PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE MAROS (MURES)
RIVER

JANOS WalaNDT

Introduction

The expedition-like examination of the longitudinal scclion of a river is an cflicient
method lor discovery of the tvpical changes in a longitudinal section. The analyses of the
sediment are especially informative because the sediment integrates the effects of a longer
period (several tnonths, cvenlually several years).

The most examinations ol longitudinal sections in the Carpathian Basin have been
conducted on the Tisza River. In 1979, 4 detailed study of the sediment was perfonmed
(Gyori, Vegvari, 1981; Lass16, Berta, 1981), in 1986, the loxic miclal conlents ol the waler
and the sediment were examined (Waijandt, Bancsi, 1989), and in 1989, detailed chemical
and biological examinations were performed in the water body and in the sediment
(Waijand( ¢t al, 1990),

Materials and methods

Samples were taken along the longitudinal section of the Maros at 13 sampling sites
on lhe lollowing dalcs;

12.08.1991 at sample siles 1-5

20081991 at " "6-10

26081991 a " " Ll-15

Waler samples were laken [rom a bridge. ferry, or boat in the median ol the river; the
sediment samples were taken by Eckiman sampler.

The (emperature of the air and the waler, the smcll, the colour, the ransparency, Lhe
dissolved Oj. the [rec CO,. and waler velocity were determined at the site. The
conservation of water samples was made there. too.

The sampling, the conscrvation and the cxammination of the chemical components were
performed according to Hungarian Standards. For surface walers we used the Hungarian
Standards MSZ 12750 series. For sediment. we used the HS MSZ 12739 series. The
cxamination of the loxic ¢lements (imetals and arsenic) was performed by alomic absorplion
speclrometer type VARIAN 20BQ.
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Results and discussion

Physical characlerisiics and suspended solids

The measurements of the colour of the Maros at the five upper sampling sites showed
colourless or mildly vellowish water colour. It was greenish below Tirgu Mure®, grayish
downstream to Ludu® and light vellowish on the lower section as [ar as the mouth of the
river.

In the upper reaches the water was odorless while diflerent smclls were noticed at
lower sections, related to some kind of pollution (Table 1)

The transparency of water, which is fundamentally determined by the concentration of
suspended solids (especially by the number of plankionic algac), is the grealest in the
colourless upper section where the quantity of suspended solids and the number ol algac
were small at the same time (see chapter of algalogical discussion). The transparency
deercased at the five middle scetions and the five lower scctions of the river.

The temperature of the water was the lowest (12.5 “ C) at the sections near the source
and the highest at the lower reaches of the river (Table 1). In the next table values of
specific conceniralions arc plotled against the river kilometres.

The concentration of the suspended solids is very low at the upper section. At the
middle section (between sample sites 6-10) it increases significantly. At the lower section
{between sample sites 11-135) i increases gradually (Figure 1).

Inorganic componoenis

The [tee CO2 content of the river in the upper section where the total number ol algac
wias very low was fundamentally influenced by the spring water (so called "wine water")
with rclatively high concentrations of COa. The free CO2 conlent is relatively high in this
section, il is less in the middle section. and it disappeared in the lower section (Figure 1.

The pH-value changed in total harmony with the carbon dioxide content. In the two
upper seclions pH-values between 7.5 and 7.9 were measured, in the lower scetions the
values increased, they were between 8.1-8.6 (Figure 1). It is assumed to be in conncction
with the increased algal activity, which means more unfavourable water quality.

The concentration of the otal dissolved matier (and its other form of cxpression, the
value of the conductivity) is low 110-209 mg/l in the upper section of the Maros. 11 was
increased more than threefold (Figure 2) by Timava in the middle section. and it changed
only as a function of the discharges and the regime alier the little dilution cfTect of the Scbes
(Scbe™ and the Sarigy (Strei).

Fig. 3. shows that the biggest part of the mineral salt increase goes from the Kiililld
(Tirnava) 1o the Maros in the [orm ol NaCl. The waler hardness was incrcased by the
influence of the Tirnava, but in a smaller degree. The percentage of Sodium (Na Y-value)
increased from 8.5- to 36% in the longitudinal section.

