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STUDIES ON ORGANO-METALLIC INTERACTIONS IN THE MARINE
ENVIRONMENT

Part 1.

Interaction of Some Metallic Ions with Dissolved Organic Substances in

Sea-Water
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ABSTRACT

The role of dissolved organic matter in the marine environment i1n complexing the metallic
elements present at tracer levels has been studied. Dissolved organic matter obtained frora a
filtrate from a marine culture solubilized Mn, Zn, Fe and Zt-Nb. Mn and Zn formed cationic
complexes or were attached to the organic complex as exchangeable cations, while Fe and
Zr-Nb, in part, were either ‘pon-ionic or ‘anionic’.

INTRODUCTION

ANY dissolved elements occur in irace
quantities in sea-water, At the pH of
sea-water and in the presence of major in-
organic chemical constituents, however, bi-, tri-
and tetravalent elements, such as zine, iron and
zirconium, precipitate.

Sillen,! while discussing the different
chemical states of trace elements dissolved in
sea-water, noted that organic compounds at
concentrations of 105M to 10* M may form
strong complexes (cf. also Goldberg?) with
certain metal ions, and that these organic com-
plexes might contribute largely to some of the
elements present at the very low concentra-
tions of 106 M to 100" M. Goldberg# specu-
lated on the possible complexing of the
heavier lanthanides, whose concentrations are
of the order of 10-10M to 1011 M, by soluble
organic debris. In discussing the recovery of
vanadium by precipitation with Fe(OH}),,
Burton® noted the possibility that
vanadium, in the form of organic complexes,
may not be recovered by the procedure. The
presence of a non-dialyzable, yet ultrafilterable,
fraction of manganese and zinc in sea-water
indicates a complexed form (probably organic)

for these elements (Rona et al4). In analyz-
ing sea-water for iron (Laevastu and
Thompson®) and copper (Alexander and

Corcoran ;8 Slowey et al.7) higher concentra-
tion of these elements were observed in the
dissolved state when the water was oxidized
than when determinationg were carried out
without the oxidation step., Hood8 stated that it
has not been clearly demonstrated in any of the
investigdtions that the inorganic elements in
sea~waler are chelated with organic compounds.

- 8

ZoBellY defined the dissolved organic matter
as that which is not removed with a high speed
centrifuge. Fox et al.,10 Jeffrey and Hoodlii
and Hayer et al.,’?2 have reported the soluble
organic matter as the one which passes through
a 0-45-x« Millipore membrane filter. Duursmal3
atiributed the following properties to the dis-
solved organic matter :

1. Not precipitable at pH 1 within 24 hours
in g half-litre bottle,

2. Not retained by a membrane filter,

3. Not readily separated by centrifugation,
and

4. Not co-precipitable with Al(OH),.

Of the various experimental definitions, the
simplest, of course, is the one that uses the
property of filterability of the olute in the
medium. The 0-45-« Millipore membrane
filter has been widely used to separate dis-
solved substances and in this laboratory, as a
lower limit, 0-22-¢ membrane filters have been
used for filtration throughout this work.

SOLUBILIZATION

It has not been possible, in the present
experiments, to establish the chemical states
of the trace elements dissolved in the medium :
therefore, the rather loose term ‘solubilization’
was used t{o mean the process of keeping the
elements in a state of dispersion or solution
such that they passed through a 0-22-« Milli-
pore membprane filter.

The following laboratory experiments were
conducted to provide direct evidence of the
role of dissolved organic matter in solubilizing
and complexing trace metallic ions. As
representatives of di., tri., and tetravalent
elements, manganous manganese, zinc, ferric
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iron and zirconium-niobium were chosen for
the preliminary experiments.

MATERIALS AND MrTRODS

Culture.—An algal culture (Microcystis litto-
ralis, a common littoral Cyanophycea from west
coast of India) was grown in sea-water (coul-
lected from near-shore regions of Bombay, India}
for six months and allowed to decay in dark for
two years at constant pH(8-2), at ambient
temperature (27° to 29° C.), and with constant
concentration of major inorganic constituents.
The supernatant liquid was then filtered. This
culture filtrate and a sample of near-shore
filtered sea-water were used for the investiga-
tions.

Dissolved Organic Matter.—Dissolved orga-
nic constituents in the filtered sea-water
(20 1) and the culture filtrate (2 1)
were concentrated on Fe(OH), by the addition
of FeCl; (bmg./ml. of sea-water and culture
filtrate) to the acidified medium followed by
dropwise addition of ammonia while stirring.
Stirring of the ammoniacal slurry was continued
for 5 hours, Fe(OH),; was allowed to settle
overnight, and the supernatant liguid was
siphoned off; the Fe(OH), was centrifuged,
dispersed once in distilled water, recentrifuged,

the supernatant liquid was discarded, the
precipitate was dissolved in concentrated HCI,
and the molarity was adjusted to 8. Iron was
removed by repeated extractions with 1s0o-

