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Source: Schwarzenbach et ol. 2010 Fig. 2. Effects of arsenic poisoning.

Fig. 1. Estimated risk of arsenic in drinking water.
RN [

Sources of arsenic in the environment:

e s T %* natural weathering processes,
The recommended limit of arsenic concentration in % volcanic emissions,

. drinkining water. . % geochemical reactions,
(according to the WHO guidelines): % anthropogenic factors:
i » coal combustion,

0.01 mg/L > mining,

> use of insecticides, herbicides and phosphate fertilizers.




Arsenic chemistry

Arsenic exists mainly in the following oxidation states: Toxicity of arsenic compunds:
/l \ %* inorganic compounds are more toxic than
-I11 +111 +V organic ones

H3As0, arsenous acid %* As(III) compounds are more toxic than As(V)

H;AsO, arsenic acid ones

CH;AsO;H, monomethylarsonic acid
(CH;),AsO,H dimethylarsinic acid aka cacodylic acid

(CH5);AsO trimethylarsine oxide
(CH;),As* tetramethylarsonium

(CH;)3;As*CH,CO," arsenobetaine
(CH;5);As*CH,CH,OH arsenocholine

Fig. 3. Arsenic compounds commonly encountered in
environmental materials.

AsH (aq)

.

oy
P ASHa = 1

“* Municipal water [] pH 6 to 9

%+ Trivalent arsenic is found primarily as H,AsO,
which is not ionized

** Pentavalent arsenic is found primarily as H,AsO,
and HAsO >

Fig. 4. Species of arsenic in water.




- Arsenic removal methods

— by Oxidation and filtration
> by Photochemical oxidation
> by Photo catalytic oxidation

Oxidation | = by Biological oxidation
Microfilteration — . ~— by Insitu oxidation
Ultrapiteration <~ Membrane Phytoremediation Adsorbents used to remove arsenic should
Nanofilteration - technologies 1= : ’ — Phytofilteration . .
T _ AR [ e combine the following features:
" ' — 1 e Phytostabilisation oo 11l
Eechnom;fes " A ‘_' Phytoextraction : hlgh performance;
. ~—— Phytovolatilization ** low cost
Electrokinetics Arsenic Coagulation— N . +1:
remediation 1B floceulation ‘:’ hlgh durablhty’
- - Electrocoagulation ** stable and efficient in changing environmental
_ Electra-chemical . COFl.dlthDS,
wsepic remediation ** ability to regenerate.

Activated alumina
> lron based sorbents

> Zera Valent Iron

- Indigenous filters
and cartridges

—Miscellaneous adsorbe

Fig. 5. Examples of arsenic removal methods.



Ultra \"inl_l-ellligll]t or sunlight S Orb ent AS 5 O O

With UV light or sunlight
irradiation, TiO, functions as both
photocatalyst and adsorbent.

As(I1I)
MMA, DMA As(V)

IDATION

- I
TiO, (Photocatalystand adsorbent) )

As(V) As(TIT) MMA DMA As(V) As(Ill) MMA DMA
Without irradiation, TiO, works as adsorbent only.

Fig. 6. Schematic illustration of TiO, application in arsenic

Fig. 7. pH ,. measured by the drift method.
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Fig. 8. SEM images of As500.



Sorbent Ferrix A33E

Fig. 10. pH , measured by the drift method.
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Fig. 11 SEM images of As500.



Main targets

Effectiveness of arsenic sorption on the pure As500 and Ferrix A33E sorbents and with the previously
lanthanide(IIT) ions was investigated. The research included:

> determination of adsorption parameters of arsenic ions
> determination of adsorption parameters of lanthanum, neodymium and cerium ions

> comparison of adsorptive properties of the pure As500 and Ferrix A33E sorbents and modified with lanthanide
ions towards As(V)

As(V) ions

Modification with .

. La(IIl) ions . As(V) adsorption Q
- -

Unmodified La-modified La-modified
sorbent sorbent sorbent loaded
with As(V) ions

Fig. 13. The scheme of the part of experiment.






Ay 5‘ Fig. 11. Inductively Coupled Plasma-
| Optical Emission Spectrometer ICP-
OES (720-Es, Varian).

Concentrations of lanthanide(III) ions
in the solutions were determined by
Inductively Coupled Plasma
/ Optical Emission Spectrometry
(ICP-OES, 720-ES, Varian)

Fig. 12. The solutions "“."‘_- = o c Al
arsenic complex compunds S Ydve
prepared to determine the & B «90® .‘ ‘ ‘

standard curve.
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where:
q,- the maximum adsorption capacity (mg/g)

K, - the Langmuir coefficient (dm3/mg)
K- roughly an indicator of the adsorption capacity

(mg/g)
n- empirical parameter; the heterogeneity factor



Effect of pH on As(V) removal efficiency 11

Ferrix A33E

Fig. 14. Effect of pH on As(V) ions removal efficiency Fig. 15. Effect of pH on As(V) ions removal efficiency (Ferrix
(As500, c = 10 mg/dm3, m = 0,1 g, t = 24 h). A33E, c =10 mg/dm®, m = 0,1 g, t = 24 h).

