Proc. Estonian Acad. Sci. Chem., 1996, 45, 3/4, 123-129
https://doi.org/10.3176/chem.1996.3/4.05

COMPARISON OF HEAVY METALS ADSORPTION
PROPERTIES ON NATURAL AND GRANULATED
PEAT ON THE EXAMPLE OF CADMIUM

Ulis SOUKAND, Reet TUNGEL, and Toomas TENNO

Tartu Ulikooli fiiiisikalise keemia instituut (Institute of Physical Chemistry, University of Tartu),
Jakobi 2, EE-2400 Tartu, Eesti (Estonia)

Received 21 June 1996, accepted 12 August 1996

Abstract. Laboratory batch kinetics and isotherm studies were conducted to evaluate the
adsorption capacities of natural and granulated peat. The effects of contact time, pH, initial
concentrations of adsorbate, and temperature on adsorption were studied.

Natural and granulated peat were found to be effective adsorbents for cadmium. The
equilibrium in the adsorption of cadmium on natural and granulated peat was reached during 15
and 60 min respectively. The maximum amount of cadmium adsorbed on natural peat was found
to be in the pH range from 3 to 6 and on granulated peat at pH > 4. Adsorption data were found
not to fit well with the Langmuir and Freundlich isotherms. The adsorption of cadmium on
granulated peat was found to be endothermic, while the temperature dependence of cadmium
adsorption on natural peat was not clearly expressed.
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INTRODUCTION

Research by several investigators has shown that peat is an effective
adsorbent for the removal of heavy metals from waste water [1-7]. The
abundance of peat and its easy availability make it an economical
adsorbent [8].

Peat is a complex material, with lignite and cellulose as major
constituents. The polar functional groups of lignin and humic fractions,
which include alcohols, aldehydes, ketones, acids, phenolic hydroxides,
and ethers, are involved in the formation of chemical bonds [9].

Natural peat may be used for the adsorption of metals without
pretreatment. However, the removal efficiency may be adversely affected
by the characteristics of natural peat: its low mechanical strength, a high
affinity to water, and tendency to swell [10]. These tendencies can be
avoided by using granulated peat [11].
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Laboratory batch kinetics and isotherm studies were conducted to
evaluate the adsorption capacities of natural and granulated peat. The
effects of contact time, pH, initial concentrations of adsorbate, and
temperature on adsorption were studied.

EXPERIMENTAL

The natural peat used in this study was collected from Lange bog near
Tartu in the south of Estonia. The raw material for granulated peat
originated from the same bog and it was manufactured by Rait-Hiio
Mikelsaar, Tartu, Estonia.

The kinetics of the adsorption of cadmium by peat was studied in
batch experiments. To determine the equilibrium time 2.5 g of peat was
added to each flask containing 500 ml of 4 mg/l cadmium solution (pH 5)
and the mixture was stirred at 160 rpm for 1 or 2 hours. At different
intervals, samples (5 ml) were drawn, filtered through a 0.45 um Himifil
membrane filter, and analysed for cadmium concentrations using a
Varian SpectrAA250 + flame atomic absorption spectrophotometer.

The effect of pH on the adsorption of cadmium was determined by
stirring 1 g of peat with 100 ml of 4 mg/l cadmium solution, in each of
the flasks for equilibrium time. The pH range studied was 2.0-9.0. The
pH of the solutions was adjusted using HNO; and NaOH solutions.

Batch isotherm studies were carried out at 5, 10, 20, and 30°C. The
adsorption curves were obtained using seven solutions of concentrations
5, 10, 20, 40, 60, 80, and 100 mgCd/l. A 100 ml quantity of each solution
(pH 4.5 to 5) was mixed with 1 g of peat and shaken for equilibrium
time.

RESULTS AND DISCUSSION

Batch kinetic studies

A plot of the cadmium concentration in solid phase versus time
(Fig. 1) showed that equilibrium was reached in 15 min in the adsorption
of cadmium on peat. No further significant adsorption was noted beyond
the 15 min period. Similar kinetic studies conducted for cadmium
adsorption on granulated peat showed that equilibrium was reached in
60 min (Fig. 1). The difference in equilibrium time may be due to slower
transport of cadmium ions to the active sites of granulated peat.

