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Municipal solid waste (MSW) management is recognized as one of the most
critical environmental challenges of the twenty-first century. Rapid population
growth, increasing consumerism, excessive waste generation, inadequate
recycling practices, and the disposal of waste in poorly designed landfills have
significantly complicated sustainable waste management. Landfill leachate, in
particular, poses a serious threat to soil and groundwater quality due to its
complex composition and high contamination potential.In this study, previous
research on landfill-related contamination was reviewed, and the effects of
leachate generated from the Aradkouh landfill on the shear strength behavior
of soil were experimentally investigated. In addition, the applicability of the
Contamination Index Parameter (CIP) and the Leachate Pollution Index (LPI)
was evaluated to assess the degree of contamination and the potential risk of
groundwater pollution.To examine the influence of leachate, uncontaminated
soil was used as the control specimen and compared with artificially
contaminated samples containing 3%, 10%, and 15% leachate. Direct shear
tests were performed on all specimens under different normal stress levels
after a curing period of 72 hours.The results demonstrated that increasing the
leachate content to 3%, 10%, and 15% reduced the soil shear strength by
approximately 22%, 26%, and 28%, respectively. Moreover, leachate
contamination adversely affected the soil's internal friction angle. These
findings suggest that leachate infiltration weakens the mechanical properties of
soil, reduces landfill stability, and increases the potential for environmental
and groundwater contamination.
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Figure 1. CIP indurial polluton index in soil sampels of Neishabur landfill area
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Figure 2. Migration of leachate pollutants from the San Angelo landfill: Scenarios 1, 2, and 3
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Table 1. Evaluation of groundwater contamination using the Olekno method

Index Soil Depth (m) Index Soil type Index Average annual rainfall (mm)
3 1.5-3 12 Silt and clay or sand and clay 21 <250
7 3-6 5 Silt and sand 7 255-760
8 6-9 4 Mud 6 760-1780
9 9> 0 Gravel or coarse sand
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Figure 4. The Research methodology flowchart
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Table 2. Characteristics of leachate produced at the Aradkoh landfill

Parameter Value Parameter Value
pH 5.011 Sulphate (mg / lit) 3500
COD (mg / lit) 55500 Chloride(mg / lit) 8000
BOD (mg / lit) 24855 Bicarbonate (ms / cm) 17600
Nitrate (mg / lit) 80 EC(mg/ lit) 33,3
Phosphate (mg / lit) 275 TDS (g/ lit) 17.04
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Figure 6. Image related to the soil moisture content determination test
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Figure 7. Soil grain size distribution curve
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Figure 8. The Direct Shear Test; (A) the sheared sample after loading and (B) compaction stages the sheared sample after
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Table 3. Specification regarding the data and calculation of the Direct shear test for the control sample

Test no. Symbol nB T max axm—hA u]tT ult-hA Disp.ra_te
g’} (ko) (o) (g} () (mm/min)

1 — 1.00 0.54 55 0.35 7.00 0.125

2 __. 2.00 0.54 6.00 0.42 7.50 0.125

3 e 3.00 0.87 6.5 0.67 8.00 0.125

C=0.32 kglcm?_, ¢ =183

1.6 4
— gn=1.00
—-== gn=2.00
147 ~==- on=3.00

1.2 4 - ~

1.0 4 RS ~.

0.8 - -

0.6 4 / -

Shear stress [kg/cm?]

0.4 Piae

0.2 4 g

0.0
o 1 2 3 4 5 6 7 8 k=]

Horizontal displacement [mm]
1.6

1.4

¢=18.3"

1.24 c=0.32 kg/cm?

1.0 1

0.8

0.6 4

Shear stress [kg/cm?]

0.4 1

0.0

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Normal stress [kg/cm?]

