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TopicsTopics

Importance of PreImportance of Pre--TreatmentTreatment
Common Common InterferentsInterferents for Adsorption for Adsorption 
PrePre--Treatment Technologies and Project Treatment Technologies and Project 
Examples for:Examples for:

Suspended solids, SedimentSuspended solids, Sediment
Iron, manganese, sulfidesIron, manganese, sulfides
High pHHigh pH
Organics, TanninsOrganics, Tannins
Bacteria and Bacteria and BiofilmsBiofilms



Why PreWhy Pre--Treatment?Treatment?

Preserves the media for intended purposePreserves the media for intended purpose
Prevents premature exhaustion of mediaPrevents premature exhaustion of media
Reduces affects of Reduces affects of interferentsinterferents that can blind that can blind 
adsorption sites or foul mediaadsorption sites or foul media
Prevents blocking of pore based adsorption sites where Prevents blocking of pore based adsorption sites where 
90% of adsorption takes place90% of adsorption takes place
Lowers longLowers long--term operation and maintenance coststerm operation and maintenance costs
Improves aesthetics of water (e.g., Secondary MCL)Improves aesthetics of water (e.g., Secondary MCL)
Attainment of lower arsenic effluent levels <<10 ppb Attainment of lower arsenic effluent levels <<10 ppb 



Be aware that some parameters can place too Be aware that some parameters can place too 
heavy a burden on the mediaheavy a burden on the media……beyond its beyond its 
intended purposeintended purpose
DonDon’’t just consider the obvioust just consider the obvious
Be sure youBe sure you’’re awake when designing re awake when designing 
adsorption systemsadsorption systems



Accessible area of Granular MediaAccessible area of Granular Media

Diffusion
As

200-300 m2/g

> 99% of surface for 
removal is internal

Source: M. Edwards  June, 2003Source: M. Edwards  June, 2003



Common MythsCommon Myths
I can effectively use my media bed as a filter for I can effectively use my media bed as a filter for 
other contaminants and backwash when neededother contaminants and backwash when needed
Specialty adsorption medias can remove multiple Specialty adsorption medias can remove multiple 
contaminants in addition to arsenic with equal contaminants in addition to arsenic with equal 
effectiveness without negative consequenceseffectiveness without negative consequences
Naturally occurring iron is always beneficial in Naturally occurring iron is always beneficial in 
arsenic adsorption processes since iron has an arsenic adsorption processes since iron has an 
affinity for arsenicaffinity for arsenic
All medias are affected similarly by All medias are affected similarly by interferantsinterferants
pH adjustment for high pH waters will always be the pH adjustment for high pH waters will always be the 
most economical or preferred approachmost economical or preferred approach



PrePre--Treatment Considerations Treatment Considerations 
begin in the design stage with begin in the design stage with 

understanding of the site specific understanding of the site specific 
water chemistrywater chemistry



 Arsenic Reduction - Small Water Systems
Application - Site Profile Form

Customer Confidential

Contact Information
Customer / Utility: Date (mm/dd/yy) :

Site or Well Location: Main Contact : 
Local Engineer / Firm: Phone:

Operator: Fax:
Email:

Other Pertinent Notes: 

System Parameters / Site Specific Info

System Type / Application: (municipal / utility, school, recreational, trailer park, subdivision, other)
Population Served:

Number of Connections:
Design Flow (GPM): (Max design flow rate)

Ave Flow (GPM): (Typical demand)
Gallons per day: (Ave throughput per day)

Est. Usage (Gals / Year): (Best estimate)
Existing Pretreatment In Place:

Existing Disinfection:

Disinfection Injection Point: Pump Shaft  /  Storage Tank  /  Downstream
Pump Operation: Constant  /  Intermittant  /  Other

Pump Discharge Pressure (psi):                   
Electrical Power Availability:

Storage Tank Present at the site:
Hydropneumatic Tank Present: Yes  /  No    If Yes,  Size and location:

Building present:
Any additives ie, phosphates, fluoride:

 Discharge Options:

Water Analysis
(enter all available) pH ** Antimony mg/L Sb
**  denotes priority parameters Total As ** mg/L As Sulfides** mg/L 

