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ABSTRACT 
 

Chemical treatment of stormwater discharges for the purpose of phosphorus removal is under 

consideration for use within the South Florida Water Management District (SFWMD).  There 

exists significant literature on the subject but no one document which summarizes information 

useful for decision making within the SFWMD.  A significant investment in time, effort and 

money may be allocated to chemical treatment, thus the purpose of this report is to present a 

review of existing information and an evaluation of potential uses of chemical treatment to 

reduce phosphorus loading within the Kissimmee, Okeechobee, and Everglades (KOE) areas and 

at varying scales.   

 

An extensive literature review is complete.  Approximately 80% of the literature cited was in a 

form that could be copied without copyright violation and reproduced in electronic form.  Thus 

an electronic copy for most of the literature and is available and entitled ñDepository for Support 

Literature.ò  Other literature not cited in the report is also included in the electronic copy and 

together all the literature provide an in-depth review. 

 

In reviewing available information, the authors are guided by the following implementation 

issues. 

 

1. What P concentrations and/or species will respond to chemical treatment cost effectively? 

2. What volume or flow rate is logistically feasible for treatment? 

3. Where in the KOE planned features can chemical treatment be applied? 

4. What water quality parameters affect chemical treatment p-reduction efficiency?  Do we 

have sufficient existing data or is additional data required?  

5. What water quality standards must be met for chemically treated discharges to various 

receiving waters? 

6. What is the best aerial economy of scale for treatment system implementation (parcel, 

sub-basin, STA, reservoir)? 

7. Can the chemical treatment be permitted? 

8. What are the monitoring requirements of planned solutions? 

9. What are the cost-benefits of planned solutions? 

10. What factors affect settling and residuals management? 

11. What are cost effective options for residual management? 

12. What chemicals and treatment configurations should be further evaluated? 

The existing information shows the use of chemicals to control phosphorus that discharge from 

watersheds is well established and may be a viable and cost effective option for consideration by 

decision makers in the SFWMD.  The practical application of the technology requires an 

understanding of flow attenuation, chemical dosing equipment, sludge handling, and local cost 
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considerations.  Long term cost to include initial and operating cost investments favor larger 

areas because of the reduced variability of flow and concentration.  Nevertheless, chemical 

treatment may be cost effective and reliable for most watershed sizes provided the operation can 

be justified and the terms of a permit can be met.  Monitoring of the effluent should not be a 

problem.  Cost comparisons can be made as chemical treatment is cost effective for most 

watershed sizes.  However if the treatment train is land intensive, land cost may be significant 

and may be included in comparisons.  Because of the many combinations of chemical treatment 

options, a cost comparison among the various methods is not reasonable; nevertheless 

comparisons are made with the knowledge that they are not always completely comparable.   

 

A majority of the applications for flows from a concentrated discharge have used aluminum 

sulfate (alum) compounds.  Enhanced removal when using a chemical metal salt may be 

achieved with an anionic polymer. Dosage and toxicity tests should be conducted before design 

and construction to determine dosages and effectiveness.  The literature supports the method of 

dosage determination as a standard procedure well known by many professionals. 

 

The use of water treatment residuals (WRT) is an option for areal treatment, and can also be used 

for concentrated source treatment, but availability of WRT may be an issue.  Laboratory testing 

should be done to determine optimal dosage. 

 

It is also known and documented that chemical treatment can be used as part of a combination of 

treatment methods.  Detention facilities, edge of farm (EOF) and Hybrid Wetland Treatment 

Technologies (HWTT) are available for consideration.  The HWTT system concept does reduce 

some of the problems associated with residual management as the residuals can be reused in the 

system.  Residual management must be a consideration for the residuals and is part of cost 

effective calculations.   

 

Lastly, permitting of the chemical treatment methods is a function of the regulatory agencies and 

with the data presented in this report together with the comprehensive associated literature list, 

the authors believe that the system can be permitted. 
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CHAPTER I   INTRODUCTION  
  

PURPOSE 

 

The purpose of this report is to present a review of existing information and an evaluation of 

potential uses of chemical treatment to reduce phosphorus loading within the Kissimmee, 

Okeechobee, and Everglades (KOE) areas and at varying scales.  An assessment of whether 

additional testing is necessary to determine the potential costs and benefits of various chemical 

treatment technologies is also presented. 

 

BACKGROUND  

 

Over 40 years ago, chemical treatment using aluminum sulfate (alum) compounds and water 

treatment plant residuals (WTRs) were introduced for phosphorus reduction in lakes and in 

stormwater discharges (Wanielista et.al. 1979, 1981 and Harper et.al. 1982).  Other chemical 

compounds are used for the control of pollutants found in stormwater runoff since these early 

studies and their use is documented within the literature (Lind, 1997).  Polyacrylamide (PAM) 

gained acceptance for phosphorus removal (Sojka, 1997) within the past ten years.  Also, 

scientific and engineering applications for WTRs are documented in the literature (OôConnor et 

al., 2002).  Various technologies and applications of chemicals used for phosphorus containment 

from agricultural and urban lands have been completed (DeBusk, 2005, SWET, 2002).   

 

Of particular relevance to the literature review is a South Florida Water Management District 

(SFWMD) comprehensive testing program to evaluate various chemical treatment configurations 

to reduce TP in surface waters to a concentration of 10 g/L; the anticipated target for protecting 

downstream Everglades marshes.  This work was performed south of Lake Okeechobee in Palm 

Beach County, with treatment trials performed on canal waters that conveyed Everglades 

Agricultural Area runoff, Lake Okeechobee waters, or a blend of the two water types. This 

research was part of the Advanced Treatment Technology (ATT) initiative, which was 

performed at a time when the minimum achievable outflow TP concentrations from the 

Everglades Stormwater Treatment Area (STA) wetlands was expected to be approximately 50 

g/L. The chemical treatment systems were intended to either be stand-alone, or deployed in 

conjunction with an STA. Most of the chemical treatment testing involved the use of two water 

sources: Post-BMP waters, representing waters that enter an STA following the implementation 

of on-farm ñBest Management Practicesò (BMPs), and Post-STA waters, representing outflow 

waters from an STA.  Summaries and listings of project reports for these efforts can be found in 

Coffelt et al. (2001), HSA (2000) and SFWMD (2002).  

 

Several chemical treatment technologies were evaluated, and considerable testing focused on 

coagulant dose and type (e.g., aluminum sulfate, polyaluminum chloride [PACl], ferrous sulfate, 

ferric chloride), used either with or without coagulant aids (various polymers). No buffers were 

utilized in any of the trials, since the alkalinity of the Post-STA and Post-BMP waters was 
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adequate to support effective coagulation and flocculation.  

