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SLIMMARY

This paper describes investigations of fundamental biological and pratical inportance. Tntersti-
tial subterrancan water {hyporheic) which is near a polluted river in a plain is the subject of the
study, The water is becoming increasingly impartant as a source of drinking water. The relation
of the hyporheic water 1o the physical, chemical, bacteriological and faunistic characteristics of
the river is discussed,

INTRODUCTION

The object of this paper is to present our studics on interstitial subterranean
waters, those filling tiny crevices among particles of stream bottoms and bea-
ches as well as sand and gravel alluvial sediments of river valleys, 1.e, pota-
mostygal, mixopolamostygal, and eustygal (Husmann, 1975).

The phenomenon of life and its features, along with the increasing im-
portance of interstitial subterranean waters as a source of drinking water, in-
volve biological and ecolopical studies as well as hydrogeological, chemical,
physical, and medical ones.

Quantity, physico-chemical characteristics, and distribution of these
subterranean waters are relatively well known on both a regional and world
scope, Although still in the initial stages, research on the dynamics of compo-
site ecological processes are progressing. Research on matural habitats has
scientific as well as practical values, and some experiments have already been
performed (Husmann, 1968, 1971, 1974/75; Ritterbusch, 1976).

Ecological rescarch on interstitial waters includes guestions concerning:
the compasition of the biocenosis and the relation of its terrestrial and sub-
terranean faunistic elements; the relations between the structure of bioceno-
ses and the physical features of substratum, c.g., volumes of intergranular
spaces and their practicability for water circulation, water temperature and
pH; and the relation between biocenoses, water chemistry and the quantity of
existing food {Lipkes, 1976; Husmann, 1968). Studies of vertical and hori-
zomtal distributions and density of populations depending on ecological and

- Department of Zoology, Faculty of Watural Sciences and Marhematics, University of Zagreb.



1] MILAMN MESTROY and ROMAMNA LATTINGER-PEMKO

other factors have also been carried out (Husmann, 1974/75; Danielopol,
1976; Mestrov, et al., 1976a). 2

The attachment of certain subterranean organisms (stygobionts), i.e., of
their communities to the biotopes of specific characteristics, also serves as an
indicator of the guality of underground waters for human consumption
(Husmann, 1964; Spangenberg, 1973),

Since phreatic waters serve as drinking water, understanding of the con-
nections and mutual influences of surface waters (particularly polluted ones)
to sublerranean waters is of special significance as allochthonous environ-
mental pollution develops. For this purpose various indicators have been
used, such as fluorescent tracers (Giammona, 1973) and radioactive tracers
{Kubelka, personal communication). Contrel of changing physico-chemical
and biological parameters through a system of permanent bores {(Husmann,
1974/75), or provisional ones, are also used (Bou and Rouch's method).

The results presented here were obtained in studies completed during
1973 and 1974 in the Sava river valley, not far from Zagreh (the Jankomir
bridge), where the relatively shallow and fast moving river circulates over
thick alluvial sediments of sand and gravel watered by phreatic flows.

The aim of our studies was to learn the condition, quality, connections,
and mutual influence of the river and surrounding sublerranean hyporheic
waters {potamostygal and mixo-potamaostygal) with the phreatic water (eusty-
gal) in this contact zone, as well as possible infiltration of surface water into
the phreatic, and viceversa.
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Fig. 1. The river Sava near Eagreb (Jankomir bridge), showing the position of pumping tubes,

i.¢., sampling points. Wumbers indicate their depths and distances from the river edge
in meters.
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METHODS

Samples were taken on 29 June, 17 July, and 3 Movember 1973, and 17 April
1974 during low water using the Bou-Rouch method. They came from va-
rious depths (0,3-2 m) of crosswise profile including a portion of the left river
bank, the beach, and the river bottom {Fig. 17 A Norton pump drivento 7 m
was employed at the same prafile, 200 m from the river.

