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ABSTRACT

Humic substances in sediment samples from some of the oxic and anoxic basins in
the Baltic Sea were studied. The humic material constituted 30-55%, of the organic
matter and had a higher content of fulvic acids than humic acids. The
>300000 molecular weight fraction was found to constitute the major portion of
the humic acids, whereas the fulvic acids were mainly composed of two mol. wt
groups > 300000 and < 10000.

Data on the elemental analysis, functional groups and IR absorption characteristics
suggest that the humic material is formed from a similar type of organic matter in
the Gulf of Bothnia, the Baltic Proper and the Gulf of Finland, and is of mixed
origin (autochthonous and allochthonous). This may be a characteristic of partially
or semi-enclosed basins.

Oceanol. Acta, 1984, 7, 4, 431-439.

RESUME

Substances humiques dans les sédiments de la Mer Baltique

Les substances humiques ont été analysées dans des échantillons de sédiment prélevés
dans des bassins oxique et anoxique de la Mer Baltique. le matériel humique constitue
30 a 509, de la matiére organique, avec une teneur plus élevée en acides fulviques
qu’en acides humiques. La fraction de poids moléculaire supérieurc a 300000 constitue
Iessentiel des acides humiques, tandis que les acides fulviques se composent principale-
ment de deux groupes de poids moléculaires respectivement supérieur a 300000 et
inférieur a 10000.

Les données de I'analyse élémentaire, les groupements fonctionnels et les caractéristi-
ques de I'absorption suggérent que le matériel humique provient du méme type de
matiére organique dans le Golfe de Bothnie et le Golfe de Finlande, et que son origine
est mixte (autochtone et allochtone), ce qui pourrait étre une caractéristique des
bassins partiellement ou semi-fermés.

Oceanol. Acta, 1984, 7, 4, 431-439.

INTRODUCTION

(Degens, Mopper, 1976; Pocklington, Leonard, 1979).
The diagenetic transformation of organic matter yields

Organic matter in natural waters and marine sediments
¢an be composed of terrigenous material (allochtho-
nous) and can be produced by aquatic organisms (auto-
chthonous). Whereas the bulk of the organic matter
in many recent marine deposits is derived from local
biomass, organic matter of terrigenous origin is confi-
ned to river estuaries and in shoreline organic material

humic material which accounts for about 60-75% of
the total organic matter in marine deposits (Schnitzer,
1978). Humic material is known to enhance the reacti-
vity of the sediments and of overlying water by facilita-
ting the movement of water nutrients and trace ele-
ments. It is also known to form complexes with metal
ions and hydrous oxides, and to interact with clay
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minerals and organic chemicals that may be toxic pollu-
tants. Humic substances, which are of great ecological,
geological and economic importance, as discussed by
Jackson (1975), have thus received considerable atten-
tion in recent years.

Humic substances comprise a group of high molecular
weight polymers, acidic in nature and yellow to brown
in colour. It has been reported that they are formed in
differing marine environmental conditions, oxic as well
as anoxic. Degens et al. (1964) reported that the humic
acids in the basin off Southern California were of
continental origin. The humic acids found in areas of
the Central Atlantic away from the continent are repor-
ted to be mostly autochthonous (Bordovskiy, 1965).
However, there seems to be general agreement that
humic substances can be formed from the degradation
products of organic matter derived from marine plank-
ton (Nissenbaum, Kaplan, 1972; Kasatochkin et al.,
1968). This finding is further supported by the occur-
rence of large quantities of humic and fulvic acids in
organic-rich marine surface sediments underlying areas
of high productivity (Cronin, Morris, 1982; Poutanen,
Morris, 1983).

The mechanisms of formation and the characteristics
of these substances have been studied in many marine
deposits in shelf zones and the organic-rich areas of
the oceans of the world (Schnitzer, Khan, 1972; Chen
et al., 1978; Cronin, Morris, 1982; Calvert, Price, 1971;
Calvert, Morris, 1977; Pempkowiak et al., 1976). The
major components of humic substances are differentia-
ted into acid insoluble humic acid (HA) and alkali as
well as acid soluble fulvic acid (FA) components. HA
and FA occur in varying concentrations and the nature
of these organic acids in natural waters and sediments
shows marked geographical variability (Jackson, 1975).
However, Schnitzer (1977) has shown that HA and FA
from soils exhibit similar analytical characteristics and
chemical structures, irrespective of the geographical
and environmental conditions.

This study was undertaken to determine the nature and
distribution of humic substances in the sediments of
some of the oxic and anoxic basins of the Baltic Sea.
Another aim of the study is to determine the effect
of oxicf/anoxic conditions on the nature of the humic
substances. The concentration, molecular size distribu-
tion, functional groups and IR-spectroscopic characte-
ristics of humic and fulvic acids have been studied in
order to delineate their origin, nature and the mecha-
nism of formation.

