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ABSTRACT

Comparison of recent data from the Central Basin nearshore zone
with the historical data of Beeton indicates that the concentrations of
most parameters in 1978—1979 were lower than would be expected from the
long-term trend based on the historical data. Analysis of a more
detailed data set from the Cleveland Division water intake shows a
statistically significant decline in <chloride, but significant
increases in nitraté plus nitrite and sulfate in the period 1968-1979.
Total phosphorus shows a significant decline if the data is first
filtered to remove seasonal fluctuations. Residuals analeis failed to
show a change in the seasonal pattern for any parameter during the
period of record. Further analysis suggests that this data set may
contain biases, and shows that portions lack the sensitivity necessary
to completely assess the historical trends for some parameters. These
findings indicate the significant detrimental effect which 1lab-to-lab
variability can have in any attempt to study subtle limnoleogical
phenomena, and point to the importance of using data sets from a single

lab, if at all possible.




INTRODUCTION

During 1978 and 1979, the nearshore zone of Lake Erie was
sampled intensively as part of the monitoring and surveillance program
for the Great Lakes (Herdendorf, 1978). The Heidelberg College Water
Quality Laboratory (HCWQL) was responsible for. sampling in the
nearshore zone of the Central Basin between Vermilion, Ohio and
Ashtabula, Ohio. Sampling was carried out at 89 stations (see figure
1). Each station was sampled on three successive days during each of
four cruises each year. At most stations,.samples were collected one

meter below the surface and one meter above the bottom;

One major purpose of this nearshore study was to seek to
identify historical trends, especially among parameters that may have

changed in concentration due to human impact'oh Lake Erie. This paper

H_addresses that purpose_ at two levels:” comparlsons with a long term,

but often sketchy database that extends back to 1900 Jand' cpmparlsons
with & much more detalled but locallzed database for one station from

1968 to 1979.

The attempt to identify historical ttenés is often frﬁstrated by
the scarcity and inadequate qguality of historical data. Changes in
methods of analysis affect the data in ways which are hard to identify.
The methods of analysis themselves are often net specified. Even when

2




74 .IQOW
98’ Euciid
* - % 96 . A
73 8283 %y, . \Euciid cr.
9 .
70 72 G uq'ﬂ." 9979
767.7‘ a0. Cleveland
75 79
Rocky River Lakewoad
52 Cuyahoga R
51
Black R.
Vermilion R.
N
B oaas B8 139
130 553 127
129¢ § 36
125 137 128 Ashtabula
124»
! Geneva-On- - ™ . o
The-Lake Ashtabula R.
1 Cowles Cr.
nane 1o Wheler Cr. .
'"5 ArcolaCr. -
airport _ ' o
107 / H,,‘QO,W Scale in miles
108 == ]
' 1
104— 94105 0 5 0
103
Chagrin R.

Figure 1-~ Map of station locations sampled by the Heidelberg College Water
- Quality Laboratory in 1978 and 1979, Station 82 is the Division Water
Intake of the City of Cleveland. The fifteen stations used for comparison

with Beeton's data are 52,62,73,74,82,83, 97,101,107,112, 116,125,131,135,
and 138. . .



the methods are specified, and are known to be bias-free as methods,
the possibility of biases due to different working ranges and other
laboratory~level differences is very real, but wusually difficult to
evaluate. For the nearshore zone, data is scarce even in comparison to
the sketchy data set for the open lake. Much of the data found in the
literature before 1950 consists of average values, and often the
locations where the data was obtained are not adequately specified.
Also, the nearshore zone is much more variable spatially énd ftemporally
than is the open lake, making historical trends more difficult to

detect.

For all of these reasons, historical analysis is a hazardous
exercise, especially in nearshore waters. Even statistically
significant changes must be carefully scrutinized to see 1f they are
reasonable in limnological <context, or if they are better interpreted
as artifacts of problems in the data set. The later sections of this
paper suggest some ways this can be accomplished. The point must be
made at the outset, however, that statistical trend analysis can show
only a significant change in the numbers in a data set as a function of
time. Identification of a historical trend in Lake Erie involves a

substantial interpretation of the results of the statistical procedure.




