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ABSTRACT 

The link between agricultural activities, nitrate concentration, and 
algal biomass in freshwater systems is often assumed, but not well-studied 
in specific situations. The intense environmental concern surrounding the 
eutrophication and pollution of Lake Macatawa and its watershed provided 
the impetus for this study. Twelve sampling sites used by the Michigan 
Department of Environmental Quality in the Lake Macatawa watershed 
were sampled on six dates in the fall of 1997. Topographic data(§ used 
to describe a sub-watershed for each sampling site. Land use within sub
watersheds was determined through the use of aerial photos; computer 
imaging was employed to determine areas and land use ratios. Nitrate 
concentrations of the water samples were measured using an ion selective 
electrode. Algal biomass was determined from the samples through UV
VIS spectroscopy of chlorophyll a extracts. Agricultural land use 
dominated the watershed, and nitrate and algal biomass varied greatly from 
day to day and site to site. {fhe three directly proportional, linear 
relationships-all significant --resulted from the data: agricultural land use 
and nitrate concentration, agricultural land use and algal biomass, and 
nitrate concentration and algal biomass. These relationships were generally 
weak, however, because of individual outliers; agricultural land use and 
nitrate concentration had the strongest association to one another. Future 
refinements to the project include broadening the temporal scope and 
adjusting individual protocols. 

INTRODUCTION 

'\ 
The 11,000 acre Lake Macatawa watershed has historically been an area of 

environmental concern. Not only has the lake been on the EPA's National Priorities List 

since 1983 (EPA National Priorities List, 1997), but recently the Michigan Department of 

) Environmental Quality (MDEQ) has concentrated efforts to determine possible 



explanations and avenues of solution to contamination of both the lake proper and the 

watershed as a whole. In a 1997 MDEQ study, Lake Macatawa was classified as a 

nutrient rich (eutrophic) lake based on phosphorous levels and inputs, chlorophyll a levels, 

presence of algal species, low secchi disk readings, and appearance (MDEQ Staff, 1997, 

Report no. MIlDEQ/SWQ-97/080). 

Many factors, including heavy metals, phosphorous, turbidity, organics, and 

dissolved oxygen, have been investigated as to their relationship and contribution to 

pollution in the Lake Macatawa watershed. (Thermo AnalyticallERG Field Report, 

1994). The three main watershed characteristics examined in our study--Iand use, nitrates, 

and algal biomass--have also been linked to watershed pollution situations, particularly 

eutrophication (Cole, 1994). 

Algal biomass is directly correlated to the concentration of chlorophyll a in a water 

sample. In fact, chlorophyll a concentration is the standard measure of algal biomass for 

limnological and ecological studies (Wetzel and Likens, 1991; Cole, 1994). High algal 

biomass may lead to water discoloration and, in extreme cases, matting of algal scum 

which prevents growth of submerged vegetation. Additionally, algae certain species of 
/ 

algae produce or excrete endo- and exotoxins which may be harmful to aquatic life, 

particularly fish and mollusks (Water Resource Characterization DSS - Algae, 1997). 

Algal biomass is often correlated to nitrogen levels in the water, especially if phosphorous 

is a limiting factor (Cole, 1994). 

Watersheds are affected not only by source water, but also by water which enters 

their streams through runoff This runoff may occur as snowmelt or from rainwater 

) which runs across the soil surface and into streams. This runoff transports chemicals 
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encountered on and in the soil to streams within the watershed, sometimes reacting with 

those chemicals in the process. For instance, land which is primarily used for agricultural 

activities will often introduce high levels of fertilizer -based chemicals into the watershed, 

augmented by the loose, disturbed nature of the soil. Urban or residential areas will 

potentially introduce high levels of organic compounds into the watershed from a host of 

petroleum-based products. Certain types ofland use within a watershed's area has been 

shown to influence the quality of that watershed in studies by Heidenreich et. al (1996) 
\j~ 1\1 

and Armitage (1974). 

