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Arsenic is classified by the USEPA as a known human carcinogen that contributes to 
cancers of the skin, bladder, and lung.  It is also suspected of causing dermal, 
neurological and cardiovascular complications, although the new regulation is based 
upon arsenic’s carcinogenic effects.  In drinking water arsenic primarily exists in two 
inorganic forms, arsenite (As[III]) and arsenate (As[V]).  Both are oxyanions, although 
As(III) has no charge at drinking water pHs and As(V) is a mono- or di-valent anion at 
drinking water pHs.  Organoarsenic compounds may also be present in natural waters, 
but their concentrations are typically negligible in drinking water sources. 
 
Rule Requirements 
 
On October 31, 2001 the USEPA Administrator finalized the maximum contaminant 
level (MCL) of 10 µg/L for arsenic.  The effective date of the arsenic rule is February 22, 
2002 which applies to Consumer Confidence Report (CCR) language for utilities that 
have greater than 5 µg/L of arsenic in their inorganic contaminants monitoring.  The 
MCL compliance date is January 23, 2006.  
 
Arsenic Compliance 
By January 23, 2006, all community and nontransient noncommunity water systems will 
be required to serve water with arsenic levels no greater than 10 µg/L.  Compliance is 
determined at each separate entry point into the distributions system with monitoring 
frequency that is consistent with inorganic contaminant monitoring.  Surface water 
utilities will be required to monitor on an annual basis and groundwater utilities will be 
required to monitor every three years.  If a sample exceeds 10 µg/L, the utility will be 
required to monitor on a quarterly basis and compliance will be determined based upon a 
running annual average at each entry point into the distribution system. 
 
A three-year exemption due to “compelling factors” to this compliance date may be 
granted by the primacy agency to systems of all sizes if the exemption does not result in 
an unreasonable risk to public health.  Small systems serving less than 3,300 people may 
be eligible for three additional two-year exemptions.   
 
Consumer Confidence Report Requirements 
The effective date of February 22, 2002 applies to CCR language requirements.  Utilities 
with arsenic levels greater than 5 and less than or equal to 10 µg/L for the previous year’s 
inorganic contaminant monitoring will be required to provide an educational statement in 
their CCR.  This statement is prescribed by the USEPA as follows: 
 

While your drinking water meets EPA’s standard for arsenic, it does 
contain low levels of arsenic.  EPA’s standard balances the current 
understanding of arsenic’s possible health effects against the costs of 
removing arsenic from drinking water.  EPA continues to research the 
health effects of low levels of arsenic which is a mineral known to cause 



 

cancer in humans at high concentrations and is linked to other health 
effects such as skin damage and circulatory problems. 

 
Utilities with arsenic levels greater than 10 µg/L and less than or equal to 50 µg/L for the 
previous year’s inorganic contaminant monitoring will be required to provide an 
educational statement in their CCR.  This statement is prescribed by the USEPA as 
follows: 
 

Some people who drink water containing arsenic in excess of the MCL 
over many years could experience skin damage or problems with their 
circulatory system, and may have an increased risk of getting cancer. 

 
Monitoring Considerations 
 
When instituting an arsenic monitoring program, utilities should recognize that data 
obtained from compliance sampling alone will probably be insufficient to properly select 
and size an arsenic treatment system.  As mentioned above, compliance is measured at 
each entry point to the distribution system.  Utilities that blend or use multiple wells 
should also sample at each source.  The sampling program should be designed to capture 
seasonal variation of arsenic concentration in surface waters and variations due to draw 
on the aquifer.  
 
There are several methods that can detect arsenic to extremely low levels including 
graphite furnace atomic absorption spectrometry (GFAA), hydride generation atomic 
absorption spectrometry (HG-AA), and inductively coupled plasma mass spectrometry 
(ICP-MS).  Certification of the laboratory for arsenic analysis in drinking water samples 
is not sufficient to determine future arsenic compliance.  Current EPA certification only 
ensures performance to meet the currently effective MCL of 50 µg/L.  The method used 
should be approved by the USEPA and have a detection limit of 3 µg/L or less with 
precision within + 20%.  For most commercial laboratories, low-level arsenic analysis 
typically cost less than $40 per sample.  Inductively-Coupled Plasma Atomic Emission 
Spectroscopy (ICP-AES), not to be confused with ICP-MS, is not recommended because 
of its high detection limit of 8µg/L.  The USEPA approval of ICP-AES will be 
withdrawn January 23, 2006. 
 
Compliance Strategies 
 
Once a utility has determined it is likely to violate the 10 µg/L MCL should first consider 
three compliance strategies. 

• Obtain an alternative low arsenic source water; 
• Blend the existing high arsenic source with low arsenic sources; and 
• Install a treatment system. 

