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I. Introduction

This report is an assessment of the SFWMD laboratory analysis and field sampling for Total Phosphorus
(TP) monitoring primarily for the following projects/stations during the 4th quarter of 2002:
� Conservation Area Inflow and Outflows (CAMB)

S12A, S12B, S12C S12D, S333
� Everglades National Park Inflow Monitoring (ENP)

S175, S176, S177, S18C, S332, S332D
� Everglades Protection Area (EVPA)

LOX3 to LOX16
� Non-Everglades Construction Project (NECP)

S334

Since field QCs are collected for trips that include multiple project samples for the stations of interest,
the report may also cover information on stations or project other than those listed above 

The South Florida Water Management District’s Quality Manual requires analysis of laboratory quality
control (QC) samples and the collection and analysis of field QC samples along with routine samples to
assess the data quality. A summary of current QC protocols, data assessment criteria and protocols for
field quality control samples is included in Part II, Section C, Table 4 of this report.

Included also in this report are an analysis of the District’s laboratory’s performance on split or replicate
studies with FDEP and other laboratories and the results of the U.S. Geological Survey Analytical
Evaluation Program for Standard Reference Samples. 

II. Field Sampling Quality Assessment

A. Quality Control
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), field
blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB, FCEB and FB
results for all projects of interest to the TOC. All of the 130 blanks collected except one were within the
acceptance criteria. Table 2 summarizes field precision results.  Field sampling precision was generally
excellent. 

Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using
FDEP data qualifier codes. A comprehensive list of flagged data for all trips that include samples for
CAMB, ENP, EVPA and NECP during this quarter is presented in Table 3.

 



Table 1.  Field and equipment blank results
Type of
Blank

Project # Blanks
collected

% with
value
<0.002

% with
value
0.002-
0.004

% with
value
>0.004

Action Taken

CAMB 9 66.7 33.3 0 N/A
ENP 3 66.7 33.3 0 N/A
EVPA 3 100.0 0 0 N/A

EB

NECP 2 100.0 0 0 N/A
FB CAMB 4 100 0 0 N/A

CAMB 75 85.3 13.3 1.3 Results > 0.004 were qualified with a “V”
ENP 9 100.0 0 0 N/A
EVPA 19 5.3 0 0 N/A

FCEB

NECP 6 100.0 0 0 N/A

Table 2.  Field precision summary
Project
Code

Numbers of pairs Mean % RPD Comments

CAMB 5 7 Precision criteria were met.
ENP 0 N/A N/A
EVPA 2 0 Precision criteria were met.
NECP 2 5 Precision criteria were met.

Notes
1) All TP analyses were conducted by the District’s Chemistry laboratory.
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL.
3) FB, FCEB and EB acceptance criteria: Must be </=2xMDL.
4) Associated samples are flagged when concentrations are less than three times the resulting blank values for possibility of

contamination.

Table 3.  List of flagged data
Project Date

Collected
Station Type Flag Code Comments

1-Oct-02 S140 SAMP J3 Possible Sample Contamination
10-Oct-02 S39 SAMP Y Improper Preservation
10-Oct-02 S39 SAMP Y Improper Preservation
25-Nov-02 S11A SAMP V Sample Associated with Positive FCEB
25-Nov-02 S145 SAMP V Sample Associated with Positive FCEB

CAMB

25-Nov-02 S145 SAMP V FCEB >2XMDL

B. Field Audits

The CAMB project sample collection team was audited this quarter. The overall auditor’s assessment
was satisfactory.  There were some deficiencies noted during the audit that dealt with minor errors in
documentation.  Also, two recommendations intended to enhance the process were listed.
The response to the audit was satisfactory concerning all items.



Summary of Audit Corrective (CA) and recommendations (R)

� (CA) Identify each trip as W, BW, and Q for Weekly, Biweekly, Quarterly respectively.
� (CA) List all responsibilities of sample collection personnel in the field notes.
� (CA) If there is more than one page for a sampling event, the "continued on" and "Continued from"

blanks should be completed on each page.
� (CA) List visitors or other personnel at the site in the field notes.
� (CA) Note location where calibration and continuing calibration verification took place.
� (R) Whenever possible, one person should collect all three replicates.  Apply the same level of

mixing among replicates to help ensure that we are obtaining true sampling replicates.
� (R) For proper tracking purposes, place temperature reading in the "Adj." column only if the reading

is for the monthly check of the thermistor and the reading is from the NIST Traceable thermometer.

C. Current Field QA/QC and Data Assessment Protocols

The criteria presented in Table 4 are those used by the SFWMD QA unit in assessing the quality and
acceptability of data for all monitoring projects.

Table 4. Current field QC protocols, data assessment criteria and protocols for field quality control
samples.
FQC As of 3/01/02

Requirement Laboratory cleaning monthly check for re-usable containers and equipment. For A/S: test for
NH3 and OPO4. 
Field: Collect one pre-cleaned EB per quarter.

Lab/pre-
Cleaned EB
(EB)

Corrective
Action

Flag EB if >2x MDL.  Flag affected samples only if the problem is evident and consistent.
Troubleshoot laboratory or off-site cleaning procedures. 

Requirement Collect at least one FCEB per trip.Field
Cleaned EB
(FCEB)

Corrective
Action

Flag FCEB if >2X MDL. Flag all affected samples (samples with concentration <3x FCEB
value). Troubleshoot field-cleaning procedures.

Requirement Optional, on as needed basis.Field Blank
(FB) Corrective

Action
Troubleshoot accordingly.

Requirement Collect quarterly for selected projects only.  Two SS per site from 4 sites per selected
project. The routine samples are sent to routine lab while the other two sets are sent to two
other laboratories.

Split Sample
(SS)

Corrective
Action

Provide feedback to the affected lab and initiate troubleshooting or other corrective action
with that lab. New RPD or RSD criteria: 20%.

Requirement Collect for each project quarterly, and during training of field staff. Replicate
Sample (RS)

Corrective
Action

Verify if this is lab or field deficiency. Provide feedback to the affected group and initiate
troubleshooting or other corrective action, if necessary. New RPD or RSD criteria: 20%  @
> PQL.

Requirement Optional based on program requirements.Field
Duplicate
(FD)

Corrective
Action

Troubleshoot accordingly.



III. Laboratory Quality Control Assessment
Routine laboratory QC samples include QC checks, matrix spikes and precision checks.
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the TP
analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes recoveries is also
included.  A portion of or an entire analytical run is generally rejected if QC recoveries are outside the
set limits.  Data is flagged accordingly if any deficiency is noted and the samples have exceeded the
required holding times and can not be reanalyzed.

Except for QC5, recoveries for the QC samples are generally within + 10% from the true value, which
are acceptable.  QC5, with a true value of 0.004 mg/L, is less than the practical quantitation limit.  A
wider performance range can be expected at this level, 76 – 126% with a mean of 100.8%.

An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.
Recoveries for this check sample are between 96.7 – 102.4%, indicating that the digestion process was
effective.  The same material is used to prepare matrix spikes, the mean recovery for which was 98.2%.

The precision target for TP analysis during this period was 5.0% and as the report shows, mean %RPD
was 0.9% and 0.6% for low (0.04 to 0.2 mg/L) and high level (0.2-2.0 mg/L) analyses, respectively.
The maximum RPD during this period were 3.8% and 2.2% for low & high levels, respectively.
There was no data available in the 0 to 0.04 mg/L range thus no evaluation.  Laboratory and split sample
field collection precision at the low range was evaluated using split data from the Cape Sable Seaside
Sparrow project.  See figures 7, 8 and 9.

The method detection limit for Total Phosphorous is now 2 ppb instead of the previous 4 ppb level.

A. Split and Replicate Studies
To continually assess comparability of results, the District sends split samples to other laboratories. This
includes a special quarterly split study for samples collected from the Loxahatchee National Refuge site
(EVPA Project), with the Florida Department of Environmental Protection’s laboratory
The result of the latest split study is presented in Table 5.  Both laboratories obtained acceptable blank
(FCEB) results.  All results pairs met the field precision criteria.  The District’s laboratory also
participates in other split studies throughout the year. An analysis of District’s laboratory TP results on
the Cape Sable Seaside Sparrow split studies as compared to FDEP, is presented in Figures 7, 8 and 9.
Results were compared at ranges where sufficient data was available. The R2 values ranged from 0.67 to
0.99 based on range, having good correlation at the lowest range (0-20 ppb) and the best correlation at
the highest level (50-200 ppb) as expected. 

Table 5.  Results of TP split study between SFWMD and FDEP laboratories, 12/16/02.
FDEP SFWMD (SFWMD-

FDEP)
Station Sampling

Date
Type

mg/L

% RPD Comments

LOX4 12/16/02 FCEB <0.004 <0.002 N/A N/A <PQL
S5AD 12/16/02 SS 0.23 0.206 -0.024 11.0 < 20% RPD
LOX3 12/16/02 SS 0.009 0.007 -0.002 25.0 <PQL
LOX5 12/16/02 SS 0.008 0.006 -0.002 28.6 <PQL
LOX6 12/17/02 SS 0.006 0.006 0.000 0 <PQL
LOX11 12/17/02 SS 0.008 0.007 -0.001 13.3 <PQL
LOX13 12/17/02 SS 0.008 0.007 -0.001 13.3 <PQL



% Recovery Organic Check MEAN 99.6 % Recovery QC1 MEAN 98.8
MAX 101.7 MAX 101.3
MIN 97.7 MIN 96.7

% Recovery QC2 MEAN 99.6 % Recovery QC3 MEAN 98.8
MAX 102 MAX 104
MIN 96.8 MIN 92
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Fig.  1 TP QC1 Recovery 
(TV=0.15 mg/L)
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Fig.  2

TP QC2 Recovery 
(TV=1.5 mg/L)
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Fig.  3 TP QC3 Recovery 
(TV=0.025 mg/L)
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% Recovery QC4 MEAN 99.3 % Recovery QC5 MEAN 100.8
MAX 101.2 MAX 125.0
MIN 96.0 MIN 75.0

Low Level (0.04-0.2) High Level (0.2-2)
Min 68.2

Max 3.8 Max 2.2 Max 109
Mean 0.9 Mean 0.6 Mean 98.2
Std Dev 0.87 Std Dev 0.47 Std Dev 6.06
3xSD 2.62 3xSD 1.42 3xSD 18.19
UCL 3.5 UCL 2.0 LCL 80.0
n 224 n 71 UCL 116.3

n 254

TP Precision Data
10/1/02-12/31/02

Acceptance Limit = <5.0%

TP Spike Recovery Data
10/1/02-12/31/02

Acceptance Limit = 90-110%

TP QC4 Recovery 
(TV=0.25 mg/L)
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Fig.  5 TP QC5 Recovery 
(TV=0.004 mg/L)
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Split Samples  Cape Sable Seaside Sparrow 
FDEP vs SFWMD (0-20 ppb range)
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Split Samples  Cape Sable Seaside Sparrow 
FDEP vs SFWMD (50-200 ppb range)
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Split Samples  Cape Sable Seaside Sparrow 
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B. U.S. Geological Survey Analytical Evaluation Program for Standard Reference Samples
(USGS SRS Study)

The District’s laboratory participates in the USGS SRS Study on environmental samples semi-annually
on a voluntary basis. The Laboratory uses the study to monitor laboratory performance. 
Statistical analysis of results is conducted by the USGS, upon which laboratory results are based and
performance is rated on a scale 0 to 4.  

Rating Absolute Z-value (Rating based on)
4(Excellent) 0.00 to 0.50  
3(Good) 0.51 to 1.00
2(Satisfactory) 1.01 to 1.50
1(Marginal) 1.51 to 2.00
0(Unsatisfactory) >2.01?

The result of the September - October 2002 study is presented in Table 6. 

Table 6.  USGS SRS Study for TP, September - October 2002 
Sample Reported

Value, mg/L
Most Probable 
Value, mg/L

%R Rating Z-Value

M-164 0.248 0.249 99.6 4(Excellent) -0.05   
N-75 0.125 0.128 97.6 4(Excellent) -0.34
N-76 0.944 0.958 98.5 4(Excellent) -0.29 
M-164=major constituents; N-75, N-76=Nutrient constituents.
 
C. SFWMD Performance Evaluation (PE) October 2002 Study 

This performance evaluation program is coordinated by the District’s Quality Assurance Section. A set
of samples consisting of a blank, quality control solution, and freshwater field samples is sent to
different laboratories, primarily those that are under contract to the District. There were eighteen
laboratories that participated in the Fall 2002 study. Samples are sent blind (unknown) to all the
laboratories, including the District’s laboratory.

Results of the District laboratory are presented in Table 7. The District’s results were highly comparable
with the median and the QC true value. 

Table 7. SFWMD laboratory results in the Fall 2002 SFWMD PE study
Lab Blank QC

 (0.030
mg/L P)

Field
Sample 1

Field
Sample 2

Spiked Field
Sample 2

Sample 1
Duplicate

mg/L
Median (n=13) 0.030 0.108 0.026 0.055 0.108
SFWMD <0.002 0.030 0.105 0.024 0.052 0.105



Glossary

Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling
equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory decontamination (LCEB)
or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness of the decontamination process.

Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through
all sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the
decontamination process.

Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection,
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of
environmental contamination on site.

Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for
SS are compared with routine sample results; agreement between these two results is mostly an indication of laboratory
precision.

Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling
equipment.  RS data are compared to routine sample to evaluate sampling precision.

Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and
field sampling period.

Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or
“true” value are used to test for the accuracy of a measurement system.

Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported
with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a
sample in a given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified
level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA.

Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the
procedure used to determine the MDL, or can be assumed to be 4 times the MDL.

Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.  
It is calculated as: %RSD = [Std. Deviation/Mean]*100

Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD =
[Value1-Value2]/Mean  * 100.
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I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total Phosphorus 
(TP) monitoring primarily for the following projects/stations during the 1st quarter of 2003: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)        
S334 
 

Since field QCs are collected for trips that include multiple project samples for the stations of interest, 
the report may also cover information on stations or project other than those listed above.  
 
The South Florida Water Management District’s Quality Manual requires analysis of laboratory quality 
control (QC) samples and the collection and analysis of field QC samples along with routine samples to 
assess the data quality. A summary of current QC protocols, data assessment criteria and protocols for 
field quality control samples is included in Part II, Section C, Table 4 of this report. 
 
Included also in this report are an analysis of the District’s laboratory’s performance on split or replicate 
studies with FDEP and other laboratories and the results of the U.S. Geological Survey Analytical 
Evaluation Program for Standard Reference Samples.  
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), field 
blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB, FCEB and FB 
results for all projects of interest to the TOC. All of the 131 blanks collected except for six were within 
the acceptance criteria. Table 2 summarizes field precision results.  Field sampling precision was 
generally excellent.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using 
FDEP data qualifier codes. A comprehensive list of flagged data for all trips that include samples for 
CAMB, ENP, EVPA and NECP during this quarter is presented in Table 3. 
 
  
 



Table 1.  Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

% with 
value 
<0.002 

% with  
value  
0.002-0.004 

% with 
value 
>0.004 

Action Taken 

CAMB 9 78 22 0 N/A 
ENP 3 100 0 0 N/A 
EVPA 3 100 0 0 N/A 

EB 

NECP 2 100 0 0 N/A 
FB CAMB 3 100 0 0 N/A 

CAMB 75 76 16 8 Results > 0.004 were qualified with a “V” 
ENP 12 92 8 0 N/A 
EVPA 19 100 0 0 N/A 

FCEB 

NECP 5 60 40 0 N/A 
 
 
Table 2.  Field precision summary 
Project 
Code 

Numbers of pairs Mean % RPD Comments 

CAMB 5 7 Precision criteria were met. 
ENP 0 N/A N/A 
EVPA 3 4 Precision criteria were met. 
NECP 2 13 Precision criteria were met. 
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be </=2xMDL. 
4) Associated samples are flagged when concentrations are less than three times the resulting blank values for possibility of 

contamination. 
 
Table 3.  List of flagged data 

Project 
Date 
Collected Station Type 

Flag 
Code Comments 

CAMB 1/8/2003 G136 SS        J3 FAILED QC CRITERIA 
CAMB 1/8/2003 S5AU SAMP      J5 A/S NOT FLOW PROPORTIONAL. 
CAMB 1/8/2003 S5AU SAMP      J5 A/S NOT FLOW PROPORTIONAL. 
CAMB 1/8/2003 S7 SAMP     V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 
CAMB 1/8/2003 S150 FCEB      V FCEB > 2 X MDL 
CAMB 1/8/2003 S150 SAMP      V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 
CAMB 1/8/2003 G123 SAMP      V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 
CAMB 1/8/2003 G123 SAMP      V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 
CAMB 1/8/2003 S9 SAMP      V SAMPLE ASSOCIATED WITH POSITIVE  FCEB. 
CAMB 1/8/2003 S9 FCEB      V FCEB > 2 X MDL 
CAMB 1/8/2003 S151 FCEB      V FCEB > 2 X MDL 
CAMB 1/8/2003 S9 SAMP      V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 
CAMB 1/8/2003 S150 FCEB      V FCEB > 2 X MDL 
CAMB 1/8/2003 G123 FCEB      V FCEB > 2 X MDL. 
CAMB 1/8/2003 S9 FCEB      V FCEB > 2 X MDL 
NECP 1/8/2003 S9A SAMP      V SAMPLE ASSOCIATED WITH POSITIVE  FCEB. 
NECP 1/8/2003 S9A SAMP      V SAMPLE ASSOCIATED WITH POSITIVE FCEB. 

 
 



B. Field Audits 
 
There was one audit performed for the CAMB and NECP projects during the first quarter of 2003.  This 
collection is done by Broward County Department of Planning and Environmental Protection (DPEP). 
There was one recommendation and one corrective action concerning their documentation process.  The 
recommendations and corrective actions were communicated verbally at the time of the audit during the 
exit conference and will be addressed with the next sampling event.  The formal written response to the 
audit report is in process. 
 
Summary of Audit Corrective (CA) and Recommendations (R) for CAMB and NECP Surface Water 
sample collection (2/25/03) 
 
● (R) Whenever possible, corrections should be made by someone who participated in the sampling 
event. If not possible, provide a reason for corrections. 
● (CA) Note the location where calibration and continuing calibration verification took place in the 
calibration documentation (DEP SOP FT1000 Section 4.2.2). 
● (CA) NIST-traceable thermometer used to check the calibration of the field instruments must have 
scale marks for every 0.1°C increment (DEP SOP FT1400 Section 1.2). 
 
 
C. Current Field QA/QC and Data Assessment Protocols 
 
The criteria presented in Table 4 are those used by the SFWMD QA unit in assessing the quality and 
acceptability of data for all monitoring projects. 
 
Table 4. Current field QC protocols, data assessment criteria and protocols for field quality control 
samples. 
FQC  As of 3/01/02 

Requirement Laboratory cleaning monthly check for re-usable containers and equipment. For A/S: 
test for NH3 and OPO4.  
Field: Collect one pre-cleaned EB per quarter. 

Lab/pre-
Cleaned EB 
(EB) 

Corrective Action Flag EB if >2x MDL.  Flag affected samples only if the problem is evident and 
consistent. Troubleshoot laboratory or off-site cleaning procedures.  

Requirement Collect at least one FCEB per trip. Field 
Cleaned EB 
(FCEB) 

Corrective Action Flag FCEB if >2X MDL. Flag all affected samples (samples with concentration <3x 
FCEB value). Troubleshoot field-cleaning procedures. 

Requirement Optional, on as needed basis. Field Blank 
(FB) Corrective Action Troubleshoot accordingly. 

Requirement 
 

Collect quarterly for selected projects only.  Two SS per site from 4 sites per selected 
project. The routine samples are sent to routine lab while the other two sets are sent to 
two other laboratories. 

Split Sample 
(SS) 

Corrective Action Provide feedback to the affected lab and initiate troubleshooting or other corrective 
action with that lab. New RPD or RSD criteria: 20%. 

Requirement Collect for each project quarterly, and during training of field staff.  Replicate 
Sample (RS) 

Corrective Action Verify if this is lab or field deficiency. Provide feedback to the affected group and 
initiate troubleshooting or other corrective action, if necessary. New RPD or RSD 
criteria: 20% @ > PQL. 

Requirement Optional based on program requirements. Field 
Duplicate 
(FD) 

Corrective Action Troubleshoot accordingly. 

 



III. Laboratory Quality Control Assessment 
Routine laboratory QC samples include QC checks, matrix spikes and precision checks. 
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the TP 
analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes recoveries is also 
included.  A portion of or an entire analytical run is generally rejected if QC recoveries are outside the 
set limits.  Data is flagged accordingly if any deficiency is noted and the samples have exceeded the 
required holding times and can not be reanalyzed. 
 
Except for QC5, recoveries for the QC samples are generally within + 10% from the true value, which 
are acceptable.  QC5, with a true value of 0.004 mg/L, is less than the practical quantitation limit.  A 
wider performance range can be expected at this level, 75 – 125% with a mean of 101.8%. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  
Recoveries for this check sample are between 98 – 102%, indicating that the digestion process was 
effective.  The same material is used to prepare matrix spikes, the mean recovery for which was 99.1%. 
 
The precision target for TP analysis during this period was 10.0% and as the report shows, mean %RPD 
was 1% and 0.8% for low (0.03 to 0.2 mg/L) and high level (0.2-2.0 mg/L) analyses, respectively.  The 
maximum RPD during this period were 3.6% and 2.1% for low & high levels, respectively. 
There was no data available in the 0 to 0.03 mg/L range thus no evaluation.  Laboratory and split sample 
field collection precision at the low range was evaluated using split data from the Cape Sable Seaside 
Sparrow project.  See figures 7, 8 and 9. 
 
A. Split and Replicate Studies 
To continually assess comparability of results, the District sends split samples to other laboratories. This 
includes a special quarterly split study for samples collected from the Loxahatchee National Refuge site 
(EVPA Project), with the Florida Department of Environmental Protection’s laboratory 
The result of the latest split study is presented in Table 5.  Both laboratories obtained acceptable blank 
(EB) results.  All results pairs met the field precision criteria.  The District’s laboratory also participates 
in other split studies throughout the year. An analysis of District’s laboratory TP results on the Cape 
Sable Seaside Sparrow split studies as compared to FDEP, is presented in Figures 7, 8 and 9. Results 
were compared at ranges where sufficient data was available. The R2 values ranged from 0.67 to 0.99 
based on range, having good correlation at the lowest range (0-20 ppb) and the best correlation at the 
highest level (50-200 ppb) as expected.  A Mann-Whitney Test was used to compare the data sets at the 
different ranges.  The null hypothesis was not rejected. The data does not support the hypothesis that 
there is a difference between the two populations. A Paired t-test of the differences was performed 
disproving the null hypothesis at the 0-20 ppb range, but not by practical levels. 
 
Table 5.  Results of TP split study between SFWMD and FDEP laboratories, EVPA Project, 3/10/03 

Station Date 
Collected 

Sample Type   TPO4 Results (mg/L) 
Difference 
(SFWMD-

FDEP) 
% RPD Comments 

    SFWMD FDEP SFWMD FDEP       
S5AD 3/10/03 EB EB <0.002 <0.004 0.000 0.0 <PQL  
S5AD 3/10/03 SS SS 0.116 0.13 -0.014 11.4   
LOX8 3/10/03 SS SS 0.008 0.010 -0.002 22.2 <PQL  
LOX7 3/10/03 SS SS 0.008 0.011 -0.003 31.6 <PQL   

LOX11 3/11/03 SS SS 0.008 0.010 -0.002 22.2 <PQL  
LOX13 3/11/03 SS SS 0.008 0.010 -0.002 22.2 <PQL  
LOX14 3/11/03 SS SS 0.009 0.010 -0.001 10.5 <PQL  
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B. U.S. Geological Survey Analytical Evaluation Program for Standard Reference Samples 
(USGS SRS Study) 
 
The District’s laboratory participates in the USGS SRS Study on environmental samples semi-annually 
on a voluntary basis. The Laboratory uses the study to monitor laboratory performance.  
Statistical analysis of results is conducted by the USGS, upon which laboratory results are based and 
performance is rated on a scale 0 to 4.   
 

Rating   Absolute Z-value (Rating based on) 
4 (Excellent)  0.00 to 0.50   
3 (Good)  0.51 to 1.00 
2 (Satisfactory) 1.01 to 1.50 
1 (Marginal) 1.51 to 2.00 
0 (Unsatisfactory) >2.01? 

 
The result of March 2003 study is presented in Table 6.  
 
Table 6. USGS SRS Study for TP, March 2003  
Sample Reported 

Value, mg/L 
Most Probable  
Value, mg/L 

%R Rating Z-Value  

M-166 0.057 0.056 1.02 4  (Excellent)  0.11  
N-77 0.069 0.065 1.06 3  (Good) 0.83 
N-78 0.634 0.640 0.99 4  (Excellent) -0.19 
M-166=major constituents; N-77, N-78=Nutrient constituents. 
  
C. FDEP Everglades Total Phosphorus Round Robin Study 
 
A copy of the Everglades Round Robin 13 study results showing the District’s Laboratory performance, 
as compared with the other participating laboratories is also provided in this report.  A general 
evaluation of the study indicates that the District’s results, at all levels, were at or around the central 
tendency and that analytical precision was excellent. Statistical analysis of this study is being done by 
FDEP consultant. 
 
 



 
Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory decontamination (LCEB) 
or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through 
all sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the 
decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for 
SS are compared with routine sample results; agreement between these two results is mostly an indication of laboratory 
precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is 
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and 
field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or 
“true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported 
with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a 
sample in a given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified 
level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the 
procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD = 
[Value1-Value2]/Mean  * 100. 
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 Quality Assessment Report for Water Quality Monitoring 
April – June 2004 

 
 
I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total 
Phosphorus (TP) monitoring primarily for the following projects/stations during the 2nd quarter 
of 2004: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)      
  
S334 
 

Since field QCs are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or projects other than those listed 
above.  
 
The District’s Field Sampling Quality Manual states the minimum requirements to be followed 
in field sample collection. The Laboratory Quality Manual states the minimum requirements to 
be followed in laboratory sample preparation and analysis, as well as in data verification and 
validation. The results of laboratory and field quality control during this quarter are presented in 
Sections II and III of this report. 
 
Included in this report is an analysis of the District laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, i.e. EVPA, C111, 
and Everglades TP Round Robins, for a one year period.  Results of other Performance Testing 
studies including the National Water Research Institute, Environmental Canada, and the National 
Proficiency Testing for laboratory certification are also included in this report 
 
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), 
field blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB, FCEB 
and FB results for all projects of interest to the TOC. Of the 131 blanks collected, only one was 
outside the acceptance criteria. Table 2 summarizes field precision results.  Field sampling 
precision was acceptable.  
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Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged 
using FDEP data qualifier codes. A comprehensive list of flagged data for all trips that include 
samples for CAMB, ENP, EVPA and NECP during this quarter is presented in Table 3. 
 
 
 Table 1.  Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

% ≤0.002 % >0.002 Action Taken 

CAMB 8 100 0  
ENP 1 100 0  
EVPA 4 100 0  

EB 

NECP 1 100 0  
CAMB 5 100 0  FB 
ENP 1 100 0  
CAMB 82 99 1 blank was flagged, no samples affected 
ENP 15 100 0  
EVPA 8 100 0  

FCEB 

NECP 6 100 0  
 
 
Table 2.  Field precision summary 
Project 
Code 

Numbers of  
triplicates 

Mean % RPD Comments 

CAMB 2 2.7 Precision criteria were met. 
ENP 1 10.2 Precision criteria were met 
EVPA 3 4.4 Precision criteria were met. 
NECP 2 9.7 Precision criteria were met. 
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for 

possibility of contamination. 
 
 
Table 3.  List of flagged data  

Project Date Collected Station Type 
 Flag 

Code Comments 
CAMB 22-Jul-2004 G123 FCEB  V FCEB>MDL 

ENP 1-Jun-2004 TAMBR105 SAMP 
 

J5 
Sample collected at surface, Depth 
0.0 m 
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Table 4  Samples not collected (Missing TPO4 results) 

Project 
Date 
Collected Station Type Comments 

ENP 5-May-2004 S177 SAMP Gates closed, no flow, no samples collected 
ENP 7-Apr-2004 S18C SAMP Gates closed, no flow, no samples collected 
EVPA 19-Apr-2004 LOX3 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX3 SAMP Tdepth <0.1 m 
EVPA 19-Apr-2004 LOX4 SAMP Tdepth <0.1 m 
EVPA 17-May-2004 LOX4 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX4 SAMP Tdepth <0.1 m 
EVPA 19-Apr-2004 LOX5 SAMP Tdepth <0.1 m 
EVPA 17-May-2004 LOX5 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX5 SAMP Tdepth <0.1 m 
EVPA 18-May-2004 LOX6 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX6 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX7 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX8 SAMP Tdepth <0.1 m 
EVPA 19-Apr-2004 LOX9 SAMP Tdepth <0.1 m 
EVPA 17-May-2004 LOX9 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX9 SAMP Tdepth <0.1 m 
EVPA 19-Apr-2004 LOX10 SAMP Tdepth <0.1 m 
EVPA 17-May-2004 LOX10 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX10 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX11 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX13 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX14 SAMP Tdepth <0.1 m 
EVPA 14-Jun-2004 LOX16 SAMP Tdepth <0.1 m 
ENP 21-Apr-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 28-Apr-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 5-May-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 12-May-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 19-May-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 26-May-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 2-Jun-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 9-Jun-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 16-Jun-2004 S18C SAMP Gate  closed, no flow, no sample collected 
ENP 23-Jun-2004 S18C SAMP Autosampler re-started 
ENP 30-Jun-2004 S18C SAMP No sample collected by auto-sampler 
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B. Field Audits 
An audit of sample collection by Broward Department of Planning and Environmental Protection 
(DPEP) Environmental Monitoring Division for CAMB and NECP projects was conducted on 
6/22/2004. The following is a summary of findings for this audit. Responses received were 
satisfactory to correct the deficiencies. 
. 

1. Broward DPEP did not have a signed field quality manual. This is a Florida DEP 
requirement under Chapter 62-160, Florida Administrative Code. As a corrective action, 
Broward DPEP was required to provide a copy of a signed field QM.  

2. The calibration report did not include the true value of the standard used for calibration. 
Broward DPEP was required to submit a corrected calibration report for the audited 
sampling event.  As a long term corrective action DPEP was required to write the 
standard concentrations used for calibration on the calibration report.  

3. There was no clear link as to which reagent used for calibration for each sampling event. 
As a corrective action, DPEP was required to provide a clear link of the calibration 
information associated with the specific field testing event.  

4. There was no documentation on the chemical used to prepare conductivity calibration 
standard. DPEP was required to document the source of standards or reagents that are 
formulated in-house and used on the field testing event for these projects. 

5. The grab sampling equipment was not rinsed with the site water at the first site. As a 
corrective action, DPEP was required to rinse the grab sampling equipment at least once 
with the site water prior to collection of actual sample. 

6. The grab sampling equipment was rinsed with analyte-free water multiple times prior to 
collection of FCEB, which is not the same protocol followed when rinsing for sample 
collection between sites. Since the FCEB is suppose to assess the effectiveness of 
cleaning between sampling sites, it was recommended that the sampling equipment be 
cleaned the same way between each sampling effort and before collection of the FCEB. 

7. The grab sampling equipment was not rinsed with ample amounts of analyte-free water 
immediately after completing collection at each site. It was recommended that the 
sampling equipment be rinsed twice with ample amounts of analyte-free water 
immediately after collecting the sample from each site. 

 
 
III. Laboratory Quality Control Assessment 
 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the 
TP analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes 
recoveries is also included.  A portion of or an entire analytical run is generally rejected if QC 
recoveries are outside the set limits.  Data is flagged accordingly if any deficiency is noted and 
the samples have exceeded the required holding times and can not be reanalyzed. 
 
Recoveries for the QC samples are generally within + 10% from the true value, which are 
acceptable.  The PQL check (QC5), with a true value of 0.004 mg/L, had a mean recovery of 
100.9%.  The PQL check daily results indicate the laboratory consistently achieved the 0.002 
mg/L MDL.  An organic check is a solution prepared from phytic acid, a stable form of organic 
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phosphate.  Recoveries for this check sample are between 97.2 – 100.4%, indicating that the 
digestion process was effective.  The same material is used to prepare matrix spikes, the mean 
recovery for which was 100.5% 
  
The precision target for TP analysis during this period was 10.0%, and as the report shows, mean 
%RPD was 1.6% and 1.3% for low (0 to 0.200 mg/L) and high level (0.2-2.0 mg/L) analyses, 
respectively.  The maximum RPD during this period were 7.1% and 3.8% for low and high 
levels, respectively. 
 



TP Organic Check Recovery 
(TV=1.8 mg/L)
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TP QC1 Recovery 
(TV=0.15 mg/L)
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Mean=99.1%, Min=97.2%, Max=100.4% Mean=99.3%, Min=96%, Max=103.3% 
 

TP QC2 Recovery 
(TV=1.5 mg/L)
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TP QC3 Recovery 
(TV=0.025 mg/L)
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Mean=99.3%, Min=98.1%, Max=101.7% Mean=98.2%, Min=92%, Max=108% 
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TP QC4 Recovery 
(TV=0.25 mg/L)
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TP MDL Check   
(TV=0.004 mg/L)
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Mean=99.4%, Min=96.8%, Max=102.4% Mean=100.9%, Min=75%, Max=125% 
 
           
 TP Precision Data   TP Spike Recovery Data 
 4/1/04-6/30/04   4/1/04-6/30/04 
 Acceptance Limit = <10%   Acceptance Limit = 90-110% 
 Low Level (0-0.2) High Level (0.2-2)          
            Min 92.8   
 Max 7.1 Max 3.8    Max 107   
 Mean 1.6 Mean 1.3    Mean 100.5   
 Std Dev 1.35 Std Dev 1.02    Std Dev 2.80   
 3xSD 4.05 3xSD 3.05    3xSD 8.40   
 UCL 5.6 UCL 4.4    LCL 92.1   
 n 190 n 23    UCL 108.9   
            n 215   



IV. Inter-Laboratory Quality Control Assessment 
 
A. Split Studies 
To continually assess comparability of results, the District sends split samples to other laboratories on a 
routine basis. Data from split studies between DEP and SFWMD laboratories from April 2003 to June 
2004 for the following programs were used in this analysis: EVPA Quarterly Splits (EVPA), Everglades 
TP Round Robin (ERR), and S332 sites (C111) (Table 5).  Regression analysis of the data set was done 
separately for TP> 0.020 mg/L and for TP<0.020 mg/L.  Logarithmic transformation was needed for 
TP>0.020 mg/L, due to skewed data distribution. Logarithmic transformation was not needed for 
TP<0.020 mg/L due the fact that distribution at that concentration range is approximately normal. Both 
regression analyses indicate that the slope is not significantly different from 1 and intercept is not 
significantly different from 0, indicating that both data are highly comparable (Figures 7 and 8). 
 
A paired t-test and Wilcoxon rank-sum test was also done for data that are <0.02 mg/L.  These analyses 
indicate that there is no significant difference (ρ=0.10) between the DEP and SFWMD TP data. 
 
These statistical analyses and findings were consistent with what was in FDEP Data Comparability 
Report (Nearhoff, presentation to TOC, 8/26/04). 
 
 

 
 
Fig. 7. Regression Analysis for TP>0.020 mg/L 
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Fig. 8. Regression Analysis for TP <0.020 mg/L 
 
 
Table 5.  Results of TP split studies between SFWMD and FDEP laboratories, EVPA Project, March 

2003 to June 2004 
 
Sample Date SFWMD FDEP % RPD/Comments 
S332B-041503-1000 15-Apr-03 0.009 0.012 29 
S332C-041503-1200 15-Apr-03 0.008 0.009 12 
S332DDZE-041503-1400 15-Apr-03 0.004 0.005 <PQL 
S332B-052703-0935 27-May-03 0.007 0.009 <PQL 
S332C-052703-1130 27-May-03 0.007 0.008 <PQL 
S332DDZE-052703-1430 27-May-03 0.004 0.005 <PQL 
S332BWeir-062403-1100 9-Jun-03 0.010 0.011 9.5 
S332DDZE-062403-1600 24-Jun-03 0.005 <0.004 <PQL 
S332B-072203-1000 22-Jul-03 0.007 0.005 <PQL 
S332C-072203-1200 22-Jul-03 0.006 0.004 <PQL 
S332DDZE-072203-1500 22-Jul-03 0.003 <0.004 <PQL 
S332B-081903-1345 19-Aug-03 0.004 0.005 <PQL 
S332C-081903-1100 19-Aug-03 0.004 <0.004 <PQL 
S332DDZE-081903-0830 19-Aug-03 0.005 0.005 <PQL 
S332B-093003-1200 30-Sep-03 0.004 0.005 <PQL 
S332C-093003-1030 30-Sep-03 0.006 0.005 <PQL 
S332DDZE-093003-0800 30-Sep-03 0.004 <0.004 <PQL 
S339-093003-0000 30-Sep-03 0.052 0.055 5.6 
S339-093003-0800 30-Sep-03 0.087 0.091 4.5 
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Table 5. (continued) 
Sample Date SFWMD FDEP % RPD/Comments 
S339-093003-1600 30-Sep-03 0.105 0.110 4.6 
ERR-14 1-Oct-03 0.055 0.057 3.6 
ERR-14 1-Oct-03 0.055 0.055 0 
ERR-14 1-Oct-03 0.054 0.055 1.8 
ERR-14 1-Oct-03 0.055 0.056 1.8 
ERR-14 1-Oct-03 0.164 0.170 3.6 
ERR-14 1-Oct-03 0.162 0.175 7.7 
ERR-14 1-Oct-03 0.163 0.167 2.4 
ERR-14 1-Oct-03 0.164 0.171 4.1 
ERR-14 1-Oct-03 0.005 0.007 <PQL 
ERR-14 1-Oct-03 0.005 0.006 <PQL 
ERR-14 1-Oct-03 0.005 0.006 <PQL 
ERR-14 1-Oct-03 0.037 0.042 13 
ERR-14 1-Oct-03 0.037 0.041 10 
ERR-14 1-Oct-03 0.038 0.040 5.1 
ERR-14 1-Oct-03 0.010 0.012 18 
ERR-14 1-Oct-03 0.010 0.010 0 
ERR-14 1-Oct-03 0.011 0.007 <PQL 
ERR-14 1-Oct-03 0.010 0.012 18 
S332B-102803-1500 28-Oct-03 0.005 <0.004 <PQL 
S332C-102803-1300 28-Oct-03 0.006 <0.004 <PQL 
S332DDZE-102803-0800 28-Oct-03 0.004 <0.004 <PQL 
S339-102803-0000 28-Oct-03 0.071 0.073 2.8 
S339-102803-0800 28-Oct-03 0.054 0.059 8.8 
S339-102803-1600 28-Oct-03 0.109 0.110 0.9 
S332B-120903-1300 9-Dec-03 0.006 0.012 <PQL 
S332C-120903-1100 9-Dec-03 0.007 0.004 <PQL 
S332DDZE-120903-0800 9-Dec-03 0.004 <0.004 <PQL 
S339-120903-0000 9-Dec-03 0.115 0.120 4.2 
S339-120903-0800 9-Dec-03 0.073 0.074 1.4 
S339-120903-1600 9-Dec-03 0.091 0.092 1.1 
EVPA  10-Mar-03 0.116 0.130 11 
EVPA 10-Mar-03 0.008 0.010 22 
EVPA 10-Mar-03 0.008 0.011 32 
EVPA 11-Mar-03 0.008 0.010 22 
EVPA 11-Mar-03 0.008 0.010 22 
EVPA 11-Mar-03 0.009 0.010 10 
EVPA 16-Jun-03 0.104 0.110 5.6 
EVPA 16-Jun-03 0.006 0.012 <PQL 
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Sample Date SFWMD FDEP % RPD/Comments 
EVPA 17-Jun-03 0.007 0.008 <PQL 
EVPA 17-Jun-03 0.007 0.008 <PQL 
EVPA 17-Jun-03 0.009 0.009 0 
EVPA 17-Jun-03 0.009 0.008 12 
EVPA 8-Sep-03 0.148 0.160 7.8 
EVPA 8-Sep-03 0.014 0.011 24 
EVPA 9-Sep-03 0.006 0.008 <PQL 
EVPA 9-Sep-03 0.007 0.008 <PQL 
ERR-15  28-Oct-03 0.268 0.27 0.7 
ERR-15  28-Oct-03 0.274 0.272 0.7 
ERR-15  28-Oct-03 0.270 0.257 4.9 
ERR-15  28-Oct-03 0.199 0.200 0.5 
ERR-15  28-Oct-03 0.201 0.197 2.0 
ERR-15  28-Oct-03 0.200 0.195 2.5 
ERR-15  28-Oct-03 0.200 0.199 0.5 
ERR-15  28-Oct-03 0.030 0.031 3.3 
ERR-15  28-Oct-03 0.030 0.035 15 
ERR-15  28-Oct-03 0.031 0.036 15 
ERR-15  28-Oct-03 0.031 0.036 15 
ERR-15  28-Oct-03 0.029 0.03 3.4 
ERR-15  28-Oct-03 0.029 0.031 6.7 
ERR-15  28-Oct-03 0.030 0.035 15 
ERR-15  28-Oct-03 0.007 0.009 <PQL 
ERR-15  28-Oct-03 0.007 0.008 <PQL 
ERR-15  28-Oct-03 0.007 0.007 <PQL 
ERR-15  28-Oct-03 0.007 0.008 <PQL 
EVPA 15-Dec-03 0.127 0.150 17 
EVPA 15-Dec-03 0.010 0.015 40; Heavy suspended solids 
EVPA 15-Dec-03 0.011 0.013 17; Heavy suspended solids 
EVPA 15-Dec-03 0.013 0.018 32; Heavy suspended solids 
EVPA 3/8/2004 0.031 0.031 0 
EVPA 3/8/2004 0.028 0.022 24; Heavy suspended solids 
EVPA 3/8/2004 0.017 0.020 16 
EVPA 3/8/2004 0.006 0.006 <PQL 
EVPA 6/14/04 0.047 0.049 4.2  
EVPA 6/14/04 0.034 0.050 38%; Heavy suspended solids  
EVPA 6/14/04 0.158 0.160 1.2 
EVPA 6/14/04 0.156 0.160 2.5 
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B. National Proficiency Testing Results 
As a requirement for laboratory certification, the District’s laboratory performs proficiency testing (PT) 
on environmental samples on a semi-annual basis. This study is administered by vendors that have been 
approved by the National Institute of Science and Technology as PT providers for National 
Environmental Laboratory Accreditation Conference.  
 
The result of April 2004 study is presented below (Table 6).  
 
Table 6.  Laboratory Proficiency Testing Results for TP, April 2004  
Sample I.D Reported 

Value, mg/L 
Assigned  
Value, mg/L 

%Recovery Status Z-Score 

Sample 1 (WP) 5.99 6.00 99.8 Acceptable 0.488 
Sample 2 (APG) 1.69 1.71 98.8 Acceptable -0.144 
WP=water pollution; APG=Analytical Products Group, Inc. 
 
  
C. NWRI Proficiency Testing (PT) Program for Water 
 
SFWMD laboratory participated in the natural water samples provided by the National Water Research 
Institute, Environmental Canada. The objective of this program is to assess and demonstrates reliability 
and quality of analytical measurements. 
 
Table 7.  Laboratory performance in PT Study 0084 for TP, June 2004. 

Sample #s 
 1 2 3 4 5 6 7 8 9 10 
Assigned 
Value, mg/L 

0.003 0.002 0.012 0.035 0.054 0.079 0.147 0208 0.159 0.32 

Reported 
Value, mg/L 

<0.002 <0.002 0.012 0.035 0.054 0.081 0.148 0.203 0.158 0.32 

 
The performance of total phosphorus was rated as “good” (highest). 
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Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory decontamination (LCEB) 
or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through 
all sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the 
decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for 
SS are compared with routine sample results; agreement between these two results is mostly an indication of laboratory 
precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is 
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and 
field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or 
“true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported 
with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a 
sample in a given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified 
level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the 
procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD = 
[Value1-Value2]/Mean  * 100. 



 
Quality Assessment Report for Water 

Quality Monitoring 
July - September 2004 

 
 
 
 

Submitted to the 
Technical Oversight Committee 

 
 
 
 
 

Prepared by: 
 

Delia B. Ivanoff 
divanoff@sfwmd.gov 

 
and 

Zdzislaw Kolasinski 
zkolasin@sfwmd.gov 

  



Page 2 of 12 

Quality Assessment Report for Water Quality Monitoring 
July – September 2004 

 
 

I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total 
Phosphorus (TP) monitoring primarily for the following projects/stations during the 3rd quarter 
of 2004: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)      
  
S334 
 

Since field QCs are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or project other than those listed 
above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field 
sample collection. The Laboratory Quality Manual states the minimum requirement followed in 
laboratory sample preparation and analysis, as well as in data verification and validation. The 
results of laboratory and field quality control during this quarter are presented in Sections II and 
III of this report. 
 
Included in this report is an analysis of the District’s laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, i.e. EVPA, C111 
(S332D), and Everglades TP Round Robins, for a one year period.   
 
 

II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC consist of equipment blanks (EB), field-cleaned equipment blanks (FCEB), split 
samples (SS) and replicate samples (RS).  Table 1 summarizes EB and FCEB results for all 
projects of interest to the TOC. Except for one blank result, blanks were within the acceptance 
criteria.  
 
Field sampling precision was also acceptable for all sampling events, except for Station S6, 
collected 7/7/04 that had a precision of 39% (Table 2). 
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Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged 
using FDEP data qualifier codes. A comprehensive list of flagged data for all trips that include 
samples for CAMB, ENP, EVPA and NECP during this quarter is presented in Table 3.  Due to 
Hurricane Frances, the SFWMD Laboratory lost power and samples stored in the refrigerators 
reached the ambient temperature for 34 hours. This resulted in 26 TP data points being flagged 
with the qualifying code “Y” (analysis was performed from improperly preserved sample). 
   
 
 
 
 
 
Table 1.  Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

% ≤0.002 % >0.002 Action Taken 

CAMB 6 100 0  
ENP 2 100 0  

EB 

EVPA 3 100 0  
CAMB 2 100 0  FB 
ENP 2 100 0  
CAMB 95 99 1 blank was flagged, sample mix-up  
ENP 9 100 0  
EVPA 12 100 0  

FCEB 

NECP 7 100 0  
 
 
Table 2.  Field precision summary 
Project 
Code 

Numbers of 
triplicates 

Mean % RSD Comments 

CAMB 4 12.6 Precision criteria were generally met, except for  one triplicate 
precision that was 38.8%- for Station S6, collected 7/7/04. Data 
were flagged. 

ENP 0 -  
EVPA 3 4.1 Precision criteria were met. 
NECP 1 14.8 Precision criteria were met. 
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for 

possibility of contamination. 
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Table 3.  List of flagged data  

Project 
Date 
Collected Station Type 

Result, 
mg/L 

Flag 
Code Comments† 

CAMB 12-Jul-2004 USSO SAMP 
0.075 

V 
Sample associated w positive 
FCEB 

CAMB 7-Jul-2004 S6 SAMP 0.027 J3 Failed field precision criteria  
CAMB 7-Jul-2004 S6 SAMP 0.015 J3 Failed field precision criteria 
CAMB 2-Aug-2004 S145 SAMP <0.002 J5 Sample mix up 
CAMB 2-Aug-2004 S145 FCEB 0.018 V FCEB>MDL 
CAMB 4-Aug-2004 S6 SAMP 0.048 J5 Sample not flow proportional 
CAMB 28-Sep-2004 S5A SAMP 0.192 PMF Auto-sampler malfunction 
ENP 1-Sep-2004 S18C SAMP 0.004 Y Sample storage exceeded 6ºC† 
ENP 1-Sep-2004 S18C SAMP 0.006 Y Sample storage exceeded 6ºC† 
CAMB 31-Aug-2004 S190 SAMP 0.107 Y Sample storage exceeded 6ºC† 
CAMB 31-Aug-2004 S190 SAMP 0.111 Y Sample storage exceeded 6ºC† 
CAMB 31-Aug-2004 L28I SAMP 0.103 Y Sample storage exceeded 6ºC† 
CAMB 31-Aug-2004 S190 FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 31-Aug-2004 S190 FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S151 FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S145 FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S151 SAMP 0.016 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S11B SAMP 0.011 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S11C SAMP 0.012 Y Sample storage exceeded 6ºC† 
NECP 30-Aug-2004 S142 SAMP 0.012 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S145 SAMP 0.008 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S38 SAMP 0.019 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S34 SAMP 0.023 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S11A SAMP 0.012 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 ACME1C SAMP 0.065 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 G94D FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 USSO FCEB 0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 USSO FCEB <0.002 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 S10E SAMP 0.039 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 G94D SAMP 0.055 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 L3BRS SAMP 0.197 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 USSO SAMP 0.102 Y Sample storage exceeded 6ºC† 
CAMB 30-Aug-2004 USSO SAMP 0.113 Y Sample storage exceeded 6ºC† 

†Due to Hurricane Frances, SFWMD Laboratory lost power and samples stored in the refrigerators reached the 
ambient temperature for 34 hours. All samples stored above the acceptable maximum limit of 6ºC were flagged with 
qualifying code “Y”(analysis was performed from improperly preserved sample). 
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Table 4  Samples not collected (Missing TPO4 results) 

Project 
Date 
Collected Station Type1 Comments 

CAMB 20-Sep-2004 12B G Sample cancelled due to improper preservation 
ENP 28-Jul-2004 S176 G Gate closed, no flow, no sample collected 
ENP 11-Aug-2004 S176 G Gate closed, no flow, no sample collected 
ENP 8-Sep-2004 S176 G Gate closed, no flow, no sample collected 
ENP 8-Sep-2004 S177 G Gate closed, no flow, no sample collected 
ENP 30-Jun-2004 S18C ACF No flow, no samples taken by auto-sampler 
EVPA 12-Jul-2004 LOX3 G Tdepth<0.10 m 
EVPA 9-Aug-2004 LOX3 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX4 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX5 G Tdepth<0.10 m 
EVPA 9-Aug-2004 LOX5 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX6 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX7 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX8 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX9 G Tdepth<0.10 m 
EVPA 12-Jul-2004 LOX10 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX11 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX13 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX14 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX15 G Tdepth<0.10 m 
EVPA 13-Jul-2004 LOX16 G Tdepth<0.10 m 
NECP 12-Jul-2004 S334 G Gate closed, no flow, no sample collected 
NECP 9-Aug-2004 S334 G Gate closed, no flow, no sample collected 

1ACF= Autosampler Composite Flow Proportional;  G=Grab Sample. 
 
B. Field Audits 
There was no field audit performed for the CAMB, ENP, EVPA or NECP projects during the 
third quarter of 2004. 
 
 

III. Laboratory Analysis Quality Assessment 
 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks.  The 
charts presented in Figures 1-6 show recoveries from various levels of QC samples for the TP 
analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes recoveries 
is also included.  A portion of or an entire analytical run is generally rejected if QC recoveries 
are outside the set limits.  Data are flagged accordingly if any deficiency is noted, or the samples 
have exceeded the required holding times, or can not be reanalyzed. 
 
