52  SOIL AND GROUNDWATER
52.1 ACTIVITIES AFFECTING SOIL AND GROUNDWATER
1 Mincral Rcéources, Mine Activities and Geolherr’nal Encr‘gy B

Study Area is famous for rts rich mlneral deposrt mrmng works have been conducted m thrs
area for long years In general such mmeral 1ESOUrces and mmmg works have affected sorl
and groundwater condrtrons Based on the collected data main metallrc mrneral resources and

~its location in the Study Area are summartzed in Flgure 52- 1 and T’rble 5. 2-1

Figure 5.2 - 1 Locet'ron of Mineral Resouree's.in_the Study Area o

As %hown in these tables and frgures there are two types of mlneral deposns in the Study Area.

* Oneof these deposrts is developed in the Central Western Carpatrans such as Jaserne Sovransko '

: and Horna Lehota In this deposrt Sb Au, Ag Pb, Zn 1s the main mmeral Another onie is

- the deposrt whrch is deve]oped in the Central ‘Slovakis Volcamc l'reid sueh as Banska Stravmca

and Kremmca In this deposrt Au Ag and Cu are the most domlnant mmerals and Pv, Zn and .

Sb are also produced
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Main Mineral Resources in the Study Area

TableS2 -1

. Area ~ Mineral : Name
Stivanicke Vrchy Iron: - Vyhne-Klokok
Stivanicke Vichy - Copper Skelens Teplice
Stivanicke Vrchy - Copper . Zalatno
Stivanicks Vrchy Copper . ~ Sementlov .
Stivanicke Vrchy _(Gold, Silver Hodrusa-rozalia
Stivanicks Vrchy - Gold, Silver Hedrusa
Stivanicke Vrchy . Gold, Silver .- BanskaBela: -
_Stivanicke Vichy | Golod, Silver, Lead, Zinc Banska Stiavnica
Stivanicke Vrchy - Lead, Zinc - Hodrisa-Rozalia
Vtacnic Gold, Silver. Nova Bana .
- Viacnic . Gold, Silver Rudno nad Hrohnon .
Viacnic ..~ - Gold, Silver Pukanes '
Kremnicke Vrchy Gold, Silver - - Kremnica -
Kremnicke Vrehy _Gold, Silver - Remata =~ -
Kreminicke Vrchy Mercuiry MakachovpVeIka studna
Velka Fafra” - - Copper Spania dolina
. Veporske Virchy Copper . - Lubietova
Veporske Vichy Lead, Zinc Drienck .
Nizke Tatry Gold, Antimony Medzibrod
Nizke Talry -Lead, Zinc © - ' _Jasenie-Soviansko
“Nizke Tatry Molybdenium, Tungsten Jasenie-Kysla
Nizke Talry Antimony - : - Horna Lehota-Lom'

Source Chechoslouakia Melallogemc Map,1981 and Mrneral of Slovakia, 1997

Mmlng act1v1t1es in Slovak have been on the declme since early 1980 s. Almost all mines have
been closed in the Study Area However old mmmg works such as shafts, adits, pmgs pit

heaps 'end-slu'dge pits are still rémame_d and may affect the surroundlng env1ronment. -

'Some study papers regardmg comammatron of the’ sorl and water in Banska Stlavmca area hdve
been collected Based on these study papers htghly polluted sorls by heavy metals (Pb Zn_

" Cd. As and Se) and ‘high' acrdlc smls are found to be dlstrlbuted in the Alluvml sorls in this
5 _ cl_tstrtct. These phenomena are rclated io lhe polymetalltc character of mmed ores in lhls'

_ dislrict_.

:_Partml copy of “Atlas of Geothermal Energy of Slovakla” and explamtton memo were
' collected from GSSR A pro]ect entitled “Regroanl Hydrogeologacal Assessment of the an :
Depressron” was rea117ed and one exploratlon borehole was drilled o the depth of around |

2 OUOm to find out the potentlallty of supplymg heat to the hvmg quarters in Ziar nad Hronom
(2) _ Industry
A l1st of sources of pollutron in Hron basm was collected from SVP stdte enterprtse 0Z PH
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_Bdmkd Bystr;cd The detail mformatlon of this list are dcscrlbcd m lhe Section 5.1. The
_ pollunon sources are classified according to the lypcs of mdustry stlpulated in the rcgulmon of
'groundwater preservanon in Japan The number “mcl types of the contamination sources in thc

Study Area are shown in Tdble 5 2- 2

- Table5.2-2 Types and Numbers of the Industrial Pollution Sources

' Type of mdu‘;try oo » . Numbcr '

‘Wood procéssing. | S g 12

Machinery. - R C oo 140

Paper factory L : ' '

Smelting .~ .-

Iron factory

Mining. -

Petro- chcmlcal

Apricultural products

| Ceramic e

_|-Pharmacy. -

Cement’

Textile:

Electronic

_ Quarrj

| Army . s

Metal _coaimg e

Fuel station-

Airfield -

Brick producuon :

Poiiltry .|

* | Energelic mdu'étry"- 5
; Automt)bilc industry -

i s e e on fra o R0 | pa [ [ e | 2 P 0 [ | 2 00

Sourco Povodzo Hrona

Based on the “Aur pollutlon in the Slovak Repubho 1996 and 1997 SHMU” emlssmns of -
_heavy metals from various types of sources in the whole Slovak terrttory are summanzed in

Tabie E—l in the. Supportmg Report accordmg to whxch heavy metal em1ssmn in the whole" _

Slovakia is docreasmg in recent. years
3 Agricult'ure'

Based on the Siausuc,s book Agrlcullure in the Slovak Repubhc (selecled md1cators m 1970-', N
1997) and Proceedmgs 0[ Sml Ferulny Rescarch Inqmute consumpllon of feruh?ers and N

p(‘,SllCidCS and agrlcultural oulput are summarlzcd ln Table 5 2 3
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Table 5.2-3 Fertilizer consumption and agrieullural Qulput in Slovak

“Year unit 1970 | 1975 | 1980 | 1985 | 1990 | 1995 | 1997
Nitrogen Fertilizer kg/ha 1131 130.1) 165.9) 155.9] 138.1] 60.6
Consumplion . ) :
Pesticide Consumplion  jten B - o 6,438 3,512
Gross Agricultural Qutput  |M. SKX* |l 67,147] 77,334] 78,810] 80,877 79,064] 55,530} 56,047
Gross Crop Output - M. SKK* | 36,716| 43,776] 40,142 39,923 34,933 23,632] 23,338

*constant prices : year 1995 .

* Source: Agriculture in the SR from 1970 to 1997 so]cctcd uullc'ltors Slalrsnml Office SR
(Ref 14 37) .

As shown m the Table 5.2-3, mtrate fertlllzer consumptron per unit area of agrreulmral lands

. (Total N consumptron = mmeral fertllrzers + organic fertllwers) reached more than

160ngfha/year in the 19803 cIn lhe recent’ years, the speclfrc eonsumptron has been

drasucally deeredsed Thrs volume become slable around 60 ng/ha/year This trgure is

| comparable to the average N fertrlrzer consumptroo in Japan (46 106 N kg/ha/year in cereals
_beans wheat forage fleld) It can be said thiat the N ferulrzers were manured exeessrvely in

~ the past
5.2.‘2 | 'STATE OF SOIL AND GRoopiDWATEk' e
) (1)._ : s_{,ﬁ )

_ _Drgrtal sorl type map is shown in the Map 5. 2 1Sorl Type Map From thls digital soif map, the

area occupred by each sorl type is calculaled and summarrzed in Frgure 5. 2—2 Sorl Type in the
Study Area, '

As shown in the Map 52- 1 and Flgure 5. 2 2 Camblsol is the most dommant sorl type in the

: Sludy Area Thrs sorl covers wrde area of the upper and mrddle part of mount'un arca. Rendzina

is the second dommant sorl 1ype in the mounmm area. ’I'hrs soil type is rrmmly drslrrbuled in

. the pan of erke Tatray mountain.

. Luvis'()l is"the mos't dominont soil lype in lhe'l')arr'ube basin area. * This soil covers the high hill
area of the Danube basin. Fluvrsol is the second dominant sorl lype and is drslrrbuted in the
_ Hron al]uvial valley Chernozem is the thrrd dommant sorl type and. is dlstrrbuted in the

terrdce of thrs area.
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o Figure 5.2 -:-2'- = 'Soit Type.in the S_ﬁidy Area

' Most extenbrvc mveatrgatlon related to sort in Slovak was Londucted durmg 1991 1995 as the '

_ “Geochemroal Atlas Project : Sorl” The part of the r&sult of thrs project was provrded from. S

VUPOP to the Sludy team Further ‘soil monrtorrng for wholc Slovak has been conducted and
* summarized in the report “Momtorlng of Sorls 1n SR, Present Condition of Momtored Sorls
- (Ref 16 - 3) '

. Table 5. 2 4 shows the lrmrt valucs of rlsk etements as provrded by the Resolutron 531/1994-7 o

540, MP, SR whrch is very srmllar to the Dutch ABC lrmns 1991 (Rcf 16*3)

Table 524 H grenrc Limit Values of the Sorl (mg_g)

Flements - |- "As |-~ Cd = - Cr - i Cu “Nj - Pb | 7w

A limit 17.4 .46 ;90 - 18.6 L 15 o560 . 665

B limit - 30 S50 250 0 100 o 100 0 150 - SO0 ¢
C limit B 50 - 21 800 : 500 L :500'_ s g00 -3 000
-Source: Based on the Data provided by VUPOP T o =
Note: Alrrmt valuc the soil is not contammated lf tho coucentratron of in element is bclow:-.
than this limit '

B ll_mll valuc -the s0il contammatron has beeu analyilcally vacn L

C limit value: if the concentration of an element reaches this value, it is necessary to. carry' '

out an immediate defi titive analytical mapping of the range of damage in a
: specrt" ¢ site and to decide on the form of adopted corrective measures.