The equilibrium period of 15 min for cadmium adsorption by peat
obtained in this study is equal to the equilibrium time reported by
Chipei et al. [12] and less than 2 hour equilibrium time reported by
Viraraghavan & Rao [13] for horticultural sphagnum peat. The difference
in equilibrium time may be due to the aqueous medium in which the batch
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Fig. 1. Equilibrium time for the adsorption of cadmium on natural and granulated peat.

experiments were conducted. Viraraghavan & Rao used spiced municipal
waste water and therefore interferences by other organic and inorganic
compounds were possible.

Adsorption at various pH values
The effect of pH on the adsorption of cadmium on natural and
granulated peat is shown in Fig. 2. The pH range studied was from 2 to 9
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Fig. 2. Effect of pH on the adsorption of cadmium on natural and granulated peat.
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to prevent the hydrogen ions from exchanging with cadmium (pH < 2)
and hydrolysis of the cadmium ions (pH > 9).

The maximum amount of cadmium adsorbed on peat was found to be
in the pH range from 3 to 6. Lower pH tended to decrease the adsorption
of cadmium indicating that the hydrogen ions were competing with the
metal ions for the adsorption sites. The adsorption of cadmium on
granulated peat increased at pH > 4. According to Viraraghavan & Rao
[13] peat was found to adsorb a maximum amount of the cadmium in the
pH range from 4 to 5.

Adsorption at different temperatures

Batch isotherm studies were carried out at 5, 10, 20, and 30°C. The
adsorption curves were obtained using seven solutions of cadmium
ranging from 5 to 100 mg/I1.

The following linear forms of Langmuir and Freundlich equations
were used [14,15]:
Langmuir equation: I' = /T’y + o/T'y, X 1/C
Freundlich equation: I" = log K¢+ 1/n log C

where I' - equilibrium solid-phase concentration, mg/g;
I'm - constant, maximal equilibrium solid-phase concentration,
mg/g;
o — constant of Langmuir isotherm, . = 1/K;
K - adsorption equilibrium constant of Langmuir isotherm;
C - concentration of solute in solution at equilibrium, mg/l;

n, K¢ — Freundlich adsorption isotherm constants.

Typical plots of Langmuir isotherms for cadmium adsorption by
natural and granulated peat at 20°C are shown in Fig. 3. The adsorption
data were not found to fit well with the Langmuir and Freundlich isotherms
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Fig. 3. Linearized Langmuir isotherms for cadmium adsorption on natural and granulated
peat at 20°C.
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in reciprocal coordinates, but showed strong correlation (R > 0.9)
between X and Y. Langmuir and Freundlich isotherm equations for the
adsorption of cadmium on natural and granulated peat for various
temperatures are given in Table 1.

The Langmuir and Freundlich constants (Table 2), indicating adsorption
capacity and energy, show that the adsorption capacity of granulated peat
is higher at 30 °C than at 5 °C, which signifies increased adsorption with

Table 1
Langmuir and Freundlich equations for the adsorption of cadmium
on natural and granulated peat
Temperature, Langmuir Corr. Freundlich Corr.
°G equation coeff. equation coeff.
Natural peat
10 1/T' =400 (1/C) + 7.64 0.984 logI'=0.704 (log C) + 0.311  0.974
20 1/T=174 (1/C) + 127 0.999 log I'=0.632 (log C) + 0.423  0.996
30 1/T =504 (1/C) - 80.9 0.890 log "= 0.877 (log C) + 0.348  0.960
Granulated peat
S5 1/T" = 2300 (1/C) + 407 0.986 log I'=0.499 (log C) - 0.391  0.994
10 1/T' = 1720 (1/C) + 362 0.996 log I' = 0.455 (log C) — 0.284  0.989
20 1/T" = 1050 (1/C) + 251 0.997 log I'=0.497 (log C) - 0.158  0.983
30 1/T'=1300 (1/C) + 215 0.998 log I"'=0.549 (log C) - 0.205 0.980
Table 2

