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Abstract
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The monitoring of the contents of heavy metal pollutants: total Hg, Pb, Cd, Cr, Ni, Cu and Zn in fish
muscle, water, bottom sediments and zoobenthos was realised in May and July of 2007 on two locali-
ties: Vladislav, upstream the DaleSice and Mohelno dam reservoirs (Czech Republic), and Hrubsice
downstream them. Samples of fish muscle were taken from chub (Leuciscus cephalus), barbel (Barbus
barbus) and brown trout (Salmo trutta m. fario). Water, bottom sediments and zoobenthos samples were
taken as representative ones from both localities. The samples were analysed with the apparatus AMA
254, AA-300 and SPECTR AA-30. In water of both sites there was found above-limit (0.1 pg/1) content
of mercury (0.99 pg/l Hrubgice, 2 pg/1 Vladislav). The bottom sediments in Vladislav were most con-
taminated by Pb (120.21 mg/kg) and Cr (164.90mg/kg) and in Hrubsice locality by Ni (90.66 mg/kg).
High concentration of Pb (25.84 mg/kg) in Vladislav and of Ni (240.90 mg/kg) and Cr (140.5 mg/kg) in
Hrub3ice was found in zoobenthos. In the point of view contents of heavy metals in fish muscle tis-
sue, statistically significant (p < 0.05) higher content of Hg was found in barbel and chub from Vladi-
slav (0.155 + 0.012 mg/kgand 0.163 + 0.064 mg/kg) in comparison with Hrubgice (0.073 £ 0.035mg/kg
and 0.095 +0.082 mg/kg) as similarly as the concentration of Cd in chub (0.062 + 0.140 mg/kg at Vladi-
slavand 0.006 + 0.002 mg/kg at Hrubsice), whereas the content of Ni in barbel was statistically signifi-
cantly higher at Hrubgice (0.175 + 0.042mg/kg) compared to Vladislav (0.050 + 0.017 mg/kg). The last
significant difference was found in Pb concentrations, when fish from Hrub3ice were more contami-
nated (concentrations 0.155 + 0.048 mg/kgin barbel and 0.182 + 0.110mg/kgin chub) than the same
species from Vladislav (contents 0.050 + 0.017 mg/kgand 0.064 + 0.005 mg/kg). In theme of consump-
tion risk of the muscle tissue of fish by FAO/WHO, the Hg was limiting factor at both sites. In the lo-
cality Vladislav provisional tolerated weekly intake (PTWT) was 1.94 kg in barbel and 1.84kg in chub.
In the Hrubgice it reached 4.12 kg in barbel, 3.15 kg in chub and 5.51 kg in brown trout.
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When assessing the level of heavy metal pollu-
tion encountered in aquatic environment, we ty-
pically determine the contents of specific residues
found in water, bottom sediments, zoobenthos and
in the fish muscle. The indication procedure relies
mostly on fish species living at all sections of water-
courses and feeding on a broad range of food (om-
nivorous) - in the Czech Republic it is primarily
the chub (Leuciscus cephalus). To eliminate errors pos-
sibly caused by different food specializations, diffe-
rent environmental conditions and by the transient

physico-chemical parameters of water, a generally
accepted practice rests in analysing various fish spe-
cies (Lange et al,, 1993; Burger et al. 2002; Sager, 2002).
The Jihlava River has already been investigated for
the residues of heavy metals gathered in the fish
muscle and deposited in the environment (House-
rova et al., 2006a,b; Petidz et al., 2005; Spurny et al,
2002; Spurny et al,, 2009). Upstream the DaleSice and
Mohelno dam reservoirs the river assumes the cha-
racter of barbel zone almost approaching the bream
zone, while downstream them we encounter a ty-
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pical secondary trout zone. This paper aims to as-
sess the contents of heavy metal residues in the fish
muscle tissue in the Jihlava River and to compare
the contents of such residues found to contami-
nate the muscle of fish living upstream and down-
stream the Dale3ice and Mohelno reservoirs; and
to appreciate the consumption safety of fish caught
by anglers at these sites. We have focused analyses
on fish muscle tissue as a main part of the fish body
consumed by the anglers, in which the concentra-
tion of mercury (Hg) and methyl mercury is always
the highest (Houserova et al., 2006b). Additionally
the content of heavy metals in water, bottom sedi-
ments and zoobenthos samples of the Jihlava River
was analysed.

