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Abst ract .  Landfills are the most  common and easiest  methods to dispose the municipal waste in 

Romania and st ill prevails in current  waste management  opt ions. This t ype of cr it ical infrast ructure was 

designed to dispose urban waste generated over years or  even decades and ult imately led to create new 

landforms in urban landscape. On the other hand, these sites are major  sources of complex pollut ion 

unfulfilling EU regulat ions, being scheduled to be closed. This paper aims to analyze landfills as 

anthropogenic landforms by applying GIS techniques emphasizing them in a geographical context  and 

not  only in situ.  The locat ion of these sites usually on alluvial plains of r ivers leading to posit ive 

landforms that  may change hydrogeomorphology dynamics or  to be exposed to the floods. The other 

side, their  locat ion in hilly or  mountainous regions increase vulnerabilit y to other geom orphological 
process (gully erosion, landslide) .  Also, the extension of human set t lements and land use is influenced by  

the presence of such a site either  it  is closed. The implicat ions of these landforms are var ied and m ust  be 

linked to geographical realit ies from around. Thus, the mapping of these anthropogenic landforms 

cont r ibute to a better  understanding of the system ic interact ions from local environment .  This approach 

may be an important  tool for  EIA studies, in the process of rehabilit at ion, post -monitor ing and 

reintegrat ion of these landfills.  

Key W ords:  landfill,  anthropogenic landform , urban areas, GIS techniques. 

 
 

I nt roduct ion .  Literature revealed the fact  cit ies from  various geographical regions are 

exposed to pollut ion due to im proper waste disposal of m unicipal waste part icularly in 

developing count r ies (Khajuria et  al 2010;  Kum ar et  al 2009;  Taseli 2007;  Chen 2010;  

Tadesse et  al 2008) .  Waste m anagem ent  system s have not  received as m uch at tent ion in 

the city planning process as other sectors like water or energy (Zam an & Lehm ann 

2011) .  In this context ,  landfills are sources of com plex pollut ion in urban areas. 

Furtherm ore, part ial access of urban populat ion to waste collect ion services or im proper 

dist ribut ion of waste m anagem ent  facilit ies cont ribute to the illegal dum ping (Mihai et  al 

2011;  Mihai et  al 2012a;  I chinose & Yam am oto 2011;  Rojas & Zam brano 2008) .  The 

regulat ions on m unicipal waste m anagem ent  system s aim  to divert  the waste from 

landfilling by support ing the new concept  of  waste hierarchy. Waste prevent ion is on the 

top of this hierarchy and landfilling is the last  opt ion but  the realit y is exact ly the 

opposite on the field.  Waste prevent ion is scarcely im plem ented or absent  in m ost  EU 

m em bers (Salhofer et  al 2008;  Gent il et  al 2011)  and landfilling st ill prevails (Manzzat i & 

Zoboli 2008)  despite of various technical solut ions (Pires et  al 2011) .  Socio-econom ic 

disparit ies across EU-27 reflect  different  opt ions adopted between Northern-Southern 

and/ or Western-Eastern count r ies (Mihai & Apostol 2012) . Waste m anagem ent  is a 

com plex sector because it  involves legislat ive ( laws, rules, guidelines on m anagem ent,  

responsibilit ies and com petences) , environm ental ( resources use and their opt im al 

m anagem ent ) ,  econom ic ( reuse, disposal and tariff)  and urban planning aspects 

(Bam ont i et  al 2011) .  New m odels are proposed to help decision m akers of a m unicipality 

to establish an integrated waste m anagem ent  system  for urban areas (Cost i et  al 2004;  

Guariso et  al 2009) .  Rom ania, as all new m em bers, has difficult y to pass from  a 

t radit ional waste m anagem ent  system based on landfiling to a sustainable and integrated 

system. Nat ional,  regional and local waste m anagem ent  plants establish a schedule 

(2005-2017)   for closure of all non-com pliant  landfills,  these sites being replaced with 
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regional sanitary landfills (1-2 for each  county)  and t ransfer stat ions (which m ay have 

sort ing and com post ing facilit ies).  Old sites were operat ional since 1960 with no proper 

infrast ructure to protect the local environm ent .  Pollut ion from  landfills increases closer to 

cit ies or surrounding rural areas.  

