 

1993 

DHA 

1994 

DHA 

1995 

DHA 

1996 

DHA 

12/13 

DHA 

2 28.1258 16.8350 6.0910 3.444 2.7312 0.0388 0.4349 

6 32.97325 22.8972 12.8516 3.3775 2.7333 0.3097 0.7553 

16 24.5647 24.8867 12.6320 5.4641 3.1968 1.1236 0.5891 

22 82.0258 20.6082 9.1368 3.1865 2.1370 0.5209 0.3481 

26 23.3860 25.9411 9.5399 4.8829 3.3341 1.7906 0.7508 

 

DEHYDROGENASE 

 TIME PERIODS 

Site 91/92 DHA 93/94 DHA 95/96 DHA 12/13 DHA 

2 22.4804 4.7675 1.385 0.4349 

6 27.935225 8.11455 1.5215 0.7553 

16 24.7257 9.04805 2.1602 0.5891 

22 51.317 6.16165 1.32895 0.3481 
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26 24.66355 7.2114 2.56235 0.7508 

 

ACRIDINE ORANGE DIRECT COUNTS- WATER 

 TIME PERIODS 

Site 91/92 AODCW 93/94 AODCW 12/13 AODCW 

2 283.4098 173.8359 287.5653101 

6 298.6531 216.9711 296.3496479 

16 367.2949 231.1687 233.427778 

22 409.0781 209.3332 268.1643396 

26 314.4611 158.9925 238.7865365 

 

ACRIDINE ORANGE DIRECT COUNTS- WATER 

 YEARS 

Site 1991 

AODCW 

1992 

AODCW 

1993 

AODCW 

1994 

AODCW 

1996 

ADOCW 

12/13 

AODCW 

2 307.9692684 258.8503253 178.654638 169.017118 232.758 287.5653101 

6 284.2914658 313.0146517 225.0120252 208.930153 301.871 296.3496479 

16 428.3754369 306.2144625 268.309954 194.0275191 230.442 233.427778 

22 346.0788595 472.0773537 213.0524675 205.6138716 217.0222 268.1643396 

26 350.724144 278.1980676 169.1471812 148.837803 194.41596 238.7865365 

 

TOTAL MASS- AODCW 

Site 1994 12/13 

2 13234038.93 3163218.3 

6 26835895.8 5334292.8 

16 215952607.5 131886707 

22 13282657.94 7776764.7 

26 304373301 72591096 

 

ACRIDINE ORANGE DIRECT COUNTS- SEDIMENT 

 TIME PERIODS 

Site 91/92 AODCS 93/94 AODCS 12/13 AODCS 

2 3054.395 2038.266 149.0676158 

6 3069.334 2152.098 203.1815674 

16 3433.063 1975.079 161.0578531 

22 2968.453 1775.186 190.0758145 

26 3092.431 1786.838 151.7489139 
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ACRIDINE ORANGE DIRECT COUNTS- SEDIMENT 

 YEARS 

Site 1991 

AODCS 

1992 

AODCS 

1993 

AODCS 

1994 

AODCS 

1996 

AODCS 

12/13 

AODCS 

2 3071.4116 3037.378236 2031.162638 2045.368675 3197.1018 149.0676158 

6 3229.233 2909.435298 2422.365933 1881.830025 2164.61977 203.1815674 

16 3944.194 2921.931064 1708.435525 2241.722898 2344.904605 161.0578531 

22 2751.771 3185.135149 1753.145122 1797.22664 2540.2048 190.0758145 

26 3622.790992 2562.071599 1719.863145 1853.813226 1540.712 151.7489139 

 

TOTAL MASS- AODCS 

Site 1994 12/13 

2 160152392.7 1639743.6 

6 242756070 3657268.21 

16 2495037699 90997685.25 

22 116100864.2 5512198.2 

26 3791047585 46131665.6 

 

AIR TEMPERATURE- degrees Celsius 

 TIME PERIODS 

Site 91/92 AT 93/94 AT 95 AT 12/13 AT 

2 12.80 16.20 13.10 9.41 

6 15.90 15.95 10.30 10.69 

16 18.90 18.75 10.50 11.00 

22 18.65 19.80 11.80 11.79 

26 17.00 12.00 11.80 10.19 

 

