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In examining the inf'luence of some factors in the production and 
mineralization of organic matter 'in sea-water, B u 1 ja n (1935) has 
found that i:t is possible to attain the deooncentration of phosphate 
gathered in thin sea-ibottom sediments and lead • them imo a solution, 
if there are for this purpose suitaible morphometric and hy:drograplric 
condiUons. - The ,experiments undertaken by the afore mentioned 
observer have shown that besides the H-ion concentrat:ion, also the 
aerification of water 'is a factor l:tffec:ting the quantity of phosphate 
liberated in wat 2r, i.e. that in semi-aerobic conditions is dissolved about 
29,6 % of phosphate and in strictly anerobic con:ditions about 53,8 % 
of phosphate reckoning according to the quantities which are liberated 
in. aerobic ,conditions. 

Our experiments aimed to ascertain (1) whether, and under what 
conditions ssa-water itself d,'ssolves arud pres.e.rves in the solution a 
determined quantity of phospha;te from mud, an:di (2) whEther, and. to 
what extent, the bacterial flora of the mud and sea-hottom water partake 
in the process of phosphate diffusion in water. 
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Material and Method of work 

In our experiments we used the mud from the gulf of Kaštela. 
The mud was collected by means of a Pete rs e n ' s corer, from a :diepth 
of 30 m. and its characteristics were the following: granulometric 
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elaboration of the mud according to which the particles of sediments 
are grouped in four categories showed to possess : 

89,53 % partides smaller than 0,01 millimeters 
8,97% particles from 0,01 to 0,05 millimeters 
0,96 % particles from 0,05 to 0,10 millimetern 
0,72 % particles from 0,10 to 2,00 mill'im2ters. 

Consequently with regard to the quantity of sediment in the single 
fractions and .a,ccording to the colour, itherefore accor:diing to the texture, 
the mud which we employed in our experiments answers to da.rk grey 
clay. The dampness of t he mud before sterilization was 49,3%, the 
spscific weight was 2,811 gr . and pH was 8,18. The ·contents of mineral 
matter determined by heaJbing to incandescence amounted to 78,56 % 
anJd! organic matter to about 21,42 %. 

Immediiately before the use the mud is w:ell homogenized, we1ighed 
and directly put into well cleam:d oxygen flasks of 300, 500 and 1000 
cm". The sterilization of ·the mud was performed in an autoclave (120° C. 
during 30 minutes, for each experiment, twice in an interval of 24 hours) . 

The sea-water used in the experiment was ,a.Iso taken from the gulf 
of Kaštela ,at a distance of about 1000 m. from the shore. The water for 
the experiments with the single pure ba,cterial cultures was filtrated 
through fil terpap2r before the :s:terilization in the autoclave (120° C. 
for 30 minut::s for each experiment:, twice ,j\n an interval of 24 hours ) o:r 
was :frtered thr'i:iugh the B •e r kefe 1 d filter (N) for experiments with 
mixed bacteria.l cultures. 

For the examination of the activity of the single bacteria we took 
12 pure cultures which we isolated from the mud by means of inoculation 
on the nutrient broth ·under aerobic and anaerobic conditions (Tab. 1). 
S ome of the baderial characteri:stics ha.ve been determined in th2 usual 
way, according to the »Manuel of Metho1d;s for pure culture study« 
(1950). In order to examine the activity of the mixed baeter'ial flora we 
used 48 hours bacterial cultures from different selectlve broths (Cv i i ć 
1955), which we inoculated with the suspension of the same mud. The 
counting of the bacteria was đone by 1the mdhod of the dish on the 
nutrient broth of the usual composition (C vi i ć 1953). This method 
affords only a survey on the fluctuations of the number of hetero:trophic 
bacteria in the experiment and these data served as a contr,ol of the 
fluctuations of .the bacterial populations in the experiment, and not :as 
its absolute number. 
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T a b . 1. SOME CHARACTERISTICS OF THE BACTERIA EMPLOYED IN THE 
EXPERIMENTS. 
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The free phosphate in sea-water was 1d,etermined by means of D e ni­
g e s' colorimetric method modified by C o o per (1938) . Oxygen was 

. determined by means 10.f the modified W i n k 1 e r ' s method, H-ion 
ooncrntration by means of electrical pH meter (Radiometer - Copen­
hagen). 
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Experiment ,an 1di results 

I . CHEMICAL SOLUTION OF PHOSPHATE FROM TRE MUD 

The preliminary ex:periments had already shown that sterile mud, 
well stirred with a determined quantit y of sterile sea -wc.Vter augm2nts 
the contents of free phosphate in water. In 10 oxygen flask.s, volume of 
about 300 cm" we put 10 gr. of mud, we sterilized it and filled up to the 
top with s t2rile sea-watsr which had 2,5 mgr/m:i P-PO•. The mud a.n:3' 
water were well mixsd and let to stay from 24 till 48 hours, in order that 
the mud might dep::isit again. The analysis of the water showed t hat 
the lat ter now ,contiained 25,0 and jn some flasks even 30,0 mgr/m3 free 
P-P0,1. It means thrut the quantities of free phosphate in water was 
augmsnted by solution for 22,5 to 27,5 mgrlm\ namely on average for 
about 24,5 mgr/m\ 

I 

In the further experiments we took 10 flasks of about 500 cm3 

v,o lume and id1ropped into each of them 20 gr. of mud. After a similar 
procedure as in the previous e~periment, we ascertained that the 
quantity. of free pho:sphate in water was augmented on average for 

T a b . 2. INFLUENCE OF TRE WATER VOLUME AND QUANTITY OF MUD ON 
TRE CREMICAL SOLUTION OF FREE PROSPRATE FROM MUD. 

300 cm3 water 
--

Experi- 1000 cm3 wate1, from 20 gr. mud from 10 gr. mud from 20 gr. mud ment from 10 gr. mud 
No. dissolved P-04 dissolved P-0• dissolved P-0• dissolved P-0• 

mgr/m 3 mgr /m 3 mgr/m3 mgr/m3 

1 34,0 50,5 

I 
28,0 43,0 

2 35,5 52,0 26,0 41 ,5 

3 33,5 51 ,0 28,5 42,0 

4 32,0 52,5 25,5 42,5 

5 33,0 50,0 26,5 41 ,0 

I 
Average I 33,6 I 51,0 I 26,9 

I 
42,0 

on 100 cw,3 

water, dis- 11,2 17,0 2,6 4,2 
solnd 

I 
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. about 40,8 mgr/m:i P-PO4 and the increase varied from 36,0 to 54,0 
mgrim3 . 

