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Abstract

The paper is discussing some problems” of the lo~year old experiences
of water-chemical investigations carried out in the Csongrad-Szeged reach-
69 of the Tisza. It pives a short characterization atout the chemical compo-
sition of the woter, the value of the major npollution indices and their most
characteristic changes during the ten years. :

This first publication is to be amplified later by elaborating a num-
ber of further details. A conclusion drawn from the technique and frequency
of the water-chemical investigations is showing, at the same time, the di-
rection of practiee to be followed in this field in the future.. ’

Introduction
The Labordtory of the Water Quality Control in the Water.Managemeﬁt of .
the Lower Tisza Region has performed water quality investigations in the
Csongrﬁd—Szoged reaches of the Tisza for a decade, in the first years under
control and supervision of the Scientific Research Institute for Economy of
Water Supplies /Budapest/, and in the recent years under that of the Water

Quality Control ‘in the Centre of the Economy of Water Supplies of the Nation-
al Water Office! ) .

From present year, the results of our work -are systematically avail-
abl? for the Committee of Tisza Research. And even, taking into consideration
the. purposes of this Committee, we are pFrformtng our systematic water-chem-

ical investigations on the, Tisza in closer connection with it

In our first'hublicaéion we ‘should like to. discuss some experiences of
the investigations carried out so far, mainly which have exerted an influ-
ence on the systematic Tisza research from fundamental points of view, resp.
thch will influence its efficiency, in the future, too. We cannot think of
elaborating all the data of investigationé in the framework of a single mOno-
graph because we elaborated only in the second.half year ot 1966 more than
150 water samples from a single sample area.



Methods applied by the investigations

The investigations were carried out on the basis of methodics and Unitary
Water-research Methods prescribed by the Scientific Rescarch Institute for
Economy of Water Supplies, resp. by the Council for Mutual Economical Assist-
ance /COMECON/. The measurement of pH took place colorimetrically or with
.instruments, the determination of alkalinity alkaliacidometrically, with
volumetrical analysis. The carhohydratc content was established by calcula-
tion, on the basis of the latter data. The determination of the total hard-

“ness, of calcium and generally sulphate ions, took place complexometrically
in a buffered medium in the presence of eriochromeblack T. resp. of murexide
indicator, and that of chleride ions arpentometrically. The oxveen cnii-
sumption of water was determined with Kuhel-Thiemann's method, in an acidic
medium with potassium permanganate and cxnressed in oxysren me/1 value. The
dissolved oxygen was conserved in an alkali medium in thce Firm of manypa-
nese /IV/ hydroxide in the site of amnling, then it was determined iodomet-
rically in the laboratory after being acidified. For determining the hio-
chemical oxygen demand theosame method was applied, the temperature of
5-day incubation being 20 "C. The dissolved salt-content- was establishgd by
weighing after 100 ml filtered water being distilled and dried on 105 "C.
For determining the sodium and potassium ions Z e i s s flame-photometer
was used.For measuring the nitrate ions, we have applied the colorimetrical
method / D ub o s c q § using brucine .in a vitriolic medium. The.dissolved
carbon dioxide was measurcd on the spot at sampling. The determination of
ammonia happenned similarly on the site at.sampling, with the help of
Ness1ler 's recagent colorometrically.

The evaJuation of water quality was carried nut on the basis of the
*Unitary Critcria and Norms of COMECON concerning Water Quality and Prin-
ciple of Their Classification" /OVF 1964/. /I will discuss them in deta-
ils in my next paper/. . .

Reaches investigated

The whole watershed area of the river Tisza ts 157,186 sa. km i
/G oda 1965/', the same till Szeped is 138,408 sq. km, from that the water-
shed area of the recaches investipated by us is 0,351 sas km. At. Szeped
the highest water level was + 923 cm /Anril 15 th 1932/ and then the water out-

- put was 4000 cubic metre per sec. At the same vlace the lowest water level

was -250 cm /Octoher 10th 1946/, with 90 cubic metre/ner sec. water oufnut.
There may be accepted as an authentic August water output of 85 p.c. 228
cubic metres per sec.

