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International Commision for the Protection

of the Odra River Against Pollution
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Projects financed by the Technological
Agency of the Czech Republic

VYVOJ NASTROJU VCASNEHO VAROVANI
A REAKCE V OBLASTI OCHRANY POVRCHOVYCH VOD

DEVELOPMENT OF TOOLS OF EARLY WARNINNG AND
REACTION IN THE FIELD OF SURFACE WATER PROTECTION

Expertni informaéni systém (software)
Expert Information System (software)
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NAVARO

VYZKUMNY USTAV
VODOHOSPODARSKY
T.G. MASARYKA

veleind vyzkumnd instituce

Metodika postupu vyhladovani havarijnich
stavl na tocich

Jmeéno fesitele
RNDr. Pfemysl Soldan, Ph.D. a kol.

Zadavatel: Technologickd agentura Ceské republiky Gislo vytisku: 1 Ostrava, procinec 2014

TGM

Development of certified method
describing tools of fast detection of
dangerous surface water pollution
accident and its sources including
accidents, terrorist or criminal actions

The main topics described:
‘recommended structure of an early
warning system

use of continuous monitoring for
etection of pollution accidents

criteria and process for declaring the
accident

‘recommended equipment of mobile
analysis units

‘recommended analyses in situ
recommended field protocols
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Current routine continuous monitoringin —
the Odra River basin

* pH - possible accidental spills of substances of extreme values of pH - but arked
changes in the pH of water of an aquatic environment are also of natur (e g.
during summer months due to high photosynthesis activity of ma & ut@ophlc
organisms — increase of pH value to 9 even more) — it is hard to eé(@ Iln‘\

- O, - possible accidental spills of substances WhIC“]@ g% (e.g. nitrites,
untreated sewage waters, etc. — but significant ¢ centration during the
day are again natural in highly eutrophic wat r e falarm limits is difficult.

- conductivity - measurement detec@\ ge ota content of salts in monitored
water; analysis is more sensiti rP@ ent) ions with higher mobility; utmost
response is for H+ and Oa@ s parameter it can be stated the same as for
the measurement of
-temperatur of hot waters — but in respect of the high-temperature
capamt%ﬁ» sp|II impact is detectable only in a short segment of recipient
. nce - at a wavelength of 254 nm a lot of organic substances show

absorb 4 ce especially those which contain one or more aromatic rings; but these
substances have limited solubility in water and in addition, the usual level of absorbance
of surface water is rather high.
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Devices of Continuous Biological

Monitoring
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Daphnia Toximeter
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: : TGM
Daphnia Toximeter

bbe Daphnia Toximeter ;lg[il
Parameters: mobility and agility of daphnia 4
| L4 » M[IBs A Y% 6h1d 7d | [
o T e o ™ - process | Measure |

average velgcity and distribution

“n av. 7 cm/s
GWW ight

av.height: 1.3881 cm

fractal dimenglgn (curviness) and angle av.dist: 2.0413 mm
number. 8

E% speed distr. 10,0100

d frac.dim: 1.4436
distance and gr
frc.dim{box): 1.3470

e — detection rate: 87 %
— & & — p temp sample: 20.0, 25.0 °C
! 11ag T arag temp ferm.: 24.0 °C
Monday 24.10.05 07:11:56
swimming height Daphnia growth ?Smfmw?W]

B0 sion numerical expression of organisms
Color growing time index i behaviour parameters
of particular organisms and of other measured values
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Monitoring station on the Odra River in Bohumin
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TGM

Monitoring station on the Olse River in Detmarovice
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Accident - BorsodChem-MCHZ

Pollution Spill of benzenes from
BorsodChem-MCHZ Ostrava on 30.8.2006

File Measurement Parameters Control Edit Windows 7

'S A Y 6h 1d 7d |[A 2

nh:z

FPOT DEE T EEBR W o[
: i

press FSto start...

process  ME3EUNe m b I

TowxIndex: 11.00

av.vel: 06322 cmds
av.height; 2.5476 cm
av.dist.: 1.8107 mm
number: 11

zpeed distr; 9.5400
frac.dirn: 1.3270
fro.dim(box]: 1.3437
detection rate: 54 X

temp zample; 19.6, 24.6 °C
temp ferm.: 24.0°C
Wednesday 30.023.06 13:37:40
1902 [max=193E]

a0 ]

