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8 Arsenic Removal from Drinking Water: Overview
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Arsenic removal technologiesZsFRiHAIE AR
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Fe/Mn removal || with Fe /Al salts Processes
5 IR R PREashZ et BEEFIS
Iron-based Activated lon exchange resins Other metal oxides
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Membrane technologies (NF/RO)
AR IR (R B RS ERA)
Descriptionf48

- Like other ions, arsenic is rejected by reverse
osmosis membranes and partly by nanofiltration
membranes. AIHEEF—#, @ FRiEEA I , Eib
XML ESXWF T EER PRIET RN ZFRER5

- Removed arsenic is accumulated in the

concentrated waste stream IRV EETE I RIGAY7K

Copyright: https://commons.wikimedia.org/wiki/File:Northcapecoral-RO.jpg

L ‘
/ PrOSﬂE,‘E“ x Consﬂnﬁ“
: - Non-selective technology
v _I}I_l_on-selectlve technologydFi#FIET - will remove all constituents (deionized
S water)JEREHE LIRS R FIRT 08 7 PG ALY
emoves also other (EEFK)

contaminantstBA] X E BISRY

Pre-treatment usually required@EEFR

v~ Proven technology$i ARk SchhrE
Concentrated waste stream SEGAGERYE
Modular in designt&iRigit Kim

(= easily scalable) Al BIAE High energy requirementsis#EfE

High-tech process with high
investment costsiREX
Maintenance works require skilled

personnel FEEcE AR TR

X XXX X %
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O Side effect of Fe/Mn removal
B iERIEI{ER

Descriptionf148

—>Reduced ground waters contain usually dissolved

iron/manganese Haaf Rt KB FE SB RS
>Fe/Mn is removed by oxidation and filtration S RiTiE

ERTERAR
>Arsenic adsorbs on the Fe/Mn hydroxide flocsi#k/ iz

SR IR
—~>Rule of thumb: 1 mg/L Fe is required for removal of 100
ug/L As £238(E: ER100F/HIMER 1= /A8

Copyright: Iron/ Manganese removal plant, Wikipedia, Petr Novak

v’ Prosits& X Conshrs

v Arsenic is simultaneously & Arsenic removal efficiency depends strongly
removed = No additional on Fe/As ratio and on Fe removal efficiency
treatment is requiredffi#f XA EES EEUR T 5/ & S LG B £k a4 1% B
RIBIEE - AR R -

v Removal of Fe/Mn is X Itis not ensured that arsenic will be
standard technologyllb TE removed below the limit valueZoi&

RS SERTFITEE

SFIRERA X Usually an additional polishing

step is requirediBEEEEIMENM”
HE" S RLAE R(ES R
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Schnedimischer

Flocculation with Fe / Al : recra
XeREE AR S

Description 9148 Pk =

Filtration

—->lron or aluminium salts are added into the raw =,

water for flocculation/precipitationfkak$ashiaxil ' et
FIFKAF R TE -

> Arsenic adsorbs on the precipitated flocst#ElK
B F R EHRE Copyight Websie Wahmbachiaisperren- 3333

—>The flocs are removed from the water by s RAS AT
sedimentation or filtrationZ2 eI HINiESITE O }.‘g S
MIKRZR St

v~ Prosfiis & consir=

Arsenic removal efficiency depends on Fe

dosag el ERRBEEMRILR FERRIRINE

Post-treatment of arsenic-loaded

sludge B RS EFERFLIE

High investment costs / footprint}%

FX/SMERX

Relative complex technology
requiring maintenance and skilled personnel

TZHENES , BEEEWRARTHPERST
& Not suitable for small plantstMVABRIAKIER

v~ Proven standard technology for
water treatmentiAREXTREEAYK IR
T2

v~ Simultaneous removal of turbidity
and some other constituents[aE]ad

ZiRERIREEYE
v~ Relatively low costs for chemicals

(FeCI3) R ERHMERR(FILER)

x X X X
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Adsorption with Granular Ferric Hydroxide

SE|ALERFALIN T (BPFEEIGEH = m)

Descriptionf148

—>Arsenic is removed with a fixed-bed adsober filled with
ferric hydroxide in granular form {EBIERPHRINS AL
R iEIRHT , BZERRE

—->The adsorbent has to be replaced when it is exhausted 0§ |
7=t R EiRINrFSENR]