Geochemrcal Atlas data were reassessed by the hclp of G[S presentauon tochnrqu&s These '

GIS maps are summarrzed in the Map 522 Sorl Contamrnatron Map m Hron River Baqm and

'_the resulls are summarrzed Tab]e 5 2-5-
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Table 5.2 -5 . Number of the Points Exceeding the Limit Values

. . As Cd - Cr - Cu - Ni PhL . Zn
Limit A . 235 342 - 194 - 620 832 223 - 680| .
Limit B 108 - b i 44 20 41 7
LimtC . | 87 : ' 9

Based on thrs map, table and the report of sorl monrtormg (Ref 16- 3) state of lhe s0il

contammatron in the Study Area ean he summamed as follows

As a whole, soil-contaminnted arca is diqtrihutcd in the mountainoui; area of the upper and

mlddle region'of 'the Study Area. The contammatron in the Pplain area of lower reg1on is

"- _relatrvely low. Th1s coincides wrth the deserrpuon of soil monitoring report (Ref 16-3), “the _

_ rrsk trdee elements. Lontent in the 501].\) of Slovakra lowldnds hab been mdreated as non-

. contammated “o

In the- upper erea “as- 'shown in the Map' 5.2-2 and Table 5.2-6, As and. Cu are'the most
remarkable eontamrnant and- Ni, Pb, Hg, Zn -and ‘Cd exceed lumts in some part. The
Lontdmmated dred rs mainly: drstrrbuted in the Bystnea valley ‘;urroundmg of Spama Dolma

- near Dolma Lehota and Lrerny Baloq
“In the 'mi'ddle r‘egion contam’inated 'erea is distributed at the mountain . area'surrounding of
'_ Banska Stravmea and Hren Alluvial- Valley The main contammants ‘are the same as upper

reg1on as As and Cuy, further Pb, Hg, Zn and Cd exceed lrmrt in some part

~ In the lower regron, famt eontammanon can be observed at confmed area of Hron Alluvml .

valley “The. mam contammants are As dnd Cu same as the upper and middle regron

Contents of polycyclre aromatre hydroearhom (PAHS) in - agrrcultural soils of Slovakn are

B . Summan?ed in the Soil momtormg report (ref 16- 3) Bdsed on this reporl the 'tverage content

" of PAHS (sum of 12 components from EPA standard PAHS) has been rndrcated 387 pg/kg in

501ls of Slovakia. This one is low and occur under A hygreme llmtt

ln the SDll momtormg report (Ref 16 3) the eondrtlon and rcason of - the soil contammatron in

-Western Carpatrans are summdrlzed as follows

' The prevalent part of rrsk trace elements of Slovak terrrtory oceurs in mountamous region of

: Western Carpatrans as the result of followmg emrssron sources :



*  global cmissions transport from foreign countries
* local emission sources from industry and cnergettcs T
*  natural gcochcmrcal anomahes with very often occurence in Western Carpqtrans

As shown in the Map 5 2-2.and descrrptron ahovc most of the soil contamrnalron can be found

surroundrngs of the old mmlng area. In gcneral As, Cu, Pb, cd and Zn are known as the -

typrcal dlsoharged elements from mmmg activities, Especrally, As s known as the'
problermtrcal element typrcally drscharged from Cu and Ag mme actrvrtrcs There had been
_vrtal mining actrvrtres “and many rnrneral sources of Ag ‘and Cu 1n ‘the eontamrmted arca of
upper ‘and middle regron of -the Sludy Arm The marn reason of the contfrmmatron can be
concluded as the Jocal emrssron resources trom mrnmg 'rctrvrttes and natural geochemrcal.

anomalres. .

' 'Thc analysrs of mobrle and potentral mobrle forms of trace elements are very 1mportant m :
relation to the risk 'tssessment of therr possrble penetratron entry into the food chain and._
'brologrcai crroulauon w1th negatrve 1mpacts on - mankmd and- envrronment However,
) comparmg the land use map 1998 and Soil contamrnatton map, most of the contammated parts"' a
in- the Study Area are: srtuated in’the foresl area. Further as the problem of mobrle and .

' potentral moblle forms of rrsk trace elements rn sorls the report (Ref 16- 3) descrrbes as follows

“in slrghtly contammated sorls as: well as in sorls whrch have: been evaluated as non-'- _'
' contammated is determmed low correlatron between total content of rrsk trace elements content
and with their content m plants ~The hlgher correlatron is determrned only in strongly-

contammaled soils where the Tisk {race elernents content is over B or C hygrenrc lrmtts

There are only llmrted arcas where exceeds hygremc standard C or B in: the agncultural land
}t can be concluded that ‘ol contamrnatron by rlsk elements in the Study Area is not 50 crucral" '

'and urgent matter but the lnvestrgatron and momtormg shall be contlnued

There is not-so much mforrnatron for thc crosron of. Ihe sorl Bascd on thc study of VUPOP
(Ref.16-2), polentral wrnd erosron rrsk on agrrcultural sorls in the whole Study Area is relauvely |
low as 0-0.7 tper 1 ha/year 3011 loss Further potentral of water erosron rlsk on ; 1grrcultural_
sorls in the Study Area is generally low as 0 4 t per 1 ha/year 5011 loss and 4 - lG tper 1 '
a/year soil loss parually However at the hrlly and mountam srde m the Study Area theref '
are some htgh sml loss 1ntensrty area such ag 10 - 30 t per 1 ha/year to’ more than 30t per

ha/year soil loss can be found However the area of thtse hrgh lntensuy parts is not SO wrde
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@ :Gro'undwater '
1) - Quality of Groundwater

In. part 1 'Ground\vater = of the'Projeet Geoehemlcal Atlas of 'Slovakia, a total of 16 359
_ samples in the first aqulfer were colleeted and amlyaed in the summer durmg 1991 - 1994. }n_

_the Study Area, l 965 samples were collected and amlyzcd The samp[mg loeauons 'ure shown |
m the Fi igure E1 Groundw’nter Samplmg Locatron of Geochenneal Atlas Pro;oct in the
Supportmg Report The samples were eolleeted from the medlum g,roundwater level under
stable clrmatrc eondrtrons and were analyzed for the content of 32 varlables (elements '1n1ons

. chermcal oxygen demand and aggressrve CO)

2 These data were rev1ewed and compared wrth the drmkmg watcr qualrty standard of SIovakra
_ STN 75 7111 and assessed by usmg GIS rnethod These rcsults are summarlzed m Table 5. 2 6
' and Map 5 2 3 Ground Water Evaluatron Map '

Nﬁmber of_ Samples Exceeding the Slovak Standard

Table52 6
R ; . Number of the samples
i EEements . Standard (mg/l ) - exceeding the Slovaks?andard
2 - Slovak . WHO Spring Well - Total
.PH 5B >8.5 49 o4 - B3 -
PH - <8 <85 - 45 A0 55 -
Ca Y A - B69: 815 1284 -
Mg <125 . B0 B 30 31
1Fe S 0.3 03 23 25 48 -
Mn <0.1 0.1. . 25 60 -85
“NH4 BRCEN - 13 6 ‘19
1-F <1.65. = .2 .0 -2
Cl .<100. . 200 1 92 93 -
S04 =250 - 200 10 41 B
NOS ‘<50 - 24 279 303
Cu <0.1 1.0 -1 3 -4
HZn R 5.0 2 C 4 S
CAS <0.05 0.05 20 5 25
Cd <0005 '0.005 11 . 3 14 -
1. Pb. - - <0.05 -0.05. Q. 2 L2
| Hg <0.001 e Q 3 3
Al <02 - -0 2 - 2

Source Geochermcal Atlas of Slovakra, Groundwa(er

Based on these results the eurrent conrhtron of the groundwaler qualrly can be summarrzed as

' follows

: g It is remarkable that lower reglon of the Study Area is w1dely eontannmted The main
K eontammants of- thls contammalron 1s N03 Ca and TDS Further heavrly conlammated area
: =.are mterspersed along the Hron Ailuvral valley The marn contamm'mts ot the addltxonal

eontammatlon are Cl and Mn. As a whole Ca and TDS contammatron is not so crucral for the



human health but N03 contammatton is bccomlng brg social problem for the human health | in
the world. Because N03 is reduced to NO2 in the human body and union of N02 ‘and
hemoglobm c'ruv.e anoxia of the infant. Furthcr |t is very drffreult to take measures for thts
contamination because 1g,rlculture and hvestoek farmmg, is the main source of N03 and wrdely

spread the area.

60 to 100% of the ]and m lower reg1on is used for agrreulture Further as shown m Table 5 2-
i 3 fertllazer c_onsumptron was very huge m the p‘lSt and contarnmatlon of Cl is closely re!ated- )
- with agrrcultural actlvmes It can be concludcd that the contamrnatron in the lower regron is

attrrbuted to the agncultural actlvrttes

There arg two remarkable eontammatlon areas in the mrddle regron One is the contammatlon :
_along Hron A]luvral valley sueh as Nova Bana and Zarnovtca Fe At and Ca are the mam
contammants m thls regron Most of the factorles m the Study Area are conccntrated in the
Alluv1a1 valley and Fe and Al are typrcal contammants caused by mdustrlal aetmtreb Further '
metal rich sedlments Irom mmmg may be accumulated in the Hron valley It may affeet the

groundwater qual:ty of the reg1on

: .Another one contammatlon site 1n the mlddle regton is the eontammatmn in the mountarn area;:
such as Banska Stravmca and west mountam of Badm Main eontammants of thls area are Ca, "

' Mn Al and Cd at the surroundmg of Badln Mn and Cd are the typrcal mmmg orlgrn '

' contammanta As shown in the thures 5.2-1 and Map 5.2- 3 most of 1he contammanon ¢an i

be obqerved surroundmg rmmng qrte These contamrnatlon in thte regron are attnbuted by the_

) mmmg activities. | ..

Groundwater cont'rmmatron in upper reglon is relattvely vague compared w1th other regrons
Howcver some contammatton by Zn and Al can be found m the rnountarn area. .‘The
contammatron in this regron can be 'tttrlbuted to the natural geochemlcal anomaly or mmmg_
actlvrtres However N03 and NH4 eontammauon “can, be found at Brsno Quaternary" -
terrace and p]am are drstr1buted in thls ared. Thrs area 1s used for agrrculture and mhabttatton
Further connection rate for publlc :,ewerage system is relatrvely low Agrlculture acuvrty andl :

' sewage effiuent are the cause of contamination in thls arca.
- SHMU is con'dueting' ground'\vater'monitoring :for long YEars Slxty srx momtormg pomts aré
loeated in the Study Area Locatron and items of the momtormg pomts are shown m the Frgure

_E4 SHMU Sampllng Points of Groundwater Qualrtyrn the Supportmg Report The'-



rnomtormg data for 47 1ocauons in the Study Area were available in the o.ludy These data are
summanzerl_m Figure 5.2-3. As shown in this figure, the results are quite similar with |
Geochemical atlas 'project one. Contamination is observed in the Danube basin and Hron
Alluvial valley. M_ain_ contaminants in Da'nube.basin_ are NO3, Mn, Ca, Fe and CI. Main

contaminants in Hron Alluvial valley are Mn, Crr aud Fe.

: The groundwaier quahty change over time based on the SHMU data is arrangcd in the Flgure
B.S Groundwaler Quahty Change in the supporlmg report As shown in this figure, lhcre is
not S0° mueh change over trme Howcvor some items buch as Ca and Clin Dmube basin are
' slrghtly 1nereasmg '
These evaluation results are summarized in Table 5.2-7.

