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1. INTRODUCTION

Organic matter plays an important role in physico-chemical and bio-
chemical processes taking place in the bottom sediments of shallow ma-
rine basins. The energy released upon decomposition of organic compounds
is utilized by a variety of marine organisms to maintain their life activity.
Organic substances contained in bottom deposits influence their physical,
mechanical and chemical properties, such as humidity, consistency, red-ox
potential ec., and determine the direction of diagenetical reactions within
the sediments [3],

Naturally occurring organic substances contain functional groups
which are capable of binding ions of metals, thereby expressing ion-
exchange properties [11], It is assumed that humic substances, which
usually represent a substantial part of the marine organic matter in bot-
tom sediments, play a significant role in the turnover of a number of
heavy metals and transition elements in the marine environment.

In order to elucidate the physical and chemical properties of humic
substances and characterize their ion-exchange capability, they have
to be isolated from the bulk of marine sediment in reasonably pure state.
A common isolation procedure consists in the multiple extraction of the
sediments with aqueous solutions of sodium or potassium hydroxide of
various strengths (usually 0.1—0.5 M) [2—5, 7, 9], The crude alkaline ex-
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tract containing humic and fulvic acids is then acidified to pH 2__3. The
humic acids form an insoluble precipitate, which is separated by filtra-
tion or centrifugation from the mother solution containing fulvic acids.
Purification of humic acids can be effected by consecutive dissolution —
precipitation steps, high-speed centrifugation, dialysis and ion-exchange
chromatography [9, 11].

Humic substances are characterized by their elementary composition
and presence of functional groups [13, 15, 16], complexing properties
[11, 12], isotope composition [9], growth promoting properties [8], etc.

The use of strong hydroxide solutions has been reported to alter
the nature of isolated compounds significantly [1], The alteration can
even go further during the subsequent purification steps, e.g. dialysis
causes loss of substances with low molecular weight, and ion exchange
chromatography leads to retention of some compounds on the resin bed
due to adsorption effects.

In this work an attempt has been made to modify the commonly
used extraction procedures for humic acids, the aim being to shorten
the extraction time and reduce the number of extractions without
affecting the overall yield of humic acids. Efforts were made to find a
suitable purification method by which substantial losses of the material
could be avoided.

2. EXPERIMENTS
2.1. MATERIALS

All experiments were carried out on bottom material from the Bay
of Gdansk (southern Baltic). Samples were taken with a snap mud sam-
pler in the region of Vistula river discharge, about 1 km off the river
mouth, from a depth of 7 m. Geographical coordinates of the sampling
site were as follows: 54° 22.3'Ni. e= 18°59.5'E.

Part of the sediment representing the uppermost 10 cm layer was
transferred to twist-off top glass jars and brought to the laboratory.
Analyses were commenced on fresh material within 20 hours after col-
lection. The moisture content of the sediment was 78.5% and the organic
carbon content was 5.45% dry weight.

Preliminary preparation of the sediment sample for the isolation of
humic acids was made using a procedure described by Rashid and King
[11], with slight modifications. A sample of natural moisture was centri-
fuged for 20 minutes at 5,000 g and the supernate, which contained
negligible amounts of coloured substances, was discarded. The sediment
was treated with an equal volume of 0.1 M HC1 to decompose carbonates
and the mixture was adjusted to pH 2 with 1 M HC1 while thoroughly



swirling. After 16 hours the mixture was centrifuged, the supernate was
discarded and the residue washed with distilled water and carefully neu-
tralized to pH 7.0 with 0.05 M KOH. The mixture was centrifuged again,
and after removing the liquid the sample was homogenized and the
moisture determined. The sample was then divided into three sub-
samples on which subsequent extraction experiments were performed
using different extraction procedures.

