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Abstract: The present study was carried out to evaluate the cytotoxic effects of refinery wastewater collected from different stations of the
Kizilirmak river on Vicia faba L. roottip cells. For this aim, we used the germination percentage, rootlength, weight gain and micronucleus (MN)
frequency as indicators of cytotoxicity. Additionally to the cytological analysis, DNA analyses were performed in root tips meristems of Vicia
faba seeds treated with refinery wastewater. Heavy metal concentrations in the water samples were determined using atomic absorption
spectrophotometer (AAS). The concentrations of heavy metals in the water were in the order of Pb>Zn>Fe>Cu>Ni>Cd>Hg. The highest
germination percantage was observed in the control group (in proportion as 96%). Heavy metals inthe water samples collected from Station
I, Il and Ill caused a decrease in the germination percentage as 48, 18 and 30%, respectively. The highest root length and weight gain was
observed in the control group at the end of the experimental period. The least root length and weight gain was observed in seeds treated with
wastewater collected from Station |. In the control group, the weights of all the seeds increased about 4.08 g when compared with initial weight.
The root lengths of the control seeds were determined as 6.38 cm at the end of the experimental period. The weights ofthe seeds exposed to
wastewaters obtained from Station I, Il and lll increased about 1.08, 3.03 and 2.01 g according to initial weight, respectively. Microscopic
examination of V. faba root tip meristem cells showed that any example of the MN formation was not seen in the control group. The highest
frequency of MN was observed in group treated with wastewater collected from Station | and least frequency of MN was observed in group
treated with wastewater collected from Station Il. It was also observed that the yields of DNA in the seeds exposed to wastewater were lower
than recorded in the controls. Hence, DNA yields exposed to wastewater were run ahead on agarose gel according to the control group. The
results clearly indicate that refinery wastewater had important cytotoxic effects on V. faba root tip cells. It was also observed that V. faba seeds
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are very sensitive and useful biomarkers for monitoring these effects in waters contaminated with heavy metals.
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Introduction

Most of the water systems (e.g. river and lake) are commonly
used for purposes, such as irrigation of agriculture, landscape,
public parks and as drinking water. Industrial, agricultural and
domestic wastes are discharged directly into the water systems.
These wastes are particularly rich in heavy metals (Shrivastava et
al., 2003; Altundogan et al., 1998; Nath et al., 2009).

Heavy metals have long been recognised as one of the
major sources of pollution in the aquatic and terrestrial environment
(Arun-Kumar and Achyuthan, 2007). Heavy metals are natural
components of the Earth’s crust and cannot be degraded or
destroyed. Heavy metals may affect organisms directly by
accumulating in their bodies or indirectly by transferring to the food
chain (Shah and Altindag, 2005; Obasohan et al., 2006; Memon et
al., 2001; Agoramoorthy et al., 2009). They tend to accumulate in
soils, sediments and certain tissues of plants and animals (Memen
et al.,, 2001; Sharma and Dubey, 2005; Nas, 1978). Despite
regulatory measures carried out in many countries, these substances
continue to rise in environment (Sharma and Dubey, 2005).

* Corresponding author: kultigincavusoglu@mynet.com

Wastewaters contain heavy metals as Pb, Zn, Hg, Cu, and
Ni which are produced by many manufacturing processes and find
their way into the environment (Ozdilek et al., 2007). These metals
can be harmful to human and aquatic life even at very low
concentrations. They inhibit photosynthesis in water plants, prevent
phytoplankton growth in water, cause to chromosomal and tissue
damage in terrestrial plants and induce carcinogenesis in human
(Kiran and Sahin, 2005; Singh and Singh, 2006).

There are many methods available for determining the effects
of water contamination. Recently, there has been an increase in use
of biological materials to research the effects of water contamination
(Metcalfe-Smith, 1994; Ahmad et al., 2003). The aim of the present
study was to evaluate the cytotoxic effects of the heavy metals released
by welding refinery in the water and their effect on V. faba seeds.
The water samples were collected from different regions of the
Kizilirmak river (Stations 1,1l and I11).