 

A second key component that was evaluated, and one that served to differentiate many of the 

technologies, was the approach for separating the chemical flocs ï resulting from chemical 

coagulant addition ï from the treated water stream. For example, conventional or ñhigh rateò floc 

settling was investigated in a project entitled Chemical Treatment and Solids Separation (CTSS), 

along with other more rigorous approaches for separating solids (direct filtration, dissolved air 

flotation, microfiltration). A second project - ñManaged Wetlandsò - utilizes chemical dosing and 

floc settling/clarification, followed by a downstream wetland unit process. The wetland was 

utilized primarily to ñpolishò the water prior to discharge to downstream marshes, although at 

times it served to capture and settle chemical flocs that were carried over from the upstream 

settling/clarification step. The principal chemical treatment projects that comprised SFWMDôs 

ATT program included the CTSS, Managed Wetlands and Low Intensity Chemical Dosing 

(LICD). This latter approach entailed the use of low doses of metal coagulants added either prior 

to, or within a treatment wetland.  

 

For all technologies, appropriate chemical doses initially were defined using laboratory jar tests, 

followed by tests either within mesocosms, small wetland test cells (0.2 ha), or in a trailer-

mounted chemical treatment test bed facility. Additional testing, to determine the effects of 

chemical amendments on numerous water quality constituents in addition to P, was performed to 

ensure that system outflows would not adversely impact the downstream marsh communities.  

 

The CTSS facility consisted of an in-line static mixer, a coagulation tank, two flocculation tanks 

in series, and a clarifier fitted with inclined plate settlers. This treatment train, along with several 

others, was able to achieve the 10 g/L target TP concentration. For the demonstration-scale 

CTSS facility, highest short-period (December 4 through 23, 1999) P reduction (164 to 7 g/L) 

for Post-BMP waters was achieved with 40 mg/L of ferric chloride and 0.5 mg/L of an anionic 

polymer (Cytec A-130).  The highest total P reduction (22 to 7 g/L) for Post-STA waters was 

achieved with 20 mg Al/L (alum).  Additional back ïend filters (with 2 media types) provided 

little additional P reduction. Similarly, the CTSS trailer facility effectively treated TP in urban 

stormwater runoff (from the town of Wellington) to extremely low levels using PACl. 

 

Microfiltration utilizes membranes with pore sizes from 0.04 to 20 microns, and this approach 

was evaluated as a treatment technology for both Post-BMP and Post-STA waters. As expected, 

the more efficient solids separation provided by the membrane resulted in lower chemical dose 

requirements. For example, a ñZenonò microfiltration membrane unit successfully reduced Post-

BMP influent TP levels of 81 to 17 g/L without chemical addition. The addition of 9 mg Fe/L 

(ferric chloride), 9 mg Al/L (alum) and 8 mg Al/L (PACl), followed by membrane separation, 

resulted in outflow TP levels of 7, 11 and 12 g/L, respectively. For Post-STA waters, the Zenon 

microfiltration membrane unit reduced influent TP levels of 24 to 13 g/L without chemical 

addition. The addition of 2-4 mg Fe/L (ferric chloride) and 2 ï 4 mg Al/L (alum) prior to 

membrane treatment resulted in outflow TP levels of 8 and 11 g/L, respectively. 

 

The Low Intensity Chemical Dosing (LICD) project represented a similar attempt to minimize 

chemical dose requirements, using a wetland (STA), rather than membranes, to remove the 

small, ñpinpointò flocs that resulted from low-level coagulant additions. In trials performed by 
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the SFWMD and Duke University using metal coagulant concentrations as high as 20 mg/L, 

however, the technology was unsuccessful in reducing water column TP levels below that of an 

un-amended ñcontrolò cattail marsh, or in achieving the 10 g/L TP target. Similarly, the 

Managed Wetland technology, which employed both PACl (14.5 ï 36 mg Al/L) and a polymer 

(0.5 ï 1.0 mg/L) in the front-end chemical treatment unit process, did not attain the target 

outflow TP level of 10 g/L, instead providing outflows in the range of 12 ï 15 g/L. While the 

downstream wetland did not contribute to TP removal (and at times, increased water column TP 

levels) following the chemical treatment step, it did provide some desirable ionic ñconditioningò, 

by altering pH, alkalinity and metal ion concentrations.  

 

Although bioassay and algal growth potential studies conducted on inflow waters and chemically 

treated outflow waters in several of the projects demonstrated no significant adverse impact to 

biota, changes in chemical composition indeed were observed as a result of coagulant additions. 

For example, coagulant amendments typically resulted in slight elevations in outflow metal (iron 

or aluminum) concentrations, as well as marked changes in other constituents. Trials using the 

CTSS demonstration trailer resulted in alkalinity reductions of 129 to 38 mg/L (Post-BMP 

waters) and 220 to 114 mg/L (Post-STA waters). Sulfate increased from 50 mg/L to 164 mg/L 

for the Post-STA waters that received alum. The CTSS process reduced color of Post-BMP 

runoff from 153 to 22 APHA units. However, neither the Post-STA nor Post-BMP waters 

exhibited a reduction in nitrogen (N) compounds as a result of CTSS treatment. 

 

The ATT initiative also produced a number of key design and operational findings relevant to the 

use of chemical treatment technologies for removing P from surface waters in south Florida. 

These are important to an understanding of chemical systems for the removal of pollutants and 

are summarized below.  

 

From a design standpoint, the ATT investigators recommended that a flow equalization basin be 

utilized in large-scale treatment systems to balance the extremes of quality and quantities of 

water. Within the treatment facilities, clarifier surface loading rates of 0.14 gallons per minute 

per square foot were found to achieve satisfactory solids separation. Finally, a post-treatment 

settling basin was recommended to capture any potential floc overflow from the CTSS system. 

Capital costs (dollars per cubic meter of capacity) were similar for post-BMP and post-STA 

sites, with civil work (40%), equipment (24%) and land (24%) comprising the major cost items. 

 

The ATT initiative also noted that strict operator control is required for chemical treatment 

systems to perform effectively. While this potentially imposes an operational cost burden, it also 

is advantageous in that properly operated treatment systems can be started quickly and can 

respond rapidly to troubleshooting. Both iron and aluminum salts were found to be effective for 

P removal, typically at dosing rates that resulted in a water pH of 6.0 to 6.3. Phosphorus removal 

with metal salts often was enhanced by the use of anionic polymers. Chemical costs were found 

to comprise approximately 70% of operating costs, suggesting that optimization efforts should 

focus on techniques for minimizing chemical use. 

 

Finally, the ATT investigators noted that residuals management also can comprise a major 

component of the operating costs. Land application of residuals was tested as part of this 

program, and the residuals exhibited no adverse effects to vegetable crops, other than the 
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tendency to cause P limitations in the soil. 

 

These cited publications and results are valuable but a more complete review of the literature is 

needed in light of the possible extensive use of chemical treatment with the SFWMD area.  The 

literature and experience of the authors of this report provides valuable information used to 

determine the feasibility for chemical use.  The review with extensive literature citations is 

contained in this report. 

 

SFWMD APPLICATIONS  

 

The Northern Everglades Chemical Treatment Pilot Project was initiated through the Process 

Development and Engineering component of the Lake Okeechobee Watershed Construction 

Project Phase II Technical Plan (P2TP).  The P2TP, submitted to the legislature on February 1, 

2008, identifies regional construction projects and on-site measures, such as agricultural and 

urban BMPs, necessary to meet the Lakeôs total phosphorus Total Maximum Daily Load 

(TMDL) limit.   Reducing phosphorus export from a watershed can minimize eutrophication in 

the lake due to excessive phosphorus inputs.  Intensive phosphorus management strategies will 

be needed to lower the loadings sufficiently to meet the Lake TMDL by 2015.  
 
