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Abstract

Hydrogen Sulfide is a very soluble and odorous gas that is frequently found in Florida ground waters used as water sources for community supplies. There are many treatment methods that can be employed to successfully remove Hydrogen Sulfide. This paper examines the most common systems, and their major benefits and considerations,  for small and medium water treatment systems. 

Introduction

Sulfur occurs may occur in several oxidative states, these include, Hydrogen Sulfide, elemental sulfur and sulfate.Sulfate is typically the form of sulfur found in the aquifer. Sulfate is the most reduced state of sulfur and the primary reason for sulfate is that bacteria have oxidized the other forms of sulfur to the sulfate state. Sulfate has no odor and is highly soluble in water in various sulfate compounds.  

Sulfur reducing bacteria can reduce sulfate converting it into hydrogen sulfide in an environment devoid of oxygen. Since drinking water aquifers contains no oxygen, when a carbon source is introduced to a ground water containing sulfate, sulfide conversion can be produced by biological activity. The higher in the aquifer from which the water is withdrawn, the more prevalent will be the organic and biological sources necessary for this conversion. The chemical equation for sulfide conversion from sulfate is shown below: 

SO4-2 + 2C organic + 2H20 + microbial activity   →     H2S + 2HCO-3

Hydrogen Sulfide can occur in the aqueous phase in two forms, as Hydrogen Sulfide or H2S and the bisulfide ion or  HS-. The form that Hydrogen Sulfide will take is dependant on the pH of the liquid.  

Hydrogen Sulfide (H2S) and its conjugate base the bisulfide ion (HS-), are referred to as total sulfide and occur together naturally at the pH ranges found in Florida ground water. As can be seen in the figure below, between the pH of 6 to 9, Hydrogen Sulfide can be present as Hydrogen Sulfide (H2S). 

Hydrogen Sulfide is a very volatile dissolved gas and readily escapes as a gas into the air causing unpleasant odors. At pH of 7 both forms of Sulfide are present in equal concentrations. Downwardly adjusting pH to around 6 will result in converting all of the bisulfide ion, to the volatile form. Conversely, raising the pH to above 9, will convert the bisulfide ion to the sulfide ion. These relationships are shown in the figure below.
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Hydrogen Sulfide (Gaseous)

Once hydrogen sulfide leaves the dissolved phase and enters the gas phase it can cause odor and corrosion. Hydrogen sulfide gas is a colorless but extremely odorous gas that can be detected by the human sense of smell in very low concentrations. In high concentrations, it is also very hazardous to humans. In concentrations as low as 10 ppm it can cause nausea, headache and conjunctivitis of the eyes. 

Hydrogen Sulfide (Aqueous)

Hydrogen sulfide can exist as a gas dissolved in water. The polar nature of the hydrogen sulfide molecule makes it soluble in water. In the aqueous form, hydrogen sulfide does not cause odor; however, this is the only sulfide specie that can leave the aqueous phase to exist as a free gas. The rate at which hydrogen sulfide leaves the aqueous phase is governed by Henry's Law, the amount of turbulence of the water and the pH of the solution.

Bisulfide Ion (HS-)

The bisulfide (or hydrosulfide) ion carries a single negative charge. This is because one of the negative charges of the sulfide ion is taken up by a positively charged hydrogen ion. It is a colorless, odorless ion which can only exist in solution. It also does not contribute to odors.

Sulfide Ion (S=)

The sulfide ion carries a double negative charge indicating that it reacts primarily by giving up two electrons in the outer shell. It is a colorless ion in solution and cannot leave water in this form. It does not contribute to odors in the ionic form.
Hydrogen Sulfide Water Quality Problems

Under the pH conditions found in Florida source waters, sulfide if present, will include the Hydrogen Sulfide dissolved gaseous form. Aqueous Hydrogen Sulfide is a very noticeable odorous gas that readily dissipates when water containing it is agitated or exposed to the atmosphere. Hydrogen Sulfide is easily detected in the air  at concentrations as low as 0.5 ppb. This concentration would generally equate to a  Hydrogen Sulfide concentration near 0.5 mg/l in the water. Sulfides at this level will have a musty odor.  Sulfides that exceed 1 mg/l in the water will generate the very noticeable and objectionable rotten egg odor.

Since ambient air contains negligible amounts of hydrogen sulfide, mixing of ground water containing with air will tend to degass Hydrogen Sulfide into the air from the water. Thus when a faucet is turned on by a homeowner with water containing Hydrogen Sulfide,  degassing will occur with the classic “rotten egg” odor noticeable. 

