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and the content of arsenic in cement is not normalized, because the
human body does not directly contact with cement. The experimental results proved that utilization
of arsenic-containing adsorbents in the form of concrete products was safe in case of arsenic content
from 53.3-142.2 ug/g and had perspectives in colouring of concrete products.
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1. Introduction

Pure drinking water is very important for all organisms and especially for humans. But natural
waters of many countries have insufficient quality and are unsafe for drinking. Safe drinking water
for all is one of the main goals of modern society.

Arsenic is one of toxic components, which is often present in natural water, especially in
groundwater and artesian water. Arsenic-containing minerals and rocks are the main source of
arsenic. So, leaching from minerals is the main pathway of arsenic pollution of groundwater and
artesian water (Berg, 2007).

Figure 1 demonstrates map of possible arsenic pollution of natural water.

Probability

Arsenic > 10 ug/I
‘0 0- 25% :
[125- 50 %
[150- 75%
M 75-100 %

18



Figure 1. Probability of arsenic content higher than 10 pg/L in natural water (Amini et al.,
2008).

Maximum allowable concentration of arsenic is 10 pg/L, but a lot of natural water has
significantly higher arsenic content. Arsenic-containing natural water is very big problem in such
regions as Kurdistan (Iran), where the concentration of arsenic in some natural waters reaches 1480
ug/L (Mosaferi et al., 2003); Antafahasta (Chile), where the level of arsenic can reach 860 pg/L
(Steinmaus et al., 2014); Xinjiang Province (China), where the level of arsenic in the groundwater is
1200 pg/L; Rehe and Ruihai region (China), where alkaline thermal water of hot springs contains
arsenic in the range 83-687000 pg/L (He and Charlet, 2013). Groundwater and artesian water with
high arsenic concentration are typical for Hungary, Bangladesh, China, India, Taiwan, Vietnam,
USA, Mexico, Chile, Argentina, Ghana, etc. (Berg, 2007).

High arsenic content (higher than 10 pg/L) in drinking water provokes a lot of different diseases
and disorders. Properties of As(V) are similar to the P(V) properties, so As(V) take the place of
phosphorus in biochemical processes. But As(V) is not completely same with P(V) due to its atom
radius, so this replacement leads to different failures in biochemical reactions and as the result failures
in functioning of organs and glands (Magellan et al., 2014). As(III) has another mechanism of action
and its toxicity is higher. Cancer, endocrine disruption, neurological disorders, genotoxic effects are
among the results of arsenic-containing water.

Thus, treatment of arsenic-containing natural waters is very important for population health.

But arsenic-containing wastes of water treatment are produces not only at drinking water
treatment plants. Some industrial wastewaters also contain a lot of arsenic.

As a result of the purification of such natural and waste waters, numerous arsenic-containing
wastes are obtained, which can be conditionally divided into two groups - solid (coagulation
sediment, spent adsorbents) and liquid (solutions for regeneration of ion exchange resins and sorbents,
concentrates from reverse osmosis) (Figure 2).
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Figure 2. Sources and pathways of arsenic-containing wastes in water treatment.
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Liquid arsenic-containing wastes can be treated by coagulation with iron-based coagulants.
Arsenic converts to the solid phase. The volume of waste reduces and the toxicity of waste also
became lower (from second to fourth hazard class).

The treatment by Fe(Ill)-based coagulants and sorbents is very popular because of the
transformation of arsenic into the form of practically insoluble compounds and the possibility of
achieving high degrees of arsenic removal. The formation of solid waste with a high content of
strongly bound arsenic in the form of ferric arsenates is the result of this treatment.

According to (Litynska et al., 2017), iron (III) arsenate and some other arsenates have a much
lower solubility in an alkaline environment, that is, it is advisable to store and use these wastes
together with compounds that provide an alkaline reaction.
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Figure 3. Relation between solubility of some arsenates and pH (Litynska et al., 2017).

Cement is characterized by high pH values, and the content of arsenic in cement is not
normalized, because the human body does not directly contact with cement. Waste containing ferric
arsenate can be used in cement production as a source of iron in a small amount or in concrete
production for colouring.

2. Materials and Methods

IR-spectroscopy

Fine particle iron (III) oxyhydroxide was used as adsorbent for removal of arsenate. After
adsorption material was divided from liquid phase, dried at the room temperature and powdered for
IR-spectroscopy. Powdered samples was pressed with KBr in pellets and analysed by Nicolet Nexus
470.