The primary water compo;ition of the Tisza is determined by the soil
of this large watershed area, by the compositipﬁ of its fundamental rock
and by its decaying processes. Here and there the quality of water is influ-
enced by tributaries-taken into consideration in the watershed area. In its
reaches, investigated by us, in the Great Hungarian Plain that is scanty in
rainfall, there can be only the water output of K&r8s and Maros on princi--
nle which is suitable to change quality and composition of its water. The
factors exerting a secondary influence on the composition are the natural
or artificial pollutions poing ‘together with the human activity, for ex civ-
ilization, urbanization. Both the primary and the secondary compositions
are, of course, coﬁsiderably influenced among others by several - mainly



b

meteorological - factors. Among them are the water output, water tempera-
ture, duration of sunshine, as well,

The sites of samplingAare as follows;

at Chongrﬂd. above the mouth of K3r8s ... /246 rkm/

below the mouth - 0f KSr8S.cvtvsverrorneneesnneneecenens./240 rkm/
at MIndszent ......evvnvosnscnecsocorcsncsnansnnennane./216 rkm/
at T&pé&, above the mouth of Maros .............cv.ve.../177 rkm/
below the mouth of Maros ......ccovenivivierennennsnnas/171 tkm/
at the Jugoslav State border.................... vevee.J162 Tkm/

At the beginning, we have systematically taken water samples at several
-points between the sampling sites, too. The results of our investigations,
_however, have convinced us that these were unnecessary. The sites sampled at

present systematically are the points of these rcaches of Tisza that are char-
d¢teristic in water-chemical resnect. They take place either ahave or helow
the mouth reaches of major tributaries fK&r8s, Maros/ or at a characteristic
point of longer reaches free from the mouth of a major river or from a pol-
luting impulse /Mindszent/. ' ' :

In the initial peroid of investigation, there were samplings on prin-
cible in more sampling places, géncrally,twice a year, at other sampling sites
at most in every season, i. e. on four occasions a yénr. This nrinc{n]e
has gradually got to the practice applied to-day, and it scems to determine
the future practice, as well. At present the water-chemical contrbl of the
watef-tourse takes place at fewer sampling sites. At some emphasized, so-cal;-
ed basic sampling cross section however, the frcquency of sampling is one a
week, i. e. 52 a year. And at the other sampling sites we take at Jeast one
sample a month /Figs. 1, 2/.

The Mindszent sample is suitable for characterizing these reaches of
the water-course. It contains calcium-magnesium, sometimes cdlcium, while
the dominating.anion'is hydrocarbonate. There occurs very exceptionally
that besides hydrocarbonate also Cdrbonate anpears or the sulphate ion he-
comes dominant. Its dissolved salt content is'generally low, having u%u-
ally a value between 150 and 400 mg/1l. We can regard as characteristic 4
fluctuation of a limited + 50 mg/1 interval in the vicinity of the value
300 mg/1. )

The values of its total hardness fluctuate between 5-16 nk®. Aside
from the autumn maximum, we may accept in the vicinity of 8 nk® a fluctua-
tion of + 1,5 nk® as characteristic. Tts compretent values are, inderen-
‘dently from the site and year of sampling, generally abcve 10 pk°. The
percentage of the sodium of the total cation amennt /sodium percentage/ -is
21 p.c. Even the extreme valuc of fluctuation does not surpass here ¢ 10
p.c. Its competent values are generally between 20 to 30 per cent.
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Among the anions.the amount of chloride ions is mostly changing Between
20" and 40 mgf1l. In extreme values, there may occur 10 mg/l more or less
than that. /Tables 1 and 2/

As to the sodium chloride ion concentration, it is worth while ohserv-
ing that while K&rtis has not generally any influence on the chemical com-

position of Tisza, the effect of Maros can periodically be demonstrated.
‘At the sampling sites below the mouth of Maros we may sometimes register
changes even in the type of water. From the anions, the occurrence of chlo-
ride ions is characteristic; and from the cations some times there increase
perceptihly both the absolute value of the sodium amount and s1m1lar1y the
value of its percentage inside the total cation. All that can be attribut-
ed to quality and composition of the Maros water, the dissolved salt con-
tent of the Maros Being generally higher than that of the Tisza, and the
sodium and chloride ion concentration being both in absolute value and in
percentage higher than the corresponding.values of the Tisza. This fact is
in connection with the rockbed and its process of decomposition at the up-
per reaches of the watershed area and the region of the source of Maros.

In first approach this can be established about the effect exerted by the
Maros oh the Tisza.

The sulphate ion concentration of the river water can be characterized
by values changing in the vicinity of 35.to 40 mg/l, while the concentra-
tion of the hydrocarbonate ion can mostly be measured between the extreme
values of 110 to 310 mg/1 in the vicinity of the value 200 mg/1.

