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3 EXECUTIVE SUMMARY
The project was aimed at the removal of tOXIC organic chemicals from water
and effluents Many of these chemicals are non-biodegradable and their
elimination by the conventional wastewater treatment IS unsatisfactory The
solar photocatalytiC degradation (SPO), based on T102, a non-toxIc
photcatalyst, and on sunlight, a clean and abundant energy source, offers a
process of powerful oXidation, leading to complete mineralization of these
pollutants The studIes have focussed on the remediation of rrnse waters of
agrrcultural aircraft sprayers (Muszkat et al , 1995), on treatment of polluted
ground-water from a well In the Ashdod area (Israel), and treatment of
effluents In the Alarchln reserVOir, (Kyrgyzstan) SPD of selected mtro
phenols and of textile dyes, studied at the Volcam Center has shown
satisfactory removal of these pollutants from water In additIon, SPD of the
herbicides metrrbuzln and bromacil has been examined and compared with
other photooxldatlve degradation patterns (Muszkat et ai, 1998a) Sromacll,
metrrbuzln and some mtro-phenol derrvatlves are Widely used herbicides In
both Israel and Kyrgyzstan They have also been detected In Israeli
groundwater Further to these studies, a constant ffow mm/reactor (30 liter)
for SPD was constructed and Its factor analysIs allowed the carrYing out of
fIeld studies, where the effect of selected OXidants on had been examined
The Kyrgyz group conducted laboratory and field studied of SPD Major water
resources In the Chu Valley were sampled and subjected to solar
photocatalytiC degradation In selected cases the extracts of samples were
sent to Israel and analyzed In the ARO laboratory The follOWing organic
chemicals have been studied In pure and In drainage water Llndan, ODE
and Metaphos, the detergent TSS, humiC aCids In addItion, the coating of
TI02 photocatalyst on solid surfaces was examined The solid supports were
polyethylene tubes, polypropylene balls and stainless steel porous
membranes, "Ultram" (Moscow) The regeneration of tltamum diOXide catalyst
and the effect of light Intensity on photocatalytiC degradation were also
examined The results Indicate the practical value of SPD In the purrflcatlon of
highly polluted groundwater and agrrcultural rrnse waters The value of SPD
as a supplementary technique for Improving the eXisting treatment methods
has also been shown Further, the results of direct (non-photocatalytic)
photooxldatlon of pesticides revealed the speCifIc role of oxygen In some of
the non catalytiC reactions while, In other non-catalytiC processes the umque
role of hydrogen peroXide could be demonstrated (Muszkat et al I 1998b)
The results have been presented In International symposia and documented
In proceedings and International Journals (AID/CAR acknowledged)
Close collaboration between the Israeli and the Kyrgyz groups was
maintained At the Imtlal level the Kyrgyz sCIentists were trained at the
laboratory of Volcani Center In novel analytical methods and In the
application of solar photocatalySIS for the treatment of effluents and polluted
water Further to their tralmng, the purchase of modern analytical equipment,
Including capillary-GC, With FlO and NPD, has been ordered by the Israeli
partner and sent from the USA to the Kyrgyz laboratory ThiS machine been
put Into operatIon due to the dedicated tralmng proVided by Dr L Felgelson
(ARO group), who traveled to Slshkek on August 1995

I
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4 RESEARCH OBJECTIVES

The overall aim of the project consisted of the fIeld application and evaluation
of TI02 photodegradatlon for the remediation of water pollutIon by
organosynthetlc contaminants In semi-and areas
The specIfic objectIves were the following
1 Field studies for Improvement of catalyst photoefflclency,
2 Study of the kinetics of selected organic pollutants,
3 IdentifIcatIon of intermedIates (If any) In the photocatalytic