Fluoride content could be measured in the lower scetion (Table 1),
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Fig. 1. The suspended solid and free C(; concentrations, and pH-values in watre of the Maros (1991).
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Table L. Some physical and chemical charactenistics of the Maros at dillerent sanpling sites

Colour

smell

Trimsparency (num)
Wether

Airtemp. (-C)

Water temp. ('C)

pH

Tree CO7 (mg'l)

COn (mg1)

IICO3 (mg:l)

"l'otal Hardness (CGerm.)
Sodium (mg1)
PPotassium (mg:1)
Chloride (mg1)

Sultate (mg:1)

Fluoride (mg:1)

Sodium pereent (o)
Conduetivity (uS:cm)
"l'otal dissolved solid (mg:T)
Suspended matter (mg1)
NH4 (mg1)

NOg (mel)

NQO3 (mg1)

Total inorganic X (mgl)
"l'otal X (mg1)
Dissolved PO4 {mg1)
Total P (mgT)
COD-Mn (mg:l)
CON-Cr(mg1)
Dissolved O2 (mg1)
(ncvgen sat. (%)
Phenols (ug:1)

ANA Detergents (mg1)
Water quality (I clear,
[I-polluted)

Water velocity (em's)
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Table 2. Toxical clement contertt in the water and sediment of Maros at ditferont sampling sitos

Toxical  elements  in | 1 2 3 4 3 6 7 8 9 10 n 12 13 14 15
WATER

Total Cu (mgz1) 2.3 2.2 3.7 2.2 3.0 0.5 2.3 5.8 37 25 13 11 15 19 19
Total Cd (mgT) <{).2 <().2 <02 0.2 03 < ()2 <02 <().2 (.3 2 0.8 0.y 0.3 0.8 0.8
Total Ni {(me1) 2.6 1.4 2.5 0.8 6.4 0.5 0.8 0.5 0.6 4 1.2 0.6 0.6 0.8 0.6
Total Zn (me:1) 4 2.8 8 31 11 6 14 12 R{) 147 73 71 66 L5 R2
Total Pb (mg1) <1 <1 <1 <1 <1 <1 <1 <1 12 30 37 6.3 12 18 19
Total Cr (mg1) <1 <1 < 1 <1 <1 <1 < 1 <1 <1 75 53 35 22 24 13
‘T'otal Hg, {mg1) .26 0.1 (1.4 0.19 1.1 0.06 1.3 1.2 3 9 0.3 2.1 3.9 2.2 0.9
Total As (mg1) <{.5 <03 <05 <{).3 < 0.5 <{.3 0.8 < {3 < (.3 0.6 1.3 0.6 1.4 1 0.9
Total e {mg1) 1.2 1 0.8 1.1 0.8 0.0 0.8 0.9 1.5 2.4 0.3 0.4 (.6 1.5 1.7
Total Mn (mg1) 0.12 0.18 0.1 0.07 (.06 0.07 0.1 0.09 .21 1.8 0.1 0.18 0.15 016 014
Water quality 1 1 | 1 | 1 | 1 11 Il 1 Il 11 11 11
SEDIMENT

Cu (mg'hg) 13.8 18.9 18.3 20.0 22.4 377 10.5 29.3 08.1 114 524 417 731 809 77.2
Cd (mg'ke) 0.1 0.1 0.1 0.73 (.48 0.9 0.1 0.33 (.19 6.7 3.9 1.3 2.3 A6 3.3
Nio(mghg) 8.4 16.5 3.4 8.3 3.5 269 13.2 24.1 12 21.0 37.0 31.7 22.5 23.4 23.2
Zn (mg'he) 93.6 67.9 41.9 835 92.1 126 50.2 96.5 151 664 991 1380 367 468 338
Pb (mgkg) 19.2 12.1 11.0 38.2 17.5 29.2 13.2 20.2 161 133 215 375 50.2 14) 94.4
Cr (mgke) 10.8 7.8 2 8.7 3.3 15.7 1.8 26.3 4.6 339 619 242 28.5 36.1 35.8
Ig (mg'kg) .02 0.24 0.02 0.008 0.04 0.39 0.07 .08 (.124 3.9 .83 3.3 (.33 (.63 (.51
COD-Mn (g'kg) 63 28 12 28 58 74 8.2 33 2.8 12 23 40 11 16 15
COD-Cr (g'hg) 103 50) 29 53 108 119 18 53 0.0 25 47 100 21 38 32
Oreanic matter (g'he) 125 37 42 39 103 131 20 36 13 37 62 99 48 43 41
Tolal N (g'hg) 1.5 0.9 3.22 .84 2.2 3.3 0.8 1.2 (.54 0.74 1.6 3 (.04 1.2 1.2
Total P (o'he) 0.39 0.39 0.35 0.88 1.1 1 0.43 0.8 0.31 0.55 073 1.9 0.71 076 093