Hydrogen Sulfide is less soluble in warm water than cold. Thus concentrations in the water above 0.1 mg/L will cause a significant odor problem, especially in showers where the hot water is turned on. 
Hydrogen sulfide concentrations above 0.05 mg/L will also affect taste and appearance of beverages such as coffee and tea made with the water. 
Besides the odor complaints, hydrogen sulfide will produce yellow or black stains on kitchen and bathroom plumbing fixtures

Treatment Hydrogen Sulfide 

There are a significant number of methods that can be employed to remove Hydrogen Sulfide. The treatment option will be dependant on the concentration of Hydrogen Sulfide in the water and the pH. 

Degassing Hydrogen Sulfide Using Conventional, Forced Draft and Packed Tower Aeration

Degassing often called aeration, is a common method of removing H2S from the water. Degassing is accomplished by lowering the water’s pH to ensure that the Hydrogen Sulfide is in the dissolved gas form Air is then passed through the water to volitilize the gas. When Hydrogen Sulfide is degassed by aeration, noticeable and objectionable odors will be result.  

The normal pH of Florida groundwater is 7.2 to 7.4. In this range, about 50-60% of the sulfides are in the form of HS-. This form is not volatile and cannot be removed by degassification. To be effective, the pH must first be lowered to around 6 (see figure 1 above). 

The major drawback to degasification is that the aeration process will also dissolve oxygen into the water. Although the aeration process will generally result in stripping CO2  as well causing an increase in alkalinity, the dissolved oxygen added to the water will cause increased metal ionization at the surface of metal pipelines leading to increased corrosion potential in the finished water. This increased level of corrosion can result in lead and copper MCL violations and thus chemical alkalinity adjustment and/or corrosion treatment may be required.

Another problem with degassing is that the amount of air that can be provided under gravity conditions is limited. Thus supplemental air may need to be provided. The Table below provides DEP recommendations for the use of various types of aeration systems for the degassing Hydrogen Sulfide. Note that even with low concentrations of Hydrogen Sulfide, removal efficiencies are generally limited to 50%. These degassing methods are discussed below.
	Total Sulfide (mg/l)
	Type of Aeration Used
	Removal Efficiency

	
	
	

	0.3 to 0.6 at  pH <7.2     0.3 to 0.6 at  pH >7.2                  
	Conventional                  Conventional with pH adjustment
	40% to 50% 

	0.6 to 3.0 at  pH <7.2     0.6 to 3.0 at  pH >7.2                  
	Forced Draft                             Forced Draft with pH adjustment
	   ~ 90% 

	above > 3 mg/l                        
	Packed Tower with pH Adjustment                  
	    > 90%


When aeration is used, the water’s  corrosion potential should always be evaluated. Corrosion potential can be approximated using the Rothberg, Tamburini & Winsor, Inc.(RTW)  model. The RTW Corrosivity Index can be accessed at: http://www.awwa.org/Science/sun/docs/RTWCorrosivityCalc.cfm. This model will calculate two useful corrosion indices: the Langelier Saturation Index, and the Ryznar Stability Index. Each can be independently used to determine the corrosive nature of a given water and to determine the chemical adjustment that will be required to render the finished water stable.
Conventional Degassification  

Conventional aerators consist of  towers with trays in them. The water enters the top and cascades down to the bottom over a series of trays. As the water moves down the cascading trays, water molecules are brought in direct contact with the air. Since Hydrogen Sulfide is very volatile and is virtually negligible in ambient air, bringing the volatile sulfide compound in contact with the air forces the concentrations in the water to equalize with that in the air, effectively removing the gas. However, the volatilized Hydrogen Sulfide will result in a very noticeable rotten egg odor which will generate complaints. 

This process is only partially effective at removing Hydrogen Sulfide because frequently all the Hydrogen Sulfide in the water is not in the removable volatile form. To convert the maximum amount of Hydrogen Sulfide to a volatile form, downward pH adjustment (acid) is often required. Since most of the State's ground waters will have a pH 7 or above, chemical addition to lower the pH will be necessary to achieve effective removal.  

As mentioned previously, the finished water will then need chemical adjustment of pH or use of chemical sequestering agents that binds to metal pipes to prevent corrosion problems from occurring in the distribution system and in service connections. 

Forced Draft Degassification. 

Conventional aeration systems frequently do not provide enough air needed for completer degasification to occur. Therefore an external source such as a blower to increase the amount of  air that can be forced into the water must be used. 

Forced draft aerators normally consist of a cylindrical shell containing trays and sometimes are fitted with support plates for including packing material. The  blower forces air up thorough the layered material. 