Materials and Methods

Sample collection: The wastewater samples for heavy metal
analyses were collected once in October 2007 and three sampling
sites were defined in different locations of the Kizilirmak river for
sampling (Fig. 1). The sampling sites were coded as Station |
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Fig. 1: Sampling stations in the Kizilirmak river

(region discharged of refinery wastewater), Station Il (upstream or
above 1000 m of discharge region) and Station |1l (downstream or
below 1000 m of discharge region). Three bottles of wastewater from
each station were collected for heavy metal analysis. The wastewater
samples were taken using agouge from the depth 10 cm. The samples
were stored in polyethylene plastic bottles, transported to the laboratory
on the same day and stored in the dark at 4°C until making the
experimental procedure. The wastewater samples were filtered
through a0.45 um Millipore filter paper, and the concentrations of Pb,
Ni, Fe, Cu, Zn, Cd and Hg were measured by AAS using the
procedures of Yilmazer and Yaman (1999) and Agtas et al. (2007).

Root tip preparations: Healthy and proximate equal-sized V.
faba (beans) seeds were selected. The seeds were sterilized with
2.5% sodium hypochlorite solution for 10 min and washed for 24 hr
in ultradistilled water. The seeds in each treatment Groups (1, Il and
[11) were placed on filter paper in Petri dishes. 50 seeds were
planted in each Petri dish and treated with wastewaters collected
from Station I, Iland IlI, for 7 consecutive days at 23°C in incubator.
Petri dishes were controlled and treated with 2 ml of wastewater
once daily (a 24 hrperiod) during 7 days. The control group seeds
were treated in the similiar manner with tap water.

Determination of root length, weight gain and germination
percentage: The root lengths of germinated seeds were measured
by amilimetric ruler. The root length was determined by radicula formation
bases of V. faba seeds non-exposed and exposed to wastewater. The
weight gain was determined by measuring the differences between the
seed weights before and after wastewater-treatment, using a sensitive
balance. The germination percentage of seeds exposed to wastewater
was calculated as the following equation.

Germination (%) = Germinated seeds/total seeds x 100

For the cytological analysis, when the roots attained a length
of approximately 1-2 cm, they were treated with distilled water, and
temporary squash preparations were made.
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MN assay: The root tips were fixed for 6 hrin Clarke’s fixator (3:1
ratio of glaciale acetic acid and distilled water respectively), washed
for 15 min in 96% ethanol and stored in 70% ethanol at 4°C until
making the microscopic slides. The roots were hydrolyzedin 1N
HCl at temperature of 60°C for 17 min, treated with 45% CH,COOH
for 30 min and stained for 24 hrin Acetocarmine. After staining, the
root meristems were separated and squashed in 45% CH,COOH
solution (Staykova et al., 2005; Wei, 2004). For MN analysis, 1000
cells were scored in each slide to calculate the MN frequency.
Micronucleated cells were evaluated under a binocular light
microscope (Japan, Olympus BX51) at X 500 magnification. For the
scoring of MN the following criteria were adopted from Fenech et al.
(2003): (i) the diameter of MN should be tenth of the main nucleus,
(i) MN should be separated from or marginally overlap with main
nucleus aslong as there is clear identification of the nuclear boundary,
(iii) MN should have similar staining as the main nucleus.

DNA isolation: Modified DNA isolation protocol was applied
according to Sharma et al. (2002). For DNA isolation, the plant
material was grinded in liquid nitrogen (2 g of fresh tissue). The
grinded material was transferred to a solution containing 1M Tris-
HCI, 0.5M EDTA, 5 MNaCl, 1M 3-merkaptoetanol, distilled H,0 and
incubated at 65°C for 30 min. After centrifugation at 6800 rpm atroom
temperature for 15 min., the supematant carefully transferred into a
fresh polypropylene tube and 5 M potassium acetate was added.
The solution was incubated in ice bath then centrifugated again at
15000 rpm at room temperature for 15 min. An equal volume of
chloroform-isoamylalcohol (24:1) was added onto supematant and
mixed by inversion forabout 1 min. After centrifugation at 15000 rpm,
the aqueous phase transferred into a new polypropylene tube and
ethanol: sodium acetate (2:1) was added. The mixture was incubated
for40 min at -20°C and centrifugated at 15000 rpm. The pellet was
washed with 80% ethanol, air-dried for 30 min and dissolve in 0.5 ml
Tris-EDTAbuffer. The DNA solutions were runned on a 0.8% agarose
gel, and molecularimaging and DNA concentration were achieved
by “Biovision+100/26MX” analyzer.