LONG TERM HISTORICAL TRENDS

One of the most important historical trend studies is that of
Beeton (1961,1965; Beeton and Chandler, 1963). The importance of this
study lies in_ its time span (1902 to 1960) and its concern with
chemical parameters of general importance: total dissolved solids,
calcium, sodium, potassium, sulfate, and cﬁloride. The concentrations
of these parameters in the water are great enough that one can have at
least cautious confidence that measurements in the early 1900's are not

drastically inaccurate.

The data used by Beeton in his study came ffom a variety of
sources: public water intakes, fiéherieé, sfud&és; earlY"reSéarch
efforts, and a few early studies of pollution in Lake Erie. The data
set includes data from all three basins of Lake Erie, and from
nearshore regions and open lake waters. Sineé' gradients in
concentration are known to exist from onshore to offshore, and from
basin tb basin, the data set contains sources of systematic difference
other than the historical trends. However, the changes in most of the
parameters over time are large compared to the magnitude of these
spatial gradients, and the mix of data from different areas is
reasonably random with respect to time. Thus, spatial factors 'may
serve to obscure historical trends by increasing overall variance, but

they probably do not bias the trends in an important way.




Beeton does not list the data shown in his figures, and much of
it is from sources that are not readily available. I have read the
data from Beeton's figures as precisely as possible; his data 1is
reproduced graphically in figures 2 to 6. Since many of the data
"points" in Beeton's graphs are actually averages, the distortion of
the data due to reading the graphs is probably small compared to the
distortion (loss of variance) introduced initially by the averaging
process. It would be preferrable to begin with the raw data, however
to date it has not been possible to reassemble the data set from the

sources that Beeton used,

Also shown in the figures are the 1978 and 1979 means and
standard deviations for data from the 15 HCWQL stations which are
farthest from shore. These stations were chosen as most compatable

with Beeton's sources.

In general, the HCWQL values are quite comparable to the values

of Beeton (1965} from the 1late 1950's; indeed they seem to be lower
than Beeton's 1950's data in the case of calcium and chloride. Within
the limitations of the data, it appears that, for most parameters, the
lake is not deteriorating at the rate which typified the first half of

the century.

In order to test this conclusion, regression lines were fitted
to Beeton's data for each parameter. The slopes of the regression

6
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Figure 2-- Long term trend in specific conductance . The points are data
from Beeton, and the line is the regression 1line through +the data, .
extrapolated to 1980. The vertical lines indicate the 1978 and 1979 means
plus and mirus one standard deviation, as measured by the HCWQL at 15
stations at the outer edge of the Central Basin nearshore zone.
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Figure 3-- Long term trend in chloride jon. The
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Figure 4~- Long term trend in sulfate ion. The peints are data from Beeton,
and the line is the regression line through the data, extrapolated to 1980.
The vertical lines 1indicate the 1978 and 1979 means plus and minus one
stendard deviation, as measured by the HCOWQL at 15 stations at the outer
edge of the Central Basin nearshore zone. '
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Figure 5-- Long term trend in calcium ion. The points are data from Beeton,

and the line is the regression line through the data, extrapolated to 1980..

