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Abstract

IVANOVA, E., T. STAYKOVA and |. VELCHEVA, 2008. Cytotoxicity and genotoxicity of heavy metal and
cyanide-contaminated watersin someregionsfor production and processing of orein Bulgaria Bulg. J. Agric.
i, 14: 262-268

This study generalizes the data of investigations on cytotoxic and genotoxic effect of heavy metal- and cya
nide-contaminated waters in 2001, 2003 and 2005. The water samples were collected from different water
sources in the region of “Assarel-Medet” Copper Refinery Works. The contents of copper, arsenic, cadmium,
lead, and cyanides (mg.dm) were determined using the method of automatic photometry. The Allium cepa and
Pisum sativum plant systems were used for testing of the cytotoxicity and genotoxicity of heavy metals and
cyanides. A lower mitotic index and a higher frequency of chromosome aberrations were established in all test
samplesthan in the control ones. Chromosome fragments, anaphase and tel ophase bridges, micronuclei, lagging
chromosomes and C-mitotic effect in cellswere observed. It was concluded that the pollution found in theregions
for production and processing of ore has cytotoxic and genotoxic effect on cellsand it could be a potential threat
to water ecosystems and human health.
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Introduction the main componentsfound inwastewatersof many

industrial and mining productions. Nowadays about

Thedangerous pollutants of theenvironment hav-
ing ahighly toxic effect onliving organismsarelead,
cadmium, copper, zinc and arsenic (Ormrod, 1988).
The same are with proved mutagenic and carcino-
genic effect (Boyadziev et al., 1990; Kovalchuk et
al., 2001). The open-cast mining of oresand minerals
isat theroot of theminingindustry in Bulgaria. Heavy
metals (Pb, Zn, Cd, Cu, As) and cyanidesare one of
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80% of theferrous-and non-ferrousmetal oresinthe
country areprovided by theminesof “Elatzite’ EAD,
“Kremikovtzi AD andAssarel-Medet” EAD (Dimov
and Hristov, 1998). Theseregionsare subjected to
anthropogenic pressure, associ ated with the presence
of heavy metalsin the environment. According to
Dimov and Hristov (1998), anumber of heavy metals
weredetected aspermanent componentsintheground
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and surfacewatersof theseregions, at level ssurpassng
themaximum permissible concentrations.

Theinvestigationsmadeby variousauthorspointed
out that industrial pollutioninduced reductioninthe
number of populationsand restricted thedistribution
of speciesfrom thefaunaof theseregions(Mecheva
etal., 1987).

Thereisanumber of studiesconcerning the prob-
lem of the rel ationship between theincreased heavy-
metal amount in nature and industrial environment,
their mutagenic and carcinogenic effectsand thein-
creased casesof malignant tumour formationsin man.
Mitrov and Chernozemski (1985), Vodenicharskaet
d. (1992), Tzonevski et d.(1998), Bruning and Chronz
(1999), Chernozemski and Shishkov (2001), Ivanova
et a. (2005) and othersdiscussed the problem of the
rel ationship between the heavy metal amountsin natu-
ral andindustrid environment, theincreased frequency
of chromosome mutationsand the carcinogenic pro-
cessesintheorganism.

Theecological monitoring usesdifferent methods
for establishing the degree of pollution and the effect
of heavy metalsand cyanideson organisms. A num-
ber of authors (Sabti, 1989; Smaka-Kinkl et d., 1996;
Chang et al., 1997; Rank and Nielsen, 1998; Cotelle
eta., 1999; Moraesand Jordao, 2001) supposethat
different plant test systemsare useful for thestudying
of thecytotoxicity and genotoxicity of heavy metals.
It has been established that Allium cepa and Pisum
sativumtest systemsare useful toolsfor detection of
potentially genotoxic substancesin water screening
programs (Fiskesjo, 1985, 1993a, 1993b, 1994,
1997, lvanovaet a., 2002a, 2002b).

Thisstudy generalizesthe dataof theinvestiga-
tionson the cytotoxic and genotoxic effect of heavy
metal-and cyanide-contaminated waters in 2001,
2003 and 2005.

