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The degree of transformation of oil shale organic matter has not been
widely discussed. Oil shales, not yet as sapropelites but as a special
group of solid fuels, have been classified as formations of brown coal
and coal stages of transformation [*]. Sometimes, in the case of Souzak
oil shale, for example, the peaty stage was also mentioned [2 ]. A. Dob-
ryansky, however, differentiated sapropels and oil shales, regarding
sapropels (interglacial and Holocene ones) as Quaternary oil shales [3 ].
A thought that oil shales are formations characterized by a low degree
of catagenetic transformation has also been expressed [4 ]. On the basis
of diagnostic value analysis of different features considered to be cha-
racteristic of sapropelic oil shale, it was pointed out that the oil shale
organic matter must not be higher than the early mesocatagenetic stage
of maturation, corresponding approximately to the long-flame stage
of maturation in the case of humites [4 ]. But there is no certainty as
yet of what known varieties of oil shale are in the brown coal and the
coal stage of transformation. Neither has the lower limit, corresponding
to the degree of transformation of the organic matter of sapropelic oil
shale, been principally ascertained. In discussing the origin (sapropelic,
humic and liptobiolitic) and the organic matter content (10 —50%) of
oil shale, we considered the degree of oil shale transformation cor-
responding to the brown coal stage in the majority of cases[ s ], like
most of the investigators. But the depth-dependence investigation of the
group composition of Holocene sapropel from Lake Lahepera that showed
a decrease in the amount of easily hydrolyzable compounds with increas-
ing quantities of alkali soluble necromic (the term induced us to unite
sapropelic and humic acids [6]) and fulvic acids [7>B ], also common to
peat and brown coal made us regard the degree of transformation of
the known sapropelic oil shales as the late brown coal stage and the
early coal stage in most cases [9 ]. The peaty (sapropelic) stage of
transformation of organic matter in connection with oil shale genesis
is the subject of the present report.

The problem of the early stages of organic matter transformation
may be solved within the framework of V. Vernadsky’s teaching of the
biosphere and bio-inert systems, alone. Based on Vernadsky’s doctrine
of the biosphere [lo], one may arrive at a logical necessity to distinguish
three kinds of matter, existing on the Earth: cosmic (abiogenic, кос-
ное = inert), living and dead (biogenic, organogenic) [и> 12]. Cosmic
matter transforms into living matter, living matter into dead matter,
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the latter within the limits of the biosphere (bio-inert system) is able
to transform into living matter and back into the dead one;

Cosmic living —dead
matter matter matter

According to V. Vernadsky, the above system is a bio-inert system
as is likewise the case with the organic formations of the Earth’s crust
in the peaty (or sapropelic) stage. The peaty (sapropelic) stage is a
complex peculiar link in the chain of organic matter transformation
on the Earth’s crust. The formation of peat is assumed to proceed due
to microbiological processes and chemical reactions and is therefore
called «biochemical coalification» that turns into «geochemical coalifi-
cation» proceeding without the action of microorganisms [l3 ]. The bound-
ary between the peaty and brown coal stage has not yet been finally
determined, and neither has the exact lower boundary of the distribution of
microorganisms. The organic formations of the Earth’s crust in the
peaty stage are somewhat different from the ancient ones: in most
cases they contain, besides nonliving matter, also living matter in the
forms of various organisms. Moreover, what is more important, the
upper part of peat and sapropel formations borders on the atmosphere
and hydrosphere, and within the limits of the phytospere it interacts
with photosynthetic organisms accumulating solar energy and forming
the primary production, without which all organic formations on the
Earth’s crust, i. e. dead matter, would be inconceivable. We do not deny
the possibility of the existence on the Earth of organic formations from
cosmic (abiogenic) matter, as, for example, those which are described
by V. Ivanov and B. Klubov as abiogenic naphthoids [ l4 ] or other abio-
genic formations.

The zone of primary production accumulation of bio-inert systems
(the soil stage) principally differs from that in which only decompo-
sition of the primary production proceeds accompanied by secondary
synthesis of organic matter (the microbial stage). There may also be
formations in the peaty stage without microorganisms. That is why we
had to extend and specify the meaning of the peaty (sapropelic) stage.
This suggests also a specification of the meaning of soil and soil distri-
bution area in the weathering crust. So, soil has been defined as the
upper layer of the weathering crust bearing higher plants, the under-
water layer included. The thickness of the soil was determined by plants,
i. e. by the depth of plant root penetration. For the primitive soils it
is a relatively thin upper layer of the weathering crust, containing
lower plants and photosynthesizing bacteria [ 1516].