MATERIALS AND METHODS

Sampling

Core samples were collected from the topmost sediment
layer at 5 stations covering the Gulf of Bothnia, the
eastern part of the Gulf of Finland and the northern
Baltic Proper, as shown in Figure 1. Samples collected
in the Gulf of Bothnia (CVI, BO-3 and EB-1) were
from oxic basins, whereas those collected in the Gulf
of Finland (XV-1) and in the northern Baltic Proper
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Figure 1

Location of sampling sites in the Baltic Sea.
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(Teili I) represent anoxic sediment samples. The sam-
ples were taken with-a box corer, cut immediately
after sampling into 5 cm —thick subsamples and stored
deep —frozen in precleaned polythene bags until analy-
sed.

A separate sediment sample was collected at each sta-
tion using a gravity corer for soft sediments as descri-
bed by Niemistd (1974). The cores were cut into § mm
subsamples, which were stored in plexiglass sheets until
the redox measurements were made. The subsamples
were then dropped into Petri dishes and stored at
—25°C until analysis for moisture content, organic
carbon, nitrogen, hydrogen and carbohydrates. Subsam-
ples were also taken for microscopical analyses.

Methods

The samples for redox measurements were kept at
room temperature for 30 min. and then measured accor-
ding to the method described by Bigander and Nie-
mistd (1978).

The sediments were freeze-dried, ground in an agate

“mortar and run on a CHN-Analyzer (Hewlett-Packard,

F and M 185). Carbohydrates were estimated by the
phenol-sulphuric acid method described by Artem’yev
et al. (1971). The coefficient of variation observed for
carbon, nitrogen and hydrogen analyses was 8% and
for carbohydrates 59 as determined for three analyses.
Several methods have been employed for the extraction
of humic substances from sediments. Templeton and
Chasteen (1980) have summarized the different extrac-
tion and fractionation procedures employed by diffe-
rent workers. )

In the present study the marine humic and fulvic acids
were extracted under nitrogen first with distilled water,
then with a mixture of 0.05 M NaOH and Na,P,0-
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and then repeatedly with 0.05 M NaOH until the
extract was colourless. This was followed by extraction
with 0.5 M NaOH until the extract was colourless and
finally the residue was refluxed with 0.5 M NaOH
under nitrogen for 20 hours. After separation from the
residual sediments by centrifugation, all extracts were
pressure-filtered through GF/C glass fibre filters and
fractionated before HA and FA separation using ultra-
filtration membranes (Amicon ultrafiltration cell and
Diaflo ultrafiltration membranes XM-300, XM-100,
PM-30 and PM-10). The extraction of marine humic
substances and the fractionation and purification of
humic and fulvic acids have already been reported in
detail (Poutanen, Morris, 1982, Poutanen, Morris,
1983). Purified fulvic and humic acid fractions were
then freeze-dried and weighed to determine the amount
of the respective fractions.

The ash content of some of the major humic and all
the fulvic acid fractions was determined by igniting a
small amount of the sample for four hours at 800°C.
Functional group analyses were carried out following
the procedure outlined by Schnitzer and Khan (1972).
Total acidity was determined by treating the sample
with NaOH instead of Ba(OH),, and then back-
titrating the excess NaOH with HCL. The carboxyl
group was estimated using calcium acetate and titrating
the acetic acid formed with NaOH. The phenolic
hydroxyl group was estimated from the difference bet-
ween the total acidity and the carboxyl group values.
The elemental analyses (C, H and N) were carried out
using a Hewlett-Packard CHN analyzer.

Infrared spectra were recorded from about 1 mg of
material pelleted with about 300 mg KBr using a
Perkin-Elmer (Model 457) spectrophotometer.

RESULTS AND DISCUSSION

Sediment samples taken from different sites in the Bal-
tic Sea differed markedly from each other. The Both-
nian Bay (CVI) sediment consists of brown to greyish
brown mud with some remains of phytoplankton (Navi-
cula sp.). A very loose, brown-coloured sediment sam-
ple with ‘more consolidated sharp, darker brown bands
was obtained at the sampling site BO-3. The phytoplan-
kton debris was dominated by diatoms (predominantly,
species of Achnanthes taeniata, Synedra sp., Actino-
cyclus octonarius, Melosira arctica, Thalassiosira baltica
and Chaeroceros holsaticus). Sediment sample EB-1
consists of very fine-grained material, with only a few
diatoms. In the northern Baltic Proper, a small sedimen-
tation basin (Teili I) is a sink for material transported
from large non-deposition areas, and probably even
erosion areas around it, as well as for material of
the autochthonous primary production. The sediment
Tecovered was black, very fine grained and with a very
high H,S content. It consisted of large amounts of
phytoplankton remains (predominantly Chaetoceros hol-
Saticus, Actinocyclus octonarius, Melosira arctica, Ebria
tripartita). The sample from the eastern part of the
Gulf of Finland was dark in colour, very soft clay and
with high H,S content, and consisted of phytoplankton

remains (predominantly species of Thalassiosira baltica,
Achnanthes taeniata, Tabellaria fenestrata and Melosira
arctica) and amorphous organic matter. :