Langmuir and Freundlich constants for cadmium adsorption on natural and granulated peat

Temperature, Langmuir constants Freundlich constants
‘C I K K¢ 1/n
Natural peat
10 0.13 0.019 2.05 0.704
20 0.0079 0.73 2.65 0.632
30 -0.012 -0.16 2.24 0.877
Granulated peat
5 0.0025 0.17 0.406 0.499
10 0.0028 0.21 0.520 0.455
20 0.0040 0.24 0.695 0.497
30 0.0047 0.16 0.624 0.549
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increasing temperature. The adsorption of cadmium on granulated peat
was found to be an endothermic process. Viraraghavan & Rao [13] found
the adsorption of chromium on horticultural peat to be endothermic. The
temperature dependence of cadmium adsorption on peat was low and not
clearly expressed.

CONCLUSIONS

Natural and granulated peat were found to be effective adsorbents for
cadmium. The kinetic studies indicated that equilibrium in the adsorption
of cadmium on natural and granulated peat was reached respectively
during 15 and 60 min. The maximum amount of cadmium adsorbed on
natural peat was found to be in the pH range from 3 to 6 and on
granulated peat at pH > 4. Adsorption data were found not to fit well with
the Langmuir and Freundlich isotherms but they showed strong
correlation between X and Y. It was found that the adsorption capacity of
granulated peat was lower at lower temperatures (endothermic process),
while the temperature dependence of cadmium adsorption on natural peat
was low and not clearly expressed.
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RASKMETALLIDE ADSORPTSIOON TOOTLEMATA JA
GRANULEERITUD TURBAL KAADMIUMI NAITEL

Ulis SOUKAND, Reet TUNGEL, Toomas TENNO

On uuritud kaadmiumioonide adsorptsiooni kohalikul turbal séltuvalt
adsorbeeruva aine kontsentratsioonist, tingimustest (pH, temperatuur) ja
ajast.

Tootlemata turba puhul saabus adsorptsiooni maksimum 15 minuti
jooksul ja granuleeritud turba puhul 60 minutiga. Adsorptsioon oli
maksimaalne pH vahemikus 36, granuleeritud turvas adsorbeeris maksi-
maalse koguse kaadmiumi, kui pH > 4. Turvaste adsorptsiooni uuriti
temperatuuril 5, 10, 20 ja 30°C. Leiti, et katsete kdigus saadud andmed ei
korreleeru péris hésti ei Langmuiri ega Freundlichi isotermidega, kuigi
korrelatsioonikoefitsiendid nditavad tugevat korrelatsiooni. Langmuiri ja
Freundlichi konstantide jargi on néha, et granuleeritud turba adsorpt-
siooniline mahutavus on suurem korgemal temperatuuril. See viitab
endotermilisele protsessile. Kaadmiumi adsorptsioon tdétlemata turbal
sOltub temperatuurist vihe ja s6ltuvuse suund ei ole selgelt valjendunud.

129



	b10720996-1996 no. 3-4 01.10.1996
	Chapter
	EESTI TEADUSTE AKADEEMIA TOIMETISED PROCEEDINGS OF THE ESTONIAN ACADEMY OF SCIENCES
	KEEMIA
	CHEMISTRY


	XVII EESTI KEEMIAPÄEVAD
	SCIENTIFIC CONFERENCE OF THE 17th ESTONIAN CHEMISTRY DAYS
	Contribution

	ELECTROTHERMAL AAS FOR THE DETERMINATION OF ARSENIC AND SELENIUM IN HAIR
	Untitled
	Fig. 2. Absorptiogram for Se with a Ni-matrix. See Fig. 1 for legend. Fig. 1. Absorptiogram for Se without a Ni-matrix. Steps: /, drying; 2, ashing; 3, atomization; 4, cleaning.
	Fig. 4. Absorptiogram for Se with a low nitric acid concentration. See Fig. 1 for legend.
	Untitled
	Table 1 Temperature programme of the graphite furnace for the determination of As and Se in hair
	Fig. 3. Absorptiogram for Se with a high nitric acid concentration. See Fig. 1 for legend. Table 2 The mean concentration of As and Se in hair (n =190)