The organic matter of living organisms introduced into the upper
layer of the lithosphere (into the weathering crust) is a type of sedi-
mental rock formations [ l7 ], the latter having not taken place on the
Earth until the appearance of living matter or biosphere. That kind of
consideration about soils and living and dead matter suggested dis-
tinguishing in geology (in the broad sense of the term) biogeology,
whose key subjects are soils (soil on dry land, underwater soil, soil on
peat formations), that in turn allowed soils to return to geology. Our
idea of biogeology is more comprehensive than that of A. Sidorenko
and S. Sidorenko, who studied the organic matter of the deposited and
metamorphised Precambrian rock formations and permitted an important
conclusion about the tendency of biogeochemistry to develop towards
biogeology [lß ].

Again, in considering soil, peat and sapropel, it should be pointed
out that these formations contain compounds which are typical of living
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organisms. This opinion may be confirmed by literature data on soil
humus. So, microorganisms (bacteria, actinomycetes, fungi, algae)
account for about 2—3% of the carbon of the entire soil humus, but
carbohydrates, lipids, amino acids and other chemical compounds typi-
cal of the living matter are responsible for much more, i. e. 18—45%
of the carbon of the soil [l9 ]. Necromic and fulvic acids are specific
to the nonliving organic matter of the geosphere, as well as humin and
saprin. As a rule, they are absent in living matter. Judging by the
group composition data of peat-producing plants [2o ], they may be
sometimes present in organisms or their parts in the final stage of their
development. The matter of living organisms that is either in the active
state or in anabiosis or has been killed during the experiment, to a
greater or smaller extent dissolves and/or hydrolyzes in low-boiling
solvents, water, diluted or concentrated acids or alkalis which are also
useful in analyzing organic formations of the Earth’s crust, especially
those met with in the soil, in the microbial or peaty stage of organic

Table 7

Group composition analysis of organic formations
according to [21 ]

1. Extraction with methanol-
1

-benzene solution

I
Bitumoid A

2. Hot water treatment of
1

esidue

T
Hot water extract (sugars,
starch, etc.)

3. Boiling water treatment о
1

f residue

i
Boiling water extract (pectins, etc.)

4. Hydrolysis of residue with 2% HC1

T
Easily hydrolyzable compounds
(hemicellulose, etc.)

5. Extraction of residue with
1

methanol —benzene solution

Bitumoid C
6. Treatment of residue with

1
1% NaOH solution

ФAlkali-soluble matter
Ф

Acidification
1

I I
Necromic Fulvic
(humic and acids
sapropelic)
acids I

7. Hydrolysis of residue witt 80% H2 S0 4

i
Substances that are difficult
to hydrolyze (cellulose, etc.)

Residue (insoluble matter)
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matter transformation. The organic matter of dead organisms and meta-
bolites of organisms in the geosphere finally becomes insoluble. There
are several methods for group composition analysis of the organic
matter at various stages of transformation. One of them is shown in
Table 1.

In each step of group composition analysis, certain chemical com-
pounds are removed, but that process is not very selective. Neverthe-
less, group composition data are considered to be the most important
chemical characteristics of the organic matter of peat, sapropel and
brown coal, on the basis of which some important properties of these
formations as a raw material for the production of, for example, wax;
hydrolyzates, humic preparations, etc., have been elucidated.

Even sapropels from lakes located close together differ in group
composition data [22 > 23 ]. As a rule, group composition data of samples
from different depths of the same lake are also different [7]. On the
other hand, the composition of some sapropels is similar to that of
some peats (Table 2).

The problem is considerably clearer in case of such characteristics
as the elemental composition of the organic matter of sapropel and peat
or necromic acids. Sapropel is supposed to differ from peat in the ele-
mental composition of organic matter. So, the organic matter of sapro-
pel as compared with that of peat contains more hydrogen (6.6—8.0%
as against 5.0—6.0%) and nitrogen (4.1 —6.0% as against 1.0—3.5%)
[22 J. Moreover, it is believed that the humic acids of peat are more aro-
matic than the sapropelic or the humic-sapropelic acids of sapropel. The
sapropelic acids are considered most aliphatic among the necromic ones.