MATERIALS AND METHODS

The research was focused on these metals: to-
tal mercury (Hg), lead (Pb), cadmium (Cd), chro-
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mium (Cr), nickel (Ni), copper (Cu) and zinc (Zn).
Samples of the water, fish muscle tissue, zoo-
benthos and the bottom sediments to be analy-
sed for their contents of heavy metals were col-
lected during the growing season of 2007 from two
sites located within the middle course of the Jih-
lava River, the first one (Vladislav), downstream
the Tfebi¢ town (GPS location: 49°12'49.219"N,
15°55750.735”E), situated upstream the DaleSice and
Mohelno dam reservoirs and the second site (Hrub-
Sice, GPS location: 49°5'34.896"N, 16°17'16.658"E)
downstream the reservoirs (Fig. 1). The sites were
once sampled, Hrubgice in 25" May and Vladislav
in 15" August 2007. Either of the two samples con-
sisted of water, bottom sediments, zoobenthos and
fish. The water samples were taken from the stream-
line and stored in 1.51 polyethylene bottles. The se-
diment samples were taken as to represent the en-
tire cross-section of the stream and they were put to

HRUBSICE

.
iy e
4 -
: Sl
i b -t
; y ; | v ; . .& ‘_H.

b \ intamodie W II"
Jiflaya : | ( |
wiaDisLAY | & i

5\ ‘ . ‘ahw 3 ’\1 21l
L L |
K HRUBSICE ) IJI
y fﬁh"ﬂ' /"Ff %
7
IVANCICE

1: Sampling sites location



Heavy metal pollution of ecosystem within the middle course of the Jihlava River

257

polyethylene bags. The zoobenthos samples were
taken from the entire cross-section of the stream
using the standard hydrobiological methods (EN
ISO 27828) and put to plastic sample enclosures
filled with water. The chub (Leuciscus cephalus), typi-
cal omnivorous species populating all fish zones
existing in rivers, the barbel (Barbus barbus), domi-
nant representative of the fish fauna at both sites
and the brown trout (Salmo trutta m. fario), which are
most often caught (and eaten) by the anglers down-
stream of the above-specified reservoirs, were cho-
sen as the ichthyoindicators. The sampled fish were
caught using the standard method of electro-fish-
ing, and the fish muscle analyses relied on samples
taken from 7 individuals of each species. Fish were
put to chill boxes and carried to the laboratory for
further processing. Samples of the muscle tissue to
be analysed were taken individually from the left
dorsal part of fish body (without skin). To deter-
mine the age of fish by the scale-metric method, 5 to
10 scales were taken from each specimen. All sam-
ples were immediately frozen and kept at tempera-
ture -18°C. Analyses of the contents of heavy metals
were realized in the Department of Chemistry and
Biochemistry (Mendel university in Brno). The con-
tent of total Hg was analysed by the direct method,
using the AMA 254 device (Altec, Prague) with a de-
tection limit of Hg 0.001 pg/kg, more detailed de-
scribed in Houserovi et al. (2006a). The concentra-
tions of Cd, Cu, Cr, Zn, Ni & Pb were analysed after
a wet way mineralising of the samples in the micro-
wave oven ETHOS SEL (Milestone) by the flame
AASmethod, using the SPECTR AA-30 (detection li-
mits: Cd 0.005 pg/kg, Pb 0.100 ng/kg, Cr 0.020 pg/kg,
Ni 0.080png/kg) and AA-300 devices (detection li-
mits: Cu 2.0pg/kg, Zn 10.0pg/kg). The analyses
were performed with reliance on the NIST 1570a,
BCR 414, NCR and DORM-2 standards (more de-
tailed in Spurny et al., 2002). The obtained data were
entered into Microsoft Excel spreadsheets to be sta-
tistically evaluated using the Unistat 5.1 program.
The ANOVA with post-hoc Tukey HSD test was per-
formed (P < 0.05). The outputs were compared with
EU regulation 221/2002/EC, Government Order no.
229/2007 Coll. and decree of Ministry of Health of
Czech Republic No. 305/2004 Coll. and, moreover,
with the limit of fish muscle consumption using
WHO method (technical report series No. 837).