As(III) mg/L Chromium mg/L Cr
Alkalinity mg/L @ CaCO3 Fluoride mg/L F

Hardness ** mg/L @ CaCO3 Lead mg/L Pb
Silica ** mg/L SiO2 Vanadium ** mg/L Va

Phosphate ** mg/L P04 Molybdenum mg/L Mo
Sulfate ** mg/L SO4 Selenium mg/L Se

Iron ** mg/L Fe Turbidity NTU 
Manganese ** mg/L Mn Suspended Solids mg/L

Sanitary Sewer (POTW)   /   Drainage Ditch   /   Evap. Pond   /   Other

Yes  /  No    If Yes, Type:    Cl2  gas    /    HOCl    /  ClO2  /   Chloramine  /  Ozone  /   Other

Yes  /  No    If Yes,  Size and location:

Yes  /   No    If Yes, Available space in existing building: 
Yes  /  No    If Yes,  Specify type and injection point:  

Describe:

AdEdge Technologies, Inc. 
AD33 Adsorption System
System Sizing and Budget Estimate Form

Most Important Water 
Parameters



Parameters for PreParameters for Pre--TreatmentTreatment

Suspended solids / sedimentSuspended solids / sediment
Iron and/or manganeseIron and/or manganese
High pHHigh pH
SulfidesSulfides
Organics, TanninsOrganics, Tannins
Bacteria, Bacteria, BiofilmsBiofilms



Common PreCommon Pre--treatment Scenariostreatment Scenarios
Condition Recommendation 

Suspended Solids / Sediment  Pre-filtration: cartridge, bag, or 
media 

High pH > 8.5 Adjust pH to 7.0+/ – with HCL, 
H2SO4 or CO2 gas 

High pH and Silica 
Where pH > 8.5, SiO2 > 30 mg/l 

Adjust pH to 7.0-7.5 to reduce 
interference 

High Iron and / or manganese 
Fe > 0.3 mg/l, Mn > 0.05 mg/l 

Pre-treat for iron: oxidation / filtration 
or media oxidation / filtration 

High arsenic + Predominant As (III) 
present 

 
Pre-oxidation of As (III) to As (V) for 
optimal longevity and performance  

Sulfides Pre-treat to oxidize sulfides 

Organics / Tannins Chemical oxidation or IX resin 
specific for organics 

Bacteria / Biofilm Oxidation / shock treatment 

      
 



Project Examples and Field Project Examples and Field 
ApplicationsApplications
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Rollinsford, New HampshireRollinsford, New Hampshire

EPA Demo SiteEPA Demo Site
100 gpm system100 gpm system
pH 8.4 typicalpH 8.4 typical
pH adjustment with COpH adjustment with CO22
gasgas
58,000 gallons/day58,000 gallons/day
Arsenic influent = 40Arsenic influent = 40--50 50 
ppbppb
Operational Jan, 2004Operational Jan, 2004



pH Adjustment Using COpH Adjustment Using CO22
(Rollinsford, NH)(Rollinsford, NH)

100 gpm flow rate, 12 hours/day100 gpm flow rate, 12 hours/day
(3) 50 lb gas cylinders on(3) 50 lb gas cylinders on--line line 
Delivery pressure approx. 100 psiDelivery pressure approx. 100 psi
22--4 4 scfhscfh injection rate through COinjection rate through CO22
membranemembrane
pH monitoring probe and control pH monitoring probe and control 
panelpanel
COCO22 cylinder changecylinder change--out approx out approx 
every 3 weeksevery 3 weeks

Sample port

Gas Gas 
Injection Injection 

pointpoint



Membrane based COMembrane based CO2 2 Injection for  Injection for  
pH AdjustmentpH Adjustment

Has some advantages over acidHas some advantages over acid
Health and safetyHealth and safety
Low operating costsLow operating costs

Rapid pH adjustment with very short contact timeRapid pH adjustment with very short contact time
Higher initial capital costHigher initial capital cost
Requires monitoring system for control and Requires monitoring system for control and 
measurementmeasurement
Natural deNatural de--gassing after treatment raises pH gassing after treatment raises pH 
Depending on water quality, probes and membrane Depending on water quality, probes and membrane 
may require periodic cleaningsmay require periodic cleanings



Oxidation of As(III) to As(V)Oxidation of As(III) to As(V)

E f fe c t iv e N o t
E f fe c t iv e

C l2 √
O 3 √

K M n O 4 √
N H 2 C l √
C lO 2 √
D O √
U V √



IronIron……Friend or Foe?Friend or Foe?

