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AN ANALYSIS OF SAMPLING FREQUENCY i

SUMMARY

For water bodies within British Columbia, measurements are taken on a site specific basis
for certain physical, chemical, and biological characteristics of these water bodies. Water
Quality Objectives are set based on variable levels which will protect the most sensitive
designated use of a water body. There are currently a number of Water Quality Objectives
which are defined numerically with an average value. This average is usually meant to be
representative of a 30-day period. Currently, sampling procedures call for sample collection
to occur on a minimum of five days equally spaced within a 30-day period to obtain an
average representative of the 30-day period. This report examines this approach to

determine if it suitably represents a 30-day period.

A sampling program was run at four sites on the North Arm of the Fraser River. All
variables in question were measured every day for 30 days. Current Water Quality
Objectives for the North Arm outline four variables which require the five-day sampling
approach to obtain an arithmetic mean - NH:, Cu, Pb and Zn. These variables were
statistically analyzed by comparing five-day sample means to 30-day sample means using
the 95% confidence intervals. Further analysis was carried out using the Student’s t-test.
Much of the data for the above variables were below the minimum detectable concentration
(MDC) and were, therefore , assigned this value for calculation purposes. In order to
validate the statistical approach for the above variables, another variable, calcium, was
analyzed. Calcium does not have an objective defined numerically with an average value,
but was chosen because the data set was sufficiently above the MDC to avoid biased

results.

Fecal coliforms require sampling a minimum of five times in thirty days in order to obtain a

geometric mean. However, due to great variability within a sample, the statistical analysis
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il AN ANALYSIS OF SAMPLING FREQUENCY

of the data was restricted to analysis of variance. Using the F-test, the variances of sample
sets four-, five-, and six-days long were compared to the variance of the thirty-day data to
determine if any significant difference existed by increasing or decreasing sampling

frequency.

Statistical analysis of the NHs, Cu, Pb and Zn data indicated that the five-day sampling
approach produced suitably representative means. For these variables, the results may have
been biased by the use of the MDC to define those values which were below the detection
limit. For this reason, the results of this testing are open to interpretation. While the
calcium data may not have been affected by the MDC bias, the results, although supporting
the testing approach, do not necessarily support the testing technique for the other
variables. The fecal coliform data were found to be highly variable and it was determined

that little difference exists with the increase or decrease of sampling frequency.

If, in the future, further consideration is given to the testing this sampling approach, a
number of recommendations can be made based on this study. More initial consideration of
the statistical model prior to sampling should be given. Establishing background levels of
these variables should be looked into. Also, to obtain values which are useful for the
purpose of this study, laboratory analytical methods with lower detection limits will need to

be used or developed.
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AN ANALYSIS OF SAMPLING FREQUENCY I

1.0 - INTRODUCTION

While most Water Quality Objectives are expressed as a maximum value, there are a
number of variables which have objectives expressed as an average value . The average
objective is usually determined based on a 30-day period. To check these objectives, the
current practice requires that sampling occur on a minimum of five-days within a 30-day
period. The average of these five values is considered representative of a 30-day average.
This report examines this sampling approach to determine if it suitably represents 30-day
data. The data source for the report was a 30-day sampling regimen which was carried out
at four sites throughout the Fraser River North Arm (Figure 1) from October 1 - 30, 19%4.
This provides a 30-day mean and a data set from which five-day samples can be drawn for

the purposes of comparison.

In their Water Quality Assessment and Objectives report on the Fraser River, Swain and
Holms(1985) established five variables which were subjected to the above mentioned
sampling procedure. Total concentrations of NHs, Cu, Pb, and Zn were established as
variables to be sampled in this manner in order to obtain an arithmetic mean, while fecal
coliforms were sampled in this manner to obtain a geometric mean. The data for these five

variables were statistically analysed to determine the reliability of the approach.

Problems existed with the NHs and metals data in that much of the data were below the
minimum detectable concentration (MDC). Also the data above this level were not
considerably higher, calling into question the accuracy of the data. For data to be
considered within the limits of quantitation they should ideally be at least three times that of
the MDC (Clark and Whitfield, 1994). For the purpose of this study, data which fell below
the MDC were assigned the MDC value. As a means of validating the statistical methods
applied to the NHs and metal data, another variable, calcium, was examined. Calcium,
although not having an average objective, represents a data set with all values significantly
higher than the MDC.

Water Quality Branch - Ministry of Environment, Lands and Parks



2 AN ANALYSIS OF SAMPLING FREQUENCY

2.0 - METHODS

2.1 - Sample Collection and Analysis Methods

For this study, a 30-day sampling program was run at four sites on the North Arm of the
Fraser River. For 30 days from October 1 to 30,1994, Integrated Resource Consultants
(IRC) of Richmond, B.C. collected water samples from Sites E207396, E207397,
E207398 and 0300002 (Figure 1). The vessel used by IRC was accurately positioned for
this daily sampling through the use of a Global Positioning System and depth recorder.
Sampling times and observations are included in the Field Data Report for Burrard Inlet -

False Creek and Fraser River Sampling Programs 1994-95 compiled by IRC (IRC, 1995).

For analysis of the non-biological variables, IRC submitted water samples to Zenon
Environmental Laboratories of Vancouver, B.C. For the variables in question, the
following work routes were used for analysis. NHs, was analyzed using the Automated
Bertholet Method. Total Pb waé analyzed using an initial nitric acid digestion followed by
the Graphite Furnace Atomic Absorption method. In this method, a discrete sample is
heated in various stages to allow drying of the solution and the burn-off of organics. The
analyte is then atomized into the light path of a spectrophotometer and light absorption of a
frequency specific to the element is measured to determine the concentration of the element

(B.C. Environment, 1994),

Ca, Cu, and Zn were all analyzed using the same method. This involved an initial nitric
acid digestion followed by the Atomic Emission - Inductively Coupled Plasma method of
analysis. In this method, samples are injected into a high temperature plasma. The samples
produce ionic emissions of spectra and wavelengths specific to elements of interest which

are then monitored to determine concentration ( B.C. Environment, 1994).

Water Quality Branch - Ministry of Environment, Lands and Parks



AN ANALYSIS OF SAMPLING FREQUENCY 3

Water samples were also submitted by IRC to JR Environmental Laboratories of
Vancouver, B.C. for analysis of fecal coliforms. For this analysis, JR Labs used a

standard plate count to determine the number of colony forming units (CFU) per 100 mL..

2.2 - Statistical Analyses Methods

2.2.1 - Methods for Statistical Analyses of NH,, Cu, Pb, & Zn

Using the 30-day data for each of the four sites, the mean, 95% confidence limits, standard
deviation and variance were calculated for the variables of interest. Data which fell below
the MDC were treated as being at the MDC. The 30-day data and the corresponding

statistics are included in Tables 1 through 4.

From the 30-day data, five-day sample sets were extracted. The method of determining the
five-day samples was meant to reflect the manner in which a five-days in thirty sampling
regimen might occur. Starting with day one, sample sets were created based on five
samples taken at five-, six-, and seven-day intervals. For example, the first sample set of
the five samples collected at five-day intervals was comprised of days 1,6,11,16, and 21.
Where the number of days left in the thirty was less than the sampling interval, a sample
was selected in sequence from the start of the data. For example, sample set 7 from five
samples collected at six-day intervals used a day seven start, then days 13,19 & 25. Since
there was no day 31, day 1 was used as the fifth value. For all variables at each sampling
interval, ten sample sets were established. By using ten sample sets, all of the thirty data
points were represented within a five-day sample mean For each of these sample sets the

mean and variance were calculated (Tables S though 8).

As a method of analysis, the averages of the sample sets were compared to the 30-day

mean and the 95% confidence interval of those data. This provided a simple look at how

Water Quality Branch - Ministry of Environment, Lands and Parks



4 AN ANALYSIS OF SAMPLING FREQUENCY

the 30-day and sample means compare. The second method of analysis for these data was
the Student’s t-test. This method was chosen as it is intended specifically for the
comparison of small sample sets, such as the five and 30-day samples. Using the 0.05
level of significance at 33 degrees of freedom, the critical values for this test were = 2.035.
The hypothesis being tested was that a five-day sample mean was not representative of the
30-day sample mean. Test values falling within the above critical value range would denote
rejection of this hypothesis, indicating that the sample mean was representative at this level

of significance. (See Appendix 1 for sample t-test calculation)

2.2.2 - Methods for Testing Ca Data

For calcium, the 30-day data were manipulated in the same manner as the variables listed in
Section 2.2.1, with five-day sample sets having been extracted in the same fashion. As
stated in the introduction, calcium is not a variable which has an average objective. Calcium
was used as a means of checking the results of the statistical tests for NHs, Cu, Pb, and
Zn. Calcium was chosen because the data were significantly higher than the minimum
detection limits and consequently Ca was represented by data well within the region of

quantitation.

For five-day sample sets, the calcium data were compared using the same tests as noted in
Section 2.2.1 - comparison to the 95% confidence interval and Student’s t-test. Further, t-
tests comparing the 30-day data to four- and six-day sample sets were run to determine if
testing more or less frequently was likely to yield similar results. These four- and six-day
sample sets were extracted from the 30-day data in the same manner as the five-day sample
sets. Alterations were made in the sampling interval in order for the four and six-day
sample sets to be suitably distributed through the 30-day period. The critical t-test values

for four samples were + 2.037 (considering 32 degrees of freedom). For the six-sample
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AN ANALYSIS OF SAMPLING FREQUENCY 5

data, the critical values were = 2.032 (considering 34 degrees of freedom). Again, the
hypothesis was that the four and six-day sample sets would not have representative means.
Thus, t-test values falling within the critical range would be considered to be rejection of

this hypothesis.

2.2.3 Methods for Handling of Fecal Coliforms

Fecal coliforms data had to be considered in a different manner from the NH:s and metals
data. The use of the geometric mean in calculating a 30-day average diminished the effect
that extremely variable data have on the calculated mean. These data are reflected to a lesser
degree in a geometrically calculated mean as compared to one calculated arithmetically. In
Tables 9 through 11, the reducing influence of the geometric mean can be seen as compared

to the arithmetic mean

Since the fecal coliform data are not used to calculate a simple mean, they cannot be
subjected to the same statistical tests as the NH3 and metals data. Additional to this,
however, is the variability of fecal coliform data. As discussed in a previous study by
Warrington(1990), fecal coliforms do not tend toward dispersion throughout the water
column but tend to form in clusters around organic matter. The variability within a sample
can be great: while one test sample may yield one result a sample taken from a site near by

may yield completely different levels.