2.2. EXTRACTION — METHOD A

A 145 g undried sub-sample which contained 31% moisture, was
mixed with 300 cm3 0.5 M KOH solution and left for 16 hours with
occasional stirring. The mixture was centrifuged for 20 mins. at 5,000 g,
and the residue washed with 100 cm3 0.5 M KOH and separated by
centrifugation. The solutions were combined and the residue was mixed
with a second 300 cm3 portion of 0.5 M KOH, then the extraction and
washing were repeated as above. The total number of extractions was
ten. The solutions from each extraction were further processed to obtain
pure preparations of humic acids. Minute mineral particles were removed
by centrifugation for 30 minutes at 6,000 g then the extracts were acidi-
fied with conc. HC1 to pH 2 and left overnight. The precipitates were
separated by centrifugation and washed with 50 cm3 distilled water and
the liquids saved to retrieve fulvic acids. Purification of humic acids
was achieved by consecutive dissolution of the precipitates in 0.5 M
KOH, centrifugation and re-precipitation with conc. HC1 to pH 2, this
having been done four to six times to achieve a satisfactory degree of
demineralization of the preparations. The final precipitates were washed
with 0.01 M HC1 followed by redistilled water, until the washing solution
was no longer acidic and weighed after oven-drying at 70°C. The pre-
parations were then analyzed for the total ash content and elementary
composition, and IR, VIS and UV absorption spectra were recorded.

The solutions remaining after the isolation of humic acids contained
fulvic acids and large quantities of inorganic salts. They were joined and
neutralized with 005 M KOH to pH 7 and vacuum-evaporated at
70°C in a rota-vapour device to about 100 cm3 The solution was acid-
ified with a few drops of conc. HC1 to pH 2 and left overnight. Any
precipitate was removed by filtering the solution through a Whatman
GF/A glass-fibre filter. To remove salts the solution was applied on the
top of a glass column o 4 X 40 cm filled with Sephadex G — 10 and the
column bed was washed with redistilled water. The eluate was collected
in several fractions, and each fraction was checked for the presence of
chloride ions. The salt-free fractions were combined and evaporated in
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a rota-vapour at 70°C to dryness. The residue was then analyzed for
the total ash content, elementary composition, and IR, VIS and UV
absorption spectra were recorded. The schematic diagram of the isola-
tion of humic and fulvic acids from sediments is shown in Fig. 1 and the
course of alkaline extraction in Fig. 2.

Corg
m

extraction number
numer ekstrakcji

Fig. 2. Changes of organic carbon content in the sediment sample in the course
of extraction with 0.5 M KOH (method A)

Rye. 2. Zmiany w zawarto$ci wegla organicznego w prdébce osadéw ekstrahowanej
przy uzyciu 05 M (metoda A)

23. EXTRACTION — METHOD BI

A portion of the sediment, which had been pre-treated as described
in paragraph 2.1. was consecutively extracted with eight 300 cm3 portions
of 0.1 solution of EDTA (disodium salt). The extracts were dialysed
through a cellophane bag (Kalle Aktiengesellschaft, West Germany)
against distilled water, the dialysates were evaporated under reduced
pressure to 1/4 of the original volume, and acidified with conc. HC1 to
pH 2. After 24 hrs. the precipitate of humic acids was centrifuged, washed
with diluted HC1 and distilled water, and dried. The yield of humic
acids for each extraction was determined gravimetrically, and the prep-
arations were thoroughly mixed to obtain a homogeneous composite
sample. On this sample the determination of the total ash content and
elementary composition was carried out, and absorption spectra in IR,
VIS and UV light were taken.

The sediment, after the NaZEDTA extractions, was washed four times
with 400 cm3 of distilled water and brought in contact with 300 cm3 of



0.2 M KOH for 16 hrs., with occasional stirring. The alkaline extraction
was repeated three times and the humic and fulvic acids were isolated
using the same procedure as in Method A.

24. EXTRACTION — METHOD B2

An aliquot portion of the pre-treated sediment sample was extracted
with two 300 cm3 portions of 0.1 M NaXDTA for 16 hrs. each, the
residues were washed three times with distilled water and the extrac-
tion was continued using three 300 cm3 portions of 0.2 M KOH for each
extraction. Subsequent separations were performed on the combined
alkaline extracts as described in 2.1.2.

3. DISCUSSION

The data characterizing extraction efficiency of humic and fulvic
acids by the three different methods are presented in Table 1. The results
indicate that all methods tested yield similar quantities of both the acids,
and for the sediment sample used in this trial the amounts of humic
and fulvic acids were 2.4 to 3.1 and 0.49 to 0.54 percent of dry sediment,
respectively. The higher values for both acids were obtained when
alkaline extractions were made on the NaaEDTA pre-treated samples.

