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EFFECT OF SPRING FLOOD AND HYPOXIA

ON MICROBIOLOGICAL AND HYDROCHEMICAL
STRUCTURE OF THE NORTH-WESTERN PART
OF THE BLACK SEA

Some data are given on distribution of nutrients and variations of the micro-
biological regime in the north-western part of the Black Sea under the influence
ofspring flood and autumn hypoxia. It is shown, that high phosphorus concentra-
tions and bacteria number typical for surface waters in spring flood were habitual
for bottom waters during hypoxia too. The obtained results testify that among
the factors causing eutrophication of the north-western shelf the role of the
secondary pollution released from bottom sediments with the development of
wide hypoxia areas is comparable with the river flood influence.
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Microbiological and hydrochemical regime of the north-western part of the Black
Sea (NWBS) in connection with development of cultural eutrophication processes
suffered considerable changes in the last decades. The particular role in alteration of
the ecosystem parameters was played by the river run-off. A sharp increase of nutrients
content in the river waters caused changes in functioning ofbiota. The concentration of
nitrogen and phosphorus salts in photic layer of the northwester region according to
different published information [1,12] increased 2—5 times in 1977— 1989. The increase
of nutrients amount promoted the growth of phytoplankton. Its biomass grew 31 times
in comparison with 1954— 1974 [7]. In this connection the accumulation of auto-
chthonous and allochthonous organic matter took place in the bottom layer of the sea.
Intensive microbiological mineralization of organic matter with firm density stratification
lead to the development of hypoxia in bottom waters. Those areas have changed from
3000— 12 000 km2in 1973— 1995 to 12 000—40 000 km2in 1988— 1990 [6]. At those
conditions the extreme factors affecting the ecosystem are spring flood and autumn
hypoxia. These phenomena are important cause-effect links of euthrophication. It is
known that those maximum concentration values of nutrients are connected with the
period of bigger entering of the fresh water to the NWBS [1] and the biggest bacteria
number are connected with mouth area [2]. At the same time, there is very limited
information about influence of hypoxia on distribution of nutrient and variations in
microbiological regime.

The objective of the present report isto make a comparative analysis of distribution
of nutrients and microbiological processes in surface and bottom waters of the north-
western part of the Black Sea during spring flood and autumn hypoxia.
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Materials and Methods

The experimental material was selected in the NWBS during research expeditions of
the Ukrainian Scientific Center of the Ecology of Sea and of the State Geological En-
terprise “Odesmorgeologia”. The cruises were carried out in May 1995; in September
1990; in October 1994 and in September 1997. The hydrochemical parameters were stud-
ied in accordance with the manual [5]. the total bacterial number was estimated by means
of direct count with the help of microscope [9], using membrane filter with cell size
0,2 [ik. Carbon dioxide dark assimilation rate was determined radiocarbon method [11].

Results and Discussions

Salinity of the surface water during investigation of near-Dnieper and near-Danube
sea regions in May 1995 averaged to 9,4%o0 and 9,29%o0 correspondingly that showed
intensive freshwater discharge from the rivers to the sea. At this time the total phosphorus
content in the surface waters of the Dnieper region averaged to 51 }ig/l, and its average
concentration in the Danube region increased to 177,8 }ig/l. In spring the total phos-
phorus content in bottom waters was 1,3— 1,5 times less then in the surface waters
(Table 1). Such vertical distribution of nutrients was the consequence of the river
discharge, which kept the high concentrations of nutrients, and it spread along the sea
surface with a thin layer. Total phosphorus concentrations in the Dnieper region

Table 1
Characteristics of the NW Black Sea Surface (I) and Bottom (I1) Waters
in Spring Flood Period (May 1994)
Parameters Dnieper region Danube region

| 1 | 1
Maximum 10,63 19,49 14,33 17,93
Salinity, %o Average 9,40 17,80 9,29 17,39
Minimum 7,86 15,86 3,87 16,18

Maximum 12,44 12,44 15,60 8,44

Oxygen, mg/l Average 11,51 9,65 13,00 7,21
Minimum 11,07 8,74 10,81 5,76

Oxygen satura- Maximum 145 115 176 76

XY Average 134 95 138 67

tion, % .