Arsenic has a natural affinity for iron Arsenic has a natural affinity for iron 
Naturally occurring iron in water can be Naturally occurring iron in water can be 
maximized in design to help reduce maximized in design to help reduce 
arsenic; efficiencies vary by process and arsenic; efficiencies vary by process and 
water chemistrywater chemistry
Iron can foul / plug adsorption and many Iron can foul / plug adsorption and many 
processes and therefore pretreatment is processes and therefore pretreatment is 
recommended above certain thresholdsrecommended above certain thresholds
Combination of iron pretreatment and Combination of iron pretreatment and 
adsorption polishing is ideal for adsorption polishing is ideal for 
effectively reducing arsenic to meet MCL effectively reducing arsenic to meet MCL 



Iron / Arsenic RemovalIron / Arsenic Removal

One must understand the water One must understand the water 
chemistry and limitations of the chemistry and limitations of the 

specific media to be able to determine specific media to be able to determine 
or predict longor predict long--term affects on term affects on 

performanceperformance



Factors to ConsiderFactors to Consider

What are the treatment goals?What are the treatment goals?
The concentration of iron and manganese The concentration of iron and manganese 
Oxidation state Oxidation state 
pH, Alkalinity, and Hardness pH, Alkalinity, and Hardness 
Dissolved oxygen for some treatment types Dissolved oxygen for some treatment types 
Presence of iron and manganese bacteria Presence of iron and manganese bacteria 



Fe/Fe/MnMn Treatment MethodsTreatment Methods

SofteningSoftening
Aeration + FiltrationAeration + Filtration
Oxidation / Filtration ProcessesOxidation / Filtration Processes

AD26 Catalytic MediaAD26 Catalytic Media
MnMn Greensand with KMnO4 regenerationGreensand with KMnO4 regeneration
PyrolusitePyrolusite

Sequestering for Low ConcentrationsSequestering for Low Concentrations



Iron, Manganese PreIron, Manganese Pre--TreatmentTreatment
SofteningSoftening

Only recommended where both iron/manganese Only recommended where both iron/manganese 
andand hardness are highhardness are high
Effective for water containing less than 2Effective for water containing less than 2--4 mg/L of 4 mg/L of 
dissolveddissolved colorless iron or < 0.5 mg/L manganesecolorless iron or < 0.5 mg/L manganese
Adds sodium to the drinking water andAdds sodium to the drinking water and creates brine creates brine 
disposal problems. disposal problems. 
No arsenic removedNo arsenic removed

Oxidation / Filtration RemovalOxidation / Filtration Removal
Media and nonMedia and non--media based optionsmedia based options
pH value is importantpH value is important
Best results with chemical oxidants e.g., ClBest results with chemical oxidants e.g., Cl22 or KMnOor KMnO44
Contact time Contact time 
Aeration can be used rather than chemicalsAeration can be used rather than chemicals

Greensand with KMnOGreensand with KMnO44
pH should preferably bepH should preferably be over 7.5over 7.5
Requires either intermittent or continuous regeneration. Requires either intermittent or continuous regeneration. 



Project Profile: MichiganProject Profile: Michigan

Elementary School Elementary School 
Location: Oakland County, Location: Oakland County, 
MichiganMichigan
AdEdge APUAdEdge APU--40 Adsorption 40 Adsorption 
system w/ GFO mediasystem w/ GFO media
Influent Arsenic: 37Influent Arsenic: 37--50 ppb50 ppb
40 gpm design flow40 gpm design flow
Installation May, 2003 Installation May, 2003 
Water Conditioning used for Iron Water Conditioning used for Iron 
and Hardness Removal (0.8 mg/L and Hardness Removal (0.8 mg/L 
Fe)Fe)
Effluent arsenic below detection Effluent arsenic below detection 
after treatmentafter treatment



Project Profile:  Kenai, AlaskaProject Profile:  Kenai, Alaska

US Fish and Wildlife ServiceUS Fish and Wildlife Service
Design flow: 50 gpm Design flow: 50 gpm 
Location: Kenai, AlaskaLocation: Kenai, Alaska
Influent Arsenic: 51 ppbInfluent Arsenic: 51 ppb
Installation March 21, 2003 Installation March 21, 2003 
26 cubic feet Adsorption Media26 cubic feet Adsorption Media
Iron 2.6 mg/L; using softening Iron 2.6 mg/L; using softening 
systemsystem
pH 7.3pH 7.3
Effluent < 2 ppb AsEffluent < 2 ppb As