process
4 Study of non-photocatalytic processes for degradation of organIc

pollutants

5 METHODS AND RESULTS

A Survey on water resources In Kvrgvzstan

The major water resources In Kyrgyzstan are the runoff of nvers The
average supply IS ca 42,3 CubIc Km per year About 9 Cubic Km of this
amount IS used for Irrigation In the last few years there has been a decrease
In abundance of the Industrral and Irrigation wastewater, because of common
economic stagnation However today the Irrigation by waste water ranges up
to 1 54 Cubic Km half of which IS discharged to nver system without any
pUrifIcation Another part with salinIty, of about 1-5 g/I IS re-clrculated for
Irrigation Typical data on minerals and organic contaminants In waste water
are given In Tables 1 and 2 Data on pesticides used In the Chuy Valley
(valid for 1993/4) are given In Table 3 These show that ca 50,000 kg of
pesticides and herbicides were utilized dUring 1993 In the Chuy Valley, major
agncultrual area In Kyrgyzstan This Included the use of 30,000 kg/year
organophosphates (with 20,000 kg/year of parathion and malathion), and ca
25,000 kg/year of organochlorines, with the herbicIdes 2,4-DB (6,300
kg/year), trlfluralln (5,600 kg/year) Many of the pesticides listed In Table 3
are known as water pollutants due to their persIstence and water solubility
Further, the examInation of drainage and river waters In the Chuy Valley
(Karmanchuk et al , 1994) revealed the presence of phenol derivatives (0 15
mg/L), 011 components (0 5 mg/L) and residues of DDT and lindane The
organochlorrne pestIcides may result from use In former times when the use
of lindane and DDT was very popular These data clearly demonstrate the
signIficant use of pestIcides In Kyrgyzstan However, the Information
available today on possible water pollution In this country IS limited

Good quality water wIth salinity to 1 0 gil IS essentially used for IrrigatIon,
but In some regions of Kyrgyzstan draInage water IS used because of
consIderable shortage of unsalted water Until today more than 200 names of
pesticides h8\1p been applIed In Kyrgysztan agriculture with concentration
2 5-3 0 Kg/hectare The pesticides accumulate In the sOil and by the
Irrrgatlon water they are transfered to all bodIes of water This Includes
DDT, Llndan, Methaphos and Carbophos, whIch were founded In dangerous

(
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concentrations The punflcatlon of drainage water had not been conducted
Industnal and domestic wastewater had undergone treatment The efficiency
of punflcatlon averaged between 70% and 90% of COD Pesticides,
detergents, petroleum products, humic aCids and other organrc pollutants do
not decompose entrrely The water contamination In water sources IS above
the permissible level because of an uncompleted wastewater pUrification
and the lack of draInage water punflcatlon The above lIsted factors were the
reasons for crises In the of Aral-Sea The detenoratlon In the ecological
sltuatron has motrvated an active search for more effective methods of water
treatment for full mineralization of soluble organic substances In 1993 In
the Volcani Ce"te r (Israel) had started In Blshkek a research of solar photo
catalytic process for water pUrification, exceptionally Interesting In Kyrgyz
conditions The following methods have been applied (Kyrgyz laboratory)
Crystallizers of 5L 2L of the sample were placed Into each of the
crystalllzers, the catalyst TI02 with concentratlon50 mgll was added Into one
of the vessels Crystalllzers were exposed to the sun light The stirring of
solutions was performed by electric stirrer The samples were periodically
analyzed In the years 1993-1994 we used the gas-chromatograph "Zvet
500" for pesticIdes concentration measurement before and dunng the
experiment But the sensItivity of this deVice was very poor Since 1995 all
the measurements were conducted by gas-chromatograph "Varian", that has
high sensitivity The concentration of detergent and humiC aCid was
determIned colorlmetncally, uSing photo-colonmeter T----+K-56 The general
quantity of organrc substances was determined by the chemIcal oxygen
demand (oxidation with KMn04 and K2Cr207) The sallnrty and lonrc
concentrations were also evaluated In the drainage and waste water
samples The samples volume change due to evaporatIon when exposed to
sunlight was taken Into account