Table §5.2-7 Sum'rnar,y' of SHMU Groundwater Monitoring '

. Arca 1AL ] Mo | NO3 | "Ca | Fe Cl
%ﬁfcnt;:l{i%:sltlern éerr)atranS) . A2 ' 'A? ., A2 D_2 C2 A2
?g:r;jtlrjleSel%)?:kra.Y.olcanlc Flcld) A2 : _' A2 AZ D.3 ) '. A2, A2

| Um"é’.‘fkfﬁu‘ﬁi‘iﬁ?ﬂiey IR N N R R
(Dantbe fasim) | 2 | | o || B
,NDFE: Acall datadose notexceedstdndard : Value is decreasing

: Value is stable .
: Value is slightly increasing
: Value is increasing

B : some data exceed standard
C': more than half data exceed standard
D most of the data exceed standard )

2) ~ Quantity of Groundwater :

N L

Sprlng rate and groundwater leve] have been momtored by SHMU Nmety seven boreholes and

: ‘. 16 sprmg are avaﬂable for the study

The reqults of sprmg dnd groundwaler level monltormg are summarlzed in Frgures 5 2-4 and
5. 2 5. From theSe flgures sprmg and groundwater level of each regron can be summarized as
'follows '

: -'The average quantrty of sprmg is large as 100 to 200 ]/sec/sprmg and 1t is mcreasmg these

* ¢ recent years. The average groundwater level is low as GL—ZSm but it is slablc for years_

Further g,roundwater level in ‘the Hron Alluvral valley of thls region (Hron vailey upper) is
reiatrvely low at GL- 10 to -7m and 1t is sllghtly going up for years However thcre arc some

' 'karstlc aqulfers mn the reglon where drscharge changes rapldly



each dntz show the l-::catlon of .

monitoring. size of the dot. shnws the :
. number of samples exceedlng

o .--_-drlnklng watﬂr Standard

Figure 5.2-3 _ Groundwater Monitor_ihg’ Points by SHMU and its Evaluation
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MiddleBegiaa B

The average qu'mtrty of spring is little as 40 10’ 50 l/soc/sprmg and it is stable for years. The

1veragc groundwater level is relatrvely low at around 8m but it 1s stable for years, l*urther
groundwater level m the Hron Quaternary valley of thls regton (Hron valley mrddle) is

_ relatrvely hlgh at around GL-3m and it is stable.

mer_Regmn

The average quantrty of sprmg s very few as’5 to 10 l/sec/sprmg and it is decreaslng for years

The average groundwater level is relatrvely hrgh at around S5m but rt is stable for years

' 3) Contammauon in the Old Mrmng Areas and Exrstrng Industrral Areas

| _There have been some heavﬂy polluted arca in the Study Area such as Old mlmng area of '

-Bdnska Stravmca Vajskova, Spanra Dolma etc Sovret a1r base 1n Slrac and V]askova and

- vrcmrty of allumlmum factory in Z1ar nad Hronom There are relattvely detarl studres m some

_ 'areas and only smple stud1es m the others U

'Based on the collected data, hearmg and reconnarssance by the speuahst in the Team, the

' 'snuatlon in these areas was summarrzed in the Table E2 Condmon of the Old rrunmg arcas and'

ex1st1ng rndustrral areas m the supportmg report

It may seem that most of the mmrng actlvmes have been ceased and some comrol measures

' taken for- major efﬂuents by the present ‘mine and tarlmg related efﬂuents may nol be crucral

for the water pollutron rn the Hron basm However as shown m the Tdble E2 these -

'mformatron are too patchy and too lrttle to. understand collect s1tuatton and pornt our truly

crucial and urgent areas to be measured Further eomprehensrve study in these areas shall be -

recommended

49 Physu:al Vulnerabtllty Analysrs (DRASTIC method)

The ﬂow chart of methodology of groundwater analysrs IS shown in the E6 Plow Chart of :

Groundwater Analys;s Methodology on the supportmg report CAs the essence of the analysm :'- i, o

groundwater vulnerabtlrty map was prcpared by DRASTIC method

- Although a numl)er of spatral models desrgned to assess groundwater poliutton hazard have

been proposed DRASTIC is the arguably model most wrdely used for such efforts (Commrttee



on Fechmques tor Assessmg Groundwater Vulnombrlrty, 1993 USA) The acronym

DRASTIC 1s derlved from the seven f'rctors consrdel ed in the model:

- Depth to water table (D)
= Recharge (R) .
. .= Aquifer media (A)
= Soil media (S)
= Topography (T) :
= .. Impact of vadose zone (I), and
- Conducnvuy of the aquifer (C)

- The model is 'forrmjloted as an equation usirrg a linear combination m'elhodology'.
-Vuln_erahility- i_ Der + RIRwW + ArAw + SISw + TrT W+ IrIw_ +CICw

where r 1s the. ratmg and W is the weight for each factor. Ratmgs varymg from 110 10 are
. mtended to. reﬂect the relat1ve srgmﬂcance of elasses wrthm eaeh fdctor For example fme_ '

texture (e g clay) sorls are assumed to be less permeable 10 water than coarse (e.g. Sandy) s0ils.

. Fine texlured Sorls are, therefore dssrgned to a lower ratmg lhan so1ls h‘ivmg a coarse texlure

bccause all other thrngs bemg equal, they are less l1kely than sandy soils to qllow mfrltratron of

. apollutant

. The values of we:ght and ratmg are changed for each area, proyect respondmg env1ronmentdl

: condltron and data avarlabllrty In th1s study, weight and ratmg were grven for eaeh categorres

© o by: usmg collected dala The details of the werghtmr_, and ratmg, procedure are shown in the

: Table E 3 Detall DRASTIC Rating Table in supportmg report The summary of this werghtmg

: and ratrng value and consrderauon is shown in the Table 5.2-8.

The res_ult of DRASTIC 'enalysis is summarlZCd'in the Map' 5.2-4 Groundwater Vulnerab_ilily

: As shown m thrs map, vulnerabllrty of Hron Alluvral valley 1s very hrgh The reason of thrs'
- hlgh vulnerabrlrty 1s mamly altrrbuted lo its h1gh lransmlssrvrty, lopography and sorl condmon
. ':As descrlbed in lhe section before rcmdrkable conlammatlon can be found at many places in
the Hron Alluvral valley it can be sard lhat the vulnerabrlxly 'IHHIYS]S resull is in good.

| agreement wrth the actual condltron of Hron Alluvral valley



l“able 5. 2 8 . Summary of Welght and Rate for DRASTIC Analyqls '

comdertion Weight | Unil o_17% 5 .Rm ) N
Der)lh to the Wal.er Table (1) 3 .Gb_m <l _ 13_—.. 35—: : Sl{; _ 130_. | 20<
Rcehargc (%) o _ 4 nrm/):!e%*r <600 g%((]) fgg(-) , 11020()?). | _ 11?40()% .. >1400
i | 3| ey
Slmny | 2} : (seerf;;z:z.f:’; cidlume, iy
'l‘0p0eréphy(5) s | e | o % 112 _ 1?50 23% e
Inpaet of.\ladrrs 7.;ene o 5 ) given for'eaeh"geeleg.ieal'lyee (s'ee.a_upperling‘reperl l"or the detail)
Condudwaly of Aqulfer ) o4 2Isec >3x103 317;11%33_ ' ;ﬁg: | gﬁg: ' | ?ﬁgsﬁ <1x10‘

Note 1) Borehole data basc by (beR (Grouudwater level for whole area was: e‘;hmated trom static Water

level of borehole data base).
2) Rainfall data by SAZP Danube Prolecl (ramfall data was used because rack of recharge dal)
3) Digital geological: map by GSSR and Study team . - . ..
4) Digital soil map by VUPOP {see supportmg reporl for the delall) '
5yTopographical data by SAZP Danube Project (mclmallon was calculated by usmg e]evallon dala)
6) Digital geological map (see su pporiing report for the detail) |
) D:gi!al hydrogelog;lcal map by GSSRdnd Study team ('lransmlsmiy was used [or the ralmg)

In lhe lower regmn most part of the area is rated as moderate to hlgh vulnerab;hty N03
rcontammatlon is’ wulely apread in the whole area of this lower reglon It can be said- that the

vulnerablllty analysis is in good agreement w1th aetual groundwaler condmon

in lhe mlddle reglon the vulnerablllty is relanvely low on lhe whole However Hron Alluvral

valley has high vulnerability and Quatemary deposned area ‘has relatlvely high vulnerablllty In

this area, actual contammatmn can be found at Hron river valley and the surroundmgs It: 1s3
_ good agreement with the vulnerabrhty analys1s Some conlammatlon in mountain region can be
' found in th;s reglon The locauon of the contammahon area’ doea ot eomude wnh the '

' vulnemblllty analysrs Thls means that the conlammauon in low vulnerabll:ty area can oceur

when the eontammailon source is vcry heavy

- In the upper'region some areas are Taled as hlgh'vuln'crabilitv biit 'contaminali'on can: not be’
found in rnost of the part. This means lhat i pollutron source 1s not dlstributed in the area '
contammauon wxll not happen even when it is h1gh vulnerable area As descnbed in the former "

secuon contammauon by agrlcullure and sewage source pollutams c.an be found near Brsno



this area is evaluated highly Vulne_rable ared in the whole. It must be noted that when' the
poliution source located in the vulnerable arca, contamination will spread rapidly. Further, in

the high vulnerability zone of upper ‘region, Middle and Upper Triassic limestones and

o dolomrtes is drstrrbuted It must be noted that these l'ormatrons pl'ty rmportant role for water

rcsource in lhe area. If the Lreundwater in thrs regron is contammated it af[eets supply of the

drmkmg water condmon
5.2.3 MANAGEMENT:_'- LEGAL AND INSTITUTIONAL SYSTEM
(1) Soil
~ Current legal and institutional system for soil is aiming to protect human health from' heavy
rnetal eontammatron and there is no legal and m‘;trtuuonal 1ssues Ior POPs contamrnatlon Soil

' qualrty standard is defmed m the SR Agrrculture Mrmstry resolutlon, no. 531/1994 and the

' values of thrs standard are shown Table 5 2 4i in bGLf.lOIl 5.2.2.

_Sor] property momtorrng in Slovakra has been conducted for years. S_ei_l rr_ronitering__

system in Slovakra consists of 3 subsystems

. a) the basrc network of momtormg sites (650) al 5 years regular rnterval

. b) “the key monitoring sites (21yatl year regular-interval.

- ¢). the area soil of soil eontammatron survey whreh has been realrzed on 19 257
o .agrrcultural plot R :

- The results of soil momtormg is expr&csed 1n categorres by the lrmrls ot H'rrmful Sub:,tdnees
: Agrrculture Mrmstry Resolutron, No 531/1994 E ' '

- 0': . Non-comarninated soils

_ "Al, A: Risk soils -
~ B: . Contaminated soils :
c: Strong contamrnated sorls -

In the leglslatrve standard, it is determmed that lhe sorls eateg,orraed as C shall be recldlmed and

: strrctly che(,ked at'their entrance into food cham :
(2)' “Gmundw'ater. i

- Drrnkmg water supply is one of the most rmportant issues.in the g groundwatcr m‘rnagcmem In
the Slovak slandard STN 75 7111 drmkmg water is defmed as follows

) Drir_iking wat_er i_s a healthy-_ and accurate water, Which doesn’t cause 'any discase or health



problems by the presence of mtcro orgamsms or substances mﬂuencmg, health of users by a
chronic or later diseasc and its eh'rraeterrstres don’t prohlblt its utility and edlbllrty The

dnnktng water qilaltty standards of Slovakra WEre shown inT able 5 2-7in Sectlon 5.2, 2

In Slovakla 80 84% of the total number of mhabrtants are supplred by pubhe water supply The a
Water and Sewcrage Compames supply drrnkrng water to 7. 19% of the mhabttants The rest

are the mumelpal water supply systems run by the muntctpal (Obee) off1ce

’Ihe prov1ders of pubhe water supply systems - Water and Sewera;.,e Comp'rmes assure the
controllrng drrnkmg water qualrty from the source to the dlstrlhuung network The orgamzatton
body for health proteetron - State Health Instttute ~ eontrol a drtnktng water quahty at ellents -
The eatertn;, and analysrs of drmkmg waler samples can be provrded only at properly equrpped
_laboratorres which are able to show the" aeeuraey of laboratory resulls “The frequency of
_samplmg and range of des1gnated 1ndrcators are set by the' Slovak Teehmeal Standards_

accordmg to the source srze and the amount of supplled 1nhab1tants

’I‘he data are processed twrce a year for the need of thstry of Agrtculture SR where they.