Statistical analysis: The statistical analysis was carried out using
SPSS for Windows version 10.0 statistical software (SPSS Inc,
Chicago, USA). Statistically significant differences between the groups
were compared using one-way analysis of variance (ANOVA) and
Duncan’s test. The data are displayed as means + SD and p values
less than 0.05 are considered “statistically significant”.

Results and Discussion

Heavy metal content: Heavy metal ions in the wastewater samples
taken from different stations in the Kizilirmak River were analyzed
by using AAS, and the mean concentrations of heavy metals were
givenin Table 1. The results showed that the highest concentrations
of Pb, Zn, Fe, Cu, Ni, Cd and Hg were measured in Station | and
the lowest metal pollution was measured at Station 1. Besides, the
concentrations of heavy metals in wastewaters were in the order of
Pb>Zn>Fe>Cu>Ni>Cd>Hg.

The results obtained from the present study showed that,
concentrations of heavy metals such as Pb, Zn, Fe, Cu and Niin
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Table - 1: Heavy metal concentrations (mg I'") in the water samples
collected from the Kizilirmak river

Station/Element Average * SD
Station |

Pb (56.43-60.05) 58.42+1.28
Zn (23.98-26 43) 24.98+0.74
Fe (18.86-19.48) 19.12+0.22
Cu (15.53-16.68) 16.14+0.41
Ni(10.76-11.58) 11.13+0.28
Cd (7.98-8.92) 8.50+0.32
Hg (4.23-5.13) 4.65+0.28
Station I

Pb (15.61-17.67) 16.49+0.80
Zn(7.97-9.24) 8.70+0.38
Fe (5.96-6.65) 6.30£0.25
Cu (3.91-4.55) 4.20+0.20
Ni (1.89-3.06) 2.37+0.43
Cd (0.76-1.96) 1.20£0.43
Hg (0.05-0.53) 0.18+0.18
Station Il

Pb (30.56-35.42) 33.1341.62
Zn (15.78-17.76) 16.43+0.59
Fe (11.86-12.56) 12.18+0.27
Cu (9.43-10.32) 9.88+0.27
Ni (5.68-6.64) 6.27+0.34
Cd (3.95-5.76) 4.68+0.76
Hg (1.65-2.31) 2.03+0.19

Values in paranthesis are the minimum and maximum, mean + SD

Table - 2: The effects of wastewaters on germination percentage of V. faba
seeds

Number Number of Number Germination
Groups ofseeds germinated of not percentage
seeds germinated (%)
seeds
Control* 50 48 2 %
Treatment| 50 26 24 52
Treatment I 50 4 9 82
Treatmentlll 50 3% 15 70

*=The control group seeds were treated with tap water; Treatment | group
seeds were treated with wastewater collected from Station [; Treatment Il
group seeds were treated with wastewater collected from Station Il, Treatment
Il group seeds were treated with wastewater collected from Station |1l
the Kizilirmak River exceeded the reference values determined by
TSE-266 (Turkish Standard, 1997) guidelines. The mean metal
concentrations in wastewater samples of Station | were about 58.42
for Pb, 24.98 for Zn, 19.12 for Fe, 16.14 for Cu, 11.13 for Ni, 8.5 for
Cd and 4.65 for Hg, mg I'". From these results it was observed that
heavy metal concentrations measured in Stations | were higher
when compared with the results obtained from Station Il and lIl. The
levels of Pb, Zn, Fe, Cu, Ni, Cd and Hg fairly decreased with
increasing distance from Station | (refinery region).

Effects on germination: As shown in Table 2, the germination
percentages of the seeds treated with wastewater were rather different
from the control group. The highest germination percantage was
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observed in the control group (in proportion as 96%). The
germination percentage significant decreased in the wastewater-
treatment groups. Heavy metals in the water samples collected from
Station I, I and Il caused a decrease in the germination percentage
as 48, 18 and 30%, respectively.

