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Removal of arsenic from water by zero-valent iron

Sunbaek Bangj George P. Korfiatis, Xiaoguang Mehg

Center for Environmental Systems, Stevens Institute of Technology, Hoboken, NJ 07030, USA

Received 18 December 2003; received in revised form 4 August 2004; accepted 9 January 2005
Available online 18 March 2005

Abstract

Batch and column experiments were conducted to investigate the effect of dissolved oxygen (DO) and pH on arsenic removal with zero-
valent iron [Fe(0)]. Arsenic removal was dramatically affected by the DO content and the pH of the solution. Under oxic conditions, arsenate
[As(V)] removal by Fe(0) filings was faster than arsenite [As(lll)]. Greater than 99.8% of the As(V) was removed whereas 82.6% of the
As(lll) was removed at pH 6 after 9 h of mixing. When the solution was purged with nitrogen gas to remove DO, less than 10% of the As(lll)
and As(V) was removed. High DO content and low solution pH also increased the rate of iron corrosion. The removal of arsenic by Fe(0) was
attributed to adsorption by iron hydroxides generated from the oxic corrosion of Fe(0). The column results indicated that a filtration system
consisting of an iron column and a sand filter could be used for treatment of arsenic in drinking water.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Protection Agency (USEPA) adopted a new maximum con-
taminant level (MCL) for arsenic of 0.01 mg/L on January
Elevated arsenic concentrations are found in groundwater22, 2001[13]. It is estimated that the new arsenic standard
dueto anthropogenic activities and natural processes. Anthro-may affect about 3000 community water systems (CWSs),
pogenic activities include mining, use of arsenical pesticides, currently serving up to 11 million people in the United States
herbicides and crop desiccants, release of industrial effluents[14]. The new arsenic MCL will become effective by January
and disposal of chemical wadte2]. The release of arsenic  2006[14].
from natural processes can be caused by the reduction ofiron  Fe(0) has been used for the treatment of halogenated or-
hydroxides and the oxidation of pyrite minerals including ganic compounds by reductive dehalogenafiti 16] and
orpiment (AsS3) and realgar (AsSp) [3,4]. Naturally oc- for the removal of nitratd17,18] Recent researches have
curring arsenic in drinking water supplies may affect more also shown that Fe(0) has effectively removed inorganic con-
than 100 million people worldwide, including countries like taminants such as chromate, uranyl, copper, cadmium, alu-
Bangladesh, India, China, Chile, Argentina, Mexico, Hun- minum, zinc, nicke[19,20] and metalloids such as seleno-
gry, Taiwan, Vietnam, Japan, New Zealand, Germany, and cyanatg21]. The mechanism of the metal removal includes

the United Statef5—11]. reductive precipitation, complexes with iron oxides, or elec-
Arsenic can be concentrated in liver, kidney, lung, and skin trochemical reductiofil9-21]
tissues by ingestion of arsenic in drinking wete2]. In order Numerous technologies have been developed to remove

to minimize the health risk, the United States Environmental arsenic from water. The USEPA recommends several tech-
nologies as the best available technology (BAT) candidates

_ for arsenic removgR2]. These technologies include ion ex-
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Batch experiments, X-ray absorption spectroscopy (XAS), Table 1
and X-ray photoelectron spectroscopy have been used forChemical characteristics of the arsenic-contaminated groundwater

studying the kinetics and chemical reactions between arsenicTotal As Total SiG Total Fe pH DO
and Fe(0)[23—-26] As(V) and As(lll) were detected in the (ML) (mgiL) (mg/L) (mg/L)
reacted Fe(0) generated under anoxic conditions. The result$5 560 0.2 12 8

indicate that the arsenic species are removed by Fe(0) through
adsorption on iron oxides, although thermodynamic consid-
erations predict that As(V) and As(lll) can be reduced to
As(0) by Fe(0). Reduction of As(V) to As(lll) was observed
after 30 and 60 days of reaction with Fe[R}].