What kind of additional cognitional information do the group com-
position data include besides information about the raw material pro-
perties became urgent to us after obtaining the group composition data of
sapropels of South Estonian interglacial sites at Kõrveküla and Rõngu?

Group composition data of algae, sapropel and peat, %

Table 2

Components

Formation Bitumoid
Easily

hydroly-
zable
matter

Necromic
acids

Fulvic
acids

Difficult
to hydro-

lyze
matter

Residue
Reference

Organic sapropel
(average) 4 28 19 11 7 30 P4 ]

Lowland peat 4 32 30 12 6 23 t 25]

Blue-green algae 6 55 13 17 10 1 •[”]

Peat 4 46 14 15 20 2 [ 20]
Likhvian sapropel
from Kõrveküla,
3.3—3.4 m from
surface 3 22 45 8 4 17 Our data
Reedpeat 5 19 38 12 3 18 [25]
Likhvian sapropel
from Kõrveküla,
2.9—3.0 m from
surface 3 11 33 15 3 35 Our data
Tropical coastal
peat 3 12 35 18 1 30 [2 °]
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The sapropel at Kõrveküla was deposited during the Likhvian Inter-
glacial about 300,000 years ago, being the oldest interglacial sapropel
studied. The sapropel at Rõngu was deposited during the Mikulian
interglacial. It was thought that interglacial sapropels must have been
more transformed in comparison with the Holocene ones. But it turned
out that the sapropel deposited during the interglacial did not contain more
insoluble residue (13.1—35.2%, Table 3) than most sapropels from Holo-
cene lakes (5—55% [27 ]). The amount of other group components
varies also within the range common to Holocene sapropels [ 7> 22-24].

In our study 6 parameters are available for sapropels, peats and
other organic formations and each sample can be thought to be situated
in a 6-dimensional space. Pattern recognition techniques are often used
to visualize the data in that case f2B ]. In our case, to check clustering,
we use the projection of multidimensional data in a 2-dimensional
space with no significant loss of information. So, in order to elucidate
differences or similarities between oil shale, peat, brown coal, coal and
interglacial and Holocene sapropels on the basis of group composition
data, we used the visual cluster analysis by projecting data on the
plane of two principal components. Part of group composition data
was taken from literature, those on some Holocene and interglacial
sapropels were obtained by the authors of the present paper. Bitumoid
A, easily hydrolyzable substances, necromic and fulvic acids, difficult
to hydrolyze substances and nonhydrolyzable residue (Table 1) were
used to characterize the object by cluster analysis. The yields of bitu-
moid C were not used directly since they were not given in most pub-
lications. So, in case when these yields were determined, we had to
reckon bitumoid C in necromic acids. That approach has also been con-
firmed by the data of T. Kukharenko [29 ] who indicated that the unsepa-
rated bitumoids increase the humic (and also sapropelic) acid yield.
In this way we used group composition data obtained by similar methods
of analysis.

Group composition data of interglacial sapropels at Rõngu and
Kõrveküla (South Estonia), %

Table 3

Interval
from surface,
m

Bitumoid
A

Easily
hydro-
lyzable
matter

Bitumoid
C

Sapro-
pelic
acids

Fulvic
acids

Difficult
to hydro-

lyze
matter

Residue

Rõngu

3.7—3.8 8.1 21.4 2.1 21.4 8.0 3.7 35.2
4.1—4.2 8.2 14.8 2.5 33.3 15.1 3.1 23.0
4.4—4.5 5.9 16.7 3.5 43.0 13.1 3.6 14.3
4.8—4.9 5.9 16.9 2.4 47.1 11.4 3.3 13.1
5.3—5.4 5.6 8.5 3.0 42.5 19.6 3.9 17.0
6.7—6.8 6.8 14.7 2.8 44.6 12.6 3.1 15.5

Kõrveküla
2.9—3.0 3.3 11.1 3.0 30.0 15,.2 2.6 34.8
3.3—3.4 3.4 22.5 1.6 43.0 8.5 4.3 16.7
3.7—3.8 3.8 31.1 1.4 35.2 8.0 4.1 16.4
4.1—4.2 6.3 15.2 2.6 24.5 21.6 4.7 25.1



The projection of data showed that sapropels have been grouped
according to the location of lakes (Fig. 1). Estonian and Latvian sapro-
pels differ from Byelorussian ones. This grouping of sapropels may be
partly due to the differences in the details of the group composition
analysis techniques used.