	JUUSTE ARSEENI- JA SELEENISISALDUSE MÄÄRAMINE AAS-ELEKTROTERMILISEL MEETODIL
	A CHEMOMETRICAL LOOK AT HEAVY METALS IN SOILS
	Fig. 1. Biplots for first two principal components. Vectors reflect relationships between organic carbon, the value of pHy ) of the soil, and the total contents and soluble and bioavailable parts of lead, copper, manganese, and zinc in soil. Dots represent the soil horizons in the order of growing depth.
	Fig. 2. Biplots for first two principal components differing from the biplots in Fig. 1 in the omission of C horizons in the calculation of principal components.
	Table 1 Total concentrations of Pb, Cu, Mn, and Zn in soil horizons, mg/kg
	Table 2 Estimated communalities for the organic C, pH of soils, and total concentrations of heavy metals
	Table 3 The loadings of variables for the first factors (Fl, F 2) produced by varimax rotation
	Table 4 The patterns of correlation among the total (t), soluble (s), and bioavailable (b) forms of heavy metals and soil horizons on the basis of principal component analysis
	Table 5 The patterns of correlation among the total (t), soluble (s), and bioavailable (b) forms of heavy metals and soil horizons of C horizon not considered

	ON A POSSIBILITY TO DETERMINE THE CONTENT OF CLAY MINERALS HYDRATION WATER IN SOLID FOSSIL FUELS
	Fig. 1. DTG curve for Lyuban oil shale, layer Ia (Belarus).
	Fig. 2. DTG curve for Chagansk oil shale (Orenburg District, Russia)
	Fig. 3. Dependence of the hydrates water content in the non-carbonate mineral material, Wš; 0 ‚on the latter’s content in the rock [Ad -1 .27(( COZ):! )] . The dotted line designates Kashpir shale.
	Content of constitutional water in fossil fuels investigated, wt.-%

	ÜHEST VÕIMALUSEST SAVIDE HÜDRAATVEE SISALDUSE MÄÄRAMISEKS TAHKEKÜTUSTES
	ON THE DESIGN OF A SUPERCRITICAL FLUID EXTRACTION CHAMBER
	Fig. 1. Scheme of a cylindrical extraction chamber. /, stainless steel body; 2, heating element; 3, thermosensor; 4, thermal insulating material; 5, axle; 6, shaking mechanism; 7, sample; 8, restrictor; 9, valve.
	Fig. 2. Scheme of a toroidal extraction chamber. /, sample in a porous cartridge; 2, extraction chamber; 3, restrictor; 4, valve; 5, capillary; 6, mechanical actuator; 7, shaft.
	Fig. 3. Scheme of a vibrating toroidal extraction chamber. /, toroidal chamber; 2, spring rods; 3, electromagnetic actuator.

	SUPERKRIITILISE FLUIDUMEKSTRAKTORI EKSTRAKTSIOONIKAMBRI KONSTRUKTSIOONIST
	COMPARISON OF HEAVY METALS ADSORPTION PROPERTIES ON NATURAL AND GRANULATED PEAT ON THE EXAMPLE OF CADMIUM
	Fig. 1. Equilibrium time for the adsorption of cadmium on natural and granulated peat.
	Fig. 2. Effect of pH on the adsorption of cadmium on natural and granulated peat.
	Fig. 3. Linearized Langmuir isotherms for cadmium adsorption on natural and granulated peat at 20°C.
	Table 1 Langmuir and Freundlich equations for the adsorption of cadmium on natural and granulated peat
	Table 2 Langmuir and Freundlich constants for cadmium adsorption on natural and granulated peat

