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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.7. Geoelectric quasi-section in the first to fourth profiles
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Fig.9. Geoelectrical section in the first to fourth profiles
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Geological Section of Profile N.1-Landfill Gandak-Damavand second stage Project
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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

G300 0 la Co Cu Zn | As | Mo | Cr Ni | Cd | pH
i \ \ \ /0 /0 \ \ A -
Slatwsy e | WY YA 2% ¥/A \ QY \2% VAL -
S-1 \$ \as qY \RVARN BRY/SY SA £\ JYS L AYO
S-2 Ve g 44 FIV /50 £\ ) JYE | AY
S-3 \Y Yy A¥ /8 ¥4 SA \as YO | ViES
S-4 \$ \ng aA V8| IPA vq A% Y| VIAD
S-5 \$ Y¥ qy \Y/8 | VY A+ YA JYE | ANV
Ave VAV | YT M| aes | oavE | v YOl o0 | ALY
Max \$ \as 44 \Y/8 | /AL A+ YA YA | MO
min Ve YV w v | w0 3 0 DY ovre
SD \A%% 7S YZ72F 2 IR V7S IRRVRRVRN Yo S I 7720 IR W BVA

a5l ot Sogdl o 5 el sles lasbiwl el slae 5l 5 ST 5 (59, 9,5 udis S8
wlhord oS 5l ol aS s LB oS &8ly 10 5004 Hlug 0 A L VIYO o ddhaie S sladiges o2
s ol KX shlo pg,5 5 Sty | (S5 LS yolie NN 3300 ks sl ailesss ddlaie jole slaSiw
e s Al e 5l e algie 5 S5y 9 ome S stelie Liie Yatol 55 pgaslS 5 ey aizren
a5 slodiges b ol O 1) (o 00l Jiogasme (5 0 paigad |8 0,90 4 Cod olaws a5l S5 sladiges
loall; 55 0 51 90 slaaigas g,cnl 5l digd Cils p o o o Foogll 5 arils laall; b oS L alold T,mué
50 00 LT S sladiges oy od Bl |8 al> 0 10 00l ()l slaailed jiis Glecl sladiges 5 g
U lawgie JS5 5 S, | e 059, LS polie clale Sl 45 s o oylid Sogl (sloo lailiw! b duslio

518 Vb oS b Lawgie 03, b oljeylusl SaglT 5 05gs YU Ls
s po Ol S aldlaies o lis (Sub @ athis S o Ol sl alaSme ax 31.(V/0 51 5YL)
Slogl U5 50 098 co atwlS lag] oyl 5l alols 2ol38l b g aias o olis Sab é leall; ooy alols (o
Lol cansl anils owlid o) Lide lpls Clel wlis 5 s L1 BB oo 351 ladiges 10 oot 5 2l
o 2 edl § S5, (6l (bogd (s bl wilu, gl slacwY 09>y Jla slp 0,5 o, 55 1, ol L] Lece R
el 4 g g0 s b SwiS aklaie o oS wd aialss T liee SB gl 5o S5 5 s, Gralil el
G &y gattin B ;0 5 03,5 (595 9250 sleanl ol 5l @l i o8 > osgame bl Fargr Loyl
S oSS (B0 09 g D e 4 3lge 3y 50 5 ddlaie o B0l (B9 Sz d9dos Solaa g
i ogad Sy i bl aicey pl jo el sed gllae oLSlas ST poe g diged (gogaome Slaas L Ll
S Lﬁd.ij.‘w ‘_?)J o Jiu 9 &A—».M})] R 4S9 ‘,n}..,oolf sg,JL.S cdale u,«ivl...o as ol UL“"’ OM] Cowdo 4.J3‘
b eSBsls 18 lawgie 00, 50 sljnludl (Sogl bl addllas 5,90 oS il 39 YL o lasbisl 4

ailige Ll ) (Fogll lade o it allj phae Jome diged 45 ams oo Lt (Sl


http://dx.doi.org/10.22034/JEG.2023.16.4.1014642
https://jeg.khu.ac.ir/article-1-3042-fa.html

[ Downloaded from jeg.khu.ac.ir on 2024-05-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014642 ]