Recoveries for samples QC-1, QC-2, QC-3, and QC-4 are within +10% from 100%, which are 
acceptable.  The MDL check (QC5), with a true value of 0.004 mg/L, had a mean recovery of 
101.9%.  The MDL check daily results indicate the laboratory consistently achieved the 0.002 
mg/L MDL. 
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An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  
Recoveries for this check sample were between 96.8 – 101.9%, indicating that the digestion 
process was effective.  The same material is used to prepare matrix spikes, the mean recovery for 
which was 99.5%. 
 
The precision target for TP analysis during this period was 10.0%, and as the report shows, mean 
%RPD was 1.6% and 1.4% for low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, 
respectively.  The maximum RPD during this period were 9.2% and 5.2% for low and high 
levels, respectively. 
 
Recoveries for two matrix spikes (77.4 and 79%) are below the minimum criterion of 90%.  The 
poor recoveries are attributed to matrix interference and associated data have been flagged.   
 
 

IV. Inter-Laboratory Quality Control Assessment 
 
To continually assess comparability of results, the District sends split samples to other 
laboratories on a routine basis. Data from split studies between DEP and SFWMD laboratories 
from September 2003 to September 2004 for the following programs were used in this analysis: 
EVPA Quarterly Splits (EVPA), Everglades TP Round Robin (ERR), and S332 sites (C111).  
Regression analysis of the data set was done separately for TP> 0.020 mg/L and for TP<0.020 
mg/L.  Logarithmic transformation was needed for TP>0.020 mg/L, due to skewed data 
distribution. Logarithmic transformation was not needed for TP<0.020 mg/L due the fact that 
distribution at that concentration range is approximately normal. Both regression analyses 
indicate that the slope is not significantly different from 1 and intercept is not significantly 
different from 0, indicating that the data sets are highly comparable (Figures 7 and 8). Paired t-
test for TP<0.02, n=30, yielded a p-value of 0.0484; signed rank sum p-value was 0.0787, also 
indicating no significant difference in the results from the two laboratories. 
   
These statistical analyses and findings were consistent with what was in FDEP Data 
Comparability Report (Nearhoff, presentation to TOC, 8/26/04). 
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TP QC3 Recovery 
(TV=0.025 mg/L)
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  Mean = 99.2%, Max = 101.7%, Min = 96.6%                   Mean = 98.3%, Max = 104%, Min = 96.0% 

Page 7 of 12 



TP QC4 Recovery 
(TV=0.250 mg/L)
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TP MDL Check   
(TV=0.004 mg/L)
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Mean = 99.3%, Max = 101.6%, Min = 97.2%                    Mean = 101.9%, Max = 125%, Min = 100% 
 
 
 

    
 

1Two spike recoveries were reported below minimum criteria.  Low recoveries were 
attributed to matrix interference and associated data flagged.  

TP Spike Recovery Data 
7/1/04-9/30/04 
Acceptance Limit = 90-110% 
        
  Min 77.41   
  Max 109   
  Mean 99.5   
  Std Dev 3.60   
  3xSD 10.81   
  LCL 88.7   
  UCL 110.4   
  n 272   
        

TP Precision Data 
7/1/04-9/30/04 
Acceptance Limit = <10% 
Low Level (0-0.200) High Level (0.200-2.0) 
        
Max 9.2 Max 5.2 
Mean 1.6 Mean 1.4 
Std Dev 1.53 Std Dev 1.35 
3xSD 4.59 3xSD 4.04 
UCL 6.2 UCL 5.4 
n 209 n 59 
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Fig.7.  Regression Analysis for TP>0.020 mg/L  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Fig.8 . Regression Analysis for TP <0.020 mg/L 



 
Table 5.  Results of TP split studies between SFWMD and FDEP laboratories, EVPA Project, 
September  2003 to September 2004. 
  
Sample Date 

 
SFWMD 
 

FDEP 
 

% RPD/Comments 
 

EVPA 8-Sep-03 0.148 0.160 7.8 
EVPA 8-Sep-03 0.014 0.011 24.0 
EVPA 9-Sep-03 0.006 0.008 <PQL 
EVPA 9-Sep-03 0.007 0.008 <PQL 
S332B-093003-1200 30-Sep-03 0.004 0.005 <PQL 
S332C-093003-1030 30-Sep-03 0.006 0.005 <PQL 
S332DDZE-093003-0800 30-Sep-03 0.004 <0.004 <PQL 
S339-093003-0000 30-Sep-03 0.052 0.055 5.6 
S339-093003-0800 30-Sep-03 0.087 0.091 4.5 
S339-093003-1600 30-Sep-03 0.105 0.110 4.6 
ERR-14 1-Oct-03 0.055 0.057 3.6 
ERR-14 1-Oct-03 0.055 0.055 0.0 
ERR-14 1-Oct-03 0.054 0.055 1.8 
ERR-14 1-Oct-03 0.055 0.056 1.8 
ERR-14 1-Oct-03 0.164 0.170 3.6 
ERR-14 1-Oct-03 0.162 0.175 7.7 
ERR-14 1-Oct-03 0.163 0.167 2.4 
ERR-14 1-Oct-03 0.164 0.171 4.1 
ERR-14 1-Oct-03 0.005 0.007 <PQL 
ERR-14 1-Oct-03 0.005 0.006 <PQL 
ERR-14 1-Oct-03 0.005 0.006 <PQL 
ERR-14 1-Oct-03 0.037 0.042 13.0 
ERR-14 1-Oct-03 0.037 0.041 10.0 
ERR-14 1-Oct-03 0.038 0.040 5.1 
ERR-14 1-Oct-03 0.010 0.012 18.0 
ERR-14 1-Oct-03 0.010 0.010 0.0 
ERR-14 1-Oct-03 0.011 0.007 <PQL 
ERR-14 1-Oct-03 0.010 0.012 18 
S332B-102803-1500 28-Oct-03 0.005 <0.004 <PQL 
S332C-102803-1300 28-Oct-03 0.006 <0.004 <PQL 
S332DDZE-102803-0800 28-Oct-03 0.004 <0.004 <PQL 
S339-102803-0000 28-Oct-03 0.071 0.073 2.8 
S339-102803-0800 28-Oct-03 0.054 0.059 8.8 
S339-102803-1600 28-Oct-03 0.109 0.110 0.9 
ERR-15 28-Oct-03 0.268 0.270 0.7 
ERR-15 28-Oct-03 0.274 0.272 0.7 
ERR-15 28-Oct-03 0.270 0.257 4.9 
ERR-15 28-Oct-03 0.199 0.200 0.5 
ERR-15 28-Oct-03 0.201 0.197 2.0 
ERR-15 28-Oct-03 0.200 0.195 2.5 
ERR-15 28-Oct-03 0.200 0.199 0.5 
ERR-15 28-Oct-03 0.030 0.031 3.3 
ERR-15 28-Oct-03 0.030 0.035 15.0 
ERR-15 28-Oct-03 0.031 0.036 15.0 
ERR-15 28-Oct-03 0.031 0.036 15.0 
ERR-15 28-Oct-03 0.029 0.030 3.4 
ERR-15 28-Oct-03 0.029 0.031 6.7 
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Sample Date SFWMD FDEP % RPD/Comments 
ERR-15 28-Oct-03 0.030 0.035 15.0 
ERR-15 28-Oct-03 0.007 0.009 <PQL 
ERR-15 28-Oct-03 0.007 0.008 <PQL 
ERR-15 28-Oct-03 0.007 0.007 <PQL 
ERR-15 28-Oct-03 0.007 0.008 <PQL 
S332B-120903-1300 9-Dec-03 0.006 0.012 <PQL 
S332C-120903-1100 9-Dec-03 0.007 0.004 <PQL 
S332DDZE-120903-0800 9-Dec-03 0.004 <0.004 <PQL 
S339-120903-0000 9-Dec-03 0.115 0.120 4.2 
S339-120903-0800 9-Dec-03 0.073 0.074 1.4 
S339-120903-1600 9-Dec-03 0.091 0.092 1.1 
EVPA 15-Dec-03 0.127 0.150 17 
EVPA 15-Dec-03 0.010 0.015 40.0;  Heavy suspended solids 
EVPA 15-Dec-03 0.011 0.013 17.0;  Heavy suspended solids 
EVPA 15-Dec-03 0.013 0.018 32.0;  Heavy suspended solids 
EVPA 8-Mar-04 0.031 0.031 0 
EVPA 8-Mar-04 0.028 0.022 24.0;  Heavy suspended solids 
EVPA 8-Mar-04 0.017 0.020 16 
EVPA 8-Mar-04 0.006 0.006 <PQL 
EVPA 14-Jun-04 0.047 0.049 4.2 
EVPA 14-Jun-04 0.034 0.050 38;  Heavy suspended solids 
EVPA 14-Jun-04 0.158 0.160 1.2 
EVPA 14-Jun-04 0.156 0.160 2.5 
EVPA 21-Sep-04 0.215 0.230 6.7    Dark brown stain 
EVPA 21-Sep-04 0.008 0.018 76.9  Light brown stain 
EVPA 21-Sep-04 0.014 0.015 6.9    Light brown stain 
EVPA 21-Sep-04 0.012 0.015 22.2  Light brown stain 
 



Page 12 of 12 

 
Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all 
sampling equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory 
decontamination (LCEB) or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness 
of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling 
site, through all sampling equipment used in routine sample processing.  EB values are indicative of the 
effectiveness of the decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine 
collection, preserved and kept open until sample collection is completed for the routine sample at that site.  FB 
values are indicative of environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  
Results for SS are compared with routine sample results; agreement between these two results is mostly an 
indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same 
sampling equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement 
system is operating consistently and is a quantifiable indication of variations introduced by the analytical systems 
over a given time and field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having 
known or “true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the 
analysis of a sample in a given matrix, using accepted sampling and analytical preparation procedures, containing 
the analyte at a specified level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, 
Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively 
reported with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived 
from the procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: 
%RPD = [Value1-Value2]/Mean  * 100. 
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 Quality Assessment Report for Water Quality Monitoring 
October – December 2004 

 
 
I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total 
Phosphorus (TP) monitoring primarily for the following projects/stations during the 4th quarter 
of 2004: 

Conservation Area Inflow and Outflows (CAMB): S12A, S12B, S12C S12D, S333 
Everglades National Park Inflow Monitoring (ENP): S175, S176, S177, S18C, S332, S332D 
Everglades Protection Area (EVPA): LOX3 to LOX16 
Non-Everglades Construction Project (NECP): S334 

 
Since field QCs are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or project other than those listed 
above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field 
sample collection. The Laboratory Quality Manual states the minimum requirement followed in 
laboratory sample preparation and analysis, as well as in data verification and validation. The 
results of laboratory and field quality control during this quarter are presented in Sections II and 
III of this report. 
 
Included in this report is an analysis of the District’s laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, i.e. EVPA, C111, 
for a one year period, National Proficiency Testing  and USGS Analytical Evaluation Program 
for Reference Samples. 
 
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), 
field blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB and 
FCEB results for all projects of interest to the TOC. Except for one blank result of the 119, all 
blanks were within the acceptance criteria. Table 2 summarizes field precision results.  Field 
sampling precision was acceptable.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged 
using FDEP data qualifier codes. A comprehensive list of flagged data for all trips that include 
samples for CAMB, ENP, EVPA and NECP during this quarter is presented in Table 3. 
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Table 1.  Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

% ≤0.002 % >0.002 Action Taken 

CAMB 8 100 0  
ENP 1 100 0  
EVPA 3 100 0  

EB 

NECP 3 100 0  
CAMB 62 100 0  
ENP 13 92 1 blank was flagged 
EVPA 20 100 0  

FCEB 

NECP 9 100 0  
 
 
Table 2.  Field precision summary 
Project 
Code 

Numbers of  
triplicates 

Mean % RSD Comments 

CAMB 5 11.3 Precision criteria were met  (duplicate 25%, samples <PQL) 
ENP 2 0.0 All triplicates <PQL 
EVPA 3 13.7 Precision criteria were met.  
NECP 1 6.3 Precision criteria were met. 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for possibility of 

contamination. 
 
 
Table 3.  List of flagged data  

Project Date Collected Station Type 
Flag 
Code Comments 

CAMB 14-Dec-2004 S5A SAMP PMF Sample not flow proportional, missed 68 
samples 

CAMB 21-Dec-2004 USSO SAMP V Sample associated with positive FCEB 
ENP 21-Dec-2004 S18C FCEB V FCEB>MDL 
ENP 21-Dec-2004 S18C SAMP V Sample associated with positive FCEB 
NECP 5-Oct-2004 S9A SAMP ! PMF - possible particulate accumulation as a 

result of possible improper tubing placement, 
based on inspection performed on October 4, 
2004. 

CAMB 14-Dec-2004 S5A SAMP PMF Sample not flow proportional, missed 68 
samples 

CAMB 21-Dec-2004 USSO SAMP V Sample associated with positive FCEB 
ENP 21-Dec-2004 S18C FCEB V FCEB>MDL 
ENP 21-Dec-2004 S18C SAMP V Sample associated with positive FCEB 
NECP 5-Oct-2004 S9A SAMP ! PMF - Historical outlier; possible particulate 

accumulation as a result of possible improper 
tubing placement, based on inspection 
performed on October 4, 2004. 
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Table 4.  Samples not collected (Missing TPO4 results) 

Project 
Date 
Collected Station Type Comments 

CAMB 13-Dec-2004 S12A SAMP No flow, no sample collected 
CAMB 13-Dec-2004 S12B SAMP No flow, no sample collected 
CAMB 27-Dec-2004 S12C SAMP Gate closed, no flow, no sample collected 
ENP 6-Cct-2004 S176 SAMP No flow, no sample collected 
ENP 3-Nov-2004 S176 SAMP No flow, no sample collected 
ENP 17-Nov-2004 S176 SAMP Gate closed, no flow, no sample collected 
ENP 15-Dec-2004 S176 SAMP No flow, no sample collected 
ENP 21-Dec-2004 S177 SAMP Gate closed, no flow, no sample collected 
ENP 27-Oct-2004 S18C SAMP Light flow through gates, no sample collected 
ENP 24-Nov-2004 S18C SAMP Improper sample preservation 
ENP 24-Nov-2004 S18C SAMP Improper sample preservation 
ENP 29-Dec-2004 S18C SAMP Gate closed, no flow, no sample collected 
ENP 21-Oct-2004 S332 SAMP No flow, no sample collected 
EVPA 18-Oct-2004 LOX3 SAMP Sample not acidified 
EVPA 13-Dec-2004 LOX5 SAMP Tdepth<0.10 m, no sample collected 
NECP 4-Oct-2004 S334 SAMP Gate closed, no flow, no sample collected 
NECP 27-Dec-2004 S334 SAMP Gate closed, no flow, no sample collected 

 
 
B. Field Audits 
During this quarter, the following audits of field sample collection activities were performed for 
the following sampling groups: 
1) United States Fish and Wildlife Service (USFWS) sampling team for the EVPA project - 

12/13/2004 
The key findings were: a) lack of quality manual, b) unavailability of reference 
documentation in the field, c) inadequate field documentation, d) use of outdated 
preservation acids, and e) failure to quantitatively verify the range of field temperature and 
specific conductivity measurements. These deficiencies have been corrected except for the 
submission of the field quality manual which is still in draft. 
 

2) SFWMD Sampling team for EVPA and NECP projects - 12/16/2004   
There were five key findings regarding inadequacy of or missing entries in field 
documentation. All deficiencies have been corrected. 

 
3) Everglades National Park (ENP) sampling team for the EVER project -  12/13/2004 

The key findings were: a) collection was being done at 0.1 meter instead of mid-depth for 
sites with water depth between 0.1 and 1 meter, b)lack of a field quality manual, c) lack of 
personnel training records, d) unavailability of sampling reference documents in the field, e) 
inadequate documentation of field maintenance and calibration activities, f) lack of 
documentation of cleaning procedures, g) missing information on the chain of custody, h) no 
monitoring of intermediate storage refrigerator temperature, and i) inadequate and non-
traceable records of acid preservation. Except for two items that still need correction, 
responses received were satisfactory to correct the deficiencies.   
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III. Laboratory Quality Control Assessment 
 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the 
TP analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes 
recoveries is also included.  A portion of or an entire analytical run is generally rejected if QC 
recoveries are outside the set limits.  Data is flagged accordingly if any deficiency is noted and 
the samples have exceeded the required holding times and can not be reanalyzed. 
 
Recoveries for the QC samples are generally within + 10% from the true value, which are 
acceptable.  The MDL check (QC5), with a true value of 0.004 mg/L, had a mean recovery of 
103.6%.  The MDL check daily results indicate the laboratory consistently achieved the 0.002 
mg/L MDL. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  
Recoveries for this check sample are between 97.4 – 101.8%, indicating that the digestion 
process was effective.  The same material is used to prepare matrix spikes, the mean recovery for 
which was 100.8% 
 
The precision target for TP analysis during this period was 10.0%, and as the report shows, mean 
%RPD was 1.7% and 1.2% for low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, 
respectively.  The maximum RPD during this period were 7.6% and 4.3% for low and high 
levels, respectively. 
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TP QC2 Recovery 
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TP QC3 Recovery 
(TV=0.025 mg/L)
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TP QC4 Recovery 
(TV=0.25 mg/L)
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TP QC5 Recovery 
(TV=0.004 mg/L)
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TP Spike Recovery Data 
10/1/04-12/30/04 

Acceptance Limit = 90-110% 
Min 90 
Max 110 
Mean 100.8 

Std Dev 3.33 
3xSD 9.99 
LCL 90.8 
UCL 110.7 

n 319 

TP Precision Data 
10/1/04-12/30/04 

Acceptance Limit = <10% 
Low Level (0-0.2) High Level (0.2-2) 
        
Max 7.6 Max 4.3
Mean 1.7 Mean 1.2
Std Dev 1.57 Std Dev 1.03
3xSD 4.72 3xSD 3.08
UCL 6.4 UCL 4.2
n 253 n 57



IV. Inter-Laboratory Quality Control Assessment 
 
A. Split Studies 
To continually assess comparability of results, the District sends split samples to other 
laboratories on a routine basis. Data from split studies between DEP and SFWMD laboratories 
from December 2003 to September 2004 for the following programs were used in this analysis: 
EVPA Quarterly Splits (EVPA), Everglades TP Round Robin (ERR), and S332 sites (C111).  
 
The summary statistics and signed rank test for SFWMD vs. DEP TP results, as presented below, 
shows that the p-value for both <0.02 and >0.02 mg/L levels is 0.0176. However, the mean and 
median of differences from the two laboratories are <0.004. These are around the laboratories’ 
MDLs; SFWMD’s MDL is 0.002 mg/L while DEP laboratory’s MDL is 0.004 mg/L. At these 
levels, wider variability can be expected even within each laboratory. 
 

Summary Statistics  
Lab N Mean Median   
FDEP 12 0.0128 0.0150   
SFWMD 12 0.0096 0.0105   

  Statistical Test of Hypotheses   

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean Of Differences -0.00317 Mean of Differences = 0   

<0.02 mg/L 

Median Of Differences -0.0035 Median of Differences = 0 Signed Rank 0.0176 

Summary Statistics  
Lab N Mean Median   
FDEP 12 0.1098 0.106   
SFWMD 12 0.1028 0.103   

  Statistical Test of Hypotheses   

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean Of Differences -0.00708 Mean of Differences = 0   

>=0.02 mg/L 

Median Of Differences -0.003 Median of Differences = 0 Signed Rank 0.0176 
 
Regression analysis of the data set was done separately for TP>0.020 mg/L and for TP<0.020 
mg/L. Logarithmic transformation was used for  both ranges of TP concentration due to skewed 
distribution of data. Both regression analyses indicate that the slope is not significantly different 
from 1 and intercept is not significantly different from 0, indicating that both data sets are highly 
comparable (Figures 7 and 8). 
 
These statistical analyses and findings were consistent with what was in FDEP Data 
Comparability Report (Nearhoff, presentation to TOC, 8/26/04). 
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Fig.7. Regression Analysis for TP>0.020 mg/L 

 
Fig. 8.  Regression Analysis for TP <0.020 mg/L 
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Table 5.  Results of TP split studies between SFWMD and FDEP laboratories, EVPA Project, 
December 2003 to December 2004. 
  
Sample Date 

 
SFWMD 
 

FDEP 
 

% RPD/Comments 
 

S332B-120903-1300 9-Dec-2003 0.006 0.012 <PQL 
S332C-120903-1100 9-Dec-2003 0.007 0.004 <PQL 
S332DDZE-120903-0800 9-Dec-2003 0.004 <0.004 <PQL 
S339-120903-0000 9-Dec-2003 0.115 0.120 4.2 
S339-120903-0800 9-Dec-2003 0.073 0.074 1.4 
S339-120903-1600 9-Dec-2003 0.091 0.092 1.1 
EVPA 15-Dec-2003 0.127 0.150 17 
EVPA 15-Dec-2003 0.010 0.015 40.0;  Heavy suspended solids 
EVPA 15-Dec-2003 0.011 0.013 17.0;  Heavy suspended solids 
EVPA 15-Dec-2003 0.013 0.018 32.0;  Heavy suspended solids 
EVPA 8-Mar-2004 0.031 0.031 0 
EVPA 8-Mar-2004 0.028 0.022 24.0;  Heavy suspended solids 
EVPA 8-Mar-2004 0.017 0.020 16 
EVPA 8-Mar-2004 0.006 0.006 <PQL 
EVPA 14-Jun-2004 0.047 0.049 4.2 
EVPA 14-Jun-2004 0.034 0.050 38;  Heavy suspended solids 
EVPA 14-Jun-2004 0.158 0.160 1.2 
EVPA 14-Jun-2004 0.156 0.160 2.5 
EVPA 21-Sep-2004 0.215 0.230 6.7    Dark brown stain 
EVPA 21-Sep-2004 0.008 0.018 76.9  Light brown stain 
EVPA 21-Sep-2004 0.014 0.015 6.9    Light brown stain 
EVPA 21-Sep-2004 0.012 0.015 22.2  Light brown stain 
EVPA 13-Dec-2004 0.013 0.017 Light yellow stain, light solids 
EVPA 13-Dec-2004 0.014 0.022 Dark yellow stain, light fine 

suspended solids 
EVPA 13-Dec-2004 0.011 0.018 1-2 L bottle cracked and leaked, 

used only 1-2 L bottle 
EVPA 13-Dec-2004 0.158 0.180 Brown stain, light suspended 

particles 
 
 

B. National Proficiency Testing Results 
As a requirement for laboratory certification, the District’s laboratory performs proficiency testing 
(PT) on environmental samples on a semi-annual basis. This study is administered by vendors that 
have been approved by the National Institute of Science and Technology as PT providers for 
National Environmental Laboratory Accreditation Conference. 
 
Table 6. The results of October 2004 PT study 
Sample I.D Reported 

Value, mg/L 
Certified Value, 
mg/L 

%Recovery Status Z-Score 

Sample 1 
(WP) 

4.18 4.17 100.2 Acceptable 0.594 

Sample 2 
(APG) 

9.39 9.71 96.7 Acceptable 0.0185 

WP=water pollution; APG=Analytical Product Group, Inc. 
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C. U.S. Geological Survey Analytical  Evaluation Program for Reference Samples 

 
The District’s laboratory participates in the USGS SRS Study on environmental samples semi-
annually on a voluntary basis (Table 7). The Laboratory uses the study to monitor laboratory 
performance. Statistical analysis of results is conducted by the USGS, upon which laboratory 
results are based and performance is rated on a scale 0 to 4. 
 

Rating   Absolute Z-value (Rating based on) 
4 (Excellent)  0.00 to 0.50 
3 (Good)  0.51 to 1.00 
2 (Satisfactory) 1.01 to 1.50 
1 (Marginal)  1.51 to 2.00 
0 (Unsatisfactory) >2.01 

 
Table 7. USGS Study for TP, October 2004 
Sample I.D Reported 

Value, mg/L 
Most Probable 
Value, mg/L 

%Recovery Rating Z-Value 

N-84 0.693 0.693 100 Excellent 0.00 
N-83 0.154 0.155 99.4 Excellent -0.10 
M-172 1.34 1.35 99.3 Excellent -0.19 
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Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all 
sampling equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory 
decontamination (LCEB) or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness 
of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling 
site, through all sampling equipment used in routine sample processing.  EB values are indicative of the 
effectiveness of the decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine 
collection, preserved and kept open until sample collection is completed for the routine sample at that site.  FB 
values are indicative of environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  
Results for SS are compared with routine sample results; agreement between these two results is mostly an 
indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same 
sampling equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement 
system is operating consistently and is a quantifiable indication of variations introduced by the analytical systems 
over a given time and field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having 
known or “true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the 
analysis of a sample in a given matrix, using accepted sampling and analytical preparation procedures, containing 
the analyte at a specified level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, 
Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively 
reported with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived 
from the procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: 
%RPD = [Value1-Value2]/Mean  * 100. 
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 Quality Assessment Report for Water Quality Monitoring 
January – March 2005 

 
 
I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total 
Phosphorus (TP) monitoring primarily for the following projects/stations during the first quarter 
of 2005: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)       
S334 
 

Since field QCs are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or project other than those listed 
above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field 
sample collection. The Laboratory Quality Manual states the minimum requirement followed in 
laboratory sample preparation and analysis, as well as in data verification and validation. The 
results of laboratory and field quality control during this quarter are presented in Sections II and 
III of this report. 
 
Included in this report is an analysis of the District’s laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, i.e. EVPA, C111, 
and Everglades TP Round Robins, for a one year period.   
 
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), 
field blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB and 
FCEB results for all projects of interest to the TOC. Except for one blank result of the 196, all 
blanks were within the acceptance criteria. Table 2 summarizes field precision results.  Field 
sampling precision was acceptable.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged 
using FDEP data qualifier codes. There are no flagged data for routine monitoring of the stations 
included in this report.  
 



January – March 2005 Quality Assessment Report for Water Quality Monitoring 

Page 3 of 12 

 
Table 1. Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

% >0.002 

CAMB 46 0 
ENP 3 0 
EVPA 2 0 

EB 

NECP 5 0 
FCEB CAMB 66 0 
 ENP 16 0 
 EVPA 11 0 
 NECP 1 0 

CAMB 11 0 
ENP 2 0 

FB 

EVPA 2 0 
 
 
Table 2. Field precision summary 
Project 
Code 

Numbers of  
triplicates 

Mean % RSD Comments 

CAMB 5 5.9 Precision criteria were met   
EVPA 1 2.2 Precision criteria were met.  
NECP 3 6.4 Precision criteria were met. 
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for 

possibility of contamination. 
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B. Missing TP results 
 

A list of stations not sampled during this quarter, including the reason for non-collection is 
presented in Table 3 below. 

  
Table 3. Samples not collected  

Project 
Date 
Collected Station Type Comments 

CAMB 24-Jan-05 S12A SAMP No flow, no samples collected 
CAMB 22-Feb-05 S12A SAMP No flow, no samples collected 
CAMB 7-Mar-05 S12A SAMP Gate closed, no samples collected 
CAMB 10-Jan-05 S12B SAMP No flow, no samples collected 
CAMB 8-Feb-05 S12B SAMP No flow, no samples collected 
CAMB 7-Mar-05 S12B SAMP No flow, no samples collected 
CAMB 10-Jan-05 S12C SAMP No flow, no samples collected 
CAMB 8-Feb-05 S12C SAMP No flow, no samples collected 
CAMB 7-Mar-05 S12C SAMP Gate closed, no samples collected 
CAMB 10-Jan-05 S12D SAMP No flow, no samples collected 
CAMB 7-Feb-05 S12D SAMP No flow, no samples collected 
CAMB 7-Mar-05 S12D SAMP Gate closed, no samples collected 
CAMB 10-Jan-05 S333 SAMP No flow, no samples collected 
ENP 11-Jan-05 S176 SAMP No flow, no samples collected 
ENP 11-Jan-05 S177 SAMP No flow, no samples collected 
ENP 5-Jan-05 S18C SAMP No flow, no samples collected 
ENP 11-Jan-05 S18C SAMP Auto-sample – power off 
ENP 18-Jan-05 S18C SAMP Refrigeration not working, no samples collected 
ENP 18-Mar-05 S18C SAMP No flow, no samples collected 
ENP 15-Mar-05 S18C SAMP No flow, no samples collected 
ENP 22-Mar-05 S18C SAMP Week 2 compliance, no samples collected 
ENP 29-Mar-05 S18C SAMP Auto-sampler maintenance, no samples collected 
EVPA 10-Jan-05 LOX3 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Feb-05 LOX3 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Mar-05 LOX3 SAMP Tdepth<0.10 m, no samples collected 
EVPA 10-Jan-05 LOX5 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Feb-05 LOX5 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Mar-05 LOX5 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Feb-05 LOX9 SAMP Tdepth<0.10 m, no samples collected 
EVPA 7-Mar-05 LOX9 SAMP Tdepth<0.10 m, no samples collected 
NECP 10-Jan-05 S334 SAMP No flow, no samples collected 
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C. Field Audits 
 
During this quarter, an audit of field sampling collection activities was performed for Miami-
Dade County Department of Environmental Resources Management (DERM) sampling for the 
TAMB, C111D, and NECP projects – 1/26/05. 
 
The key findings were: a) Lack of quality manual, b) unavailability of reference documentation 
in the field, c) insufficient documentation and documentation linkage for preservation acids, 
standards and specific equipment d) acidified samples were filtered, e) some document 
corrections were not initialed.  Except for still lack of DERM quality manual, all deficiencies 
have been corrected as of the date of this report. 
 
 
III. Laboratory Quality Assessment 
 
A. Routine Quality Control 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the 
TP analysis at SFWMD laboratory.  Statistical evaluation of precision and matrix spikes 
recoveries is also included.  A portion of or an entire analytical run is generally rejected if QC 
recoveries are outside the set limits.  Data is flagged accordingly if any deficiency is noted and 
the samples have exceeded the required holding times and can not be reanalyzed. 
 
Recoveries for the QC samples are generally within + 10% from the true value, which are 
acceptable.  The MDL check (QC5) recovery ranged from 75-125% of the true value (0.004 
mg/L), with a mean recovery of 100.2%.  The MDL check results indicate the laboratory 
generally achieved the 0.002 mg/L MDL. Greater variance is expected at this very low range. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  
Recoveries for this check sample are between 97.1 – 100.6%, indicating that the digestion 
process was effective.  The same material is used to prepare matrix spikes, the mean recovery for 
which was 99.9%. One spike result with recovery of 57.5% was flagged due to matrix 
interference.  
 
The precision target for TP analysis during this period was 10.0%, and as the report shows, mean 
%RPD was 2.0% and 1.4% for low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, 
respectively.  The maximum RPD during this period were 7.8% and 5.1% for low and high 
levels, respectively. 
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TP QC5 Recovery 
(TV=0.004 mg/L)
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TP Precision Data (1/1/05-3/31/05)  
Acceptance Limit = <10% 

TP Spike Recovery (1/1/05-
3/31/05)  
Acceptance Limit = 90-110%  

Low Level (0-0.200) High Level (0.20-2.00)   
Max 7.8 Max 5.1 Min, % 57.51 
Mean 2.0 Mean 1.4 Max. % 110 
Std Dev 1.58 Std Dev 1.05 Mean, % 99.9 
3xSD 4.75 3xSD 3.15 Std Dev 4.41 
UCL 6.7 UCL 4.5 3xSD 13.24 
n 277 n 36 LCL, % 86.6 
    UCL, % 113.1 
    n 326 

 

1 One spike recovery was reported below minimum criteria. Low recovery was attributed to matrix interference and associated data flagged. 
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B. Inter-Laboratory Quality Control Assessment 
 
1. Split Studies 
 
To continually assess comparability of results, the District sends split samples to other 
laboratories on a routine basis. Data from split studies between DEP and SFWMD laboratories 
from March 2004 to March 2005 for the following programs were used in this analysis: EVPA 
Quarterly Splits (EVPA), Everglades TP Round Robin (ERR), and S332 sites (C111).  
 
The summary statistics and signed rank test for SFWMD vs. DEP results, as presented in Table 
3, shows that the p-value for TP >0.020 mg/L and TP <0.020 mg/L levels are 0.0165 and 0.0005 
respectively. However, the mean and median of differences from both laboratories are <0.004. 
These are around the laboratories’ MDLs; SFWMD’s MDL is 0.002 mg/L while DEP 
laboratory’s MDL is 0.004 mg/L. At these levels wider variability can be expected even within 
each laboratory. 
 

Table 3. Statistical analysis of SFWMD-DEP laboratories split studies (Jan-Mar 2005) 
 

Summary Statistics  
Lab N Mean Median   
FDEP 14 0.014214286 0.0165   
SFWMD 14 0.0105 0.01   

  
Statistical Test of Hypotheses   

Summary Of Paired Differences Hypothesis 
Statistical 

Test Pvalue

Mean of Differences -0.00371 Mean of Differences = 0 Student's t 0.0016 

<0.02 mg/L 

Median of Differences -0.0025 Median of Differences = 0 Signed Rank 0.0005 

Summary Statistics  
Lab N Mean Median   
FDEP 26 0.112192308 0.0495   
SFWMD 26 0.109230769 0.0405   
  

Statistical Test of Hypotheses   

Summary Of Paired Differences Hypothesis 
Statistical 

Test Pvalue

Mean of Differences -0.00296 Mean of Differences = 0 Student's t 0.042 

>=0.02 mg/L 

Median of Differences -0.002 Median of Differences = 0 Signed Rank 0.0165 

Note:  Differences were calculated as (SFWMD TP - FDEP TP) 
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Regression analysis of the data set was done separately for TP> 0.020 mg/L and for TP<0.020 
mg/L.  Logarithmic transformation was needed for TP>0.020 mg/L, due to skewed data 
distribution. Logarithmic transformation was not needed for TP<0.020 mg/L due the fact that 
distribution at that concentration range is approximately normal. Regression analyses of TP data 
<0.020 mg/L indicate that the slope is not significantly different from 1 and intercept is not 
significantly different from 0, indicating that both data are highly comparable (Figures 7 and 8). 
Regression analyses of TP data >0.020 mg/L indicates that the slope is slightly different from 1 
(<6%) and intercept is not significantly different from 0, indicating that data sets are comparable. 
 
A paired t-test and Wilcoxon rank-sum test was also done for data that are <0.02 mg/L.  These 
analyses indicate that there is no significant difference (ρ=0.10) between the DEP and SFWMD 
TP data.  These statistical analyses and findings were consistent with what was in FDEP Data 
Comparability Report (Nearhoff, presentation to TOC, 8/26/04). 
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Fig.7. Regression Analysis for TP>0.020 mg/L 

 

 
Fig. 8. Regression Analysis for TP <0.020 mg/L 
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Table 5. Results of TP split studies between SFWMD and FDEP laboratories, EVPA Project, March 2004 to March 2005. 
  
Sample Date SFWMD FDEP % RPD/Comments Sample Date SFWMD FDEP % RPD/Comments 
EVPA 3/8/04 0.031 0.031 0 ERR-15 10/28/04 0.030 0.031  
EVPA 3/8/04 0.028 0.022 24.0;  Heavy suspended solids ERR-15 10/28/04 0.030 0.035  
EVPA 3/8/04 0.017 0.020 16 ERR-15 10/28/04 0.031 0.036  
EVPA 3/8/04 0.006 0.006 < PQL ERR-15 10/28/04 0.031 0.036  
EVPA 6/14/04 0.047 0.049 4.2 ERR-15 10/28/04 0.029 0.030  
EVPA 6/14/04 0.034 0.050 38;  Heavy suspended solids ERR-15 10/28/04 0.029 0.031  
EVPA 6/14/04 0.158 0.160 1.2 ERR-15 10/28/04 0.030 0.035  
EVPA 6/14/04 0.156 0.160 2.5 ERR-15 10/28/04 0.007 0.009  
EVPA 9/21/04 0.215 0.230 6.7    Dark brown stain ERR-15 10/28/04 0.007 0.008  
EVPA 9/21/04 0.008 0.018 76.9  Light brown stain ERR-15 10/28/04 0.007 0.007  
EVPA 9/21/04 0.014 0.015 6.9    Light brown stain ERR-15 10/28/04 0.007 0.008  

EVPA 9/21/04 0.012 0.015 22.2  Light brown stain EVPA 12/13/04 0.013 0.017 Light yellow stain, light 
solids 

ERR-15 10/28/04 0.268 0.270  EVPA 12/13/04 0.014 0.022 Dark yellow stain, light 
fine suspended solids 

ERR-15 10/28/04 0.274 0.272  EVPA 12/13/04 0.011 0.018 
1-2 L bottle cracked and 
leaked, used only 1-2 L 
bottle 

ERR-15 10/28/04 0.270 0.257  EVPA 12/13/04 0.158 0.180 Brown stain, light 
suspended particles 

ERR-15 10/28/04 0.199 0.200  EVPA 3/7/05 0.015 0.016 
6.5 Light brown stain, 
heavy small suspended 
particles 

ERR-15 10/28/04 0.201 0.197  EVPA 3/7/05 0.026 0.029 
10.9 Light brown stain, 
heavy small suspended 
solids 

ERR-15 10/28/04 0200 0.195  EVPA 3/7/05 0.009 0.018 
66.7 Light yellow stain, 
heavy small  suspended 
solids 

ERR-15 10/28/04 0.200 0.199  EVPA 3/7/05 0.134 0.140 
Sample not preserved to 
pH < 2; dark brown stain; 
heavy suspended particles 
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2. Total Phosphorus Round Robin XV Inter-laboratory Comparison Results 
 
The Department of Environmental Protection (FDEP) has been providing a study of samples from 
Everglades research initiated in 1995. The purpose of this study is to assess the comparability of 
phosphorus data among 22 participating laboratories. The statistical evaluation of the results has 
been performed by FDEP consultant (Department of Statistics Florida State University). The 
scores in the table 6 are from the five sampling sites.  
 
The TP results of October 2004 study is presented below (Table 6). 
 

Station S10C S5A WCA2E1 WCAF3 WCAU2 
Consensus Study Mean 266.20 197.20 29.66 28.72 7.334 
Reported Mean Results 270.67 200.00 30.50 29.33 7.00 
Score* 5 5 5 5 5 
 

*Rating of laboratories is based on the scale from 0 (unacceptable) to 5 (very good). 
 
IV. Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  Maybe an assessment of effectiveness of laboratory decontamination or on-site 
(field) decontamination (FCEB).   
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through all 
sampling equipment used in routine sample processing. EB values are indicative of the effectiveness of the decontamination 
process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for SS 
are compared with routine sample results; agreement between these two results is mostly an indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision. The agreement or closeness between two or more results and is an indication that the measurement system is operating 
consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and field 
sampling period. 
 
Accuracy. The agreement between the actual obtained result and the expected result. QC check samples having known or “true” 
values are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported with 99 
percent confidence that the concentration is greater than zero. The MDL’s are determined from the analysis of a sample in a 
given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified level.  The 
MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence. Generally, the PQL is 12 times the standard deviation that is derived from the procedure 
used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD). A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD). A measure of precision, used when comparing two values. It is calculated as: %RPD = 
[Value1-Value2]/Mean * 100. 
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I. Introduction 
 
This report is an assessment of the District laboratory analysis and field sampling for Total Phosphorus 
(TP) monitoring primarily for the following projects/stations during the 2nd quarter of 2005: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)       
S334 

 
Since field QCs are collected for trips that include multiple project samples for the stations of interest, the 
report may also cover information on stations or project other than those listed above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field sample 
collection. The Laboratory Quality Manual states the minimum requirement followed in laboratory 
sample preparation and analysis, as well as in data verification and validation. The results of laboratory 
and field quality control during this quarter are presented in Sections II and III of this report. 
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), field 
blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB and FCEB results for 
all projects of interest to the TOC. All of 185 blanks were within the acceptance criteria. Table 2 
summarizes field precision results.  Field sampling precision was acceptable.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using FDEP 
data qualifier codes. A comprehensive list of flagged data for all trips that include samples for CAMB, 
ENP, EVPA and NECP during this quarter is presented in Table 3. 
 
B. EVPA-Refuge LOX stations Sampling  
An assessment of field sampling and laboratory analysis was conducted to further determine the validity 
of data collected in May and June 2005 for the EVPA Project Refuge (LOX) sites, and also to determine 
if further action is needed to help ensure that the data generated for this project is of acceptable and 
verifiable quality. 
 

1.  Sampling Responsibilities 
Sampling for the EVPA-LOX stations has been the primary responsibility of the US Fish and 
Wildlife (Refuge) since early 2001. Management of this contract and field project management is 
the responsibility of the District. During the months of May and June 2005, there were changes in 
sampling personnel, as the previous Refuge samplers left USFWS.  During this series of 
personnel changes in the Refuge, there was no training nor evaluation of capability (audit) 
conducted by the District’s staff.  
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2.  Compliance to Chapter 62-160, F.A.C. and DEP SOP FA3300 (DEP 01/001, 2004) 
USFWS does not have its own field sampling quality manual (FSQM); contract specifies that 
collection for the Refuge should follow the District’s FSQM. This was noted in 12/2004 field 
audit by SFWMD as one of the findings. In this document, the Refuge should have a discussion 
on its training program and how it assesses the capability of the new samplers, as well as other 
agency-specific protocols. 

 
3.  Adherence to SFWMD FSQM and EVPA SOP 
The refuge personnel indicated that they follow the SOP and District FSQM. There was no 
indication that any of the sampling personnel was deliberately not following any of the SOP or 
FSQM provisions. 
 
4. General Quality Practices 
Sampling technique is very critical for this project and any other projects where water depth is 
very shallow, bottom layer is unconsolidated floc, and the site is packed with detritus and 
vegetation. Helicopter impact, bumping against vegetation leaves, wading, bottle suction, and 
sampler movement can cause resuspension of floc or detritus material into the water column. 
Some of these were observed by a District’s field auditor/trainer during actual collection, when he 
joined the Refuge sampling personnel during the July sampling event. 
 
Sampling from helicopter float is an option given to the professional judgment of the sampling 
personnel, and is usually done when the water is too deep for wading. On 5/3/05, samples from 
LOX6, LOX16, LOX15, and LOX12 sites were collected from the helicopter float, with total 
depths at 0.18, 0.63, 0.61, and 0.61, respectively. On the June event, samples from S5AD, 
LOX15, and LOX12 were taken off the float, with total depths between 0.66 to >1m. The 
samplers indicated that they use their judgment to determine when to wade or when to sample off 
the float. This is not a contradiction of the SOP or FSQM provision, however, sampling off the 
float, especially when water depth are this shallow, can disturb the floc layer and yield 
questionable data. Sampling off the float when water depth is <0.2m, as was done in LOX6 
should not have been done. 
 
The FSQM and SOP also specifies the use of smaller sample bottle, e.g. 60 mL instead of 2 liter 
bottles, to minimize disturbance of the underlying material. On the May event, sample from LOX 
7 was collected into a 2 liter bottle. LOX7 had 148 mg/L TSS from the May sampling event.  
 
Documentation of field observations must be completed prior to leaving each site. On the 7/11/05 
trip, sampling depth column on the header sheet was left blank. One sampling personnel on this 
trip indicated that they usually divide the total depth in half, and fill the sampling depth column in 
the laboratory. This was pointed out during the 7/11/05 briefing with the Refuge staff. 
 
During the 7/11/05 sample processing, observation on the amount of floc or particulate in the 
sample was done upon filling the sample bottles. Mr. Smith indicated that was how they have 
been doing this. 
 
5.  Amount of Particulates in the Samples 
Based on the available facts and an analysis of the field notes, TP, total dissolved P (TDP) and 
total suspended solids (TSS) data, it is evident that the high TP in the samples were due to high 
content of solids in the some of the samples collected. Porewater diffusion into the water column 
could also have been a factor. The objective of water sampling for this project is to obtain 
representative samples and the facts indicate that the samples collected were not representative. 
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Whether the high level of TSS was due to sampler error, helicopter impact, or other factors is not 
known. The fact is that the samplers assigned on these two events were inexperienced, and 
according to field documentation, this was each of these individual’s first sampling trip as the 
primary collectors. A primary collector, for the purpose of this report, was the person in charge of 
actually collecting the water samples. 

 
TSS results far exceeds the average TSS concentration in the area over the recent 2.5 year period, 
and exceeds 3 times the standard deviation for TSS for 4 sites in May (LOX7, LOX11, LOX8, 
LOX14), and 4 sites in June (LOX7, LOX8, LOX9, LOX11). There were no TSS data for May 
LOX4, LOX6 and June LOX3, LOX5 to make the same determination for these sites.  
 
TSS data along with TP, TDP, and depth of sampling for May and June samples are presented in 
AppendixTable 1.  
 
Analysis of Total Suspended Solids (TSS) data from all sampled LOX sites from 1/2003 to 
6/2005: 

 
Max 27 mg/L 
Mean 4 mg/L 
SD 3.8 
3*SD 11.5 
N 276 
Number of TSS≤3 mg/L 237 
Outliers (not included in above calculations) 
Lox12, 6/14/04 92 mg/L 
Lox7, 5/2/05 148 mg/L 
Lox11, 5/3/05 204 mg/L 

 
Based on three times the standard deviation, the upper control limits for TSS during 1/2003 to 
6/2005 is 15.5 mg/L TSS.  Eighteen out of 279 observations from 1/2003 to 6/2005 (includes the 
3 outliers) exceeded the upper control limit. For May and June sampling, there were 8 samples 
with TSS>15.5; some sites did not have TSS data. This constitutes 40% of all samples collected 
during these two months, with 2 sites exceeding 100 mg/L.  Because of these spurious high levels 
of TSS, potential of porewater diffusion into the water column, and the fact that collection was 
done by inexperienced samplers, the quality of the entire sampling event is questionable.  

 
6.  Field QC 
 
Equipment blanks and sampling precision results in May and June events met criteria. However, 
there was an incidence on high value for field cleaned equipment blank (FCEB) associated with 
5/16/05 LOXA (expanded WCA1) sampling trip.  Collection was performed by the same samples 
as in the routine LOX sites. The TP result obtained by the laboratory for this LOXA FCEB was 
0.061 mg/L; and the re-analysis result (0.060 mg/L) confirmed this high value.  This might 
actually be highly contaminated blank or a result of sample mix-up, but in either case, is an 
indication of sampling error. All samples associated with this trip were flagged with a “V” 
qualifier. No other field blanks failed criteria during May or June sampling trips.  
 
7.  Corrective Actions and Rationale: 
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a) Flag all data for May and June 2005 sampling events with a “?” qualifier; add a comment: 
sampling quality is questionable based on sampling assessment findings.  

 
b) Training and Demonstration of Capability by Field Sampling Personnel 
Re-training of Refuge personnel was initiated during the July sampling event.  Demonstration of 
capability (DOC) will be determined by SFWMD upon evaluation of the field documentation and 
sample results from these two trips. Any new samplers should go through intensive training and 
DOC prior to collecting actual samples.  
 
A workshop on field sampling has been scheduled for 9/26/05, in accordance with TOC 
recommendation.  
 
c) Collection of Total Suspended Solids (TSS) whenever possible 
Whenever water depth permits collection of a larger volume of sample (aside from TP sample), 
TSS should be collected from the same grab sample as that used for TP. TSS data can be useful 
screening indicator of the quality of water sample collected.  

 
e) Re-evaluate and enhance District’s procedure for review and data assessment to enable a 
more timely detection of outliers 
 
f)  Finalize the EVPA Project Monitoring Plan and distribute this to all stakeholders 

 
 

 
 
Table 1.  Field and equipment blank results 
Type of 
Blank 

Project # Blanks 
collected 

 % ≤0.002 

CAMB 48  100 
ENP 3  100 
EVPA 2  100 

EB 

NECP 1  100 
CAMB 76  100 
ENP 23  100 
EVPA 13  100 

FCEB 

NECP 6  100 
CAMB 6  100 
ENP 2  100 

FB 

EVPA 5  100 
*Note: FCEB for 5/16/05 collection for LOXA project=0.061 mg/L TP. This value was confirmed by re-
analysis.  It was inconclusive if the sample with high blank value was really a blank, or if there was 
sample mix-up. Blank and associated samples were flagged. 
 
Table 2.  Field precision summary 
Project 
Code 

Numbers of  
triplicates 

Mean % RSD Comments 

CAMB 3 10.5 Precision criteria were met   
ENP 1 2.8 Precision criteria were met   
EVPA 3 5.2 Precision criteria were met  
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NECP 3 1.6 Precision criteria were met 
 
Notes 
1) Collection was done by either the District staff or its contractors (Refuge, ENP, DERM, Broward 

County DPEP, or private). Project management and collection for LOXA is handled by the Refuge.  
2) All TP analyses were conducted by the District’s Chemistry laboratory. 
3) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
4) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
5) Associated samples are flagged when concentrations are less than five times the resulting blank 

values for possibility of contamination. 
 
