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Abstract

'I'he presented paper isa proposal for the method of map
’presentatlon of chemical tlme bombs (CTB), which has been
desngned for a model region with an area of 1000 sqkm, in
' I part of Slovak Republic. The CTB map has been
'comp ed on the ba51s of a re-evaluation of present state of
stream sediments, surface- and groundwaters contamination
1as well as of the inventary and evaluation of principal
sources of polutnon ‘waste deposnts dlrectly or potentially
aﬁ'ectmg the environment. The presented method of CTB
map represents a model of map presentation of areal and
hot-spot CTB with categorisation of their toxicity level and
the possnblllty (probability) of environmental polutlon

Key wora’s stream sedlmems surface water ground-
water, waste deposxts chemlcal time bombs .
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Introduction

The contamination of the environment with
chemicals of various origin and varying composition is
at present a very important environmental problem,
which has to be dealt with by all economically
developed countries. A great danger is the accumu-
lation of chemicals, the so-called chemical time
bombs, with possible time-delayed, but sudden effects
of long-time accumulate pollutants, due to an accident,
natural disaster or slow and permanent changens in
the environment, e.g. acid deposition, global climate
changes, drainage regime etc.

Within the complex environmental-geochemical
research in the Slovak Republic, the project "Long-
term environmental risks for soils, sediments and
waters in the Danube river basin" has been
launched in the year 1991 within the National
Environmental Care Program. This project is a part
of the international program "Chemical Time Bombs
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—CTB", which has been initiated by the Foundation for
Ecodevelopment, Mondial Alternatief - VROM NL.

As a part of this project in the Slovak Republic, the
Dionyz Stur Institute of Geology has been given the
task of elaborating a method for compiling survey
maps of CTB and compiling a model CTB map on the
scale 1:50 000 of an area of approximately 1000
sgkm.

As model territory, where the method for CTB
map compilation has been elaborated, was selected
the area of Zilina and Martin basins, approximately
the half of which consists of mountaineous regions
(maximum height 1700 m above sea level) and
other half of intermontane basins, with intesive eco-
nomic activiteis and considerable level of antropo-
genic polution. The natural conditions - the charac-
ter of rocks and hydrogeological characterization of
the territory - are evident in the legend to the map
presented on Fig. 1 and 2.

For the compilation of a survey map, criteria for
determination and evaluation of potential places of
chemical bomb occurrences (hot spots) have been
elaborated, as well as their categorisation according
to the level of danger to the water component of the
environment.

For the compilation of the survey map itself, the
following input data have been processed and
evaluated according to the elaborated criteria:

— present state of the chemical composition of ac-
tive stream sediments and their relationship to ex-
isting natural and antropogenic sources of con-
tamination

— present state of qualitative properties of under-
ground and surface waters and their relationship to
sources of polution

— evaluation of hydrogeological conditions of the
studied territory and their classification from the
viewpoint of CTB

— inventory of principal sources of polution - waste
deposits, with direct or potential evironmental
impact.
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7KH SBSRVHG PHWRG RI D VXUH &7% P DS
WHSWVHQW D FRP SOVRQ RI WH DERYH LQSXVIQIRU
P DVRQ LQ D P DS RI DWDODQG VSRWSRWQUZORFFXU
UHQFHV RI FKHP LEDOWP H ERP BV ZKIEK P D\ JWGX
DAD RUVXGGHQ® GHFWIDVH \KH TXDOBVH FKDIDRRU
VN R1 QDWADOZ D\U $ @QSXVEDWY [RP FKHP LEDO
DQDOVHY  (HSWIVHOWWIR] LF DQRUDIE HBP HQW DQG
FRP SRQHOW 1 H\WWHUVRY QRURUDQIE VXEVBROAHV
KDYH EHHQ HYDO(DWG VIQFH QR FRP S\ GDAREDVHV
W QRHMMQ) \WH VWKGHG \MUWARL DV D ZKRBY DU
KINGHWR DYDIDE®

& WAILD IR LSRVAINAZDS. 7 %

7KH IRGZIQI EDMF FRQGMRQV KDYH \R EH \BNHQ
LOWR/FROVGHIDVRY ZKHQ VRVMQJ \WH SIBBE®BP RI SR
\MOUEIE: 7% FUIMLD 6 \AATI)L HVIO