Table 1
Tabela 1

Recovery of humic and fulvic acids from sediment samples by different extraction
methods

Wydajno$¢ kwaséw fulwinowych i humusowych uzyskanych z osadu dennego
po zastosowaniu ekstrakcji metodg A oraz metodg B1i B2

Sample c Recovery
Extraction size org. Wydajnosé Extraction
method (dry) conditions
Metoda 1os¢ € HA FA HA FA Warunki
ekstrakcji osadu org. KH KF KH KF ekstrakcji
g % g %
A 100 5,45 2,420 0,485 22,4 45 0.5M,KOH8x
Bl 100 5,45 0,255 — 2,3 — Na2EDTA 8x
2,715 0,525 249 4,8 0.2M KOH 3x
B2 100 5,45 — — — — NAZEDTA 2x

3,070 0,540 28,1 5,0 0.2M KOH 3x



Assuming the total organic matter in the sediment to be twice the
amount of organic carbon, humic acids constitute about 28% of the
organic matter, whereas fulvic acids are much less abundant and amount
to some 5% of the total organic matter.

The total ash content in the respective fractions of humic and fulvic
acids is shown in Table 2. The results for humic acids vary within a
narrow range of 2.2 to 2.8% irrespective of the method of extraction.
The only result which fell outside this range was for the Bl (OHA)
fraction, which had not been subjected to multiple purification proce-
dure. The ash content in the fulivc acids is much greater and amounts
to up to 15.3%, which can be indicative of greater affinity of this toward
cations.

Table 2
Tabela 2
Elementary composition of humic and fulvic acids isolated
from Baltic sediments
Sktad elementarny kwaséw humusowych i fulwinowych
wyodrebnionych z osadéw dennych Morza Baltyckiego

Extraction Ash

(::.Ztcrlfodn content Elementary composition *

number) Zz:(\;véaér- Sktad elementarny C/H CI'N

Metoda popiotu

ekstrakecji
(nr frakeji) % C% H% N% 0+ S%
A (IKH**) 2,2 53,94 6,31 5,74 34,01 8,54 9,39
A (3KH) 2,7 55,39 6,75 6,44 31,42 8,20 8,60
A (5KH) 2,3 55,96 6,26 5,98 31,80 8,93 9,35
A (TKH) 2,8 56,61 6,28 5,88 31,23 9,01 9,62
B 1 (OKH) 5,28 53,63 6,49 5,50 33,98 8,26 9,08
B 1(1KH) 2,8 55,73 6,41 5,83 32,33 8,60 9,52
B 1 (2KH) 2,4 56,92 6,17 6,02 30,89 9,22 9,41
B 2 (1KH) 2,3 55,17 6,35 5,93 32,55 8,61 9,30
B 2 (2KH) 2,2 56,81 6.14 5,96 31,09 9,26 9,53
A (KF ™) 15,1 47,32 7,77 5,61 39,30 6,09 8,43
B 1 (KF) 13,3 46,59 7,38 5,88 40,15 6,31 7,92
B 2 (KF) 12,9 46,68 7,75 6,13 30,84 6,35 7,61

C, H and N contents are expressed on ash free substance.
Zawarto$¢ C, H, N podano w % przeliczonych dla substancji pozbawionych popiotu.
* 0O+ S values were obtained by subtraction of the sum of C+ H-fN from 100%.

Warto$¢ O + S wyliczono z réznicy: 100 — (%C + %H + %N).

** Humic acids
Kwasy humusowe

** Fulvic acids
Kwasy fulwinowe



The course of alkaline extraction of the sediment in method A is
shown in Fig. 2. Numbers on the ordinate show the total organic carbon
left in the sediment after consecutive extraction steps. The overall
decrease of C org. in the sediment after ten extractions was 43%.

It should be pointed out that a little higher recovery of humic and
fulvic acids was obtained when NaZEDTA treatment was applied prior to
alkaline extraction, even though fewer extractions with more diluted
KOH solutions were carried out. The effectiveness of NaZEDTA alone in
solubilizing humic acids in the sediment proved to be negligible in
the first three extractions and appreciable quantities of humic substan-
ces began to appear starting from the fourth extract. The rate of ex-
traction was slow though, the overall yield of eight NaZEDTA extractions
having been but 250 mg per 100 g of dry sediment.

