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1 Introduction 

This report was prepared as a component of the Horse Creek Stewardship Program (HCSP).  The HCSP 
plan document requires that an “impact assessment” be conducted for any trigger level exceedances or 
water quality trends found while preparing the annual HCSP report.  However, Mosaic has agreed in 
principle that it is a good idea to provide impact assessments proactively as requested by staff for the 
Peace River Manasota Regional Water Supply Authority (PRMRWSA) based on monthly monitoring data 
not yet incorporated into an annual report. 

As part of the HCSP, Mosaic monitors four locations monthly on Horse Creek for a number of water 
quality parameters.  Most of the monitored parameters have trigger levels or thresholds that are used by 
all parties to determine if water quality conditions warrant further investigation as per the HCSP 
agreement or is acceptable and requiring no further action.  The trigger level for total nitrogen (TN) is 
exceeded if concentrations are observed above 3 mg/L; at the time of the initiation of the HCSP there was 
no Class III Standard for TN so one was determined based on historical high concentrations in the basin.   

This impact assessment is related to the event in June 2017, where TN at HCSW-4 at State Road 72 
exceeded the trigger level at a concentration of 4.63 mg/L.  This reported measurement is the only known 
exceedance of TN at HCSW-4 since the implementation of the HCSP. 

Mosaic’s two NPDES outfalls, WIN-004 (previously known as FTG-004) and FTG-003, both discharge to 
Horse Creek upstream of HCSW-1.  The WIN-004 outfall was not discharging to Horse Creek during the 
June 19, 2017 sampling event (or the previous five months); the last discharge from that outfall was from 
March 1 to December 8, 2016.  There has been no discharge from FTG-003 since July 2009. 

The HCSP TN sampling data are presented below.  Additional TN measurements that were recorded by 
other agencies during HCSP monthly sampling events through July 2017 are also included. 
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2 Total Nitrogen Background 

Total Nitrogen is a nutrient necessary for the growth of plants and animals and can often be found in 
excess in waterways impacted by wastewater treatment, surrounding agricultural lands, industrial 
discharges, and runoff from fertilized lawns.  TN is a summation of organic and inorganic forms of 
nitrogen measured in water bodies by means of adding measured values of total Kjeldahl nitrogen (TKN) 
and nitrate-nitrite (NOX).  TN is within acceptable ranges between 2 and 6 mg/L (US EPA 2013). 

Under the recently approved state numeric nutrient standards, to avoid being listed as impaired for 
nutrients, a stream must pass a combination of biological and/or numerical criteria.  According to 62-302 
and 62-303 F.A.C., biological and nutrient data collected during the HCSP at HCSW-1 indicate no nutrient 
impairment (Robbins and Huelster 2017).  According to the FDEP NNC Implementation Document and 
62-302.531(2)(c), streams without site-specific criteria have achieved the nutrient criteria from 62-
302.530(47)(b), F.A.C. if: 

• There is no imbalance in flora and fauna based on chlorophyll a levels, algal mats or bloom, 
nuisance macrophyte growth, or changes in algal species composition; AND EITHER 

• The average score of two temporally independent (90 days) SCIs is ≥ 40, with neither of the two 
most recent SCIs < 35, OR 

• The Nutrient Thresholds (0.49 mg/L TP and 1.65 mg/L TN for Horse Creek) expressed as annual 
geometric means are not exceeded more than once in a 3 year period. 
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3 Results and Discussion 

3.1 History of Total Nitrogen at HCSW-4 
Water quality data was collected by Mosaic monthly from April 2003 through July 2017 at all four HCSP 
locations.  Horse Creek at State Road 72 was also sampled by the Southwest Florida Water Management 
District (SWFWMD).  Table 1 shows summary statistics for TN as measured at all four HCSP stations 
(including SWFWMD data at SR72).  TN has previously never been above the trigger level of 3 mg/L at 
HCSW-4, although it has been measured above 3 mg/L at HCSW-2 and HCSW-3 in the past, some of 
those exceedances were assumed to be erroneous and removed from the data set (see HCSP TAG – 
Decision Memo #1 – HCSP Erroneous and Outlier Data).  Table 2 shows all TN measurements recorded 
at each of the four HCSP monthly monitoring stations since the implementation of the Stewardship 
Program. 