Minimum 128 80 111 54
Total phospho- Maximum 66,0 46.0 672.0 518.0
rus, ng/l Average 51.0 33,6 177,8 131,6
’ Minimum 31.0 20.0 37.0 18.0
Total bacteria Maximum 2,55 3,00 4,06 3,71
number, Average 2,26 1,89 3,39 1,20
x HO6cells /ml Minimum 211 1,14 2,38 0,62
Carbon dioxide Maximum 28,52 25,39 49,54 41,26
dark assimilation, Average 21,95 8,40 40,00 16,21
mgC/m3day Minimum 17,39 1,22 31,32 2,16
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coincided with its average content in NWBS in 1985— 1989 [1]. At the same time, the
extremely high concentrations of the total phosphorus (518—672,0 p.g/l) registered in the
Danube region exceeded the average content in 1985— 1989 by an order of magnitude.

The microbiological process changes conformed to the alteration of nutrients during
spring flood. The most bacterial number (2,11—4,06 m106 cells /ml) and carbon dioxide
dark assimilation rate (17,39—49,54 mgC/m3day) were determined in the surface waters.
In this layer, the highest bacteria density and the rate of bacteriological processes were
habitual to the Danubian region of the northwestern shelf. The absolute maximum of
the bacterial number (4060 « 103cells /ml) and the bacterial activity (49,54 mgC/m3day)
coincided with the positive extreme value of the total phosphorus too.

In the bottom waters bacteria quantity appeared to be 1,2— 1,7 times lower then at
the surface and carbon dioxide assimilation rate was 2,5 times less then at the surface.
Thus, research of the northwestern shelfin spring flood period showed that the highest
nutrient contents and the high rate of the microbiological regeneration of nutrients took
place in the surface layer of the sea. At these conditions intensive phytoplankton develop-
ment [3] caused oversaturation with oxygen of the surface waters which reached in ave-
rage 110% and 176% for near-Dnieper and near-Danube regions accordingly. Microbio-
logical and hydrochemical indices showed the intensity of euthrophication, which dif-
fused from surface waters to bottom waters in spring. Conforming to the laws of nature,
the result of these processes was development of anaerobic conditions at the bottom.

The oxygen concentrations 0— 3,87 mg/1 were fixed in the bottom waters of the chosen
sections of the NWBS in September—October 1990— 1997. It was the evidence of
hypoxia development in the bottom layer of the shelf (Table 2).

Table 2
Characteristics of the NW Black Sea Surface (I) and Bottom (11) Waters During Hypoxia

Parameters 09.1990 10.1994 09.1997
| I | I | I
Maximum 9,16 0,0 7,60 0,36 10,76 3,97
Oxygen, mg/l Average 8,38 0,0 7,44 0,10 9,88 3,40
Minimum 7,81 0,0 7,19 0,00 8,17 2,47
Maximum 105 0,0 95 3 127 39
Oxygen saturation, % Average 98 0,0 92 1 95 36
Minimum 91 0,0 88 0 110 25
Maximum 35,3 126,6 82,0 220,0 - -
Total phosphorus, fig/l Average 23,8 124,1 57,2 162,2 - -
Minimum 17,2 118,0 41,0 102,0 - -
Maximum 16,8 111,0 23,0 217,0 38,1 222,0
Phosphate, ng/l Average 12,6 98,5 12,6 145,0 23,8 151,2
Minimum 8,0 86,0 7,2 84,0 19,0 92,0
Total bacteria num- Z\Aammum 122 gg; 21:;(3) 3,16 - -
ber, « 106¢cells /ml verage ' ' : 2,50 _ -
Minimum 1,26 2,19 1,33 1,68 - _
Carbon dioxide dark L/Iaxmum gggg igig iig; 1(7)2?1 33,20 16,38
assimilation mgC/mVday verage : : ' ' 2039 11,15
Minimum 7,80 56,8 10,00 47,9 8,24 6,56

%
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At these conditions the distribution of phosphorus concentrations between surface
and bottom waters became diametrically opposite in comparison with the spring
observations. Concentrations of the total phosphorus in the bottom waters appeared
to be 3—5 times as much as in the surface waters. In that situation the increase of
phosphorus content at the bottom took place at the expense of phosphate, which made
80—85% of the total phosphorus. The phosphate quantity in the surface layer was not
exceeding 22—50% of the total phosphorus. The phosphate concentration in the bottom
layer exceeded that in the surface 7— 10 times.