J DYIWRI WH HITHRW

QRQ A QFKIBQDDIVRI \WH SRONVRQ DQG P DQUHY
\WRQV/ R QH) DWH HITHRW

VXGGHQHW RI WH P DQUHMBRRQV RI QHIDVVH HI
IHFW

GIVFRQUIKRXV DQG  QRQ AQHDU FKDWFAU R \WH
HIHRWY

&KHP IEDOWP H ERP EV IHSHUVHQWD WP H GHD\
VBZ PPHIDW EHEHHQ \WH DFFXP XOWRQ RI
\R] LF P DWSIUDQG LW/KDWB IXCHIHPWIVY QRVHAHVDU
L0 LP P HGIDW DIMUHBDVH

( QYLRQP HQMD FRQAVRQV DEZD\V KDYH GRP ICDQW
HIHPW 7KH [GHQUFDWRQ RI FUIFDO &7% SDFHV LV
UHSUVHQAG B\ KUJK LQSXVARI W[ LF FRP SRQHQW/ LQRY
HQWBQP HOWGXH \R JHRJ DSKIF FROAVRQV LQUENAG E\
VXGEHQ FKDQIH Rl HQYLLRQP HOWO FRQAVRQV | Q FDWH
ZKHQ WH \K[IF P DW{ULV RI QDXADORWIQ WH KRW
VSRW DU IHIDWHD GLILFXOAR LGHW

7KH IRGZIQ) FUALD KDYH EHHQ GHWP IQHG IRU
\WH 6XWH 0 DS RI&7%

D W LIF HBP HQVWRQWWINWLQ DFWH V\WDP  VHGL
P HQVWKH FROFHQUIDRQV R1 ZKIFK LQ WH P RGHOW
JIRQH[FHHG WH YDOHRI[  V RUNH H[ FHHG \WH
% YDOH DFFRWGIQI R 1 HKHDQG 6 \RQEDGY 7KHVH
DQRP DIHV HSWIVHOVRQ RQH KDQG DQ DWIDO VRXBH
RI WH FRQBP IQDOVWDQG RQ WH RWHUKDQG [(RP
WH JHRJDSKIE SRNRQ RI DQRP DIHV [Q QDWKADO
FRQAVRQV DQG \KH SWIVHOFH RUDEVHQRH RI DQUR
SRIHQIE SRONVRQ VRXBHV P D\ LQGIEDWD SUP DV RU
VHFRQEDW VRXBH RI W] IE P DVMU

E VHBPAG JBXSV Rl FRP SRQHOWLQ JBXQG
DQG VXUDFH ZD\WU WH FROWQWW/RI ZKIEK H FHHG
\KH FWLD RI 671 6 GRYDN 7 HFKQUFDCS \BQ
CD\G ' UDNQJ ZDWU LQ \WH FDVH RI J IBRXQGZ D\WWU
DQG 671 & OWLLFDVRQ RI VXUDFH ZD\WU
TXDDW LQ WH FDVH RI VXUDFH ZDWU 7KH GV
\MYI XIVKHG DQRP DIHV R1 FRQBP LQDVAG FRIBIARLY DU
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FROMGHWG \R EH DQ DWDO& 7% IWRP ZKIEK J IDGX
D RUVXGEHQ® DIMWUD FKDQIH Rl QDWIDOFRQGL
WRQV HJ D IRRG ZDYH FKDQIH RI WH L QLOVRY
IXQPERQ RI \KH VXUDFH IRZ LQWR GUICDIH DQG VIFH
YHWD WH&7%P D\ H SBRGH

F K\ G HRIRI IFDO FKDDARL) DVRQ RI WH URFN
HQYLBRQP HOW

WSH RI DTXUHUSH® HDEDW

J\DGH RI DTXLLFDVRQ

IRZ GLLFRQ RI J BXQGZ DWU HSWVHW D YHW
LP SRUBQVFUNALRQ B\ ZKIFK WH SRAMEMIV DQG YH
ORAMVRI \WH VSWIDG RI SRO\ROW DWUD &7% H[ S&
VIRQ P D\ EH HYDODWWG

