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Abstract

hough both sets react with metals.

P presents the first attempts o det

ermine the distribution of fly
eastern Medi

orescent humic materjql in coastal
terranean. The IR Spectra of humic acids obtaine

d from lignites, soils, rivers and the

~~ ¢ of humic acids is quenched alkaline hypochlorite, implying that the fluorescence is dye to
Jmatic structures,

S of the first stage of a s

¢ acids in the eastern Mediterranean are
ally, the aims are 1o determine the chemical structure of humic acids, their distribution
egion, and their function. The present investigation emphasizes |R Spectra of humic acids
ment of their fluorescence in regions of the eastern Mediterranean (shown on Map 1).

Mmeasured on a Beckmann Acculab 2 by the KBr disc
| Turner Model 430 instrument, generally employing 360 nm light for exci
-at 455 nm. (Wavelengths at i i

tants were seen in
ate solvents as ¢

N Cultures were fi

€€ oralement par Jeg anteurs.
lutions, pp. 93 990, Cagliari, C.1.LE.S.M. (1980).

[983]

&2)




reliminary Investigation of the Distribution of Humic Acids in the North Eastern Mediterranean

" a. Structure and Distribution of Terrestrial Humic Acids
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MAP 1: SAMPLING STATIONS IN GOKSU RVYER DELTA (56715 N 3¢ 00 )
re | shows IR spectra of humic acids obtained from lignite, marine sediments and coastal
hich were similar to those obtained by previous workers (SHAPIRO, 1957 GOH, 1969 ;
1971 ; SCHNITZER, 1976 : STUERMER & PAYNE, 1976). The spectra of humic acids are all
‘each other and also similar to spectra of tertiary lignites (VAN VUCHT er. al. 1955 ;
, 1957; BURAVAS er. al. 1970), except for enhanced absorption by carboxyl groups at
sse spectra are interpreted as representing aromatic material substituted by aliphatic groups,
H groups and carboxyl groups. One notes that absorption near 1400 cm~' was generally higher
ion near 1450 cm ' the former was ascribed to methylene groups adjacent to a carboxyl
efore some of the carboxyl groups may occur in the aliphatic part of the molecules, an
n consistent with the "Hnmr spectrum of a humic acid by STUERMER & PAYNE (1976).
er failed to obtain resolved €' nmr spectra suggests that the molecules of humic acid are
i
simpler than the spectra of humic acids are the spectra of fulvic acids, which showed
prption by OH groups and carboxylate anions, which SCHNITZER (1976) has interpreted
1o the carboxylic acids of phenols.
gest localized concentrations of humic acid found in the north eastern Mediterranean, large
“determined gravimetrically, are the lignite seams, which sometimes occur in the Toros
R soil in the Cukurova plain at Tarsus and af Kirikhan for example contains 10 % humic
sditerranean soil found in the plain contains | % humic acids, while soils associated with
ear to contain much less. Fulvic acids generally occur in smaller quantities than humic

'

(1976), in a survey of the beach geology of Cilicia, rarely noted any organic material
sach sediment. About half of this sediment is calcium carbonate. Given our previous
each is an unlikely site for humic material. We have found that as little organic matter as
ymetimes be recovered from these sediments ; the material is acid soluble alkalii insoluble
ectra unlike those given of humic acids. Sediments from the delta of the Géksu River
en 0.1 and 1 % humic acid. (Sediments from the mouths of the Seyhan and Ceyhan rivers
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b, Structure of Marine Humic Acids

hyto and zooplankion, unlike terrestrial vegetation, contain no lignin and it is likely that the
mic acids, to which they give rise upon aerobic (oxic) biochemical degradation, have structures
ffer from those of terrestrial humic acids. HATCHER o7, al. (1980) have interpreted nmr spectra
acids from marine sediments in terms of modified carbohydrates : nevertheless, UNSAL &
Z (Appendix Fig. 2) have shown that degradation of a phytoplankton culture is accompanied by
arence of fluorescence very similar to that of terrestrial humic acid. We have assumed that this
¢ is the consequence of the formation of marine humic acid and that fluorescence measure-
| s¢a water show humic acid concentrations, either from a terrestrial source or from plankton.
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tribution of Humic Acids in Waters of the North Eastern Mediterranean