RESULTS AND DISCUSSION

Resulted contents of heavy metals in the wa-
ter, bottom sediment and zoobenthos of the Jih-
lava River are presented in Table I. Having com-
pared the limit values specified in the applicable
legislation (EU regulation 221/2002/EC, Govern-
ment of Czech Republic Decree 229/2007 Coll.), we
found the above-limit content of mercury in the wa-
ter (maximal permissible concentration 0.1pg/l).
The content at Vladislav (2.00 pg/1) was twice higher
compared to Hrubsice (0.99pg/l) and almost twice
higher than value reported from the Vladislav site
by Spurny et al. (2002), while at Hrubgice the Hg
concentration was almost twice lower compared
to the research realized by Spurny et al. (2009) in
the similar site.

Concentrations of all analysed metals in bot-
tom sediments were higher at Vladislav than at
Hrubgice, except the amount of Ni, which was al-
most three times higher at Hrubgice. In compar-
ison with Spurny et al. (2009) the content of Zn
(53.93mg/kg) and Cr (64.50mg/kg) was markedly
higher at Hrubsice (the authors reported the con-
tent of Zn 13.60 and Cr 18.99mg/kg in wet mat-
ter in years 2001-2002). The contents of remaining
metals were similar. Spurny et al. (2002) found simi-
lar content of Hg, Cd, Cu and Zn in sediment at Vla-
dislay, the content of Pb (18.03 mg/kg) was seven
times lower, Cr (15.44mg/kg) ten times lower and
Ni (6.39mg/kg) five times lower compared to our
sample. Houserova et al. (2006a) reported the con-
centration of Hg in sediments dry matter from Vla-
dislav as high as 0.05-0.23 mg/kg. Spurny and Ma-
res (2005) confirmed similar concentration of Cu
(2.60-10.53mg/kg) and Zn (19.51-74.48mg/kg),
higher concentration of Hg (0.01-0.14mg/kg) and
lower concentrations of Pb (2.80-20.96 mg/kg), Cr
(0.74-23.67mg/kg) and Ni (0.89-20.23mg/kg) in
bottom sediments in the Beva River. Vitek et al.
(2007) found out similar concentrations of Zn
(75.10mg/kg) and Cd (0.30mg/kg), lower concen-
trations of Pb (12.05mg/kg), Cr (36.20mg/kg) and
Ni (2498mg/kg) and higher concentrations of Hg
(0.21mg/kg) and Cu (80.20mg/kg) in sediments of
the Lou¢ka River. Increased content of analysed
metals deposited within sediments in the Jihlava
River represent some ecological risk of sudden re-
lease from sediments due to hydrological changes,
namely pH fluctuation.

I: Content of monitored polutants in water(ug/l), bottom sediment and bentos (mg/kg of wet matter)

Sample Sampling site Hg Zn cd Pb Ni Cr Cu
S Vladislav 2.00 0.03 0.00 0.40 6.40 0.83 0.00
ater

Hrubgice 0.99 0.02 0.02 0.40 7.00 1.54 0.00
Bottom Vladislav 0.04 110.05 0.27 120.21 3206  164.90 14.71
sediment Hrub3ice 0.02 53.93 0.12 3.46 90.66 64.50 7.99

Vladislav 0.02 38.68 0.20 25.84 1.90 3.05 6.37
Zoobenthos

Hrubsice 0.01 76.89 0.18 0.82 0.24 0.14 8.08
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When comparing our results of concentrations
of metals in zoobenthos samples with the other
authors, Spurny et al. (2009) reported similar con-
centration of Hg, Pb and Zn, higher amount of
Cu (21.81mg/kg) and Cd (0.57mg/kg) and lower
amount of Cr (2.79mg/kg) and Ni (10.13 mg/kg) at
Hrubsice. Spurny et al. (2002) found similar con-
tents of analysed metals at Vladislav, but with ex-
ception of Pb, which content was lower (1.92 mg/kg)
in their study. Houserova et al. (2006a) assessed Hg
in zoobenthos dry matter from the same locality in
the amount of 0.04-0.27 mg/kg (higher than in our
study). Comparison of our zoobenthos samples with
other rivers reveals similar contents of Zn, Cd and
Cu, higher concentration of Hg (0.01-0.14mg/kg),
slightly lower amount of Cr (0.10-1.20mg/kg) and
Ni (0.06-1.81mg/kg) and markedly lower concen-
tration of Pb (0.28-3.79mg/kg) in the Be¢va River
(study of Spurny and Mares, 2005). In zoobenthos
samples from the Loucka River monitored by Vitek
et al. (2007) the content of metals was similar, except
higher Cu contamination (2.93-7430mg/kg) and
lower concentrations of Zn (0.56-1.51mg/kg) and Ni
(1.51mg/kg).