Intensity of the microbiological processes in the bottom waters in autumn was much
higher than in surface water too. When oxygen concentrations lowered to 0—0,36 mg/l
carbon dioxide dark assimilation averaged to 108,41— 191,75 mgC/m3day, that was
5 times as much as on the surface (Table 2). However, it is necessary to take into account
that chemobacterial evolution takes place in anaerobic conditions, which consume more
carbon dioxide then heterotrophic bacteria [10]. At the same time the increase of the
total bacteria number was noted in the anaerobic conditions of the bottom layer. The
bacteria density averaged to 2,5 ¢ 106cells /ml and it was 1,4 times as much as in upper
layers. The increase of bacteria quantity in anaerobic conditions in comparison with
aerobic conditions was fixed in the laboratory experiments by A. Rayabov et all. [7].
These authors noted also a sharp increase of bacterial number when saturation degree
of the water with oxygen reduced to 50% and lower. This phenomenon received
confirmation in our researches of the annual variations of the total bacteria number
and oxygen concentration in bottom layer NWBS [4]. Vertical distribution of the
observed parameters showed that the maximum values of the phosphate concentrations,
bacteria number and carbon dioxide assimilation rate were typical for the lowest water
layer where reductive conditions were formed (Table 3).

Table 3
Vertical Distribution of Microbiological and Hydrological Parameters
in the North-Western Part of the Black Sea during Hypoxia
Bacteria Carbon
Date Horizon, m  Oxygen, mg/l Total phos- Phosphate, Number, dlo'x@e d_ark
phorus, ng/l ng/i 106 cells/ml assimilation,
X cellsim mgC/m3day
0,5 7,57 51,0 7,7 191 25,87
S 10 1904 10 7,49 60,0 7,7 1,68 22,70
20 2,80 68,0 29,0 1,68 20,86
27 0,00 204,0 169,0 1,74 172,78
0,5 7.30 82,0 23,0 2,14 22,37
6 10 1994 10 7,19 68,0 23,0 2,32 25,01
20 2,90 151,0 126,0 2,46 25,01
25 0,36 220,0 217,0 3,16 140,50

However, abnormally high phosphate concentrations were found also at the distance
of 5—7 m from the bottom where oxygen content was higher than 2,0 mg/l. On this
occasion, one can assume that phosphates were at a distance from the place where the
processes of enrichment of the bottom waters by nutrients occurred. As it is known
[13], the bacterial production can accelerate the transport of phosphorus from bottom
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sediments to water increasing its concentration in the bottom layer. At the same time
bacteria consuming oxygen reduce its concentration to zero and form the reductive
conditions. In that situation phosphorus connected with bottom sediments become
soluble and enter the bottom waters. Therefore, the high phosphate concentrations
fixed in the bottom waters by us, in all probability, was a result of the microbiological
processes and of the chemical reactions releasing phosphate from the bottom sediments.
Conformity ofthe maximum values of phosphorus concentrations and of carbon dioxide
assimilation rate by bacteria allows to define the areas of phosphate release from the
bottom sediments with the help of the microbiological index.