Cementation

Iron-based materials (oxides and oxyhydroxides of Fe(Ill)) after adsorption of As(V) were
powdered and mixed with Portland cement M-400, sand and water and poured into cylindrical forms.
After 3 days these materials were removed from forms and powdered. Each sample (20 g) was placed
into glass beaker and mixed with 200 mL of distilled water. After that pH and arsenic content were
determined for each sample after different storage duration.

Arsenic Determination

For determination of arsenic two reagents were used: working reagent and ascorbic acid
solution. Working reagent consisted ammonium molybdate solution (40 g/L), sulfuric acid (2.5 M)
and solution of antimony potassium tartrate (3 g/L). The ratio of these components was 3:10:1.
Concentration of ascorbic acid was 18 g/L (Litynska et al., 2019).

For preparation of reagents was used Systea Easy Chem methodology for phosphate
determination due to significant similarity of phosphates and arsenates. In volumetric flask (50 mL)
10 pg of arsenic (in the form of arsenate solution), 6 mL of working reagent and 6 mL of ascorbic
acid solution were poured and this mixture was diluted to 50 mL. Blank solution contained the same

20



components, but without arsenate. Mixtures were heated at the temperature 60 °C during 5 minutes
for increasing of colour intensity (Litynska et al., 2019). Optical density (A) was measured in 2 cm
glass cuvette by spectrophotometer Hach DR 2800.

X-ray Diffraction

Samples after cementation with adsorbents were powdered and used for X-ray analysis (XRD)
by Rigaku Ultima IV.

3. Results and Discussion

Correlation between IR-spectrums of Fe(I1I) oxyhydroxide samples before and after adsorption
was about 32%. So adsorption processes took place. According to the Figure 4, iron-based adsorbents
removed arsenate-ions in the form of iron arsenates.
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Figure 4. IR-spectrums of Fe(IIl) oxyhydroxide samples before and after adsorption.

In the both spectrums there were intense bands of various water vibrations (3500, 2030, 1640
and 700-400 cm™). Spectrum of arsenic-containing sample demonstrated two intense bands (716 and
846 cm!), which were typical for arsenates. A similar spectrum was characteristic for salts with an
inorganic anion and a high content of sorbed and / or hydrated water.

There were obtained 5 samples by cementation: Blank (without adsorbent); Slow (with
suspended Fe(Ill) oxyhydroxide and low arsenic content); SHigh (with suspended Fe(IIl)
oxyhydroxide and high arsenic content); Plow (with powdered Fe(III) oxide and low arsenic content)
and PHigh (with powdered Fe(IIl) oxide and high arsenic content).

Figure 5 demonstrated XRD-spectrum of concrete sample. This sample contained iron (III)
oxide with adsorbed arsenate-ions. Colour of the sample (PHigh) had some difference from the
sample without adsorbent (Blank). Blank sample was light grey and PHigh sample had light salmon
colour.

So, this sample contained SiO> (from sand), CaSiO3 (from Portland cement) and FeoO3 (from
adsorbent). Arsenic content was too low for visibility at this spectrum.

Table 1 gave information about leaching of arsenates from concrete samples by distilled water.
Initial pH of distilled water was 5.92.

Arsenic content in samples was calculated from the difference between arsenic concentrations
in liquid phase before and after adsorption. Absorbed arsenic as the component of spent adsorbent
was added to the mixture, so all arsenic in concrete was from spent adsorbent.

According to the table 1, all concrete samples provoked quick significant increasing of water
pH. pH increased by 4.84-5.06 in just 30 minutes. After 7 days of leaching arsenic was not determined
in leachate. So, utilization of arsenic-containing adsorbents in the form of concrete products was safe
in case of arsenic content from 53.3-142.2 ng/g.
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Figure 5. XRD spectrum of sorbent-containing concrete.