Figures 1 to 4 show the pattern of TN at HCSP stations over time.  Figures 1 and 2 show the HCSP data 
time series of TN concentration at all four stations, with Figure 1 showing the period of record and Figure 
2 focusing on 2014 to July 2017.  Over the period of record, HCSW-4 generally follows the same peaks 
and valleys in TN concentrations as HCSW-2 and HCSW-3, but at a smaller magnitude (Figures 1 and 2).  
The TN peaks are generally in the wet season months of June to October (Figure 1), but do not always 
occur in the same month (Figures 3 and 4).  However, it is evident that TN concentrations at HCSW-4 are 
historically higher than those recorded at HCSW-1 (Figure 4); this can be attributed to the location of 
HCSW-4 in the Horse Creek basin.  HCSW-4 appears to receive more influence from agricultural runoff 
(from multiple upstream tributaries) than HCSW-1.  HCSW-1 is closer to the WIN-004 outfall and sees 
generally lower TN concentrations. 

The TN concentrations at HCSP monthly sampling station HCSW-4 were also compared as a time series 
to samples collected by the SWFWMD at Horse Creek at SR72 (Figure 5) and monthly box plot (Figure 
6).  The HCSP and SWFWMD TN concentrations are generally similar over the period of record, with 
SWFWMD data having slightly lower concentrations.  There may be some indication of a laboratory bias 
in TN concentrations from 2014 to 2016 between SWFWMD and HCSP data, but it is unlikely that the 
June 2017 HCSW-4 trigger exceedance is solely from such a small bias. 

Generally, the northern Horse Creek basin is covered more by natural vegetation, while the southern 
basin is covered mostly by pasture and row crops (SWFWMD 2000).  Small rural agricultural communities 
are located in and near the Horse Creek drainage basin including Fort Green, Ona, and Myakka Head in 
the northern portion of the basin; Limestone, Lily, and Edgeville in the approximate center of the basin; 
and Arcadia, Fort Ogden and Nocatee near the southern end of the basin (Post et al. 1999).  Agricultural 
land use more than doubles in acreage from above County Road 663 (HCSW-2) to above SR 72 (HCSW-
4).  Rangeland covers about the same percentage of land in the northern part of the basin and in the 
southern portion.  The percent upland forest and wetland cover also remains relatively constant in 
upstream and downstream sections of Horse Creek (SWFWMD 2000). 

Table 1. Summary statistics of Total Nitrogen levels at HCSP monthly sampling stations 
and SWFWMD at SR64 from April 2003 to July 2017. 

Summary Statistic 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 SWFWMD 

State Road 64 Goose Pond Rd State Road 70 State Road 72 State Road 72 
Minimum 0.23 0.13 0.06 0.26 0.46 
Median 1.13 1.40 1.31 1.42 1.17 
Mean 1.10 1.44 1.34 1.45 1.20 

Maximum 2.12 4.80 6.70 4.63 2.24 
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Table 2. All recorded Total Nitrogen levels at HCSP monthly sampling stations from April 2003 to July 2017. 

Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

State Road 64 Goose Pond Rd State Road 70 State Road 72 State Road 64 Goose Pond Rd State Road 70 State Road 72 

4/30/2003 1.23 1.29 1.39 1.49 6/22/2005 1.3 1.1 1 1.1 

5/27/2003 1.66 1.66 1.53 1.62 7/27/2005 0.44 0.51 0.66 0.83 

6/19/2003 1.81 1.69 1.82 1.7 8/23/2005 0.92 0.8 1.1 1.16 

7/14/2003 1.13 1.28 1.7 1.72 9/29/2005 0.98 1.02 1.42 1.4 

8/28/2003 1.28 1.07 1.32 1.37 10/27/2005 0.87 0.86 0.98 1.08 

9/25/2003 1.16 1.51 1.67 1.73 11/17/2005 0.8 0.94 1.12 1.23 

10/29/2003 1.26 1.5 1.79 1.65 12/20/2005 1.25 0.84 0.78 1.02 

11/20/2003 0.88 1.2 1.42 1.5 1/30/2006 0.59 0.83 1.01 1.12 

12/16/2003 1.03 1.22 1.46 2.36 2/23/2006 0.59 0.66 0.84 1.31 

1/29/2004 0.9 0.99 1.03 1.15 3/28/2006 0.42 0.13 0.58 1.38 

2/24/2004 1.01 1.19 1.29 1.42 4/27/2006 0.34 0.66 0.32 0.26 

3/16/2004 1.52 1.3 1.35 1.37 5/25/2006  0.92  0.43 

4/14/2004 0.8 1.29 1.2 1.29 6/29/2006 1.05 1.1 0.65 1.64 

5/26/2004 1.3 1.6 1.3 1.7 7/27/2006 1.5 2.2 0.79 2.11 

6/29/2004 1.67 1.49 1.77 2.17 8/21/2006 1.2 1.8 1.6 1.77 

7/27/2004 1.8 1.9 1.8 2 9/27/2006 1.2 1.5 6.7** 1.41 

8/30/2004 2 2.6 3 2.7 10/19/2006 0.91 1.3 1.47 1.46 

9/29/2004 1.4 1.7 1.6 1.9 11/9/2006 0.67 1.4 0.97 1.2 

10/27/2004 1.4 1.6 1.8 1.8 12/13/2006 0.96 2 0.83 1.08 

11/18/2004 1.3 1.5 1.7 1.8 1/23/2007 0.77 1.4 1.2 1.39 

12/15/2004 0.93 0.59 0.8 0.45 2/14/2007 0.91 1.4 1.05 1.47 

1/26/2005 1.3 0.9 0.6 0.45 3/14/2007 0.52 2 0.82 0.93 

2/24/2005 0.5 0.66 0.77 0.97 4/25/2007 1.02 1.6 0.59 0.69 

3/30/2005 0.67 0.98 1.2 1.2 5/16/2007 0.23 1.6 0.57 1.04 

4/27/2005 0.69 0.6 0.66 0.86 6/20/2007 0.92 2.51 9.7* 0.78 

5/25/2005 0.76 0.97 0.95 0.99 7/18/2007 1.33 2.3 0.77 1.4 
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Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

State Road 64 Goose Pond Rd State Road 70 State Road 72 State Road 64 Goose Pond Rd State Road 70 State Road 72 