Al e s Sl 5 O S Sl (5L 1y

398 Sl (50 O B Y dga Gas 0 ond Gloww Y 0e2g Jdo 4y o o lis S iaSUlgs) Olalllas gl
Ol 9o B et (nl )b p Jpad 3 () e S0 g mhaw ;o (ose )3 g 0ad o8 Bleel 4y al ot
sles 5 Cugb,y o Gglas o 4 o walg e oligS loy ,0 sueyp) ol (Sodl pas 4 ailiuigs
2 ) 635 g 039 S alie Cueglie (60 O oo ) o Lol 4l falS Caaglie oy Jab )3 (e (Al
Coglin Cugby malS bl a5 sl dgpuine 0,5 Jad jo xdaw Caaglin il jlaiguw 51 Koo (S 0 aS >
@ 5zl (ool ol JLaml Cuya Ceul 05503 il Canglie 039l il 39i s 4 Ylois| Lol il o 2yl3d)
6ol olos Yol culply o)ls yie Fe b0+ 390> as g 0098 YU s ) o mhw il oo Coin Coon
csimnin; 2 oy Gos o9 b aBl yie 90 e 5l ks 45 S (e ol 4 oaVT B 8, anlys
el 3 0l Lo, 55 9 o8 (Sw,L wlge 585 0bgS L il 0 0+ 51 iy S glosl e asb culbes
Sloy slroyse ;o col bl jo Cuglin polae Jiub b aS aos o lis ol el ol walss gady al i jals

Sgad 2oy ol oo S xhaw g 15 Gles! o 05 1) S DY glgize Ol s alise
G Sad Jgad o Lan ol 00l gognl wsbye Jad o g oo oblE Sas s o PH el o
Aiad s Gl 4 Cad Ll Juad jo 55 TDS § EC 0si 0 cafgie o5 5 atil 2alS So5e0am
SIS pdiges 0,90 50 10 olie S Jlade el s 5l XeS Ll Jas ;o COD 4 BOD yial )y g0 500
LS Jie g yolis Jle gl ls e polie Sglate Jad g0 jo olie sas Lol casl 00 S5 (g0b s
03gaze S ;0 35290 yolie gl ulol ojls weSe (,L8; G5 ol oo (ial38l (5 Ly Jad jo g ad)ls
L G iz alold aS w5 o)z (Jol o] jo Hacdse g (o (IS olie ol «Sau Al 80e
Ol gl e LSl 4y al i 0g,9 5 SBU NN j.,.:L, ool e Lo 1y polae o iny axils eall)
N g 009 oo lailiul jlxe a1 Smb 638 5 Se OluS 5wl g ECLTDS jolie yol> Jl> 0 cogaze
s dihaie ol )0 Cambior g olEays 5V 51 BYL) ol 18 Jlaine i ST Sldlas jo 1) Sl
ooliiwl b g 005500 bla S8 a0 b @aw 50 50 ] Jee 4 S8 ol 5 g ol S5 0955 50 (5 yian

Sg all sboal slaolKiws ;)


http://dx.doi.org/10.22034/JEG.2023.16.4.1014642
https://jeg.khu.ac.ir/article-1-3042-fa.html

[ Downloaded from jeg.khu.ac.ir on 2024-05-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014642 ]

. VEY Sle) Sles qoatia dlor ¢ pmdign olidiope) 4 255

&lw

APHA, AWWA, WEF., 1992. Standards or examination of water and wastewater, 19th Ed. American
public health association, Washington DC, USA.

Avyers, J. F., 1990. Conjunctive use of Geophysical and Geological Data in the study of an Alluvial
Aquifer. Ground water. V. 27, no. 5, pp. 625-632.

Bayowa G.O., Falebita D.E., Adegboyesga R.O., 2015. Surface DC resistivity survey of contamination
Beneath ldo-Osun dumpsite, southwestern Nigeria, GEOFISICA INTERNACIONAL, VOL.54,
NO.4: p. 343-352

Chiemchaisri, C., Juanga, J. P., & Visvanathan, C., 2007. Municipal solid waste management in Thailand
and disposal emission inventory. Environment Monitoring Assessment, 13-20, 135.