	RASKMETALLIDE ADSORPTSIOON TÖÖTLEMATA JA GRANULEERITUD TURBAL KAADMIUMI NÄITEL
	A METHOD FOR THE CALCULATION OF DEFECT EQUILIBRIUM IN ZnS:Cu:Al:Bi:Cl
	ZnS:Cu:Al:Bi:Cl DEFEKTIDE TASAKAALU ARVUTAMISE MEETOD
	BEHAVIOUR OF SOME ENYNOLS AND ONE DIYNOL IN SUPER BASIC SYSTEMS MNH(CH2)2NHw2/H2N(CH2)2NH2
	MS:
	MS:

	MÕNEDE ENÜÜNOOLIDE JA ÜHE DIÜÜNOOLI KÄITUMINE SUPERALUSELISTES SÜSTEEMIDES MNH(CH2)2NH2/ H2N(CH2)2NH2
	ISOMERIZATION AND FOLLOWING ALKYLATION OF (Z,E)-2-OCTEN-4-YN-1-OL AS A ONE POT PROCEDURE IN SUPER BASIC MEDIA
	Table 1 Isomerization of (Z,E)-2-octen-4-yn-1-00l with LIEDA/EDA and NaEDA/EDA
	Table 2 Alkylation of dilithium derivative of (Z,E)-5-octen-7-yn-1-ol
	Untitled

	(Z,E)-2-OKTEEN-4-ÜÜN-1-OOLI ISOMERISATSIOON JA JÄRGNEV ALKÜLEERIMINE KUI “ÜHEPAJA” SÜNTEES SUPERALUSELISES KESKKONNAS
	SYNTHESIS OF SOME ALKENOIC PLANT VOLATILES
	Table 1 Condensation reactions of aldehydes with malonic acid
	Table 2 Isomeric purity of synthesized alcohols

	MÕNEDE ROHELISE LEHE ALKEENSETE LÕHNAKOMPONENTIDE SÜNTEES
	A STUDY OF THE ELECTROCHEMICAL SYNTHESIS OF POLYPYRROLE FROM AQUEOUS SOLUTION ON STAINLESS STEEL ELECTRODE
	Fig. 1. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; sweep rate 100 mV/s, anodic potential 1.1 V.
	Fig. 2. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; the first sweep: dashed line, with buffer solution; solid line, without buffer solution.
	Fig. 3. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; sweep rate 100 mV/s, anodic potential 1.4 V.
	Fig. 4. In situ optical absorbtion spectra of Ppy film in 0.1 M NaDS solution; dashed line, reduced polypyrrole; solid line, oxidized polypyrrole.
	Fig. 5. IR spectra of Ppy/DS film polymerized from aqueous solution of 0.1 M NaDS.
	Untitled
	Fig. 6. SEM micrographs of Ppy films prepared in aqueous 0.1 M NaDS solution, anodic potential 1.0 V (a) and 1.3 V (b).

	POLÜPÜRROOLI ELEKTROKEEMILINE SÜNTEES VESILAHUSTES TERASELEKTROODIL
	STABILIZATION OF CELLULOSE FIBRES WITH SODIUM BOROHYDRIDE
	Table I Results of the measurements of brightness after 14 min bleaching Fig. 1. Brightness of paper after bleaching. U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 2. Brightness of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 3. Changes of COOH groups of paper after bleaching. U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 4. Changes of COOH groups of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 5. Changes of CHO groups of paper after bleaching. U, unbleached; A—G, bleached using different bleach solutions.
	Fig. 6. Changes of CHO groups of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Untitled
	– Table 2 Results of measurements of brightness after accelerated aging (28 days)
	Table 3 Brightness and the content of COOH and CHO groups