The vertical lines indicate the 1978 and 1979 means plus and minus one
standard deviation, as measured by the HCWQL at 15 stations at the outer
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Figure 6-- Long term trend in sodium plus potassium. .The polnts are data
from Beeton, and the line is +the regression 1line through the data,
extrapolated to 1980. The vertical lines indicate the 1978 and 1979 means
plus and minus one standard deviation, as measured by the HCWQL at 15
stations at the outer edge of the Central Basin nearshore zone.
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lines were tested for significance using a t-test. The regression
equations were then used to extrapolate Beeton's data to best estimates
for 1979. A standard error of the estimate was also calculated for a
sample size comparable to the HCWQL data base for each parameter (Sokal
and Rohlf, 1969}, and these were compared with the HCWQL data by use of
a modified two-tailed t-test, adjusted for unequal variances. Table 1
summarizes the results of this procedure. The statistical procedure
reveals that all of Beeton's parameters increased significantly
(p <.01) from 1900 to 1960. It also shdws that, for all parameters
except sodium plus potassium, values in 1978-1979 fall significantly
below the values extrapolated from the historical data. In some. cases,
there probably has been an absolute decline in concentration since
1360. 1In others, especially sulfate and conductivity, there may only
be a lessening in the rate of increase, I believe the changes
indicated by these analyses are real, with one possible exception
discussed below, and are consistant with the findings of other Lake
Erie workers. However, had the analysis been_rdqné on the original
‘data, the wvariance would - have bgen greater, éhd fﬁus the statistical
significance of some of the results would have been reduced, perhaps

even below the standard acceptable limit of p <.05.

The decrease in specific conductance, while highly significant
statistically, is strongly dependent on the conversion factor used to
convert Beeton's data, expressed as total dissolved solids, to specific

conductance. The analysis was done using a conversion factor of

Specific Conductance = TDS/.62

13




recommended by A. Fraser (personal communication, 1978). The analysis
was redone with a conversion factor of .65, which has been used
elsewhere on Lake Frie. This second analyéis yielded no significant
deviation of HCWQL data from the trend of Beeton's data. Analysis of
specific conductance and total dissolved solids data from the Division
Water Intake of the City of Cleveland, measured between 1968 and 1975
by the U.S. EPA (Westlake) and the City of Cleveland 1lab at Whiskey
Island, produced a ratio of 0.66 . This ratio is not significantly
different from the value of 0.65 discussed above, but is higher
(p <.OS) than the wvalue of 0.62 used initially. However, the rather
poor correlation between the two parameters (f—square < .15) makes the
data of questionable value in establishing the "true" ratio. There is,
at present, no adequate way to be certain which ratio is correct.
Until a definitive study of this relationship is made, the long term

history of specific conductance cannot be éssesséd'with certéinty.

14



SHORT TERM HISTORICAL TRENDS NEAR CLEVELAND

Because Beeton's data set ends about 1960, a more recent data
set was sohght to help evaluate the bhanges in the nearly 20 vyears
falling between Beeton's data and the Lake Erie nearshore study. I
also hoped to find data on parameters not covered in Beeton's study,
particularly the nutrient parameters. The best sourcé of information
within the HCWQL study area is the record$ for the Division Water
Intake of the City of Cleveland, which .inqlude. data on alkalinity,
specific conductance, pH, total phosphorus, soluble reactive
phosphorus, ammonia, nitrate plus nitrite, chloride and sulfate,
obtained between 1968 and 1973 by the U. S. EPA office now in Westlake,
and between 1974 and 1977 by the Water Quality Lab of the City of
Cleveland, formerly locéﬁed at Whiskey Islahd;‘-THese data,: plus our
1978 and 1979 data for the same location,‘afélﬁlottéd ih figures 7

through 16.

The data for each parameter were sUbjécted 1to ‘regression
analysis to detect statistically significant-.linear trends. 1Inital
analysis used all data in raw form, but 'subsequent_ analyses ' involved

various modifications of the data, as described below. .

&

Tests of the slopes of the regressién lines' for significant
deviation frem 0 (no trend) indicated no trend for alkalinity or

i5



Figure 7-- Concentration of chloride ion as measured at the Division Water
Intake of the City of Cleveland between 1968 and 1979. The regression line

indicates the presence of a linear trend in the raw datz significant at
P <.05 or better. '

&

Figure 8-~ C(oncentration of sulfate ion as meagured at the Division Water
Intake of the City of Cleveland between 1968 and 1979. The regression 1line

indicates the presence of a linear +trend in the raw data significant at
p <.05 or better. '

16
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Figure 9-- Concentration of nitrate plus nitrite as measured at the Division
Water Intake of the City of Cleveland between 1968 and 1979. The regression
line indicates the presence of a linear trend in the raw data significant at
? <.05 or better.