Materials and Methods

Thewater sampleswere collected from different
water sourcesintheregion of “ Assarel-Medet” Cop-
per Refinery Works: Panagyurishtetown (water, taken
fromthemunicipa water supply sysemandfromLuda

YanaRiver); acloseregion near Panagyurishtetown
(springwaeters, usad by theloca populationfor drinking
andirrigation); aregion near the copper mine (spring
watersand water from Assarel skaRiver); theroads
Panagyurishte-Sofiaand Panagyurishte-Plovdiv (wa-
tersfrom roadside springsand from LudaYanaRiver)
and they were tested by chemical and cytogenetic
analysis. Tap water samples were used as control
samples.

Chemical water analysis

The contents of copper, arsenic, cadmium, lead,
and cyanides (mg.dm=) were determined using the
method of automatic photometry (apparatus SQ 118-
Merk). Theresultsfor the contents of the heavy met-
als and cyanides tested were compared to the hy-
gienic normsadopted for the country (maximum per-
mi ssi ble concentrations—-M PC) according to the Or-
dinance No 7/1986.

Cytogenetic analysis

The Allium cepa plant system (Fiskegjo, 1985,
1988, 1995; Staykovaet al., 2005) and the Pisum
sativumplant system (Ivanovaet a., 2002a, 2002b)
were used for testing of the cytotoxic and genotoxic
effects of heavy metals and cyanides. More than
40 000 Alliumand Pisumrood meristem cellshave
been studied during the cytogeneticinvestigation.

Results and Discussion

The datageneralized for the contents of Cu, As,
Cd, Pb and cyanides as the maximum permissible
concentrations (M PC) for these metal s (according to
Ordinance No 7/1986) aregiveninthe Table 1.

We ascertained the high content of copper ina
water sample from AssarelskaRiver in 2005. The
presenceof Cd and CN wasincreased in most of the
water samplesstudied during thethree periodsof this
Investigation. We established highest content of |ead
in the water samples collected from the roadside
springs near the roads from Panagyurishte to Sofia
and to Plovdiv, including Assarel skaRiver, which
crossesthe Panagyurishte-Sofiaroad.
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Table 1
Content of heavy metals and cyanides in the water samples studied, mg.dm™
Period | Cu | As | Cd | Pb | CN
2001 <0.05-0.06 <0.05 <0.025 0.1-45 0.011- 0.028
2003 <0.05-0.09 <0.05 <0.025 0.1 0.0-0.025
2005 <0.05- 0.17 <0.05 <0.025 0.3-3.8 0.011- 0.037
Bulgarian standards 0.1 0.05 0.01 0.05 0.0
Table 2
Mitotic index (Im) and total frequency of chromosome aberrations, %
o Total frequency of
Period Mitoticindex —Im chromosorflg aber)r/ations
Control samples |  Test samples Control samples |  Test samples
2001 350 150 - 300 0.056 0.54-201
2003 447 261 0.09 0.157
2005 536 - 871 442 - 719 0-0.027 2.03-3.85
Table3
Frequency of different types of chromosome aberrations analyzed by the Allium test, %
Callswith micronudei Prophase with chromo- | Anaphase bridges and Telophase bridges and
Period some fragments chromosome fragments| chromosome fragments
Control Test Control Test Control Test Control Test
samples | samples samples | samples | samples | samples samples samples
2003 0.27 0.92 0 0.02 0-0.09 0.80 0 0.20
2005 0-0.018 0.27-2.82 0 0.02-0.17 0 0.11-0.98 0 0.097-0.20

Tables 2 and 3 present summarized resultsfrom
thecytogeneticanaysis.

Themitoticindex (Im) isaparameter for theinten-
sity of cell division. We established alower mitotic
index of all test samplesthan that of the control ones.

Taking into account the resultsfrom the chemical
analyss, we suggested that the combined presence of
heavy metal sand cyanidesinthewaterstested, pro-
voked an effect of reductioninthecell divisonrate
(Table 2). These results confirm the opinion of
Fiskesg 0 (1994) about the decrease of mitoticindex
in Allium cepa-roots growing in chemical contami-
nated waters. Thelower valueof Imwasin correla-
tionwith theincreaseinthepollution obtained (Table
1 and 2). Studying the effect of heavy metalsonthe
morphological and anatomical traitsin someplants,

Dimitrova(1993) reported that the high concentra-
tionsof lead, zinc, cadmium and copper suppressed
the growth of vegetative organs. Dimitrova and
Ivanova (2003) a so reported that theincreased heavy
metal amountsin soil decreased not only the growth
of vegetative organs, but aso therate of their cell di-
vision, inducing chromosome aberrationsin Linum
usitatissmum. Different types of chromosome ab-
errationswere established by means of cytogenetic
analysis. chromosome fragments (in prophase,
anaphase and tel ophase); angphase bridges, tel ophase
bridgesand micronucle (Table3). Lagging chromo-
somes and C-mitotic effect in cellsfrom sometest
sampleswere ascertained, too.

