51

ISSN 1648-6897
JOURNAL OF ENVIRONMENTAL ENGINEERING
AND LANDSCAPE MANAGEMENT

http:/www.vtu.lt/english/editions

2005, Vol XIII, No 1, 51-55

IMPACT OF ROAD MAINTENANCE SALTS ON WATER ECOSYSTEMS
ACCORDING TO DIATOM FLORA INVESTIGATION

Vytautas OSkinis!, Tomas Kasperovi¢ius?

Dept of Environmental Protection,Vilnius Gediminas Technical University,
Saulétekio 11, LT-10223 Vilnius-40, Lithuania
E-mail: 'aak@ap.vtu.lt; *tomaskasp@gmail.com

Received 25 Dec 2004; accepted 25 Feb 2005

Abstract. Road maintenance chlorides have a negative environmental impact. Chemical solutions of melting snow
inevitably get into the soil and change its chemical composition. They also get into ponds. Five water basins in Vilnius
city, at 5-80 m from roads, were chosen for investigation. The highest chloride concentrations were established by roads
where winter road maintenance is performance at the highest level. The hydrophysical and chemical parameters of the
investigated lakes depend on anthropogenic processes. Diatoms were used as indicators for reconstruction of the paleo-
ecological history of the lakes. They respond sensitively to changes in lake water salinity. The total number of 35
indifferentic-halophilic species from all the 78 diatom taxa were identified in the lake bottom sediments. Fluctuations of
their abundance could be caused by the impact of salts in different periods stimulating the productivity of indifferentic-

halophilic species.
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1. Introduction

The roads of the Republic of Lithuania are main-
tained in winter conditions almost 5 months per year
[1]. It is caused by geographical position and climate.
During winter road maintenance to avoid road slippery
fractional materials (mostly sand), chemical substances
(mostly salts) and their blends are used. Salts react with
ice and solutions which do not freeze are the result of
this chemical process. Chlorides used for road mainte-
nance have a negative environmental impact. Chemical
solutions of melting snow inevitably get into the soil
and change its chemical composition. They also get into
water ponds.

Degradation of water quality as a result of human
activities is a major contemporary concern. Now fresh-
water ecosystems become increasingly threatened by
salinity because of rising saline groundwater and modi-
fication of water regime reducing the frequency of high-
flow (flushing) events, resulting in an accumulation of
salts. Salinization can lead to changes in a physical en-
vironment that will affect water ecosystem processes.
There is limited information on how increasing salinity

will affect various life stages of water biota [2].

In lakes salinity gradients may strongly influence
the abundance and taxonomic composition of aquatic
communities. Data on plankton community fluctuations
are often used to estimate salinity impact on lake eco-
systems. Diatoms are potentially good indicators for re-
construction of the paleoecological history of any lake.
Diatom taxa have tolerance of a wide range of environ-
mental parameters, such as light, moisture, current ve-
locity, pH, salinity, oxygen and inorganic and organic
nutrients [3]. Studies on diatoms from water ecosystem
sediments are commonly used in assessing present and
past ecological conditions of a variety of types of water
basins.

In Lithuania palaeosalinity reconstruction of the
Baltic Sea and the Curonian Lagoon using diatoms were
performed by M. Kabailiené [4-6], G. Vaikutiené [7, 8]
and A. Bitinas et al [9].

The aim of this investigation is to study chloride
concentrations in roadside snow and a distance from
roads where the highest chloride amounts accumulate as
well as to investigate salinity impact on the physical and
biotic components of aquatic ecosystems.
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2. Materials and methods

Five water basins in Vilnius city, situated at 5-80 m
from roads, were chosen for investigation (Fig 1). Close
to lakes samples of roadside snow were taken on 12
February 2004 at a temperature of 13—16 °C, the wind
speed of 6-8 m/s, atmospheric pressure of 1001,1 Pa. In
accordance with meteorological data, a permanent snow
level was formed on 3 February 2004. Day samples were
taken from a medium snow layer of approximately
19 cm.