Figure 10-- Concentration of total phosphorus as measured .at
Water Intake of the City of Cleveland between 1968 and 1979.

regression line indicates that the raw data failed to show ' a
significant at p <.05., . o 5 e .

_.the Division
The lack of a
" linear trend

w518
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Figure 11-- Concentration of soluble reactive phosphorus as measured at the
Division Water Intake of the City of Cleveland between 1974 and 1979. The

regression line indicates the presence of a linear trend in the raw data
significant at p <.0% or better.

F@gure 12-- Concentration of soluble reactive phoaphorus as measured at

Division Water Intake of the City of Cleveland between 1976 and 1979.
data as figure 11, but with suspect data

regression line is not significant at p <.05.

the

Same
from 1974 eliminated. The
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Figure 13-~ Specific conductance, as measured at the Division Water Intake

of the City of Cleveland between 1968 and 1979. The lack of a regression
line -indicates +that the raw data failed to show a linear trend significant
at p <.05.

Figure 14-- Alkalinity, as measured at the Division Water Intake of the City
of Cleveland between 1968 and 1979. The lack of a regression line indicates
that the raw data failed to show a linear trend significant at p <.05.
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Figure 15-- pH, as measured at the Division Water Intake of the City of
Cleveland between 1968 and 1979. The regression line indicates the

presence
of a linear frend in the raw data significant at p <.05 or better.

Figure 16-- Concentration of ammonia’ nitrogen as measured at the Division

Water Intake of the City of Cleveland between 1968 and 1979. The lack of
regression line indicates

significant at p <.05. -

a
that the raw data failed to show a linear trend

24
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specific conductance, but a significant increaée in 'nitrate plus
nitrite (p <.001) and sulfate (p < }001), and a highly significant
decrease in chloride (p <<.001) in the last decade at this station.
Total phosphorus shows no significant change, but soluble reactive
rhosphorus degreased significantly, even though the period of record is
shorter (1974-1979). The SRP data contains a number of suspiciously
high points early in the record, however (see the discussion of SRP in
the general discussion section below), and when these are removed, the

trend disappears.

Filtering the data to remove seasonal patterns

Many if not all of the.parameters studied for‘historiéai 'trends
also undergo seasonal fluctuations in concentration .as a result of
seascohal fluctuations in their-supply to the-watef co;uﬁn‘and, in some
cases, as a result of biological activiﬁf;‘ The seasonal changes are
most proncunced in the nutrients,.the extfeme éase'being_:niﬁrate plus
nitrite, which declines sharpiy lin 1aﬁe summer{ ofteh to Va1Ues less

than 20% of those found in early sprix._u;.']-.‘=

These seasonal fluctuations.tend to ma$k 1onger téfm‘ historical
trends, because they increase the overall variaﬁce of the data set.
Typically, their effect 1is to decrease thé 'achieﬁed . statistical
significance in a test of the slope of thelrégression line. 8ince
seasonal fluctuations are a differént phenomenon .than the one I am

trying to examine, it would be helpful if these fluctuations could be

26




removed from the data. This can be done in the following way.

Assume that the seasonal effect is constant from year to vyear,
and is not linked to the long term historical pattern. If this is so,

the data can be fit by a function of the form:
y = mXx + s(x}) + b

where s(x) is a periodic function (perhaps a very Iirregular one) of

period one year.

Under this assumption then, the procedure 1is as follows. A
standard regression 1is ©performed on the data, in effect ignoring the
periodic component. Since it is assumed to repeat exaqtly each vyear,
it does not change the regression equation except to increase the

components of variance associated with it.

The regression equation is then used to calculate the values of
y (the concentration) predicted for the given values of x (time), and
the predicted y values are subtracted from the actuwal values. In

statistical terms, the residuals are calculated.