In this study, it was hypothesized that nitrate levels in stream water would be 

directly correlated to the degree of agricultural activity in the area surrounding the sample 

site, due primarily to runoff carrying fertilizer components. It was also hypothesized that 

\ the amount of algal biomass would be correlated to the nitrate levels due to nutrient 
1 

requirements of the organisms. 

MATERlALS AND METIIODS 

Sampling 

Water to be tested was collected from twelve different sites within the Lake 

Macatawa Watershed. These twelve site were chosen from a map of the watershed with 

sampling spots indicated as used in the MDEQ's 1996-97 phosphorous Total Maximum 

Daily Load (TMDL) project for the Lake Macatawa watershed. Twelve sites were chosen 

by separating the watershed into four quadrants; three sites within each quadrant were 

) selected for sampling. The sites selected were 2,4, 7, 10, 16,20, 23a, 29, 35,36, 38/39, 
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and 42. These twelve sites were sampled at 6:00 a.m., on each of the following dates: 

October 16, 1997 
October 23, 1997 
October 27, 1997 
October 29, 1997 
October 31, 1997 
November 2, 1997_ 

These days represent a variety of weather conditions. The samples were collected using 

Nalgene™ bottles and the grab method of water collection. Immediately after collection, 

the temperature of the sample was taken. 

The samples were taken back to the lab for nitrate determination and filtering for 

chlorophyll a. A recorded volume of each sample was filtered using a vacuum filtration 

system through Whatman 0.45 !lm nitrocellulose filters. Each filter was placed in a plastic 

freezer bag and stored at approximately -80°C. 

Land Use 

In order to determine the land use corresponding to each site, it was necessary to 

first examine the area drained by each site as an individual watershed. The boundaries of 

these sub-watersheds were defined by using topographic maps of the area and tracing out 

topographic highs, ridges, or divides. Topographic maps and aerial photographs of the 

areas were used to determine land use. 

The land use was divided into three categories: agricultural, urban/residential, and 

natural. Agricultural land was defined as land used for livestock production or farming 

crops, such as corn, wheat, blueberries, or apples. Urban/residential areas were those 

areas dominated by homes, buildings, parking lots, and/or construction. Natural areas 
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were defined as those which had not been urbanized or developed for agriculture. 

Land use boundaries were traced onto an image of the sub-watershed by township 

sections. A computer imaging system was used to determine the total area in square miles 

of each sub-watershed. This procedure was also utilized to determine the area of each 

type of land use within each sub-watershed. These land uses areas were used to find a 

land use ratio (agricultural:urban:natural) for each sub-watershed. Land use ratios were 

converted to percentages of total area for analysis purposes. 

Nitrate Determination 

The Corning #476137 Nitrate ISE (Ion-Selective Electrode) with internal 

reference was employed for nitrate determination. A 2 M ~)2S04 Ionic Strength 

Adjustment Buffer (ISAB) was prepared. This buffer was used to make ionic strength 

uniform between nitrate standards and water samples. 

Using volumetric glassware, eight standards were prepared from solid KN03 in the 

following concentrations: 

N03-(M) N03- (ppm) 
9.99E-02 6191.8 
9.99E-03 619.2 
3. 16E-03 195.8 
9.99E-04 61.9 
3. 16E-04 19.6 
9.99E-05 6.2 
3. 16E-05 2.0 
9.99E-06 0.6 

Table 1 Concentrations of nitrate solution prepared for calibration of Corning Nitrate 
ISE. The 9.99E-02 M stock was diluted in order to prepare the seven less concentrated 
standards. 
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A nitrate standard/ ISAB solution was prepared in 1: 1 proportion for each of the 

standard concentrations. While stirring with a magnetic stir bar and recording the 

temperature of the solution., the m V reading was recorded for each standard 
II·v,'" 