The enhancing effect of NaZDTA on the alkaline extraction of
humic acids can presumably be attributed to complexing properties of
ethylen diamine tetraacetic acid molecules toward positively charged ions
of metals. Humic matter is 'known to form insoluble compounds with
multivalent cations, and adsorb on mineral particles [10, 12, 16]. In the
presence of NaZDTA exchange of ligands takes place and multivalent
cations complexed with EDTA are no longer capable of rendering the
humic matter in insoluble form. If adsorption of humic acids on clay
particles is effected via cations loosely bound to aluminosilicate struc-
tures [16] by complexing these cations with NaZDTA the bonds are
broken and humic anions are made available for alkaline extraction.

The results of elementary analysis of humic and fulvic acids are given
in Table 2. They are expressed on an ash-free substance basis. The
results indicate that the carbon content of consecutive humic acids
fractions obtained in method A increases gradually from 53.94% to
56.61%. At the same time the hydrogen cointent decreases in the same
order, whereas the values for nitrogen are within the range of 5.74 to
6.44%, the variation being irregular. The C/H ratio, which is regarded
as indicative of the degree of condensation of humic acids [2], increases
with the increase of the carbon content. Such results may speak in
favour of the belief that during the consecutive alkaline extractions
humic acids of increasingly condensed molecules pass into the solution.

The elementary composition of humic acids extracted using the three
different methods is much the same, which can be regarded as evidence
that no substantial alteration of the nature of extracted substances has
occurred. In comparison with humic acids fulvic acids contain higher
proportions of hydrogen and a lower carbon content, which results in
great differences in the C/H ratio for both acids.

Absorpion spectra, in visual and ultraviolet light, of selected humic



and fulvic acid fractions are shown in Figs. 3 and 4. Spectra of humic
acids bear the same character for all the fractions, and indicate two def-
lections on the absorption curves, one at 405 nm and the other at
665 nm, with continual increase of absorbance towards a shorter
wavelength region. On absortion spectra of fulvic acids no such deflec-

wove length r,,i
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wave number
liczba falowa

Fig. 3. Absorption spectra of humic (KH) and fulvic (KF) acids in visible light

Rye. 3. Widmo absorpcyjne kwaséw humusowych (KH) i kwaséw fulwinowych
(KF) w zakresie widzialnym
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Fig. 4. Absorption spectra of humic (KH) and fulvic (KF) acids in ultraviolet light

Rye. 4 Widmo absorpcyjne kwaséw humusowych (KH) i kwaséw fulwinowych (KF)
w zakresie nadczerwonym
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tions can be seen in visible light, and absorbance values are generally
much lower than for humic acid solutions of the same concentration.

Spectra in visible light provide some information about the molecular
structure of humic acids. Skopintsev [17] has shown that the absorbance
ratio: K = —A!gnm depends on the degree of condensation of humic

- nm
acid molecules, this being higher for structures with a lower degree of
condensation, and vice versa. The validity of this finding was confirmed
by Nissenbaum and Kaplan [9],

Table 3
Tabela 3
K = A4énm : A665nm values for different fulvic and humic
acid fractions
Wartosci K = E465nm: E665nm dla poszczeg6lnych frakcji
substancji humusowych
Extraction Extraction Extraction
method method method
(fraction K (fraction (fraction
number) number) K number) K
Metoda Metoda Metoda
ekstrakecji ekstrakcji ekstrakcji
A(IKH) 4.8 B 1(1KH) 4.7 A (KF) 5.8
A (3KH) 4.65 B 1 (2KH) 4.3 B 1 (KF) 6.1
A (5KH) 4,55 B 2 (1KH) 4.6 B 2 (KF) 5.95
A (TKH) 4.25 B 2 (2KH) 4.35

B 1 (OKH) 4.75

The K values for humic acids obtained by consecutive alkaline ex-
tractions of the bottom sediment are shown in Table 3. It can be seen
from these data that the K values decrease with the increasing number
of extractions, which indicate the growing contribution of more conden-
sed molecules in each subsequent alkaline extract. The same general
conclusion can be drawn from the results of elementary analyses
performed on the respective fractions of humic acids (Table 2).