Obtaining an alternative source and/or blending to reduce the concentration of any 
contaminant is almost always the least expensive and most robust method of contaminant 
mitigation.  If blending is used, the blended water should be studied prior to 



 

implementation and secondary impacts, particularly water quality impacts in the 
distribution system, should be fully understood. 
 
If a system cannot reliably meet the 10 µg/L MCL by using an alternate source or 
blending, then treatment of at least some or all entry points into the distribution system, 
or sources will be necessary.  Depending upon the configuration of the system, it may be 
preferable to combine some or all of the entry points and treat at one or only a few points.  
The advantages to this approach are lower operating costs and fewer treatment trains to 
keep in compliance with the arsenic and other regulations.  The disadvantages are the 
capital expense of piping water to a central treatment facility and the potential for a lack 
of redundancy.  Treatment consolidation or centralization may also require upgrading of 
a significant portion of the distribution system due to an increased hydraulic load.  
 
Point of Entry (POE) or Point of Use (POU) devices may be appropriate for extremely 
small systems or systems with a small number of households served solely by a source 
high in arsenic.  The advantage to this option is that only water used for potable uses is 
treated.  The disadvantage is that every consumer must accept the installation of the 
POE/POU and grant permission the utility or assigned contractor to enter their property 
for POE/POU device maintenance.  How the devices are installed, maintained, and 
monitored must be investigated and integral to the treatment plan.  The arsenic regulation 
is the first in which the USEPA has allowed the use of POE/POU devices and may be 
extremely attractive for very small communities.   
 
In order to select the most cost-effective treatment scenario all permutations of obtaining 
an alternate source, blending, consolidating treatment and installation of POU/POE 
devices should be considered. 
 
Treatment Options 
 
Arsenic can be removed from water by adsorption, co-precipitation, or physical 
separation.  The performance of almost all arsenic treatment technologies depends upon 
the electrostatic interactions of a negatively charged As(V) ion and the treatment media.  
Hence, it is desirable to treat arsenic in the anionic As(V) state rather than the uncharged 
As(III) state.  Treatment options for arsenic fall into six major categories, 
conventional/softening treatment, ion exchange, aluminum-based media, iron-based 
media, membrane filtration, and coagulant-assisted membrane filtration.   
 
Conventional/Softening Treatment 
Both aluminum and ferric flocs adsorb arsenic although aluminum hydroxides are more 
sensitive to pH.  Arsenic adsorbs to alum flocs at pH = 7 or less and ferric hydroxides 
effectively adsorb arsenic up to pH = 8.   Silica is known to interfere with arsenic 
adsorption to ferric hydroxides particularly at pHs above 7.   Softening is an effective 
removal technology as long as pHs are high enough to precipitate Mg(OH)2  at pH = 10.5 
or higher1.  For utilities that use or plan to implement conventional or softening 
                                                 
1 McNeill, L.S. and M. Edwards. 1995. Soluble arsenic removal at water treatment plants. Jour. AWWA, 
87(4):105-113. 



 

treatment, that treatment most likely can be optimized by either pH adjustment or 
addition of chemical to also remove arsenic.  Utilities that choose to optimize their 
current treatment train for arsenic removal should begin optimization studies as soon as 
possible in order to ensure compliance with the new regulation throughout the year.  
 
Ion Exchange 
Ion exchange removes arsenic by exchanging arsenate anions for chloride or other anions 
at active sites bound to a resin.  However, ion exchange resins do not equally prefer all 
ions.  Some ions are exchanged in preference to others, particularly sulfate.  For this 
reason performance of ion exchange for arsenic removal is limited by the amount of 
sulfate in the water. This leads to extremely short run times (1500 bed volumes or less, 
depending on anion co-occurrence) and frequent resin regeneration since only a small 
part of the resin’s exchange capacity is available for arsenic removal.  In addition, 
chromatographic peaking, the phenomena of a contaminant accumulating on a resin and 
then being pushed off the resin all at once by the more preferentially selected ion, can 
occur.  This can briefly produce arsenic concentrations at extremely high levels.   
 
Ion exchange regenerant streams are high in total dissolved solids and arsenic.  They 
often cannot be discharged or accepted by a publicly operated treatment works (POTW), 
nor can the liquid stream be accepted by a landfill.  If the residual cannot be discharged it 
must be precipitated with iron salts and the resulting arsenic-laden solid must then be 
disposed of in a landfill.  The remaining liquid must then be transported to evaporating 
ponds.   
 
