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Introduction 
 
Recently, the water quality data that Mote Marine Laboratory (MML) has been generating for 
Sarasota County since 1998 was examined to assist in the determination of numeric nutrient 
criteria.  An apparent step trend in the values of total phosphorus was noted and investigated for 
its origin and influence on the overall data set. 
 
The trend was clearly linked to method requirements that were imposed (and then subsequently 
revised) as part of the NELAP (National Environmental Laboratory Accreditation Program) 
requirements for MML to maintain our certification through the Florida Department of Health.  
The following is a summary and assessment of likely impacts on the data.   
 
 
Analytical History 
 
The history of total phosphorus methods used by MML for Sarasota County data is as follows: 
 
February 1998-January 1999 Technicon 329-74W/B 
February 1999-August 2008 EPA 365.4 
September 2008-present EPA 365.4, modified 
 
All three methods are colorimetric autoanalyzer analyses that used samples with an identical 
digestion process.   
 
 
NELAC Certification Requirements 
 
The NELAC program began to affect Florida laboratories in the late 1990’s when NELAC was 
established (1995), adopted their first standards (1997), and first recognized accrediting 
authorities.  FDEP also transferred their oversight of environmental laboratories and Quality 
Assurance Plans to the Florida Department of Health, who had always performed on-site 
laboratory inspections.  Auditor of MML in 1997 was extremely thorough and provided an 
interpretation of the coming NELAC inspections (2001) in which approved methods were to be a 
rigid application of only those listed in 40 CFR Part 136, and only conducted exactly as written.  
Subsequent agency mailings were similar in tone.  For total phosphorus, the listed method 
applicable to MML and the County program was EPA 365.4.  Prior to this time, MML had been 
using the manufacturer’s method for total phosphorus (Technicon 329-74W/B, attached) which 
was applied to digested samples.  The Technicon method was based on an antimony-molybdate 
complex and reduction with ascorbic acid. 
  
In anticipation of NELAP certification and subsequent inspections, MML altered the method for 
total phosphorus to EPA 365.4 (attached) and applied this to Sarasota County samples in 
February 1999 through August 2008.  This method was also based on an antimony-molybdate 
complex reduced with ascorbic acid.  There were also different amounts of sulfuric acid, sodium 
chloride, potassium sulfate, and ammonium molybdate from the prior Technicon method.  The 
same auditor as in 1997 performed MML’s first inspection under the NELAP rules in 2001 and 
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was satisfied with MML’s analytical systems and record-keeping.  Unfortunately, while spike 
recoveries under the Technicon method had been generally satisfactory, recoveries under the 
EPA method were occasionally problematic; samples spiked prior to digestion (Figure 1) would 
sometimes exceed limits, but when the same samples were spiked post-digestion (per Quality 
Assurance Plan/Quality Plan protocols), recoveries fell within the specified limits (Figure 2).  
The higher recoveries were generally associated with the more saline samples but many saline 
samples demonstrated acceptable recoveries of pre-digestion spikes. 
 
In November 2007, EPA issued a memorandum (attached) regarding the ability of laboratories to 
modify Part 136 methods without necessitating a review and specific approval by EPA.  
Specifically, now permitted were “minor changes in reagents used where the underlying reaction 
and principles remain virtually the same.”  Changes in pH, pH adjustment reagents, buffers, 
complexing reagents, etc. were all permissible, but changes were to be allowed only “if the 
modified method produces equivalent performance.” 
 
 
Analytical Impacts 
 
MML learned of EPA’s memorandum in the summer of 2008 and conducted a test series of 
analyses which analyzed Sarasota Bay samples from a range of salinities and sources (various 
bays, Myakka River) by both the EPA 365.4 and a modified 365.4 method.  The modified 
method (attached) was again an antimony-molybdate method reduced with ascorbic acid, and 
again used different amounts of acid, sodium chloride, potassium sulfate, and ammonium 
molybdate.  Differences between sample values tested by the two methods were generally less 
than two times the method detection limit of 0.05 mg/L.  The required precision of duplicate 
analyses (of the same sample using the same method) is set at 13% relative standard deviation or 
three limits of detection, whichever is greater.  A slight concentration dependence was present, 
with freshwater stations (high phosphorus concentrations) somewhat higher by the modified 
method, and saline stations (low concentrations) somewhat lower.  Spike recoveries were much 
improved.  Analytical protocol was changed to the modified method based on the superior spike 
recoveries and the difference between methods of 1-2 limits of detection for individual samples.   
 