Thus, the highest phosphorus concentrations in the shelf bottom waters during
hypoxia period coincide with its maximum quantity in the surface water in spring flood.
At the same time the total bacteria number increase in the bottom water that can
negatively influence the hygiene and sanitary condition of the coastal waters. In this
connection, we believe, among the factors causing eutrophication of the north-western
shelf the role of the secondary pollution released from bottom sediments with develop-
ment of the wide hypoxia areas can be compared with river flood influence.
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KosanboBa H. B.
OpecbKuit nep>xxaBHNin yHiBepcuTeT, LLeHTP MOHITOPIHTY HaBKO/MIMLWHLOTO CepefioBMLLa,
ByN. BOopsAHCbLKA, 2, Opeca, 65026, Y kpaiHa

BMJIMB MOBEHI TA TMOKCITHA MIKPOBIOIOTIYHY TA TIAPOXIMIUHY
CTPYKTYPY BO/J MIBHIUHO-3AXIAHOT UACTUHWN YOPHOIO MOPHA

Pestome

HaBeaeHo gaHi Npo po3nogin 6ioreHHUX peYoBUH Ta MIHAMBICTb MIKPOGIONOriYHOTO pexu-
MYy Y BOfaxX NiBHIYHO-3axigHOT yacTUHWM YopHOro mopsa nij BNAMBOM BECHAHOT NOBEHI Ta OCiH-
HbOT rinokcii. MokasaHo, W0 BUCOKI KOHLEeHTpaLil ¢poctopy Ta YncenbHOCTI 6akTepili, BnacTuBi
NOBEPXHEBMM BOJaM Y Nepioj NOBEHI CNOCTePIraldTbCA TakKoX y NPUAOHHWX BOJax nij 4ac
rinokcii. OfepxXaHi pe3ynbtatu cBigyaTh, WO NOMIX haKTOPiB, AKi MOPOAXKYIOTb eBTpOiKaLito
NiBHIYHO-3aXiAHOTO WeNbMy, ponb BTOPUHHOTO 3a6pyAHEHHS, WO HAAXOAUTb i3 JOHHUX
BifKNajiB 3a pO3BUTKY 3HAYHMX 30H TiNOKCii, MOXXe NOPiBHIOBATUCA 3 BMN/IMBOM Pi4KOBOT0 CTOKY.

KntouoBi crnoBa: 6akTepil, ¢ocdar, rinokcis, wenbsd YopHoro mops.

Kosanesa H. B.

Opfecckunii rocyaapCTBEHHbI YHUBEPCUTET, LIEHTP MOHUTOPMHIa OKpYXXatLWwen cpegbl,
yn. sopaHckasd, 2, Ogecca, 65026, YKpanHa

BANAHWNE MONOBOAbA N TUNMOKCUN HA MUKPOBVOTOTMYECKY IO
N TMAPOXVMMUWYECKYIO CTPYKTYPY BOJ] CEBEPO-3AMALHOWN YACTU
YEPHOIO MOPHA

Pestome

MpeacTaBieHbl AaHHbIE 0 pacnpefeneHnn 6MOTeHHbIX BELWLECTB Y U3MEHUYNBOCTI MUKPOGUO-
NOTWYECKOro peXxuma B Bogax ceBepo-3anafHoii 4acTu YepHOro Mops npu Bo3eiiCTBUN BECEH-
Hero naeojKa W OCeHHeli runokcuu. NMokKasaHo, YTO BbICOKME KOHLEHTpaLum pocgpopa U 4nc-
NEHHOCTU GaKTepuii, XapaKTepHble AN NOBEPXHOCTHbLIX BOJ B NepUOA NONOBOAbS, TAKXe Npu-
CYLLM MPUAOHHBLIM BOAAM BO BPEMS OCEHHel runokcuu. MonyyeHHble pe3ynbTaTbl CBUAETENb-
CTBYIOT O TOM, UTO Cpefn (haKTOPOB, Bbi3biBAKLNX 3BTPOPUKALNIO CeBepO-3anafHoro Lieb-
(ha, po/ib BTOPUYHOTO 3arpsi3HEHNS, MOCTYNAOLWLEr0 U3 AOHHbLIX OT0XEHUI NpU pa3BUTUK 06-
WMPHbIX 30H TUMOKCUM, CONOCTaBMMa C BO3/eliCTBMEM PEYHOTO CTOKA.

KntoueBble cnoa: 6aktepumn, gocgart, runokcus, wenbd YepHoro mops.