I~' 
concentration. Each m V reading was plotted versus the log of the concentration in 

molarity (M). The non-linear portion of the curve was eliminated, and a calibration line 

was fit using the five most concentrated solutions. The slope of this line (see Equations 2 

and 3 below) was used to calculate the concentration of nitrate in the watershed samples, 

which were also prepared in 1: 1 unknownlISAB solution and stirred for uniformity of 

solution. Because each buffer preparation may vary slightly in concentration, a separate 

calibration curve was derived for each ISAB. Equations 2 and 3 were used to convert 

millivolt (m V) readings to nitrate concentrations. 

mV= -50. 162(log [M nitrateD + 6l.781 (2) 

mV= -50.599(log [M nitrateD + 57.601 (3) 

See Appendices A and B for calibration data. 

Algal Biomass 

Each filter was placed in a ceramic mortar and pestle, and dissolved with 3-4 mL 

of90% alkaline acetone solutionl
. The filter was ground vigorously for 45 seconds, and 

the supernatant then decanted into a graduated cylinder. An additional 3 mL of 90% 

alkaline acetone was added to the mortar and pestle, and ground for 15 seconds. This 

rinse solution was also added to the graduated cylinder and the total volume recorded to 

the nearest 0.1 mL. This solution was added to a centrifuge tube, stoppered, and 

) 1 90% alkaline acetone solution: Pipet 100 mL of RO water into a 1000-mL volumetric flask. Bring up to 

6 



) 

centrifuged in a small-scale centrifuge for approximately 5 min. 

The supernatant was removed via glass pipette so as not to disturb the sediment 

residues, and then added to a 10 mm quartz cuvet. The extinction coefficient of the 

pigment extract was measured at 750 (for turbidity blank) and 665 nm using a Cary 5E 

uv -VIS spectrophotometer. 

Wavelength measurements for each sample were used to calculate chlorophyll a 

concentration using the monochromatic method developed by C. J. Lorenzen (Wetzel and 

Likens, 1991). See Equation 1 below: 

(k)(E665)(V) 
Chl a (Ilg/l or ppb) = (V)( Z) (1) 

E665 = turbidity-corrected absorption at 665 nm = A6650 - A 7500, where A = absorption 
value. 
k = absorption coefficient of chlorophyll a = 11.0 
v = volume of extract in ml 
V = volume of water filtered in liters 
Z = length of light path through cuvet in mm 

RESULTS 

Land Use 

The ratio of land use for each site shows that the main use of land in the Lake 

Macatawa watershed is agricultural. Some sites have little or no urban/residential areas, 

ranging from 0% to 59% per site. The majority of the sub-watersheds have very little 

natural area, ranging from 2% to 33%. Agricultural land use was by far the most 

dominant of the three land use types, ranging from 32% to 96% per site. (See Appendix 

C) 

mark with acetone and mix thoroughly. Add two drops of concentrated ~OH and mix thoroughly. 

7 



\ 
\ 

) 

100% 

90% 

80% 

70% 

60% 

50% 

40% 

30% 

20% 

10% 

0% 
N "'" r-... 

Site Number 

Fig.1 Percentage ofland use per category by site number. For example, 
site 2 shows 69% agricultural, 24% urban/residential, and 7% natural land 
use. 

Nitrates 

The nitrate concentrations for all six days are summarized in Figure 2. The mean 

nitrate concentration for each site is shown in Figure 3. (See Appendix D) 
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Fig. 2 Concentration of nitrates for each of the twelve sites on the six 
sampling days. Each color represents a different sampling date. Variation 
can be seen within a single site over different sampling days. For example, 
site 42 has a high concentration of 104.0 ppm nitrate on 11-2-97, and a low 
concentration of 30.1 ppm nitrate on 10-23 -97. 
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Fig. 3 Average nitrate concentrations for the twelve sampling sites with 
variation bars. Concentrations vary greatly from site to site. 