The residuals are then grouped together by some sub-interval of

the period of the postulated periodic function. The grouping interval

27




should be small enough to capture the_egsenceldf the periodic changes,
vet large enough to éontain enocugh daté to be‘statistically useful.
Some compromise is often necessary. 1In this study, I grouped data by
month, which gave at 1least 30 data points-in.é month, with very few
exceptions. This grouping gathered January data for all years in one

group, February data for all years in another group, etc.

The average of the residuals in each of these groups is
calculated. If there 1is no seasonal effect in a data set, the
residuals reflect only random error, and these avérages should all be
very close to zero. Thus any non-zero group average may be taken as an

estimate of the seasonal effect for that interval of time.

These estimates of the seasonal effect are then subtracted from
the raw data, and the regression is recalculated. Thé‘result should_be
a regression equation which is very similar to the one calculated from
the raw data, but it should have é higher associated r-square, :br,
alternatively, a t-test comparing the slope with 0 should aéhieve a

higher level of significance.

Results of the procedure and discussion

Application of the above procedure to the Division Water Intake
data set produced the results summarized in Table 2. Examination of

Table 2 shows that most parameters showed improvement in the resolution

28"




Table 2. R-square and t values for regression analyses of data from the Division
- Water Intake, before and after filtering the data to remove seasonal
fluctuations.

0 at the .05 level of significance.

n.s. indicates slope not significantly different from
A negative t value indicates a

decrease in that parameter's concentration through time, a positive
t value indicates an increase.

Parameter Before After
r2 t significance r2 t significance

Total Phosphorus .021 -1.8 n.s. .028 -2.07 <.05
Soluble Reactive P .354  -7.66 <.001 .454  -9.43 <.001
Nitrate + Nitrite 122 4.53 <.001 -319 B.32 <.001
Ammonia Nitrogen .010 -1.21 n.s. .010 =-1.25 n.s.
Sol. Reactive Silica  .029 1.61 n.s. .015 1.17 n-s.
Alkalinity .005  "1.52 n.s. .004  1.30 n.s.
pH | .012 2.29 <.05 .530, 3.72 <.001
Sspecific Conductance . .001 -0.65 n.s. -001 | ~-0.66 n.s.
Sulfate .053 3;43 <.001 +050 3.35 <.00i
Chloride . 264 -8.83 <.OQl .298
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of their historical trends, as measured by increases in the t wvalue.
The greatest increases were among the nutrients, where seasonality is
typically most pronounced. 1In a few cases, the ¢t value decreased.
This is to be expected in cases where there is little seasonality, due
to the error component of the estimate of the seasonal effect. There
was in most cases no change in the achieved level of significance of
the slope of the regression line. Most of the parameters for which
this was true either showed no significant change, and the improvement
brought about by removing seasonality was not sufficient to give
significance at p .05, or they already showed highly significan£
historical change (p <.001) and the computer frogram did not give
significance levels less than .OOl. In one very significaﬁt case,
seasonal filtering produced a significant trend. Total phosphorus dig
not show a significant’ trend before filtering, but showed a decrease

significant at p <.05 after filtering.

Because the procedure aésuﬁes that the seasonal patterns were
constant during the period of record, monthly averages were plotted for
each year to verify the validity of the ‘assumption. While the averages
fluctuated coﬁsiderably from year to year, ﬁo systematic change was

seen in any of the parameters.

In general, the seasonal filtering process tended to improve
resolution of historical changes, but not sufficiently to have a great
impact on the conclusions of this study. It appears that other factors

than predictable seasonal changes dominate the variance of this data
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set, These factors may include laboratory accuracy and precision, and
the effects of fluctuating currents, which may alternately bring by the

sampling site waters of more nearshore or more offshore character.