_ evaluate the occurrence of 1nchcators exceedrn;_, the lmnt values aeeordmg to STN 75 7111
L s24 SOIL‘ AND.GR'OUNDWA"I."ER ISSUES m.' 'RECQMMENDAﬁoNs
N Summary 0[‘ the Exrstmg Stdte

. From the [oregomg drseussrons the situation coneermng the sorl and ground water lIl the Study

Area can be summarrzed as follows
1) Soi'l

a) : ln the Lower Hron reglon Chernoaem, Fluvrsol and Luvrsol are lhe dom'nant so1l types
and most parts of this region are used for agrtculture ‘Fertilizet consumptton in the
agricuftural land was high in the past but it has decreased to the level of one third by -
now. In the mlddle 1o upper ‘mountainous region, Cambisol ‘and Rendzma are ‘the
dominant sorl types and ﬂuvtsels can be found in the Hron Alluvral valley

b) In the geoehem1eal atlas pro;eet 660 sori samples were taken and tested between 1991 _
' and 1995.  The results have been analyzed and are shown on the sorl evaluation map in -
~ the main report.. Since then, soil ‘monitoring, soil _sampling and testing at a sma]l

: number of loeattons (less than 30) has been eondueted in the’ Study Area by VUPO

c) The llmll values ef potentlally toxic elements in the soil (hygrenle lrmrt values) for As
4, Cr, Cu, Ni. Pband Zn are decided by the Resolution 531/1994. The cvaluation of
. current sorl condition in thrs report was mamly eonducted by compartng this lnmt vaiue-_'-



_ d).

_. )

c).,'

'__d)

with soil est resulls

~ Contaminated areas of soil are matnly distributed in the mountainous areas of the
“middle to upper region of the basin. - Most of the areas are located in the surroundings

of the old mining arcas. As and Cu are the nolable contaminants in this area.

_ Furthermore, Ni, Pb, Hg, Zn’ and Cd excced hrnrts in some places. Mining activities and
-natural geochemical anomalics are the leading cause of this contamination.

In the lower region, As and Cu contamination can be found in the Hron Alluvial valley.
But the contamination is not so heavy and the area is limited.

' .G‘rOundwater et

In the geoehemreal atlas prolect 1 965 groundwater samples were taken and tested
_ between 1991 and 1994. - For regu]ar groundwater monitoring, 66 pomts for
' groundwater quality, 97 borcholes for. groundwater level and 16 points for: spring flow

rate have been selected, with monitoring being conducted by SHMU. . Further,

. - additional 20 samples were ‘taken in the most paliuted parts of Levree district by GSSR.
_ ’1 he analy51s wrll he compteted by the end of 2000 :

_;'The drrnkrng water standard Siovak standard STN 75 711l s strlt apphcab]e m .'
E Slovakia and the groundwater quality is mamly evaluated by eompartng thrs standard
: _and groundwater chemlcal test resuItS o ‘

It s srgnrfrcant that the Iower reglon o[ the Study Area is wldely eontamlnated The
' ‘marn contaminants are NO3, Ca. and Total Drssolved Solids (TDS). Furthermore B
" areds heav11y contaminated with these contamtnants ‘and with Cl-and Mn can be fotind

'along the Hron Alluvial valley.. This contammatron in the lower region is atiributed to

_agrrcultural activities, especially fertilizer use -and posslbly from OELs (Old
- ‘Environmental Loads) at some locatlons (Ref 1o Map 7.5. 4 Groundwater Pol]utlon
7 Thematle Map) ' : -

In the rmddle regron, two srgmfrcant areas of eontammatron can be fourd. One is

_along the Hron Alluvral valley, where Fe, Al As and Ca are ihe main’ contaminants.

The concentratlon “of factories. and the accumulation of metal-rich sediments are the
main- causes of this contamination. The other contamination area consists of the
surroundmgs of the old mining sites; Mn, Al, Ca, As and Cd are thé main contaminants

- in thrs area. Mrnrng actlvrtles are the maln cause of this eontamlnatlon

Groundwater contammauon in the upper region is, relatwely light compared with the

: other regrorrs but Zn and Al contamination can be found in the mountain area. .Old

" mining activities of natural geochemrcal anomahes are the causes of this contamination.
- \NO3-and NH4 contamination c¢an be found in the Hron Aljuvial valley. Agrtcullural
aetmty and sewage efﬂuent 1s the cause of this contamtnatlon

B Vulnerabrhty analysrs was conducted using. the DRASTIC method The eont’tmmated
- areas of the alluvial valley and the lower region ‘are in good agreement wrth the hrghly
: vulnerable areas as estimated by this vulnerabrhty analysrs :

‘The reseives of groundwater are relatrvely stable In the upper reglon the ¢ werag,e flow
- of spring is high and groundwater levels are ‘slightly increasing. In the middie to
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lower region, the groundwater level is stable. The flow of the springs is stable in the
middle region and slightly decreasing in the lower region. However, there are some
-karstic aqurfers in thc reglon where drschargc ehangcs very raprdly

h - -The Pubhc waler supply (PWS) connectron rate in Banska Bystrtca Kra; part of the

.+ Study Arca is rclatively high at more than 90%. - However, the PWS connection rate in
Nitra kraj part of the Study Area is. relaiively. low at around 70%. . Most of the
houscholds which are not connectod to the PWS use. sh'tllow groundwater from their
Sown we]ls : S :

) Pl‘iOl’lty ares for 1mprov1ng the public water supply connectlon rate was studled based

on the PWS connection rate, current groundwater. quality, groundwatcr qualily trends . -

_ and physical vulnerablllty From this result, Levice and Nove Zamky Okres are
- ranked of very htgh priority for the PWS connectton rate tmprovement

-'(.2) S Sorl and Gmundwater Issues, Targets and Recommendatmns

Remedrauon of polluted sorl and groundwater 1s not an easy task Even when contammated -
- soil is lmuted o a small area, its remedtatlon needs a very long ttme and a large cost and the
' 'chfect of the remedrauon may not be $0 re11able Furthermore tt 1s somettmes drfﬁcult to pomt

 out the deflntte cause of the pollutton and to specrfy measures to elnmnate the pollutton source 5

- The mam goal of env:ronmental management in relatlon to soll and groundwater shallbe =~

~ the protectlon o[' human health agamst the . pollutron. In other words the lssues of utrlrzed

- g_roundwater and sorl shall be'} g_lven hrgh prlorrty in the envtronmental_manageme_nt plan.

: Although the overall so1l and groundwater of the Study Area is not ina cruCIal state there are .

locahsed problems or ‘hot spots The followmg are 1dent1f1ed as the rnajor 1ssues conccrmn,g,

sorl and groundwater fteld

Thc geochemlcai atlas pro]et,t for groundwater was conducted durmg 1991 1994 Thts is lhe '
most comprehenswe groundwaler study m the Study Area Groundwater momtormg has been
conducted for many years by SHMU Thts momtormg 1s the very uset"ul mformatlon o
underst'tncl groundwatcr qualtty and quantlty condltton in the Study Area Based on this

'1nformatron endangered areas and vulnerable ar¢as havc been pomlcd oul 1n thts reporl

l-lowever more than 5 years has passcd srnce the geochemlcal atlas pro;ect was conducted '

Furthermore the number o{ SHMU momtormg pomts is too small 10 understand the srtuanon 7 '

wrth respect to groundwatcr changes especrally since thetc are only a few pomts in the more
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vulnerable arcas.

It is recommendcd to conduct a raprd assessment survey of groundwater qualrty by the end of
2000. The survey shail be conducted in those areas which are physrcally vulnerable, bccausc
of -the local hydrogeology, (Ref. to Frgure 5.2. 9), which are endangered/threatened (because
' contamrnatron and or contamlnatron sources have been identified (Ref Map 5.2 - 3) and where

groundwater is utrll?ed
| . : y . _' S )
_ As deserrbed above the number of groundwater monrtormg pomts by SHMU is o small to
' understand groundwater quallty trends correctly, especrally in the hrgh vulnerabrlrry area of the '
 lower regron. It can be recogmzed‘fr_om th_e-lrrmted SHMU monttormg data that is avallabie, '
that the 'contam'ination by NO3 in groundwater in the fower region was highest in 1989 to 1991
o 'and is gradually decreasrng However because there are only a few momlorrm> pornts it i

very drtfrcult to obtam a clear preture of groundwaler quahty changes in this lower Hron regron

: : The establrshment of a suftrcrcnt number of monttormg pomts in the vulnerable areas is
3recommendcd Addrtrona] monttormg pomts m Levice and Nove Zamky Okres are an urgent
' .“'matter and it is recommended that they are establtshed by the end. of 2001 In othcr _

' vulnerable/contammated areas it is recommended to establlsh new. monrtormg pomts by the -
- end of 2002. |

' In some parts of the Study Area, especrally in the lower regron (Levrce and Nove Zamky Okres)'
' many settlementsfhouseholds are not connected to a safe drmking watcr supply. The

' groundwater m thts regron 1s moderately io hrghly polluted and physrcal vulnerabrlrly 10 the

pollutron is generally hrgh .

To supply clean drmkrng water for the settlcments/households in the endangered and vulncrable

areas by the construcuon of pubhc water suppty, is recommended

N _It is recommended o estabhsh a local task force “Safe Drmkmg Water in the Hron Basrn” by
o the end of 2000 to factlttate tnvestrgatron of lhe issue and co ordma’re an action programme '
Furthermore, a system to help determmc prronty areas for connecuon lo a publrc water supply
. should be establrshed ' |



The prlorrty areas for installation of pubhc water supply sltall then be defmed A serlcs of * '

feasrblhty and dctmled desrgn studies for the priority areas should then be conducted by the

' end of 2002 in Lev1ce and Nove Zamky and by thc end of 2003 elsewhere

Based on these studies, water supply systems shall be constructed w1th nnplementatlon by the

~end of 2003 in Levice and Nove Zamky and by the end of 2004 elsewhere
(SQA)ﬁuSuspeeted_quammauon_oLsoﬂand_gumndmmmMLmPs_ S

There is no comprehcnsrve study, mvestrgatron or momtormg of contammatron of soil and

' groundwater by POPs (Pcr31stent Orr,ame Pollut'tnts) Nowadays POPs contammatlon is -
consrdered to be one of the most Serious 1ssues in developed countrm m the field of soil and )
groundwater envrronment There are few data: for POPs contammatron in the Study Area, but _

a certaln degree of POPs contammahon may have occurred in the Hron alluvral valley, because
factorles are. concentrated in thrs val]ey and the soll and groundwater are htghly vulnerahle to.'.