Column filtration experiments have been conducted by a

few investigators to evaluate the effectiveness of Fe(0) for mesh and 0.169#fg for 40 mesh Fe(0) filings. Arsenic-

arsenic removale4,27-29] Melitas et al{24] reported that contaminated groundwater used in the study was obtained

the removal rates of arsenic were up to 10 times faster near . . X
the inlet end of the iron column than near the effluent end. from a superfund site in Tacoma, Washingf8t]. Chemical

. . S characteristics of the groundwater are listedable 1 Ar-
The faster removal was attributed to rapid oxidation of Fe(0) senicin the groundwater sample exists primarily in the As(v)
by small amounts of dissolved oxygen (DO) in the influent. ¢ groundw pie exists pn i

On the other hand, Ramaswami et[a0] reported that the form. The high DO content in the groundwater samples is due

presence of air in batch reactors hindered arsenic removal byto exposure to air during storage and transportation.

Fe(0). The column filtration experiments reported in the liter-

ature were all conducted under anoxic conditions and at rela-2.2. Batch experiments

tively long hydraulic contact time. The effect of DO content

on arsenic removal by Fe(0) filters has not been investigated N the batch experiments, 1 g/L of Fe(0) filings (100 mesh)

systematically. were placed in conical beakers containing 200 ml of arsenic-
DO content in groundwater ranges from zero to several SPiked aged tap water. The solutions were open to the air

mg/L. If As(V) and As(lIl) removal is due to adsorption by ~ OF purged with nitrogen gas during continuous mixing with

iron oxide, high DO content will increase the rates of iron @ Magnetic stirring bar. For the anoxic systems, the solution

oxidation and subsequently improve the removal of arsenic Was purged with nitrogen gas for 20 min to remove the oxygen

by the Fe(0) column. Long hydraulic retention time may sim- before the addition of Fe(0) filings. During the anoxic exper-

ulate in situ treatment of groundwater with permeable Fe(0) iments, the solution was continuously purged with nitrogen

barriers. In drinking water treatment, a hydraulic retention 9as- The solution pH was controlled to the desired values by

time of less than 10 min is usually required due to the high adding hydrochloric acid or sodium hydroxide. At different

flow rate and space limitations in the treatment facilities. High Mixing times, 1.5 ml of samples were taken and centrifuged

DO content in influent water may be necessary for efficient for 10 min to separate the solution from the precipitate for

removal of arsenic by Fe(0) filters at short hydraulic retention @nalysis of soluble arsenic. The samples used for analysis of

time. total iron and arsenic concentrations were prepared by adding
The objectives of this study are to study the effects of DO concentrated nitric acid into 2ml of suspension samples to

and pH on arsenic removal using Fe(0), and to determine thedissolve the precipitates.

efficiency of Fe(0) filings for arsenic removal from water.

The knowledge gained from this study will aid in the under- 2.3. Column experiments

standing and development of arsenic removal processes using

Fe(0). Column experiments were conducted using acrylic

columns packed with Fe(0) filings. The arsenic-spiked tap
water or contaminated groundwater was passed through

NJ), respectively. The Fe(0) filings contained approximately
95% iron, 1.2% carbon, 1.2% silicon, 1.2% manganese, 0.2%
copper, 0.2% chromium, 0.2% nickel, 0.05% phosphorus and
0.05% sulfur. The Brunauer—-Emmett—Teller (BET) surface
area analysis indicated a surface area of 0.5grfor 100

