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US Drinking Water Regulations

Meudrnurn Contarninant Level (MCL) for Arsernic in drinking
wetter lowered frorn 50 ug/L to 10 ug/L oy the US
Environrmental Protection Agency (EPA) In January 2008,

L0000 water providers and several millior)

e that £
Ic wells In tne US out of CD”JJOJJCLHJ,
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New Jersey imposed a more stringernt 5 Lg/L MCL,
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5o contermnplating lower MCL,

\/\/rlrer 5 /5 2153 e bove 'thp new MCL rnust irnplernent ar)

— Local legislation starting to appear that also affects domestic wells.
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Long Term Exposure to Elevated
Arsenic in Drinking Water

1 Long terrmn (chnronic) exposure to 000 levels of

(‘

arsenic causes range of allrments.

Lung, ¥idney, liver and placdder cancer asso
arsenic in drinking water is well estaolisn

2 Higner levels (= 0.1 porrn) carn caus
ancd discoloration.
35 milllon people exposed

— Esiimated Ir BHr[HAHesf triet
10 poo.

)
arsenic levels greater tner



Arsenic - Induced Skin Lesions in
Bangladesh



Arsenic in US Groundwater



Why Arsenic is of Interest to SolmeteX
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ArsenX”” media

tandard Jon excnange
resin size distrioution
(300 — 1200 Lirr).

Iror tnrougnout resin
pezad,

L/ﬂ

Opacque rnustarcd/orowr
colored,

SUpPOrt Is & rmacro-
pOrous strong oase
arlon excneange resin.




ArsenX” - Synthesis and
Characterization

Multistep process to disperse Iron nydrosice
tnrougnout an anion excnange resin pead.,

— Concept develoged oy Arup SenGupta at Lenign University.
(AKX SenGupra & L.AH. Curmpal, US Patent No. 7,291,578, Noyvernoer 2007)

syritnesis opiirnized and scaled Up oy Solmetex.

Cornrnercial groduct, Arsen/s™, manufacilrec I Liricler
license oy me Purolite Cornpany in Pniladelonia, USA

NSF-61 ceriifled for drinking water apolications.
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ArsenX" — Synthesis chemistry

L. Corrtact anjor r‘/ifﬂrlﬂjr‘ resir with an anjorlic oxidant,

2.0. nypocnlorite, pe ll]fd[:‘, permarganaie,
R—Cl+ 0, — R= 00+ Cl
R = Resin bead Os = Oddant anjon
2. Contact o/ddant-loaded resin witn an Fe(ll) solution to
precipitate ferric nydroxicle.

Fe(ll) iy, + R-04 — Fe(OH), |

3. Wasn final product to rernove unoouncd iron nydroxicle
and relse prl to ~7,



ArsenX” TEM Micrograph

{ydrous iron
de coating




High Magnification ArsenX”
TEM Image




nPRIo media

Standard lon excnarge
resin size distrioution
(300 — 1200 urn).

Iror tnrougnout resir
pead,

Dark red/olack
translucent pead
SUPQOrt Is & microgorous
gel-type 3 rorgy pase
anion excrnange resir.
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npRIo — Synthesis

lon excnange FeCl, anion onto anion exchange resir.

r— Cl -+ FeC_; ) — H—FeCl, -+ Cf
r

(2c))

't loaded resin witn arn rrJ veline solution to deposit
Cc nycdroxice i szt witnin tne pead.

J\Jeu'trrlh ze resin and wasr to rermove any unogolnd ferr

noRio cormrmercially manufactured under license py Basin
Water in Mernpris, T,
NSF-61 certified for drinking water apolicaiions.



iIo TEM micrograph




ArsenX”? and npRio Comparison

Property Arsen e Nnorio
Iron Content ~250 mg/g ~300 mg/g
(Dry weligrit)
pase Bead Mecroporous Al Gel Type AlX
Bead Size 300 — 1200 Lirr) 300 — 1200 Lirr)
Priysicel Nanoparticle Discrete latn-
appearance of coaling arourd srizped
oxicle particles MECropores nanopariicles
Forrn of Flydrous Low crysiallinity — A-Ray arnorphous
Iron Oxide goeiniie
Polnt of Zero 0.0 — 9.0 6.9 — 7.5

Cnarge (prl,,.)



