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Figure 5. Recycled water products in 2009 (A) public access areas, (B) industrial, (C) 

groundwater recharge, (D) agricultural irrigation, (E) wetlands recharge and other. 

In 2015, the most common use for recycled water was public access area irrigation at 419.82 

mgd (57% of total production), mostly distributed by South Florida WMD (43% at 179.48 mgd) 

(Figure 6A). Following the same trend as 2009, the next two largest categories of recycled water 

products was industrial reuse at 123.84 mgd (17% of state total) and groundwater recharge at 94.68 

mgd (13% of state total). Both were distributed most widely by South Florida WMD at 46.15 mgd 

(37% of production) and 48.79 mgd (52% of production), respectively (Figure 6B and 6C). 

Agricultural irrigation reuse totaled 64.69 mgd (9% of state total), a drop from 2009, with the largest 

proportion distributed by Northwest Florida WMD at 28.50 mgd (44%) (Figure 6D). Finally, water 

discharged to wetlands and other uses (which include toilet flushing and fire protection) was also 

reduced in 2015, totaling 35.12 mgd (5% of state total), with a majority (69% at 24.24 mgd) 

distributed by St. John’s River WMD (Figure 6E). 
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Figure 6. Recycled water products in 2015 (A) public access areas, (B) industrial, (C) 

groundwater recharge, (D) agricultural irrigation, (E) wetlands recharge and other. 

In both 2009 and 2015, Suwanee River WMD was the lowest-producing district with a total 

production of 9.39 mgd (1.4%) and 9.68 mgd (1.3%), respectively (Figures 7 and 8). ANOVA for 

2009 indicated significant differences (p < 0.05) in recycled water production between WMDs. 

Additional assessments with Tukey post-hoc tests indicated significant differences (p < 0.05) 

between South Florida and St. Johns River WMDs in 2009. While Suwannee River WMD had the 

lowest mean production at 0.34 mgd (per POTW) in 2009, it was not significantly different from the 

other WMDs. In 2015, ANOVA results again indicated significant differences (p < 0.05) in recycled 

water production between WMDs. Tukey post-hoc tests indicated significant differences (p < 0.05) 

between South Florida and St. Johns River, Southwest Florida, Northwest Florida, and Suwanee 

River, WMDs. Paired t-tests showed 2009 and 2015 volume of recycled water flow and WMDs were 

highly and positively correlated, r = 0.94, p = 0.05. Flow volume in 2015 increased significantly over 

2009, t372 = 1.939, p = 0.05, d = 0.1.  



51 

AIMS Environmental Science  Volume 6, Issue 1, 41–58. 

The 373 POTWs that generated recycled water products in both 2009 and 2015 were assessed for 

changes in production over time with a Wilcoxon signed-rank test which showed symmetrical 

distribution, as assessed by a histogram. Volume of flow was significantly higher for POTWs producing 

recycled water in 2015 compared to the production of those same POTWs in 2009, a statistically 

significant increase in median flow from 0.395 mgd in 2009 to 0.475 mgd in 2015, z = −1.973, p < 0.009. 

 

Figure 7. 2009 Florida total flow per district. 

 

Figure 8. 2015 Florida total flow per district. 
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KDE of flow volume identified hot spots near most major cities in both 2009 (Figure 9A) and 

2015 (Figure 9B). Dark areas indicate greatest production, whereas light areas may be areas with 

potential for increased production. To account for the size of the service area for each POTW, flow 

data were normalized by area served (Figure 9C,D), showing an increase in production per acre of 

service area around the Tampa area. To assess per capita recycled water production, flow data were 

normalized by average population served (Figure 9E,F). Per capita flow increased in urban areas 

from 2009 to 2015, suggesting that growth in recycled water production was concentrated in urban 

areas. One important observation is that this trend was not observed in the Miami area.  

 

Figure 9. 2009 Florida kernel density estimation for (A) and (B) flow, (C) and (D) 

flow/acres served, and (E) and (F) flow/population served. 



53 

AIMS Environmental Science  Volume 6, Issue 1, 41–58. 

4. Discussion 

Production of recycled water in Florida increased by a total of 63.88 mgd from 2009 to 2015. 

First, considering how distribution changed spatially, most of the increase in distribution occurred in 

South Florida WMD at 44.38 mgd (69%). This overall increase in South Florida WMD resulted from 

increases in recycled water for public access area irrigation (24.92 mgd) (Figure 10A), industrial 

reuse (20.17 mgd) (Figure 10D), and groundwater recharge (5.50 mgd) (Figure 10B). Most of the 

decrease in distribution occurred in Southwest Florida WMD with a drop in production of 1.68 mgd 

(3%). A slight increase was observed in Suwannee River WMD (0.29 or 0.5%), which was a region 

identified for potential increase in a prior study [4]. Tukey post-hoc tests indicated the recycled water 

production gains in South Florida WMD were significantly greater than gains in St. Johns River, 

Southwest Florida, and Suwanee River.  

 

Figure 10. 2015–2009 production differences based on classification type for (A) Public 

access areas, (B) groundwater recharge, (C) agricultural irrigation, (D) industrial uses, (E) 

wetlands recharge and other. 
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Second, considering first recycled water products, increases were seen in public access areas 

(38.44 mgd), groundwater recharge (7.96 mgd), and industrial reuse (32.21 mgd), all within the 

South Florida WMD (Figure 10). In contrast, a decrease in agricultural irrigation (10.87 mgd) 

occurred in South Florida WMD (Figure 10C), possibly due to changes in land use related to urban 

growth. Moreover, a decrease in recycled water used in wetlands reclamation (3.84 mgd) was 

observed in St. Johns River WMD (Figure 10E).  