Dumon G., Robert T., Nguyen F., 2018. Electrical resistivity tomography and distributed temperature
sensing monitoring to assess the efficiency of horizontal recirculation drains on retrofit bioreactor
landfills, GEOPHYSICS, VOL.83, NO.2: p. B13-B23

Fazelnejad N., Mirzaei R., Heidary Soreshjani R., 2017. Application of electre model in locating of
municipal solid waste landfill (case study: the city of Khoramabad). Iraninan Journal of Research in
Environmental Healthing, spring 2017, 3(1):56-66.

Fazelnejad, N., Mirzaei, R., & Heidari, R. 2017. Application of Electre model in locating of municipal
solid waste landfill (case study: the city of Khorramabad). Journal of Research in Environmental
Health, 3(1), 56-66.

Genelle F., Sirieix C., Naudet V., Riss J., Naessens F., Rénié S., Dubéarnes B., Bégassat P., Trillaud S.,
Dabas M., 2012. Geophysical methods applied to characterize landfill covers with Geocomposite,
Geo-Frontiers: p. 1-11

George A., 2006. Development of Geoelectrical Techniques for Investigation and Monitoring of
Landfills, California University, School of Earth, Ocean and Planetary Science, 224 pages.

Harjito H., Suntoro S., Gunawan T., Maskuri M., 2017. Underground Leachate Distribution Based on
Electrical Resistivity Tomography in Piyungan Landfill, Bantul, INDONISIAN JOURNAL OF
GEOGRAPHY, VOL. 50, NO.1: p. 34-40

Hine K., 2005. Improving landfill monitoring programs with the aid of geoelectrical - imaging techniques
and geographical information systems, CHALMERS UNIVERSITYOF TECHNOLOGY, Department
of Civil and Environmental Engineering, p. i-34.

Islami, N., Irianti, M., Fakhruddin F., Azhar, A., Nor M., 2020. Application of geoelectrical resistivity
method for the assessment of shallow aquifer duality in landfill areas, Environ. Monit. Asses. , 2020,
192-606, 1-16.

Islami, N., Taib, S., Yusoff. I, Ghani, A.A., 2018. Integrated geoelectrical resistivity and
hydrogeochemical methods for delineation and mapping heavy metal zone in aquifer system,
Environmental Earth Sciences, 77(10), 383.

Jacome M., Costanzo-Alvarez V., Aldana M., Patraskovic P., Drielsma C., Galatro D., Cristina Amon C.,
2020. A methodology to characterize a sanitary landfill combining, through a numerical approach, a
geoelectrical survey with methane point-source concentrations, Environmental Technology and
Innovation, VO.21: p. 1-15

Jafari, K., Mazloumi Bajestani, A., Hafezi Moghaddas, N., Ghazi, A., 2017. Landfill Siting for Municipal
Waste: A case Study in Ardebil, Journal of Engineering Geology, V.11, N.3, P.103-132.

Kelly, W. E. and Stanislaw, M., 1993. Applied geophysics in hyrogeological and engineering practice,
Elsevier, Amesterdam.

Khanlari, G., Taleb Beidokhti, A., Momeni, A., & Ahmadi, H. 2013. The effect of leachate of Hamedan
landfill site on ground water. Scientific Quarterly Journal of Iranian Association of Engineering
Geology, 5(Number 3 & 4), 81-92.


http://dx.doi.org/10.22034/JEG.2023.16.4.1014642
https://jeg.khu.ac.ir/article-1-3042-fa.html

[ Downloaded from jeg.khu.ac.ir on 2024-05-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014642 ]

Al e s Sl 5 O S Sl (5L <0

Khoshravesh, M., Norooz Valashedi, R., Helali, J., & Raeini-Sarjaz, M., 2021. Tracing and Simulation of
Leachate Penetration Transfer at Downstream of Landfill Using Special Electrical Resistivity
Tomography Method. Irrigation and Water Engineering, 12(2), 449-463.