Table 1 shows the redox potential, the percentage of
dry matter, and the percentages of organic carbon, nitro-
gen and hydrogen in each 8 mm thick layer through
the sediment down to a depth of 5 cm at each station
together with their average values. The percentage of
dry matter was found to decrease from the station.in’
the Bothnian Bay to that in the Bothnian Sea. The
percentage of dry matter in the anoxic basins is low
with a minimum value of 8.69(,at station Teili-I. The
redox potential data suggest that highly oxidising condi-
tions prevail at all the stations in the upper few centime-
tres layer of the sediment in the oxic basins, and a
decreasing trend below this depth. Of the two anoxic
basins, Teili-I appears to be more anoxic than XV-1.

The preservation of organic matter in the anoxic basins
is also indicated by a relatively higher percentage of
organic carbon, nitrogen and hydrogen at station
Teili-I and XV-I in the Northern Baltic Proper and the
Gulf of Finland than at stations in the Gulf of Bothnia.
Niemistd and Voipio (1981) studied the rate of sedimen-
tation at some of these stations in the Baltic Sea. They
observed a sedimentation rate of 2.4 mm y~?! at station
EB-L, and 2.2 mm y~! at station Teili-1. The maximum
sedimentation rate of 7.4 mm y~! was found at station
XV-I. Recent studies on sedimentation rates (Voipio,
personal communication) have indicated a slightly lo-
wer rate of sedimentation (1.3 mm y ') at station CVI
and 2.0 mm y~! at station BO-3. It is established
(Gross, 1966) that the accumulation of organic matter
is greatest where the rate of sedimentation is highest.
The high rate of sedimentation, together with the deple-
tion of oxygen, may explain the high percentage of
organic carbon, nitrogen and hydrogen in these basins.

In general, the organic carbon content of the anoxic
sediments (6.5-7.29;) was on the same level as in the
open Baltic Proper (Niemist, Voipio, 1981), but the
carbon content of the oxic sediments (3.1-3.6%) was
below this level. Lassig et al. (1978) have reported an
annual phytoplanktonic primary production of carbon
of about 15-30 gm~2 in the Bothnian Bay, about
60 g m~2 in the Bothnian Sea and about 100 g m~2
in the Baltic Proper and the Gulf of Finland, the
variation being chiefly caused by differences.in nutrient
levels and the length of the growing period. We also
observed a similar trend for the variation in the percen-
tage of organic carbon in the sediment samples in these
different zones of the Baltic Sea (Tab. 1). However, the
organic carbon content is high in comparison with the
rate of primary production, which suggests an additio-
nal source of organic carbon at all the stations besides
plankton.

The C:N ratios do not show any regular trend for the

variation with the depth of the sediment core. In the
topmost 5 cm it varied from 2.6 to 11.5 at station CVI,
from 4.8 to 13 at BO-3, from 8.5 to 11.3 for EB-],
from 9.5 to 15.6 for Teili-I and from 5.9 to 8.6 for
station XV-I. The mean value varied from 7.2 to 10.8,
the minimum value being at BO-3 and the maximum
at station Teili-I. The organic carbon to nitrogen ratio
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Table 1

Redox changes and the content of dry matter, carbon, nitrogen and hydrogen (percents of dry matter) in the uppermost

0.8 cm thick subsamples in the five sediment cores.