Table 3.  List of flagged data  

PROJECT SAMPLE 
ID 

STATION 
ID 

DATE 
COLLECTED

SAMPLE 
TYPE 

Orig. 
VALUE 

EVPA P22546-10 LOX7 5/2/2005 SAMP 0.108 
EVPA P22546-11 LOX4 5/2/2005 SAMP 0.043 
EVPA P22546-12 LOX4 5/2/2005 FCEB -0.002 
EVPA P22546-2 S5AD 5/2/2005 SAMP 0.204 
EVPA P22546-3 S5AD 5/2/2005 RS 0.201 
EVPA P22546-9 LOX8 5/2/2005 SAMP 0.046 
EVPA P22547-10 LOX12 5/3/2005 SAMP 0.009 
EVPA P22547-11 LOX12 5/3/2005 FCEB -0.002 
EVPA P22547-2 LOX6 5/3/2005 SAMP 0.049 
EVPA P22547-5 LOX11 5/3/2005 SAMP 0.069 
EVPA P22547-6 LOX13 5/3/2005 SAMP 0.015 
EVPA P22547-7 LOX14 5/3/2005 SAMP 0.018 
EVPA P22547-8 LOX16 5/3/2005 SAMP 0.012 
EVPA P22547-9 LOX15 5/3/2005 SAMP 0.009 
EVPA P22548-1 S5AD 6/13/2005 EB -0.002 
EVPA P22548-10 LOX7 6/13/2005 SAMP 0.022 
EVPA P22548-11 LOX4 6/13/2005 SAMP 0.016 
EVPA P22548-12 LOX4 6/13/2005 FCEB -0.002 
EVPA P22548-2 S5AD 6/13/2005 SAMP 0.145 
EVPA P22548-3 S5AD 6/13/2005 RS 0.149 
EVPA P22548-4 S5AD 6/13/2005 RS 0.151 
EVPA P22548-5 LOX3 6/13/2005 SAMP 0.023 
EVPA P22548-6 LOX5 6/13/2005 SAMP 0.026 
EVPA P22548-7 LOX10 6/13/2005 SAMP 0.027 
EVPA P22548-8 LOX9 6/13/2005 SAMP 0.027 
EVPA P22548-9 LOX8 6/13/2005 SAMP 0.018 
EVPA P22549-10 LOX12 6/14/2005 SAMP 0.007 
EVPA P22549-11 LOX12 6/14/2005 FCEB -0.002 
EVPA P22549-2 LOX6 6/14/2005 SAMP 0.014 
EVPA P22549-5 LOX11 6/14/2005 SAMP 0.037 
EVPA P22549-6 LOX13 6/14/2005 SAMP 0.011 
EVPA P22549-7 LOX14 6/14/2005 SAMP 0.014 
EVPA P22549-8 LOX16 6/14/2005 SAMP 0.038 
EVPA P22549-9 LOX15 6/14/2005 SAMP 0.007 
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Table 4  Samples not collected (Missing TPO4 results) or rejected by laboratory 

Project 
Date 
Collected Station Comments 

CAMB 18-Apr-05 S12A No flow, no samples collected 
CAMB 16-May-05 S12A No flow, no samples collected 
CAMB 31-May-05 S12A No flow, no samples collected 
CAMB 13-Jun-05 S12A No flow, no samples collected 
CAMB 4-Apr-05 S12B No flow, no samples collected 
CAMB 2-May-05 S12B No flow, no samples collected 
CAMB 31-May-05 S12B No flow, no samples collected 
CAMB 13-Jun-05 S12B No flow, no samples collected 
CAMB 5-Apr-05 S12C No flow, no samples collected 
CAMB 2-May-05 S12C No flow, no samples collected 
CAMB 31-May-05 S12C No flow, no samples collected 
CAMB 2-May-05 S12D No flow, no samples collected 
CAMB 27-Jun-05 S333 No flow, no samples collected 
ENP 5-Apr-05 S18C No flow, no samples collected 
ENP 12-Apr-05 S18C No flow, no samples collected 
ENP 19-Apr-05 S18C No flow, no samples collected 
ENP 20-Apr-05 S18C No flow, no samples collected 
ENP 26-Apr-05 S18C No flow, no samples collected 
ENP 3-May-05 S18C No flow, no samples collected 
ENP 10-May-05 S18C No flow, no samples collected 
ENP 17-May-05 S18C No flow, no samples collected 
ENP 24-May-05 S18C No flow, no samples collected 
ENP 28-Jun-05 S176 No flow, no samples collected 
ENP 13-Apr-05 S332D No flow, no samples collected 
ENP 31-May-05 S332D Sample not acidified (improper 

preservation); rejected by the lab 
EVPA 4-Apr-05 LOX3 Tdepth<0.10 m, no samples collected 
EVPA 2-May-05 LOX3 Tdepth<0.10 m, no samples collected 
EVPA 4-Apr-05 LOX5 Tdepth<0.10 m, no samples collected 
EVPA 2-May-05 LOX5 Tdepth<0.10 m, no samples collected 
EVPA 4-Apr-05 LOX9 Tdepth<0.10 m, no samples collected 
EVPA 2-May-05 LOX9 Tdepth<0.10 m, no samples collected 
EVPA 2-May-05 LOX10 Tdepth<0.10 m, no samples collected 
NECP 27-Jun--05 S334 Gate closed, no flow, no sample collected 
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III. Laboratory Quality Control Assessment 
 
Routine laboratory QC samples include method blanks, detection limit checks, QC checks, matrix spikes, 
and precision checks.  The laboratory’s protocols include evaluation of initial calibration prior to analysis 
of samples and running continuing calibration verification checks, QCs, and continuing calibration blanks 
(CCBs).  Figures 1-6 show recoveries from various levels of QC samples for the TP analysis at SFWMD 
laboratory.  Figure 7 is a plot of laboratory method blanks, i.e. analyte-free water that are processed and 
analyzed in the same manner as regular samples. Statistical evaluation of precision and matrix spikes 
recoveries is also included.  A portion of or an entire analytical run is generally rejected if QC recoveries 
are outside the set limits.  Data is flagged accordingly if any deficiency is noted and the samples have 
exceeded the required holding times and can not be reanalyzed. 
 
Recoveries for the QC samples are generally within + 10% from the true value, which are acceptable.  
The MDL check (QC5), with a true value of 0.004 mg/L, had a mean recovery of 100.0%.  The MDL 
check daily results indicate the laboratory consistently achieved the 0.002 mg/L MDL. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  Recoveries 
for this check sample are between 96.4 – 101.7%, indicating that the digestion process was effective.  The 
same material is used to prepare matrix spikes, the mean recovery for which was 100.2%. One spike 
result, i.e. L27202-17, an estuarine sample from St. Lucie Estuary, and unrelated to the projects covered 
by the Settlement Agreement, had a recovery of 58.6%; the sample was flagged due to matrix 
interference. 
 
The precision target for TP analysis during this period was 10.0%; mean %RPD achieved was 1.9% and 
1.2% for low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, respectively.  The maximum 
RPD during this period were 7.2% and 3.9% for low and high levels, respectively. 
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TP Method Blanks (1-Apr-05 to 30-Jun-05)
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TP Spike Recovery Data4/1/05-6/30/05 

Acceptance Limit = 90-110% 
 

Min = 58.6* 
Max = 110% 

Mean = 100.2% 
Std Dev = 4.32 
3xSD = 12.95 
LCL = 87.2% 
UCL = 113% 

n=335 
TP Precision Data, Low Level (0-0.200) 

4/1/05-6/30/05 
Acceptance Limit = <10% 

 
Max = 7.2 

Mean = 1.9 
Std Dev = 1.61 

3xSD = 4.83 
UCL = 6.7 

n = 277 

TP Precision Data, High Level (0.20-2.00
4/1/05-6/30/05 

Acceptance Limit = <10% 
 

Max = 3.9 
Mean = 1.2 

Std Dev = 0.87 
3xSD = 2.60 
UCL = 3.8 

n = 42 

 
    
                     
           
  



IV. Inter-Laboratory Quality Control Assessment 
 
A. National Proficiency Testing Results 
As a requirement for laboratory certification, the District’s laboratory performs proficiency testing (PT) on 
environmental samples on a semi-annual basis. This study is administered by vendors that have been approved by 
the National Institute of Science and Technology as PT providers for National Environmental Laboratory 
Accreditation Conference.  
 
The result of April 2005 study is presented in Table 7.  
 
Table 7.  Laboratory Proficiency Testing Results for TP, April 2005  
Sample I.D Reported 

Value, mg/L 
Assigned  
Value, mg/L 

%Recovery Status Z-Score 

Sample 1 (WP) 3.11 3.15 98.7 Acceptable 0.273 
Sample 2 (APG) 0.408 0.413 98.8 Acceptable 0.448 

WP=water pollution; APG=Analytical Products Group, Inc. 
 
 



Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory decontamination (LCEB) 
or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through 
all sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the 
decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for 
SS are compared with routine sample results; agreement between these two results is mostly an indication of laboratory 
precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is 
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and 
field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or 
“true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported 
with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a 
sample in a given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified 
level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the 
procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD = 
[Value1-Value2]/Mean  * 100. 
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Appendix Table 1. TP, TDP, and TSS data in relation to collector, visual observations of particulates, water depth, 
and whether sampled from helicopter float or accessed by wading, February to June 2005 
 

Station Sampler Date 
TP, 
mg/L 

TDP, 
mg/L 

TSS, 
mg/L 

Observations on 
Particulates in the 
sample†

Total 
depth, m 

Depth to 
Consolidated 
Sediment, m 

Sampled 
fr H 
Float? ††

Lox3 Arrington-USFWS 2/7/2005 NS NS NS NS 0.01 0.10  
Lox4 Arrington-USFWS 2/7/2005 0.026 0.006 12 very heavy large 0.24 0.27  
Lox5 Arrington-USFWS 2/7/2005 NS NS NS NS 0.04 0.15  
Lox6 Arrington-USFWS 2/7/2005 0.006 0.004 <3 light 0.33 0.33  
Lox7 Arrington-USFWS 2/7/2005 0.012  -  - light 0.17 0.30  
Lox8 Arrington-USFWS 2/7/2005 0.009 0.007 <3 light 0.25 0.35  
Lox9 Arrington-USFWS 2/7/2005 NS NS NS NS 0.05 0.15  
Lox10 Arrington-USFWS 2/7/2005 0.014  -  - medium 0.13 0.19  
Lox11 Arrington-USFWS 2/7/2005 0.01 0.005 6 heavy  0.26 0.54 Y 
Lox12 Arrington-USFWS 2/7/2005 0.006 0.004 <3 light 0.67 0.75 Y 
Lox13 Arrington-USFWS 2/7/2005 0.009 0.006 <3 moderate 0.48 0.48  
Lox14 Arrington-USFWS 2/7/2005 0.007 0.007 <3 moderate 0.56 0.57 Y 
Lox15 Arrington-USFWS 2/7/2005 0.007 0.005 <3 light 0.62 0.96 Y 
Lox16 Arrington-USFWS 2/7/2005 0.008 0.005 <3 moderate 0.63 0.73 Y 
FCEB Arrington-USFWS 2/7/2005 <0.002 0.003 <3        
Lox3 Arrington-USFWS/Atkins-SFWMD 3/7/2005 NS NS NS NS 0.05 0.07  
Lox4 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.009  --  -- light 0.16 0.25  
Lox5 Arrington-USFWS/Atkins-SFWMD 3/7/2005 NS NS NS NS 0.06 0.14  
Lox6 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.011  --  -- light 0.19 0.29  
Lox7 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.02  --  -- heavy small 0.14 0.24  
Lox8 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.015 0.007 10 heavy small 0.25 0.36  
Lox9 Arrington-USFWS/Atkins-SFWMD 3/7/2005 NS NS NS NS 0.07 0.12  
Lox10 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.018  --  -- medium 0.16 0.25  
Lox11 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.026 0.007 11 heavy small 0.27 0.37  
Lox12 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.018 0.004 14  -- 0.50 0.66  
Lox13 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.009 0.004 11 heavy small 0.25 0.44  
Lox14 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.011 0.005 11 heavy small 0.42 0.55  
Lox15 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.01 0.006 <3 heavy 0.49 0.69  
Lox16 Arrington-USFWS/Atkins-SFWMD 3/7/2005 0.01 0.005 3 moderate 0.40 0.62  
FCEB Arrington-USFWS/Atkins-SFWMD 3/7/2005 <0.002 0.002 3        
Lox3 Arrington-USFWS 4/4/2005 NS NS NS NS 0.04 0.10  
Lox4 Arrington-USFWS 4/4/2005 0.012 0.006 <3 light 0.28 0.31  
Lox5 Arrington-USFWS 4/4/2005 NS NS NS NS 0.06 0.11  
Lox6 Arrington-USFWS 4/5/2005 0.006 0.005 <3 light 0.36 0.48  
Lox7 Arrington-USFWS 4/4/2005 0.01 0.006 <3 moderate 0.21 0.33  
Lox8 Arrington-USFWS 4/4/2005 0.01 0.005 <3 moderate 0.29 0.36  
Lox9 Arrington-USFWS 4/4/2005 NS NS NS NS 0.09 0.15  
Lox10 Arrington-USFWS 4/4/2005 0.009  -  - light 0.10 0.18  
Lox11 Arrington-USFWS 4/5/2005 0.009 0.005 <3 moderate 0.21 0.36  
Lox12 Arrington-USFWS 4/5/2005 0.004 0.006 <3 moderate 0.50 0.70 Y 
Lox13 Arrington-USFWS 4/5/2005 0.009 0.008 <3 moderate 0.43 0.52 Y 
Lox14 Arrington-USFWS 4/5/2005 0.008 0.005 <3  -- 0.53 0.57 Y 
Lox15 Arrington-USFWS 4/5/2005 0.004 0.006 <3 light 0.60 0.83 Y 
Lox16 Arrington-USFWS 4/5/2005 0.008 0.005 <3 moderate 0.80 0.54 Y 
FCEB Arrington-USFWS   <0.002 0.002 <3        
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Table 1. TP, TDP, and TSS data (con’t) 

Station Sampler Date 
TP, 
mg/L 

TDP, 
mg/L 

TSS, 
mg/L 

Observations on 
Amount of Particulates 
in the sample†

Total 
depth, m 

Depth to 
Consolidated 
Sediment, m 

Sampled 
fr H. 
Float? ††

Lox3 Suratt-ENP 5/2/2005 NS NS NS NS <0.1  --  
Lox4 Suratt- ENP 5/2/2005 0.043  -  - heavy 0.13 0.16  
Lox5 Suratt-ENP 5/2/2005 NS NS NS NS <0.1  --  
Lox6 Suratt- ENP 5/3/2005 0.049  -  - light 0.18 0.21 Y 
Lox7 Suratt-ENP 5/2/2005 0.108 0.028 148 heavy 0.19 0.22  
Lox8 Suratt- ENP 5/2/2005 0.046 0.007 23 heavy 0.36 0.38  
Lox9 Suratt-ENP 5/2/2005 NS NS NS   0.09  --  
Lox10 Suratt- ENP 5/2/2005 NS NS NS   0.05  --  
Lox11 Suratt-ENP 5/3/2005 0.069 0.007 204 heavy 0.27 0.31  
Lox12 Suratt- ENP 5/3/2005 0.009 0.005 <3  -- 0.61 0.62  
Lox13 Suratt-ENP 5/3/2005 0.015 0.007 11 light 0.32 0.39 Y 
Lox14 Suratt- ENP 5/3/2005 0.018 0.004 19 heavy settled 0.37 0.43  
Lox15 Suratt-ENP 5/3/2005 0.009 0.005 <3 low 0.61 0.66 Y 
Lox16 Suratt- ENP 5/3/2005 0.012 0.006 <3 light 0.63 0.66 Y 
FCEB Suratt-ENP 5/3/2005 <0.002 0.004 <3  --      
Lox3 Rinker-USFWS 6/13/2005 0.023  --  -- medium floc 0.17 0.21  
Lox4 Rinker-USFWS 6/13/2005 0.016 0.011 <3 medium floc 0.32 0.36  
Lox5 Rinker-USFWS 6/13/2005 0.026  --  -- medium floc 0.18 0.21  
Lox6 Rinker-USFWS 6/14/2005 0.014 0.006 9 medium floc 0.32 0.36  
Lox7 Rinker-USFWS 6/13/2005 0.022 0.009 19 heavy floc 0.36 0.37  
Lox8 Rinker-USFWS 6/13/2005 0.018 0.008 12 medium floc 0.32 0.34  
Lox9 Rinker-USFWS 6/13/2005 0.027 0.009 25 medium floc 0.22 0.27  
Lox10 Rinker-USFWS 6/13/2005 0.027 0.006 6 medium floc 0.24 0.26  
Lox11 Rinker-USFWS 6/14/2005 0.037 0.007 51 heavy floc 0.41 0.43  
Lox12 Rinker-USFWS 6/13/2005 0.007 0.005 <3 no floc 0.77 0.8 Y 
Lox13 Rinker-USFWS 6/14/2005 0.009 0.004 11 medium floc 0.41 0.45  
Lox14 Rinker-USFWS 6/14/2005 0.014 0.005 8 medium floc 0.51 0.54  
Lox15 Rinker-USFWS 6/13/2005 0.007 0.005 <3 light floc 0.66 0.72 Y 
Lox16 Rinker-USFWS 6/14/2005 0.038 0.011 6 very heavy floc 0.53 0.63  
FCEB Rinker-USFWS 6/13/2005 <0.002 <0.002 <3       -- 

 

† Based on what was noted on the field notes; according to what was observed in the bucket or bottles during sample 
processing. 
†† Based on what was noted on the field notes. 
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 Quality Assessment Report for Water Quality Monitoring 
July – September 2005 

 
I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total Phosphorus (TP) 
monitoring primarily for the following projects/stations during the 3rd quarter of 2005: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)        
S334 
 

Since field QCs are collected for trips that include multiple project samples for the stations of interest, the report 
may also cover information on stations or project other than those listed above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field sample collection. 
The Laboratory Quality Manual states the minimum requirement followed in laboratory sample preparation and 
analysis, as well as in data verification and validation. The results of laboratory and field quality control during this 
quarter are presented in Sections II and III of this report. 
 
Included in this report is an analysis of the District’s laboratory’s performance on split and inter-laboratory studies 
with FDEP and other laboratories for three selected projects, i.e. EVPA, C111, and Everglades TP Round Robins, 
for a one year period.   
 
 
II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field cleaned equipment blanks (FCEB), field blanks (FB), 
split samples (SS) and replicate samples (RS).  Table 1 summarizes EB and FCEB results for all projects of interest 
to the TOC. Except for one blank result of the 125, all blanks were within the acceptance criteria. Table 2 
summarizes field precision results.  Field sampling precision was acceptable.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using FDEP data 
qualifier codes. A comprehensive list of flagged data for all trips that include samples for CAMB, ENP, EVPA and 
NECP during this quarter is presented in Table 3. 
 
Table 1.  Field and equipment blank results 
Type  Project # Blanks collected % ≤0.002 % >0.002 Action Taken 

CAMB 23 100 0  
ENP 14 93 7 Blanks were flagged; samples passed criteria 

EB 

NECP 2 100 0  
CAMB 61 100 0  
ENP 7 100 0  
EVPA 11 100 0  

FCEB 

NECP 6 100 0  
FB CAMB 1 100 0  
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Table 2.  Field precision summary 
Project 
Code 

Numbers of  
triplicates 

Mean % RSD Comments 

CAMB 4 7.5 Precision criteria were met   
EVPA 1 4.4 Precision criteria were met.  
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for possibility of contamination. 
 
 
Table 3.  List of flagged data  
 

Project Date Collected Station Type 
 Flag 

Code Comments 
ENP 2-Aug-2005 S18C EB  V EB>MDL 
CAMB 9-Aug-2005 S7 SAMP  Y Improper preservation 
CAMB 16-Aug-2005 S7 SAMP  Y Improper preservation 
CAMB 23-Aug-2005 S7 SAMP  Y Improper preservation 
ENP 30-Aug-2005 S174 SAMP  V Sample associated with positive FCEB 

 
 
Table 4.  Samples not collected (Missing TPO4 results) 

Project  
Date 

collected Station Comments 
CAMB 9/6/2005 S12A Samples not shipped on ice (improper preservation), rejected by the lab 
CAMB 9/6/2005 S12B Samples not shipped on ice (improper preservation), rejected by the lab 
CAMB 9/6/2005 S12C Samples not shipped on ice (improper preservation), rejected by the lab 
CAMB 9/6/2005 S12D Samples not shipped on ice (improper preservation), rejected by the lab 
CAMB 7/11/2005 S333 No flow, no samples collected 
CAMB 9/6/2005 S333 No flow, no samples collected 
ENP 7/12/2005 S176 No flow, no samples collected 
ENP 8/9/2005 S176 No flow, no samples collected 
ENP 9/6/2005 S176 No flow, no samples collected 
EVPA 8/8/2005 LOX10 Total depth<0.10 m, no samples collected 
EVPA 9/21/2005 LOX13 Total depth<0.10 m, no samples collected 
EVPA 8/8/2005 LOX3 Total depth<0.10 m, no samples collected 
EVPA 9/19/2005 LOX3 Total depth<0.10 m, no samples collected 
EVPA 9/19/2005 LOX5 Total depth<0.10 m, no samples collected 

NECP 7/11/2005 S334 No flow, no samples collected 
NECP 9/6/2005 S334 No flow, no samples collected 
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B. Field Audits 
 
During this quarter, an audit of field sampling collection activities was performed for SFWMD Sampling team 
collection for the CAMB project on 7/21/05. 
The key findings were: a) Training documentation was not available for one of the collectors; b) The field 
instrument temperature thermistor had not had its quarterly check at the time of the audit. All deficiencies have been 
corrected. 
 
A second audit was performed on the Tetra Tech ECI collection for the ST1W project on 9/06/05. The key findings 
were a) Agency quality manual was not available on site; b) Field instrument was not kept wet or rinsed between 
stations; c) Incomplete documentation of field sample preservation; d) Conflicting acceptance criteria for 
temperature verifications was being used.  The corrective action plan had not been received for this audit at the time 
of this report. 
 
 
III. Laboratory Quality Control Assessment 
 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
The charts presented in Figures 1-6 show recoveries from various levels of QC samples for the TP analysis at 
SFWMD laboratory.  Statistical evaluation of precision and matrix spikes recoveries is also included.  A portion of 
or an entire analytical run is generally rejected if QC recoveries are outside the set limits.  Data is flagged 
accordingly if any deficiency is noted and the samples have exceeded the required holding times and can not be 
reanalyzed. 
 
Recoveries for the QC samples are generally within + 10% from the true value, which are acceptable.  The MDL 
check (QC5), with a true value of 0.004 mg/L, had a mean recovery of 102%.  The MDL check daily results indicate 
the laboratory consistently achieved the 0.002 mg/L MDL. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  Recoveries for this 
check sample are between 94.9 – 101.9%, indicating that the digestion process was effective.  The same material is 
used to prepare matrix spikes, the mean recovery for which was 100.8%.   
 
The precision target for TP analysis during this period was 10.0%, and as the report shows, mean %RPD was 1.9% 
and 1.6% for low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, respectively.  The maximum RPD 
during this period were 9.8% and 5.4% for low and high levels, respectively. 
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TP Precision Data 7/1/05-9/30/05 
Acceptance Limit = <10% 

Low Level (0-0.200) High Level (0.20-2.00) 
Max 9.8 Max 5.4 
Mean 1.9 Mean 1.6 
Std Dev 1.76 Std Dev 1.48 
3xSD 5.27 3xSD 4.44 
UCL 7.2 UCL 6.0 
n 286 n 41  

 
 

TP Spike Recovery Data7/1/05-9/30/05 
Acceptance Limit = 90-110% 

Min 90.4 
Max 110 
Mean 100.8 
Std Dev 4.09 
3xSD 12.28 
LCL 88.6 
UCL 113.1 
n 339  

          
  



IV. Inter-Laboratory Quality Control Assessment 
 
A. Split Studies 
 
To continually assess comparability of results, the District sends split samples to other laboratories on a routine 
basis. Data from split studies between DEP and SFWMD laboratories from March 2004 to March 2005 for the 
following programs are presented in Table 5.  
 
The summary statistics and signed rank test for SFWMD vs. DEP results, as presented in Table 3  below, shows that 
the p-value for TP ≥0.020 mg/L and TP <0.020 mg/L levels are -0.003 (Signed Rank)  and 0.0387 (Student’s t-test) 
respectively, indicating no significant difference. The mean and median of differences from both laboratories for 
samples with <0.02 mg/L P concentration are -0.003 and -0.002, respectively, while at higher level (>=0.02 mg/L), 
mean and median differences were 0.004 and -0.003, respectively. These are around the laboratories’ MDLs; 
SFWMD’s MDL is 0.002 mg/L while DEP laboratory’s MDL is 0.004 mg/L. At these levels wider variability can be 
expected even within each laboratory. 
 

Table 3. Statistical Comparison of TP Recoveries from SFWMD and FDEP Laboratories  (Sep2004 - Sep2005) 

Summary Statistics  
Lab N Mean Median   
FDEP 15 0.013866667 0.016   
SFWMD 15 0.011066667 0.009   
  Statistical Test of Hypotheses   
Summary Of Paired Differences Hypothesis Statistical Test Pvalue 
Mean Of Differences -0.0028 Mean of Differences = 0 Student's t 0.0387 

<0.02 mg/L 

Median Of Differences -0.002 Median of Differences = 0 Signed Rank 0.0128 
        

Summary Statistics  
Lab N Mean Median   
FDEP 25 0.12028 0.14   
SFWMD 25 0.11672 0.134   
  Statistical Test of Hypotheses   
Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean Of Differences 
-

0.00356 Mean of Differences = 0 Student's t -0.0036 

≥0.02 mg/L 

Median Of Differences -0.003 Median of Differences = 0 Signed Rank -0.003 
 
Regression analysis of the data set, done separately for TP> 0.020 mg/L and for TP<0.020 mg/L indicate no 
significant difference between TP recoveries from the two laboratories (Figures 7 and 8).   . 
 
These statistical analyses and findings were consistent with what was in FDEP Data Comparability Report 
(Nearhoff, presentation to TOC, 8/26/04). 
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Fig.7. Regression Analysis for TP>0.020 mg/L 

 
Fig.8 . Regression Analysis for TP <0.020 mg/L 



 
Table 5.  Results of TP split studies between SFWMD and FDEP laboratories, EVPA Project, March 2004 to March 
2005.  

Sample Date 
 

SFWMD 
 

FDEP 
 

% RPD/Comments 
 

EVPA 21-Sep-2004 0.215 0.230 6.7    Dark brown stain 
EVPA 21-Sep-2004 0.008 0.018 76.9  Light brown stain 
EVPA 21-Sep-2004 0.014 0.015 6.9    Light brown stain 
EVPA 21-Sep-2004 0.012 0.015 22.2  Light brown stain 
ERR-15 28-Oct-2004 0.268 0.270  
ERR-15 28-Oct-2004 0.274 0.272  
ERR-15 28-Oct-2004 0.270 0.257  
ERR-15 28-Oct-2004 0.199 0.200  
ERR-15 28-Oct-2004 0.201 0.197  
ERR-15 28-Oct-2004 0200 0.195  
ERR-15 28-Oct-2004 0.200 0.199  
ERR-15 28-Oct-2004 0.030 0.031  
ERR-15 28-Oct-2004 0.030 0.035  
ERR-15 28-Oct-2004 0.031 0.036  
ERR-15 28-Oct-2004 0.031 0.036  
ERR-15 28-Oct-2004 0.029 0.030  
ERR-15 28-Oct-2004 0.029 0.031  
ERR-15 28-Oct-2004 0.030 0.035  
ERR-15 28-Oct-2004 0.007 0.009  
ERR-15 28-Oct-2004 0.007 0.008  
ERR-15 28-Oct-2004 0.007 0.007  
ERR-15 28-Oct-2004 0.007 0.008  
EVPA 13-Dec-2004 0.013 0.017 Light yellow stain, light solids 
EVPA 13-Dec-2004 0.014 0.022 Dark yellow stain, light fine suspended solids 
EVPA 13-Dec-2004 0.011 0.018 1-2 L bottle cracked and leaked, used only 1-2 L bottle 
EVPA 13-Dec-2004 0.158 0.180 Brown stain, light suspended particles 
EVPA 7-Mar-2005 0.015 0.016 6.5% / Light brown stain, heavy small suspended particles 
EVPA 7-Mar-2005 0.026 0.029 10.9% /Light brown stain, heavy small suspended solids 
EVPA 7-Mar-2005 0.009 0.018 66.7% / Light yellow stain, heavy small  suspended solids 
EVPA 13-Jun-05 0.145 0.170 15.9% 
EVPA 13-Jun-05 0.027 0.018 40.0% 
EVPA 13-Jun-05 0.027 0.030 10.5% 
EVPA 13-Jun-05 0.022 0.024 8.7% 
EVPA 19-Sep-05 0.165 0.170 3.0% 
EVPA 19-Sep-05 0.163 0.170 4.2% 
EVPA 19-Sep-05 0.007 0.010 <PQL 
EVPA 19-Sep-05 0.008 0.007 <PQL 
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B. NWRI Environmental Canada Ecosystem Inter-laboratory Proficiency Program 
SFWMD laboratory participated in the Performance Testing program provided by the National Water Research 
Institute, Environmental Canada. The objectives of this program are to assess and demonstrates reliability and quality 
of analytical measurements of inorganic parameters in natural waters.  
 
Table 6. Laboratory Performance in PT Study 86 for TP, July 2005. 
Sample # 1 2 3 4 5 6 7 8 9 10 

 
Assigned Value 0.0016 0.001 0.0011 0.0032 0.0110 0.0677 0.218 0.1230 0.190 0.29

2 
Reported Results 
 

<0.002 <0.002 <0..002 0.004 0.010 0.066 0.218 0.121 0.188 0.29
0 

 
The performance of total phosphorus was rated as “good” (highest). 
 

C. U.S. Geological Survey Analytical Evaluation Program for Reference Samples 
The District’s laboratory participates in the USGS SRS Study on environmental samples semi-annually on a 
voluntary basis. The laboratory uses the study to monitor laboratory performance. Statistical analysis of results is 
conducted by the USGS, upon which laboratory results are based, and performance is is rated on a scale of 0 to 4. 

The following rating criteria are used: 

Absolute Z-value Rating 

0.00 to 0.50 4 (Excellent) 

0.51 to 1.00 3 (Good) 

1.01 to 1.50 2 (Satisfactory) 

1.51 to 2.00 1 (Marginal) 

greater than 2.00 0 (Unsatisfactory) 
 
The September 2005 study is presented in Table 7. 
Sample I.D Reported Value, 

mg/L 
Most Probable 
Value, mg/L 

% Recovery Z-value Rating 

M-176 
 

0.686 0.685 101.5 0.03 Excellent 
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Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all 
sampling equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory 
decontamination (LCEB) or on-site (field) decontamination (FCEB).  EB values are indicative of the effectiveness 
of the decontamination process. 
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling 
site, through all sampling equipment used in routine sample processing.  EB values are indicative of the 
effectiveness of the decontamination process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine 
collection, preserved and kept open until sample collection is completed for the routine sample at that site.  FB 
values are indicative of environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  
Results for SS are compared with routine sample results; agreement between these two results is mostly an 
indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same 
sampling equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement 
system is operating consistently and is a quantifiable indication of variations introduced by the analytical systems 
over a given time and field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having 
known or “true” value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and 
reported with 99 percent confidence that the concentration is greater than zero.  The MDL’s are determined from the 
analysis of a sample in a given matrix, using accepted sampling and analytical preparation procedures, containing 
the analyte at a specified level.  The MDL is determined by the protocol defined in section 40 CFR Part 136, 
Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively 
reported with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived 
from the procedure used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: 
%RPD = [Value1-Value2]/Mean  * 100. 
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Quality Assessment Report for Water Quality Monitoring 
October – December 2005 

 
 
I. Introduction 
 
This report is an assessment of the District laboratory analysis and field sampling for total phosphorus 
(TP) monitoring primarily for the following projects/stations during the fourth quarter of 2005: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)       
S334 
 

Since field QC samples are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or projects other than those listed above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field sample 
collection. The Laboratory Quality Manual states the minimum requirement followed in laboratory 
sample preparation and analysis, as well as in data verification and validation. A Project Monitoring Plan 
for the EVPA Project was revised and finalized on 9/14/05. This revision incorporates some 
improvements and clarifications to help ensure consistency in collection procedure and techniques. 
Further training to field sampling staff on Marsh Sampling was provided on 9/26/05. Discussions within 
the technical working group representing the District, ENP, and USFWS continued during this quarter. 
 
The results of laboratory and field quality control during this quarter are presented in Sections II and III of 
this report. Included in this report is an analysis of the District laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, (i.e. EVPA, C111, and 
Everglades TP Round Robins), for a one-year period.   
 
Errata: 
 
An error on flagging of samples reported in the last quarter’s QA report was noted recently. L28263-4 
sample from EVPA Project Station Lox14, Collected 9/21/05, should not have been flagged. 
Consequently, the following sample should have been flagged instead: L28163-4, collected from C111 
S332B Grab 9/07/05 EB>.002 mg/L. Database entries have been corrected at the time of preparing this 
present report. 
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II. Field Sampling Quality Assessment 
 
A.  Quality Control 
Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks (FCEB), field 
blanks (FB), split samples (SS) and replicate samples (RS).  Table 1 summarizes EB and FCEB results for 
all projects of interest to the TOC. All 157 blanks were within the acceptance criteria. Table 2 
summarizes field precision results.  Field sampling precision was acceptable.  
 
Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using FDEP 
data qualifier codes. A comprehensive list of flagged data for all trips that include samples for CAMB, 
ENP, EVPA and NECP during this quarter is presented in Table 3. 
 
 
Table 1.  Field and equipment blank results 
Type  Project # Blanks collected % ≤0.002 % >0.002 Action Taken 

CAMB 43 100 0  
ENP 7 100 0  

EB 

EVPA 3 100 0  
CAMB 65 100 0  
ENP 12 100 0  
EVPA 19 100 0  

FCEB 

NECP 7 100 0  
FB CAMB 1 100 0  
Total  157    
 
 
Table 2.  Field precision summary 
Project  # of  replicated stations # replicates/station Mean % RSD or RSD Comments 

CAMB 3 3 2.9 Precision criteria were met   
ENP 1 3 7.6 Precision criteria were met 
EVPA 2 3 12.1 Sample results were ≤ PQL 
NECP 1 2 0 Precision criteria were met   
Total 7    
 
Notes 
1) All TP analyses were conducted by the District’s Chemistry laboratory. 
2) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
3) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
4) Associated samples are flagged when concentrations are less than five times the resulting blank values for 

possibility of contamination. 
 
 
Table 3.  List of flagged data  
 
None for samples that were collected during this quarter.  
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Table 4.  Samples not collected  and missing TP results 
Project Date Collected Station Comments 
CAMB 10/3/05 S333 No Flow, no samples collected 
CAMB 11/28/05 S12A No Flow, no samples collected 
CAMB 12/12/05 S12A No Flow, no samples collected 
ENP 10/4/05 S176 No Flow, no samples collected 
ENP 11/1/05 S176 No Flow, no samples collected 
ENP 11/8/05 S18C No Flow, no samples collected 
ENP 11/21/05 S18C No Flow, no samples collected 
ENP 11/29/05 S176 No Flow, no samples collected 
ENP 12/6/05 S18C No Flow, no samples collected 
ENP 12/12/05 S18C No Flow, no samples collected 
ENP 12/20/05 S18C No Flow, no samples collected 
ENP 12/27/05 S176 No Flow, no samples collected 
ENP 12/27/05 S18C No Flow, no samples collected 
EVPA 10/20/05 LOX13 Total depth <0.10m. No sample collected. 

 
B. Field Audits 
 
During this quarter, an audit of field sampling collection activities was performed for the Miami Dade 
County DERM on the ENP, C111D and NECP projects on 11/15/05 and 11/16/05. The key findings were 
a) the autosampler sample was not being adequately mixed prior to processing the sample into the sample 
container, and b) a pre-cleaned autosampler bottle was included in the sampling train for the FCEB. 
 
A second audit was performed on the USFWS sampling team collection for the EVPA project on 
12/12/05.  The key findings were: a) One piece of the sampling equipment train was not being rinsed with 
sample water adequately prior to sample processing; b) there were five deficiencies in documentation 
relating to omitted information.   
 
 
III. Laboratory Quality Control Assessment 
 
On November 28, 2005, the District Chemistry laboratory updated its TP analytical procedures, based on 
Standard Methods SM4500P-F, from District Method 3100.1 revision 4.0 to 5.0. The procedure change 
involved the following key changes:  

1) changed instrument, from segmented flow analysis to flow-injection type instrument 
2) implemented a single analytical working range of analysis to bracket concentrations from 
0.002-0.400 mg/L, instead of the old method of analysis in two analytical ranges: Low level - 
0.002-0.200 mg/L, and High level - 0.200-2.00 mg/L. 
3) eliminated a 1.8 mg/L organic (digestion) check, although this solution is still used for 
preparation of matrix spikes 
4) changed concentration levels of QC1 and QC3 checks from 0.15 and 0.025 to 0.3 and 0.03 
mg/L P, respectively. 

 
The instrument change was necessary as the old instrument was at the end of its life cycle. Prior to 
implementation, a performance validation of the new instrument and method change were conducted and 
included data comparison of samples analyzed by both new and old instruments; evaluation of precision, 
spike recoveries, blank values, detection limits, reference materials; and Everglades Round Robin studies. 
Performance validation, also referred to as Initial Demonstration of Capability, is retained by the 
laboratory, in accordance with NELAC and Chapter 62-160, F.A.C. requirements. 
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Routine laboratory QC indicators include QC checks, matrix spikes, and precision checks. The QC charts 
and precision analyses presented in this report reflect the different levels of QC checks as follows: 
 

Figures 1-6  QC recoveries for the period from 10/1 – 11/29/2005 (former method) 
Figures 7-9  QC recoveries for the period from 11/30 – 12/31/2005 (new method) 

 
A statistical evaluation of precision and matrix spike recoveries is also included.  A portion of or an entire 
analytical run is generally rejected if QC recoveries are outside the set limits.  Data are flagged 
accordingly if any deficiencies are noted and the samples have exceeded the required holding times and 
cannot be re-analyzed. 
 
Recoveries for the QC samples are generally within +10% of the true value, which are acceptable.  The 
MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 102% for both instruments.  
The daily MDL check results indicate that the laboratory has consistently achieved the goal of 0.002 
mg/L MDL during this reporting quarter. 
 
An organic check is a solution prepared from phytic acid, a stable form of organic phosphate.  Recoveries 
for this check sample are between 97.7 – 102.6%, indicating that the digestion process was effective.  The 
same material is used to prepare matrix spikes, the mean recovery for which were 103.2% (former 
method) and 102.5 % (new method)   
 
The precision target for TP analysis during this period was <10.0%; mean %RPD was 1.6% and 0.8% for 
low (0 to 0.200 mg/L) and high level (0.200-2.00 mg/L) analyses, respectively.  The maximum RPD 
during this period were 9.2% and 2.4% for low and high levels, respectively. Using the new method, the 
mean RPD was 1.4% and the maximum RPD was 6.8%. 
 
 
IV. Inter-Laboratory Quality Control Assessment 
 
A. Split Studies 
 
To continually assess comparability of results, the District sends split samples to other laboratories on a 
routine basis. Data from split studies between FDEP and DISTRICT laboratories from March 2003 to 
November 2005 for the following programs were used in this analysis: EVPA Quarterly Splits (EVPA), 
Everglades TP Round Robin (ERR), and S332 sites (C111) (Appendix Table 1).  Regression analysis of 
the data set was done separately for TP> 0.020 mg/L and for TP<0.020 mg/L.  Logarithmic 
transformation was done because of skewed data distribution. At <0.02 mg/L level, the slope is not 
significantly different from 1 and intercept is not significantly different from 0, indicating that the data 
from the two laboratories are highly comparable (Figures 10 and 11). At ≥0.02 mg/L, regression analysis 
indicate that the slope is different from 0, and intercept is not significantly different from 1. The degree of 
variability between the two laboratories at the low concentration levels is much higher than the variability 
at higher concentration levels, which affects these findings. At ≥0.02 mg/L level, there are also a couple 
of influential values that drive the outcome of the analysis. 
 
Wilcoxon rank-sum tests indicate that there is significant difference in the results between the two 
laboratories (Table 5). The mean differences (District - FDEP TP), however are -0.002 and -0.003 mg/L 
for <0.02 and  ≥0.02 mg/L TP concentrations, respectively. These difference values are at or below the 
laboratory MDLs. 
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These statistical analyses and findings were consistent with the FDEP Data Comparability Report 
(Nearhoof, presentation to TOC, 8/26/04). 
 
 
B. National Proficiency Testing Results 
 
As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing (PT) on environmental samples on a semi-annual basis. This study is administered by 
vendors that have been approved by the National Institute of Science and Technology.  
 
The results of the October 2005 study are presented in Table 6.  
 
 
IV. Glossary 
 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  Maybe an assessment of effectiveness of laboratory decontamination or on-site 
(field) decontamination (FCEB).   
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through all 
sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the decontamination 
process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for SS 
are compared with routine sample results; agreement between these two results is mostly an indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is 
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and 
field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or “true” 
value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported with 99 
percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a sample in a 
given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified level.  The 
MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the procedure 
used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD = 
[Value1-Value2]/Mean  * 100. 
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TP Spike Recovery Data, 10/1/05-11/29/05 TP Precision Data, 10/1/05-11/29/05 
Acceptance Limit = 90-110% Acceptance Limit = <10% 

Low and High Level Low Level0.002-0.200 mg/L High Level0.200-2.00 mg/L 
Min 91.2 Max 9.2 Max 2.4
Max 110 Mean 1.6 Mean 0.8
Mean 103.2 Std Dev 1.73 Std Dev 0.66
Std Dev 4.00 3xSD 5.19 3xSD 1.97
3xSD 11.99 UCL 6.8 UCL 2.7
LCL 91.2 n 199 n 40
UCL 115.2     
N 252     
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Fig.10. Regression Analysis for TP<0.020 mg/L 
Fig.11. Regression Analysis for TP≥0.020 mg/L 
 

    

 
 

Page 10 of 12

 
 



Table 5. Statistical Comparison of SFWMD and FDEP Split Phosphorus Samples, (3/2003 – 11/2005) 
 

Concentration 
Level Summary Statistics 

Lab N Mean Median   
FDEP 166 0.069 0.03   
SFWMD 166 0.066 0.029   

Statistical Test of Hypotheses 

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.003 Mean of Differences = 0 Student's t <.0001 

All Data 

Median of Differences -0.002 Median of Differences = 0 Signed Rank <.0001 

Summary Statistics  
Lab N Mean Median   
FDEP 73 0.010 0.009   
SFWMD 73 0.008 0.007   

Statistical Test of Hypotheses 

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.002 Mean of Differences = 0 Student's t <.0001 

<0.02 mg/L 

Median of Differences -0.001 Median of Differences = 0 Signed Rank <.0001 

Summary Statistics  
Lab N Mean Median   
FDEP 96 0.112 0.071   
SFWMD 96 0.109 0.066   

Statistical Test of Hypotheses 

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.003 Mean of Differences = 0 Student's t <.0001 

>=0.02 mg/L 

Median of Differences -0.002 Median of Differences = 0 Signed Rank <.0001 
Note:  1) Differences were calculated as (DISTRICT TP - FDEP TP)* 
 2)  Analysis excludes values <0.004 mg/L 
 
 
Table 6.  Laboratory Proficiency Testing Results for TP, October 2005  
Sample I.D Reported 

Value, mg/L 
Assigned  
Value, mg/L 

%Recovery Status Z-Score 

Sample 1 (WP) 8.59 8.73 98.4 Acceptable -0.331 
Sample 2 (ERA-QC) 3.67 3.70 99.2 Acceptable -0.14 
WP=water pollution; ERA=Environmental Resource Assoc.



Appendix Table 1.  Results of TP split studies between DISTRICT and FDEP laboratories, 3/2003 to 12/2005.  
Sample Date SFWMD DEP %RPD Comments 
EVPA 3/10/2003 0.116 0.130   
EVPA 3/10/2003 0.008 0.010   
EVPA 3/10/2003 0.008 0.011   
EVPA 3/11/2003 0.008 0.010   
EVPA 3/11/2003 0.008 0.010   
EVPA 3/11/2003 0.009 0.010   
S332B-041503-1000 4/15/2003 0.009 0.012   
S332C-041503-1200 4/15/2003 0.008 0.009   
S332DDZE-041503-1400 4/15/2003 0.004 0.005   
S332B-052703-0935 5/27/2003 0.007 0.009   
S332C-052703-1130 5/27/2003 0.007 0.008   
S332DDZE-052703-1430 5/27/2003 0.004 0.005   
S332BWeir-062403-110 6/9/2003 0.01 0.011   
EVPA 6/16/2003 0.104 0.110   
EVPA 6/16/2003 0.006 0.012   
EVPA 6/17/2003 0.007 0.008   
EVPA 6/17/2003 0.007 0.008   
EVPA 6/17/2003 0.009 0.009   
EVPA 6/17/2003 0.009 0.008   
S332DDZE-062403-1600 6/24/2003 0.005 -0.004   
S332B-072203-1000 7/22/2003 0.007 0.005   
S332C-072203-1200 7/22/2003 0.006 0.004   
S332DDZE-072203-1500 7/22/2003 0.003 -0.004   
S332B-081903-1345 8/19/2003 0.004 0.005   
S332C-081903-1100 8/19/2003 0.004 -0.004   
S332DDZE-081903-0830 8/19/2003 0.005 0.005   
EVPA 9/8/2003 0.148 0.160 7.8  
EVPA 9/8/2003 0.014 0.011 24  
EVPA 9/9/2003 0.006 0.008  <PQL 
EVPA 9/9/2003 0.007 0.008  <PQL 
EVPA 9/21/2003 0.215 0.230 6.7      
EVPA 9/21/2003 0.008 0.018 76.9    
EVPA 9/21/2003 0.014 0.015 6.9      
EVPA 9/21/2003 0.012 0.015 22.2    
S332B-093003-1200 9/30/2003 0.004 0.005  <PQL 
S332C-093003-1030 9/30/2003 0.006 0.005  <PQL 
S332DDZE-093003-0800 9/30/2003 0.004 -0.004  <PQL 
S339-093003-0000 9/30/2003 0.052 0.055 5.6  
S339-093003-0800 9/30/2003 0.087 0.091 4.5  
S339-093003-1600 9/30/2003 0.105 0.110 4.6  
ERR-14 10/1/2003 0.055 0.057 3.6  
ERR-14 10/1/2003 0.055 0.055 0  
ERR-14 10/1/2003 0.054 0.055 1.8  
ERR-14 10/1/2003 0.055 0.056 1.8  
ERR-14 10/1/2003 0.164 0.170 3.6  
ERR-14 10/1/2003 0.162 0.175 7.7  
ERR-14 10/1/2003 0.163 0.167 2.4  
ERR-14 10/1/2003 0.164 0.171 4.1  
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Sample Date SFWMD DEP %RPD Comments 
ERR-14 10/1/2003 0.005 0.007  <PQL 
ERR-14 10/1/2003 0.005 0.006  <PQL 
ERR-14 10/1/2003 0.005 0.006  <PQL 
ERR-14 10/1/2003 0.037 0.042 13  
ERR-14 10/1/2003 0.037 0.041 10  
ERR-14 10/1/2003 0.038 0.040 5.1  
ERR-14 10/1/2003 0.010 0.012 18  
ERR-14 10/1/2003 0.010 0.010 0  
ERR-14 10/1/2003 0.011 0.007  <PQL 
ERR-14 10/1/2003 0.010 0.012 18  
ERR-15 10/28/2003 0.268 0.270 0.7  
ERR-15 10/28/2003 0.274 0.272 0.7  
ERR-15 10/28/2003 0.270 0.257 4.9  
ERR-15 10/28/2003 0.199 0.200 0.5  
ERR-15 10/28/2003 0.201 0.197 2  
ERR-15 10/28/2003 0.200 0.195 2.5  
ERR-15 10/28/2003 0.200 0.199 0.5  
ERR-15 10/28/2003 0.030 0.031 3.3  
ERR-15 10/28/2003 0.030 0.035 15  
ERR-15 10/28/2003 0.031 0.036 15  
ERR-15 10/28/2003 0.031 0.036 15  
ERR-15 10/28/2003 0.029 0.030 3.4  
ERR-15 10/28/2003 0.029 0.031 6.7  
ERR-15 10/28/2003 0.030 0.035 15  
ERR-15 10/28/2003 0.007 0.009  <PQL 
ERR-15 10/28/2003 0.007 0.008  <PQL 
ERR-15 10/28/2003 0.007 0.007  <PQL 
ERR-15 10/28/2003 0.007 0.008  <PQL 
S332B-102803-1500 10/28/2003 0.005 -0.004  <PQL 
S332C-102803-1300 10/28/2003 0.006 -0.004  <PQL 
S332DDZE-102803-0800 10/28/2003 0.004 -0.004  <PQL 
S339-102803-0000 10/28/2003 0.071 0.073 2.8  
S339-102803-0800 10/28/2003 0.054 0.059 8.8  
S339-102803-1600 10/28/2003 0.109 0.110 0.9  
S332B-120903-1300 12/9/2003 0.006 0.012  <PQL 
S332C-120903-1100 12/9/2003 0.007 0.004  <PQL 
S332DDZE-120903-0800 12/9/2003 0.004 -0.004  <PQL 
S339-120903-0000 12/9/2003 0.115 0.120 4.2  
S339-120903-0800 12/9/2003 0.073 0.074 1.4  
S339-120903-1600 12/9/2003 0.091 0.092 1.1  
EVPA 12/15/2003 0.127 0.150 17  
EVPA 12/15/2003 0.010 0.015 40.0 Heavy suspended solids 
EVPA 12/15/2003 0.011 0.013 17.0   Heavy suspended solids 
EVPA 12/15/2003 0.013 0.018 32.0  Heavy suspended solids 
EVPA 3/8/2004 0.031 0.031 0  
EVPA 3/8/2004 0.028 0.022 24.0  Heavy suspended solids 
EVPA 3/8/2004 0.017 0.020 16  
EVPA 3/8/2004 0.006 0.006 <PQL  
EVPA 6/14/2004 0.047 0.049 4.2  
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Sample Date SFWMD DEP %RPD Comments 

EVPA 6/14/2004 0.034 0.050 38  Heavy suspended solids 
EVPA 6/14/2004 0.158 0.160 1.2  
EVPA 6/14/2004 0.156 0.160 2.5  
EVPA 9/21/2004 0.215 0.230 6.7  Dark brown stain 
EVPA 9/21/2004 0.008 0.018 76.9   
EVPA 9/21/2004 0.014 0.015 6.9     
EVPA 9/21/2004 0.012 0.017 22.2   
ERR-15 10/28/2004 0.268 0.270 0.7  
ERR-15 10/28/2004 0.274 0.272 0.7  
ERR-15 10/28/2004 0.270 0.257 4.9  
ERR-15 10/28/2004 0.199 0.200 0.5  
ERR-15 10/28/2004 0.201 0.197 2  
ERR-15 10/28/2004 0.200 0.195 2.5  
ERR-15 10/28/2004 0.200 0.199 0.5  
ERR-15 10/28/2004 0.030 0.031 3.3  
ERR-15 10/28/2004 0.030 0.035 15  
ERR-15 10/28/2004 0.031 0.036 15  
ERR-15 10/28/2004 0.031 0.036 15  
ERR-15 10/28/2004 0.029 0.030 3.4  
ERR-15 10/28/2004 0.029 0.031 6.7  
ERR-15 10/28/2004 0.030 0.035 15  
ERR-15 10/28/2004 0.007 0.009  <PQL 
ERR-15 10/28/2004 0.007 0.008  <PQL 
ERR-15 10/28/2004 0.007 0.007  <PQL 
ERR-15 10/28/2004 0.007 0.008  <PQL 
EVPA 12/13/2004 0.013 0.017 26.7    
EVPA 12/13/2004 0.014 0.022 44.4    
EVPA 12/13/2004 0.011 0.018 48.3    
EVPA 12/13/2004 0.158 0.180 13.0    
EVPA 3/7/2005 0.134 0.140 4.4      
EVPA 3/7/2005 0.015 0.016 6.5  
EVPA 3/7/2005 0.026 0.029 10.9  
EVPA 3/7/2005 0.009 0.018 66.7   
EVPA 6/13/2005 0.145 0.170 15.9  
EVPA 6/13/2005 0.027 0.018 40  
EVPA 6/13/2005 0.027 0.030 10.5  
EVPA 6/13/2005 0.022 0.024 8.7  
EVPA 9/19/2005 0.165 0.170 3  
EVPA 9/19/2005 0.163 0.170 4.2  
EVPA 9/19/2005 0.007 0.010  <PQL 
EVPA 9/19/2005 0.008 0.007  <PQL 
ERR-16 11/2/2005 0.027 0.029 7.1  
ERR-16 11/2/2005 0.026 0.028 7.4  
ERR-16 11/2/2005 0.026 0.029 10.9  
ERR-16 11/2/2005 0.026 0.029 10.9  
ERR-16 11/2/2005 0.007 0.008  <PQL 
ERR-16 11/2/2005 0.007 0.008  <PQL 
ERR-16 11/2/2005 0.007 0.008  <PQL 
ERR-16 11/2/2005 0.007 0.009  <PQL 
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Sample Date SFWMD DEP %RPD Comments 
ERR-16 11/2/2005 0.060 0.066 9.5  
ERR-16 11/2/2005 0.055 0.066 18.2  
ERR-16 11/2/2005 0.054 0.065 18.5  
ERR-16 11/2/2005 0.054 0.069 24.4  
ERR-16 11/2/2005 0.214 0.217 1.4  
ERR-16 11/2/2005 0.211 0.213 0.9  
ERR-16 11/2/2005 0.211 0.219 3.7  
ERR-16 11/2/2005 0.007 0.009  <PQL 
ERR-16 11/2/2005 0.008 0.009  <PQL 
ERR-16 11/2/2005 0.007 0.009  <PQL 
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I. Introduction 
 
This report is an assessment of the SFWMD laboratory analysis and field sampling for Total Phosphorus 
(TP) monitoring primarily for the following projects/stations during the 1st quarter of 2006: 

• Conservation Area Inflow and Outflows (CAMB)       
S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP)       
S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) 
LOX3 to LOX16 

• Non-Everglades Construction Project (NECP)        
S334 
 

Since field QC samples are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or projects other than those listed above.  
 