It is also recognized that chemical treatment may be used in other places within the SFWMD 

and, as such, the potential for chemical treatment in all locations within the SFWMD should be 

determined.  Nutrient TMDLs for other water bodies within the SFWMD have recently been 

adopted or are under development. Nutrient based TMDLs include both phosphorus and nitrogen 

parameters.   Nitrogen as well as other pollutant reductions may result from the use of chemicals, 

but phosphorus is the target pollutant when using the chemicals considered in this report.  

 

EPA recently adopted a phosphorus TMDL for tributaries in the Lake Okeechobee watershed 

based on a phosphorus concentration of 113 ppb.  A phosphorus concentration around 55 ppb is 

being considered in the Kissimmee watershed and a phosphorus water quality standard of 10 ppb 

already exists for the Everglades Protection Area.  Chemical treatment shows promise for 

achieving concentration reduction to acceptable levels; however, the treatment train and 

operational parameters have to be defined.  Chemical treatment can be a stand-alone method, or 

can also be used with other control strategies that reduce water discharge volumes and/or 

phosphorus concentration, to achieve further phosphorus load reduction.   

 

LIMITATIONS  

 

It is recognized by the authors that there are other methods for the control of phosphorus.  The 

focus of this report is on chemical treatment.  The report is also constrained to the climate 

conditions of south Florida, generally considered to be tropical with a rainy season from June 

through September.  It is also recognized that tropical cyclones have to be considered in design 

and operation.  Between October and May, frontal passage is probable but the region is relatively 

dry providing for other opportunities to use chemical treatment of non-storm generated waters. 
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ROAD MAP  

 

In this Chapter, the background, purpose and limitations are introduced.  Within the next three 

Chapters, presented is information relative to three classes of chemical treatment; namely the use 

of Aluminum, Iron, and Calcium Salts (Chapter 2); the use of Polymers (Chapter 3) and the use 

of Water Treatment Residuals (Chapter 4).  Within Chapter 5, chemical treatment as a part of a 

wetland system is presented and named as Hybrid Wetlands to distinguish it from naturally 

functioning wetlands.   Within Chapter 6, chemical treatment as part of stormwater management 

is presented and called Edge of Farm.  In the last Chapter, a summary of findings is presented.   

Each Chapter includes references cited in the Chapter.  In addition, there is a separate electronic 

publication for most of the references, namely ñTechnical Assistance for The Northern 

Everglades Chemical Study, Depository for Support Literature.ò  It is available from the 

SFWMD and from the University of Central Florida Stormwater Academy web site, 

www.stormwater.ucf.edu. 

 

The authors conducted a comprehensive search and review of related literature and potential data 

sources for chemical treatment of discharges from land uses common to the SFWMD area.  In 

reviewing all available information, the authors were guided by the following implementation 

issues. 

 

1. What P concentrations and/or species will respond to chemical treatment cost effectively? 

2. What volume or flow rate is logistically feasible for treatment? 

3. Where in the KOE planned features can chemical treatment be applied? 

4. What water quality parameters affect chemical treatment p-reduction efficiency?  Do we 

have sufficient existing data or is additional data required?  

5. What water quality standards must be met for chemically treated discharges to various 

receiving waters? 

6. What is the best aerial economy of scale for treatment system implementation (parcel, 

sub-basin, STA, reservoir)? 

7. Can the chemical treatment be permitted? 

8. What are the monitoring requirements of planned solutions? 

9. What are the cost-benefits of planned solutions? 

10. What factors affect settling and residuals management? 

11. What are cost effective options for residual management? 

12. What chemicals and treatment configurations should be further evaluated? 
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CHAPTER II  ALUMINUM, IRON, AND CALCIUM SALTS  
 

 

INTRODUCTION  

 

Coagulation and clarification of water using metal salts has been practiced since at least Roman 

times to reduce turbidity and improve the appearance of drinking water and surface water.  The 

predominant chemical agent used in these processes has been aluminum sulfate [Al2(SO4)3], 

commonly referred to as alum.  Lime [Ca(OH)2] has also been used, either alone or in 

combination with alum as well as with iron salts, such as ferric sulfate [Fe2(SO4)3] or ferric 

chloride (FeCl3). 

 

Alum was used by the ancient Romans beginning around 2000 BC as a coagulant which was 

mixed with lime to make bitter water potable.  Beginning in the mid-1700s, muddy water in 

England was treated with alum, followed by flocculation and filtration of the supernatant, to 

improve the quality of drinking water.  Large-scale coagulation of municipal water supplies 

originated in Baltom, England in 1881 (Baker, 1981). 

 

The first scientific investigation into the use of alum for coagulation in the United States was 

conducted by Rutgers University in 1885.  They concluded alum was useful in clarifying turbid 

water without impairment to taste or physiological properties.  During 1885-1897, a series of 

experiments was conducted on turbid water collected from the Ohio River.  A variety of 

compounds were tested, including alum, potash, and lime, with alum found to be the most 

suitable.  These experiments eventually led to the widespread use of alum coagulation in the 

United States.  Concurrent research was also conducted on the use of iron compounds, such as 

ferrous sulfate and ferric chloride, which were found to be reasonably effective in certain 

situations.  However, alum remains the most widely used coagulant today. 

 

In 1970, Jernelov was apparently the first to use alum to remove phosphorus from the water 

column of a lake in a whole-lake alum application conducted as part of a lake restoration project 

on Lake Langsjon in Sweden.  The first U.S. lake to be treated with a whole-lake alum 

application was Horseshoe Lake in Wisconsin which received a surface application of 2.6 mg 

Al/ liter in May 1970.  Twelve years later, phosphorus concentrations were still below the pre-

treatment level (Garrison and Knauer, 1984). 

 

In 1985, a lake restoration project was initiated at Lake Ella, a shallow, 13.3 ac hypereutrophic 

lake in Tallahassee, Florida, which receives untreated stormwater runoff from approximately 163 

ac of highly impervious urban watershed areas.  Initially, conventional stormwater treatment 

technologies, such as retention basins, exfiltration trenches and filter systems, were considered 

for reducing available stormwater loadings to Lake Ella in an effort to improve water quality 

within the lake.  Since there was no available land surrounding Lake Ella that could be used for 

construction of traditional stormwater management facilities, and the cost of purchasing homes 

and businesses to acquire land for construction of these facilities was cost-prohibitive, alternate 
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stormwater treatment methods were considered. 

 

 

Chemical treatment of stormwater runoff was evaluated using various chemical coagulants, 

including alum, ferric salts and polymers.  Alum consistently provided the highest removal 

efficiencies and produced the most stable end product.  In view of successful jar test results on 

runoff samples collected from the Lake Ella watershed, the design of a prototype alum injection 

stormwater system was completed.  Construction of the Lake Ella alum stormwater treatment 

system was completed in January 1987, resulting in a rapid and significant improvement in water 

quality. 