Analysed contents of heavy metals in fish mus-
cle tissue are summarized in the Table II. Statis-
tically significant higher (p < 0.05) content of Hg
was found in barbel and chub muscle from Vladi-
slav (0.155 + 0.012mg/kg and 0.163 + 0.064mg/kg)
in comparison with Hrubsice (0.073 + 0.035mg/kg
and 0.095 + 0.082mg/kg). This corresponds with
results reported by Spurny et al. (2002, 2009), Hou-
serova et al. (2006a) and Petidz et al. (2005). The sim-
ilar situation was in the case of Cd in chub (concen-
tration 0.062 + 0.140mg/kg at Vladislav and 0.006
+ 0.002mg/kg at Hrub3ice, whereas the content of
Ni in barbel was statistically significantly higher at
Hrubsice (0.109 + 0.040mg/kg) compared to Vladi-
slav (0.050 + 0.017mg/kg). The last significant dif-
ference (p < 0.05) was found in Pb concentrations,
when fish from Hrub3ice were more contaminated
(concentrations 0.155 + 0.048mg/kg in barbel and
0.182 + 0.110mg/kg in chub) than the same spe-
cies from Vladislav (contents 0.108 + 0.084mg/kg
and 0.064 + 0.005mg/kg). This higher Pb contami-
nation downstream the Dalesice and Mohelno dam
reservoirs do not correspond with contamination of
the bottom sediments (storage and potential source)
and zoobenthos (feeding grounds), which is rela-

IT: Content of monitored polutants in fish muscle (mg/kg of wet matter)

tively low in this area. It could be caused by nega-
tive impact of the nuclear power plant Dukovany.
The comparison among species within sites showed
statistically significant higher (p < 0.05) content of Zn
in barbel (6.340mg/kg) than in chub (5.194mg/kg)
at Vladislav and significantly higher content of Ni
in chub (0.175mg/kg) than in barbel (0.109 mg/kg)
at Hrubgice. The statutory limits valid in the time of
sampling were not exceeded. Peniaz et al. (1979) re-
ported the concentration of Hg in the muscle tis-
sue of barbel from Hrubsice in range from 0.140 to
0.220mg/kg, twenty three years later this range de-
creased to 0.030-0.113mg/kg (Petidz et al. 2002).
Houserova et al. (2006a) found out the content of Hg
as high as 0.135mg/kg in the same locality. Those
values are similar to our observation (with excep-
tion of Petidz et al., 1979 higher maximal value of
Hg concentration). At Vladislav site Spurny et al.
(2002) found out similar concentration of the Hg
(0.136 + 0.032mg/kg) in chub muscle, while higher
amount (0.962 + 0.450mg/kg) was mentioned by
Houserova et al. (2006a), Petiaz et al. (2005, 0.148—
0.251mg/kg) and Spurny and Mares§ (1995, 0.15-
0.43mg/kg). Spurny and Mare§ (2005) reported
from the Be€va River concentration of Hg 0.074-
0.107 mg/kg. When we compare concentration of Hg
in fish muscle from the Jihlava River with the other
Czech rivers, we can consider it as a relatively low.
For example Svobodovi et al. (1993) report Hg con-
centration 1.600mg/kg in perch from Elbe River
near Celakovice, Zlabek et al. (2006) monitored Hg
concentrations in chub muscle from the Elbe River
near Svadov and from the Morava River near Lito-
vel and found out mean contents 0.291 mg/kg and
0.214mg/kg. In the brown trout muscle Svobodova
et al. (2004) detected amount of Hg in range 0.410-
1.631 from the Divoka Orlice River and Vitek et al.
(2007) reported mean concentration in the Loucka
River 0.390mg/kg. In the case of the other analysed
metals, we could compare our results from Jih-
lava River with Penéz et al. (2005) and Spurny et al.
(2009). The firstly mentioned authors reported simi-
lar amount of Cr (0.354mg/kg); Cu (0.578 mg/kg); Zn
(5.770mg/kg) and Cd (0.028 mg/kg) in barbel mus-
cle, lower amount of Pb (0.066 mg/kg) and higher
amount of Ni (0.240mg/kg), the second collective
found similar concentration of Cu (0.640mg/kg);
Zn (5.310mg/kg) and Cd (0.010mg/kg); higher con-
centration of Ni (0.062 mg/kg); Cr (0.046 mg/kg) and