2. Materials and methods columns upward at various flow rates using a peristaltic
pump. Four column filtration tests were conducted. In the
2.1. Materials first column experiment, the DO content in the influent so-

lution was varied from 0.9 to 5.5 mg/L by purging nitrogen
All chemicals used in this study were analytical grade and gas into influent water to evaluate the effects of DO on ar-
all stock solutions were prepared with deionized water (DI) senic removal by Fe(0). The influent As(V) concentration
from a Milli-Q water system. The As(lll) and As(V) stock was 90ug/L and 150 g of iron filings (100 mesh) was used
solutions were prepared by dissolving NaAd®isher, Fair- in a column of 2.5 cm diameter and 17.8 cm length. The flow
lawn, NJ) and AsOs-3H,0 (Aldrich, Milwaukee, WI) in DI rate was 30 ml/min. In the second column experiment, the pH
water, respectively. Fe(0) filings (100 and 40 mesh) and fil- of the influent solution was adjusted to between 4 and 5 with
ter sand (0.35-0.45 mm) were obtained from the U.S. Metals hydrochloric acid to check the effect of pH on the removal
Inc. (Mentune, IN) and Ricci Bros Sand Inc. (Port Norris, of arsenic using Fe(0). Arsenic-contaminated groundwater
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was used in this column test. An influent solution containing
85 mg/L of As(V) and 600 g of iron filings (100 mesh) was
used in a column (5.1 cm in diameter and 17.8 cm in height).
The flow rate was set to 200 ml/day. In the third column ex-
periment, the spiked tap water contained 100 mg/L of As(V)
and 50 mg/L of As(lll). The flow rate was 700 ml/day and
400 g of Fe(0) filings (100 mesh) was used in a column. In
the fourth column experiment, an iron column with an inside
diameter of 2.5cm was conjugated with a sand filter that
had a diameter of 7.6cm. The sand column was packed
with 61 cm of filter sand with a grain size of 0.35-0.45 mm.
Arsenic-spiked tap water was pumped through the iron col-
umn in an upward flow and then through the sand filter in a
downward flow. The flow rate in the iron column was main-
tained at 0.44 fim? min (10.8 gpm/f). The influent and ef-
fluent solution pHs were measured during all column exper-
iments. Effluent solutions after the iron column and the sand
filter were collected and acidified with nitric acid for analysis
of total arsenic and iron.
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Fig. 1. Effect of dissolved oxygen on arsenic removal by Fe(0). As(lll) and

As(V) =100 mg/L; Fe(0) contarr 1 g/L (100 mesh); pH 6.

Because the industrial-grade nitrogen gas used to purge the
solution contained low content of oxygen, small amount of
ferric hydroxide could be formed on the surface of the iron
filings during the anoxic experiments.

2.4. Analysis

The arsenic concentration in the solution was deter-
mined with a graphite furnace atomic absorption spectrome-
ter (GFAAS, Varian Zeeman SpectraAA-400 and Varian Zee-
man 2202Z). Iron analysis was performed using a GFAAS and
inductively coupled plasma (ICP, Varian Liberty 200 and Var-

Fe(0) can be oxidized to Fe(ll) and Fe(lll) when it is ex-
posed to oxygen or water. When the solution is purged with
nitrogen gas to exclude oxygen, only K@) occurs in the

solution. Since only soluble Fe(ll) was generated gradually,

no precipitates were observed in the solution purged with ni-

ian VISTA-MPX). In all experiments, pH was measured with trogen gas during 9h of mixing. Under anoxic conditions,

an Orion pH meter (290A and 410A) and the pH meter was
calibrated with three buffers (pH 4.0, 7.0, and 10.0) daily.
3. Results and discussion

3.1. Effects of DO and pH on arsenic removal by Fe(0)
in batch experiments

The effect of DO on the removal of arsenic was evalu-

ated by comparing the experimental results obtained under

oxic and anoxic conditiong~{g. 1). During the reaction, the
solution pH was controlled at 6. Greater than 82.6% of the
As(lll) was removed after 9 h of mixing when the solution
was open to the air, while less than 4% of the As(lll) was re-
moved under anoxic conditions during 9 h of reaction. Similar
trends were observed in As(V) solutions. Greater than 99.8%
of the As(V) was removed under oxic conditions after 9 h of
reaction. On the other hand, less than 9% of the As(V) was re-
moved when the solution was purged with nitrogen gas. The

results inFig. 1also indicate that As(V) removal by Fe(0)is  4F

faster than As(lll) removal under oxic conditions.