> acids occurring in coastal waters are generally of terrestrial origin and are carried to the sea
1€ proportion of humic acid derived from plankton increases with the depth of the water
orth eastern Mediterranean is traversed by three rivers, the Goksu, the Ceyhan and the
| various streams, all of which transfer humic acids from the land to the coastal region.
‘measurements of water in a lagoon, fed continuously by the Ceyhan river, indicated summer
of humic acid of the order of ppm. which is high for river water in the region. Table | A
Ce¢ measurements obtained from sea water in the vicinity of the Goksu River during a
he fluorescence of other river waters has yet to be measured, since flood water continues
each year, it is clear that throughout this time the sea is being supplied with humic acid.
$ measurements of humic acid fluorescence in sea water from the vicinity of the Goksu river
e spring of 1980. The results are insufficient, but possibly future work will provide
ween fluorescence and oceanographic parameters not yet appareat. The fluorescence
ie samples fit a modified Poisson distribution. That is, patches of humic acid appear to be
¢ or less randomly throughout the sea, the concentration of each patch varying about an
hich might be expected to vary seasonally.
id and the environment. Humic acid concentrations are a measure of the “bealth” of a
rge concentrations of humic acid indicate " the presence of decaying vegetation which
en available for respiration and® an increased rate of assimilation of nutrients by
& BASSETT, 1973; PRAKASH & RASHID, 1968 ; UNSAL & YILMAZ, 1980:

ey



TABLE 1A

Fluorescence measurements of {iltered surface waters from plume of Goksu river 14-16.4.1980
-MMMM,”_-,_M___”.,,MH.
cence intensity 3 3 6 2 12 22 30 29 27 36 55
028 2328 1810 2491 5.58 0.60
= = T —

Yoo 3794 3628 3594 3555 34.63 !

TABLE 1B

rear the Goksu River in March, April and May 1980

Fluorescence of sea water !
Results showed no simple correlation with oceanographic parameters

S - ,_,__m_#,,_,_....‘-———,._,___.,__ﬂ,-,,_’______.__..-——..
R wARCh .. i
cence Number Poisson®' Number Poisson® Number Poisson”
sity* of samples Distribution of samples Distribution of samples Distribution
e ——— e g e P
1 11 7 4.5 16 35
8 8 10 10 6 8.75
4 3 13 11 11 11
1 0.7 5 8 8 9.3
0 0.1 5 4.4 6 5.6
1 0 2 19 3 28
0 0 2 0.7 2 el

an average intensity of 3.5.
g an average intensity of 11
g an average intensity of 12.5.
st § Units.
- Ca munication). 1n the north eastern Mediterranean, the growth of plankton appears to be
d not by light, which is always reasonably intense, but by the availability of nutrients. Thus,
develops in late winter and early spring following the increase in nutrient concentrations
by winter weather, whereas in boreal waters the spring bloom develops somewhat later when the
sity increases. The rapidity of the development of productivity in the north eastern Mediterra-
well depend on the concentration of humic acid which is present when the supply of nutrients
. Humic acids figure prominently in environmental studies by virtue of their interaction with
ons. That they bind metals both strongly and weakly and that their concentration in the north
editerranean exceeds that of most trace metals, suggest that humic acids may often be regulating
concentrations and possibly even the transfer of essential metals to plankton. The complexing
and fulvic acids has been studied extensively (SCHNITZER, 1978 : O'SHEA & MANCY, 1978
, 1971, 1974 MANTOURA et. al. 1978). The subject is complicated and confused, although
clarified by noting that humic acids in solution are colloidal electrolyt

es. The formation of
cated by fluorescence studies (Appendix), suggests that humic acids form micelles. This is
by our measurements showing that 0.5-1 % of humic acid reduces the surface tension of water

] _:NaOH by ~ 25% at room temperature, resembling soap.