8/27/2007 0.97 1.7 0.94 0.96 11/3/2009 1.09 1.66 1.65 1.42 

9/26/2007 0.99 2.2 1.3 1.38 12/2/2009 0.85 1.76 1.26 0.94 

10/29/2007 1.21 2.73 1.8 1.91 1/5/2010 0.85 0.89 1.02 1.15 

11/29/2007 0.757 2.223 1.437 1.49 2/2/2010 1.29 1.11 1.36 1.54 

12/17/2007 0.772 2.125 1.225 2.1 3/3/2010 0.78 0.91 0.98 1.1 

1/30/2008 1.7 4.8** 1.5 2.04 4/6/2010 0.96 1.28 1.42 1.48 

2/26/2008 0.92 2.1 1.5 1.32 5/5/2010 1.09 1.3 1.17 1.21 

3/27/2008 1.6 1.3 1.6 1.21 6/2/2010 1.29 1.19 1.29 1.41 

4/23/2008 1.3 2.3 1.2 1 7/12/2010 1.7 1.78 2.43 2.31 

5/29/2008  0.3 1 0.91 8/3/2010 1.29 1.31 1.29 1.37 

6/26/2008 1.427 1.094 1.121 1.35 9/8/2010 1.47 1.27 1.23 1.51 

7/31/2008 2.12 2.21 2.06 2 10/6/2010 1.13 1.2 1.31 1.39 

8/26/2008 1.27 1.81 1.8 1.76 11/3/2010 0.66 1.52 1.35 1.53 

9/30/2008 1.43 1.73 0.059 1.59 12/7/2010 0.82 1.65 1.41 2.11 

10/16/2008 1.25 1.64 1.5 1.73 1/4/2011 0.64 1.46 1.96 2.29 

11/12/2008 0.48 1.72 1.21 1.23 2/3/2011 0.96 1.11 1.3 1.57 

12/4/2008 0.5 1.73 0.94 1.05 3/2/2011 1 1.47 1.37 1.6 

1/5/2009 0.37 1.79 0.69 0.844 4/5/2011 1.52 1.28 1.4 1.39 

2/2/2009 0.59 1.67 0.6 0.871 5/3/2011 0.67 1.27 1.43 1.24 

3/4/2009 0.49 1.56 1.11 0.84 6/8/2011    1.915 

4/1/2009 0.75 1.5 0.74 0.65 7/5/2011 1.434 1.57 1.18 1.05 

5/4/2009    0.53 8/16/2011 1.62 1.73 1.59 1.46 

6/3/2009 1.16 2.09 1.31 0.73 9/7/2011 1.58 1.6 1.51 1.63 

7/8/2009 1.01 1.34 1.46 1.47 10/24/2011 1.14 1.48 1.43 1.52 

8/5/2009 0.99 1.25 1.4 1.42 11/29/2011 0.94 1.23 1.26 1.37 

9/2/2009 1.13 1.08 1.16 1.47 12/21/2011 0.7 1.37 1.31 1.33 

10/7/2009 0.97 1.1 1.29 1.42 1/12/2012 0.56 1.67 1.53 1.62 
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Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

State Road 64 Goose Pond Rd State Road 70 State Road 72 State Road 64 Goose Pond Rd State Road 70 State Road 72 