Nutrients

Valucs of NHg-ion concenlrations were relatively low because of the high waler
lemperature in summer and the last nitrification. except below Tirgu Mure® and Ludu®,
where the values indicate some sewage discharges (Figure 4).

It is strange that nitratc ions (1.7-6.0 mg/1) occurred ¢ven in the waler of the upper
section. lis concentration increased up to 8 mg/l downstream 1o Tirgu Mure® and it
maintained with small variation all along to the mouth (Figure 4).

There were no significant nitrite concentrations measured down to Tirgu Murc”,
indicating that no significant pollution sources arc present. The major part ol the (otal N in
the water was in inorganic form (Figure 5), especially in the form of nilrate. In the upper
scction of Maros almost all of thc otal phosphalc consisled in ortho-phosphatcs. Both P
lorms increased in the middle section. [n the lower section down lo Zam, there was hardly
any POy ion, then the total P increased to the mouth (Fig. 5).

Compoencents of the oxygen budget

The COD values mcasured by the method of dichromale were not high in the upper
scctions ol the river, the easily oxidable matier lraction (COD-Mn) belonging (o the COD-
Cr was about Smg/l (Figure 6). It increased slightly in the middle section below Tirgn
Murc® and Ludu®, and increased considerably due 10 the influgnee of Tirnava. I is possible
that the high content of organic malter was caused by the secondary production ol organics
due to algal activity.

For a given distance rom the spring, the O+ saluration of the waler was ncarly 100%
(Figure 7). The deerease ol concentrations ol dissolved O5 at the middle section indicates
organic malter pollution which can easily be degraded. The most unfavourable conditions
were downstream (0 Ludu®. where the dissolved oxygen concentration decrcased 0 4.3
mg/l. Along the lower scclion, the saturation was more than 100% (due to high algac
populations) which decreased all along to the mouth.

Other componoents

The values of phenol index (which was determined by (he 4-amino-antipyrin method)
were worth mentioning only in the middle and the lower scetions {Table 1).

Concentrations of anion active delergents were low along the Maros relatively higher
values were measured in the scetions downsiream (0 Tirgu Murce® and Arad (Table 1),

Qualificalion

The present valid slandard has three categorics and il is oo liberal. (MSZ-10-172/1-83.
Evaluation and classificalion of surface waler quality.)

The waler ol the Maros belonged 1o Class 1 down o sample site 9. From that point on,
it belonged (o the Class 11, pH-values and concentrations ol nitrite ions were in Class 111 al
sone sampling sites.

Toxic cloements in the waters of the Maros River

In the upper scction of the Maros River, Fe and Mn contents of the water are relatively
high lor geological reasons. The Fe concentralions were 1 mg/l or higher. the same [or Mn
were 0.1-0.2 myg/l. The maximum values were measured downsiream to Tirmava (Table 2).
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Tig. 4. Concentration of ammonium and nitrate ions in water of Maros {1991}

Arsenic concentrations were under the measuring limit or were found slightly over it,
oceurting at some sampling sites in the lower sections of the river,

The values of Ni and Cd concentrations were very low, they did not change
considerably in the longitudinal section (Table 2).