—>Product quality has to be in accordance with DIN EN 15029
FmREASDIN EN 150295

v/ Prosfits & conshrs
v’ Very simple plant design and easy X Media Iifetime_d_epe(nds on the raw
operationi@it Atk | IRIERE water composition (competitive
adsorption)SEERIETHIRIGHEUR T
High selectivity for arsenic, resulting [FIKRYE S (PRI
v’ in highest capacity B IMHabIE, & & Adsorbent needs regular replacement
RAEEFIERME WSt B ¥ SR B B 468

Low maintenance effort and high

v’ reliabilityiR4ERRE , SEISEHE

Proven technology
v/ used in 2000+ plants worldwide2Ek#8id2000R T2
TE(ER , BARpEF

v Solid waste can be easily disposed
(= e.g. no sludge dewatering) EIFSERFRE ZLIE (SR FTHMBRKiIKREE)
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B Adsorption with Activated Alumina
ih 1AL Ea R B

Description {48

—>Arsenic is removed with a fixed-bed adsober filled with
aluminium oxide in granular form {EEEFRARIIEESR

(CERATAIH A TR AR B

Copyright: AXENS IFP Group Technologies

—>The adsorbent has to be replaced or regenerated when

it is exhausted IRMIFIZRTESAAT P AR E B

‘/ Pros{ii=

v~ Simple plant design and easy X
operationiZit At | IRIEE(E

v Relatively low priceEASHERIE
E:3

X ¥ X X X
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& Conshrs

Media lifetime depends on the raw water
composition (competitive adsorption)iE7142

RIS aRENR T [RKAYE = (PR ERINNE)

Adsorbent needs regular replacement
IR S E H S 3R
Less adsorption capacity compared to iron-

based adsorbentsS5#EIRIHIFI LU IEREIRZE

Not recognized in practice anymorei&@fiA "]
EXB

Capacity is very pH dependentl&ffi&=IEEELR
FIKBBESIREPH{E

Problem of Al-leaching at higher pH
EKPHERBRSRERIZEH




B Anion Exchange Resins (IEX)EF3Ziatig

Description {48

—>Synthetic resins remove arsenate and other ions
from water by ion exchange process & IEEIE
BFGTZERKPRERRECEF

—~|EXresin has to be regenerated when it is

exhausted i RBEREFHBE
—>Hybrid IEX resins (coated with Fe-hydroxides) i

SEFRIGERIE( FEREASAMNL)
Prosfit= & Consirs

Low selectivity for arsenic; XJFibIBETRS 14
BE capacity is affected by sulfate etc.IRBfi=
SRR F i

No removal of As(IINFiEEIR =17t

Due to short lifetime, IEX must be
regenerated regularly BFHIIEERAERRIE,
IREEE

Regeneration requires chemicals and post
treatment of arsenic-rich brinesfilgEBEEE
RIMEEEST R SRR R IR

Not recognized in practicelRSE{EBIEZE(R

High material costst3¥l4 S

Copyright: https://commons.wikimedia.org/wiki/File:lon_exchange_resin_beads.jpg

v |IEXremoves also other ions from

the waterfiigtB S XRKBEHEEF

v~ Resins can be regenerated i}
RERTLABEFIA

v~ Good hydraulic properties
(= uniform bead size) 7K1
BENF — RIEFRO e R —

v’ High reaction kineticsiERRME]
V|

XX ¥ ¥ 8 X
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B oOther AdsorbentsELE IKEF1%1

Description {48

—>Various metal oxides or other synthetic chemicals are used as
arsenic adsorbents (e.g. titanium dioxide, lanthanum oxide,
zirconium oxides,...)

—->The adsorbent has to be replaced when it is exhausted

‘/ Prosfii= & cConsirs

Media lifetime depends on the raw water
composition (competitive adsorption){&E5 4189

Copyright: EP Minerals

New materials show in
laboratory test sometimes

good removal capacitiesé‘ggﬁ %ﬁiﬂ!ﬁ&?l@kﬂgﬁﬁ(ﬂiﬁﬁﬂgﬂmﬁ)

=R ER e E i ESRITF X Laboratory results usually could not be

IRHiEE confirmed in practiceSCi =L Ri1E F (ELiFEH
FREIRISRIAIESE

¢ Limited practical experience with the new

materials (limited references)SEfZZEISHBIR
Very high prices for high-tech products

% or low price for low quality products (e.g.
recycled material) showing weak capacity 5§k
A ERESR, RREFRMEIERKE N8B
EEFIE, ARSERFT

¢ Applied metal might be problematic for drinking
water purposes (2 Leaching) B aIgeXSFEX
FZKRSEBTERE R ZIWNEFi=

Source of Solutions.