Packing material is typically a plastic media that provides significant air-to-water interface. Water enters at the top of the tower and air is forced up through the bottom. This method is much more effective at degassing than tray aeration or forced air aeration because of the significant increase in air to water contact provided by the media. When forced air blowers are used in this configuration they are referred to as packed towers. 

Packed Tower Degassification.

 Packed towers normally consist of an engineered cylindrical shell containing a support plates for packing material that are designed to maximize air to water contact. Packing material is typically a plastic media that forces water to coat the surface providing a maximum amount of air to water interface. Packed towers generally are designed based on an allowable pressure drop through the media and can be 10’ to 20’ in height, depending on the loading rates desired. These type of forced air systems are extremely effective at removing hydrogen sulfide when it is present in concentrations above 3 ppm.  

Water enters at the top of the tower and air is forced up through the bottom by a blower. 

Removal of Hydrogen Sulfide Using Oxidation

A number of oxidizers have been used in water treatment for the removal of Hydrogen Sulfide. How quickly and efficiently the Hydrogen Sulfide is oxidized is directly proportional to the oxidant’s oxidation potential. Thus the contact time for Hydrogen Sulfide reactions to occur will generally be inversely proportional to  the oxidation potential of the chemical used as the oxidizer. The oxidation potential of the various oxidizers used in drinking water are provided in the following table:

Oxidation Potentials of Various Hydrogen Sulfide Oxidizers           Used in Water Treatment

	Oxidizer
	Oxidation Potential                     

	OH- Radical
	2.8

	Ozone
	2.1

	Hydrogen Peroxide
	1.8

	Potassium Permanganate
	1.7

	Chlorine Dioxide
	1.5

	Hypochlorus Acid (HOCl)
	1.5

	Chlorine Gas
	1.4

	Oxygen (O2)
	1.2

	Hypochlorite (OCl)
	0.9


Oxidation Using Aeration 

Oxidation of Hydrogen Sulfide may be accomplished by the use of oxygen contained in the air. Ambient air contains about 21% oxygen. However use of air to provide the oxygen for oxidation will also result in odor releases near the treatment system because of the extremely volatile nature of Hydrogen Sulfide. Thus this process will generally require a closed vessel and a method of scrubbing the gas to prevent odor releases. 

Theoretically 1 mg/l of oxygen is required for each mg/l of hydrogen sulfide oxidized. The chemical equation is provided below:

2H2S + O2 → 2H2O +2S0
The elemental sulfur (2S0) produced is an insoluble colloidal particle and must be removed by filtration.

Rates of removal of Hydrogen Sulfide will depend on its concentration in the water. As can be observed, the reaction of Hydrogen Sulfide with Oxygen can take extremely long contact times requiring large reactor volumes.

Hydrogen Sulfide
Contact Time

H2S (ppm)                Required (min.)
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300
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320
Another problem in using oxygen to remove Hydrogen Sulfide is that in practice, it is usually necessary to provide significant excess oxygen to force the reaction. In practice it has been found that approximately 5 mg/l of oxygen per mg/l Hydrogen Sulfide is desirable instead of the 1 mg/l stochiometric amount calculated. To provide this level of oxygen concentration, air is typically added to the water using an air diffuser type device.  Because diffuser efficiency oxygen transfer values are extremely low, very fine bubble diffusers must be used to provide the needed oxygen transfer efficiency. 

To overcome the oxygen transfer problem with Hydrogen Sulfide, pressurized air is sometimes used.  The Table below shows the increase in oxygen solubility in water under various pressures and temperatures.

Solubility of Air in Water

Ratio of Absorbed Air Volume to Water Volume
Temp.   Pressure, psig

0 F 
   0        20       40      60     80    100

40 
.0258 .0613 .0967 .1321 .1676 .2030

50
.0223 .0529 .0836 .1143 .1449 .1756

60 
.0197 .0469 .0742 .1014 .1296 .1559

70 
.0177 .0423 .0669 .0916 .1162 .1408

80 
.0161 .0387 .0614 .0840 .1067 .1293
As can be observed, under standard conditions and water pressures generally used in water systems (45 to 60 psi), oxygen concentration can be increased by a factor of 3 to 5 times, thus pressurized systems make the oxygen more readily available in the reaction and less air needs to be supplied than under ambient pressure conditions. 

These designs use a compressor that is connected to a diffuser that provides air into a pressure vessel that acts as a contact chamber. The elemental sulfur that is produced is then removed in a pressure filter. 

Although pressurized systems are very effective in removing Hydrogen Sulfide, the oxygen added to the water will render the water extremely corrosive. 

