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2007 Water Quality

I) Data

Print Out #1 presents a listing of the initial data. The variables included were: SITE, REP,
NH4, NO2_3, SRP, TDP, TN, TP, and JULIAN , representing site code, replication number,
ammonia nitrogen, nitrate and nitrite nitrogen, soluble reactive phosphorus, total dissolved
phosphorus, total nitrogen, total phosphorus, and Julian date, respectively.  All values for
nitrogen, phosphorus, and carbon variables are recorded as mg/L.  

Fourteen sites were included: KR1, KR2, KR3, KR4, KR6, KR7, KR9, KR9.1, KR10,
KR11, KR12, KR13, and KR14.  Each site was represented by up to six replications over the
dates of March 23, 2007 to October 3, 2007.  The original data contained 433 observations.

II)  Summary Statistics and Trends for Water Quality Variables

  Mean, variance and the number of observations for the response variables are presented
in Print Out #2.  All computations were carried out separately for each site.   In what follows,
each response variable will be discussed in succession.   Further detailed summary statistics are
provided in Print Out #3.

Ammonia Nitrogen (NH4)

The number of observations over time for ammonia varied from 26 to 42 observations.  
Mean values ranged from 5.04 to 19.19 mg/L.  The larger value was evident in the site KR14 with
lower value found in KR6.  This pattern is evident again when looking at sample variances where
KR14 had a significantly higher variance (266.68) than the rest of the sites.  This may be due to
more extreme values at this site (see Print Out #3).
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Nitrate and Nitrite (NO2_3) 

Observation numbers for NO2_3 varied from 26 to 42.  Mean values were higher than
ammonia and ranged from 95.8  to 141.4 mg/L for sites KR1 and KR14, respectively.  Variances
were relatively higher ranging from 208 to 1313, again at KR1 and KR14, although most sites
had variances which were smaller than 520. 

Soluble Reactive Phosphorus (SRP)

As seen in the other variables, SRP was available in 26 to 42 values across time.  Mean
SRP values ranged from 1.01 to 1.6 mg/L at sites KR7 and KR14, respectively.  Variability for
those sites ranged  from 0.001 to 0.56.  

Total Dissolved Phosphorus (TDP)

The number of observations ranged from 26 to 42.  Mean values were 2.4 to 3.2 mg/L at
sites KR13 and KR1, respectively.  Variance estimates ranged from 0.19 at KR2 to 1.1 at KR6.  

Total Nitrogen (TN)

Sample sizes ranged from 26 to 42 observations for this response variable.  Mean TN
values were 190.4 at KR9 to 217.7 mg/L at KR13.  Levels of variability showed a very wide
range across sites from 542 at KR9.1 to over 14220 at KR14. 

Total Phosphorus (TP)

Like the other responses, the number of observations for the TP variable ranged from 26
to 42.  Means  showed a fair amount of  variability across sites with a low value of 7.4 mg/L at
KR10 to a high value of 42.4 mg/L at KR14.  These differences appeared again in the variance
measures where TP variances  ranged from 3.22 at KR10 to 1584.2 at KR14.  As with other
nutrient variables, this is probably due to extreme values at some sites (see Print Out #3).

Trends Over Time and RKM

Plots of the nutrient variable trends for each site across the sampling periods are given in
Print Out #4.  These plots provide both the mean trend (solid lines) and a vertical bar
representing two standard deviations for each time period or RKM.  In addition, a red reference
line is provided to indicate the Julian date (152) or RKM (254) at which the nutrient addition
treatments were begun in 2007.  The presence of trends varies from site to site as well as among
variables.   For most responses, the variability was high, making definitive trends very difficult to
detect.  Some trends for TP in the nutrient addition sites, KR9 and KR9.1, may be evident over
time (Julian day).   Trends over RKM are more obscure due to variability.

III)  Determination of Sample Sizes 

The formulation for calculating sample size is:



n = (z*s/d)2

where s, d and z are related to the variability, desired precision, and confidence levels,
respectively.  As a means of increasing the number of observations available to estimate the
variability, s, it was necessary to pool the data across sampling periods.  A value of z=1.96 was
assumed to provide a confidence level of 95%.  The desired precision levels, d, were set to
values of 10% of the overall mean where feasible. 

The resulting sample sizes are given in Print Out #5.  This shows a  range of sample sizes
across responses and sites.  Overall, all the responses show reasonable results for the target
sample size of 6 replications.  However, some sample size estimates for certain sites are higher for
the variable TP in site KR1.  This may be due to a higher degree of variability and the respective
sample sizes reflect this (see Print Out #3).  Other combinations also result in relatively higher
sample size estimates ranging from n = 10 to 12.  In such cases, there is an indication of high
variability associated with the responses and, therefore, it is recommend that sample size be kept
at higher levels for that site (KR14).  For the remaining sites, while some sample sizes are
estimated to be small, i.e. 1 or 2, any actual sample sizes used should be kept at the nominal levels
of 6 replicates to ensure that adequate information is available for more advanced statistical
procedures which may be carried out in the future.

Print Out #6 presents a comparison of sample sizes from 2002 to 2007 water quality data. 
For the sites in common across these years, the results are relatively smaller indicating less
variability in the respective responses for 2007.  With the exceptions noted above, it would appear
that the observations taken within each channel were effective in reducing the average variability
allowing the precision level to be maintained at 10% of the response means.

It should be emphasized that for all the calculations shown, the resulting sample size
values are approximate.  Therefore, policy regarding future sampling protocols should not rely on
this information alone.  That said,  SCS would recommend that sample sizes be maintained at a
level between 5 and 10 units (minimum of 5) for each sampling site and time.  This should
provide sufficient levels of information for the continued long term monitoring and analysis of
most water quality responses.

IV)  2002 - 2007  Water Quality Comparisons

Print Out #7 presents overlaying plots of each nutrient versus Julian date or RKM from
2002 through 2007.  As with the plots presented earlier, the red reference line indicates the RKM
at which the 2007 nutrient addition treatment was initiated.  While nutrient trends do differ across
years, some similarity among years is evident.  In addition, certain nutrients (NO2_3, SRP, TP)
show substantially higher levels in 2007, although these trends are evident across all RKM.  This
could be due to annual differences in ecological factors, such as nutrient decomposition/depletion
rate, and physical factors such as temperature and water flow.  Any future analyses utilizing water
quality data should consider these factors. 



V)  Additional Remarks for 2007 Water Quality Data

1)  The 2007 water quality data received by SCS required considerable manipulation and data
management prior to analysis.  If it is anticipated that water quality data received by SCS in the
future will be of the same format, the time to carry out the necessary reformatting of the data
should be taken into consideration. 

2)  The levels of SRP from water quality data of previous years were often below detection limits. 
The data from 2007 showed elevated levels for this and other responses. This pattern was
seemingly unrelated to nutrient addition treatments, however, as they appeared consistently across
the study area.

3)  The river fertilization program was begun in 2005.  Because the procedures for detection of
nutrients and metals are quite sensitive, SCS recommends that any future water quality samples
taken on, or close to, the dates of fertilizer application be carried out with the utmost care to avoid
contamination issues.  Doing so will ensure consistency and reliability in the resulting data.
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