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Fig.1. Satellite image and topography of the study area

g g
H H
; o,
g 5
H H
g =
H H
g 5
H H
H o
g H
H H
5 M
H H

mmmmmmm

Olllas cudils y bla o 558555 slocuils y > adgl judi g adlaie B85 9195 o dajgeis, 4 axgi b
B e N0 BV o s b ails bawgie g 3« 00 je2 g bgle slacd pl (g9, p el (58955
EF dw pizmed bl oo yuxie o VP U Ve o alide bla (o ddhie piie g faiie S S Ges )l
Slllas o o8 Las B ol (oSl Canglin b Sowdwle 9 o)l g (ol j0elSaS ( Silsly- S5 oS K

o ol gl > b gdaie g0l o B cawaVl 50 e ) sloo] S > S g oad BLasST G 58655


http://dx.doi.org/10.22034/JEG.2023.17.1.1014642
https://c4i2016.khu.ac.ir/jeg/article-1-3042-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.1.1014642 ]

Al e s Sl 5 O S Sl (5L ‘o

WtV Olelss )| comdg Vb elas)l 5l (Soop aldl .cwl 00 liwly j0 06 Gz 4 50 Jled
Goe 23 o 1als (g0l 0gu> U 1) 03gamme 395 50 (teejp; ol il Loyl g 08 5 A St CerieS
ol lawgie g, ganal b glaSe culbrs cuio Cgn w4y g 004 yo PO ddlaie ol @a...;
SIS 5 baa s 5l (6 paess slacd T ghls ilssg, s ;0 5 lmoyd US40 (rizmen (Fy) JS2) wigd s

abbge gy ol JUl b

579000 582000 585000 588000 591000 594000 597000
T

PeEz
",—-——

3938000 3940000 3942000 3944000 3946000 3948000 3950000 3952000 3954000 3956000

3938000 3940000 3942000 3944000 3946000 3948000 3950000 3952000 3954000 3956000

579000 582000 585000 588000 591000 594000 597000
Legend
A points GeOIOQy Kilometers
0051 2 3 4
. city CICm  mila F. camberian [ 1K2c Conglomerate Cret.
) [ 1E1c conglomerate Eoc. [ 1Ktzl Tizkuh F. Cret.
* village N
fault [ 1Egb Gabro Eoc. [ 1PeEz Percamb Zagoon F.
aud i3iEk  Karaj Eoc. Ple  conglomerate Plio.
roa =Aad Limestone Jurassic aQft2 Quaternary A.F.
— river

il ey 4dds 55 axlllae 390 dibaie Condge .Y JS5
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

(Vertical transformation of apparent resistivity) o sSJl Cwglio o bl 5
oS Cel (ABI2) o 4 So Sl Canglin e Sl pds G ,S5ky (S 5S) Canglie dhas Slpnis oLolS
Olts sl as 4y S (5,0l (S Sl Cenglie i Jeil s @dly j0 a5y T cdle 5 Gl g D s
@ azg b ki o5 LS oLolSe lp Sl peeal 50 Gy Bl Gl SESE L g)lsed i R0
ol 0al 00ls 28 AJSS 5o Bas a4y Cond (G Sl Coglite Ol peid i ol oo Corenl Sl 0595 Bun
b sl planel Loy ol 5 awsie Vb LolS L g5 s Ly aihie o p)lez b gl catlsy b Jlez o

aS W)l catie o903 ¥ olad glail g pgo Lo ails ;o YU jlews LolT ks g5 daw L0gd g 0ays (g5


http://dx.doi.org/10.22034/JEG.2023.17.1.1014642
https://c4i2016.khu.ac.ir/jeg/article-1-3042-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.1.1014642 ]

Ay \f»Y)LE\s,w‘Vam»‘wwqu)q,:;

Oyt G FBF 5lgs oo 5o sl b 5o pS L3 o ally slaal s S GBas (gl wilyd s
o loel 15 Gl b5 b I 55 5 b b g dasio Gl,T b ¥ o S ke Ll Kot
(AJSE)05d g03 000 B S )3 ()lgen (BT5055 5 005 Sgliie (s AY 41 9,55 5 Bes S S8 0L L
Ol 0L SIS () Sl (izen aitus Sopdn (LS (65 Djga Vb LS Sl 095 99 p90 b s
do g 039 Jol Jedgn and 099> b pgm Lt sl oad 3gaome (e haw 4y g 00l eS ol > 4 S
3,95 o0 iz 4 YL Lol S slls 30 G Jgl alais jo clblo o)l Lo jo iams o lid | olaie U slaY e

sl asls bLs )l beal pos ez b Yo as

(V-transformation)
T
A~

a

(V-transformation)

L —

(V-transformation)

~ (V-transformation)
= o
I

2

LAP23

Pl B Jsl dedon 5o (oS Cuoglia (s390e (lolS AJSS

Fig.8.Vertical gradient of electrical resistance in the first to fourth profiles

oIy ablio
OS5y 695 Jpel B85 S 0 b g ol by 5 Shme slagone gl @ 5l e

Ol bl 5 aS Wl e Casdy Ges 4 s (oSl Cglie 2345 ( One dimensional inversion) 1-D
blie col Slaige bE il (e 8l 50 5 Gas o] G50 jyme 45 3ged agd 1) rhake g
a1 o a5 ouds ags s /0 iSlas ages bld by Jdgp e ols,5 5l soliul b (S iSUlg5;
(Error function minimization) Uas s (65l pewie @8ly j0 5 ol olol 0l oo (aseis LB ol