Table 1. Leaching from concrete samples with different arsenic content

Sample Leaching time Arsenic Arsenic
30 min 1 hour 2 hour 3 days 7 days | contentin | content in
water sample,
pe/g
Blank 10.76 10.81 10.95 11.11 11.60 0 0
SLow 10.89 11.00 11.00 11.15 11.50 0 53.5
SHigh 10.90 10.96 10.92 11.35 11.44 0 142.2
PLow 10.92 11.00 10.93 11.32 11.54 0 533
PHigh 10.98 11.08 11.02 11.29 11.55 0 106.7
Conclusions

As aresult of the purification of different natural and wastewaters, numerous arsenic-containing
wastes are obtained, which can be conditionally divided into two groups - solid (coagulation
sediment, spent adsorbents) and liquid (solutions for regeneration of ion exchange resins and sorbents,
concentrates from reverse osmosis).

Liquid arsenic-containing wastes can be treated by coagulation with iron-based coagulants.
Arsenic converts to the solid phase. The volume of waste reduces and the toxicity of waste also
became lower (from second to fourth hazard class).

The treatment by Fe(Ill)-based coagulants and sorbents is very popular because of the
transformation of arsenic into the form of practically insoluble compounds and the possibility of
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achieving high degrees of arsenic removal. The formation of solid waste with a high content of
strongly bound arsenic in the form of ferric arsenates is the result of this treatment.

Iron (IIT) arsenate and some other arsenates have a much lower solubility in an alkaline
environment, that is, it is advisable to store and use these wastes together with compounds that
provide an alkaline reaction.

Cement is characterized by high pH values, and the content of arsenic in cement is not
normalized, because the human body does not directly contact with cement. Waste containing ferric
arsenate can be used in cement production as a source of iron in a small amount or in concrete
production for colouring.

Concrete sample with powdered Fe(IIl) oxide (after adsorption of arsenate) contained SiO>
(from sand), CaSiO3 (from Portland cement) and Fe;O3 (from adsorbent). Arsenic content was too
low for visibility at this spectrum. Colour of the sample had some difference from the sample without
adsorbent. Blank concrete sample was light grey and sample with adsorbent had light salmon colour.
So, this additive had perspectives in colouring of concrete products.

During storage in distilled water all concrete samples provoked quick significant increasing of
water pH. pH increased by 4.84-5.06 in just 30 minutes. After 7 days of leaching arsenic was not
determined in leachate. So, utilization of arsenic-containing adsorbents in the form of concrete
products was safe in case of arsenic content from 53.3-142.2 pg/g.

But arsenic leaching may take place in long term perspective due to carbonization processes
and pH decreasing. So, it is necessary to do experiments with these concrete samples after long-term
storage (few months or years).

Also utilization of arsenic-containing adsorbents in the form of concrete can have perspectives
in the context of concrete biostability for usage in biocorrosive environment. These experiments are
also very long-time, but may take place in future.

MBIIIBAKCOJAEPKAIIUE OTXO/AbI BOJOOYUCTKHA: BOSMO’KHBIE ITYTHU
YTUWIN3AIIUN

M. JIntunckas, A. I'ycak, H. Toacronanosa, U. Acrpeann
HanmonansHbIi TEXHUYECKUN YHUBEPCUTET Y KpanHbl « KHEeBCKUI OTUTEXHUYECKHIT
uHcTUTyT UMeHu Urops Cukopckoro», Kues, Ykpaunna, m.litynska-2017@kpi.ua

Apcenam xcenesa (Ill) u mexomopwvie Opyzue apceHamvl umerom 2opazodo 0Oojnee HU3IKYIO
PACMBOPUMOCHIL 8 WeTOYHOU Cpede, MO eCMb HCeNAMeNbHO XPAHUMb U UCNOIb308AMb IMU OMX00bL
emecme ¢ coeOUHeHUAMU, obecneyusarowumu werounylo peaxkyuio. Llemenm xapaxmepuszyemcs
sbicokumu 3Havenusmu pH, a codepocanue mvluuvaka 6 yemenme He HOPMUPYEMCs, NOCKOIbKY
Op2aHu3M 4eno6eKa HAnpAMYlo He KOHmakmupyem c yemeHmom. Pezynemamul sxcnepumenmos
00KA3AMU, YMO YMUIUZAYUS MBIULAKCOOEPIAHCAUUX aAOCOPOEHMO8 8 GUde YEeMEHMHBIX U30eull
a67155emcsi Oe30NACHbIM Npu cooepicanuu mviubsika 53,3-142,2 mxe/e u umeem nepcneKmugvl 6
OKpAuUBAHUU ODEMOHHBIX U30ENUL.