Increase may be attributed to population and urban growth to meet water supply demand [34]. 

For example, in 2010 the City of Pompano in South Florida WMD began an ―I Can Water‖ 

campaign to connect single family homes to recycled water lines which would be used for public 

access area irrigation of lawns [34]. This campaign did not target commercial and multi-family 

dwellings because they were already mandated for connection to recycled water lines [34]. In 2008, 

the FDEP, WMD officers, utilities, and local governments met to discuss regulatory authorization of 

recycled water for consumptive use to optimize the use of recycled water [35]. In 2014, Senate Bill 

536 passed which covered ―expansion of beneficial use of reclaimed water, stormwater, and excess 

surface water‖ [36]. These meetings continued throughout 2016 and have impacted regulation and 

increased recycled water use [10]. 

KDE results indicated growth in recycled water production in major cities (Figure 11). Miami 

was a low production area in 2009 given its population but increased flow (mgd) was observed in 

2015 (Figure 11A). Miami was identified in a prior study [4] as an area primed for expansion, and 

while increased production addressed the gap in Miami, future population increase and saltwater 

intrusion suggests recycled water production is barely keeping pace, and greater use of recycled 

water will be necessary in the future. A 2007 Reuse Feasibility Study for Miami-Dade-County 

outlined multiple options for the use of reclaimed water county-wide, focusing on expected increases 

in wastewater discharges and options for reuse that incorporate existing infrastructure. The study 

recommended implementation of an Aquifer Recharge Pilot Project and the Coastal Wetlands 

Rehydration Demonstration Project to evaluate the process for recharging the Biscayne Bay Aquifer 

and application of reclaimed water to the surrounding wetlands [37]. This project, as of 2016, was 

still in the planning stages [38]. 

Normalizing recycled water production by acres (Figure 11B) indicated an increase in Tampa, 

Orlando, Fort Myers, and Jacksonville, suggesting that recent increases in recycled water production 

are concentrated in urban areas. Normalizing by average population (Figure 11C) showed a large 

increase in Orlando and minor increases in Tampa and Fort Myers. Normalizing by population was 

most representative of persons served by recycled water, such that gains in production could be 

offset by population growth. In central Florida (Orlando and Tampa), recycled water production 

grew faster than the population, while in Miami the opposite was true. 
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Figure 11. 2015–2009 Florida kernel density estimation for (A) flow, (B) flow/acres 

served, and (C) flow/average population served. 

Florida has become the pioneer state for recycled water production and distribution, an 

innovative water mitigation strategy for freshwater conservation. Florida’s success in recycled water 

production could be used as a model to integrate recycled water production within any municipality, 

county, or state. Florida has an abundance of precipitation and surface waters; interestingly, the 

principal driver for recycled water production increases in Florida was less focused on increasing 

supply and more focused on water quality [22]. This problem is not unique to Florida; nationwide 55% 

of assessed streams were identified as impaired due to pollutants, primarily pathogens, sediment, or 

nutrients such as phosphorus and nitrogen [39]. Release of recycled water to streams can mitigate 

surface water pollution through dilution and improved habitat associated with improved flow. 

Florida waters in particular are targeted for improvement through Basin Management Action Plans 
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(BMAPs) [36]. In 1998, Florida adopted the Numeric Nutrient Criteria (NNC) which calculates 

nutrient load as a water quality standard across the state [34]. Wastewater effluent is a significant 

source of increased nutrient load in already impaired waters [36], which could be eliminated with 

advanced treatment of wastewater such that it meets recycled water standards [36].  

Coastal areas that experience saltwater intrusion, water-stressed regions, poor water quality 

conditions, and low precipitation locations should consider recycled water as a valuable component 

of future water supply and conservation plans [3].  

One limitation to the per capita changes in recycled water presented in this study was the 

inconsistency in population data provided by CWNS. Because counts of population served by each 

POTW were reported infrequently, the average population was used for KDE analysis. Future work 

should continue analysis of changes in Florida’s recycled water production spatially, by product, and 

longitudinally through time as annual FDEP data are released. Continued monitoring can identify 

where growth has occurred, providing tangible information on the success of new regulations and 

programs relevant to recycled water production. 

5. Conclusion 

Spatial examination of Florida’s recycled water production based on the five Water 

Management Districts from 2009 to 2015 indicated an increase in production for Suwanee River 

WMD and Miami in South Florida WMD and a decrease of production in Southwest Florida WMD. 

Water reuse is not balanced between each WMD even after accounting for the uneven spatial 

distribution of service areas and populations. KDE indicated most growth occurred in Orlando, and 

growth is predominantly in urban areas, with the exception of Miami. In Miami, increased 

production of recycled water has not kept pace with population growth.  

Recycled water use is a valuable tool for water conservation, especially in water-stressed states 

and coastal communities with saltwater intrusion or surface water quality problems. Recycled water 

production has been on the rise in Florida for decades, and Florida has led the US in water reuse 

since 2006. As such, recycled water programs, policy, and production may be used as a model to 

integrate recycled water into municipal water systems in other locations. 
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