 Landfill,  beside a toxic potent ial source, is an ordinary anthropic landform  like 

irrigat ion channels,  dam s, protect ive em bankm ents, quarries, tunnels,  roads or 

agricultural terraces which can disturb the dynamic equilibrium  of geosystem  (Ursu et  al 

2011) . This paper aim s to out line the territorial and environm ental im plicat ions of these 

cr it ical infrast ructure as anthropogenic landform  at  local scale using GIS techniques. 

 

Material and Method .  Environm ental im pact  assessm ent  studies and risk assessm ents 

should not  ignore the tem poral and spat ial variat ions of various landfill characterist ics 

(But t  el al 2008)  and it  m ust  be examined in a geographical context (Mihai 2012) .  New 

approaches or assessment  tools are used in landfill studies such as rem ote sensing (Son 

et  al 2011)  or spat ial analysis with GIS techniques (Sum athi et  al 2008;  Zam orano et  al 

2008;  Leao et  al 2004) .  The paper perfom ed a GIS analysis for three non-com pliant  

urban landfills from  Neam ţ County. These sites are located in various geographical 

context  as follows:  Rom an (corr idor valley of Moldova river),  Bicaz (m ountain region in 

the proximity of Bist riţa river) , Târgu Neam ţ (hill region) . Methodology of m apping 

products involved the use of digital datasets such as SRTM (Shut t le Radar Topography 

Mission) , topographic survey for Rom an landfill (CJ Neam ţ)  orthophot oplans (2005)  and 

1: 25000 topographic m ap of Rom ania in Gauss-Kruger project ion. For processing and 

querying of these spat ial data it  has been used TNTMips software 7.0. Achievement  of 

digital m aps  concerning on the one hand the land use in the proximity of these sites and 

on the other hand the digital elevat ion m odel for Rom an landfill was obtained through 

onscreen vectorizat ion method of level curves and linear interpolat ion using the GIS soft .  

In order to exam ine the direct  influences of a non-com pliant  landfill site to surroundings 

it  used three buffers zones such as 250/ 500/ 1000 m . Spat ial im plicat ions of a landfill site 

m ay be significant  in the radius of 0.5 km  or m oderate unt il 1 km  and lower for over 1 

km . The paper also analysis one the one hand the am ounts of waste disposed in these 

sites during 2004-2010 and on the ot her side the disadvantages of the t radit ional waste 

m anagem ent  system s from  this period. 

 

Results and Discussion .  Im proper m anagem ent  of wastes can lead to serious health 

threats as a result  of fires, explosions, and contam inat ion of air ,  soil,  and water 

(Dem irbas 2011) .  Non-com pliant  landfills in the proximity of urban areas such as Rom an, 

Târgu Neam ţ and Bicaz led to com plex pollut ion. Tradit ional waste m anagem ent  system s 

from  Rom anian cit ies is st ill  based on m ixed waste collect ion and landfilling. This opt ions 

prevail in all cit ies from  Neam ţ county during 2004- 2010 (Table 1) ;  only Piat ra Neam ţ 
had a slight  decrease of landfilling in last  years due to im plementat ion of an integrated 

waste m anagem ent  system s supported by ISPA funds. This system  since 2007 provides 

separate collect ion (paper/ cardboard, PET/ plast ics, biodegradable fract ions)  sort ing and 

com post ing facilit ies,  crushing plants (const ruct ion and dem olit ion wastes)  and sanitary 

landfill.  Also there are two collect ion points (Darmăneşt i and Mărăţei neighborhoods)  

where WEEE, bulky waste and hazardous m unicipal waste could be collected.  