The repetition of the aforesaid experimehts showed that the varitions 
of the quantity of phosphate dissolved in water are fairly remarkaible 
a.nd we attributed! them to the difference in volume of the flasks and 
particularly to the difference in the kind of mud which we had taken 
for these experiments from various regions. Namely, Z o Be 11 (1939) 
had already expressed the opinion :that the texture of sediments with 
the contents of organic matter has an influence in the baderi.al quantity, 
more than some other factors. Also from the resu'lts B u 1 j a n ( Op. 
cit.) - who in his experiments useid' mud from various parts of the 
Adriatic, - we can see that the differences in the quantities of dissolved 
phosphate were fairly remarkable, sirice, for instance, in strictly anaerobic 
conditions were dissolved 442, 482, 366, 541 and 962 % phosphate. This 
.is the reason why in all our further experiments we used always the 
same mud from the gulf of Kaštela, •of which we have g'iven the 
cha.racteristics in our previous pages. 

In order to estrublish whether and in wh:a,t measure the volume and 
quantity of m111d affects the chemical solution of free phospha;te, we 
carried on parallely experiments with flasks of 300 cm3 and of 1000 
cm3

• We used the same, we'll homogenized mud and the same sea-w:ater, 
containing 2,5 mgr/m3 free phosphate. The mixing of the mud w'ith 
wruter was carrie'1 on after 24 hours and on T a b. 2 we give the results 
obtained. 

From Ta b. 2 we can see that the sea-water in 10 gr. of mud 
dissolved on :average 33,6 mgrlm 3 free phosphate if the volume of water 
was 300 cm3, and! 26,9 mgrlm 3 if the volume of water was 1000 cm3

• 

From 20 gr. mud was dissolved 51,0 mgrlm3 phosphate in 300 cm3 of 
water, and 42,0 mgr/m 3 in 1000 cm3 of water. If we take 1000 cm3 of 
waJter as a unit of volume, then it appears that from 10 gr. mud on 100 
cm:i in the smaller flask was dissolved 11,2 mgrlm3 phosphate, and 'in a 
flask about three times larger only 2,6 mgr/m3. From 20 gr. of mud was 
dissolved in the flask of smaller volume 17,0 mgrlm 3 phosphafe per 100 
cm3 of water, and in the flask of a bigger volume only 4,2 mgrlm3

• 

Acoordingly the counting of free phos:p,hate solution per unit of volume 
shows 1that there is idependency ihetween the volume of disponible water 
and the quantity of di,ssolved phosphate, as well as the quantity of raw 
mud and the volume of water. 
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The results obtained show then that 'the quantity of chemically 
dissolved free phosphate and the volume of water are in an inverted 
proportion, i.e. with the saJUe quantity of disponible mud in the unit 
of water volume, dissolves the more free phosphate as the less is the 
tota:l volume of water. On the other hand it was shown that between 
the quantity of dissolved free phosphate and the quantity of mud there 
'is a direct :proportional rsla:thm, i.e. with the same quantity of w.a.ter 
more free phosphate is dissolved if the quantity of mud is bigger and 
viceversa. 

The question arose whether the dissolved free phasphate remain 
in the solution or tl).e mud :absorbs them again and how far d,oe:s :the 
quantity of oxygen in water influence this, i.e. aer.ob'ic and anaerobic 
conditions . 

An exeriment was carried on in which equal quantities of sterile mud (20 gr.) 
i;ind sterilized sea water (P-PO4 - 4,0 mgr/m 3) , 02-0,76 ml/1. ph - 7,42) were put 
into three series of each five oxygen flasks of about 500 cm3. The first five flasks 
(a) were not filled with water up to the top, but between the stopper and the water 
surface was left an air- space, which had to be used as a reservoir of oxygen. The 
second series of five flasks (b) were filled with water up to the stopper to prevent 
the diffusion of oxygen from the a.ir. The third five fLasks (c) were filled up to 

· the stopper and into the wa-ter, as a means of oxygen reciuction was put 0,1 gr/lit. 
NaHSO3, which had taken all the oxygen from the mud and water. The flasks 
were incubated in a water bath at a temperature of 24°C. ·Every 2-3 days a flask 
of each series was taken out and by means of a slender tube was pipetted out a 
quantity of water sufficient for the analysis . The ana-lysis of the quantity of 
phospha,te was performed and as a control of the experiment was performed the 
analysis of the quantity of l;>acteria, of oxygen and of H-ion co11centration. The 
inoculation of water on the agar Petri's dishes showed that the flasks aU the time 
of the experiment had remained sterile. 

On F i g. 1 we show the results of the analyses of free phosphate 
in water. Iit was proved that the quantitiy of phosphate during 13 days 
fluctuates slightly under aerobic, the so-called semi-aerobic and strictly 
anaerobic conditions. At the beginning there was in all three cases a 

---a 

' - -- - -b 
~60 ---c: 

~ ~ ---- ---... ..... ...... 
1 ~ I::: so -- ...... 
• :::-.-- -~:::.,- --e 
~~ . -
Q. 

"" --'-----'---- ~ o , 7 

• days -

,o ,. 

F i g. 1. Chemical solution of phosphate from the mud under aerobic (a) semi­
aerobic (b) and strictly anaerobic (c) conditions. 
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slight increase of phosphate which may be ascriibed to a possib'le 
subse,quent solution and towands the end of the experiment the quantity 
of phos:phate in all three cases was slightly decreasing, - which would 
rtE an that there was a certain sedimentatiion or renewed absorption of 
p-hosphate in the mud. It was proved, therefore, that chem'ically dissolved 
free phosphate r emained substantially in the solution for the thirte-en 
days during which ithe experiment lasted. 

In the experiment the contents of oxygen ,a-n1d H 0ion concentration 
fluctuated very slightly, i.e. r emained subst antially the same till the end 
of the experiment. The quantity of oxygen varied from 1,42 to 1,73 ml/1. 
in the flasks »a« and »b « _and in the flasks »c« i1t was O ml/1., pH varied 
from 7,41 to 7,67. 

In the further succession of experiments we· had to get the answer 
to the second questi-on, namely whether and in wha.t measure ithe bacterial 
flora of the mud and sea-wa.ter partake in tlie process of diffusion of 
free phosphate from the mud into the water. 

II. BIOGENETIC LIBERATION OF PHOSPHATE FROM NATURAL 
MUD INTO NATURAL SEA-WATER · 

In :th e first experim::mt we wished to ascertain what amount of free 
phospha·be would be diffused from natural non-ster:Uized mud in which not 
only bacteria.l f'lora had r emained untouched, but also other mud 
organisms in natural non-sterilized water, and_ whether there is in this 
<liffusion any difference between aerobic, semi-aerobic and strictly 
anaeroibic conditions. 