The District’s Field Sampling Quality Manual states the minimum requirement followed in field sample 
collection. The Laboratory Quality Manual states the minimum requirement followed in laboratory 
sample preparation and analysis, as well as in data verification and validation. The results of laboratory 
and field quality control during this quarter are presented in Sections II and III of this report. 
 
Included in this report is an analysis of the District’s laboratory’s performance on split and inter-
laboratory studies with FDEP and other laboratories for three selected projects, i.e., EVPA, C111, and 
Everglades TP Round Robins, for a one-year period.   
 
 
II. Field Sampling Quality Assessment 
 
A. Procedure Updates 
Sampling is conducted following the 9/2005 version of monitoring plan and improvements that were 
discussed among and decided by the Sampling Work Group, as tasked by the TOC in August 2005. The 
latest meeting of this group was on 2/9/2006. Minutes of these workshops have been distributed and 
posted at the TOC website. 
 
The following are highlights of those improvement areas:  
 
 Minimize Helicopter Disturbance: Samplers are expected to guide the helicopter pilot to an 

appropriate landing location to minimize disturbance at the target sampling location. Generally, 
sampling off the helicopter float should not be done unless if the water is >1m. Samplers should 
continue to use judgment on sampling from the helicopter float if water is deep or if sediments are 
easily disturbed, such as if the ground is uneven and riddled with holes. 

  
 Discontinue Submersing Capped Bottles: Uncapping bottles underwater can cause unnecessary 

disturbance. Samplers have switched to uncapping sample bottles before submersing.  Entrainment of 
surface film and particulates can be minimized by holding the inverted bottle, mouth facing down, 



with the bottle perpendicular to the water surface, immersing it neck opening first to the appropriate 
depth, and then turning it upright.  Surface film should be avoided when retrieving samples.  
 
Implement a consistent method of measuring depth to consolidated substrate (DCS), effective 
2/2006.  District staff designed a pole (the “Paluga pole”) to better and more consistently measure the 
DCS.  The prototype was constructed from ¾-inch PVC pipe with a white cap on the bottom and a 
metric scale (0-150 cm) on the side.  The white cap allows the sampler to see when the tip of the pole 
begins to sink into the sediments. Using the pole, instead of a meter stick, helps in achieving 
consistency in depth measurements.  Holes drilled in the pipe reduce buoyancy and a yellow float 
attached to the top aid in visibility and retrieval.  Additional “Paluga poles” have been fabricated and 
distributed to the marsh sampling teams.  
 
Enhance field documentation. The standard District field sheet has been revised with additional 
space for observations.  A checklist for typical field observations will also be added as a reference for 
samplers.  

 Any unusual conditions must be documented in the field notes (e.g., “no distinguishable 
water column”).  

 Reasons for deviation from sequence of sampling stations 
 Reason for sampling from helicopter pontoon 
 Observed impacts of sampling from pontoon 
 Clear description of site conditions vs. sample conditions 
 A description of the “visible nature of the water”  
 Type of common plants (e.g., cattails) present 
 Roles of each member of the team in each site 

  
Use smaller sample collection bottle, effective 2/2006.  The larger the container, the more risk of 
disturbing detrital material during sampling, especially in areas with dense submerged aquatic 
vegetation.  The collection bottle size was changed from 2 L to 1 L capacity; samplers are collecting a 
total volume of up to 3 liters of water. Samplers must make a determination to ensure that the gap in 
submerged vegetation is at least twice the size of bottle being used. If a gap is not large enough for 
the 1L bottle then the sampler should leave the area to find a gap of sufficient size. If in the rare 
instance that a gap is not available to use 1L bottle, then the sampler must use a 250 mL bottle to fill 
the bottles. If the visibility of the water column is low, then the collector should collect sample using 
a smaller bottle. 

  
 Allow sampling outside the poled (marked) perimeter, effective 2/2006.  Sampling has been 

usually conducted within the marked perimeter at most stations since the early 90s. Restricting 
collection within this perimeter sometimes makes it difficult for samplers to obtain undisturbed 
samples. Tracks are visible where samplers have repeatedly visited sample stations. Over time, holes 
in the sediment column are created by the sampler by merely walking through the marsh to the 
sampling location. Eventually, there are too many holes within the designated perimeter. The sampler 
should make the necessary judgment to sample in a location that is representative of the bulk surface 
water in the area. As an improvement, the samplers are now permitted to decide on the specific 
sampling location using GPS coordinates and distance from helicopter as a reference. Samplers will 
vary their approach to each station to minimize impacts depending on wind direction and the presence 
of cattails and tree islands.  Samplers should sample at least 10 m from helicopter propeller 
disturbance and within 50 m of where the helicopter lands.  
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B. Missing Data 
  
Table 1 shows a list of missing data for this reporting period.  Data may not be available due to problems 
in collection or upon sample submission to the laboratory.  Out of 25 missing data, 23 were because no 
samples were collected due to either lack of flow, structure maintenance, or depth was too shallow.  The 
cooler containing S12C sample, collected on 3/14/06, was lost by the courier and did not make it to the 
laboratory.  A S175 sample, collected on 3/1/06, was not properly preserved and was rejected by the 
laboratory. 
 
Table 1.  Missing data for the period from 1/1/06 to 3/31/06 
Project Collection Date  Station Comments 
CAMB 1/9/06 S12A No flow, no samples collected 
CAMB 1/9/06 S12B No flow, no samples collected 
CAMB 1/23/06 S12C No flow, no samples collected 
CAMB 2/7/06 S12D No flow, no samples collected 
CAMB 2/7/06 S12B No flow, no samples collected 
CAMB 2/21/06 S12A No flow, no samples collected 
CAMB 3/14/06 S12C No sample submitted. Cooler was lost by courier. 
CAMB 3/21/06 S12A No flow, no samples collected 
CAMB 3/21/06 S12B No flow, no samples collected 
CAMB 3/21/06 S12D No flow, no samples collected 
ENP 1/10/06 S177 No flow, no samples collected 
ENP 1/10/06 S176 No flow, no samples collected 
ENP 1/17/06 S18C No flow, no samples collected 
ENP 1/24/06 S18C No flow, no samples collected 
ENP 2/7/06 S18C No flow, no samples collected 
ENP 2/14/06 S18C No flow, no samples collected 
ENP 2/21/06 S18C No flow, no samples collected 
ENP 2/27/06 S18C No flow, no samples collected 

ENP 3/1/06 S176 
Improper preservation. Sample was not acidified; rejected by the 
laboratory; tests canceled. 

ENP 3/14/06 S18C Autosampler shut down for structure maintenance. 
ENP 3/20/06 S18C Autosampler shut down for structure maintenance. 
EVPA 3/6/06 LOX5 Total depth <0.10m. No sample collected 
NECP 1/31/06 S334 No flow, no samples collected 
NECP 2/14/06 S334 No flow, no samples collected 
NECP 2/28/06 S334 No flow, no samples collected 

 
 
C.  Quality Control 
 
Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks (FCEB), field 
blanks (FB), split samples (SS) and replicate samples (RS).  Table 2 summarizes EB and FCEB results for 
all projects of interest to the TOC.  All blanks associated with samples for stations listed in Section I were 
within the acceptance criteria.  Table 3 summarizes field precision results.  Field sampling precision was 
acceptable.  
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Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using FDEP 
data qualifier codes.  For this reporting period, there are no flagged TP data for the stations listed in 
Section I. 
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Table 2.  Field and equipment blank results* 
Type of Blank Project # Blanks collected % ≤0.002 % >0.002 

CAMB 6 100 0 
ENP 1 100 0 

EB 

EVPA 2 100 0 
CAMB 6 100 0 
ENP 12 100 0 
EVPA 6 100 0 

FCEB 

NECP 1 100 0 
FB ENP 1 100 0 
Notes 
1) Only blanks from sampling events that included samples from Stations listed in Section I of this report were 

included in this analysis. 
2) Two blanks greater than the MDL for TP which were associated with a short term autosampler project at 

stations S12C and S333 were not included here. 
3) Two blanks greater than the MDL for TP not included here were associated with the CAMB project at stations 

S190 and S8.  These sampling trips do not include TOC compliance stations.   
 
 
 
Table 3.  Field precision summary 
Project Code # of  triplicates % RSD Comments 

CAMB 1 0 Precision criteria were met   
ENP 1 10.8 Sample results were less than PQL 
EVPA 1 0 Precision criteria were met   
Notes 
1) Only replicates from sampling events that included samples from Stations listed in Section I of this report were 

included in this analysis. 
2) All TP analyses were conducted by the District’s Chemistry laboratory. 
3) Field precision acceptance criteria: <20%.  This criteria was applied only if sample values >PQL. 
4) FB, FCEB and EB acceptance criteria: Must be ≤MDL. 
5) Associated samples are flagged when concentrations are less than five times the resulting blank values for 

possibility of contamination. 
 
 
III. Laboratory Quality Control Assessment 
 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. The charts 
presented in Figures 1-3 show recoveries from various levels of QC samples for the TP analysis at the 
SFWMD laboratory for the period from January 1 through March 31, 2006. Precision and matrix spike 
recoveries are shown in Tables 4 and 5.  A portion of or an entire analytical run is generally re-analyzed 
or rejected if QC recoveries are outside the set limits.  Data is flagged accordingly if any deficiencies are 
noted and the samples have exceeded the required holding times and cannot be re-analyzed. 
 
Recoveries for the QC samples are generally within ±10% from the true value, which are acceptable.  The 
PQL check (QC5), with a true value of 0.004 mg/L, mean recoveries of 100.3%. The daily PQL check 
results indicate the laboratory has consistently achieved the goal of 0.002 mg/L MDL. 
 
Accuracy based on matrix spikes, prepared by adding a solution of phytic acid, a stable form of organic 
phosphate, was 102%.  Precision, based on mean and maximum relative standard deviation were 1.1 and 
7.0%, respectively, which are well within the precision target of 10.0%.
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Table 4.  TP Precision Data, 1/01/06-3/31/06 
Acceptance Limit <10% 
Working Range 0.002-0.400 mg/L 
Max 7.0 
Mean 1.1 
Std Dev 1.15 
3 x SD 3.44 
UCL 4.6 
n 299 
 
 
Table 5. TP Spike Recovery Data, 1/01/06-3/31/06 
Acceptance Limit 90-110% 
Working Range 0.002-0.400 mg/L 
Min 60.41

Max 110 
Mean 102.2 
Std Dev 3.96 
3 x SD 11.88 
LCL 90.4 
UCL 114.1 
n 305 
1 One spike recovery was reported below minimum criteria.  Low recovery was attributed to matrix interference and 
associated data flagged. 
 

 

 
IV. Inter-Laboratory Quality Control Assessment 
 
A. Split Studies with FDEP Laboratory 
To continually assess comparability of results, the District sends split samples to other laboratories on a 
routine basis.  Data from split studies between FDEP and DISTRICT laboratories from March 2003 to 
November 2005 for the following programs were used in this analysis:  EVPA Quarterly Splits (EVPA) 
and Everglades TP Round Robin (ERR) (Appendix Table 1).  Regression analysis of the data set was 
done separately for TP≥0.020 mg/L and for TP<0.020 mg/L (Figures 4-6).  Logarithmic transformation 
was done because of skewed data distribution.   At <0.02 mg/L level, the slope is significantly different 
from 1 and intercept is significantly different from 0, suggesting a difference in the data sets. It is 
important to note that the very high variability within each laboratory, as well as between the two 
laboratories at the low concentration levels affects this outcome.  
 
At ≥0.02 mg/L, regression analysis shows that the slope is not significantly different from 0 and intercept 
is not significantly different from 1.  
 
Although Wilcoxon rank-sum test indicate that there is a significant difference in the results between the 
two laboratories at concentrations <0.02 mg/L (Table 5), the mean difference was 0 (<MDL).  At ≥0.02 
mg/L TP concentrations, there was a significant difference between the two laboratory results, however, 
even at this higher concentration range, the mean difference is 0.006 mg/L, which is still below the two 
laboratories’ practical quantitation limit (PQL).  



 

 
 
Fig. 4. Regression Analysis for TP<0.020 mg/L 
 

  
 
Fig. 5. Regression Analysis for TP<0.020 mg/L 
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Fig. 6. Regression Analysis for TP≥0.020 mg/L 
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Table 6. Statistical Comparison of SFWMD and FDEP Split Phosphorus Samples (3/2005 – 3/2006). 
Summary Statistics  

Lab N Mean Median   
FDEP 34 0.060 0.028   
SFWMD 34 0.056 0.026   

  Statistical Test of Hypotheses   
Summary of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.004 Mean of Differences = 0 Student's t 0.0011 

  
All Data 

Median of Differences -0.002 Median of Differences = 0 Signed Rank <.0001 
Summary Statistics  

Lab N Mean Median   
FDEP 15 0.010 0.009   
SFWMD 15 0.010 0.008   

  Statistical Test of Hypotheses   
Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.000 Mean of Differences = 0 Student's t 0.9118 

<0.02 mg/L 

Median of Differences -0.001 Median of Differences = 0 Signed Rank 0.2706 
Summary Statistics  

Lab N Mean Median   
FDEP 20 0.096 0.066   
SFWMD 20 0.089 0.054   
  Statistical Test of Hypotheses   

Summary Of Paired Differences Hypothesis Statistical Test Pvalue 

Mean of Differences -0.006 Mean of Differences = 0 Student's t 0.0008 

>0.02 mg/L 

Median of Differences -0.004 Median of Differences = 0 Signed Rank 0.0003 
Notes:  
1) Differences were calculated as (SFWMD TP - FDEP TP).  The mean and median differences for all concentration 
levels are at or below the PQL. 
2) Data were not used if FDEP value was below detection limit (-.004). 
 
 
B. U.S. Geological Survey Analytical Evaluation Program for Standard Reference 

Samples 
The District’s laboratory participates in the USGS SRS Study on environmental samples semi-
annually on a voluntary basis, as an external QC program to monitor laboratory performance. 
This study is participated in by multiple laboratories all over the country.  The result of the 
March 2006 study is presented in Table 7. 
 
Table 7. USGS SRS Study for TP, March 2006  

Sample Reported 
Value, mg/L 

Most Probable 
Value, mg/L 

%Recovery Z-Value 

M-178 0.060 0.064 93.7 -0.40 
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B. NWRI Environment Canada Ecosystem Inter-laboratory Proficiency Testing 
Program 

SFWMD laboratory participated in the Performance Testing program provided by the National 
Water Research Institute, Environment Canada.  The objectives of this program are to assess and 
demonstrate reliability and quality of analytical measurements of inorganic parameters in natural 
waters. The results from the most recent study are shown in Table 8. 
 
Table 8. Laboratory Performance in PT Study 87 for TP, December/January 2006. 
Sample # 1 2 3 4 5 6 7 8 9 10 
Assigned Value, 
mg/L 

0.003 0.004 0.008 0.022 0.077 0.094 0.113 0.176 0.180 0.242 

Reported Results, 
mg/L 

<0.002 0.004 0.009 0.021 0.078 0.095 0.112 0.178 0.180 0.248 

 
The performance of total phosphorus was rated as “ideal” (highest category). 
 
 
IV. Glossary 
Equipment blank (EB).  A general terminology used for analyte-free water that is processed on-site through all sampling 
equipment used in routine sample processing.  May be an assessment of effectiveness of laboratory decontamination or on-site 
(field) decontamination (FCEB).   
 
Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the first sampling site, through all 
sampling equipment used in routine sample processing.  EB values are indicative of the effectiveness of the decontamination 
process. 
 
Field blank (FB).  Analyte-free water that is poured directly into the sample container on site during routine collection, 
preserved and kept open until sample collection is completed for the routine sample at that site.  FB values are indicative of 
environmental contamination on site. 
 
Split sample (SS).  A second sample collected from the same sample obtained from the same sampling device.  Results for SS 
are compared with routine sample results; agreement between these two results is mostly an indication of laboratory precision. 
 
Replicate sample (RS).  A second sample collected from the same source as the routine sample, using the same sampling 
equipment.  RS data are compared to routine sample to evaluate sampling precision. 
 
Precision.  The agreement or closeness between two or more results and is an indication that the measurement system is 
operating consistently and is a quantifiable indication of variations introduced by the analytical systems over a given time and 
field sampling period. 
 
Accuracy.  The agreement between the actual obtained result and the expected result.  QC check samples having known or “true” 
value are used to test for the accuracy of a measurement system. 
 
Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can be measured and reported with 99 
percent confidence that the concentration is greater than zero.  The MDL’s are determined from the analysis of a sample in a 
given matrix, using accepted sampling and analytical preparation procedures, containing the analyte at a specified level.  The 
MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 
 
Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that can be quantitatively reported 
with a specific degree of confidence.  Generally, the PQL is 12 times the standard deviation that is derived from the procedure 
used to determine the MDL, or can be assumed to be 4 times the MDL. 
 
Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more than two results.   
It is calculated as: %RSD = [Std. Deviation/Mean]*100 
 
Relative Percent Difference (RPD).  A measure of precision, used when comparing two values.  It is calculated as: %RPD = 
[Value1-Value2]/Mean  * 100. 
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APPENDIX TABLE 1.  Results of TP split studies between SFWMD and FDEP laboratories, 
EVPA Project, March 2005 to March 2006.  
Sample Date SFWMD FDEP % RPD/Comments 
EVPA 7-Mar-2005 0.134 0.140 4.4, Dark brown stain, heavy suspended particles 
EVPA 7-Mar-2005 0.015 0.016 6.5, Light brown stain, heavy small suspended particles 
EVPA 7-Mar-2005 0.026 0.029 10.9, Light brown stain, heavy small suspended solids 
EVPA 7-Mar-2005 0.009 0.018 66.7, Light yellow stain, heavy small  suspended solids 
EVPA 13-Jun-05 0.145 0.170 15.9 
EVPA 13-Jun-05 0.027 0.018 40.0 
EVPA 13-Jun-05 0.027 0.030 10.5 
EVPA 13-Jun-05 0.022 0.024 8.7 
EVPA 19-Sep-05 0.165 0.170 3.0 
EVPA 19-Sep-05 0.163 0.170 4.2 
EVPA 19-Sep-05 0.007 0.010 <PQL 
EVPA 19-Sep-05 0.008 0.007 <PQL 
ERR-16 2-Nov-05 0.027 0.029 7.7 
ERR-16 2-Nov-05 0.026 0.028 7.4 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
ERR-16 2-Nov-05 0.060 0.066 9.5 
ERR-16 2-Nov-05 0.055 0.066 18.2 
ERR-16 2-Nov-05 0.054 0.065 18.5 
ERR-16 2-Nov-05 0.054 0.069 24.4 
ERR-16 2-Nov-05 0.214 0.217 1.4 
ERR-16 2-Nov-05 0.211 0.213 0.9 
ERR-16 2-Nov-05 0.211 0.219 3.7 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
ERR-16 2-Nov-05 0.008 0.009 <PQL 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
EVPA 12-Dec-05 0.114 0.130 13.1 
EVPA 12-Dec-05 0.008 0.009 <PQL 
EVPA 12-Dec-05 0.009 0.007 <PQL 
EVPA 12-Dec-05 0.019 0.009 71.4 
EVPA 3-Mar-06 0.009 <0.004 <PQL 
EVPA 3-Mar-06 0.007 <0.004 <PQL 
EVPA 3-Mar-06 0.008 <0.004 <PQL 
EVPA 3-Mar-06 0.007 <0.004 <PQL 
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Quality Assessment Report for Water 
Quality Monitoring 

Zdzislaw Kolasinski (zkolasin@sfwmd.gov), John Moorman 
(jmoorma@sfwmd.gov), Delia Ivanoff (divanoff@sfwmd.gov) 

Introduction 

This report is an assessment of the South Florida Water Management District (District) laboratory 
analysis and field sampling for Total Phosphorus (TP) monitoring primarily for the following 
projects/stations during the 2nd quarter of 2006. 

• Conservation Area Inflow and Outflows (CAMB) S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP) S175, S176, S177, S18C, S332, S332D 

• Everglades Protection Area (EVPA) LOX3 to LOX16 

• Non-Everglades Construction Project (NECP) S334 

Since field QC samples are collected for trips that include multiple project samples for the stations of 
interest, the report may also cover information on stations or projects other than those listed above. 

The District’s Field Sampling Quality Manual states the minimum requirement followed in field 
sample collection.  The Laboratory Quality Manual states the minimum requirement followed in 
laboratory sample preparation and analysis, as well as in data verification and validation.  The results of 
laboratory and field quality control during this quarter are presented in Sections II and III of this report. 

Included in this report is an analysis of the District’s laboratory’s performance on split and inter-
laboratory studies with The Florida Department of Environmental Protection (FDEP) and other 
laboratories for three selected projects, i.e., EVPA, C111, and Everglades TP Round Robins, for a one-
year period. 

Field Sampling Quality Assessment 

PROCEDURE UPDATES 

There were no major procedural updates related to total phosphorous collection during this time 
period. 

FIELD AUDIT 

There was no audit on sampling process performed for these projects/stations during this reporting 
period. 
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MISSING DATA 

Table 1 shows a list of missing data for this reporting period.  Data may not be available due to 
collection problems or upon sample submission to the laboratory.  Out of 36 missing data, 35 were not 
collected due to either lack of flow, structure maintenance, or shallow water depth.  One sample was 
missed at station S18C due to autosampler malfunction.  Note that if the autosampler had collected one 
sample aliquot, it would have been rejected because of low pH caused by preservation. 

Table 1. Missing data for the period from 4/1/06 to 6/30/06. 

Project 
Collection 

Date Station Comments 
EVPA 4/3/06 LOX3 Total depth <0.10m. No sample collected 
EVPA 4/3/06 LOX5 Total depth <0.10m. No sample collected 
ENP 4/10/06 S18C No flow, no samples collected 
ENP 4/17/06 S18C No flow, no samples collected 
CAMB 4/18/06 S12D No flow, no samples collected 
CAMB 4/18/06 S12B No flow, no samples collected 
CAMB 4/18/06 S12A No flow, no samples collected 
ENP 4/24/06 S18C No flow, no samples collected 
EVPA 5/1/06 LOX3 Total depth <0.10m. No sample collected 
EVPA 5/1/06 LOX5 Total depth <0.10m. No sample collected 
EVPA 5/1/06 LOX10 Total depth <0.10m. No sample collected 
EVPA 5/1/06 LOX9 Total depth <0.10m. No sample collected 
ENP 5/1/06 S18C 1 pulse recorded, but no sample in bottles 
CAMB 6/2/06 S12D No flow, no samples collected 
ENP 5/8/06 S18C No flow, no samples collected 
CAMB 5/16/06 S12D No flow, no samples collected 
NECP 5/23/06 S334 No flow, no samples collected 
ENP 5/30/06 S18C No flow, no samples collected 
ENP 5/30/06 S18C No flow, no samples collected  
CAMB 5/30/06 S12A No flow, no samples collected 
CAMB 5/30/06 S12B No flow, no samples collected 
CAMB 5/30/06 S12D No flow, no samples collected 
EVPA 6/12/06 LOX3 Total depth <0.10m. No sample collected 
EVPA 6/12/06 LOX5 Total depth <0.10m. No sample collected 
EVPA 6/12/06 LOX10 Total depth <0.10m. No sample collected 
EVPA 6/12/06 LOX9 Total depth <0.10m. No sample collected 
EVPA 6/12/06 LOX7 Total depth <0.10m. No sample collected 
EVPA 6/12/06 LOX4 Total depth <0.10m. No sample collected 
ENP 6/12/06 S18C No flow, no samples collected 
EVPA 6/13/06 LOX6 Total depth <0.10m. No sample collected 
EVPA 6/13/06 LOX11 Total depth <0.10m. No sample collected 
EVPA 6/13/06 LOX13 Total depth <0.10m. No sample collected 
ENP 6/19/06 S18C No flow, no samples collected 
NECP 6/20/06 S334 No flow, no samples collected 
ENP 6/26/06 S18C No flow, no samples collected 
ENP 6/26/06 S18C No flow, no samples collected  
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks (FCEB), 
Field Blanks (FB), Split Samples (SS) and Replicate Samples (RS).  Table 2 summarizes EB and FCEB 
results for all projects of interest to the TOC.  Only one blank associated with samples for stations listed 
in Section I was outside the acceptance criterion.  Table 3 summarizes field precision results.  Field 
sampling precision was acceptable. 

Data not meeting the set criteria for blanks, field precision or sampling protocols are flagged using 
FDEP data qualifier codes.  For this reporting period, there are no flagged TP data for the stations listed in 
the Introduction. 

Table 2. Field and equipment blank results*. 

Type of Blank Project 
Number of Blanks 

Collected 
% 

≤0.002 % >0.002 
CAMB 1 100 0 
ENP 1 100 0 EB 
EVPA 1 100 0 
CAMB 5 100 0 
ENP 38 97 3 
EVPA 7 100 0 

FCEB 

NECP 7 100 0 
ENP 1 100 0 

EVPA 1 100 0 FB 

NECP 2 100 0 

Notes 
1. Only blanks from sampling events that included samples from Stations listed in Section I of this report were included in this analysis. 

2. Blanks for TP which were associated with a short-term autosampler project at some TOC stations were not included here. 

3. FB, FCEB and EB acceptance criteria: Must be ≤MDL. 

4. Associated samples are flagged when concentrations are less than five times the resulting blank values for possibility of contamination. 

 
Table 3. Field precision summary. 

Project 
Code 

Number of  
Triplicates 

% 
RSD Comments 

CAMB 1 4.9 Precision criteria were met. 

EVPA 1 6.0 Precision criteria wer`e met. 

NECP 1 4.6 Precision criteria were met. 

Notes: 
1. Only replicates from sampling events that included samples from stations listed in Section I of this report were included in this analysis. 

2. All TP analyses were conducted by the District’s Chemistry laboratory. 

3. Field precision acceptance criterion: <20%.  This criterion was applied only if sample values > Practical Quantitation Limit (PQL). 
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Laboratory Analysis Quality Assessment 

PROCEDURE UPDATES 

TP analytical procedure did not change during this reporting period.  However, the District laboratory 
now uses an automated online dilutor, which automatically dilutes samples with concentrations exceeding 
the upper analytical range.  Previously, the District diluted samples manually.  Before diluting samples, a 
method performance validation was conducted, which indicated the change does not affect TP recoveries. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks.  Figure 1., 
Figure 2 and Figure 3 show recoveries from various levels of QC samples for the TP analysis at the 
District laboratory from April 1 through June 30, 2006. 

 

Mean = 99.6%, Max = 104.3%, Min = 96.3%  

Figure 1. QC sample recoveries for TP analysis from April 1 through June 30, 2006. 
 

 
Mean = 98.8%, Max = 103.3%, Min = 93.3% 

Figure 2. QC sample recoveries for TP analysis from April 1 through June 30, 2006. 
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Mean = 99.7%, Max = 125.0%, Min = 75.0% 

Figure 3. QC sample recoveries for TP analysis from April 1 through June 30, 2006. 

Precision and matrix spike recoveries are shown in Table 4 and Table 5.  A portion of or an entire 
analytical run is generally rejected if QC recoveries are outside the set limits.  Data is flagged accordingly 
if any deficiencies are noted and the samples have exceeded the required holding times and cannot be re-
analyzed. 

 
Table 4. TP Precision Data, 4/01/06 

– 6/30/06. 

Acceptance Limit <10% 
Analytical Range: 0.002-0.400 mg/L

Maximum 6.7 
Mean 1.4 
Standard Deviation 1.36 
3xSD 4.08 
UCL 5.5 
n 269 
UCL = Upper Control Limit 
n = Number of data points 

 

 

 

Recoveries for the QC samples are generally within +10% from the true value, which are acceptable.  
The MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 99.7%.  The daily MDL 
check results indicate the laboratory has consistently achieved the goal of 0.002 mg/L MDL. 

An organic check is a solution prepared from phytic acid, a stable form of organic phosphate to 
prepare matrix spikes, the mean recovery for which was 101.7%. 

Table 5. TP Spike Recovery Data, 
4/01/06 – 6/30/06. 

Acceptance Limit 90 – 110% 
Analytical Range: 0.002-0.400 mg/L

Minimum 91.1
Maximum 109
Mean 101.7
Standard Deviation 3.03
3xSD 9.10
LCL 92.5
UCL 110.8
n 273
LCL = Lower Control Limit 
UCL = Upper Control Limit 
n = Number of data points 
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INTER-LABORATORY QUALITY CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To assess comparability of results continuously, the District sends split samples to other laboratories 
on a routine basis.  From June 2005 through June 2006, data from split studies between FDEP and 
District laboratories were used in this analysis for the following programs: EVPA Quarterly Splits 
(EVPA) and Everglades TP Round Robin (ERR) (Appendix A).  Figure 4 through Figure 6 show 
regression analysis of the data and Table 6 through Table 9 show summary statistics for the data pairs. 

ALL DATA  

Figure 4 shows that the intercept is not statistically different from 0 and the slope is not statistically 
different from 1 for all TP data from both laboratories.  The r2 value is 0.966.  This information shows 
that the results from the two laboratories have a high degree of agreement (close to 1:1 correlation). 

 
Figure 4. Regression analysis for TP all data. 

The mean difference (-0.004) and median difference (-0.003) were statistically significant, but note 
that these differences are at or below the FDEP laboratory’s MDL.  The paired t-test and signed-rank test 
yielded p-values of 0.0013 and <0.0001 respectively. 

TP≥0.02 mg/L 

Figure 5 shows that the intercept is not statistically different from 0 and the slope is not statistically 
different from 1 for samples with TP ≥0.02 mg/L.  The r2 value is 0.977.  The Mean difference (-0.006) 
and Median difference (-0.004) were statistically significant, but these differences are still below the 
Practical Quantitation Limit (PQL) of the two laboratories.  The paired t-test and signed-rank test yielded 
p-values of 0.0018 and 0.0006 respectively. 

Figure 5. Regression Analysis for TP ≥0.020 mg/L. 
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TP<0.020 mg/L 

Figure 6 shows that the slope is significantly different from 1 and intercept is significantly different 
from 0 for samples with TP <0.02 mg/L., suggesting a difference between the data sets for the two 
laboratories.  It is important to note that the very high variability within each laboratory, as well as 
between the two laboratories at the very low concentration levels affects this outcome.  The r2 for this 
regression is 0.3527. 

f  
Figure 6. Regression Analysis for TP <0.020 mg/L. 

At this concentration level (<0.02 mg/L), the mean difference (-0.000) and median difference (-0.001) 
were not statistically significant.  P-values for the paired t-test and signed-rank were 0.6838 and 0.1226 
respectively (see Table 6). 

Table 6. Comparison of District and FDEP Split Phosphorus Samples (6/2005 – 6/2006). 
Summary Statistics 

Lab N Mean Median 
FDEP 34 0.056 0.021 
District 34 0.052 0.024 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 
Mean of Differences -0.004 Mean of Differences = 0 Student's t 0.0013 

All Data 

Median of Differences -0.003 Median of Differences = 0 Signed Rank <0.0001 
Summary Statistics 

Lab N Mean Median 
FDEP 18 0.097 0.066 
District 18 0.090 0.054 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 
Mean of Differences -0.006 Mean of Differences = 0 Student's t 0.0018 

>=0.02 mg/L 

Median of Differences -0.004 Median of Differences = 0 Signed Rank 0.0006 
Summary Statistics  

Lab N Mean Median 
FDEP 17 0.010 0.009 
District 17 0.010 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 
Mean of Differences -0.000 Mean of Differences = 0 Student's t 0.6838 

<0.02 mg/L 

Median of Differences -0.001 Median of Differences = 0 Signed Rank 0.1226 
Notes: 

1. Differences were calculated as District TP – FDEP TP.  The mean and median differences for all concentration levels are at or below the PQL. 

2. Data were not used if FDEP value was <0.004 (FDEP laboratory’s MDL). 
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National Water Research Institute Environment Canada Ecosystem Inter-
laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of analytical 
measurements of inorganic parameters in natural waters.  The results for the District’s laboratory from the 
most recent study (December 2005/June 2006) are shown in Table 7. 

Table 7. Performance in PT Study 87 for TP, December 2005/January 2006. 

Sample Number 1 2 3 4 5 6 7 8 9 10 

Assigned Value, mg/L 0.003 0.004 0.008 0.022 0.077 0.094 0.113 0.176 0.180 0.242 

Reported Results, mg/L <0.002 0.004 0.009 0.021 0.078 0.095 0.112 0.178 0.180 0.248 
 

The performance of total phosphorus was rated as “ideal” (highest category). 

National Proficiency Testing Results 

As a requirement for laboratory certification, the District’s laboratory performs proficiency testing 
(PT) on environmental samples on a semi-annual basis.  A vendor approved by the National Institute of 
Science and Technology as PT provider for National Environmental Laboratory Accreditation Conference 
administers this study.  Table 8 provides the results of the April 2006 study. 

Table 8. National Proficiency Testing Results. 

Reported Value 8.95 mg/L 
Assigned Value 9.04 mg/L 

Performance Evaluation: 99% Recovery, Acceptable 
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Glossary 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed on-
site through all sampling equipment used in routine sample processing.  May be an assessment of 
effectiveness of laboratory decontamination or on-site (field) decontamination (FCEB). 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing.  EB values are 
indicative of the effectiveness of the decontamination process. 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed for the routine 
sample at that site.  FB values are indicative of environmental contamination on site. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device.  Results for SS are compared with routine sample results; agreement between these two 
results is mostly an indication of laboratory precision. 

Replicate Sample (RS) . A second sample collected from the same source as the routine sample, 
using the same sampling equipment.  RS data are compared to routine sample to evaluate sampling 
precision. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of variations introduced by 
the analytical systems over a given time and field sampling period. 

Accuracy. The agreement between the actual obtained result and the expected result.  QC check 
samples having known or “true” value are used to test for the accuracy of a measurement system. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than zero.  The MDL’s 
are determined from the analysis of a sample in a given matrix, using accepted sampling and analytical 
preparation procedures, containing the analyte at a specified level.  The MDL is determined by the 
protocol defined in section 40 CFR Part 136, Appendix B as established by the EPA. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that can 
be quantitatively reported with a specific degree of confidence.  Generally, the PQL is 12 times the 
standard deviation that is derived from the procedure used to determine the MDL, or can be assumed to 
be 4 times the MDL. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results.  It is calculated as: %RSD = [Std. Deviation/Mean]*100 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values.  It 
is calculated as: %RPD = [Value1-Value2]/Mean  * 100. 
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Appendix A 

Table 9. Results of TP split studies between the District and FDEP laboratories, EVPA 
Project, June 2005 through June 2006. 

Sample Date District FDEP % RPD/Comments 
EVPA 13-Jun-05 0.145 0.170 15.9 
EVPA 13-Jun-05 0.027 0.018 40.0 
EVPA 13-Jun-05 0.027 0.030 10.5 
EVPA 13-Jun-05 0.022 0.024 8.7 
EVPA 19-Sep-05 0.165 0.170 3.0 
EVPA 19-Sep-05 0.163 0.170 4.2 
EVPA 19-Sep-05 0.007 0.010 <PQL 
EVPA 19-Sep-05 0.008 0.007 <PQL 
ERR-16 2-Nov-05 0.027 0.029 7.7 
ERR-16 2-Nov-05 0.026 0.028 7.4 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.008 <PQL 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
ERR-16 2-Nov-05 0.060 0.066 9.5 
ERR-16 2-Nov-05 0.055 0.066 18.2 
ERR-16 2-Nov-05 0.054 0.065 18.5 
ERR-16 2-Nov-05 0.054 0.069 24.4 
ERR-16 2-Nov-05 0.214 0.217 1.4 
ERR-16 2-Nov-05 0.211 0.213 0.9 
ERR-16 2-Nov-05 0.211 0.219 3.7 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
ERR-16 2-Nov-05 0.008 0.009 <PQL 
ERR-16 2-Nov-05 0.007 0.009 <PQL 
EVPA 12-Dec-05 0.114 0.130 13.1 
EVPA 12-Dec-05 0.008 0.009 <PQL 
EVPA 12-Dec-05 0.009 0.007 <PQL 
EVPA 12-Dec-05 0.019 0.009 71.4 
EVPA 3-Mar-06 0.009 <0.004 <PQL 
EVPA 3-Mar-06 0.007 <0.004 <PQL 
EVPA 3-Mar-06 0.008 <0.004 <PQL 
EVPA 3-Mar-06 0.007 <0.004 <PQL 
EVPA 13-Jun-06 0.010 0.013 26.1 
EVPA 13-Jun-06 0.007 0.012 <PQL 
EVPA 13-Jun-06 0.013 0.016 20.7 
EVPA 13-Jun-06 0.007 0.011 <PQL 
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Quality Assessment Report for Water Quality Monitoring Introduction 

Introduction 
This report is an assessment of the South Florida Water Management District 

(SFWMD) laboratory analysis and field sampling for total phosphorus (TP) monitoring 
applicable to the following projects/stations during the third quarter of 2006. 

• Water Conservation Area Inflow and Outflow Monitoring (CAMB): S12A, S12B, 
S12C, S12D, S333 

• Everglades National Park Inflow Monitoring (ENP): S174, S176, S177, S18C 

• C111 Detention Area Monitoring (C111D): S332D 

• Everglades Protection Area Monitoring (EVPA): LOX3 through LOX16 

• Non-Everglades Construction Project Permit Monitoring (NECP): S334 

Data from stations S175 and S332 (ENP) are not included in the Field Sampling 
Quality Assessment section of this report. These stations are no longer the compliance 
stations under the Settlement Agreement (SA). 

The SFWMD Field Sampling Quality Manual sets the minimum requirements to be 
followed in field sample collection. The Laboratory Quality Manual sets the minimum 
requirements to be followed in laboratory sample preparation and analysis, as well as in 
data verification and validation. Sections II and III of this report provide the results of 
laboratory and field quality control during this quarter. 

Included in this report is an analysis of the SFWMD laboratory’s performance on 
split and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) and other laboratories for three selected projects, i.e., EVPA, C111 
and Everglades TP Round Robins, for a one-year period. A Glossary is also included at 
the end of this report. 
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Field Sampling Quality Assessment 
PROCEDURE UPDATES 

There was no major procedural update related to TP collection for this period. 

FIELD AUDIT 

On 7/25/2006, a field sampling collection audit was performed for Miami-Dade 
County Department of Environmental Resources Management (DERM) sampling for the 
CAMB project stations: S12A, S12B, S12C, S12D and S333. 

The key findings were: 

a. The agency did not have a quality manual 

b. One document correction was obliterated from the record 

c. Rinsing protocol for the data sonde was improper 

d. The laboratory-cleaned equipment was not being rinsed with HCl for some 
sampling trips 

Other than submittal of the DERM quality manual, all deficiencies have been 
corrected now. Assessment of the blanks collected by DERM indicated that the acid rinse 
does not affect the TP measurements. 

MISSING DATA 

Table 1 shows a list of missing data for this reporting period. Data may be missing 
because the samples were not collected or because there was a problem at sample 
submission to the laboratory. Out of 34 missing data, 31 were not collected due to either 
lack of flow, structure maintenance or shallow water depth. An autosampler malfunction 
missed one sample at station S18C. The laboratory cancelled analyses for two samples 
collected at S18C due to improper sample preservation. 
Table 1. Missing Data for the Period from 7/1/06 to 9/30/06. 

Project Collection 
Date Station Comments 

ENP 7/3/2006 S18C Sample analysis cancelled by laboratory due to 
improper preservation or sample not analyzed by 
laboratory. 

ENP 7/5/2006 S174 No flow, no sample collected. 

EVPA 7/10/2006 LOX3 Total depth less than 0.10 m. No sample collected. 

EVPA 7/10/2006 LOX5 Total depth less than 0.10m. No sample collected. 

EVPA 7/10/2006 LOX9 Total depth less than 0.10m. No sample collected. 

EVPA 7/10/2006 LOX4 Total depth less than 0.10m. No sample collected. 

EVPA 7/11/2006 LOX13 Total depth less than 0.10m. No sample collected. 
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Table 1. Missing Data for the Period from 7/1/06 to 9/30/06. 

Collection Project Station Comments Date 

ENP 7/12/2006 S174 No flow, no sample collected. 

NECP 7/18/2006 S334 No flow, no sample collected. 

ENP 7/19/2006 S174 No flow, no sample collected. 

CAMB 7/25/2006 S12A No flow, no sample collected. 

CAMB 7/25/2006 S12B No flow, no sample collected. 

ENP 7/26/2006 S174 No flow, no sample collected. 

ENP 8/2/2006 S174 No flow, no sample collected. 

ENP 8/2/2006 S174 No flow, no sample collected. 

EVPA 8/7/2006 LOX3 Total depth less than 0.10m. No sample collected. 

EVPA 8/7/2006 LOX5 Total depth less than 0.10m. No sample collected. 

EVPA 8/8/2006 LOX11 Total depth less than 0.10m. No sample collected. 

ENP 8/9/2006 S174 No flow, no sample collected. 

NECP 8/15/2006 S334 No flow, no sample collected. 

ENP 8/16/2006 S174 No flow, no sample collected. 

CAMB 8/22/2006 S12A No flow, no sample collected. 

CAMB 8/22/2006 S12B No flow, no sample collected. 

ENP 8/23/2006 S174 No flow, no sample collected. 

NECP 8/31/2006 S334 No flow, no sample collected. 

ENP 9/1/2006 S174 No flow, no sample collected. 

ENP 9/1/2006 S174 No flow, no sample collected. 

ENP 9/6/2006 S174 No flow, no sample collected. 

ENP 9/6/2006 S174 No flow, no sample collected. 

ENP 9/13/2006 S174 No flow, no sample collected. 

ENP 9/20/2006 S174 No flow, no sample collected. 

ENP 9/25/2006 S18C Sample analysis cancelled by laboratory due to 
improper preservation.

ENP 9/25/2006 S18C No sample collected due to autosampler malfunction. 

NECP 9/26/2006 S334 No flow, no sample collected. 
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QUALITY CONTROL 

Field quality control (QC) measures consist of equipment blanks (EB), field-cleaned 
equipment blanks (FCEB), field blanks (FB), split samples (SS) and replicate samples 
(RS). Table 2 summarizes EB and FCEB results for all projects of interest to the TOC. 
No blanks associated with samples for stations listed in the Introduction of this report 
were outside the acceptance criterion. Table 3 summarizes field precision results, which 
were all acceptable. 

Table 2. Field and Equipment Blank Results. 

Type of Blank Project Blanks Collected 
Percent Less 
than or Equal 

to 0.002 

Percent 
Greater than 

0.002
CAMB 1 100 0 

ENP 1 100 0 

NECP 1 100 0 
EB 

EVPA 1 100 0 

CAMB 13 100 0 

ENP 33 100 0 

EVPA 7 100 0 
FCEB 

NECP 2 100 0 

FB ENP 1 100 0 

Notes: 

• Only blanks from sampling events that included samples from stations listed in the Introduction of this 
report were included in this analysis. 

• Blanks for TP, which were collected for a short-term autosampler experimental project at some TOC 
stations, were not included here. 

• FB, FCEB and EB acceptance criteria: Must be greater than or equal to the method detection limit 

• eir concentrations are less than five times the associated blank values for 
possibility of contamination. 

mary1, 2. 

(MDL). 

Samples are flagged when th

 
Table 3. Field Precision Sum
Project 
Code 

Number of P t ercen Comments Triplicates RSD 
CAMB 1 0 Sample meets precision criteria. 

CAMB 1 5.1 Sample meets precision criteria. 

ENP 1 8.7 Sample meets precision criteria. Sample values are less than PQL3. 

EVPA 1 5.4 Sample meets precision criteria. 

NECP 1 1.8 Sample meets precision criteria. 
1 Only replicates from sampling events that included samples from stations listed in the Introduction of this 

cent. This criterion was applied only if sample values 
were greater than the practical quantitation limit (PQL). 

report were included in this analysis. 
2 The SFWMD chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion: Less than 20 per
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Data that do not meet the set criteria for blanks, field precision or sampling protocols 
are flagged using FDEP data qualifier codes. Table 4 lists data flagged for all trips that 
include samples during this quarter. 

Table 4. List of Flagged Data. 

Project Date 
Collected Station Sample 

Type  Flag Comments 

CAMB 8/8/2006 S12C G J3 Reversal OPO4 greater than TPO4 
ENP 7/31/2006 S18C ACF J5 Autosampler maintenance overdue, 

intake clogged with weeds 
ENP 8/7/2006 S18C ACF J5 Autosampler maintenance overdue, 

intake clogged with weeds 
ENP 8/14/2006 S18C ACF J5 Autosampler maintenance overdue, 

intake clogged with weeds 

Notes: 

G Grab. 

ACF Autosampler Composite Flow Proportional. 
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Laboratory Analysis Quality Assessment 

PROCEDURE UPDATES 

TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC check samples, matrix spikes and 
precision check samples. Figure 1 through Figure 4 show recoveries from various types 
and levels of QC samples for the TP analysis at the SFWMD laboratory from July 1 
through September 30, 2006. Recoveries for the QC samples are generally within +10 
percent from the true value (TV), which are acceptable. 

TP QC1 Recovery 
(TV=0.300 mg/L)
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Figure 1. QC (Laboratory Control Solution) Sample Recoveries for TP Analysis. 
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Figure 2. QC (Laboratory Control Solution) Sample Recoveries for TP Analysis. 
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TP CCV Recovery 
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Figure 3. QC (Continuous Calibration Verification) Sample Recoveries for TP Analysis. 
 

TP QC5 Recovery 
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Figure 4. QC5 (Method Detection Limit Check) Sample Recoveries for TP Analysis. 

Table 5 and Table 6 show precision and matrix spike recoveries. If QC recoveries are 
outside the set limits, an entire analytical run is rejected. Data is flagged if deficiencies 
are noted but the samples cannot be re-analyzed because the required holding times have 
been exceeded. 

Table 5. TP Precision Data, 7/01/06 through 9/30/06. 

Acceptance Limit Less than 10 Percent 

Analytical Range: 0.002 - 0.400 mg/L 

Maximum 8.9 

Mean 1.4 
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Table 5. TP Precision Data, 7/01/06 through 9/30/06. 

Acceptance Limit Less than 10 Percent 

Standard deviation 1.38 

3xSD 4.15 

Upper control limit 5.6 

Number of data points 327 

 
 
Table 6. TP Spike Recovery Data, 7/01/06 through 9/30/06. 

Acceptance Limit 90 – 110 Percent 

Analytical Range: 0.002 - 0.400 mg/L 

Minimum 90.0 

Maximum 109 

Mean 102.7 

Standard deviation 3.04 

3xSD 9.11 

Lower control limit 93.6 

Upper control limit 111.8 

Number of data points 337 

 

The method detection limit (MDL) check (QC5), with a true value of 0.004 mg/L, 
had mean recoveries of 100.7 percent. The daily MDL check results indicate the 
laboratory has consistently achieved the goal of 0.002 mg/L MDL. 

The mean recovery for an organic check, a solution prepared from phytic acid, a 
stable form of organic phosphate to prepare matrix spikes, was 102.7 percent. 
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INTER-LABORATORY QUALITY CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To assess the comparability of results, the SFWMD sends split samples to other 
laboratories on a routine basis. From September 2005 through September 2006, this 
analysis used data from split studies between FDEP and SFWMD laboratories for the 
following programs: 

• EVPA Quarterly Splits 
• Everglades TP Round Robin (see Appendix A) 

Figure 5 through Figure 7 show regression analysis of the data and Table 7 shows 
summary statistics for the data pairs. 

ALL DATA 

Figure 5 shows that the intercept of the regression is not statistically different from 0 
and that the slope is not statistically different from 1 for all TP data from both 
laboratories. This means that the results from those two laboratories are statistically 
identical. The coefficient of determination (R2) value is 0.9679. This information shows 
that the results from the two laboratories have a high degree of agreement (close to 1:1 
correlation). 

 
Figure 5. Regression Analysis for TP - All Data. 

The mean difference (-0.0032 mg/L) and median difference (-0.0020 mg/L) were 
statistically significant, but these differences are at or below the FDEP laboratory’s MDL. 
The paired t-test and signed-rank test yielded probability (of observed difference 
occurring by chance) values of 0.0007 and less than 0.0001 respectively. 
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TP GREATER THAN OR EQUAL TO 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from zero, and that the 
slope is not statistically different from one for samples with TP greater than or equal to 
0.020 mg/L. The R2 value is 0.9944. The Mean difference (-0.0067 mg/L) and Median 
difference (-0.0055 mg/L) were statistically significant, but these differences are still 
below the Practical Quantitation Limit (PQL) of the two laboratories. The paired t-test 
and signed-rank test yielded probability of 0.002 and 0.0001 respectively. 

 
Figure 6. Regression Analysis for TP with a Concentration Greater than or Equal to 

0.020 mg/L. 

TP LESS THAN 0.020 mg/L 

Figure 7 shows that the slope is significantly different from 1 and intercept is 
significantly different from 0 for samples with TP less than 0.020 mg/L, suggesting a 
difference between the data sets for the two laboratories. The very high variability within 
each laboratory and between the two laboratories at the very low concentration levels 
affects this outcome. The R2 value from this regression is 0.1519. 

 
Figure 7. Regression Analysis for TP with a Concentration Less than 0.020 mg/L. 
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At this concentration level (less than 0.020 mg/L), the mean difference (-0.0007 
mg/L) and median difference (-0.0010 mg/L) were not statistically significant. 
Probability values for the paired t-test and signed-rank were 0.3627 and 0.0392 
respectively (see Table 7). 

Table 7. Comparison of SFWMD and FDEP Split Phosphorus Sample Analyses (9/2005 
– 9/2006). 

