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Abstract

In this paper the results of microbiological and enzymological examination of the Yugoslav
part of the river Tisa water are presented. During the period from 1983 to 1986 the water of five
localities was analyzed.

Classical microbiological parameters, such as total number of planktonic bacteria, number of
heterotrophic bacteria, and T/H index of saprobity (the ratio between the total number of planktonic
bacteria and the number of heterotrophic bacteria), being conventionally used as indicators of the
level of saprobity of surface freshwaters, were compared with the index of phosphatase activity, a new
indicator of the water eutrophication degree.

Statistically significant correlation between classical microbiological and the new biochemical
indicator of organic load of the river Tisa affirms the index of phosphatase activity as a reliable
parameter for a fast preliminary estimation of the saprobity degree of surface freshwaters.

Introduction .

In recent years the investigation of metabolic activity has been increasingly
used in assessment of both trophic level and the degree of pollution of certain aqua-
tic ecosystems. JONES (1972) proposed measurment of relative phosphatase activity
as an indicator of biomass and general trophic conditions of aquatic habitats sug-
gesting that water enzymatic activity may serve as a useful inducator of surface water
eutrophication.

Most microorganisms synthesize phosphatases, enzymes that catalyze ortho-
phosphate release from organic phosphomonoesters. This was confirmed by our previ-
ous studies (MATAVULT et al., 1976; 1978).

In the microbiological study of eutrophic marine water of Tokyo Bay, TAGA and
Cosori (1978) found positive correlation between the activity of alkaline phosphatase
and standard indicators of water quality (the number of heterotrophs, count of
phosphatase producers, inorganic and organic phosphate content, the amount of
proteins, chlorophyll and DNA).

JonEes (1972) gave the equation which involves phosphatase activity with total
phosphate content and total biomass. Various biochemical parameters, particularly
the activities of some enzymes (phosphatase, proteinase, cellulase) are already being
used in estimate of trophic level and degree of pollution of surface waters (VERSTRAETE
et al, 1976; KAarpusHIN and MELINIKOV, 1972; ZDANOVSKI, 1977).
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Our previous studies on phosphatase activity of waters with different degrees of
eutrophication suggested possible use of water enzymatic activity as an indicator of
its organic load (MATAVULJ et al. 1983; 1984a; MATAvULY and FrLinT, 1987). In this
paper, the river Tisa with characteristic changes of water saprobity degrees (depend-
ing on locality and season) served as an object for check and affirmation of phos-
phatase activity index, the new biochemical parameter used in water condition esti-
mates.

Materials and Methods

Microbiological assays comprised standard, cultivating, and direct methods. The total count
of planktonic bacteria was'determined by ultrafiltration on Sartorius membrane filters with pore
diameters of 0.2 um, after RazuMov (1932). The colonies of aerobic heterotrophic bacteria were
counted on plates of Nutrient Agar (Torlak MPA).

Phosphatase activity was measured with p-Nitrophenyl-phosphate (pNPP) as a substrate by
the modified method, described by FLinT and Hopton (1977). Enzymological analyses preceeding
calculation of water phosphatase activity index (MATAvULJ, 1986) included measurement of total
activity of acid, neutral and alkaline phosphatases in an original (untreated) water sample.

Results and Discussion

The counts of saprophytic bacteria, represented as means of the results from
four years of study, show that water of the river Tisa belonged to 2nd—3rd class
after Kohl’s (1975) categorization (it belonged to 3rd class only at Titel). From Fig. 1
it may also be seen that, as a rule, water quality is better in early summer than in
autumn.
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Judging by T/H index of saprobity (the ratio between total number of plankto-
nic bacteria and number of heterotrophic bacteria) the same conclusion may be drawn,
i.e. water from all sectors tested was of better quality in early summer than in
autumn. According to this criterion, water of the river Tisa belonged to moderately
polluted and/or polluted waters.

Our long-term comparative investigations of standard microbiological and
biochemical indicators of water ‘quality, with respect to its organic load, and new
enzymological indicators of saprobity degree e.g. the level of eutrophication of dif-
ferent surface waters (MATAVULJ et al. 1982; 1984b; MaTAvULJ, 1986) resulted in the
proposed introduction of a new system of categorization of surface freshwaters,
regarding degrees of their organic load, on the basis of the index of phosphatase
activity of water (PAI). PAI represents a mean value of the acid, neutral, and alka-
line phosphatase activities of original water sample (Table 1).