	TSELLULOOSI KIUDUDE STABILISEERIMINE NAATRIUMBOORHÜDRIIDIGA
	PURIFICATION OF ELECTROPLATING WASTE WATER USING A HYDROCYCLONE ELECTROLYTIC CELL
	Fig. 1. Scheme of the experimental equipment. /, anode; 2, membrane; 3, helical wing; 4, stirrer; 5, temperature regulation; 6, tank; 7, rotary pump; 8, valves; 9, Teflon gaskets; 10, hydrocyclone wall (cathode); /1, flowmeter; /2, scheme of the electrolyte flow.
	Fig. 2. Dependence of copper (J), total cyanide (2), and ‘toxic’ cyanide (3) concentration on time. Electroplating rinsewater (a) and rinsewater with Na»SO4 addition (b).
	Fig. 3. Dependence of cyanide concentration ratio on time. Q =22+2 cm’s.
	Fig. 4. Dependence of the mass transfer coefficient, K, on the flow rate, , at the oxidation of cyanides.
	Fig. 5. Dependence of the current efficiency on time at the oxidation of cyanides. /, electroplating rinsewater; 2, rinsewater with Na,SO4 addition.

	GALVAANIKA HEITVEE PUHASTAMINE HÜDROTSÜKLONI TÜÜPI ELEKTROLÜÜSERIGA
	INVESTIGATIONS OF SOME ANCIENT MORTARS
	Thermographic curves of samples JK-74 (above) and JK-112 (below).
	Table 1 Basic results of the analysis of mortar samples from Jaani church
	Table 2 Calculated mineral phases by different methods, %

	MÕNEDE AJALOOLISTE LUBIMÖRTIDE UURIMINE
	KROONIKAT
	CHRONICLE
	Viktor Palm 70
	Untitled

	Viktor Palm 70



	INSTRUCTIONS TO AUTHORS
	The following table should be used for transliteration:
	COMMENTS ON THE INSTRUCTIONS TO AUTHORS: ILLUSTRATIONS
	SISUKORD
	CONTENTS
	AASTASISUKORD
	CONTENTS OF VOLUME 45
	Untitled
	Untitled
	Untitled




	Illustrations
	Untitled
	Fig. 2. Absorptiogram for Se with a Ni-matrix. See Fig. 1 for legend. Fig. 1. Absorptiogram for Se without a Ni-matrix. Steps: /, drying; 2, ashing; 3, atomization; 4, cleaning.
	Fig. 4. Absorptiogram for Se with a low nitric acid concentration. See Fig. 1 for legend.
	Untitled
	Fig. 1. Biplots for first two principal components. Vectors reflect relationships between organic carbon, the value of pHy ) of the soil, and the total contents and soluble and bioavailable parts of lead, copper, manganese, and zinc in soil. Dots represent the soil horizons in the order of growing depth.
	Fig. 2. Biplots for first two principal components differing from the biplots in Fig. 1 in the omission of C horizons in the calculation of principal components.
	Fig. 1. DTG curve for Lyuban oil shale, layer Ia (Belarus).
	Fig. 2. DTG curve for Chagansk oil shale (Orenburg District, Russia)
	Fig. 3. Dependence of the hydrates water content in the non-carbonate mineral material, Wš; 0 ‚on the latter’s content in the rock [Ad -1 .27(( COZ):! )] . The dotted line designates Kashpir shale.
	Fig. 1. Scheme of a cylindrical extraction chamber. /, stainless steel body; 2, heating element; 3, thermosensor; 4, thermal insulating material; 5, axle; 6, shaking mechanism; 7, sample; 8, restrictor; 9, valve.
	Fig. 2. Scheme of a toroidal extraction chamber. /, sample in a porous cartridge; 2, extraction chamber; 3, restrictor; 4, valve; 5, capillary; 6, mechanical actuator; 7, shaft.
	Fig. 3. Scheme of a vibrating toroidal extraction chamber. /, toroidal chamber; 2, spring rods; 3, electromagnetic actuator.
	Fig. 1. Equilibrium time for the adsorption of cadmium on natural and granulated peat.
	Fig. 2. Effect of pH on the adsorption of cadmium on natural and granulated peat.
	Fig. 3. Linearized Langmuir isotherms for cadmium adsorption on natural and granulated peat at 20°C.
	Fig. 1. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; sweep rate 100 mV/s, anodic potential 1.1 V.
	Fig. 2. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; the first sweep: dashed line, with buffer solution; solid line, without buffer solution.
	Fig. 3. Cyclic voltammograms of 0.1 M pyrrole in aqueous 0.1 M NaDS; sweep rate 100 mV/s, anodic potential 1.4 V.
	Fig. 4. In situ optical absorbtion spectra of Ppy film in 0.1 M NaDS solution; dashed line, reduced polypyrrole; solid line, oxidized polypyrrole.
	Fig. 5. IR spectra of Ppy/DS film polymerized from aqueous solution of 0.1 M NaDS.
	Untitled
	Fig. 6. SEM micrographs of Ppy films prepared in aqueous 0.1 M NaDS solution, anodic potential 1.0 V (a) and 1.3 V (b).
	Table I Results of the measurements of brightness after 14 min bleaching Fig. 1. Brightness of paper after bleaching. U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 2. Brightness of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 3. Changes of COOH groups of paper after bleaching. U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 4. Changes of COOH groups of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 5. Changes of CHO groups of paper after bleaching. U, unbleached; A—G, bleached using different bleach solutions.
	Fig. 6. Changes of CHO groups of bleached paper after accelerated aging (28 days). U, unbleached; A-G, bleached using different bleach solutions.
	Fig. 1. Scheme of the experimental equipment. /, anode; 2, membrane; 3, helical wing; 4, stirrer; 5, temperature regulation; 6, tank; 7, rotary pump; 8, valves; 9, Teflon gaskets; 10, hydrocyclone wall (cathode); /1, flowmeter; /2, scheme of the electrolyte flow.
	Fig. 2. Dependence of copper (J), total cyanide (2), and ‘toxic’ cyanide (3) concentration on time. Electroplating rinsewater (a) and rinsewater with Na»SO4 addition (b).
	Fig. 3. Dependence of cyanide concentration ratio on time. Q =22+2 cm’s.
	Fig. 4. Dependence of the mass transfer coefficient, K, on the flow rate, , at the oxidation of cyanides.
	Fig. 5. Dependence of the current efficiency on time at the oxidation of cyanides. /, electroplating rinsewater; 2, rinsewater with Na,SO4 addition.
	Thermographic curves of samples JK-74 (above) and JK-112 (below).
	Untitled
	Untitled
	Untitled

