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Abstract. A phenol-sensitive microbial sensor was constructed by immobilizing Pseudomonas

ринаа Е5Т1412 cells on an amperometric oxygen sensor. The stability of the practical microbial

sensor was investigated. The influence of the external membrane covering the immobilized bacteria

to the long-term stability of the response of the phenol-sensitive microbial sensor is discussed.
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INTRODUCTION

Electrochemical sensors constructed by coupling intact microbial cells
with electrochemical devices offer a large number of possibilities for

analytical measurements as shown by Riedel et al. [l], Karube & Tamiyra
[2], and Rechnitz & Ho [3]. Microbial sensors may prove useful for
environmental monitoring. Corcoran & Rechnitz [4] discussed е

advantages of using cells rather than enzymes in biosensors to enhance

enzymatic activity in the cells, and stressed their low cost, self-

regeneration, and longer service life.

Concern over pollution risk to the environment has highlighted the need
for easy to operate, low cost, and fast continuous measurement of phenols.
The aerobic degradation of phenol by specific microorganisms leads to

new possibilities for developing biosensors for phenol determination on

the basis of an oxygen sensor.

Leypold & Gough [s] showed theoretically that the imposing
diffusional limitations on the enzymatic reaction can lead to improvements
in sensor performance in various ways, such as increasing the sensitivity to

the substrate, extending the range of linearity, decreasing the sensitivity to

biocatalyst inactivation, etc. The influence of the additional diffusional
restrictions of the external membrane on the characteristics of the
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microbial sensor can be also investigated theoretically on the basis of the

mathematical model introduced by the present authors earlier [6].
The work described here focuses on the stability of the developed

phenol-sensitive microbial sensor. The influence of the external

membrane covering the immobilized Pseudomonas putida cells on the

stability of the microbial sensor is discussed. _

EXPERIMENTAL

Phenol degrading bacteria Pseudomonas putida ESTI4I2 were

obtained from the Institute of Molecular and Cellbiology of the University
of Tartu. Cells were grown on a shaker at 30°C in 200 ml sterile minimum
medium with trace elements. Phenol was used as carbon source at

5 mmol/l. Microorganisms were collected at an exponential growth phase
by centrifugation 5000 p/min for 5 min. The cells were washed twice and

resuspended in 0.1 M phosphate buffer (pH=7.2). The suspension of

bacteria was mixed with agarose solution so that the mixture obtained

agarose concentration 2% (wt/v).
The polyethylene membrane of the oxygen sensor constructed at the

University of Tartu was covered with the bacteria—agarose mixture. The
bacterial membrane was additionally covered with 2% agarose gel. The
scheme of the microbial sensor is illustrated in Fig. 1.

The steady state responses of the microbial sensor based on oxygen
sensor to phenol in 0.025 M phosphate buffer (pH = 6.9) solutions at 25°C

were studied. The test solutions were continuously aerated with air and

stirred to maintain a constant dissolved oxygen concentration. When not in

use the prepared sensors were held in 0.025 M phosphate buffer (pH =6.9)
at 4°C.

Fig. 1. Scheme of the microbial sensor.
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RESULTS

The current of the microbial sensor in the buffer solution was recorded
as a baseline current I. When the sample solution containing phenol was

added into the system, phenol permeated through the membrane and was

assimilated by microorganisms. It caused consumption of oxygen by the
immobilized microorganisms and resulted in a decrease in the amount of
dissolved oxygen on the polyethylene membrane of the oxygen sensor.

The steady state response indicates that the consumption of oxygen by
microorganisms and that diffused from the test solution to the membrane
were in equilibrium. The steady state current 7 depended on the phenol
concentration in the test solution. The sensor response 6/ was expressed as

the relative difference between the two steady state currents (lo— ЭЛГо.
The establishment of the additional diffusional restrictions to the

system by covering the bacterial membrane with an external agarose
membrane was accompanied by an improvement of the stability of the

microbial sensor. Figure 2 shows the long-term stability of the response of

the microbial sensors at phenol concentration 0.116 mmol/l over the

period of 50 days. The response of the microbial sensor with the external

membrane over thisperiod was found to be fairly constant with a standard

deviation 1.2%.