G LQVHQRW DQG HYDODWRQ R1 DVRSRI HJIE SR LJ
\IRQV VRXWBHV  Z DA GHSRW $ KLY FUMKLRQ ZH
ZHW IXGHG B\ \WH FRQAWRQ WDWA 7% LV UHSW
VHQWG E\ D VRIG ZDVW DFFXP XONRQ LW/ \R] LAW
OHYHODQG \WKH SRMEDWRI FROBP ICDVRQ 2 | FRXWH
WV D FHURIQ VP SIEFDWRQ 0TXIG DQG J DVHRXV
FROBP IQDVRQ VRXWBHV Z HWBI QRABINHQ LW FRMG
HDMRQ KRZHYHU WHU LP SDPAWR IDU FDQORWEH
H SBMHG RQ D PDS RI WIV VFD®I DV ZHDDV
FKDQIHV RI K\ GERBRI LEDOWHILP H \WH HIIHPWRI Z KIEK
P D EH D FROWARI J IBXQGZ DWUIHYHOZ K/ \KH ERW
\RP Rl \WH GHSRMW7KLY P D\ EH H[ SWWHG LQ \KH
IXVKH HI B\ WH ZHIKWEDDQFH P HWRG  FUMFDO
0RDGV HW 7KLY FUMURQ Z DV DSSIHG LQ \KH LGHOW/
FDWRQ Rl KRW/SRW DV D QXP HUF FRGH ZKIEK ZDV
\WH HVXORI D VXP RI ZHIKWG QXP HUF FRGHV IRU
VRIG Z DVAR GHSRVWLQ \WH VWKGIHG U IRQ

& KDUIF\AIL) DIRQRI HYBXDNGLCEXWDIRB DIRQ

7KH IRBZIQJ LQSXVED\YZ HW DYDLOEM IRP \WH
VWGEHG P RGHOWHI IRQ

0DS RI \K[IF HBP HQW LQ W¥DP VHAP HOW
. DQH WD
VDP SIQJ GHMMW VDP SBi VTN
DQDOVHG IWDRIRQ PP
DQDOVHG DWRADIRQ  HBP HOW

7KH DQRP DIHV HSWVHQWINH [V YDOH Rl
HBP HOQWFRQFHOWRQ RU H[ FHHGIQD RI WH %
YDOH RI 1 HKHIIDQG 6 \BQEDBY  %6R36

1 DWIDCZ DWUMNXDQVP DS 5 BebQWWV

VDP SIQJ GHMW VDP SHRI J IRXGZD\WU VTP
VDP SHRIVXUDFHZDIWU VTN
DQDO VHG DWRADIRY)  HBP HQWDQG FRP SRQHQW
VDP ST RBWFW JBXQEZDWU VSUQ)  GUERRM
JDBIY Z HD LWDTXUHBXV KR RQ
VXUDFH Z D\WU EURRN UYHU Z DWUHVHWYRU
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2 Q \KH EDVV RI J IBXSHG TXDIWLQAFDRY  TXDDW
FDWHY RI XQGHUBXQG ZDAU FDWHY $ + DQG
FIDHV RI VXUDFH ZDWU O 9 KDYH EHHQ GHLQHG
%DMF K\ GBI HRBI LEDCFKDDRMY DVRQ RI \KH U LRQ
7KH IRGZIQ) SDWP HWY RI K\ GRIHR®I IEDO
FKDUDRL] DVIRQ R1 WH UIRFN HOYLLBRQP HOVMDYH EHHQ
DSSTHG
WSH RI DTXUHUSHW® HDELDI
J\DGH RI DTXLLFDVRQ
DWDV RI VXUDFH Z DWUQBM/SRWE®G! VRXBHV
RI FRQBP IQDIRQ LQWDTXLHG FRIBRRLY