Figure 9. Chart of the results for the Direct Shear Test of the contorol soil sample
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Table 4. Specification regarding the data and calculation of the Atterberg limits test for the control sample

Sample Number Blows Range Number of Blows Dry Sample Weight Wet Sample Weight Container Weight
A 35-25 30 30.63 38.29 4.29
B 30-20 28 32.63 38.57 4.57
C 25-15 22 34.63 38.85 4.85
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35 LL = 33.5%
g 30
€
£ 25
Q
]
2 20
2
= 15
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5
0 . r T T T T T —
5 10 20 30 40 50 60 70 80 90100

Number of Blows (N)
Figure 10. Chart of the results for the Liquid Limit of the contorol soil sample

5 o) zebs &yl plosl ASTM D854 5liliul Lululyy 5 Gs dals )3 6,0l ogain (s (s Linlos]
sl 005 1)) (B) Jgdo D aulyuid Cilisto (glanduoyd jeuis )3 CL (gt b S (gl Syl sgi (cla yinle]

Table 5. Atterberg limits test results

GS w LL PL Pl Classification
2.65 10.2% 33.3 20 13.3 CL
Atterberg Limits Sample with 3% leachate 30 20 10 CL
Atterberg Limits Sample with 10% leachate 29 19 10 CL
Atterberg Limits Sample with 15% leachate 27 19 8 CL
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Figure 11. Chart of the Atterberg Limits test results for the leachate-contaminated soil with; (A) pH =7.8 and (B) pH =5
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Table 6. Specification regarding the data and calculation of the Direct shear test results with; (A) 3% leachate

Disp.rate
Test no. Symbol nB max | axm-hA ultT ult-hA t
(kafem) (kalem") (mm) (e (om) (mm/min)
1 ——— 1.00 0.55 5.00 0.41 6.1 0.125
2 ____. 2.00 1.01 6.00 0.76 7.20 0.125
3 3.00 1.08 7.00 0.86 7.90 0.125

C=0.36 kg/cm® , ¢ =14,6

0.8

0.6

Shear stress [kg/em?]

0.4

0.2

0.0

a 5
Horizontal displacement [mm]

[ =14a.6°
124 |e=0.36 kgrem?

Shear stress [kg/em]

0.0 a’s 10 1s
(A) Normal stress [kg/cm?]

Figure 12. Chart of the Direct Shear Test results with; (A) 3%
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Continued table 6. Specification regarding the data and calculation of the Direct shear test results with; (B) 10% leachate sample

b A A Disp.rate
Test no. Symbol n max h-max ult ult-h "
(kg/cm ) (kq/cr;!)‘ (mm) (kq/crn'\;) (mm) (mm/mln)
1 — 1.00 0.65 55 0.35 6.7 0.125
2 2.00 0.89 6.00 0.59 7.30 0.125
3 3.00 1.12 6.5 0.83 7.87 0.125

C=0.41 kg/lcm® , ¢ =134

1.2 4

1.0 o

0.8 - -

o6 T - -

Shear stress [kg/cm?]
A
\
’i
!

0.4 - e

0.2 - =

0.0

1.4

1.2 4

1.0

0.8 -

0.6 -

Shear stress [kg/cm?]

0.4

0.2

0.0

0.0 o's 1’0 15 z’o 2's s’o 3ls
(B) Mormal stress [ka/em=]

Continued figure 12. Chart of the Direct Shear Test results with; (B) 10%
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Continued table 6. Specification regarding the data and calculation of the Direct shear test results with; (C) 15% leachate

Test no. Symbol nb max [ axm-hA o\ ult-hA Disp.rate
(kalcm ) (kq/cmz) (mm) (kq/cmZ) (mm) (mm/mm)
1 — 1.00 0.65 6.1 0.35 7.20 0.125
2 2.00 1.11 6.70 0.68 7.90 0.125
3 3.00 1.10 7.3 0.79 8.4 0.125

C=0.48 kg/cm?® , ¢ =13,1"

1.2 -

1.0 gre e <

i - .
0.8 7 - ~
/

Shear stress [kg/cm?]

Shear stress [kg/cm?]

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
(C) Normal stress [kg/cm?]

Continued figure 12. Chart of the Direct Shear Test results with; (C) 15% leachate-contaminated soil
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Figure 13. Scaning Electron Microscope (SEM) image of the leachate contaminated soile sample;(A) 2500 x magnification and (B)
200 x magnification
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