The ineffective removal of arsenic under anoxic conditions
was due to the lack of ferric hydroxide formation and slow
kinetics of electrochemical reduction of As(V) and As(lll)
to As(0) by Fe(0). The small amount of As(V) and As(lIl)
removed under anoxic conditionki¢. 1) was attributed to
adsorption on the ferric hydroxide layer on the iron filings.

iron oxide such as magnetite @®y) can be formed slowly

on the Fe(0) particle surfad@6]. The reduction of As(lll)

and As(V) to As(0) by Fe(0) is thermodynamically favorable
[24]. However, Farrell et a[23] and Manning et a[26] re-
ported no measurable reduction of As(V) to As(lll). Su and
Puls[25] observed the reduction of As(V) to As(lll) on the
Fe(0) surface after 30 days. The investigators did not observe

the reduction of As(V) and As(lll) to As(0).

FE 4+ 2H" = Fe#™ +H; 1)

In the presence of oxygen, large amounts of ferric hy-
droxide precipitate were formed rapidly from Fe(0) filings as
described by Eq92), (3), and(4). As(V) and As(lll) were
mostly removed by the iron hydroxide precipitate through
adsorption. Because iron hydroxide has a higher adsorption
capacity for As(V) than for As(lll) at neutral pH, As(V) re-
moval was greater than As(l1[32].

2F + Oy + 4H' = 2F&T + 2H,0 2)
ét +4HT + Oy = 4FE + 2H,0 (3)
Fe*t + 3H,0 = Fe(OH) + 3H* (4)

The effect of pH on As(V) removal from arsenic solution
using Fe(0) is illustrated ifrig. 2 The test was conducted
by mixing 0.2 g of Fe(0) filings (100 mesh) with 200 ml of
solution containing 100 mg/L of As(V). The pH of the so-
lutions was controlled at 6, 7, and 8 during the mixing with
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100 ) Table 2
r Pseudo-first-order rate constakt &énd half-life ¢1/2)
F —e—pH6 Condition H As species  k(h™! to (h R2
801 pH 7 p p ( ) 1/2 ( )
I —g—pH8 5 As(lll) 1.75E-01  3.96 0.964
= © Oxi As(V) 3.24E-01 214 0.945
g 60+ xic 7 As(V) 7.95E-02  8.72 0.980
§ [ g 8 As(V) NA NA NA
a Anoxd 5 As(lll) NA NA NA
< Y01 noxic As(V) 1.78E-02  38.93 0.830
20 . . .
to 2% when the total iron concentration in the suspension
3 decreased from 113 to less than 0.2 mg/L. In addition to in-

=B creased Fe(0) corrosion at low pH, the water pH directly
4 5 6 7 8 ) ) . i .

_ influences the adsorption of arsenic by iron hydroxides and
Time (hr) oxides. It is well known that the extent of As(V) adsorption
decreases when the pH increases from about 5 {820

The data inFigs. 1 and Zan be described by a pseudo-
first-order reaction (d[As]JiE —k[As]) with R? values rang-

Fe(0) in ambient air. The removal of As(V) occurred rapidly ing from 0.83 to 0.98. The pseudo-first-order reaction con-
at pH 6. Greater than 99.8% of the As(V) was removed after stants K) and the calculated half-live$;>) are summarized
9h of reaction. However, only 55.5 and 2% of the As(V) was in Table 2for arsenic removal by Fe(0) under various condi-
removed from the solution during 9 h of mixing when the pH  tions. The rate constants could not be determined for As(1lI)
of the solutions was maintained at 7 and 8, respectively. ~ removal at pH 6 under anoxic conditions and for As(V) re-