 

Table 1 

Share of landfilling in urban waste m anagem ent  system s 

 

Landfilling (% ) 2004 2007 2010 

Piat ra Neamţ 99.96 88.74 88.22 

Rom an 99.91 99.915 99.77 

Târgu Neam ţ 100 100 100 

Bicaz 100 100 100 

Roznov 100 100 100 
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On the cont rary, Roznov city had no waste m anagem ent  services during 2004-2010,  

waste generated being im properly disposed in open dumps. Start ing with 2011 the city 

was covered by separate collect ion and t ransfer stat ion has been const ructed through 

PHARE-CES 2005 program m e. The EU acquis im poses the closure of these non-com pliant  

landfills,  deadlines st ipulated in HG no. 349/ 2005, deadlines being 2010 for Bicaz landfill 

and July 2012 for Rom an and Târgu Neam ţ.  Also dum psites (<  1ha)  from  sm all cit ies 

such as Roznov should be closed and rehabilitated (com pacted and soil covered)  unt il 16 

July 2009 as sam e for rural areas (Mihai et  al 2012b) .   

 

Rom an landfill.  The site is located on floodplain of Moldova river, in the south-west  of 

the Rom an cit y near to Siret  confluence. I t  is the largest  landfill from  this study (5 ha) , 

design capacity is 900000 m 3 built  in 1980 being operat ional for 32 years. The lack of 

waterproofing system and short  distance from  landfill site to Moldova river (<  10 m )  

favored r iver pollut ion. Also, high hydrostat ic level m ay facilitated the leachate infilt rat ion 

into groundwater.  Leachate infilt rat ion into groundwater can affects the aquifers that  

supply the near households with dr inking water from  wells. This dum psite is m ost  

vulnerable to flooding from  study area due to geographical locat ion in a lowland area in 

the proximity of two m ajor rivers such as Moldova and Siret .  Such large landfills develop 

a specific ecosystem  (microflora, microfauna, crows, flies,  m osquitoes, rodents,  dogs, 

etc.)  due to high share of biodegradable waste from  total am ounts of m unicipal waste 

disposed. This ecological niche can affect  the balance of ecosystem  from  surrounding 

areas part icularly for agricultural lands. Also, a landfill site favors the spread of 

pathogenic agents threatening livestock and/ or hum an health.  Most exposed to this risk 

are m em bers of inform al sector which collect  m etals and others recyclables from  landfill 

to sell them  to recycling com panies. Buffers areas (diam eter of 250/ 500 and 1000 

m eters)  revealed the fact  that  built -up areas are also exposed to pollut ion due to 

proximity of this improper site,  as it  is shown in Figure 1.  

 

 
Figure 1. Land use in the proximity of Rom an landfill.  

 

Biodegradable waste prevails and the biogas is accum ulat ing inside the landfill.  Poorly-

com pacted waste favors the oxygen penet rat ion and spontaneous com bust ion m ay occur  

releasing toxic gases, dust  and soot  which cover the surrounding area.  
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Landfill emissions carried by wind (dominant  direct ion North-South)  m ay be deposited   

on arable land in the proximity of cit y and also for Cotu Vam eş v illage. The toxic potent ial 

is higher part icularly for various crops from  gardens inside the buffer area (1 km ) . 

Protected area from  ecological network of Natura 2000 such as Lunca Siretului Mij lociu 

(ROSPA0072)  is in proximity of this site.  This open site could be also a toxic food source 

for certain protected species which crosses this area. During operat ional period of this old 

site a new landform  takes shape in local landscape (Figure 2) . 

 

 
  Figure 2. Modelling of Rom an landfill as anthropogenic landform  (3D). 

 

This anthropogenic landform  is bet ter highlighted in lowlands such as floodplain of 

Moldova river. These landforms m odified the balance of the old and natural ecosystem 

im posing various changes at local scale. Frequent ly such landfills are best  exam ples for 

studying hum an influences on urban environm ent . 

 

Bicaz landfill.  The city is situated in eastern Carpathian Montains at  the confluence of 

Bicaz and Bistriţa rivers in the proximity of I zvoru Muntelui lake. The landfill is located in 

the north of the cit y,  district Dodeni, on Bistriţa r iver terrace ( left  side)  dowst ream  the 

dam  as shown in Figure 3. 