General Discussion 2£ Short Term Trends

The data set used in this part of the study is less than ideal
because it was generated by three different laboratories, using
different working ranges and 1in some cases different analytical
techniques. In addition, the U.S. EPA analyses were of samples from
the water as it entered the purification plant, while the.other samples
were of lake water at the site of the water intake. Thus, the EPA
samples were of bottom water modified by passage through the intake
pipe. By comparison, the City of Cleveland samplés wére mostly surface
water, and the HCWQL samples were both sufface and bottpm waters.
Because of the .éomposi£e 'ﬁatufe‘ éf ﬁheidaté.set,:vérious techniqués
were used to try to evaluate possible biases or inadequacies in the
data, These included examination of the data plots themselves for
sudden changes in typical values between -years, aespecially between
vears analyzed by different labs.. The plots alsqfiﬁdicated the degree
of resolution in the data for a given vyear. For some parameters,.
studies of correlation between parameters on a iab by 1ab basis élso
gave some indication of the accuracy with which the parameters were
measured, both through the correlation coefficient and through the
linear relationship between the parameters as compared to values from
the literature. The results of this scrutiny of the data and the

results of the earlier analysis are given below on a
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parameter-by-parameter basis, beginning with parameters which showed

the strongest historical trends.

Chloride

The chloride data shows the most visually obvious trend, with
the data for most years centered reasonably well on the trend line.
Even in this data set, however, the typical yearly spread of values 1is
comparable in magnitude to the total change in the average value over
the eleven years of the data. The seasonal filtering procedure
improves the trend slightly, but, as is true of all parameters, much of
the yearly scatter is not attributable to a uniform yearly
concentration cycie. Nothing in the data suggests that the 1indicated
trend is not «correct, and it agrees at least qualitatively with the

findings of other Lake Erie workers (Weiler and Heathcote, 1979).

Sulfate

Sulfate has a highly significant increasing trend over the
period of record. While the pattern is not as uniform as is true for
chloride, nothing in the data suggests that the trend 1is not real.
Seasonal filtering decreases the significance of the slope slightly,
perhaps because the variance-building effects of some of the more
extreme points are spread over more of the data set by the procedure.
Bnalysis of 1978-1979 data for the Cleveland region as a whole

(Richards, 1981) shows that sulfate is reasonably constant for these
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years during the months represented by mostr of the data (April-
October). If this is true of sulfate concentrations over the entire
time span of the data, the seasonal filtering appfoach would be
expected to have a small, random effect on the trend analysis

statistics,

Cne might expect a reasonably strong correlation between
chloride and sulfate, and indeed the HCWQL data show a correlation
significant at p <.001, with an r-square of .22. However, the EPA data
correlates only at p <.05, with an r-square of .033, énd the Cleveland
data fails to show a correlation, with r-square of .002. There are
many factors which <¢ould have contributed to these differences,
including tpe possibility that one or both of the parameters may not
have been measured with adequate precision by the earlier labs. If one
parameter alone is inaccurate, it is probably sulfate, given the form
of the data 1itself, and the reliability of ~the analytical

methodologies.

PH

pH has a statistically significant but':n6£ vi$ibly obvious
increase over the period of record. Seasonal filtering improves the
significance of the slope from p <.05 to p <.001, and increases the
explained variance (r-squared) by a factor of 2.5, but only from .012
to .030. The data seems to show a peak in the years 1975-76, and to bé

uniformly lower in 1968-70. These latter data were bottom water

33




samples, while the former were mostly surface samples. 1In the HCWQL
data for the Central Basin nearshore zone as a whole (1978—79), bottom
pH averaged 0.2 units lower than surface pH. 1In the data for this
station bottom pH averaged .47 units lower than surface pH. Thus the
net apparent change over 11 years (about 0.1 PH units) is less than the
local or regional difference between annual average surface and bottom
PH. It is entirely probable that the apparent historical trend is an

artifact of the different depths sampled by the three labs.

Nitrate plus Nitrite

Nitrate plus nitrite shows a highly significant increase in
concentration over the period of record. The significance of the trend
is increased substantially by seasonal filtering, as indicated by an
increase in the explained variance from .122. to  .319, and a
corresponding increase in the t value for the significance of the slope
of the trend line. This result was expected since nitrate plus nitrite

is known to undergo substantial seasonal changes in concentration.