Figures 3 and 4 show the stability of the calibration curves of the

microbial sensors. The decreasing readings obtained with the sensor

without an external membrane can be explained by the influence of the

inactivation of the immobilized bacteria in the sensor in time. The

response of the microbial sensor was found to be constant over the period
of three months when the bacterial membrane of the sensor was covered
with an external agarose membrane. The external membrane increased the

stability of bacteria and also decreased the influence of the inactivation of

biocatalysts to the biosensor characteristics. The results in Figs. 2—4 show

that the microbial sensor gave good sensitivity and reproducibility only
when it had the external membrane on the bacterial membrane.

Fig. 2. Stability of the response 81 of the microbial sensor with (®) and without (O) an external

membrane at phenol concentration 0.116 mmol/l.
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CONCLUSIONS

The amperometric biosensor with immobilized bacteria appears to be

quite promising for the estimation of the phenol concentration in waste

Fig. 3. The dependence of the response 8/ of the microbial sensor with an external membrane on

the phenol concentration in test solution: A- 1 day, O— 1 month, ®— 3 months, and O -4

months after the immobilization ofbacteria.

Fig. 4. The dependence of the response &7 of the microbial sensor without an external membrane on

the phenol concentration in test solution: A — 1 day, O- 8 days, ®- 29 days, and O -44 days
after the immobilization of bacteria.
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waters. It is necessary to cover the bacterial layer with an external
membrane. In addition to the influence of the external diffusional layer on

the linearity and sensitivity of the sensor and also on the response time, it

guarantees good long-term stability of the developed phenol-sensitive
microbial sensor.
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FENOOLITUNDLIKU BIOSENSORI STABIILSUS

Kaja ORUPOLD, Toomas TENNO

Fenooli degradeerivate bakterite Pseudomonas putida ESTI4I2 immo-

biliseerimisega amperomeetrilisele hapnikuandurile valmistati keskkonna

monitooringus vajalik mikroobsensor fenooli kontsentratsiooni mairami-

seks heitvetes. Kdesolevas t66s uuriti fenoolitundliku sensori stabiilsust

ning vélise membraani tahtsust mikroobsensori stabiilsuse tagamisel.
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СТАБИЛЬНОСТЬ ФЕНОЛ-ЧУВСТВИТЕЛЬНОГО

БИОСЕНСОРА -

Кайа ОРУПЫЛЬЛД, Тоомас ТЕННО

Исследован биосенсор для определения концентрации фенола.
Сенсор сконструирован на основе амперометрического датчика

кислорода. Фенол-чувствительный слой сенсора был получен нане-

сением иммобилизированных бактерий Рзеийотопаз рийаа Е5Т1412

на полимерную диффузионную мембрану кислородного датчика.

Изготовленный фенол-чувствительный биосенсор испытывался на

стабильность в заданном интервале времени. Установлена зависи-

мость стабильности биосенсора от параметров его дополнительного

внешнего диффузионного слоя.


	b10720996-1995-2-3 no. 2-3 01.04.1995
	Chapter
	KEEMIA
	CHEMISTRY
	ХИМИЯ


	XVI EESTI KEEMIAPÄEVADE TEADUSKONVERENTS
	Chapter
	16TH ESTONIAN CHEMISTRY DAYS SCIENTIFIC CONFERENCE


	TO BETTER UNDERSTANDING OF ESTER AMINOLYSES IN APROTIC MEDIA
	Energetic profiles for aminolyses reactions (for notations see text).
	Activation parameters for some aminolyses reactions
	TÄIENDUS ARUSAAMADELE ESTRITE AMINOLÜÜSIST APROTOONSETES KESKKONDADES

	APPLICATION OF ULTRASONIC WAVES TO THE INVESTIGATION OF GRIGNARD REAGENT FORMATION
	ULTRAHELI KASUTAMINE GRIGNARD’I REAKTIIVI MOODUSTUMISE UURIMISEKS