 

 

OVERVIEW OF TECHNOLOGY  

 

Characteristics of Common Coagulants 

 

A number of inorganic salts of calcium, iron, and aluminum are sold commercially for 

coagulation purposes.  A summary of properties of common coagulants is given in Table 2-1.  

Within the United States, alum is used extensively for clarification of drinking water originating 

from surface water sources.  Lime is commonly used for treatment of drinking water which 

originates as a groundwater source.  Iron compounds are used predominantly in treatment of 

domestic and industrial wastewaters.  Both aluminum and iron compounds are used for 

phosphorus removal in a variety of processes. 

 

 

 

TABLE  2-1 

 

PROPERTIES  OF  COMMON  COAGULANTS  

 

COMMON  

NAME  

FORMULA  EQUIVALENT  

WEIGHT  

pH  OF  1% 

SOLUTION  

AVAILABLE  

FORMS 

Alum Al 2(SO4)3 p 14H2O 114 3.5 Lump: 

Liquid: 

17% Al2O3 

4.4% Al 

Lime Ca(OH)2 40 12 Lump: 

Powder: 

Slurry: 

As CaO 

93-95% 

15-50% 

Ferric Chloride FeCl3 p 6H2O 91 3-4 Lump: 

Liquid: 

20% Fe 

10-45% FeCl3 

Ferric Sulfate Fe2(SO4)3 p 3H2O 51.5 3-4 Granular: 18.5% Fe 

Copperas FeSO4 p 7H2O 139 3-4 Granular: 20% Fe 

Sodium Aluminate Na2Al 2O4 100 14 Liquid: 20-25% Al2O3 

10-13% Al 

Aluminum Chloride AlCl 3 44 < 1 Liquid:  15-30% AlCl3 

Polyaluminum 

Hydroxychloride 

PACl Varies Varies Liquid: 3-13% Al 
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Alum is produced by dissolving aluminum ore in sulfuric acid and water.  The most common 
aluminum sources used for production of alum are chemical grade bauxite, high aluminum clays, 
and aluminum trihydrate.  Bauxite and bauxitic clays are used to produce the standard grade 
alum most commonly used for coagulation.  The purity of alum will vary with aluminum and 
acid sources used in the production process.  However, bauxite and bauxitic clays are low in 
metal contaminants, and alum solutions are typically low in most heavy metals.  Aluminum 
chloride is generated in a similar manner by dissolving aluminum ore in hydrochloric acid. 
 
Polyaluminum hydroxychloride (PACl) consists of a variety of products which vary in both 
physical and chemical characteristics.  Many PACl compounds contain supplemental hydroxide 
(OH)

-
 ions which cause lower pH depression and alkalinity impacts during coagulation 

processes.  The manufacturing of PACl in North America is commonly done with very pure raw 
materials.  Thus, heavy metal impurities in PACl are often less than the cleanest standard alum.  
PACl is often a good choice for coagulation processes where pH depression is a significant 
concern.  However, PACl is substantially more expensive than alum, and distributors are limited. 
 
Ferric sulfate has been used in the water treatment industry since the late 1800s.  Ferric sulfate 
solutions can be either manufactured or reprocessed from waste streams generated in iron mills, 
foundries, and pickeling operations.  One of the most common methods for manufacturing ferric 
sulfate is to dissolve iron ores or scrap iron in sulfuric acid.  As a result, ferric sulfate is often 
highly variable in terms of its chemical composition and contaminant levels. 
 
Ferric chloride (FeCl3) is the most widely used iron salt in North America, and is second only to 
alum for use in chemical coagulation.  Ferric chloride is produced in a manner similar to ferric 
sulfate, where iron ore is dissolved in hydrochloric acid.  As a result, heavy metals are common 
contaminants.  Strict control of chemical characteristics of ferric chloride is necessary when 
using this compound in treating surface or drinking waters. 
 
Sodium aluminate is an alkaline form of alum which is formed by dissolving aluminum ore in 
sodium hydroxide.  Sodium aluminate is a good choice for treatment of acidic waters since the 
excess alkalinity will provide pH neutralization.  Sodium aluminate contains approximately three 
times as much aluminum by weight as alum, and as a result, must be used and dosed carefully to 
avoid overdose and undesirable increases in pH.  The chemical impurities in sodium aluminate 
are similar to the level of impurities found in high grade alum. 
 
Unlike solutions of aluminum or iron which consist of dissolved ions in solution, lime is 
typically supplied as a slurry of calcium hydroxide solids in water.  Since the product consists of 
a slurry of solids, it must be continuously agitated to prevent the solids from settling onto the 
bottom of the storage tank.  Lime slurry is used in a wide variety of applications which include 
pH adjustment, metals precipitation, lime softening, coagulation, and sludge stabilization.  Lime 
slurries have been used on a limited basis for removal of phosphorus in surface waters.  
However, lime precipitation typically occurs at a pH range of approximately 10-12 which then 
requires pH neutralization as a second step.  The lime precipitate must be separated from the 
treated water prior to pH neutralization to avoid dissolution of the lime precipitate and release of 
undesirable compounds as the pH is lowered.  In view of the additional steps and equipment 
required for storage and distribution of lime, and the subsequent sludge separation and pH 
neutralization processes, lime is seldom used for coagulation processes designed to remove 
phosphorus. 
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A summary of typical analyses of common inorganic coagulants is given in Table 2-2.  Both 

PACl and alum contain extremely low levels for virtually all of the heavy metals summarized in 

Table 2-2.  In contrast, substantially higher metal concentrations are commonly observed in both 

ferric sulfate and ferric chloride due to the nature of the raw materials used to generate the 

products.  Ferric chloride is often highly contaminated with manganese, titanium, vanadium, 

zinc, and chromium compared with PACl and alum. 

 

 

 

TABLE  2-2 

 

TYPICAL  ANALYSES  OF  INORGANIC  COAGULANTS  

 

ELEMENT  METAL  CONCENTRATION  (ppm)  

PACl Alum Fe2(SO4)3 FeCl3 

Silver < 0.4 < 0.4 2 12 

Barium < 0.2 0.15 0.08 130 

Cadmium < 0.05 < 0.05 4.9 2 

Cobalt < 0.08 0.15 12 38 

Chromium 0.6 40 1.4 460 

Copper < 0.1 0.5 110 17 

Manganese 1.1 1.5 79 5700 

Nickel 1.0 0.3 10 15 

Titanium 1.5 10 9.3 6600 

Vanadium 0.5 15 110 690 

Zinc 5.5 1.0 12 100 

Lead < 1 < 2 33 51 

Arsenic < 1 < 2 3 2 

Mercury < 0.002 < 0.002 2 5 

 
SOURCE:  WATER/Engineering & Management (Feb. 1998)   

 

 

Process Chemistry 

 

When aluminum sulfate is added to water, aluminum hydrous oxides are precipitated according 

to the following stoichiometric coagulation reaction: 

 

 

Al 2(SO4)3 p 18H2O  +  3Ca(HCO3)2   2Al(OH)3(s)  +  3CaSO4  +  6CO2(g)  +  18H2O 

 

 

In this reaction, calcium carbonate is used to represent the alkalinity needed to form Al(OH)3(s).  