[ ——

S o T radiad —t

09:05 09:55 10:45 11:35
30,03 .06 30.03.06 30,03 .06 30.03 .06

boxic index [Wed 30.05.06 13:37 ; 28.601 tox] (Dbl Klicks Mext) [1902]

12:25 13:15 14:05
30.03 .06 30.038.06 30.03.06

lufu [osyot jog:z1:z6 ide 11_12 2

—|<
2
<I<
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Fire Accident in Ostrava-Hrusov

Measurement started! File=c:\daten231020061016.dpx - [231020

Contral

File Measurement Parameters Control Edit Windows ? File Measurement Parameters Edit ‘Windows ¢
S N T @EE > iSs A% 6hidd AR T/ OB E T DB > wm[Es A Y 6ehd AR
process m tox I . process i m tax |
i Tow Index: 15.00 ToxIndex: 15.00
av.vel: 0.3006 cm/s av.vel 0.3159 cm/s
av height: 2.4072 cm av.height: 1.9569 cm
M av.dist: 1.7518 mm av.dist: 1.9919 mm
number, 5 number: 5
speed distr 14.0100 speed distr: 15.6500
o ¥ frac. dim: 1.3450 frac.dim: 1.4441
fre.dim{box): 1.2458 fre.dim{box). 1.1779
. detection rate: 82 % detection rate; 91 %
. temp zample: 201, 245°C termp zample: 20,1, 24.9°C
temp ferm.: 23.9°C . temp ferm.: 24.0 °C
Wednesday 25.10.06 03:23:24 ‘wiednezday 25.10.06 09:28:33
3367 [max=3367] 336B [max=336E]
]
T ™ T T =TT TN
o
5 h.l'\_r\.r'_‘—\_M.u
107 1167 12:47 1337 14:27 18:17 16:07 : F E - ; F B
23.10.06 23.10.06 23.10.06 23.10.06 23.10.06 23.10.06 23.10.06 250‘%1303 ggsmnsnﬁ 2505195893 2506161803 250?103308 Qgsmzsl]ﬁ 2509101808

toxic index [Mon 23,10,06 12:08 ; -4.961 tox] {Dbl.Klick: Mext) [133] W 1025 |09:29:44 |meas. |11 12~ Wl MinSize {channel=1) set to 9 pixel

[ulu [10f25 [09:2%:02 [meas. [11_12 4
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[ bbe-Toximeter - [250420081003.dpx]
Parameters Control Edt Windows 7

H T[ADEEEBE|

5

> e s

piocess }Meacure

File Measurement
FEs o A Ya|6h 1d 7d
tox |

ToxIndex 12.00
av.vel 0.4572 cmis
o height: 3.4308 cm
1.7334 mm
rumber: 4

speed distr: 0.7200
frac. i 16085

e dim{boxl 11450
detection rate: £1 %
temp sample: 20.0,24.9°C
femp fem. 24.0°C
Sundsp 27.04.09 10:3424
3487 [max=7054]

av.dist

File Measurement Parameters

5

18] 2]

Edit Windows 7

A EER |

Control

E
£l

> P IS1 S A Ym|6h 1d 7d
process | measure AR tor |
TorIndex: 10.00
av.vel 0.2908 cmds
av height: 31264 cm
27574 mm
number. 6
speed distr: 10,9900
frac dim: 1.2861
frc. dim{boz): 1.1804
detection rate: 81 %
temp sample: 199, 24.7 °C
temp ferm: 238 °C
Saturday 03.05.08 10:4331
1502 [max=5187]

[\\!m

av dist.

T T
i‘m\nf"“"\-v“._._u—-—,ﬂmh._....
1034 e 1859 '
27,0408 70408 27.0408
Il [11fz6 [10:05:24 e [11_12

:

" e W
02:14 [i]

27.04.08 27 04.08

towic index [Sun 27,04.06 10:34 ; 23,933 tox] (Dbl.Klick: Next) [3486]

oreph of object paths

200 TE30 ST
03.05.08 03.05.08 03.05.08
o 11/26 0912114 idle 11_12

-0 0830 1020 7110
03.05.08 02.05.08 03.05.08 03.05.08

NE 27.4.2008 3,00 -4,15ha9,30-1030 h

Parameters Control Edit Windows ?