7KH FKDWDRRI DVRQ RI (RFN HOYEBQP HOWDQG
\WH P RWIP SRUBQV\ GBI HRE LEDO FKDRRWARY RI

\WH \MUWARY DBl HYIGHOQWWRP  IUXBV DG \WH
IHHG W \WH & 7% P DS

6 SRWRXIBFHV Rl SRIXARQ

3 RAQNED VRXWBHV Rl SRDXXWWRQ ZHWH LGHNHG ZI\W/
\KH KH5 RI D GD\DEDVH  WIMAU Rl ZDWA GHSRMWLQ

WH WAAHG WHIIRQ 7KH IRBZIQ) GDW RQ ZDWW
GHSRMW ZHW XWHG IRUWH &7% P DS FROVWIXKRUR)Q

ORFDI. DR WSH RI ZDWN L\ TXDQWY \K[LAMW DQG
SRWIEDIVRI FRODP LODVRQ VSWIDG

0 HKRGVDUGHIHIGRI &7%P 5

7KH SKIRVRSK\ Rl GMUAQI XIVKIQ) FUNFDOS: 7% SIDFHV
KRVWSRW/ LQ \KH P RGHOUHJ IRQ Z DV EDVHG RQ DYDIDEMN
QRPDIRQ RQ WH DERWF FRP SROHOW Rl \KH
HOYBQP HQADQG \KH GHLQYRQ RI \WH WP &KHP LFDO
7IPHY%RPE 7KH VXWYH P DS \KRZV \KH DWDODQG
VSRAWFINFDOSIFHV DV ZHDDV \WH J IOGH RI GDQIHU
IRP WH YIHZ SROVRI SRX\DIFRQWW/DQG \KH P H
IDARU Rl FRQDP IQDW P DWMU VSWIDG DIWMU &7%
HSRMRQ VAV QHRHWDU R QRM \KDWIRP  WH
YHZ SROARI \WH HQEDQ HP HOWRI EIRRS DQG P DQ
\KHW DW DVSWIVHOVER UHDOGD\Y RQ \KH VSHADIRQ RI
SRBODOW LH WH IR® Rl WHURFRXWAQRH LQ YDLRXV
PHAD  ,QDQ FDVH WHW KDV EHHQ DQDOVHG \WH \RARO
VXP Rl DQ HBP HQVRUFRP SROHQWQ QDWKADCZ DIWUDQG
VWYDP VHGEP HQW/

7KH FRP SOMRQ RI FKHP IFDOVP H ERP EV P DS ZDV
EDVHG RQ WH IRTRZIQ) SDUP HAWLY DQG GDYWSHV

' $7%
K\ GLBI HRRKHP LFDGED\BY

3$5$0 ( 7(56
DQDOMIVRI J BXQG

TKHXVHG GCDWWSHV P D EH GMGHGLQWR/
D WEGNV WHDWG W SROW FKDUWRANOAM RI
VSRWDORP DIHV DQG Z DV GHSRVW

E JWSKIF DQRP DBRXV FROBRQW/RI FRQBP IQDQW/
K\ GIRI HRIR) LFDOFK DDA DVRQ

7KHW DUH \ER WSHV RI FUNKDO & 7% IRFDVRQV
DWDODQG VSRW) L

$5($/ &5,7,8$/ &7% VLNADWY [GHNMHG RQ
WH EDMV RI FUWWID [Q DQRP DBX\VO LQFWDVHG
HOP HQVRUFRP SROHOWRQWDWLQ XQGHU BXQG DQG
VXUDFH ZDWU DRIYH WWDP  VHGIP HOW DQG \WH
K\ GIRJ HR®J LIFDO FKDDRMWARY Rl WH (RAN HOML
RQP HQWZKH.  IHSWMHOWDQ DFFXP XONRQ RI W[ LF
P DWMUQ Z DWUFRBPRURU.Q WWDP  VHGP HOWQ
FDVH Z KHQ DERYH WH FUNGDOS@FH DQRP DO RU.Q
WYHUVHGIP HQWANHWI LV DQ DQRP DO LQ \WH FKHP LEDO
FRP SRVMIRQ RI QDWADOZ D\WULQ WH GUICDIH DWD
ZKHW 1Q \WH ZKR®l GUIQDUH DWD DERYH \WH
DQRP DO® RUQMGH LVWKHWI [V QR VHFRQEDW SRIVRQ
VRXWH \WHVH DQRPDOHV PD\ EH FROMGHWG DV
JHRIHAF
7KH SRVMIRQ RI FUFDOS@AHV RI FRODP LODWG
Z DVWLRUVHGIE HQW/P D\ EH YDURXV HJ 1Q GUIQDIH
DWDV LQ \WH GLIIRIRQ RI ZDWUIRZ WH LUWFEDO
&7% SOFH LV WH VHAP HOWWHQ \WH Z DVWURUYLFH
YHUD RUKH P D\ RYH®S
) BP DERYHVDIG WH IRGBZIQI FRP BODIRQV
UHVX@YRUNH . GHOVIFDVRQ R 1 SRWQUEICE. 7% VRX BH
D FRQBP IQDWG ZD\WU
E FRQBP IQDWG VHGIP HOW
F FRO\BP IQD\AIG Z D\WLDV Z HODV VHGIP HQW
$FFRGEIQ) \R FRODP ICDVR) J IDGH RI QD\KIDOZ DU
DQG UYHU VHAP HQW DWIDO & 7% DQRP DIHV KDYH
EHHQ GIMGHG QW \KWH FOWIRWHV  (RZ P HGIXP
DQG KLIK
$ WDOFWIFDO& 7% SMFHY DWH \KXV FROAKFRG
IRP @ HY RI JWSKIE GDWY RQ WH TXDDW RI XQ
GHUIBXQG DQG VXUDFH ZDWWU \WH TXDDWRI UYHU
VHAP HQW LQ WHDVRY \R \WH EDME K\ GIRI HRERI LFDO
FKDUDPMUMRA