Oxidation with Chlorine. 

This method is the most common choice in Florida for removing H2S from the water for its relatively low cost, simplicity and use of chlorine a relatively inexpensive chemical that is also used for disinfection. The State of Florida will not allow chlorine to be used without a filter when Hydrogen Sulfide concentrations exceed 0.30 PPM, unless it can be demonstrated that turbidity will not be raised more than 2 NTUs over source water value.

The chemical reaction for direct Free Chlorine oxidation of Hydrogen Sulfide is shown below:

H2S + Cl2  →  S0 +2Cl- + 2H+

This reaction proceeds best between a pH of 6.5 to 8.5. 

The theoretical amount of chlorine to oxidize 1 mg/l of Hydrogen Sulfide to elemental Sulfur requires about 2 mg/l of chlorine. 

When chlorine is used as an oxidant it is also customary to add 15 % excess chlorine to force the reaction.  Hydrogen Sulfide concentrations of less than 1 mg/l will require 20 minutes of contact time.

Chlorine oxidation of Hydrogen Sulfide to elemental sulfur produces an undesirable chemical turbidity which consisting of very fine particles that must be removed. The product of Hydrogen Sulfide oxidation is primarily elemental sulfur which appears as a white colloidal form if the oxidation is complete and a yellow colloidal form if the reaction is incomplete.

Another issue with chlorine oxidation is that partially oxidized and oxidized sulfur in the finished water can then be easily converted back into H2S by sulfur reducing bacteria that are not completely destroyed through disinfection. 

The colloidal sulfur produced by water treated with chlorine can be corrosive and can contribute to the formation of copper sulfide (black water) in the customers' home plumbing. Thus it is often necessary to stabilize the water using chemical adjustment or a corrosion inhibitor to keep copper from ionizing at the pipe surface.

Hydrogen Sulfide may be completely oxidized to a soluble sulfate form using chlorine The oxidation of Hydrogen Sulfide to Sulfur may take simultaneously or proceed at a slower rate depending on the pH and concentration of the reactants. Under most conditions a minimum of 20 minutes of contact will be required for complete sulfate conversion. The optimal secondary pH range is narrower than the primary range and is from 6.5 to 7.3. 

The chemical equation is shown below:

4Cl2 +S2 + 4H2O → 8HCl + SO4-2

Note that Oxygen is provided by the water molecules. If oxygen is present in the water the sulfate reaction will more readily occur. To oxidize Hydrogen Sulfide completely to the sulfate form, 8.32 mg/l of Chlorine are needed for each mg/l of Hydrogen Sulfide oxidized. As in all chemical reactions, excess oxidant will force the reaction to completion at a faster rate.

Since excess chlorine will react with organic material present in the source water, the complete oxidation of Hydrogen Sulfide process may exacerbate the production of disinfection by products if not tightly controlled. To control the production of disinfection by-products, the stoichiometric 8.3 mg/l ratio should be not be exceeded and residuals coming out of the contact chamber should be near zero.

With high levels of Hydrogen Sulfide (> 3 PPM) it will be necessary to provide filtration for Sulfur that was not completely oxidized in the process. 

Oxidation with Hydrogen Peroxide

Hydrogen Peroxide is an extremely powerful oxidant that is more reactive than both chlorine and chlorine dioxide (see oxidation potential above). Oxidation  with Hydrogen Peroxide proceeds in much the same way as chlorine but occurs much faster. The reaction is shown below:


H2S + H2O2 → S0 + 2H20

Note that stoichiometric calls for 1 mg/l of Hydrogen Peroxide for each mg/l of Hydrogen Sulfide produced.  The reaction is most effective in a pH range of         7 to 9.

The product of Hydrogen Sulfide oxidation is primarily elemental sulfur which appears as a white colloidal form if the oxidation is complete and a yellow colloidal form if the reaction is incomplete. If turbidity is a problem the colloidal sulfur may be removed by flocculation using an anionic polymer followed by filtration.

Like Chlorine, Hydrogen Peroxide can be used to oxidize Hydrogen Sulfide into the soluble Sulfate form. The reaction is described as follows:

S-2 + 4H202 → SO4-2 + 4 H20 

The reaction requires 4.25 mg/l of Hydrogen Peroxide for each mg/l of Hydrogen Sulfide converted to Sulfate. The higher pHs range (>9) greatly speed the Sulfate reaction as will the presence of any Iron or Manganese present in the water. Iron and Manganese will act as catalysts speeding the reaction. 

