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Abstract

The purpose of the present study is to assess the environmental impacts of municipal solid waste
disposal on Babolsar beach, Mazandaran Province, and its effects on the adjacent soils. For this
purpose, 15 surface soil samples and 10 leachate samples were collected and analyzed using standard
methods. The concentrations of major and trace elements in soil and leachate samples were measured
by ICP-OES and ICP-MS instruments, respectively. The obtained results indicate that the
concentrations of Ag and Cu in all studied soil samples, and those of Mn and Ni in most samples,
were higher than the world soil average composition. The average values of the elements' enrichment
factors followed this trend: Ag (12.6) > Ni (6.3) > Mo (6.2) > Cu (5) > Cd (4.7) > As (4.5) > Cr (3.5)
> Pb (3.2) > Co (2.6) > Mn (2) > Fe (1.9) > Zn (1.5). The concentrations of Cd, Co, Cr, Fe, and Ni in
leachate samples were higher than the permissible values for leachate disposal into surface and
groundwater resources. The obtained results in the present study show that waste disposal
management in the study area is a necessity according to environmental guidelines, which may
prevent the pollution of soil, plants, and water resources in adjacent areas.
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1. INTRODUCTION

During the last decades, the excessive growth of the population and the development of urbanization
have caused the emergence of various environmental problems. The disposal of produced municipal
solid wastes in urban areas is a significant challenge that needs proper environmental management
(Wang et al., 2009; Aydi et al., 2013). Site selection for waste disposal is considered the most
important step in waste management (Uyan, 2014), since improper disposal of waste will eventually
result in soil and water resource pollution, which is mainly due to the production of extremely polluted
leachates in disposal sites (Gottschall et al., 2009). The leachate composition is highly complex and
contains numerous dissolved and suspended organic/inorganic pollutants such as NH4*, Ca2*, Mg?",
Na*, K*, Fe, SO+, Cl, NOs~, PO+*", and potentially toxic elements (e.g., Cd, Cr, Cu, Pb, Ni, and Zn)
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as well as pathogenic agents (Ogundiran and Afolabi, 2008; Kassasi et al., 2008). Due to the presence
of toxic organic and inorganic pollutants in waste leachate, waste disposal sites in urban areas can be
a major threat to soil and water resources (Christensen et al., 1992; Chofqi, 2004; Claudio et al.,
2006).

In Babolsar city, a high amount of municipal waste is produced daily and is disposed of near the beach
without environmental considerations. The humid weather of the area leads to the production of a
large amount of waste leachate, which can infiltrate into the Caspian Sea and groundwater resources
and may cause severe pollution of the coastal area and marine ecosystem. On the other hand, soil
pollution in the area is worrying due to the expansion of agricultural lands around the landfill site.
The objective of the present study is to assess the level of soil pollution in this area and to investigate
the chemical composition of solid waste leachate.

2. MATERIALS AND METHODS

Fifteen topsoil samples (0—15 cm depth) were collected using a stainless steel shovel. The soil samples
were dried at room temperature for 48 hours. Then, the samples were passed through a 10-mesh sieve
and pulverized using an agate mortar until the particle size reached up to 75 microns. The
concentrations of major and trace elements in powdered soil samples were measured by an ICP-MS
instrument (Perkin 9000 DRCE model) after strong acid digestion (HF+HCI+HNOs+HCIOs). To
evaluate the accuracy of the data, blank samples and reference materials were analyzed, and to check
the precision of the analytical results, triplicate analyses of target elements in each sample were
carried out. In order to quantitatively evaluate the level of soil pollution around the Babolsar waste
disposal site, some geochemical indices including Enrichment Factor (EF), Pollution Index (PI), and
Pollution Load Index (PLI) were calculated. The pH and EC values of the leachate samples were
recorded in the field using a portable pH-EC meter. Ten leachate samples were collected in 1.5-litre
polyethylene bottles. In each sampling site, two subsamples were collected: one for measuring the
concentration of potentially toxic elements and the other for determining the physicochemical
parameters. Before sampling, the bottles were rinsed with leachate. The first subsamples were filtered
through a 0.45-micron filter paper, and the pH was reduced to less than 2 by adding a few drops of
dilute HNOs. The concentration of potentially toxic elements was measured by an ICP-MS device
immediately after sample preparation. The second subsamples were used without any preparation to
measure total dissolved solids (TDS) and total suspended solids (TSS) using the gravimetric method.