Concentrations of Zn, Cr, Pb, Cu and Hg probably c¢an be considered as being
geological background valucs all along to the sampling site (8) at Ludus. Downstream 1o the
mouth of Aries, the Zn, Cu and Hg concentrations were increased very much (Fig. 8).
Downstrcam (o the mouth of Timava, the Zn and Hg concentrations were still increased.
and high Cr and Pb values were measured. The above mentioned metals were lound in
much higher concentrations downstream to the sampling sites 8 and $ along the river down
to the mouth. than in the upper scclion.

On the basis of the limits given in the integrated qualification. the waler quality ol the
Mauros River was Class [ down to the mouth of Aries and Class I downstream of it except
for one sampling point.

Limit values of metals in waior.
1-MI-10-172/3-85. Hungarian lechnical guideline for limit values. Classilication on the
basis of the 80% value of the duration curve. Limit values in the integrated requirement
syslermn.
2-Proposal ol the European Economic Commitice. Classilication on the basis of
median value.
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Results of sediment examination

Concentrations of chemical components in the sediment depend mainly on the grain
composition ol the scdiment and naturally on the contamination of the waler. This was the
conclusion ol carlicr investigations made on the Tissza River (Gyori and Végvari 1981
Lisz16 and Berta 1981). and it was supported by other authors (Waijandl et al, 1990) and
invesligating Tisza River sediment in Kiskdre Reservoir (Végvan and Waijandt, 1989),

The organic matler conlent of the sediment in the longitudinal section of the Maros
which was measured by two different methods. and the total N and lotal P concentrations
showed similar ligurcs, which proved indircetly that grain size distribution could play an
important role (Fig. 9). The highest values were measured at sampling points in the
retained-water seclionsnear Tirgu Mure® and below Deva. Characterizalions of organic
maller conlent by modely incineration at 630 C and by measuring COD-Cr, were in good
correlation with cach other (Table 2). The ratio ol the lotal and the casily oxidatable organic
matter (COD-Cr/COD-Mn) changed between 1.6-2.4. the main value was 2.0.

| would like 10 stress the importance of the finding that the total N and total P
concenltration values did not difTer considerably lrom each other in particular in the lower
section of the river. The sediment quality showed significant changes in functions of the
changing river profile in the wo upper sections of the river, while downsircam (o Zam and
conlinuing to the mouth, it was quilc balanced.

The concentrations of some metals in 1979 (Laszlo and Berta. 1981), many metals in
1986 (Waijandl and Bangsi, 1989) and in 1989 (Waijandl ¢t al, 1990) were higher at the
sampling silc near the Maros' mouth and the sampling site on the Tisza River below the
mouth of the Maros than at the sampling points on the Tisza upstream Lo the source of the
Maros.

The metal content of the sediment indicated prolonged pollution. Below the mouth of
the Arie®. the Cu and Pb content in the sediment increased considerably (Fig. 10) in
harmony with the conceniration valucs in {he waler (Fig. 9.). Below the mouth of the
Tirnava, the concentration of Zn, Cu, Cr, Cd and Hg increased suddenly. Most of the metals
reached their maximum values below Deva al sampling site 12, Along the 246 km seclion of
the Maros between Zam and Sscged (he concentration of the metals were similar and much
higher than the upper section ol the river. parlly because the sediment is spread out by the
current.

Conclusions

Water quality showed lundamental dilTerences al the three scetions of the Maros. The
sampling of the sections were made in three different weeks. The upper seclion is in &
natural statc characicrized by mingral and pollutant concentration. In the middle scelion
delerioration of waler quality was lound due to the considerable pollutant load. morcover
the Tirnava tribulary increased fundamentally the concentrations of inorganic components
in the water, The qualily of the lower seclion, which represents more than hall of the (otal
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river length, is relatively unlavorable and is classified as Class [l The concentrations of
some components indicatling anthropogenic elTects showed slow increase.
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Fig. 9. Chemical oxyvgen demand and nutrient concentrations in the sediment of Maros (1991)

Metal concentrations. namely Pb and Cu downstream to Aries and Zn. Cu. Pb. Cr. Cd,
Hg concentrations downstrcam 1o the mouth ol Timava were particularly high. Duc (o the
sedimeniation of the above-mentioned heavy metals, usually high loxic melal concentrations
were produced in the sediment. Spreading of this toxic rediment could be measured on the
lower river scction as well.
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