Fulvic acids show higher K values than humic acids which may be
associated with lower molecular weight of the former [9],

Both humic and fulvic acids comprise a variety of chemical com-
pounds with different molecular sizes and elementary composition [10, 15]
which fact makes them a difficult object of study. Infrared spectrometry



provides useful means of elucidating the functional composition of such
complex substances. In examining IR spectra of humic and fulvic acids
attention is given to the following wave number regions: 3200 cm-1 —
stretching vibrations of — OH and — NH2 bonds, 1720 cm-1 stretching
vibrations of > C = 0 in esters and aliphatic aoids, 1650 cm-1 — stret-
ching vibrations of peptide bonds in proteins and > C= C < in aromatic
rings 1530 cm-1 —e amide Il bonds in proteins, 1240 cm 1 — usually
accompanied with 1530 cm-1 absorption band, 1200 cm-1 — usually

wave number r -n
liczba ptowa

Fig. 5. Infrared transmission spectra of separate fractions of humic (KH) and fulvic
(KF) acids

Rye. 5. Widmo absorpcyjne poszczegdlnych frakcji kwaséw humusowych (KH)
i kwaséw fulwinowych (KF) w zakresie podczerwonym



accompanied with a carbonyl band at 1720 cm 'l 1200 — 1100 cm-1
cyclic ethers, 1050 cm-1 — a band characteristic for > C= 0 in polysa-
ccharides, 1000 700 cm-1 — a band characteristic for silicoorganic
compounds.
Specimen examples of IR spectra taken for selected fractions of humic
and fulvic acids are shown in Fig. 5, and the more important absorption
bands are tabulated in Table 4. Interpretation of the spectra is compli-

Table 4
Tabela 4
More important infrared absorption bands for humic substances
isolated from Baltic sediments
Wazniejsze maksima absorpcji w podczerwonym zakresie widma
dla substancji humusowych z osadéw dennych Morza Battyckiego
Extraction IR newoil
method max (cm-1)
(fraction IR nuiol
number) m;x (cm-1)
Metoda
ekstrakeji 3200 1720 1650 1530 1240 1260 1200-1100 1030
A (IKH) s (very wide) S S M M w M
b. szer.
A (BKH) 'S (verywide) S S S M (wide) M M
b. szer. szer.
A (5KH) S (very wide) S S S M M W M
b. szer.
A (TKH) S (very wide) S S S M M W M
b. szer.
B 1(1KH) g (very wide) S S (wide) M S M S (wide)
b. szer. szer. szer.
B1(2KH) s (very wide) S s (wide) S M M M (wide) M (wide)
b. szer. szer. szer. szer.
B2(1KH) s (verywide) S S W M (wide) M M S
b. szer. szer.
B2(@2KH) s (very wide) S S (wide) M M M w
b. szer. szer.
A (KF) S (very wide) M S S Yuiice) S (wide)
b. szer. szer. szer.
B1(KF) s (verywide) M S S S(wide) M M S (wide)
b. szer. szer. b. szer.
B 2 (KF) S (verywide) M S S S (wide) ™M M S (wide)
b. szer. szer. szer.
Strong M — medium w _ weak

silne Srednie stabe



cated by the presence of strong and wide absorption bands. It can be
seen, however, that the spectra of fulvic acid fractions are all alike,
with all the aforementioned bands being well visualized. The more
pronounced absorption peaks occur at 1050-1 and within a range of 1200
— 1100 cm-1, which were not observed in the humic acid spectra.
There are also some additional peaks in humic acid spectra, at 1240 cm-1
and 1200 cm*“1which are not seen in the spectra of fulvic acids. Humic
acids do not seem to undergo alteration in the course of alkaline extract-
ion significant enough to be revealed by the IR spectra.

4. CONCLUSIONS

A comparison of different extraction methods for isolating humic
substances from marine sediments indicates that treatment of the sedi-
ments with 0.1 M solution of NaZDTA prior to alkaline extraction with
0.2 M KOH solution results in faster dissolution rate and greater yield
of humic substances compared with methods that make use of hydrox-
ide solutions alone. The results of elementary analysis and IR, VIS
and UV spectra show no substantial differences in the physical and
chemical properties of the humic substances isolated by both the meth-
ods. The effectiveness of NaZDTA in enhacing solubilization of organic
matter contained in sediments may be due to complexation of heavy
metal ions that form insoluble compounds with humic substances. Another
factor that may contribute is the action of NaEDTA on organo-mineral
aggregates, which brings the organic component to solution.

