— peanu3anus 0acCeifHOBOro Moaxoaa B paboTe KOJUIEKTOPOB J0XKAEBON KaHAIM3AIMU KaK
OCHOBHOT'O MPUHIUIIA YIIPABICHUS BOJHBIM X03UCTBOM I'. MUHCKA B 4acTU OTBEACHHS MOBEPX-
HOCTHBIX CTOYHBIX BOJ,UTO IO3BOJIUT YHTHU OT NPUHLMIIA [IEHTPAIU3ALMN OTBEIEHUS IIOBEPXHO-
CTHBIX CTOYHBIX BOJ, B TOM YMCJI€ Ha JIOKAIBHOM YPOBHE TEPPUTOPHUIA HOBOI'O I'PaJOCTPOUTENb-
HOT'O OCBOCHUS;

— CO3/laHH€ aJIMUHUCTPATUBHOM CTPYKTYpbl 0aCCEHHOBOIO yNpaBiIeHUs] OCHOBHBIXKOJIJICK-
TOPOB, C LIEJBIO peaTU3ali NPUHIINNA PAllMOHATIBHOTO UCIIOJIB30BAaHUS BOJHBIX PECYpCOB, Lie-
JIEBOT'O pacIpe/ieieHns] MaTepUANIbHBIX PECYpPCOB C MEPCOHANIM3ALMEN OTBETCTBEHHOCTH 3a 3()-
(eKTUBHOCTH pabOThI 3JIEMEHTOB CUCTEMBI J0K/I€BOM KaHATH3AIUH;

— ONTUMM3ALUSA BOJOCOOPHBIX IUIOMIA/IeH CYIIECTBYIOUINX TOKIECBBIX KOJJIEKTOPOB C TOY-
KM 3pEHHSI BO3SMOKHOCTH BBIJICIICHUS U aKKyMYJISILIUU NIEPBON MOPLMHU TOXKs (JeIeHTpaIu3aiysl
CHUCTEMBI JJOKJIEBOM KaHAIU3allMH, YXOJ1 OT MPUHIINIA CBEJICHUS OTOKOB OBEPXHOCTHBIX CTOY-
HBIX BOJI B OJIMH MarkcCTpajbHBIN KOJJIEKTOP). bobiime pa3mepbl BOJOCOOPHBIX IJIOMIAIEH KOJI-
JIEKTOPOB 00YCIaBIMBAIOT YCPEIHEHUE CTOKA 10 MEpE MOCTYIICHHUS €0 K OYHUCTHBIM COOpYKe-
HUSIM, TIPH 3TOM TePsieT CMBICI IOHATHE «IEepBOi» nmopuuu noxas. Curyanus ycyryomnsercs, ec-
JI Y4ECTh MO3aUYHOCTh BBIMAJICHUS 10XK/5 110 TEPPUTOPUN TOPOJIa;

— obecrieueHrne CUCTEeMaTHYEeCKOr0 KOHTPOJS 3a COOMIOJCGHUEM IPOMBIIUIEHHBIMU CyOBEK-
TaM{ YCTAHOBJIEHHBIX TPEOOBAaHMI K COCTaBY U JAOMYCTUMBIM KOHLIEHTPALMSAM 3arpsI3HSIONINX Be-
IIeCTB B COpachIBaeMbIX C UX TEPPUTOPHUI B TOPOJCKUE CETH JIOKIEBOW KaHaTW3aluu r. MuHcKa
IIOBEPXHOCTHBIX 1 HOPMATUBHO YUCTHIX (OYHMIICHHBIX) IPOU3BOACTBEHHBIX CTOYHBIX BOJIAX;