CVI* 0-10cm BO, 0-5‘cm
it edox C N H Dnt,t Redox C N H
Sample matter Redox matter [
mmp % mv Y% % % CN CH Y mv % % % CN CH
8 176 48 42 05 08 84 52 9.5 508 50 05 1.5 100 3.3
16 21 473 37 04 09 9.2 4.1 12.9 287 5.1 0.6 1.4 85 3.6
24 293 479 34 03 1.5 11.3 22 19.9 149 36 05 1.0 7.2 36
32 313 415 - - - - - 29.8 2711 31 05 .10 62 3.1
40 334 330 32 08 08 40 40 310 276 32 0S5 1.2 64 3.6
48 355 207 23. 02 06 115 38 295 209 29 06 08 48 3.6
56 374 214 21 08 05 26 42 284 150 26 02 08 13.0 3.2
64 409 135 19 04 05 47 38
72 40 8 18 0.1 04 180 45
80 42 139 23 09 05 25 4.6
88 395 61 20 06 05 3.3 4.0
96 407 60 19 02 04 9.5 47
104 377 8 20 03 06 6.6 3.3
X(0-5cm) 328 - 31 0.5 09 78 39 23.0 - 36 0S 1.1 72 33
X (5-10cm) 41.0 - 20 04 05 74 4.1
EB, 0-5 cm Teili-1 0-5 cnr
Dry Dry
matter Redox C N H matter Redox C N H
% mv % % % GCN CH % w % % %
20.0 536 33 03 1.0 1.0 33 5.4 —-121 7.8 0.5 1.7
222 524 33 03 1.1 11.0 3.0 7.1 —163 85 08 1.8
24.3 500 34 04 1.1 85 3.0 8.0 —144 78 08 1.7
26.3 492 38 04 1.2 9.5 31 8.0 —143 67 07 1.6
218 334 34 03 1.1 11.3 3.0 84 —144 57 06 1.5
28.0 193 3.1 0.3 1.0 10.3 3.1 10.9 —166 49 0.5 1.3
28.8 17t 29 03 09 9.7 32 12.8 —163 40 04 1.2
253 - 35 03 1.0 10.2 3.1 8.6 6.5 06 1.5
Teili-1 0-5 cm XV-10-5¢cm
Dry
Sample matter Redox C N H
mm CN CH % mv % % % C:N C:H
8 15.6 4.6 6.0 -~ 69 12.2 1.5 2.6 8.1 47
16 10.6 4.7 9.8 —136 8.4 1.0 1.9 8.4 44
24 9.7 4.6 11.2 —129 7.6 1.0 1.9 7.6 4.0
32 9.5 4.2 12.2 —113 5.6 0.7 1.6 8.0 3.5
40 9.5 38 14.3 —106 5.9 1.0 1.6 5.9 3.7
48 9.8 3.7 12.7 —109 5.7 0.7 L5 8.1 3.8
56 10.0 33 134 —125 52 0.6 1.6 8.6 3.2
X (0-5 cm) 10.8 4.3 11.4 - 7.2 0.9 1.8 8.0 4.0

Data up to ~ 10 cm.

has been used as an indicator of terrigenous addition
to marine sediments. This is based on the observed
enrichment of carbon over nitrogen atoms in terrestrial,
as compared to marine organic matter. According to
the average values for the C:N ratio in the topmost
5 cm layer, it appears that the terrigenous addition is
smaller in the Bothnian Bay than at the other stations
studied, although it should be remembered that small
variations in the C:N ratio may also be due to analyti-
cal inaccuracies. It is worth mentioning here that the
Gulf of Finland and the northern Baltic Proper, where
stations XV-I and Teili-I are situated, receive the maxi-
mum amount of river inflow (Mikulski, 1970; 1972).
Bordovskiy (1965) attributes a similar type of variation
. in the C:N ratio in the shallows of closed and partly
closed basins to the mixed nature of the organic matter.
Thus comparison of the C:N ratios of the recent muds
taken from different sites in the Baltic Sea indicates

that at least part of the organic matter is of autochtho-
nous origin.

The chemical characteristics of the 5-10 cm layer at
station C-VI were also studied to determine whether
there are any differences in the humic content between
the topmost 5 cm layer and the underlying 5 cm layer.
The sediment (5-10 ¢cm) was found to be more consoli-
dated, with a dry matter content of over 40%, and
there is a sharp decrease in the redox potential from
214 mV at Scm to 60 mV at 10 cm. There is also a
decrease in the percentage of organic carbon, nitrogen
and hydrogen, with mean values of 29, 0.4% and
0.5%, respectively.

The carbohydrate content of the samples was estimated

in order to study the origin of the organic matter and
to determine whether there is any correlation between
the carbohydrate content and the humic substances:

R PP
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Carbohydrates are known to occur in marine environ-
ments as monosaccharides, oligosaccharides and poly-
saccharides (Swain, 1969). Only a few determinations
of carbohydrates in marine sediments have been made
so far because of the lack of sufficiently sensitive and
precise method. Recent sediments from the Santa Bar-
bara Basin, California, have been found to contain
2.2 mg carbohydrates g~! of dry sediment at the sur-
face, falling to very low levels below the seabed (Prash-
nowsky et al., 1961). Carbohydrates were also detected
in sediments from the San Diego Trough at a total
concentration ranging up to 0.9 mg g ™' (Degens et al.,
1963). Relatively large amounts of carbohydrates have

whereas X V-I showed the highest concentration of hu-
mic substances. Our results are only tentative, and no
conclusions can be drawn the basis of this data. The
authors consider that more work should be done in
this field. -