Knwoueevie cnosa: apcenam; 6emon, coeOUHEHUs MbIUUbAKA, YMUIUZAYUA AOCOPOEHMO8;
yemenm.
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APCEHOBMICHI BIIXOAU BOAOOYUIIEHHS: MOKJIUBI HIJIAXU
YTHIIBALI
M. Jlituncbka, A. I'ycak, H. Toacronasosa, I. Actpesin
HamionansHuii TeXHIYHUHN YHIBepcuTeT YKpaiHu « KHiBChbKUI MOMITEXHIYHUN IHCTUTYT IMEHI
Irops Cikopcebkoro», m.litynska-2017@kpi.ua

binvwicms cnonyk apceny € 8UCOKOMOKCUYHUMU, 6 Pe3yIbmami 4020 NOMPANAAHHA YUX
PeuosuH 6 N0OCLKULL OP2aAMI3M PA30M 3 600010 HU idxcelo abo mMpusanuli KOHMaKm 3i WKiporo
npu3600UmMb 00 YUCTIeHHUX NpodIieM 3i 300po8 M (2inepkepamo3s, MelaHo3, paKosi 3axX60PIOBAHH,
€HOOKPUHHI pO371a0uU, 2eHOMOKCUYHI epekmu mowjo), wo pooums 8UOAIEHHA CROTYK APCEHY OyHce
BANCIUBUM NpOYecoM Y 800004uujeHHi. IIpupooni 600u bacamvox Kpain ma cmidHi 600U OesKUX
RIONPUEMCME MICMAMb  BEIUKI KOHYEHmMpayii CnoayKk apcemy, sKi 6 pe3yibmami Hnpoyecis
B0000YULYEHHS Nepexo0smb V DISHOMAHIMHI meepdi ma pioKi 8i0X00u (KoazyniayitiHi wiiamu,
8IONpaybo6ami adcopoenmu, peceHepayiiti po3yutu, KOHYeHmpam 3i cmaoii 360pOMHO20 0CMOCY
mowo). 3assuuati cnomyKu apceny iMMOOLNI3YIOMbCs y 6ueaiadi HepO3UUHHUX CHOIYK gepymy 6
pesynvmami nepebizy Koaz2ynsayii uu pady inuux npoyecie 6oooouuwienus. @epym (I11) apcenam ma
OesiKi [HWI apceHamu mMaroms HAOA2amo HUMCYY PO3UUHHICIL 8 JIYIHCHOM) cepedosulyi, moomo
baosicano 36epicamu i BUKOPUCTNOBYBAMU Yi 8I0XOOU PA3OM 3i CHOIYKAMU, WO 3a0e3Neyyromy JYHCHY
peaxyito. OOHuUM 3 MaAKUx mMamepianie € yemeHm, AKUl XapaKxmepusyemucsa UCOKUMU 3HAYEHHAMU
PH, a emicm apceny 6 yemenmi ne HOPMYEMbCA, OCKINIbKU OP2AHiZM TOOUHU DE3n0CepeOHbo He
KOHMAaKmye 3 yemeHmom. Pe3ynomamu excnepumenmis oOoeenu, wjo ymunizayis 3a6pyOHeHuUx
apceHom adcopboenmis y 6uaaoi yeMeHmHux 6upooie € iOHOCHO be3neuroro 3a emicmy apceny 53,3-
142,2 mKe/e, ocKinbKu 6UMUBAHHA apceHamis He 6i00ynocs Hasimbv 3a 7 OHIG. Bionpayvosani
3ani308MiCHI adcopbenmu Marmes NEPCcnekmusu K 3a6apentooui 000asku 6emoHHUx eupoois,
OCKINbKU Hagimb He3HayHa Kinbkicme Fe;O3 Haoae 2omosum OemoHHUM upobam NpuEMHuULL
nococesuti 6iominok. Pizni cnonyku gpepymy (I11) mosicyms naoasamu cnexmp 8i0mMiHKi@ OemoHHUM
sUpobam (dHcoemyeami, oXpucmi, KOpuuHesi, 10cocesi moujo), Wo € NepcneKmMueHUM 8 KOHMeKCmi
BUPOOHUYMEA MPOMYAPHOL NAUMKY, OYOi6ebHUX MAMEPIaNié Ma 68 OesAKUX IHUUX 2ATY3AX.

Knrouoei cnosa: apcenam; bemon; cnomyku apceny, ymunizayis aocopboenmia; yemenm.
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