We took three series of oxygen flasks of about 500 cm3, we ·sterilized them 
and in each of them we weighed 10 gr of weil homogenized natura! mud. We 
poured then sea-water (P-PO~ - 3,0 mgr/m3, 02 - 5,57 ml/lit, pH - 8,09) in three 
series of 4 flasks each. Seri e s »A«: in the flasks was poured 3/ 4 volume of water, 
so that between the stopper and the water surface remained an air spa:ce, and the 
flasks were stopped up with a cotton plug. Se r i e s »B«: the flasks were filled 
w ith water up to the top and well closed with a glass stopper which wais paraffined. 
S e ri e s »C«.: the flasks were filled to the top with sea-water ini<J ~hich we had 
pcured 0,1 gr/lit NaNSO:1 and well closed with a parnffined glass stopper. The 
water and mud in the flasks were well shaken and incubated in a water bath at 
a temperature of 24°C. Every 2,4 etc. days from each series was taken a flask,· 
some clear water was pipetted from it and then the analysis was performed: the 
number of bacteria per cm3, the quantity of free phosphate, the quantity of oxygen 
and H- ion concentration. The results of these analyses are shown on Ta, b. 3 and 
the diffusion of free phosphate in this experiment is represented by means of 
curves on F i g. 2. 
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Tab. 3. BIOGENETIC LIBERATION OF FREE PHOSPHATE FROM NATURAL 
MUD IN WATER UNDER AEROBIC (A), SEMI- AEROBIC (B) AND STRICTLY 
ANAEROBIC (C) CONDITIONS, QUANTITY OF BACTERIA, PHOSPHATE AND 

H - ion IN THE SINGLE STAGES OF THE EXPERIMENT. 

Experi- After Bacteria P - PO4 5.22 per cm3 pH men t days X 10 mgr/m 3 ml/m 3 

A 2 130 26,0 5,22 7,83 

A 4 160 48,0 3,32 8,13 I 

A 8 11 71,0 3,50 7,25 

A 12 12 95,5 4,20 7,08 

B 2 140 28,5 1,83 7,87 

B 4 175 42,5 0,30 8,05 

B 8 25 77,0 o 7,68 

B 12 27 103,0 o 7,52 

C 2 41 79,0 o 7,25 

C 4 83 104,0 o 7,18 

C 8 16 106,5 o 7,30 

C 12 8 114,5 o 7,32 

The liberation of free phosphate int o water (Fig. 2) did not flow 
in all three flasks in an equal measure. Already, after 48 h . occurred. a 
differentia.tion which remained, or was augmented, till the end. of the 
experiment. In the experiments made under aerobic a ll!d sem'i-anaeroibic 
coriditions the differences in the rise of phosphate through the duration 
of the experiments were not remarkable, but the quantity of liberruted 
phosphate was remarkably bigger in semi-anaerobic condit:!ons. Un:der 
strictly anaerobic conditions • the rise of phosphate in wruter was by far 
bigger than in the first two cases, and the ibiggest difference was aft er 
four days, when it amounted fo 56,0, respectively to 62,0 mgr/m3

• 

Towar1d1s the end of the experiment, name1y after 12 days, the differences 
were lessened and the quantity of phosphate in water was augmented 
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in comparison with the beginning by 02,5 mgrlm 3 under aerobic condi­
tions, by 100,0 mgrlm'1 under semi-anaerobic conditions and by 111,5 
mgr/m" under strictly anaerobic condiUons. 

The analyses of the disponible oxygen (Tab. 3) show that there was 
in the series »A« during the experiment enough of it for a full ac:tivity 
of aerobic and facultatively a,erobic bacteria.. In the series »B« th2 
quantity of oxygen went ahruptly td:ropping and was quite consumed 
between the fourth and eighth day, after which the phosphate oould be 
liberated only by the activity of facultatively aerobic or strictly 
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F i g. 2. Biogenetical liberation pf phosphate from natural non-sterilized sea mud 
in sea water; »A« under aerobic, »B « under semi-aerobic, »C« under strictly 
anaerobic conditions. 

anaerobic bacteria. The H-ion concentrations was in the course of the 
experiments in all three series substantially in a gradual osdllation 
towards the neutr.al, but with a general tendency to a rise of H-ion 
ooncentration, respectively a dropping of pH. 

The number of heterotrophic bacteria (Tab. 3) suddenly augmented 
in the first four days and afterwar1ds it droppsd in all three cases. More 
detectable differences in the quantity of these baciteria appe.ared in 
strictly anaerobic oondi.t ions »C« where t:he aver.age number of hacteria 
per mc3, wias remarkably lesser than in the other two cases (»A« and »B«) . 
Very likely it is a question here of the a.ction of Na-sulfite which in the 
employed ooncentration, it is true, does not act tox:icantly on bacteria, 
as showed by the pre1imina.ry experiments with the pure bacterial cul-
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tures, but which in a determined number of bacteria retards their 
growth. The 1diata obtained about the number of ibacteria represent only 
an incomplete picture of the number of aerobic and facultatively 
&.naerobic heterotrophk ba.cteria, and by no means their actual number 
active in the experiment. These data can, therefore, serv2; only as a rnugh 
and ready control of the motion of a part of the bacterial populations in 
the experiment. w·e can rightly presume that the number of bacteria 
is by far larger with regard t o the numerous physiological groups of 
bacteria 1\egistered. in the mud by vari1ous observers, (Z o B e 11 1942 
and 1943, K ris s 1954) and which could not be registered by our 
method. 

The results obtains:d! in t he previous experiments obviously show 
tha:t a fairly large quantity of free phosphate was liberated biogenetically 
into water in the course of the ex1periment (the analysis of the wat2r 
showed that :chemically was clissolved ab:mt 21,5 mgr/m:i P-P04 on 500 
cm:i of water), thait the dissolved phosphak: during 12 days not only 
r cmained in the solution, but was constantly rising and that the bigg3st 
growth of phosphate was in the s:trictly anaerobic conditions. Conse­
quently our data correspond to the results obtaine:di by B u 1 j a n (Op. 
cit.) However the question a,rose if in this diffusion of free phosphate 
besides bacteria participated also some other group of organisms from 
the mud or from the added sea,-water. It is known, in ·fact, that some 
protozoa and other animals as well as some sea moulds and. fungi can 
lin in anaerobic conditions (Z o B e 11 1945) an:d we bave to presume 
that these also, as many other organisms in mud, may have a direct or 
indirect part in the diffusion of phosphate into 'ovater. We endeavoured 
to clarify this ,question in our foUowing experiment. 