propyl ether equilibrated with 8 M HCl. Dur-
ing the process, 13% of organic matter was
removed by the ether, The aqueous Jayer
was then passed through an anion exchange
column (20cm. X lem.) of Dowex 1- X 3
(50-100 mesh, conditioned with 8 M HCIl) to
remove last traceg of iron, and the c¢olumn
subsequently  was washed with two column
volumes of 8M HCL The effluent and
washings were concentrated to 5 ml. by evapo-
ration under partial vacuum. The amino-acids
in these concentrates were identified by des-
cending paper chromatography using an
n-butanol acetic acid : water (4 ;: 1 . 4)
solvent system. Amino-acids detected, by the
comparison of R, values of the ninhydrin
reactive spots of the culture and sea-water
with those of standard amino-acids, were
cystine, lysine, arginine, serine, glycine,
proline, glutamic acid, threonine, phenylala-
nine, tyrosine, methionine, wvaline, isoleucine,
leucine and an unidentified amino-acid with a
higher R, (0-84) than that of Leucine (0-73).
It may be noted that under the condition of
low pH adopted in the procedure, the peptides
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or polypeptides that may be present it the
media could have hydrolysed, The amino-
acids identified in the chromatogram are all not
necessarily present in the monomeric state.
Since Fe(OH), does not quantitatively remove
the organic matter (see also Jefirey and
Hood ,11 Koshy!?) no attempt was made
to estimate the relative abundances of the
different amino-acids in the two media. From
the similarity of the nature of the amino-acids
present in the culture filtrate and In sea-water,
we have assumed that the nature of the organic
matter present in the culture fiitrate resembles
those wusually present in sea-water, The
culture filtrate as well as the sea-water also
gave an indication of the presence of the
organic compounds of the quinonoid and
phenolic character.

The carbohydrate content of the filtered sea-
water snd the culture filtrate was determined
by use of anthrone reagent in H,50, (Lewis
and Rakestrawl?), sSea-water and culture
filtrates were found to contain -3 mg./L
and 1-77mg./l. of carbohydrates, respectively.
Carbchydrates were not analysed for the indi-
vidual components.

The dissolved organic matter of the culture
that passed through the 0:22-# Millipore
membrane filter was caused to interact with
added tracers such as Mn?t as MnCl,, Zn% as
ZnCl,, Fe* as FeCl, and Zr%-Nb¥ as ZrQ
(NO,) ..

EXPERIMENTAL

Experiments with each element were
conducted wilh 10 ml. of filtered sea-water and
10 ml of culture filtrate. In each case, 100N of
the tracer activily was added while pH was
maintained at 8 by stirring with a glass rod
previcusly dipped in dilute alkali. Solutions
were stored for a week at room temperature
(25°C.) with intermittent shaking, and then
fillered again. Aliquots of the filtrates (5 ml.)
were counted. Ags a blank, 100 A of each
respective tracer was dissolved in 5ml of
distilled water. Since  MnCl, was highly
soluble in sea-water and in the culture filtrate,
the effect of organic matter on solubilization
of manganese was studied with the use of the
insoluble  manganese compound—Mn (OH) ...
Egual volumes of manganese chloride solution
Iabelled with Mns¢ were placed in two tubes
and the hydroxide was precipitated by dilute
ammonia, the solution was centrifuged, the
supernatant rejected, and the precipitate
repeatedly washed with doubly distilled water
(DDW) unti] free of alkali Fgual wvolumes
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(10ml.) of #fltered sea-water and culture
filtrate were added to the precipitates, the solu-
tions were stored for a week as above and
filtered. Counting was conducted on 5 ml.
aliquots of this filtrate. An equivalent amount
of manganesge, precipitated as hydroxide and
washed free of alkali, was dissolved in 5 ml.
of dilute HCl and counted to estimate the added
activity. The specific activities and the results
cbtained are shown in Table I.
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of the bi-, tri-, and tetravalent ions present.
in the influent,

RESULTS

Sea-water did not significantly solubilize
Mn from Mn{OH),, whereas 11:6% of the Mn
which was solubilized in presence of dissolved
organic matter was in the cationic form
(Tables I and II) About 299% of the zinc
plated or precipitated out in sea-water at pH 8,

TABLE I

Solubilization of Mn, Zn, Fed3+ and Zr-Nb in sea-water in presence of dissolved
organic matier

Mno4 Z1\6%° Fg3?d ¥Z2r95-Np95
Specific activity in the system {counts per 15-86 1064 44370 678100
5 min, per ug.)
Activity in counts per 5 minutes of
Mn®¢ Zn®5 Fe59 Zr9°~N o5
Total in the system . 7528 4042 4526 6433
Solubilized in 10 ml. sea-water 26 (0-3%) 2866 (70-9%) 158 (3-5%) 1846 (28:7%)

Solubilized in 10 ml. calture filtrate ..