Effects on root length and weight gain: At the end of the
experimental period, the root lengths of the germinated seeds were
measured by a milimetric ruler. The root lengths were determined
by radicula formation bases of V. faba seeds in the control and
treatment groups. Besides, the weight gain of seeds was measured
with a sensitive balance. The results related with the weight gain
and root lenght were given in Table 3. These data showed that
wastewater treatments significantly prevented the root growth and
weight gain of seeds. A correlation was determined among heavy
metal concentrations with the root length and weight gain. The
highest root length and weight gain was observed in the control
group at the end of the experimental period. The least root length
and weight gain was observed in the seeds treated with wastewater
collected from Station I. Inthe control group, the weights of all the
seeds increased about 4.08 g when compared with initial weight.
The root lengths of the control seeds were determined as 6.38+0.48
cmat the end of the experimental period. The weights of the seeds
exposed to wastewaters collected from Station |, Il and Ill increased
about 1.08, 3.03 and 2.01 g according to initial weight, respectively.
Namely, the control group seeds showed an increase in the weight
gain about 332%, while the seeds treated with wastewater collected
from Station |, Il and I/l showed anincrease of 161, 271 and 214%
according to initial at the end of the experimental period, respectively.

Effects on MN frequency: Microscopic examination of V. faba
root tip meristem cells showed that any example of the MN formation
was not seen in the control group. But, the MN formation was
observed in all the seeds exposed to wastewater taken from different
points of the river (Fig. 2). In all tested groups, the MN frequency
was increased with increasing the heavy metal levels. The MN
frequency was indicated in Table 4. The highest frequency of MN
was observed in group treated with the water samples of station |
and least frequency of MN was observed in group treated with the
water samples of Station II. There was a statistically significant
difference between the MN frequency of the control and treatment
groups (p<0.05). To determine the effect of the MN formation on
DNA concentration, DNA isolation protocol was applied to root tips of
all the seeds. In Fig. 3, it was observed that the yield of DNA in the
seeds ftreated with wastewater were lower than recorded in the
confrols.

Data obtained in this study were compared and evaluated
statistically (Table 5). It was observed that the differences definedin the
germination percentage, root lenght, weight gain and MN frequency
when comparedwith the control group were stafistically significant (p<0.05).

The Kizilirmak is an economically important river of Turkey.
One of the biggest petrol plants of Turkey is located fairly nearby.
Therefore, it is the main source of heavy metal pollution in the river.
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Table - 3: Mean weight gain and root length of V.faba seeds at the end of 7™ day
G Number of Initial weight Final weight Difference Root

roups seeds of seeds (g) of seeds(g) (9) length (cm)
Control* 50 1.76 £0.14 5.84 £0.12 4.08 6.38+0.48
Treatment| 50 1.76 £0.13 2.84 +0.19 1.08 2.30+0.16
Treatment Il 50 1.77 £0.12 4.80 +0.14 3.03 5.08+0.32
Treatment|ll 50 1.76 £0.14 3.77 £0.14 201 3.64+0.31

*=The control group seeds were treated with tap water; Treatment | group seeds were treated with wastewater collected from Station I; Treatment Il group
seeds were treated with wastewater collected from Station II, Treatment 1l group seeds were treated with wastewater collected from Station Il

n

L

Fig. 2: The appearance of nucleus (a) and micronucleus (b) in V. faba seeds treated with wastewater sample (magnification, X 500)

Table - 4: The effects of wastewaters on MN frequency in root tips

Number of - . Average
Groups scored cell Minimum  Maximum +SD
Control* 1000 0 0 00.00+0.00
Treatment | 1000 3% 46 41.83+3.27
Treatmentll 1000 10 15 12.33+1.63
Treatmentlll 1000 2% 30 26.97+1.83

*=The Control group seeds were treated with tap water; Treatment I group
seeds were treated with wastewater collected from Station [; Treatment Il
group seeds were treated with wastewater collected from Station Il, Treatment
Il group seeds were treated with wastewater collected from Station |lI
The Kizilirmak water has been used as irrigation water in agriculture,
so high amounts of heavy metals have been accumulated in the
soils of this region. Eventually, the high levels of these metals may
increase health risks forhuman and animals.

