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Abstract

Municipal solid waste landfill sites contaminate the
surrounding groundwater by releasing pollutants due to
leachate infiltration. The purpose of this study was to evaluate
the groundwater quality around the Borujerd municipal
landfill. To measure water quality variables, Atomic
Absorption Spectrophotometer (AAS), Flame Photometer, pH,
and EC meter were used. The results showed that the mean
concentrations of lead, iron, nickel, zinc, copper, sodium,
potassium, and nitrate in the downstream region were 1.36,
7.42, ND (Non-detectable), 2.87, 0.035, 136.84, 88.19, and
17.55 mg/l, respectively. Also the mean pH of 7 and the mean
EC of 0.013 ds/cm were obtained. In the upstream region the
values were 1.39, 4.39, ND, 1.43, 0.01, 32.8, 2.36, 5.86 mg/I,
respectively. The mean pH was 7.33 and the mean EC was
0.008 ds/cm.

Comparison of heavy metal concentrations and groundwater
parameters around the landfill and control area showed that
except for lead, concentrations around the landfill were higher
than the control values. Comparison of heavy metal
concentrations and groundwater parameters around landfill
and control area with WHO standard showed that the values of
lead and iron (in groundwater around landfill and control area)
and potassium (in groundwater around landfill) was
significantly higher than the WHO standard. Zinc, copper,
sodium and nitrate concentrations were lower than this
standard. The results of the HEI and HPI indices showed that
the groundwater in the area is contaminated with heavy metals.
The results of this study indicated that groundwater
contamination around landfills was due to landfill leachate.

Keywords: Landfill, Heavy metals, Leachate, Groundwater,
Borujerd.
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Parameters W7 Se IS MAC4
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Cu 0.001 1000 2000 1000
Fe 0.006 300 200 200
Ni 0.05 20 20 20
Pb 0.75 100 10 1.5
Zn 0.0002 5000 3000 5000
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Table 2- Descriptive statistics of heavy metals and qualitative parameters in groundwater around the
landfill

ALj 585 Jomo BIb (uojpj 1 y3 0wl (g S 05l (S b iy g (i OIS diog Jlof Y g

Metals Units Min. Max. Mean SD.
Pb mg/I ND 2.60 1.36 0.69
Fe mg/I 0.60 24.70 7.42 6.03
Ni mg/I ND ND ND ND
Zn mg/I 0.63 10.79 2.87 2.46
Cu mg/I ND 0.27 0.035 0.074
Na mg/I 30 310 136.84 85.24
K mg/I 1.3 300 88.19 114.24
Nos mg/I 5.8 60 17.55 13.64
EC DS/m 0.007 0.021 0.013 0.0034
pH 6.69 7.47 7 0.26

ND: Non-detected

Table 3- Descriptive statistics of expanding heavy metals and qualitative parameters in groundwater near
the control area
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Metals Units Min. Max. Mean SD.
Pb mg/I 1.08 1.79 1.39 0.29
Fe mg/I ND 12.06 4.39 5.33
Ni mg/I ND ND ND ND
Zn mg/I 0.26 2.73 1.43 1.1
Cu mg/I ND 0.05 0.01 0.02
Na mg/I 16 71 32.80 21.83
K mg/I 1.6 3.7 2.36 0.93
Nos mg/I 3.5 9.3 5.86 2.29
Ec Ds/m 0.006 0.01 0.008 0.007
pH 6.91 7.75 7.33 0.3
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Table 4- Correlation between heavy metals and groundwater quality parameters around the landfill and
control area
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pH EC Na K Nos’ Fe Pb Zn Cu
pH 1
EC 0.059 1
Na 0.784%* 0.415 1
K 0.795*  0.526*  0.730%* 1
Landfill Nos 0.105 0.659%* 0.256 0.524% 1
Fe 0.278 0.083 0.134 0.191  -0.095 1
Pb 0.569* 0.300 (e61*+ 0.418 0.147  0.239 1
Zn 0.086 0.039 0.132 0.134 0.284  0.244  -0.009 1
Cu 0.052 0.230 0.026 -0.042 0195 0.238 0383 0.070 1
pH 1
EC 0.300 1
Na -0.200 -0.500 1
K 0.100 0.600  -0.900¢ 1
Control Nos 0.600 0.900*  -0.600  0.700 1
Fe 0.154 -0.667  0.872  -0.872  -0.564 1
Pb 0.300 0.700  -0.300  0.100 0.500 -0.410 1
Zn -0.600 -0.600  0.900* -0.800 -0.800  0.667 -0.400 1
Cu -0.250 -0.667  0.103 0.051 -0.410 0284  -0.975= 0205 1

** Correlation at 1% level, * Correlation at 5% level
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Fig. 2- Comparison of heavy metal concentrations (Pb, Fe, Cu and Zn) in groundwater around landfill and
control area (similar letters indicate no significant differences)
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Table 5- Comparison of heavy metal concentrations and quality parameter concentration of the landfill and
control area with WHO standard

WHO 3,18l U sl dilue g Al o485 Joro ooyt & (S yiolyl g cpSiw 138 CAAUE dunglio -0 Joui>

Groundwater Statistics Degree of freedom Sig WHO standard limit
Zn landfill -0.217 18 0.831 3
Zn control -3.187 4 0.033 3
Pb landfill 8.541 18 0.000 0.01
Pb control 10.405 4 0.000 0.01
Cu landfill -115.135 18 0.000 2
Cu control -189.697 4 0.000 2
Fe landfill 5.145 18 0.000 0.3
Fe control 1.717 4 0.161 0.3
Na landfill -3.229 18 0.005 200
Na control -17.124 4 0.000 200
K landfill 2.98 18 0.008 10
K control -18.18 4 0.000 10

Nos™ landfill -10.365 18 0.000 50

Nos™ control -43.023 4 0.000 50
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Fig. 4- Groundwater HEI assessment index for the landfill and control area
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