For the above reason, analysis of the fecal coliform data was in the form of comparisons of
variance using the F-test. Sample sets of four, five and six-days were selected using
random sample selection with replacement . The variability of these sample sets was

compared to that of the 30-day data to determine if any significant difference existed in a

Water Quality Branch - Ministry of Environment, Lands and Parks
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reduction or increase of sampling frequency. (See Appendix 1 for sample F-test

calculation)
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AN ANALYSIS OF SAMPLING FREQUENCY 7

3.0 - RESULTS
3.1 - Total NH,, Cu, Pb and Zn
3.1.1 - Confidence Intervals
The first way of analyzing these data was a comparison of the five-day means to the 30-day
mean using 95% conﬁdénce limits (represented graphically in Figures 2 through 5). For
these variables, five-day samples were taken at five-, six-, and seven-day intervals
resulting in ten data points for each interval type and a total of 30 sample sets for each

variable at each site.

The NH: data tended to have a wider range of values than the metals data and were also the
data with the fewest values which needed to be assigned the MDC. For these data, Sites
E207396 and E207397 each had 19 five-day means out of thirty which were equal to or
within to 95% confidence interval. Site E207398 had 24, while Site 0300002 had 27 out of
30 values within or equal to the confidence limits. The total of all four sites had 89 out of

120 (74%) five-day means which were within these limits.

For the total Cu data, at least two thirds of the data were assigned the MDC. For all four
Sites the 95% confidence lower limit was equal to the MDC so only values higher than the
upper limit would fall outside the confidence interval. Site E207396 and E207398 each had |
26 values within confidence limits, Site E207397 had 25, and Site 0300002 had 28 values
which equalled or were within the 95% confidence interval. For Cu, the total of the four
sites produced 105 out of 120 (87.5%) which were within or equal to the 95% confidence

limits.

Total Pb had the highest number of values (between 23 and 26 out of 30 at the four sites)
which were assigned the MDC. For Pb, the lower confidence limit was also the MDC. For
Site E207396, 25 five-day meaﬁs were within confidence limits, Sites E207397 and

Water Quality Branch - Ministry of Environment, Lands and Parks



8 AN ANALYSIS OF SAMPLING FREQUENCY

E207398 each had 24 values and Site 0300002 had 25 values within the confidence limits.

This produced 98 out of 120 (81.6%) 5-day means within or equal to confidence intervals.

For each of the four sites, the number of total Zn values which were assigned the MDC
varied from a low of 12 to a high of 21. Again , however, for each site the confidence
interval lower limit was also equal to the MDC. Sites E207396 and E207397 each had 25
of 30 five-day means within or equal to the confidence limits. Site E207398 had 24 values
and Site 0300002 had 28 values within or equal to the confidence interval. A total of 102
out of 120 (85%) of the total Zn five-day means were within or equal to the 95%

confidence intervals of the 30-day data.

3.1.2 - Student’s t-Test

The second way of analyzing the data was using the Student’s t-test. The level of
significance initially chosen was 0.05 at 33 degrees of freedom. This produced t-test critical
range of x 2.035. At this level of significance, all calculated t-test values for NH3 (Table 5)
were within this critical range. This indicates that all 5-day sample means were considered

representative of the 30-day mean at this level of significance.

Subjecting the total copper sample sets to the Student’s t-test (Table 6) produced three
t-values which did not fall within the critical range (Table 6a - Site E207397, sample set 3
and Site 0300002, sample sets 5 and 10). However this still resulted in 97.5% of the data

within the critical range.

Total lead (Table 7) also produced an incomplete acceptance of the t-values. However, only
two sample sets were rejected (Table 7c - Site E207397, sample set 4 and E207398,
sample set 3) indicating that 98.3% of the five-day means were representative of the 30-day

mean.

Water Quality Branch - Ministry of Environment, Lands and Parks



AN ANALYSIS OF SAMPLING FREQUENCY 9

Of the total zinc five-day sample t-test values (Table 8), two values were not acceptable at
this level of significance ( Table 8c - Site E207397, sample set 5 and Site 0300002, sample
set 6). This corresponded to 98.3% of the five-day means which were representative of the

30-day mean.

3.2 - Total Ca

Total calcium was subjected to the same tests as the four previous variables. However, total
calcium has significantly higher values than its MDC and, therefore, all values recorded
over the 30;days were not biased by being assigned the MDC value. Like the variables
listed in section 3.1, a simple comparison was made between the five-day sample means
and the 30-day sample means using 95% confidence intervals for each site (Figure 6). Site
E207396 had 25 sample means which fell within or equalled the confidence interval. At
Site 207397, 24 sample means were within or equal to the confidence interval. Site
E207398 had 26 sample means within or equal to the confidence interval, and Site 0300002
had 25 values within the confidence interval. The above totals 100 out of 120 (83%) of the

five-day sample means within or equal to the 95% confidence interval.

The total calcium data were also subjected to the Student’s t-test. Unlike the previous
calculations, however, sample sets of four and six sample-days were also tested in order to
determine if any significant differences occurred with increases or decreases in sampling
frequency. As with the previously tested variables, the initial level of significance
considered was the 0.05 level. As before, where the sample sets were 5 days, the degrees
of freedom were 33 giving a critical range of = 2.035. For the four-day sample sets, 32
degrees of freedom were considered, giving a critical range of = 2.037. The six-day sample
sets considered 34 degrees of freedom and produced a critical range of + 2.032. At this
level of significance, all sample means for all sampling frequencies and intervals produced
t-test values (Tables 9 - 11) within the critical range. This indicates that all sample sets at

the indicated sampling intervals and frequencies were representative of the 30-day mean.

Water Quality Branch - Ministry of Environment, Lands and Parks



10 AN ANALYSIS OF SAMPLING FREQUENCY

3.3 Fecal Coliforms

In looking at the methods for handling of fecal coliform, the variability of bacteriological
data was discussed. This is a variability which is, as might be expected, visible in the 30-
day data for each of the sites. It is because of this variability that a different approach was
taken. For each site, 10 four-day, 10 five-day, and '10 six-day sample sets were established
using a random selection with replacement process. These sample sets had the geometric
mean, arithmetic mean and variance calculated (Tables 12 through 14). A look at both types
of means reveals, to a degree, this variability. A look at the variance of the 30-day data and
the variance of the sample sets further demonstrates the variability of the data. Using the F-
test, a comparison was made of the variability of the 30-day data to that of the sample sets

to determine if each was similarly variable.

For the four-day sample sets the F-test was run at the 0.05 level of significance, with 3,29
degrees of freedom. This gave an F-test critical value of 2.93. Fourteen out the 40 sample-
set F-test values (Table 12) fell below the critical value. Those which exceeded this value,
tended to do so significantly (F-test values up to 592). For the five-day random sample sets
the critical value was 2.76 at 4,29 degrees of freedom. Here, even fewer of the F-test
values (Table 13) fell below the critical value (10 out of 40) and again the values which
exceeded did so by a considerable margin. The six-day random sample sets critical value
was 2.54 at 5, 29 degrees of freedom. Twelve of 40 F-test values (Table 14) fell below the
critical value. Those which exceeded the critical value were not as extreme as those seen in

the four- and five-day sample sets, but were still quite high.

Water Quality Branch - Ministry of Environment, Lands and Parks



AN ANALYSIS OF SAMPLING FREQUENCY 11

4.0 CONCLUSIONS
Analysis of the NH3, Cu, Pb, and Zn data tended to indicate that the five-day sampling

approach does produce values representative of the 30-day period from which they are
taken. At the 0.05 level of significance, 100% of all sample sets for NHs, 98.3% of both
the Pb and Zn sample sets, and 97.5% of the Cu sample sets were considered
representative. The high number of values which were assigned the MDC certainly affected
the data and lent a bias to the results. This leaves the result of this study opento
interpretation. The calcium data, when subjected to the Student’s t-test, also indicated
100% acceptance of five-day sample means as representative of the 30-day mean.
However, though the calcium data did not suffer the MDC bias, the results do not clearly

demonstrate that the approach works with respect to the variables in question.

The calcium data were also subjected to a comparison of sampling frequency. The purpose
was to determine if any significant difference would occur if sampling frequency were
increased or decreased. For the four-, five- and six-day sample sets which were selected,
the results indicate that a sampling regimen carried out at any of these intervals would
produce acceptable results. At the 0.05 level of significance, all means for all sample sets
were acceptable. This seems to support the idea that little difference results from a slight

increase or decrease of sampling frequency.

The F-tests run on the fecal coliform data demonstrated the variability of the data regardless
of the sampling frequency. Warrington (1990) discusses this in a previous study stating
that, in order to obtain a representative concentration in a natural body of water, a large
number of duplicate sample would be required. While this concentration would be
representative of the body of water, considerably higher than average concentrations are
still likely to exist. A study specific to the Fraser River (Rocchini ez al., 1981) indicates that
some variabilty in fecal coliform values can be attributed to factors such as distance from
shore, time of day, and tidal influences. The conclusion reached by this study also states
that a large number of samples would be required in order to account for the large number

of variables.

* Water Quality Branch - Ministry of Environment, Lands and Parks



12 AN ANALYSIS OF SAMPLING FREQUENCY

5.0 RECOMMENDATIONS

Based on this study, recommendations can be made should this sampling approach be
studied again in the future.

1) Prior to sampling, more consideration should be given to the statistical model. Factors
such as rain events, tidal influence, and the establishment of background levels of the
variables in question should be included;

2) To obtain a data set which will be useful for such a study, laboratory analytical methods

with lower detection limits will need to be used or developed.