¢ well known that trivalent cations precipit
{ cations. This has been interpreted in terms
‘molecule, which may be valid. But it seems better to re
Hardy rule governing the coagulation of lyophobic ¢o
ns of the amounts of cation needed to cause coagulat

 concentrations of cations possessing the same jonic ¢
janges in the fixed layer of charge on the colloid. Complex formation may well be important

plex formation and colloid coagulation effects might be distinguished by investigating the effect
, the ionicC strength of the electrolyte. The Verwey-Overbeck—Derjaguin description of 2
“colloid solution suggests that increase in ionic strength of the solution will usually decrease the

coagulating cation needed to cause precipitation, while the Debye-Hiickel theory of dilute

ate humic acids more readily than divalent or
of the number of available complexing sites in a
gard the phenomenon as an example of
lloids. Table 2 shows some of our own
ion of a humic acid. Differences in the
harge presumably can be explained in

&
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TABLE 2 A

Amount of metals needed for coagulation of 1 g of bumic acid

1

Metal Amount needed (g)

Fe+? 0.23

Al+? 0.51

Mg+? 1.39

Ca+? 1.23
TABLE 2B

~ Dependence of coagulation of metal-humic acid complexes on the ionic strength of solution

Fluorescence Intensity"

lonic? +3 +3 ¥2 Re+2
Strength Fe Al Mg Fe

0.00 2.5 2.5 46.0 10.5
0.09 11.7 6.5 46.5 6.5
0.20 14.5 11.0 48.6 7.0
0.30 17.5 235 56.5 -
0.40 26.5 - -— i3
0.51 39.2 21.5 - -
0.72 435 49.0 61.0 -

i

199273 S %o

0 — 1.00509 S %o

‘amount of Humic acid was titrated with metal ions. The precipitate was filtered through a millipore
filter. The precipitate was equilibrated with the solutions of various ionic strengths. The fluorescence
f each solution was measured after centrifugation.

TABLE 3

Variation of humic acid fluorescence with concentration : Typical results

__'l( 360 nm. Emission maximum 520 nm. (High concentrations), 455 nm. (Low concentrations)

A/2 A4 A/8 A/16 A/32  A/64 A/128 A/256 A/512 A/1024 A/2048

1.8 31 76 104 95 67.5 43.9 249 13.5 9 6.9
8.4 38 75 8§55 175 51 30 159 9 5 3.5
1 2,53 2.48 265 267 2.63 2.62 2.41 3.04 * *

B/2 B/4 B/8 B/16 B/32 B/64 B/128 B/256

9 48.5 85.5 93 71.5 43.5 20.0 10.5
19 53 - 718 - 75 325 299 13 6.5
§.55 2.65 243 2.47 2.80 * * *

mic acid per ml of solution buffered at Ph 9.2.

acid per ml of solution buffered at Ph 7.0.
intensity at 455 m) (Tuss)~' (1-Tao)~' where T, = optical transmittance at x nm.

imittance inaccurate.
N

(6)
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ses in solubility with the square root of the ionic strength.
h suggest that the coagulation of humic acids depends in a
lloid and metal-humate complex

es shows that a complex increa
shows preliminary results whic
ed way on the ionic strength and that both coagulation of a co

| are involved.

'I
1 rn Mediterranean soils in concentrations of the order of
¢ are transported by rivers to coastal waters where concentrations are ~ 1 ppm. Such humic
ical structures similar to tertiary lignites. Their fluorescence, which appears to be due to
omatic structures, may be used to monitor their concentration in the sea where they behave
electrolytes. Humic acid concentration in north eastern Mediterranean waters is sufficiently
 very likely regulates the concentration of trace metals as well as determines the rate of

of nutrinents by plankton.

acids occur in certain north easte

ment

» grateful to many colleagues on «Erdemli” for helping to obtain samples 0s sediments and

‘Dr. Mustafa UNSAL and Aysen YILMAZ for permission to quote from their work on the
stween humic acid and phytoplankton and to Professors Helmud BAUMGARTEL and

ERG for their encouragement. Lagoon samples were collected by Dr. G. EVANS and will
detail elsewhere.