Needed contact times will vary depending on the Hydrogen Sulfide concentration in the water. In a trial performed at Orlando Utilities Commission with  a water containing 2.5 mg/l of Hydrogen Sulfide, at a pH of 8.2  a detention time of 40 minutes provided 100% sulfide conversion with the use of Hydrogen Peroxide.

Another benefit of Hydrogen Peroxide is that it will also oxidize humic acids (identified by UV 254 analysis) that are responsible for both the most prevalent humic color compounds found in ground water and the organic precursors that react with chlorine to form disinfectant by-products. Unlike chlorine addition, Hydrogen Peroxide addition will oxidize many of the disinfection by-product precursors that would ordinarily combine with the free chlorine used as a disinfectant. 

To avoid problems associated with the presence of Hydrogen Peroxide in drinking water consumed by the public, it is wise to remove any excess prior to the distribution system. Any residual Hydrogen Peroxide not consumed by other oxygen demanding substances in the source water, will be quickly neutralized by a reaction with free chlorine. 

The Hydrogen Peroxide reaction with free Chlorine takes place very quickly at the pHs commonly found in drinking water, thus a safety mechanism for Hydrogen Peroxide removal is already in place as part of the primary disinfection with Free chlorine. 

The reaction of Hydrogen Peroxide with Free Chlorine is shown below: 

In the first reaction Free Chlorine is converted to Hypoochloros Acid and the Hypochlorite ion with the concentrations of each controlled by the pH.

Cl2 + H20 →  HOCl + H+ + Cl
HOCl  <> + H+ +OCl


When Hydrogen Peroxide that comes in contact with the hypochlorite ion it immediately forms the harmless Chloride ion, Water and O2. 

OCl- + H2O2 (g) <-> Cl- + H2O + O2

Hydrogen Peroxide is used in drinking water applications in advanced oxidative processes (AOP) in combination with UV and Ozone. When used with ozone, H2O2 quenches formation of THMs and reduces formation of problematic inorganic byproducts such as bromate. 

NSF/ANSI standards for drinking water limits Hydrogen Peroxide application to less than 3 mg/l to drinking water. The standard also requires that excess Hydrogen Peroxide residual be removed by chlorination. 

Oxidation with Potassium Permanganate

The reaction with Hydrogen Sulfide and Potassium Permanganate is governed by the pH of the water. 

In an acidic condition the following reaction will occur:


3H2S +2KMnO4  → 3S +2H2O +2KOH +2MnO2

In an alkaline condition the following reaction will occur:


3H2S +8KMnO4  → 3KSO4 + 8MnO2 + 2KOH + 2H2O

In conditions that vary between highly basic or highly alkaline, a variety of intermediate sulfur products will be formed that include elemental sulfur, sulfate, thionates, dithoinates and manganese sulfide. 

It takes approximately 7 mg/l of Potassium Permanganate for each part of Hydrogen Sulfide removed. On distinct advantage over chlorine is that some disinfection by-product precursors will also be oxidized.

With the use of Potassium Permanganate an insoluble Manganese Oxide an insoluble green precipitate, will be formed which must be removed by filtration.


Oxidation with Ozone.

Raw water treated with Ozone will remove hydrogen sulfide as well as provide  disinfection, To disinfect with Ozone all that is necessary is to maintain an ozone residual after sulfide conversion.

The equations for Ozone oxidation of Hydrogen Sulfide follows

HS- +  3O3  → HSO3- + 3O2
HSO3- + O3  → HSO4- +  O2
Ozonation is 100% effective in converting H2S to sulfates. Sulfates are a water soluble ion and all sulfide will be converted during ozonation process. As long as sufficient ozone is added to such waters to convert all sulfide to sulfate ion (eliminating the rotten egg odor in the process) to allow a residual of ozone to be attained, then disinfection of pathogenic bacteria (E. coli) can be assured.

The drawbacks of ozonation is that ozone must be generated on-site and the process is typically more expensive than the use of other oxidants. Ozone cam also form bromide if bromate is present, which is more common in coastal areas. Ozone will convert bromide to bromate which is a regulated contaminant. 

The following table shows the contact time needed for sulfate conversion with Ozone under various dose rates by in-line injection. 

Tests Conducted on Orlando Utilities Source Water for 2.5 mg/l H2S                                 Hydrogen Sulfide Remaining (mg/l)  for Given Dose and Contact Time                   for In-Line Injection of Ozone by GDT Corporation, 1994

	Ozone/H2S Ratio (mg/l/mg/l))

Contact Time 
	0:1
	2.2:1
	4.4:1
	7.4:1

	 10 sec.
	2.4
	1.4
	0.5
	0.3

	 20 sec.
	2.3
	1.3
	0.4
	0

	 70 sec.
	2.3
	1.1
	0.3
	0

	130 sec.
	2.3
	1.0
	0.2
	0


When ozone diffusion was maximized by switching from in-line injection to fine bubble diffusers an ozone dose of 2.2:1 could remove all of the sulfide in about 60 seconds.