Water Quality Branch - Ministry of Environment, Lands and Parks



AN ANALYSIS OF SAMPLING FREQUENCY 13

APPENDIX 1 - SAMPLE CALCULATIONS

1a - Calculation of Student t Values

Student t values have been calculated using the following formula:

t= Xi-Xa where é=\/ul*s21 + N2*s%,
6 (1/N1+ 1/N2)* Ni+Nz2-2

N1 = number of values in larger sample (30)

Nz = number of values in smaller sample (5 in the case of this example)
X1 = 30-day sample mean

X2= 5-day sample mean

s = variance of 30 day mean

s%= variance of five-day mean

Sample Calculation using Calcium -
- 30-day data from Table 1 - Site# E207396
- five-day data from Table 11a - Site# E207396 - Sample Set #1

O0=/30*174 + 5*137 = [59.05 = (1.78939)"* =1.33768
3045-2 33

t= 149 - 15.14 = -0.24 = -0.24
1.33678 * (1/30 + 1/5)" 133678 * (0.23333)"? 1.33678 * 0.4830459

t= -024 = -0.371
0.6463

1b - Calculation of F-test Values

F-test values have been calculated using the following formula:

Where s >s% --> f = &
2
§™

Where st <s% --> f = _S_;z
§71

s% = variance of 30 day mean
s% = variance of four, five, or six day means

Sample Calculation of Fecal Coliform F-test Value
- 30-day variance from Table 1 - Site #£207396
- Five-day variance from Table 13 - Site #E207396 sample set #1

£=32279290 = 5.651
5712280
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AN ANALYSIS OF SAMPLING FREQUENCY

FIGURE 1. 30-DAY SPECIAL STUDY SAMPLING SITES, FRASER RIVER NORTH ARM
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16 AN ANALYSIS OF SAMPLING FREQUENCY

FIGURE 2. COMPARISON OF NH; 5-DAY SAMPLE SETS TO 30-DAY DATA
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FIGURE 2. CONTINUED

0.012

0.01 -

0.008 A

mg/L

0.006 T

Site# E207398

— ——-Mean - 5 smpls/5 days
apart

Mean - 5 smpls/6 days
apart

...... Mean - 5 smpls/7 days
apart

— - = Mean

= = =95% upper limit

0.004

95% lower limit

Sample Set

Site# 0300002

— ——-Mean - 5 smpls/5 days

apart
Mean - 5 smpls/6 days
apart
R N S T O A et Mean - 5 smpls/7 days
o 0.008 apart
E LI
Y = = =“Mean
0.006 v
w—em = =05% upper limit
0.004 + PP
o .
0.002 + 95% lower limit
0 z : : | ; : ; | |

3 4 5 6 7 8 9 10
Sample Set

Water Quality Branch - Ministry of Environment, Lands and Parks




18 AN ANALYSIS OF SAMPLING FREQUENCY

FIGURE 3. COMPARISON OF CU 5-DAY SAMPLE SETS TO 30-DAY DATA
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FIGURE 3. CONTINUED
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FIGURE 4. COMPARISON OF PB 5-DAY SAMPLE SETS TO 30-DAY DATA
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FIGURE 4. CONTINUED

Site# E207398

— ——-Mean - 5 smpls/5 days
apart

Mean - 5 smpls/6 days
apart

Mean - 5 smpls/7 days
apart

— = =095% upper limit

95% lower limit

0.001 I ~1 } f I ; 1 i {
1 2 3 4 5 6 7 8 9 10
Sample Set
Site# 0300002
0.005 1
———-Mean - 5 smpls/5 days
apart
0.004 - Mean - 5 smpls/6 days
—_— apart
e T N A 2 iy Mean - 5 smpls/7 days
g’ apart
= = =Mean
0.003 -
= = =05% upper limit
95% lower limit
0.002 i + t ; f + t t !
1 2 3 4 5 6 7 8 9 10
Sample Set

Water Quality Branch - Ministry of Environment, Lands and Parks




22 AN ANALYSIS OF SAMPLING FREQUENCY

FIGURE 5. COMPARISON OF ZN 5-DAY SAMPLE SETS TO 30-DAY DATA
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FIGURE 5. CONTINUED
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FIGURE 6. COMPARISON OF CA 5-DAY SAMPLE SETS TO 30-DAY DATA
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FIGURE 6. CONTINUED
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TABLE 1: THIRTY-DAY DATA - SITE #E207396

Parameters

(Bold face values indicate < MDC )

Date Ammonia Cu - Total Pb-T Zn-T Ca-T MF Fecal
mg/L mg/L mg/L mg/L mg/L CFU/100 mL
94/10/01 0.005 0.002 0.003 0.01 13.5 140
94/10/02 0.005 0.002 0.003 0.01 13.5 1000
94/10/03 0.005 0.002 0.005 0.01 13.2 220
94/10/04 0.005 0.002 0.025 0.01 13.6 2300
94/10/05 0.007 0.002 0.003 0.01 14.7 670
94/10/06 0.005 0.002 0.003 0.01 14.6 30100
-194/10/07 0.005 0.002 0.003 0.01 13 200
94/10/08 0.005 0.002 0.003 0.04 15.4 160
94/10/09 0.005 0.002 0.003 0.02 16.7 350
94/10/10 0.005 0.002 0.003 0.01 16.6 230
94/10/11 0.005 0.002 0.003 0.01 16.4 700
94/10/12 0.005 0.002 0.007 0.01 14.9 400
94/10/13 0.005 0.002 0.003 0.01 15.9 180
94/10/14 0.005 0.002 0.003 0.02 15.4 1600
94/10/15 0.005 0.002 0.003 0.02 15.2 160
94/10/18 0.005 0.002 0.003 0.01 15.1 340
94/10/17 0.005 0.002 0.003 0.01 15.9 3200
94/10/18 0.014 0.002 0.003 0.01 16.1 11000
94/10/19 0.017 0.002 0.003 0.01 16.8 5800
94/10/20 0.014 0.002 0.003 0.01 16.2 1800
94/10/21 0.037 0.003 0.004 0.01 16.1 1200
94/10/22 0.005 0.003 0.003 0.02 15.7 300
94/10/23 0.009 0.002 0.003 0.01 14.8 1600
94/10/24 0.02 0.002 0.003 0.01 15 1200
94/10/25 0.006 0.002 0.005 0.01 15 600
94/10/26 0.017 0.002 0.003 0.01 15.9 1800
94/10/27 0.005 0.011 0.003 0.06 14.2 400
94/10/28 0.005 0.002 0.005 0.03 12.7 500
94/10/29 0.005 0.002 0.003 0.01 12.5 200
94/10/30 0.014 0.002 0.003 0.07 12.4 800
Arithmetic Mearn 0.009 0.002 0.004 0.017 14.90 2308
Variance 4.94E-05 2.72E-06 1.64E-05 2.23E-04 1.74 32279290
Std Deviation 0.0070 0.0017 0.0041 0.0149 1.32 5681
95% Upper Limi 0.011 0.003 0.006 0.022 15.37 4341
95% Lower Lim 0.006 0.002 0.003 0.011 14.43 275
Geometric Mean/Z 7 % % % 745

Water Quality Branch - Ministry of Environment, Lands and Parks
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TABLE 2: THIRTY-DAY DATA - SITE #E207397

27

Parameters

Date Ammonia Cu - Total Pb-T Zn-T Ca-T MF Fecal

mg/L mg/L mg/L mg/L mg/L CFU/100 mL
94/10/01 0.005 0.002 0.004 0.02 14.1 300
94/10/02 0.005 0.002 0.009 0.01 14.1 1050
94/10/03 0.005 0.008 0.007 0.05 13.8 360
94/10/04 0.005 0.002 0.015 0.01 13 4400
94/10/05 0.005 0.002 0.003 0.04 14.1 940
94/10/06 0.005 0.002 0.003 0.01 14.4 3700
94/10/07 0.005 0.002 0.003 0.01 14.1 170
94/10/08 0.005 0.003 0.003 0.01 15.1 200
94/10/09 0.005 0.002 0.003 0.01 15.1 340
94/10/10 0.005 0.002 0.003 0.01 15.5 340
94/10/11 0.005 0.002 0.003 0.01 14.6 300
94/10/12 0.044 0.002 ¢.003 0.06 15.8 250
94/10/13 0.016 0.003 ¢.003 0.02 15.2 380
94/10/14 0.005 0.002 0.003 0.01 15.2 1400
94/10/15 0.005 0.003 0.003 .01 15.1 110
94/10/16 0.005 0.003 0.003 0.01 15.5 480
94/10/17 0.005 0.002 0.003 0.01 15.5 3900
94/10/18 0.005 0.002 0.004 0.02 16.8 1300
94/10/19 0.007 0.002 0.003 0.01 16 1100
94/10/20 0.038 0.002 0.003 0.01 15.8 1800
94/10/21 0.007 0.002 0.003 0.01 16.5 1000
94/10/22 0.005 0.002 0.003 0.01 16 400
94/10/23 0.005 0.002 0.003 0.01 14.7 1800
94/10/24 0.023 0.002 0.003 0.01 14.7 1000
94/10/25 0.005 0.002 0.014 0.01 15.1 1400
84/10/26 0.005 0.002 0.003 0.02 16.5 2300
g4/10/27 0.005 0.002 0.003 0.02 14.1 200
94/10/28 0.005 0.002 0.003 0.01 12.3 100
84/10/29 0.013 0.002 0.003 0.04 12.7 200
94/10/30 0.019 0.002 : 0.003 0.01 11.9 200
Arithmetic Mean 0.009 0.002 0.004 0.017 14.78 1047
Variance 9.60E-05 1.26E-06 9.59E-06 1.75E-04 1.47 1354413
Std Deviation 0.0098 0.0011 0.0031 0.0132 1.21 1164
95% Upper Limi 0.013 0.003 0.005 0.021 15.21 1464
95% Lower Lim 0.006 0.002 0.003 0.012 14.34 6531
Geometric MeantZ % % % % 604

(Bold face values indicate < MDC )
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TABLE 3: THIRTY-DAY DATA - SITE #E207398

