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Temporal Variation
The effect of time on water quality data

or 15 years, volunteers have dutifully collected

and processed |ake samples spring through fall,
and then waited patiently for LMVP staff to report
back with water quality data. Among the various
graphs and tables, the annual datareports alwayslist
mean values for the monitored parameters. These
values are used to summarize lake water quality.

Have you ever wondered just how well these num-
bers represent lake conditions? The answer to this
guestion depends somewhat on you, the volunteer.
Themean valuesthat wereport are nothing morethan
estimates, and the accuracy of the estimates hinges
on a number of factors, starting with proper sample

collection. The LMVP
sampling protocol is
designed to account for
natural variation in nu-
trient, chlorophyll and
suspended solids con-
centrationsover time. In
this article we consider
the different scales of
temporal variation and
review what you, the volunteer, can do to ensure
dataquality. In the next issue of the Waterline we'll
look at spatial variation in water quality.

DAY-TO-DAY VARIATION

Nutrient and algal chlorophyll con-
centrations are constantly changing
within a lake. Conventional wis-
dom suggests that short-term shifts
(day-to-day) would be fairly small,
but actually these changes can be
considerable (Figure 1). In 2004 the
MU limnology lab collected sam-
ples from Little Dixie Lake on 108
consecutive days during summer
(this lake was also monitored by
LMVP). Most day-to-day fluctua-

tions in phosphorus, nitrogen and
algal chlorophyll were small, but
occasionally changes were substan-
tial. The largest 24-hour fluctuation
in phosphorus was +15 pg/L, a one
day shift that equals 28% of the
average phosphorus concentration
(54 ug/L) during the project. The
maximum daily nitrogen shift was
+200 pg/L, 22% of the overall aver-
age of 900 pg/L. Alga chlorophyll
was even more variable, averaging
42 pg/L and having a few daily fluc-
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Figure 1.
Day-to-day
variations in
phosphorus
concentration in
Little Dixie Lake
during 108 days
of monitoring in
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tuationslarger than 30 pg/L (71% of
the average). Again, these were the
exceptions and not the rule. Most
of these large changes occurred as
a result of heavy rain fal which
transported nutrients into the lake
as nonpoint source pollution; quick
sedimentation of the nutrients right
after therainfall (nutrients bound to
soil particles settle out fairly quick-
ly); and in the case of chlorophyll,
an algal bloom that formed and dis-
sipated quickly.

Continued on Page 2
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Because daily sampling is not
feasible for the volunteer pro-
gram, werely on random sample
collection to account for vari-
ability in water quality. That is,
we do not want to collect our
samples only after heavy rains
when the lake looks its worst
or only on days when the lake
is clear. By collecting samples
on a pre-set schedule of every
three weeks, we hope to avoid
the potential problem of selec-
tively targeting the worst or best
of conditions. While having a
pre-set sampling schedule to en-
sure randomness seems counter-
intuitive, please remember the
events that impact water quality
(such as rainfall) are generally
random. The pre-set schedule
also assures that samples are not
all collected during a short pe-
riod of time (e.g. eight samples
collected in one month). By
scheduling sample collections
evenly over the spring-fal pe-
riod, we ensure data quality by
monitoring the lake over a vari-
ety of conditions.

SEASONAL VARIATION

Lake water quality is dynamic,
so we have to collect samples
throughout the season to accu-
rately estimate nutrient and algal
chlorophyll concentrations. The
exact number of samples de-
pends on various factors, includ-
ing: stability of water quality in
agiven lake (because of hydrol-
ogy, some lakes are more vari-
able than others); length of the
sample period (e.g. spring-fall
vs. summer only); and the de-
sired precision of our estimates.
In general, the more samples col-
lected, the stronger our estimate
of water quality.

Even sampling just once every
three weeks, LMVP is able to
detect much of the variation in
water quality that occurs dur-
ing the sample season (Fig-
ure 2). Revisiting Little Dixie
Lake, which has been part of the
LMVP for nine years, we find
that the maximum measured nu-
trient values are generally twice
the minimum values. On aver-
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age, phosphorus ranges from 40
to 80 pg/L and nitrogen ranges
620 to 1200 pg/L. During some
years the ranges are larger than
this 2-fold range. Chlorophyll
is more variable, with the maxi-
mum value averaging about five
times the minimum (average
range 12.4 to 46.8 ug/L). To ac-
count for the variable nature of
water quality, we need to collect
a sufficient number of samples
to allow for a strong estimate of
average conditions.

By collecting the eight scheduled
samples each season, volunteers
ensure sufficient data points to
allow an accurate estimate of
water quality. We could go into
the statistical explanation of why
more is good, but that would
make for a boring article. Trust
me, more data result in a more
accurate estimate of conditions.
While there is no such thing as
too much data, we find the gains
in accuracy associated with col-
lecting more than eight samples
per year are relatively small.

Continued on Page 3

Figure 2. Comparison of volunteer

and MU phosphorus data from Little

Dixie Lake during 2004.
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YEAR-TO-YEAR VARIATION

Monitoring a lake for one sample
season informs us only about wa-
ter quality for that period. Even if
a large number of samples were
collected and we were confident
about the generated mean values,
one season of data tells us little
about the overall water quality of
alake. Much like the need to col-
lect multiple samples during an
individual season to estimate an-
nual conditions, we need multiple
years of datato allow along-term
estimate of water quality. In Little
Dixie Lake we find that annual
geometric means for phosphorus
range between 44 and 69 pg/L,
nitrogen ranges from 603 to 1159
pg/L, and chlorophyll ranges be-
tween 10.4 and 57.4 pg/L (Table
1). Variation among annual geo-
metric means from the nine years

of sampling is comparable to the
variation observed within most
individual seasons. Differences
among the seasonal geometric
means relate mostly to climate
(e.g. wet versus dry conditions).