Before charaéterizing its oxygen econdmy, it is worth referring to its
suspended matter content. That changes, as dependéd upon the prevailing con-~
ditions of water motion, from values measureﬁ with the single order of mag-
nitude fhrough values frequently ten times as high, till the extreme values
even several hundred times higher /800 mg/1/. As opposed to the Maros, this
is always a characteristically low value, as there at inundations even an
order thousand times higher is not rare. And what is generally known, its
‘suspended load is, in contradistinction to the suspended matter of the riv-
er Maros, expressediy fine granular sand and silt. While in the Maros it
often ‘occurs, because of the concentration of the: suspended load, that its
biological qualification is hardly a not at all possible, in the Tisza that
is only an exceptionally extreme case. '

‘Its dissolved oxygen content is first of all a function of water temper-
ature. In this way, the summer may be 7 mg/l, while the winter maximum evén
13. On the other hand, a change observed also as depending on the biological
production may be registered first of all together with the changing value of
the dissolved oxygen saturation. This never goes below 60 per cent while it
can be even as high as 130 per cent. Its standard values can mostly be found
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-between 70 and 80 per cent.

The dissolved carbon dioxide content changes hetween 0-5/mg/1, mostly is in
“the vicissitude of 2 mg/l., It may also be concluded from the datum series of
the investigations carried out with a daily frequency that between the de-
composition of the polluting impulses touching the river and the values of
the consumption and of the dissolved carbon dioxide there may exist a loose
correlation. ‘

An interesting change can be registered on the basis of data obtained
from the investigations of ten years in the data of the nitrogen uptake. 1t
would be worth while dealing with it separately in more details. Here 1
should like mentioning only that the values of the ammonia content are mostly
below 1 mg/l. We have often measured zero ammonia content or something apnroach-

ing it. The frequent values are below 0,5 mp/1l, while the méximum can bhe
established below 2 mg/l. The nitrite ion concentration is of course low, with
a numerical value presented at most in the third place of decimals. But the
values of the nitrate concentration in one or two mg/1 have markedly increased
in the recent vears. Increasing gradually in 1967, in December they got to ‘the
domain 25 to 30 mg/l. We have not seen, anyway, a similarly high nitrate con-
tent but we have found values of tenfold order on several occasions in the lat-
ter yéars. So we found in 1968, similarly in December, a value of 20 mg/l -
but not in the sampling site at Szeged in the previous year but in Csongrad -
and we have measured nitrate contents of simitar value order at other dates,
too. In these data we must look for the increase of the intensity of applica-

tion of manures, chemical fertilizers in agriculture.

A detailed, fundamental investigation of the nitropen untake will he the theme

of a separate monograph, in the same way, also the investigation of the mate-

rial traffic of the single ions. The effect of chemical agents, fertilizers

applied by the agricultural units in the watershed area, as well as that of

the released sewage-water on the traffic in materials, and nossibly the mutu-

gl effect of the biological processes of water and the traffic of materials;

are correlative chapters that «can be dealt with in separate papers in their

details. At present we cannot treat of them, as yet.

.Sulphide ions are never contained in the water of Tisza. They have not
been observed, so far even in the vicinity of sewarpe disnosa]s./lts nhenol
content is very low. Our programmes have contained the investipation of the
anion-active detergent only for a few years. Tts values cannot be determined
in other waterways of ours, cither. They have no importance in the water of
the Tisza, as vet, even their maximum being gpenerally far below the value of
1 mg/1. Their minimum is zere or a numerical value presented at most by the
second decimal.
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The classical'indices of being polluted are the oxygen consumption and
the biochemical oxygen demand for five days. Their measurement took already
place during the first investigations. At the beginning, there have not ocr.-
curred any extreme values as a result of external polluting influences. In
the latter years there were some peculiarly increased values; the most out-
standing ones of them were caused hetween August.29th and Sentember 3rd
1967 in .our boundary cross section at Csongrad by the pollution wave arriv-
ing there and by the'oilpollution connected with it. /Fig.3/ That pollu-
tion wave came through the Saj8 from the sulphitecellulose factory in Gemers-
ka-Harka and culminated at a 20 mg/l value of oxygen consumption. /In the
Sajo pollution wave characterized by an oxygen consuption above 1000 mg/1.
The pollution wave described has passed basically unchanged through the reach-
es of the Tisza held under our control /Fig; 4/. Tts maximum values have,
of course, lessened in the meantime. The lokally interested Authorities of -
the Water Quality Control have supervised~the passiﬁg of polluted flood
through the whole river under the direktion of the Water Quality Control of -
the National Office of Water Administration-Centre of the Economy of Water
Supplies / P4s zté - Thurnay 1968/. The paper mentioned is re-
porting on a damage over eight million Ft in connection with that. The com-
parison of the two Figures /Nos. 3 and 4/ is interesting because it pre-
sents a basis for forming a true.general notion of passing in the riverbed
of any pollution caused by any foreign organic, non-poisonous matter that
got into the river, corresponding to the discussed hydrological conditions.