An advontage of the pre-treatment of sediment samples with
NaZDTA solution is that by using more dilute hydroxide extractants
and shortening the extraction procedure organic compounds are less
exposed to the adverse environment, thereby vyielding products which
resemble more closely their original structure.
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Streszczenie

Substancje organiczne zawarte w osadach dennych mérz odgrywaja wazng role
w fizykochemicznych i biochemicznych procesach zachodzacych w tych osadach.
Najwiekszg frakcje substancji organicznych osadéw dennych stanowig substancje
humusowe. Wtasnosci substancji humusowych poznane zostaty w malym stopniu;
wiadomo jednak, ze w skiad frakcji humusowej zawartej w morskich osadach den-
nych wchodzg zwiazki znacznie ro6znigce sie ciezarem czasteczkowym, posiadajace
szereg grup funkcyjnych, takich jak hydroksylowe, karbonylowe, karboksylowe,
aminowe, ugrupowania aromatyczne i heterocykliczne. Poréwnanie wynikéw badan
nad substancjami humusowymi, ktére zostaty uzyskane przez réznych badaczy,
sprawia trudnosci ze wzgledu na stosowanie roé6znych metod izolowania tych
zwigzkoéw z osadéw oraz mozliwo$ci zmian w naturze wyodrebnionych substancji.

W pracy przedstawiono metode szybkiego wyodrebniania substancji humuso-
wych z osadéw i oczyszczania uzyskanych substancji w warunkach zachowawczych.

Metoda polega na wstepnej obrébce osadu 0,1 M roztworem wersenianu dwu-
sodowego (Na2EDTA), a nastepnie ekstrakcji osadu 0,2 M roztworem wodorotlenku
potasowego (KOH). Taki sposob izolacji pozwala zwiekszy¢ wydajnos$¢ ekstrakcji
oraz ograniczy¢ ilos¢ destrukcyjnych ekstrakcji alkalicznych

W wypadku stosowania wytgcznie ekstrakcji alkalicznych konieczna jest dziesie-
ciokrotna ekstrakcja 0,5 M roztworem KOH, co sprawdzono oznaczajac zawartosé
wegla organicznego (corg) w osadzie po kolejnych ekstrakcjach. Uzyskane substan-
cje humusowe rozdzielano na kwasy humusowe i kwasy fulwinowe wykorzystujgc
réznice rozpuszczalnosci tych zwigzkéw w S$rodowisku kwasnym (pH 2). Kwasy
humusowe oczyszczano drogg wirowania, a kwasy fulwinowe — na kolumnie wy-
petnionej Sephadexem G-10.

W celu scharakteryzowania uzyskanych w trakcie kolejnych ekstrakcji frakcji
kwaséw humusowych i kwasow fulwinowych wykonano widma absorpcyjne wod-
nych roztworéow tych kwaséw w Swietle widzialnym i nadfiolecie oraz widma w
podczerwieni. Wykonano réwniez analize sktadu elementarnego poszczegélnych
frakcji, oznaczajgc zawartos¢ wegla, wodoru i azotu.

Widmo absorpcyjne w $wietle widzialnym otrzymane dla roztworéw kwasow
humusowych wykazuje dwa punkty przegiecia: przy diugosci fali 405 nm i 665 nm.
Natomiast widmo kwaséw fulwinowych ma charakter monotoniczny w tym zakre-
sie. Widmo absorpcyjne w nadfiolecie dla kwaséw humusowych i fulwinowych



posiada punkt przegiecia przy okoto 280 nm. Widma absorpcyjne w $wietle widzial-
nym i nadfiolecie wykazujg wzrost absorpcji wraz ze zmniejszaniem diugosci fali.

Znacznie bardziej interesujgce sag widma absorpcyjne w podczerwieni. Pomimo
utrudnionej, ze wzgledu na bardzo silne i bardzo szerokie pasma, interpretacji we
wszystkich analizowanych frakcjach wykazano istnienie pasm absorpcji wywota-
nych obecnosciag grup hydroksylowych, karbonylowych, karboksylowych, amino-
wych, a takze wiazan peptydowych ugrupowanh aromatycznych i policukréw.

Analiza elementarna wykazata, ze kwasy humusowe zawierajg 53,94—56,61% we-
gla, 6,14—6,75% wodoru oraz 5,74—6,44% azotu. Skiad elementarny kwasoéw fulwi-
nowych jest nieco inny. Zawarto$¢ wegla wynosi 46,68—47,32%, zawarto$¢ azotu
561—6,13%, a zawarto$¢ wodoru 7,35—7,77%. Nie stwierdzono zalezno$ci pomiedzy
charakterem widm w podczerwieni a sktadem elementarnym badanych zwigzkéw.