For snow sampling a transverse cross-section was
composed: point 1 — on the edge of a road; point 2 — at
1 m distance from a road; point 3 — at 2 m distance;
point 4 — at 3 m distance; point 5 — at 4 m distance. In
this way the distribution of chloride concentrations was
measured perpendicular to a road. At each measurement
point at 10 m distance from one another five longitudi-
nal cross-sections parallel to roads were made. Chloride
concentrations in dissolved snow water were established
by the titrimetric method.

Hydrophysical and chemical parameter measure-
ments were made in April-August 2004 in Gineitiskés,
Jeruzalé, EZeréliai and Verkiai water basins. Water tem-
perature, conductivity, pH, and Eh were measured there
with a MultiLine P4/SET using selective electrodes
SenTix ORO and TetraCon 325. The Winkler method
was used to assess dissolved oxygen concentrations in
water [10]. Transparency was estimated with a Secchi
disk.

Two short sediment cores (40 cm) for diatom analy-
ses were taken by modified Kajak (3 c¢cm in diameter)
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Fig 1. Scheme of sampling sites:

1 — the Gineitiskés lake (Gineitiskés street), 2 — the
Jeruzalé lake (Kalvarijos street), 3 — the Verkiai pond
(Zalieji eZerai street), 4 — the EZeréliai pond (Zalieji eZerai
street); 5 — the Slénis pond (Ribiskés street).

gravity core from the deepest part of the Gineitiskés lake
and the Verkiai pond. Diatom communities at 1 cm in-
tervals of the core were analysed.

Preparations of diatom slides for microscopy were
made after Kelly et al, algac were identified using taxo-
nomic literature by K. Krammer and H. Lange-Bertalot
[11-14]. Quantitative data were obtained by counting the
minimum of 250 diatoms valve per slide. Species abun-
dance and distribution were calculated as a percentage
of the total number of diatom valves. Diatom ecological
interpretations were based upon the work of H. Van Dam
et al [3].

3. Results and discussion
3.1. Chloride concentration in dissolved snow water

The highest chloride concentrations of roadside
snow were found at a distance of 0—1 m from a road. It
reaches 3120 mg/l (close to the Verkiai pond), pH of
dissolved snow water is between 7,2-7,4. Moving far-
ther from a road chloride concentration noticeably de-
creases. At 4 m distance it accounts for 5-10 % of the
highest chloride concentration (Table 1). Maximal chlo-
ride concentrations were founding by roads where win-
ter road maintenance is performed at the highest level.
By Ribiskés street, where winter road maintenance is
performed at a medium level, chloride concentrations in
dissolved snow water are much lower (max — 1440 mg/
1, min — 75 mg/l).

Table 1. Chloride concentration distribution

Chloride concentration distribution (mg/l)

Street in accordance with distance

0m Im 2 m 3m 4m

Kalvarijos str

(the Jeruzalé lake)
Zalieji eZerai str
(the Verkiai pond)
Zalieji ezerai str
(the Ezeréliai 2510 | 2100 1840 780 125
pond)

Ribiskes str

(the Slénis pond)
Gineitiskes str (the
Gineitiskes lake)

2800 2900 1920 890 280

3120 | 2950 | 2100 1045 260

1440 910 685 320 75

2700 | 2850 1800 650 220

In all the cases the layer of land determines that
part of dissolved snow water on roadsides gets into the
water basins.

3.2. Hydrophysical and chemical parameters

At the beginning of the study period samples were
taken from ice-free arcas on 3 April 2004. Water tem-
perature varied between 3,2 and 6,2 °C. During the
spring and at the beginning of the summer the tempera-
ture was relatively low reaching 15,2 °C in June. The
hydrophysical and chemical parameters of the investi-
gated lakes water are given in Table 2.
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Table 2. Hydrophysical and chemical parameter measurements
in 2004