B Field Studies of Solar TtOrphotocatalytlc degradatIOn, conducted m
ARO, Israel

1 Ti02-SPD In the absence of H20 2

FIeld studies of the polluted well water pOInt to the posSIbIlity of Inhibition of
the photodegradatlon by some unknown factors ThiS Inhibitory effect IS
prevented by hydrogen peroxide (Muszkat et al , 1995, CAR acknowledged),
which leads to effective solar photodegradatlon, presumably because of
oXidation of Inhibitory constituents In the polluted water In the absence of
hydrogen peroxide slgnrflcant degradation occurred only dunng the first hour
Then the process underwent a strong retardation and the level of pollutants
stabilized, oWing to system deactlvatron The photodegradatlon of malathion
and atrazlne solutions was also effective In the absence of H20 2 Comparison
with the non-catalytIC photodecomposition emphasizes the decIsive
contributIon of TI02

2 Punftcat,on of nnse water from agncultural spray containers
The potential of photocatalytic oXidation carned out In the absence of
hydrogen peroxide has been examined In the study of pUrification of nnse
water from agricultural spray containers, maInly from aircraft sprayers, These

!
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waters are significantly polluted with pesticide formulations at levels of 10
100 ppm Thus treatment IS required pnor to the disposal of such nnse
waters To simulate such conditIons, the photocatalytic treatment of
pesticIdes In their formulation mIxtures was examIned Results In Table 4 are
from the photocatalysIs of malathion, an organophosphate pesticide, used In
spray treatment of a wIde range of crops While 90% decomposition was
achieved Within less than 5 hours of solar exposure, while sub-ppm level
were reached In 18 hours Satisfactory results have also been obtained In
closed systems covered With polyethylene film The covenng of sun
Irradiated basIns With a polyethylene films provIdes a simple solution to
problems Inherent In semlvolatlle contaminants such as pesticide
formulations ( Muszkat et al , 1998b, CAR acknowledged)

3 Reaction patterns 117 photooxldatlVe degradation of the herbiCIdes metnbuzlI7
and bromacll (Muszkat et al J 1998a)

DIfferent reaction patterns of photooxldatlon have been witnessed for the
herbiCides metnbuzln, (4-amIn0-6-tert-butyl-4,5 dlhydro-3-methylthI0-1,2,4
tnazlne-5-one) and bromacil (5-bromo-3-sec-butyl-6-methyluracll) In the first
case oxygen has a pronounced effect on the rate of photooxldatlon whIle the
Influence of hydrogen peroxIde IS qUite moderate The photolytic process In
thiS case would apparently start through a reaction of the excited herbiCIde
molecule With hydrogen peroxIde or With oxygen In another case,
exemplifIed by bromacll, oxygen does not have a pronounced effect on the
rate of photooxldatlon WhiCh, however, IS considerably enhanced by
hydrogen peroxide The reaction IS InitIated by hydroxyl radicals generated by
hydrogen peruAlde photolysIs These conclusions are supported by the
different effects of Isopropanol InhibitIon The recognition that several direct
photooxldatlon mechanisms could be used In the treatment of polluted water
IS of significant, practical Importance It may allow the tallonng of the exact
photooxldatlon procedure to a specific case of pollutant

4 MmJreactor
A constant flow mlnlreactor was constructed It operates In a closed cycle

and Includes three contaIners of 30 L each and a shallow bath tray, where the
solar photocatalytIc reaction takes place The cOnical structure allows the
photocatalyst powder to settle and be separated from the solution (FIg 5)
ThiS allows the optImization of the pnmary expenmental conditions for the
photocatalytic process

5 Solar TIOrphotocatalytlc mll7eral,zatlOn of mtroaromaftcs 2

The nltroaromatlc pestiCides DNOC (dlnltro-o-cresol), dlnoseb and dlnobuton
have been studied, as well as the ortho-, meta- and para- nltrophenols In
Israel dlnoseb and DNOC have been Identified In ground-water The nitro
phenols are of Wide use as agrochemlcals They are also used In production
of pestiCides and dyes and some of them are formed as Intermediates In the
chemical Industry Being hazardous chemicals, their removal from polluted
water and effluents IS Important However, their removal by conventional
methods IS a difficult task, due to their persistence and ready water solubility In