3. RESULTS AND DISCUSSION

The concentrations of Ag and Cu in all studied soil samples and the concentration of Mn and Ni in
most samples were higher than the world soil average composition. The concentrations of Co, Cr, Fe,
Mo, Pb, Cd, and As in some soil samples were higher than their values in the world soil average
composition. The Zn concentration in all samples was lower than its average value in world soils. On
the basis of enrichment factor values, the studied soils were highly enriched in Ag, Ni, and Mo, and
moderately enriched in Cu, Cd, As, Cr, Pb, and Co. There was a low enrichment of soils in Mn, Fe,
and Zn. The pollution index values of Ag, Cu, Mn, and Mo were higher than 1, indicating a probable
anthropogenic source of these elements in the soil. The calculated pollution load index values also
showed average soil pollution in the study area. Based on the obtained results, in most leachate
samples, the EC value was higher than the maximum allowable limit (1500 ps/cm). The amounts of
TDS and TSS in all samples were higher than the standard values. The concentrations of Al, As, Ba,
Cu, Pb, Mn, Se, and Zn in all leachate samples were within the permitted range provided by the World
Health Organization for the discharge of landfill leachate into surface waters, while the concentrations
of Cd, Co, Cr, Fe, and Ni in some samples were higher than their respective values in the WHO
standard. According to the degree of pollution (Cd), the studied leachate samples were highly
polluted.

4. CONCLUSION

The results of the present study show that improper disposal of municipal wastes on Babolsar beach
may cause serious environmental issues for the surrounding environment and local residents. The
infiltration of municipal leachate may reduce the quality of water resources and soils. Therefore, the
reduction of leachate production before waste disposal is deemed necessary. In general, it is of crucial
importance to select a suitable site for sanitary waste disposal to prevent leachate leakage and the
release of pollutants into water resources and soil.
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the world soil average
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Table 2- Pollution Index (PI) values of heavy metals in soil samples around the Babolsar
waste-disposal site

1 2 3 4 5 6 7 8 9 1o Standard
value
pH 774 774 775 774 767 77 769 765 732 75 6595

EC (us/cm) 1698 1698 1220 1530 1498 1407 1580 1595 2150 1696 1500

TDS(mg/L) 1034 1025 812 850 864 798 895 940 1310 1035 500

TSS (mg/L) 93 106 110 100 97 101 130 103 112 138 50
Joie 3 5 abesd= (3 layiall (¥) o ) Slils 3S5a5 e o glaie 4 (ol )l Sl
Gl cladiges ;D ol (65505l S wljls clale F D900 003 ) ¢yl cdlsd losds glie S > p S
sldigas )3 ol oad &l bl 2d b (5525595 Joxo (F) akaly ©y50 4 addllas 3550 laSs sl a3l
o VINGYIY 5l sl s p3 PH jlie caalllas 550 dileis 3,5 dule

o Aoy e o3l )3 4l sladiges olos PH o o) i & (Soal ) B PLI e ol

1<PLI bugie Sagll (PLI<1) 005 0391 S Lol
5 s Sofl 5 (2 < PLI< 3) sbj 59 (< 2
2 Sl pa3ls (0) S5 09 e wemis (PLI2B)
bl p e o i 1) (gl pdiges calisee (glaolSiu!
eas cuby pb S ( Sagll b asls ol

cladiges 1> wiel Cuny gl wlul p cul (0/2-0)
e w3l (Sopsdlcola Ve g A A Y Y ) alyd
& ladiges (oSl colin g odg g (YO - HS/CM)
(V) JS5 4 s b (F JS) ol Slone 039450 )3 9 0
e | adllas 3)50 (sladises dem TSS 5 TDS Hlide