Tab. 1. The proposal of a system of surface freshwater categorization regarding degrees of their
organic matter load, based on the water enzymic activity, i.e. index of water phosphatase activity
(MaTAvUL1, 1986)

Equivalent to classes
Phosphatase o according to
activity Proposal of Characteristic
index category of water Tiim-
(umol/s/dm® pNP) name (conditionally) Kohl kline Pantle—Buck
30°C , (1975) (1969’;) (1955)
MAXIMALLY
below 0.01 A CLEAN
1
0.01—0.10 B | VERY CLEAN 1 KATAROBIC
ZONE
0.10—0.25 T—I1 CLEAN 1
SATISFACTO- .
0.25—0.50 A | "RILY cLean | I OLIGO-
It SAPROBIC
SLIGHTLY ZONE
. 0.50—1.00 B POLLUTED Ir
MODERATELY B-MESO SAPR.
1.00—2.50 - II—III POLLUTED II—III ZONE
I
.2.50—5.00 A | POLLUTED 111 f—o MESO-
11 SAPROBIC
VERY ZONE
5.00—7.50 B POLLUTED —1v
111
a-MESO-SAPR.
7.50—10.00 II—iv DIRTY ZONE
10.00—15.00 A | VERY DIRTY v POLY-
v v SAPROBIC
’ ; MAXIMALLY ZONE
above 15.00 B DIRTY




Statistically significant correlation between heterotrophic count as a standard
indicator of water quality and a new enzymological parameter may be observed from
the Fig. 2. Somewhat lower degree of correlation was recorded between PAI and the
total number of bacteria (Fig. 3) which is probably due to the fact that milipore-
filter bacterial count includes dead, dormant, and inactive cells. This is consistent
with the results of our previous investigations of natural surface waters (MATAVULY
et al. 1982; 1984a; MaTavuLy, 1986).
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Fig. 2. Correlation between the viable bacteria count and water phosphatase activity index

Fig. 4 illustrates the negative correlation between PAI and T/H index of sapro-
bity. This phenomenon points out positive correlation between the level of enzyme
activity and the water saprobity degree, the latter being represented as T/H index.
Statistically significant degree of correlation between neutral phosphatase activity
and T/H index of saprobity (Fig. 5) deserves to be specially emphasized. Conse-
quently, when calculating PAI as an indicator of organic pollution of surface fresh-
waters, neutral phosphatase activity should be taken into account.

Considering that phosphatases are primarily indicators of water pollution with
organic phosphates, our proposed classification of surface freshwaters according to
degree of organic load on the basis of PAI is only conditional. We deem that an
index of water enzymic activity would be a much more reliable indicator of water
organic pollution if it also comprised the levels of activities of some other enzymes
such as proteinases, dehydrogenase, lipases, saccharases, cellulases, etc. In this re-
spect, we have started examining f-glucosidase activity of the river Tisa water, since
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Fig. 3. Correlation between the total number of bacteria and water phosphatase activity index

PHOSPHATASE ACTIVITY INDEX (pNP p‘mol/s/dm:’)

3.0 -
A=-695481
B=209.6012
r=-0.7226
p< 01

2.5 k-

2. 0Ll L 1 1

20 30 40 50

T/H INDEX OF SAPROBITY

Fig. 4. Correlation between the T/H index of saprobity and water phosphatase activity index
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Fig. 5. Correlation between the T/H index of saprobity and water neutral phosphatase activity

most aerobic saprophytes have this enzyme which is involved in polysacharide bio-
degradation. The results of these investigations were presented at the 17th scientific
meeting on the river Tisa (MATAVULY et al. 1986) and will be published in the follow-
ing paper.

Conclusion

Statistically significant correlation between standard microbiological indicators
of water saprobity and new, enzymological indicators of water eutrophication degree
points out possible use of phosphatase activity of water as a biochemical parameter
which might enable faster and more reliable assessment of organic load of surface
freshwaters. : '
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A viz foszfitdz aktivitisa mint a Tisza vizének monitoring paramétere
MaATtAvuLy, M., GANN SLAVKA, ERBEZNIK M., BokorRov M. és PETROVIE OLGA
Egyetemi Biolégiai Intézet, Ujvidék
Kivonat

A szerzGk a Tisza jugoszlav részlegének marfonos—pade—torobecse—zsablya——-tlteh szakaszan
1983—1986-0s idGszakban végzett mikrobioldgiai és enzimologiai vizsgalatanak eredményeit ismer-
tetik. A felszini vizek szaprobitdsanak meghatarozasa hagyomanyos mikrobioldgiai paraméterek (a
baktériumplankton teljes szama, a heterotrof baktériumok szama, a T/H szaprobitasi index) és a viz
foszfataz aktivitasi indexének mint ujkeletdi szaprobitasi indikatornak Ssszevetésével tortént. A Ti-
sza vizének szerves anyagokkal valo megterhelése az Osszevetett paraméterek (a hagyomanyos és
uj biokémiai indikator) &ltal kapott, statisztikailag szignifikins korrelaciés mutatéja arra utal, hogy
a viz foszfataz aktivitasi indexe mint megbizhatd paraméter elésegitené a felszini vizek szaprob1tas1
fokozatanak gyorsabb és megbizhatobb meghatarozasat.
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®ocdaTazaag aKTEBHOCTh BOJB! KaKk HapaMeTp
MOHHTOpHHTa BOJbI pekn Tuca