According to this relationship, 1 mg/l of alum requires 0.45 mg/l of alkalinity as CaCO3 and 

releases 0.9 mg/l of CO2(g) as CaCO3.  The alum coagulation reaction is frequently abbreviated to 
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include just significant products and reactants. 

 

The addition of alum to water results in the production of chemical precipitates which remove 

pollutants by two primary mechanisms.  Removal of suspended solids, algae, phosphorus, heavy 

metals and bacteria occurs primarily by enmeshment and adsorption onto aluminum hydroxide 

precipitate according to the following net reaction: 

 

 

 Al
+3

   +   6H2O       Al(OH)3(s)   +   3H3O
+
  

  

 

Removal of additional dissolved phosphorus occurs as a result of direct formation of AlPO4 by:  

 

 

 Al
+3

   +   HnPO4
n-3

      AlPO4(s)   +  nH
+
  

  

 

The aluminum hydroxide precipitate, Al(OH)3, is a gelatinous floc which attracts and adsorbs 

colloidal particles onto the growing floc, thus clarifying the water.  Phosphorus removal or 

entrapment can occur by several mechanisms, depending on the solution pH.  Inorganic 

phosphorus is also effectively removed by adsorption to the Al(OH)3 floc.  Removal of 

particulate phosphorus is most effective in the pH range of 6-8 where maximum floc occurs 

(Cooke and Kennedy, 1981).  At higher pH values, OH
-
 begins to compete with phosphate ions 

for aluminum ions, and aluminum hydroxide-phosphate complexes begin to form.  At lower pH 

values and higher inorganic phosphorus concentrations, the formation of aluminum phosphate 

(AlPO4) is favored. 

 

The chemical stoichiometric reaction for coagulation with iron compounds is similar to the 

reactions previously provided for aluminum.  A typical coagulation reaction involving ferric 

sulfate can be written as: 

 

 

Fe2(SO4)3 p 18H2O  +  3Ca(HCO3)2   2Fe(OH)3(s)  +  3CaSO4  +  6CO2(g)  

 

 

The addition of iron to water also produces chemical precipitates which remove pollutants by the 

same two primary mechanisms previously discussed for aluminum.  Removal of suspended 

solids, algae, phosphorus, heavy metals, and bacteria occurs primarily by enmeshment and 

adsorption onto iron hydroxide precipitate according to the following net reaction: 

 

 

Fe
+3

   +   6H2O      Fe(OH)3(s)   +   3H3O
+ 

 

Removal of additional dissolved phosphorus occurs as a result of formation of FePO4 by: 
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Fe
+3

   +   HnPO4
n-3

      FePO4(s)   +  nH
+ 

 

Immediately after addition to water, Al
+3

 and Fe
+3

 cations undergo hydration reactions in 

aqueous systems which are governed by a variety of factors such as the presence of other 

inorganic ligands, concentration of the metal ion, and pH of the solution.  The hydrolytic 

reactions are so rapid that raw metal ions do not exist, and ionic species occur as a variety of 

soluble monomeric, dimeric, and polymeric hydroxo-metal complexes.  A listing of significant 

hydrolytic reactions and equilibrium constants for aluminum, iron, and calcium reactions are 

given in Table 2-3.  Both Al and Fe are ampoteric and capable of forming both cationic and 

anionic complexes. 

 

TABLE  2-3 

HYDROLYTIC  REACTIONS  AND  CONSTANTS 

FOR  ALUMINUM,  IRON,  AND  CALCIUM  EQUILIBRIA  @ 25
o
C 

 

REACTION  

NUMBER 

REACTION  LOG K eq 

1 Al
+3

  +  H2O  =  AlOH
+2

  +  H
+
 - 4.97 

2 Al
+3

  +  2H2O  =  Al(OH)2
+
  +  2H

+
 - 9.3 

3 Al
+3

  +  3H2O  =  Al(OH)3(aq)  +  3H
+
 - 15.0 

4 Al
+3

  +  4H2O  =  Al(OH)4
-
  +  4H

+
 - 23.0 

5 2Al
+3

  +  2H2O  =  Al2(OH)2
+4

 +  2H
+
 - 7.7 

6 3Al
+3

  +  4H2O  =  Al3(OH)4
+5

 +  4H
+
 - 13.9 

7 13Al
+3

  +  28H2O  =  Al13O4 (OH)24
+7

 +  32H
+
 - 98.7 

8 -Al(OH)3(s)  +  3H
+
  =  Al

+3
  +  3H2O 8.5 

9 Al(OH)3  +  3H
+
  =  Al

+3
  +  3H2O amorph. 10.5 

10 Al
+3

  +  3OH
-
  =  Al(OH)3(s) 33.0 

1 Fe
+3

  +  H2O  =  FeOH
+2

  +  H
+
 - 2.19 

2 Fe
+3

  +  2H2O  =  Fe(OH)2
+
  +  2H

+
 - 5.67 

3 Fe
+3

  +  3H2O  =  Fe(OH)3(aq)  +  3H
+
 < 12.0 

4 Fe
+3

  +  4H2O  =  Fe(OH)4
-
  +  4H

+
 - 21.6 

5 2Fe
+3

  +  2H2O  =  Fe2(OH)2
+4

 +  2H
+
 - 2.95 

6 -Fe(OH)(s)  +  3H
+
  =  Fe

+3
  +  2H2O 0.5 

7 (am)  Fe(OH)(s)  +  3H
+
  =  Fe

+3
  +  2H2O  2.5 

8 Fe
+3

  +  3OH
-
  =  Fe(OH)3(s) 38.0 

1 CaHPO4(s)  =  Ca
+2

  +  HPO4
-2
 - 6.6 

2 Ca4H(PO4)3(s)  =  4Ca
+2

  +  3PO4
-3  

+  H
+
 - 46.9 

3 Ca10(PO4)6(OH)2(s)  =  10Ca
+2

  +  6PO4
-3  

+  2OH
-
 - 114 

4 Ca10(PO4)6(F)2(s)  =  10Ca
+2

  +  6PO4
-3  

+  2F
-
 - 118 

5 Ca10(PO4)6(OH)2(s)  +  6H2O  =  4[Ca2(HPO4)(OH)2]  + 2Ca
+2

  +  2HPO4
-2
 - 17 
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A solubility diagram for freshly precipitated and aged Al(OH)3 floc is given in Figure 2-1.  The 

equilibrium solubility of aluminum is primarily a function of pH and age of the floc.  Freshly 

precipitated Al(OH)3 floc has a minimum solubility of approximately 10
-5

 M which occurs in the 

pH range of 6.2-8.0.  However, over a period of several months, the alum floc ages, eventually 

forming gibbsite, with a minimum solubility of approximately 10
-9

 M.  As this aging process 

occurs, the pH range of minimum solubility shifts slightly into the range of approximately 5-7. 
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Figure 2-1.   Solubility Diagram for Freshly Precipitated and Aged Al(OH)3. 