The amount of total humic material extracted by diffe-

rent extractants and the percentage of organic matter
associated with humic material are presented in
Table 2. The extraction efficiency of 0.05 M NaOH .
ranges from 70 to 909 of total humics, the minimum
value being obtained for station Teili-I and the maxi-
mum for station CVI. The percentage of organic matter
associated with humic substances has been calculated

Figum 2 :lr_g carbon org. carbon org.carbon org. carbon org Ccarbon
Distribution of organic “ of Cry sed. ®. oidry sec % ot dry sed % c’ dry sed % of dry sed.
carbon (%) and carbo- t 23456 1 23 4856122456 2 34 56 789 456 78 9101112
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> ot dry sed % of ery sed ¢ of dry sed % of dry sec % of ary sed
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,d
also been detected in anoxic Black Sea sediments'(Stari- Table 2

Extraction efficiency of humic (HA) and fulvic (FA) acids (g) by the distilled
water and the two alkali solutions, and estimated amount (%) of organic
matter associated with humic material.

kova, Yoblokova, 1972; Mopper e al., 1978)}'Although
Swain and Bratt (1978) were able to dglect carbo-
hydrate residues in north-western Atlantic sediments,

they found no correlation between these residues and ‘| Total Organic
¢ . , ' amount matter
ither depth or llt.hology. - ‘ 0.05M 0.5M of humics associated
The results obtained from our Baltic Sea sediments " ~ H,Oext. NaOH NaOH (mg/gdry with
varied from one station to the next, the maximum Sample  Fraction (g) (8 (8 sediment)  humics (%)
being 3.5 mg g~* and the minimum 0.5 mg g~ ! of dry cVI T
sediment (Fig. 2). The concentration of carbohydrates 0-Sem HA | - 015 003 1.4
was found to decrease with :depth in the upper few 30

. . . ) FA - 1.79 0.17 15.6
centimetres of the sediment. There is also a clear correla- cvi HA _ 073 009 39
tion with the carbon content. Various aspects of the 5-10 cm 47
biogeochemistry of carbohydrates in marine environ- 5o FA 002 219 052 130
ment have been revngvyed by Mopper (1973), who 0Scm  HA 001 058 003 62
concluded that the origin of the carbohydrates could 38
not be established unambiguously. For example, the FA 010 133 043 187 ‘
carbohydrates in coastal sediments could have been EB,

. . . . . . 0-5 HA 0.01 . . X
derived from material having two different origins: e < 046 003 38 30
allochtonous (terrigenous) and autochthonous, either FA <001 152 036 142
n the water column or in the sediments themselves TC(i)li;I HA 001 018 003 7.6

. -5 cm 39

(Prashnowsky et al., 1961)..A comparison of our ave- FA 002 072 036 383
fage carbohydrate content in the 5 cm layer sediment XVI
with that of humic substances did not show any signifi- 0-5cm HA <001 085 0.07 18.1
€n i i i - 55

t correlation. The highest concentration of carbo FA 006 221 046 S8

bydrates was found at the most anoxic station Teili-I,
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using the approximate relation, organic matter =
1.8 x organic carbon, mg/g (Nriagu, Coker, 1980). The
humic substances account for about 30-55% of the
organic matter. Similar amounts of humic substances
(339 of the organic matter) have been obtained from
the sediments of the Gulf of Gdansk by Bojanowski et
al. (1977). Humic material constituting more than 609,
of the organic matter has been reported in the continen-
tal shelf sediments rich in organic material (Gershamo-
‘vich et -al., 1976; Poutanen, Morris, 1983). The small
amount of humic substances present in the sediments
in this area is due to the low content of organic carbon
as well as the low rate of primary production.

Organic matter is supposed to be most humified in
areas where its concentration is highest and, irrespective
of the particle size of the sediments, the degree of
humification declines as the organic content decreases
(Bordovskiy, 1965). We did not find a similar relation-
ship between the humic content and the total organic
matter. Considering the strong association of the fulvic
acids with the inorganic material —which is evident
from the high ash content (Table IV) of these fractions
—it can be assumed that either a considerable amount
of the humic substances is lost during purification
(which involve a number of steps), or that some environ-
mental factor may be limiting the humification process.
Contrary to the findings of Poutanen and Morris
(1983) and also of Bojanowski et al. (1977), we obtained

Table 3

a higher value for the fulvic acids content than that
for the humic acids in our sediment samples. Fulvjc
acids represented from 24 to 41.49 and humic acids
from 3.4 to 13.6%, of the organic matter.