	ADVANCED OXIDATION PROCESSES (AOP) FOR THE OXIDATION OF AROMATIC AND POLYAROMATIC HYDROCARBONS: KINETICS AND REACTION PRODUCTS
	Fig. 1. Ozonation of individual phenols at pH 3.2 (/, phenol; 2, o-cresol; 3, thymol; 4, 2,3-xylenol 5, 2,6-xylenol; 6, 2,5-xylenol; 7, 3,4-xylenol; 8, 2,3 4-trimethylphenol).
	Fig. 2. Ozonation of individual phenols at pH 9.5. Legend see Fig. 1. Curves 5,6, 7 marked by A.
	Second-order rate constants k, w 1 s"‘) and first-order rate constants kl*(s‘l) for advanced oxidation processes of PAH
	TÄIUSTATUD OKSÜDATSIOONIPROTSESSID AROMAATSETE JA POLüAROMAATSETE SÜSIVESINIKE LAGUNDAMISEKS: KINEETIKA JA REAKTSIOONIPRODUKTID
	DEVIATION OF A2B6 COMPOUNDS FROM STOICHIOMETRY: ELECTRONEUTRAL DEFECTS OR THE ADSORPTION OF ONE COMPONENT EXCESS?
	A2B6 ÜHENDITE KÕRVALEKALLE STÖHHIOMEETRIAST: ELEKTRONEUTRAALSED DEFEKTID VÕI ÜHE KOMPONENDI LIIA ADSORPTSIOON?


	CONDUCTING POLYPYRROLE COATING OF STEEL IN AQUEOUS SOLUTIONS
	Fig. 1. The four-electrode cell for the electrochemical synthesis. 1, working electrode; 2, counter electrodes; 3, reference electrode; 4, gas inlet. ;
	Fig. 2. Potential time curve for the galvanostatic (2 mA/cm?) synthesis of polypyrrole on steel in 0.1 M sodium p-toluenesulphonate in an ethanol/water solvent system at a temperature of —5°C (monomer concentration: 0.2 M).
	Untitled
	Untitled
	Fig. 3. Scanning electron micrographs of polypyrrole/p-toluenesulphonate (PPy/ToS) films of different thickness (d) galvanostatically (2 mA/cm?) deposited from an aqueous (water/ethanol) solution at a temperature of —5°C. a, PPy/ToS film on steel, from the surface side; diheor=3o um; magnification x 500; b, PPy/ToS т оп steel, from е surface side; dieq,=o.s pm, magnification x 1000; ¢, PPy/ToS film, from the electrode side; dtheor=22.s um; magnification x 1000.
	Fig. 4. Resistance (R) of polypyrrole/p-toluenesulphonate film as a function of time in 0.2 M NaCl solution.
	Fig. 5. Anodic polarization of steel and polypyrrole/p-toluenesulphonate coated steel samples in 0.2 M NaCl solution. Thickness of the PPy/ToS coatings: (a) 15 um, (b) 22.5 pm, and (c) 30 pm.
	Corrosion potentials (E,,,,) and redox current (i..4,x) Values for polypyrrole/p-toluenesulphonate (PPy/ToS)-coated steel
	TERASE ELEKTROKEEMILINE KATMINE JUHTIVA POLÜPÜRROOLKILEGA

	TRANSIENT PROCESS OF THE MASS TRANSFER OF THE GASEOUS COMPONENT BETWEEN GAS AND LIQUID
	SÜSTEEMI GAAS-VEDELIK GAASILISE KOMPONENDI MASSIÜLEKANDE UURIMINE

	CHEMOMETRIC METHODS IN PROCESSING THERMOCHROMATOGRAPHIC DATA
	Fig. 1. Mesh plot of polychloroprene.
	Fig. 2. First (pcl) and second (pc2) temperature eigenvectors of chloroprene rubber.
	Fig. 3. First (pcl) and second (pc2) temperature eigenvectors of the butadiene-acrylonitrile and chloroprene rubber blend (40 and 60%, respectively). ,
	Fig. 4. First (pcl) and second (pc2) temperature eigenvectors of butadiene-acrylonitrile rubber.
	Fig. 5. General projection of the axis of first (pcl) and second (pc2) temperature eigenvectors of chloroprene rubber.
	Fig. 6. General projection of the axis of first and second temperature eigenvectors of blend (40 and 60%, respectively).
	Fig. 7. General projection of the axis of first and second temperature eigenvectors of butadieneacrylonitrile rubber. I
	The eigenvalues of the three most principal factors, % for six different samples
	KEMOMEETRIA MEETODID TERMOKROMATOGRAAFIA ANDMETOOTLUSES

	SYSTEM PEAK IN IOON CHROMATOGRAPHY
	Fig. 1. The dependence between the anion concentration of the sample and the concentration of the Na* ion needed to eliminate the system peak.
	Fig. 2. The dependence of the area of the system peak on the total anion concentration of the sample.
	Fig. 3. The relationship between the total anion concentration of the sample and the total area of the anion peaks. ,
	Fig. 4. Relationship between the nitrate ion and the corresponding peak.
	Reproducibility of different peaks The anion concentration of the sample is 0.04 ppm
	SÜSTEEMIPIIK IOONIKROMATOGRAAFIAS