Fig. 1. Display of data of some Byelorussian (V), Latvian (I), and Estonian Holo-
cene (Л —F Lake Lahepera) and interglacial sapropels {U, X, Y, Z Kõrveküla).

Fig. 2. Display of data of algae {A), other plants (L), Holocene sapropels (5), inter-glacial sapropels (/), oil shales (Z), weathered oil shales (/(), and bogheads (У).
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Fig. 2 visualizes the group composition data of oil shales, sapropels
and plants. Plants and sapropels occupy the right-hand, and the oil
shales the left-hand side of the plane. The interglacial sapropels are
slightly different from the Holocene ones as they occupy the top right-
-hand area, including also some marks of Holocene sapropels, among
them a 7-metre boring of Lake Lahepera. Plants form a separate cluster.
Fig. 3 visualizes the group composition data of caustobioliths of sapro-
pelic and humic origin and plants from which the former originate. In
the display we can see that the marks corresponding to the humic
organic matter cover almost the whole area between the plants and
coals and oil shales. Sapropels, even the interglacial ones, lie sepa-
rately, apart from oil shales, which phenomenon becomes clearly evident
from Figs 2 and 3. So sapropels are not similar to oil shales in group
composition data.

Fig. 3. Display of data of plants (L), their parts (/), Holocene sapropels (S), andpeats (Г), interglacial sapropels (/), buried peats (В ), oil shales and coals (C).

Although sapropels and peats lie at the initial stage of two different
genetic lines of caustobioliths, in the display they occupy an area in
common. So, sapropels generally do not differ from peats in group
composition. The major part of the marks corresponding to peats are
projected in the same area as various sapropels (organic, calcareous,
etc.).

Group composition analysis data, visualized by cluster analysis;
lead to a logical conclusion that sapropelic oil shale cannot be in thepeaty (sapropelic) stage, as coals are not recognized in the peaty stage.
Sapropelic oil shales should also be in the early brown coal stage, but
in regard to group composition they are not yet known and require
further study. According to group composition data, all the widely
known sapropelic formations called oil shales can be classified as
formations of late brown coal or early coal stage of transformation,
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since oil shale organic matter as well as that of sapropelic coals and
coals of humic origin is mostly insoluble.

Thus, in nature, sapropelic and humic organic matter occurs in the
same stages, i. e. in the soil, microbial, peaty, brown coal, coal, anth-
racite, etc. stages of transformation. Among them oil shales, like coals
are the formations from the brown coal stage.

From the above it follows that it is possible to use group compo-
sition for clustering sapropelites and humites according to chemical
age and find out common ways of transformation of their organic
matter. It can be concluded that the main differences between these
formations are not in the quantitative group composition data but in
the qualitative chemical differences between some of their components;
the necromic acids and nonhydrolyzable residue in the first place.
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R. VESKI. M. KOEL, Vilja PALU, Leili SAARSE

TURBA (SAPROPEELI) STAADIUMIS OLEVA ORGAANILISE AINE
TEKKEST JA MUUTUSTEST GRUPIKOOSTISE ANDMETE PÕHJAL

Sapropeelide, põlevkivide, turvaste, pruunsüte ja neid moodustavate taimede orgaani-
lise aine sarnasuse või erinevuse selgitamiseks kasutati grupikoostise andmeid ja klas-
teranalüüsi. Leiti, et sapropeelid ja turbad ei erine oluliselt grupikoostise poolest. Gru-
pikoostise andmete põhjal saab senituntud põlevkivisid arvata moodustisteks, mis
asuvad pruunsöe ja kivisöe algstaadiumides, kusjuures põlevkivide esinemine pruunsöe
algstaadiumides nõuab veel täiendavat eksperimentaalset tõestust.