A comparison of the contents of humic material at the
two layers at station CVI reveals that there is ap
equal amount of humic substances g™' of sediments,

although the percentage of organic carbon is slightly -

higher in the upper 5 cm layer than in the lower one.
It is also worth noting that the amount of humic acjg
increases while that of fulvic acid decreases on moving
from the upper S cm to the lower 5 cm layer.
The distribution of humic and fulvic acids in the diffe-
rent molecular size fractions of the three extracting
solutions is given in Table 3. Negligible amounts of
humics are extracted by distilled water. The humic and
fulvic acid fraction with a nominal molecular weight
of >300000 constitutes the major part of the humic
material and most of it is extracted by 0.05 M NaOH.
Significant amounts of FA, with a nominal molecular
weight of <10000, are extracted by 0.05 M NaOH
and also by refluxing with 0.5 M NaOH. The amount
of FA fraction < 10000 extracted by 0.5 M NaOH
suggests that there is a strong association between this
fraction and the silicious inorganic material. The FA
fractions with a nominal molecular weight of > 100000,
>30000 and >10000 in the 0.05 M NaOH extracting
¢olution, although small, are significant compared to
N F

b L L
=

Distribution of HA and FA (mgjg of dry sediment ash free basis) in different molecular weight fractions in the three extracting solutions.

Fraction mg/g of dry sediment

Extraction Humic
Station solution material > 300000 > 100000 > 30000 >10000 < 10000
CVI H,0 HA - - - -
0-5cm FA To— — - —
0.05 M NaOH HA 0.7 0.2 <0.1 0.1 < 0.1
FA 1.9 0.6 0.4 0.4 0.9
0.5 M NaOH HA 0.1 0.2 - - < 0.1
0.57 M refl. FA 0.1 0.2 <0.1 <0.1 0.9
C Vi H,0 HA - - - -
5-10 em FA 0.1 - — — -
0.05 M NaOH HA 29 0.2 0.1 <0.1 0.1
FA 7.6 1.3 0.5 0.3 0.7
0.5 M NaOH HA 0.1 0.2 <0.1 0.1 < 0.1
0.5* M refl. FA 0.1 - 01 7 <0.1 <0.1 1.9
BO, H,0 HA 0.1 — - - —
0-5 cm FA 0.6 - < - -
0.05 M NaOH HA 5.2 0.2 0.2 0.1 0.1
FA 8.5 1.0 0.8 0.2 2.8
0.5 M NaOH HA 0.1 0.1 0.1 0.1 0.1
0.5 M refl. FA 0.1 0.2 0.2 <0.1 3.6
EB-1 H,0 HA 0.1 - - -
0-5.cm FA 0.1 - - - -
0.05 M NaOH HA 3.2 0.2 <0.1 = < 0.1
FA 6.9 1.8 0.4 0.3 2.0
0.5 M NaOH HA 0.1 0.1 <0.1 <0.1 < 0.1
0.5% M.refl. FA 0.1 <0.1 0.2 0,1 2.1
Teili-1 H,0 HA 0.4 — — — — N
0-5 cm FA 0.7 - - — -
0.05 M NaOH HA 5.5 - 0.2 0.3 0.3
FA 20.2 0.6 1.5 0.4 24
0.5 M NaOH HA 0.2 <0.1 02 0.3 0.4
0.5* M NaOH FA 0.6 0.3 0.8 1.2 9.7
XVI H,0 HA < 0.1 — - - -
FA 0.4 — - - < 0.1
0-5 cm 0.05 M NaOH HA 15.1 04 0.7 04 0.2
FA 22.8 0.8 1.2 0.6 18.1
0.5 M NaOH HA 0.9 — 0.2 . 0.1 0.2
0.5 M refl. FA 0.8 0.6 0.4 0.6 6.7
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Table 4

Functional groups (mg(g), elemental analysis (ash free basis) and ash contents (percents of dry matter) of HA and FA fractions.