The corrosion rate of Fe(0) filings in the As(V) solution at moval at pH 8 under oxic conditions because less than 3%
various pHs is presented fig. 3 Fe(0) corrosion was much ~ arsenic removal occurred. At pH 6 and under oxic conditions,
faster at pH 6 than at pH 7 and 8. Specifically, the total iron the half-lives for As(V) and As(lll) removal were 2.14 and
concentration in the suspension increased to approximately3-96 h, respectively. Under anoxic conditions, the half-life for
113mg/L at pH 6 after 9h of mixing. Less than 1.5mg/L As(V) removal increased to 38.93 h. The half-life for As(V)
of total iron was detected in the As(V) solution when the removalincreased from2.14to 8.72hwhenthe pH increased
solution pH was 7 and 8. The total iron was mainly in iron from6to 7.
hydroxide precipitate form because the Fe(0) filingswerenot ~ Su and Pulg25] have reported the kinetics results for
suspended in the solution. The formation of iron hydroxides arsenic removal using four types of Fe(0). The half-lives
from Fe(0) filings decreased dramatically when the solution for As(V) removal using Fe(0) products from Fisher, Peer-
pH increased from 6 to 8. less, Master Builders, and Aldrich Fe(0) were 8498.12,

As shown inFigs. 2 and 3As(V) removal is directly 19.94+1.1,28.3+ 0.3, and 134 9 h, respectively. They con-
proportional to the amounts of ferric hydroxide precipitate cluded that the surface area of Fe(0) was not related to the

formed. The extent of As(V) removal decreased from 99.8 kinetics of arsenic removal by Fe(0) because Fisher Fe(0) had
the least surface area but it had the greatest removal rate. The

w 4

© 5

Fig. 2. Removal of As(V) by Fe(0) at various pH. As(V) =100 mg/L; Fe(0)
content=1g/L (100 mesh); mixing in ambient air.

1000 rates of arsenic removal are affected by many factors such as
F [ —o—pHs DO, pH, types of Fe(0) products, chemical composition of
—A—pH7 the water, and intensity of mixing.
100 | —8—pHS

i 3.2. Effects of DO and pH on arsenic removal by Fe(0)
10 columns

) A A column experiment was conducted to investigate the ar-
M senic removal at different DO contents. The influent As(V)
] ] concentration was 90g/L and a relatively short empty bed
- E,B’Q/_E—w contacttime [i.e., EBCT (Fe bed volume/flow rate) = 1.6 min]
i was used to simulate filtration treatment of water containing

Total residual Fe (mg/L)

00— st low level of arsenic. Effluent concentrations of arsenic are
et B 2 & 8 & 4 B # shown inFig. 4as a function of filtration time. The effects of
Time (hr) DO were investigated by changing the DO concentration of

. . . . _ _ the influent solution from 0.9 to 5.5 mg/L during the column
Fig. 3. Concentration of iron generated from Fe(0) filings during reaction at . Wh he infl DO 0.9 L th | of
various pHs. As(V) =100 mg/L; Fe(0) contenl g/L (100 mesh); mixing eXpe”mem'. er.]t e Influent was 0.9 mg ; ,thetotale R
in ambient air. fluent arsenic, which included soluble and particulate arsenic
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Fig. 5. Effect of pH on arsenic removal from contaminated groundwater by
Fig. 4. Effect of dissolved oxygen content on arsenic removal by iron col- iron column. As(V)=85mg/L; Fe(0) content=600g (100 mesh); column
umn. As(V)=90ug/L; Fe(0) content=150¢g (100 mesh); column diame- diameter=5.1cm; iron bed height=11.3 cm; flow rate = 200 ml/day.
ter=2.5 cm; iron bed height = 11.6 cm; flow rate = 30 ml/min (1.45 ggin/ft

sorption by iron hydroxide. Su and P{iB3] have studied the
forms, increased approximately from 4 to 68/L within effect of silicate on arsenic removal by Fe(0) filings. When
24 h. The concentration of the effluent arsenic decreased withthe solution pH was 10.12 in the presence of 6 mg/L ofSiO
increasing DO content in the influent solution. Arsenic was |ess than 0.2 mg/L of arsenic was removed from 2 mg/L of
reduced to about 1j5g/L when the influent DO increased arsenic solutiofi33]. Competitive adsorption of silicate sig-
to 4.3-5.5mg/L. The arsenic concentration increased againnificantly reduces As(V) adsorption by iron hydroxidag].
when the influent DO was reduced to 0.9 mg/L. The dramatic The adverse effect of silicate on As(V) removal decreases
effect of DO on the removal of arsenic in the column test was with decreasing pH.