At the end of summer, in the eariy autumn, the biological overproduc- -

tion is not rare. According to the investigations of the biologist Mrs. L.
Dobler - and also according to the data published in the literature
-~by G. Uherkovich /1966, 1968, 1969/ - there increased that over-
productibn on those occasions on an unusually large scale. The ephemera
/called 'offlorcsceﬁce“ of the Tisza/ could be observed by a naked eye,too.
Apart from dominate Mefosira and Cyclotella species, she carried out the

identification of thirty species. It was surprising that in the period of
culmination Aphanisomenon §Los-aquae became dominant in an almost unparal-
leled extent. It domiﬁated the living snaée 5hout in 80 np.c. And the in-
te?sitonf the "efflorescence” bccame stronger going down the river in the

Csdngrad-Szegcd reaches.

After outlining this definitely interesting phenomenon, we return to
the classical indices of the water pollution establishing that the oxygen
consumption in these reaches of the Tisza falls mostly between the values
3 to 10 mg/1. The biochemical oxygen demand is always lower.than that, re-
maining generally below 5 mg/1, while a value of the oxygen consumption
lower than 3 mg/1 nearly never occurs, and a higher value than 10 mg/1 is
to bec observed only rarely but more and more frequently. We have meaéqred

some years ago even values above 15 mg/1, ns-well.‘
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It is characteristic of the water content of the river being inclined
to extremes that the values of water level fluctuate about 8 m on the aver-
age, while the extreme values may be even as high as 11 metres here and
there. The extreme distribution of precipitation, the changeable alterna-
tion of humid and arid years do increase the deyree of fluctuation. This
>peaks for our suggestion, too, that for reglsterxng the water quality of
the river, for mapping its alternations we have to increase the freaquency of
samplings. The quality of water that depends upon the water motion, resp.
output can namely not be defined exactly without that / G o d a 1965/,

The same demand . is supported also by the fact that the Tisza carries
on the average éS,4 thousand million cubic m water into the Danube a year.
It may be felt.even at a static outlook that it is reasonable to encrease
the amount of the representative water samples, collected on the basié‘of
the practice until now, for being able to characterize more perfectly a
large amount of water like that. Not to speak.about that, also the secu-
rity of the calculation of correlation for investigating the connection
between the quality of water and any other hydrological characteristics is
increased in high degree by the more data got by the more frequent sampl-
_ing inside the same cross section. Similarly to the connections, found
by T. Dvihatlly, Zs. - VAgas TI. /1966/ in the Danube between
the water output and flood wave and the water-chemical conditions, we can
create a more secure basis also for the practical life by mapping more
continuously the water-chemical conditions. It seems, therefore, to be necj
) essary in the future to increase the frequency of samplings 1n any sampl-
ing site. There arises the question of telemetering, automatlzatlon, and
even a continuous application of these concerning certain components. We
can obtain an immense number of data in that Qay. And that is very good and
useful. At any rafe, in spite of that we can get a really clear picture
"about a water course only with a method like this, we must needs be satis-
fied with our situation inside the framework of the ndésibi]ity nvh{iébiél
for us.. The practical life is namely unable so far to elaborate the mass

" of data obtained by automatic, continuous registering. I should like,
anyway, to turn the scale in this question from the situation of equilib-
Tium in favour of accumulating the measurement data. In the following years
the mechanized élaboration of data will be capable of arranging the datum

series of long years and drawing the possible conclusions. The non- meas-
ured data, the informations that have not been collected in the present,

will not be ‘able to be rcnroduced in the future even hy the most perfect

sy;tem(of datum elahoratlonn
Summary

The laboratory of the Water Quality Control in the Water Management

of the Lower Tisza Region has carried out water quallty investigations in’~
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s
the reaches between Csongrdd and Szeged of the Tisza for ten years.

These reaches of the river are represented with a good approach by
the quality composition at river km Ng: 216 in Mindszent, from the'sampl-

ing nlaces enumerated.

