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High arsenic level in drinking water is very big problem for many countries in the world. In
some regions of Ukraine, especially in the Carpathians, groundwater also has high concentration
of arsenic. There are a lot of different methods of arsenic removal from water, but main part of
these approaches is not environmental friendly due to producing of toxic waster during treatment
process. Thus, ecological assessment is very important in the selection of the treatment method for
arsenic removal. Integral assessment is based on the points of view of three experts and includes
evaluation of different criteria.
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Buicoxuii yposens mblubsaka 8 numvegoll 8ooe s81semcs 6016uol npooaemMol 0Jisk MHO2UX
cmpan mupa. B nexomopwix pecuonax Yxpaumvl noozemmuvie 600bl MAK’CE UMEIOM BbICOKVIO
KOHYyenmpayuio mviuvsaxa. Cyujecmayem MHO20 pA3IUYHbIX MEMOO08 YOdIeHUS MbIUbAKA U3 800UL,
HO OCHOBHAsL 4ACMb 3MUX NOOX0008 He AGIAENIC IKOI0SUUECKU Oe30NACHOU U3-3a 00paA306anus
MOKCUYHBIX OMX0008 6 npoyecce oducmku. Toecmv, dKONOSUUECKAS OYEHKA OYEHb GAXCHA NpU
sblbope memooa Oeapcenuzayuu. HMHnmeepanvbHas oyeHKa OCHO8AHA HA MOYKAX 3PEHUs mpex
IKCNEPMOo8 U 6KII0UAEM OYEHUBAHUE PA3TUYHBIX KPUMEPUES.

Knwuesvle cnosa: unmecpanvhas oyeHmKda, B8000NOO2OMOBKA, Memoobl OYUCHIKU,
COeOUHEHUs MbILUbAKA

Bucokuii pieenv apceny 6 numnitl 600i € 3HAUHOW0 NPOOIEMOIO 01 bazamvox Kpain ceimy. ¥
Oesakux pezionax Yxpainu, ocobruso 6 Kapnamax, nio3zemui 800U MAKOMC MArOMb GUCOKY
KOHYenmpayito cnoiyk apceny. Icnye bazamo piznux memooié SUOANEHHS apCeHy 3 800U, aje
OCHOBHA YACMUHA YUX NIOX00I8 He € eKONI02IUHO be3neyHUMU Yyepe3 YME8opeHHs MOKCUYHUX 8I0X0018
nio uac ouuwjeHHsA. Takum 4uHOM, eKONO2IUHA OYIHKA € OYydHce BANCIUBOI0 NPU BUOODI MemOoOy
Oeapcenizayii. [nmeepanvua oyinka 0a3yeMbC HA MOYKAX 30pY MPbOX eKChepmis i GKIuac
OYIHIOBAHHS PISHUX KpUMEDIB.

Knrouoei cnosa: inmezcpanvua oyinka, 6000ni020MOBKA, MemoOu OYUUeHHs, CNOJYKU
apcemy
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INTRODUCTION

High arsenic level in drinking water is very big problem for many countries in the
world. According to the WHO recommendations, 10 pg/L. is maximum allowable
concentration of arsenic in drinking water. But in some countries, especially Chile, Mexico,
China, India, Iran and many others, arsenic content in groundwater can reach thousands of
ng/L [1].

In some regions of Ukraine, especially in the Carpathians, groundwater also has high
concentration of arsenic [2]. Arsenic due to its high toxicity provokes a lot of different
health problems (cancer, skin lesions, neurological disorders, etc.) [3]. So, arsenic removal
1s necessary treatment stage in these regions.

There are a lot of different methods of arsenic removal from water (Figure 1), but
main part of these approaches is not environmental friendly due to producing of toxic
wastes during treatment process.
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Fig 1. Treatment methods

Thus, ecological assessment is very important in the selection of the treatment
method for arsenic removal.

METHOD OF ASSESSMENT

Integral assessment is based on the points of view of the experts and includes
evaluation of different criteria. Total score for each evaluated treatment method was
calculated by the next formula:

iicij 'Sij
MS — i=m j=l1
—m ’
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where MS is the total score of treatment method; m is the number of the experts; n is the
number of criteria; Cj is coefficient of criterion importance for each criterion and each
expert; S is score of the method for each criterion and each expert.

Thus, after calculations by above formula each method has total score on a ten-point
scale, where “0” i1s “very dangerous for environment” and “10” is “completely eco-
friendly”.

ECOLOGICAL ASSESSMENT

Three experts evaluated some most perspective or most popular methods of arsenic
removal (reverse osmosis and nanofiltration, adsorption-microfiltration, adsorption,
biological methods, coagulation, coagulation-membrane filtration, lime softening) by
different criteria (treatment efficiency, safety of wastes, quantity of wastes, need for
chemicals).

Coefficients of criterion importance were parts of 1 and their sum for all criteria of
each expert was equal to 1.

Treatment efficiency was evaluated by the ten-point scale, where “0” was “absolutely
ineffective” and “10” was “completely removed arsenic”. Other criteria also were evaluated
by the ten-point scale. For criterion “safety of wastes” “0” was “very dangerous” and “10”
was “completely safe”. For criterion “quantity of wastes” “0” was “a lot of waste” and “10”
was “wasteless method”. And for criterion “need for chemicals” “0” was “very high need”
and “10” was “method doesn’t need chemicals”.

