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Man's impact on the environment has become giobal and presents an
international problem (Martin and Coughtrey 1982). The selective ionic
absorption by hydrophytes in littoral ecosystems may be used for indicating the
chemistry of water medium and submersed soils (Hejny et al. 1986). The
purpose of this investigation was to determine the concentrations of heavy
metals in the main species of aquatic macrophytes distributed in the
Aldomirovsko swamp in the Sofia District, Bulgaria. An evaluation of the
anthropogenic contamination of this area will be made before the area is
declared a protected locality.

Aldomirovsko is one of the few inland swamps which is well preserved in
Bulgaria. The swamp is situated to the northwest of Slivnica town, at the foot of
the Tri USi hills, around 650 m above sea level (Fig.1). It is of Karst origin. The
area is about 2.5 km2. The water capacity of the swamp varies throughout the
year. Its depth decreases down to 1.10 m and is maintained by rainfall. The pH
varies from 7.5 to 8.0. There is a considerable layer of silt at the bottom, with a
pH of about 8.5. Thus far the swamp has been mainly a study area for floristic,
faunistic, phytocoenological and ecological investigations (Kocev and Jordanov
1981; Kocev and Micev 1984; Kocev and Jurukova 1984).

MATERIALS AND METHODS

This study was carried out during the growing seasons of 1988 and 1989. The
emergent plants (above-ground biomass) were sampled from 5 sites in the
swamp every month. The floating and submerged species (whole biomass)
were collected at the peak of their vegetation cycle (n=5)- Plant samples were
not treated with organic dissolving agents or distilled water, but any attached
periphytic material was carefully scraped off. About 1 g of the dried (at 80°C for
48 hr) and powdered samples was ashed in a muffle furnace overnight at 500°
C. The ash was dissolved in 10 mL 20 % hydrochloric acid and heated on a
sand bath to about 120°C nearly to dryness, according to the procedure given
by Jackson (1962). The filtrate was diluted with double distilled water to 50
mL.The sediment and water samples were collected from 5 sites monthly. The
sediments were ground to pass a 1 mm stainiess steel sieve, dried (at 90°C for
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Figure 1. Location of the Aldomirovsko swamp (1) in Bulgaria (latitude 42°
52'24" N, longitude 23°1'45" E).

48 hr) and treated (about 1 g) with a 3:1 mixture of perchloric and nitric acid (10
mL).The mixture was heated on a sand bath nearly to dryness. This procedure
was repeated with 10 mL hydrochloric acid. The digested sediment sample was
finally filtered and the filtrate made up to 50 mL. Water samples were
concentrated 20x (200 mL were heated in a steam bath, evaporated to dryness
and then soluted to 10 mL volume in 1 M nitric acid and filtered). Analyses for
the metals Fe, Co, Ni, Cu, Zn, Cd and Pb were made by flame atomic-
absorption spectrophotometry (Perkin Elmer 303) with background correction
and acetylene as fuel. Cadmium and lead were determined with a HGA 70
graphite furnace. Analytical precision was checked by replicating; deviation
between the duplicates was <5 % in all cases.The results are expressed in mg
kg-! dry wt and mg L-!. Each value is the mean of 5 values (plant samples) or 25
values (water and sediment samples). The significance of the seasonal
variations for emergent plants was made using t-test.

RESULTS AND DISCUSSION

Data for the heavy metal concentrations in 16 species of macrophytic aquatic
vegetation at the peak of their growth are shown in Table 1. These resuits are
similar to those reported by Dikijova and Petrova (1983) and Dykyjova (1979).
These authors noted, however, that any comparison between concentrations of
the same plant species from different habitats must consider the specific
conditions in the environment. All elements (except Zn and Cu, sometimes Ni)
were higher in the submerged plants. The maximum Zn content was found in