I
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the treatment-plant they are tOXIC to natural biomass, which excludes the
optIon of their biodegradatIon by activated sludge The present study
demonstrates the feasibIlity of destruction of these pollutants by solar T102
photocatalytic degradation FIgs 1-4 present data on the photocatalytic
decomposition of nltrophenols under different conditIons (In the presence and
absence of hydrogen peroxide), compared with blank expenments, without the
addition of photocatalyst The average half life values for solar photocatalysIs
In the presence of hydrogen peroxide were 32 - 34 minutes The follow-up of
the decomposition process was conducted by chemIcal analysIs IncludIng
spectophotometnc and HPLC, and also by toxIcological measurments uSIng
Mlcrotox tests Significant decrease In the solutIon tOXICity has been observed
after an IrradIation penod of 90 minutes

1 Muszkat L , Felgelson L 1 Blr Land Muszkat K A Chemosphere, 1998,
2L AshkenazI and L Muszkat, unpublished results

C Studies on Photocatalvtlc Degradation Conducted In KSRII

1 The following substances were studied
Pesticides Llndan, DOE, Metaphos (In pure water and draInage water)
Detergents TBS In pure water
Humic aCids In pure water
Blshkek sewage water

Satisfactory destruction has also been observed In effluents sampled In
Blshkek and In model solutIons of TBS detergent
In addItIon, our results Indicate the decomposItion of humIc aCids present
In the runoff water and decrease In the COD data (Table 5)

2 Catalyst coating to the solId surfaces The photocatalytic degradation rate
of pollutants depends on the form and actIvity of the catalyst Tltanrum
dioxIde had been used In the laboratory expenments In a powdered form
The use of suspension may be problematic To overcome thiS problem we
examined different methods of applying catalyst coating to the solid
surfaces Polyethylene tubes, polypropylene balls have been coated with
suspension of tItanium dioxide In 011 and have been dned In addition to
thiS we tested catalytic properties of porous membranes with selected
layer of titanium dioxIde The membranes were produced In the firm
"Ultram" (Moscow) The plate IS a flat porous membrane 20x30 cm
made from staInless steel coated with titanium dioxide layer 5 mg/cm2 The
size of the pores IS 0 8 micrometer In case of samples of pestIcide
Methaphos It has been showed that application of polyethylene tubes,
polypropylene balls and porous plates with T102-layer In companson to
Tl02-suspenslons Increased the time of photodegradatlon The catalytic
properties of titanium dioxIde In crystalline form with dIfferent specIfic
surfaces were checked 100% Anataze G-25 (specIfic surface 65 m2/g)
H-4 (specifIc surface 95 m2/g) H-17 (specIfic surface 130 m2/g)
The TI02 - powder degussa P-25 IS the most active catalyst
3 Regeneration of tlfanlum dlox,de catalvst After the terminatIon of the
photodegradatlon reaction, the solution involving the remaining pollutants
and the catalyst was subjected to centnfugatron The catalyst was

!
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separated, washed several times with distilled water and treated with 0 1%
solution of hydrochloric aCid and dried The re-usable catalyst was applied
for photodegradatlon of detergent TBS ( Table 6)
4 Effect of light Intensity The photodegradatlon rate of pollutants
depends on the Intensity of ultraviolet radiation The employment of high
pressure mercuri-quartz lamp as a source of UV radiation (In the spectrum
UV beam~ with wave length 238-298 nm comprise 60% of radiation),
Increases the photodegradatlon rate of pesticide Methaphos Into 10-12
times In comparison with solar radiation ( Table 7)