	Tables
	Table 1 Temperature programme of the graphite furnace for the determination of As and Se in hair
	Fig. 3. Absorptiogram for Se with a high nitric acid concentration. See Fig. 1 for legend. Table 2 The mean concentration of As and Se in hair (n =190)
	Table 1 Total concentrations of Pb, Cu, Mn, and Zn in soil horizons, mg/kg
	Table 2 Estimated communalities for the organic C, pH of soils, and total concentrations of heavy metals
	Table 3 The loadings of variables for the first factors (Fl, F 2) produced by varimax rotation
	Table 4 The patterns of correlation among the total (t), soluble (s), and bioavailable (b) forms of heavy metals and soil horizons on the basis of principal component analysis
	Table 5 The patterns of correlation among the total (t), soluble (s), and bioavailable (b) forms of heavy metals and soil horizons of C horizon not considered
	Content of constitutional water in fossil fuels investigated, wt.-%
	Table 1 Langmuir and Freundlich equations for the adsorption of cadmium on natural and granulated peat
	Table 2 Langmuir and Freundlich constants for cadmium adsorption on natural and granulated peat
	MS:
	MS:
	Table 1 Isomerization of (Z,E)-2-octen-4-yn-1-00l with LIEDA/EDA and NaEDA/EDA
	Table 2 Alkylation of dilithium derivative of (Z,E)-5-octen-7-yn-1-ol
	Untitled
	Table 1 Condensation reactions of aldehydes with malonic acid
	Table 2 Isomeric purity of synthesized alcohols
	Untitled
	– Table 2 Results of measurements of brightness after accelerated aging (28 days)
	Table 3 Brightness and the content of COOH and CHO groups
	Table 1 Basic results of the analysis of mortar samples from Jaani church
	Table 2 Calculated mineral phases by different methods, %
	The following table should be used for transliteration:
	Untitled