Thetotd frequency of chromosomeaberrationsin
the sampl estested in comparison to the control ones
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were 1.8 (2003) to 143 times (2005) higher — (Table
2), which proves a genetoxic effect of heavy metals
and cyanides. It was interesting to notice that the lower
frequency of chromosome mutations in 2003 in com-
parison to the other two years (2001 and 2005) was
in correlation with the lower value of a lead and cya-
nide contamination in the same period. These results
are in agreement with Kovalchuk et al. (2001) who

: % ‘
Fig. 1. Cytogenetic effect of heavy-metal- and
cyanide-polluted waters in Allium cepa root
meristems, x 400. Prophase with micronucleus;
prophase with ring chromosome fragment; late
telophase with chromosome fragment

—

Fig. 2. Cytogenetic effect of heavy-metal and
cyanide-polluted waters in Allium cepa root

meristems, x 400. Anaphase with broken
chromosome bridge and lagging chromosome

reported that pollution with heavy metal salts induced
an increase in the frequency of intrachromosomal
mutations. (Figures 1, 2, 3, 4,5 and 6)

The micronucleus test showed the presence of
micronuclei in 0.27% (2003) and 0.018% (2005) of
the cells from the control samples; in 0.92% (2003)
and in 0.27% to 2.82% (2005) of the cells, respec-
tively (Table 3.). The comparative analysis of these

&

Fig. 3. Cytogenetic effect of heavy-metal- and
cyanide-polluted waters in Allium cepa root
meristems, x 400. Anaphase with chromosome

fragments

Fig. 4. Cytogenetic effect of heavy-metal- and
cyanide-polluted waters in Allium cepa root
meristems, x 400. Anaphases with chromosome
fragment and lagging chromosomes
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Fig. 5. Cytogenetic effect of heavy-metal- and
cyanide-polluted waters in Allium cepa root
meristems, x 400. Prophase with micronucleus;

telophase bridge

data demonstrated over a triple increase in 2003 and
from 15 to 157 time-increase in 2005 in the micronu-
clei frequency in the tested water. In our opinion, the
high micronuclei frequency observed in the test
samples was induced either by the immobility of large
acentric fragments or by the lagging of whole chro-
mosomes. The lagging of chromosomes was caused
by disturbances in the mitotic spindle or the cen-
tromere. In this connection, it was said by Fiskesjo
(1994) that the chromosome lagging was induced by
a weak C-mitotic effect and they indicate a risk of
aneuploidy. According to Schmid (1975); Fenech
(1990); Maet al., (1992) the occurrence of micronu-
clei (MNI) has been used as a single parameter for
the recording of genotoxic damage. The screening of
MNi is said to be a more rapid method than the
screening of chromosomal aberration (Fiskesjo,
1997).

Among the other chromosome mutations, the cells
with anaphase bridges and fragments were with the
highest frequency (to 0.98%). We suggest that the
anaphase and telophase bridges established, as well
as the chromosome fragments resulted from different
types of chromosome aberrations, associated with a
loss of genetic material. Our suggestion corroborated
the data reported by Hoga et al. (1991), who consid-
ered the anaphase bridges as obtained from struc-
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Fig. 6. Cytogenetic effect of heavy-metal and
cyanide-polluted waters in Allium cepa root
meristems, x 400. C — mitotic effect

tural changes of deficiency- and translocation type,
some of them surviving to late telophase, which is in-
dicative of their stability. Using anaphase-telophase
assay, Rank and Nielsen (1998) established that the
genotoxicity correlates to the industrial load and the
concentrations of the heavy metals (Pb, Ni, Cr, Zn,
Cu, Cd) correlate with the toxicity. Chang et al. (1997)
using Allium cepa test prove the genotoxic effect of a
lead-contaminated soil, too. According to Boyadjiev
et al. (1990), it was the lead that had embryotoxic
and gonadotoxic effects and, the cadmium-teratoge-
nic effect.

Conclusions

Based on the data presented for the cytotoxic and
genotoxic effect of the heavy metals and cyanides in
tested waters, we could conclude that the pollution
found in the regions for production and processing of
ore is a potential threat to water ecosystems and to
human health.
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