Appendix : Fluorescence of Humic Acids

iMI & CHRISTMAN (1968) observed that humic acids give broad fluorescence with a
sponding to excitation at 350 nm and emission centered at 450-460 nm. Our own results
olutions of humic acid agree with this. We have generally used an excitation wave length
served emission at 455 nm. These maxima however do vary depending on the source of
the material, namely a fulvic or a humic acid. Figure 2 summarises our observations. It
n Figure 2 that both sea water and soluble organic matter produced by plankton show

id fluorescence.

o direct evidence for the existe
UV and IR spectra of humic aci
hich they may be associated, sug

nce of polynuclear aromatics in humic acids but the
ds and solid fuels (which contain polynuclear aromatic
gests that such structures may indeed be present. Some
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as been obtained by studying the loss of fluorescence with hypochlorite treatment. When
olution of a humic acid is treated with hypochlorite anions, the colour of the solution
thin twenty minutes to an hour, passing from coffee brown, to cocoa, to orange, to yellow,
and decreasing in fluorescence. The reaction can be stopped at any stage with acid resulting
on of a solid possessing the same colour as the solution. Alkaline hypochlorite reacts with
ounds in many ways but if the pH is high enough, the major reaction appears to be the
Xidation of polynuclear aromatic structures to give benzene polycarboxylic acids (CHAKRA-
8). Figure 3 shows the IR spectra of solids precipitated by acidification of the hypochlori-
d reaction mixture. These spectra are consistent with the course of reactions postulated above.
@ particular the diminution of absorptions by aromatic structures at 1600 cm~' compared with
of aliphatic absorptions in the regions 3000-2900, 1450 and 1360 cm~* ; while UV absorption
¢ solutions from which the solids were obtained showed increased absorption around 250 nm,
e assigned to benzene rings, hence our inference that polynuclear aromatic structures were
g converted to benzenoid structures and that this was accompanied by the destruction of the
. Table | shows the dependence of fluorescence on the concentration of humic acid. It will be
5 dependence was similar to that shown by many other systems. Fluorescence increased
concentration, then non-linearly, maximized and fell to zero (OLSEN, 1975). The non-linear
on concentration is mainly due to the self-absorption of the fluorescent light by the humic
ns and this is not surprising since humic acid solutions absorb throughout the visible range.
that this explanation covers most but not all of the deviation from linearity. At highest
collisions must be increasingly competing with the production of fluorescence by
d molecules to their ground state. One might consider that collisions between humic acid
xcited by the absorption of light, with normal humic acid molecules form excimers. Table 3
at highest concentrations, the maximum intensity of fluorescence occurs at 520 nm rather than
ich indicates that excimer formation does occur. The highest concentrations are still very
there must be regions of the solution where the local concentration of humic acid molecules
ly high. This suggests that in those solutions the humic acid molecules were associating, for
“dimers, or, recalling the colloidal properties of humic acids, perhaps in micelles.

cence is used to distinguish the liptinite-exinite group of macerals in solid fuels from the
ing huminite-vitrinite group. This is surprising since knowledge of the chemical structures
the huminite-vitrinite group should contain more polynuclear aromatic material. Analogy
ent work suggests that the liptinite-exinite group fluoresces because it represents a very dilute
polynuclear aromatic material whereas, in the huminite-vitrinite group, the polynuclear
 more concentrated and are packed in small stacks so that fluorescence is inhibited. Etching
f the liptinite-exinite group with alkaline hypochlorite reduces fluorescence ; conversely it is
| restricted etching of the huminite-vitrinite group might enhance fluorescence.
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