Pilot Pilot –– Nursery Site, FloridaNursery Site, Florida

AdEdge AD33 PilotAdEdge AD33 Pilot
2 gpm flow rate2 gpm flow rate
EBCT of 7.5 min/vesselEBCT of 7.5 min/vessel
(2) 12(2) 12--in vessels in seriesin vessels in series
Iron 1 Iron 1 –– 1.5 mg/L1.5 mg/L
pH approx 7.1pH approx 7.1
55--micron micron prefilterprefilter
Arsenic influent 1.5 Arsenic influent 1.5 –– 2.2 2.2 
mg/Lmg/L
Treatment goal 0.250 Treatment goal 0.250 
mg/Lmg/L
Continuous operation 24 Continuous operation 24 
hr, 7 day/weekhr, 7 day/week



Arsenic / Iron TreatmentArsenic / Iron Treatment
AdEdge Pilot Treatment System Results

Arsenic Removal
Nursery Site - Florida (July, 2003)
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AD26 PreAD26 Pre--Treatment SystemsTreatment Systems

Oxidation / Filtration ProcessOxidation / Filtration Process
Designed for Iron, Manganese and Sulfide + low level Designed for Iron, Manganese and Sulfide + low level 
arsenic removal to meet arsenic removal to meet MCLsMCLs
Utilizes catalytic MnOUtilizes catalytic MnO22 solid media for efficient solid media for efficient 
removal of Fe, removal of Fe, MnMn and coand co--precipitation of Asprecipitation of As
Stand alone or used as preStand alone or used as pre--treatment for E33 based treatment for E33 based 
SystemsSystems
Used most efficiently with hypochlorite additionUsed most efficiently with hypochlorite addition
Media lasts 5+ years or more, no regeneration, only Media lasts 5+ years or more, no regeneration, only 
backwash (1backwash (1--3x/week)3x/week)



Treatment Selection
Co-occurrence of As and Fe and removal to meet 10 ug/L MCL
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AD26 OXIDATION / FILTRATION AD26 OXIDATION / FILTRATION 
SYSTEM (optimized for arsenic SYSTEM (optimized for arsenic 
removal)removal)
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FILTRATION SYSTEM    FILTRATION SYSTEM    

+   +   
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Fe:As ratio
 = 30:1
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World War II Memorial SiteWorld War II Memorial Site
Washington, DCWashington, DC

Groundwater TreatmentGroundwater Treatment
(2) 30 gpm AD26 and (2) (2) 30 gpm AD26 and (2) SorbSorb 33 33 
SystemsSystems
Contaminants: Iron, Manganese, Contaminants: Iron, Manganese, 
and Arsenicand Arsenic
2020’’ below grade in vault beneath below grade in vault beneath 
monumentmonument
Arsenic influent 20Arsenic influent 20--60 ppb60 ppb
Iron 0.5 Iron 0.5 –– 10 10 ppmppm
MnMn 0.05 0.05 –– 2 2 ppmppm
2 ppb treatment limit2 ppb treatment limit
Operational June, 2004Operational June, 2004
Operated by National Park ServiceOperated by National Park Service AD26 Iron pretreatment + APU-40 System

Washington, DC  

National WWII Monument  
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Project Profile: AlaskaProject Profile: Alaska

Commercial SystemCommercial System
Location: Location: YakatatYakatat, Alaska, Alaska
Arsenic: 80Arsenic: 80--90 ppb90 ppb
25 gpm System serving 25 gpm System serving 
regional airportregional airport
Installed May, 2002 Installed May, 2002 
20 cubic feet AD33 20 cubic feet AD33 
Adsorption MediaAdsorption Media
PrePre--Treatment: Ozone Treatment: Ozone 
pretreatment for Fe, pretreatment for Fe, MnMn, and , and 
bacteria; GAC, Softeningbacteria; GAC, Softening
Effluent arsenic Effluent arsenic -- Non detectNon detect



PrePre--Treatment Backwashing Treatment Backwashing 

Removes coRemoves co--precipitated iron, precipitated iron, 
manganese and arsenic particulates manganese and arsenic particulates 
that are filteredthat are filtered
Often performed at differential Often performed at differential 
pressure set points or manuallypressure set points or manually
Performed typically 1Performed typically 1--3x/week 3x/week 
depending on water profiledepending on water profile
Rates from 8Rates from 8--25 gpm/sq foot for 25 gpm/sq foot for 
various productsvarious products
NonNon--hazardous water can be hazardous water can be 
discharged to POTW, septic in discharged to POTW, septic in 
most casesmost cases