Wzrost wydajnoséci ekstrakcji po wstepnym uzyciu wersenianu dwusodowego
wytlumaczono kompleksowaniem jonéw metali przez silny ligand, jakim jest wer-
senian dwusodowy. Nie bez znaczenia moze by¢ réwniez wplyw wersenianu na
strukture mineratéw ilastych, ktére sg gtdéwnym czynnikiem adsorbujgcym substan-
cje humusowe z wody morskiej.

REFERENCES
LITERATURA

1. Akira Otsuki, Takanisha Hanya, Some Precursors of Humic Acid in
Recent Lake Sediment, Suggested by Infra-Red Spectra, Geochim. Cosmochim.
Acta, 1967, 31, 1505.

2. Bordowski O.K., Accumulation of Organic Matter in Bottom Sediments,
Mar. Geol., 1965, 3, 33.

3. Bordowski O.K. Organiczeskoje wieszczestwo sowriemieniych osadkow
Beringowo Moria, Trudy Inst. Okieanot., 1960, 42, 89.

4. Degens ET,, Reuter JH. Shaw N.T., Biochemical Compounds in Offshore
California Sediments and Sea Water, Geochim. Cosmochim. Acta, 1964, 28, 45.

5. Early diagenesis in Spanish Inlet, a reducing fjord, Brown E.S.,, Boedecker
MJ., Nissenbaum A, Kaplan I.R, Geochim. Cosmochim. Acta, 1972, 36,
1185.

6. Goldberg ED., Arrhenius G.O.S., Chemistry of the Pacific Pelagic Sed-
iments, Geochim. Cosmochin. Acta, 1958, 13, 153.

7. Gorszkowa T.l., Organiczeskoje wieszczestwo w donnych otlozenijach Bat-
tijskogo moria. Chimiczeskije processy w moriach i okieanach, Nauka, Mo'-
skwa 1966, s. 55—59.

8. Influence of Humic Substances on the Growth of Marine Phytoplankton Dia-
toms, Prakash A, Rashid M.A, Jansen Arne, Subba Rac D.V,
Limnol. Oceanogr., 1973, 18, 516.

9. Nissenbaum A, Kaplan IR. Chemical and Isotopic Evidence for the
In Situ Origin of Marine Humic Substances, Limnol. Oceanogr., 1972, 17, 570.

10 Pempkowiak J. Substancje humusowe w morskich osadach dennych, Stu-
dia i Materiaty Komitetu Badan Morza PAN, Chemia Morza, 1975, 8, 121.

11. Rashid M.A. Contribution of Humic Substances to the Cation Exchange
Capacity of Different Marine Sediments, Mar. Sedim., 1969, 5, 44.



12.

13.

14.

15.

16.

17.

Rashid M.A. Role of Humic Acids of Marine Origin and their Different
Molecular Weight Fractions in Complexing Di-and Trivalent Metals, Soil Sci.,
1971, 111, 298.

Rashid M.A., Quinone Content of Humic Compounds Isolated from the Ma-
rine Environment, Soil Sci., 1972, 113, 181.

Rashid M.A, Baclay DE, Robertson K.R., Wzaimodiejstwije humino-
wych Kkislot s rozlicznymi glinistymi minieralami i prirodnymi osadkami w ilo-
wych wodach blizkich k wodam estuariew, I Miezdunarodnyj Gieochimiczeskij
Kongriess. Osadocznoje processy. Tom. IV, Kniga 2, 125. Moskwa 1973.
Rashid M.A., King L.H., Chemical Characteristics of Fractionated Humic
Acids Associated with Marine Sediments, Chem. Geol., 1971, 7, 37.

Rashid M.A, King L.H., Molecular Weight Distribution Measurements of
Humic and Fulvic Acid Fractions from Marine Clays on the Scotian Shelf,
Geochim. Cosmochim. Acta, 1969, 33, 147.

Skopincew B.A. Organiczeskoje wieszczestwo w prirodnych wodach (wod-
nyj gumus), Trudy gos. Okieanogr. In-ta, 1950, 19, 3.