consistent with that observed in the batch experiments. The third column test was conducted continuously for 200
Lackovic et al.[27] observed effective removal of ar- days to determine the capacity of the Fe(0) filings for arsenic
senic from an anoxic landfill leachate containing p@aL removal. The influent solution contained 100 mg/L of As(V)

of As(Ill). The main difference between their filtration con- and 50 mg/L of As(lll) and influent and effluent pH were
ditions and those usedFig. 4was the hydraulic contacttime  approximately 7 and 8, respectively. The EBCT in the iron
of the water in the Fe(0) columns. A very long hydraulic con- column containing 400 g of Fe(0) filings was 4.46 h. The re-
tact time of several hours was used in their filtration test. Due sults inFig. 6 show that arsenic was reduced from 150 mg/L
to the slow formation rate of iron oxides at low DO content, in the influent to less than about 20 mg/L in the first 100 days
a long contact time is required to achieve sufficient removal of the filtration test. The effluent arsenic concentration started
of arsenic. toincrease after 150 days of continuous filtration. Itincreased
Another column experiment was conducted to investigate to about 120 mg/L after 190 days of the test.
the effects of pH on the arsenic removal from contaminated

groundwater containing 85 mg/L of As(\Jig. 5. The influ- 12 100
ent solution pH was adjusted to 5 and along EBCT (i.e., 23 h) :

was used in the filtration test. The long hydraulic contacttime o, | | —¢—TotalAs S uf
simulated an in situ treatment of contaminated groundwater I O Total Fe 6.° | 10
with a permeable iron barrier. The effluent arsenic concen- = g | o o P 8908 %
tration and pH decreased gradually in the first 31 days of the g” o] o @g 0@8% °© 1 £
test. The effluent pH and arsenic concentration achieved a 2 6o | o X OO‘%JOO © %8 o1 £
relatively steady state between the 13th and the 34thday of § 5 ©p04 ;?a) & 3
filtration. The effluent pH was between7.1and 7.7, and the ef- £ 40 %9 0§ o ¢ E
fluent total arsenic concentration was about 3.4 mg/L, repre- = +0.1
senting approximately 96% removal of As(V). After 34 days 20 + 3

of filtration, the influent pH was reduced to 4 and the effluent

arsenic was reduced to approximately 0.1 mg/L. Meanwhile, 0 B S —-0.01
the effluent pH decreased to about 6 and the effluent total iron 0 30 100 150 200

concentration increased from about 0.03 to 15 mg/L. Time (day)

. Decreasing the pH could increase the corr(_)S|_0n r"#e of Fig. 6. Removal of arsenic by iron column. Total As =150 mg/L (100 mg/L
iron and also reduce the adverse effect of coexisting silicate of as(v)+50 mg/L of As(ill)); Fe(0) content=400g (100 mesh); column
(SiO, =560 mg/L) in the contaminated water on As(V) ad- diameter=3.8cm:; iron bed height=13.6 cm; flow rate = 700 ml/day.
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The increasing arsenic concentration coincided with the 100
decrease in the effluent iron concentration from about I
20-0.3 mg/L. The slow release of iron indicated that the Fe(0) sl —E—Fe.column
- . . —A— Sand column
filings became much less reactive possibly due to the forma- - e