In the amount of components, in the change of the classical indices
of water pollution some tendency may be recognized /nitrate, oxygen con-
sumption/. The charactg; of water'is.detgrmihed by the low dissolved salt
content and chahging EﬁspendedAloéa of the water of low, regf. middle hard-
ness, with a basic content of calcium-magnesium, sometimes of calcium,
hydrocarbonate. ’

An increase of the frequency of samplings took already place in the
course of the practice so far, perfecting highly already to-day the pic-
ture made about the change of water quality of the river. A further in-
crease of that partly may illuminate the extreme values of the single compo-
nent§: partly may ensure a more secure basis for the calculations of cor-

_ relation between the water-chemical and hydrological and also other data.
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Table 1
Result of 'a water sample investigation
No. Denomination mg/1 mgrw/1
1. Site of samplxng. the Tisza
at Mindszent.
2. Date of sampling; July 21st
1969. 2 p.m.
3. Place of the water-gauge; -
Mindszent, 216 + 200 rkm
4, Water level on the water-
gauge; 278 cm.
5. Water output at the water-
gauge; 655 cc.m/sec.
6. Character of the change of
water level; going down
7. Endurance pércentage of
water level; 27.2
8. Frequency of water output
in days; 3.1
9. Air temperafure; 18 ¢°
10. Water temperature; 20° ¢
11. Colour; yellowish brown
12. Smell; odourless
13. Transparency; 15 cm
14, Oxygen consumption 5.0
15. - Biochemical oxygen demand
/for 5 days/ 4.6
16. Dissolved oxygen; 6.8
17. Oxygen saturation; 75 p.c.
18. pH; 7.3
19. Conductivity; 328 ohm Tenlio®
20. Methylorange alkalinfty;
2.60 mval/l
21. Total hardness; 8.18 GH°
22. Carbonate hardness; 7.28 GH®

23. Calcium 45.0 2.25
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Denomination : ‘mg/1

No. mgrw/1
24, Magnesium ' 8.3 0.68
25. . * Sodiun : 23.0 71.00
26. Potassium - 4.3 0.11
27. Tptal cation equivalent 4.04
286, Chloride _ A 25.0 0.70
29, Sulphate . ' 38.4 0.80
30. Hydrocarbonate . . © 1ss 2.60
31: Cﬁrbonate — : 0 0
32, Totalianion eqé;valent ’ 4.10
33. Free carbon dioxide E;84 -
34. Iron : ' 0.05 -
>35.’ Manganese ‘ o -
36. Ammonium ion - 0.45 -
37.°  Nitrite o © 0%036 -
38. Nitrate . ’ ,2'5 -
39, Phosphate o -
40. Sulphide . - 0 -
41, silicium dioxide - ' 11.4 -
4i. Total dissolvea matter 233 ‘

43. Totalvsuspended ldad : ) L 478

44, Total dry msttef ’ 711

4s. 011 A ' - 0

46.  Phenols ' 0.013

47. Anion-active detqrgenf ' ) 0

48, Sodium percentage; 24.8 p.c.

49, Magnesium_percentage}~23,2 p.c.,

50, Hydgﬁcarbonaté percentage;

. 63 p.c.

51. Sulphate percentage; 20 p.c.

52, Chloride percentage; 17 p.c.

53, Water type; of calcium - -

hydrocarbonate :
54. Biological state; a-b‘me;o-
saprobe
55, Saprobity index; S = 2.20



Table 2

Evaluation of water samples taken at Mindszent
1969.

/On the basis the OVF Instruction entitled; "COMECON Unitary Water.
Quality Norms and Principle of Their Qualification" and "Water
Quality IAvestigations and Their Evaluation®/.

/Number of evaluated water samples; 39/

Water outputs
belonging to

. Values the measured

. values
- Unit of mini- maxi-  Stan- mini- maxi-
No. Component; measure- mum mum . dard. mum mum
. ment ‘
1. Oxygen consump- Co ’
tion mg/1 3.1 8.0 5.9 372 1600
2. Dissolved oxygen . i .
. saturation - p.-c. 59 98\ - 70 291 - 220
3. pH - 7.15 7.90 7/75 - 1600 413
4. Totdl hardness GH® 6.36 12.78 11.93 1224 200
S. Ammania mg/l. 0.10 4.00 1.59 220 285,
6: Sulphide mg/1 0.0 0.0 0.0 168 1600
7. Total dissolved : ) :
’ matter mg/1 187 363 343 ©511 168
8. Total suspended . ' :
load - mg/l 3 706 425 301 908
9, 0il o - mg/l 0.0 0.0 0.0 168 - 1600
10. Phenols : mg/1 0.0 0.64 0.03 430 413
11. Detergents - mg/l 0.0 0.80 0.23 381 498
12. Sodium . .p.c. 11.2 32.4 27. 511 503.
13. Oxygen consump-
tion with mea- )
suring solution . e
K,Cr,0, : mg/l 5.2 40 . 33 648 - 655

&