P. ВЕСКИ. M. КО ЭЛЬ, Вилья ПАЛУ. Лейли СААРСЕ

О ЗАКОНОМЕРНОСТЯХ ОБРАЗОВАНИЯ И ИЗМЕНЕНИЯ
ОРГАНИЧЕСКОГО ВЕЩЕСТВА ТОРФЯНОЙ (САПРОПЕЛЕВОЙ) СТАДИИ

ПРЕОБРАЗОВАНИЯ ПО ДАННЫМ ГРУППОВОГО СОСТАВА

Для выяснения сходства или различия органического вещества сапропелей, горючих
сланцев, торфов, бурых углей и их исходного биоматериала растений привле-
чены данные группового состава этих образований и метод кластерного анализа. По
данным группового анализа установлено, что сапропели мало отличаются от торфов.
На этом основании предполагается, что формации, известные как горючие сланцы,
находятся на конечных буроугольных и начальных каменноугольных стадиях пре-
образования. Отнесение горючих сланцев к начальным буроугольным стадиям требует
дополнительных экспериментальных доказательств,
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	Рис. 1. Хроматограмма алифатических углеводородов смолы конверсии в 10%-ном растворе щелочи. Пики 13— 29 соответствуют числу атомов углерода в молекуле н-парафинов; il B—г‘2l —* изопреноидные структуры. Колонка: 4% силиконового эластомера Е 301 на хроматоне N-AW-DMCS, 3,7 м X 3 мм.�屵〴㐱屵〴㌰屵〴㍣屵〴㑦屵〴㑤⁜田㐲搮Ⱐ屵〴ㄲ屵〴㌵屵〴㌹屵〴㌴屵〴㌵屵〴㐰屵〴㍣屵〴㌰⁜田㐱挮†屵〴ㄸ屵〴㌷屵〴㌲⸠屵〴屵〴ㅤ⁜田㐲摜田㐴ㅜ田㐴㉜田㐲ㅜ田㐲ㅜ田㐲〮⁜田㐲㕜田㐳㡜田㐳捜田㐳㡜田㐴昬‱㤸㘬⁜田㐴㈮″㔬ഊ屵㈱ㄶ‱Ⱐ屵〴㐱⸠䦗㘱霶 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	Fig. 2. Display of data of algae {A), other plants (L), Holocene sapropels (5), interglacial sapropels (/), oil shales (Z), weathered oil shales (/(), and bogheads (У).