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Fig.1. Satellite image and topography of the study area
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Fig.2. Location of the study area on the geological map
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Fig.3. the measurement of the apparent specific resistance of the earth in the Schlumberger array (Ayers, 1990)
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Fig.4. Pictures of geomorphology and sampling results in the area
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Table 1: The properties of profiles and boreholes of each profile
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Fig.9. Geoelectrical section in the first to fourth profiles
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Table 2. Electrical resistance values in 8 matching boreholes at the interval of three samplings
AB/2 1 1.47 2.15 3.16 4.64 6.81 10 14.7 21.5 31.6 46.4 68.1 100 147 215 316 464
0s3 |6086| 68 | 75 | 78 | 80 | 786 | 75 | 70 | 65 |5995|5645| 53 | 508 | 50 |52.37 | 56.46 | 62.04
MP2 | 1475 | 1215 100 83.77 72 ©63.38 | 57.51 | 49.89 | 42.65 36 33.07 321 | 31.86 | 32.81 | 36.38 | 42.33 51
NSl | 102 | 112.3| 117.6 | 111.4 | 97.71| 83 | 72.29|64.88| 5959|5516 | 52 | 50 | 49 | 5145|5559 6242|7173
0s4 |4712| 53 | 60 | 65.12|69.16 | 69.69 | 67.62 | 62.25 | 56.02 | 48.93 | 43.05| 38 |33.59| 32 |3541| 39 | 435
MP4 111.3 | 89.13 | 71.34 | 57.99 48 42.17 43 4574 | 45.74 | 42.33 38 35 35 38.31 44 50.71 59.8
Ns3 | 108 | 121.3| 1261 | 118.5 | 101.6 | 83.72 | 65.48 | 56.45 | 49.12 | 42.09 | 3634 | 33 | 31.87 | 33.38 | 37.19 | 4274 | 51.06
0s5s | 30 | 34 [3886|4448|5001 (5544|5827 |5827| 55 4844 40 | 32 |27.05| 23 | 25 |2964| 321
MPE | 1148 | 5191 | 72.44 60 51.68 48 4501 | 4201 | 37.73 | 3261 28 24 21 158 | 2057 25 32
Ns4 | 125 | 140 | 1394|1204 | 95 |7009|5266| 40 | 31 | 2584 |2193| 20 |19.29| 19.89 | 22.16 | 26.27 | 32.62
0s6 | 32 | 36 | 40 |4319| 443 | 43 | 41 |3876|37.07|3546/3391| 32 | 31 | 30 | 31 | 325 34
MPB | 6868 | 61.23 | 5444 50 46 4465 45 4527 | 4257 38 33 2995 29 2084 33 38 45.07
NS3 | 1841|1899 | 174.4 | 1416|1097 | 87 |6848|56.45|4763| 42 | 38 | 35 | 3416| 3578|4013 4874 | 5959
0s7 | B0 | 55 | 50 |46.02|4157|37.55|3413|3122|2838| 263 |2421| 23 | 233 | 256 | 27 | 29 | 3
MP10 | 6761 | 61.66 | 5519 | 50.12 | 45.58 | 41.99 392 | 36,63 | 3398 | 31.41 | 29.06 27 25 24.74 | 26.85 | 30.36 35
NS7 | 90 | 93.21|86.88| 74.04| 615 | 5142 | 441 (3783 | 335 |2985| 27 | 25 |2402|2577|2947| 36 | 441
0s77 | 90 | 7212|5664 |4385| 36 |2945|2573| 23 | 217 |2035| 195 | 1856| 183 | 19 | 205 | 2363 | 28
MP25 | 4014 | 3599 | 32.72 30 27.97 27 2741 | 2741 26 2359 | 21.74 | 2073 | 20.59 22 25 30.07 38
NS19 | 2929 | 33.93 | 36.63 | 36.63 | 33.5 [ 2947 | 261 | 2371|2239 |2141| 21 | 21 | 2168 2341|2644 | 30.43 | 34.81
0s78 | 90 | 7526|6038|5019| 42 | 36 | 32 | 29 | 2648|2466 |2346| 23 |2363|2573)|2945| 36 | 44
MP21 | 79.87 | 65.11 | 52.71 | 44.15 | 37.75 34 31.52 | 30.56 30 30 30 30 30 31 33.17 | 36.74 | 42.39
NS16 | 63.1 | 68.57 | 69.45| 631 | 5412 | 46 |4007| 36 | 335 |3162| 30 |2891)|2829|2986|3395| 39 | 47
0579 | 8023 | 68.13 | 56.64 | 49.13 | 4416 | 43.54| 45 |47.42|4675| 42 | 36 |3052|2822| 29 |33.47| 40 |4878
Ns8 | 6.005| 6.5 | 6661 | 6.275 | 5822 | 5602 | 5.916 | 7.068 | 8.66 | 10.7 | 13.22| 162 | 19.85| 23.92 | 28.81 | 34.71 | 4217
MP19 | 1091 | 9.284 | 8.168 | 7.711 8 8.9 10.38 12.6 1511 | 18.39 | 2165 | 2438 | 26.66 285 | 29.97 | 30.93 | 32.58
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Table 3. The results of the chemical analysis of the leachate of the Gandak Damavand municipal waste landfill in
comparison to two standards
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Table 4: Some other parameters of Gandak landfill leachate in two different sampling seasons
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Table 5. Comparison of the number of physical-chemical parameters of the examined water samples with the