2/2/2012 0.66 1.41 0.83 1.12 5/1/2014 0.956  1.005 1.18 

3/5/2012 0.56 1.36 0.61 1.2 6/3/2014 1.251  1.696 1.5 

4/2/2012 0.66 1.55 0.61 0.67 7/1/2014 1.147  1.314 1.78 

5/2/2012  1.93  0.72 8/6/2014 1.444 1.397 1.213 1.19 

6/5/2012 1.343  1.42 2.02 9/3/2014 1.534 1.666 1.707 1.61 

7/5/2012 1.821 2.812 2.026 2.12 10/6/2014 1.406 1.8 1.723 1.76 

8/2/2012 1.382 1.969 1.78 1.84 11/4/2014 1.081 1.212 1.458 1.58 

9/5/2012 1.149 1.475 1.586 1.76 12/2/2014 1.151 1.3 1.466 1.51 

10/10/2012 1.134 1.3776 1.381 1.55 1/7/2015 0.867 1.277 1.313 1.43 

11/6/2012 0.993 1.116 1.345 1.55 2/3/2015 0.552 0.669 0.904 1.09 

12/5/2012 0.724 1.231 1.186 1.51 3/5/2015 1.038 1.103 1.292 1.413 

1/9/2013 0.979 1.611 1.58 1.91 4/8/2015 0.826 1.33 0.907 1.023 

2/7/2013 0.72 1.49 1.052 1.37 5/11/2015  1.46 1.222 1.178 

3/6/2013 0.618 1.497 0.718 1.88 6/3/2015 1.376  1.311 1.686 

4/2/2013 0.611 1.658 0.591 1.67 7/6/2015 1.457 1.69 1.502 1.528 

5/1/2013 0.987 1.251 0.659 1.22 8/6/2015 1.336 1.47 1.434 1.583 

6/4/2013 1.272 1.824 1.086 1.83 9/2/2015 1.525 1.314 1.349 1.385 

7/2/2013 1.398 1.481 1.598 1.81 10/5/2015 1.522 1.55 1.766 1.755 

8/1/2013 1.411 1.996 1.556 1.7 11/3/2015 1.29 1.157 1.407 1.511 

9/4/2013 1.372 1.414 1.479 1.56 12/3/2015 1.24 1.588 1.588 1.722 

10/1/2013 0.974 1.152 1.424 1.33 1/25/2016 1.032 1.096 1.227 1.254 

11/4/2013 1.295 1.851 1.82 2.06 2/23/2016 1.179 1.214 3.500 1.505 

12/3/2013 1.001 1.747 1.36 1.68 3/7/2016 1.236 1.157 1.504 1.343 

1/2/2014 0.915  1.309 1.66 4/6/2016 1.146 0.993 1.474 1.411 

2/3/2014 1.015 1.508 1.95 2.69 5/5/2016 1.320 1.1 1.363 1.460 

3/3/2014 0.937 1.315 1.33 1.47 6/7/2016 1.975 2.039 1.672 1.240 

4/1/2014 0.882 1.168 1.293 1.39 7/7/2016 1.690 1.348 1.154 1.846 
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Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

Date 
HCSW-1 HCSW-2 HCSW-3 HCSW-4 

State Road 64 Goose Pond Rd State Road 70 State Road 72 State Road 64 Goose Pond Rd State Road 70 State Road 72 

8/4/2016 1.145 1.07 1.239 1.270 2/15/2017 1.097 1.19 1.372 1.422 

9/8/2016 1.188 1.16 1.294 1.578 3/7/2017 1.37  1.133 1.073 

10/18/2016 1.464 1.16 1.136 1.524 4/11/2017 1.366  1.331 1.34 

11/7/2016 1.170 1.08 1.427 1.568 5/10/2017     

12/13/2016 1.234 1.043 1.202 1.311 6/19/2017 2.00 1.644 2.309 4.63 

1/10/2017 1.434  1.547 1.638 7/17/2017 1.594 1.714 2.011 2.048 

* data removed based on conclusions from HCSP TAG – Decision Memo #1 – HCSP Erroneous and Outlier Data. 
** data has not been removed from the data set for analysis, but is most likely a lab error (Decision Memo #1 – HCSP Erroneous and Outlier Data) 
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Figure 1. Measured TN at HCSP monthly sampling stations from April 2003 to July 2017. 

 

 
Figure 2. Measured TN at HCSP monthly sampling stations from January 2014 to July 2017. 
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Figure 3. Box plot of TN measurements (grouped by month) collected at four HCSP monthly 

sampling stations from 2003 to 2017. 

 
Figure 4. Box plot of TN measurements (grouped by month) collected at HCSP monthly 

sampling stations HCSW-1 and HCSW-4 from 2003 to 2017. 
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Figure 5. Measured TN at HCSP monthly sampling station HCSW-4 and SWFWMD at SR72 

from January 2003 to July 2017. 

 
Figure 6. Multi-Box plot of TN measurements (grouped by month) collected at HCSP monthly 

sampling station HCSW-4 and by SWFWMD at SR72 from 2003 to 2017. 
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3.2 Total Nitrogen and Water Quantity 
For comparison purposes, all data collected at HCSW-1 and HCSW-4 by Mosaic were graphed alongside 
streamflow data collected by USGS at SR 72 and NPDES discharge data from Mosaic outfalls on Horse 
Creek.  High TN values are sometimes associated with months of higher streamflow (Figures 7 and 8).  
When TN at HCSW-1 and HCSW-4 was graphed against monthly rainfall totals, it appears that periods 
with higher rainfall totals, i.e. wet seasons, experienced higher TN concentrations while periods with drier 
conditions typically resulted in lower TN concentrations.  This increase in TN was likely caused by 
increased rainfall flushing nutrients from surrounding agricultural lands or wetlands into downstream water 
bodies (Figures 9 and 10).  With the exception of the June 2017 sample, the next highest TN 
measurement at HCSW-4 occurred in February 2014; that elevated concentration occurred during a 
sampling event that followed a previous 5-day rainfall total of around 1.5 inches (Figure 10). 