III. BIOGENETIC LIBERATION OF PHOSPHATE FROM STERILE 
MUD IN SEA WATER INOCULATED WITH SUSPENSION OF MUD 

BACTERIA 

We weighed 10 gr. of the same well homogenized mud into three series of 7 
oxygen flasks (D, E and F) we sterilized twice in autoclave and filled with twice 
sterilized sea-water (P-PO, - 3,5 mgr/m3, O, - ;l,21 ml/lit., pH - 8,14). In the 
flasks of the series "D« we left on the top an air space and we closed them with 
a cotton plug, the flasks series "E" were filled to the top and paraiffined the glass 
stopper; into the flask series »F« we poured sterilized sea-water till the top, to 
which we added NaHSO~ (0,1 gr/lit.) and after inoculation we paraHined the glass 
stopper. All the flasks were inoculated with 0,5 ml. of bacteria sunspension, which 
we arranged as follows: the mud suspensi-on was inoculated in six different selective 
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broths ; after 24 hours we put into a sterilized pumkin 3 ml. of culture from each 
broth, we stirred well together and then inoculated the flasks with this mixture. 
The cultures in the flasks after stirring were incubated in a water bath at a tempe­
rature of 24°C. Three separate flasks with mud and water were left non inoculated­
sterile and after 24 hours we ascertained tha t in them were chemically dissolved on 
average 18,5 mgr/m'1 free phosphate in each flask. The results of the water analysis 
in the cultures, carried on at determined intervals of time, are shown on Ta b. 4 
and Fig. 3. 

Ta b . 4. BIOGENETIC LIBERATION OF FREE PHOSPHATES FROM MUD IN 
WATER PERFORMED IN MIXED BACTERIAL CULTURES UNDER AEROBIC 

I 
I 

I 

(D), SEMI-AEROBIC (E) AND STRICTL Y ANAEROBIC (F) CONDITIONS, AND 
VARIATION OF THE QUANTITY OF BACTERIA, OXYGEN AND H-ion CON-

CENTRATION IN THESE CULTURES. 

Experi- After Bacteria P-PO4 o, 
per cm3 pH ment days 

X 103 mgr/m 3 ml/lit 

D 1 500 29,0 1,87 8,12 

D 3 670 15,5 0,98 7,78 

D 5 590 40 ,0 1,65 7,68 

D 8 400 50,5 1,92 7,70 

D 11 350 54,0 1,32 7,58 

D 14 390 43,0 1,20 7,60 

D I 17 180 48,5 2,10 7,45 
----

F 1 560 35,0 2,15 7,97 

F 3 710 22,0 1,16 7,87 

F 5 700 20,5 0,56 7,73 

F 8 370 41,0 0,19 7,72 

F 11 270 49,5 0,10. 7,55 

F 

I 
14 400 44,0 0,06 7,52 

F 17 300 59, 0 o I 7,40 

F 1 60 41,0 , o 8,09 

F 3 86 40,5 o 7,85 

F 5 106 46,0 o 8,05 

F 8 104 59,0 O H ,S 8,00 

F 11 150 63,0 o ,, 7,89 

F 14 120 69,5 o ,, 7,73 

F 17 190 89,0 o ,, 7,65 

1 
I 
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In this experimerrt it was also shown that the highest rise of free 
phosphate, from the beginning to the end of the experiment was in the 
bacterial cultures cultivated under strictly anaerob,~c · condictti.ons (Fig. 3) 
and lesser was the rise under aerobic andi semi-aerohic conditions. The 
đifferences in the quantities ,of libera.ted phosphate in these :three cases 
are explkit, but not so big as in the previous experiment (Fig. 2). 
Besides in this exper!ment there were remarkable oscilla:tions in the 
quantitiy of phosphate in the single interval-s of time, whereas in the 
previous experiment none was observed. Particularly restless are the 
curves of !the phosphate rise in the cultures cultivated under aeroibic and 
semi-.a,erobic conditions, where the quantities of diffused phosphate in 
their reciprocal relation rose and 1d1ropped several times in the course of 
the experiment. This manifestation is very likely causeđ. because by 
the sterilization of the mud, some physi:cal and biologic-ecologic condi­
tions were altered, whereby the natural course of biogenetic and abio­
genetic processes was derangeid, respectively was deranged the natural 
balance in the medium. About the reciproca,l antagonistic action of 
bacteria 'in a mixed bacterial cu'lture iof sea-water, up to · now we have 
enough parti,culars W a ks ma n (1937 and: 1941) ascertained lately thart 
in the struggle for food the bacterial species to which the condi tions of 
the environment suit ibetter, drive back the other bacterial species. 
L e w i s (1929) proved ·that Pseudomonas fluorescens produce in the 
culture toxic matter which hinders the growth of other bacteria and 
moulds. ZoBell and Anderson (1936) Taylor (1940) ,and 
Ch a r 1 ton (1955) and many other authors have also ascertaine:di that 
a direct and indirect antagonistic action exists between the single 
bacterial species in the mixed bacterial cu'ltures. adducing various 
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F i g. 3. Biogenetical liberation of phosphate from sterilized sea mud and sea water 
inoculated with bacterial suspension; »D« under aerobic, »B « under semi­
aerobic „F« under strictly nnaerobic conditions. 
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opinions about the causes of such manifestati-on. It is obvious that in 
our case too, since in the sterile mud and sea water were put various 
bacterial species from the mud suspension, these bacterial species, having 
come into a new, ecologically-unbalanced medium, executed reciprocaily 
a remarkable anta.gonistic action, which, accoricl!lng to the conditions of 
t:p.e medium, respectively according to the processes themselves in_ such 
a medium, was at times more strongly and sometimss more weakly 
expressed and directed now in this and then in that direc:tion. 

The consumption of oxygen and the fluctuation of H-10n concentra­
tion (Tab. 4) were in this experiment substan:tially the same like the 
one in the previous experiment. Although the quantity of oxygen in 
water was rather different in the series D, E, F, tt seems it di1di not 
affect the bacter'ial activity in the decomposition of org.anic matter, 
respectively in the liberation of phosphate from mud. In the series »F« 
where all the oxygen was already reduced at the beginning of the 
e;;periment, and after the eleventh day appeared H•S in water, the 
liberations of phospha.te flowed indisturbed an1dl even bigger quan:tities 
were liberated than in aerobic and semi-aerobic conditions. This 
phenomenon may ibe connected to the results Z o B e 11 and A n d e r­
s on (1936), who ascertained that the con:tents of oxyger1 in sea water 
is a factor which, it is true, affects the bacterial a.ctivity, but had no 
importance for dense bacterial po:pulations which appear in small 
volumes of sea water. 

In the cultures of this experiment the fali of pH towards the end 
of the experiment was still more evident than in 'the previous one. For 
this phenomenon most problably is in part responsible the bacterial 
creation of desaminasis, far which Ga 1 e (1943) ascertained that i:t 
gives an 'impulse for the cha.nge of pH towards acid and that in addition 
to decarboxylasis it acts in the cultures as a, mechanisms of neu:tralization 
by means of which the organism attains a degree of internal stabilizat!on, 
if it finds itse'.lf 'in a medium which shifteidi from neutr.ality. It is 
inevitable, on the other hand, that the very biochemical processes 
themselves, which have taken place at the same time in :the cultures in 
the ,c,:mrse of the experiment, i.e. biogenetic tr.ansformation of organic 
material and ruhiogenetic reaction in the mud Hself, - have influenced 
the H-ion concentration. 