AIR TEMPERATURE- degrees Celsius 

 YEARS 

Site 1991 AT 1992 AT 1993 AT 1994 AT 1995 AT 12/13 AT 

2 12.4 13.2 15.6 16.8 13.1 9.41 

6 18.1 13.7 15.5 16.4 10.3 10.69 

16 21.4 16.4 18.1 19.4 10.5 11 

22 20.9 16.4 19.8 19.8 11.8 11.79 

26 17.2 16.8 19.2 20.3 11.8 10.19 

 

WATER TEMPERATURE- degrees Celsius 

 TIME PERIODS 
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Site 91/92 WT 93/94 WT 95 WT 12/13 WT 

2 9.65 10.25 8.20 9.43 

6 12.35 12.00 7.60 10.28 

16 13.70 13.50 7.30 11.10 

22 16.15 15.20 9.20 11.92 

26 12.00 12.20 7.80 10.86 

 

WATER TEMPERATURE- degrees Celsius 

 YEARS 

Site 1991 WT 1992 WT 1993 WT 1994 WT 1995 WT 12/13 WT 

2 8.8 10.5 10.3 10.2 8.2 9.43 

6 13.7 11 12.4 11.6 7.6 10.28 

16 15.3 12.1 13.4 13.6 7.3 11.10 

22 16.7 15.6 15.1 15.3 9.2 11.92 

26 13.2 10.8 11.8 12.6 7.8 10.86 

 

pH 

 TIME PERODS 

Site 91/92 pH 93/94 pH 95 pH 12/13 pH 

2 7.40 7.41 7.56 6.69 

6 7.27 7.51 7.56 6.62 

16 7.30 7.44 7.72 6.27 

22 7.73 7.80 7.64 6.36 

26 7.38 7.18 7.79 6.25 

 

pH 

 YEARS 

Site 1991 pH 1992 pH 1993 pH 1994 pH 1995 pH 12/13 pH 

2 7.42 7.38 7.42 7.4 7.56 6.69 

6 7.32 7.21 7.44 7.58 7.56 6.62 

16 7.31 7.28 7.38 7.49 7.72 6.27 

22 8.15 7.31 7.9 7.7 7.64 6.36 

26 7.49 7.27 7.29 7.07 7.79 6.25 

 

DISSOLVED OXYGEN- mg/L 

 TIME PERIODS 

Site 91/92 DO 93/94 DO 95 DO 12/13 DO 

2 10.99 8.79 7.16 10.31 
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6 9.94 8.31 7.52 9.29 

16 9.92 8.48 7.44 9.94 

22 9.71 8.34 7.58 8.84 

26 10.22 8.62 6.56 9.83 

 

DISSOLVED OXYGEN- mg/L 

 YEARS 

Site 1991 DO 1992 DO 1993 DO 1994 DO 1995 DO 12/13 DO 

2 10.94 11.04 10.47 7.11 7.16 10.31 

6 9.11 10.77 9.35 7.27 7.52 9.29 

16 8.79 11.04 9.51 7.45 7.44 9.94 

22 9.06 10.36 9.19 7.49 7.58 8.84 

26 9.49 10.94 10.01 7.22 6.56 9.83 

 

CONDUCTIVITY-TIME PERIODS- in µs/cm 

Site 91/92 COND 93/94 COND 95 COND 12/13 COND 

2 144.65 312.1 390.9 426.33 

6 90.1 241.75 187 225.78 

16 52.65 130.1 90 95.14 

22 130.9 196.2 196.8 317.72 

26 24.1 30.85 55.1 14.875 

 

CONDUCTIVITY- YEARS- in µs/cm 

Site 91 COND 92 COND 93 COND 94 COND  95 COND 12/13 COND 

2 136.6 150.7 249.5 374.7 390.9 426.33 

6 92 88.2 225.2 258.3 187 225.78 

16 56.4 48.9 127.4 132.8 90 95.14 

22 120.3 141.5 164.3 228.1 196.8 317.72 

26 36.2 12 27 34.7 55.1 14.88 

 

DEPTH-TIME PERIODS (in centimeters) 

Site 91/92 DEPTH 93/94 DEPTH 95 DEPTH 12/13 DEPTH 

2 4.965 5.395 6.28 3.45 

6 10.005 11.345 15.32 3.82 

16 18.065 22.97 29.28 30.12 

22 10.51 11.445 20.93 8.94 

26 32.085 31.395 33.39 25.82 

 

DEPTH- YEARS- (in centimeters) 
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