Species Sa‘;;gsi“g Age Hg Zn cd Pb Ni Cr Cu

by VIadislav  6-9 0.155£0012x 634011002 00370007 0108+0.084x 0.050+0.017x  0.044:0.017 0.446+0.008
. 0ATOUS

Hrubsice 5-9 0.073£0.035y 531641160 0.017£0.017 0155+£0.048y 0109+0.0402,y 0583 £0.533 0.664+0370

Leonpalys V12ISIaV6-8 0.1630064x 5.194+0500b 0.062£0.140x 0.064 £0.005x 0011£0.190  0022£0.023 0.495+0.620
. cepnaius

2 Hrubgice 6-18 0.095+0.082y 5.831£1.640 0.006+0.002y 0.182£0.110y 0.175+0.042b  0.040+0.013 0.3840.160

]ST'] t;‘% Hrubgice 2-6 0.055£0.059 5960+2470 0.012+0.004 01580077 0125£0.060  0.060+0.042 0.5100.200

a, b letters mark statistically different values among species on individual sites, p < 0.05
x, y letters mark statistically different values between sites, p < 0.05
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II1: Maximal fish muscle intake from middle course of the Jihlava River according to FAO/WHO limits (in kg per 60 kg person)

Metal
Sampling site Hg Zn cd Pb Cu
. Limits (}lg/kg) 5 PTWI 1000 PMTDI 7 PTWI 25 PTWI 500 PMTDI
Species
Vladislav 1.94 9.43 4.69 13.85 67.27
Barbus barbus
Hrubsice 4.12 11.29 10.60 9.65 4.52
. Vladislav 1.84 11.55 6.75 23.33 118.90
Leuciscus cephalus -
Hrubgice 3.15 10.29 66.66 8.32 45.05
Salmo trutta m. fario Hrubgice 5.51 10.07 35.38 9.47 58.82

PTWI - provisional tolerable weekly intake
PMTDI - provisional maximum tolerable daily intake

markedly higher concentration of Pb (0.768 mg/kg)
in chub muscle.

Compared to the other rivers, Vitek et al. (2007)
reported the similar concentrations of Cr, Cu and
Zn and higher amount of Pb in brown trout mus-
cle from the Loucka River and Svobodovi et al.
(2004) found also similar content of Cr, Cu and Zn
in brown trout from the Ticha Orlice River. Spurny
and Mares (2005) found similar concentration of Cd;
Pb; Cr; Zn and Ni in chub muscle from the Bedva
River, the chubs from Elbe River were slightly low
contamined by Cd and Pb (Zlabek et al., 2006). Ac-
cording to the comparisons the fish from Jihlava
River seems to be similarly contamined by moni-
tored metals.

Table III. informs about maximum tolerable hu-
man intake of fish muscle from the Jihlava River,
according to the actually valid FAO/WHO recom-
mendation. It is obvious, that the limiting metal is
Hg. The lowest tolerable intake was found in chub
and in barbel from Vladislav locality (PTWT 1.84kg
and 1.94kg). In the research realized by Spurny et al.
(2009) was found slightly lower health risk (PTWT
2.00kg of chub limited by Pb contamination, due
to Hg residuals the tolerated intake was 2.30kg)
The Hrubgice locality constitutes lower risk with to-
lerable intake 3.15kg of chub muscle caused by Hg
contamination. With regard to quantity of anglers
catch from this river (in average 90 individuals of
chub with weight 76.30kg in total and 35 specimen
of barbel weighing 51.90kg per year) the risk of hu-
man intake of fish is relatively low nowadays, but
with expectation of increasing angling pressure it
could be important in future. Comparing the brown

trout (dominates in anglers catch) consumption
health risk with Vitek et al. (2007) study of the Loucka
River, it is markedly lower. We have found out tole-
rable intake 5.51kg due to increased content of Hg
at Hrubgice; whereas they confirmed high contami-
nation by Pb limiting the consumption up to 1.50kg
per week (Hg contamination allows consumption of
2.80kg).