Parameters

Date Ammonia Cu - Total Pb-T Zn-T Ca-T MF Fecal

mg/L mg/L mg/L mg/L mg/L CFU/100 mL
94/10/01 0.005 0.002 0.013 0.01 13.9 1600
94/10/02 0.005 0.002 0.003 0.01 14.3 142
84/10/03 0.007 0.002 0.015 0.02 13.4 210
g4/10/04 0.005 0.002 0.009 0.01 13.2 400
94/10/05 0.01 0.002 0.003 0.01 14.2 4800
94/10/06 0.0086 0.002 0.003 0.01 14.3 730
94/10/07 0.005 0.002 0.003 0.01 14.5 700
94/10/08 0.005 0.002 0.003 0.01 16.1 80
94/10/09 0.005 0.002 0.003 0.02 15.3 270
94/10/10 0.005 0.009 0.007 0.02 15.8 400
94/10/11 0.01 0.003 0.003 0.02 15.4 360
94/10/12 0.011 0.002 0.003 0.02 15.4 380
94/10/13 0.005 0.002 0.003 0.07 15.1 200
94/10/14 0.007 0.002 0.003 0.01 15.5 800
94/10/15 0.005 0.002 0.003 0.01 15.3 180
94/10/16 0.005 0.002 0.003 0.01 15.1 490
94/10/17 0.005 0.002 0.003 0.01 16.2 600
94/10/18 0.005 0.002 0.003 0.01 16.6 4200
94/10/19 0.007 0.002 0.003 0.01 17 700
94/10/20 0.01 0.002 0.003 0.01 16.5 1400
84/10/21 0.005 0.002 0.003 0.01 16.5 300
94/10/22 0.034 0.002 0.004 0.01 15.3 100
94/10/23 0.005 0.002 0.003 0.01 14.9 700
94/10/24 0.0086 0.002 0.003 0.01 14.5 700
94/10/25 0.005 0.002| 0.003 0.01 14.8 600
94/10/26 0.005 0.002 0.003 0.01 15.9 1100
94/10/27 0.005 0.002 0.003 0.03 13.2 300
94/10/28 0.005 0.002 0.003 0.08 12.4 100
94/10/29 0.005 0.002 0.003 0.03 13 200
94/10/30 0.007 0.021 0.003 0.02 12.4 600
Arithmetic Mean 0.007 0.003 0.004 0.018 14.87 782
Variance 2.93E-05 1.33E-05 8.99E-06 2.81E-04 1.57 1163843
Std Deviation 0.0054 "~ 0.0037 0.0030 0.0168 1.25 1079
95% Upper Limi 0.009 0.004 0.005 0.024 15.31 1168
95% Lower Lim - 0.005 0.002 0.003 0.012 14.42 396
Geometric MeantZ Z % % % 462

{Bold face values indicate < MDC )

Water Quality Branch - Ministry of Environment, Lands and Parks
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TABLE 4: THIRTY-DAY DATA - SITE #0300002

AN ANALYSIS OF SAMPLING FREQUENCY

Variables

Date Ammonia Cu - Total Pb-T Zn-T Ca-T MF Fecal

mg/L mg/L myg/L mg/L mg/L CFU/100 mL
94/10/01 0.019 0.002 0.004 0.01 24.7 2300
94/10/02 0.007 0.002 0.003 0.01 15 600
94/10/03 0.005 0.002 0.0086 0.01 16.3 1200
94/10/04 0.005 0.002 0.009 0.01 15.4 600
94/10/05 0.016 0.002 0.003 0.01 25.8 780
94/10/086 0.005 0.002 0.003 0.01 23.9 2100
94/10/07 0.005 0.002 0.003 0.01 20.5 780
94/10/08 0.005 0.002 0.003 0.01 27.9 200
94/10/09 0.005 0.003 0.003 0.01 51.1 300
94/10/10 0.005 .003 0.003 0.01 44.9 800
94/10/11 0.005 0.002 0.003 0.01 19.4 1600
94/10/12 0.005 0.004 0.003 0.01 17.4 4000
94/10/13 0.014 0.002 0.003 0.04 18.4 6800
94/10/14 0.005 0.002 0.003 0.02 25.4 9000
94/10/15 0.017 0.002 0.003 0.02 23.6 3800
94/10/186 0.005 0.002 0.003 0.01 17.2 2200
94/10/17 0.005 0.002 0.003 0.01 24.7 2200
94/10/18 0.005 0.002 0.003 0.01 28.6 1200
94/10/19 0.027 0.002 0.003 0.01 75.7 600
94/10/20 0.055 0.004 0.003 0.02 90.6 600
94/10/21 0.03 0.002 0.003 0.01 59.3 100
94/10/22 0.023 0.002 0.003 0.01 50.5 800
94/10/23 0.023 0.002 0.003 0.01 74 1400
94/10/24 0.024 0.002 0.003 0.01 89.8 1100
94/10/25 0.008 0.003 0.003 0.01 65.7 700
94/10/26 0.018 0.002 0.003 0.01 39.9 4300
94/10/27 0.005 0.002 0.003 0.02 23.3 5000
94/10/28 0.005 0.002 0.003 0.03 15.9 1600
94/10/29 0.005 0.002 0.003 0.03 15 2000
94/10/30 0.02 0.002 0.004 0.02 19.1 1500
Arithmetic Mean 0.013 0.002 0.003 0.014 35.30 - 2006
Variance 1.31E-04 3.23E-07 1.4BE-06 5.93E-05 544.87 4201625
Std Deviation 0.0114 0.0006 0.0012 0.0077 23.34 2050
95% Upper Limi 0.017 0.002 0.004 0.017 43.65 2739
95% Lower Lim 0.008 0.002 0.003 0.011 26.95 1273
Geometric Mean//Z % % % 1282

(Bold face values indicate < MDC )

Water Quality Branch - Ministry of Environment, Lands and Parks
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TABLE 5: SAMPLE MEANS, VARIANCES AND STUDENT T VALUES - AMMONIA
TABLE #5a : Sample Means, Variances, and St

udent t Values - Ammonia Five Samples/Five Days Apart
- e

te 6 - (
Sample | Arithmetic | Variance T Sample | Arithmetic | Variance
Set Mean value Set Mean value
1 0.011 2.05E-04 | -0.475 1 0.005 | 8.00E-07 0.797
2 0.005 0 1.235 2 0.013 | 3.04E-04| -0.675
3 0.008 1.58E-05 0.301 3 0.007 | 2.42E-05| 0.380
4 0.010 5.58E-05 -0.283 4 0.008 6.20E-05 0.000
5 0.007 1.43E-05 0.603 5 0.012 | 2.18E-04| -0.470
6 0.014 1.95E-04  -1.199 6 0.005 | 8.00E-07| 0.740
7 ©.005 0 1.235 7 0.013 | 3.04E-04| -0.640
8 0.008 1.58E-05 0.301 8 0.007 2,42E-05| 0.352
9 0.010 5.58E-05 -0.283 g 0.011 5.88E-05| -0.301
10 0.009 2.27E-05 0.000 10 0.014 12.11E-04| -0.919

Site# E207358 it
Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T
Mean value Set Mean value

Set

1 0.006 4.70E-06 0.317 1 0.013 1.29E-04 -0.410
2 0.012 1.58E-04 | -1.444 2 0.009 6.20E-05| 0.488
3 0.005 8.00E-07 0.621 3 0.610 6.48E-05 0.144
4 0.006 1.00E-068 | 0.381 4 0.013 1.27E-04| -0.493
5 0.007 7.50E-08 | 0.000 5 0.012 3.50E-05| -0.121
6 0.006 4.70E-06 0.292 <) 0.013 1.26E-04 -0.352
7 0.012 1.58E-04 -1.375 7 0.009 6.48E-05 0.553
8 0.005 0 0.710 8 0.010 6.48E-05| 0.137
g 0.006 1.00E-06 0.347 9 0.013 1,27E-04 -0.473
10 0.006 4 .80E-086 0.203 10 0.013 5.10E-05 -0.342

Vari ia Fi les/Six D

Variance Sample |Arithmetic | Variance
Set Mean value Set Mean value
1 0.008 2.78E-05 0.413 1 0.008 2.28E-05 0.343
2 0.009 3.42E-05| -0.058 2 0.012 2.18E-04 | -0.537
3 0.011 2.05E-04 | -0.570 3 0.005 8.00E-07 ]| 0.884
4 0.005 0 1.235 4 0.005 0 0.963
5 0.006 3.20E-06 0.860 5 0.007 1.28E-05{ 0.558
6 0.012 4,23E-05| -0.751 6 0.019 2.58E-04 | -1.028
7 0.009 3.42E-05 | -0.058 7 0.012 2.18E-04 | -0.494
8 0.011 2.05E-04 -0.570 8 0.005 8.00E-07 1.241
g 0.005 4] 1.235 9 0.005 o} 1.331
10 0.006 3.20E-06 0.983 10 0.007 1.28E-056| 0.758

Sample | Arithmetic | Variance Sample [Arithmetic | Variance
Set Mean value Set Mean value
1 0.005 8.00E-07 | 0.526 1 0.015 | 7.73E-05| -0.811
2 0.006 4.80E-06| 0.195 2 0.009 | 3.89E-05( 0.534
3 0.005 8.00E-07 | 0.509 3 0.012 | 1.24E-04| -0.292
4 06.011 1.68E-04 | -0.941 4 0.009 6.48E-05 0.523
5 0.007 7.50E-08 0.000 5 0.011 6.92E-05 0.043
6 0.007 5.50E-06 0.000 6 0.012 8.87E-05| -0.170
7 ©.006 4_.BOE-06 0.169 7 0.012 6.09E-05| -0.168
8 0.005 0 0.549 8 0.013 1.17E-04| -0.385
8 0.011 1.63E-04 | -0.938 g 0.009 6.48E-05 0.590
10 0.006 5.00E-06 | 0.949 10 0.009 | 6.48E-05] 0.607
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE #5¢ : Sample Means, Variances, and SE@&%F@!&?NK%EEP Five Samples/Seven Days Apart

Arithmetic

Variance

Sample | Arithmetic

Sample T Variance T
Set Mean value Sset Mean value
1 0.005 0 1.235 1 0.007 1.28E-05| 0.844
2 0.008 1.58E-05 0.421 2 0.008 3.92E-05 0.385
3 0.008 4 50E-05 0.288 3 0.008 6.48E-05 0.119
4 0.007 1.55E-05 0.602 4 0.005 0 1.218
5 0.010 3.92E-05 | -0.348 5 0.013 2.97E-04| -1.023
6 0.007 1.62E-05 0.662 6 0.014 2.06E-04 | -1.301
7 0.012 1.99E-04 | -0.669 7 0.005 8.00E-07 1.427
8 0.005 0 1.235 8 0.007 1.28E-051 0.921