The quantity of heterotrophic bacteria in the single stages of the 
experiment (Tab. 4) was, also in this case, bigger in the cultures kept 
under a.erobic and semi-aerobic conditions than in those under str'ictly 
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anaerobic conditions, only in the first and second cultures .the maximum 
of bacberiial development was attained after the thi!rd, respectively after 
the fifth day, and in strictly anaerobic conditions the maximum of bacte­
rial development w.as attained only close to the end of the experiment. 
S::nce we had inoculated the flasks w.ith mud suspension from selective 
broths in whic_h could grow only aerobic and facultatively aerobic 
bacteria, it is plain that in our case only these were active in the processes 
of decomposition of organic matter, respectively of hiogenetic liher,ation 
of phosphate. Z o B e 11 (1946) mentions that of the bad:erial colonie;s 
isolated from the seamudi, over 90% were facultatively aerobic and 
therefore only a relatively small numl;:,er of mud bacteria is stric:tly 
anaerobic. Consequently, according to their p-hysiological action in our 
experiment there were by -all means in the suspension employed various 
types of bacteria that attacked and decomposed the organic matter from 
the mud, liberating in .doing so certain quantities of phosphate. 

If we compare the data a.bout the quantities of dissolvedi phosphate 
in the previous experiment (series »D, E, F«) with the quantities of 
dirnolved phosphate in the ex:periment wiith non-sterilized mud and water 
(sc:ries »A, B and C«) we can affirm that at the d ose of . the e~~periment 
there was in the first: A = 95,5 mgr/m3, B = 103,0 mgr/m3 and C = 144,5 
mgrlm3 of free phosphate and in the second experiment there was: 
D = 48,5 mgr/m3, E = 59,0 mgrlm3 and F = 89,0 mgr/m:i frse phospha t'-3. 
Thc:refor,e in the experiment in which the natura} equilibrium had! not 
been der;anged by sterilizabon, bacteria had regenerated a1hout 40% more 
phcsphate, than in the experiment in which the mud and water had been 
~Jerilized. By the experimenfa which followed We ,vished to verify this 
phenomsnon under exactly contro'U:c.1d and equal conditions for both the 
cases. 

IV. BIOGENETIC LIBERATION OF PHOSPHATE FROM NATURAL 
AND ·STERILE MUD UNDER STRICTLY ANAEROBIC CONDITIONS 

In the oxygen flasks of about 500 ml. volume we weighed for each 10 gr. of 
well homogenized mud. The first series of five flasks (G) were sterilized twice zm d 
filled to the top with sterile sea water (P-P0,1 - 2,5 mgr/m'I, pH - 8,09) to which 
we added 0,1 gr./lit. Na-sulfite, we inoculated the flasks with 2· ml. of b3cterial 
suspension from selective broths and then we .par:::.ffined the glass stoppers. In 
the . second series of five oxygen flasks _ (H) we did not sterilize the. mud, but filled 
the flasks to the top with sea water (P-:--P0,1 - 3,5 mgr/m" pH - 8,08) which we 
filterecf through a Berkefeld filter (N) iri order to remove from it. all thc organisms 
.and ·to· which we also added b ·reduce the oxygen 0,1 gr./lit. Na- sulfite. After 
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Ta b. 5. BIOGENETIC LIBERATION OF FREE PhOSPHA.TE FROM MUD, UNDER 
STRICTLY ANAEROBIC CONDITIONS IN CULTURES INOCULATED WITH 
BACTERIAL SUSPENSION (G) AND IN CULTURES WITH NATURAL BACTERIAL 
FLORA FROM MUD (H) AND PARTICULARS ABOUT THE FLUCTUATION IN 

THE NUMBER OF BACTERIA AND H-ion CONCENTRATION. 

Experi- After days Bacteria pPr P-PO4 02 pH ment cm 3 X 103 mgr/m 3 ml/lit 

-
G 1 217 27,0 o 8,08 

G 2 316 31,5 o 8,06 

G 4 250 43,0 o 8,12 

G 6 230 58,0 o 8,19 

G 10 330 78,0 o 8,09 

H I 153 32,5 o 7,99 

H 2 255 46,0 o 8,12 

H 4 310 52,0 o 8,13 

H 6 269 73,5 o 8,09 

H 10 289 92,0 o 8,03 

having paraffined also for these flasks the glass stoppers, both flasks and mud 
were well and equally mixed, all the flasks were incubated in water bath at a 
'.emperature o,f 24° C. In specially prepared sterile fla:sks the water chemically 
dissolved 21 ,5 mgr/m 3 free phosphate. The results of this experiment are shown 
on Ta b. 5 and F i g. 4. 

In this experiment it app2ared again that bacteria in na.tur.al 
conditions of non-~terilized mud, dissolve b :gger quantities of free 
phosphate from the mud than are dissolved. by the bacterial susp,2nsion 
of the same mud cultivat2:i 24 h. on selective broths. Since it may be 
suppJsed tha:t with the susp2nsions must have come again in the culture 
t he principal groups of bacteria that were also .b,2fore in the mud, a:1d 
were perhaps removed some oth2r org.anisms, in such a case the main 
re~pcnsibility for t h's reduction in th~ •1uantitiy of disso,lved phospha.te 
should be ascribed to the mud. To this latter the sterilizati1on h 1d 
inevi'tably altered some physical, chemical and very likely also biochemical 
foculties, lessening and s18!ckening the activity of the bacterial flora, 
particularly of some physiologic bacterial groups. In this way, by all 
means wa:s afforded a bigg~r possibilty for the antag::mistic actkm of 



18 

&o 
I, 

t 
Q_ 
~ bO 
~ .. 

<:) 
Q, 

"" ~ 

20 

o 

___ , ,~ 
----H ,, 

,..-

4 

/ 
/ 

- days -

,,,,,,/ 

,o 

No. 4. 

F i g. 4. Biogenetica l liberat ion of phosphate from sterilized mud and sea water 
inoculated with bacterial suspension »G« and natural mud and sea water 
»H «. Both the exper iments wer e carried on under st rictly anaerobic 
conditions. 

some bacterial groups, to which the conditions of the m edium suited 
much better :than to other ba,cterial groups, the activity of which was 
temporarily or permanently rej-ected. It will be however necessar y t o 
<ledkate -a. particular attention to this phenomenon • to which we simply 
endeavoure<l to give here a general explanation. 

In order to get a picture about the activity of .the single pure 
bacterial cultures in the biogenetic solution of free phosphate from th3 
mud, we 'isolated from the mud 12 bacterial strains and with th:::m carriP-d 
on single experiments. 