 This site is the sm allest  from  study area (2 ha) , design capacity for 450000 m 3,  

built  in 1962 being operat ional for 47 years. Geographical barriers of this m ountain 

region did not  provide m any opt ions for the locat ion of such site.  This locat ion does not  

com ply the minim um  distance from  resident ial buildings (at  least  1 km )  being to close 

one the one hand  to the blocks  of Dodeni dist rict  from  right  side and on the other hand 

to som e households from  left  side of Bist riţa r iver. 

 Air currents channeled on Bist rița valley (North to South)  led, during operat ional 

period of this site,  to t ransportat ion emissions (such as C02, SOx,  CH4,  dust )  from  landfill 

site to the city. Others clim at ic factors such as a higher rainfall in this m ountain region 

and also snow m elt ing in early spring led to a surplus of water that crossed the landfill 

generat ing a greater  quant it ies of leachate that could reach into Bistriţa river.  Regarding 

the vulnerabilit y  to the floods, the Izvoru Muntelui dam  on Bist r ița river is intended to 

m it igate these natural hazards in upst ream, so only a st rong flood on Izvorul Muntelui 

st ream  m ay affect  this site.  In order to m inimize the geom orphological processes such as 

landslides or gully erosion, the slope terrace of Bist riţa r iver near the dum psite was 

afforested. Although Ceahlău National Park limits are more than 1 km  away from  this 

site,  buffer region ( forest  areas)  is recent ly included in the Nature 2000 network as SPA 

and SCI  site according to Birds and Habitats Direct ives. Closure of this landfill cont ribute 
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on the one hand to im provem ent  of urban environm ent  and on the other hand to local 

biodiversit y protect ion. 

 

 

Figure 3. Land use in the proximity of Bicaz landfill.  

 

Târgu Neam ţ landfill. The site is located in a hilly region between two localit ies, Târgu 

Neam ţ cit y and Oglinzi village from  Răuceşt i comm une in a less populated area. Although 

distance from  the last  households of Târgu Neam ţ cit y is below 1 km , the locat ion of this 

site is a better choice than the other two cases because the cit y is less exposed. Built -up 

area of cit y (households)  is not  included in the buffer area of 500 m  or  covers a sm all 

area in buffer of 1 Km (Figure 4) .  Also, no indust r ial facilit ies are located in the proximity 

of this landfill but  there is a nat ional road which connects the Neam ţ County to Suceava 

County  (Făl t iceni cit y) .  Furtherm ore, the site is located on a land with no agricultural use 

(pasture)  and it  is not  exposed to floods of m ajor r ivers such as Moldova (Rom an)  or  

Bistriţa (Bicaz) .  However,  the landfill extended on a torrent  valley (NW) that  during the 

intense rains favored t ransportat ion of leachate to Slat ina st ream . Also, this site is 

located at  a distance of 1-1.5 km  from limits of Vânător i Natural Park and to Oglinzi 

resort .  

 Dem ographic different iat ions between these cit ies are reflected in the am ounts of 

m unicipal waste disposed on these sites. However,  it  is a constant  t rend of waste 

disposed in Târgu Neam ț and Bicaz landfills unlike Rom an cit y where are significant  

oscillat ions during 2004-2010 as it  shown in Figure 5. Major decrease in the period 2007-

2010 can not  be at t ributed to reducing landfilling in the context of poor recycling facilit ies 

but  rather of a progressive improvem ent  of the data which are ordinary overest im ated by 

waste operators (data for 2010 is probably the closest  to realit y).  Because the landfills  

operators have no weighing system , the data for these sites are volum et ric est im ated 

(m 3)  then converted to tonnes taking into account  the household waste density (300-350 

kg/ m 3 for Rom ania) .  Waste operators report  these data to local (county)  environm ental 

protect ion agency. This procedure is im proving year by year due to EU regulat ions on 

waste stat ict ics. 