m A DEE i«

File Measurement

FEs 0

P 1B S A Yg 6h 1d 7d

e P |

Tolndex: 11.00
av.vel 0.7916 cm/s
av.height: 255167 cm
31621 mm
number: B

speed distr: 38,4000
frac.dim: 1.4434

fic. dim(box): 1.3335
detection rate: 85 %

temp sample; 20.0.25.7 'C
temp ferm.: 23.9°C
Sunday 11.05.08 07:50:11
9762 [max=11786]

av.dist,

S0 3.5.2008 10,30 - 10,55 h

Control Edit Windows 7

T dEE|

File Measurement Parameters

el

> P IS1 S A Ym|6h 1d 7d

pracess | messure JIEFE tox
TorIndex: 13.00

av.vet (L4603 emds

av.height: 37712 cm

av.dist.: 2.6625 mm

number: 7

speed distr: 81000

frac.dim: 1.2711

1.2605

detection rate: 34 %

temp sample: 19,9, 24.8°C

temp ferm: 238 T

Friday 06 06.08 0&:15:06

4523 [max=5125]

frc. dimibos}

[EHE] R TR
110808 110508 10408

llu [11f26 09:34:00 fdle [11_12

] 3.0 [TE
11.05.08 11.05.08 11.06.08

e index [Sun 11.05.08 07:49 ; 17.214 tox] (Dbl.Klick: Next) [9781]

NE 11.5.2008 7,20 -7,55h

[ bbe-Toximeter - [020920081111.dpx] I3

File Measursment Parameters Control Edit ‘Windows 7
P DR T DBE| W rm S A Yy 6h 1d
process | measue R o |

ToxIndex 11.00
avvel 0.2903 emfs

v height: 19611 om
1,556 rm
umber; 6

spead dist 50800
frac.dim 1.1656
fic.dim{box): 1.1885
detection rate: B4 %

temp sample: 200, 24.6°C
temp fem, 24.0°C
Tuesday 02.09.08 19.07.53
569 [max=3978]

5]
110508

av.dist

5
ey
0745 [53 alﬁn 0475 05:15 00.08 0.5 07:45
06.08.08 08.05 08 06.05.08 06.05.08 06.05.08 06.08.08 06.08.08
12
PA 3.5.2008 4,40 - 5,20 h
=1=1E

be-Toximeter - [240920081527.dpx]
Fle Measrement Paramsters Control Edt Windows 7

FET DER A DBEBR|

X

r oM s A Yg|sh 1d 7d | [
process measue [ tor |

ToxIndex; 14,00

av.vet 04224 oms
avheight: 11436 em
av.dist: 25710 mm
number. 2

spesd dit: 85,3400
frac.dim undsf

frdimbos): undef
detection ale: 42 %

temp sample; 138, 247 °C
temp ferm.: 26.0°C
Thursday 25,09.08 00,2516
543 [maw=3129)

=

araph of object paths Ilu (11726 [10:20:19 de [11_12

T T T T T ] T CULUDLULPDRRRLLLLL LI
10 | 178 S o NP
L 10
5 Aﬁ—\,lf_\\fj T L S
A
x
1803 [CEF TS 0:33 7123 FEIE FEETN 718 7308 358 38 0728 0318
02.00.08 020908 020008 020818 02.00.08 0Z08 08 020808 240008 2400.08 2400.08 250008 26.00.08 500,08 25.00.08
lju [11/26 [10:01:56 [idle [11_12

toxic index [Thu 25.09,06 00:24 ; 12,410 tax] (DblKlick: Next) [542]

UT 2.9.2008 18,35 -19,20 h a 21,00 —21,40 h

€T 24.9.2008 23,20 - 0,30 h
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Detection of accident causes
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Detection of accident causes

=10l =]

File Measurement Parameters Control Edit Windows 2
5 = | g f|. |£’.~1’—-/“5'35 Ml il b M
¥

process |

Tox Index: 14.00

avwel 03144 cmds
av.height: 3.0214 cm
av.dist.: 3.1395 cm
number: G

gpeed distr 13.0000
frac.dim: 1.2606
fre.dim(box): 1.2770
detection rate: 93 %
temp zample; 20.0, 34.6 °C
temp ferm.: 208 'C
Fridayp 17.08.12 05:20:19
13597 [max=1652]

press FSto =start...