8 0.008 1.58E-05 0.421 9 0.008 3.92E-051 0.432
10 0.008 4.50E-05 0.288 10 0.008 8.48E-05 0.136

Arithmetic

Variance

Sample | Arithmetic

Sample T Variance T
Set Mean value Set Mean ) value
1 0.011 1.68E-04 | -1.398 1 0.014 6.92E-05| -0.851
2 0.005 8.00E-07 1.2286 2 0.012 7.70E-05| -0.289
3 0.0086 8.00E-07 0.983 3 0.012 8.48E-05| -0.164
4 0.006 5.00E-06 0.613 4 0.006 2.00E-086 1.467
5 0.008 6.00E-06 | -0.545 5 0.014 8.77E-05| -0.878
6 0.006 4.70E-06 0.440 6 0.007 2.03E-05 1.300
7 0.006 4.80E-06 0.330 7 0.012 1.22E-04| -0.348
8 0.011 1.66E-04 | -1.334 8 0.011 7.20E-05 0.000
9 0.005 8.00E-07 0.899 9 0.012 8.28E-05| -0.185
10 0.005 2.00E-07 1.014 10 0.012 8.48E-05] -0.184
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32 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 6: SAMPLE MEANS, VARIANCES AND STUDENT T VALUES - COPPER

TABLE #6a : Sample Means, Variances, and Student t Values - Copper Five Samples/Five Days Apart

3
Arithmetic | Variance Arithmetic | Variance
Set Mean value Set Mean value
1 0.002 2.00E-07 } -0.263 1 0.002 2E-07 -0.381
2 0.002 2.00E-0Q7 -0.263 2 0.002 0 0.000
3 0.002 o] 0.000 3 0.004 6.30E-06 | -2.284
4 0.002 4] 0.000 4 0.002 0 0.000
5 0.002 0 0.000 5 0.002 2E-07 -0.381
6 0.002 2.00E-07 | -0.263 6 0.002 2E-07 -0.381
7 0.004 1.55E-05 -1.889 7 0.002 0 0.000
8 0.002 0 0.000 8 0.002 3E-07 -0.758
g 0.002 0 0.000 g 0.002 0 0.000
10 0.002 0 0.000 10 0.002 2E-07 -0.381

: 8.
Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 0.002 2E-07 0.475 1 0.002 0 0.000
2 0.002 0 0.595 2 0.002 | 8.00E-07| -1.2886
3 0.002 0 0.595 3 0.002 0 0.000
4 0.002 0 0.5985 4 0.002 | 2.00E-07| -0.727
5 0.0083 9.8E-06 -0.224 5 0.003 7.00E-07 | -2.620
¢] 0.002 2E-07 0.475 6 0.002 0 0.000
7 0.002 0 0.595 7 0.002 8.00E-07 | -1.286
8 0.002 0 0.595 8 0.002 0 C.000
g 0.002 o] 0.595 9 0.002 2.00E-07| -0.727
10 0.007 6.87E-05 | -1.832 10 0.003 7.00E-07 | -2.620

T Sample Arlthnietlc

Arithmetic

T
Set Mean value Set Mean value
1 0.002 0 0.000 1 0.002 2E-07 -0.381
2 0.002 0 0.0C0 2 0.002 2E-07 -0.381
3 0.004 1.55E-05 -1.889 3 0.003 6.8E-06 -1.963
4 0.002 2.00E-07 -0.2683 4 0.002 2E-07 -0.381
5 0.002 0 0.000 5 0.002 0 0.000
3] 0.002 0 0.000 6 0.002 0 0.000
7 0.002 0] 0.000 7 0.002 2E-07 -0.381
8 0.004 1.558E-05| -1.889 8 0.002 2E-07 -0.381
9 0.002 2.00E-07 | -0.263 9 0.003 6.8E-06 -1.863
10 0.002 0 0.000 10 0.002 0 0.000

Variance T

Sample | Arithmetic | Variance T Sample | Arithmetic

Set Mean value Set Mean value
1 0.002 ¢l 0.595 1 6.002 2.00E-07{ -0.727
2 0.002 0 0.595 2 0.002 8.00E-07 | -1.288
3 0.002 0 0.595 3 0.002 |2.00E-07| -0.727
4 0.003 9.8E-08 -0.224 4 0.002 2.00E-07| -0.727
5 0.002 2E-07 0.475 5 0.002 0 0.000
6 ©.006 7.22E-05 | -1.207 6 0.002 |8.00E-07| -1.288
7 0.002 0 0.595 7 0.002 | 8.00E-07{ -1.288
8 0.002 0 0.595 8 0.002 2.00E-07 | -0.727
9 0.003 9.8E-06 -0.224 9 0.002 2.00E-07 | -0.727
10 0.002 2E-07 0.475 10 0.002 0 0.000
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 6: CONTINUED

TABLE #6¢ : Sample Means, Variances, and Student t Values - Copper Fi

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 0.002 2.00E-07 -0.263 1 0.002 3E-07 -0.758
2 0.002 Y 0.000 2 0.002 2E-07 -0.381
3 0.002 o 0.000 3 0.003 7.2E-06 | -1.660
4 0.002 0 0.000 4 0.002 0 0.000
5 0.002 0 0.000 5 0.003 7.2E-06 | -1.660
6 0.004 1.62E-05 [ -1.682 8 0.002 2E-07 -0.381
7 0.002 2.00E-07 | -0.263 7 0.002 0 0.000
8 0.002 2.00E-07 | -0.263 8 0.002 3E-07 -0.758
g 0.002 0 0.000 9 0.002 2E-07 -0.381
10 0.002 0 0.600 i0 0.002 2E-07 -0.381

Arithmetic

Variance

a0
Variance

Sample Sample | Arithmetic T
Set Mean value Set Mean value
1 0.002 0 0.585 1 0.002 0 0.000
2 0.006 7.22E-05 | -1.207 2 ¢.002 2.00E-07| -0.727
3 0.003 8.8E-06 -0.224 3 0.002 2.00E-07| -0.727
4 0.002 2E-07 0.475 4 0.002 2.00E-07 ] -0.727
5 0.002 o} 0.595 5 0.002 8.00E-07| -1.286
8 0.002 0 0.595 6 0.002 8.00E-07| -1.286
7 0.002 o] 0.595 7 0.002 0 0.000
8 0.002 0 0.595 8 0.002 0 0.000
8 0.006 7.22E-05 | -1.207 g 0.002 2.00E-07| -0.727
10 0.003 9.8E-06 -0.224 10 0.002 2.00E-07 | -0.727
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34 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 7: SAMPLE MEANS, ViARIANCES, AND STUDENT T VALUES - LEAD

' TABLE : ns, Variances, and Student t Values - Lead Five Samples/Five Days Apart

ample Variance T Sample | Arithmetic | Variance T
Set valug Set Mean value
1 . 2.00E-07 0.428 1 0.003 2.00E-07 0.560
2 3.20E-06 0.105 2 0.004 7.20E-06{ -0.132
3 8.00E-07 0.320 3 0.004 3.00E-08 0.000
4 9.88E-05 | -1.294 4 0.005 2.88E-05| -0.801
5 8.00E-07 0.320 5 0.005 2.42E-05| -0.706
6 2.00E-07 0.428 6 0.003 0 0.701
7 3.20E-06 0.105 7 0.003 0 0.701
8 8.00E-07 | 0.320 8 0.003 |2.00E-07| 0.560
9 0 0.536 9 0.003 0 0.701
10 8.00E-07 0.320 10 0.005 2.42E-05| -0.708

Sample Arithmetic | ”Varié‘rice T Sample Arithmetic Variance T
Set Mean value Set __ Mean value

1 0.005 2.00E-05| -0.619 1 0.003 2.00E-07| -0.353
2 0.003 2.00E-07 0.578 2 0.003 0 0.000
3 0.005 2.88E-05 | -0.819 3 0.004 1.80E-06| -0.976
4 0.004 7.20E-06 | -0.136 4 0.004 7.20E-06| -1.591
5 0.004 3.20E-08 0.141 5 0.003 o 0.000
6 0.003 o 0.724 & 0.003 o 0.000
7 0.003 2.00E-07 0.578 7 0.003 0 ¢.o0c0
8 0.003 0 0.724 8 0.003 0 0.000
8 0.003 0 0.724 9 0.003 0 0.000
0 ¢

-

0.004 3.20E-08 0.141

pory

0.003 2.00E-07| -0.353

TABLE #7b : Sample Means, Variances, and Student t Values - Lead Five Samples/Six Days Apart

. 2073 fte¥ £
Sample {Arithmetic | Variance T Sample | Arithmetic | Variance

Set Mean value Set Mean value
1 0.003 8.00E-07 0.320 1 0.005 2.33E-05| -0.828
2 0.003 0 0.536 2 0.004 7.20E-06| -0.132
3 0.004 8.00E-07 0.213 3 0.004 3.20E-06 0.136
4 0.008 9.32E-05| -1.459 4 0.005 2.88E-05| -0.801
5 0.0083 0 0.5386 5 0.003 0 0.701
6 0.004 3.20E-06 0.105 8 0.003 2.00E-07 0.560
7 0.003 0 0,536 7 0.003 2.00E-07 0.560
8 0.008 2.00E-07 0.428 8 0.004 7.20E-06 -0.132
9 0.004 1.20E-06 0.106 9 0.004 3.20E-06] 0.136
10 0.007 8.68E-05 | -1.294 10 0.005 2.88E-05| -0.801

Sample | Arithmetic

Arithmetic | Variance

Variance T
Set Mean value Set Mean value
1 0.005 2.00E-05 -0.619 1 0.003 2.00E-07{ -0.353
2 0.003 0 0.724 2 0.003 0 0.000
3 0.005 2.88E-05 -0.819 3 0.004 1.80E-06} -0.976
4 0.005 7.20E-06 -0.816 4 0.004 7.20E-06| -1.591
5 0.003 0 0.724 5 0.003 0 0.000
6 0.003 0 0.724 ] 0.003 2.00E-07| -0.353
7 0.005 2.00E-05 -0.619 7 0.003 2.00E-07| -0.353
8 0.003 0 0.724 8 0.003 0 0.000
9 0.0086 2.58E-05 -1.429 g9 0.004 1.80E-06| -0.978
10 0.004 7.20E-06 -0.1386 10 0.004 7.20E-06| -1.591
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AN ANALYSIS OF SAMPLING FREQUENCY .