The theoretical dose to oxidize ozone to oxidize Hydrogen Sulfide to sulfate is 3:1, but in practice the ratio is 4:1. This will leave a small ozone residual in the water, 0.2-0.3 ppm. This residual can be used to ensure that the hydrogen sulfide is fully removed. In the case of  variable hydrogen sulfide concentration, following the residual will allow for adjustment in the ozone dosage rate to maintain complete removal of the ozone.


In most cases, the complexity, monitoring and cost of Ozone systems generally preclude their use in small water treatment for Hydrogen Sulfide removal applications unless there are other considerations such as taste, color,  other contaminants or disinfection by-products that must also be considered for removal. Larger treatment systems have found great success with the use of ozone for Hydrogen Sulfide removal.
Advanced Oxidative Processes 

Advanced Oxidative Processes use redundant oxidizers to speed and increase the efficiency of the oxidation reactions, In some cases the oxidation can be increased as much at 40 times. Oxidants considerably stronger than chlorine include

Hydroxyl Radicals (OH·), Ozone (O3), Hydro Peroxides, and Super Oxide ions. All of these are either used during or are produced as a result of Advanced Oxidation Processes. Generally Advanced Oxidation Processes will react with compounds that

typically will not react with other common oxidants.

An example of one of the oxidizers created by Advanced Oxidation is the Hydroxyl Radical. OH· is very unstable, thereby making it very aggressive or a free radical. One method the Hydroxyl or free radical is created is when ozone and water react with UV light energy and protolysis occurs. Although the Hydroxyl Radicals are very short lived, they have a higher oxidation potential than ozone, chlorine, or hydrogen peroxide, and their unstable nature increases their reaction speed. A strong benefit of Advanced Oxidation is the end products of CO2 and H2O, Carbon Dioxide and Water.

These chemical equations are shown below:

Advanced Oxidation with Ozone and UV light:

O3 + H2O + UV light →   2 OH.
Advanced Oxidation with TiO2 and UV light:

TiO2 + H2O + O2 + UV light →  OH. + H+ + O2

Note: These reactions are complex and have intermediate steps which also produce hydro-peroxides and super oxide ions.
Advanced oxidative processes are generally used by larger treatment facilities.
Oxidation with Ferrous Sulfate 

Ferrous Sulfate can be used to react with Hydrogen Sulfide to produce an insoluble metal sulfide compound. It takes 4.5 mg/l of Ferrous Sulfate to combine with each mg/l of Hydrogen Sulfide. The insoluble compound formed must be removed by filtration.  The process is typically more economical than using chlorine for Hydrogen Sulfide removal and does not require the use of excess chlorine which may result in disinfection by-product production.

The Ferrous Sulfate reaction is shown below:


FeSO4 + HS- →  FeS + H+ SO4=
Granular Activated Carbon Removal Systems

Granular Activated Carbon (GAC) Wet Adsorption 

Waters with concentrations of Hydrogen Sulfide below 1 mg/l , can be directly treated using granular activated carbon.  However, the carbon sites rapidly fill up and the carbon must be replaced frequently making conventional activated carbon systems expensive. 
Thus carbon filters are sometimes used in conjunction with other treatment systems like chlorination to “polish” the treated water to remove small amounts of residual hydrogen sulfide extending the life of the activated carbon.

Recent improvements in activated carbon technology known as “catalytic carbon” have been developed for hydrogen sulfide removal and significantly increase the life of the activated carbon media. In a wet treatment system, catalytic carbon first adsorbs the hydrogen sulfide then oxidizes the gas much like an oxidizing filter. As a result, catalytic

carbon units can be used to treat much higher hydrogen sulfide concentrations than conventional activated carbon filters. Maintenance requirements are less than

oxidizing filters because no chemicals are added but backwashing is still necessary. Catalytic carbon requires a minimum of 4.0 mg/L of dissolved oxygen in the source water to properly function. Some groundwater supplies may need pretreatment to increase the dissolved oxygen supply. When oxygen needs to be supplemented other types of treatment are usually more cost effective. 
Generally, when Hydrogen Sulfide concentrations exceed 0.3 mg/l, a treatment system that degasifies the Hydrogen Sulfide will be employed.
Granular Activated Carbon used for Hydrogen Sulfide Air Stripping

Air stripping GAC systems act in the same way as water removal GAC systems and employ a highly porous activated carbon materials that provide large surface areas that readily adsorbs Hydrogen Sulfide. Air stripping GAC systems are extremely effective in removing gaseous Hydrogen Sulfide, its reaction products and other odor-causing reduced sulfur compounds.  In the presence of air and moisture, activated carbons catalytically oxidize Hydrogen Sulfide to a combination of elemental sulfur and sulfuric acid. These reaction products are stored in the carbon’s pore structure where they compete with other reduced sulfur compound and volatile organic compounds for adsorption space.  