V. BIOGENETIC LIBERATION OF PHOSPHATE BY PURE 
BACTERIAL CULTURES 

In the ox;i,gen flasks about 300 ml. v oiume we weighed into each 10 gr. of 
well homogenized mud, the flasks and mud were twice sterilized and then f illed to 
the top with twice sterilized sea-water. The quaritity of P-PO, in the sterile sea 
w ater was in some flask series 3,0 mgr/m3 and in others 1,5 mgr/m", the quantity 
of oxygen was 2,58 or 2,20 ml/lit. and in some flask series there was 9,09 pH and 
in others 8,15. The series of flasks were inoculated with three dro:µs each of 48 h . 
pure broth culture and then flasks were closed with glass stoppers, the mud and 
water in them were well stirred and incubated in a water bath at a temperature 
of 24,0° 9. In order to ascertain the quantity of phosphate dissolved by w ater itself, 
i .e. chemical!y, we left on purpose for each series a sterile flask and the analysis 
after 24 h . showed that there were chemically dissolved from, 25,0 to 30 mgr/m3 

of free phosphate. 
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Ta b . 6. PARTICULARS ABOUT THE BIOGENETICAL LIBERATION OF FREE 
PHOSPHATE FROM MUD IN WATER IN THE DEVELOPMENT OF 12 BACTE-
RIAL CULTURES AND ABOUT THE VARIATION OF OXYGEN AND pH IN THE 

SAME CULTURES. 

[j ~ 
~6 

H ~ H ~ --.. 
Q) " H Q) " H 

tll o.~ H p,.O on p,.O 00 :>, on ..... s ..... s ro 
-~ X s ~ -~ X ~ -~ X § "d c:: H o o s o a H Q) s J:l „ JL:., 

Q) t; ~6 p.. u s p.. u s p.. _.., 
p:! p:! p:! 'H &l u I o P3 u 

I o P3 u 
I o ~ p.. o. p.. o. p.. o. 

Strain 215 Strain 217 Strain 258 

1 48 28,0 2,37 8,22 1 33,0 2,27 8,23 1 29,5 2,50 8,09 
3 97 40,0 1,94 8,16 2 16,0 2,08 8,18 3 32;0 2,37 8,10 
5 120 81,0 1,44 8,01 5 54,5 1,60 8,99 4 66,0 2,16 7,99 
7 130 70,5 1,18 8,03 90 74,5 0,35 7,90 12 87,5 1,89 7,96 

10 120 84,5 0,90 7,88 80 86,5 0,20 7,83 15 103,5 1,80 7,91 
13 100 112,0 0,46 7,85 73 98,0 0,14 7,84 10 109,0 0,98 7,89 

Strnin 295 Strain 301 Strain 302 

1 3 29,5 2,26 8,22 62 27,0 1,80 8,00 56 23,0 1,35 7,94 
3 6 35,5 2,07 8,15 31 49,5 1,07 7,81 37 43,0 0,97 7,70 
5 21 48,0 1,63 7,91 41 57,0 0,99 8,06 42 66,0 0,93 8,03 
7 53 72,0 1,13 7,88 29 72,0 1,25 8,05 74 77,0 0,67 8,05 

10 48 91 ,5 1,00 7,75 16 94,0 0,74 8,03 67 103,5 0,60 8,02 
13 25 122,0 0,74 7,74 19 84,0 0,05 7,03 59 112,0 0,36 7,75 

Strain 310 Strain 311 Strain 312 

1 73 25,0 1,87 7,93 15 25,0 2,70 7,74 14 23,5 2,50 7,75 
3 81 51,0 1,29 7,91 14 43,0 2,51 8,21 · 16 40,0 2,42 8,08 
5 54 72,0 1,32 8,02 32 68,5 2,13 7,99 16 64,0 2,30 7,87 
7 28 89,5 1,12 8,04 29 92,0 1,97 8,05 15 87,0 1,71 7,88 

10 30 99,0 0,75 8,01 11 86,5 1,82 8,06. 29 74,5 1,41 7,85 
13 25 104,5 0,37 7,88 40 72,0 1,45 7,95 52 88,0 1,12 7,92 

Stmin 313 Strain 314 Strain 315 

1 13 22,0 2,82 7,74 40 19,0 2,41 7,69 12 21 ,0 2,82 7,79 
3 13 35,0 2,58 8,00 51 37,0 1,92 8,08 13 36,0 2,52 8,04 
5 16 72,0 2,35 7,94 63 78,5 1,62 7,85 11 63 ,5 2,28 7,89 
7 27 94,5 1,90 7,93 42 92,5 1,46 7,88 12 86,0 1,86 7,84 

10 41 91,5 1,53 7,90 54 97,0 1,42 7,91 28 77,5 1,59 7,85 
13 48 96,0 0,52 7,88 58 101,0 0,67 7,82 34 • 93 ,0 1,14 7,79 

The resuHs of the experiment shown on Ta b. 6 and on F i g. 5 
point out that all the pure bacterial cultures from the mud disso'lved 
considerable quantities of free phosphate. It is visible in the meantime 
tha.t with all the cultures such dissolution was not of the same intensity, 
nor were the quantities dissolved after 13 days, - namely at the close 
of the experiment, - even approximately alike. - In the same way the 
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dievelopment of the bacterial population w,a.s very unbalanced in the 
individua! pure cultures. In some cultures the quantity of dissolved 
phosphate in :the course of the experiment was in constant rise (strains 
258, 295, 302 a.nd 314), with others during the experiment it dropped 
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F i g. 5. Biogenetical liberation c,f phosphate from sterilized mud in sea water­
inoculated with pure bacterial cultures. All the e;{perim2nts were carriel 
on under semi-aerobic conditicns. 
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and rose again (strains 215, 217, 312, 313 and _ 315) and with some 
towards the close of the experiment it was ,dropping (strains 301 an:i 
311). 

The quantity of dissolved free phosphate at the end of the ex.periment 
varied in the cul'tures from 72,0 to 122,0 mgrlm3 and the average for all 
the 12 cultures amounts to 99,2 mgr/m 3

• - If we deduct the quantity 
of chemically dissolved phosphate (27,5 mgr/m'1) from the quantity of 
phosphate reg.istered after 1, 3, 5, 7, 10 an1d 13 days, then we get 
t:he curve on F i g. 6 which sho•ws the actual rise of the biogenically 
c!issolved free phosphate within 13 days. After 24 h., i.e. after the first 
day there was a slight defidt of phosphate, for the hacteria in the 
cuitures assimilated about 2,1 mgrlm'1 of the chemically dissolved 
phosphate. Continuing the experiment till the seventh day, the quantity 
of dissolved phosphate rises abruptly and from the seventh to . the 
thirteenth day it rises somewhat slower. From the daily average r ise of 
biogenetically dissolved phosphate we reckoned that within 24 h. was 
dissolved, respectively regener.ated, on average, about 10,3 mgr/m:i 
phosphate in every bacterial culture, which for 11 days amounts to about 
113,3 mgr/m3

• 
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.F i g_ 6. The actual average quantity of biogenetically dissolved phosphate in 12 
experiments with pure bacterial cultures, after deduction of chemically 
dissolved phosphate. 