������ᑔĀ퐒〓ㇷ㛛襦ﭢ吰〱㙿䢙ʀ젾씆栻팆����������ᒔĀ퐒〓瑯ࡖ孄ﶊN呅ᮉ㽿璚ʀ퀼씆꠷팆����������ᑠĀ퐒〓身४ꍱ㊔उ㱔ⁿ榛ʀ��䠱팆����������᥌Ā퐒〓ࢁ屺␔콐��։⥿⊜ʀ��䠴팆����������ⱜȀ퐒〓밂䃪좭��ຉቿ㎝ʀ��࠸팆����������⧠�퐒〓螨霠ퟬ��㞉掞ʀ씆࠸팆����������ⳈȀ퐒〓༷뽯껡��㢉᱿ゟʀ��꠷팆����������߰Ȁ퐒〓彵㡠䧀槗उ㱓↉տ枠ʀ䡉씆蠼팆����������ܴȀ퐒〓뢔�䣿쎲㴢ㄴ⪉䖡ʀꁈ씆⠿팆����������ᐸĀ퐒〓�篮鸆��펉厢ʀ��젾팆����������ⱘȀ퐒〓媮ㅟ᩼㙥�풉ඣʀ�⡂팆����������ዴȀ퐒〓뇍᪇氏���₤ʀ䁄씆⡂팆����������ᑸĀ퐒〓搩盆ᶹ鯸��욉ゥʀ��䡀팆����������ᧀĀ퐒〓ḑ��뉅〰ㄶ쾉퍿傦ʀᡇ씆核팆����������ᒸĀ퐒〓菊視ソ��푿ㆧʀꡆ씆졁팆����������⧨�퐒〓灢譣룖ꇚ��黎�⊨ʀ⁅씆졁팆����������ᑌĀ퐒〓푉䡾昇偢ਉउ왿厩ʀ聉씆젾팆����������ᓼĀ퐒〓㜉풢륤흭��콿㺪ʀ��核팆����������ⳠȀ퐒〓䛦轄≑泿㘸�끿㎫ʀ��ࡄ팆����������ޘȀ퐒〓ۻЌ톫⿒��閉륿ガʀ쁇씆桁팆����������ⰘȀ퐒〓ꐃ儎簯体㴢麉ꉿ⊭ʀ끄씆䡀팆����������ቔȀ퐒〓翁꠶ە��螉ꭿ㖮ʀ��졁팆����������ܠȀ퐒〓ふꛗ딍掎��袉걿ㆯʀ��⠼팆����������ޤȀ퐒〓㡫鄘槡䁢匽∱놉长₰ʀ졅씆核팆����������᧤Ā퐒〓ꂻ잦륫筈��몉鹿㦱ʀ顃씆蠼팆����������ᐈĀ퐒〓ഌꆮＮ욒��ꎉ蝿咲ʀ��ꡃ팆����������ኄȀ퐒〓딮㏞��ꒉ衿⊳ʀ��桁팆����������⦨�퐒〓䳥�秢��궉煾㶴ʀ灆씆䡀팆����������ᓬĀ퐒〓퓸㳔鵳鬒㘵 嚈穾䢵ʀ衇씆ꡃ팆����������ߠȀ퐒〓綵ꈖ댍⒎��很捾শʀ㡆씆桁팆����
	Fig. 3. Display of data of plants (L), their parts (/), Holocene sapropels (S), and peats (Г), interglacial sapropels (/), buried peats (В), oil shales and coals (C).��.������ᑔĀ퐒〓ㇷ㛛襦ﭢ吰〱㙿䢙ʀ젾씆栻팆����������ᒔĀ퐒〓瑯ࡖ孄ﶊN呅ᮉ㽿璚ʀ퀼씆꠷팆����������ᑠĀ퐒〓身४ꍱ㊔उ㱔ⁿ榛ʀ��䠱팆����������᥌Ā퐒〓ࢁ屺␔콐��։⥿⊜ʀ��䠴팆����������ⱜȀ퐒〓밂䃪좭��ຉቿ㎝ʀ��࠸팆����������⧠�퐒〓螨霠ퟬ��㞉掞ʀ씆࠸팆����������ⳈȀ퐒〓༷뽯껡��㢉᱿ゟʀ��꠷팆����������߰Ȁ퐒〓彵㡠䧀槗उ㱓↉տ枠ʀ䡉씆蠼팆����������ܴȀ퐒〓뢔�䣿쎲㴢ㄴ⪉䖡ʀꁈ씆⠿팆����������ᐸĀ퐒〓�篮鸆��펉厢ʀ��젾팆����������ⱘȀ퐒〓媮ㅟ᩼㙥�풉ඣʀ�⡂팆����������ዴȀ퐒〓뇍᪇氏���₤ʀ䁄씆⡂팆����������ᑸĀ퐒〓搩盆ᶹ鯸��욉ゥʀ��䡀팆����������ᧀĀ퐒〓ḑ��뉅〰ㄶ쾉퍿傦ʀᡇ씆核팆����������ᒸĀ퐒〓菊視ソ��푿ㆧʀꡆ씆졁팆����������⧨�퐒〓灢譣룖ꇚ��黎�⊨ʀ⁅씆졁팆����������ᑌĀ퐒〓푉䡾昇偢ਉउ왿厩ʀ聉씆젾팆����������ᓼĀ퐒〓㜉풢륤흭��콿㺪ʀ��核팆����������ⳠȀ퐒〓䛦轄≑泿㘸�끿㎫ʀ��ࡄ팆����������ޘȀ퐒〓ۻЌ톫⿒��閉륿ガʀ쁇씆桁팆����������ⰘȀ퐒〓ꐃ儎簯体㴢麉ꉿ⊭ʀ끄씆䡀팆����������ቔȀ퐒〓翁꠶ە��螉ꭿ㖮ʀ��졁팆����������ܠȀ퐒〓ふꛗ딍掎��袉걿ㆯʀ��⠼팆����������ޤȀ퐒〓㡫鄘槡䁢匽∱놉长₰ʀ졅씆核팆����������᧤Ā퐒〓ꂻ잦륫筈��몉鹿㦱ʀ顃씆蠼팆����������ᐈĀ퐒〓ഌꆮＮ욒��ꎉ蝿咲ʀ��ꡃ팆����������ኄȀ퐒〓딮㏞��ꒉ衿⊳ʀ��桁팆����������⦨�퐒〓䳥�秢��궉煾㶴ʀ灆씆䡀팆����������ᓬĀ퐒〓퓸㳔鵳鬒㘵 嚈穾䢵ʀ衇씆ꡃ팆����������ߠȀ퐒〓綵ꈖ댍⒎�
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled�������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀㌀挀