Water Con-
Lakes/ . tempe- Eh, ducti- 0,
ponds Date rature, pH mV vity, mg/l
°C uS/cm
04 03 6,2 8,20 -55 427 15,04
The 1 o512 | 83 786 | =50 411 | 14,00
Verkiai
pond 0528 | 14,0 7,80 -51 410 12,30
0610 | 152 8,20 -69 399 11,20
04 03 53 7,87 -43 450 16,00
The
Jeru- 0512 8,6 7,90 45 385 13,30
zale 05 28 13,1 7,91 -47 380 12,80
lak
axe 0610 | 167 | 797 | -55 370 | 11,20
04 03 32 7,60 -39 461 13,02
The
Eere- | 0512 8,0 7,85 -50 440 12,80
liai 0528 | 13,6 7,90 -52 422 12,80
pond
0610 | 155 7,92 -51 430 12,60
The 0503 | 185 9,20 - 155 7,68
Ginei- | 0606 | 17,9 - - 151 8,88
tiskés 0618 | 18,0 890 | -107 152 9,12
lak
axe 0809 | 189 | 949 | -130 | 155 | 688
“_“ _ no data

In the investigated lakes the values of pH >7 were
recorded. They ranged from 7,6 to 9,49 with increasing
trend in summer. Redox potential values were negative
and showed little variation between the two seasons in
all the investigated lake. Conductivity values in the
Gineitiskés lake were rather homogenous during the in-
vestigation period — 153 uS/cm. In the other lakes con-
ductivity was more than 3 times higher. The values de-
creased from spring to summer.

Concentrations of dissolved oxygen in the lakes and
ponds ranged from 11,2 to 15,04 mg/l indicating satura-
tion. The highest values were recorded just after ice-
break. A decrease in oxygen concentration in late spring
and summer can be attributed to increased temperature
during the period.

Secchi depth fluctuated from 0,25 to 3,3 m. These
values show that light does not always reach the lake
bottom.

3.3. Diatoms in lake bottom sediments

One-year investigation of zooplankton structure in
three lakes did not show the influence of salts on their
communities despite quite large amounts of chloride salts
in the snow taken close to the lakes during the winter
season in 2003-2004 (Table 1). Diatom communities
are sensitive to a wide range of water quality degrada-
tion. They can indicate the overall toxicity (cumulative
and synergistic) of contaminants. Long-term investiga-
tion of salt influence on the lake environment, accord-
ing to diatom flora in the bottom sediments of the
Gineitiskés lake and the Verkiai pond, was performed.

40 Indiferentic
O Indiferentic-halophilic
Halophilic —

35
30
251

Species amount, ind/|

General

The GineitiSkés lake The Verkiai pond

Fig 2. Species number of different diatom ecological
groups

The total number of 78 diatom species was identi-
fied in the lake bottom sediments. 57 diatom taxa were
found in the GineitiS8kés lake, and 43 — in the Verkiai
pond. The largest amount of species from benthic Nav-
icula (10 species) and periphytic Cymbella (9),
Achnanthes (8), Fragilaria (7) diatom genus was found.

Diatoms from different habitats and life form indi-
cate the depth of water basin ecosystems during their
different development periods. Plankton diatoms living
in open water, periphytic attached to plants and benthic
living in and on sediments are distinguished. In the in-
vestigated lake sediments the largest amount (57 spe-
cies) is formed by periphytic, by benthic — 22 species
and by planktonic — 11 species. In the Gineitiskés lake
and the Verkiai pond periphytic and benthic dominate,
accordingly, 29, 34 and 18, 12 diatom species.

Diatoms respond sensitively to changes in lake water
salinity. In freshwaters, brackish and marine waters dif-
ferent species appear. In the investigated water basin
sediments freshwater indifferentic diatoms (37 species)
and indifferentic-halophilic (35 species) dominate (Fig 2).

Diatoms in the Verkiai pond sediments. The sedi-
ments of the 40 cm core consist of a dark-grey to olive-
grey sandy mud and some shell fragments.

A selected diatom diagram showing taxa with an
abundance of more than 5 % in any sample-analysing
diagram was constructed. The diatom taxa was combined
into different life forms.