Table 1 demonstrates coefficient of criterion importance for each criterion and each
expert and score of the method for each criterion and each expert. In the table 1 criteria and
scores of different experts were divided by slash (/).

Table 1. Ecological assessment of different treatment methods

Treatment Safety of Quantity of Need for
Methods\ Criteria efficiency wastes wastes chemicals
0.7/0.5/0.8 | 0.1/0.25/0.07 | 0.1/0.15/0.07 | 0.1/0.1/0.06
Reverse osmosis and nanofiltration 9/10/10 2/1/2 2/2/2 8/7/9
Adsorption-microfiltration 10/10/10 5/5/6 5/5/4 4/3/3
Adsorption 10/10/10 5/5/6 5/5/5 3/3/3
Biological methods 4/3/5 4/5/4 5/4/3 8/8/8
Coagulation 8/9/9 5/5/6 3/2/3 2/1/1
Coagulation-membrane filtration 8/9/9 5/5/6 4/3/3 1/1/1
Lime softening 4/4/3 4/3/4 5/3/3 2/1/2

Figure 2 showed integral ecological assessment of each treatment methods by three
experts. A similar trend was observed in the evaluation of different methods by each expert.
All experts decided that reverse osmosis, adsorption-microfiltration and adsorption were the
most eco-friendly methods.

The simplest method was to decide that points of view of each expert had the same
importance and use the above formula for the calculation of the total score of each treatment
method.

According to this formula, adsorption-microfiltration and adsorption were the most
environmental friendly methods with total scores 8.19 and 8.18 on a ten-point scale.
Reverse osmosis and nanofiltration were a little less eco-friendly (7.52). Coagulation-
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membrane filtration and coagulation demonstrated middle-high scores (6.93 and 6.88).
Biological methods and lime softening showed scores below middle (4.54 and 3.40).

This approach is the simplest method of ecological assessment of different arsenic
removal methods. More accurate approach includes different importance of experts, take
into account the location of treatment plants, influence of water quality, number of affected
people, sensitivity of water bodies, etc.
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Fig. 2. Evaluation of arsenic removal methods by three experts

CONCLUSIONS

High arsenic level in drinking water is very big problem for many countries in the
world. In some regions of Ukraine, especially in the Carpathians, groundwater also has high
concentration of arsenic.

There are a lot of different methods of arsenic removal from water, but main part of
these approaches is not eco-friendly due to producing of toxic waster during treatment
process. Thus, ecological assessment is very important in the selection of the treatment
method for arsenic removal.

Integral assessment was based on the points of view of the experts and includes
evaluation of different criteria. Three experts evaluated some most perspective or most
popular methods of arsenic removal (reverse osmosis and nanofiltration, adsorption-
microfiltration, adsorption, biological methods, coagulation, coagulation-membrane
filtration, lime softening) by different criteria (treatment efficiency, safety of wastes,
quantity of wastes, need for chemicals).

According to the calculations, adsorption-microfiltration and adsorption were the
most environmental friendly methods with total scores 8.19 and 8.18 on a ten-point scale.
Reverse osmosis and nanofiltration were a little less eco-friendly (7.52). Coagulation-
membrane filtration and coagulation demonstrated middle-high scores (6.93 and 6.88).
Biological methods and lime softening showed scores below middle (4.54 and 3.40).

Thus, adsorption-microfiltration and adsorption could be recommended as the most
eco-friendly methods of arsenic removal in water treatment. Reverse osmosis and
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nanofiltration had a little less total score due to higher toxicity of soluble arsenic compounds
(in concentrate from membranes) compared to insoluble arsenic compounds (immobilized
on adsorbents).
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This paper present an algorithm that allows quantitatively evaluate chemical risks of
environmental changes caused by an industrial facility to the hydrosphere and atmosphere as
component of the environment during its scheduled operation.

Keywords: ecological risk, chemical risk, anthropogenic object, pollutants

B cmammi npeocmaeneno anecopumm axuti 0036015€ KilbKICHO OYIHUMU XIMIYHUL PUSUK 3MIH
HABKONUUWHBO20 Cepedosuwa nio 6NIUEOM NPOMUCTIO08020 NIONPUEMCIEA, NPU U020 pe2laMeHMHIlL
pobomi, ons ciopocghepu ma nogimpsL AK KOMNOHEHMIB HABKONUUHLO20 NPUPOOHO20 CEPedO0BULYd.

Knrowuosi cnoea: exonociunuil pusux, XiMIYHUL pusux, mexHo2eHHUll 00 €km, 3a0pyoHIoYi
pevosuHu

B cmamve npedcmasnenno aneopumm Komopwiil N036075€m  KOJIUYECHBEHHO OYEeHUMb
XUMUYeCKULl PUCK UBMEHeHUll OKpydcawwel cpedbl Nnod 8030elicmeuem HNpOMbIULIEHHO20
npeonpusamus, npu e20 peclameHmHol pabome, O0as eudpocgepvl u 6030yxa 6 Kawecmee
KOMNOHEHMO8 OKpYdHcaioujell npupoOHoL cpeobl.

Knwouesvie cnosa: sxonocuueckuti puck, XUMUYECKULl PUCK, MEXHOLEHHbIL 00beKm,
3aepAsHAIOWUe 8eujecmed
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