The improved spike recoveries for the modified method are shown in data analyzed since 
September 2008.  Pre-digestion spikes (Figure 3) have few instances outside control limits, and 
the few required post-digestion spikes (Figure 4) were also acceptable.  (Note that there were no 
longer any low salinity samples from the Myakka River in the sampling program.).  Between the 
three methods, MML has higher confidence in the data generated with the Technicon and the 
modified EPA methods although all were produced with acceptable quality assurance 
procedures. 
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Figure 1. Pre-digestion spike recovery of total phosphorus analyses using EPA 365.4.  Red 

indicates outside control limits, blue is acceptable or within warning limits. 
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Figure 2. Post-digestion spike recovery of total phosphorus analyses using EPA 365.4.  

Blue is acceptable or within warning limits. 
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Figure 3. Pre-digestion spike recovery of total phosphorus analyses using modified EPA 

365.4.  Red indicates outside control limits, blue is acceptable or within warning 
limits. 
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Figure 4. Post-digestion spike recovery of total phosphorus analyses using modified EPA 

365.4.  Blue is acceptable or within warning limits. 
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Data Trends 
 
Unfortunately, the median total phosphorus levels in the saline bays (as determined by the un-
modified EPA method) were between two to four times the limit of detection or between 0.10 
and 0.20 mg/L (Figure 5).  The resulting step trend of 0.05-0.10 mg/L can be seen in the Sarasota 
Bay (saline) samples both when the EPA method was adopted in early 1999 and when the 
modified EPA method began in late 2008 (Figure 6).  The net change represented a large fraction 
of the values obtained using the unmodified value and was visually apparent. The Myakka River 
samples (Figure 7) show a possible decline with the change between the Technicon and EPA 
method in early 1999, but the change is a smaller fraction of the median sample value and harder 
to detect visually. 
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Figure 5. Median values of total phosphorus by segment using the EPA 365.4 method. Red 

dashed line is method detection limit of 0.05 mg/L. 
 
 
 
Potential Causes  
 
MML spent considerable time trying to identify the cause of the varying response between 
methods.  The sodium chloride content of the analytical stream varied between methods.  In the 
EPA method, when taking into consideration both the differing reagents and pump tube sizes, the 
analytical stream has approximately one-third of the amount of sodium chloride per liter, making 
the analysis perhaps more sensitive more sensitive to varying salt content in samples and to any 
possible salt effects on the chemistry of analysis. While salt in samples may contribute to the 
poor pre-digestion spike recoveries of the EPA method, however, the effect was not constant or 
predictable. 
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Figure 6. Total phosphorus results for Sarasota Bay samples using all three methods, 1998-

2010.  Red dashed line is method detection limit of 0.05 mg/L. 
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Figure 7. Total phosphorus results for Myakka River samples using two methods, 1998-

2007.  Red dashed line is method detection limit of 0.05 mg/L. 
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The un-modified EPA method suffered from an enhanced response factor in the presence of only 
some saline samples, as evidenced by both the slightly higher values for the tested saline samples 
and the excessive spike recoveries.  Regression analyses of the recovery of predigested spikes for 
the un-modified EPA method as a function of other measured parameters (salinity, pH, DO, 
color, turbidity, TKN, chlorophyll, inorganic phosphorus, inorganic N species) indicated no other 
significant explanatory sample variable for enhanced spike recoveries other than salinity.  While 
the relationship with salinity was highly significant (p<0.001), correlations were low (r2=0.179) 
with a standard error of the estimate slightly over three method detection limits.  There was no 
constant offset in the spiked samples that could be attributed to false absorption signals due to 
the optical mixing patterns due to density differences between the fresher sampler wash and the 
more saline samples.   
 
A related explanation for the change in sensitivity between methods has to do with the pH of the 
sample and reagent stream.  The development of the molybdenum blue color resulting from the 
reaction of phosphorus with reagents is very pH sensitive.  The un-modified EPA method has 
approximately one third of the acid per liter as the modified method, making it much less acidic, 
and perhaps more sensitive to any buffering abilities that may vary between samples.  Overall, 
however, the effect remains puzzling in that not all saline samples exhibited excessive spike 
recoveries with the un-modified EPA method.  
 
 
Potential Corrections and Data Uses 
 
The lack of a high correlation between pre-digestion spike recovery and salinity (Figure 1), 
however, makes the use of a regression-based correction factor to ‘transform’ data from the un-
modified EPA method results to the modified EPA method difficult to support and apply.  The 
noise associated with the salinity relationship would result in an uncertainty in the transformed 
data as large as or larger than the observed step trend between analytical methods.  There are 
statistical methods to correct for a step trend due to method changes that should be employed in 
any future trend analyses of Sarasota Bay data.   
 
For data uses such as setting nutrient criteria or evaluating against standards, a bias between 
methods may be present depending on the period of record employed.  It should be emphasized, 
however, that the bias between methods is less than two limits of detection and that all data were 
generated in compliance with MML’s NELAP certificate (2001-present) and in accordance with 
procedures identified within MML’s FDEP/FDOH-approved Quality Manual (1998-present). 
  
 


































