	CAPILLARY GAS CHROMATOGRAPHIC ANALYSIS OF THE MONOTERPENOIC FRACTION OF ESTONIAN CONIFER NEEDLE OIL
	Untitled
	Chromatograms of pine needle ой оё sample No. 3 (a) and spruce needle oil of sample No. 2 (b) obtained on the OV-101 column. Peak numbers refer to the compounds listed in the Table. IS = internal standard; I, monoterpenes; 11, monoterpenoic alcohols and esters; 111, sesquiterpenes.
	o L Л е е lbi ä 2 З sa З Н ) ¢ f«j '-'f*:' '-,v ' o
	Untitled
	EESTI MÄNNI JA KUUSE OKKAÕLI MONOTERPEENSE OSA KAPILLAARGAASIKROMATOGRAAFILINE ANALÜÜS

	ELECTROCHEMICAL STUDIES OF OXYGEN, HYDROGEN PEROXIDE, AND SUPEROXIDE ANION AT THIN METAL FILMS FOR THE DEVELOPMENT OF AMPEROMETRIC SENSORS
	Fig. 1. Polarization curves for oxygen reduction in air-saturated 1.0 M KCI solution at ® values of 360 (1); 960 (2); 1900 (3); 3100 (4); апа 4600 (5) rpm. a, thin Pt film; b, thin Au film.
	Untitled
	Fig. 3. Calibration graph for oxygen sensor. Fig. 2. Voltammograms for oxygen sensor with a thin film Au cathode in 0,-N, gas mixtures. v=o.s mV/s.
	Fig. 4. The dependences of logß (/), logiy (2), and logi (3) on H,O, concentration for H,OO, oxidation on thin Pt film in 0.066 M phosphate buffer, pH 7, containing 0.1 M NaCl; E = +0.6 V.
	Untitled
	Fig. 5. Cyclic voltammograms for the cyt ¢ immobilized thin film Au electrode in 10 mM phosphate buffer, pH 7. Sweep rate 50 mV/s. Fig. 6. The dependence of the rate of current change on XOD concentration in 20 mM phosphate buffer (pH 7.2) containing 0.1 M NaCl. Xanthine 0.5 mM.
	Kinetic parameters for oxygen reduction at thin Pt film and bulk Pt in 0.1 M KOH solution. РО =1 atm , 2
	ÕHUKESTEL METALLKATETEL TOIMUVATE HAPNIKU, VESINIKPEROKSIIDI JA SUPEROKSIIDIOONI ELEKTROKEEMILISTE REAKTSIOONIDE UURIMINE AMPEROMEETRILISTE SENSORITE VÄLJATÖÖTAMISEKS

	STABILITY OF A PHENOL-SENSITIVE MICROBIAL SENSOR
	Fig. 1. Scheme of the microbial sensor.
	Fig. 2. Stability of the response 81 of the microbial sensor with (®) and without (O) an external membrane at phenol concentration 0.116 mmol/l.
	Fig. 3. The dependence of the response 8/ of the microbial sensor with an external membrane on the phenol concentration in test solution: A- 1 day, O— 1 month, ®— 3 months, and O -4 months after the immobilization of bacteria.
	Fig. 4. The dependence of the response &7 of the microbial sensor without an external membrane on the phenol concentration in test solution: A — 1 day, O- 8 days, ®- 29 days, and O -44 days after the immobilization of bacteria.
	FENOOLITUNDLIKU BIOSENSORI STABIILSUS

	CHEMICAL SPECIATION ANALYSIS OF MICROMETALS IN SOILS
	Untitled
	Fig. 2. Changes in the soluble part of copper along the Al-A4 horizons of forest soil
	Fig. 3. Changes in the soluble part of manganese along the Al-A4 horizons of forest soil
	Table 1 Solutions used for the sequential extraction of heavy metals
	Table 2 Total concentration of main components and Pb, Cu, and Mn in the soils and oil-shale ash (dry weight at 40°C)
	Fig. 1. Changes in the soluble part of lead along the Al-A4 horizons of forest soil. Table 3 Partitioning of Pb, Cu, and Mn in the soil and sediment components (A) forest soil of Kaarma, (B) roadside soil of Tallinn, (C) oil-shale fly ash
	MULLAS LEIDUVATE MIKROMETALLIDE KEEMILISE ÜHENDILIIGITUSE ANALÜÜS