' $7$ 7<3(6
DWDCDQRP DRV LVRICHV VSRVEDY

DQG VXUDFH Z D\WWU

VWWDP  VHGIP HQW/
K\ G HRBJ LEDOCD\Y

DQDOMY RI VHEP HOW/
JWDGHRI DTXLLFD\RQ FKDDRMURI

DWDCDQRP DBV [VRIGHY VSRVWEDD
DWDCDQG VSRVEDY (GHDUED\Y

FROPRY IRZ CLHRAIRQ

QG

UYHURH\ERW | QKDELNDXAG DWDV Z DWW
GHSRVWY

DWHDOCD\Y  VSRVEDWY (.QHDUGD\Y
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Categorisation of areal CTB

sediment ground water surface water
low 1-element anomaly quality class quality class
C-D [
medium 2-element anomaly quality class quality class
E-F V.
high 3- and more element quality class quality class
anomaly G-H V.

Il. SPOT CRITICAL CTB SITES — they can be defined
as places with an occurrence of waste deposit,
characterized by weighted numerical code and the
type of rock environment, which may potentially or
immediately endanger the environment.

The numerical code includes the following pa-
rameters:
— toxicity of deposited waster matter is evaluated
according to the origin and charater of the waste in
4 classes:

0 — non-toxic

1 — low-toxic

2 — medium-toxic

3 — high-toxic

_ the quantity of waste (in m°)
1 — up to 1000 m*
2 -1000 -10 000 m®
3 —over 10 000 m®

— contamination possibility (technical state of the
deposit), the evaluation is based on 4 grades:
0-no
1 — possibly
2 — probably
3-yes

— the waste deposit is situated in an area of toxic
element anomaly in stream sediment:
0 — no anomaly occurrence
1 — one element anomalous
2 — intersection of two element anomalies
3 — intersection of anomalies of 3 and more ele-
ments

— the waste deposit is situated in an area of
anomaly occurrence in ground water:

0 — no anomaly occurrence

1-class C-D

2 —class E-F

3 —class G-H

— the waste deposit is situated in an area of
anomaly occurrence in surface water:

0 — no anomaly occurrence

1 —class lll.

2 —class IV

3-class V.

The sum of resulting weighted values of nu-
merical codes reached 1-18 and it takes into ac-
count practically the categorisation of CTB ac-
cording to toxicity grade:

1-3 noCTB

4-7 low CTB

8 —10 medium CTB

11-18 high CTB

The results of the summing for various waste
deposits are shown in the list of selected waste
deposits presented in the Appendix. In the map, the
criterion is shown as the size of the quadrangle and
the numbers shows the localisation of the deposit
with a detailed characterization in the database
(Appendix).

The categorisation of critical CTB spots ac-
cording to contamination possibility takes into
account also the time factor of contaminated matter
spread at slow or immediate release (explosion).
This factor is shown by the intensity of colour inside
the quadrangles. The categorisation (low, medium ,
high) has been made according to the aquification
grade of the territory (transmissivity coefficient for
collectors with inter-granular permeability, specific
run-off for other collectors).

categorisation of spot aquification grade
CTB according to

contamination

possibility

high very high, high
medium medium
low low
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IV.