Marasyns M., Taiiga Cnaska, 3p6exaux M., Bokxopos M. u IletpoBny Onra
MuctaTyT no 6mosnorad EcrecTBeHHO-MaTemMaTHYeCKOTO daxymprera r. Hom Can

Pesrome

a

B cTaThe NpeACTaBEHB! PE3ybTaTHl MHKPOOHONOTAYECKHX M 3H3NMOJIOTHIECKHX HCCHEAO-
BaHW}, BHIMONHEEHHLIX Ha pexe Trca B rorocaasckoi yacti. B nepuoze ¢ 1983 mo 1986 r.r. anammusy
MOMIBEPTaMCh HPOOBI BOABI, OTOOP KOTOPBIX OCYINECTBIIANCA B IATH NyHKTax (Mecta: Maprorom,
Ilapeit, Hosu beneit, XKabane u Turen).

Knaccudyeckae MHKpOOHONOTHYECKKE IAPAMETPEI, B TOM YHCIIe 06IIas YHCIEeHHOCTb 6akTepuo-
IUIAHKTOHOB, KOJIAYECTBO TeTepoTpoduex OGakrepuit . T/X umumexc campoGHocTH (OTHOIIEHHE
MeXIy OOLIAM KOIMYECTBOM ILIAHKTOHHBIX OaKTepHil M KOJHYECTBOM TeTepOTPOGHBIX GakTepwmii,
YCTAHOBJIEHHBIMA HA THATATENLHOM arape), KOTOphle CTAHAAPTHO NMPHMEHSIOTCA KaK MHOUKATODPBI
YPOBHS# CanpoGHOCTH MOBEPXHOCTHBIX IIPECHBIX BOJ, CPAaBHUBAIUCH C HHIEKCOM (pochaTa3HOR aKTHB-
HOCTH BOABI, HOBEIM HMHOWKATOPOM CTENEHH CanpoOHOCTH BOABI.

CTaTHCTHIECKHH NOKa3aTelh COOTHOMEHAS MEKAIY KIIACCHYECKAMH MHKPOOHOIOTHYECKAMH H
HOBHIMH GHOXHMHYECKAMH HHIMKATOPAMH OPTaHMYECKOH Harpy3ku BOIbI p. THCa, DOATBEPXKAAET
uHaekc dpocdaTa3Holt aKTHBHOCTH BOIbI KAK HAaJEXKHBIA mapaMeTep Ooiee OBICTPOK H IOCTOBEPHOM
NpeaBAPHUTE/ILHON OLICHKH CTENeHH canpOGHOCTH NOBEPXHOCTHBIX IPECHBIX BOI.

Fosfatazna aktivnost vode kao parametar monitoringa vode reke Tise
MaTtavuLl, M., GalN, S., ERBEZNIK, M., Bokorov, M. i PETrROVI¢ OLGA
Institut za biologiju, Universitet u Novom Sadu
Rezime

U radu su prikazani rezultati mikrobiolotkih i ‘enzimolotkih istraZivanja jugoslovenskog dela
reke Tise. U periodu od 1983 do 1986. godine analizirani su uzorci vode sa pet lokaliteta (Martonog,
Padej, Novi Belej, Zabalj i Titel).

Klasi¢ni mikrobiolo$ki parametri kao $to je ukupna brojnost bakterioplanktona, broj hetero-
trofnih bakterija i T/H indeks saprobnosti (odnos izmedju ukupnog broja planktoniskih bakterija i
broja heterotrofnih bakterija utvrdjenog na hranljivom agaru), koji se standardno koriste kao indi-
katori nivoa saprobnosti povriinskih slatkih voda, poredjeni su sa indeksom fosfatazne aktivnosti
vode, novim indikatorom stpena saprobnosti vode.

Statisti¢ki sginifikantna korelacija izmedju klasiénih mikrobiolo$kih, i novih biohemijskih
indikatora organskog opterefenja vode reke Tise, afirmiSe indeks fosfatazne aktivnosti vode kao
pouzdan parametar za brZu i verodostojniju preliminarnu procenu stepena saprobnosti slatkih po-
vrdinskih voda.
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