(Adapted from Snoeyink and Jenkins, 1980). 

 

 

A solubility diagram for freshly precipitated Fe(OH)3 floc is given on Figure 2-2.  The minimum 

solubility for this floc is approximately 10
-9

 M which occurs in the pH range of approximately 8-

10.  The stability of the floc decreases substantially and the solubility of Fe
+3

 increases 

substantially at pH values both lower and higher than this range.  Unlike Al(OH)3, Fe(OH)3 does 

not undergo a significant aging process or shift in solubility characteristics over time. 

 

A solubility diagram for calcium phosphate compounds is given on Figure 2-3.  The minimum 

solubility for calcium phosphate compounds is approximately 10
-10

 M which occurs in the pH 

range of approximately 10-12.  The stability of the floc decreases substantially and the solubility 

of Ca
+2

 increases substantially at pH values less than 8.  Unlike AlOH3, calcium phosphate 
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compounds do not undergo a significant aging process or shift in solubility characteristics over 

time. 
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Figure 2-2.   Solubility Diagram for Amorphous Fe(OH)3. 

(Adapted from Faust and Aly, 1998). 
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Figure 2-3.   Solubility Diagram for Calcium Phosphate Complexes. 

(Adapted from Stumm and Morgan, 1981). 

In addition to phosphorus removal by absorption onto metal hydroxides, iron and aluminum 

compounds can also precipitate dissolved orthophosphorus directly as metal phosphate 

compounds.  Solubility diagrams for ferric and aluminum phosphate are given on Figure 2-4.  

The minimum solubility for ferric phosphate appears to be approximately 10
-5.8 

M which occurs 

at a pH of 4-5.   The minimum solubility for aluminum phosphate (AlPO4)(s)  is approximately 

10
-6.5

 M which occurs at a pH value of approximately 6-6.5.  These diagrams appear to suggest 

that alum will provide a lower equilibrium concentration when used for coagulating waters with 

high concentrations of orthophosphate. 
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Figure 2-4.   Solubility Diagrams for Ferric and Aluminum Phosphate. 

 

 

 

Physical Factors Affecting Coagulation 

 

Many factors are capable of affecting the coagulation process using metal salts.  The most 

significant factors include:  (a) coagulant dosage, (b) pH, (c) natural color concentration, (d) 

competing ions in solution, (e) mixing effects, and (f) temperature. 

 

In general, the performance efficiency of metal salt coagulants increases in a non-linear fashion 

with increases in coagulant dose, provided that a relatively  neutral pH is maintained during the 

process.  Although the performance efficiency increases with increasing coagulant dose, the 

additional removal efficiency achieved begins to level off and become asymptotic at elevated 

doses. 

 

The impact of pH on the coagulation process has been discussed in previous sections.  In general, 

the coagulation process is maximized, and residual metal concentrations minimized, when the 

coagulated water is maintained within the pH range of minimum solubility for the applied 

coagulant.  For alum, this pH zone is approximately 6-7, while for iron the minimum solubility 

occurs in the pH range of 8-10, and in the pH range of 10-12 for calcium. 

 

A considerable amount of information has been developed concerning the chemical nature of 
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organic color in natural waters.  Organic color generally has the physical property of a negatively 

charged colloid with particle sizes ranging from 3.5-10 m.  When the dissolved organic carbon 

(DOC) in a water is low, the formation of humic-aluminum precipitates is favored which often 

have poor settling characteristics.  However, when the DOC is high, the precipitation process 

favors formation of Al(OH)3 which is a more rapidly settling precipitate. 

 

Competing ions in solution can substantially impact the kinetics of the coagulation process.  

Anions such as sulfate have long been known to suppress the charge reversal process which is 

primarily responsible for formation of settleable floc material.  Also, the presence of divalent 

ions such as Ca
+2

 and Mg
+2

 have been shown to enhance the coagulation process. 

 

Temperature may also have a significant impact on the coagulation process.  Under cold 

temperatures, floc formation and the removal efficiency achieved using metal salts for 

coagulation decreases substantially.  Colder temperatures often require a change in coagulant or 

change in dose to maintain acceptable settling characteristics and removal efficiencies.  

However, under conditions commonly observed within the State of Florida, temperature is 

generally an insignificant parameter impacting coagulation processes. 

 

 

Impacts of Redox Potential 

 

Aluminum and calcium do not exhibit alternative oxidation states in the natural environment, and 

both aluminum and calcium compounds are immune to changes in redox potential within the 

collected floc.  Compounds absorbed onto aluminum or calcium floc are equally stable under 

aerobic or anoxic conditions. 

 

However, iron compounds can exhibit several different electron configurations, the most 

common of which involve the ferric (Fe
+3

) and ferrous (Fe
+2

) ions.  Under oxidized conditions, 

indicated by redox potentials in excess of 200 mv (Eh), iron compounds are predominantly 

present in the ferric ion state.  Compounds formed with ferric ions are highly insoluble under 

aerobic conditions.  When the redox potential drops below 200 mv and reduced conditions 

dominate, the ferric ion accepts an electron and is converted into a highly soluble ferrous ion, as 

shown in the following reaction: 

 

 

Fe
+3

  +  e
-
  Fe

+2
 

 

 

Any contaminants which have been adsorbed onto the iron floc will be released as the floc 

dissolves under the reduced conditions.  Therefore, iron compounds should only be used for 

coagulation in processes where aerobic conditions can be assured at all times.  Iron compounds 

may not be suitable for use in systems where the floc is collected and stored in a pond for long 

periods of time in submerged conditions.  A summary of iron solubility as a function of pH and 

redox potential is given in Table 2-4.  For example, at a pH of 7.0, iron is 10,000,000,000,000 

times more soluble under reduced conditions than under highly oxidized conditions. 
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TABLE  2-4 

 

SOLUBILITY  OF  IRON  SPECIES  AS  A  

FUNCTION  OF  pH  AND  REDOX  POTENTIAL  

 

SPECIES pH 

6.0 6.5 7.0 7.5 8.0 8.5 

Fe
+3

 10
-7.9

 10
-9.4

 10
-10.9

 10
-12.4

 10
-13.9

 10
-15.4

 

Fe
+2

       

Eh = 800 mv 10
-8.5

 10
-10.0

 10
-11.5

 10
-13.0

 10
-14.5

 10
-16.0

 

Eh = 600 mv 10
-5.0

 10
-6.5

 10
-8.0

 10
-9.5

 10
-11.0

 10
-12.5

 

Eh = 400 mv 10
-1.5

 10
-3.0

 10
-4.5

 10
-6.0

 10
-7.5

 10
-9.0

 

Eh = 300 mv 2 10
-1.25

 10
-2.75

 10
-4.25

 10
-5.75

 10
-7.25

 

Eh = 250 mv 13 0.4 10
-1.9

 10
-3.4

 10
-4.9

 10
-6.4

 

Eh = 200 mv 100 3 0.1 10
-2.5

 10
-4.0

 10
-5.5

 