	REMOVAL OF VOLATILE COMPONENTS FROM WEAK AQUEOUS SOLUTIONS USING A GAS MEMBRANE
	Dependence of the volatile component concentration ratio (Ggy/Gg) on the feed mole ratio (xypg/xyp). /,ammonia; AT=I9K; tetrafluoroethylene membrane [6]. 2, ammonia; AT=4.SK; perchlorovinyl membrane [s]. 3, phenol; AT=4.7K; tetrafluoroethylene membrane [B].
	LENDUVATE KOMPONENTIDE ERALDAMINE LAHJADEST VESILAHUSTEST GAASMEMBRAANI ABIL

	POSSIBILITIES OF BIODEGRADATION OF PHENOLCONTAINING WASTES ORIGINATING FROM THE OIL-SHALE BASIN IN NORTHEASTERN ESTONIA
	Steady state residues of the substrate (%) for various substrate dilution rates
	KIRDE-EESTI FENOOLE SISALDAVATE HEITMETE MIKROBIOLOOGILISE LAGUNDAMISE VÕIMALUSTEST

	APPLICATION OF THE ENHANCED BIOLOGICAL PHOSPHORUS REMOVAL IN WASTE WATER TREATMENT PLANTS
	FOSFORI TÕHUSTATUD BIOÄRASTAMISE RAKENDAMISEST HEITVEEPUHASTITES

	OXIDATION OF ORGANIC COMPOUNDS IN WASTE WATER WITH OZONE AND HYDROGEN PEROXIDE
	Untitled
	Fig. 2. The reduction of UV absorbance at 254 nm in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 3. The reduction in COD in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 4. The reduction in BOD in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 1. HPLC chromatogram of diluted waste water.
	Waste water parameters
	OSOONI JA VESINIKPEROKSIIDI TOIME HEITVETES SISALDUVATELE ORGAANILISTELE AINETELE

	SULPHUR COMPOUNDS IN A HYDRAULIC ASH-DISPOSAL SYSTEM
	Fig. 1. Hydrolysis of solid CaS in water (A, concentration of solid CaS, kg/m3; T, reaction time) 1, ак 20°С; 2, 50°С; 3, 60°С.
	Fig. 2. Concentration of solid CaS (/) and hydrosulphide ion (2) at 20°C.
	Fig. 3. A principal transformation scheme of sulphur compounds in an ash-disposal system.
	Rate constants of reactions, h! k;, thiosulphate formation; k,, sulphate formation; k 5, CaS hydrolysis; k 3,, hydrosulphide oxidation to thiosulphate; k 3,, hydrosulphate oxidation to sulphate
	VÄÄVLIÜHENDID HÜDROTUHAERALDUSSÜSTEEMIS

	CONCENTRATION OF MICROELEMENTS IN THE BIOMEDIA BETWEEN THE MOTHER AND THE NEWBORN
	Fig. 1. Pb concentration (pug/l) in the blood of mothers (/) and newborns (2).
	Fig. 2. Cd concentration (pg/l) in the blood of mothers (/) and newborns (2).
	Fig. 3. Cu concentration (pg/1) in the blood of mothers (/) and newborns (2).
	Fig. 4. Zn concentration (ug/l) in the blood of mothers (/) and newborns (2).
	Table 1 Blood levels of bio- and heavy metals in mother and newborn (n=22), ug/l
	Table 2 Blood serum and human milk levels of bio- and heavy metals in mother and newborn (n=22), pg/l
	MIKROELEMENTIDE SISALDUS EMA JA VASTSÜNDINUD LAPSE VAHELISES BIOKESKKONNAS

	UTILIZATION OF POLYMERIC WASTES
	Temperature dependence of polyethylene (PE) pyrolysis parameters
	POLÜMEERSETE JÄÄTMETE UTILISEERIMINE
	ÜLEVAATEID


	KEEMIANOMENKLATUURI KUJUNEMINE JA IUPAC-I UUED, 1990. AASTA EESKIRJAD
	o 87 Fr
	KROONIKAT CHRONICLE
	Agu Aarna saanuks 80
	Untitled
	Agu Aarna would have been 80