Aluminum-based technologies 
Activated alumina (AA) is the most common of the aluminum-based technologies.  
Although the mechanism of removal is not fully understood, AA most likely removes 
arsenate through a combination of electrostatic attraction and ligand exchange.  Arsenate 
is preferentially selected over sulfate and other major ions, so AA is able to achieve long 
run lengths ( > 13,000 bed volumes at pH = 6).  Performance is sensitive to pH and must 
be kept to pH = 5.5 – 6 for optimum performance.  Additional pH adjustment is needed 
following treatment in order to avoid corrosion in the distribution system.  The media can 
be regenerated, but regeneration is incomplete and requires the addition of a strong base 
followed by acid neutralization2.  With such long run lengths, it may be practically and 
economically more prudent to discard the media to a landfill upon exhaustion and replace 
it with fresh media.  Media can be run to complete exhaustion if two columns are 
operated in sequence with the second column providing a polishing step.  Upon 
exhaustion of the first column, the media is replaced, the flow is redirected, and the 
column with the freshly replaced media now provides the polishing step.   
 
Iron-based technologies 
Iron-based technologies use adsorption as the mechanism for arsenic removal.  Granular 
Ferric Hydroxide (GFH) is the most promising of these technologies although others are 

                                                 
2 Amy, G., M. Edwards, P. Brandhuber, L. McNeill, M. Benjamin, F. Vagliasindi, K. Carlson, and J. 
Chwirka. 2000. Arsenic Treatability Options and Evaluation of Residuals Management Issues. Denver, 
Colo.: AwwaRF and AWWA. 



 

currently being developed.  GFH is a manufactured iron-based media that removes 
arsenic effectively up to pH = 8.  Because of its porous nature it has an extremely high 
capacity for arsenic and pilot tests have reached run lengths greater than 65,000 bed 
volumes.  Both high levels of silica and phosphate may interfere with the performance of 
this media.  GFH can be regenerated with caustic, but because of potential headloss 
issues it may be more suitable for one-time use.  This technology has not been 
demonstrated at full-scale in the United States and is currently only available through two 
vendors.   
 
Membrane Technologies 
Reverse osmosis (RO) membranes are designed so the rate at which arsenic diffuses 
across the membrane is very low.  This makes RO an effective method for removing both 
As(III) and As(V)3.  However, RO is nonselective in its rejection of contaminants and 
formation of precipitates on the membrane (fouling) requires frequent backwashing.  
Hence, water losses can exceed 20%.   
 
Nanofiltration (NF), which rejects arsenate primarily by electrostatic repulsion, does not 
foul as easily and can be operated at higher recovery than RO.  NF membranes operate 
with less water loss and lower power cost than RO.  Inorganic arsenic must be in the +5 
oxidation state for NF to be successful.  Oxidant-resistant membranes are recommended 
so that pre-oxidation can be incorporated into the process. 
 
Coagulation – Assisted Membrane Processes 
Coagulation/Microfiltration (C/MF) or Coagulation/Ultrafiltration (C/UF) uses small 
doses (<10 mg/L) of ferric salts followed by microfiltration or ultrafiltration3.  The 
coagulant is added in-line, a small floc is formed, and then filtered using a loose 
membrane.  The floc is formed in situ and arsenic is removed by adsorption to, and 
possibly co-precipitation with ferric hydroxide.  In contrast to conventional treatment, 
there is no need for a large settleable floc to be formed. The floc only needs to be large 
enough to be removed by a membrane filter.  Because a small floc is required a large 
surface area to mass ratio is obtained.  This means the amount of arsenic removed per 
mass of ferric salt added is very high.  The advantages of this technology include low 
chemical dosages and a smaller footprint compared to conventional treatment.  Similar to 
conventional treatment, operation at pH’s above 8 or in the presence of high levels of 
silica or total organic carbon will reduce the arsenic removal performance of this 
technology. 
 
Considerations for Arsenic Removal Technology Selection 
 
In selecting a treatment technology there are several factors a utility should consider:   

• The appropriateness of the technology for your water quality matrix; 
• Capital and operational costs; 
• Residuals handling; 
• Technology footprint;  

                                                 
3 Brandhuber, P., and G. Amy. 1998. Alternative methods for membrane filtration of arsenic from drinking 
water. Desalination.  117:1-10. 



 

• Potential for centralizing or consolidating treatment; 
• Available operator skill; 
• Media or chemical availability; 
• Acceptance of the technology by the community; 
• The need for pre-oxidation.   

A few of these considerations are discussed below.  
 
Water Quality Matrix 
Many technologies are sensitive to various water quality parameters including pH, 
sulfate, silica, phosphate and fluoride.  Other chemical interferences exist and are not 
well understood.  Bench testing of several technologies should be completed prior to 
technology implementation to test for any matrix interferences.  If comprehensive source 
water data is not available, a rigorous water quality testing program should be undertaken 
to fully understand the composition of the water to be treated.   
 