— ycta”oBiienne nuddepeHImpoBaHHOro (MOBBIIIAIONIET0) Tapuda Ha yCIyrd KaHalu3a-
MU TPU HATUYUU B COpACHIBAEMBIX MOBEPXHOCTHBIX M HOPMATHBHO YHUCTHIX (OUMIEHHBIX)
CTOYHBIX BOJIAX 3arpsI3HAIOLIMX BEIIECTB, IPEBBIIAOLINX JI0IYCTUMbIE KOHIIEHTPALIUH, C LIEIbIO
CTUMYJIMPOBAHUS NPEANPUATUIMHI PACCMOTPEHUSI BOIPOCOB CTPOUTENIBCTBA WIH PEKOHCTPYKIIUU
CYLIECTBYIOIINX JIOKAJBHBIX OUYUCTHBIX COOPYKEHUH I JOCTHKEHHs 0oJjiee BHICOKOH CTENEHH
OYHUCTKHU MOBEPXHOCTHBIX CTOYHBIX BOJ;

— BHEJIPEHUE aBTOMATHYECKON CUCTEMBl MOHUTOPUHIA Ka4€CTBAa MOBEPXHOCTHBIX CTOYHBIX
BOJ (aBTOMAaTU4ECKHE JATUUKU KOHTPOJISI) CUCTEMBI J103K/I€BOM KaHAJIW3alluy ropojia Juisl ycuiie-
HUS BEIOMCTBEHHOT'O KOHTPOJISL.
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INFLUENCE OF PREPARATION CONDITIONS ON AS(V)
SORPTION EFFICIENCY APPLYING ACTIVATED CARBON
DOPED BY IRON OXYHYDROXIDE

1. Introduction and Theoretical Background. Anthropogenic and natural factors often
make the surface and ground water sources unfit for drinking purpose therefore it is necessary to
clean it. Arsenic belongs to chemical elements, which are often found in natural waters and make
it unsuitable for consumption without special treatment [1, 2].

Arsenic is released into water bodies as a result of human activity (arsenic dyes and pig-
ments production, usage of arsenic pesticides, producing of arsenic semiconductors, sulphide ore

59



production, etc.) and natural processes (leaching from arsenic rocks and minerals, forest fires,
volcanic activity) (Figure 1).
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Figure 1 — Sources and pathways of arsenic compounds getting into natural waters

According to the EU Directive the maximum permissible concentration of arsenic in drink-
ing water is 10 pg/l. But in many countries (China, Chile, Malaysia, Taiwan, etc.) arsenic content
in natural waters is much higher than this level [1-3].

Long-term consumption of arsenic compounds, contained in drinking water, can cause seri-
ous health problems [2, 4].

So, dearsenication is very important stage of the drinking water treatment.

Arsenic compounds can be removed from water by different methods (ion exchange, co-
agulation, reverse osmosis, adsorption, lime softening, etc.). Adsorption is one of the most popu-
lar methods of arsenic removal. As usual sorbents for arsenic removal contain compounds of iron,
aluminium or manganese, because these elements can effectively remove arsenic compounds.

Granular adsorbents are more comfortable for usage than powder sorbents due to easier
separation from water. But poorly soluble arsenates of iron, aluminium or manganese can block
the reaction surface and adsorption material inside the granules can not be used. So, cheap and
highly porous carrier, for example activated carbons, can be good solution of these problems.

2. Materials and Methods. Four adsorbents were used to determine the influence of prepa-
ration conditions on As(V) sorption efficiency applying activated carbon doped by iron
oxyhydroxide:

— birch activated carbon (Sorbent 1);

— birch activated carbon doped by iron oxyhydroxide (Sorbent 2);

— birch activated carbon additionally activated by H,O, and doped by iron oxyhydroxide
(Sorbent 3);

— birch activated carbon additionally activated by KMnO,4 and doped by iron oxyhydroxide
(Sorbent 4).
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Stereo microscopy was obtained with magnification 1 and 5 by microscope Leica SSAPO.

For sorption experiments Na,HAsO, solution were used. Portions (200 ml) of Na,HAsO,
solution (initial concentration of As(V) was 500 ug/l) were placed in a conical flasks (volume of
flask is 250 ml) with screw caps. Sorbent dose was 0.5 g/l. Sorbents were dosed into flasks. After
that flasks are placed on the orbital shaker. Shaking durations are: 5; 10; 20; 40; 90; 120 minutes.
After sorption solutions were filtered throw glassfiber filter with pore size 1.2 pm.