	Illustrations
	Energetic profiles for aminolyses reactions (for notations see text).
	Fig. 1. Ozonation of individual phenols at pH 3.2 (/, phenol; 2, o-cresol; 3, thymol; 4, 2,3-xylenol 5, 2,6-xylenol; 6, 2,5-xylenol; 7, 3,4-xylenol; 8, 2,3 4-trimethylphenol).
	Fig. 2. Ozonation of individual phenols at pH 9.5. Legend see Fig. 1. Curves 5,6, 7 marked by A.
	Fig. 1. The four-electrode cell for the electrochemical synthesis. 1, working electrode; 2, counter electrodes; 3, reference electrode; 4, gas inlet. ;
	Fig. 2. Potential time curve for the galvanostatic (2 mA/cm?) synthesis of polypyrrole on steel in 0.1 M sodium p-toluenesulphonate in an ethanol/water solvent system at a temperature of —5°C (monomer concentration: 0.2 M).
	Untitled
	Untitled
	Fig. 3. Scanning electron micrographs of polypyrrole/p-toluenesulphonate (PPy/ToS) films of different thickness (d) galvanostatically (2 mA/cm?) deposited from an aqueous (water/ethanol) solution at a temperature of —5°C. a, PPy/ToS film on steel, from the surface side; diheor=3o um; magnification x 500; b, PPy/ToS т оп steel, from е surface side; dieq,=o.s pm, magnification x 1000; ¢, PPy/ToS film, from the electrode side; dtheor=22.s um; magnification x 1000.
	Fig. 4. Resistance (R) of polypyrrole/p-toluenesulphonate film as a function of time in 0.2 M NaCl solution.
	Fig. 5. Anodic polarization of steel and polypyrrole/p-toluenesulphonate coated steel samples in 0.2 M NaCl solution. Thickness of the PPy/ToS coatings: (a) 15 um, (b) 22.5 pm, and (c) 30 pm.
	Fig. 1. Mesh plot of polychloroprene.
	Fig. 2. First (pcl) and second (pc2) temperature eigenvectors of chloroprene rubber.
	Fig. 3. First (pcl) and second (pc2) temperature eigenvectors of the butadiene-acrylonitrile and chloroprene rubber blend (40 and 60%, respectively). ,
	Fig. 4. First (pcl) and second (pc2) temperature eigenvectors of butadiene-acrylonitrile rubber.
	Fig. 5. General projection of the axis of first (pcl) and second (pc2) temperature eigenvectors of chloroprene rubber.
	Fig. 6. General projection of the axis of first and second temperature eigenvectors of blend (40 and 60%, respectively).
	Fig. 7. General projection of the axis of first and second temperature eigenvectors of butadieneacrylonitrile rubber. I
	Fig. 1. The dependence between the anion concentration of the sample and the concentration of the Na* ion needed to eliminate the system peak.
	Fig. 2. The dependence of the area of the system peak on the total anion concentration of the sample.
	Fig. 3. The relationship between the total anion concentration of the sample and the total area of the anion peaks. ,
	Fig. 4. Relationship between the nitrate ion and the corresponding peak.
	Untitled
	Chromatograms of pine needle ой оё sample No. 3 (a) and spruce needle oil of sample No. 2 (b) obtained on the OV-101 column. Peak numbers refer to the compounds listed in the Table. IS = internal standard; I, monoterpenes; 11, monoterpenoic alcohols and esters; 111, sesquiterpenes.
	Fig. 1. Polarization curves for oxygen reduction in air-saturated 1.0 M KCI solution at ® values of 360 (1); 960 (2); 1900 (3); 3100 (4); апа 4600 (5) rpm. a, thin Pt film; b, thin Au film.
	Untitled
	Fig. 3. Calibration graph for oxygen sensor. Fig. 2. Voltammograms for oxygen sensor with a thin film Au cathode in 0,-N, gas mixtures. v=o.s mV/s.
	Fig. 4. The dependences of logß (/), logiy (2), and logi (3) on H,O, concentration for H,OO, oxidation on thin Pt film in 0.066 M phosphate buffer, pH 7, containing 0.1 M NaCl; E = +0.6 V.
	Untitled
	Fig. 5. Cyclic voltammograms for the cyt ¢ immobilized thin film Au electrode in 10 mM phosphate buffer, pH 7. Sweep rate 50 mV/s. Fig. 6. The dependence of the rate of current change on XOD concentration in 20 mM phosphate buffer (pH 7.2) containing 0.1 M NaCl. Xanthine 0.5 mM.
	Fig. 1. Scheme of the microbial sensor.
	Fig. 2. Stability of the response 81 of the microbial sensor with (®) and without (O) an external membrane at phenol concentration 0.116 mmol/l.
	Fig. 3. The dependence of the response 8/ of the microbial sensor with an external membrane on the phenol concentration in test solution: A- 1 day, O— 1 month, ®— 3 months, and O -4 months after the immobilization of bacteria.
	Fig. 4. The dependence of the response &7 of the microbial sensor without an external membrane on the phenol concentration in test solution: A — 1 day, O- 8 days, ®- 29 days, and O -44 days after the immobilization of bacteria.
	Untitled
	Fig. 2. Changes in the soluble part of copper along the Al-A4 horizons of forest soil
	Fig. 3. Changes in the soluble part of manganese along the Al-A4 horizons of forest soil
	Dependence of the volatile component concentration ratio (Ggy/Gg) on the feed mole ratio (xypg/xyp). /,ammonia; AT=I9K; tetrafluoroethylene membrane [6]. 2, ammonia; AT=4.SK; perchlorovinyl membrane [s]. 3, phenol; AT=4.7K; tetrafluoroethylene membrane [B].
	Untitled
	Fig. 2. The reduction of UV absorbance at 254 nm in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 3. The reduction in COD in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 4. The reduction in BOD in the diluted waste water (/) and in the ozonated diluted waste water (2) by different dosages of hydrogen peroxide (the used ozone dosage was 170 mg/l).
	Fig. 1. Hydrolysis of solid CaS in water (A, concentration of solid CaS, kg/m3; T, reaction time) 1, ак 20°С; 2, 50°С; 3, 60°С.
	Fig. 2. Concentration of solid CaS (/) and hydrosulphide ion (2) at 20°C.
	Fig. 3. A principal transformation scheme of sulphur compounds in an ash-disposal system.
	Fig. 1. Pb concentration (pug/l) in the blood of mothers (/) and newborns (2).
	Fig. 2. Cd concentration (pg/l) in the blood of mothers (/) and newborns (2).
	Fig. 3. Cu concentration (pg/1) in the blood of mothers (/) and newborns (2).
	Fig. 4. Zn concentration (ug/l) in the blood of mothers (/) and newborns (2).
	Untitled