Summary Statistics 
Lab N Mean Median 

FDEP 34 0.0494 0.0115 
SFWMD 34 0.0463 0.095 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Null Hypothesis Test P-value 
All Data 

Mean of 
Differences -0.0032 Mean of Differences = 0 Student's t 0.00071

Median of 
Differences -0.0020 Median of Differences = 0 Signed Rank 

Less than 
0.00011

Summary Statistics 
Lab N Mean Median 

FDEP 14 0.1071 0.0675 
SFWMD 14 0.1004 0.0575 

Statistical Test of Hypotheses
Summary of Paired 

Differences Test P-value Null Hypothesis 

Mea
Differences -0 7 Mean of D es = 0 Student's t 0.00021

n of 
.006 ifferenc

Greater t an or 
to  

h
Equal 

0.020 mg/L 

M
Differences -0.0055 nk 0.00011

edian of 
Median of Differences = 0 Signed Ra

Summary Statistics
La  Median b N Mean 

FDEP 20 0.0090 0.009 
SFWMD 20 0.0084 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

fferences Test P-value Di  Hypothesis 

M
Differences 

ean of 
-0 7 Mean of es = 0 Student's 0.3627 .000 Differenc t 

Less than  
0.020 mg/L 

M
Differences 

edian of 
-0.0010 ed Rank 0.03922Mean of Differences = 0 Sign

1 es tha  signifi
2 P-value indicate probability is significant at 5 percent. 

Notes: 
• Differences were s SF  minus F nd med es for all 

concentration le belo L.

• used if  value wa ss than 0.0  MDL). 

P-value indicat t the probability is very cant. 

s that the 

 calculated a
vels are at or 

WMD TP
w the PQ

DEP TP. The mean a
 

ian differenc

Data were not  FDEP s le 04 aboratory’s(FDEP l
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objective gra o te r nd qu f 
analytical measur  ino pa  shows
results for the SF ora m y , Ju  

otal phosphorus analysis was rated as 
ide

 
 

 
Figure 8. Linear Regression of Reported TP Results vs. Assigned Values. 
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l . Performance in PT Study 88 for TP, June 2006 through September 2006. e 8
Sample Number 1 2 3 4 5 6 7 8 9 10 
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Glossary 
Accuracy The degree of agreement between an observed value and an accepted 

refe

term used for analyte-free water, which is 

(field) 
 (FCE ). 

B n t t y m
site  e m

ompletes r the routin m t si es in e
onmental contam

Field Cleaned Equipment Blank (FCEB) Analyte-free water processed on site, 
pment used in routine sample 
 the decontamination process. 

n of an analyte of interest 
nce. The MDL is determined 

R Part 136, Appendix B as established by the 

The lowest concentration of an analyte of 
with a specific degree of confidence. Usually, 

rived from the procedure used to determine 

ong individual measurements of the 
 best expressed in 

easures of precision exist depending on the 
f replicate 

ns. 

Relative Percent Difference (RPD) A measure of precision, used when comparing 
two values. It is calculated as percent RPD = [Value1-Value2]/Mean * 100. 

Relative Standard Deviation (RSD) A measurement of precision, used when 
comparing more than two results. It is calculated as percent RSD = [Std. 
Deviation/Mean] * 100 

Replicate Sample (RS) Samples that have been collected during the same 
sampling event from the same source (field replicates) or aliquots of the same sample that 
are prepared and analyzed at the same time (laboratory replicates). Duplicate samples are 
one type of RS. The analytical results from replicates are used to determine the precision 
of a system. If the concentration of analytes in the sample is below detectable limits, 

rence value. Accuracy includes a combination of random-error (precision) and 
systematic-error (bias) components due to sampling and analytical operations. For 
SFWMD application, accuracy assessment is done using percent recoveries from QC 
check samples and spikes. 

Equipment Blank (EB) A general 
processed on site through all sampling equipment used in routine sample processing. It 
may be an assessment of effectiveness of laboratory decontamination or on-site 
decontamination B

Field Blank (F ) A alyte-free wa er tha  is poured directl  into the sa ple 
container on during routine collection, preserv d and kept open until sa ple 
collection c
nvir

fo
ination on site. 

e sa ple a that te. FB valu  are dicativ  of 
e

after the first sampling site, through all sampling equi
processing. EB values are indicative of the effectiveness of

Method Detection Limit (MDL) The lowest concentratio
that can be measured and reported with 99 percent confide
by the protocol defined in section 40 CF
EPA. 

Practical Quantitation Limit (PQL) 
interest that can be quantitatively reported 
the PQL is 12 times the standard deviation de
the MDL, or the PQL can be assumed to be four times the MDL. 

Precision A measure of mutual agreement am
same property, usually under prescribed similar conditions. Precision is
terms of the standard deviation. Various m
"prescribed similar conditions." Precision is calculated from the results o
determinatio
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Duplicate Spike Samples may be used to ine precision. Blind Replicates 
(Duplicates) are replicates that h ted (field replicate) or prepared 
(laboratory replicate) and are submitted and an arate samples (analyst does 
not a

nt laboratories for analysis or analyzed as two independent samples 
in th

 determ
ave been collec

alyzed as sep
 know they re replicates). Field Split samples are replicate samples that are taken 

from the same sample collection, or one container into which multiple collections are 
composited. 

Split Sample (SS) Splits of the same sample volume, obtained from the same sampling 
device, sent to two independe

e laboratory. 
Z-Score A measure of the deviation of the result (Xi) from the assigned value (X) 

for that determinant (calculated as z = (Xi – X)/σ where σ is a standard deviation) 
(EURACHEM). 

 

July – September 2006 14  



Quality Assessment Report for Water Quality Monitoring Appendix A 

Appendix A 
Table A-1. Results of TP split studies between the SFWMD and FDEP laboratories, 

EVPA Project, September 2005 through September 2006. 

Sample Date SFWMD FDEP Percent RPD/Comments
EVPA 19-Sep-05 0.165 0.170 3.0 
EVPA 19-Sep-05 0.163 0.170 4.2 
EVPA 19-Sep-05 0.007 0.010 < PQL 
EVPA 19-Sep-05 0.008 0.007 < PQL 

ERR-16 2-Nov-05 0.027 0.029 7.7 
ERR-16 2-Nov-05 0.026 0.028 7.4 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.026 0.029 10.9 
ERR-16 2-Nov-05 0.007 0.008 < PQL 
ERR-16 2-Nov-05 0.007 0.008 < PQL 
ERR-16 2-Nov-05 0.007 0.008 < PQL 
ERR-16 2-Nov-05 0.007 0.009 < PQL 
ERR-16 2-Nov-05 0.060 0.066 9.5 
ERR-16 2-Nov-05 0.055 0.066 18.2 
ERR-16 2-Nov-05 0.054 0.065 18.5 
ERR-16 2-Nov-05 0.054 0.069 24.4 
ERR-16 2-Nov-05 0.214 0.217 1.4 
ERR-16 2-Nov-05 0.211 0.213 0.9 
ERR-16 2-Nov-05 0.211 0.219 3.7 
ERR-16 2-Nov-05 0.007 0.009 < PQL 
ERR-16 2-Nov-05 0.008 0.009 < PQL 
ERR-16 2-Nov-05 0.007 0.009 < PQL 
EVPA 12-Dec-05 0.114 0.130 13.1 
EVPA 12-Dec-05 0.008 0.009 < PQL 
EVPA 12-Dec-05 0.009 0.007 < PQL 
EVPA 12-Dec-05 0.019 0.009 71.4 
EVPA 3-Mar-06 0.009 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 3-Mar-06 0.008 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 13-Jun-06 0.010 0.013 26.1 
EVPA 13-Jun-06 0.007 0.012 < PQL 
EVPA 13-Jun-06 0.013 0.016 20.7 
EVPA 13-Jun-06 0.007 0.011 < PQL 
EVPA 19-Sep-06 0.006 0.005 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
EVPA 19-Sep-06 0.007 0.007 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
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Quality Assessment Report for Water Quality Monitoring Introduction 

Introduction 
This report assesses the South Florida Water Management District (SFWMD) laboratory 

analysis and field sampling for total phosphorus (TP) monitoring during the fourth quarter of 
2006, primarily for the following projects/stations: 

• Conservation Area Inflow and Outflows (CAMB) S12A, S12B, S12C, S12D and S333 

• Everglades National Park (ENP) Inflow Monitoring S174, S176, S177, S18C and S332D 

• Everglades Protection Area (EVPA) LOX3 to LOX16 

• Non-Everglades Construction Project (NECP) S334 

Because the SFWMD laboratory collects Quality Control (QC) field samples during trips that 
include multiple-project samples for specific stations, this report may also cover information on 
stations or projects other than those listed above. 

Because stations S175 and S332 are not included in the list of compliance stations for the 
Technical Oversight Committee (TOC), these stations are not included in the Field Sampling 
Quality Assessment section in this report. 

The SFWMD Field Sampling Quality Manual specifies the minimum requirements for field 
sample collection. The SFWMD Laboratory Quality Manual specifies the minimum requirements 
for laboratory sample preparation and analysis, as well as data verification and validation. The 
Field Sampling Quality Assessment and Laboratory Analysis Quality Assessment sections in this 
report contain the results of laboratory and field QC during this quarter. 

This report includes a one-year analysis of the SFWMD laboratory’s performance on split 
and inter-laboratory studies with The Florida Department of Environmental Protection (FDEP) 
and other laboratories for three selected projects (EVPA, C111 and Everglades TP Round 
Robins). The report also includes the results of the U.S. Geological Survey Analytical Evaluation 
Program for Standard Reference Samples and National Proficiency Testing. 
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Field Sampling Quality Assessment 
PROCEDURE UPDATES 

The SFWMD did not update any major procedures related to TP collection during the fourth 
quarter of 2006. 

FIELD AUDIT 

The SFWMD did not conduct any field audits on TOC related projects during the fourth 
quarter of 2006. 

MISSING DATA 

Table 1 lists missing data for the reporting period from 10/1/06 to 12/31/06. Missing data 
may not be available due to collection problems in the field or sample submission to the 
laboratory. Out of 22 missing data, 20 were not collected due to either lack of flow, structure 
maintenance or shallow water depth. The laboratory cancelled analyses for two samples collected 
at S333 and S332D because of improper sample preservation. 

Table 1. Missing Data for the Period 10/1/06 to 12/31/06. 

Project Collection 
Date Station Comments 

CAMB 10/10/2006 S333 Sample cancelled by the laboratory because of improper 
preservation. 

ENP 10/11/2006 S174 No flow, no sample collected. 
ENP 10/11/2006 S176 No flow, no sample collected. 

C111D 10/11/2006 S332D No flow, no sample collected. 
ENP 10/18/2006 S174 No flow, no sample collected. 

C111D 10/18/2006 S332D No flow, no sample collected. 
NECP 10/24/2006 S334 No flow, no sample collected. 
ENP 10/30/2006 S18C No flow, no sample collected. 

C111D 11/8/2006 S332D Sample cancelled by the laboratory because of improper 
preservation. 

ENP 11/15/2006 S174 No flow, no sample collected. 
ENP 11/27/2006 S18C No flow, no sample collected. 

CAMB 11/28/2006 S12A No flow, no sample collected. 
CAMB 11/28/2006 S12B No flow, no sample collected. 
EVPA 12/11/2006 LOX3 Total depth less than 0.10m. No sample collected. 
EVPA 12/11/2006 LOX4 Total depth less than 0.10m. No sample collected. 
EVPA 12/11/2006 LOX5 Total depth less than 0.10m. No sample collected. 
ENP 12/13/2006 S174 No flow, no sample collected. 
ENP 12/18/2006 S18C No flow, no sample collected. 

NECP 12/19/2006 S334 No flow, no sample collected. 
ENP 12/20/2006 S174 No flow, no sample collected. 

CAMB 12/27/2006 S12A No flow, no sample collected. 
CAMB 12/27/2006 S12B No flow, no sample collected. 
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QUALITY CONTROL 

Field QC measurements consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS) and Replicate Samples (RS). Table 2 summarizes 
EB, FB and FCEB results for all projects pertaining to the TOC. No blanks associated with 
samples for stations listed in the Introduction were outside the acceptance criterion. Table 3 
summarizes field precision results. Field sampling precision was acceptable. FDEP data qualifier 
codes flag data that does not meet the criteria set for blanks, field precision or sampling protocols. 

No TOC compliance TP data were qualified during the fourth quarter of 2007.  

Table 2. Field and Equipment Blank Results1, 2, 3, 4. 

Type of Blank Project Number of Blanks 
Collected % ≤ 0.002 % > 0.002 

ENP 2 100 0 EB 
EVPA 1 100 0 
C111D 7 100 0 
CAMB 7 100 0 
ENP 11 100 0 

EVPA 6 100 0 
FCEB 

NECP 5 100 0 
FB ENP 1 100 0 

1 This analysis includes only blanks from sampling events that included samples from stations 
listed in the Introduction of this report. 
2 Blanks for TP, which were associated with a short-term autosampler project at some TOC 
stations, were not included. 
3 FB, FCEB and EB acceptance criteria must be less than or equal to the MDL. 
4 When concentrations are less than five times the resulting blank values, associated samples are 
flagged due to possible contamination. 
 
 
Table 3. Field Precision Summary1, 2, 3. 

Project Code Number of 
Triplicates % RSD Comments 

CAMB 1 7.9 Precision criteria met. 
ENP 1 8.7 Precision criteria met.  

EVPA 1 7.9 Precision criteria met. 
1 Only replicates from sampling events that included samples from stations listed in the 
Introduction of this report were included in this analysis. 
2 The SFWMD Chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion of less than 20 percent applied only if sample values were 
greater than the Practical Quantitation Limit (PQL). 
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Laboratory Analysis Quality Assessment 

PROCEDURE UPDATES 

TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes and precision checks. 
Figure 1 through Figure 4 show recoveries from various types and levels of QC samples for the 
TP analysis at the SFWMD laboratory from October 1 through December 31, 2006.  
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Figure 1. QC (Laboratory Control Solution) Sample Recoveries for TP Analysis. 
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Figure 2. QC (Laboratory Control Solution) Sample Recoveries for TP Analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (Continuing Calibration Verification) Sample Recoveries for TP Analysis. 
 
 

TP MDL Check Recovery 
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Figure 4. QC5 (Method Detection Limit Check) Sample Recoveries for TP Analysis. 
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Table 4 and Table 5 list precision and matrix spike recoveries. If QC recoveries are outside 
the set limits, the SFWMD laboratory rejects an analytical batch. If any deficiencies are noted and 
the samples cannot be re-analyzed because they exceed the required holding times, data are 
flagged accordingly. 

 
Table 4. TP Precision Data  
                10/01/06 – 12/31/06. 

Acceptance Limit <10% 

Analytical Range: 0.002-0.400 mg/L 

Maximum 8.7 

Mean 1.6 

Standard Deviation 1.44 

3xSD 4.31 

UCL 5.9 

n 318 

UCL Upper Control Limit 
n Number of data points 

 

 

 

Recoveries for the QC samples are within +10 percent from the true value (TV), which is 
acceptable. The MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 100.2 
percent. The daily MDL check results indicate the SFWMD laboratory consistently has achieved the 
established MDL of 0.002 mg/L. 

An organic check is a solution prepared from phytic acid, a stable form of organic phosphate, to 
prepare matrix spikes, the mean recovery for which was 100.0 percent. 

 

 

 

Table 5. TP Spike Recovery Data      
10/01/06 – 12/31/06. 

Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100 

Standard Deviation 3.50 

3xSD 10.5 

LCL 89.5 

UCL 110.5 

n 327 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 
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INTER-LABORATORY QUALITY CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To assess comparability of results continuously, the SFWMD routinely sends split samples to 
other laboratories. From December 2005 through December 2006, data from split studies between 
FDEP and SFWMD laboratories were used in this analysis for the following programs: EVPA 
Quarterly Splits (EVPA) and Everglades TP Round Robin (ERR) (Appendix A). Figure 5 
through Figure 7 show regression analysis of the data and Table 6 shows summary statistics for 
the data pairs. 

ALL DATA 

Figure 5 shows that the intercept is not statistically different from 0 (zero) and the slope is 
not statistically different from 1 (one) for all TP data from both laboratories. The r2 value is 
0.9388. This indicates that the results from the two laboratories have a high degree of agreement 
(close to 1:1 correlation). 

 
Figure 5. Regression Analysis for TP All Data. 

The mean difference (-0.0002) and median difference (0.001) were not statistically 
significant. The observed differences are below the PQL of 0.008 mg/L. The paired t-test and 
signed-rank test returned p-values of 0.786 and 0.4805, respectively. 
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TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope is 
not statistically different from 1 (one) for samples with TP greater than or equal to 0.020 mg/L. 
The r2 value is 0.9924. The Mean difference (-0.0013) and Median difference (0.0000) were not 
statistically significant. The differences are below the PQL for the two laboratories. The paired t-
test and signed-rank test returned p-values of 0.4323 and 0.9961 respectively. 

 
Figure 6. Regression Analysis for TP Greater than or Equal to 0.020 mg/L. 

TP < 0.020 mg/L 

Figure 7 shows that the intercept is not significantly different from 0 (zero) and slope is not 
significantly different from 1 (one) for samples with TP less than 0.020 mg/L. The r2 value is 
0.4266. At this low level, the data sets do not agree very well, as expected, due to the relatively 
high variability within each laboratory and between the two laboratories. 
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Figure 7. Regression Analysis for TP Less than 0.020 mg/L. 

At this concentration level (less than 0.020 mg/L), the mean difference (0.0004) and median 
difference (0.001) are not statistically significant. P-values for the paired t-test and signed-rank 
test were 0.5660 and 0.4503 respectively (see Table 6). 
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Table 6. Comparison of SFWMD and FDEP Split Phosphorus Samples  
                                                  (12/2005 – 12/2006) 1, 2

Summary Statistics 
Lab N Mean Median 

FDEP 32 0.0214 0.009 
SFWMD 32 0.0212 0.009 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.0002 Mean of Differences = 0 Student's t 0.786 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank 0.4805 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.0472 0.026 
SFWMD 11 0.0459 0.027 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.0013 Mean of Differences = 0 Student's t 0.4323 

≥ 0.020 mg/L 

Median of 
Differences 0.0000 Median of Differences = 0 Signed Rank 0.9961 

Summary Statistics
Lab N Mean Median 

FDEP 21 0.0079 0.007 
SFWMD 21 0.0083 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0004 Mean of Differences = 0 Student's t 0.566 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank 0.4503 

1 Differences were calculated as SFWMD TP – FDEP TP. The mean and median differences for all concentration 
levels are at or below the PQL. 
2 Data were not used if FDEP value was less than 0.004 (FDEP laboratory’s MDL). 

National Proficiency Testing Results 

For laboratory certification, the SFWMD’s laboratory semiannually performs required PT 
testing on environmental samples. A vendor approved by the National Institute of Science and 
Technology as PT provider for National Environmental Laboratory Accreditation Conference 
administers this study. Table 7 provides the results of the October – November 2006 study (WP-
141). 
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 Table 7. National Proficiency Testing TP Results.
 

Assigned Value, mg/L 4.57  
 

Reported Value, mg/L 4.60  
 

Performance Evaluation % Recovery 100.7, Acceptable  
 

U.S. Geological Survey Analytical Evaluation Program 

The SFWMD’s laboratory voluntarily participates in a semiannual U.S. Geological Survey 
(USGS) on environmental samples as an inter-laboratory comparison. The Laboratory uses the 
survey results to monitor performance. Evaluation of the results is based on the deviation (z-
value) from the median and percent difference. Following usual practices, a z-value less than ±2 
is consider satisfactory. Table 8 provides the results of the October – November 2006 study. 

 
 Table 8. USGS Fall (October - November) 2006 SRS TP Results.
 

Most Probable Value, mg/L 0.062  
 

Reported Value, mg/L 0.061  
 

Performance Evaluation Z-value = - 0.14, % difference = - 1.61  
Total 

Phosphorus Everglades Round Robin Inter-laboratory Comparison Program 
Appendix B contains the results of the Everglades Round Robin 17 compared with other 

participating laboratories. Evaluation of the study results indicates that the SFWMD laboratory is 
at or around the central tendency and acceptable precision at all levels. An FDEP contractor is 
performing a statistical evaluation of this study. 
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Glossary 
Accuracy The degree of agreement between an observed value and an accepted 

reference value. Accuracy includes a combination of random-error (precision) and 
systematic-error (bias) components due to sampling and analytical operations. For 
SFWMD application, accuracy assessment is done using percent recoveries from QC 
check samples and spikes. 

Equipment Blank (EB) A general term used for analyte-free water, which is 
processed on site through all sampling equipment used in routine sample processing. It 
may be an assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB) Analyte-free water that is poured directly into the sample 
container on site during routine collection, preserved and kept open until sample 
collection completes for the routine sample at that site. FB values are indicative of 
environmental contamination on site. 

Field Cleaned Equipment Blank (FCEB) Analyte-free water processed on site, 
after the first sampling site, through all sampling equipment used in routine sample 
processing. EB values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL) The lowest concentration of an analyte of interest 
that can be measured and reported with 99 percent confidence. The MDL is determined 
by the protocol defined in section 40 CFR Part 136, Appendix B as established by the 
EPA. 

Practical Quantitation Limit (PQL) The lowest concentration of an analyte of 
interest that can be quantitatively reported with a specific degree of confidence. Usually, 
the PQL is 12 times the standard deviation derived from the procedure used to determine 
the MDL, or the PQL can be assumed to be four times the MDL. 

Precision A measure of mutual agreement among individual measurements of the 
same property, usually under prescribed similar conditions. Precision is best expressed in 
terms of the standard deviation. Various measures of precision exist depending on the 
"prescribed similar conditions." Precision is calculated from the results of replicate 
determinations. 

Relative Percent Difference (RPD) A measure of precision, used when comparing 
two values. It is calculated as percent RPD = [Value1-Value2]/Mean * 100. 

Relative Standard Deviation (RSD) A measurement of precision, used when 
comparing more than two results. It is calculated as percent RSD = [Std. 
Deviation/Mean] * 100 

Replicate Sample (RS) Samples that have been collected during the same 
sampling event from the same source (field replicates) or aliquots of the same sample that 
are prepared and analyzed at the same time (laboratory replicates). Duplicate samples are 
one type of RS. The analytical results from replicates are used to determine the precision 
of a system. If the concentration of analytes in the sample is below detectable limits, 
Duplicate Spike Samples may be used to determine precision. Blind Replicates 
(Duplicates) are replicates that have been collected (field replicate) or prepared 

October – December 2006 12  



Quality Assessment Report for Water Quality Monitoring Glossary  

(laboratory replicate) and are submitted and analyzed as separate samples (analyst does 
not know they are replicates). Field Split samples are replicate samples that are taken 
from the same sample collection, or one container into which multiple collections are 
composited. 

Split Sample (SS) Splits of the same sample volume, obtained from the same sampling 
device, sent to two independent laboratories for analysis or analyzed as two independent samples 
in the laboratory. 

Z- Value. A measure of the deviation of the result (Xi) from the assigned value (X) for 
that determinant (calculated as z = (Xi – X)/σ where σ is a standard deviation) (EURACHEM). 
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Appendix A 
 
Table A-1. Results of TP Split Studies Between the SFWMD and FDEP Laboratories, 

EVPA Project and Everglades Round Robin (12/2005 – 12/2006). 

Sample Date SFWMD FDEP % RPD/Comments 

EVPA 12-Dec-05 0.114 0.130 13.1 
EVPA 12-Dec-05 0.008 0.009 < PQL 
EVPA 12-Dec-05 0.009 0.007 < PQL 
EVPA 12-Dec-05 0.019 0.009 71.4 
EVPA 3-Mar-06 0.009 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 3-Mar-06 0.008 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 13-Jun-06 0.010 0.013 26.1 
EVPA 13-Jun-06 0.007 0.012 < PQL 
EVPA 13-Jun-06 0.013 0.016 20.7 
EVPA 13-Jun-06 0.007 0.011 < PQL 
EVPA 19-Sep-06 0.006 0.005 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
EVPA 19-Sep-06 0.007 0.007 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 

ERR-17 05-Dec-06 0.026 0.025 3.9 
ERR-17 05-Dec-06 0.027 0.026 3.8 
ERR-17 05-Dec-06 0.025 0.026 3.9 
ERR-17 05-Dec-06 0.028 0.025 11.3 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.010 0.007 < PQL 
ERR-17 05-Dec-06 0.027 0.025 7.7 
ERR-17 05-Dec-06 0.026 0.026 0.0 
ERR-17 05-Dec-06 0.026 0.027 3.8 
ERR-17 05-Dec-06 0.068 0.069 1.5 
ERR-17 05-Dec-06 0.067 0.070 4.4 
ERR-17 05-Dec-06 0.071 0.070 1.4 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
ERR-17 05-Dec-06 0.007 0.006 < PQL 
ERR-17 05-Dec-06 0.006 0.005 < PQL 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
EVPA 12-Dec-06 0.005 0.004 < PQL 
EVPA 12-Dec-06 0.005 0.005 < PQL 
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Appendix B 
Table B-1. Round Robin TP-17 Results (μg/L). 

SITELaboratory 
E1 F4 S10C S5A U2 

33 30 30 30 13 12 12 14 28 28 28 68 70 70 8 8 8 9 Orange County 
Environmental 
Protection Division 8 3 13 10 11 4 18 9 7 6 12 1 17 15 14 2 5 16 

24 31 20 28 8.6 U 6.3 U 9.8 U 4.0 U 27 21 25 63 66 61 8.9 U 2.9 U 5.3 U 2.3 UIFAS Everglades 
Research & 
Education Center 16 10 17 13 11 5 8 18 6 2 3 9 14 7 12 15 4 1 

29.65 28.78 28.74 28.49 12.41 11.96 12.15 11.82 28.23 28.38 28.40 68.02 68.24 68.39 8.47 8.95 8.74 8.34Metro Dade County 
Environmental 
Resources Mgt. 15 16 18 1 14 7 10 2 4 9 5 8 17 11 3 12 13 6 

27.4 25.4 26.7 38.8 12.9 10.7 11.6 12.3 29.8 27.9 28.5 70.6 69.4 69 6.9 7.7 7.8 7.4 
US Biosystems, Inc. 

10 5 11 8 14 15 2 13 7 3 12 16 18 9 1 4 6 17 

26.6 27.7 25.9 26.2 14.2 11.1 14.7 10.9 28.3 28.5 28.0 71.9 70.4 69.8 9.40 8.90 7.80 10.3
ELAB, Inc. 

10 14 12 5 2 9 1 16 7 6 17 18 13 8 3 4 11 15 

24.1 20.8 18.7 24.2 9.17 6.72 8.82 6.32 24.5 21.1 24.1 63.2 68.1 75.5 5.74 4.34 4.65 5.83
STL Denver 

14 5 8 9 6 4 17 7 13 1 3 10 18 16 11 2 15 12 

33.9 32.1 22.7 33.9 9.22 2.62 11.8 9.81 26.8 23.2 21.7 76.4 74.8 63.0 6.94 15.9 2.46 1.15 
U

Harbor Branch 
Environmental 
Laboratory 10 8 18 9 2 14 12 3 4 1 16 7 6 15 5 11 17 13 

22 27 22 24 8.2I 8.1I 7.9I 8.5I 23 23 24 58 57 61 5.8I 5.0I 5.2I 8.3 STL Tallahassee 
14 11 12 10 4 1 3 15 17 5 9 16 6 8 2 13 7 18 

26 26 24 28 8I 9I 8I 8I 25 25 27 68 70 66 5I 5I 6I 6I Short Environmental 
Laboratories 14 1 3 17 13 10 9 6 5 11 16 12 15 7 18 2 4 8 

56.0 73.0 76.0 69.0 48.0 58.0 61.0 38.0 79.0 71.0 84.0 112 109 106 51.0 58.0 61.0 54.0
TestAmerica, Inc 

2 17 3 12 5 8 16 1 10 11 18 9 14 4 15 13 7 6 

26 26 26 27 9 10 10 9 26 25 25 66 67 65 7 7 7 6 DB Environmental  
Laboratories, Inc. 9 17 2 1 14 8 11 4 5 7 16 18 3 6 15 10 12 13 

8.5 4 U 20.9 32.4 10.1 12.1 25 13.2 20.8 16.9 15.5 66 6.64 71.2 9.5 12.2 4 U 9.3 Everglades 
Laboratories, Inc. 4 9 8 12 17 11 1 5 14 18 10 3 16 2 15 6 13 7 

26 27 25 28 9 9 9 10 27 26 26 68 67 71 6I 7I 6I 6I South FL Water Mgt. 
SFWMD 18 4 17 10 14 3 7 9 15 11 12 6 1 16 2 8 13 5 

31.93 27.36 26.92 31.16 15.54 13.90 10.49 14.57 31.61 31.5 27.28 70.68 72.03 70.68 9.15 9.79 9.81 8.99FL International 
University 1 13 18 8 5 4 14 12 15 9 17 3 6 10 7 2 11 16 

25.0 27.5 26.1 25.7 12.4 9.30 9.22 9.48 31.5 34.2 33.0 81.0 85.5 84.3 4.47 6.88 4.63 4.53Jupiter 
Environmental 
Laboratories, Inc. 12 3 6 14 1 10 8 16 18 4 13 15 7 9 11 2 5 17 

32 34 32 34 8 8 9 8 29 29 30 70 68 68 14 14 16 14 U.S. Sugar Corp.- 
South Bay 
Laboratory 4 18 7 17 12 13 16 10 8 11 6 14 5 9 2 1 15 3 

23.8 26.0 24.2 28.9 8.60 9.00 11.9 8.90 26.2 22.4 22.9 66.4 59.4 59.8 6.40 5.30 7.10 6.20Columbia Analytical 
Services – Jax. 7 10 15 3 2 13 17 14 1 5 6 9 18 16 4 8 12 11 

30I 20I 30I 30I 30I 10I 10I 10I 20I 20I 30I 60 60 60 10 U 10 U 10 U 10 ULee County 
Environmental Labs 11 13 7 15 5 1 16 10 17 14 8 3 2 9 12 18 4 6 

23 25 24 26 9 8 9 8 24 26 24 61 61 61 6 6 6 5 UF/IFAS Wetlands 
Biogeochemistry 
Laboratory 11 6 5 16 7 2 10 17 12 4 14 15 18 9 13 3 1 8 

27.1 27.0 27.6 27.1 10.6 9.7 10.0 10.3 27.2 27.3 27.8 66.4 66.4 67.8 7.2 6.8 7.7 7.9 UF/IFAS Tropical 
Research & 
Education Center 18 1 11 4 17 6 13 7 15 16 3 12 14 5 9 2 8 10 

25 26 26 25 8I 8I 8I 7I 25 26 27 69 70 70 6I 6I 5I 6I FL Dept. of 
Environmental 
Protection 18 9 14 4 17 2 13 3 11 12 7 5 6 16 10 15 1 8 

24 24 24 24 8 8 8 8 24 25 24 64 55 58 5 6 6 6 Advanced 
Environmental 
Laboratories 12 5 18 8 13 3 16 10 6 17 4 14 2 9 11 1 15 7 
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Quality Assessment Report for Water Quality Monitoring Introduction 

Introduction 
This report is an assessment of the South Florida Water Management District (District) 

laboratory analysis and field sampling for Total Phosphorus (TP) monitoring, primarily for the 
following projects/stations during the first quarter of 2007. 

• Conservation Area Inflow and Outflows (CAMB) S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP) S174, S176, S177, S18C, S332D 

• Everglades Protection Area (EVPA) LOX3 to LOX16 

• Non-Everglades Construction Project (NECP) S334 

Since field QC samples are collected for trips that include multiple project samples for 
the stations of interest, the report may also cover information on stations or projects other than 
those in this list. 

Data from stations S175 and S332 are not included in the Field Sampling Quality 
Assessment section of this report. These stations are not included in the list of compliance 
stations for the TOC. 

The District’s Field Sampling Quality Manual provides the minimum requirements 
followed in field sample collection. The Laboratory Quality Manual provides the minimum 
requirements for preparing and analyzing laboratory samples, as well as verifying and validating 
data. Field Sampling Quality Assessment and Laboratory Analysis Quality Assessment in 
this report provide results of laboratory and field quality control during this quarter. 

The SFWMD laboratory (LIMS) provided the data used in this report. Consider this data 
preliminary until the District releases it to their main database (DBHYDRO). 

The criteria used for data validation qualifying of blanks were changed, based on 
clarification from Florida Department of Environmental Protection (FDEP). Blanks with values 
equal to or greater than the MDL are qualified. This is a change from only qualifying blanks 
greater than the MDL value. 

This report includes an analysis of the District laboratory’s performance on split and 
inter-laboratory studies with FDEP and other laboratories for three selected projects (EVPA, 
C111 and Everglades TP Round Robins) for a one-year period. The results of the U.S. Geological 
Survey Analytical Evaluation Program for Standard Reference Samples and the National Water 
Research Institute Environment Canada, Inter-laboratory Proficiency Testing Program are also 
included. 
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Field Sampling Quality Assessment 
PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

FIELD AUDIT 

Field audits were not conducted on TOC related projects during the first quarter of 2007. 

MISSING DATA 

Table 1 shows a list of missing data for this reporting period. Data may not be available 
due to problems with field collection or with sample submission to the laboratory. Out of 15 
missing data, 13 were not collected due to either lack of flow, structure maintenance or shallow 
water depth. The laboratory cancelled an analysis for one sample collected at S333 because of 
improper sample preservation. In addition, the laboratory did not receive one collected sample. 

Table 1. Missing data for the period from 01/01/07 to 03/31/07. 

Project 
Collection 

Date Station Comments 
NECP 1/17/2007 S334 No flow. No sample collected. 

CAMB 1/17/2007 S333 Sample cancelled by the laboratory because of 
improper preservation. 

CAMB 1/23/2007 S12B No flow. No sample collected. 
CAMB 1/23/2007 S12A No flow. No sample collected. 
C111D 1/24/2007 S332D Sample not received by the laboratory. 
EVPA 2/5/2007 LOX3 Total depth – less than 0.10m. No sample collected. 
CAMB 2/21/2007 S12B No flow. No sample collected. 
CAMB 2/21/2007 S12A No flow. No sample collected. 
EVPA 3/5/2007 LOX3 Total depth – less than 0.10m. No sample collected. 
EVPA 3/5/2007 LOX5 Total depth – less than 0.10m. No sample collected. 
EVPA 3/5/2007 LOX10 Total depth – less than 0.10m. No sample collected. 
EVPA 3/5/2007 LOX9 Total depth – less than 0.10m. No sample collected. 
CAMB 3/7/2007 S12D Station under construction. No samples collected. 
CAMB 3/20/2007 S12B No flow. No sample collected. 
CAMB 3/20/2007 S12A No flow. No sample collected. 
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS) and Replicate Samples (RS). Table 2 summarizes 
EB, FB and FCEB results for all projects of interest to the TOC. Two blanks associated with 
samples for the stations listed in Section I were outside the acceptance criterion. Table 3 
summarizes the field precision results and shows that the field sampling precision was acceptable 
for all three projects. Routinely, data not meeting the set criteria for blanks, field precision or 
sampling protocols are flagged using FDEP data qualifier codes. Table 4 lists data flagged for all 
trips that include samples for CAMB, ENP, EVPA and NECP projects during this quarter.  

Table 2. Field and equipment blank results 1, 2, 3, 4. 

Type of 
Blank Project

Number of 
Blanks 

Collected % < 0.002 % ≥ 0.002 
ENP 1 100 0 EB 

EVPA 1 100 0 
C111D 8 100 0 
CAMB 6 100 0 
ENP 15 94 7 

EVPA 5 100 0 
FCEB 

NECP 7 86 14 
1 Only blanks for sampling events from samples collected at stations 

listed in Section I of this report were included in this analysis. 
2 Blanks for TP, which were associated with a short-term autosampler 

project at some TOC stations, were not included in this analysis. 
3 FB, FCEB and EB acceptance criteria must be < MDL. 
4 When sample concentrations are less than five times the resulting 

blank values, laboratory personnel flagged the samples for possible 
contamination. 

 
Table 3. Field precision summary 1, 2, 3. 

Project 
Code 

Number of 
Triplicates % RSD Comments 

CAMB 1 0.0 Precision criteria met. 
ENP 1 0.0 Precision criteria met. 

EVPA 1 9.1 Precision criteria met. 
1 Only replicates for sampling events from samples collected at stations 

listed in Section I of this report were included in this analysis. 
2 The District’s Chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be < 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL). 
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Table 4. List of Flagged Data. 

Project 
Date 

Collected Station
Sample 

Type Flag Comments 
NECP 2/13/2007 S334 G V Sample associated with FCEB ≥ MDL
CAMB 2/13/2007 S333 G V Sample associated with FCEB ≥ MDL
CAMP 2/13/2007 S12C G V Sample associated with FCEB ≥ MDL
ENP 2/26/2007 S177 G V Sample associated with FCEB ≥ MDL
ENP 2/26/2007 S18C G V Sample associated with FCEB ≥ MDL

G     Grab sample 
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Laboratory Analysis Quality Assessment 
PROCEDURE UPDATES 

The Quality Control Solution (LCS3) concentration in the TP analytical procedure was 
changed from 0.030 mg/L to 0.020 mg/L. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figure 1 through Figure 4 show recoveries from various types and levels of QC samples for the 
TP analysis at the District laboratory from January 1 through March 31, 2007. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
 
 

TP MDL Check Recovery 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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Table 4 and Table 5 show precision and matrix spike recoveries. If QC recoveries are 
outside the set limits, the District laboratory usually rejects the analytical batch. If any 
deficiencies are noted, and the samples have exceeded the required holding times and cannot be 
re-analyzed, the data are flagged accordingly. 

 
Table 4. TP Precision Data, 

01/01/07 – 03/31/07. 

Acceptance Limit <10% 

Analytical Range: 0.002-0.400 mg/L 

Maximum 8.7 

Mean 1.4 

Standard Deviation 1.38 

3xSD 4.13 

UCL 5.5 

n 343 

UCL Upper Control Limit 
n Number of data points 
 

 

 

 

Recoveries for the QC samples are usually within ±10% from the true value, which is 
acceptable. The MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 
101.8%. The daily MDL check results indicate the laboratory has consistently achieved the 
established MDL of 0.002 mg/L. An organic check is a solution prepared from phytic acid, which 
is a stable form of organic phosphate used to prepare matrix spikes, the mean recovery for which 
was 99.9%. 

 

Table 5. TP Spike Recovery Data, 
01/01/07 – 03/31/07. 

Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 99.9 

Standard Deviation 3.57 

3xSD 10.71 

LCL 89.2 

UCL 110.6 

n 346 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 
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Inter-Laboratory Quality-Control Assessment 

Split Studies with FDEP Laboratory 

To assess comparability of results continuously, the District routinely sends split samples 
to other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) 
split-study programs conducted between the FDEP and the District’s laboratory from March 2007 
to March 2007 (see Table A-1) provided the data used in this analysis. Figure 5 through Figure 
7 show regression analysis of the data and Table 6 shows summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero (0) and the slope 
is not statistically different from one (1) for all TP data from both laboratories. The r2 value is 
0.9513. This information shows that the results from the two laboratories have a high degree of 
agreement (close to 1:1 correlation). 

 
Figure 5. Regression analysis for TP all data. 

The mean difference (-0.00004 mg/L) and median difference (0.0010 mg/L) were not 
statistically significant. The observed differences are below the practical quantification level 
(PQL) of 0.008 mg/L. The paired t-test and signed-rank test yielded p-values of 0.9243 and 0.449, 
respectively. 
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TP≥0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope 
is not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 
0.9894. The mean difference (0.0002 mg/L) and median difference (0.0005 mg/L) were not 
statistically significant. The differences are below the practical quantitation limit (PQL) of the 
two laboratories. The paired t-test and signed-rank test yielded p-values of 0.7263 and 0.6289 
respectively. 

Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept 
is not significantly different from 0 (zero) for samples with TP < 0.020 mg/L. The r2 for this 
regression is 0.5938. At this low level, the data sets do not agree very well, as expected, due to 
the relatively high variability within each laboratory and between the two laboratories.  

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

At this concentration level (< 0.020 mg/L), the mean difference (-0.0002 mg/L) and 
median difference (0.0010 mg/L) were not statistically significant. P-values for the paired t-test 
and signed-rank were 0.743 and 0.8625 respectively. 
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Table 6. Comparison of District and FDEP Split Phosphorus Samples (03/2006 – 
03/2007). 

Summary Statistics 
Lab N Mean Median 

FDEP 28 0.0189 0.0095 
District 28 0.0189 0.009 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.00004 Mean of Differences = 0 Student's t 0.9243 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank 0.449 

Summary Statistics 
Lab N Mean Median 

FDEP 10 0.0389 0.026 
District 10 0.0391 0.027 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.7263 

≥ 0.020 mg/L 

Median of 
Differences 0.0005 Median of Differences = 0 Signed Rank 0.6289 

Summary Statistics
Lab N Mean Median 

FDEP 18 0.0078 0.007 
District 18 0.0077 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.0002 Mean of Differences = 0 Student's t 0.743 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank 0.8625 

1 Differences calculated as District TP – FDEP TP. The mean and median differences for all 
concentration levels are at or below the PQL. 

2 Data not used if FDEP value was < 0.004 (FDEP laboratory’s MDL). 
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of 
analytical measurements of inorganic parameters in natural waters. The results for the District’s 
laboratory from the most recent study (December 2006/March 2007) are shown in Table 7. The 
District laboratory was rated on performance of TP as “ideal” (highest category), and the linear 
regression shows no systematic bias (Figure 8). 

Table 7. Performance in PT Study 89 for TP, December/March 2007. 
Sample Number 1 2 3 4 5 6 7 8 9 10 

Assigned Value, mg/L 0.0030 0.0040 0.0870 0.0640 0.012 0.128 0.026 0.231 0.184 0.960
Reported Results, mg/L < 0.002 0.004 0.087 0.064 0.012 0.134 0.025 0.236 0.191 0.955
Z-value  0.0 0.0 0.0 0.0 0.8 -0.5 0.5 0.8 -0.1 
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Figure 8. Linear regression of reported TP results vs. assigned values. 
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U.S. Geological Survey (USGS) Analytical Evaluation Program  

The District’s laboratory participates in the USGS Study on environmental samples, 
which is a voluntary inter-laboratory comparison study conducted semiannually. The District 
Laboratory uses the study to monitor performance. Evaluation of the results is based on the 
deviation (z-value) from the median and percent difference. Following usual practices, a Z-value 
< ±2 is considered a satisfactory performance. The District laboratory received a z-value of -0.22 
and a percent difference of -4.17 (see Table 8). 

Table 8. USGS Spring (March) 2007 SRS TP results. 

Most Probable Value 0.048 mg/L 
Reported Value 0.046 mg/L 

Performance Evaluation 
Z-value = -0.22 % 
Difference = -4.17 
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Glossary 
Equipment Blank (EB). A general terminology used for analyte-free water that is 

processed on-site through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) decontamination 
(FCEB). 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, 
after the first sampling site, through all sampling equipment used in routine sample processing. 
EB values are indicative of the effectiveness of the decontamination process. 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on 
site during routine collection, preserved and kept open until sample collection is completed for 
the routine sample at that site. FB values are indicative of environmental contamination on site. 

Split Sample (SS). A second sample collected from the same sample obtained from the 
same sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Replicate Sample (RS). A second sample collected from the same source as the routine 
sample, using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Precision. The agreement or closeness between two or more results and is an indication 
that the measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling period. 

Accuracy. The agreement between the actual obtained result and the expected result. QC-
check samples, having known or “true” values, are used to test for the accuracy of a measurement 
system. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that 
can be measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using accepted 
sampling and analytical preparation procedures, containing the analyte at a specified level. The 
MDL is determined by the protocol defined in section 40 CFR Part 136, Appendix B as 
established by the EPA. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest 
that can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 12 
times the standard deviation that is derived from the procedure used to determine the MDL, or 
can be assumed to be 4 times the MDL. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing 
more than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100 

Relative Percent Difference (RPD). A measure of precision, used when comparing two 
values. It is calculated as %RPD = [Value1-Value2]/Mean * 100. 

Z- Value. A measure of the deviation of the result (Xi) from the assigned value (X) for 
that determinant (calculated as z = (Xi – X)/σ where σ is a standard deviation) (EURACHEM). 
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Appendix A 

Table A-1. Results of TP split studies between the District and FDEP laboratories, 
EVPA Project and Everglades Round Robin, March 2006 − March 2007. 

Sample Date District FDEP % RPD/Comments 
EVPA 3-Mar-06 0.009 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 3-Mar-06 0.008 < 0.004 < PQL 
EVPA 3-Mar-06 0.007 < 0.004 < PQL 
EVPA 13-Jun-06 0.010 0.013 26.1 
EVPA 13-Jun-06 0.007 0.012 < PQL 
EVPA 13-Jun-06 0.013 0.016 20.7 
EVPA 13-Jun-06 0.007 0.011 < PQL 
EVPA 19-Sep-06 0.006 0.005 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
EVPA 19-Sep-06 0.007 0.007 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 

ERR-17 05-Dec-06 0.026 0.025 3.9 
ERR-17 05-Dec-06 0.027 0.026 3.8 
ERR-17 05-Dec-06 0.025 0.026 3.9 
ERR-17 05-Dec-06 0.028 0.025 11.3 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.010 0.007 < PQL 
ERR-17 05-Dec-06 0.027 0.025 7.7 
ERR-17 05-Dec-06 0.026 0.026 0.0 
ERR-17 05-Dec-06 0.026 0.027 3.8 
ERR-17 05-Dec-06 0.068 0.069 1.5 
ERR-17 05-Dec-06 0.067 0.070 4.4 
ERR-17 05-Dec-06 0.071 0.070 1.4 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
ERR-17 05-Dec-06 0.007 0.006 < PQL 
ERR-17 05-Dec-06 0.006 0.005 < PQL 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
EVPA 12-Dec-06 0.005 0.004 < PQL 
EVPA 12-Dec-06 0.005 0.005 < PQL 
EVPA 05-Mar-07 0.010 <0.008 1FDEP MDL was elevated 
EVPA 06-Mar-07 0.006 <0.008 1FDEP MDL was elevated 
EVPA 06-Mar-07 0.007 <0.008 1FDEP MDL was elevated 
EVPA 06-Mar-07 0.006 <0.008 1FDEP MDL was elevated 

1 FDEP comment: The MDL was elevated due to sample matrix interference. 
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Introduction 
This report is an assessment of the South Florida Water Management District (District) 

laboratory analysis and field sampling for Total Phosphorus (TP) monitoring, primarily for the 
following projects/stations during the second quarter of 2007. 

• Conservation Area Inflow and Outflows (CAMB) S12A, S12B, S12C S12D, S333 

• Everglades National Park Inflow Monitoring (ENP) S174, S176, S177, S18C 

• Everglades Protection Area (EVPA) LOX3 to LOX16 

• Non-Everglades Construction Project (NECP) S334 

• C111 Project Sampling Location (C111D) S332D 

Since field QC samples are collected for trips that include multiple project samples for 
the stations of interest, the report may also cover information on stations or projects other than 
those in this list. 

The District’s Field Sampling Quality Manual provides the minimum requirements 
followed in field sample collection. The Laboratory Quality Manual provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as in-data 
verification and validation. Field Sampling Quality Assessment and Laboratory Analysis 
Quality Assessment in this report provide the laboratory and field quality control results during 
this quarter. 

The SFWMD Laboratory Information Management System (LIMS) provided the data 
used in this report. This data is considered preliminary until the District releases it to their main 
database (DBHYDRO). 

This report includes an analysis of the District laboratory’s performance on split and 
inter-laboratory studies with FDEP and other laboratories for three selected projects (EVPA, 
C111 and Everglades TP Round Robins) for a one-year period. The results of the National 
Proficiency Testing Program designed to evaluate the laboratory’s performance are also included. 
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Field Sampling Quality Assessment 
PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

FIELD AUDIT 

During this quarter on June 11, 2007, an audit was conducted to evaluate the field 
sampling collection activities for Miami-Dade County Department of Environmental Resources 
Management (DERM).  The ENP project stations included in the audit were S178, S177 and 
S18C; and for NECP project station S197. 

The key findings were: a) no agency quality manual, b) errors in documentation and 
documentation procedure and c) improper rinsing protocol for the data sonde during calibration. 

The DERM is currently in the process of implementing corrective actions to address the 
deficiencies identified during the audit.  After a review of the key findings it was determined the 
quality of the data were not affected. 

MISSING DATA 

Table 1 shows a list of missing data for this reporting period. All 44 missing data were 
not collected due to either lack of flow, site construction or shallow water depth. 

Table 1. Missing data for the period from 04/01/07 to 06/30/07. 

Project 
Collection 

Date Station Comments 
EVPA 4/16/07 LOX10 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX10 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX10 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX11 Total depth is less than 0.1 m. No sample collected 
EVPA 6/12/07 LOX12 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX13 Total depth is less than 0.1 m. No sample collected 
EVPA 4/17/07 LOX14 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX14 Total depth is less than 0.1 m. No sample collected 
EVPA 4/17/07 LOX15 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX15 Total depth is less than 0.1 m. No sample collected 
EVPA 6/12/07 LOX15 Total depth is less than 0.1 m. No sample collected 
EVPA 4/17/07 LOX16 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX16 Total depth is less than 0.1 m. No sample collected 
EVPA 6/12/07 LOX16 Total depth is less than 0.1 m. No sample collected 
EVPA 4/16/07 LOX3 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX3 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX3 Total depth is less than 0.1 m. No sample collected 
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Table 1. Missing data for the period from 04/01/07 to 06/30/07. 

Project 
Collection 

Date Station Comments 
EVPA 4/16/07 LOX4 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX4 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX4 Total depth is less than 0.1 m. No sample collected 
EVPA 4/16/07 LOX5 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX5 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX5 Total depth is less than 0.1 m. No sample collected 
EVPA 4/17/07 LOX6 Total depth is less than 0.1 m. No sample collected 
EVPA 5/15/07 LOX6 Total depth is less than 0.1 m. No sample collected 
EVPA 6/12/07 LOX6 Total depth is less than 0.1 m. No sample collected 
EVPA 4/16/07 LOX7 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX7 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX7 Total depth is less than 0.1 m. No sample collected 
EVPA 4/16/07 LOX8 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX8 Total depth is less than 0.1 m. No sample collected 
EVPA 4/16/07 LOX9 Total depth is less than 0.1 m. No sample collected 
EVPA 5/14/07 LOX9 Total depth is less than 0.1 m. No sample collected 
EVPA 6/11/07 LOX9 Total depth is less than 0.1 m. No sample collected 
CAMB 4/17/07 S12A No flow. No sample collected. 
CAMB 5/1/07 S12A No flow. No sample collected. 
CAMB 5/30/07 S12A No flow. No sample collected. 
CAMB 4/17/07 S12B No flow. No sample collected. 
CAMB 5/1/07 S12B No flow. No sample collected. 
CAMB 5/30/07 S12B No flow. No sample collected. 
CAMB 4/3/07 S12D Site under construction. 
CAMB 5/30/07 S12D No flow. No sample collected. 
NECP 4/24/07 S334 No flow. No sample collected. 
NECP 5/22/07 S334 No flow. No sample collected. 

QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS) and Replicate Samples (RS). Table 2 summarizes 
EB, FB and FCEB results for all projects of interest to the TOC. No blanks associated with 
samples for the stations listed in the Introduction were outside the acceptance criterion. Table 3 
summarizes the field precision results and shows that the field sampling precision was acceptable 
for all three projects. Routinely, data not meeting the set criteria for blanks, field precision or 
sampling protocols are flagged using FDEP data qualifier codes. Table 4 lists flagged data for all 
trips that include samples for CAMB, ENP, EVPA, C111D and NECP projects during this 
quarter. 
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Table 2. Field and equipment blank results 1, 2, 3, 4. 