TABLE 7: CONTINUED

Means, Variances, and Student t Values - Lead Five Samples/Seven Days Apart

Sample |[Arithmetic | Variance Sample | Arithmetic | Variance
Set Mean valug Set Mean value
1 0.003 0 0.536 1 0.003 | 2.00E-07| 0.560
2 0.003 0 0.538 2 0.004 7.20E-06| -0.132
3 0.003 8.00E-07 | 0.320 3 0.004 | 3.00E-08| 0.000
4 ¢.008 9.32E-05 | -1.458 4 0.009 | 3.05E-05| -2.834
5 0.004 3.20E-06 | -0.105 5 0.004 | 3.20E-06| 0.136
6 0.007 9.68E-05 | -1.294 6 0.005 | 2.88E-05| -0.801
7 0.004 8.00E-07 0.213 7 0.003 0 0.701
8 0.003 o 0.536 8 0.003 0 0.701
9 0.003 0 0.536 g 0.003 0 0.701
10 0.003 0 0.536 10 0.003 2.00E-07 0.560

S

Variance

Sample | Arithmetic | Variance T Sample | Arithmetic

Set Mean value Set Mean value
1 0.005 1.92E-05| -0.7486 1 0.003 2.00E-07{ -0.353
2 0.003 1.69E-21 0.724 2 0.003 2.00E-07| -0.353
3 0.008 3.12E-05 | -2.421 3 0.004 1.70E-06 | -1.307
4 0.004 7.20E-06 | -0.138 4 0.004 | 7.20E-06{ -1.591
5 0.005 2.88E-05| -0.818 5 0.004 1.80E-06| -0.976
6 0.004 7.20E-06 | -0.138 8 0.004 | 7.20E-06| -1.591
7 0.003 1.69E-21 0.724 7 0.003 0 0.000
8 0.003 2.00E-07 | 0.578 8 0.003 0 0.000
9 0.003 1.69E-21 0.724 9 0.003 | 2.00E-07| -0.353
10 0.008 1.92E-05| -1.119 10 0.003 | 2.00E-07] -0.353
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36 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 8: SAMPLE MEANS, VARINACES, AND STUDENT T VALUES - ZINC

TABLE #8a : Sample Means, Variances, and Studeﬁt t Values - Zinc Five Samples/Five Days Apart

Sample | Arithmetic | - Variance T Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 0.01 0 1.454 1 0.01 2.00E-05| 1.302
2 0.01 2.00E-05 1.155 2 0.02 5.00E-04| 0.000
3 0.02 1.80E-04| 0.5486 3 0.02 2.70E-04| -0.293
4 0.01 3.00E-05{ 0.883 4 0.01 0 1.643
5 0.01 2.00E-05 1.155 5 0.02 1.80E-04! 0.607
6 0.01 o] 1.454 6 0.01 2.00E-05| 1.302
7 0.02 4.70E-04 | -0.250 7 0.02 4.70E-04| -0.273
8 0.02 2.00E-04 | 0.000 8 0.01 3.00E-05| 0.972
g 0.01 3.00E-05 0.883 9 0.02 1.80E-04{ 0.607
10 0.02 6.80E-04 | -0.474 10 0.01 0 1.643

Variance

Sample | Arithmetic | Variance T Sample | Arithmetic T
Set Mean value Set Mean value
1 0.01 2.00E-05 1.031 1 0.01 0 0.000
2 0.01 2.00E-05 1.031 2 0.01 0 0.000
3 0.02 6.80E-04 | -0.438 3 0.02 1.80E-04| -1.379
4 0.01 2.00E-05 1.031 4 0.01 2.00E-05 -0.548
5 0.01 2.00E-05 1.031 5 0.01 3.00E-05] -1.083
6 0.01 2.00E-05 1.081 6 0.01 0 0.000
7 0.02 8.00E-05 0.507 7 0.01 2.00E-05] -0.549
8 0.04 1,28E-03 | -1.563 8 0.02 2.00E-04) -2.256
9 0.02 8.00E-05 0.507 g 0.02 B.00E-05 -1.528
10 0.01 3.00E-05 0.771 10 0.02 3.00E-05 -1.624
TABLE #8b : Sample Means, Variances, and Student t Values - Zinc Five Samples/Six Days Apart

Sample |Arithmetic | Variance Sample |[Arithmetic | Variance
Set Mean value Set Mean value
1 .01 o] 1.454 1 0.01 3.00E-05 0.872
.2 0.02 1.70E-04 0.274 2 0.01 2.00E-05 1.8302
3 0.02 4.30E-04 | -0.506 3 0.02 3.00E-04 0.000
4 0.02 8.00E-05| 0.565 4 0.01 0 1.643
5 0.01 0 1.454 5 0.02 2.70E-04 | -0.293
6 0.02 7.20E-04 | -0.234 6 0.02 4.70E-04( -0.273
7 0.02 1.70E-04 0.274 7 0.01 3.00E-05 0.972
8 0.02 4,30E-04 | -0.506 8 0.01 2.00E-05 1.802
g 0.02 8.00E-05 0.565 9 0.02 3.20E-04 0.288
10 0.01 8] 1.454 10 0.02 1.80E-04| 0.607

9 go00!
Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T

Set Mean value Set Mean value
1 0.02 7.20E-04 | -0.217 1 0.02 1.80E-04] -1.379
2 0.01 0.00E+00| 1.296 2 0.01 3.00E-05! -1.083
3 0.02 7.0CE-05 0.254 3 0.01 3.00E-05] -1.083
4 0.03 9.30E-04 | -0.624 4 0.01 8.00E-05} -1.019
5 0.02 8.00E-05| 0.507 5 0.01 8.00E-05{ -1.019
6 0.01 3.00E-05| 0.771 6 0.01 2.00E-05} -0.549
7 0.01 0 1.296 7 0.01 3.00E-05| -1.083
8 0.02 8.00E-05| 0.507 8 0.01 3.00E-05| -1.083
9 0.03 8.70E-04 | -0.842 9 0.01 8.00E-05 -1.019
10 0.02 B.00E-05| 0.507 10 0.01 | 8.00E-05( -1.019
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE #8c : Sample Means, Variances, and Student T Va!ués Zinc Five Samples/Seven Days Apart

TABLE 8: CONTINUED

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 0.02 1.50E-04 | 0.000 1 0.02 1.70E-04| 0.305
2 0.02 6.80E-04 | -0.474 2 0.01 0 1.643
3 0.01 0 1.454 3 0.02 3.00E-04{ 0.000
4 0.01 0 1.454 4 0.01 2.00E-05| 1.302
5 0.01 0 1.454 5 0.04 4.30E-04| -2.213
6 0.02 5.00E-04 | 0.000 6 0.01 3.00E-05( 0.972
7 0.02 8.00E-05| 0.565 7 0.02 1.80E-04 | 0.807
8 0.02 1.50E-04 | 0.000C 8 0.02 1.80E-04| 0.607
9 0.02 6.80E-04 | -0.474 g 0.01 0 1.643
10 0.02 1.80E-04 | 0.548 10 0.01 2.00E-05] 1.302

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance
Set Mean value . Set Mean value
1 0.01 8.00E-05 | 0.760 1 0.02 8.00E-05| -1.528
2 0.01 3.00E-05| 0.771 2 0.01 2.00E-05] -0.54¢
3 0.01 3.00E-05| 0.771 3 0.01 0 0.000
4 0.01 2.00E-05 1.031 4 0.01 0 0.000
5 0.01 3.00E-05| 0.771 5 0.01 0 0.000
6 0.03 6.80E-04 | -0.656 6 0.02 1.50E-04 | -2.365
7 0.02 9.80E-04 | -0.412 7 0.02 8.00E-05| -1.528
8 0.01 8.00E-05| 0.760 8 0.02 8.00E-05) -1.528
g 0.01 3.00E-05| 0.771 9 0.01 2.00E-05| -0.548
10 0.01 2.00E-05 1.031 10 0.01 0 0.000
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38 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 9: SAMPLE MEAN, VARIANCES AND STUDENT T VALUES - CALCIUM

TABLE #9a : Sample Mean, Variances, and Student t Values - Calcium Four Samples/Seven DaAs Apart

1 9t
Sample | Arithmetic | Variance T Sample |Arithmetic | Variance T
Set Mean value Set Mean value
1 14.95 0.98 -0.079 1 15.08 0.60 -0.476
2 15.03 1.73 -0.181 2 14.85 0.36 -0.088
3 15.18 2.18 -0.412 3 14.88 0.686 -0.129
4 15.28 1.61 -0.575 4 14.88 2.45 -0.119
5 15.58 0.94 -1.064 5 15.60 1.08 -1.350
6 15.23 0.95 -0.512 3] 14.88 0.60 -0.130
7 14.30 2.90 0.874 7 14.53 3.16 0.422
8 14.70 2.18 0.289 8 14.73 2.00 0.121
g 14.75 3.15 0.216 9 14.30 2.67 0.784
10 15.25 1.79 -0.532 10 14.85 0.46 -0.261

1 207389 ite 00002
Sample | Arithmetic | Variance T Sample |Arithmetic | Variance T
Set Mean value Set Mean value
1 15.15 0.84 -0.4186 1 31.68 160.83 0.328
2 14.90 0.18 0.000 2 39.33 807.41 -0.335
3 14.98 1.63 -0.120 3 43.93 1079.40 -0.696
4 15.00 2.00 -0.158 4 32.28 527.089 0.261
5 15.83 1.35 -1.176 5 39.70 662.18 -0.373
8 14.78 1.93 0.198 6 39.05 1187.14 -0.288
7 14.73 3.07 0.264 7 30.28 389.47 0.442
8 14.93 1.79 -0.040 8 29.25 229.46 0.544
9 14.43 1.85 0.753 9 40.35 745.12 -0.424
10 15.10 1.17 -0.327 10 46.03 942.34 -0.878
TABLE #9b : S \'