Eh = 0 mv 300,000 10,000 300 10 0.3 10
-2.0

 

 

 

 

 

pH Impacts 

 

One of the most significant issues involved in the selection and use of chemical coagulants is the 

potential for either consumption or addition of alkalinity and the resulting impacts on pH.  A 

comparison of alkalinity addition or consumption during coagulation with common treatment 

chemicals is given in Table 2-5.  When iron or aluminum coagulants are used, alkalinity is 

consumed as a result of the coagulation process which can result in a decrease in solution pH, 

depending upon the applied coagulant dose and the available buffering capacity of the source 

water.  As seen in Table 2-5, the alkalinity consumption during coagulation is higher with ferric 

coagulants than with aluminum sulfate, aluminum chloride, or PACl.  This suggests that at equal 

doses the addition of ferric chloride will have a more significant impact on pH than would be 

observed using aluminum-based coagulants.  In contrast, alkalinity is added to the source water 

during coagulation with alkaline coagulants, such as lime, sodium hydroxide, or sodium 

aluminate. 
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TABLE  2-5 

 

ALKALINITY  ADDIT ION  OR  CONSUMPTION  DURING  

COAGULATION  WITH  COMMON  TREATMENT  CHEMICALS  

(Lind, 1997) 
 

CHEMICAL  

(BASIS) 

CHANGE  IN  

ALKALINITY  

(ppm as CaCO3 per ppm Product) 

Ferric Chloride/Sulfate (liquid) - 1.0 

Aluminum Sulfate (dry basis) - 0.5 

Aluminum Chloride (liquid) - 0.3 

PACl (liquid) -0.3 to -0.05 (varies with product) 

Lime (dry) + 1.45 

Sodium Hydroxide (dry) + 1.26 

Soda Ash (sodium carbonate) (dry) + 0.96 

Sodium Bicarbonate (dry) + 0.6 

Sodium Aluminate (liquid) +0.4 to +0.6 (varies with product) 

 

APPLICATIONS AND SUCCESS STORIES 

 

At Least Fifty Five Facilities in the State  

 
Environmental Research & Design, Inc. (ERD) pioneered the concept of using chemical 
coagulants for treatment of stormwater and tributary inflows during the mid-1980s.  The first 
system designed for chemical treatment of stormwater was constructed on Lake Ella, 
Tallahassee, during 1986.  This system injects liquid alum into the incoming stormwater on a 
flow-proportioned basis.  The alum forms inert precipitates of Al(OH)3  and AlPO4, which sorb 
phosphorus, suspended solids, heavy metals, organic compounds, and bacteria as it settles from 
the water column into the lake sediments.  This system provided a cost effective and highly 
efficient method for treatment of stormwater runoff in an urban setting.  Since that time, ERD 
has designed and constructed more than 55 additional alum treatment systems in urban settings 
and conducted literally hundreds of laboratory jar tests to evaluate treatment feasibility for a 
wide range of water characteristics collected throughout the State of Florida.  ERD has also 
conducted FDEP sponsored research to address a variety of potential issues related to chemical 
treatment, such as removal efficiencies, reaction kinetics, floc generation rates, floc 
characteristics, floc disposal, benthic and ecological impacts, floc stability, and treatment costs. 
 
During 1988, ERD conducted an evaluation of the feasibility of using chemical treatment to 
reduce phosphorus loadings from agricultural discharges into Lake Apopka.  A pilot system was 
constructed which confirmed the ability of the process to remove phosphorus from pumped 
agricultural discharges.  During 1995, ERD evaluated, designed, and constructed an alum 
treatment system for the primary agricultural inflow to Lake Apopka (30,000 gpm), which is still 
in operation today.  Since that time, ERD has designed, and in some cases, constructed, 5 
additional large scale treatment systems for tributary and agricultural discharges, one of which is 
located in the Northern Okeechobee Basin.  The most recent system, located in the Lake Apopka 
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basin, is capable of continuously treating up to 300 cfs. 

Initial Testing and Evaluation 

 

Once alum has been identified as an option in a stormwater management or retrofit project, 

extensive laboratory testing must be performed to verify the feasibility of alum treatment and to 

establish process design parameters.  The feasibility of alum treatment for a particular 

stormwater stream is typically evaluated in a series of laboratory jar tests conducted on 

representative runoff samples collected from the project watershed area.  This laboratory testing 

is an essential part of the evaluation process necessary to determine design, maintenance, and 

operational parameters such as the optimum coagulant dose required to achieve the desired water 

quality goals, chemical pumping rates and pump sizes, the need for additional chemicals to 

buffer receiving water pH, post-treatment water quality characteristics, floc formation and 

settling characteristics,  floc accumulation, annual chemical costs and storage requirements, 

ecological effects, and maintenance procedures.  In addition to determining the optimum 

coagulant dose, jar tests can also be used to determine floc strength and stability, required mixing 

intensity and duration, and determine design criteria for settling basins. 

 

Since 1986, Environmental Research & Design, Inc. (ERD) has performed literally hundreds of 

laboratory flocculation jar tests to evaluate the effectiveness of alum for reducing concentrations 

of common constituents in stormwater runoff collected from a wide range of urban land use 

activities.  A summary of mean removal efficiencies achieved during alum treatment of 

stormwater runoff for typical stormwater pollutants is given in Table 2-6.  Removal efficiencies 

are summarized for alum treatment of stormwater runoff at doses of 5, 7.5 and 10 mg Al/liter, as 

well as stormwater samples which were allowed to settle under quiescent conditions for a period 

of 24 hours to simulate removal efficiencies which would be achieved using a wet or dry 

detention stormwater treatment basin for comparison purposes (Harper, et al., 1998).   

 

TABLE  2-6 

 

TYPICAL  REMOVAL  EFFICIENCIES  FOR  

ALUM  TREATED  STORMWATER  RUNOFF  

 
PARAMETER  SETTLED 

WITHOUT  

ALUM  

ALUM  DOSE  (mg/l as Al) 

5 mg/l 7.5 mg/l 10 mg/l 

Diss. Organic N 20 51 62 65 

Particulate Nitrogen 67 88 94 96 

Total Nitrogen 20 25-50 30-60 40-70 

Diss. Orthophosphorus 17 96 98 98 

Particulate P 71 82 94 95 

Total P 45 86 94 96 

Turbidity 92 98 99 99 

TSS 80 95 97 98 

BOD 44 61 63 64 

Total Coliform 37 80 94 99 

Fecal Coliform 61 96 99 99 
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As seen in Table 2-6, alum treatment of stormwater runoff consistently achieves an 85-95% 

reduction in total phosphorus, 20-70% reduction in total nitrogen, 95-99% reduction in turbidity 

and TSS, and 96-99% reduction in fecal coliform bacteria.  Removal efficiencies of 50-90% are 

also achieved for heavy metals.  The minimum tested dose of 5 mg Al/liter is generally 

considered to be the minimum dose necessary to achieve acceptable floc settling characteristics.  

Removal efficiencies for measured constituents appear to increase slightly with increasing alum 

dose.  In general, removal efficiencies achieved using alum are substantially greater than those 

achieved using settling alone. 