Koda E., Tkaczyk A., Lech M., Osinski P., 2017. Application of Electrical Resistivity Data Sets for the
Evaluation of the Pollution Concentration Level within Landfill Subsoil, Applied Science, 7, 262: p.
1-13

Meju M. A., 2020. Geoelectrical investigation of old/abandoned, covered landfill sites in urban areas:
model development with a genetic diagnosis approach, Journal of Applied Geophysics, VOL.44: p.
115-150.

Mepaiyeda S., Madi K., Gwavava O., Baiyegunhi C., Sigabi L., 2019. Contaminant Delineation of a
Landfill Site Using Electrical Resistivity and Induced Polarization Methods in Alice, Eastern Cape,
South Africa, International Journal of Geoscience, VOL.2019, ARTICLE ID. 5057832, 13 pages

Mor, S., Negi, P., & Khaiwal, R. 2018. Assessment of groundwater pollution by landfills in India using
leachate pollution index and estimation of error. Environmental nanotechnology, monitoring &
management, 10, 467-476.

Nakhaei, M., Nassery, H., & Amiri, V., 2012. Contaminant Transport Modeling due to Leachate Leaking
of Rasht waste disposal site. Advanced Applied Geology, 2(1), 69-82.

Negi, P., Mor, S., & Ravindra, K. (2018). Impact of landfill leachate on the groundwater quality in three
cities of North India and health risk assessment. Environment, Development and Sustainability, 22,
1455-1474.

Ouhadi, V. R., Qarelou, Z., and Naderi, F., 2021. Impact of pH Variations of Kaolinite upon Some of its
Geotechnical and Geo- Environmental Properties, Journal of Civil and Environmental Engineering,
Volume 51.3, Issue 104, P. 11-17.

Rafiean, A. H., Haddad, A., Kheirkhahan, M., & Rezazadeh Eidgahee, D., 2017. Evaluation of
Laboratory, Geo-Environmental and In-Situ Site Investigation Methods for Municipal Solid Waste
Landfills. Journal of Environmental Science Studies, 2(3), 464-475.

Rastikerdar A., 2020. Calculation of Ecological Indexes of Waste Management Scenarios in Sirjan City
with the Life Cycle Assessment Approach. Journal of Engineering Geology; 14 (2) :309-328.

Rotich, K. H., Zhao, Y., & Dong, J., 2006. Municipal solid waste management challenges in developing
countries — Kenyan case study. Waste Management, 26(1), 92-100.

Shakeri A, Yousefi F., 2018. Source and health risk assessment of potentially toxic elements in the
unengineered landfills soil of Kermanshah Province. Journal of Engineering Geology; 12 (1):63-84.
Tsourlos, P. I., Szymanski, J. E., and Tsokas, G. N., 1990. The effect of terrain topography on commonly

used resistivity arrays. GEOPHYSICS, V 64, NO. 5, PP1357-1362.

Yazdani, V., & Mansourian, H., 2019. The assessment vulnerability of Qazvin-plain aquifer, sensitivity
analysis removing parameters by using GIS. Irrigation and Water Engineering, 10(2), 127-145.


http://dx.doi.org/10.22034/JEG.2023.16.4.1014642
https://jeg.khu.ac.ir/article-1-3042-fa.html

[ Downloaded from jeg.khu.ac.ir on 2024-05-20 ]

[ DOI: 10.22034/JEG.2023.16.4.1014642 ]

Journal of Engineering Geology, Vol. 17, No. 1, Spring 2023 66

Monitoring Quality Changes in Water and Soil at Urban Waste Landfills with
Geophysical and Geochemical Analysis (Case Study: Gandak Damavand Landfill)

Abbas Safari?, Omid Tavasoli", Khalil Rezaei®, Seyed Hamid Lajourdi*

1. Ph.D. Candidate, Department of Civil Engineering, Islamic Azad University, Arak, Iran
2 .Associate Professor, Department of Civil Engineering, Islamic Azad University, Tehran, Iran.
3 .Associate Professor, Department of Geology, Kharazmi University, Tehran, Iran
4. Assistant Professor, Department of Civil Engineering, Islamic Azad University, Arak, Iran

Received: 09 Feb 2023 Accepted: 17 May 2023

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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