628



9F8T €0%Z) 9F6Z A AN ¥ F0C P¥ZL  ¥YOLLFLEOS Ainr Yol s/isuspeueo eapol3
9%¥ce  CTOFL'L GFEE L'EFED v ¥9l1 €FpL  OVELTFOEL9  IsnbDny “snjsnd o
P¥SL CC0¥680 GF.Z TT¥68 9¥s| yFEL L/8FL¥8E Aine . "oy suejiny o
PFOL 6L0FG60 LF6Z 6LFLL v¥ZL EFpL £EGFYGLE Ainr ] suejeu uojebowejod
sjue|d pabiawaqns pue buneo|
€¥0L LZOFOLD  6FSP €70l €FLL  L2Fy6  p8FZZE  snbny 1 sneedana sndooA]
GFLL Z0%0'L OLFLS Z¥0L €FZL  VLFLY 29F b2 ysnbny 1 eueajies Wiyl
L'€¥L6 €0F0L GFLZ L1¥89 S¥/1 LLFS Y 0Z¥Fv. aunp 1 sn1ooepnasd suj
6'L¥9S 9L'0¥S.0 £FEL L'LFOS O0€F66 CTFF8 6vF881 Isnbny ung euedu "D
L'LF9E PLOFYSO ¥y¥22 Z¥0L L't¥68 L'LF6EE 8L¥9/ Ainp “UNn9 sioesb Mﬁwo
g H (M
0Z¥99 CL0FZP O €FLL LLFOY €¥0L OLFBE LEF 1P Ainp sujsnjed m%ﬁm&wt
eijed (1
92¥r8 VLOFOP0Q 61F98 SO0FOZ G2F¥p9 OLF8G SPFvLL Ainp sujsnoe| snjag|dousoyos
.U:Em X9 "Ul|
L'LFS'S GL'0¥890 S¥SZ 8'0F0P ¥¥el SL¥G'9 LPF0LL  Jsequeldas  (‘AeD) siesjsne sojwbelyd
YFLL  PLOFESD PFEL 9'0FE'E £F¥ZL 61F60 LEFOLL Ainp " wmoals wniuebieds
L'V¥ES GLOFBSOD ZFLL BOFL Y y¥GL  80FET yZF20L Isnbny ulyosdan) juuewxe; ‘|
02%¥99 ZLO0F¥Pp9Q €2F¥66 60F0¢ €FLL  2'LF9Y 0EFLiL isnbny 1 &ljojusnbue 4
£F¥LL 9L'0FS90 L'LFP6 80FVE 2¥0L GL¥6'S LLFEP 1snbny 1 eyoypel eydAy
sjue|d yuabiawg
ad PO uz no IN 0D o o)ep buydwes ssioadg

‘(g=u) 8861 Buunp juswdo@asp Jiay} Jo

yead ay) Je dwems O¥SACIIWOP|Y 38U} Wwolj pa}aal|od sejAydosoew snenbe ul (im Aup -6y Bw) suonesuasuod jeyew AAesy °| ajqel

629



Lythrum salicaria and Lycopus europaeus (51 and 45 mg kg, respectively).
Species of the genera Lycopus and Lythrum that occurred in the inundation
area of the Tisza were noted as zinc-accumulating plants (Télgyesi and Kozma
1983). A higher Cu concentration (16 mg kg') was observed in the species of
Labiatae Lycopus europaeus. The high Cu content (12 mg kg') of Elodea
canadensis is to be mentioned, as well as the high Ni content (17 and 15 mg
kg, respectively) of Inis pseudacorus and Typha laxmanni. The macroelement
concentrations are generally a specific feature of higher aquatic plants,however,
the uptake of microelements (including heavy metals) depends on the natural
environment (Dietz 1972). The widest range of metal levels was that of Fe -
from 43 (Typha latifolia) to 8631 mg kg! (Elodea canadensis), i.e. 200 times.
Increased accumulation of Fe in some species showed Kabata-Pendias and
Pendias (1984). The Fe and Zn concentrations of Phragmites australis
(=P.communis) were a little higher than those of the species of the Srebarna
biosphere reserve (Nedjalkov et al. 1987), but the Cu content (30x), Fe content
(3x) and Zn content (2x) were lower than that of the samples collected from
Mandra and Vaja Lakes (Damjanova 1980) in Bulgaria.

The range in concentrations of metals in the three species of Typha varied little.
A wider range in Fe and Pb concentrations was noted. The Fe and Co content
of Carex ripana was higher, whereas the Cu and Zn concentrations were high in
C. gracilis. The three species of Pofamogetfon analyzed concentrated metals
differently dependent on their ecology. The Fe, Zn and Cu concentrations were
lower than the results reported by Riemer and Toth (1969).