 

Removal of total phosphorus in alum treated stormwater occurs by direct precipitation of 

orthophosphorus as aluminum phosphate (AlPO4), as well as enmeshment of particulate 

phosphorus by incorporation into Al(OH)3 floc.  Removal of nitrogen species occurs primarily as 

a result of precipitation of particulate nitrogen and dissolved organic nitrogen, since alum 

treatment generally does not affect measured concentrations of ammonia or nitrate. 

 

As seen in Table 2-6, alum treatment removal efficiencies for nitrogen can be highly variable.  In 

general, alum treatment has only a minimal effect on concentrations of ammonia and virtually no 

impact on concentrations of NOx in stormwater runoff.  Removal of dissolved organic nitrogen 

species can also be highly variable, depending upon molecular size and structure of the organic 

compounds.  The only nitrogen species which can be removed predictably is particulate nitrogen.  

As a result, removal efficiencies for total nitrogen are highly dependent upon the nitrogen species 

present, with higher removal efficiencies associated with runoff containing large amounts of 

particulate and organic nitrogen and lower removal efficiencies for runoff flows which contain 

primarily inorganic nitrogen species.  Selection of the "optimum" dose often involves an economic 

evaluation of treatment costs vs. desired removal efficiencies. 

 

System Configurations 

 

In a typical alum stormwater treatment system, alum is injected into the stormwater or tributary 

flow on a flow-proportioned basis so that the same dose of alum is added regardless of the 

discharge rate.  A variable speed chemical metering pump is typically used as the injection 

pump.  If the initial laboratory testing indicates that the addition of alum to the target runoff flow 

will reduce pH levels to undesirable levels, a buffering agent, such as sodium aluminate 

(Na2Al 2O4) or sodium hydroxide (NaOH) can be injected along with the alum to maintain 

desired pH levels.  A separate metering system and storage tank will be necessary for the 

buffering agent. 

 

The operation of each injection pump is regulated by a flow meter device attached to each 

incoming stormwater line to be treated.  Measured flow from each stormwater flow meter is 

transformed into a 4-20 mA electronic signal which instructs the metering pump to inject alum 

according to the measured flow of runoff discharging through each individual stormsewer line.  

Mixing of the alum and stormwater occurs as a result of turbulence in the stormsewer line.  If 

sufficient turbulence is not available within the stormsewer line, artificial turbulence can be 

generated using aeration or physical stormsewer modifications.  Since alum addition is regulated 

by the rate of flow in the stormsewer line, the treatment system is capable of treating stormwater 



Final Report ï Chemical Treatment 

 

30 

 

as well as dry weather baseflow. 
 
A series of rate experiments were conducted by Harper (1990) to evaluate the time required for 

dissolution of alum floc.  Since Al
+3

 can be a potentially toxic species, floc formation should be 

complete prior to discharging the treated stormwater into the receiving waterbody.  It was 

determined that floc formation is complete, although on a microscopic scale, and Al
+3

 is virtually 

removed from the water column, in 45-60 seconds after alum addition.  Therefore, alum injection 

locations are carefully selected to allow a minimum of 45-60 seconds of travel time in the 

stormsewer line after alum addition prior to reaching the receiving waterbody. 

 

Mechanical components for an alum stormwater treatment system include chemical metering 

pumps and stormsewer flow meters and electronic controls which are typically housed in a 

central facility constructed as an above-ground or below-ground structure.  A fiberglass storage 

tank is typically used for bulk alum storage.  Alum feed lines and electrical conduits are run from 

the central facility to each point of alum addition and flow measurement.  Alum injection points 

can be located as far as 3000 ft or more from the central pumping facility.  The capital costs of 

constructing an alum stormwater treatment system do not increase substantially with increasing 

size of the drainage basin which is treated.  As a result, alum treatment has become increasingly 

popular in large regional treatment systems. 

 

Prior to 1998,  many of the constructed alum stormwater treatment systems allowed the 

generated aluminum floc to settle directly in the receiving waterbody.  An example of this type 

of system is the Lake Howard alum stormwater treatment system located in downtown Winter 

Haven.  This system provides alum injection to seven separate stormsewer systems which drain 

approximately 261 acres of commercial and single-family land use adjacent to Lake Howard.  

An overview of the Lake Howard alum stormwater treatment system is given on Figure 2-5.  A 

single chemical metering pump is used to inject alum to each of the seven points of injection, 

with flow control valves used to regulate the amount of alum added at each injection point.  

Mixing of the alum and stormwater occurs within the stormsewer system, and the generated 

alum floc discharges directly into Lake Howard.  The electrical components and pumping 

equipment are contained within a small equipment building constructed on vacant land adjacent 

to the Lake. 

 

One of the earliest stormwater treatment systems was constructed on Lake Lucerne, a 29-acre 

urban lake located near downtown Orlando.  Lake Lucerne receives untreated stormwater runoff 

from a 267-acre watershed which includes much of downtown Orlando.  An alum stormwater 

treatment system was designed which injects liquid alum into six primary stormsewer systems 

discharging to Lake Lucerne which contribute approximately 90% of the annual runoff inputs to 

the lake.  Mechanical components for the Lake Lucerne alum treatment system are housed in an 

underground vault beneath an elevated expressway and required no land purchase for 

construction.  The floc generated during the coagulation process discharges directly into the lake.  

Photographs of Lake Lucerne and the underground pump and control building are given on 

Figure 2-6. 
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Figure 2-5.   Overview of the Lake Howard Alum Stormwater Treatment System. 

 

 

Virtually all of the alum stormwater treatment systems permitted after 1998 provide mechanisms 

for collection and removal of the generated floc.  One of the first systems designed for automatic 

collection and removal of the alum floc is referred to as the Gore Street treatment system which 

provides alum treatment for a 250-acre watershed in downtown Orlando which discharges into 

Clear Lake.  An overview of the Gore Street alum stormwater treatment and floc collection 

system is given on Figure 2-7.  The mechanical components for the system are housed in a small 

prefabricated concrete building located adjacent to the point of injection.  Alum is injected into a 

large 8-ft x 10-ft CBC, and the generated floc is collected in an expanded portion of the channel 
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which connects the box culvert to Clear Lake.  A semi-permeable fabric is used to collect the 

alum floc while allowing water to pass through the fabric.  The generated floc is removed 

periodically by pumping directly into the adjacent sanitary sewer system. 
Figure 2-6
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Figure 2-6.   Photographs of Lake Lucerne and the Underground Pump and Control Building. 
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Figure 2-7.   Overview of the Gore Street Alum Stormwater Treatment System. 

 

 

 

One of the larger alum stormwater treatment systems was constructed in the City of Largo to 

provide treatment for a 1158-acre watershed which discharges through a canal into Tampa Bay.  

An overview of the Largo regional alum treatment system is given on Figure 2-8.  A drivable 

diversion weir was constructed across the channel to divert the canal water into an underground 

box culvert.  The flow rate through the box culvert is measured using a flow meter, and alum is 

injected according to the rate of stormwater flow.  Mechanical and electrical components for the 