In the present study, we found a positive correlation between
heavy metal concentrations and the germination percentage of V.
faba seeds. With the increase of heavy metal levels the germination
rates continuously decreased. The lowest germination rate was
observed in the seeds treated with wastewater collected from Station
I. The results showed that the germination percentage can be
considered as a sensitive indicator for heavy metal toxicity. This
information is parallel with other genotoxicity data available so far.
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Inmost study, results indicated that, the test substances as heavy
metals can be decreased the germination percentage in different
plant seeds. For example, Kiran and Sahin (2005) observed a
dose-dependent decrease in the germination percentage of Lens
culinaris seeds after exposure to different doses of Pb. Munzuroglu
and Geckil (2002) reported reduce with increasing concentrations
of Hg, Co, Cu, Pb, Cd and Zn of the germination percentage in
Triticum aestivum and Cucumis sativus plants. Moreover, many similar
studies were designed toinvestigate the effects of heavy metals on the
germination percentage of Phaseolus vulgaris, Pisum sativum and
Brassica napus (Wierzbicka and Obidzinska, 1998), Triticum
aestivum seeds (Aybeke and Olgun, 2004).

The visual non-specific symptoms of heavy metal toxicity
are inhibition of the root growth and seed weight (Burton et al.,
1984; Pandey et al., 2008). In this study, we investigated the changes
in weight gain and root growth of V. faba seeds treated with
wastewater. The increase in heavy metal concentrations inhibited
the root growth. In the seeds treated with wastewater collected from
Station I1, the root growth was decreased about 1.26 times lower
than in the controls. The decrease in the root growth was pronounced
with the increase in heavy metal concentrations. The rooth growth
was decreased about 64, 20 and 43% in the seeds treated with
wastewater from Station |, Station I and Station Ill, respectively.
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Table - 5: Statistically comparision of datas root length, weight gain and MN frequency determined in treatment group seeds at the end of 7™ day

Parameters Control* Treatment | Treatment Il Treatment llI
Root length (cm) 6.38+0.48° 2.30+0.16¢ 5.08+0.32° 3.64+0.31°
Weightgain (g) 5.84+0.122 2.84+0.19¢ 4.80+0.14° 3.77+0.14¢
MN frequency 00.00+0.00¢ 41.83+3.272 12.33+1.63¢ 26.97+1.83°

*=The control group seeds were treated with tap water; Treatment | group seeds were treated with wastewater collected from Station I; Treatment Il group
seeds were treated with wastewater collected from Station Il, Treatment Il group seeds were treated with wastewater collected from Station Ill. Values
presented as mean+SD. Means denoted with different superscripts are within the same column are statistically significant (p<0.05)

Fig. 3: Isolated DNAfrom V. faba resolved on 0.8% agarose gel. a: control
group, b: treatment group exposed to Station Il samples, c: treatment group
exposed to Station lll samples, d: treatment group exposed to Station | samples

The effects of heavy metals on root growth were widely reported by
biomonitoring studies. The previous studies were reported that high
concentrations of Pb, Hg, Zn, Cd and Cu may lead to inhibition of
vegetative organ growth in some plant specieses (Dimitrova and
Ivanova, 2003). Forexample, Shafigand Igbal (2006) determined
decrease according to the control group at all concentrations (25-100
ppm) of Pb and Cd of the root length in Cassia siamea. Zengin and
Munzuroglu (2003) investigated the effect on the root growth of bean
seedling exposed to Cd and Hg. As a result, they showed inhibition of
root growth in bean seedling treated with Cd and Hg. Besides, Godbald
and Kettner (1991) observed a significant decrease in primary,
secondary and tertiary root growth of Picea abies seedlings treated
with different Pb solutions. In asimilar study, Obroucheva et al. (1998)
demonstrated inhibition of primary root growth by heavy metals.