Algal Biomass 

Data from chlorophyll a analysis are summarized on Figures 4 and 5. Data for 

both individual sampling dates and means are presented. -As Gan be-seen, variance at 

particular sampling sites was often quite high. (See Appendix E) 
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Fig. 4 Chlorophyll a concentrations for the twelve sampling sites 
on each of the six sampling dates. Each color represents a different 
sampling date. Considerable variation can be seen within sampling sites. 
For example, Site 42 has a concentration range of2.5 to 45 .5 J..lg/L. 
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Fig. 5 Mean chlorophyll a concentrations for the twelve sampling sites. 

Correlations Between Variables 

Possible correlations between the three principal characters under investigation-

percent agricultural land use, mean nitrate concentration, and mean chlorophyll a 

concentration-were examined by generating correlation coefficients (r) and R2 values for 

the three possible relationships. A t-test was used to determine the significance of the 

correlation coefficients. 

Table 2 summarizes the statistical data for the three relationships. A significant r 

value indicates that the suggested linear relationship is a better fit than a line of slope o. 

The R2 value indicates the reliability of one character as a predictor of the other--an ideal 

R2 value being 1.0. As can be seen, all three correlation coefficients tested as significant 

(n-2=1O) . Figures 7-9 show the three linear relationships with rand R2 values included. 

% Agricultural Land % Agricultural Land Use Mean Nitrate 
Use vs. Mean Nitrate vs. Mean Chlorophyll a Concentration (ppm) vs. 
Concentration (ppm) Concentration (Ilg/L) Mean Chlorophyll a 

Concentration (1lg!L) 
r 0.543 (p<0 .05) 0.188 (p<0 .05) 0.244 (p<0.05) 

R2 0.295 0.035 0.059 
Table 2 Summary of statistical data for the three principal relationships investigated. 
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Fig. 7 Percent agricultural land use VS. mean nitrate 
concentration. The linear relationship, r, and R2 values are 
included. 
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Fig. 8 Percent agricultural land use VS. mean chlorophyll a 
concentration. The linear relationship, r, and R2 values are included 
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Fig. 9 Mean nitrate concentration vs. mean chlorophyll a 
concentration. The linear relationship, r, and R2 values are 
included. 

The measured nitrate levels were relatively high. While the EPA drinking water 

') Maximum Contaminant Level (MCL) is >10 ppm, levels in the Macatawa watershed were 

consistently above this level. High nitrates were expected because of runoff from 

agricultural, grazing, and construction sites, all of which are present in the watershed. 

There are several possible sources of error in the nitrate analysis process. First, the 

ISE m V reading is sensitive to temperature. A difference of 1°C can cause a 2% error in 

the calculated concentration. For reliable comparison, the standards and the samples 

should be measured at exactly the same temperature. In this case, a different of I-2°C was 

considered negligible. Second, the samples were measured using a graduated cylinder 

while the buffer was measured via buret. If these volumes were not exact every time, the 

dilution factor may not have been the same in every instance, thereby reducing accuracy. 

Finally, in general, as the concentrations became lower, it became more difficult to obtain 

a reproducible m V reading. 
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Chlorophyll a levels were generally quite low for the sites sampled. Mean 

chlorophyll a levels are all under the 25 f..tg/L EPA Maximum Contaminant Limit (MCL) 

for all general water usage. Mean concentrations for all sites except Site 20 are also under 

the 15 f..tg/L pre-treatment limit for human consumption. Even chlorophyll levels for 

specific sampling dates rarely exceed the 25 f..tg/L limit. However, these EPA limits are set 

during the growing season, and algae biomass is expected to increase during the summer 

months in Midwestern temperate freshwater systems (Water Resource Characterization 

DSS - Algae, 1997). 

Prepared, low-end cholorophyll a standards generally have a concentration of 20 

f..tg/L, which is above all but three of the samples. Indeed, the degree of variation that was 

encountered in repeatedly analyzing individual samples indicates that chlorophyll levels 

\ 
) may have been so low as to be near the detectable limits of the spectrophotometer used . . 