IS 05:33 0523 ov:1a 0&:03 0%:53 0943
17.08.12 17.08.12 17.08.12 17.08.12 17.08.12 17.08.12 17.08.12

boxic index [Fri 17.08,12 05:19 ; 13,744 tox] (Dbl Klick: Mext) [1396] olo o 1101 1001659 ide 1112




Tools for More Effective Management of Accidental Surface Water Pollution Cases

Detection of accident causes

=

cislo vzorku 403 404 405
oznacéeni vzorku jednotka alarm 1hpoalarmu | 2 hpo alarmu

reakce vody 8.1 8.0 8.0
elektricka konduktivita mS/m 103 103 103
chloridy mg/l 147 152 150
sirany mg/l 127 123 118
kyanidy mg/l 0,006 0,006 0,005
jednosytné fenoly ma/l =0,004 =0,004 =0,004
fenol pgl 1,43 0,672 0,584
m,p-kresaol po/l 1,99 1,91 2,086
2-nitrifenaol po/l =05 =05 =05
4-nitrofenol pg/l 0,988 0,831 0,469
2 d-dinitrofenaol pg/l =<0,1 =<0,1 =0,1
naftalen pgl 0,056 0,059 0,057
acenaften pgl 0,087 0,089 0,102
fluoren pgl 0,044 0,043 0,051
fenanthren pgfl 0,063 0,057 0,059
antracen pgl 0,007 0,005 0,006
fluoranthen Kol 0,072 0,048 0,056
pyren pgl 0,042 0,030 0,035
benzo({a)anthracen pgl 0,015 0,008 0,01
chrysen poyl 0,014 0,008 0,009
benzo(b)fluoranthen po/l 0,017 0,01 0,012
benzo(k)fluoranthen po/l 0,007 0,004 0,004
benzo(a)pyren po/l 0,014 0,007 0,009
benzo(g.h.ijperylen pgl 0.011 0.007 0.008
dibenzo{a,hlanthrace pg/l 0,002 =0.002 =(0.002
indeno(1,2 3.c dipyren pgl 0,013 0,007 0,01
Cu po/l 101 26,2 30,8

<
<

—
<
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Detection of accident causes SR dMd

Our investigation of possible sources of this accident has pointed on
BorsodChem-MCHZ, a chemical plant located some 12 km upstream of
the monitoring station.

The part of the company's broad portfolio is aniline production. A spill
from this production was probably the cause of the detected accident.
This conclusion raised from the information found in an undated
document ,Evolution of the BC-MCHZ process for the production of
aniline” written by Pasek. According to this author, a technology that
uses copper catalyst tablets for nitrobenzene hydrogenation was
launched in 2006 in this chemical works. Pasek states that the problem
with the disintegration of the catalyst has been observed several times.
Our conclusion is also supported by the detected increased values of
chlorides and sulfates. Their source may be nitrobenzene, which
contains a small amount of sulfur and chloride ions, probably originating
from the refined benzene which is used for nitrobenzene production.
According to Pasek the deposition of such substances on this catalyst
has been reported.
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Continuous monitoring experiences 1GM

The operation of both continuous biological monitoring devices has
fully demonstrated their suitability for detecting dangerous changes in
the biological quality of water. However, it should be noted that
although the use of these devices in an early warning system
improves detection effectivity and rapidity which finally improve the
level of protection against accidental, criminal or terrorist pollution of
flows, the process of implementation of continuous monitoring to the
routine practice has not been initiated in the Czech Republic yet.
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Expert information system NAVAROSO ——

The project focuses on the development of specialized software - a information
expert system for the integrated rescue system bodies, the Czech
Environmental Inspectorate, water authorities and river basin administrators.

The construction of the NAVAROSO expert system respects the principles
which were specified in the Methodology for the Declaration of Emergency
Situations on Streams (mentioned above), which was certified by the Ministry of
the Environment of the Czech Republic.

The system provides the cross-linked data necessary for quick information on
the possible causes of deterioration in the biological quality of water, about
procedures for determination of the type of pollution and estimating of its spread
in the stream. The database system is supplemented by a module for estimation
of the pollution behavior in the recipient. This newly developed expert system
which will be available in the field on all types of Internet-connected devices
enables:

» streamline the process of finding a source of water contamination quickly and
demonstrably (this function is very important for preventing possible pollution)
to speed up and refine the estimation of the level of contamination, thus
enabling prediction of further development of the accident

- early warning of downstream sites and water consumers

- timely fulfillment of the Czech Republic's international reporting obligations

* provide more accurate information for the timely planning of an effective
mitigation action
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Basic data sources for expert system