The patterns of changes do not relate to diatom
diversity patterns. There was a clear succession in per-
iphytic species during the whole investigation period.
Freshwater periphytic diatoms Fragilaria brevistriata, F.
construens, F. construens var. binodis, F. c. var.
triundulata, F. c. var. venter, Achnanthes minutissima,
Opephora martyi form a stable diatom community in
the whole sediment core. These species contribute up to
90 % of the total diatom flora. Dominance of periphytic
species shows a low ecosystem water level. From the
middle of the core and upwards the abundance of plank-
tonic, typical of mesotrophic-euthrofic water species
Cyclotella distinguenda and Stepahanodiscus minutulus
increases. Almost in all the samples reophilic Rhoicos-
phenia curvata appear which indicate flowing conditions.
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According to adaptation to water salinity in the
Verkiai pond sediments, freshwater indifferentic species
(Fragilaria) dominated. There are large amounts of
indifferentic-halophilic periphytic and benthic Achnan-
thes, Amphora, Navicula, Rhopalodia genus species. It
is difficult to recognize salinization process impact on
algae structure in shallow flowing ecosystems. However,
fluctuations of halophilic diatom abundance along the
whole Verkiai pond sediment core are seen. This could
be caused by an increased access of salts in different
periods, stimulating the productivity of indifferentic-halo-
philic species.

Diatoms in the Gineitiskés lake sediments. From
the central part of the Gineitiskés lake a 26 cm sedi-
ment core was taken for diatom analyses.

The diatoms found in the core studied are mainly
like those in the Verkiai pond periphytic Fragilaria spe-
cies, indicating a macrophytic shallow water basin.

Twenty seven idifferentic-halophilic, tolerant to sa-
linity species, were identified in the bottom sediments.
They are abundant in all the sediment samples. How-
ever, from middle to lower deposits the largest amount
of this ecological group diatom was found. Achnanthes
and Stephanodiscus species prevail. Planktonic diatoms
found in the sediments seem to be favoured by increased
input of nutrients.

The Gineitiskés lake is a hypertrophic water basin.
During the whole vegetation period cyanobacteria and
green algae dominate in its water and form water blooms.
During the investigation period in 2004 algae bloom was
apparent, transparency reached only 0,25 m.

A low diversity and abundance of indifferentic-halo-
philic diatoms and a high abundance and diversity of
eutrophicated water diatoms seem to be the result of an
influx of nutrients and pollutants in the Gineitiskés lake
water and sediments.

4. Conclusions

1. The highest chloride concentrations are estab-
lished by roads where winter road maintenance is per-
formed at the highest level.

2. Hydrophysical and chemical parameters of the
investigated water basins 5-80 m from roads depend on
anthropogenic processes.

3. Diatom flora established in the Verkiai pond and
the GineitiSkés lake sediments is typical of shallow
macrophytic water basins. Freshwater indifferentic spe-
cies from Fragilaria genus and indifferentic-halophilic
Achnanthes, Amphora genus species prevail.

4. It may be concluded that diatom communities
from the Verkiai pond sediments reflect salinity varia-
tions of environmental conditions through variations in
indifferentic-halophilic species composition and abun-
dance.

5. A low diversity and abundance of indifferentic-
halophilic diatoms and a high abundance and diversity
of eutrophicated water diatoms seem to be the result of

influx of nutrients and pollutants in the Gineitiskés lake
water and sediments.
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KELIU PRIEZIURAI NAUDOJAMU DRUSKU JTAKA TITNAGINIU DUMBLIU IVAIROVEI
V. Oskinis, T. Kasperovicius

Santrauka

Ziema keliy priezifirai naudojamos druskos teria pakeliy aplinka ir jos komponentus. Tirpstant sniegui susidare druskuy
tirpalai patenka { vandens telkinius. Tyrimai atlikti Vilniaus miesto ezeruose ir tvenkiniuose, 5-80 m atstumu nutolusiuose nuo
intensyvaus autotransporto eismo gatviuy.