_ pollutron At least 1t is expected that the POPs contamination miay occur m the future in |

i response to changes in mdustry

_ To grasp thc current condrtron of POPs contammatron in: the Study Area and to prepare .

measures for: this type of contammatron, it is. recommended o, conduct samplmg and testing

pro;,rammes for POPs .in vulnerable areas by the end of 2002 Based on the results _

endangered and vulnerable : areas shall be defmed and preparatrons for approprrate remedratron .

should be made by the end of 2002, Accordmg to the severrty of the problems rdentrfred the
: rcmcdntlon shall be conducted between 2003 to 2010

As a ba31s for’ the above surveys and o prevent further POPs contammatlon of sorl andf
: groundwater, a survey/audrt of 1ndustr1es “and’ other potentlal sources. of POPs shall be
conduct_c_d by the end of 200_1 ThlS would mvolve thé eheckmg of old maps records ete to

understand better the history of industrial development and actrvtt_res at suspect locatrons. '

Sites exist Wthh have been heavrly polluted ‘such as the old mmmg areas m Banska St1avn1cd
_ the Sov1et air base in Sl1ac the envrrons of the alummum factory m Zrar nad Hronom etc. :

There have been det'nled sludres in some areas and only srmple studres m others The
pollullon may not be cruc1al at present for the health' of people m the surroundrng areas, but 1t_ ..

should be re‘tl:zed that groundwater contammatron procceds slowly but contmuously



.The qtudy tcam cou!d not collect enough information to judge the importance and urgency of
po[lutlon issues 1n these areas. However the groundwwtcr vulnerablllty of these Ell'Cd'i iy
_ g,eneraliy high. 1t is roeommendcd to conduct further uwt,s.ttf,atrons and studics of qorl and

groundwater in these arcas.

_ There is Considerable but ‘patehy’. information on the soil I'md groundwqter condition in these
areas. It 1s very dlfflcuit to determme those areas which are endangered highly vulncrab!e and
in need of urgent attentlon First, it is recommended 1o conduct a comprehcnswe revrew of
' exrstmg studres and databases on contammated srte‘; by the end of 2002 B‘med on this study, :

the. enddngered and vulnerable srtef, ‘shall be selected. - A srte mvestlgdtlon programme and

o desngn studies for remedratron and protectron measuree shall be conducted for these srtes by the -

"end of 2003 Executron of these remedlatron “and protectlon programmes at the most '

vulnerable and endangerec! srtes shall be eondueted from 2003 to 2010
) ‘;ummary of Objectives'and :I'{ccomme'ndz.ltio.ns '

' 'The overall Goal is to ensure thdt the qudl]ty of groundw.tter used for drmkmg water and other: g
o .purposes is in complldnce wrth Slovak Standards in order to protect human health and allow

econormc development of thts resource on a sustamable basrs



- Table5.2-9

Summary List of Recommendations

. Key Agency

areas, end of

~lssue Ob]eclive Target Recommended Meastres .
(8G1) Information Provide an up-to- date By end of 2000 | 8G1.1) Conduct rapid GSSR, SHMU,
on quality of shallow | definition of those _ - | dssessnient survey of shallow -~ { StVaK, ZsVaK,’
groundwater ' areas, where - . groundwter in Priority Areas State Health
incomplete and out nroundwater is used as determined by physma]’ Intitute
of date - for drinking, that do vulnerability and previous
: -| not comply with - contamnntlon .
| Slovak Stadards for’ '
o : - . |:Drinking Water . o S R r 3
(8G2) Groundwater | Imprové groundwater | By ¢nd of 2001 | $G2.1) Bstablishment of New = | SHMU
-Quality Monitoring | quality monitoring . . - {-in Levice and . | Groundwater Monitoring Points |~ .
‘System Inadequate | network and reporting | Nove Zamky in Priority Areas as determined
(for detection of - | system in‘those areas, end of |, by (SG1), along with Syster ta
trends in wilnerablef | volnerable aress 2002 elsewhere | Analyse; Interpret and Report
comtaminated areas - |- where confamination “oeio v o] Monitoring Data + (o Provide -
used for drinkitig h'is been :dentmed Feedback to Task che (sec
~and other purposes) S G SG3. 1below) B : R
{5G3) ' _De!ermme Pnonty | Byendof 2000 { SG3.1). [‘stabhsh I.ncal Task ~ | Mumc1pa]1t1es,
“Some - | Areas for Upgrading T 7| Force ‘Safe Drinking Waterin | Okres, ZsVaK,
SetllcmentsfHouseho Public Water Supply, ! 1 the Hron Basin’ to facnhlate L SIVEK,
{ds not Connected to | to meét Slovak mvestagatmn and co-ordmale o SHMU, -
Safe Drinking Water | Standards - action - State Health -
Supply ' s . o o n e ) Inktitite, SAZP
' ' Determine Pricrily. By end of 2000 .| SGB.Z)' DeVélfoPifﬁéiii'of Systern | SAZP, .
Areas for Upgrading * |- .~ - ° | to Prioitise Areas for = Municipalities,
Public Watcr Supply.. - |:Connéction to Public Water Okres; ZsVaK,
to meet Stovak | Supply; Gather Data and Apply | (StVaK),
Standards . >-| the System to Hron'Basin . * | SHMU,:
' - O "-;StaieHealth
CL o SERE = PEE s "'Instltute _
To install Public ~: . | By end of 2002 | $G3.3) Conduct Series of *- -_StVaK, ZsVaK
Water Supply in in Lévice and | Feasibility and Détailed Desagn and '
Priority Areas ‘Nove Zamky Stadies for Water Supply to Municipalities
: areas, end of | Priority Arcas - T
: ’ 2003 elsewhere : l )
To install Public Byend of 2003 | SG3. 4) Construct Water Supply' ‘SiVaK, ZsVaK _
Water Supply in .- in Levice and | Systems n Prmnty Arcas and
Priority Areas Nove Zamky Municipalitics

2004 elsewhere



Target .

) Issue Objective Recommended Measures Key Agency
(SG4) To determine the By end of 2002 | S(G4.1) Sampling and testing STV,
Suspected contamin- | current condition of programme for POPs insoil = | GSSR,
ation of soil and “soil and groundwater and groundwater in VUPCP, State
groundwater with with respect to valnerable areas Health Institute,
POPs : “¢ontamination with : SIZP,

POPs Banska Bystrica
and Nitra Kraj
: e ' : - : offices =~ =
As above and the [ Byend of 2001 | 5G4.2) In conjunction with Industries, SIZP,
prevention of further T ‘| 8G4.1), a Survey/Audit of State Health
soiland groundwater industries and other polentia Tnstitute,
contamination with sources of POPs : Kraj offices
POPs ' o and/or Okres.
SRS 0 : . S “offices
_The remediation of . | Preparation by | 8G4.3) Preparation and Ministry of
_|"soil and groundwater | end of 2002, implementation of programme | Economy, -
contamination with implementation. | of POPs remediation measures | Ministry of
POPs ' phased 2003 to | in vulnerable areas (eg where - | Environment,
: 1 2010 witer supplies are at risk) Industries, SIZP,
o : Kraj and/or
N . : - : - ! N Okres offices
~The prevention of soil | Preparation by | 8G4.4) The preparation and - Ministry 6f
and groundwater ‘end of 2002, implementation of measures to | Bconomy,
"coritamination with implementation | prevent soil arid groundwater Ministry of
POPs phased 2003 to | contamination with POPs Environment,
- 2010 : : : : Industries; SIZP,
| . Ce Kraj andfor”
o L - o ieesio o) Okres offices |
(SGS) . - - -1 Remediation of Byend of 2002 | 8G5.1) Compreheiisive Review | Ministry 6f-
Confamination of. | cortaminated soil and of Bxisting Studies ind Environment
Groundwater and groundwaterin - . Databases on Cornitaminated (GSSR, SIZP, -
Soil in existing - vulnerable areas and “Sites R SHMU), '
industrial areas and" . | protection from Ministry of -
at Old ' {urther contamination Economy,
Environmental : ' Industries -
Loads (OEL) s
By end of 2003 | 8G5.2) Site Investigation Ministry of
SR Programme of Mest 77 Bnvironmest
Contaminated _SiteS and Design |  (GSSR, SIZP,
of Remediation {Clean-Up) and | SHMU),
Protection Measures Ministry of
. . BEconomy,
Industries
-Implementation} $G5.3) Execution of the Ministry of
phased 2003 to | Remediation and Protection Environment
2010 Programme at the Most {GSSR, SIZP,
o Contaminated Sites SHMU),
Ministry of
Economy,
Industries
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83 AR QUALITY
53.1 FACTORS ARFECTING AIR QUALITY

'The major factors affectmg the ambrent air qualrty of the Study Area may be broadly -

: categor;sed as follows

a) Emission of pollutants

0) Fuel combustion at stattonary sources

i Industrial processes

i) Transportatlon (automoblles, hon- electrtc locomotwes)

iv) . Solid waste disposal (landfill, incineration) - Con

vy Mrscellaneous (forest fires, agrteultural bummg, removal of vegetahon eté, ) IR

" b) : Meteorologtcal condr_trons - o

viy Wmds

_ vii) Atmosphertc stabrhty (mfluenced by several meteorologlcal faetors)

e -Topography

As regards emrssron of pollutants categortes 1), 11) and 111) hsted above are consrdered to be the >

" major sources m the Study Area. Their emlssron data are avarlable from SHMU and presented : .

below although the data for oategory m) and medrum to small sourees of eategorres 1) and u): :

©.are hm1ted

The wrnd characterlstws and topography of the Study area were descrlbed m the earlter chapter S

and addmonal detarls are included in the Supporting Report

(1) © Air Pollution Source Inventory in Slovakla

The principal source of data o air pollutant emtssron is the Emtssron and Arr Pollutron Source_ -

' Inventory (abbrevmted as REZZO “Regrster Emrsn Zdrolov Zneolstema Ovzdusm m Slovak) L

~ This mventory is classnﬁed mto the followrng 4 eomponents

REZZ_O' 1 ._ - 'Statronary sources of the heat output overS MW and seleeted technologles '

REZZO2 Stationary sources of the heat output 0.2 - 5, MW and selected technologies .
REZZO3 . Stationary (local) sources of the heat output below 0.2 MW :
REZZO 4 - ) Mobtle sources, regardless of the heat output

In 1990 and 1998 at the natlonal level the shares of the above 4 components in the emrssrons of

4 prmcrpal pollutants were as those showu in Tables 5. 3-1and 5 3 2



Table5.3-1 ~ Emission of Pollutants in Slovakia in1990
- L - Unit: fon (%)

SourceCategory _ T NOx - 80, . 'PM - ... CO

REZZO1 | 146 474 (65)1 421.981(78)| 208 075 (68)] 162 047 (33)

‘Stationary . |REZZO2 | 4961 (2)| 37509 (7)| 36 425 (12) 27 307_(5)
sources - |REZZO 3 6783 (3)] 79487 (15)| 54868 (18)| 143633 (30)
L Sub-total | 158 218 (70} 538 977 (99)] 200 368 (98)] 332 987 (68)
Mobile sources’ |REZZO4 | 67 090(30)| - 3614 (1)| 4758 (2)] - 154 397 (32)

L Total . - 225 308 (100) | 542 591 (100)| 304 126 (100) 487 384 {100)
Source: SHMU (Ref 8- t'l) ' : ' o