The original monochromatic method for determining algal biomass as described by 

Lorenzen (Wetzel and Likens, 1991) included a technique for correcting for the presence 

of phaetophytins, a pigment which is the normal degradation product of chlorophyll a, and 

absorbs at the same wavelength.. This technique involved acidifying the chlorophyll 

extract in the cuvet after initial spectrophotometric analysis with 0.1 ml of 1M HCI per mL 

of extract, and then re-measuring the extinction coefficients. The acidification converts all 

chlorophyll a present to phaetophytins, whereupon the new extinction coefficients can be 

used to determine the original amount of chlorophyll a present. This technique was not 

included in our final protocol or equation for two reasons. First, acidification of the 

extract appeared to bring the nitrocellulose out of solution, increasing the turbidity of the 

solution significantly. This prevented the use of the adjusted extinction coefficients in 
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Lorenzen's equation. Secondly, since chlorophyll a concentrations themselves were quite 

near to the spectrophotometer's detection limit, and phaetophytin levels were probably 

quite low in the original samples, such adjustment was judged to be unnecessary. 

As stated earlier, correlation coefficients (r) were significant for all three 

relationships examined: percent agricultural land use vs. nitrate concentration, percent 

agricultural land use vs. chlorophyll a concentration, and nitrate concentration vs. 

chlorophyll a concentration. However, the generally low R2 values indicate that the 

relationships are not particularly strong. The land use vs. nitrate relation is the strongest 

of the three, with an R 2 of nearly 0.3. 

A large portion of the weak nature of the relationships can be attributed to 

outliers. An examination of Figures 7-9 shows that a single point or two deviate radically 

from each linear relation. As an example of the powerful effect of such aberrant data, 

consider Figures 10-11 . Figure 10 shows the relationship of agricultural land use to 

chlorophyll a concentrations for a specific sampling date. 

t: 
0 25.0 :;::; • ca ... - 20.0 t: 
~ 
U 
t: 15.0 r = 0.0276 0-
u::::! 

R2= 0.00076 ca ~ -- 10.0 • >. • • ..c: • Co 5.0 •• • 0 • • • ... 
.2 

0.0 ..c: 
U 

0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 

Percent Agricultural Land Use 

Fig. 10 Unmodified percent agricultural land use vs. chlorophyll a 
concentration for October 29. The linear relationship, r, and R2 values are 
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included. Note the outlying Site 20 point. 

The removal of a single outlier-Site 20--improves the R 2 value by a factor of over 100 

(Figure 11). 
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Fig. 11 Modified percent agricultural land use vs. chlorophyll a 
concentration for October 29. The linear relationship, r, and R2 values are 
included. Note the removal of the outlying Site 20 point and the R2 
improvement. 

1 

Wild deviations from the linear relationships may be related to unseen secondary factors 

affecting the natural system, or possibly errors in the analytical technique. 

CONCLUSIONS 

As can be seen in Figure 7, the nitrate/agriculturalland correlation was the 

strongest of the three relationships addressed in this study, though still somewhat weak 

This relationship was expected because of the known connection between nitrate 

concentrations in natural water and fertilizers carried in runoff from agricultural land 

(Armitage, 1974). 

The relationships between algal biomass and land use and algal biomass and 
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nitrates were not as strong. There are many possible reasons for this weak relationship. 

First, the time of year was not ideal for determination of algal biomass. Chlorophyll a 

levels were not at their highest levels because the sampling occurred so late in the year, 

outside of the primary phytoplanktonic growing season for Michigan. Second, the levels 

of chlorophyll a encountered approached the detection limit of the CARY 5E UV -VIS 

spectrophotometer. Even the highest measured concentration of chlorophyll a was within 

the lowest 5% of the detection limit of the instrument. Hence, this method of chlorophyll 

determination may not be ideal for the concentrations observed in this study. 