The seasonal differences in heavy metal concentrations in helophytes were not
tested statistically (Table 2). Copper, Fe and Pb had a maximum variation up to
3x. The Cu concentration usually decreased from spring to autumn, whereas Zn

Table 2. Seasonal differences in heavy metal concentrations (mg kg"1 dry wt) in above-ground biomass of widely
distributed emergent plants collected from the Aldomirovsko swamp during 1989 (n=5).

Species Sampling date Fe Co Ni Cu Zn Cd Pb
P. australis May 143 52 12 10 29 0.33 3.8
June 119 37 98 8.5 27 0.35 4.1
July 107 55 9.0 56 18 0.42 9.0
August 112 93 8.7 42 20 0.55 56
September 165 6.8 11 4.1 23 0.64 55
T. angustifolia May 120 5.6 12 8.4 24 0.62 27
June 58 37 938 38 10 0.65 8.4
July 115 45 10 48 8.8 0.58 6.1
August 99 46 89 4.0 9.0 0.77 6.6
September 91 3.9 11 34 53 0.44 54
T. latifolia May 102 46 9.8 7.0 19 0.81 33
June 74 49 14 47 98 0.78 11
July 50 6.2 10 38 9.2 0.58 1
August 44 53 10 40 9.7 0.65 7.0
September 71 6.4 11 29 71 0.71 59
S. lacustris May 112 25 9.0 51 20 0.52 5.0
June 281 37 10 6.0 18 0.48 33
July 202 5.2 82 58 10 0.72 8.2
August 170 55 7.0 42 9.2 053 8.3
September 161 5.0 95 4.0 1 0.44 541
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was highest at the beginning of the vegetation period. Lead was sometimes
higher during the summer. Some of these trends confirm the data of Ozimek
(1988).

The ranges and mean concentrations in water and sediments are reported in
Table 3. They were within the limits reported by Moore and Ramamoorthy

Table 3. Heavy metal concentrations in water and bottom sediments collected monthly during 1989 from the
Aldomirovsko swamp (n=25).

Element Water, mg L1 Sediment, mg kg‘1

Fe (0.0117 - 0.0836) 0.0531+0.0202 (3045 - 8040) 620541020
Co (0.0028 - 0.0182) 0.0068+0.0027 (4.6-18) 144

Ni (0.0082 - 0.0672) 0.0123+0.0051 11-27) 1746
Cu (0.0008 - 0.0460) 0.0176+0.0052 (6.1 -30) 1846

Zn (0.0041 - 0.0902) 0.0336+0.0098 (21 -76) 41314
Cd (0.0007 - 0.0017) 0.0011+0.0003 (1.3-24) 240.4
Pb (0.0108 - 0.0335) 0.0266+0.0082 (12-51) 32+10

(1984). Wide variation in Cu and Zn concentrations were present in water
samples. Iron in sediments was 10x higher than that of the other metals. The
mean microelement content for the macrophytes, water and sediment samples
was in the descending order of: Fe>Zn>Pb>Cu>Ni>Co>Cd.

In accordance with the calculated biological absorption coefficients
(concentrations in emergent plants in mg kg' dry wt - concentrations in
sediments in mg kg-! dry wt), there was no biological accumulation in the above-
ground biomass. The Ni coefficients were close to 1 for Iris pseudacorus and
Typha laxmanni.

The concentration factors, being a relationship of the concentrations in plant
species (mg kg dry wt) to the concentrations in the water (mg L), were in the
range of 102 to 10° in the submerged plants, the composition of which is
determined exclusively by the water environment. Iron was accumulated in the
greatest quantity (162,542 for Efodea canadensis and 126,742 for Potamogeton
pusillus). The elements Co, Ni, Pb and Cd followed in the order of 103. Zinc and
Cu were accumulated to a smaller extent, i.e., 102 Similar values for the
concentration factors were reported by Kovacs et al. (1985). In the floating
species the concentration factor for Fe was 104, for Co - 10, for Ni - 10? - 102,
while for the other heavy metals it was 102 The biological absorption
coefficients (with respect to the sediments) in the submerged plants attached to
the substrate (Potamogeton species) were around 1 for Co in the three species,
and for Fe, Pb and Ni in Potamogeton pusillus.
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