6 IMPACT, RELEVANCE and TECHNOLOGY TRANSFER

The JOint studies on remediatIon of organIc pollutants (In water and effluents)
by solar photocatalysIs has significantly Improved the sCientific abilities of
the Kyrgyz partners First, It Introduced to them the novel domain of
environmental chemIcal research, Including the problems of orgamc
mlcropollutants In water Second, the KSRII group became familiar With
the technologies of photochemical and solar-photocatalytic water
treatment Third, Dr Karmanshuk and her group were trained by the
Israeli partners In techniques of residue analySIS, In the use of analytical
equipment and In the conducting of field expenments for water treatment
by solar photocatalysIs Furthermore, the project focussed on the
environmental problems relevant to Kyrgyzstan For example, treatment of
water polluted by organochlonne substances It IS to be recalled that the
economIc cnsls In Kyrgyzstan has led to the use of cheap pesticides, like
the organochlonnes, which were banned In Europe and the USA The
removal of these substances from the waters IS therefore of high
significance In this area In addition to the organochlonnes, other
pesticides and pollutants (Table 3) of major Interest have been examIned
Malathion was efficiently degraded by photocatalysIs, the herbiCides
atrazlne and metnbuzln, applied In the treatment of corn and tomatos and
the nitro-phenolic substances, broadly used In Kyrgyzstan The results of
the JOint Israeli-Kyrgyz study, documented In Para 6, demonstrate the
promising potential of the method and lead to the continuation In the
research subject by the KSRII group The maIn directions of development
Include the scaling-up of the process and Improvement of the catalyst
application (regeneration and fixation) The expenence and SCientific
expertise acqUired due to the project prOVides a solid baSIS for their future
SCientific work

7 PROJRCT ACTIVITIES! OUTPUTS

1 Meetmgs and ViSitS

1993 Dr Karmanchuk In Israel
1993 Internatl CAR/CDR Meeting, Volcani Center, Bet Dagan
Dec 1994 Dr Karmanchuk In Israel Two weeks training
Aug 1995 VISit of 0 L Felgelson, ARO, to the KRSII, Blshkek,

!
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Two weeks training

2 Lectures m Internat! Conferences! Dr Lea Muszkat
1994 Amencan Chemical Society (ACS) Meeting, Washington, DC,

Co-Chairman of seSSion, and invited lecturer In the Environmental
DIvIsion

1994 Internatl Conference on Modern Agnculture and the
Environment, Rehovot, Israel

1994 Internatl Conference on "The environmental challenges facing Israel,
the West Bank and Gaza", Jerusalem Opening lecturer, Subject
Minimization of Water Pollution
Internatl Conference on Groundwater, Bnghton, UK
Internatl Conference on Photochemistry, London, England
Internatl Conference of the Israeli Society for Ecology, Jerusalem
Invited lecture, Bremen University, Dept Environ Chem Subject
Mineralization of pesticides by TI02- solar photocatalytIc OXidation

3 Publtcatlons
1 Muszkat L, 1994

HOrizontal spread of organic pollutants In groundwater
ACS 208th Meeting, Book of Preprmts, DIvIsion of Environmental
Chemistry, Washington, DC 34(2) 580- 585

2 Muszkat L, Blr Land Felgelson L, 1995
Solar photocatalytIc mineralization of pestIcides In polluted waters
J Photochem Photoblol A Chem 87 85-88

3 Muszkat Land Felgelson L, 1996
Solar photodegradatlon of pesticides In polluted water
In Preservation of our world, Proceedmg of Intern Congress on
Environmental Quality SCiences, StelnbergerY , Ed pp 828-831

4 Muszkat L, Felgelson L, Blr Land Muszkat K A, 1998a
Reaction patterns In photooxldatlve degradation of two herbiCides
Chemosphere, 36 1485-1492

5 Muszkat L, 1998b
Photocatalytic degradation processes
In Pesticide remediatIon m soli and water, Kearney and Roberts (Eds),
Wiley senes m Plant Protection, John Wiley and Sons, PP 307-337

8 PROJRCT PRODUCTIVITY

The study closely followed the research obJectives, outlined In Para 4
SpecIal attention was paid to field studies Solar Photocatalytic Degradation
(SPD) has been applied for the removal of tOXIC organic chemicals from
water Natural samples of polluted ground-water and rinse waters from
agricultural spray contaIners were efficiently pUrified by this technique The
studies were carned out In a pilot plant constructed In our laboratory,
particularly SUitable for field expenments Selected herbICIdes, mtro-phenols
and other abundant pollutants have been degraded by the SPD Several
approaches for the Improvement of the catalyst effiCiency have been