Systea Easy Chem was used for determination of As(V) concentration in filtrate after sorp-
tion. Typical Systea methodic for orthophosphate determination was adapted for As(V). This me-
thodic is based on usage of ammonium molibdate and antimony oxalate, formation of blue com-
plex and photometric measurements with wavelength 880 nm.

3. Results and Discussions. According to the results of stereo microscopy, all doped
sorbents (Figure 2) showed formation of iron oxyhidroxide layer on the surface of grains of birch
activated carbon. Sorbent 2 (birch activated carbon doped by iron oxyhydroxide) and Sorbent 3
(birch activated carbon additionally activated by H,O, and doped by iron oxyhydroxide) demon-
strated the same view of iron oxyhydroxide layer.

Sorbent 4 (birch activated carbon additionally activated by KMnO, and doped by iron
oxyhydroxide) (Figure 4) demonstrated higher efficiency of iron oxyhydroxide doping than other
doped sorbents. Grains of Sorbent 4 are browner then grains of other sorbents due to larger thick-
ness of iron oxyhydroxide layer.

a — Sorbent 2 (birch activated carbon doped by iron oxyhydroxide); b — Sorbent 3
(birch activated carbon additionally activated by H,O, and doped by iron oxyhydro-
xide); ¢ — Sorbent 4 (birch activated carbon additionally activated by KMnO, and
doped by iron oxyhydroxide)

Figure 2 — Stereo microscopy

Dopping by iron oxyhydroxide dramatically increased treating efficiency of birch activated
carbon (Figure 3).

Pre-oxidized adsorbents (Sorbent 3 and 4) had higher efficiency of As(V) removal than
adsorbent without additional activation (Sorbent 2), 87.4 %, 89.4 % and 86.2 %, respectively,
for 120 min duration of sorption. Birch activated carbon additionally activated by KMnOQO4
and doped by iron oxyhydroxide demonstrates higher efficiency than other doped sorbents.
Additional activation by H,O, or KMnQOy, increased amount of oxygen group on the surface of
carbon. Iron preferred to bond with oxygen groups. So it increased efficiency of iron
oxyhydroxide doping. Usage of KMnO, also doped carbons by MnO,, which is effective in
arsenic compounds removal.

But H,0, and KMnQO, are expensive and KMnQy is limited to sale due to its presence in
precursor list of many countries, including Ukraine. So, additional activation by H,O, or KMnOj,
dramatically increases adsorbent cost with insignificant increasing of effectiveness. Thus, birch
activated carbon doped by iron oxyhydroxide without additional activation and pre-oxidation is
the most perspective among these adsorbents.
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Figure 5 — As(V) removal applying activated carbons with different preparation

4. Conclusions. According to the EU Directive the maximum permissible concentration of
arsenic in drinking water is 10 pg/l. But in many countries (China, Chile, Malaysia, Taiwan, etc.)
arsenic content in natural waters is much higher than this level.

Four adsorbents were used to determine the influence of preparation conditions on As(V)
sorption efficiency applying activated carbon doped by iron oxyhydroxide: birch activated carbon
(Sorbent 1); birch activated carbon doped by iron oxyhydroxide (Sorbent 2); birch activated car-
bon additionally activated by H,O, and doped by iron oxyhydroxide (Sorbent 3) and birch acti-
vated carbon additionally activated by KMnOy4 and doped by iron oxyhydroxide (Sorbent 4).

Dopping by iron oxyhydroxide dramatically increased treating efficiency of birch activated
carbon. But H,O, and KMnO 4 are expensive and KMnOy is limited to sale due to its presence in
precursor list of many countries, including Ukraine. So, additional activation by H,O, or KMnOj4
dramatically increases adsorbent cost with insignificant increasing of effectiveness. Thus, birch
activated carbon doped by iron oxyhydroxide without additional activation and pre-oxidation is
the most perspective among these adsorbents.
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