Starting in November 2016 and continuing through May 2017, there was approximately an inch of rainfall 
or less per month at the four Mosaic rain gauges (Figures 9 and 10) and no NPDES discharge (Figures 7 
and 8).  Then in June 2017, there was a total of 12.9 inches of rainfall on average at the three Mosaic 
gauges, with approximately 2.10 inches falling in three days prior to and including the day of the June 
2017 HCSW-4 sampling event.  The high monthly and 96-hour rainfall totals were enough to increase 
streamflow and runoff from surrounding land.  As a result of a heavy rainfall event following an extended 
period of dry conditions, TN concentrations recorded in June 2017 at HCSW-4 were elevated (Figures 7 
to 10).  NPDES discharge during June 2017 remained at zero, so NPDES discharge was not a factor in 
the higher June 2017 HCSW-4 TN concentration. 

  



Total Nitrogen Impact Assessment 
June 2017 Exceedance at HCSW-4 

December 2018  Cardno Results and Discussion   3-12 
June2017_TN_ImpactAssessment_Final_Revised_121718 

 
Figure 7. TN measurements at HCSP monthly sampling station HCSW-4 from April 2003 to 

July 2017, along with average monthly streamflow at SR72 and total NPDES 
discharge (Outfalls FTG-003 and WIN-004). 

 
Figure 8. TN measurements at HCSP monthly sampling stations HCSW-1 and HCSW-4 from 

January 2014 to July 2017, along with average monthly streamflow at SR72 and 
total NPDES discharge (Outfalls FTG-003 and WIN-004). 
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Figure 9. Measured TN at HCSP monthly sampling station HCSW-4 compared to average 

sum of monthly rainfall at all Mosaic rain gauges from April 2003 to July 2017. 

 
Figure 10. Measured TN at HCSP monthly sampling station HCSW-1 and HCSW-4 compared 

to average sum of monthly rainfall at all Mosaic rain gauges from January 2014 to 
July 2017. 
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4 Conclusions 

In June 2017, the TN HCSP trigger level (3 mg/L) was exceeded at HCSP monthly sampling station 
HCSW-4, the first exceedance for this site since the beginning of the Horse Creek Stewardship Program. 
In 2017, June TN concentrations were higher than the April concentrations (no May 2017 sample was 
collected) at all four HCSP stations and then decreased by over half during the July 2017 event.  In June 
2017, there was a heavy rainfall event immediately preceding the sampling event, which increase runoff 
and streamflow in Horse Creek.  This rainfall event, which followed an extended period of dry conditions, 
most likely caused the much higher than normal TN concentrations at all stations, and the trigger 
exceedance at HCSW-4.  Additionally, the southern part of the basin typically has higher TN levels than 
the upper basin.  The southern basin (between CR663 and SR72) also has a greater amount of 
agriculture land use, suggesting that higher agriculture land use could result in increased fertilizer use in 
this part of the watershed, potentially leading to higher TN concentrations.  Higher TN concentrations 
within Horse Creek typically coincide with higher rainfall totals, suggesting that the use of fertilizer in these 
areas can lead to higher TN concentrations through runoff. 

Because NPDES discharge to Horse Creek did not occur for approximately six months prior to the June 
2017 TN exceedance, it can be concluded that the exceedance in question was almost certainly due to 
high rainfall and runoff in the days preceding the sample.  The June 2017 TN exceedance at HCSW-4 
was not related to mining activities and raises no concern at this time. 
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