Externi data

EHMU, Podniky povodi Externi data

Internet. odkazy,
Databaze instituci

Zakladni datahaze informaci

Toky Producenti
popisne viastnosti moZného znedifténi

C je infar i Toxicke latky
zakladni ddaje
Metodiky, postupy,
odkazy
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Printscreen of example of cross-search

@ NavarRoso
Zikladnifunkce Privodci Databize Mastaveni Dokumentace Info

Qooo a

KraijTok |2, Ostravice po soutok s Odrau v | 6PS soufadnice (2.5, ) 20) [49,776345  |f[18,5207308

amoniak / amoniak

Progucent!
Firma ID_PROYOZOVATEL IDENTIFIKACE NAZEY ~ Fotospntebiuic organamy
] LC gfl
1102 ArcelorMittal Ostrava, a.s., Thida tovicity: N Netoxicks
2 104 Linde Yitkavice a.5,
3 105 MG Odra Gas, spal, s r.0., (aredl ArcelorMittal) gonszff st bisraré b
» 4 106 M@ Odra Gas, spal. s r.o., (kysikarna) LEOTSD gﬁn' G DpDITBVE A
5107 PRIMAGAS s.r.0. Trida toxicity: MT Malo boxicka
7109 Bincel Paskay a.s. Akutni tozicita (LCS0) nad 100 mgfl
13 116 OKE Koksovny, a.5., koksovna Svoboda Konzuments I
14 117 Hyundai Dymas Czech, s.r.0, Ryby 8 ?Témoumamu
i LC 05 g
15]118 Linde Gas a.s., Ostrava Tida bty TSi Sing toxicks
17 120 Saft Ferak, a.s. Akutni boxicita (LCS0) do 1 mgfl
Destruenti
Crganismy Zivicd se odumsalim télr
LC 2 gfl

Trida toxicity: TSt Stfedné toxicka
Akutni kaxicita (LCS0) do 10 mayjl

hydrazin / hydrazin

& ’
£ >

Létka CASND.  Nazev krivialni Nazev 0 A vyb. CASNO.  Nazev trividlni ||| | Producenti
4 ) Fotosyntetiuic organamy
w2 hydrazin 7664417 amoniak LC 0,00039999995969515 g
50-00-0 Formaldetyd Formaldel » 302-01-2  hydrazin Tiida toxicity: TVS Velmi sing toxicka
P 7E64-41-7  amoniak amaniak Akutni toxicita (LCS0) do 0.1 mofl
98-95-3 nitrobenzen nitrobenz Sonzumenti T
108-88-3  toluen koluen ZFooplankton, cietd byfoZrave ryby
e L 0,200000002980232 gfl
GREH i e oIS Trida toxicity: T5i Siné toxicks
120-92-3  cyklopentanon cyklaperl At toxicita (LC50) do 1 mgfl
1003-03-8  cyklapentylamin cyklopenl
hanal hanal Konzumenty [F
64-17-5 ethanal ethanal Ryby 56 mdmau stavou
TE-83-1 isobutanol isobutan LC 1 gl
w w Trida towicity: T30 Siné towicka
a 5 a 5 Akni boxicika (LCS0) do 1 mgfl

( ) Wyskyt kberéhokoli Wyskyt wiech
O ze slov O slov

TeE60
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Spreading of accidental pollution by flow

@ Odhad iifeni znetisténi tokem - O x

Informace k modely - akbudini stay,

Model je sestaven obecné pro jeden paterni tok (TOK_1) a éeyii pitkaky (TOK_2 a% TOK_S), pfitoky mohou byt bud’ piimé
(napf. Ostravice do Odry) nebo nepfimé (napf. Lucina do Ostravice). Model umoZiiuje vypodet postupoyych rychosti pouze
pro ustalené rovnomérmé proudéni proto nebude moZno vkladat piimo méfené pritoky ve vodomérnych stanicich, ale pouze
na zékladé akkualnich pritoki ve vodomérnych stanicich zvolit nejvhodnéjsi pritokowy stav pro vypodet:

30, 990, Q180, Q270, 9330, Q355, Q364 a Qa — douhadoby primérny priitok

Modul neni urfen pro pritoky wwESi neZ Q30, v piipadé wyEZich pritoki ned Q30 nutno postupovat dle povodiiového planu,
W prvni Fazi bvorby modelu budou k dispozici data Odry, OlSe, Opavy, Ostravice a Ludiny.