B High-quality productsiS R 5a
for drinking water
Treatment{XFH7K A FH

VSO

B Competitive products TSR aaD T

GEH

swasserchemie

8 Low-quality products{&[E = 5a
for other applications: EEHIE

- (Industrial) waste water treatment TMIE7K
- Groundwater remediation #E 7K

Parameter Units EN DIN 15029 specs, GEH Wasserchemie Hego Biotec
Tab A.1, MAX GEH 102 FerroSorp Plus
Dry solids % - 57,3 84,3
Iron, Fe g/kg - 605 291 ,mUCh lower
Arsenic, As mg/kg 20 <1 69 ron content
Lead, Pb mg/kg 40 <1 <1
Cadmium, Cd mg/kg 5 <0,05 0,35
Chromium, Cr mg/kg 250 36 3
Copper, Cu mg/kg 100 10 1
Manganese, Mn  mg/kg 3.000 1.224 13.300 ,preloading”
Nickel, Ni mg/kg 250 43 54
Zinc, Zn mg/kg 250 21 55
Phosphate, P04  mg/kg ] <60 7082 V'

Metal contents expressed relative to dry solids content
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B Competitive products TSR aaD T G E H

Arsenic concentration in treated water [ug/L]

250

200

150

100

[4)]
o

swasserchemie

Comparison: GEH vs. FerroSorp 3R ELGEH:{ZE FerroSorp

Raw water: 250 pg/L As

Small Column Test (RSSCT method)
Bed volume: 17 mL

Grain size: 180-250 pm

Specific throughput: 60 BV/h
EBCT=1 min

FerroSorp

Tap water of Osnabriick 49mgAs/gTS

spiked with 250 pg/L As
pH 7,5

GEH 102
7.8mgAs/gTS

15.000 20.000 25.000 30.000 35.000

Throughput, bed volumes [BV]

5.000 10.000
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Comparison between GEH and Bayoxide E33

[AXE=mRIIEbGEH:FEEE33
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4
Essais pilote GEH et Bayoxide — Performance sur Arsenic stereau
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Comparison between GEH and Bayoxide E33 F= a3l R XIELGEH : FEHE33

150000

Column Mumber

Arsenic
Silica
Vanadium

100000 -

Arsenic (ug/L As)| 55 35 15 vzzz4 GFH
;’- siica (mg/L 5i0=)| 72 53 32 [ Metsorb
m Vanadium (ugL V)| 81 41 21
Phosphate (ug/L P}| 155 105 S5
1
50000 - /
’
4 r
1T
‘AR
? ‘WREE
] 4 E E E 4 ; Reference: Nguyen et al (2011). "Effect of
[
E é E ; E / ; interferences on the breakthrough of
é 2 é EI ;l ;l g arsenic: rapid small scale column tests."
0 - ? A EEEEEE Water Res 45(14): 4069-4080.
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Column Number

Fig. 3 — BV treated until arsenic breakthrough at 10 pg/L (BV).

Source of Solutions.




B Worldwidein use HRE
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B iZ R FE

&

Potential Markets:

GEH already present
GEH not present yet

Iy

No problems with arsenic yet known
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B Contact us! IMTERAEA R FEAIINE

GEH Wasserchemie GmbH & Co. KG
Adolf-Kohne-StraBe 4 | 49090 Osnabrick

Managing Directors Dipl.-Ing. Wilhelm Depping

’ £t =
REEEER Dr. Heinz Fischer
Dipl.-Ing. Ulrich Mentrup
Contact Dipl.-Ing. Ulrich Mentrup (Sales Director)
Dr.-Ing. Carsten Bahr (Head of R&D, QMR)
M.Sc. Simon Kellmann (Business Develop. Manager)
Phone +49 - 541 - 122009
e-Mail info@geh-wasserchemie.de
PEXHEERAEL

fASEA : Fi:18239962987 (fW{5HES)
Source of Solutions. Email: sgfantasy@sina.com