1 1.88 -0.568 1 0.36 -0.304
2 1.981 -0.9486 2 1.48 -1.530
3 3.00 -0.363 3 0.95 0.287
4 2.34 0.818 4 3.38 0.874
5 2.73 -0.231 5 2.61 -0.292
6 2.22 0.168 6 3.15 -0.218
7 1.09 1.323 7 0.24 0.658
8 0.72 0.200 8 0.36 0.377
9 2.26 -1.070 9 0.55 -0.263
10 2.98 -1.679

Sample | Arithmetic { Variance T Sample | Arithmetic | Variance T
Sst Mean value Set Mean value
1 15.05 0.92 -0.303 1 41.55 414.09 -0.548
2 15.65 0.94 -1.241 2 32.10 176.45 0.290
3 14.75 3.24 0.224 3 33.68 793.14 0.136
4 14.38 3.62 0.774 4 34.83 1383.32 0.037
5 14.70 2.18 -0.041 5 29.63 411.71 0.288
8 14.38 2.01 0.085 6 29.73 199.04 0.583
7 14.65 0.36 0.629 7 35.70 655.11 0.143
8 15.00 0.65 0.282 8 37.48 1248.60 -0.180
9 14.93 1.37 -0.376 9 39.45 526.09 -0.573
10 15.38 2.23 -1.241 10 32.20 171.93 0.089
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE #9¢ : Sample Means, Variances, and Student t Values - Calcium Four Samples/Nine Days Apart

TABLE 9: CONTINUED

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance
Set Mean value Set Mean value
1 14.90 4.43 0.000 1 14.48 2.75 0.508
2 14.65 3.80 0.000 2 14.30 1.85 0.259
3 14.15 2.78 0.722 3 14.50 4.31 -0.409
4 14.68 1.70 0.453 4 14.58 1.71 0.488
5 14.60 0.63 0.441 5 14.53 0.28 0.937
6 14.50 0.81 0.041 6 14.50 0.30 0.388
7 14.18 1.08 0.749 7 14.43 1.25 0.044
8 15.48 0.32 -0.227 8 15.30 0.99 -0.848
9 15.40 1.42 -1.094 g 15.10 1.46 -0.795
10 14.78 4.96 -1.120 10 14.48 2.75 0.117

Arithmetic

Variance

Sample | Arithmetic | Variance T Sample T
Set Mean value Set Mean value
1 14.78 4.14 0.181 1 40.30 704.35 -0.422
2 14.80 2.25 -0.203 2 35.00 1378.24 -0.168
3 14.43 3.47 0.000 3 28.03 4356.05 0.722
4 14.38 1.00 1.061 4 27.25 255.27 0.905
5 14.73 0.36 0.743 5 35.05 699.26 0.013
B 14.38 0.61 0.556 6 38.40 1186.55 -0.442
7 14.40 0.70 0.388 7 28.70 580.46 0.300
8 15.60 0.889 -1,302 8 29.58 49.14 0.649
g 14.85 2.10 -0.823 9 31.73 172.48 0.234
10 14.93 3.88 -0.329 10 39.25 752.44 -0.981
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40 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 10: SAMPLE MEAN, VARIANCES AND STUDENT T VALUES - CALCIUM

TABLE #10a : Sample Mean, Variances, and Student t Values - Calcium Five Samples/Five Days Apart

Sample | Arithmetic | Variance Sample | Arithmetic | Variance
Set Mean value Set Mean value
1 15.14 1.37 -0.371 1 15.02 0.96 -0.374
2 14.60 1.69 0.458 2 15.10 0.87 -0.512
3 15.08 1.36 -0.2789 3 15.12 1.19 -0.537
4 15.50 1.75 -0.914 4 14.80 1.23 0.000
5 15.54 0.67 -1.021 5 15.12 0.41 -0.559
8 15.62 0.58 -1.1585 6 15.50 1.01 -1.188
7 14.74 1.40 0.247 7 15.10 0.87 -0.512
8 14.98 1.88 -0.121 8 14.82 2.63 -0.031
g 15.28 3.04 -0.551 9 14.74 1.52 0.098
10 15.08 2.68 -0.264 10 14.68 2.50 0.188

Arithmetic

Samble

Arithmetic

Sample | Arithmetic | Variance Sample Variance T

Set Mean value Set Mean value

1 15.04 1.03 -0.231 1 28.80 298.49 0.570

2 15.14 0.58 -0.404 2 25.62 206.61 0.873

3 15.22 1.53 -0.515 3 33.04 554.60 0.194

4 15.10 1.94 -0.318 4 51.48 1009.28 | -1.316

5 15.32 0.79 -0.700 5 50.12 800.85 -1.235

6 15.44 0.69 -0.804 6 31.94 312.77 0.299

7 14.92 1.29 -0.033 7 27.28 176.31 0.727

8 15.02 2.64 -0.184 8 32.96 557.98 0.201

g 15.06 2.14 -0.250 9 51.40 1016.53 | -1.308
10 14.96 2.44 -0.093 10 48.78 891.30 -1.111
TABLE #10b : Sample Means, Variances, and Student t Values - Calcium Five Samples/Six Days Apart

Sample T T
Set Mean value Set Mean value
1 15.14 1.37 0.089 1 15.02 0.96 -0.173
2 14.60 1.69 -0.595 2 15.10 0.87 -0.925
3 15.08 1.36 -0.272 3 15.12 1.19 -0.202
4 15.50 1.75 0.237 4 14.80 1.28 0.529
5 15.54 0.67 0.060 5 15.12 0.41 0.810
6 15.62 0.56 0.455 6 156.50 1.01 0.122
7 14.74 1.40 -0.595 7 15.10 0.87 -0.925
8 14.98 1.88 -0.366 8 14.82 2.63 -0.305
g 15.28 3.04 0.351 g 14.74 1.52 0.286
10 15.08 2.69 0.383 10 14.68 2.50 1.161

Sample | Arithmetic | Variance T Sample | Arithmetic ariance T
Set Mean value Set Mean value
1 15.06 1.37 -0.259 1 41.00 752.72 -0.478
2 15.66 0.71 -1.271 2 39.76 886.16 -0.368
3 14.74 1.87 0.252 3 34.72 366.46 0.051
4 14.36 217 0.844 4 28.78 302.66 0.580
5 14.74 1.48 0.258 5 31.78 575.81 0.302
6 14.64 2.39 0.403 6 35.76 931.72 -0.038
7 15.58 1.01 -1.121 7 41.70 784.90 -0.535
8 14.92 1.53 -0.032 8 34.46 378.77 0.074
¢] 14.40 2.07 0.785 9 28.96 296.80 0.565
10 14.54 1.85 0.568 10 29.70 628.54 0.477
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE #10c: S

TABLE 10: CONTINUED

Sample Variance Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 15.14 1.37 0.665 1 15.02 0.98 0.329
2 14.60 1.69 0.588 2 15.10 0.87 0.872
3 15.08 1.36 0.080 3 15.12 1.18 0.138
4 15.50 1.75 -0.030 4 14.80 1.23 0.129
5 15.54 0.67 -0.304 5 15.12 0.41 -0.729
6 15.62 0.56 0.000 6 15.50 1.01 0.505
7 14.74 1.40 0.778 7 15.10 0.87 0.571
8 14.88 1.88 0.337 8 14.82 2.863 0.231
9 15.28 3.04 0.728 9 14.74 1.52 0.872
10 15.08 2.69 -0.589 10 14.68 2,50 -0.316

Si 3
Sample | Arithmetic | Variance Sample | Arithmetic | Variance T
Set Mean value Set Mean value
1 14.72 1.55 0.288 1 28.34 176.23 0.631
2 14.40 1.39 0.810 2 35.28 687.37 0.002
3 14.76 1.45 0.226 3 40,08 | 883.47 -0.394
4 14.86 1.60 0.064 4 28.82 455.00 0.565
5 15.18 2.00 -0.441 5 35.02 6086.15 0.024
6 14.46 1.94 0.695 6 34.32 1002.22 | 0.080
7 14.62 2.36 0.434 7 26.38 296.11 0.527
8 14.80 1.42 0.162 8 28.18 177.82 0.645
9 14.44 1.39 0.745 9 36.38 637.65 -0.082
10 15.30 1.07 -0.857 10 42.40 772.46 -0.594
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42 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 11: SAMPLE MEAN, VARIANCES AND STUDENT T VALUES - CALCIUM

TABLE #11
Sample | Arithmetic | Variance T Sample | Arithmetic | Variance

Set Mean value Set Mean

1 15.47 1.24 -0.878 1 15.08 0.60
2 15.32 1.14 -0.648 2 15.33 0.80
3 14.80 1.69 0.060 3 14.72 0.59
4 15.08 0.90 -0.212 4 14.88 1.69
5 15.72 0.59 -1.311 5 15.25 0.68
6 15.72 0.35 -1.318 6 15.73 0.77
7 15.07 1.83 -0.252 7 14.77 0.9¢
8 14.88 1.48 0.026 8 14.87 1.84
g 15.35 2.21 -0.672 g 15.02 1.57
10 15.35 2.27 -0.672 10 15.32 3.22

Variance T

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance
Set Mean value Set Mean value
1 156.20 0.84 -0.493 1 34.00 291.24 0.1186
2 15.30 0.58 -0.666 2 31.38 210.76 0.355
3 15.08 1.49 -0.297 3 38.25 782.60 -0.246
4 15.13 1.64 -0.378 4 43.05 1349.19 | -0.606
5 15.35 1.19 -0.751 5 40.83 612.75 -0.485
B 15.57 0.78 -1.122 6 35.53 642.68 -0.021
7 15.05 1.90 -0.241 7 39.42 702.05 -0.345
8 15.00 2.1 -0.157 8 43.13 1189.76 | -0.613
g 15.15 1.55 -0.402 9 39.03 551.59 -0.324
10 15.25 2.21 -0.548 10 34.73 600.35 0.052
TABLE #11b : Sample Means, Variances, and Student t Values - Calcium Six Samples/Five Days Apart