¥stupni parametry
Vybér baku Misto vrnosu [ Eela viny (ko od dsti)

[odra MR |

Datum a as zjisténé udalosti

() Zj8rén £as vnosu znediEtén

-

20. 9.2019 v |[taos:04 |2

(®) Zjigtén fas Sela viny znedistén

VybEr ravnice pro vypaodet

|R0vnice &, (normalni stav) v| Vp = 0,308 + (00143 x (Da 10813 (g F)-04E9 , SR L g sy Wypodti

ve dvnie Restaurace Nimrod

Bitnikm  wpfvmax  Sasis)  Casthimis) » o Itenstaurace

23,1 0,511291 195,583 12:13:24

23 0511293 391,166 12:16:39

22,9 0,511294 586,748 12:19:55 v-f':"""m_n

22,8 0511296 782,33 12:23:10 ,:3:

22,7 0,5112958 977,91 12:26:26 q:"

22,6 0,5113  1173,49 12:2041

22,5 0,511301 136907 12:32:57

22,4 0,511303  1564,65 12:36013

22,3 0,511305  1760,23 12:39:28 Pl Martin Dglla-:.hQ
22,2 0,511307  1955,8 12:42:44 gr';‘

22,1 0,511308 2151,38 12:45:59

zz 051131 2346,9% 124415 1

» 21,9 0,511312  2542,53 12:52:351 . LT,

21,8 0,511314  2735,11 12:55:46

21,7 0,511316  2933,68 12:5%02

21,6 0511317 3129,25 13:02:17 Dl Paskoy Q

21,5 0511319 3324,53 13:0%:33

21,4 0,535014 3510,69 13:05:39

21,3 0,533016  3695,56 13:11:45

21,2 0,538017 3882,43 13:14:50 r=ch Internaticoqal, a.s

21,1 0,538019 4068,3 1311756 -

< > ilan Kedror

Eouicantium spal § R.a

Ta

g
g,

sisar-AUTODOPRAY, G

477

Habda Repa 'Q Mdam

ﬂ Konec
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Printscreen of reverse analysis of contamination
course

@ Prlinikovi kiivka v pfipadé okarnitéha wnosu, - O s

i 2= | Kakulstor PRONIKOWA KRIVKA koncentrace [4tky v z&jmovsm mistd "%", Uumofiuje simulovat fasof pribéh koncentrace [&tky v urtité vedalenosti od mista vnosu,
B2 || Typ vnosu: Jednordzovy, okamzity,
B3 ) Ul Odhad rozsahu poskozeni vodnich organismd v riznych vadalenostech od mista znedisténi,
¥stupni parametry Terénni méfeni (pokud jsou k dispozicl) | pr-finikova kiivka v piipadé jednorizového okamzitého vnosu A
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Obr. KY1: Jasné éervené zbarveni Zaber po otravé ryb kyanidy (foto: P. Berankova)
vlevo — Zabry ryb po otravé kyanidy
vpravo — normalni Zabry

Obr. KY2: Ryby, uhynulé pfi havarijnim dniku v Baia Mare (Rumunsko). Dobfe
patmy je vyskyt subkutannich krvacenin (foto: neznamy autor)
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DEFICIT KYSLIKY KYS

Obr. DK1: Pfi nedostatku kysliku se ryby shromaZduji u hladiny a kaprovité ryby dychaji
nouzové, nepfijimaji potravu, pohybuji se pod hladinou, nouzové dychaji
(kaprovité). V rybnicich se ryby shromazduji u pfitoku, jsou malatné, nereaguji na
podraZdéni, zirdceji Unikové reflexy a hynou. Napadnd je wjrazné svEtld barva
kiFe. Zabry jsou piekrvené aZ cyanotické, Zaberni listky slepené, v pfedni ofni
komofe i v kiiFi skieli jsou drobné krvaceniny (foto: H. Kroupova)

Obr. DK2: K!"eﬁmrité rozeviena tlama a adchlipeflé vicka skielového krytu a dravych
druhl ryb jsou vyraznym znakem Uhynu v dusledku ududeni (foto: H. Kroupova)
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Conclusions

We are convinced that the findings and
outcomes of both presented projects can
significantly improve and streamline the

early warning system to manage
emergencies of water quality changes
caused by accidental pollution, terrorist or
criminal activities.
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