The maximum sorption capacity towards As(V) ions was achieved at pH 6.




Effect of pH on adsorption efficiency of La(IIl) ions as
model ions for other lanthanides

Ferrix A33E

Fig. 16. Effect of pH on La Fig. 17. Effect of pH on La
ions removal efficiency (As500, ¢ = 10 mg/dm3, m = 0,1 g, t = 24 h). ions removal efficiency (Ferrix A33E, ¢ = 10 mg/dm?®, m = 0,1 g, t = 24 h).

The maximum sorption capacity towards La(IIl) ions was achieved at pH 4.




Effect of contact time and initial concentration of As(V) o
adsorption efficiency

13

m  As(V) 25 mg/dm’
® As(V) 50 mg/dm’
A As(V) 100 mg/dm’

Kimetic
parameters

15
14
13
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5
4
3
2
1
0

09724 0. 9989 0. 9)7"

Fig. 18. Graph of the sorption capacities of the adsorbent as a function of Fig. 19. Determined kinetic parameters of the As(V) adsorption process on the
time at As(V) initial concentrations equal to 25, 50 and 100 mg/dm?. tested sorbent.




Effect of contact time and initial concentration of As(V) o
adsorption efficiency

14

Ferrix A33E W At Z5mghint

® As(V) 50 mg/dm>
A As(V) 100 mg/dm>

Kinetic T
P | mgaw) [mvfdm‘]

L [me/e]
—

0. *1226 0. *’1*’1[]’3 0.8162
Pseudo-second order model

=
(<)}

14
12
10
8
6
4
2
0

_

Fig. 20. Graph of the sorption capacities of the adsorbent as a function of Fig. 21. Determined kinetic parameters of the As(V) adsorption process on the
time at As(V) initial concentrations equal to 25, 50 and 100 mg/dm?. tested sorbent.




Effect of contact time and initial concentration of lanthanide ) 15

on the adsorption efficiency

m  La(lll) 50 mg/dm’
e Ce(lll) 50 mg/dm’
A Nd(Ill) 50 mg/dm’

= La(lll) 100 mg/dm’

e Ce(lll) 100 mg/dm®

A Nd(lll) 100 mg/dm®
[ ]

2

Fig. 22. Graphs of
the sorption
capacities of As500
as a function of
time at La(III),
Ce(III), NA(III)
initial
concentrations
equal to 50 and 100
mo /dm?3,

Fig. 23. Graphs of
the sorption
capacities of Ferrix
A33E as a function
of time at La(III),
Ce(IIT), NdA(III)
initial
concentrations
equal to 50 and 100
mg /dm?3,

Ferrix A33E

n | =

m  La(ill) 50 mg/dm>
® Ce(ll) 50 mg/dm°>
A Nd(Ill) 50 mg/dm>

0 100 150 200 250 300 350 400

t(min)

Ferrix A33E

= La(llil) 100 mg/dm’
e Ce(lll) 100 mg/dm’
A Nd(llI) 100 mg/dm®

100 150 200 250 300 350 400

t(min)




Effect of contact time and initial concentration of lanthanide

on the adsorption efficienc

Kinetic Kimnetic
parameters 10 3 100 pafr{e:llﬁgrs 3 7 100 parameters 3 73 100
[mg/dm’) [mg/dm’] [mg/dm’] [mg/dm’] [mg/dm’] [mg/dm’] [mg/dm’] [mg/dm’] [mg/dm’]
Pseudo-first order model Pseudo-first order model Pseudo-first order model
q: [mg/g] 2.00 9.57 17.51 qi [mg/g] 9.80 11.89 15.00 q1 [mg/g] 9.96 14.98 19.74
Q1. [me/g] 011 226 8.10 Qe [mg/g] 316 164 5.50 Qe [mg] 0.65 411 730
ki [1/min] 0.025 0.012 0.013 ki [1/min] 0.025 0.025 0.020 ki [1/min] 0.037 0.033 0.029
R? 0.6012 0.6378 0.8630 R 0.9310 0.9439 0.9807 R? 0.8817 0.7496 0.9322
Pseudo-second order model Pseudo-second order model Pseudo-second order model
q [me/g] 2.00 957 1751 ¢ [mg/g] .80 11.89 15.00 @ [mg/g] 9.96 14.98 19.74
Qe [mge] 2.00 957 17.74 Qe [mgg] 9.86 12.05 15.15 Qe [m/g] 9.98 15.17 19.88
k; [¢/g'min] 0.983 0.039 0.007 k, [¢/g'min] 0.037 0.020 0.017 k; [¢/gmin] 0.236 0019 0.017
h [mg/min] 353 h [mg/min] 7 3.819 h [mg/min]
i ¢ 3
Kinetic 50 "5 100 Kinetic | 10 50 100 Kinetic | 5 :
parameers [mg/dm’] [mg/dm’] (mg/dm] parameters (mg/dm’] (mg/dm?] [mg/dm’] parameters (mg/dm’] [mg/dm’] [mg/dm’]
Pseudo-first order model Pseudo-first order model Pseudo-first order model
q [mg/g] 973 11.84 1453 q [mg/g] 2.00 10.00 20.00 q [mg/g] 9.99 14.89 19.67
Qreat [mE/g] 3.00 4.83 5.83 qrcal [mg/g] 0.03 0.14 5.09 qr.cal [mg/g] 1.80 10.32 15.93
ki [1/min] 0.018 0.018 0.023 ki [1/min] 0.016 0.016 0.028 ki [1/min] 0.026 0.023 0.029
R? 0.8852 0.9360 0.9428 R? 0.3757 0.3757 0.9344 R? 0.8482 0.9533 0.9175
Pseudo-second order model Pseudo-second order model Pseudo-second order model
@ [mg/g] 9.73 1134 1453 0 [mg/g] 2.00 10.00 20.00 ¢ [mgg] 9.99 14.89 19.67
Qacal [mE/g] 9.80 11.94 14.65 (.cal [mg/g] 2.00 10.00 20.12 (Qo.cal [mg/g] 10.04 15.27 20.18
k; [g/g'min] 0.030 0.016 0.017 ko [g/g:min] 3.113 0.623 0.025 k; [g/gmin] 0.063 0.006 0.004
b [mg/min] 2865, 4 3600 h [mg/min] 0,010 b [mg/min] 22
R? 0.9998 C 0997 3 R? 1 R2 10000 0.9954