Table 5 3 2 E Emlssron of Pollutants in Slovakla in 1998

S Unit: ton (%)
Source Category L ' NOx - : SO2 e : PM : - CcOoO

: AREZZO1 |  74322(58)| 1563723(86) 31168 (54)| - 118 581(38)

' Stahonary. REZZG 2. - 3960 (3)| . 10577 (B) 9478 (16)| - 12037. (&)

- sources  |[REZZO 3 5177 ()| 12087 (7) 14166 {25) -~ 38027 (12)
0 | Sub-total . 83459 (65)| 176 387 (99)}] = 54812 (95) 168 645 {54)
Mobile sources |REZZO 4 44 858 (35)] - 2303 (1} 2698 (5 144 244 (46)

' o Total oo :127-'944(100) 178 780 (100) 57 508 (100) 312 889 (100)
Source-' SHMU (Ref 8- l'l) _ o e . ' - o
‘ The ermssrons of four ma_|or air pollutants from the REZZO 1 sources have dommant shares
: among the 3 statlonary source categorles Except for CO therr share is also the largest among

> all the 4 categortes mcludmg moblle sources (REZZO 4) For SO;, and PM the. shares of

emrssrons from moblle sources are neglrglble

Comparing th’e 1990 and 1998 emiSsions drastic' decrease.'i.n' all substancés is e}rldent - 3%
for NOx, - 67 % for SO, - 81% for PM, and - 36 % for CO) Although the emissions from

~ traffic had decreased in quantlty, the relatwe contrlbutlon of trafﬁc related pollutants to the total
rncreased srgmﬁcantly (from 30 % to 35 % for NOx and from 32 Y% to 46 % for CO) The _
 traffic emrssmns had decreased desptte the growmg trafﬁc ﬂeets due to the i mcreasmg share of
modem cars equlpped wrth a three way catalyttc converter " However, the co_ntrlbutron of

trafﬁc is expected to grow also in the future
B @) Air Pollutant Emi'ssion's in the Study Area B
; 1)_ Total Emtssrons of Major Pollutants

Ermssmn data of REZZO 1 on mdlvrdual pollutlon sources’ m and around the Study Area are
extracted from the REZZO database As these sources are assocrated wrth geographlcal grtds

. extractron of sources located in and around the Study Area is possrble The orlgmal SHMU

. data for em1ssrons of REZZO 2 and REZZO 3 sources are aggregated data for each Okres.

' Therefore emtssrons ln the Study Area were estlmated accordmg to the percentage of the area

mc!uded in the Study Area to that of the total area of respectwe Okres.

| 5'-69 |



The total emissiohs of NOx, SO,, PM 'and CO”from a!l the sources in the Study Area in 1990

and 1998 are shown in Tablos 53-3and 5.3 -4, respeotlvely And the totai emrssrons of the

~same from the REZZO ] statlonary sourees in lhe selected years smce 1990 are shown in Tab]e

. Source:

"SHMU (Ref. 8-11) -

*Assumed to be 11% of the Slovak tota!

;_ Table53 4

Emrssmn of Pollutants in the Study Area (1998)

51692 (100)

12,999 (100)

: 53 5.
- Table 5.3 -3 Emlssmn of Pollutants m the ?tudy Area (1990) :
R : Unlt ton L/o)
Source Category NOx L SOZ L PM HCO.
Stationa REZZO 1 - B 417 (28._3) 33 800 (65.4)1 10881 (83.7) . 5_829 (12.7)
sourcesry REZZO0 2 - 6 787.(22.8)[ 6 8_60 (13.3) - 888 '_(6.8) -4 5_4‘_1 . (9.9
S REZZQ 3 7168 (24.1)1 10634 (20.6) 706 - (5.4) 18 392 (40.1)
.. | Sub-total 2 372.(75.2)]'51294(99.2)| 12476 (96.0)| .. 28762(62.9)
Mobile sources |REZZ0 4* 7.380.(24,8)] ~ -398.(0.8)| - 523-.(4.0) 16 984 (37.1)
T Total, 29752 (100)

45 746 (100)

Source Category

pM

o Umt tori (%) _'

*“Source:

T NOx_ S0, 1 €0 |
ctationar, |REZZOA_|- 2-'90_6_(33_.0) | 9_039 (73.7)]__1444(305)[ . 13536(38)]
tatlonary |REzz02 |~ 426 (48)] 1375(112)] 1133(23.9)[ 1633 (5)|
PONIESS - |REZZO3 | 535 (BA)! 1594(13.0)|  1862(38:3) - 4970 (14)|
_____[Subtotal 17 73867(439)] 12008(97.9)] 4439 (@371~ 20139 (56)
Mobile sources [REZZO4* | 4634 (86.1)| . 263 (2.1)] -~ 207 (6.3)] 15866 (44)
Total 8801 (100)] 12 271(100)[ 4736 (100)]

SHMU (Ref. 8- 11)

'*Assumed to be 11% of the Slovak tota]

36005 (100)]

Emlssmn of Air Pollutants from Stationary Sources of REZZO I

Table 53-5
SRR _ in the Study Area(1990 1998) . o
“Year .| Number of “NOX 80, : PM CO_' 1
S Sources . (ton) {ton) . - (lo_n)‘ e ton) i S
1980 112 8417 o .-338001 - 10 88‘1 . 5829"
1693 119 CUTA3G T 19941 52767 7 3450
1986 109 . 4915 12548 | . .2632[. . 15459 . ..
1997 104 3511 11105 1703 14403|
- 1998 103 2906 9039 |- i1444 7 7135636 |
Source: SHMU (Ref 8-1D) o L - : o :

The emissions of major pollutants from the REZZO 1 sources have been drastlcally decreasmg :

during 1990s excopt for CO whlch 1noreased 31gn1ﬁcantly due to the change in the productlon

process in the alummmm faotory in Ziar nad Hronom

_A eompanson of the emlssmn ﬁgures for whole Slovakra and the Study Area in 1998 as glven .

in Tables 5.3 - 2 (Slovakla) and 5 3 4 (Study Area) shows that the share of the emlssmns of o
NOx SOZ, PM and CO frofit the Study Area was 6. 9 %, 6 9 %, 8 2 %, and 11 5. % of the .

' emnssrons in Slovakld

In comparison to the shares of the Study area in the Slovak total




population and land area, which are 9.9 % and 123 %, respectively, the shares of the emission
~ of NOx , SO, and PM from the Study arca are considerably smaller. The contribution of the

; emissidns from the Study area to the national total decreased in 1998, except for CO.

: Furthel comparrson of Tables 5 3 -2 and 5.3 - 4 shows that the contnbutron ratios of the
pollutants emlss10ns from large sour ces (REZZO 1) to the total emissions in the Study Area are
- less than those ratlos in whole Slovaka, and the contr1butlons of mlddle and small srzed sources '
'as well as mobile sources in the Study Area are above those in whole Slovaka The higher
: contrrbutrons of mrddle and small srzed sources may be partly due to the relatrvely low use of
natural gas in the Study Area for heatmg In Banska Bystrlca Okres, for example natural gas
'rutllrsatron by small heat producrng borlers (02 -5 MW) is only 0.6 %, whrle brown coal
o rutrhsatlon is 74 %, hqurd fuels ]5 %, hard coal 6 %, and b1omass 4 %, accordrng to the data for

fuel consumptron in REZZO 2 sources

o Of the total emrssron of NOx in the Study ‘Area, mobrle sources account for 56 % whrle the

:‘Slovak average is ' 35. % -

:2) Emlsswns from Large Statronary Souroes

- %In 1998 the number of the REZZO l emrssron sources in the Study area was 103 Fror"n these
" , 103 the ten largest emlssron sources of NOx SOz, PM, and CO and therr respectrve emission
| :amounts are shown in Table 5. 3 6. Locatlons of the REZZO 1 em1ss1on sources are shown in

. ;Map 5. 3 - 1_ '

The large sources have dommant shares m the total ermss1ons from the REZZO 1 sources in the

.,Study Area as shown below

.80,  NOX PM €O
_Largestone ~  -38% 21% . 13%  75%

° Largestthree - 68%  SI% 34%  85%
7 Largestfive . 84% 68% 49%  90%
Largestten . 94% - 83%  T2% - 96%
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' Table53-6

‘Emission of Air Pollutants from Major Statlonary Sources B

" inthe Study Area {1998) o
Name _Obec/Mesto | - Emission (fon/year) Rank (1 -10)
. S - {Okres) 80, | NOx | PM | CO [ 80; | NOx| PM:| CO
1. [SSESP Zvolen 3393| - 604] 37 g6l 11 1 _
: {Zvolen) e : S R .
2. | Assidomain Packaging | Stirove . 1489 B97| 185(  q70l- 21 2.} 1. | 7
: {Nové Zamky) e . 3 .
3. |ZSNP, Energetické Ziar nad Hronom | "1 258| " 2801 79} . - 90] 3: 3 7 10
- | Hospodérstvo - - | {Ziar nad Hronom) - ) s . 5 S
4. VZSNP, Vyroba .. - Ziar nad.Hronom 807 171106 10202 4 5 £
Elektrolytickéha (Ztar nad Hronom) . : S .
Hiinlka G A S P NP IR
5. Harmanecké Papierne Harmanee 1629 . 102] 34 8t § 7 .
. ) ) (Banskd Bystnca) RN T n S R L
18. Bsottka | Slovenské Lupka 367 108 25 21 6 |8 g
o } (BanskaBystnca) TN Rt RFTRS B B NN T
7. Pelrochemaa s. Dubovd . 996| 69 941 4] 7 9 6 _
2 s : {Brezno) e B T I
8. Izomat Nové Bafha _ 1191 431 -6t} 375 8 8 4
5 ) T | (Zarneviea) ; D T R A S
9. ZSNP Vyroha Vopred Ziar nad Hronom - 101 241 810 297 9 1. 6
Vypélenych Andd {Ziar nad Hronom) . ST R SR IS RRAT
|10 [ Stredoslovenskd - - | Banska Bystrica 60| o81] . 47| - t49] 101 4 |9 .t 8
- {Cementaren {Banska Bystrica) ’ B 1
11. | Bucina - - Zvolen 40| 2307 1791 7845 "5 2 e
) o - {{Zvolen) . RN e Lo
12, | Zelezlarne "1 Podbrezovd _ 33) - 881 14| - 4831~ 8 -3
| Podbrezova (Brezno} e o s . .
13. | Ziievarenska Spal. Hronec - 29 -8 121 301 : 4 5
L {Brezno) . L B S R A -
i4. | Preglejka " . | Zarnovica 058t e2| 122 38| 10wl 3 1
- L | {(Zarnovica) . O BN SRR N R .
15. {ZSNP, Zav. .| Ziar-nad Hronom . |- .- Q) AR T4 B | EEEE R R T RN
.| Kysli¢nikaren iar nad Hrorom) L : N T N ; 1. S
16..| Pohronské Strojarne, - | HiinfK nad-Hronom o8l sl B g1 o g
o ~ . |Ztarpad Hronom) . - | e R
[iotalof 10targest | . 7| 8520{ 2401|1041 12 973 e o
SOUrces i Lo -0 R . ) i "
*| Total of B2ZSNP plants | Ziar nad Hronom 2267 337 _252 10 594 ’ 2 3 1 (1

Sourée: SHMU (Ref. 8 - 11)

Note

* The total of 8 plants mclodmg 4 plants not appearmg m the Table S o .

| Under certain meteorologncal condmons large emission sources located outmde the Study Area '

- may exert dlreot influence on the a1r quallty in the Hron River Basm

sources in the Horna Nltra area are of mtereat (data refer to 1998)

In thls respect followmg' .