Extraction Functional groups
solution megq/g of humic subst. Elemental analysis
molecular
weight Total Phenolic C:N C:H
Station fraction acidity nCOOH OH %C %N %H Ash. % Ash free Ash free
0.05M NaOH
CVI >300000 HA 2.7 L5 1.2 47.3 3.9 6.2 16 12.1 7.6
0-5 cm >300000 FA 174 32 14.2 38.0 1.9 6.3 49 19.4 6.0
> 100000 FA 37 29 0.8 49.0 34 5.8 25 14.2 84
> 30000 FA - 48 - 51.4 4.8 8.0 30 10.6 6.4
< 10000 FA 38 - - 13.1 0.9 5.9 68 13.9 22
0.5 M NaOH
< 10000 FA 2.7 - - 10.4 1.5 7.7 74 6.8 1.4
CVI 0.5 M NaOH
5-10 cm > 300000 HA 3.5 1.8 1.7 44.9 4.1 6.3 6 10.8 7.1
> 300000 FA 7.1 30 4.1 304 1.7 6.3 49 17.3 4.8
> 100000 FA 59 5.6 0.3 47.6 38 6.0 37 12.5 7.9
> 30000 FA 3.8 - - 33.0 2.7 43 34 12.2 6.9
< 10000 FA 4.6 - - 16.2 0.8 9.1 76 20.2 1.8
0.5 M NaOH
< 10000 FA 31 1.9 1.2 38 4.2 8.8 74 0.9 0.4
BO, 0.05 M NaOH
0-5cm >300000 HA 39 1.7 2.2 46.5 4.1 7.3 3 11.3 6.4
>300000 FA 5.5 33 22 426 33 8.2 55 129 52
>100000 FA 3.8 - — 40.1 3.2 7.0 37 12.5 57
> 30000 FA 4.2 - - 39.0 31 6.3 30 12.6 6.2
< 10000 FA 6.7 5.1 1.6 6.7 0.4 7.5 76 16.7 0.9
0.5 M NaOH .
< 10000 FA 38 2.5 13 33 - 9.0 76 - 0.4
EBI 0.05 M NaOH
0-5 cm >300000 HA 3.1 24 0.7 334 3.1 5.0 0 10.7 6.7
>300000 FA 6.4 2.6 3.8 26.2 3.0 4.0 60 8.7 6.6
>100000 FA 3.7 22 1.5 321 - - 3 - -
> 30000 FA 6.1 - - 66.7 7.1 10.2 S5 9.4 6.5
< 10000 FA 3.8 - - 21.7 13.0 7.8 77 16.7 2.8
0.5 M NaOH
< 10000 FA 31 23 0.8 9.2 - 8.8 74 - 1.0
Teili I 0.05 M NaOH
0-5cm >300000 HA 29 1.3 1.6 65.7 5.6 10.9 32 1.7 6.0
> 300000 FA 15.6 25 13.1 21.7 23 74 57 12.0 3.7
> 100000 FA - — - 36.5 4.8 5.6 8 7.6 6.5
> 30000 FA - 3.5 - 37.7 3.7 6.4 21 10.2 5.8
< 10000 FA 4.7 - - - — - 77 - -
0.5 M NaOH
< 10000 FA 3.7 - - - - - 76 - -
XV-I 0.05 M NaOH
0-5 cm >300000 HA 37 1.4 23 43.3 4.1 73 2 10.6 5.9
>300000 FA 4.4 29 L5 23.5 1.8 6.9 55 13.3 3.4
>100000 FA - - - 34.5 5.1 6.3 43 6.8 5.5
> 30000 FA 2.5 - - 29.3 5.2 6.6 44 5.6 44
< 10000 FA 28 - - 10.7 5.5 22 71 1.9 0.5
0.5 M NaOH
< 10000 FA 1.2 - - 15.3 4.1 53 83 3.7 29

the HA fraction. Considerable amounts of these frac-
tions were also extracted by 0.5 M NaOH solution
from sediments from stations Teili-I and XV-I. Howe-
ver, the fractions > 300000 and < 10000 comprise the
major part of the fulvic acids.

The percentages of carbon, nitrogen and hydrogen in
>300000 HA range from 33.4% to 65.7%, from 3.1
t0 5.6%, and from 5 to 10.99, respectively (Table 4).
The ranges of these elements in the corresponding FA
fraction are from 23.5 to 42.6 %, from 1.8 to 3.3% and
from 4 to 8.29, respectively. In general, humic acids
have higher carbon, nitrogen and hydrogen percentages
than the FA fractions. The minimum values for the
Content of these elements in both the HA and FA
fractions were found in the sediments at station EB-1,
whereas the HA and FA fractions at station Teili-I
invariably have higher percentages of these elements.