CONCLUSION

Analyses of residual contamination of the Jihlava
River water courses environment confirmed the ex-
cess of Czech Republic legislation limit for mer-
cury in water at both sites of interest (Hrubgice and
Vladislav). In the point of view bottom sediments
and zoobenthos contamination there is no manda-
tory limit of trace metals, but in comparison with
the other South Moravian watercourses we can con-
sider them as a quite high. This high contamina-
tion, however, was not reflected in increased con-
centrations of the metals in the muscle tissue of fish.
The contents of Hg and Cd were demostrably higher
at Vladislav than at Hrubgice sampling site. This fact
confirms the presumed retention effect of the Dale-
Sice and Mohelno waterworks on the pollutants, first
and foremost the mercury, and thus on the over-
all quality of the Jihlava River environment down-
stream of the reservoirs. The muscle tissue of fish
assessed for the safety of human consumption was
found as a low risky at Hrub3ice while the health
hazard exists at Vladislav site for reasons attributa-
ble to the high content of mercury in the muscle tis-
sue of fish caught there.

SUMMARY

The fish muscle tissue contamination by heavy metals represents a potential risk for human health.
Especially the mercury, lead and cadmium in fish body from rivers, which flow through industrial
grounds, are very often in high concentration. That is the case of the Jihlava River flowing through
towns Jihlava and T¥ebi¢. This river was often referred to as strongly polluted by heavy metals in
the past. Especially the mercury was reported in high concentrations, mainly upstream the Dale3ice

and Mohelno reservoirs, below the town TFebic.

This paper aims to assess the contents of heavy-metal residues in the fish muscle tissue in the men-
tioned river and to compare the contents of such residues found to contaminate the muscle tissue of
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fish living upstream and downstream of the Dale3ice and Mohelno dam reservoirs; and to evaluate
the consumption safety of fish caught by anglers at these sites. Additionally, the content of heavy met-
als in water, bottom sediments and zoobenthos samples of the Jihlava River was analysed.

The research was focused on following metals: total Hg, Pb, Cd, Cu, Cr, Zn and Ni. Samples of the wa-
ter, bottom sediments, zoobenthos and muscle tissue of chub (Leuciscus cephalus), barbel (Barbus bar-
bus) and brown trout (Salmo trutta m. fario) to be analysed for their contents of heavy metals were col-
lected during the growing season of 2007 from two sites (site Vladislav located upstream the Dale3ice
and Mohelno reservoirs and site Hrub3ice downstream them). Fish were caught using the standard
method of electro-fishing, and muscle tissue (without skin) was taken individually (7 representatives
of each species from each locality) from the left dorsal part of fish body. Concentrations of metals were
assessed using the AMA 254, SPECTR AA-30 and AA-300 devices. Data were statistically evaluated us-
ing the Unistat 5.1 (ANOVA with post-hoc Tukey HSD test, p < 0.05). The outputs were compared with
EU regulation 221/2002/EC and with the WHO recommended consumption limit (technical report
series No. 837).

We found above-limit content of mercury in the water (maximal permissible concentration 0.1 pg/1).
The content at Vladislav (2.0011g/1) was twice higher then the concentration at Hrubsice (0.99 pg/1).
The amount of Ni was higher in bottom sediment on the Hrubgice site than the Vladislav site.
The amount of Zn, Cd, Pb and Cr was higher on the Vladislav site, the amount of Hg and Cu was si-
milar on the both localities. In general, the amount of the heavy metals was very high in bottom sedi-
ment. Increased content of trace metals deposited within sediments in the Jihlava River represent
some ecological risk of sudden release from sediment due to hydrological changes, namely pH fluc-
tuation.