	Tables
	Activation parameters for some aminolyses reactions
	Second-order rate constants k, w 1 s"‘) and first-order rate constants kl*(s‘l) for advanced oxidation processes of PAH
	Corrosion potentials (E,,,,) and redox current (i..4,x) Values for polypyrrole/p-toluenesulphonate (PPy/ToS)-coated steel
	The eigenvalues of the three most principal factors, % for six different samples
	Reproducibility of different peaks The anion concentration of the sample is 0.04 ppm
	o L Л е е lbi ä 2 З sa З Н ) ¢ f«j '-'f*:' '-,v ' o
	Untitled
	Kinetic parameters for oxygen reduction at thin Pt film and bulk Pt in 0.1 M KOH solution. РО =1 atm , 2
	Table 1 Solutions used for the sequential extraction of heavy metals
	Table 2 Total concentration of main components and Pb, Cu, and Mn in the soils and oil-shale ash (dry weight at 40°C)
	Fig. 1. Changes in the soluble part of lead along the Al-A4 horizons of forest soil. Table 3 Partitioning of Pb, Cu, and Mn in the soil and sediment components (A) forest soil of Kaarma, (B) roadside soil of Tallinn, (C) oil-shale fly ash
	Steady state residues of the substrate (%) for various substrate dilution rates
	Fig. 1. HPLC chromatogram of diluted waste water.
	Waste water parameters
	Rate constants of reactions, h! k;, thiosulphate formation; k,, sulphate formation; k 5, CaS hydrolysis; k 3,, hydrosulphide oxidation to thiosulphate; k 3,, hydrosulphate oxidation to sulphate
	Table 1 Blood levels of bio- and heavy metals in mother and newborn (n=22), ug/l
	Table 2 Blood serum and human milk levels of bio- and heavy metals in mother and newborn (n=22), pg/l
	Temperature dependence of polyethylene (PE) pyrolysis parameters
	o 87 Fr