The other major FA fraction (<10000) contains the
lowest C and N content, ranging from 6.7 to 21.7%
and 0.4 to 5.59, respectively with the exception of
station EB-I which had a nitrogen content of 139

Examination of the ash content of the different humic
fractions shows that the humic acid fractions are more
loosely bound than the fulvic acid ones. Obviously
some siliceous inorganic material is dissolved by the
alkali during the extraction of humic substances and
may be concentrated in the freeze-dried residues. Howe-
ver, the high ash content of fulvic acids—in spite of
used treatments to lower the ash content—seems to be
due to the strong association of fulvic acids with the
inorganic materials. Fulvic acids in the molecular wei-
ght fraction <10000 had the highest percentage
(68-839%) of this siliceous organic material. The C:N
ratio of the major (>300000) HA fraction is lower at
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all the stations than in the corresponding FA fraction.
It varies within a narrow range of 10.6 to 12.1. The
C:H ratio is higher in the major HA fraction than in
the FA fraction and varies only slightly from one
station to another (5.9-7.6).

Total acidity, which is a measure of the dissociable

hydrogen atoms in aromatic and aliphatic carboxyl
groups and phenolic and alcoholic hydroxyl groups, is
‘lower in HA than in FA. It ranged from 2.7 to 3.9 meq
g~ !in HA and 4.4 to 17.4 meq g~ ! in FA fraction. A
similar trend is also evident in the COOH and the
phenolic OH groups. This is in accordance with the
general observation that fulvic acids contain less carbon
and nitrogen but more oxygen than humic acid frac-
tions.

The infrared spectra of the humic and fulvic acids are

shown in Figure 3. The main absorption bands for
humic acids (Fig. 3, ¢, d, ¢) were in the regions
3400 cm ™! (hydrogen-bonded OH), 2900-2840 cm ™!
(aliphatic C-H stretch), near 2500 cm ™! (very broad,
hydrogen-bonded CO,H), 1730-1715cm™! (very
weak, C=0 of CO,H, C = O of ketonic carbonyl),
1650-1630 cm ™! (aromatic C = C, C00~, hydrogen-
bonded C = Q), and near 1500 cm ™! (C = C of aroma-
tic rings). In addition, there were broad bands in the
1250-1000 cm ™! regions, possibly due to asymmetric
stretching of alchols and ethers.

The infrared spectra of fulvic acids (Fig. 3 a, b) resem-
ble those of humic acids (¢, d, e). Only a few differences
could be found. Bands at 2900-2840 cm ™! were pre-
sent in the spectra of all the humic acids but were
absent from the spectra of fulvic acids, thus indicating
the absence of large amounts of CH, and CH, groups.
Bands near the 800 cm™! region were absent in the
humic acids spectra, but the fulvic acids spectra exhibi-
ted strong absorption in this range. We believe that
the bands near 1000-700 cm~' were most likely due
silico-organic compounds. In general, the spectra of
humic substances are very similar. This may indicate
the presence of essentially similar chemical structures,
the main difference being in the contents of functional
groups.

CONCLUSIONS

The process leading to the formation of humic subs-
tances from organic matter is a subject of considerable
_ controversy among marine scientists, although much
work has been done on the identification and nature
of the organic matter from which thosc substances are
derived. It is generally accepted that humic matter is a
result of the diagenesis of carbohydrates and protein
substances released into the sediments during the de-
composition of plant or animal material, and that it is
biochemically undegradable. Some scientists believe
that it is formed through a chain of condensation and
polymerisation reactions which progress from small
molecules through fulvic acids, humic acids and finally
to kerogen, becoming larger and more condensed as
the diagenesis progresses (Nissenbaum, 1974; Welte,
1974). According to Ishiwatari (1971), the reaction in-
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Infrared spectra of fulvic qcid fractions > 300000 at stations XI-1 (q)
and C VI (b) and humic acid fractions > 300000 at stations XV-1 (c).
BO-3 (d) and C V1 (e).

volves a transformation of the bio-polymers with small
molecules becoming by-products rather than intermedia-
tes in the reaction, the final form of the transformation
being the kerogen polymers.

Our results concerning the total acidity, contents of
carboxyl groups and phenolic hydroxyl groups, which
are almost constant in the major humic and fulvic acid
fractions, and the close similarity in their IR spectra
indicate that the humic material at different stations is
formed from similar source of organic material and
that humic acids are closely related to fulvic acids, the
main difference being in the contents of functional
groups. However, the amount and molecular weight
distribution of humic substances which can be extracted
from a surficial marine sediment depend on the redox
conditions in the aquatic environment. Analyses of
fulvic acids in anoxic sediments show that there is 2
sizable fraction with a low molecular weight (< 10000},
in addition to a large fraction with high molecular
weight (>300000), whereas in the oxic sediments the
major part of the fulvic acids were found in the molecu-
lar weight fraction >300000. Presumably the diffe-
rence in redox conditions and microbial activity bet-
ween oxidized and reduced sediments lead to diffe-
rences in the humic content and molecular weight
distributions as a result of differences in the decomposi-
tion of organic matter.
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