 Bet ter knowledge of com plete MSW cycle dynamics could allow to reach the waste 

m anagem ent  goals that  are at  present  st ill  far from  being achieved in m any EU count r ies 

(Bianchini et  al 2011) .  Reliable data it  is an im portant  tool in waste m anagement  



AES Bioflux, 2013, Volume 5, I ssue 2. 

ht tp: / / www.aes.bioflux.com.ro 
105 

planning and it  m ust be related to geographical condit ions of study area (Chowdhury 

2009;  Passarini et  al 2011;  Keser et  al 2012) .  Direct ive 99/ 31/ EC required EU Mem bers 

to create st rategic plans for the reduct ion of biodegradable MSW previously going to 

landfills and defined the targets for biodegradable waste landfill disposal (Magrinho et  al 

2006) .  This fract ion has an im portant  share in m unicipal waste com posit ion in Rom ania 

an also for Neam ţ County over 50% . Waste disposal in these non-com pliant  landfills was 

done by sim ply stacking without  any sort  or neut ralizat ion, including biodegradable 

waste.  

 

 
Figure 4. Land use in the proximity of Târgu Neam ţ landfill.  

 

 

 
Figure 5. Est im ated am ounts of m unicipal waste disposed in non-com pliant  landfills.  
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Const ruct ion and dem olit ion waste were used for m aintenance of the access road inside 

the landfill site and as coat ing layer of waste. Methane accum ulat ion led to spontaneous 

com bust ion of solid waste (e.g. Rom an cit y landfill) .  Furtherm ore, these sites have no 

facility  for leachate t reatm ent  pollut ing the hydrographic network (Figure 6) .  Locat ion of 

these sites in the proximity of m ajor r ivers such as Moldova (Rom an city landfill)  and 

Bist riţa (Bicaz cit y landfill)  increases the vulnerability  to flooding. On this issue, Laner et  

al (2009)  developed a m ethodology to assess the potent ial im pact  of floods for old and 

cont rolled sites from  Aust ria.   

 Such approaches are necessary for Rom ania too, because landfills are ordinary 

located on floodplains of r ivers.  In this regard, Bist r iţa river was recent ly dam m ed on the 

area of sanitary landfill which serves the Piat ra Neam ţ cit y 

 

 
Figure 6. Non-com pliant  landfills from  urban areas of Neam ţ County.  

  

Mixed waste collect ion led to disposal of various fract ions in these sites such as 

household and sim ilar waste, st reet  waste, gardens waste, bulky waste, const ruct ion and 

dem olit ion waste, WEEE, hazardous m unicipal waste (bat teries, accum ulators,  detergents 

& cleaning fluids, oils and other liquids, pest icides etc.) , sludges from  wastewater 

t reatm ent  plants which increased the toxic potent ial. By the adopt ion of EU regulat ions 

on m unicipal waste m anagem ent ,  these fract ions have em erged as specific waste 

st ream s which should be collected and t reated separately.  Old landfills of Rom an and 

Târgu Neam ţ cit ies also received the household and similar waste collected from  rural 

areas in the proximity. This pract ice has spread part icular ly after the closure of rural 

dum psites (16 July 2009)  unt il these sites will be closed (deadline July 2012)  to be  

replaced on the one hand by a new regional landfill located in Girov com m une and on the 

other hand by t ransfer stat ions from  Târgu Neam ţ city and Cordun com m une. 

 

Conclusions.  Poor facilit ies inside these old sites favored the pollut ion of urban 

environm ent ,  this fact  being also influenced by local geographical condit ions. Also these 

non-com pliant  landfills usually are located in the proximity of built -up areas or arable 

lands. Cit ies often ignored the waste m anagem ent  issue by prom ot ing the t radit ional 

system s based on mixed collect ion and landfilling. New regulat ions im pose an integrated 

waste m anagem ent  system  which changes the current  waste m anagement  planning. 

Landfill sites m ust be linked to a geographical context  for a holist ic approach. In this 
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context ,  GIS techniques are a necessary tool for EIA studies com plet ing the com m on 

m ethodologies described in literature.  
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