GAC systems must provide sufficient contact time for reactions to occur. Modern GAC Hydrogen Sulfide removal systems typically operate a velocity of about 60 ft/min and an empty-bed contact time of about 1 second.

Hydrogen Sulfide GAC stripping systems employ special carbon media that provide long service lives. These systems do not use virgin activated carbons Virgin activated carbons can hold only about 4% to 7% of their weight in hydrogen sulfide and will quickly be fill up. 

Hydrogen Sulfide removal GAC systems come in three basic types:

Chemically Impregnated Carbons

Chemically impregnated carbons are typically coal based and impregnated with a caustic such as potassium hydroxide, sodium hydroxide or potassium iodide. The addition of an impregnate significantly increases the carbon’s Hydrogen Sulfide removal capacity. These carbons have Hydrogen Sulfide holding capacities of 20% to 25% by weight or about 3 to 4 times those of conventional activated carbon.. 

Water-Regenerable Carbon

Water-Regenerable Carbon is sulfuric acid selective. These systems remove gaseous Hydrogen Sulfide from the air stream oxidizing it to sulfuric acid. The sulfuric acid that is formed is stored in the carbon’s pore structure and then leached from the carbon by washing with water. 

The carbon can hold about 14% to 18% of Hydrogen Sulfide by weight and each water washing restores the carbon to 75% to 90% of its original storage capacity depending on the amount of other volatile organic compounds are present in the water that are not removed with the washing and build up over time.

Sulfur-Selective Catalytic Carbon   

Catalytic carbon has catalytically active ingredients that are added to the carbon that are an integral part of its pore structure. The active catalysts are not consumed when the Hydrogen Sulfide is oxidized. These carbons convert the gaseous Hydrogen Sulfide to elemental sulfur which is then stored in the carbon pore structure. They can store about 65% to 75% of the Hydrogen Sulfide by weight and must be replaced when spent.  
Biofiltration

Biofilters have been used historically at wastewater plants and in the dairy industry for removing gaseous Hydrogen Sulfide and other odors from the air. These systems show great promise for the water industry because of their low cost, high Hydrogen Sulfide removal efficiency and compactness. In wastewater applications Hydrogen Sulfide concentrations that my approach 200 ppm in the air, and will be diluted to with fresh air. This provides for sufficient oxygen and contact areas with the biofilter to achieve effective Hydrogen Sulfide conversion. With the very low concentrations found in water applications, no dilution would be necessary.

A biofilter consists of a layer of organic material, typically wood chips, that provides organic substrate and supports a microbial population that thrive at a water interface by energy derived from the oxidation of Hydrogen Sulfide. These organisms are known as Sulfur  Oxidizing Bacteria (SOB) which are specially adapted to the acidic conditions generated in the removal of Hydrogen Sulfide. Although the complete Hydrogens Sulfide oxidation mechanisms by this group of bacteria is unknown, Hydrogen Sulfide oxidation  is believed to convert Hydrogen Sulfide to Sulfate. 

Biofilters are very easy to construct and consist of a blower to move Hydrogen Sulfide laden air, media support, PVC air distribution piping, and biofilter media. The blower forces sulfide laden air stripped from the water through a pipeline into a manifold that distributes the air via slotted pipes into the biofilter media. The air passes up through the biofilter media where the select aerobic microorganisms remove hydrogen sulfide as the air passes through. The size (area) required can be reduced if the media depth is increased but this increases the blower power required. A depth of 3 feet over the top of the distribution piping has been found to be optimal for hydrogen sulfide removal in most applications and the depth is typically limited in height by the blower capacity. This depth is sufficient to prevent short circuiting through the media (a problem with short depths), provides sufficient insulation from surface drying action that can severely reduce biofilter efficiency and allows for porosity that does not significantly impact blower power requirements. Biofilter depths of less than 10 inches in depth have been found to be ineffective in practice.

Biofilters sizes are designed on the basis of empty bed contact time (EBCT). Empty bed contact times of between 5 and 15 seconds, with 10 seconds being recommended. It is also recommended that two units be constructed so that one unit can be taken out of service for media replacement. 