Determinations of certain bacteralogical and chemical parameters of the
river water were made, as well as evaluation of the saprobiological conditions
of the river and bacteriological, chemical, and faunistic analyses of the inter-
stitial samples. Bacteriplogical analyses were carried out only in autumn, and
more extensive chemical analyses in autumn and spring. All samples taken in
1973 were used far faunistic determinations.

RESULTS, DISCUSSION, AND CONCLUSIONS

Studies of various relations between the biotopes of subrerranean and surface
waters were undertaken at a relarively small locality in the Sava river valley
near Zagreb, They were carcied out on the beach and in the river bottam Lo
2 m depth. This was the maximum depth possible with current equipment. At
the riverside, samples of water were taken from a depth of 7 m by a perma-
nently fixed pump, i.c., slightly deeper than the level of subterranean water.
The studies included a part of the river bottom and the whole beach of sand
and gravel sediments which at high water forms part of a waterside bottom
and at low water is exposed, The studies of subterranean water 200 m away
from the river margin were made only once. Accordingly, all areas which, in
a vertical and horizontal sense, could be watered by the river were included in
the research.

The greater part of the beach closer to the river margin rises so gently
that even a slight rise in water level s followed by inflow and affects the
substratum. There is more intensive deposition of transported material in this
area than in a constantly submerged river bottom, due to a frequent and slow
inflow and ouwflow of river water, This is also indicated by quantities of su-
spended material at all depths of measurements (Fig. 2}

Comparison of chemical and physical parameters measured simulta-
neously in the river and interstitial water showed several different ecological
areas:

(1) The most distant point from the tiver {200 m), where the water is on
a depth af 7 m is situated in an area distinet both in space and some parame-
ters. This location is remarkahble for its deficiency of oxygen as well as low
temperature, The guantity of CO, is also considerably less than at all other
bores. Alkalinity of 4,1 mval per litre is the lowest recorded in spring, and
guantity of ammonia aboutr 10 to 290 times less than in the interstitial water
of the beach. This is the phreatic or eustygal area, which ditfers considerably
by its characteristics from others and in which a direct impact of the river
could not be defined during the studies {Tah. 1).
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Tahle 1. Physico-chemical analyss of water fraom point + 200 (T m depth, 200 m distance (room
the river margind,

Water temperature RS0
Dissolved oxygen 8% mg’l
Deficiency of axypen 10,9 mgsl
40 masl
BOMD, 57,1
Permanganate nurmber 7.9 sl

(KM ni, conswmmtion)

Free carbon dioxide 7.9 mgsl
pH 7
Alkalinity 4,1 muvalsl
Chlerides C1 14,5 mgsl
Ammania N 0,01 mgs1
Mirrites MO, 0,11 mg1
Mitrates MOk 1.5 mgdl
Adianic surface-active

agents (surfaceants™} THS 0.4 marsl

{2) The zone along the water edge, which extends some 5 m on the beach
as well as on the river bottom, is different from the surrounding area, The ex-
tent and changes, both in space and time, of physico-chemical and other pa-
rameters suggest the existence of various layers. Namely, some parameters al
various depths (0,5, 1 and 2 m) at the same point of measurement, show con-
siderable differences in amount, bur a regular increase in these values at each
depth in direction from the river edge inland or the reverse is also notable. In
addition, seasonal inversions in quantity of oxvgen in summer and autumn in
a layer at 2 m depth show that the horizons in consideration have presumably
diverse physical structures (granularity). Some indicators, such as more inten-
sive bacteriological activities (heterotrophic bacterial, coliform bacteria,
quantity of anjonic surface-active agents, presence of populations of the spe-
cies indicative of a higher dearee of organic pollution such as Sphaerotiius
natans etc., and the presence of river fauna, demonstrate that the hyporheic
zone along the river margin down to 1 m depth is more influenced by river
water and its polluting effect than deeper and more distant zones (Fig. 3, 4,
5 6; Tab. 2, 3, 4).