Type of 
Blank Project

Number of 
Blanks 

Collected % < 0.002 % ≥ 0.002 
FB EVPA 1 100 0 

ENP 1 100 0 EB 
EVPA 2 100 0 
C111D 6 100 0 
CAMB 8 100 0 
ENP 20 100 0 

EVPA 2 100 0 
FCEB 

NECP 5 100 0 
1 Only blanks for sampling events from samples collected at stations 

listed in the Introduction of this report were included in this analysis. 
2 Blanks for TP, which were associated with a short-term autosampler 

project at some TOC stations, were not included in this analysis. 
3 FB, FCEB and EB acceptance criteria must be < MDL. 
4 When sample concentrations are less than five times the resulting 

blank values, laboratory personnel flagged the samples for possible 
contamination. 

 
Table 3. Field precision summary 1, 2, 3. 

Project 
Code 

Number of 
Triplicates % RSD Comments 

CAMB 1 13.2 Precision criteria met. 
ENP 1 20.0 Precision criteria met. 

EVPA 1 3.7 Precision criteria met. 
1 Only replicates for sampling events from samples collected at stations 

listed in the Introduction of this report were included in this analysis. 
2 The District’s Chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL). 

 
Table 4. List of flagged data. 

Project 
 Date 

Collected Station
Sample 

Type Flag Comments 
EVPA 5/15/07 LOX12 G J5 Dry patches in area, not a 

continuous body of water. 

G - Grab sample 
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Laboratory Analysis Quality Assessment 
PROCEDURE UPDATES 

Total Phosphorus (TP) analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figure 1 through Figure 4 show recoveries from various types and levels of QC samples for the 
TP analysis at the District laboratory from April 1 through June 30, 2007. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 



Quality Assessment Report for Water Quality Monitoring Laboratory Analysis Quality Assessment 

 7 April – June 2007 

Table 4 and Table 5 show precision and matrix spike recoveries. If QC recoveries are 
outside the set limits, the District laboratory usually rejects the analytical batch. If any 
deficiencies are noted and the samples have exceeded the required holding times and the 
laboratory cannot re-analyze the data, the sample is flagged accordingly. 

 

Table 4. TP Precision Data, 
04/01/07 – 06/30/07. 

Acceptance Limit <10% 

Analytical Range: 0.002-0.400 mg/L 

Maximum 6.8 

Mean 1.4 

Standard Deviation 1.35 

3xSD 4.05 

UCL 5.5 

n 280 

UCL Upper Control Limit 
n Number of data points 
 

 

 

 

Recoveries for the QC samples are usually within ±10% from the true value, which is 
acceptable. The MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 
101.2%. The daily MDL check results indicate the laboratory has consistently achieved the 
established MDL of 0.002 mg/L. An organic check is a solution prepared from phytic acid, which 
is a stable form of organic phosphate used to prepare matrix spikes, the mean recovery for which 
was 100.1%. 

 

Table 5. TP Spike Recovery Data, 
04/01/07 – 06/30/07. 

Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.1 

Standard Deviation 3.46 

3xSD 10.38 

LCL 89.7 

UCL 110.4 

n 278 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 
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Inter-Laboratory Quality-Control Assessment 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples 
to other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) 
split-study programs conducted between the FDEP and the District’s laboratory from June 2006 
to June 2007 (see Table A-1) provided the data used in this analysis. Figure 5 through Figure 7 
show regression analysis of the data and Table 6 shows summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero (0) and the slope 
is not statistically different from one (1) for all TP data from both laboratories. The r2 value is 
0.9502. This information shows that the results from the two laboratories have a high degree of 
agreement (close to 1:1 correlation). 

 
Figure 5. Regression analysis for all TP data. 

The mean difference (0.00013 mg/L) and median difference (0.0010 mg/L) were not 
statistically significant. The observed differences are below the practical quantitation limit (PQL) 
of 0.008 mg/L. The paired t-test and signed-rank test yielded p-values of 0.712 and 0.1783, 
respectively. 
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TP≥0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope 
is not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 
0.9894. The mean difference (0.0002 mg/L) and median difference (0.0005 mg/L) were not 
statistically significant. The differences are below the practical quantitation limit (PQL) of the 
two laboratories. The paired t-test and signed-rank test yielded p-values of 0.7263 and 0.6289 
respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept 
is not significantly different from 0 (zero) for samples with TP < 0.020 mg/L. The r2 for this 
regression is 0.7045. At this low level, the data sets do not agree very well, as expected, due to 
the relatively high variability within each laboratory and between the two laboratories.  

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

At this concentration level (< 0.020 mg/L), the mean difference (-0.0002 mg/L) and 
median difference (0.0010 mg/L) were not statistically significant. P-values for the paired t-test 
and signed-rank were 0.833 and 0.3967 respectively. 
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Table 6. Comparison of District and FDEP Split Phosphorus Samples (06/2006 – 
06/2007). 

Summary Statistics 
Lab N Mean Median 

FDEP 32 0.0181 0.0115 
District 32 0.0183 0.01 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.00013 Mean of Differences = 0 Student's t 0.7118 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank 0.1783 

Summary Statistics 
Lab N Mean Median 

FDEP 10 0.0389 0.026 
District 10 0.0391 0.027 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.7263 

≥ 0.020 mg/L 

Median of 
Differences 0.0005 Median of Differences = 0 Signed Rank 0.6289 

Summary Statistics
Lab N Mean Median 

FDEP 22 0.0087 0.0075 
District 22 0.0088 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0001 Mean of Differences = 0 Student's t 0.833 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank 0.3967 

Notes: 
• Differences calculated as District TP – FDEP TP. The mean and median differences for all 

concentration levels are at or below the PQL. 

• Data not used if FDEP value was < 0.004 (FDEP laboratory’s MDL). 
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National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs 
proficiency testing (PT) on environmental samples on a semi-annual basis. The results for the 
District’s laboratory from the most recent study (April-May 2007) are shown in Table 7. 

Table 7. PT study April – May 2007 TP results. 
Most Probable Value 2.72 mg/L 
Reported Value 2.72 mg/L 
Performance Evaluation Acceptable 

Difference = 0.0% 
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Glossary 

Equipment Blank (EB).  A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Field Blank (FB).  Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Split Sample (SS).  A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Replicate Sample (RS).  A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Precision.  The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Accuracy.  The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can 
be measured and reported with 99 percent confidence that the concentration is greater 
than zero. The MDLs are determined from the analysis of a sample in a given matrix, 
using accepted sampling and analytical preparation procedures, containing the analyte at 
a specified level. The MDL is determined by the protocol defined in section 40 CFR Part 
136, Appendix B as established by the EPA. 

Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be 4 times the MDL. 

Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100 

Relative Percent Difference (RPD).  A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1-Value2]/Mean * 100. 

Z- Value.  A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi – X)/σ where σ is a standard deviation) 
(EURACHEM). 
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Appendix A 
Table A-1. Results of TP split studies between the District and FDEP laboratories, 

EVPA Project and Everglades Round Robin, June 2006 − June 2007. 

Sample Date District FDEP % RPD/Comments 
EVPA 13-Jun-06 0.010 0.013 26.1 
EVPA 13-Jun-06 0.007 0.012 < PQL 
EVPA 13-Jun-06 0.013 0.016 20.7 
EVPA 13-Jun-06 0.007 0.011 < PQL 
EVPA 19-Sep-06 0.006 0.005 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
EVPA 19-Sep-06 0.007 0.007 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 

ERR-17 05-Dec-06 0.026 0.025 3.9 
ERR-17 05-Dec-06 0.027 0.026 3.8 
ERR-17 05-Dec-06 0.025 0.026 3.9 
ERR-17 05-Dec-06 0.028 0.025 11.3 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.010 0.007 < PQL 
ERR-17 05-Dec-06 0.027 0.025 7.7 
ERR-17 05-Dec-06 0.026 0.026 0.0 
ERR-17 05-Dec-06 0.026 0.027 3.8 
ERR-17 05-Dec-06 0.068 0.069 1.5 
ERR-17 05-Dec-06 0.067 0.070 4.4 
ERR-17 05-Dec-06 0.071 0.070 1.4 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
ERR-17 05-Dec-06 0.007 0.006 < PQL 
ERR-17 05-Dec-06 0.006 0.005 < PQL 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
EVPA 12-Dec-06 0.005 0.004 < PQL 
EVPA 12-Dec-06 0.005 0.005 < PQL 
EVPA 05-Mar-07 0.010 <0.008 1FDEP MDL was elevated
EVPA 06-Mar-07 0.006 <0.008 1FDEP MDL was elevated
EVPA 06-Mar-07 0.007 <0.008 1FDEP MDL was elevated
EVPA 06-Mar-07 0.006 <0.008 1FDEP MDL was elevated
EVPA 12-Jun-07 0.013 0.012 8.0 
EVPA 12-Jun-07 0.016 0.015 6.5 
EVPA 12-Jun-07 0.015 0.013 14.3 
EVPA 12-Jun-07 0.011 0.010 9.5 

1 FDEP comment: The MDL was elevated due to sample matrix interference. 
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Quality Assessment Report for Water Quality Monitoring Introduction 

Introduction 
This report is an assessment of the South Florida Water Management District (District) 

laboratory analysis and field sampling for Total Phosphorus (TP) monitoring, primarily for the 
following projects/stations from July 1, 2007 through September 30, 2007. 

• Conservation Area Inflow and Outflows (CAMB) S12A, S12B, S12C, S12D, S333 

• Everglades National Park Inflow Monitoring (ENP) S174, S176, S177, S18C 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

• Non-Everglades Construction Project (NECP) S334 

• C111 Project Sampling Location (C111D) S332D 

Since field QC samples are collected for trips that include multiple project samples for 
the stations of interest, the report may also cover information on stations or projects other than 
those in this list. 

The District’s Field Sampling Quality Manual provides the minimum requirements 
followed in field sample collection. The Laboratory Quality Manual provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as in-data 
verification and validation. Field Sampling Quality Assessment and Laboratory Analysis 
Quality Assessment in this report provide the laboratory and field quality control results during 
this quarter. 

The SFWMD Laboratory Information Management System (LIMS) provided the data 
used in this report. This data is considered preliminary until the District releases it to the main 
database (DBHYDRO). 

This report includes an analysis of the District laboratory’s performance on the split and 
inter-laboratory studies with FDEP and other laboratories for three selected projects (EVPA, 
C111 and Everglades TP Round Robins) for a one-year period. The results of the National 
Research Institute Environment Canada and U.S Geological Survey Inter-laboratory Programs to 
evaluate the laboratory’s performance are also included. 
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Field Sampling Quality Assessment 
PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

FIELD AUDIT 

Field audits were conducted on the ST1W and CAMB projects during the third quarter of 
2007.  These audits were not included in this report due to the fact that the audited collection 
agencies do not collect samples at the TOC related stations. 
 
 

MISSING DATA 

Table 1 shows a list of missing data for this reporting period.  Nineteen data were 
missing due to samples not collected because of either lack of flow or shallow water depth.  One 
datum was missing due to improper sample preservation.  One sample was lost during shipment. 

Table 1. Missing data for the period from 07/01/07 to 09/30/07. 

Project 
Collection 

Date Station Comments 
C111D 8/22/07 S332D Sample was lost during shipment 
CAMB 7/24/07 S12D No flow, no sample collected 
CAMB 7/24/07 S12B No flow, no sample collected 
CAMB 7/24/07 S12A No flow, no sample collected 
CAMB 8/21/07 S12D No flow, no sample collected 
CAMB 8/21/07 S12B No flow, no sample collected 
CAMB 8/21/07 S12A No flow, no sample collected 
CAMB 9/11/07 S12C No flow, no sample collected 
CAMB 9/18/07 S12D No flow, no sample collected 
CAMB 9/18/07 S12C No flow, no sample collected 
CAMB 9/18/07 S12B No flow, no sample collected 
CAMB 9/18/07 S12A No flow, no sample collected 
CAMB 9/25/07 S12C No flow, no sample collected 
ENP 7/26/07 S176 Sample not acidified 
ENP 9/16/07 S176 No flow, no sample collected 
ENP 9/24/07 S177 No flow, no sample collected 
EVPA 7/9/07 LOX10 Total depth less than 0.10 m. No sample collected 
EVPA 8/9/07 LOX13 Total depth less than 0.10 m. No sample collected 
EVPA 9/17/07 LOX3 Total depth less than 0.10 m. No sample collected 
EVPA 9/17/07 LOX5 Total depth less than 0.10 m. No sample collected 
NECP 9/25/07 S334 No flow, no sample collected 
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS) and Replicate Samples (RS). Table 2 summarizes 
EB, FB and FCEB results for all projects of interest to the TOC. No blanks associated with 
samples for the stations listed in the Introduction were outside the acceptance criterion. Table 3 
summarizes the field precision results and shows that the field sampling precision was acceptable 
for all four projects. Routinely, data not meeting the set criteria for blanks, field precision or 
sampling protocols are qualified using FDEP data qualifier codes.  

Table 2. Field and equipment blank results 1, 2, 3, 4. 

Type of 
Blank Project

Number of 
Blanks 

Collected % < 0.002 % ≥ 0.002 
FB ENP 1 100 0 

CAMB 1 100 0 
ENP 2 100 0 

EVPA 2 100 0 
EB 

NECP 1 100 0 
C111D 7 100 0 
CAMB 7 100 0 
ENP 21 100 0 

EVPA 5 100 0 
FCEB 

NECP 6 100 0 
1 Only blanks for sampling events from samples collected at stations 

listed in the Introduction of this report were included in this analysis. 
2 Blanks for TP, which were associated with a short-term autosampler 

project at some TOC stations, were not included in this analysis. 
3 FB, FCEB and EB acceptance criteria must be < MDL. 
4 When sample concentrations are less than five times the resulting 

blank values, laboratory personnel qualified the samples for possible 
contamination. 

 
Table 3. Field precision summary 1, 2, 3. 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

CAMB 1 7/10/07 10.6 Precision criteria met. 
C111D 1 8/08/07 0.0 Precision criteria met. 
EVPA 1 9/18/07 8.7 Precision criteria met. 
NECP 1 7/02/07 4.3 Precision criteria met. 

1 Only replicates for sampling events from samples collected at stations 
listed in the Introduction of this report were included in this analysis. 

2 The District’s Chemistry Laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL). 

 3 July – September 2007 
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Laboratory Analysis Quality Assessment 
PROCEDURE UPDATES 

Total Phosphorus (TP) analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figure 1 through Figure 4 show recoveries from various types and levels of QC samples for the 
TP analysis at the District laboratory from July 1, 2007 through September 30, 2007. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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Table 4 and Table 5 show precision and matrix spike recoveries. If QC recoveries are 
outside the set limits, the District laboratory usually rejects the analytical batch. If any 
deficiencies are noted and the samples have exceeded the required holding times and the 
laboratory cannot re-analyze the data, the sample is qualified accordingly. 

 

Table 4. TP Precision Data, 
07/01/07 – 09/30/07. 

Acceptance Limit <10% 

Analytical Range: 0.002-0.400 mg/L 

Maximum 9.9 

Mean 1.7 

Standard Deviation 1.54 

3xSD 4.62 

UCL 6.4 

n 375 

UCL Upper Control Limit 
n Number of data points 
 

 

Recoveries for the QC samples are usually within ±10% from the true value, which is 
acceptable. The MDL check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 
101.0%. The daily MDL check results indicate the laboratory has consistently achieved the 
established MDL of 0.002 mg/L. An organic check is a solution prepared from phytic acid, which 
is a stable form of organic phosphate used to prepare matrix spikes, the mean recovery for which 
was 100.4%. 

 

Table 5. TP Spike Recovery Data, 
07/01/07 – 09/30/07. 

Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.4 

Standard Deviation 3.89 

3xSD 11.66 

LCL 88.8 

UCL 112.1 

n 377 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

July –September 2007 6  



Quality Assessment Report for Water Quality Monitoring Inter-Laboratory Quality-Control Assessment 

Inter-Laboratory Quality-Control Assessment 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples 
to other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) 
split-study programs conducted between the FDEP and the District’s laboratory from September 
2006 to September 2007 (see Table A-1) provided the data used in this analysis. Figure 5 
through Figure 7 show regression analysis of the data and Table 6 shows summary statistics for 
the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero (0) and the slope 
is not statistically different from one (1) for all TP data from both laboratories. The r2 value is 
0.9854. This information shows that the results from the two laboratories have a very high degree 
of agreement (close to 1:1 correlation) between the laboratories. 

 
Figure 5. Regression analysis for all TP data. 

The mean difference (0.00084 mg/L) and median difference (0.001 mg/L) were 
statistically significant. The observed differences are below the practical quantitation limit (PQL) 
of 0.008 mg/L. The paired t-test and signed-rank test yielded p-values of 0.0006 and <0.0001, 
respectively. 
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TP≥0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope 
is not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 
0.9894. The mean difference (0.0002 mg/L) and median difference (0.0005 mg/L) were not 
statistically significant. The differences are below the practical quantitation limit (PQL) of the 
two laboratories. The paired t-test and signed-rank test yielded p-values of 0.7263 and 0.6289, 
respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept 
is not significantly different from 0 (zero) for samples with TP < 0.020 mg/L. The r2 for this 
regression is 0.8904. At this low level, the data sets do not agree very well, as expected, due to 
the relatively high variability within each laboratory and between the two laboratories.  

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

At this concentration level (< 0.020 mg/L), the mean difference (-0.0002 mg/L) and 
median difference (0.0010 mg/L) were not statistically significant. P-values for the paired t-test 
and signed-rank were 0.833 and 0.3967, respectively. 
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Table 6. Comparison of District and FDEP Split Phosphorus Samples (09/2006 – 
09/2007). 

Summary Statistics 
Lab N Mean Median 

FDEP 32 0.0172 0.008 
District 32 0.0181 0.0095 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.00084 Mean of Differences = 0 Student's t 0.0006 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank <0.0001 

Summary Statistics 
Lab N Mean Median 

FDEP 10 0.0389 0.026 
District 10 0.0391 0.027 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.7263 

≥ 0.020 mg/L 

Median of 
Differences 0.0005 Median of Differences = 0 Signed Rank 0.6289 

Summary Statistics
Lab N Mean Median 

FDEP 22 0.0074 0.007 
District 22 0.0085 0.0075 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0001 Mean of Differences = 0 Student's t 0.833 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank 0.3967 

Notes: 
• Differences calculated as District TP – FDEP TP. The mean and median differences for all 

concentration levels are at or below the PQL. 

• Data not used if FDEP value was < 0.004 (FDEP laboratory’s MDL). 
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of 
analytical measurements of inorganic parameters in natural waters. The results for the District’s 
laboratory from the most recent study are presented in Table 7 (June-September 2007).  The 
District laboratory was rated on performance of TP as “ideal” (highest category), and the linear 
regression shows no systematic bias (Figure 8). 

Table 7.   Performance in PT Study 90 for TP, June-September 2007 

Sample Number 1 2 3 4 5 6 7 8 9 10 
Assigned Value, mg/L 0.001 0.004 0.0065 0.088 0.0180 0.0649 0.334 0.136 0.228 0.834
Reported Results, mg/L < 0.002 0.003 0.006 0.089 0.017 0.066 0.338 0.136 0.228 0.841
Z-value NA -1.4 -0.5 0.1 -0.5 0.2 0.2 0.0 0.0 0.2 

PT90, TP, SFWMD
mg/L

y = x
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   Figure 8.  Linear regression of reported TP results vs. assigned values. 

 

U.S. Geological Survey Analytical Evaluation Program 

 The SFWMD’s laboratory voluntarily participates in a semiannual U.S Geological 
Survey (USGS) on environmental samples as an inter-laboratory comparison. The laboratory uses 
the survey results to monitor performance. Evaluation of the results is based on the deviation (z-
value) from the median and percent difference. Following usual practices, a z-value less than ±2 
is consider satisfactory. Table 8 provides the results of the August-September 2007 Study. 
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Table 8.  Performance in USGS Study for TP, August – September 2007.  

Sample 
I.D 

Reported Result, 
mg/L 

Most Probable 
Value, mg/L 

Z-Value % Difference 

M-184 0.929 0.910 0.46 2.09 
N-95 0.232 0.231 0.08 0.43 

  

July – September 2007 12  



Quality Assessment Report for Water Quality Monitoring Glossary 

Glossary 

Accuracy.  The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system.

Equipment Blank (EB).  A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB).  Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB).  Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL).  The smallest concentration of an analyte of interest that can 
be measured and reported with 99 percent confidence that the concentration is greater 
than zero. The MDLs are determined from the analysis of a sample in a given matrix, 
using accepted sampling and analytical preparation procedures, containing the analyte at 
a specified level. The MDL is determined by the protocol defined in section 40 CFR Part 
136, Appendix B as established by the EPA. 

Practical Quantitation Limit (PQL).  The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be 4 times the MDL. 

Precision.  The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD).  A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1-Value2]/Mean * 100. 

Relative Standard Deviation (RSD).  A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS).  A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS).  A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement between 
these two results is mostly an indication of laboratory precision. 

Z- Value.  A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi – X)/σ where σ is a standard deviation) 
(EURACHEM). 
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Appendix A 
Table A-1. Results of TP split studies between the District and FDEP laboratories, 

EVPA Project and Everglades Round Robin, September 2006 − 
September 2007.

Sample Date District FDEP % RPD/Comments 
EVPA 19-Sep-06 0.006 0.005 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 
EVPA 19-Sep-06 0.007 0.007 < PQL 
EVPA 19-Sep-06 0.008 0.007 < PQL 

ERR-17 05-Dec-06 0.026 0.025 3.9 
ERR-17 05-Dec-06 0.027 0.026 3.8 
ERR-17 05-Dec-06 0.025 0.026 3.9 
ERR-17 05-Dec-06 0.028 0.025 11.3 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.010 0.007 < PQL 
ERR-17 05-Dec-06 0.027 0.025 7.7 
ERR-17 05-Dec-06 0.026 0.026 0.0 
ERR-17 05-Dec-06 0.026 0.027 3.8 
ERR-17 05-Dec-06 0.068 0.069 1.5 
ERR-17 05-Dec-06 0.067 0.070 4.4 
ERR-17 05-Dec-06 0.071 0.070 1.4 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
ERR-17 05-Dec-06 0.007 0.006 < PQL 
ERR-17 05-Dec-06 0.006 0.005 < PQL 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
EVPA 12-Dec-06 0.005 0.004 < PQL 
EVPA 12-Dec-06 0.005 0.005 < PQL 

1FDEP MDL was elevatedEVPA 05-Mar-07 0.010 <0.008
1FDEP MDL was elevatedEVPA 06-Mar-07 0.006 <0.008
1FDEP MDL was elevatedEVPA 06-Mar-07 0.007 <0.008
1FDEP MDL was elevatedEVPA 06-Mar-07 0.006 <0.008

EVPA 12-Jun-07 0.013 0.012 8.0 
EVPA 12-Jun-07 0.016 0.015 6.5 
EVPA 12-Jun-07 0.015 0.013 14.3 
EVPA 12-Jun-07 0.011 0.010 9.5 
EVPA 18-Sep-07 0.006 0.004 <PQL 
EVPA 18-Sep-07 0.007 0.006 <PQL 
EVPA 18-Sep-07 0.007 0.005 <PQL 
EVPA 18-Sep-07 0.011 0.008 <PQL 

1 FDEP comment: The MDL was elevated due to sample matrix interference. 
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Quality Assessment Report for Water Quality Monitoring October─December 2007 

INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from October 1, 2007, through December 31, 2007. 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

The PIE project was created for the area that has overlapping projects with duplicate or 
conflicting requirements including the Non-Everglades Construction Project (NECP), Everglades 
National Inflow Monitoring (ENP), and Project Sampling Location (C111D). The PIN supersedes 
portions of several existing monitoring plans for the Non-Everglades Construction Project and the 
Conservation Area Inflow and Outflows (CAMB). The PIE and PIN projects were both 
implemented on October 1, 2007. It should be noted that because field quality control (QC) 
samples are collected for trips that include multiple project samples for the stations of interest, the 
report may also cover information on stations or projects other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Laboratory Quality Manual2 provides the minimum requirements 
followed in preparing and analyzing laboratory samples, as well as data verification and 
validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality Assessment 
sections in this report provide the laboratory and field QC results during this quarter. The 
SFWMD’s Laboratory Information Management System provided the data used in this report. 
These data are considered preliminary until release into the District’s DBHYDRO database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split and inter-laboratory studies with FDEP and other laboratories for the selected projects 
(EVPA and Everglades TP Round Robins) for a one-year period. The result of the National 
Proficiency Testing Program designed to evaluate the laboratory’s performance is also included.

                                                           
1 SFWMD. 2006a. Field Sampling Quality Manual, Version 3.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2006b. Chemistry Laboratory Quality Manual and Field Sampling Quality Manual (Rev. No. 
06-01). South Florida Water Management District, Water Quality Monitoring Division, Environmental 
Resource Assessment Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

FIELD AUDIT 

On November 20, 2007, an audit of field sampling collection activities was performed by the 
District for Miami-Dade County Department of Environmental Resources Management (DERM) 
sampling for the PIE project stations S12A, S12B, S12C, S12D, S333, S355A, S355B, and S356. 
The key findings of this audit were as follows: (1) no agency (DERM) quality manual, (2) 
improper equipment rinsing protocol, and (3) improper collection protocol for field-cleaned 
equipment blank. The corrective actions from this audit are still in process. After a review of the 
key findings, it was determined the quality of the data was not affected. 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Thirty-five data were 
missing due to samples not collected because of lack of flow. 

Table 1. Missing data for the period from October 1─December 31, 2007. 

Project 
Collection 

Date Station Comments 
PIN 3-Oct-07 S12B No flow, no sample collected 

PIN 3-Oct-07 S12C No flow, no sample collected 

PIN 3-Oct-07 S12D No flow, no sample collected 

PIN 10-Oct-07 S12B No flow, no sample collected 

PIN 10-Oct-07 S12C No flow, no sample collected 

PIN 10-Oct-07 S355A No flow, no sample collected 

PIN 10-Oct-07 S335B No flow, no sample collected 

PIN 10-Oct-07 S356 No flow, no sample collected 

PIN 17-Oct-07 S355A No flow, no sample collected 

PIN 17-Oct-07 S335B No flow, no sample collected 

PIN 24-Oct-07 S355A No flow, no sample collected 

PIN 24-Oct-07 S335B No flow, no sample collected 

PIN 30-Oct-07 S355A No flow, no sample collected 

PIN 30-Oct-07 S335B No flow, no sample collected 

PIN 14-Nov-07 S355A No flow, no sample collected 

PIN 14-Nov-07 S335B No flow, no sample collected 
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Table 1. Missing data for the period from October 1─December 31, 2007. 

Collection 
Project Date Station Comments 
PIN 20-Nov-07 S355A o flow, no sample collected 

PIN 20-Nov-07 S335B No flow, no sample collected 

PIN 27-Nov-07 S355A No flow, no sample collected 

PIN 27-Nov-07 S335B No flow, no sample collected 

PIN 04-Dec-07 S12C No flow, no sample collected 

PIN 04-Dec-07 S355A No flow, no sample collected 

PIN 04-Dec-07 S335B No flow, no sample collected 

PIN 12-Dec-07 S12B No flow, no sample collected 

PIN 12-Dec-07 S12C No flow, no sample collected 

PIN 18-Dec-07 S12B No flow, no sample collected 

PIN 18-Dec-07 S12C No flow, no sample collected 

PIN 18-Dec-07 S12D No flow, no sample collected 

PIN 18-Dec-07 S335A No flow, no sample collected 

PIN 18-Dec-07 S335B No flow, no sample collected 

PIN 27-Dec-07 S12B No flow, no sample collected 

PIN 27-Dec-07 S12C No flow, no sample collected 

PIN 27-Dec-07 S12D No flow, no sample collected 

PIN 27-Dec-07 S335A No flow, no sample collected 

PIN 27-Dec-07 S335B No flow, no sample collected 
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS), and Replicate Samples (RS). Table 2 
summarizes EB, FB, and FCEB results for projects of interest to the Technical Oversight 
Committee (TOC), as referenced in the table footnotes below. No blanks associated with samples 
for the stations listed in the Introduction section were outside the acceptance criterion. Table 3 
summarizes the field precision results and shows that the field sampling precision was acceptable 
for all four projects. Data that did not meet the set criteria for blanks, field precision, or sampling 
protocols were qualified using Florida Department of Environmental Protection (FDEP) data 
qualifier codes.  

 

Table 2. Field and equipment blank results. 1, 2, 3, 4

Type of 
Blank Project

Number of 
Blanks 

Collected % < 0.002 % ≥ 0.002 
EVPA 1 100 0 
PIE 1 100 0 EB 
PIN 1 100 0 

EVPA 7 100 0 
PIE 13 100 0 FCEB 
PIN 13 100 0 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, were not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be < Method Detection 
Limit (MDL). 

4 When sample concentrations are less than five times the resulting 
blank values, laboratory personnel qualified the samples for possible 
contamination. 

 
Table 3. Field precision summary. 1, 2, 3

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

EVPA 1 11-Dec-07 12.5 Precision criteria met. 
PIN 1 03-Oct-07 4.3 Precision criteria met. 
PIN 1 14-Nov-07 5.4 Precision criteria met. 

1 Only replicates for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL). 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show recoveries from various types and levels of QC samples for the TP 
analysis at the District laboratory from October 1, 2007, through December 31, 2007. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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 Tables 4 and 5 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted and the samples have exceeded the 
required holding times and the laboratory cannot re-analyze the data, the sample is qualified 
accordingly. 

 

Table 4. TP Precision Data. Table 5. TP Spike Recovery Data. 

Acceptance Limit <10% Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L Analytical Range: 0.002-0.400 mg/L 

Maximum 7.4 90 Minimum 

Mean 1.3 110 Maximum 

Standard Deviation 1.33 100.3 Mean 

3xSD 3.98 3.22 Standard Deviation 

UCL 5.3 9.66 3xSD 

n 369 90.6 LCL 

109.9 UCL UCL Upper Control Limit 
n Number of data points 

369 n  
LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 
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Recoveries for the QC samples are usually within ±10 percent from the true value, which is 
acceptable. The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, 
had mean recoveries of 101.8 percent. The daily MDL check results indicate that the laboratory 
has consistently achieved the established MDL of 0.002 milligram per liter (mg/L). An organic 
check is a solution prepared from phytic acid, which is a stable form of organic phosphate used to 
prepare matrix spikes, the mean recovery for which was 100.3 percent. 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from December 2006 
to December 2007 (see Appendix A) provided the data used in this analysis. Figures 5 through 7 
present regression analysis of the data, and Table 6 presents summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value is 0.9721. This 
information shows that the results from the two laboratories have a very high degree of agreement 
(close to 1:1 correlation) between the laboratories. 

 
Figure 5. Regression analysis for all TP data. 

The mean difference (0.00088 mg/L) and median difference (0.001 mg/L) were statistically 
significant. The observed differences are below the practical quantitation limit (PQL) of 0.008 
mg/L. The paired t-test and signed-rank test yielded p-values of 0.0014 and 0.0001, respectively. 
Note: The magnitudes of these differences are environmentally and practically insignificant.
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TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope is 
not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 0.9894. 
The mean difference (0.0002 mg/L) and median difference (0.0005 mg/L) were not statistically 
significant. The differences are below the Practical Quantitation Limit (PQL) of the two 
laboratories. The paired t-test and signed-rank test yielded p-values of 0.7263 and 0.6289, 
respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept is 
not significantly different from 0 (zero) for samples with TP < 0.020 mg/L. The r2 for this 
regression is 0.7986. At this low level, the data sets do not agree very well, as expected, due to 
the relatively high variability within each laboratory and between the two laboratories.  

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

At this concentration level (< 0.020 mg/L), the mean difference (-0.0012 mg/L) and median 
difference (0.001 mg/L) were statistically significant. P-values for the paired t-test and  
signed-rank were <0.0001 and 0.0005, respectively. Note: The magnitudes of these differences 
are environmentally and practically insignificant. 
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Table 6. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 32 0.0171 0.008 
District 32 0.0180 0.0095 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.00088 Mean of Differences = 0 Student's t 0.0014 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank 0.0001 

Summary Statistics 
Lab N Mean Median 

FDEP 10 0.0389 0.026 
District 10 0.0391 0.027 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.7263 

≥ 0.020 mg/L 

Median of 
Differences 0.0005 Median of Differences = 0 Signed Rank 0.6289 

Summary Statistics
Lab N Mean Median 

FDEP 22 0.0072 0.006 
District 22 0.0084 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0012 Mean of Differences = 0 Student's t <0.001 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank 0.0005 

Notes: 
• Differences calculated as District TP – FDEP TP. The mean and median differences for all 

concentration levels are at or below the PQL. 

• Data not used if FDEP value was < 0.004 (FDEP laboratory’s MDL). 
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National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing on environmental samples on a semiannual basis. The results for the District’s laboratory 
from the most recent study (October to November 2007) are shown in Table 7. 

 

Table 7. Proficiency testing study for TP results. 
Assigned Value 1.11 mg/L 
Reported Value 1.10 mg/L 
Performance Evaluation Acceptable Difference = 0.9% 
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system.

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z- Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, December 2006 − December 2007. 

Sample Date District FDEP % RPD/Comments 
ERR-17 05-Dec-06 0.026 0.025 3.9 
ERR-17 05-Dec-06 0.027 0.026 3.8 
ERR-17 05-Dec-06 0.025 0.026 3.9 
ERR-17 05-Dec-06 0.028 0.025 11.3 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.009 0.008 < PQL 
ERR-17 05-Dec-06 0.010 0.007 < PQL 
ERR-17 05-Dec-06 0.027 0.025 7.7 
ERR-17 05-Dec-06 0.026 0.026 0.0 
ERR-17 05-Dec-06 0.026 0.027 3.8 
ERR-17 05-Dec-06 0.068 0.069 1.5 
ERR-17 05-Dec-06 0.067 0.070 4.4 
ERR-17 05-Dec-06 0.071 0.070 1.4 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
ERR-17 05-Dec-06 0.007 0.006 < PQL 
ERR-17 05-Dec-06 0.006 0.005 < PQL 
ERR-17 05-Dec-06 0.006 0.006 < PQL 
EVPA 12-Dec-06 0.005 0.004 < PQL 
EVPA 12-Dec-06 0.005 0.005 < PQL 

FDEP MDL was elevated1EVPA 05-Mar-07 0.010 <0.008
FDEP MDL was elevated1EVPA 06-Mar-07 0.006 <0.008
FDEP MDL was elevated1EVPA 06-Mar-07 0.007 <0.008
FDEP MDL was elevated1EVPA 06-Mar-07 0.006 <0.008

EVPA 12-Jun-07 0.013 0.012 8.0 
EVPA 12-Jun-07 0.016 0.015 6.5 
EVPA 12-Jun-07 0.015 0.013 14.3 
EVPA 12-Jun-07 0.011 0.010 9.5 
EVPA 18-Sep-07 0.006 0.004 <PQL 
EVPA 18-Sep-07 0.007 0.006 <PQL 
EVPA 18-Sep-07 0.007 0.005 <PQL 
EVPA 18-Sep-07 0.011 0.008 <PQL 
EVPA 12-Nov-07 0.006 0.005 <PQL 
EVPA 12-Nov-07 0.007 0.004 <PQL 
EVPA 12-Nov-07 0.007 0.009 <PQL 
EVPA 12-Nov-07 0.007 0.005 <PQL 

1 According to the FDEP, the MDL was elevated due to sample matrix interference. 
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 1 

INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from January 1, 2008, through March 31, 2008. 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. It should also be noted that as of February 25, 2008, a qualifier 
code “J9” was added to the list of Data Qualifier Codes to replace the code “V” for analyte 
detected in the field blank and/or associated samples. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

This report is therefore a quality assurance QA/QC summary of collective efforts contributing 
from both field and laboratory staff.  Its contents have been reviewed by the Quality Assurance 
Administrator of the District. The main conclusion of this report could be reflected in the 
SFWMD Annual Quality Assessment Report for the Water Year 2008.      

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split and inter-laboratory studies with the Florida Department of Environmental Protection 
(FDEP) and other laboratories for the selected projects (EVPA and Everglades TP Round Robins) 
for a one-year period. The results of the U.S. Geological Survey Analytical Evaluation Program 
and the Inter-laboratory of the phosphorus Everglades Round Robin XVIII designed to evaluate 
the laboratory’s performance are also included. 

                                                           
1 SFWMD. 2006. Field Sampling Quality Manual, Version 3.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2008. Chemistry Laboratory Quality Manual and Field Sampling Quality Manual (Rev. No. 08-
01). South Florida Water Management District, Water Quality Monitoring Division, Environmental 
Resource Assessment Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Fifty-two data were missing 
due to samples not collected because of lack of flow. 

 

Table 1. Missing data for the period from January 1─March 31, 2008. 

Project Collection Date Station Comments 

PIN 03-Jan-08 S12B No flow, no sample collected 
PIN 03-Jan-08 S12C No flow, no sample collected 
PIN 03-Jan-08 S12D No flow, no sample collected 
PIN 03-Jan-08 S355A No flow, no sample collected 
PIN 03-Jan-08 S355B No flow, no sample collected 
PIN 08-Jan-08 S12B No flow, no sample collected 
PIN 08-Jan-08 S12C No flow, no sample collected 
PIN 08-Jan-08 S12D No flow, no sample collected 
PIN 16-Jan-08 S12B No flow, no sample collected 
PIN 16-Jan-08 S12C No flow, no sample collected 
PIN 16-Jan-08 S12D No flow, no sample collected 
PIN 16-Jan-08 S355A No flow, no sample collected 
PIN 16-Jan-08 S355B No flow, no sample collected 
PIN 23-Jan-08 S12B No flow, no sample collected 
PIN 23-Jan-08 S12C No flow, no sample collected 
PIN 23-Jan-08 S12D No flow, no sample collected 
PIN 23-Jan-08 S355A No flow, no sample collected 
PIN 23-Jan-08 S355B No flow, no sample collected 
PIN 29-Jan-08 S12B No flow, no sample collected 
PIN 29-Jan-08 S12C No flow, no sample collected 
PIN 29-Jan-08 S12D No flow, no sample collected 
PIN 29-Jan-08 S355A No flow, no sample collected 
PIN 29-Jan-08 S355B No flow, no sample collected 
PIN 12-Feb-08 S12B No flow, no sample collected 
PIN 12-Feb-08 S12C No flow, no sample collected 
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PIN 12-Feb-08 S12D No flow, no sample collected 
PIN 12-Feb-08 S355A No flow, no sample collected 
PIN 12-Feb-08 S355B No flow, no sample collected 
PIN 20-Feb-08 S12B No flow, no sample collected 
PIN 20-Feb-08 S12C No flow, no sample collected 
PIN 20-Feb-08 S12D No flow, no sample collected 
PIN 20-Feb-08 S355A No flow, no sample collected 
PIN 20-Feb-08 S355B No flow, no sample collected 
PIN 27-Feb-08 S12B No flow, no sample collected 
PIN 27-Feb-08 S12C No flow, no sample collected 
PIN 27-Feb-08 S355A No flow, no sample collected 
PIN 27-Feb-08 S355B No flow, no sample collected 
PIN 04-Mar-08 S12B No flow, no sample collected 
PIN 04-Mar-08 S12C No flow, no sample collected 
PIN 11-Mar-08 S12B No flow, no sample collected 
PIN 11-Mar-08 S12C No flow, no sample collected 
PIN 11-Mar-08 S12D No flow, no sample collected 
PIN 11-Mar-08 S355A No flow, no sample collected 
PIN 11-Mar-08 S355B No flow, no sample collected 
PIN 18-Mar-08 S12B No flow, no sample collected 
PIN 18-Mar-08 S12C No flow, no sample collected 
PIN 18-Mar-08 S355A No flow, no sample collected 
PIN 18-Mar-08 S355B No flow, no sample collected 
PIN 25-Mar-08 S12B No flow, no sample collected 
PIN 25-Mar-08 S12C No flow, no sample collected 
PIN 25-Mar-08 S355A No flow, no sample collected 
PIN 25-Mar-08 S355B No flow, no sample collected 
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Field Blanks (FB), Split Samples (SS), and Replicate Samples (RS). Table 2 
summarizes EB, FB, and FCEB results for projects of interest to the Technical Oversight 
Committee (TOC), as referenced in the table footnotes below. Two blanks associated with 
samples for the stations listed in the Introduction section were outside the acceptance criterion. 
Table 3 summarizes the field precision results and shows that the field sampling precision was 
acceptable for all three projects. Data that did not meet the set criteria for blanks, field precision, 
or sampling protocols were qualified using FDEP data qualifier codes.  

 

Table 2. Field and equipment blank results. 1, 2, 3, 4 

Type of 
Blank Project

Number of 
Blanks 

Collected 
% < 0.002 % ≥ 0.002 

EVPA 1 100 0 
PIE 1 100 0 EB 
PIN 1 100 0 

EVPA 6 100 0 
PIE 17 94 6 FCEB 
PIN 13 92 8 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, were not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be < Method Detection 
Limit (MDL). 

4 When sample concentrations are less than five times the resulting 
blank values, “V” or “J9” is added. 

 
Table 3. Field precision summary. 1, 2, 3 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

EVPA 1 06-Mar-08 9.1 Precision criteria met. 
EVPA 1 11-Mar-08 9.1 Precision criteria met. 
PIN 1 08-Jan-08 3.8 Precision criteria met. 
PIE 1 14-Jan-08 0.0 Precision criteria met. 

1 Only replicates for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL), which is 4 times of the MDL. 
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Table 4. List of flagged data. 

Project 
Code 

Date 
Collected Station Flag Comments 

PIN 03-Jan-08 S356 V Sample associated with contaminated field blank
PIN 03-Jan-08 S333 V Sample associated with contaminated field blank
PIN 03-Jan-08 S12A V Sample associated with contaminated field blank
PIE 14-Jan-08 S18C V Sample associated with contaminated field blank

   

FIELD AUDIT 

During this quarter, two audits were conducted by the District for the EVPA project. The 
sample collection and sample processing performed by District and USFWS personnel in Water 
Conservation Area 1 and the collection in Water Conservation Area 2 performed by the West 
Palm Beach field group. 

The key audit findings were as follows: (1) quality manual was not available for reference 
during sample processing, (2) improper documentation protocol, and (3) improper instrument 
calibration protocol. The corrective actions from this audit are complete. After a review of the 
data associated to these key deficiencies, it was determined that the quality of the data was not 
affected. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show recoveries from various types and levels of QC samples for the TP 
analysis at the District laboratory from January 1, 2008, through March 31, 2008. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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 Tables 5 and 6 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted and the samples have exceeded the 
required holding times and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

Table 5. TP Precision Data. 

Acceptance Limit <10% 

Analytical Range: 0.002-0.400 mg/L 

Maximum 7.0 

Mean 1.3 

Standard Deviation 1.29 

3xSD 3.88 

UCL 5.2 

n 337 

UCL Upper Control Limit 
n Number of data points 

Table 6. TP Spike Recovery Data. 

Acceptance Limit 90 – 110% 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 108 

Mean 100.0 

Standard Deviation 3.44 

3xSD 10.33 

LCL 89.7 

UCL 110.4 

n 337 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

 

 
 
 
 
 

Recoveries for the QC samples are usually within ±10 percent from the true value, which is 
acceptable. The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, had mean 
recoveries of 100.2 percent. The daily MDL check results indicate that the laboratory has consistently 
achieved the established MDL of 0.002 milligram per liter (mg/L). An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix spikes, the 
mean recovery for which was 100.0 percent. 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from December 2006 
to December 2007 (see Appendix A) provided the data used in this analysis. Figures 5 through 7 
present regression analysis of the data, and Table 7 presents summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value is 0.9728. This 
information shows that the results from the two laboratories have a very high degree of agreement 
(close to 1:1 correlation) between the laboratories. 

Table 7 shows that the mean difference (0.00097 mg/L) and median difference (0.001 mg/L) 
were statistically significant.  However, the observed differences were well below the practical 
quantitation limit (PQL) of 0.008 mg/L.  The paired t-test and signed-rank test yielded p-values of 
0.0001 and <0.0001, respectively. Note: The magnitudes of these differences are 
environmentally and practically insignificant. 

 
Figure 5. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 and the slope is not  
statistically different from 1 for samples with TP ≥ 0.020 mg/L. The r2 value is 0.997. 

Table 7 shows that the mean difference (0.0002 mg/L) and median difference (0.00 mg/L) 
were not statistically significant.  The differences were below the PQL of the two laboratories.  
The paired t-test and signed-rank test yielded p-values of 0.5059 and 0.75, respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept is 
not significantly different from 0 (zero) for samples with TP < 0.020 mg/L.  The r2 for this 
regression is 0.8133.  At this low level, the data sets do not agree very well, as expected, due to 
the relatively high variability within each laboratory and between the two laboratories.  

Table 7 shows that the mean difference (0.0014 mg/L) and median difference (0.001 mg/L) 
were very small but statistically significant at this concentration level (< 0.020 mg/L).  P-values 
for the paired t-test and signed-rank were less than 0.0001.  Note: The magnitudes of these 
differences are environmentally and practically insignificant. 

 

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 
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Table 7. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 32 0.0186 0.0095 
District 32 0.0196 0.0105 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.00097 Mean of Differences = 0 Student's t 0.0001 

All Data 

Median of 
Differences 0.0010 Median of Differences = 0 Signed Rank <0.0001 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.0398 0.046 
District 11 0.0400 0.047 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.5059 

≥ 0.020 mg/L 

Median of 
Differences 0.0000 Median of Differences = 0 Signed Rank 0.75 

Summary Statistics
Lab N Mean Median 

FDEP 21 0.0075 0.007 
District 21 0.0089 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0014 Mean of Differences = 0 Student's t <0.0001 

< 0.020 mg/L 

Median of 
Differences 0.0010 Mean of Differences = 0 Signed Rank <0.0001 

Notes: 
• Differences calculated as District TP minus FDEP TP. The mean and median differences for 

all concentration levels are at or below the PQL. 

• Data not used if FDEP value was less than FDEP laboratory’s MDL. 
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U.S. Geological Survey Analytical Evaluation Program 

The SFWMD’s laboratory participates in the semiannual U.S Geological Survey (USGS) 
performance evaluation program on environmental samples for the Comprehensive Everglades 
Restoration Plan (CERP). The results have been published in a final report to the CERP Quality 
Assurance Oversight Team. Evaluation of the results is based on the deviation (Z-value) from the 
median and percent difference. Following usual practices, a Z-value less than ±2 is considered 
satisfactory. Table 8 provides the results of the spring (January–March) 2008 study. 

 

Table 8. USGS Performance Evaluation study for TP results. 

     Sample I.D     
 

Reported 
Result, mg/L 

Most Probable 
Value, mg/L Z-Value % Difference 

M-186 0.077 0.080 -0.33 -3.75 
N-97 0.410 0.410 0.00 0.00 

 

Total Phosphorus Everglades Round Robin Inter-laboratory 
Comparison Program 
 

Appendix B contains the results of the Everglades Round Robin 18 compared with other 
participating laboratories. Evaluation of the study results indicates that the SFWMD laboratory is 
at or about the central tendency and acceptable precision at all levels. An FDEP contractor is 
performing a statistical evaluation of this study. 
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 

 14  



Quality Assessment Report for Water Quality Monitoring January─March 2008 
 

APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, March 2007−March 2008. 

Sample Date District FDEP % RPD/Comments 
EVPA 05-Mar-07 0.010 <0.008 FDEP MDL was elevated1

EVPA 06-Mar-07 0.006 <0.008 FDEP MDL was elevated1

EVPA 06-Mar-07 0.007 <0.008 FDEP MDL was elevated1

EVPA 06-Mar-07 0.006 <0.008 FDEP MDL was elevated1

EVPA 12-Jun-07 0.013 0.012 8.0 
EVPA 12-Jun-07 0.016 0.015 6.5 
EVPA 12-Jun-07 0.015 0.013 14.3 
EVPA 12-Jun-07 0.011 0.010 9.5 
EVPA 18-Sep-07 0.006 0.004 <PQL 
EVPA 18-Sep-07 0.007 0.006 <PQL 
EVPA 18-Sep-07 0.007 0.005 <PQL 
EVPA 18-Sep-07 0.011 0.008 <PQL 
EVPA 12-Nov-07 0.006 0.005 <PQL 
EVPA 12-Nov-07 0.007 0.004 <PQL 
EVPA 12-Nov-07 0.007 0.009 <PQL 
EVPA 12-Nov-07 0.007 0.005 <PQL 

ERR-18 12-Feb-08 0.007 0.004 <PQL 
ERR -18  12-Feb-08 0.007 <0.004 <PQL 
ERR-18 12-Feb-08 0.006 0.004 <PQL 
ERR-18 12-Feb-08 0.024 0.023 4.2 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.025 0.024 4.1 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.007 <PQL 
ERR-18 12-Feb-08 0.046 0.046 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.047 0.047 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.053 0.053 0.0 
ERR-18 12-Feb-08 0.051 0.053 3.8 
ERR-18 12-Feb-08 0.052 0.052 0.0 
EVPA 06-Mar-08 0.010 0.011 9.5 
EVPA 06-Mar-08 0.007 0.005 <PQL 
EVPA 06-Mar-08 0.006 <0.004 <PQL 
EVPA 06-Mar-08 0.007 0.006 <PQL 

1 According to the FDEP, the MDL was elevated due to sample matrix interference 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from April 1, 2008, through June 30, 2008. 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA) and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) and other laboratories for the selected projects (Everglades TP Round Robins) 
for a one-year period. The result of the National Proficiency Testing Program designed to 
evaluate the laboratory’s performance and the final evaluation of total phosphorus of the 
Everglades Round Robin XVIII are also included. 

                                                           
1 SFWMD. 2008. Field Sampling Quality Manual, Version 4.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2008. Chemistry Laboratory Quality Manual (Rev. No. 08-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period.  Sixty-one data points were 
missing (not collected) due to lack of flow or shallow water depth. 

 

Table 1. Missing data for the period from April 1─June 30, 2008. 