As(V) Isotherm Capacity —
Experimental Procedure

0.025, 0.050 and 0.100g of rmedia equilioraied
overnlgnt witr 200 rml solution containing L opm
arsenic(V) in rneatrle of 120 porn sulfate, 33 opm
criloride 100 porn oicarponaie,

Silica content varled frorm O — 70 pprn SI10,,.

orl adjusted using FICIH or NaOF witnin range orl
7.0-9.0,

Residual arsenic content of solution deterrinecd and
otnerms plotted.
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A(V) capacity, mg/g per dry ArsenX
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Selected As(V) Isotherm Results
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As(V) Static Capacity Summary

As(V) capacity of puin rmedia decrease wiin increasing prl.

Increased silica ¢ nic capacity for potn rmecdia.

NERIo Nais 'mgrwr initial arsenic capac £ in low orl/low
silica Jolllrlom out is affected more than Arsen,( 0y
increases in prl and silica.

3.2, 70 oprm SI10., arsenic J,loclurja of Arsen™” and
re similar but very low (= 3 mg/y).

Batch data suggested that npRio would nave nigher
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Field Trials

r

Two locations selected for trials: Peucton, MA and
So0w, N,

S0 Jf ach rmecdia rur JJmlllwmer Lisly witr an
emor/ ed um tact firne of 3 minutes,

Paytorn — D colurmns, 57" neigrni.

Bow — 4" JJ coJumns, 16.5" nelgrii.

Hurn in clown-flow configuration. Sarmples
interrnediate polnts In colurnn to ogtaln Ir
on arsenic acdsorption Kineiics,

Arsenic preaxinrougn curves plotted as o function of
processec ped volurnes.
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Field Test Pilot Systems



Location of Test Sites
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Water Quality at Field Test Sites

Parameter Paxton, MA | Bow, NH Units
pH 6.7 1.7
Arsenic 21 44 ppb
Iron 0.03 0.06 ppm
Hardness 89 83 ppm CaCOs
Silica 13 20 ppm
Chloride 55.3 41 ppm
Sulfate 20.7 155 ppm
Fluoride 0.2 0.8 ppm
Phosphate <150 <100 ppb




Arsenic Breakthrough Curves
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Field Trials - Results

2 nERIo proke trirougn mucn earlier than Arsens’? at
nuin sites:
Paucion: 104,000 BVs (estimated) for Arserf%? vs 43,000 BYs
for npRio.
Bow: 30,000 BYs for Arseng” vs 18,000 BYs for npRlo.
1 Laboratory paicn tesis under sirnilar gl and silica
conditions s Jggested norio would outperforrmn Arsense.,

D)

a0 Wriy ine difference peiween lao oaicn tesis and field
colurnn trizals?



Analysis of Spent Columns

llica on spent noRlo at Paxion

Twice as rruchn s
cornparec to Arsenimw

suggesis nigner affinity of noRlo for silica, evern

et low orl

— Interference wiin As adsorgiion.

Fligner NOM levels on Arseng7? tharn
— Expecied for a rmacroporous resin.
Laporatory tests using nurnic acic snowed litile

Irnpact on perforrmearnce of eitner rmedia.

Nnorlio,



Conclusions
Two cornrnercial nyoric iron oxicde media evaluzied for
arsenic rernoval.

Forrn of Iron oxce very Irnportarnt for ogtirmurn arsenic
affinity and tolerance for interfering species, sucrl as

silica,

Static paicr tests not always useful for cornparing
C . g v ' .

H/urna]zecl inat silica el clsorption and polyrnerization
orl NpRIo physically vlocred access o arsenic
cldJorOrjom sites as well as direcily cornpeted witn)

alrsenste anjorl.

Microporous gel-type resin more susceptinle to blocking
of active adsorption sites tharn & macroporous resin.
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