{3} Some features of the part of the beach more distant from the river
margin {point + 10} differentiate this zone from the ewstygal and from a wi-
der area near the river margin; and various values of the parameters of point
+ 10 and other points closer to the river suggest its characteristic features.
Here the guantity of oxygen varies slightly by depth. There are more arganic
materials here than elsewhere in the alluvium as well as products of minerali-
zation of these organic materials, Perhaps many organic materials and chlori-
des originate from the surrounding meadows and agricultural areas, and pre-
sumably only high water causes a more intensive contact between the river
water and the subterranean water of the alluvium,
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Indicators of pollution like organic compounds, chlorides, nitrates, nitri-
tes, ammonia, and coliform bacteria show that all points on the beach and on
the river bottom are subject to the influence of polluted river water at least
down to the 2 m depth. This is confirmed by the presence of particles of coal,
Sphaerotifus, and other indicators of saprobity in the deepest examined hori-
zon {Fig. 5, 7, &, 9, 10, 11; Tab. 2, 3).

The activity of bacteria, evidenced by the presence of products of orga-
nic material decomposition and BOD, suggests Lhat the process of autopurifi-
cation is also performed in the hyporheic. Due to the oxygen demand, down
to 1 m depth, the deficiency of oxveen approaches 93% . In deeper layers, in
summer, oxvgen almost disappears (Fig. 12).

lo comparison with the physically similar habitat by the river Dirava near
Legrad, studied in the same vear {(Mestrov, et al., 1976a), the fauna of the Sa-
va's hyporheic is not as rich, in the guantitative and gualitative sense {Tab. 4,
Fig. 13). Typical sublerranean species of Acarina, Isopoda, and Amphipoda

Iahle 3. The river Sava, hyporheic, near Sagrel
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Takle 4. The river Sava, hvporleic, near Zagreh
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are lacking here, which otherwise live in phreatic waters of the Sava valley
{MeStrov, 19600 and in the hyporheic of the Drava. Perhaps macrocenobiants
have a certain role In maintaining the ““cleanness’ and perviousness ol inter-
stices, i.e., circulation of water through them. Eating the infiltrated detritus,
they accelerate the process of decomposition and development of a balance in
ionic and organic composition of water and open the crevices closed by this
detritus (Husmann, 1974, 19735; Bojlenko, 1973),

Autumnal oxyzen enrichment of the deep hyporheic layer of water was
not followed by a greater density or a changing composition of stvgobiont
animal populations. The layers below 1 m depth in locality studied of the Sa-
va seem to be “ecologically devastated™” (Husmann, 1974/75). [t is certain
that the chronically high degree of pollution with organic and toxic materials
causes this phenomenon {Meftrov, et al., 1976 b, ¢). The results of our stu-
dies confirm this.

The continuation of comparative ecological research and studies of dee-
per lavers will provide more information and explanations.

Tahle 5. GROUPS OF ANIMALS SAMPLED IN THE HYPORHEIC OF THE RIVER 5A-
WA near Zagreh and DEAVA oear the villages [.Dubrava and 1.egrad.

GROLUPS SAYA DEAVA
3. dubrava Legrad

Mematoda +
Dligochaeta +
Copepada +
Ostracoda i

i

I
i

Amphipoda
Chironomndar - + i
Trichoprera FiE:

Insecta, athers - - +
Gastropada - i
t5phacrotilus) ; £

Ciliata {calan,) —= - ks
" Hydrazoa | -
Acaring - !
Isapoda - — ;
Collembala — — +