Typically, each biofilter will be constructed with a 5 second EBCT to allow replacement of media in one biofilter while maintaining adequate filtration in the remaining unit under high loading during the inoculation period. A higher EBCT will often be dictated by the blower’s air flow capacity and a larger unit that meets the 15 second requirement (7.5 EBCT for each unit) should be considered.

A properly constructed Biofilter is extremely cost effective when compared to capital intensive air pollution control technologies that employ chemicals or specialized media. 
Hydrogen Sulfide Removal by Greensand Adsorption

Greensand is a specially formulated resin that is specific for iron, manganese and Hydrogen Sulfide. Greensand can effectively remove up to 5 ppm of hydrogen sulfide if the pH of water is above 6.7. 

Hydrogen Sulfide will consume a disproportionate amount of greensand capacity and pre-chlorination is recommended to increase greensand filtering capacity. Otherwise the filter may become clogged more frequently by sulfur particles and need more frequent backwashing and regeneration.

Both natural and synthetic gell resins are available but the synthetic gel resin requires less backwashing and also softens the water.  

Greensand is regenerated using potassium permanganate.

Ion Excange for Hydrogen Sulfide Removal

Sulfur oxides as sulfuric acid, sulfate and sulfite are anions and readily removed with special anion exchange resins developed for this purpose. 

Ion exchange to remove hydrogen sulfide works much like a conventional water softener by exchanging one ion for another. These units are regenerated with a sodium chloride solution and the treatment will result in an increased amount of chloride in the

treated water.

Suspended solids and precipitated iron can also clog the Ion Exchange unit and may require pretreatment.
Biological Oxidation of Hydrogen Sulfide

Biological oxidation of Hydrogen Sulfide shows great promise but has not caught on in Florida likely because of the aversion of to biological removal systems in the water treatment industry. 

This removal technique require a slightly oxic environment and a support media for that favor the growth of sulfide oxidizing bacteria such as Beggiatoa and Thiothrix. The bacteria act as catalysts and oxidize Hydrogen Sulfide according to the following reaction:


2H2S + O2 + bacterial catalyst → 2S0 + 2H20

The benefits to this removal system are that no chemicals are needed and elemental  sulfur is captured and stored in white stringy bacterial filaments that can then be periodically removed by water blasting as the sulfur bacteria accumulate. 

Problems with Hydrogen Sulfide Caused by Reducing Bacteria 

It is important to maintain adequate residuals in the water distribution system to prevent the growth of sulfate bacteria. Chlorine depletion is exacerbated by stagnant water found in dead-end lines. These conditions lead to additional corrosion which provide electrons needed for sulfur bacteria to grow. 

Cathodic protection  provided by magnesium anodes, heat and stagnant water conditions inside modern water heaters provide an ideal environment for the conversion of sulfate to Hydrogen Sulfide by bacterial action. The magnesium anode that sacrifices electrons to protect the steel tank produces enough excess electrons that can be used by sulfur reducing bacteria to produce Hydrogen Sulfide. The H2S in turn reacts with copper pipes service pipe forming copper sulfide, which is a black material that causes staining on plumbing fixtures in the home.

Bacterial activity can be controlled in several ways depending on where the problem occurs. Corrective actions include the following: 1.) Maintaining higher chlorine residuals within the distribution system to eliminate sulfur reducing bacteria, 2.) flushing low flow distribution lines to prevent bacterial growth, 3.) killing the bacteria in the hot water tank by periodically raising the temperature to above 140 oF, 4.) replacing the Magnesium anode in the water tank with a Zinc or Aluminum anode, and 5) Removing the anode entirely (this action will decrease the life of the unit).  

Persistent sulfur bacteria problems may also be addressed by periodic chlorine shocking of the well, water distribution system or the hot water tank wherever the problem occurs. Evidence of these problems will be a dark slime that can clog plumbing and stain clothing at the first visible location working back from the problem. 

There are some proven methods for identifying the source of the Hydrogen Sulfide problem in a home. These include isolating the hydrogen sulfide odors from various sources in the home. The process should proceed as follows: 1. If the smell is only noticeable from the hot water tap, the source is likely the hot water tank, 2. If the smell is noticeable from the hot water tap and cold water tap but only from that treated by a water softener, the problem is in the softener, 3.) If the smell is noticeable most when the water is first turned on and then diminishes, it is likely from the well or distribution system, and 4.) If the smell is the smell is noticeable when the water is turned on and stays fairly constant the problem is likely from the well.
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