T Stacl-.:-'. |

‘Emission'ih 1998 Gonne) |- Sta

SO, | NOx | PM |- CO | -(m).:
Slovenske Elektrame elektmren Zem, Kostolany 41300 | 4973 . 939 635 300

S R U R 115
Slovenske Elektrame teplaren Handlova 218 95 280 111 115

3)

Other Pollutants

In addition to the prmclpal pollutants also pollutants hsted bellow have been of mterest

- However, they have only a local mﬂuence and the sntuatlons have been xmproved consxderably ) _

to date.
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Volatil.e I Together about 570 t of VOCS was emitted in the Study Area in 1998.
organic - - The main sources were wood processing, furniture manufacturi mg, surface
compounds - | treatment and pharmaceutlcal industry.

To:ge_ther_about 1.6 t of heavy metals such as Hg.' Cr, T!, Cu, Pb, Co, Ni,
and As was emitted in 1998. The main source is the aluminium

Heavy metals | © O o . S
a.y ‘ production. However, these emissions were drastically reduced in the

Iate_st’ years.
.P . t ¢ The aluminiom mdustry isalsoa source of polycyclic aromatic compounds.
| rersisient The yearly emission is assessed to be about 2.65 t in 1998. Before the
organic
Nutant reconstruction of the aluminium factory (currently pre-packed anodes are
pollutants used), thc emlssmn level was 10 t:mes higher than the present.
PR _Fluorldes are also cmrtted from the aIummrum industry. In comparlson to
F_luo':_'ides | 337 tof the emission before the reconstructron (1993), the present emlssmn

| (1998) is 583 t.-

: 532 '. SfrA'rE i(;)_F A_IR Q'unu:'rr"
- _ (lj . Monitortng A‘clivitiese..:
| ) Locai Alr Quahty Monrtormg

':Local air’ quallty in Siovakla 1s regularly momtored by SHMU The orlgmal plan for
'establrshmg the natlonal network for momtormg local air pollutlon envnsaged 60 automattc

momtormg stations. But due to the budgetary constramts the actual network consrstcd of 32 _

- 'statlons of whlch ﬁve were located in the Study . Area The operatlon of the network started in

g 1993 W:th further budgetary shortage the number of actually operatmg stations decreased to
- 24in1999. In the Study Area 3 statlons out of 5 ongmal statlcns became moperablc in 1999
(Source SHMU Banska Bystnca) :

- The names of the momtormg stations in the Study Area and their momtor:ng items as of 1998 _

" are Shown in Table 5 3. 7



.Table 53- 7 ' Loeal Alir Pollutron Momtormg Statlons in the Hron Basin

: o Manitoring Item
 Aea Station 502 | NOx | TSP | 03 [ €O
Banska Bystnca Namestre Slobody X, o] X% X X X
~- | Sasova X X X i '
Ziar nad Hronom - | Ziar nad Hronom X X X X
S Lovcica .. X X X
Lovca X X

Source: SHMU (Ref 8-11) : : :
" Note: 1) At stations Namestie Slobody and Ziar nad Hronom concentratrons of Pb and
_ Cd in TSP are also measured, .
2) Statrons Sasova Lovcrca and Lovc'r are not operatmg m 1999

. Bes1des the regular automatrc monrtormg, SHMU also conducts spot momtormg of specrf' ic

1tems as required

_2) - Reglonal Monrtormg and Other Momtormg Actrvmes R

In addrtron to the local air quahty momtormg, SHMU has been operatmg 7 reglonal air quahty o

momtormg stations in Slovakra of which 4 belong to the monttormg network of Envrronmental

Monrtormg and Evaluatlon Program (EMEP) whrch 1s a co-operatlve programme in Europe

| . Among other 3 statlons one is located in the Hron basrn at Mochovce The' EMEP network -

aims to momtor contammatton of the atmospherrc mlxmg layer of the th1ckness up fo 1 000 m

from the ground over the area of the European reglon lhe EMEP statrons are placed in rural

areas suffi crently dlstanced from local air pollutron sources. Therefore the arr quahty '

' observed at these statrons may be 1nterpreted as the background to the local alr pollutlon

'State lnstrtute of Health (SZU) Bansk4 Bystrrca also conducted some ambrent air qualrty

- measurements for speclf" c purposes m the last ﬁve years

-Besrdes above the Forest Research Instrtute (LVU) in Zvolen measures tropospherrc ozone

) concentratton at three locahtles as ozone is consrdered to be the mam stress factor for the :

forests

(2) Amb1ent Air Quallty Standards and A1r Pollutron Indrces ] PR
The ambient air quahty standards of the Slovak Republrc are shown in Table 5 3 8



" Table 5.3 - 8

'Anibient:Air Qu‘alif . Standards in the Slovak'Republic

Pollutant 'Expressed ~ Air quality standards { . g/m?)
as AQSy | AQSd- [ AQS8h ! AQSs

Total suspended pameulate TSP : 60 180 - - 500
Sulphur dioxide - S0, - 60 150 500
Sulphur dioxide and 50,+ TSP 250
suspended particulate N :
Oxlides of nitrogen. . ‘NOx. - 80 100 .200
Carbon monoxide coO 5,000 : 10,000
Qzone : 0, - 110
Phin TSP Pb 0.5
Cdin TSP 1€d - - 0.01.). :
Odorous substances Concentrahons must not be of pub!:c nuusance -

Note -AQS8y: Annual average concejitration of a pollutant,
AQSd: -~ Daily (24-hour) average concentration of a pollutant.
AQSsh; Daytime 8-hour average cencentratlon of a pollutant
- AQSs: Half-hour average concentration of a pollutant
AQSd and AQSs for TSP, SO, NOx and CO must not be: exceeded in more th'm 5 % ,
of the cases wtthm a year :

For the total assessment of three major poliutants ie., NOx SOz and '{SP the air pollutlon :

mdlces (API} are used API 1s detex mmed for the followmg three time scales

‘APIy long-term (annual) alr pellutlon lndex SRR
"APId dally alr poilutlon mdex ' S

APis shor“[-term (half hour) air pollutlon mdex |

= T_hese are de_ﬁned as follows: '.

AP]y Z(annual average conc. /AQSy):

- f=1
APId 2(95 percennle dazly average conc /AQSd)z

'__11 :

o=l

o APIS _—_2(95 percentzle haﬁ hour average cone. / AQSd)

' Whe_'re, i(1,2,3) indicates eaeh of 3 pol'lutants, ie., NOx, SO, and TSP.

The degree of air poHuti_on is assessed in tem.]s_' of APl values according to the following

 criteria: -
| APIrange 0.0-04 | 05-09 | 10-14 | 15-20 | over2.0
Air pollution degree | Not polluted | - Slightly | Moderately Quite _Highly
o R polluted polluted polluted

poliuted




(&) Air Quality at Local Stations in the Hron Basin
1y Air Qﬁality in Comparison with the Air Quality Standards

The results of the air quality monitoring in 1993, 1996 1997 and 1998 at 5 local stat_ioné in the
Hron basin are summarised in Table 5.3 - 9. In general, the ambient air quality in the Study
Area has been improving since 1993 when the automatic monitoring Syst_em began its

operation.

Among the 5 local air quality monitoring stat;om in the Hron basin, the air qual:ty obsex ved at
Station Nameslie Slobody in Banska Bystrlca has been the worst.  Until 1997, the
concentrations of NOx exceeded all of the standards for annual average, daily average, and
half-hour average. However in 1998, the annual a.ve.rage standard was met for the first time,
allhoug,h the dally aver age and the half-hour average still exceeded the standards The TSP
concentratlon showed 1mpr0vement in 1997 to meet the daily average standard for the first

time, and further improved in 1998 to meet all the standards for the first time.

At St.ation Sasova in Banska Bystrica, the concentratioh of NOx did no_f satisfy the daily
average standard in all of those 4 years although 1t improved in 1998.. . The half—lro.ur average
concentration of NOx also improved in 1998 to satisfy the standard, while it did not in the
previous year. However, the annual average con.céntraiion of TSP in 19?8 increased frorﬂ the

previous year to exceed the standard.

At Station Ziar nad Hronorm, the daily average concentration of TSP exceeded the standard in
-1993. But in the recent years, all the air qlrality standards for NOx, SO, émr_l TSP were
satisfied at all of the 3 stations in the area. Although CO has not been mﬁnitored on the
continuous basis al these statrons a recent mvestlgatlon by SHMU concluded that there was no

significant impact of the emission of CO from the alumlmum factory on the amb;ent

concenfration of CO in th1s area.



Table 5.3 -9

Summary of the Results of Air Quality Monitoring at Local Stations
in the Study Area (1993, 1996, 1997 and 1998)

(Unit: g gfm?)

Averagi Air Banska Bystrica Ziar nad Hronom
i VEIaging Pollutant | Quality | Year Namestie Sasova Ziarnad | | oo Lovea
tme Standard Slobody - Hronom ‘ ‘
1993 47.6 24 14.5 30.5
1996 42 227 18 16
NOx 80 1997 71.8 26.7 233 26.8
1998 49.8 274 12.9 200
1993 49.3 25.6 20.6 41.8
1996 18,9 21.7 364 20.1
SO_I 60 1997 13.9 26 28.2 21.6
Annual 1998 1.6 17.8 20,8 16.1
average _ 1993 515 45.6 -
1996 37.1 158 -
Tsp 60 1997 46.9 14.5 -
1998 38.0 26.8 -
1993 - - -
1996 - - :
: CO ) 1997 - -
1998 - - -
1993 62 21 73
’ © 11996 49 32 31
NOx 100 1507 60 47 60
1998 68 31 47
1993 139 84 55 118
50, 150 1996 99 59
95 percentile ' : 1997 89 LA
of 1598 53 38
daily average 1593 2 -
i 1996 32 -
Tsp 130 1997 66 103 - 31 -
1998 143 75 64 -
: 1993 - - - -
- : 1996 2 887 - - - -
o 5’00.0 1997 - 1730 - - - -
. 68 23 76
60 37 34
NOX 200 "'76" ’"K—'_"'__"”Sl T "6"5'
] 76 32 32
1993 160 161 91 62 135
1996 85 60 - 68 107 66
95 percentile 80, 500 1997 78 50 76| o4 78
of 1598 - 59 29 46 61 46
half-hour 1993 232 - 161 116 -
average 1996 212 - 143 38 -
TSP 500 1997 143 86 120 38 -
1998 103 173 91 76| -
. 1993 3400 - - - R
' 1996 3114 - - - -
o 10,000 597 2010 - - - -
1998 1310 - - - -
Daytime 8 - . 1993 66 . 65 . .
o 1996 58 - 80 - -
hour average Q3 110
A S 1997 78 - 83 - -
(Apr. - Sept) 1998 &3 - 84 - -
Source: Data provided by SHMU (SHMU BB 6), Ref. §- 11

Note:

5-77

The shaded figures indicate non-compliance with the air quality standard.