S ‘ & . I.“ ‘ _
e i R 4».&,55})5%5&5[5 5| digal g3 ‘539”):.& 03y » dakie

o l - n
T 03y 0 albj (531))90 Culuw 03gaxe 5l o Cubld p (sladigas
Sl )3 bawgia (Sl
PLI= (PixPizxPizx...Pin) " (F) o,
16 ez » —

1.4 +

pes————

Agricultural soils

1.2 4

0.8 o

PLI

Barren soils

0.6

0.2 o

1 2 3 4 5 6 74 8 9 10 11 12 43 14 15

il 5% A3 (632590 Jome s9lbme I (5510 paiges SOl 50 (T sk Ll -0 b
Fig. 5- Pollution Load Index (PLI) of soil sampling sites around the Babolsar waste-disposal
site
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Table 3- EC, TDS, and TSS values of leachate samples compared with the standard values
Samples  Ag As Cd Co Cr Cu Fe Mn Mo Ni Pb Zn
1 1.7 1.3 0.2 11 11 15 09 14 8.2 3 11 0.8
2 6.9 0.6 0.2 1.2 1.2 19 1 1.2 6.4 2.5 1 0.7
3 6.2 0.5 0.2 0.9 13 2 0.7 1.2 5.5 2.8 0.8 0.8
4 6.9 0.6 0.2 0.8 1.1 2.2 09 11 4.5 2.8 0.8 0.6
5 6.9 0.5 0.5 11 11 21 0.8 1 3.6 2.6 1 0.6
6 6.9 0.5 0.2 1.3 0.9 2 09 12 3.6 1.8 0.9 0.8
7 6.2 0.5 0.5 1.2 1 12 09 12 55 2 0.7 0.7
8 6.2 0.4 0.5 13 0.8 14 0.9 1 4.5 2.2 0.6 0.8
9 5.4 0.4 15 0.7 0.9 1.3 1 11 3.6 17 0.7 0.8
10 5.4 0.4 1 0.6 0.8 1.3 09 11 2.7 1.8 0.7 0.9
11 4.6 0.3 0.7 0.8 0.7 12 0.8 2.7 12 0.6 0.6
12 3.8 0.3 0.7 1 0.8 0.9 1 1.8 16 0.5 0.7
13 3.8 0.1 0.2 1.2 0.7 0.6 1.1 09 1.8 1 0.4 0.6
14 3.1 0.1 0.2 11 0.7 0.7 08 09 0.9 0.9 0.3 0.5
15 3.1 0.3 0.2 0.7 0.7 1 0.7 0.7 0.9 0.1 0.5
average 5.5 0.4 0.5 0.9 14 09 11 3.7 19 0.7 0.7
min. 3.1 0.1 0.2 0.6 0.7 0.6 0.7 0.7 0.7 0.9 0.1 0.5
max. 1.7 13 15 1.3 1.3 2.2 11 14 8.2 3 11 0.9
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Fig. 6- Electrical conductivity of leachate samples compared with the standard value
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Contamination )  Ssgll 4> asls il eslitul b Ll
9o i)l e (539 s 9 ot (Degree, Ca
Ol 4 5 25800 dnmilne Al digal o gl a3l
Wged CudS p Fhe yiell cpia Sy Ol s
(%) 5 (0) Llgy 5 odlizul b [ Sagll asyd 33,5 o asuiie
Cri o daly ol &5 (Tijani, 2009) 394 o 4wl
Chi 5 o0 (5yS0jl 5ol o Cai 53l oy
ol pll ol )b gl Slea caslige plojlo 3 jlilul clale
03y 4w 4 ) (539l maws g o Ca polie I eslil b
1<Cy<3 oS (529l Ca<l oS i ol 4 0,8 opndis
Ay o i 1y ol (53¢l Ca>3 g lawgio (Sl