H jg obvious that the aforesaid figures indicate approximately only 
those quantities of phosphate which are registere:d as free pho:sphate in 
water solution, whereas ba,cter'ia, by all means, dissolved considerably 
larger quantities, but the latter are not registered, since bacteria at once 
utilized them for the construction of their cells. We may however suppose 
that also 'these quantities of phosphate consumed by the ibacterial cells 
are not insignificant, since the contents of phosphor 'in the bacterial :eells 
is fairly high. According to the data collected from various observers 
Po r .ter (1946) states that it amounts, on average friom about 2,5 % to 
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5,0% and with some bacterial species even till 8,91 %. lf we consider 
that in our cultures the 24 h. growth of bacterial biomase was of only 
7,3 mgrlm\ namely as much as it is found in the Caspian Sea (K ris s 
1954, O s n i c k a j a 1954) then such a growth wouhll spend for the 
construction of the cells from ahout 1,72 till 2,00 mgrlma of phosphate 
within 24 hours. Having regard to the fact tha;t in our case it is a. 
ques tion of bacterial culture cultivated under labora.torial conditions we 
are bound to suppose that the bacterial biomase in · our cultures was iby 
all means much bigger. Accordingly we may reck,on that this consumption 
of phosphate for the construction of the bacterial cells was in our 
cultures at least tw:ioe or three times bigger. 

It is interesting that the maximum of bacterial development (Tab .. 
6) wa:s ob;erved in the first part or in 11:he middle of the experiment, Le. 
that the number of bacteria per cm3 was dropping by the close of the 
experiment, tha.t is when the quantity ;Qf dissolve1d phosphate was 
substantially still rising. The same manifestation could also ibe ohserved 
in the previous experiments. Here probably we have to do with processes 
similar to those ascertained by K rep s (1934) who advanced the 
opinion that the absence of specific microorganisms must needs not mean 
also the cessatfon of the corresponding specific biochemical processes, 
since these may be continued ,a.Iso with organic catalyzators or enzymes. 
The author thinks :that the biacteri:al :enzymes are concentrated on the sea 
hottom and that they continue their function there long afte:r the bacteria 
have tdiisappeared. - Z o B e 11 (1939) found tha;t bacteria .are distri­
buted in the mud of the sea bottom to a depth of 60 cm. and that 111 

deeper layers they hreak down. The microb;c processes meanwhile are 
continued even in greater mud depths and also the afore mentioned 
author ascribes this phenomenom to the activity of ba;cterial enzymes 
which are collected in the se:diiments. Bacterial enzymes comprising 
reductases and oxydases are found in large ooncentrations in contact 
water (Z o B e 11 1946). 

The fluctuation of oxygen in this experiment (Tabl. 6) was rather 
irregular, but in all the haieterial cultures the consumption of oxyg,2n was 
constant, i.e. the quantities of disponible oxygen towards the close of 
the experiment lessened irregularly, but uninterruptedly. Although, then, 
the consumpt1ion of oxygen rand the multi:p[lication of bacteria wei'r-e 

subs:t:antially paralel, they were not directly proporti1onal. W a ks ma n 
and Care y (1935) foun:d that the quantity of oxygen utilized by a 
determined number of bacteria is not always quite uniform in their 
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cycle of life. To explain these irregularities, :to the parallelism ibetween 
bacteria and oxygen we must add tha:t a part of oxygen is utilized also 
for the process of chemical oxydation in the mud, whlch ,also remained 
out of control in the experiment. 

In any case in this experiment ·the quantity of disponible oxygen 
could be neither a prolubiting, nor a promoting factor for the o:x.idation 
of organjc maitter, respectively for the b1ogenetical liberation of free 
phosphate, sinc.e on ,one hand the quantities of disponible oxygen varj.ed 
above 0,31 ml/lit. for which quantity Z o B e 11 (1943) ascertained it 
rEpresented the lower border necessary for the undisturbed oxidation o.f 
org,anic • matter, and on the other hand • all the pure bacterial cultures 
employed in the experiment were facultatively aerohi:c ('I' a b I. 1) . 

Discuss ,i'on a;bout the results 

W a k s m a n, C a r e y and R e u s ·z e r (1933) noticed that there 
are in the mud specific bacterial groups which can de,compuse residues 
of zooplanktons and fitoplanktons, liber.a.ting in doing so such quantities 
of nitrogen which enable the ·activity of these bacteria. The above 
ment ioned observers furthermore conclude that the proteins were 
decomposed with the same speed in the mud as in s.ea water, but that 
the production of CO2 and the decomposition of the remaining constituent 
elements of plankton was faster in the mud. - In decomposing zoop'lank­
tons, bacteria liberate parallely nitrogen and phosphoru:s and the relation 
of :the liberated N:P is equal to 1,5:1 (Wa.ksman, Hotchkiss, 
Care y and H a r dm a n, 1938}. The results of the experiment Se i w e I 
anJd! S ci w e 1 (1938) showed that about half the phosph9rus contained 
in freshly caught zooplanktons was decomposed within 24 h. _after the 
breakdown of the zooplank:tons. Sim'ilar results were obtajned by 
C o o per (1935) who found that within 12 hours from one fourth to . 
one third of the phos,phorus contained iin sea plankton is liberated by 
hacterial action in the form of phosphate. A sudden regeneraiton of 
phoi,;phates in sea water may occur also during the baicterial decomposi-

. tion of fitoplanktons . (W a k s m a n et al. 1937) . 

Thus various ,o bservers have ascertaine:dl that in :the mud of the sea 
bottom biochemical processes are performed faster than in sea water, 
that these processes enable and promote the bacterial activity in the 
general decompositic;m of disponible organic matter and that one of the 
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consequences of such decompositioi:J. is the quicker regenera:tion of 
phos:phate. To these findings we have to add the results obta,ined by 
R e nn, (1937) who ascertained that, as soon as the development of 
bacterial popula:tions in sea water enriche:d: with phosphore and glucose, 
has passed its maximum, appears a faster regeneration of phosphate. 
The s2.me autho1· furthermore affirms that the bacte?ial cells in lab, r a­
torial conditions do not restrain phosphorus for more than some days, 
but they liberate it in water. According to this ,author the speed of 
regeneration depends on the quantity of glucose with whkh he enriched 
sea water. 