standards of the Iranian water industry
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Table 6. The results of the concentration of heavy metals (ppm) in the soil of the region and their pH
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Abstract

Waste management is a cornerstone of societal needs. The volume and composition of
waste dictate the available disposal options, with landfill being a primary method. The
selection of landfill sites is critically dependent on site characteristics and requires thorough
and ongoing evaluation, particularly in the areas of water and soil contamination. This
study started with geoelectrical and geochemical investigations in the vicinity of the landfill
in the city of Damavand. It included 24 geoelectric soundings using the Schlumberger
array, organized into 4 profiles covering three intervals. In parallel, three water samples,
five soil samples and one leachate sample from two intervals were collected for laboratory
analysis. Analyses revealed soil contamination at the waste accumulation site to a depth of
two meters with a southerly extent. In particular, a cementitious layer prevents leachate
from penetrating deeper into the soil. This, together with a very deep groundwater table,
ensures that groundwater contamination is currently and in the foreseeable future
prevented. Additional factors such as the depth of the groundwater table, the thickness of
the unsaturated zone, the short life of the landfill, reduced rainfall and increased
evaporation limit the volume of leachate. The pH of the leachate tends to be alkaline during
dry periods and acidic during wet periods. Currently, parameters such as EC, TDS and
various ionic and metallic concentrations remain within acceptable limits, ensuring minimal
environmental impact..

Keywords: Quality Monitoring, Waste Landfill, Environmental Pollution, Geophysical
Investigations, Geochemical Investigations.