Further studies may include: a year-round sampling to determine the seasonal 

effects on the watershed features on which this study focused; a comparison between the 

:MDEQ's recent phosphate study and nitrate concentrations, ideally leading to increased 

understanding of agricultural practices in the watershed; the use of fluorescence 

spectrometry for increased accuracy in determination of chlorophyll a; and a study of the 

impact of the land use immediately surrounding the sample site, as opposed to the entire 

sub-watershed. 
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APPENDIX A: Nitrate Calibration for ISE (used for all days except for 10/16/97) 

NITRATE ISE CALIBRATION. 11/2/97 
concentration (Mj corrected M log (Mj 

1.00E-01 9.99E-02 -1.00 
1.00E-02 9.99E-03 -2.00 
3.16E-03 3.16E-03 -2.50 
1.00E-03 9.99E-04 -3.00 
3.16E-04 3.16E-04 -3.50 
1.00E-04 9.99E-05 -4.00 
3.16E-05 3.16E-05 -4.50 
1.00E-05 9.99E-06 -5.00 

Nitrate ISE 

I.SerieS1 I 

-4.0000 -2.0000 0.0000 

log [M) 

> 
E 

corrected log [MJ (-j log {MJ mV temp (degree C) 
-1 .0006 1.0006 114 20.5 
-2.0006 2.0006 161 21 
-2.5006 2.5006 183 20.5 
-3.0006 3.0006 214 19.5 
-3.5006 3.5006 239 20 
-4 .0006 4.0006 252 20 
-4.5006 4.5006 264 20 
-5.0006 5.0006 265 20.5 

Nitrate ISE calibration 

-4.0000 -3.5000 -3.0000 -2.5000 -2.0000 -1.5000 -1 .0000 -0.5000 0.0000 

log [cone N03 (M)) 

.. 

• Serie51 

- - - Linear (Saria51) 
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APPENDIX B: Nitrate Calibration for ISE for 10/16/97 

concentration (M) log conc mV 
1.00E-01 -1 .00E+00 
1.00E-02 -2.00E+00 158 
3.16E-03 -2.50E+00 185 
1.00E-03 -3.00E+00 210 
3.16E-04 -3.50E+00 234 
1.00E-04 -4.00E+00 
3.16E-05 -4.50E+00 
1.00E-05 -5.00E+00 

Calibration curve: new buffer 

• Series1 

- - - - - - Best fit 

-4.00E+OO -3.00E+OO -2.00E+OO -1.00E+OO O.OOE+OO 

log cone Nitrate 
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APPENDIX C: Land Use Data 

Land Use Data in me 
Site # Agricultural UrbanlResidential Natural Total 

2 18.57 6.25 1.75 26.57 
4 18.61 1.99 0.38 20.98 
7 6.54 0.14 0.62 7.3 
10 2.48 0 0.17 2.65 
16 3.41 0 0.14 3.55 
20 0.8 0.3 0.25 1.35 

23a 0.22 0.41 0.06 0.69 
26 8.91 2.39 2.82 14.12 
35 2.66 1.99 2.25 6.9 
36 0.57 0.62 0.39 1.58 

38/39 1.8 1.96 0.23 3.99 
42 0.24 0 0.07 0.31 

Table 1 Land use areas in square miles for each land use at each site. Obtained from 
imaging oftopographic maps. 

Land Use Data in Percent 
Site # Agricultural UrbanlResidential Natural 

2 69 24 7 
4 89 9 2 
7 90 2 8 
10 94 0 6 
16 96 0 4 
20 59 22 19 
23a 32 59 9 
26 63 17 20 
35 38 29 33 
36 36 39 25 

38/39 45 49 6 
42 77 0 23 

Table 2 Land use as expressed in percentages for each site. Obtained by taking ratio of 
each land use to the total area of the sub-watershed. 
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APPENDIX D: Sample Nitrate Concentrations 
! 