Sladiges olod (A JS5) ool cuwd 4 gl 4 dsg5 b
s g o3 3bj (Sogll anyy iy adllae dy50 ailyud
Bl (o bae dy )l ol adsd 1 56 aorecns ;
25 )8 g a2y 5)90

vy

olie 4 sl ol 3959 code] Cowd 4 guls & 4295 L

g i o] cuis Sl 4 Syl o
wiiwogl] polis chle F oo 4 d2g b o9d s
plod )3 (595 5 5350 il o o el St
Ol bwgr s &Iyl jlre 39z jd wlpd (sladiges
b e 4 Jdad alpd adss (gl (Sl el
] pgsS WS uadlS polie clalé 1 Jlo 53
3 ol 3,5kl o) Jlade iy adiged (S 0 IS5 g
Slodises 0 adllas 3y50 polie clale lbawgio A S
ol dunlie  Slea cudligy ool d)lsliwl yolie b 4l s
wadlS polic Ll Lugie S5 ol bl ad
5 sy cadllas 350 slodigas 1> JS 5 ool pg S IS
Gl Sl cuiligy ylojlu lawgs s &3l)) 5 lasliwl yiolie
(o Paw b 4 bl ol o J 1S 39)9 ol i
Sl 3959 a5l s Japrecunyj Clble b wlys
olyor dihio el)j @Y gamme 5 SB ol plio 4 i

(6) s

(%) abas

VEF s oo le 0 ybad oyl 3 Comns 035 dhur’;r:".lf
"o .

293 oole (s 4ol Juad



L’,‘,Msw@

Olsle Ll bl Jolw )3 (6 54 ol (SBilonnny (5345793 (o Cumn j O151 (b5,

Cedilong Olojle & Tilinl palio b dwlio 5O wudsb AL (535390 Jomo Al gl 38 (s O3 ke -¢  Jgu>
(A 2P o e p 20l0) Slex
Table 4- the concentration of heavy metals in leachate samples collected around the Babolsar

waste-disposal site, compared with the standard values of WHO (mg/L)

Samples Al As Ba Cd Co Cr Cu Fe Mn Ni Pb Se Zn
1 0.546 0.029 0.079 0.027 0.014 0.153 0.193 7.321 0.084 0.221 0.029 0.065 0.655
2 0.342 0.029 0.071 0.002 0.068 0.23 0.163 7.565 0.089 0.261 0.001 0.013 0.132
3 0.342 0.031 0.072 0.001 0.067 0.228 0.162 7.54 0.09 0.265 0.003 0.03 0.133
4 0.299 0.032 0.078 0.001 0.073 0.217 0.188 6.9 0.129 0.271 0.006 0.023 0.123
5 0.532 0.029 0.08 0.014 061 0.142 0.191 0.702 0.128 0.211 0.008 0.037 0.395
6 0.295 0.058 0.094 0.001 0.081 0.178 0.232 6.923 0.13 0.293 0.009 0.018 0.09
7 0.299 0.057 0.096 0.002 0.087 0.226 0.246 6.931 0.142 0.308 0.003 0.037 0.106
8 0.298 0.052 0.098 0.001 0.089 0.224 0.269 6.755 0.178 0.313 0.005 0.026 0.118
9 1.397 0.102 0.09 0.004 0.039 0.156 0.089 3.827 0.238 0.222 0.016 0.1 0.078
10 1.636 0.054 0.094 0.008 0.027 0.13 0.005 0.653 0.255 0.239 0.001 0.067 0.261

Average 0.6 0.05 0.09 0.01 0.12 0.19 0.17 5.51 0.15 0.26 0.01 0.04 0.21
Min. 0.3 0.03 0.07 0.001 0.01 0.13 0.01 0.65 0.08 0.21 0.001 0.01 0.08
Max. 1.64 0.1 0.1 0.03 0.61 0.23 0.27 7.57 0.26 0.31 0.03 0.1 0.66

WHO standard 5 0.05 1 0.005 0.05 0.05 1 3 0.2 0.1 0.05 2 5
n [ average B standard
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Fig. 8- the average concentration of heavy metals in leachate samples compared with standard

values
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Fig. 9- Contamination degree of leachate samples of the Babolsar waste-disposal site
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