Fig. 24. Determined kinetic parameters of the adsorption processes of La(III), Ce(III) and Nd(III).



Parameters of adsorption isotherms

Table 1 Table 3

The Langmuir and Freundlich parameters for JqSOFPUOD of arsenic(V) and Comparison of the different sorbents based on oxides for arsenid
lanthanides(I1T) on As500.
Maximum

adsorption
capacity
qn!| b R? n K, | R [mg/g]

As(V) Fe,0,@SiO,@TiO,
La(11I) nanosorbent

Adsorption model
Langmuir Freundlich Adsorbent type

Authors

10.2 (Feng et al., 2017)

Nd{I) 55, o _ _ , : Mg doped a-Fe,O, : 10 (Tang et al., 2013)
Ce(III) . ‘ '
Table 2 IS Fe,0, . . (Akin et al., 2012)
The Langmuir and Freundlich parameters for EHS;?OFPUOD of arsenic(V) and
lanthanides(IIT) on Ferrix A33E. ?‘n“,_ it Nanoscale zero-valent

AGDT I e iron-reduce graphite : : (Wang et al., 2014)
Langmuir Freundlich

oxide modified composite

g9, b | R? R? :
Hydrated ferric
As(V) [35.96] o. : : : : hydroxide

Ladll) 5899 6 ' ' ' ' As500
Nd(I1I)

(Lenoble et al., 2002)

Ferrix A33E

Ce(I1I)




Ce(lll)

Fig. 25. Graph of the sorption effig
lanthanide ions from the mixture (concé
equal to 100 mg

Selectivity

La(lin Nd(li)

he relative affinity of lanthanide ions for t
sorbents:

Nd(IIT) > Ce(III) > La(III)

Ferrix A33E

Ce(lll) La(lll)

g/L (Ferrix A33E).

iciency in the case of adsorption of
centration of La(III), Nd(III) and Ce(III)
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Adsorption of arsenic on the sorbent modified with lantha
-
At ions

19

Ferrix A33E
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Fig. 26. Enhanced arsenic adsorption caused “by;“‘;‘s‘r‘nodification of As500 Fig. 27. Enhanced arsenic adsorption caused by modification of Ferrix
with lanthanide ions (As500, c,, = 100 mg/dpﬁ, m=0,1g,t=6h). A33E with lanthanide ions (Ferrix A33E, c,, = 100 mg/dm3, m=0,1 g, t =
i 6h).



Conclusions 20

> The equilibrium of arsenic and lanthanide adsorption is achieved relatively quickly.

» Adsorption model

e el e apct
AS506 sorption capacity towards

After sorption of
lanthanides
the sorption
capacities are even
greater!
The highest increase
of about 7 percentage
points: Ferrix A33E
Nd(III) modification
As500:
85;8% [] 92,09%
Ferrix A33E
78;8% [ 77,70%

@

o

&
o

As(V)[J 36.70 mg/g
.
Ferrix A33E:

removal efficlency (%)
- ~n w
o o (=]

o

unmodified La(lll) mod. Nd(lll) mod. Ce(lll) mod.

Adsorption model SOFP tion Cap aCltY tOWHTdS

As(V)[] 35.96 mg/g

nm
[ o 4 A
| C x: |
As(V) 0.081 | 0.9963 | 2.841 0.8635

022 | Ferrix A33E has much larger

Nd(IID) sorption capacities towards
2326

removal efficiency (%)

lanthanide ions than As500

Ce(III) (60.57| 0.985 | 1.0000 | 4.425 0.7432

umodified La(lll) mod. Nd(lll) mod. Ce(lll) mod.

> Preeliminary results are very promising but much more research to optimize the process and regenerate the sorbents is needed.

» This process can contribute to a significant reduction in the amount of arsenic in the environment.
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