How influential is climate on
lake water quality? During sum-
mer 1989, after a long period of
drought, the average phosphorus
concentrationinMark TwainLake
was 18 pg/L . Following an excep-
tionally wet spring, phosphorus
concentrations in this lake during
summer 1990 averaged 163 pg/L.
This example, while going from
one extreme to another, showsthe
obvious influence that climate has
on lake water quality.

Research on Missouri’s lakes in-
dicates that at least four years of
data are needed to begin gener-

44 - 69

Year Phosphorus Nitrogen Chlorophyll
(ngl/L) (ngl/L) (ngl/L)
1999 44 603 10.4
2000 49 700 16.8
2001 50 798 16.9
2002 49 846 17.8
2003 51 690 16.2
2004 60 1159 28.2
2005 53 844 25.4
2006 69 945 57.4
2007 66 1120 37.7

603 - 1159 10.4-57.4

alizing lake water quality, with
more data being better (especially
if the lake in question tends to
be more variable than the aver-
age Missouri lake). Not only are
multiple years of data necessary

to describe general conditions,

but even more data are needed to
identify long-term shifts in water
quality taking place within a giv-
en lake.

To achieve the LMVP's goals of
describing current water quality
of Missouri lakes and monitor for
changesovertime, volunteersneed

to bediligent in collecting enough

samples over the spring-fall peri-
od to allow an accurate estimate
of lake conditions, and lakes must
be monitored for multiple years

to allow long term evaluation. ®

Table 1. Annual geometric mean
values for trophic parameters
monitored in Little Dixie Lake.

Next Newsletter - Spatial Variation
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TIPS TO AVOID THE

Filtering is an essential part of process-
ing LMVP water samples. To ensure
the data are of the highest quality possible
weissue an annual “report card” to our vol-
unteers summarizing the precision of their
filtering technique. The grades, which are
based on the difference between both chlo-
rophyll filters’ values, provide valuable
feedback to volunteers by reinforcing good
techniques and revealing bad techniques.

Usually the difference between the filters is small
and the volunteer gets a good grade. In 2007, for
example, nearly 90% of the paired filters rated ei-
ther “excellent” or “good.” Occasionally, however,
the paired values are very different from one an-
other and a poor grade is given. If you received a
poor grade on your card last year, it isprobably due
to acommon error that is easily correctable.

Here'sareview of some of the common errors that
we see with volunteer processed filters. The same
issues apply to both chlorophyll and suspended
solids filters. While these errors don’t occur fre-
guently, they are common enough to warrant ad-
dressing.

Labeling:

Don’t write on the filter “house” when the filter is
still inside. The pressure from the pencil can dam-
age the filter. If the damage occurs before filtering,
then water and the material we're measuring can
pass through the tiny holes created by the pencil. I
the damage occurs after filtering, the wet filter can
be mangled and pieces of it lost.

Measuring the volume:

Be certain that the correct volume of water passes
through the filter and that the volume is recorded
on both the filter house and the data sheet.

When we see poor replication, we often notice that
one filter will have twice the concentration of chlo-
rophyll found on its duplicate. Thisis probably the
result of accidentally doubling the volume of wa
Continued on Page 5

The TSS and Chlorophyll filters are
protected by the “filter house” both
before and after processing.

Make sure the filter
isn’'t inside the “house”
when you write on it or
you can damage the
filter.

If you tear the filter
after filtering, save all
of the pieces by fold-
ing them inside the
filter.
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ter going through a single filter. This
can happen if avolunteer (or even alab
employee) forgets that they’ve already
filtered the correct volume of water
through the filter and repeats the pro-
cess unnecessarily.

Folding the filter:

When you remove the filter from the
filtering apparatus, be careful that you
don’t tear the filter. Occasionally a
piece of the filter might break off. If
this happens, place the piece inside the
filter before folding.

When folding the filter, be sure that
the stained area is on the inside of the

Five Common
Filtering Issues

* Not folding or folding incorrectly
» Failing to record the volume, date,

site, filter number (TSS)

» Writing on the “filter house” with a

filter inside
* Filtering the wrong volume
» Stapling through the filter

If the filter is folded poorly, ma-
terial can stick to the inside of
the “filter house.”

folded filter. Also, double check that
al of the colored circle on the filter is
enclosed within the fold. This prevents
the material we' re measuring from rub-
bing off and sticking to the inside of
the paper “house” we use to transport
the filter.

To protect the integrity of the LMVP
dataset, we will discard values that
don't replicate well. Poor replica-
tion, while rare, creates holes in the
dataset which represent both a lost
opportunity and wasted effort. By
going slow and being careful, you
can prevent that from happening. ®

TOP NOT FOLDED

Staple the “filter house”
closed, but do not staple
through the filter.

Fold the stained side in-
ward to make sure it is
protected.

Also make sure the
fold is in the center, or
material will be lost in-
side the “house.”

When stapling the “filter
house” closed, the top
should be folded down
to prevent the desiccant
from contaminating
filter.

the

While the large desiccant
particles are easily re-
moved, the smaller desic-
cant particles can be con-
fused with sediment when
the filter is weighed.

The filters are very brittle
when dried and will break
when the staple is removed.