While the trend is highly significant statistically, the data do
not show a uniform change over time. Most of the increased values are
present in the data for the last three years , and indeed the earlier

data visually suggest a decrease 1in concentration, While this may

accurately reflect what has happened in the lake, it could also stem

from laboratory-related causes. The increasing trend probably reflects

what is happening in the lake, especially since other workers have

Bl
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found similar patterns (Weiler and Heathcote, 1979), but the rate of
increase cannot be established with any degree of confidence from this
data. It would be desireable to study the history of nitrate plus
nitrite using some other long-term data sets which will have continuity
into the future, and will be the product of one lab and one set of

methodologies only.

Total Phosphorus

The data for total phosphorus showed no significant change in
concentration during the period of record, but displayed a downward
trend which did not fall far short of significance. {p = .08). After
seasonal filtering, the slope of the trend 1line was significént
(p <.05), indicating a decrease 1in total phosphorus through time.
There are problems with the data, however. The détectidn limit in 1974
was 100 ug/l, a wvalue far higher than tYpical lake values. Values
below detection limit were entered as half the detebtibh limif, which
is still higher than typical values. The analySis was redonerwith all
1974 data removed, and the result was a reduction bf tﬁé't value from
- 1.8 to 1.65, which correspondé  to an achieved'giénifigance level of

about 0.1.

The detection limit from 1968 to 1972 was 20 ug/l. Since many
of the wvalues in the 1later years fell below 20 ug/l, there is the
possibility that the "trend" may result only from the failure to

adequately measure low-level total phosphorus early in the period of
3%
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record, To check this, all data equal to 20 ug/l for 1968 to 1972 were
recalculated to fit the same frequency distribution as the data less
than or equal to 20 ug/l in 1977 to 1979. When the modified data was
re-analyzed (with the 1974 data omitted), the result was a further
decrease in t from 1.65 to 1.42. While the assumption that the data
below 20 ug/l should follow the same distribution may have been too
severe, the exercise does show that those few data points have an
important effect on the trend analysis. Similarly, if all data less
thén 20 ug/l are recoded to 20 ug/l, to simulate a constant detection
limit throughout the period of record, the t value 1is decreased £from

1.65 to 1.14.

Since the trend for total phosphorus barely achieves statistical
significance after seasonal filtering, and given the problems of high
detection limits early in the study, it seems appropriate to suggest
that total phosphorus is probably declining, but that more vyears of
better data will be required to put that conclusion on sound

statistical footing.

The correlation between total phosphorus and nitrate plus
nitrite was examined. for the data of each laboratory. The HCWQL data
showed a significant correlation (p <.01, t-square .123), but the
relationship was not significént in the data from the EPA (r—square
.037) or the Cleveland lab (r-square .000). If these results reflect a
problem with analysés, the problem likely lies with total phosphorus,
because it was being measured much closer to detection limit, and part

Lt
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of the time with a resolution that would giVe only three or less values
in the typical range of lake water in the area (i.e. values would have

been 20, 30, or 40 ug/l).

Soluble Reactive Phosphorus

Soluble réactive phosphorus raw data shows a significant
decrease that improves substantially with filtering. The data spans
only five years, with no data in the second year of that interval. The
first year's data was analiied with a detection 1limit of 100 ug/1,
roughly 6 times the typical values in the area. This data consists of
one value of 100 ug/l, and the rest at detection 1limit, which were
entered as 50 ug/l. In all 1liklihood, all or most of these values
substantially overestimate the actual concentrations. When this data
is eliminated, the "trend" disappears. The remaining three years of
data show a slight non—significant increasé; 'More: time ﬁill be
yequired to show the decrease in soluble rééctive‘phosphorus wﬁiéh‘is
expected to accompany improvements in sewage treatment in the Cleveland

area.,

Alkalinity

Alkalinity does not show a significant trend over the period of

record. However, the data suggest a peak about 1974, with values
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generally lower before and after. The last five vyears of data
(1974-1979) are suggestive of declining alkalinity values, and within

this time the decline is significant (p <.001, r-squared .09).