I
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examined Further, the results of non-catalytic photooxldatlon of pesticides
revealed the eXistence of different degradation patterns and the specific role
of oxygen and of hydrogen peroxide
Most of the rsearch goals were adequately fulfilled, whereas some part was
only partially carned out and deserves future efforts ThIS category Includes
the subjects of catalyst regeneratIon, prevention of catalyst fouling, and the
Identification of intermediates These Important and broad subjects were
beyond the pOSSibilities of the present project and deserve extended studies
In the future

9 FUTURE WORK

The JOint project has SignifIcantly stengthened the SCientifIc capabilities of
our Kyrgyz partners The promising results, the availability of modern
equipment and the expenence acquired has led the Israeli and Kyrgyz
groups to plan a continuation of the study for the development of the SPD
technology The future work IS aimed at the scaling-up of the process and
construction of a pilot plant, Detailed examination of oXidative additives, to
achieve enhanced degradation and to prevent photocatalyst fouling, and
the combination of the photocatalytic process with conventional treatment
facIlities The study Will allow the Kyrgyz group to establish and develop a
research program on water pollution and water treatment, and to conduct
basIc and applied studies on photocatalytic degradation ThiS activity Will
fulfill the objectives of AID/CAR program and proVide some answers to
real the needs of the Kyrgyz Republic

10 LITERATURE CITED

1 Muszkat L, M Halmann and D Raucher, 1992,
J Photochem &PhotobFOI ,A Chem, 65, 409-417
Solar photocatalytic degradation of xenoblotlc contamInants
In polluted well-water
2 Muszkat L, D Raucher, M Magantz and D Ronen, 1993,
Ground Water 31,556-565
Groundwater contamInation by organic pollutants In a
sewage-effluent Irrigated site
3 KarmanchL4l, A 1994, Pnvate communication
4 Muszkat, L Blr and L Felgelson, 1995,
J Photochem & PhotobFOI, A Chem, 87, 85-88
5 Muszkat L, L Felgelson and K A Muszkat, 1998a,
Chemosphere, 36 1485-1492
6 Muszkat L, 1998b Photocatalytic degradation
of pesticides In water, pp 307-339 In PestFclde Remediation In

SO/I and Water, Kearney and Roberts (Eds ), John Wiley & Sons
7 AshkenazI Land L Muszkat, 1998, unpublished results
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Table 1 - The pollutants concentrations In the sewage (waste water)
from Blshkek (after punflcatlon) and drainage from
Atbashmsk system

Blshkek sewage Atbashmsk
Indexes and pollutants ppm system's

drainage ppm

SalinIty 680-893 646-1763

Chemical oxygen demand 14-275 62-2528

BiogenIc elements (P, N, S) 1 2-17 6 1 49-321

Petroleum products 06-70 01-02

Phenol 01-1 4 no

Detergents 04-1 8 no

PestIcides no 01-005

pH 82-84 8 10-865

,I
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Table 2 - Chemical composition of sewage and collector-dramage

water (1995)

Water PH Mmer- Chemical composition pp.rmnga- Blchromat
als Mg/l

n lte
source mg 02/l

Mg/l mg Oz/l

C03 /fe03 504 CI Ca2+ Mg2+ Na+
2 2

K+

Researv 854 8165 60 2501 52 1 608 973 579 352

"Spartak" 9 3

Rollector 889 14344 360 962 924 2000 332 2605

K-2 6 0 6

At-Bashy 860 4963 120 1586 401 340 568 486 4025

channel 2 6

Sewage 785 3806 no 1952 59 1 481 243 21 6 1024 32 a
after 3
cleansIng

-......
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T.lble 3

Pesticides use In Chuy valley (Kyrghlzla, 1993/94)