tion of a thick iron oxide layer on the iron particle surface.
During 200 days of filtration, approximately 18,000 mg
of arsenic was removed by 400 g of Fe(0) filings (i.e., 459
As/kg Fe) based on mass balance calculations. Two layers
were formed in the iron bed due to an upward flow used in
the column test. The top layer contained fine particles with
a gray color, and the lower layer contained black and coarse
iron particles. Total digestion analysis of the spent solids de- I
termined that the arsenic contentin the top layer was 175 g/kg " e
of dry solid. The solids in the coarse iron had a much lower ar-
senic content (i.e., 12 g/kg). These results indicated that more
arsenic was associated with fine iron particles than CC'arseironl:ig. 7. Effluent total arsenic from iron column and sand filter as a
partiCleS, which could be attributed to the hlgh surface area function of bed volume. As(V)=10Qg/L; Fe(0) content=1000g (40
and high iron oxide content of the fine particles. mesh); iron column diameter = 2.5 cm; iron bed height =46.3 cm; sand col-
umn diameter=7.6cm; sand bed height=61cm; flow rate =220 ml/min
3.3. Treatment of As(V) by Fe(0) and sand filtration in (10.82gpm/).
series

60+

401

Effluent As (ug/L)

20+

10000 20000 30000 40000

Bed Volumes

100

If Fe(0) is used for the treatment of drinking water, the ig;fg'ct“'l‘;"m
treated water has to meet the MCL for arsenic and the sec-
ondary drinking water standard for iron (i.e., 0.3mg/L). The
process has to be able to remove arsenic at short EBCT. The
EBCT of adsorptive filters used for drinking water treatment
is usually a few minutes. In this experiment, a sand column
was connected to an iron column containing 40 mesh iron I
filings for the removal of iron hydroxide precipitates and ad- 0.1+
sorbed arsenic. Spiked tap water containing 19Q As(V) g
and approximately 6 mg/L of DO was pumped through the ,
iron column at an EBCT of about 1 min and then through the 0,01+ 2 k. . ' ;
sand column. Naturally occurring arsenic in groundwater is o 100 20000 30000 0000
usually less than 10@g/L in the United States. Bed Volumes

The arsenic concentration in the efﬂu.ent of the iror.] col- Fig. 8. Effluent total iron from iron column and sand filter as func-
umn fluctuated between 20 and Bg/L (Fig. 7). _Approxr tions of bed volume. As(V) =10Qg/L; Fe(0) content=1000g (40 mesh);
mately 50% of the As(V) was removed by the iron column. o column diameter=2.5cm; iron bed height=46.3cm; sand col-
The sand column further reduced the arsenic concentrationumn diameter=7.6cm; sand bed height=61cm; flow rate =220 ml/min
to less than fg/L. No breakthrough occurred during the (10.82gpm/f).
treatment of nearly 34,000 bed volumes of water. Activated
alumina (AA) usually treats less than 10,000 bed volumes that a cost-effective filtration process can be developed using
of arsenic contaminated groundwaféd]. Driehaus et al. Fe(0) filings to remove arsenic from water. Aeration or/and
[35] reported that approximately 35,000 bed volumes of wa- pH adjustment pretreatments may be required for treatment
ter containing 16-1j4g/L of As(V) were filtered by granular ~ of groundwater with low DO content and high pH.
ferric hydroxide (GFH) before the effluent arsenic increased
to 10pg/L. Fe(0) filings, AA, and GFH costs were about

10+

Effluent Fe (mg/L)

$0.20/Ib, $0.41/Ib, and $4.60/Ib, respectively. 4. Conclusions
The total iron concentration in the effluent of the iron col-
umn was between 3 and 6 mg/Ei¢. 8). The sand column re- Batch and column experimental results demonstrated that

duced the total iron concentration to less than 0.3 mg/L. Inthe arsenic was effectively removed from arsenic-spiked solu-
presence of DO Fe(0) was oxidized to form ferric hydroxide tions and arsenic-contaminated groundwater using Fe(0) fil-
in the iron column. Approximately 50% of the total arsenicin ings. The presence of DO and low pH increased the rate of
the influent passed through the iron column and was removediron corrosion and arsenic removal in both batch and column
by the sand filter because the arsenic was adsorbed on the suexperiments. The removal of arsenic was mainly attributed to
face of the ferric hydroxide precipitate. The results indicate adsorption on iron hydroxides produced through the oxida-
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