2 Air Pollutioh lndices

Table 5.3 - 10 shows the air pollutlon mchces, as deﬁned earl:er at Stat:ons questle Slobody,
Lsar nad llronom and Lovotoa for the years 1993 1996 1997 and. 1998

Table S 3-10 | Ail‘ Pollutlon lndloes at 3 Stations in the Hron Basm
(1993, 1996,1997 and 1998)

Area Statlon Year S APl L o AP - -~ APis

NOx | 802 [ TSP | Sum NO)'(' S02 TSP Sum | NOx | S02 TSP. Suim

Banska Nameste | 1993 | 1.2 . 08 |13 133 |25 109 (14 |48 115 |03 |05 |23

Bystica |Slobody [ 1996 [ 1.0 los |14 |29 [20 1050 (12 |37 113 102 [04 [1.9 .
1997 |12 |04 (10 |26 124 105 (08 |37 |14 102 |03. (19

1908 109 |04 |08 [20 122 [03 {06 |31 [12 |01 [02 [15

Ziarnad |Ziarnad | 1993 |03 |04 |09 |16 106 |06 {10 |22 |03 |02 [03 |08

Hronom Hronom - |-1996 | 0.3 |04 | 1.0 }41.7 [05 04 (08 {17 |03 |04 {03 107

1997103 |04 |08:415 |06 |05 (07 |18 [03 |02 j02 1407
1998 1037103106 {13 |07 |03 |05 | 04-/01 02 |07,

Lovcica [1993°]0.2 103 108" 1.3 -]02 |04 |07 101101 102 |04

03 {02 |01 |06

1.5

1.2
1996 (02 |06 ..]03 |44 103 |07 [02 [12 |02 |02 [01 |05
1897103 .[04 | 02.:[09- 05 506' 0.2 -13
1988 [ 0.2 |04 -[04 [1.0°[03°104 104 |14

|62 {01 |01 04

o Sour‘ce" Based dn the data prov1ded by SHMU (%HMU BB 6), Ref 8- 1 l

"l he air pollutlon mdlces at Statlon Namestle Slobody 1mpr0ved s;gmﬁcantly from the level of |

) !993 when all the mdlces for annual dally, and half hour average were ola551ﬁed as "hlghiy

'-polluted,"_ Dcsplte the 1mprovement however the dally average mdex in. 1998 is - still
classified as “hlghly. polluted.“ ' The NOx concentratlon is contnbutmg most to the mdex -

values,

 Station Ziar nad Hronom is classxﬁed as’ nioderately"' ""Qulte polluted and Statlon Lovclca is
cla531ﬁed as "sllghtly" or moderately polluted in 1998 in terms of the annual average and

da;ly average mdex values '
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Figure 53-1 Monthly Average Concentration of Pollutants at Station Namesite Slobody, Banska Bystrica




3) - Monthly Change .in Air Quality
Monthly average concentratlons of 5 pollutautq at Statlon Namestle 510b0dy in Banska Bystnca

cin 1997 and 1998 are shown in Plgure 53-1.

The concentratlom of NOx and CO are significantly lugher in the wmter than in the summer. .
' Although such pattcm is not so 0bv1ous for SO, and TSP thelr conu:ntratlons are generally' " o
lughei in the winter than in the summer ' '
The conceutraf_ioh l)'f ozone 13 l_i.i'gher' 'in the Surﬁmel_" than in'the \:ifintér.
“{4) Alr Quallty Accordmg to chlonal Momtormg

__"'lable 5. 3 - 11 summarlses the result of momtormg of SOZ, NOx TSP and O at SHMU‘

regnoual statl_Ons Mochovee and Chopok. The characterlstic__s of.thesc statlons are as follows.

Chopok Out31de the Hron basm
_ | Altitude at2008m . .- S :

Without any mﬂuence of mduslry, 1rafﬁc agriculture and
s domestic activities .
Mochovee - | Within the Hron basin

S Altltudeat260m ' ‘ Ll
No -influence of - mdustry and trafﬁc but mﬂuenced by.-
'agrlculture and local heatmg and hot water production

: T'able.5.3'-_ll' : A1r Quahty at Reglonal Stat10ns o

. Chopok ‘Mochovce
SO, . ¢ Mm.: ' 301 -11.6
(pg/m”) | Max. L3 182
- Mean 733 13,4
NOx: Min. | .42} 118
(pg/m®) | Max, AT 13
; _ “|Mean | .. 45| 128
TSP [Min. 147 346
(ug/m) - | Max. 18.6.f - 389
- ... | Mean 166 0 367
1O, Min. - 623 -
(ug/m’) ; Max. |- 759} - -
L | Mean_ S0 5 IR R
Note ‘Based: on annual average concentratlons for the perlod
1990 - 1998, - : :

' Souroe. SHMU (Ref. 8 - 11)
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“The poilutant eoncentratrons observed at Station - Chopok can be mterpreted as the
transboundary air pollutlon i.c., the background to the air quality of the Hron River basin.

The air quality at Statlon Maochovee is affected by some local emission sources.

3 Others.

: As far as is known from the results of pamcular momtormg prOJeots or studles no other

pollulants were reported to exceed the ambient air quality standards of :elevaut norms m the last

_few years, - These include volatlie orgamo compounds (VOCs), persrstent org'mlc compounds

' (POPs) heavy metals and ﬂuorides '

6 Air Qual_ity Modelling

1y Introduetion B

The results of the amb1ent air quality momtormg alone .are not sufﬁcxent for the overall

evaluanon of spat1al distrlbutlon of the air polluiion and the 1nﬂuences of all types of air '_

pollutlon sources

~ Such an evaluation edn be assmted by means of air quality modellmg Needless to say, the real .

' momtormg data are essentlal for the eallbration of the model

. __ln October 1996 MZP approved for the use in the Slovak republlc a model wluch is ful
'eompatlble w1th the US EPA model ISC 2 It is represented by the software too] M_QDIM and

s suitab]e for the followmg applications "

e Calcuration of short tlme crltroai concentratlons

Calculation of long time average concentrations
Applicability for point sources as well as area sources T
. Applicability for gaseous pollutants as well as partleulate matter

: ‘The method mcorporates the followmg algorlthms needful for the mathemat1cal modellmg of

alr pollution

e 'Pasqlii'lliUhlig 'classiﬁCEtiori' of Stability categories -

» . Different dispersion cond1t10ns for urban and rural areas
- . Dispersmn calculation accordmg to’ Brlggs (urban areas) or accordmg to McFlroy—
.. "Poolet (rural areas) - :
s - .Calculation of plume—rlse accordmg to Br1ggs . :
. 'Calculatlon of the dispersmn of pollutants emitted from pomt sources as weil as arca
_ ¢ Jsources- R :
e .,_Deereasmg of pollutants concentratlon accordmg to physmal and chem1cal reactions in

the atmosphere



LI Inﬂuenee of the mixing layer hetght on the dlspersron
. Cons1deration for the eﬂ’eet of nelghbourmg burldmgs onto the drspersron

Followmg mputs (all.from th_e data-bases of SHMU) were used for the model calculations:

_ Stabtlrty categorres ‘ ' --
Wind speed for the respective stahrhty categones in the reference herght 10 m
_ Half-life period of pollutants -~ ‘ '
 Data of the reférence pomts e
Wind roses - o
~ Geographical posrtrons of ait pollutnon sources
. Area of the area sources
Height of the pollutant release pomts _
* Temperature of the released pollutants
Temperature of the surroundmg atmosphere
. Stack diameter - -
Mass of the emltted pollutants .
' Information about the surrounding burldmgs '
_' leferentlatron of drsperswn condrtions (urban or rural)

a8 e . ® ® ® ® ® & 8 8 ® & 8 @

The mﬂuence of orography is consrdered by usmg several wmd roses each representmg the

- locahty of the partrcular group of air pollutron sources

I th1s Study the area of the whole Hron Rrver basm and the area of Banska Bystnca were'

: cons1dered The model calculatrons for SOZ, NOx, partlculate and Cco were conducted not

- only for the year 1998, but also for the year 1990 in order to demonstrate trends m a1r pollutlon
| of the study area. Detalled results of the modellmg works are given in Reference 8- 11 The

' modellmg results for the arr pollutlon index in the Study ‘Area and for the NOx and dust B

concentration drstnbutrons in the area of Banska Bystnca are presented in the followmg -

sections.

2) Arr Pollutron Inclex in the Study Area

Maps 5. 3 2 and 53 -3 show the annual air pollutron inidex in the Study Area aceordmg to the S

model calculatron for the years 1990 and 1998 respectrvely

'_Arr pollutron in the Study Area is shown to be 1mproved srgmﬁcantly durmg the 19905 In -

| 1990 air qualrty in consrderably large parts of the Study Area could be charactensed as .

moderately polluted (APC 1.0-1 4)" wrth a few spots bemg ‘quite polluted (API 1.5- 20) " In
: '1998 the air qual:ty in nearly the whole area could be eharacterrsed as “slrghtly" :polluted wrth

. some spots bemg moderately polluted It should be noted however that these maps mtend to

present a general view of the air qualrty in the Study Area and do not necessarrly agree A



precisely with the data observed at particular monitoring stations, eg the APy value at Station

' NanteStie Slobody in Banska Bystrica in 1998 was 2.0 (quite polluted).
3y Banska Bystrica Arca
Map 5.3 4 shows the model computation area of Banska Bystrica.
Nox
'. -_Maps-5.3 -5 shovtrs the _computed concentration distri'bution.of NOx for t_lle'year..1998.

Although the amblent conecntratton of NOx generally decreased durmg the 19905 accordmg to
"monttormg as well as modellmg results the concentratlon may {ocally exceed the ]ong-term and
short term stdndards This will happen excluswely along the busy trafﬁc roads and at théir

Junctlons.

Aecordmg to modellmg results the concentrations of NOx on the reglonai Tevel (Study Area) is
contrtbuted mostly (56 %) by the combustlon and technology sources In Banska Bystrlca, _
' *however contnbutaon of these sourees is lower at 27. 6 %. The road transport contrtbutes w1th

39.3 %, and rail transport with 24.1 %.

. The model ealenletions were made for the cases when one or all f the following measures are’
taken: . . '
T _n) : Electrlﬁeatton of the rail section between 'Zvole'n and Banska'Bystrlea
' This measure w1ll result in 100 % reductton of NOx emission from the

ratlway

' b) R _Constructton of a trafﬁe by pass in Banska Bystrlca :
: . This measure will result in 50-% reductlon of NOx emtsSIon from road :
o trafﬁc : : - :

;c) ; ""llnstallatton of a flue gas demtratton s,yotem (selectlve non- eatalyttc reduct1on'
pe) in the cement plant in Banska Bystnca ’ : :

- 'I"hi's-nteesu:re'will result in 66 % red'uetmn of N_Ox err_n_ssmn _from the cet_nent faet_oryf |
Map 5.3 - 6 shows the computed resul{ of the anfiual average ooneentr?ation distribntion of NOx
- for the casc when all of above measures were taken. - The ambient air quality standard will be

'.'satieﬁetl in theiwlh_ole‘ area.
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