Sequestering AgentsSequestering Agents

Polyphosphate based products or othersPolyphosphate based products or others
Complexes / Complexes / chelateschelates ironiron
Reduces or interferes with adsorption processes Reduces or interferes with adsorption processes 
(phosphate interference)(phosphate interference)
If used, inject If used, inject afterafter the treatment system to the treatment system to 
avoid negative impact to adsorption mediaavoid negative impact to adsorption media



SulfidesSulfides

Sulfides can bind with mediaSulfides can bind with media
Sulfides act as an Sulfides act as an interferentinterferent and/or competitor for and/or competitor for 
adsorption sites on ironadsorption sites on iron--based medias; form low based medias; form low 
solubility precipitants as wellsolubility precipitants as well
HH22S result often of bacterial reduction of SOS result often of bacterial reduction of SO44; detected ; detected 
at levels around 0.05 mg/Lat levels around 0.05 mg/L
Obvious aesthetic issuesObvious aesthetic issues
CoCo--occurrence with iron, As (III), reducing conditionsoccurrence with iron, As (III), reducing conditions



OrganicsOrganics

Naturally occurring organics from decay of plant Naturally occurring organics from decay of plant 
materialmaterial
HumicHumic and other types of organic acidsand other types of organic acids
Not much study on the affects to adsorption mediasNot much study on the affects to adsorption medias
More often issue in surface water rather than More often issue in surface water rather than 
groundwatergroundwater
Oxidation using Chlorine, ClOOxidation using Chlorine, ClO22, Ozone are common , Ozone are common 
methods of destructionmethods of destruction
IX resins are available for Tannin removalIX resins are available for Tannin removal



BiofilmsBiofilms and and BiofoulingBiofouling

Heterotrophic plate count bacteria are ubiquitous in Heterotrophic plate count bacteria are ubiquitous in 
water systemswater systems
Mostly nonMostly non--harmful and nonharmful and non--pathogenicpathogenic
Can cause fouling and performance issues for Can cause fouling and performance issues for 
adsorption systemsadsorption systems
Less likely in systems using disinfectantsLess likely in systems using disinfectants
System and/or media may require periodic shock System and/or media may require periodic shock 
treatments if accumulations observetreatments if accumulations observe
Bacteria Bacteria ““carry throughcarry through”” can bring arsenic or other can bring arsenic or other 
contaminants with itcontaminants with it



PrePre--Treatment MonitoringTreatment Monitoring

Sample contaminant of concern after Sample contaminant of concern after 
pretreatment unit to determine effectivenesspretreatment unit to determine effectiveness
Frequency of sampling should be at least as Frequency of sampling should be at least as 
frequently as arsenic samples are obtainedfrequently as arsenic samples are obtained
Field test kits offer rapid methodsField test kits offer rapid methods
Be aware of laboratory Be aware of laboratory analyteanalyte interferences and interferences and 
detection limitsdetection limits



Other PreOther Pre--Treatment IssuesTreatment Issues

Backwashing water quality and quantityBackwashing water quality and quantity
Discharge OptionsDischarge Options

POTW or SepticPOTW or Septic
Filter and/or coagulate and discharge or recycleFilter and/or coagulate and discharge or recycle
Evaporation pondEvaporation pond

Presents some challenges for remote / rural systems Presents some challenges for remote / rural systems 
with no POTW or Septic optionswith no POTW or Septic options
Residuals Management (if not direct discharged)Residuals Management (if not direct discharged)
PrePre--treatment capital costs can be 50% or more of treatment capital costs can be 50% or more of 
adsorption system costs depending on methodadsorption system costs depending on method



ConclusionsConclusions
Do your homework up front on the water chemistry Do your homework up front on the water chemistry 
to avoid surprisesto avoid surprises
If in doubt about the affects on performance, If in doubt about the affects on performance, 
consider preconsider pre--treatment or pilotingtreatment or piloting
The role and benefits of naturally occurring iron for The role and benefits of naturally occurring iron for 
arsenic removal to meet the MCL must be evaluated arsenic removal to meet the MCL must be evaluated 
on a caseon a case--byby--case basis and designed carefullycase basis and designed carefully
PrePre--treatment cost/benefit ratio must factor in:treatment cost/benefit ratio must factor in:

prolonged life of adsorption media prolonged life of adsorption media 
Lower lifeLower life--cycle costscycle costs
Improvement to aestheticsImprovement to aesthetics

Consider residuals management for preConsider residuals management for pre--treatment treatment 
scenariosscenarios
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