Coleopiera — +

Average of animes
per liter 0.63 1.3 22

Dregree of

saprabiny [ el | a m o — M




RELATIONSHIPY HETWEER A POLLUTED RIVER AN TS HYPODRHEIC

* o 1 l L]
. ® xr = owem momao v ommo onooe
i
F l
a
1

Fig. 2. Suspended mater i hyporhes wiaier {as med | oof pesdue on CVADOTALIBN ).
1 vy 5 *1 1
H W H e ” ns . ELER L .
=i e a3, AR g R NED i S,
el "l
s | foul
1]
d 4
’ ’
a oMo " wn
lrmgmrwrirn g, == - B ———uroie ~ i
I ) 1 1 L]
2 L] T [ " i - TE] w 1 ¥ "
(LN L r ]
' H [ § L
n 1 1 )
. 1
H i
ta - b ]
i —— 1 W g moem e 430
o e i CEL]
Fag. 3. Temperature ol hyporbeic water.
"1 % ] 1 1
4 - [ Y FLTT LI EET R ] I LLL - Ak e
" 4
i - i+ ]
! -
A ! L i L) 4
: 1
: ' |
3 i i i
] ' 1 |
& [ i M i L
= i Lol
d )
e NEE mrar
Fig. 4. Mumbor of heterodrophic bacteria i |oml ol hvporheic water,

1iin

e



168 ML AN MESTROV and ROMARA LATTINGER-1ENRD

LA 1 1 o
L il L - W
f e e L ol
|
g T * [
LS . \
0l 1 1 \ H .
T ; i
g i i i /
| i

— {4
-- [
e
Fig. 5 Number of Escherichis coli cells in 1 ml ol hyporheie waser.

i a Ly} 1 -

= = = & a w1 e oi

0 f = I —

NN

Fig. 6.  Anionic surlfcc-active agents (' Surfactants'') as mgs Ll TBS m hyporheic water.

Al -n
] 1 T L] I -y
* I il - =
LR
[ ™
H 1
; L]
L L,
L 1 B
Ll ol L € L] w4 L] (L1}
L] - oy < —

—_— iy [EETRE [T Ty
[T 1 =R

Fig. 7. Permanganale pumber or KKol, consumplon. in .



RELATIONSHIPS BETWEEN & POLLUTED RIVER AN IS HYPORHEIC 164

K ] k k)

— T [N | Epe
BT LI 1

Fig. & Mitrates in hyporheic water, as mgs1 NO,.

1 E
]
; o
\ H
:\ ) o
— —_—— — - - -
- * 1 1 ] 1] - 1] ] - L] L]
o L 1a & ot
Fig. 9. MNirites in hyporheic water, as mgs] MO,
- 13 - O vl w1 -
] 1 L] L 1 1] [ ] ] l—_: [ i s
R el Wy . LS I, 7
"I P - |'. ‘. r...
vl & = B! ¢ E
hl ¢ "I . i
2 2 0 i
] E 'y . |
E T I W I d

— W maa W fiR

e DA  ml &

Fig. Lik Ammuooia in byporheic water as mg/1 amaonia ™,



170 MILAN MESTROV and ROMANA LATTINGER-PENRC

4 L =% =1 L]

i
=
H & 3 1 1
[ ' | [ ' i
= LI iy =
@
1
1
"
e b 0 g ] Lhsie bnam
& 148 W0 PR
R Nem d1mat 2y
- =B L L -5
B ' + @ a + T i
W . ipoacly  Aaeacalys '
-
! 1
H 1
£ W L L

LRI TPt

o4 M

Fig. 12. Quantity of disselved sxygen in hyporbeic water, in mesl.

*14d % o | 4

uz

o
—

Fig., |3, Mumber of animals in | liter of pumped hyporheic warer,

] &



RELATIONSHIFS BETWEEN A POLLUTED RIVER AN ITS HYPORHENKS 171
RESLIME

13¢5 recherches présentant & 1a Tois wn intérét fondamental et une portance pratique on éeé of -
fectudes sur les equx souterraines incerstvelles shyporhéigue) s'écoulant 1e lang de la vallée allu-
vigle d'une rivigre pollude: la Save.

En comparant les propriéiés physiques, chimigues, haceernologigues, saprobiologigues, de
méme que les faunes de la riviere de surface et de son écoulement hyporhéigue, a des saisons
différenres, o peut rechercher quelle est bear influence muruelle, Les résuliats obtenus mantreot
que I'influcnce de la pollation de eau de larivieee sur Peau byporhéique de san lie se Gail senti
jusgu'a une profondeur minimale de deux métres.
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