The findings obtained from this experiments showed that
heavy metals affected the weight gain depending on their
concentrations in wastewater. The resultsindicated that heavy metals
depressed and significantly rate decreased the weight gain of the
seeds. Moreover, the seeds treated with wastewater collected from
Station | showed a lower weight gain than the seeds treated with
wastewater collected from Station Il and IIl. In previous studies
related to the weight gain, the effects of heavy metals on seed
weight were not reported with deserve. Although the ultimate
mechanism of metal toxicity on the weight gain is completely unknown,

it seems plausible that these metals act as a blocking agent by
interaction with the cell components. For example, Sharmaand Dubey
(2005) reported that heavy metal ions may block the entry of cations
and anions into plant tissues. They also determined that heavy metals
may cause a decline in transpiration rate and water content of plant
tissues. These conditions may cause significant alterations in nutrient
status and nutrient contents of tissues. As a result, may be the reason
forreduce the weight gain of plant and seeds.

In our present study, the frequency of MN was also
recorded. The results showed that there was a dose-related
increase in the MN frequency of the seeds with wastewater includes
heavy metals. On the other hand, the MN frequency increased with
increase in the heavy metal concentrations. These findings
suggested that heavy metals in refinery wastewater had cytotoxic
activity induced MN formation in the root tips of V. faba. These
observations are also in agreement with cytotoxicity data reported
by other authors so far. In most studies, the results indicated that, the
test substances as heavy metals can produce chromosomal or
spindle damage and mitotic apparatus damage leading to formation
of MN (Inceer et al., 2003). Especially, the inhibition of spindle
formation has been shown to lead to severe abnormalities such as
stickiness, unequal distribution, multipolar anaphase, chromosal
bridges and laggards. Besides, heavy metal ions interact with
biomolecules and bind them via reactive groups such as hydroxyl
and sulphydryl. As aresult, they cause breaks and conformation
changes in 3D structure of biomolecules (protein, nucleic acid) or
alteration in metabolic pathways (Kark, 1979). In our opinion about
this matter, heavy metals may enter into cell nucleus and may bind
to purine and pyrimidine bases or proteins such as spindle. These
interactions may denature spindles and may cause a delay in the
formation of chromosome-spindle complex and this condition may
causes to MN formation. This knowledge is also in agreement with
results reported by Staykova et al. (2005). They reported high MN
frequency induced by the lagging of whole chromosomes or the
immohility of large acentric fragmentsin Allium cepa. In a similar study,
itwas showed a systematically increase in MN rate and chromosome
aberrations with increased concentration of CrO, in V. faba root tip
cells (Wei, 2004). In our study, it was concluded that the V. faba MN
assay may be used as an endpoint biomarker acceptable in
biomonitoring environmental pollutives such as heavy metal ions.

Moreover, this study is designed to investigate a possible
correlation between the MN formation and the DNA concentration.
Therefore, we extracted DNA samples from nuclei of root tip
meristems of V. faba seeds non-exposed and exposed to refinery
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wastewaters, and used agarose gel DNA electrophoresis technique
to measure DNA band length. As a result, it was found that DNA was
rather sensitive to heavy metals in wastewater. We suggest that the
length of DNA bands in the seeds treated with wastewaters were
longer than recorded in the controls. Besides, the band lengths of
DNA were shorterin meristematic tissues of root tips exposed to
wastewaters collected from Station Il and 11l when compared with
Station I. This diversity may be associated with loss of genetic
material. Because, MN formation is a condition which termination
with loss of genetic material in nucleus and originated from
chromosome fragments or a whole chromosome. This observation
suggests that the MN formation is direct related with the length of
DNA bands, and this data has not detailed reported by other
researchers so far. This information may serve as reliable indicators
or may provide new insights into the molecular mechanisms of
heavy metal toxicity.

The results of this study indicated that there was a serious
pollution problem welding rafinery in the Kizilirmak river. Especially,
heavy metal pollution in Station | and Ill was fairly serious, and
Station Il was moderately polluted. Hence, this pollution caused
serious cytotoxic effects in the root tip cells of V. faba. Furthermore,
this situation may create a potential healthy risk for human and
animals utilizing the water from the Kizilirmak River.
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