In the point of view contents of heavy metals in fish muscle tissue, statistically significant higher con-
tent of Hg was found in barbel and chub from Vladislav (0.155 + 0.012 mg/kgand 0.163 + 0.064 mg/kg)
in comparison with Hrub3ice (0.073 + 0.035mg/kg and 0.095 + 0.082mg/kg). The similar situation
was in the case of Cd in chub (concentration 0.062 + 0.140 mg/kgat Vladislav and 0.006 + 0.002 mg/kg
at Hrubgice), whereas the content of Ni in barbel was statistically significantly higher at Hrub3ice
(0.175 £ 0.042mg/kg) compared to Vladislav (0.050 + 0.017mg/kg). The last significant difference
was found in Pb concentrations, when fish from Hrub3ice were more contaminated (concentra-
tions 0.155 + 0.048 mg/kgin barbel and 0.182 + 0.110mg/kgin chub) than the same species from Vla-
dislav (contents 0.050 + 0.017mg/kg and 0.064 + 0.005mg/kg). This higher fish muscle contamina-
tion by Pb downstream the Dale3ice and Mohelno dam reservoirs do not reflect the concentrations
of this metal in the bottom sediment and zoobenthos, which is relatively low in this area in compari-
son with locality upstream the reservoirs. The comparison among species within sites showed statis-
tically significant higher content of Zn in barbel (6.340 mg/kg) than in chub (5.194mg/kg) at Vladislav
and significantly higher content of Ni in chub (0.175 mg/kg) than in barbel (0.109 mg/kg) at Hrubgice.
The statutory limits valid in the time of sampling were not exceeded.

From computed tolerable human intake of fish muscle according to the actually valid FAO/WHO re-
commendation, it is obvious, that the limiting metal is Hg. The lowest provisional tolerable weekly
intake (PTWI) was found in chub and in barbel from Vladislav locality (1.84kg and 1.94kg). With re-
gard to quantity of anglers catch from monitored river the risk of human intake of fish is relatively low
nowadays, but with expectation of increasing angling pressure it could be important in future.

SOUHRN
Zatizeni ekosystému stfedniho toku feky Jihlavy tézkymi kovy

Kontaminace svaloviny ryb tézkymi kovy pfedstavuje potencialni riziko pro konzumenty ryb. Reky
protékajici izemim s velkymi aglomeracemi a silnym pramyslovym vyuZzitim byvaji ¢asto velmi zati-
Zené, zvlasté rtuti, olovem a kadmiem. Reka Jihlava protéka n&kolika mésty s vyraznou préimyslovou
aktivitou, nap¥iklad Jihlavou a TFebi¢i. Tato feka byvala v minulosti ¢asto ozna¢ovana jako silné zne-
¢isténd, nejvice rtuti v iseku nad vodnimi dily Dalesice a Mohelno.

nimi dily Dalesice a Mohelno a posouzeni vlivu téchto vodnich dél na tiroveii kontaminace ryb. Pro
upfesnéni situace na toku byl zjistovin obsah tézkych kovti ve vodg, sedimentu dna a zoobentosu
na obou lokalitich.

Monitoring byl zamé&¥Fen na tyto kovy: Hg, Pb, Cd, Cu, Cr, Ni a Zn. Vzorky vody, sedimentu dna, zoo-
bentosu a rybi svaloviny byly odebrany v prib&hu roku 2007 ze dvou lokalit ¥eky Jihlavy: Vladislav
(odbé&r 15. srpna) nad vodnimi dily DaleSice a Mohelno, nedaleko mésta T¥ebi¢ a Hrubgice (odbér
25. kvétna) pod vodnimi naddrzemi. Vzorky vody byly odebrany do 1,51 polyetylenovych lahvi. Vzorky
sedimentu dna a zoobentosu byly odebrany jako smésné vzorky nap#i¢ lokalitami, dle standardnich
metodik (EN ISO 27828). Jako ichtyoindikator byla zvolena parma obecna (Barbus barbus), jelec tloust
(Leuciscus cephalus) a pstruh obecny (Salmo trutta m. fario). Vzorky ryb byly ziskany za pouziti standard-
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nich metod odlovu elektrickym agregitem, sedm jedincti od kazdého sledovaného druhu ryb. Sva-
lovina ryb byla odebirdna individualné z levé hibetni ¢asti trupu kazdé ryby bez kiize. Obsah sle-
dovanych kovti byl stanoven na Ustavu chemie a biochemie Mendelovy univerzity v Brné za pou-
zZit{ pfistrojit AMA 254, SPECTR AA-30 a AA-300. Zjisténé vysledky byly statisticky vyhodnoceny
v programu Unistat 5.1 metodami ANOVA a Tukey HSD (P < 0,05). Ziskané vysledky byly porovnany
se smérnici EU 221/2002/EC, mnozstvi bezpeéné konzumovatelné svaloviny ryb bylo vypocitano
za uziti metodiky WHO (smérnice ¢. 837).