PesticIde common Rate, amount
name kg/hectare used Crops

kg/year
Beets, cabbage~

1. malathion 0.7-1 2 9342 cucumbers, rap~
vegetable h1tUtdW~

garden plants
B~ets, tape, ttUl:>Sf

2 Parathion 05-1 0 10219 gralJes, lucetHa

cabbage, luc~tne,

3 Phoxlm 1 0-1 5 575 tomatoes

4 Nltrofen 430-600 14597 vegetables

5 Phosalone 20 1635 Cabbage, tomatotH;

6 Dimethoate 1 6 6369 l3eets, gardeH ~1;;Uit~

7. Trichlorphon 80 1440 Garden plants
potatoes, luc~ttt~,

8 DecKs o15-1 0 2743 tomatoes, cabbC:1~~

9 Metnbuzln 1 4 350 tomatoes

10 2,4-D8 1 9 6294 Crops, grass

11 Glyphosate 796 Fields

12 Tnfluraltn 40 5640 tomatoes, cabbage,
rape
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kg/year

13 Fuselad 1 0-2 0 946 beets, onIon
\

14 Chlondazon 40-80 5279 beets

15 Polyram 2 3-6 0 6089 onion, grapes, beets

16 zineb 3 2-8 0 1384 onion, grapes, beets

17 Pynacarbohd 30 2722 beets

18. Agelon 40 2765 corn

19 Phenmadlpham 60 3891 beets

20 Eradlcane 40 4889 corn

21 Dlalen 1 75 3788 crops, corn

22 Penltran 34 3975 omon

23. Atrazlne 30 1146 corn

(/
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Table 5

SPD of organic contaminants In drainage waters, Kyrgyzstan

Substrat TI02 Blank,
mltlal concentration Half half life

Substrate ppm life, (without
,ppm min catalyst),

min
Solar degradation

1 Llndan 1 121 50 958 3923

2 DOE 000244 50 161 2 1351 0

3 Metaphos In 1 10 Ultram * 1663 3158

drainage membranes

water T,02 amount

76 5 mg/2L Sol

4 TBS 1 98 500 3780

undralnage water 1 032 500 521 2020

483

5 Humic aCids 73 500 3524

843

6 Blshkek sewage

water COD wIth 486 25 6035 820

KMn0 4

COD with K2Cr207 1242 25 8434 1039

UV degradatIon (mercury Lamp with max 358nm)

1 LJndan 097 500 2990 771 0

2 Metaphos 88 500 2475 10390

I
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Table 6 - PhotolysIs of detergent TBS with re-used catalyst

Blank (without catalyst) Catalyst TI02 50 mg/l Re-used catalyst TI02 50 mg/l
ConcentratIon half life time ConcentratIon half life tIme ConcentratIon half lIfe tIme

lon, mg/l mm mg/l mm mg/l mm
mm

------.

o
20

40
60
90

120
150
180
210
240
300
330

1 032 1 032 1 032
0584 2434 0047 439 0327 1207
0288 2272 0024 757 0163 1502
0176 2360 0012 937 0081 1642
o117 2868 no 0033 18 14
0077 3223 0009 1754
0053 35 05 no
0028 3465
0015 3465
0008 3465
0005 3915
no



-18-

Table 7 Photodegradatlon of Methaphos, Induced by solar- and by

UV-lamp Irradiation

Solar radiation without Solar radiation with Mercun-quartz lamp with
catalyst catalyst TI02, 50 mg/l catalyst TI02, 50 mg/l

PhotolysIs Half life oncentratl Half life oncentratlo Half life
time, on time, mm on time, n time, mm
mm mgll mgll mm mg/l

0 880 880 880
120 850 240625 712 38758 350 9023
240 802 179533 496 2902 1 03 7555
360 740 144676 365 2924
540 680 135883 222 2099
720 535 101020
900 481 103432

1080 425 102971
1260 372 101865
1440 310 1021 32

-------
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FIg 1
Solar photocatalytic degradatIOn of 0- Nltrophenol
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FIg 2
Solar photocatalytic degl adatlOll of m-Nltrophenol
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Fig 3.
Solar photocatalytic degradatIOn of p-Nltrophcnol
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Fig 4
Solar photocatalytIc degradatiOn of Duuh o-o-cresol
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Fig 5
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FigureS Laboratory slclle solar I eactor
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2 In-flow tube (teflon)
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