A —

916 (11:6%)

4132 (100% ) 2126 (47%) 5300 (82-4%)

Figures in parentheses indicate the percentage of the added activity,

are from Sarma e aZ. (1963).%*

*Values of Zr concentration in sea-water

‘TABLE 11

Behaviour of Mn, Zn, Fedtarnd Zr-Nb on Dowex 50W-X 8 cation column in presence of
dissolved organic matter in sea-water

Activity in counts per § min.

'2’:'r9 5_ Nb%h

M54 7165 Febo
*S.W.  Cultara S.W. Culture S.W. Cultare S.W. Culture
Influent . 10 860 1146 1653 b5 744 738 2120
Effluent and washings .. Ni] Nil Nil Nil Nil 250 308 1815
(34-8%)  (41:4%) (85-0%)

el

to be completely cationic,

To investigate the state of the tracer activity
in the sea-water and in the culture solution,
¢ ml. aliquots (3-5ml. for Feb?) of each filtrate
was passed through Dowex 50W- X 8 (50100
mesh) cationic exchange columns (5eom, X
1cm.) conditioned to the Na* form by neutral
3:9% Nall. Each column was washed with
6ml. of 3-5% NaCl, and the total effuent
(10ml.) from each concentrated to 5ml. and
counted. The aetivily recovered in the efflyents
is shown in Table II, The guantity of cationic
resin taken wag in overwhelming excess in its
exchange capagity compared to the equivalents

Figures in paréntheses indicate the percentage of the influent activity. *Mn%4 Cl, in sea-water was also observed

but in the presence of dissolved organic
matter all of the added zinc remained in solu-
tion or apparent solution, However, the solu-
bilized zinec, in sea-water as well as in culture
solution, was all in the cationic form as is
evident from the cation exchange column
experiment (Table II). While 96:-5% of the
added iron precipitated from sea-.water, that
solubilized (3:'5%) was in the cationic form
(Table II). Dissolved organic matter solubi-
lized added iron to the extent of 47% of which
at least 35% (corresponding to 16% of that
added) was in the ‘non-ionic’ or ‘anionic’ complex
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form. Zirconium-niobium precipitated to the
extent of about 71% at pH 8, whereas only
1890 precipilated 1in the presence of dissolved
organic matter. This indicates that at least
03% of zirconium-niobium was solubilized by
the organic matter of the culture filtrate. Of
the 29% of zirconium-niobium in sea-water,
41%: passed through the cationic column
(corresponding to complexing of about 12% of
initial); of the 829% solubilized in the presence
of dissolved organic matter in the culture
filirate, 85% passed through the -cationic
column (corresponding to complexing of about
709 of 1nitial charge). This indizates the
formation of very stable ‘non-ionic¢’ or ‘anionic’
complexes of zirconium-niobium.

The molar concentrations, readily calculated
from the specific activity wvalues, of the trace
elements in solubilized state in sea-water and
iIn the culture filtrate are about, 3 x 1076 M
and 1 x 10t M for Mn; 4 X 106M and 5-8 X
1I06M for Zn; 64 X 10-9M and 86 x 10°8M
for Fe; and 3 X 10-°M and 8-5x 109M for
Zr-Nb, Trespectively. Sillen! noted that
organic complexes contribute to some of the
elements pregent at the very low concentration
of 1006 M to 10-"M and it is striking that the
concentrations of elements solubilized by the
dissolved organic constituents have been
observed to lie generally in the range of 1076 M
to two orders of magnitude below that specu-
lated by Sillen (1961).

In a similar series of experiments, the authors
(Desal et ql19) reported solubilization of
i situ precipitated BaSO,, as well as preci-

pitated BaSO,, in sea-water in the presence

of dissolved organic matter. The average
values obtained were 168ug, Ba/l in sea-
water and 621 ug. Ba/l. in the presence of dis-
solved organic matter for in situ precipitated
BaS0O,. Solubility of precipitated BaSO, was
132 ng. Ba/l. in sea-water and 497 ug. Ba/l. in
presence of dissolved organic matter, Solubi-
lized Ba was quantitatively retained on a sodium
exchanged. Dowex 50 W-Xx 8 (50-100 mesh)
cation exchange column (5cm. X 1 cm.). Similar
behaviour was observed with solubilized BaSO,
in dilute ammoniacal EDTA. Reported values
for the concentration of Ba in sea-water cluster
around 30-50#g Ba/l. (Krauskopf ;16 Chow
and Goldberg ;17 Turekian and Johnson ;18
while Burton et al.l®
value of 48 ug. Ba/l.

(81 ug. BaSO,/1).
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Although the total organic content in the
culture solution was comparable to that in
some of the sea-waters, it is not yet clear as
to what extent the above data can be quanti-
tatively applied in the marine environment.
The solubilization of all the ions observed in
sea-water used in the experimz=nt may also be
caused, 1n part at least, by the dissolved organic
matter already present in the system. How-
ever, in these demonstration experiments this
point was not investigated further, Further
work is in progress.

No attempts have been made to study the
stability constants of the solubilized material
since it has not been possible to establish the
individual concentrations of the dissolved
organic constituents of the culture filtrate.
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