Sample Sample | Arithmetic T
Set Mean value Set Mean value
1 15.27 1.19 -0.872 1 15.27 1.13 -0.825
2 14.583 1.38 0.567 2 14.93 0.86 -0.228
3 14.68 2.03 0.326 3 14.65 2.28 0.23¢
4 15.00 2.90 -0.146 4 14.45 1.72 0.572
5 15.02 2.18 -0.175 5 14.58 2.06 0.34¢9
6 15.27 1.19 -0.572 6 15.27 1.18 -0.786
7 14.58 1.38 0.567 7 14.93 0.86 -0.228
8 14.68 2.03 0.326 8 14.65 2.28 0.239
9 15.00 2.90 -0.146 9 14.45 1.72 0.572
10 15.02 2.18 -0.175 10 14.58 2.06 0.349

Sample | Arithmetic | Variance T Sample | Arithmetic | Variance T
Set Mean valus Set Mean value
1 15.18 0.95 -0.524 1 30.73 258.95 0.409
2 14.82 1.09 0.137 2 25.23 166.18 0.913
3 14.75 2.55 0.231 3 30.18 492.65 0.444
4 14.75 2.29 0.233 4 45.40 1029.22 | -0.819
5 14.83 2.05 0.105 5 44.95 801.05 -0.804
6 15.18 0.95 -0.469 6 30.73 258.95 0.408
7 14.82 1.09 0.137 7 25.23 166.18 0.913
8 14.75 2.55 0.231 8 30.18 492.65 0.444
9 14.75 2.29 0.233 g 45.40 1029.22 | -0.81¢
10 14.83 2.05 0.105 10 44.95 801.05 -0.804
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AN ANALYSIS OF SAMPLING FREQUENCY

TABLE #11c : Sample Means, Varianrgtﬁ?%r?d ]S](ddgn?N;aﬁl%ggBalci

Variance

Sample | Arithmetic | Variance T Sample | Arithmetic T
Set Mean value Set Mean value
1 14.47 2.338 0.645 1 14.77 0.63 0.115
2 14.87 1.61 0.051 2 15.13 0.89 -0.423
3 14.80 1.96 0.151 3 14.73 1.41 0.358
4 14.72 1.98 0.277 4 14.22 2.82 0.770
5 14.67 1.82 0.354 5 14.28 0.87 0.939
6 14.15 1.89 1.136 6 14.67 2.73 0.754
7 14.63 2.09 0.401 7 14.77 0.683 0.058
8 15.32 1.22 -0.649 8 15.30 6.64 -0.633
9 15.15 1.98 -0.377 9 14.95 0.80 0.057
10 14.90 2.45 0.000 10 14.63 2.45 0.771

rithmetic | Variance Sample | Arithmetic | Variance T

Mean value Set Mean value
1 14.73 0.63 -0.027 1 36.10 714.84 -0.067
2 15.05 1.03 -0.485 2 34.12 800.86 0.099
3 14.58 1.51 0.736 3 30.07 355.38 0.462
4 14,32 2.29 0.929 4 27.92 243.61 0.663
5 14.25 0.86 0.707 5 28.85 471.00 0.561
6 14.32 2.77 0.870 6 30.95 784.19 0.363
7 14.77 0.53 0.000 7 28.70 630.78 0.562
8 15.17 0.64 -0.757 8 29.05 730.36 0.526
g8 14.77 0.95 0.371 g 29.03 310.44 0.557
10 14.32 2.27 0.659 10 21.30 256.7¢ 1.254
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44 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 12: FECAL COLIFORM FOUR DAY RANDOM SAMPLE COMPARISONS

T

Sample Set 4 Day Geomean 4 Day Mean Std Deviation |Variance F-Test Value
1 339 393 233 54492 592.371
2 327 470 494 243887 132.365
3 2038 3800 4878 23793333 1.357
4 689 1305 1423 2025433 15.937
5 830 3145 5258 27649433 1.167
6 3586 8575 13875 192523167 5.964
7 720 1260 1366 1866400 17.285
8 1027 7915 14798 2189786367 6.784
9 2809 4775 4744 22509167 1.434
10 577 775 707 489767 84.588

Sample Set

4 Day Geomean

Std Deviation

Variance

4 Day Mean F-Test Value
1 345 1105 1865 3480033 2.569
2 546 1150 1702 2896667 2.139
3 354 450 402 161887 8.378
4 280 568 823 676882 2.001
5 339 483 541 292892 4.624
8 563 740 560 313087 4.326
7 13189 2218 1773 3143225 2.321
8 507 1173 1819 3309682 2.444
g 565 660 393 154400 8.772
10 398 475 357 127567 10.617

Sample Set 4 Day Geomean 4 Day Mean Std Deviation [Variance F-Test Value
1 322 493 462 213425 5.453
2 834 1565 2162 4674233 4.0186
3 938 1050 493 2433383 4,783
4 517 686 - 523 273508 4.255
5° 270 343 240 57758 20.150
6 343 455 312 87633 11.921
7 498 558 245 59892 19.432
8 428 490 256 65467 17.778
g 690 700 141 20000 58.182
10 545 625 299 89167 13.052

Sample Set 4 Day Geomean 4 Day Mean Std Deviation |Variance F-Test Value
1 2964 3625 2480 6149167 1.464
2 603 1150 1103 1216667 3.453
3 346 400 231 53333 78.780
4 11386 1375 896 802500 5.236
5 1127 1200 432 186667 22.509
6 5101 8000 3525 12426667 2.958
7 1137 2025 1515 2295833 1.830
8 2070 2750 2704 7310000 1.740
9 1303 1725 1565 2449167 1.716
10 1445 1923 1580 2486692 1.683

*0.05 level of significance - (3,29) degress of freedom

Water Quality Branch - Ministry of Environment, Lands and Parks



AN ANALYSIS OF SAMPLING FREQUENCY

TABLE 13: FECAL COLIFORM FIVE DAY RANDOM SAMPLE COMPARISONS

45

Sample Set 5 Day Geomean 5 Day Mean Std Deviation Variance F-Test Value
o1 870 1634 2390 5712280 5.651
2 339 528 616 378920 B5.188
3 754 6342 13286 176508020 5.468
4 801 1748 2496 6230120 5.181
5 524 644 434 188680 171.080
8 171 174 40 1580 20429.931
7 908 1200 809 655000 49.281
8 934 1014 492 241980 133.387
e 363 558 605 365880 88.224
10 1184 6536 13178 173667230 5.380

Sample Set 5 Day Geomean 5 Day Mean Std Deviation Variance F-Test Value

1 705 828 468 218920 6.187

2 783 1286 1521 2313080 1.708

3 284 514 722 521980 2.595

4 152 172 102 10470 129.361
5 554 1112 1489 2216770 1.637

6 258 262 73 5320 254.589°
7 574 1250 1801 3242700 2.394

8 526 1174 1596 2547580 1.881

9 432 582 421 177120 7.647
10 430 784 918 843330 1.606

Sample Set 5 Day Geomean 5 Day Mean Std Deviation Variance F-Test Value
1 571 714 450 202807 5.7389
2 463 492 . 183 37320 31.186
3 6825 826 ' 560 313895 3.708
4 765 1444 1932 3730880 3.206
5 619 866 235 55230 21.073
6 557 8860 709 503000 2.314
7 564 1288 1978 3812573 3.362
8 410 438 185 34170 34.060
9 330 362 175 30770 37.824
10 357 1160 2045 4183000 3.594

Sample Set

5 Day Geomean

5 Day Mean

Std Deviation

Variance

F-Test Value

1
2
3
4
5
6
7
8
9
10

885
1760
673
1034
378
2139
1066
746
1841
1144

1200
2080
780
1140
740
2900
1278
900
2920
2100

745
1238
492
623
789
2005
845
648

3461
2706

555000
1532000
242000
388000
623000
4020000
714420
420000
11977000
7320000

7.570
2.743
17.362
10.829
6.744
1.045
5.881
10.004
2.851
1.742

* at 0.05 level of significance - {4,29) degrees of freedom
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46 AN ANALYSIS OF SAMPLING FREQUENCY

TABLE14: FECAL COLIFORM SIX DAY RANDOM SAMPLE COMPARISONS

6 Day Geomean

o &

6 Day Mean

Std Deviation

Variance

F-Test Value

1 818 1462 2178 4748017 6.798
2 431 813 1185 1405227 22.871
3 415 560 530 280800 114.955
4 628 5333 12137 147313987 4.564
5 847 1233 804 646827 49.904
6 794 1990 2310 5335480 6.050
7 859 22867 4298 18475147 1.747
8 464 665 633 401030 80.491
9 251 355 415 172390 187.246
10 1382 5840 11897 141543200 4.385
RS N 3 SR R S TN R
Sample Set 6 Day Geomean 6 Day Mean Std Deviation {Variance F-Test Value
1 948 1578 1550 2402417 1.774
2 726 985 710 504150 2.687
3 1715 2040 1322 1748800 1.291
4 444 707 708 501867 2.699
5 492 732 653 426817 3.173
6 587 1010 1347 1814200 1.338
7 413 467 277 76587 17.685
8 552 810 855 428400 3.154
g 342 407 3189 101667 13.322
10 468 685 632 399750 3.388

Sample Set

6 Day Geomean

6 Day Mean

Std Deviatio

Variance

F-Test Value

1

W oo ~NO®O D WN

—_
<

311
298
524
270
452
296
336
814
558
291

368
338
608
314
517
385
625
1917
698
349

205
165
412
184
274
361
688
2253
511
185

42017
27137
169697
33750
74827
130435
472790
5077667
261297
38091

27.700
42.888
6.858
34.484
15.554
8.923 .
2.462
4.363
4.454
30.555

Variance

F-Test Value

Sample Set 6 Day Geomean 6 Day Mean Std Deviation
1 962 1417 1459 2129667 1.973
2 1235 2582 2728 7416817 1.765
3 1471 2483 2268 5145667 1.225
4 1484 2283 1454 2113667 1.988
5 864 1517 1848 3413667 1.281
6 1140 1332 770 592817 7.088
7 1264 1315 405 163750 25.659
8 1378 1998 1711 2928817 1.435
9 942 1367 855 730667 5.750
10 2108 2750 2277 5183000 1.234

*0.05 level of significance - (5,29) degress of freedom
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