The increase in the quantitiy of phosphate in sea water established 
1n our expe11iments is therefor•c! on one hand a consequen0e\ 'Of the 
favourable biochemical conditions existing in the mu1dl .and contact water, 
and on the other hand, as it has been proved in our experiments, it is a 
consequence of the enrichment of sea water with phosphate which the 
1atter chemically dissolves from the_ mud. - Boit:h these conditions permit 
in determined conditions a speedy bacterial regeneration of phospha.te, 
i.e. a. bacterial activity in the passage of phosphate from the mud into 
sea wa:ter as one of the consequences of 1decomposition of organic matter 
e-,dsting in the mud. It was shown that in this activity there are remar-

. kable d:ifferences between the single ba,cteria, since while one, il1 
determined conditions, increases the quantity of phosphate in the water 
even till 122 mgrlm3

, the other, under the same conditions, increases it 
only 1to 72,0 mgrlm3, (Ta b 1. 6) . Whether these differences. depend. on a; 
larger consumption of phosphate by the bacterial cells of s,ome bacterfaJ 
species, or they are a consequence of the general slackened activity ,of 
some ibacterial species towards the regeneration of phospha.te from the 
d[sponible organic ma:tter , or they are the consequence of the action of 
some outer factors, which by their action retard or les:sen the activity 
of some bacterial species in the regeneratilon of phosphate, or they are a 

• consequence of the common action of all the aforesaid factors, for the 
time being :it is difficult to assert. 

Up to now we have not yet data about the fact whether there exists 

in the se1a; ,a specific bacterial flora psrforming the mineralizat.i:on of 
organic phosphate, or in general the transformation of phosphorus links. 
It is known however, that a great many of lipolytic and preteolytic sea 
bacteria decomJ:)ose organ'ic matter with the liberation of phospha:te 
(Z o B -e 11, 1946). 
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The aerobic oxidation of sulphur in the absence of CO2 was followed 
in Thiobacillus thioxidans by the disappearance of anorganic phosphorus, 
and when at the end of this .p-rocess :the cells aerobically fixerl CO~ in 
the hasis returned anorganic phosphorus (Step h e n s on, 1949) 
Ne wb u r g h (1954) in the meantime in a slow fixation CO2 Thiobacillus 
thiooxidans could nat ascertain a liberation of anorganic phosphate. The 
bacterial reduction of phospha.te to phosphine appears in the course of 
putrefact~on of proteinic material. Budak o v (1927) found an 

• organi~m which can reduce phosphate t o phosphite and fur:ther to 
h'iposphophite and phosphine. Me nk ina (1950) found in the groun:d 
bacteria which minera:lize some forms of organic phospha.te (lecithin 
and nucleic acid) . These and some other results (W a d. e, 1952, 
Mit ch e 11 all!d Mo y 1 e, 1953) show that the:r:e exists specific bacterial 
transforma;tion •of phospahte in the various media, and since this is. one 
of the problems which in the question of the general metabolism of 
matter in the sea plays a very important role , particular attention should 
be consacrate·d to it. 





No. 4. 27 

SUMMARY 

1) In the experiments we observed the fluctua.tion in the number of 
heterotrophic bacteria, free phosphate, the quantity of oxygsn andi H-ion 
concentration, and the obtained resul:ts are discussed. 

2) It has been ascertained that under controlled laboratorial 
conditions, sea water in contact wi:th sea mud, dissolves chemically from 
the latter determine•d quantities of iiree phosphate. The quantiity ,of 
chemically rdissolved phosphate from cert.ain quantities of mud, are in 
the reversed proportion with the quantity of disponible _mud. So from 
10 gr. of mud are chemically dissolved in 300 cm3 of water about 33,6 
mgr/m3

• The dissolved quantities of phosphate remained in the solution 
for 13 days and at the close of the experiment they were in a slight 
decrease. 

3) From the natural sea mu:d are liberated within 12 days in the 
conditions of the experiment, in natural sea water bigger quantities of 
free phosphate under strictly anaerobic (93,0 mgr/m:i) than under aerobic 
(69,0 mgrlm3

) or s em'i-aerobic conditions (81,5 mgr/m:i ). The liberated 
quantities of phosphate were in constant rise during 12 da.ys, as long as 
the experiment lasted. 

4) The suspension of various bacterial sps,cies liberates af:ter 17 
days from sterile , mud and sterile sea water bigger quantities of 
phosphate under strictly anaerobic (70,5 mgr/m3

) than un:d!er aerobic 
(30,0 mgrlm3

) or semi-aerobic conditions ( 40,5 mgr/m:l ). 

The total ,amount of liberated phosphate is les~ than the one liberated 
from the natural mund and sea water. Also under these conditions the 
dissolved phosphate was substantially in constant increase during the 
17 days of the experiment. 

5) Pure bacterial cultures Hberate from the mU1d,, under determined 
conditions on aver.age about 10,4 mgrlm3 of phosphate in 24 hours and 
the quantitiy of liberated phosphate in th2; single cuHures varies greatly. 
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1) U eksperimentima se pratilo kolebanje broja heterotrofnih bak­
terija, slobodnih fosfata, količina kisika i koncentraciju H-iona. Dobiveni 
rezul:tati su diskutirani. 

2) Utvrđeno je, da - pod kontroliranim laboratorijskim uslovima -
morska voda u dodiru s morskim muljem otapa iz ovoga kemijskim 
putem određene količine slobodnih fosfata. Količina kemijski otopljenih 
fosfata iz neke količine mulja u obrnutom je razmjeru s kolirunom 
vode, a u upr,a.vnom razmjeru s količinom raspo'loživog mulja. Tako se 
i'Z 10 gr mulja, stavljenih u 300 cm:i morske vode, kemijski otopi oko 33,6 
mgr/m:i fosfata, a u 1000 cm3 vode 29,9 mgr/m'3• Otopljene količine fosfata 
ostale su u otopini 13 dana, a prema kraju eksperimenta bile su u slabom 
opadanju. 

3) Iz prirodnog morskog mulja izlučuju se kroz 12 dana, u uslovima 
eksperimenta, u priro1dnu morsku vodu veće količine slobodnih fosfata 
pod striktno anaerobnim (93,0 mgr/m"), nego pod aerobnim (69,0 mgr/m3

) 

ili poluaer•o bnim uslovima (81.5 mgrlm3
). Izlučene količine fosfata bile 

su u stalnom porastu kroz 12 dana, koliko je tr:a.jao ek:;periment. 

4) Suspenzija raznih bakterijskih vrsta oslobađa, nakon 17 dana, iz 
sterilnog mulja i sterilne morske vode već~ količine fosfata pod striktno­
ana.erobnim (70,5 mgrlm3

), nego pod aerobnim (30,0 mgrlm3
) ili polu­

a.erobnim uslovima ( 40,) mgrlm3
). Ukupne količine oslobođenih fosfata 

su manje od onih oslobođenih 'iz prirodnog mulja i morske vode. I u ovim 
usfovima otopljeni fosfati bili su uglavnom u stalnom porastu kro:z. 17 
dana trajanja eksperimenta .. 

5) čiste bakterijske kulture oslobadaju, u određenim us'lovima, iz 
mulj,a, prosječno po 10,4 mgrlm:i fosfata u 24 sata, a količina oslobođenih 
fosfata., u pojedinim kulturama, jako varira. 
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