Introduction
In recent years, solid waste management and the establishment of substandard landfills have
emerged as pressing environmental issues in many regions of Iran and around the world.
Effective waste management is a basic requirement for any community. Depending on the
volume and composition of the waste, a variety of management strategies are available. As a
result, nations have adopted different approaches to collecting, burying, incinerating or
recycling waste, depending on their level of development. Landfilling remains a dominant
method. The selection of an optimal site, influenced by its characteristics, is the critical first step
in waste management and disposal and requires comprehensive assessments. Such assessments
include economic, geological, environmental, health and social dimensions. Long-term
monitoring of landfills is an equally important scientific consideration that is a priority in many
countries. Due to the unique climatic, topographical and geological conditions of each region,
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the wastes that make up landfills exhibit complex behavior. Therefore, all related activities are
considered progressive and expansive. This research endeavors to investigate changes in the
subsurface soil strata due to variations in leachate infiltration and likely locations, locate areas
of soil and groundwater contamination, determine the movement path of leachate and its
influence on adjacent zones, and holistically assess the contamination risk at the Gandak landfill
site in Damavand, Iran.
Materials and Methods
The subsequent phase of fieldwork was carried out for the purpose of water, leachate and soil
sampling. The use of soil elemental geochemistry for sampling provides an economical and
effective means of producing geochemical maps that detail the Earth's surface environment.
Such tools are also useful in suggesting precautionary measures against environmental
contamination. The enrichment factor method was used for data analysis. Lead and cadmium
were used as reference elements for normalisation and derived values were then calculated
based on their benchmarks. It is important to note that the limited scope of the sampling does
not allow a comprehensive verification of the results. However, the resulting analyses of the
selected heavy metals show a minimal coefficient of variation in concentration, indicating an
absence of apparent contamination. A common technique used in geoelectric surveys is the
vertical electrical sounding method. This method penetrates deeper layers by extending the
length of the current electrodes. A variety of electrode configurations are used in this technique.
For the purposes of this study, only 24 consistent soundings from each of the three years
mentioned above were used. The other objective of this study is to track the progression of
heavy metal contamination in soil and water in the vicinity of the landfill. To this end, 15
surface soil samples were collected from the vicinity of the landfill, supplemented by samples
from the internal mounds. After preparation, the soil samples underwent comprehensive
analysis for 35 elements using the ICP-OES instrument. t. After analysis, key elements were
identified for further investigation. A sample of the leachate, taken from a pit within the landfill,
was safely transported to the laboratory under anaerobic conditions and then stored at 4°C.
Laboratory analyses measured parameters such as Biochemical Oxygen Demand (BOD),
Chemical Oxygen Demand (COD), Total Dissolved Solids (TDS), Total Suspended Solids
(TSS), Nitric Nitrogen, Ammoniacal Nitrogen, Phosphate, Chloride and pH. In addition, metal
concentrations were determined in accordance with recognized standards for water and
wastewater analysis.
Results and Discussion

The data presented provide a comprehensive understanding of the geochemical parameters of
the Gandak landfill leachate in two different seasons. The composition of the leachate varies
between seasons, with certain parameters becoming more concentrated during the dry season
due to reduced water content. It's important to monitor elements such as Cd, which is
significantly higher than the standard during the rainy season. Comparing the composition of
the leachate with regional and international standards provides valuable insights into its
potential environmental impact. In addition, the water samples appear to meet most Iranian
water industry standards, suggesting that the water quality is relatively good. Regular
monitoring and comparison with standards ensure environmental safety and can guide strategies
for effective management and treatment of landfill leachate. The leachate and soil of the Gandak
landfill show considerable variation in their geochemical parameters between seasons. The
regional geology, particularly the presence of limestone and marble, influences the
characteristics of the water and soil. Although the parameters are currently within acceptable
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standards, continuous monitoring is essential, especially given the ever-present risk of leachate
contamination in the environment due to high rainfall and lack of waste cover. Proper landfill
management can help minimize potential environmental threats. The soil at the Gondak landfill
shows signs of moderate anthropogenic contamination. While many metals appear to be derived
from the geological characteristics of the area, human activities, particularly waste disposal
practices, undoubtedly contribute to metal concentrations. Continued monitoring and an
expanded, systematic sampling approach in future studies are essential for a holistic
understanding of the extent and sources of contamination.

Conclusions

Data from geoelectrical surveys indicate the presence of a cemented layer at a depth of
approximately 3 to 5 meters, which acts as a barrier and limits leachate infiltration to shallow
depths. As a result, leachate remains largely at or near the surface during wet seasons, which is
encouraging for the protection of underground water sources in the short term. With the onset of
colder seasons, the resistance in the soil tends to decrease due to fluctuations in surface
temperature and moisture. However, above 5 meters, the resistance seems to stabilize. Some
observations suggest a curious dip in surface resistivity during warmer periods. Although a
decrease in moisture typically increases resistance, the infiltration of contaminated leachate may
be the cause of the anomalous decrease. Preliminary observations suggest that the spread of this
minor contamination is southwards. The groundwater table, at a depth of around 50 to 60
meters, may act as a buffer against direct contamination. Considering the considerable depth of
the groundwater, the extensive unsaturated zone, the relatively short history of the landfill, the
limited rainfall and the higher evaporation rates, the production of leachate appears to be
limited. The monitoring of resistivity at pre-determined points over defined time intervals would
be instrumental in tracking variations in soil fluid content, particularly in the superficial layers.
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