Date Site # cone N03 (ppm) Date Site # cone N03 (ppm) 
10/16/97 2 72.4 10/29/97 2 52.2 
10/16/97 4 I 30.5 10/29/97 4 20.9 
10/16/97 I 7 i 86.8 10/29/97 7 62.8 I -
10/16/97 10 ! 50.3 10/29/97 10 104.0 
10/16/97 16 ! 45.9 10/29/97 16 39.7 
10/16/97 20 I 50.3 10/29/97 20 34.6 , 
10/16/97 23a 52.6 10/29/97 23a 30.1 
10/16/97 26 57.6 10/29/97 26 26.2 
10/16/97 35 30.5 10/29/97 35 20.9 
10/16/97 36 50.3 10/29/97 36 -26.2 
10/16/97 38 57.6 10/29/97 38 37.9 
10/16/97 42 63.1 10/29/97 42 75.4 

Date Site # cone N03 (ppm) Date Site # cone N03 (ppm) 
10/23/97 2 82.7 10/31/97 2 82.7 
10/23/97 4 , 31.5 10/31/97 4 36.2 
10/23/97 7 130.8 10/31/97 7 99.3 
10/23/97 10 60.0 10/31/97 10 104.0 

) 10/23/97 16 27.5 10/31/97 16 52.2 
10/23/97 20 27.5 10/31/97 20 43.5 
10/23/97 23a 39.7 10/31/97 23a 39.7 
10/23/97 26 36.2 10/31/97 26 39.7 
10/23/97 35 48.1 10/31/97 35 37.9 
10/23/97 36 27.5 10/31/97 36 37.9 
10/23/97 38 65.7 10/31/97 38 57.3 
10/23/97 42 30.1 10/31/97 42 164.6 

Date Site # cone N03 (ppm) Date Site # cone N03 (ppm) 
10/27/97 2 27.5 11/2197 2 45.5 
10/27/97 4 20.9 11/2197 4 33.0 
10/27/97 7 94.9 11/2197 7 52.2 
10/27/97 10 68.8 11/2197 10 119.4 
10/27/97 16 30.1 11/2197 16 43.5 
10/27/97 20 19.0 11/2197 20 45.5 
10/27/97 23a 36.2 11/2197 23a 28.8 
10/27/97 26 33.0 11/2197 26 22.9 
10/27/97 35 30.1 11/2197 35 18.2 
10/27/97 36 20.9 11/2197 36 34.6 
10/27/97 38 36.2 11/2197 38 45.5 
10/27/97 42 31.5 11/2197 42 104.0 
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APPENDIX E: Chlorophyll a concentrations I I I ! 

Site 16-0ct. 23-0ct. 27-0ct. 29-0ct. 31-0ct. 2-Nov. Mean 
2 2.715122 1.8326 5.27912 4.234725 2.972053 12.96191 4.999254 
4 3 .685846 9.2598 3.241508 4.18836 3.233615 8.93112 5.423375 
7 1.485147 1.427947 2.40097 4.05306 5.1909 3.871808 3.071638 
10 3.631886 2.94437 16.99236 10.16136 7.28365 14.09265 9.184379 
16 5.50033 1.768085 5.3361 7.61541 1.45684 3.54244 4.203201 
20 44.49291 17.08047 5.83704 23.79256 3.76618 7.485885 17.07584 
23 1.2617 0.99099 6.64158 6.36944 2.87749 8.28036 4.403593 
29 1.30878 1.37995 4.37646 4.08595 3.577365 8.16156 3.815011 
35 1.102677 1.18932 3.755547 5.542203 2.22398 4.8433 3.109504 
36 0.782265 0.640805 4.26822 4.33356 1.122 10.48102 3.604645 

38/39 1.34244 1.458765 5.1326 5.17638 1.49556 8.026425 3.772028 
42 4.736655 45.54528 11 .82258 7.253675 2.469528 15.1668 14.49909 

) 