P¥i porovnani zjisténych koncentraci jednotlivych kovii s platnou legislativou (smérnice 2005/78/EC,
nafizeni vlady ¢. 229/2007 Sh., a vyhldska ¢. 305/2004 Sb.) jsme nalezli pFekro¢eny limit pro obsah
rtuti ve vodé (limit 0.1 pg/l). Dale jsme zjistili, ze obsah rtuti ve vodé€ na lokalité Vladislav (2.00 pg/1)
byl dvakrat vy33i nez nalokalité Hrubsice (0.99 pg/1). V sedimentu dna nalokalit€ Hrubgice byl zjistén
vys3i obsah niklu nez na lokalité Vladislav, kde bylo naopak vy33i mnozstvi kadmia, olova, chromu
aniklu. Obsah rtuti byl na obou lokalitich podobny. Velmi vysoky obsah t&zkych kovii v sedimentu
znamena potencidlni nebezpedi s ohledem na nenadalé uvolnéni béhem nahlych zmén chemismu
vody, zejména pH.

Z hlediska obsahu jednotlivych kovii v rybi svaloving byly zjistény nasledujici skute¢nosti. Na lo-
kalit¢ Vladislav byl nalezen ve svalovin€ parmy i tlousté statisticky priikazné vy3si obsah Hg
(0,155 + 0,012mg/kga 0,163 + 0,064 mg/kg) oproti lokalité¢ Hrubsice (0,073 + 0,035mg/kg a 0,095
+ 0,082 mg/kg). Podobn4 situace byla i v pfipad¢ kadmia u jelce tlousté (0,062 + 0,140mg/kg ve Vla-
dislavi a 0,006 + 0,002 mg/kg v Hrubsicich), naopak na lokalit¢ Hrubsice byl u parmy zjistén statis-
ticky pritkazné vyssi obsah Ni (0,109 + 0,040 mg/kg) oproti Vladislavi (0,050 + 0,017 mg/kg). Dale byl
u parmy i jelce tlousté zjisten statisticky vy33i obsah olova na lokalité Hrubsice (0,155 + 0,048 mg/kg
u parmy a 0,182 + 0,110mg/kg u tloust€) nez na lokalité¢ Vladislav (0,050 + 0,017mg/kg a 0,064
+ 0,005 mg/kg). Vy3si obsah olova ve svalovin€ ryb pod p¥ehradnimi nddrZemi Dalesice a Mohelno
nekoresponduje s koncentracemi tohoto kovu v sedimentu dna a nasledné i v zoobentosu, jez jsou
v této oblasti relativné nizké ve srovnani s lokalitou nad nadrzemi.

Vypocet maximalnich tolerovanych mnozstvi zkonzumované svaloviny ryb dle platnych predpisti
FAO/WHO odhalil, Ze na obou lokalitdch byla limitujicim prvkem rtut. Nejniz3i tolerované mnozstvi
bylo nalezeno v p¥ipad€ jelce tlousté a parmy obecné na lokalité Vladislav (1,94 kg a 1,84 kg na osobu
tydn€). V soucasné dobé¢, s ohledem na mnozstvi lovenych ryb v tomto reviru (v préiméru 90 kust
jelce tlousté o celkové hmotnosti 76,30kg a 35 kustt parmy obecné s celkovou hmotnosti 51,90kg
ro¢ne€) lze konzumaci rybi svaloviny z téchto lokalit povazovat za relativné bezpeénou, v souvislosti

se vzristajicim rybarskym tlakem vsak miize do budoucna znamenat ur¢ité riziko.

parma obecnd (Barbus barbus), jelec tloust (Leuciscus cephalus), pstruh obecny (Salmo trutta), kontami-
nace kovy
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