WS w5 olen 0505 4t lidine; chie Olyise wly elabe ol 5l ol ST (28,5 1y L abl s


http://dx.doi.org/10.22034/JEG.2023.17.1.1014642
https://c4i2016.khu.ac.ir/jeg/article-1-3042-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.1.1014642 ]

Al e s Sl 5 O S Sl (5L oy

Sl Y (S S Coglio alaie slajlaigw el 1o 059 (S Sl Caglae slacl 4 az g b 00 5 oo cunlice
Bged walyt wlbidipe; Jelod g 5o 50 i S5 S iz oS wilioe Bres 5 (el 4Y I S

U Jloiol g o ahatie sloaS, g o Ve U Fe sgu> Jloiol Sbisl mhaw 0529 mhaw Oledbl asllas ol 5o
Ol s aigy g 0098 Coll Judg p olael aials ol 0ays F bl clils py bglas (o feVFrogas iSlas es
a5 amd oo ol ool Caws ablio w)p g Slelay)l sy Cumdae s HLSS 9 CS 1SS 8 Bes A S
aS 09l o0 oty Waslasgu el o l...;,a., Lo Caglio glils Y el paie SL3l s> 5 yilS g Bes piored
o yiSJlg5 slmosls (3ls 5l ool s pls S xSUlg5 ablie 4 S o o)l Cules o VF LY
s ol g ees Y 0 jlagn S Joee jo (SO S Caglae cend il38l a5 sl oald cols lis
ouiy¥T Slge 0575 Cash i b LUyl (o Jedgn o W3l (S Jome gl 5o Logass (S iUl Cunglis
g 0050 Joo dus o Dy Ailg o g ol Vb S S o Judg s bl aen jo 508 bl Lol ol laoley
SV 0B s S S 3ee) 0400 (g0l Cwls b iy o o aS sjlal pls 4 1) x5yl O
Coglae b ¥ el FUY sl dg )0 dgpin ,l90 5l (oxbaw S 5 50 Jlocas [ S L bay 1SS
Glag g Jlew 4Y Hog Lls a5l wilgh co 9 050 0gad ol Sulbes LT g AV & F Glaslasgn o o5 L
5 als Vb Jlow &8 o Joniliy e Ljis 5 ails ctys Sligr; Vgons il gy JB Jlozo! ]
Mepaiyeda et al., )ai .5 )13 lioe by ol § @Yl JES ¢ Lo b 5,05 00 00 6l aoles o0
BleF S g s Al T lag i jo a5 wips oo lis oYL (Sad Hlaew aslllas 540 dilaie o LI (2019
@5 P b 50 el Sgpie (g9Pa Sz g ol (pl 8 (LS Slalllae 3 (5 ¥ (SSSH
Jdo Vg Aabais 50 10 o o35 50 LS 098 o0 0u0 v Ldgy plo b anglie jo (SO STl Caglin 2ol
o8 (SO Sl Caglie wals yrals p)lea clly bas o cwl ol LS cwglas el Jles ] cis
05 53 Ceaglie a5 w3 (g o0 Lo ddg 5 Wl Spaul Jore g ailaie (Bl Sgys8 Bllad ;o (AUSD) 95 503
Slow 51 (S36 o0 ol b o ls Canglie S8l oS ol (59, 5 wad o0 LIS (st Sl ooy S e
(Koda et al., 2017)ccl obaw SVl Sdgy0up o oo 5 g, O3 S

Condy 8,50 50 by Judon Sl lagimie (SupSIS peedi Gl ey oolidine) ghie Ygans
30 B ee Olpsd (Boe Job jo (SO Sl Cuglie Ol i Qg 00l pndl Cenglie olael dailaie ool e
ol Y Sledbl Jols ol e Cledlbl ( S5 Julse 50,5 bld gl maw ol (Jdg Jsbo
(_ng)_’;.AB}:.[ 9 b.uL..ww.,o) slodaidi wezge ‘_gl.a:ol.? 3o u] @O 9 CetS 0l o LgL&vol:g o uT CJ""" WO9>g0
Sl ISiite (o 4Y ddlaie (ol )0 s oo Cewdy dibate o o Sldllae e g s mhaw 40 39> 50
o LAY & Cans 45 009 o5 LS b b adlaie Sis g ails 5, b ey glacdpl g b S


http://dx.doi.org/10.22034/JEG.2023.17.1.1014642
https://c4i2016.khu.ac.ir/jeg/article-1-3042-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-05-22 ]

[ DOI: 10.22034/JEG.2023.17.1.1014642 ]

of \f»Y)LE\s,w‘Vam»‘wwqu)q,:;

L5)5.‘>~=\.: ).b) 9 Ja.wg...a ‘w)d ) BT =g ulaa.w) Joy.._?" ..\...ul.l‘s‘o LQJJBJJ ).) (_.;).Nb L.»).a.: é.'J..S.” wsl.o.n ‘_gbl.)

S - IR

o~
&
]

. [0 m]
254
166.8
1292

100

743
5995
46.42
3594

el U Jsl slokdsn 5o (Seyslgsy ahate 4 JSS

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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Fig. 12. Curve diagrams of 8 soundings at points that coincide with each other at a distance of three samplings
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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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