The alkalinity values are subject to the same sort of sampling
bias as was seen for pH: bottom water in 1978-79 averaged nearly 3
mg/l higher than surface water. However, this bias would tend to
reduce the peakedness of the alkalinity data, not enhance or create it.

The form of the data may be related to lake levels, or may be an

artifact of lab bias.

Specific Conductance

Specific conductance shows a non-linear pattern which 1is the
reverse of that for alkalinity, with a minimum in 1975 and higher
values before and after. This pattern ﬁay alsd be  related to lake
level changes, or may be a result of lab bias. Specific conductance
should be well correlated with chloride. The correlation coefficients
based on the data from each lab are as follows: HCWQL r-squared .407
(t=6.09, sample size n=56), Cleveland 1lab r—squared .035 (t¥1.34,
n=52), EPA r-squared .002 (t=0.35, n=51). The low correlations in the
data of these last two labs is disturbing, and }aises the possibility
that the first nine years of data for specific conductance may not be

valid,
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CONCLUSIONS

1. 2Analysis of the Jlong—-term historicél data of Beeton documents
statistically significént increases in all parameters. By comparison,
data from the Cleveland area in 1978-1979 is comparable to or lower
than Beeton's data for 1960, indicating a decline 1in the rate of
increase in concentration for most parameters, and an actual decline in
concéntration for some. The only exception 1is specific conductance,
for which the analysis is made uncertain because the proper conversion
factor between total dissolved solids and specific conductance 1is not

known with sufficient accuracy.

2. Analysis of historical data from the Cleveland Division Water
Intake suggests that the concentration of chloride has declined over
the period 1968-1979, and that sulfate has increased in the same time,
Both trends are reasonably linear, and are highly significant

statistically.

3. Other parameters in the short-term data set show né significant
linear trends (e.g. specific conductance), shoﬁ' trends that are
significant but data ﬁhat is decidedly non-linear (e.g; nitrate plus
nitrite), or show trends that may - be at least .partly a result of
laboratory bias (phosphorus forms) or sampling of different water
masses (surface vs. bottom, e.g. PpH) rather than historical change.
These parameters require further study to establish adeqﬁate historical

trend information.

4. A technique was presented which can be used to filter out the

e
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effects of seasonal change 1in concentration of a parameter. The
technique can effect substantial improvement in the ‘resolution of
long-term trends in parameters that are strongly seasonal in nature
(e.g. nitrate plus nitrite). However, much of the annual variation
displayed by this data set was not systematic, and thus was not removed

by the filtering process.

5. Examination of correlations between parameters which may be
expected to show correlated concentrations can help to indicate the
quality of the data. This approach indicated that this data set
contains some data of suspect quality, and helped in the interpretation

of the historical patterns shown by some parameters.

6. Decade-long historical trends are often comparable in magnitude to
the annual scatter in the data, or even to the difference between
surface and bottom water concentrations. Biases betwe?n labs or
between years within a lab, or differences in values obtained with
different analytical methodoligies, may be sufficient to mask subtle
historical trends, or to create "trends" which reflect the history of
analytical methodeclogy and bias rather than the history of the body of
water under study. The attempt to recognise subtle historical trends,
which may none-the-less be of great interest to the public, requires
data of the best quality. Wherever possible, the data base should be
the work of one 1lab wusing one set of methbdologieé and a carefully
designed gquality control program to guarantee the comparability of data
from day to day, month to month, and year to year. At the very least,
frequent participation in "round-robin™ exercises (such as that carried
out by the International Joint Commission) is necessary by all labs
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contributing to a historical data base. The results of these
found—robin studies must be made part of the laboratory quality control
program, and used to adjust biases, 1if compatable data are to be
generated. These results should also be considered in the historical
analysis, since they may suggest biases that were not corrected, and

that might not otherwise be apparent.

Finally, the researcher who c¢onducts the historical analysis
should seek as much background information as possible related to
quality control, and should assume that biases will exist in many data
sets. In the matter of historical analysis, scientific scepticism must

extend to the data itself.
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