	Tables�ꀇ��������P体"ㄷ��������ၷ혇ꀇ룴쀇ᣂꀇ
	Untitled�������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀㌀挀
	Untitled�����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀
	Untitled�������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀㌀挀
	Untitled��������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀㌀
	Untitled��������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀㌀
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled�����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀
	Untitled�����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀
	Untitled�����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled�������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀
	Untitled���������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀
	Untitled�����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀
	Untitled���������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀
	Примечание: условные обозначения см. в табл. 1.�ии бенз(а)пирена от времени: с добавкой 10 мг/л альгината натрия, БП 1,4-10~10 М (/), без добавки в присутствии Enteromorpha Intestinalis, БП 3,5«НО-10 М (2). Сырая масса водорослей 40 г. Условия опытов см. в тексте (здесь и к рис. 2—
	* ПрЭ простые эфиры (в том числе циклические), остальные обозначения см. в табл. 1.�〠⸷㜠㐵⸰〠㘶〮㈷⁔洍ਲ਼⁔爍਼〰ㄷ〰〲晤〲昶〳〳〲昹〲晣〳〰〳〱〲晦〳〰〲昹〲晦〳〵〲昶〲晥〲晦〲晥〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㔰‰⸰〠〮〰‱〮㐹‱㔴⸲㠠㘶〮㐲⁔洍ਲ਼⁔爍਼〰ㄵ〰て〰ㄶ〰〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮㔰‰⸰〠〮〰‱〮㐹‱㠰⸲㠠㘶〮㐲⁔洍ਲ਼⁔爍਼〰ㄵ〰て〰ㄷ〰〰て㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮ㄸ‰⸰〠〮〰‱〮㐹′〵⸲㠠㘶〮㐲⁔洍ਲ਼⁔爍਼〰ㄶ〰て〰ㄷ〰㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㤮ㄳ‰⸰〠〮〰‹⸶㐠㈲㠮〰‶㘰⸰〠呭ഊ㌠呲ഊ㰰㉦㤾⁔樍名ੑഊ焍ੂ名ਹ⸷㜠〮〰‰⸰〠⸷㜠㈴〮㈸‶㘰⸲㜠呭ഊ㌠呲ഊ㰰〱㘰〰昰〱㠰〱〰㉦㔰㉦㤰㉦搰㉦㘰㌰㌰㉦㤰㉦挰㌰〰㌰㉦昰㌰〰㉦㤰㉦昰㌰㔰㉦㘰㉦攰㉦昰㉦攰〰显⁔樍名ੑഊ焍ੂ名ਹ⸸㐠〮〰‰⸰〠㤮㤲″㘸⸰〠㘶〮㈷⁔洍ਲ਼⁔爍਼〲昲〳〴〳〳〲昹〳〱〲晦〰㸠呪ഊ䕔ഊ儍ੱഊ䉔ഊ㠮㤳‰⸰〠〮〰‱ㄮ〶‴㔮㈸‶㐹⸵㔠呭ഊ㌠呲ഊ㰰㌰㔰㉦㘰㉦攰㉦昰㉦攰〰显⁔樍名ੑഊ�怦ꠕ꜕㴋턜᠏ꠕ逓ꠕꑗᴉ퐜ꠕ ꠕ
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled���������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀
	Untitled�������������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　
	Untitled���������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　㐀
	* Mean ± S. E. (n^4).�����琀�䒺衭��걝ᱥ椇甂适耇ュ⢶Ѵ㒒呴��������鑝ᱥ������������袕밄犺艭愜�걝ᱥ渀蠀爄退ᔄ⢶Ѵ㒒呴��������鑝ᱥ�������������÷確둭ԝ�걝ᱥ䘂똃崂ᔄ⢶Ѵ㒒呴��
	Untitled����������㐀㌀㔀尀甀　㐀㐀㈀尀甀　㐀㐀尀甀　㐀㌀愀尀甀　㐀㌀攀尀甀　