Project Collection Date Station Comments 

PIN 04/01/08 S12C No flow, no sample collected. 
PIN 04/01/08 S12C No flow, no sample collected. 
PIN 04/01/08 S355A No flow, no sample collected. 
PIN 04/01/08 S355B No flow, no sample collected. 
PIN 04/09/08 S12B No flow, no sample collected. 
PIN 04/09/08 S12C No flow, no sample collected. 
PIN 04/15/08 S12B No flow, no sample collected. 
PIN 04/15/08 S12C No flow, no sample collected. 
PIN 04/15/08 S355A No flow, no sample collected. 
PIN 04/15/08 S355B No flow, no sample collected. 
PIN 04/22/08 S12B No flow, no sample collected. 
PIN 04/22/08 S12C No flow, no sample collected. 
PIN 04/22/08 S355A No flow, no sample collected. 
PIN 04/22/08 S355B No flow, no sample collected. 
PIN 04/29/08 S12B No flow, no sample collected. 
PIN 04/29/08 S12C No flow, no sample collected. 
PIN 04/29/08 S355A No flow, no sample collected. 
PIN 04/29/08 S355B No flow, no sample collected. 
PIN 05/06/08 S12B No flow, no sample collected. 
PIN 05/06/08 S12C No flow, no sample collected. 
PIN 05/13/08 S12B No flow, no sample collected. 
PIN 05/13/08 S12C No flow, no sample collected. 
PIN 05/13/08 S355A No flow, no sample collected. 
PIN 05/13/08 S355B No flow, no sample collected. 
EVPA 05/14/08 LOX3 Total depth less than 0.10 m. No sample collected.  
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EVPA 05/14/08 LOX4 Total depth less than 0.10 m. No sample collected. 
EVPA 05/14/08 LOX5 Total depth less than 0.10 m. No sample collected. 
EVPA 05/14/08 LOX9 Total depth less than 0.10 m. No sample collected. 
EVPA 05/14/08 LOX10 Total depth less than 0.10 m. No sample collected. 
PIN 05/20/08 S12B No flow, no sample collected. 
PIN 05/20/08 S12C No flow, no sample collected. 
PIN 05/20/08 S355A No flow, no sample collected. 
PIN 05/20/08 S355B No flow, no sample collected. 
PIN 05/28/08 S12B No flow, no sample collected. 
PIN 05/28/08 S12C No flow, no sample collected. 
PIN 05/28/08 S355A No flow, no sample collected. 
PIN 05/28/08 S355B No flow, no sample collected. 
PIN 06/03/08 S12B No flow, no sample collected. 
PIN 06/03/08 S12C No flow, no sample collected. 
PIN 06/03/08 S12D No flow, no sample collected. 
PIN 06/10/08 S12B No flow, no sample collected. 
PIN 06/10/08 S12C No flow, no sample collected. 
PIN 06/10/08 S12D No flow, no sample collected. 
PIN 06/10/08 S355A No flow, no sample collected. 
PIN 06/10/08 S355B No flow, no sample collected. 
EVPA 06/11/08 LOX3 Total depth less than 0.10 m. No sample collected. 
EVPA 06/11/08 LOX4 Total depth less than 0.10 m. No sample collected. 
EVPA 06/11/08 LOX5 Total depth less than 0.10 m. No sample collected. 
EVPA 06/11/08 LOX9 Total depth less than 0.10 m. No sample collected. 
EVPA 06/11/08 LOX10 Total depth less than 0.10 m. No sample collected. 
EVPA 06/12/08 LOX6 Total depth less than 0.10 m. No sample collected. 
PIN 06/17/08 S12B No flow, no sample collected. 
PIN 06/17/08 S12C No flow, no sample collected. 
PIN 06/17/08 S12D No flow, no sample collected. 
PIN 06/17/08 S355A No flow, no sample collected. 
PIN 06/17/08 S355B No flow, no sample collected. 
PIN 06/24/08 S12B No flow, no sample collected. 
PIN 06/24/08 S12C No flow, no sample collected. 
PIN 06/24/08 S12D No flow, no sample collected. 
PIN 06/24/08 S355A No flow, no sample collected. 
PIN 06/24/08 S355B No flow, no sample collected. 
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Split Samples (SS), and Replicate Samples (RS). Table 2 summarizes EB, and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. One blank associated with samples for the stations listed in the 
Introduction section was outside the acceptance criterion. Table 3 summarizes the field precision 
results and shows that the field sampling precision was acceptable for all three projects. Data that 
did not meet the set criteria for blanks, field precision, or sampling protocols were qualified using 
FDEP data qualifier codes. (Table 4) 

 

Table 2. Field and equipment blank results 1, 2, 3, 4
 

Type of 
Blank Project

Number of 
Blanks 

Collected 
% < 0.002 % ≥ 0.002 

EVPA 2 100 0 
PIE 1 100 0 EB 
PIN 1 100 0 

EVPA 4 100 0 
PIE 14 100 0 FCEB 
PIN 13 92 8 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, were not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be < Method Detection 
Limit (MDL). 

4 When sample concentrations are less than five times the resulting 
blank values, “V” or “J” is added. 

 
Table 3. Field precision summary 1, 2, 3

 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

EVPA 1 12-Jun-08 6.7 Precision criteria met. 
PIN 1 09-Apr-08 15.1 Precision criteria met. 
PIE 1 07-Apr-08 11.9 Precision criteria met. 

1 Only replicates for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL), which is 4 times of the MDL. 
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Table 4. List of flagged data. 

Project 
Code 

Date 
Collected Station Flag Comments 

PIN 01-Apr-08 S356 J Sample associated with contaminated FCEB.
PIN 01-Apr-08 S12D J Sample associated with contaminated FCEB.
PIN   01-Apr-08 S12A J Sample associated with contaminated FCEB.

   

FIELD AUDIT 

Field audits were not conducted on TOC related projects during the second quarter of 
2008. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from April 1, 2008, through June 30, 2008. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 

TP CCV Recovery 
(TV=0.200 mg/L)

80
85
90
95

100
105
110
115
120

01
-A

pr
-0

8

08
-A

pr
-0

8

15
-A

pr
-0

8

22
-A

pr
-0

8

29
-A

pr
-0

8

06
-M

ay
-0

8

13
-M

ay
-0

8

20
-M

ay
-0

8

27
-M

ay
-0

8

03
-J

un
-0

8

10
-J

un
-0

8

17
-J

un
-0

8

24
-J

un
-0

8

01
-J

ul
-0

8

Date

Pe
rc

en
t

m
g/

L

0.240

0.200

0.160

 
Mean = 100.1%, Max = 103.0%, Min = 98.0% 

Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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 Tables 5 and 6 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted and the samples have exceeded the 
required holding times and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

Table 5. TP Precision (%) Data. 

Acceptance Limit <10 

Analytical Range: 0.002-0.400 mg/L 

Maximum 8.4 

Mean 1.5 

Standard Deviation 1.54 

3xSD 4.63 

UCL 6.1 

n 328 

UCL Upper Control Limit 
n Number of data points 

Table 6. TP Spike Recovery (%) Data.

Acceptance Limit 90 – 110 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.4 

Standard Deviation 3.70 

3xSD 11.1 

LCL 89.3 

UCL 111.6 

n 329 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

 

 
 
 
 
 

Recoveries for the QC samples are usually within ±10 percent from the true value, which is 
acceptable. The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, had mean 
recoveries of 100.2 percent. The daily MDL check results indicate that the laboratory has consistently 
achieved the established MDL of 0.002 milligram per liter (mg/L). An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix spikes, the 
mean recovery for which was 100.4 percent. 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from June 2007 to 
June 2008 (see Appendix A) provided the data used in this analysis. Figures 5 through 7 present 
regression analysis of the data, and Table 7 presents summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value is 0.934. This 
information indicates a very high degree of agreement between the laboratories. 

Table 7 shows that the mean difference (0.001 mg/L) was statistically insignificant (p-value 
0.088).  The median difference (0.001 mg/L) was statistically significant (p-value 0.005).  Note: 
The magnitudes of these differences are environmentally and practically insignificant. 

 
Figure 5. Regression analysis for all TP data. 

 9  



 

 

TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope is 
not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 0.997. 
This information also indicates a very high level of agreement between both laboratories. 

Table 7 shows that the mean difference (0.000 mg/L) and median difference (0.000 mg/L) 
were not statistically significant.  The paired t-test and signed-rank test yielded p-values of 0.506 
and 0.750, respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept is 
not significantly different from 0 (zero) for samples with TP < 0.020 mg/L.  The r2 for this 
regression is 0.632.  At this low level, the data sets do not agree very well, as expected, due to the 
relatively high variability/uncertainty within each laboratory and between the two laboratories.  

Table 7 shows that the mean difference (0.008 mg/L) was statistically insignificant and 
median difference (0.001 mg/L) was very small but statistically significant at this concentration 
level (< 0.020 mg/L).   Note: The magnitudes of these differences are environmentally and 
practically insignificant. 

 

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

 
In summary, the differences for all TP levels were below the Method Detection Limit (MDL) for 
both laboratories. 
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Table 7. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 36 0.018 0.010 
District 36 0.018 0.010 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.001 Mean of Differences = 0 Student's t 0.088 

All Data 

Median of 
Differences 0.001 Median of Differences = 0 Signed Rank 0.005 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.040 0.046 
District 11 0.040 0.047 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.000 Mean of Differences = 0 Student's t 0.506 

≥ 0.020 mg/L 

Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.750 

Summary Statistics
Lab N Mean Median 

FDEP 25 0.008 0.008 
District 25 0.009 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.001 Mean of Differences = 0 Student's t 0.113 

< 0.020 mg/L 

Median of 
Differences 0.001 Mean of Differences = 0 Signed Rank 0.004 

Notes: 
• Differences calculated as District TP minus FDEP TP. The mean and median differences for 

all concentration levels are at or below the PQL. 
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Total Phosphorus Everglades Round Robin Inter-laboratory 
Comparison Program 
 

 The final report was published by the Florida of Environmental Protection for the statistical 
analysis and summary of the total phosphorus round robin XVIII Inter-laboratory comparison 
program. The SFWMD Chemistry Laboratory’s performance was evaluated with the average 
score of 5.0 on the 5-point scale, where 5.0 = the best and 0.0 = the worst from the five sampling 
sites. 

 

National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing on environmental samples on a semiannual basis. The results for the District’s laboratory 
from the most recent PT study (April to May 2008) are shown in Table 8. 

 

Table 8. Proficiency testing study for TP results. 
Assigned Value 16.9 mg/L 
Reported Value 16.3 mg/L 
Performance Evaluation Acceptable  

 



 

GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, June 2007−June 2008. 

Sample Date District FDEP % RPD/Comments 
EVPA 12-Jun-07 0.013 0.012 8.0 
EVPA 12-Jun-07 0.016 0.015 6.5 
EVPA 12-Jun-07 0.015 0.013 14.3 
EVPA 12-Jun-07 0.011 0.010 9.5 
EVPA 18-Sep-07 0.006 0.004 <PQL 
EVPA 18-Sep-07 0.007 0.006 <PQL 
EVPA 18-Sep-07 0.007 0.005 <PQL 
EVPA 18-Sep-07 0.011 0.008 <PQL 
EVPA 12-Nov-07 0.006 0.005 <PQL 
EVPA 12-Nov-07 0.007 0.004 <PQL 
EVPA 12-Nov-07 0.007 0.009 <PQL 
EVPA 12-Nov-07 0.007 0.005 <PQL 

ERR-18 12-Feb-08 0.007 0.004 <PQL 
ERR -18  12-Feb-08 0.007 <0.004 <PQL 
ERR-18 12-Feb-08 0.006 0.004 <PQL 
ERR-18 12-Feb-08 0.024 0.023 4.2 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.025 0.024 4.1 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.007 <PQL 
ERR-18 12-Feb-08 0.046 0.046 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.047 0.047 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.053 0.053 0.0 
ERR-18 12-Feb-08 0.051 0.053 3.8 
ERR-18 12-Feb-08 0.052 0.052 0.0 
EVPA 06-Mar-08 0.010 0.011 9.5 
EVPA 06-Mar-08 0.007 0.005 <PQL 
EVPA 06-Mar-08 0.006 <0.004 <PQL 
EVPA 06-Mar-08 0.007 0.006 <PQL 
EVPA 11-Jun-08 0.010 0.012 18.2 
EVPA 12-Jun-08 0.008 0.017 72.0 
EVPA 12-Jun-08 0.006 0.006 <PQL 
EVPA 12-Jun-08 0.010 0.008 22.2 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from July 1, 2008, through September 30, 2008. 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the split 
(EVPA) and inter-laboratory studies with the Florida Department of Environmental Protection 
(FDEP) and other laboratories for the selected projects (Everglades TP Round Robins) for a one-
year period. The report also includes the results of the U.S. Geological Survey Analytical 
Evaluation Program for Standard Reference Samples of the laboratory’s performance and the 
results of the National Water Research Institute Environment Canada Ecosystem Inter-laboratory 
Proficiency Testing Program. 

 

                                                           
1 SFWMD. 2008. Field Sampling Quality Manual, Version 4.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2008. Chemistry Laboratory Quality Manual (Rev. No. 08-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period.  Twenty six data points 
were missing (not collected) due to lack of flow. 

 

Table 1. Missing data for the period from July 1─September 30, 2008. 

Project Collection Date Station Comments 

PIN 01-Jul-2008 S355A Gates closed, no sample collected. 
PIN 01-Jul-2008 S355B Gates closed, no sample collected. 
PIN 01-Jul-2008 S12B Gates closed, no flow, no sample collected. 
PIN 01-Jul-2008 S12C Gates closed, no flow, no sample collected. 
PIN 08-Jul-2008 12B Gates closed, no flow, no sample collected. 
PIN 08-Jul-2008 12C Gates closed, no flow, no sample collected. 
PIN 16-Jul-2008 S355A Gates closed, no flow, no sample collected. 
PIN 16-Jul-2008 S355B Gates closed, no flow, no sample collected. 
PIN 16-Jul-2008 S12B No flow, no sample collected. 
PIN 16-Jul-2008 S12C No flow, no sample collected. 
PIN 23-Jul-2008 S355A No flow, no sample collected. 
PIN 23-Jul-2008 S355B No flow, no sample collected. 
PIN 30-Jul-2008 S355A No flow, no sample collected. 
PIN 30-Jul-2008 S355B No flow, no sample collected. 
PIN 13-Aug-2008 S355A Gates closed, no flow, no sample collected. 
PIN 13-Aug-2008 S355B Gates closed, no flow, no sample collected. 
PIN 21-Aug-2008 S355A No flow, no sample collected. 
PIN 21-Aug-2008 S355B No flow, no sample collected. 
PIN 27-Aug-2008 S355A Gates closed, no flow, no sample collected. 
PIN 27-Aug-2008 S355B Gates closed, no flow, no sample collected. 
PIN 10-Sep-2008 S355A No flow, no sample collected. 
PIN 10-Sep-2008 S355B No flow, no sample collected. 
PIN 17-Sep-2008 S355A No flow, no sample collected. 
PIN 17-Sep-2008 S355B No flow, no sample collected. 
PIN 24-Sep-2008 S355A No flow, no sample collected. 
PIN 24-Sep-2008 S355B No flow, no sample collected. 

 2  
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QUALITY CONTROL 

Field QC measures consist of Equipment Blanks (EB), Field-Cleaned Equipment Blanks 
(FCEB), Split Samples (SS), and Replicate Samples (RS). Table 2 summarizes EB, and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. In the Table 3, one blank associated with samples for the stations listed in 
the Introduction section was outside the acceptance criterion. Table 4 summarizes the field 
precision results and shows that the field sampling precision was acceptable for all three projects. 
Data that did not meet the set criteria for blanks, field precision, or sampling protocols were 
qualified using FDEP data qualifier codes. (Table 5) 

 

Table 2. Field and equipment blank results 1, 2, 3, 4
 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EVPA 2 0 100 0 
PIE 1 0 100 0 EB 
PIN 1 0 100 0 

EVPA 9 0 100 0 
PIE 29 0 100 0 FCEB 
PIN 17 1 94 6 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, were not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be < Method Detection 
Limit (MDL). 

4 When sample concentrations are less than or equal to five times the 
resulting blank values, “J” is added. 

 

           Table 3.    Field blanks ≥ MDL  

Type of 
Blank Project Station Date 

Collected 
Value   
mg/L Comments 

FCEB PIN S12A 3-Sep-2008 0.003 FCEB>MDL 
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Table 4. Field precision summary 1, 2, 3
 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

PIN 1 8-Jul-08 3.5 Precision criteria met. 
PIE 1 14-Jul-08 2.8 Precision criteria met. 

EVPA 1 18-Sep-08 0.0 Precision criteria met. 
1 Only replicates for sampling events from samples collected at stations 

listed in the Introduction section were included in this analysis. 
2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL), which is 4 times of the MDL. 

 

 

Table 5. List of flagged data. 

Project 
Code 

Date 
Collected Station Flag Comments 

PIN 3-Sep-08 S12A J Sample associated with contaminated FCEB.
PIN 3-Sep-08 S12B J Sample associated with contaminated FCEB.
PIN 3-Sep-08 S12C J Sample associated with contaminated FCEB.
PIN 3-Sep-08 S12D J Sample associated with contaminated FCEB.
PIN 3-Sep-08 S333 J Sample associated with contaminated FCEB.
PIN 3-Sep-08 S355A J Sample associated with contaminated FCEB.
PIN   3-Sep-08 S355B J Sample associated with contaminated FCEB.

As indicated in July-August 2003 TOC report, effective 10/1/03, the qualifier is applied when 
the analyte is detected in a field blank and associated samples are reported at concentrations equal 
or less than 5 times the detected blank value.    

 

FIELD AUDIT 

During this quarter, an audit was conducted on the PIN project collected by the Dade County 
Department of Environmental Protection (DERM) sample collection group.  The key findings 
were: a) improper sample collection device rinsing protocol, b) improper documentation protocol 
and c) improper sample contamination prevention protocol.  All corrective actions were 
addressed as of 9/25/08.  After a review of the key deficiencies it was determined the quality of 
the data were not affected. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from July 1, 2008, through September 30, 2008. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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 Tables 6 and 7 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted and the samples have exceeded the 
required holding times and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

Table 6. TP Precision (%) Data. 

Acceptance Limit <10 

Analytical Range: 0.002-0.400 mg/L 

Maximum 8.1 

Mean 1.5 

Standard Deviation 1.5 

3xSD 4.5 

UCL 6.0 

n 470 

UCL Upper Control Limit 
n Number of data points 

Table 7. TP Spike Recovery (%) Data.

Acceptance Limit 90 – 110 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.7 

Standard Deviation 3.9 

3xSD 11.8 

LCL 89 

UCL 112 

n 465 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

 

 
 
 
 
 

Recoveries for the QC samples are usually within ±10 percent from the true value, which is 
acceptable. The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, had mean 
recoveries of 101 percent. The daily MDL check results indicate that the laboratory has consistently 
achieved the established MDL of 0.002 milligram per liter (mg/L). An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix spikes, the 
mean recovery for which was 100.7 percent. 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from September 2007 
to September 2008 (see Appendix A) provided the data used in this analysis. Figures 5 through 7 
present regression analysis of the data, and Table 8 presents summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value is 0.932. The 
intercept of the regression is not different from 0 statistically since the 95% confidence interval 
for intercept contains 0. The slope of the regression is not different from 1 statistically since the 
95 % confidence interval for slope contains 1. This information indicates a very high degree of 
agreement between the laboratories. 

Table 8 shows that the mean difference (0.001 mg/L) was statistically insignificant (p-value 
0.181).  The median difference (0.001 mg/L) was statistically significant (p-value 0.019).  Note: 
The magnitudes of these differences are environmentally and practically insignificant. 

 
Figure 5. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from 0 (zero) and the slope is 
not statistically different from 1 (one) for samples with TP ≥ 0.020 mg/L. The r2 value is 0.997. 
This information also indicates a very high level of agreement between both laboratories. 

Table 8 shows that the mean difference (0.0002 mg/L) and median difference (0.000 mg/L) 
were not statistically significant.  The paired t-test and signed-rank test yielded p-values of 0.506 
and 0.750, respectively. 

 
Figure 6. Regression analysis for TP greater or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from 1 (one) and the intercept is 
not significantly different from 0 (zero) for samples with TP < 0.020 mg/L.  The r2 for this 
regression is 0458.  At this low level, the data sets do not agree very well, as expected, due to the 
relatively high variability/uncertainty within each laboratory and between the two laboratories.  

Table 8 shows that the mean difference (0.001 mg/L) was statistically insignificant and 
median difference (0.001 mg/L) was very small but statistically significant at this concentration 
level (< 0.020 mg/L).   Note: The magnitudes of these differences are environmentally and 
practically insignificant. 

 

 
Figure 7. Regression analysis for TP less than 0.020 mg/L. 

 
In summary, the differences for all TP levels were below the Method Detection Limit (MDL) for 
both laboratories. The differences were not normally distributed (Shapiro-Wilk, p-value was 
<0.0001), so the results of the Sign-Rank test are appropriate for the comparison.  
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Table 8. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 36 0.017 0.008 
District 36 0.018 0.009 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.001 Mean of Differences = 0 Student's t 0.181 

All Data 

Median of 
Differences 0.001 Median of Differences = 0 Signed Rank 0.019 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.040 0.046 
District 11 0.040 0.047 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.506 

≥ 0.020 mg/L 

Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.750 

Summary Statistics
Lab N Mean Median 

FDEP 25 0.007 0.007 
District 25 0.008 0.007 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.001 Mean of Differences = 0 Student's t 0.229 

< 0.020 mg/L 

Median of 
Differences 0.001 Mean of Differences = 0 Signed Rank 0.020 

Notes: 
• Differences calculated as District TP minus FDEP TP. The mean and median differences for 

all concentration levels are at or below the MDL. 
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of 
analytical measurements of inorganic parameters in natural waters. The results for the District’s 
laboratory from the most recent study PT 92 are presented in Table 9 (June-September 2008).  
The District laboratory was rated on performance of TP as “ideal” (highest category), and the 
linear regression shows no systematic bias (Figure 8). 

Table 9.   Performance in PT Study 92 for TP, June-September 2008 

Sample Number 1 2 3 4 5 6 7 8 9 10 
Assigned Value, mg/L 0.001 0.005 0.0092 0.041 0.365 0.0620 0.150 0.200 0.0932 0.869
Reported Results, mg/L < 0.002 0.004 0.010 0.043 0.367 0.064 0.150 0.200 0.094 0.876
Z-value NA -1.0 -0.8 1.1 0.2 0.8 0.0 0.0 0.2 0.1 

Figure 8. Regression analysis of reported TP results 

PT92, TP, SFWMD
mg/L

y = x

y = 1.0072x + 7E-05
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U.S. Geological Survey Analytical Evaluation Program 

The SFWMD’s laboratory participates in the semiannual U.S Geological Survey (USGS) 
performance evaluation program on environmental samples for the Comprehensive Everglades 
Restoration Plan (CERP). The results have been published in a final report to the CERP Quality 
Assurance Oversight Team. Evaluation of the results is based on the deviation (Z-value) from the 
median and percent difference. Following usual practices, a Z-value less than ±2 is considered 
satisfactory. Table 10 provides the results of the fall (August–September) 2008 study. 
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Table 10. USGS Performance Evaluation study for TP results. 

     Sample I.D     
 

Reported 
Result, mg/L 

Most Probable 
Value, mg/L Z-Value % Difference 

M-188 0.219 0.218 0.06 0.46 
N-99 0.291 0.287 0.29 1.00 



 

GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, September 2007−September 2008. 

Sample Date District FDEP % RPD/Comments 
EVPA 18-Sep-07 0.006 0.004 <PQL 
EVPA 18-Sep-07 0.007 0.006 <PQL 
EVPA 18-Sep-07 0.007 0.005 <PQL 
EVPA 18-Sep-07 0.011 0.008 <PQL 
EVPA 12-Nov-07 0.006 0.005 <PQL 
EVPA 12-Nov-07 0.007 0.004 <PQL 
EVPA 12-Nov-07 0.007 0.009 <PQL 
EVPA 12-Nov-07 0.007 0.005 <PQL 

ERR-18 12-Feb-08 0.007 0.004 <PQL 
ERR -18  12-Feb-08 0.007 <0.004 <PQL 
ERR-18 12-Feb-08 0.006 0.004 <PQL 
ERR-18 12-Feb-08 0.024 0.023 4.2 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.025 0.024 4.1 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.007 <PQL 
ERR-18 12-Feb-08 0.046 0.046 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.047 0.047 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.053 0.053 0.0 
ERR-18 12-Feb-08 0.051 0.053 3.8 
ERR-18 12-Feb-08 0.052 0.052 0.0 
EVPA 06-Mar-08 0.010 0.011 9.5 
EVPA 06-Mar-08 0.007 0.005 <PQL 
EVPA 06-Mar-08 0.006 <0.004 <PQL 
EVPA 06-Mar-08 0.007 0.006 <PQL 
EVPA 11-Jun-08 0.010 0.012 18.2 
EVPA 12-Jun-08 0.008 0.017 72.0 
EVPA 12-Jun-08 0.006 0.006 <PQL 
EVPA 12-Jun-08 0.010 0.008 22.2 
EVPA 18-Sep-08 0.007 0.007 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from October 1, 2008 through December 30, 2008. 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA) and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) and other laboratories for the selected projects (Everglades TP Round Robins) 
for a one-year period. The report also includes the results of the National Proficiency Testing 
Program, which is designed to evaluate the laboratory’s performance. 

 

                                                           
1 SFWMD. 2008. Field Sampling Quality Manual, Version 4.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2008. Chemistry Laboratory Quality Manual (Rev. No. 08-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
 
 
 



October ─ December 2008  Quality Assessment Report for Water Quality Monitoring 

FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Twenty-two data points 
were missing (not collected) due to lack of flow. 

 

Table 1. Missing data for October 1 to December 31, 2008. 

Project Collection Date Station Comments 

PIN 16-Oct-2008 S355A Gate closed, no flow, no sample collected. 
PIN 16-Oct-2008 S355B Gate closed, no flow, no sample collected. 
PIN 22-Oct-2008 S355A Gate closed, no flow, no sample collected. 
PIN 22-Oct-2008 S355B Gate closed, no flow, no sample collected. 
PIN 29-Oct-2008 S355A Gate closed, no flow, no sample collected. 
PIN 29-Oct-2008 S355B Gate closed, no flow, no sample collected. 
PIN 12-Nov-2008 S355A Gate closed, no flow, no sample collected. 
PIN 12-Nov-2008 S355B Gate closed, no flow, no sample collected. 
PIN 25-Nov-2008 S355A Gate closed, no flow, no sample collected. 
PIN 25-Nov-2008 S355B Gate closed, no flow, no sample collected. 
PIN 09-Dec-2008 S355A Gate closed, no flow, no sample collected. 
PIN 09-Dec-2008 S355B Gate closed, no flow, no sample collected. 
PIN 17-Dec-2008 S355A Gate closed, no flow, no sample collected. 
PIN 17-Dec-2008 S355B Gate closed, no flow, no sample collected. 
PIN 23-Dec-2008 S12B Gate closed, no flow, no sample collected. 
PIN 23-Dec-2008 S12C Gate closed, no flow, no sample collected. 
PIN 23-Dec-2008 S12D Gate closed, no flow, no sample collected. 
PIN 23-Dec-2008 S355A Gate closed, no flow, no sample collected. 
PIN 23-Dec-2008 S355B Gate closed, no flow, no sample collected. 
PIN 29-Dec-2008 S12B Gate closed, no flow, no sample collected. 
PIN 29-Dec-2008 S355A Gate closed, no flow, no sample collected. 
PIN 29-Dec-2008 S355B Gate closed, no flow, no sample collected. 
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QUALITY CONTROL 

Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks 
(FCEB), split samples (SS), and replicate samples (RS). Table 2 summarizes EB and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. In Table 3, one blank associated with samples for the stations listed in the 
Introduction section was outside the acceptance criterion. Table 4 summarizes the field precision 
results and shows that the field sampling precision was acceptable for all three projects. Data that 
did not meet the set criteria for blanks, field precision, or sampling protocols were qualified using 
FDEP data qualifier codes (Table 5). 

 

Table 2. Field and equipment blank results 1, 2, 3, 4 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EVPA 2 0 100 0 
PIE 1 0 100 0 EB 
PIN 1 0 100 0 

EVPA 11 0 100 0 
PIE 20 1 95 5 FCEB 
PIN 14 0 100 0 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction section were included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, were not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be < Method Detection 
Limit (MDL). 

4 When sample concentrations are less than five times the resulting 
blank values, “J” is added. 

 

Table 3.    Field blanks ≥ MDL 

Type of 
Blank Project Station Date 

Collected 
Value   
mg/L Comments 

FCEB PIE S178 27-Oct-2008 0.012 FCEB>MDL 
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Table 4. Field precision summary 1, 2, 3 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD Comments 

PIE 1 6-Oct-2008 4.2 Precision criteria met. 
PIN 1 2-Dec-2008 0.0 Precision criteria met. 

EVPA 1 9-Dec-2008 6.9 Precision criteria met. 
1 Only replicates for sampling events from samples collected at stations 

listed in the Introduction section were included in this analysis. 
2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values > Practical Quantitation Limit 
(PQL), which is four times the MDL. 

 

 

Table 5. List of flagged data 

Project 
Code 

Date 
Collected Station Flag Result, 

mg/L Comments 

PIE 27-Oct-08 S18C J 0.005 
Sample associated with contaminated 
FCEB. Possible sample mix-up 

 

FIELD AUDIT 

During this quarter, an audit was conducted on the sample collection procedures of the EVPA 
project. Samples for the project were collected by the Water Quality Monitoring Division and 
USFWS personnel.  This was an audit of the simulated marsh collection process. This simulated 
collection process took place in STA-1E.  There were no deficiencies noted during the course of 
this audit.   
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from October 1, 2008 through December 31, 2008. 
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Figure 1. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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Figure 2. QC (Laboratory Control Solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (Continuing Calibration Verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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Tables 6 and 7 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted, the samples have exceeded the required 
holding times, and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

Table 6. TP Precision (%) Data. 

Acceptance Limit <10 

Analytical Range: 0.002-0.400 mg/L 

Maximum 8.1 

Mean 1.5 

Standard Deviation 1.5 

3xSD 4.5 

UCL 6.0 

n 406 

UCL Upper Control Limit 
n Number of data points 

Table 7. TP Spike Recovery (%) Data.

Acceptance Limit 90 – 110 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.4 

Standard Deviation 3.2 

3xSD 9.6 

LCL 91 

UCL 110 

n 402 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

 

 
 
 
 
 

Recoveries for the QC samples are within ±10 percent from the true value, which is acceptable. The 
Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, had mean recoveries of 
101.7 percent. The daily MDL check results indicate that the laboratory has consistently achieved the 
established MDL of 0.002 milligram per liter (mg/L). An organic check is a solution prepared from phytic 
acid, which is a stable form of organic phosphate used to prepare matrix spikes, the mean recovery for 
which was 100.4 percent. 
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ESTIMATION OF ANALYTICAL MEASUREMENT UNCERTAINTY 

One of the prime objectives of the District laboratory’s quality assurance program is to evaluate 
measurement uncertainty. The analytical uncertainty must always be known and taken into account when 
using data to make decisions. In the District’s laboratory, estimates of measurement uncertainty are 
determined using the Nested Hierarchical Methodology suggested by Ingersoll3. This approach is widely 
applied in the environmental industry and is data driven (as opposed to methodology or procedure 
driven); therefore, the resulting estimate of uncertainty is based on actual District quality control results 
and is computed using a Microsoft Excel spreadsheet developed by Ingersoll. 

A measurement result is complete when accompanied by a quantitative statement of its uncertainty. 
The estimated analytical uncertainty for total phosphorus determinations conducted by the District 
laboratory for the last quarter was determined to be 5.6 percent (with a 95 percent confidence level).  
Therefore, if a single sample measurement of total phosphorus is reported to be 20 µg/L, the uncertainty 
interval is 18.9 to 21.1 µg/L. This result applies to the analytical process and does not include uncertainty 
attributed to field sampling activities (e.g., sample collection and sample location effects).  

Estimates of relative uncertainty derived in this fashion are considered constant above the Practical 
Quantitation Limit up to the limit of linearity.  
 
 
PRACTICAL QUANTITATION LIMIT 

Method Detection Limit (MDL) checks are routinely analyzed with each analytical run. From 
October to December 2008, 144 results for MDL checks were reported for total phosphorus 
measurements. As required under NELAP certification, the reportable MDL is formally reviewed on an 
annual basis. The formal review and quarterly calculations have consistently supported a conservative 
MDL of 2 µg/L for the past six years. The calculated MDL from these results was determined to be 1.2 
µg/L, using the procedure described in 40 CFR 136 Appendix B. However, the lower level where 
measurement becomes quantitatively meaningful is the Practical Quantitation Limit (PQL). According to 
the District Laboratory’s Quality Manual, the PQL is equal to four times the MDL. Therefore, the 
calculated PQL for the period from October to December 2008 was 4.8 µg/L. At this concentration, the 
relative uncertainty in the measured value is estimated to be ±30 percent at the 95 percent confidence 
level4. 

Figure 5 is presented to clarify the concept of MDL and PQL of a measurement process. 

                                                           
3 Ingersoll, W.S., Estimation of Analytical Measurement Uncertainty (2001)  
4 Taylor, J.K., Quality Assurance of Chemical Measurements (1987) 

http://www.navylabs.navy.mil/Archive/ADA396946.pdf
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Figure 5. Uncertainty of TP measurement close to the detection limit. 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from November 2007 
to December 2008 (see Appendix A) provided the data used in this analysis. Figures 6 through 8 
present regression analysis of the data, and Table 8 presents summary statistics for the data pairs. 

ALL DATA  

Figure 6 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value is 0.932. The 
intercept of the regression is not different from zero statistically since the 95 percent confidence 
interval for intercept contains zero. The slope of the regression is not different from one 
statistically since the 95 percent confidence interval for slope contains one. This information 
indicates a very high degree of agreement between the laboratories. 

Table 8 shows that the mean difference (0.0004 mg/L) was statistically insignificant (p-value 
0.230).  The median difference (0.001 mg/L) was statistically significant (p-value 0.032).  Note: 
The magnitudes of these differences are environmentally and practically insignificant. 

 
Figure 6. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

Figure 7 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for samples with TP ≥ 0.020 mg/L. The r2 value is 0.997. This 
information also indicates a very high level of agreement between both laboratories. 

Table 8 shows that the mean difference (0.0002 mg/L) and median difference (0.000 mg/L) 
were not statistically significant.  The paired t-test and signed-rank test yielded p-values of 0.506 
and 0.750, respectively. 

 
Figure 7. Regression analysis for TP greater than or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 8 shows that the slope is not significantly different from one and the intercept is not 
significantly different from zero for samples with TP < 0.020 mg/L.  The r2 for this regression is 
0.445.  At this low level, the data sets do not agree very well, as expected, due to the relatively 
high variability/uncertainty within each laboratory and between the two laboratories.  

Table 8 shows that the mean difference (0.0005 mg/L) was statistically insignificant and 
median difference (0.001 mg/L) was very small but statistically significant at this concentration 
level (< 0.020 mg/L). Note: The magnitudes of these differences are environmentally and 
practically insignificant. 

 

 
Figure 8. Regression analysis for TP less than 0.020 mg/L. 

 
 
In summary, the differences for all TP levels were below the MDL for both laboratories. The 
differences were not normally distributed (Shapiro-Wilk, p-value was <0.002), so the results of 
the Sign-Rank test are appropriate for the comparison.  
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Table 8. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 35 0.018 0.008 
District 35 0.018 0.009 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0004 Mean of Differences = 0 Student's t 0.230 

All Data 

Median of 
Differences 0.001 Median of Differences = 0 Signed Rank 0.032 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.040 0.046 
District 11 0.040 0.047 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.506 

≥ 0.020 mg/L 

Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.750 

Summary Statistics
Lab N Mean Median 

FDEP 24 0.007 0.007 
District 24 0.008 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0005 Mean of Differences = 0 Student's t 0.290 

< 0.020 mg/L 

Median of 
Differences 0.001 Mean of Differences = 0 Signed Rank 0.033 

Notes: 
• Differences calculated as District TP minus FDEP TP. The mean and median differences for 

all concentration levels are at or below the MDL. 

• Data were not used if FDEP value was below FDEP’s detection limit (0.004 mg/L). 
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National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing on environmental samples on a semiannual basis. The results for the District’s laboratory 
from the most recent PT study (October to November 2008) are shown in Table 9. 

 

Table 9. Proficiency Testing Evaluation study for TP results. 

Sample ID 
 

Reported 
Result, mg/L 

Assigned 
Value, mg/L Comments 

WP-165 6.51 6.55  Acceptable 
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, November 2007−December 2008. 

Sample Date District FDEP % RPD/Comments 
EVPA 12-Nov-07 0.006 0.005 <PQL 
EVPA 12-Nov-07 0.007 0.004 <PQL 
EVPA 12-Nov-07 0.007 0.009 <PQL 
EVPA 12-Nov-07 0.007 0.005 <PQL 

ERR-18 12-Feb-08 0.007 0.004 <PQL 
ERR -18  12-Feb-08 0.007 <0.004 <PQL 
ERR-18 12-Feb-08 0.006 0.004 <PQL 
ERR-18 12-Feb-08 0.024 0.023 4.2 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.025 0.024 4.1 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.008 <PQL 
ERR-18 12-Feb-08 0.009 0.007 <PQL 
ERR-18 12-Feb-08 0.046 0.046 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.047 0.047 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.053 0.053 0.0 
ERR-18 12-Feb-08 0.051 0.053 3.8 
ERR-18 12-Feb-08 0.052 0.052 0.0 
EVPA 06-Mar-08 0.010 0.011 9.5 
EVPA 06-Mar-08 0.007 0.005 <PQL 
EVPA 06-Mar-08 0.006 <0.004 <PQL 
EVPA 06-Mar-08 0.007 0.006 <PQL 
EVPA 11-Jun-08 0.010 0.012 18.2 
EVPA 12-Jun-08 0.008 0.017 72.0 
EVPA 12-Jun-08 0.006 0.006 <PQL 
EVPA 12-Jun-08 0.010 0.008 <PQL 
EVPA 18-Sep-08 0.007 0.007 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
EVPA 18-Sep-08 0.008 0.008 <PQL 
EVPA 09-Dec-08 0.007 0.005 <PQL 
EVPA 09-Dec-08 0.009 0.007 <PQL 
EVPA 09-Dec-08 0.007 0.005 <PQL 
EVPA 09-Dec-08 0.004 <0.004 <PQL 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects/stations from January 1, 2009 through March 31, 2009: 

• Everglades National Park Inflows North (PIN) S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE) S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA) LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA) and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) and other laboratories for the selected projects (Everglades TP Round Robins) 
for a one-year period. The report also includes the results of the National Water Research Institute 
Environment Canada Ecosystem Inter-laboratory Proficiency Testing Program. 

 

                                                           
1 SFWMD. 2009. Field Sampling Quality Manual, Version 5.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2008. Chemistry Laboratory Quality Manual (Rev. No. 08-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP collection. 

 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Fifty-two data points were 
missing (not collected) due to lack of flow and seven data points due to shallow water depth. 

 

Table 1. Missing data for January 1 to March 31, 2009. 

Project Collection Date Station Comments 

PIN 06-Jan-2009 S12B Gate closed, no flow, no sample collected. 
PIN 06-Jan-2009 S12C Gate closed, no flow, no sample collected. 
PIN 06-Jan-2009 S12D Gate closed, no flow, no sample collected. 
PIN 14-Jan-2009 S12B Gate closed, no flow, no sample collected. 
PIN 14-Jan-2009 S12C Gate closed, no flow, no sample collected. 
PIN 14-Jan-2009 S12D Gate closed, no flow, no sample collected. 
PIN 14-Jan-2009 S355A Gate closed, no flow, no sample collected. 
PIN 14-Jan-2009 S355B Gate closed, no flow, no sample collected. 
PIN 21-Jan-2009 S12B Gate closed, no flow, no sample collected. 
PIN 21-Jan-2009 S12C Gate closed, no flow, no sample collected. 
PIN 21-Jan-2009 S355A Gate closed, no flow, no sample collected. 
PIN 21-Jan-2009 S355B Gate closed, no flow, no sample collected. 
PIN 27-Jan-2009 S12B Gate closed, no flow, no sample collected. 
PIN 27-Jan-2009 S12C Gate closed, no flow, no sample collected. 
PIN 27-Jan-2009 S12D Gate closed, no flow, no sample collected. 
PIN 27-Jan-2009 S355A Gate closed, no flow, no sample collected. 
PIN 27-Jan-2009 S355B Gate closed, no flow, no sample collected. 
PIN 03-Feb-2009 S12B Gate closed, no flow, no sample collected. 
PIN 03-Feb-2009 S12C Gate closed, no flow, no sample collected. 
PIN 03-Feb-2009 S12D Gate closed, no flow, no sample collected. 
EVPA 09-Feb-2009 LOX3 Tdepth < 0.1 m, no sample collected. 
EVPA 09-Feb-2009 LOX5 Tdepth < 0.1 m, no sample collected. 
PIN 10-Feb-2009 S12B Gate closed, no flow, no sample collected. 
PIN 10-Feb-2009 S12C Gate closed, no flow, no sample collected. 
PIN 10-Feb-2009 S12D Gate closed, no flow, no sample collected. 
PIN 10-Feb-2009 S355A Gate closed, no flow, no sample collected. 
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Project Collection Date Station Comments 

PIN 10-Feb-2009 S355B Gate closed, no flow, no sample collected. 
PIN 18-Feb-2009 S12B Gate closed, no flow, no sample collected. 
PIN 18-Feb-2009 S12C Gate closed, no flow, no sample collected. 
PIN 18-Feb-2009 S12D Gate closed, no flow, no sample collected. 
PIN 18-Feb-2009 S355B Gate closed, no flow, no sample collected. 
PIN 24-Feb-2009 S12B Gate closed, no flow, no sample collected. 
PIN 24-Feb-2009 S12C Gate closed, no flow, no sample collected. 
PIN 24-Feb-2009 S12D Gate closed, no flow, no sample collected. 
PIN 24-Feb-2009 S355A Gate closed, no flow, no sample collected. 
PIN 24-Feb-2009 S355B Gate closed, no flow, no sample collected. 
PIN 03-Mar-2009 S12B Gate closed, no flow, no sample collected. 
PIN 03-Mar-2009 S12C Gate closed, no flow, no sample collected. 
PIN 03-Mar-2009 S12D Gate closed, no flow, no sample collected. 
EVPA 10-Mar-2009 LOX3 Tdepth < 0.1 m, no sample collected. 
EVPA 10-Mar-2009 LOX4 Tdepth < 0.1 m, no sample collected. 
EVPA 10-Mar-2009 LOX5 Tdepth < 0.1 m, no sample collected. 
EVPA 10-Mar-2009 LOX9 Tdepth < 0.1 m, no sample collected. 
EVPA 10-Mar-2009 LOX10 Tdepth < 0.1 m, no sample collected. 
PIN 11-Mar-2009 S12B Gate closed, no flow, no sample collected. 
PIN 11-Mar-2009 S12C Gate closed, no flow, no sample collected. 
PIN 11-Mar-2009 S12D Gate closed, no flow, no sample collected. 
PIN 11-Mar-2009 S355A Gate closed, no flow, no sample collected. 
PIN 11-Mar-2009 S355B Gate closed, no flow, no sample collected. 
PIN 17-Mar-2009 S12B Gate closed, no flow, no sample collected. 
PIN 17-Mar-2009 S12C Gate closed, no flow, no sample collected. 
PIN 17-Mar-2009 S12D Gate closed, no flow, no sample collected. 
PIN 17-Mar-2009 S355A Gate closed, no flow, no sample collected. 
PIN 17-Mar-2009 S355B Gate closed, no flow, no sample collected. 
PIN 24-Mar-2009 S12B Gate closed, no flow, no sample collected. 
PIN 24-Mar-2009 S122C Gate closed, no flow, no sample collected. 
PIN 24-Mar-2009 S12D Gate closed, no flow, no sample collected. 
PIN 24-Mar-2009 S355A Gate closed, no flow, no sample collected. 
PIN 24-Mar-2009 S355B Gate closed, no flow, no sample collected. 
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FIELD QUALITY CONTROL 

Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks 
(FCEB), split samples (SS), and replicate samples (RS). Table 2 summarizes EB and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. Table 3 summarizes the field precision results and shows that the field 
sampling precision was acceptable for all three projects. Data that did not meet the set criteria for 
blanks, field precision, or sampling protocols were qualified using FDEP data qualifier codes. 

 

Table 2. Field and equipment blank results 1, 2, 3, 4 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EB 
EVPA 2 0 100 0 
PIE 1 0 100 0 
PIN 1 0 100 0 

FCEB 
EVPA 11 0 100 0 
PIE 14 0 100 0 
PIN 12 0 100 0 

1 Only blanks for sampling events from samples collected at stations 
listed in the Introduction are included in this analysis. 

2 Blanks for TP, which were associated with a short-term autosampler 
project at some TOC stations, are not included in this analysis. 

3 FB, FCEB, and EB acceptance criteria must be less than the method 
detection limit (MDL). 

4 When sample concentrations are less than ten times the resulting 
blank values, “J” is added. 
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Table 3. Field precision summary 1, 2, 3 

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

 

% 
RSD 

Average 
Value  
mg/L  

COMMENTS 

EVPA 1 10-Mar-2009 7.7 0.013 Precision criteria were met
PIE 1 12-Jan-2009 0.0 0.006 Precision criteria were met
PIE 1 09-Mar-2009 7.9 0.007 Precision criteria were met
PIN 1 06-Jan-2009 0.0 0.010 Precision criteria were met

1 Only replicates for sampling events from samples collected at stations 
listed in the Introduction are included in this analysis. 

2 The District’s chemistry laboratory conducted all TP analyses. 
3 Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values were greater than the practical 
quantitation limit (PQL), which is four times the MDL. 

 

FIELD AUDIT 

During the first quarter, no field audits were conducted related to the TOC water quality 
stations. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 

The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 

Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 
Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from January 1, 2009, through March 31, 2009. 
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Figure 1. QC (laboratory control solution) sample recoveries for TP analysis. 
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Figure 2. QC (laboratory control solution) sample recoveries for TP analysis. 
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TP CCV Recovery 
(TV=0.200 mg/L)
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Figure 3. QC (continuing calibration verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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Tables 4 and 5 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted, the samples have exceeded the required 
holding times, and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

Table 4. TP Precision (%) Data. 

Acceptance Limit <10 

Analytical Range: 0.002-0.400 mg/L 

Maximum 7.2 

Mean 1.5 

Standard Deviation 1.4 

3xSD 4.1 

UCL 5.7 

n 302 

UCL Upper Control Limit 
n Number of data points 
 

 
 
 
 
 

Recoveries for the QC samples are within ±10 percent from the true value, which is 
acceptable. The method detection limit (MDL) check (QC5), with a true value of 0.004 mg/L, had 
mean recoveries of 101.9 percent. The daily MDL check results indicate that the laboratory has 
consistently achieved the established MDL of 0.002 mg/L. An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix 
spikes, the mean recovery for which was 100.7 percent. 
 
 

Table 5. TP Spike Recovery (%) Data.

Acceptance Limit 90 – 110 

Analytical Range: 0.002-0.400 mg/L 

Minimum 90 

Maximum 110 

Mean 100.7 

Standard Deviation 3.5 

3xSD 10.6 

LCL 90 

UCL 111 

n 303 

LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 
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ESTIMATION OF ANALYTICAL MEASUREMENT UNCERTAINTY 

The estimated analytical uncertainty for total phosphorus conducted by the District laboratory 
for the last quarter was determined to be 5.8 percent (with a 95 percent confidence level). This 
result applies to the analytical process and does not include uncertainty attributed to field 
sampling activities (e.g., sample collection and sample location effects).  
 
 
METHOD DETECTION LIMIT AND PRACTICAL QUANTITATION 
LIMIT 

MDL checks are routinely analyzed with each analytical run. From January to March 2009, 
119 results for MDL checks were reported for total phosphorus measurements. The calculated 
MDL from these results was determined to be 1.2 µg/L, using the procedure described in 40 CFR 
136 Appendix B and the calculated practical quantitation limit (PQL) for the period from January 
to March 2009 was 4.8 µg/L. At this concentration, the relative uncertainty in the measured value 
is estimated to be ±30 percent at the 95 percent confidence level3. 
 
 
CHANGES IN DATA ASSESSMENT PROTOCOLS 

Since October 1, 2003 field generated blanks with the results at or above the method 
detection limit and the associated samples with values of 5 times the blank value were qualified. 
As of January 1, 2009, the associated samples are qualified with values of 10 times the blank 
value. This change was implemented in accordance with the revised Florida Administrative Code 
62-160.700, also known as FDEP QA Rule, effective December 3, 2008.  

 

                                                           
3 Taylor, J.K., Quality Assurance of Chemical Measurements (1987) Lewis Publishers, Chelsea, MI 48118, 
USA, 1987 
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits and the Everglades TP Round Robin (ERR) split-
study programs conducted between the FDEP and the District’s laboratory from February 2008 to 
March 2009 (see Appendix A) provided the data used in this analysis. Figures 5 through 7 
present regression analysis of the data, and Table 6 presents summary statistics for the data pairs. 

ALL DATA  

Figure 5 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value (Rsquare) is 
0.900. The intercept of the regression is not different from zero statistically since the 95 percent 
confidence interval for intercept contains zero. The slope of the regression is not different from 
one statistically since the 95 percent confidence interval for slope contains one. This information 
indicates a very high degree of agreement between the two laboratories. 

Table 6 shows that the mean difference (0.00003 mg/L) and median difference (0.000 mg/L) 
was statistically insignificant. The paired t-test and signed-rank test yielded p-values of 0.945 and 
0.170, respectively.   

 
Figure 5. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

Figure 6 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for samples with TP ≥ 0.020 mg/L. The r2 value is 0.997. This 
information also indicates a very high level of agreement between the two laboratories. 

Table 6 shows that the mean difference (0.0002 mg/L) and median difference (0.000 mg/L) 
were not statistically significant. The paired t-test and signed-rank test yielded p-values of 0.506 
and 0.750, respectively. 

 
Figure 6. Regression analysis for TP greater than or equal to 0.020 mg/L. 
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TP < 0.020 mg/L 

Figure 7 shows that the slope is not significantly different from one and the intercept is not 
significantly different from zero for samples with TP < 0.020 mg/L. The r2 for this regression is 
0.231. At this low level, the data sets do not agree very well, as expected, due to the relatively 
high variability/uncertainty within each laboratory and between the two laboratories.  

Table 6 shows that the mean difference (-0.0004 mg/L) and median difference (0.001 mg/L) 
were not statistically significant. The p-values for the paired t-test and signed-rank test were 
0.945 and 0.259 respectively.  

 

 

 

 

 

       

       

      

 

 

       

      

      

 

    
 

 

Figure 7. Regression analysis for TP less than 0.020 mg/L. 

 
 
 
In summary, the differences for all TP levels were below the MDL for both laboratories. The 
paired differences were not normally distributed (Shapiro-Wilk, p-value was <0.001), so the 
results of the sign-rank test should be used in drawing conclusions.  
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Table 6. Comparison of District and FDEP split TP samples. 

All Data 

Summary Statistics 
Lab N Mean Median 

FDEP 34 0.018 0.008 
District 34 0.018 0.009 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.00003 Mean of Differences = 0 Student's t 0.945 
Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.170 

≥ 0.020 mg/L 

Summary Statistics 
Lab N Mean Median 

FDEP 11 0.040 0.046 
District 11 0.040 0.047 

Statistical Test of Hypotheses
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0002 Mean of Differences = 0 Student's t 0.506 
Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.750 

< 0.020 mg/L 

Summary Statistics
Lab N Mean Median 

FDEP 23 0.008 0.008 
District 23 0.008 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.00004 Mean of Differences = 0 Student's t 0.945 
Median of 
Differences 0.001 Mean of Differences = 0 Signed Rank 0.259 

Notes: 
• Differences calculated as District TP minus FDEP TP. The mean and median differences for 

all concentration levels are at or below the MDL. 

• Data were not used if FDEP value was below FDEP’s detection limit (0.004 mg/L). 