Residuals Handling 
Arsenic is a listed hazardous waste under the Resource Conservation and Recovery Act 
In order to dispose of a waste or residual in a landfill, the leachate produced by the Toxic 
Characteristic Leaching Procedure (TCLP) must not exceed 5.0 mg/L.  Most liquid waste 
streams such as those produced by column regeneration will have an arsenic 
concentration greater than 5.0 mg/L.   
 
Prior to implementing any arsenic removal technology that produces a liquid waste 
stream the utility should have a full understanding of that waste stream’s characteristics 
and the disposal options that are available.  The utility should determine whether direct 
discharge or discharge to a POTW is feasible.  If this is not possible there are two options 
for handling the waste stream.  The first option is to dispose of the liquid stream as a 
hazardous waste.  The second option is to precipitate the arsenic using ferric salts and, 
assuming this new solid waste passes the TCLP, dispose of the solid waste in a landfill 
and evaporate the remaining supernatent or when feasible, recycle to the head of the 
plant.  This requires a great deal of land, labor, and equipment.  In addition, it legally 
turns the water treatment facility into a hazardous waste generator and treatment facility 
that has legal and financial implications. 
 
Operator Skill 
Small communities with few resources are the most heavily impacted by the new arsenic 
MCL4.  Many of these utilities will be transformed from a groundwater that simply 
chlorinates to a facility that uses an advanced treatment technology in order to comply 
with a primary drinking water standard.  This will raise the required operator certification 
by a grade or more.  Utilities need to consider not only whether they can afford the higher 
salary of a more highly trained operator, but whether the skill is locally available.  
Current operators may need to begin the process of increasing their certification well 
before the compliance date of January 23, 2006.   

                                                 
4 Frey, M.M., J. Chwirka, S. Kommineni, Z. Chowdhury, and R. Narasimhan. 2000. Cost Implications of a 
Lower Arsenic MCL.  Denver, Colo.: AwwaRF and AWWA. 



 

Media or Chemical Availability 
The technologies listed above are commercially available, but some are limited in 
production.  Other technologies not discussed in this article are or will soon be 
commercially available.  The amount of media or chemical currently available may be 
limited.  Before implementing a treatment technology, utilities must be assured that the 
consumable portion of that technology is and will be available now and in the future. 
 
Acceptance of Technology by the Community 
The entire process of technology selection should involve the public.   By involving the 
public upfront, a utility may learn that certain technologies that are sound from an 
economic, operating, and engineering perspective are completely unacceptable from a 
community perception standpoint.  Another advantage to involving the public in 
technology selection is that it gives the utility the opportunity to communicate and 
explain the advantages and disadvantages of each option.   
 
Preoxidation 
All but one arsenic removal process, reverse osmosis, depends in some way upon 
electrostatic interactions.  Therefore, in most instances arsenic must be oxidized state to 
As(V) for treatment to be effective.  Even if speciation tests show a source water arsenic 
to be predominantly or completely oxidized, it is prudent to pre-oxidize prior to 
treatment.  Reports of the unanticipated oxidation or reduction of arsenic species abound 
in the literature5.   
 
Arsenic is effectively oxidized using chlorine, permanganate, and ozone.  Chlorine 
dioxide is not effective for arsenic oxidation.  Observed arsenic oxidation under high 
chlorine dioxide doses has been attributed to free chlorine in solution6.   
 
Conclusion 
 
The treatment of arsenic is an extremely complicated issue.  There is no one treatment 
technology suitable for all utilities and source waters, there is a potential for producing a 
hazardous waste, and it primarily affects small utilities in communities with little 
available operator skill and limited financial resources.  Utilities with arsenic levels near 
or above 10 µg/L will be challenged to meet the MCL by 2006.  To meet these challenges 
utilities will need to be informed regarding arsenic removal technologies and they will 
need to begin planning and preparing now.   
 
Authors for this paper include Ruth Hund, Dr. Philip Brandhuber, and Dr. Michelle Frey.   
 
Please feel free to contact Ruth Hund at rhund@mcguireinc.com for any questions 
regarding this white paper. 

                                                 
5 Amy, G., M. Edwards, P. Brandhuber, L. McNeill, M. Benjamin, F. Vagliasindi, K. Carlson, and J. 
Chwirka. 2000. Arsenic Treatability Options and Evaluation of Residuals Management Issues. Denver, 
Colo.: AwwaRF and AWWA. 
6 Ghurye, G. and D. Clifford. 2001. Laboratory Study on the Oxidation of Arsenic III to Arsenic V.  
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