Age of aquifers

Quaternary

Neogene

Paleogene

Mesozoic (generally)
Cretaceous

Triassic

crystalline rocks (generally)

Other symbols

Aquifer boundaries

Direction_of grounwater flow (observed,
/,7 presumed), possible direction of conta-—

-~ mination spreading
>
Section of surface stream with possible
e entry of contaminated waters
>
Entries of surface streams into areas of
significant aquifers

Significant local losses of surface streams
. to aquifers
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CRITICAL CTB SITES

A. Local

CTB classification CTB classification

according to degree according to conta—
of toxicity mination potentiality

0 oo
medium - medium

B. Areal

CTB classification Potential CTB source

contaminated water

low contaminated sediment

contaminated both,
water and sediment

contaminated water

medium contaminated sediment

contaminated both,
water and sediment

contaminated water

high contaminated sediment

contaminated both,
waler and sediment

G
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7KH SBSRWHG PHKRG Rl &7% VXUH PDS
FRP SOWRQ HSWVHOW/ D SRMELDW IRU VKRZIQ)
&7% KRWSRW RQ D PDS LH \WH DFFXP XOWRQ RI
FKHP IFDO P DVMU ZIW/ SRWME®GI GHD\HG PDQ
IHADMRQV R1 \WH DFFXP XO\WG SRONDOW/GXH R DQ
DFAGHQWFDIMIRSK\ RUGKH \R V&Z DQG IRQY) WP
FKDQIHV LQ WH HQYIBQP HQW2 Q WH EDMV RI WH
DFFHSWG SKIBVRSK\  DWIDODQG VSRV 7% VRXIBHV
DY GMEIXMKHG ZKIEK DW \WH HYDODWG DQG
FD\AD RUWVHG RQ WH EDVIV R1 \WH FKDDRRUDQG RW IQ
RI FRO\DP LCDQWY WHUWR] LAMWVDQG \WH SUREDELOVRI
FRODP LODVRQ VSWDG LW/ QDXADCHYLRQP HOW

5 HIHWGRY

w e 0 HKR3/ Rl FRPIMIRY RI
JHRAKHP LFODHQYLURGP HOBDP C5VLQ \KH VFIH,
0 DXFLBW * HOSW 6WWD S
%' 6 ' 5$3$17 6 &7% P 05 RI \WH FHWEO
90K WYHUEDIQ DUD LQ WH FIM
0 DQXVALBW * HHOSWW  6\XUD %DNAMYD S

. $1' (5% * HRKHP LD HQMLRQP HQDP [8
RI WH 0 [ID) DAD 0 W DQG D SDWRI \WH DERQQY
EDIQV 0 DAALBW * FRRQGG%DIM@YD S

3(7529@ 3 | R 7HP ( QLRGP HBD 51N/
IRUS R 6HIP HQWDQG* BXQEZ DMUQWH' DOXEH
&DRKPHOAS WD ,Q 3WBF RI WH / XAUP 6\P
SROP  7WQERXQEN 5LYHU %DIQ 0 DLIHP HOW
DQG 6XVNER ' HHBSP HOVHGY - & YOQ' [P
DOG- : HAFD' HI 8 QYHMMWVRI 7 HKGQRIR)\
0D 7HKQAD' RP® HOWLQ +\ GRRI\ ,+3
81(6&2 3DW 9RO, SS

3(7529@ 3 &RQUEXIRQRI &] HKR 6 RYDNDWR
WHE7%6\XG LQWH' DQKEH& DRKP HV$ WD 3C8HU
SWMHORGDMHE 7% : RONKRS D/6( 7$ & 3RWEDP

-XCH Q /DG ' HIWAMR DG 5HKD
EOMR) 9RO 1R SS

5$3$17 6 1 DXUD Z DRUTXCIMY P 08 RI \WH
0 OD) DAD 0 W DQG D SDWRI WH DBRQQ) EDIQY
0 DQXVALBW * FRIRG%DIMDYD S

5$3$17 6 0 HKRO/ RI FRP SR RI QDXWD
Z DRUTXCMVP CSVLQWWHVADH, 0 DQARUSW
*HOSW 6WD S

VMDD : 0 'RHED 3 6D RY Z
6AL 5 6PIGW 5 % : DRGHUHH 6

&KHP LFDD7LP HYRP BV 3WHIRIY \WH 8 QB!
GREE®! ( QLERP HN8 RO - DKQIWQ S