Didziausios chloridy koncentracijos (iki 3120 mg/l) nustatytos gatvése, kuriy priezilira ziema atlieckama pagal I (auksciausia-
ji) lygi. Hidrofizikiniai ir cheminiai parametrai priklauso nuo konkrec¢iame vandens telkinyje vykstanciy antropogeniniy procesy.

Verkiy tvenkinio ir Gineitiskiy eZero nuosédy storyméje nustatyta sekliems makrofitiniams vandens telkiniams btidinga titna-
giniy dumbliy flora. Vyrauja gélavandenés — interferentinés (Fragilaria) ir indiferentinés — halofilinés (Achnanthes, Amphora)
rasys.

Skirtingais abiejy vandens telkiniy formavimosi laikotarpiais nustatyta indiferentiniy — halofiliniy rtsiy pagausé¢jimas. Viena
i§ priezasCiy, galéjusiy turéti jtakos druskingiems vandenims budingy titnaginiy dumbliy i$plitimui gali bati keliy prieziirai nau-
dojamos druskos (chloridai).

RaktaZodZiai: keliy priezitiros druskos, vandens telkiniai, titnaginiai dumbliai.

BJIMSIHUE COJIEN, NPUMEHSIEMBIX IIPH YXOJE 3A JJOPOTAMM B 3UMHHUX YCJIOBHAX, HA ®JIOPY
JAATOMHBIX BOJOPOCJEMN

B. Omxunue, T. Kacieposuuroc

Peszmwome

Cousn, mpUMeHseMble IPU yXOA€ 3a JOPOraMU B 3UMHHX YCIIOBHMSAX, HETaTHBHO BIHUSIOT Ha NPHUIOPOKHYIO cCpeay U ee
KOMIIOHEHTBI. PacTBOpBI cosel, oOpasyromuecs Mpu TasHUU CHera, MOMaJaloT B IPUPOIHBIC BOTOEMbI. McciaenoBaHus NPOBOIUINCH
B 03epax M IpyAax Ha TEPpUTOpHM I BuibHIOCAa. DTH BOZOEMbI HAXOAATCS Ha paccTosHUU 5—80 M OT JOpPOr ¢ MHTEHCHBHBIM
JIBI)KEHHEM aBTOTPaHCIOpTA.

MaxkcumasbHble KOHIEHTpAUu XJI0pua0B (10 3120 mr/i) 3aguKcHpOBaHEI HAa JOPOrax, YXOA 3a KOTOPBIMHU B 3MMHHI CE30H
obecrieunBaeTcs Mo BbIcIIeH kareropuu. [Hapohu3nuecKie U XMMHYECKHe MapaMeTpbl B KOHKPETHOM BOJIOEME 3aBUCAT OT XapakTepa
AHTPOIMOTEHHON HArpy3KH.

B xononke otioxkeHuit npyna Bepksit u o3epa ['mHeiTHIIKeC ycTaHOBIEHA (iopa ANATOMHBIX BOZOPOCIEil, XapaKkTepHas IJis
MEJIKOBOZHBIX Makpo(QUTHBIX BojoeMoB. [Ipeobmamaror npecHoBoxHo-uHAU(pdepenTHbie (Fragilaria) n nHaUGPEpEeHTHO-
ranodunsbie (Achnanthes, Amphora) BUnBbL

B o6oux BomoemMax yCTaHOBJIEH MPOUCXOJMUBINHN B MPOIUIOM POCT YUCICHHOCTH MHIU((GepeHTHO-TanobuiIbHbIX BUA0B. OnHOI
U3 BO3MOXKHBIX HPHYMH Pa3BUTHs IMATOMHBIX BOJOPOCIHEH, XapaKTEpHBIX Ul COJIOHOBATHIX BOJ, SIBISIETCS IPUMEHEHHE COJIei
(XJI0pUA0B) MPU yXOJ€ 3a AOPOraMH B 3UMHHX YCIOBHSX.

KiroueBbie ciioBa: COJIM, BOAOEMbBI, TUATOMHBIE BOAOPOCIIH.
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