• All concentration values are in mg/L 
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of 
analytical measurements of inorganic parameters in natural waters. The results for the District’s 
laboratory from the most recent study PT 93 are presented in Table 7 (December-March 2009). 
The District laboratory was rated on performance of TP as “good” and the linear regression 
shows no systematic bias. 

Table 7. Performance in PT Study 93 for TP, December-March 2009 

Notes: 

* Manual data entry error (actual analytical result 0.720 mg/L) 

 

Sample Number 1 2 3 4 5 6 7 8 9 10 
Assigned Value, mg/L 0.076 0.206 0.002 0.199 0.005 0.046 0.011 0.064 0.687 0.136
Reported Results, mg/L 0.077 0.210 <0.002 0.200 0.004 0.046 0.011 0.064 0.072* 0.138
Z-value   0.2 0.4 NA 0.1 -0.6 0.0 0.0 0.0 -16.6 0.3 
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA Project 
and Everglades Round Robin, February 2008−March 2009. 

Sample Date District FDEP %RPD/Comments 
ERR-18 12-Feb-08 0.007 (I) 0.004 (I) <PQL 
ERR -18  12-Feb-08 0.007 (I) <0.004 (U) <PQL 
ERR-18 12-Feb-08 0.006 (I) 0.004 (I) <PQL 
ERR-18 12-Feb-08 0.024 0.023 4.2 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.024 0.024 0.0 
ERR-18 12-Feb-08 0.025 0.024 4.1 
ERR-18 12-Feb-08 0.009 0.008 (I) <PQL 
ERR-18 12-Feb-08 0.009 0.008 (I) <PQL 
ERR-18 12-Feb-08 0.009 0.008 (I) <PQL 
ERR-18 12-Feb-08 0.009 0.007 (I) <PQL 
ERR-18 12-Feb-08 0.046 0.046 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.047 0.047 0.0 
ERR-18 12-Feb-08 0.047 0.046 2.2 
ERR-18 12-Feb-08 0.053 0.053 0.0 
ERR-18 12-Feb-08 0.051 0.053 3.8 
ERR-18 12-Feb-08 0.052 0.052 0.0 
EVPA 06-Mar-08 0.010 0.011 9.5 
EVPA 06-Mar-08 0.007 (I) 0.005 (I) <PQL 
EVPA 06-Mar-08 0.006 (I) <0.004 (U) <PQL 
EVPA 06-Mar-08 0.007 (I) 0.006 (I) <PQL 
EVPA 11-Jun-08 0.010 0.012 18.2 
EVPA 12-Jun-08 0.008  0.017 72.0 
EVPA 12-Jun-08 0.006 (I) 0.006 (I) <PQL 
EVPA 12-Jun-08 0.010 0.008 (I) <PQL 
EVPA 18-Sep-08 0.007 (I) 0.007 (I) <PQL 
EVPA 18-Sep-08 0.008  0.008 (I) <PQL 
EVPA 18-Sep-08 0.008  0.008 (I) <PQL 
EVPA 18-Sep-08 0.008  0.008 (I) <PQL 
EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 
EVPA 09-Dec-08 0.009 0.007 (I) <PQL 
EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 
EVPA 09-Dec-08 0.004 (I) <0.004 (U) <PQL 
EVPA 09-Mar-09 0.005* (I) 0.012* Y <PQL 
EVPA 09-Mar-09 0.006 (I) 0.014 80.0 
EVPA 09-Mar-09 0.006 (I) 0.007 (I) <PQL 
EVPA 10-Mar-09 0.011 0.012 8.7 

*Result not included in the statistical evaluation due to improper sample preservation (qualified code “Y”)  

Qualifier code (I) indicates that the reported value is greater than or equal to the MDL but less than PQL 

Qualifier code (U) indicates that the compound was analyzed for but not detected 

SFWMD; Actual MDL = 0.002 mg/L and PQL = 0.008 mg/L    
FDEP;Actual MDL = 0.004 mg/L and PQL = 0.010 mg/L 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects and their associated stations from April 1, 2009, through June 30, 2009: 

• Everglades National Park Inflows North (PIN): S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE): S332DX, S18C, DS2, DS4, and Berm B3 

• Everglades Protection Area (EVPA): LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System provided the data used in this 
report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA) and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) for a one-year period.  The report also includes the results of the National 
Proficiency Testing Program, which is designed to evaluate the laboratory’s performance through 
analysis of unknown samples provided by an external source. Proficiency testing is one of the 
essential elements of the National Environmental Laboratory Accreditation Program (NELAP) 
accreditation process. 

 

                                                           
1 SFWMD. 2009. Field Sampling Quality Manual, Version 5.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2009. Chemistry Laboratory Quality Manual (Rev. No. 2009-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP sample collection. 

 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Eighty data points were 
missing (not collected) due to lack of flow or shallow water depth.  

 

Table 1. Missing data for April 1 to June 30, 2009. 

Project Collection 
Date Station Comments 

EVPA 06-Apr-09 LOX3 Total depth = 0.0 m. No water available to sample. 
EVPA 06-Apr-09 LOX4 Total depth = 0.0 m. No water available to sample. 
EVPA 06-Apr-09 LOX5 Total depth = 0.0 m. No water available to sample. 
EVPA 07-Apr-09 LOX6 Total depth less than 0.10 m. No sample collected. 
EVPA 06-Apr-09 LOX9 Total depth = 0.0 m. No water available to sample. 
EVPA 06-Apr-09 LOX10 Total depth = 0.0 m. No water available to sample. 
PIN 08-Apr-09 S12B Total depth < 0.1 m.  No sample collected. 
PIE 08-Apr-09 BERMB3 Total depth < 0.1 m.  No sample collected. 
PIN 08-Apr-09 S12C Total depth < 0.1 m.  No sample collected. 
PIN 08-Apr-09 S12D Total depth < 0.1 m.  No sample collected. 
PIN 14-Apr-09 S12B No flow, no sample collected. 
PIN 14-Apr-09 S12C No flow, no sample collected. 
PIN 14-Apr-09 S12D No flow, no sample collected. 
PIN 14-Apr-09 S355A No flow, no sample collected. 
PIN 14-Apr-09 S355B No flow, no sample collected. 
PIE 20-Apr-09 BERMB3 Total depth = 0.0 m. No water available to sample 
PIN 21-Apr-09 S12B No flow, no sample collected. 
PIN 21-Apr-09 S12C No flow, no sample collected. 
PIN 21-Apr-09 S12D No flow, no sample collected. 
PIN 21-Apr-09 S355A No flow, no sample collected. 
PIN 21-Apr-09 S355B No flow, no sample collected. 
PIN 28-Apr-09 S12B No flow, no sample collected. 
PIN 28-Apr-09 S12C No flow, no sample collected. 
PIN 28-Apr-09 S12D No flow, no sample collected. 
PIN 28-Apr-09 S355A No flow, no sample collected. 
PIN 28-Apr-09 S355B No flow, no sample collected. 
EVPA 5-May-09 LOX3 Total depth = 0.0 m. No water available to sample. 
EVPA 5-May-09 LOX4 Total depth = 0.0 m. No water available to sample. 
EVPA 5-May-09 LOX5 Total depth = 0.0 m. No water available to sample. 
EVPA 5-May-09 LOX7 Total depth < 0.1 m.  No sample collected. 
EVPA 5-May-09 LOX8 Total depth < 0.1 m.  No sample collected. 

EVPA 5-May-09 LOX9 Total depth = 0.0 m. No water available to sample. 
EVPA 5-May-09 LOX10 Total depth = 0.0 m. No water available to sample. 

 2  
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Project Collection 
Date Station Comments 

PIN 5-May-09 S12B No flow, no sample collected. 
PIN 5-May-09 S12C No flow, no sample collected. 
PIN 5-May-09 S12D No flow, no sample collected. 
EVPA 6-May-09 LOX6 Total depth < 0.1 m.  No sample collected. 
EVPA 6-May-09 LOX11 Total depth < 0.1 m.  No sample collected. 
EVPA 6-May-09 LOX13 Total depth < 0.1 m.  No sample collected. 
EVPA 6-May-09 LOX14 Total depth < 0.1 m.  No sample collected. 
EVPA 6-May-09 LOX15 Total depth < 0.1 m.  No sample collected. 
EVPA 6-May-09 LOX16 Total depth < 0.1 m.  No sample collected. 
PIN 12-May-09 S12B No flow, no sample collected. 
PIN 12-May-09 S12C No flow, no sample collected. 
PIN 12-May-09 S12D No flow, no sample collected. 
PIN 12-May-09 S355A No flow, no sample collected. 
PIN 12-May-09 S355B No flow, no sample collected. 
PIE 18-May-09 BERMB3 Site dry, no sample collected 
PIN 19-May-09 S12B No flow, no sample collected. 
PIN 19-May-09 S12C No flow, no sample collected. 
PIN 19-May-09 S12D No flow, no sample collected. 
PIN 19-May-09 S355A No flow, no sample collected. 
PIN 19-May-09 S355B No flow, no sample collected. 
PIN 27-May-09 S12B No flow, no sample collected. 
PIN 27-May-09 S12C No flow, no sample collected. 
PIN 27-May-09 S12D No flow, no sample collected. 
PIN 27-May-09 S355A No flow, no sample collected. 
PIN 27-May-09 S355B No flow, no sample collected. 
EVPA 1-Jun-09 LOX3 Total depth < 0.1 m.  No sample collected. 
EVPA 1-Jun-09 LOX5 Total depth < 0.1 m.  No sample collected. 
PIE 1-Jun-09 BERMB3 Total depth < 0.1 m.  No sample collected. 
PIN 2-Jun-09 S12B No flow, no sample collected. 
PIN 2-Jun-09 S12C No flow, no sample collected. 
PIN 2-Jun-09 S12D No flow, no sample collected. 
PIN 9-Jun-09 S12B No flow, no sample collected. 
PIN 9-Jun-09 S12C No flow, no sample collected. 
PIN 9-Jun-09 S355B No flow, no sample collected. 
PIE 15-Jun-09 BERMB3 Total depth ~ 0.1 m.  No sample collected. 
PIN 16-Jun-09 S12B No flow, no sample collected. 
PIN 16-Jun-09 S12C No flow, no sample collected. 
PIN 16-Jun-09 S355A No flow, no sample collected. 
PIN 16-Jun-09 S355B No flow, no sample collected. 
PIN 23-Jun-09 S12B No flow, no sample collected. 
PIN 23-Jun-09 S12C No flow, no sample collected. 
PIN 23-Jun-09 S355A No flow, no sample collected. 
PIN 23-Jun-09 S355B No flow, no sample collected. 
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Project Collection 
Date Station Comments 

PIN 30-Jun-09 S12B No flow, no sample collected. 
PIN 30-Jun-09 S12C No flow, no sample collected. 
PIN 30-Jun-09 S355A No flow, no sample collected. 
PIN 30-Jun-09 S355B No flow, no sample collected. 

 Note: The following changes (italicized above) were made to Table 1 on 10/12/09: 
 Total flow < 0.1 m replaced with total depth for project EVPA, collected 5-May-09, station LOX8 
 No flow replaced with total depth < 0.1 m for project PIE, collected 15-Jun-09, station BERMB3  
 

FIELD QUALITY CONTROL 

Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks 
(FCEB), split samples (SS), and replicate samples (RS). Table 2 summarizes EB and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. Table 3 summarizes the field precision results and shows that the field 
sampling precision was acceptable for all three projects.  

 

 

Table 2. Field and equipment blank results 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EB 
EVPA 3 0 100 0 
PIE 1 0 100 0 
PIN 1 0 100 0 

FCEB 
EVPA 9 0 100 0 
PIE 14 0 100 0 
PIN 12 0 100 0 

• Only blanks for sampling events from samples collected at stations 
listed in the Introduction are included in this analysis. 

• Blanks for TP, which were associated with a short-term auto-sampler 
project at some TOC stations, are not included in this analysis. 

• FCEB and EB acceptance criteria must be less than the method 
detection limit (MDL). 

• When sample concentrations are less than ten times the resulting 
blank values, “J9” is added. 
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Table 3. Field precision summary  

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD 

Average 
Value 
(mg/L)  

Comments 

PIN 1 8-Apr-2009 3.6 0.028 Precision criteria were met
PIE 1 6-Apr-2009 12.4 0.005 Precision criteria were met

EVPA 1 1-Jun-2009 5.6 0.010 Precision criteria were met
• Only replicates for sampling events from samples collected at stations 

listed in the Introduction are included in this analysis. 
• The District’s chemistry laboratory conducted all TP analyses. 
• Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values were greater than the practical 
quantitation limit (PQL), which is four times the MDL. 

 

FIELD AUDIT 

During the second quarter, no field audits were conducted related to the TOC water quality 
stations. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 
The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 

Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from April 1, 2009, through June 30, 2009. 
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Figure 1. QC (laboratory control sample) recoveries for TP analysis. 
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Figure 2. QC (laboratory control sample) recoveries for TP analysis. 
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Figure 3. QC (continuing calibration verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (Method Detection Limit check) sample recoveries for TP analysis. 
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Tables 4 and 5 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted, the samples have exceeded the required 
holding times, and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 

 

 8  

Table 4. TP Precision (%) Data. Table 5. TP Spike Recovery (%) Data.

Acceptance Limit <10 Acceptance Limit 90 – 110 

Analytical Range: 0.002-0.400 mg/L Analytical Range: 0.002-0.400 mg/L 

Maximum 9.2 90 Minimum 

Mean 1.6 110 Maximum 

Standard Deviation 1.6 99.6 Mean 

3xSD 4.9 3.7 Standard Deviation 

UCL 6.5 11.0 3xSD 

n 254 89 LCL 

111 UCL UCL Upper Control Limit 
n Number of data points 

255 n  
LCL Lower Control Limit 
UCL Upper Control Limit 
n Number of data points 

 
 
 
 
 

Recoveries for the QC samples are within ±10 percent from the true value, which is 
acceptable. The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, 
had mean recoveries of 103.4 percent. The daily MDL check results indicate that the laboratory 
has consistently achieved the established MDL of 0.002 mg/L. An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix 
spikes, the mean recovery for which was 99.6 percent. 
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ESTIMATION OF ANALYTICAL MEASUREMENT UNCERTAINTY 

The estimated analytical uncertainty for total phosphorus conducted by the District laboratory 
for the last quarter was determined to be 3.7 percent (with a 95 percent confidence level). This 
result applies to the analytical process and does not include uncertainty attributed to field 
sampling activities (e.g., sample collection and sample location effects). Figure 5 is presentedis 
present to clarify the concept of MDL and Practical Quantitation Limit (PQL) of a measurement 
process. 
 

 
Figure 5. Uncertainty of TP measurement close to the detection limit. 
 
METHOD DETECTION LIMIT AND PRACTICAL QUANTITATION 
LIMIT 

MDL checks are routinely analyzed with each analytical run. From April 1 to June 30, 2009, 
125 results for MDL checks were reported for total phosphorus measurements. The calculated 
MDL from these results was determined to be 1.0 µg/L, using the procedure described in 40 CFR 
136 Appendix B and the calculated PQL for this period was 4.0 µg/L. At this concentration, the 
relative uncertainty in the measured value is estimated to be ±30 percent at the 95 percent 
confidence level3. The reported values between the MDL and PQL are assigned the “I” qualifier, 
indicating the uncertainty is sufficiently high that the reported values should be considered an 
estimate of the actual concentration. 
 

                                                           
3 Taylor, J.K. 1987. Quality Assurance of Chemical Measurements (1987) Lewis Publishers, Chelsea, MI.  
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INTER-LABORATORY QUALITY-CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits conducted between the FDEP and the District’s 
laboratory from June 2008 to June 2009 (see Appendix A) provided the data used in this 
analysis. Figures 6 presents regression analysis of all data, and Table 6 presents summary 
statistics for the data pairs. 

ALL DATA  

Figure 6 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 value (Rsquare) is 
0.335. The intercept of the regression is not statistically different from zero since the 95 percent 
confidence interval for intercept contains zero. The slope of the regression is not different from 
one statistically since the 95 percent confidence interval for slope contains one.  

Table 6 shows that the mean difference (-0.0004 mg/L) and median difference (0.000 mg/L) 
was statistically insignificant. The paired t-test and signed-rank test yielded p-values of 0.551 and 
0.613, respectively.   

 
Figure 6. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

There was only one data pair in this range where the TP ≥ 0.020 mg/L. The comparison of 
concentration at this level is not possible. 

TP < 0.020 mg/L 

All results for this analysis fell into the TP < 0.020 mg/L range. The results for all “All Data” 
range are comparisons of concentration at this level.  

In summary, the differences for all TP levels were below the MDL for both laboratories and 
the difference was statistically insignificant in both; the sign-rank test (p>0.05) for non-normally 
distributed paired data and linear regression.  

 

 
 

Table 6. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 18 0.010 0.008 
District 18 0.009 0.008 

Statistical Test of Hypotheses 
All Data Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences -0.0004 Mean of Differences = 0 Student's t 0.613 
Median of 
Differences 0.000 Median of Differences = 0 Signed Rank 0.551 

Notes: 

• Differences calculated as District TP minus FDEP TP. The mean and median differences for all 
concentration levels are at or below the MDL. 

•  (0.004 mg/L). Data were not used if FDEP value was below FDEP’s detection limit
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National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing on environmental samples on a semiannual basis. The results for the District’s laboratory 
from the most recent proficiency testing study (April to May 2009) are shown in Table 8. 

 

Table 8. Proficiency testing WP-171 study for TP 
Assigned Value 3.97 mg/L 

Reported Value 4.08 mg/L 

Acceptance Limits 3.24 – 4.75 mg/L 
Performance Evaluation Acceptable  
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general terminology used for analyte-free water that is processed 
onsite through all sampling equipment used in routine sample processing. May be an 
assessment of effectiveness of laboratory decontamination or on-site (field) 
decontamination (FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA 
Project, and Everglades Round Robin, June 2008−June 2009. 

Sample Date District FDEP %RPD/Comments 

EVPA 11-Jun-08 0.010 0.012 18.2 

EVPA 12-Jun-08 0.008  0.017 72.0 

EVPA 12-Jun-08 0.006 (I) 0.006 (I) <PQL 

EVPA 12-Jun-08 0.010 0.008 (I) <PQL 

EVPA 18-Sep-08 0.007 (I) 0.007 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.009 0.007 (I) <PQL 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.004 (I) <0.004 (U) <PQL 

EVPA 09-Mar-09 0.005* (I) 0.012* Y <PQL 

EVPA 09-Mar-09 0.006 (I) 0.014 80.0 

EVPA 09-Mar-09 0.006 (I) 0.007 (I) <PQL 

EVPA 10-Mar-09 0.011 0.012 8.7 

EVPA 02-Jun-09 0.020 0.019 5.1 

EVPA 02-Jun-09 0.012 0.010  18.2 

EVPA 02-Jun-09 0.012 0.011 8.7 

EVPA 02-Jun-09 0.010 0.008 (I) <PQL 

*Result not included in the statistical evaluation due to improper sample preservation (qualifier code “Y”)  

Qualifier codes: 

 I: indicates that the reported value is greater than or equal to the MDL but less than PQL 

 U: indicates that the compound was analyzed for but not detected 

SFWMD: Actual MDL = 0.002 mg/L and PQL = 0.008 mg/L    
FDEP: Actual MDL = 0.004 mg/L and PQL = 0.010 mg/L 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects and their associated stations from July 1, 2009, through September 30, 
2009: 

• Everglades National Park Inflows North (PIN): S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE): S332DX, S18C, DS2, DS4, and BermB3 

• Everglades Protection Area (EVPA): LOX3 through LOX16 

Because field quality control (QC) samples are collected for trips that include multiple project 
samples for the stations of interest, the report may also cover information on stations or projects 
other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System (LIMS) provided the data used in 
this report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA project) with the Florida Department of Environmental Protection (FDEP) for a one-
year period. The report also includes the results of the U.S. Geological Survey Analytical 
Evaluation Program for Standard Reference Samples of the laboratory’s performance and the 
results of the National Water Research Institute Environment Canada Ecosystem Inter-laboratory 
Proficiency Testing Program. 

 

                                                           
1 SFWMD. 2009. Field Sampling Quality Manual, Version 5.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2009. Chemistry Laboratory Quality Manual (Rev. No. 2009-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP sample collection. 

 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Twenty-five data points 
were missing (not collected) due to lack of flow or shallow water depth.  

 

Table 1. Missing data for July 1 to September 30, 2009. 

Project Collection 
Date Station Comments 

PIN 7-Jul-09 S12B Gates closed, no flow, no sample collected. 
PIN 7-Jul-09 S12C Gates closed, no flow, no sample collected. 
PIE 13-Jul-09 BERMB3 Insufficient depth to sample, thick algal mats on surface. 
PIN 14-Jul-09 S12B Gates closed, no flow, no sample collected. 
PIN 14-Jul-09 S12C Gates closed, no flow, no sample collected. 
PIN 14-Jul-09 S355A Gates closed, no flow, no sample collected. 
PIN 14-Jul-09 S355B Gates closed, no flow, no sample collected. 
PIN 21-Jul-09 S355A Gates closed, no flow, no sample collected. 
PIN 21-Jul-09 S355B Gates closed, no flow, no sample collected. 
PIN 28-Jul-09 S355A Gates closed, no flow, no sample collected. 
PIN 28-Jul-09 S355B Gates closed, no flow, no sample collected. 

PIE 10-Aug-09 BERMB3 Insufficient depth to sample, algae covered water 
surface. 

PIN 18-Aug-09 S355A Gates closed, no flow, no sample collected. 
PIN 18-Aug-09 S355B Gates closed, no flow, no sample collected. 
PIN 24-Aug-09 BERMB3 Insufficient depth to sample. 
PIN 25-Aug-09 S355A Gates closed, no flow, no sample collected. 
PIN 25-Aug-09 S355B Gates closed, no flow, no sample collected. 
PIN 9-Oct-09 S355A Gates closed, no flow, no sample collected. 
PIN 9-Oct-09 S355B Gates closed, no flow, no sample collected. 
PIN 15-Oct-09 S355A Gates closed, no flow, no sample collected. 
PIN 15-Oct-09 S355B Gates closed, no flow, no sample collected. 
PIN 22-Oct-09 S355A Gates closed, no flow, no sample collected. 
PIN 22-Oct-09 S355B Gates closed, no flow, no sample collected. 
PIN 29-Oct-09 S355A Gates closed, no flow, no sample collected. 
PIN 29-Oct-09 S355B Gates closed, no flow, no sample collected. 
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FIELD QUALITY CONTROL 

Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks 
(FCEB), split samples (SS), and replicate samples (RS). Table 2 summarizes EB and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. Table 3 summarizes the field precision results and shows that the field 
sampling precision was acceptable for two projects. The samples collected for PIE project on July 
13, 2009 failed the field precision. The associated samples were qualified but none of them were 
related to the stations of interest to the TOC. 

 

 

Table 2. Field and equipment blank results. 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EB 
EVPA 1 0 100 0 
PIE 1 0 100 0 
PIN 1 0 100 0 

FCEB 
EVPA 11 0 100 0 
PIE 14 0 100 0 
PIN 13 0 100 0 

• Only blanks for sampling events from samples collected at stations 
listed in the Introduction are included in this analysis. 

• Blanks for TP, which were associated with a short-term auto-sampler 
project at some TOC stations, are not included in this analysis. 

• FCEB and EB acceptance criteria must be less than the method 
detection limit (MDL). 

• When sample concentrations are less than ten times the resulting 
blank values that were equal or greater than the MDL, “J9” is added. 

 
 

Note: The following changes (italicized above) were made to the FIELD QUALITY CONTROL 
section on 12/11/09:  
Replaced statement and added comments that the field sampling precision was acceptable for all three 
projects. 

   Added clarification that blank values that were equal or greater than the MDL, “J9” is added.  
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Table 3. Field precision summary.  

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD 

Average 
Value 
(mg/L)  

Comments 

PIN 1 7-Jul-09 6.2 0.009 Precision criteria were met 
PIE 1 13-Jul-09 39.2 0.029 Precision criteria were not met

EVPA 1 8-Sep-09 6.7 0.009 Precision criteria were met 
• Only replicates for sampling events from samples collected at stations 

listed in the Introduction are included in this analysis. 
• The District’s chemistry laboratory conducted all TP analyses. 
• Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values were greater than the practical 
quantitation limit (PQL), which is four times the MDL. 

 

FIELD AUDIT 

During the third quarter, one field audit of the PIN project was conducted related to the TOC 
water quality stations. 

The findings were: a) improper sample collection protocol which was resolved by the auditor 
on site, and b) the NIST-traceable thermometer had not been calibrated in the past year. This 
thermometer has been calibrated successfully since the audit took place. 

The corrective actions from this audit are complete.  After a review of the key deficiencies, it 
was determined the quality of the data were not affected. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 
The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. 

Figures 1 through 4 show the TP recoveries from various types and levels of QC samples at the 
District laboratory from July 1, 2009, through September 30, 2009. 
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Figure 1. QC (laboratory control sample) recoveries for TP analysis. 
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Figure 2. QC (laboratory control sample) recoveries for TP analysis. 
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Figure 3. QC (continuing calibration verification) sample recoveries for TP analysis. 
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Figure 4. QC5 (MDL check) sample recoveries for TP analysis. 
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Tables 4 and 5 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted, the samples have exceeded the required 
holding times, and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly. 
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Table 4. TP Precision Data. Table 5. TP Spike Recovery Data. 

Acceptance Limit <10 % 90 – 110 % Acceptance Limit 

Analytical Range: 0.002-0.400 mg/L Analytical Range: 0.002-0.400 mg/L 

Maximum 8.3 % 90 % Minimum 

Mean 1.6 % 110 % Maximum 

Standard Deviation 1.5 % 100.2 % Mean 

3xSD 4.6 % 3.7 % Standard Deviation (SD) 

UCL 6.2 % 11.1 % 3xSD 

n 396 89 % LCL 

111 % UCL UCL Upper Control Limit (Calculated) 
n Number of data points 

398 n  

  LCL Lower Control Limit (Calculated) 
UCL Upper Control Limit (Calculated) 
n Number of data points  

 
 
 

Recoveries for the QC samples are within ±10 percent of the true value, which is acceptable. 
The Method Detection Limit (MDL) check (QC5), with a true value of 0.004 mg/L, had mean 
recoveries of 100 percent. The daily MDL check results indicate that the laboratory has 
consistently achieved the established MDL of 0.002 mg/L. An organic check is a solution 
prepared from phytic acid, which is a stable form of organic phosphate used to prepare matrix 
spikes, the mean recovery for which was 100.2 percent. 
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ESTIMATION OF ANALYTICAL MEASUREMENT UNCERTAINTY 

The estimated analytical uncertainty for total phosphorus conducted by the District laboratory 
for the last quarter was determined to be 6.2 percent (with a 95 percent confidence level). This 
result applies to the analytical process and does not include uncertainty attributed to field 
sampling activities (e.g., sample collection and sample location effects). Figure 5 is presented to 
clarify the concept of MDL and Practical Quantitation Limit (PQL) of a measurement process. 
 

 
Figure 5. Uncertainty of TP measurement close to the detection limit. 

 
 
METHOD DETECTION LIMIT AND PRACTICAL QUANTITATION 
LIMIT 

MDL checks are routinely analyzed with each analytical run. From July 1 to September 30, 
2009, 156 results for MDL checks were reported for total phosphorus measurements. The 
calculated MDL from these results was determined to be 0.9 µg/L, using the procedure described 
in 40 CFR 136 Appendix B and the calculated PQL for this period was 3.6 µg/L. At this 
concentration, the relative uncertainty in the measured value is estimated to be ±30 percent at the 
95 percent confidence level3.  

The reported values between the MDL (established) and PQL are assigned the “I” qualifier, 
indicating the uncertainty is sufficiently high that the reported values should be considered an 
estimate of the actual concentration. 
 

                                                           
3 Taylor, J.K. 1987. Quality Assurance of Chemical Measurements (1987) Lewis Publishers, Chelsea, MI.  
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INTER-LABORATORY QUALITY CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits conducted between the FDEP and the District’s 
laboratory from September 2008 to September 2009 (see Appendix A) provided the data used in 
this analysis. Figure 6 presents regression analysis of all data, and Table 6 presents summary 
statistics for the data pairs. 

ALL DATA  

Figure 6 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 (R-square) value is 
0.402. The intercept of the regression is not statistically different from zero since the 95 percent 
confidence interval for intercept contains zero. The slope of the regression is not different from 
one statistically since the 95 percent confidence interval for slope contains one.  

Table 6 shows that the mean difference (0.0003 mg/L) and median difference (0.0005 mg/L) 
are statistically insignificant. The paired t-test and signed-rank test yield p-values of 0.639 and 
0.148 respectively.   

 
Figure 6. Regression analysis for all TP data. 
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TP ≥ 0.020 mg/L 

There was only one data pair in this range where the TP ≥ 0.020 mg/L. The comparison of 
concentration at this level is not possible. 

TP < 0.020 mg/L 

All results for this analysis fell into the TP < 0.020 mg/L range. The results for all “All Data” 
range are comparisons of concentration at this level.  

In summary, the differences for all TP levels were below the MDL for both laboratories and 
the difference was statistically insignificant in both; the sign-rank test (p>0.05) for non-normally 
distributed paired data and linear regression.  

 

 
 

Table 6. Comparison of District and FDEP split TP samples. 

Summary Statistics 
Lab N Mean Median 

FDEP 18 0.009 0.008 
District 18 0.009 0.008 

Statistical Test of Hypotheses 
All Data Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.0003 Mean of Differences = 0 Student's t 0.639 
Median of 
Differences 0.0005 Median of Differences = 0 Signed Rank 0.148 

Notes: 

• Differences calculated as District TP minus FDEP TP. The mean and median differences for all 
concentration levels are at or below the MDL. 

•  (0.004 mg/L). Data were not used if FDEP value was below FDEP’s detection limit
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National Water Research Institute Environment Canada Ecosystem 
Inter-laboratory Proficiency Testing Program 

The objectives of this program are to assess and demonstrate reliability and quality of 
analytical measurements of inorganic parameters in natural waters. The results for the District’s 
laboratory from the most recent study (PT 94) are presented in Table 7 (June-September 2009). 
The District laboratory was rated on performance of TP as “Ideal” (highest) and the linear 
regression shows no systematic bias (Figure 7). 

The interpretation of a Z-value is based on the International Organization of Standardization 
(ISO), Guide 43. A Z-value < 2 is classified satisfactory, 2 > Z < 3 is questionable and Z > 3 is 
unsatisfactory. 

 

Table 7.  Performance in PT Study 94 for TP, June-September 2009 
 
Sample Number 1 2 3 4 5 6 7 8 9 10 

Assigned Value, mg/L 0.0910 0.008 0.345 0.055 0.225 0.004 0.0015 0.696 0.0200 0.158
Reported Results, mg/L 0.091 0.007 0.339 0.054 0.227 0.003 <0.002 0.706 0.019 0.154
Z-value 0.0 -0.4 -0.4 -0.2 0.1 -0.6 NA 0.3 -0.5 
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Figure 7.  Regression analysis of reported TP results 
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U.S. Geological Survey Analytical Evaluation Program 

The SFWMD’s laboratory participates in the semiannual U.S Geological Survey (USGS) 
performance evaluation program on environmental samples for the Comprehensive Everglades 
Restoration Plan (CERP). The results have been published in a final report to the CERP Quality 
Assurance Oversight Team. Evaluation of the results is based on the deviation (Z-value) from the 
median and percent difference.  Table 8 provides the results of the fall (June–September) 2009 
study. 

 

Table 8. USGS Performance Evaluation study for TP results. 

Sample I.D   Reported 
Result, mg/L 

Most Probable 
Value, mg/L Z-Value % Difference 

M-192 0.075 0.072 0.43 4.17 

N-103 0.299 0.293 0.46 2.05 
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general term used for analyte-free water that is processed on-site 
through all sampling equipment used in routine sample processing. May be an assessment 
of effectiveness of laboratory decontamination or on-site (field) decontamination 
(FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved, and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 

 13  
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APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA 
Project, September 2008−September 2009. 

Sample Date District FDEP %RPD/Comments 

EVPA 18-Sep-08 0.007 (I) 0.007 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 18-Sep-08 0.008  0.008 (I) <PQL 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.009 0.007 (I) <PQL 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.004 (I) <0.004 (U) <PQL 

EVPA 09-Mar-09 0.005* (I) 0.012* Y <PQL 

EVPA 09-Mar-09 0.006 (I) 0.014 80.0 

EVPA 09-Mar-09 0.006 (I) 0.007 (I) <PQL 

EVPA 10-Mar-09 0.011 0.012 8.7 

EVPA 02-Jun-09 0.020 0.019 5.1 

EVPA 02-Jun-09 0.012 0.010  18.2 

EVPA 02-Jun-09 0.012 0.011 8.7 

EVPA 02-Jun-09 0.010 0.008 (I) <PQL 

EVPA  8-Sep-09 0.007 (I) 0.007 (I) <PQL 

EVPA  9-Sep-09 0.008 0.006 (I) <PQL 

EVPA  9-Sep-09 0.007 (I) 0.004 (I) <PQL 

EVPA  8-Sep-09 0.009 0.007 (I) <PQL 

*Result not included in the statistical evaluation due to improper sample preservation (qualifier code “Y”)  

Qualifier codes: 

 I: indicates that the reported value is greater than or equal to the MDL but less than PQL 

 U: indicates that the compound was analyzed for but not detected 

SFWMD: Actual MDL = 0.002 mg/L and PQL = 0.008 mg/L    
FDEP: Actual MDL = 0.004 mg/L and PQL = 0.010 mg/L 
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INTRODUCTION 

This report is an assessment of the South Florida Water Management District (SFWMD or 
District) laboratory analysis and field sampling for total phosphorus (TP) monitoring, primarily 
for the following projects and their associated stations from October 1, 2009, through December 
31, 2009: 

• Everglades National Park Inflows North (PIN): S12A, S12B, S12C, S12D, S333, S355A, 
S355B, and S356 

• Everglades National Park Inflow East (PIE): S332DX, S18C, DS2, DS4, and BermB3 

• Everglades Protection Area (EVPA): LOX3 through LOX16 

 Because field quality control (QC) samples are collected for sampling events that include 
multiple project samples for the stations of interest, the report may also cover information on 
stations or projects other than those in the above list. 

The District’s Field Sampling Quality Manual1 provides the minimum requirements followed 
in field sample collection. The Chemistry Laboratory Quality Manual2 provides the minimum 
requirements followed in preparing and analyzing laboratory samples, as well as data verification 
and validation. The Field Sampling Quality Assessment and Laboratory Analysis Quality 
Assessment sections in this report provide the field and laboratory QC results during this quarter. 
The SFWMD’s Laboratory Information Management System (LIMS) provided the data used in 
this report. These data are considered preliminary until release into the District’s DBHYDRO 
database. 

Additionally, this report includes an analysis of the District laboratory’s performance on the 
split (EVPA) and inter-laboratory studies with the Florida Department of Environmental 
Protection (FDEP) for a one-year period.  The report also includes the results of the National 
Proficiency Testing Program, which is designed to evaluate the laboratory’s performance through 
analysis of unknown samples provided by an external source. Proficiency testing is one of the 
essential elements of the National Environmental Laboratory Accreditation Program (NELAP) 
accreditation process. 

 

                                                           
1 SFWMD. 2009. Field Sampling Quality Manual, Version 5.0. South Florida Water Management District, 
Water Quality Monitoring Division and Quality Assurance Staff. West Palm Beach, FL. 
 
2 SFWMD. 2009. Chemistry Laboratory Quality Manual (Rev. No. 2009-01). South Florida Water 
Management District, Water Quality Monitoring Division, Environmental Resource Assessment 
Department. West Palm Beach, FL. 
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FIELD SAMPLING QUALITY ASSESSMENT 

PROCEDURE UPDATES 

This period had no major procedural updates related to TP sample collection. 

 

MISSING DATA 

Table 1 presents the list of missing data for this reporting period. Twenty nine data points 
were missing (not collected) due to lack of flow or shallow water depth.  

 

Table 1. Missing data for October 1 to December 31, 2009. 

Project Collection 
Date Station Comments 

PIN 14-Oct-09 S355A No flow, no sample collected. 
PIN 14-Oct-09 S355B No flow, no sample collected. 
PIE 19-Oct-09 BERMB3 No flow, no sample collected. 
PIN 20-Oct-09 S355A No flow, no sample collected. 
PIN 20-Oct-09 S355B No flow, no sample collected. 
PIN 27-Oct-09 S355A No flow, no sample collected. 
PIN 27-Oct-09 S355B No flow, no sample collected. 
PIN 9-Nov-09 S355A No flow, no sample collected. 
PIN 9-Nov-09 S355B No flow, no sample collected. 
PIE 16-Nov-09 BERMB3 No flow, no sample collected. 
PIN 17-Nov-09 S355A No flow, no sample collected. 
PIN 17-Nov-09 S355B No flow, no sample collected. 
PIN 24-Nov-09 S355A No flow, no sample collected. 
PIN 24-Nov-09 S355A No flow, no sample collected. 
PIE 30-Nov-09 BERMB3 No flow, no sample collected. 

EVPA 1-Dec-09 LOX3 Total depth < 0.1 m.  No sample collected. 

EVPA 1-Dec-09 LOX5 Total depth < 0.1 m.  No sample collected. 
EVPA 2-Dec-09 LOX6 EB,  Improper preservation 
PIN 8-Dec-09 S355A No flow, no sample collected. 
PIN 8-Dec-09 S355B No flow, no sample collected. 
PIE 14-Dec-09 BERMB3 No flow, no sample collected. 
PIN 15-Dec-09 S355A No flow, no sample collected. 
PIN 15-Dec-09 S355B No flow, no sample collected. 
PIN 22-Dec-09 S12B No flow, no sample collected. 
PIN 22-Dec-09 S12D No flow, no sample collected. 
PIN 22-Dec-09 S355A No flow, no sample collected 
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Project Collection 
Date Station Comments 

PIN 22-Dec-09 S335B No flow, no sample collected 
PIN 29-Dec-09 S355A No flow, no sample collected 
PIN 29-Dec-09 S335B No flow, no sample collected 

 

FIELD QUALITY CONTROL 

Field QC measures consist of equipment blanks (EB), field-cleaned equipment blanks 
(FCEB), split samples (SS), and replicate samples (RS). Table 2 summarizes EB and FCEB 
results for projects of interest to the Technical Oversight Committee (TOC), as referenced in the 
table footnotes below. Table 3 summarizes the field precision results and shows that the field 
sampling precision was acceptable for all three projects.  

Table 2. Field and equipment blank results. 

Type of 
Blank Project 

Number of 
Blanks 

Collected

Number of 
Detected 
Blanks 

% < 0.002 
mg/L 

% ≥ 0.002  
mg/L 

EB 
EVPA 2 0 100 0 
PIE 1 0 100 0 
PIN 1 0 100 0 

FCEB 
EVPA 10 0 100 0 
PIE 14 0 100 0 
PIN 13 0 100 0 

 
• Only blanks from sampling events containing samples collected at stations listed 

in the Introduction are included in this analysis.  The QC may have been 
collected during the sampling event on the day adjacent to the collection date for 
the compliance samples. 
 

• Blanks for TP, which were associated with a short-term auto-sampler 
project at some TOC stations, are not included in this analysis. 

• FCEB and EB acceptance criteria must be less than the method 
detection limit (MDL). 

• When sample concentrations are less than ten times the resulting 
blank values that were equal or greater than the MDL, “J9” is added. 

 
 

Table 3. Precision Summary for Field Replicates.  

Project 
Code 

Number of 
Triplicates 

Date 
Collected 

% 
RSD 

Average 
Value 
(mg/L)  

Comments 

PIN 1 8-Oct-09 6.2 0.009 Precision criterion were met
PIE 1 5-Oct-09 10.8 0.005 Precision criterion were  met

EVPA 1 1-Dec-09 6.2 0.009 Precision criterion were met
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• Only replicates from sampling events containing samples collected at stations 

listed in the Introduction are included in this analysis. The QC may have been 
collected during the sampling event on the day adjacent to the collection date for 
the compliance samples. 

 
• The District’s chemistry laboratory conducted all TP analyses. 
• Field precision acceptance criterion must be ≤ 20%. The laboratory 

applied this criterion only if sample values were greater than the practical 
quantitation limit (PQL), which is four times the MDL. 

 

FIELD AUDIT 

During the fourth quarter, no field audits were conducted related to the TOC water quality 
stations. 
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LABORATORY ANALYSIS QUALITY ASSESSMENT 

PROCEDURE UPDATES 
The TP analytical procedure did not change during this reporting period. 

LABORATORY QUALITY CONTROL 
Routine laboratory QC samples include QC checks, matrix spikes, and precision checks. Figures 
1 through 6 show the TP recoveries from various types and levels of QC samples at the District 
laboratory from October 1, 2009, through December 31, 2009 

 

 
Figures 1a and 1b.  QC (Laboratory Control Solution) Sample Recoveries and Histogram. 

 

 
Figures 2a and 2b.  QC (Laboratory Control Solution) Sample Recoveries and Histogram. 
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Figures 3a and 3b.  QC (Continuing Calibration Verification Solution) Sample Recoveries and 
Histogram. 

 

 
Figures 4a and 4b.  QC5 (Method Detection Limit Check) Sample Recoveries and Histogram. 
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Figures 5a and 5b.  TP Precision (%) Relative Percent Different and Histogram 

 

 

 
Figures 6a and 6b.  TP Spike Recovery (%) Data and Histogram 

 

• ucl - Upper Control Limit 

• uwl - Upper Warning Limit 

• cl - Central Line 
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• lwl -  Lower Warning Limit 

• Lcl - Lower Control Limit 

Figures 5 and 6 present the precision and matrix spike recoveries for TP analyses during the 
reporting period. If QC recoveries are outside the set limits, then the District’s laboratory usually 
rejects the analytical batch. If any deficiencies are noted, the samples have exceeded the required 
holding times, and the laboratory cannot re-analyze the data, then the sample is qualified 
accordingly.

Recoveries for the QC samples are within ±10 percent of the true value, which is acceptable.  The 
daily Method Detection Limit (QC5) check with a true value of 0.004 mg/L indicates that the 
laboratory has consistently achieved the established MDL of 0.002 mg/L. An organic check is a 
solution prepared from phytic acid, which is a stable form of organic phosphate used to prepare 
matrix spikes, the mean recovery for which was 100.3 percent. 

 

ESTIMATION OF ANALYTICAL MEASUREMENT UNCERTAINTY 

The estimated analytical uncertainty for total phosphorus conducted by the District laboratory 
for the last quarter was determined to be 4.7 percent (with a 95 percent confidence level). This 
result applies to the analytical process and does not include uncertainty attributed to field 
sampling activities (e.g., sample collection and sample location effects). Figure 7 is presented to 
clarify the concept of MDL and Practical Quantitation Limit (PQL) of a measurement process. 
 

 
Figure 7. Uncertainty of TP measurement close to the detection limit. 
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METHOD DETECTION LIMIT (MDL) AND PRACTICAL 
QUANTITATION LIMIT (PQL) 

MDL checks are routinely analyzed with each analytical run. From October 1 to December 
31, 2009, 77 results for MDL checks were reported for total phosphorus measurements. The 
calculated MDL from these results was determined to be 1.0 µg/L, using the procedure described 
in 40 CFR 136 Appendix B and the calculated PQL for this period was 4.0 µg/L. At this 
concentration, the relative uncertainty in the measured value is estimated to be ±30 percent at the 
95 percent confidence level3.  

The reported values between the MDL (established) and PQL are assigned the “I” qualifier, 
indicating the uncertainty is sufficiently high that the reported values should be considered an 
estimate of the actual concentration. 
 

                                                           
3 Taylor, J.K. 1987. Quality Assurance of Chemical Measurements (1987) Lewis Publishers, Chelsea, MI.  
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INTER-LABORATORY QUALITY CONTROL ASSESSMENT 

Split Studies with FDEP Laboratory 

To continuously assess comparability of results, the District routinely sends split samples to 
other laboratories. The EVPA Quarterly Splits conducted between the FDEP and the District’s 
laboratory from December 2008 to December 2009 (see Appendix A) provided the data used in 
this analysis. Figure 8 presents regression analysis of all data, and Table 6 presents summary 
statistics for the data pairs. 

ALL DATA  

Figure 8 shows that the intercept is not statistically different from zero and the slope is not 
statistically different from one for all TP data from both laboratories. The r2 (R-square) value is 
0.349. The intercept of the regression is not statistically different from zero since the 95 percent 
confidence interval for intercept contains zero. The slope of the regression is not different from 
one statistically since the 95 percent confidence interval for slope contains one.  

Table 6 shows that the mean difference (0.000 mg/L) and median difference (0.001 mg/L) 
are statistically insignificant. The paired t-test and signed-rank test yield p-values of 1.00 and 
0.455 respectively.   

 
Figure 8. Regression Analysis for all TP Data. 
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TP ≥ 0.020 mg/L 

There was only one data pair in this range where the TP ≥ 0.020 mg/L. The comparison of 
concentration at this level is not possible. 

TP < 0.020 mg/L 

All results for this analysis fell into the TP < 0.020 mg/L range. The results for all “All Data” 
range are comparisons of concentration at this level.  

In summary, the differences for all TP levels were below the MDL for both laboratories and 
the difference was statistically insignificant in both; the sign-rank test (p>0.05) for non-normally 
distributed paired data and linear regression.  

 

 
 

Table 6. Comparison of District and FDEP split TP samples. 

All Data 

Summary Statistics 
Lab N Mean Median 

FDEP 16 0.009 0.008 
District 16 0.009 0.008 

Statistical Test of Hypotheses 
Summary of Paired 

Differences Hypothesis Test P-value 

Mean of 
Differences 0.000 Mean of Differences = 0 Student's t 1.000 
Median of 
Differences 0.001 Median of Differences = 0 Signed Rank 0.455 

Notes: 

• Differences calculated as District TP minus FDEP TP. The mean and median differences for all 
concentration levels are at or below the MDL. 

• Data were not used if FDEP value was below FDEP’s detection limit (0.004 mg/L). 
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National Proficiency Testing Program 

As a requirement for laboratory certification, the District’s laboratory performs proficiency 
testing on environmental samples on a semiannual basis. The result for the District’s laboratory 
from the most recent proficiency testing study (October to November 2009) are shown in Table 
7. 

Table 7. Proficiency testing WP-177 study for TP 
Assigned Value 5.43 mg/L 

Reported Value 5.82 mg/L 

Acceptance Limits 4.46 – 6.46 mg/L 
Performance Evaluation Acceptable  
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GLOSSARY 

Accuracy. The agreement between the actual obtained result and the expected result. QC-check 
samples, having known or “true” values, are used to test for the accuracy of a 
measurement system. 

Equipment Blank (EB). A general term used for analyte-free water that is processed on-site 
through all sampling equipment used in routine sample processing. May be an assessment 
of effectiveness of laboratory decontamination or on-site (field) decontamination 
(FCEB). 

Field Blank (FB). Analyte-free water that is poured directly into the sample container on site 
during routine collection, preserved, and kept open until sample collection is completed 
for the routine sample at that site. FB values are indicative of environmental 
contamination on site. 

Field Cleaned Equipment Blank (FCEB). Analyte-free water that is processed on-site, after the 
first sampling site, through all sampling equipment used in routine sample processing. EB 
values are indicative of the effectiveness of the decontamination process. 

Method Detection Limit (MDL). The smallest concentration of an analyte of interest that can be 
measured and reported with 99 percent confidence that the concentration is greater than 
zero. The MDLs are determined from the analysis of a sample in a given matrix, using 
accepted sampling and analytical preparation procedures, containing the analyte at a 
specified level. The MDL is determined by the protocol defined in section 40 CFR, Part 
136, Appendix B, as established by the U.S. Environmental Protection Agency. 

Practical Quantitation Limit (PQL). The smallest concentration of an analyte of interest that 
can be quantitatively reported with a specific degree of confidence. Generally, the PQL is 
12 times the standard deviation that is derived from the procedure used to determine the 
MDL, or can be assumed to be four times the MDL. 

Precision. The agreement or closeness between two or more results and is an indication that the 
measurement system is operating consistently and is a quantifiable indication of 
variations introduced by the analytical systems over a given time and field sampling 
period. 

Relative Percent Difference (RPD). A measure of precision, used when comparing two values. 
It is calculated as %RPD = [Value1–Value2]/Mean*100. 

Relative Standard Deviation (RSD). A measurement of precision, used when comparing more 
than two results. It is calculated as %RSD = [Std. Deviation/Mean]*100. 

Replicate Sample (RS). A second sample collected from the same source as the routine sample, 
using the same sampling equipment. RS data are compared to routine sample to evaluate 
sampling precision. 

Split Sample (SS). A second sample collected from the same sample obtained from the same 
sampling device. Results for SS are compared with routine sample results; agreement 
between these two results is mostly an indication of laboratory precision. 

Z-Value. A measure of the deviation of the result (Xi) from the assigned value (X) for that 
determinant (calculated as z = (Xi–X)/σ, where σ is a standard deviation) 
(EURACHEM). 



October ─ December 2009  Quality Assessment Report for Water Quality Monitoring 
        

 14  

APPENDIX A 

Results of TP split studies between the District and FDEP laboratories, EVPA 
Project, December 2008−December 2009. 

Sample Date District FDEP %RPD/Comments 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.009 0.007 (I) <PQL 

EVPA 09-Dec-08 0.007 (I) 0.005 (I) <PQL 

EVPA 09-Dec-08 0.004 (I) <0.004 (U) <PQL 

EVPA 09-Mar-09 0.005* (I) 0.012* Y <PQL 

EVPA 09-Mar-09 0.006 (I) 0.014 80.0 

EVPA 09-Mar-09 0.006 (I) 0.007 (I) <PQL 

EVPA 10-Mar-09 0.011 0.012 8.7 

EVPA 02-Jun-09 0.020 0.019 5.1 

EVPA 02-Jun-09 0.012 0.010  18.2 

EVPA 02-Jun-09 0.012 0.011 8.7 

EVPA 02-Jun-09 0.010 0.008 (I) <PQL 

EVPA  8-Sep-09 0.007 (I) 0.007 (I) <PQL 

EVPA  9-Sep-09 0.008 0.006 (I) <PQL 

EVPA  9-Sep-09 0.007 (I) 0.004 (I) <PQL 

EVPA  8-Sep-09 0.009 0.007 (I) <PQL 

EVPA  2-Dec-09 0.004 (I) <0.004** (U) <PQL 

EVPA  1-Dec-09 0.008 0.011** 31.6 

EVPA  2-Dec-09 0.004 (I) <0.004** <PQL 

EVPA  2-Dec-09 0.007 (I) 0.009** (I) <PQL 

*Result not included in the statistical evaluation due to improper sample preservation (qualifier 
code “Y”)  

** Equipment blanks (EB) associated with this result was improperly preserved 

Qualifier codes: 

 I: indicates that the reported value is greater than or equal to the MDL but less than PQL 

 U: indicates that the compound was analyzed for but not detected 

SFWMD: Actual MDL = 0.002 mg/L and PQL = 0.008 mg/L    
FDEP: Actual MDL = 0.004 mg/L and PQL = 0.010 mg/L 
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