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Abstract

Landfills can be considered as a potential threat to groundwater resources, considering the

potential of groundwater pollution by leachate with the pollutants such as hydrocarbons and
heavy metals. In this study, spatial changes in groundwater quality used in agriculture, in the
vicinity of landfill site of municipal solid wastes in the southwest of Zanjan city were
investigated. For this purpose, analysis of 18 physicochemical, heavy metals and bacterial
parameters in leachate and 14 groundwater samples were investigated around the dumpsite up to
a 5 km radius from landfill during two sampling periods (i.e., December 2020 and June 2011).
In this study, several indices including leachate pollution index, sodium absorption ratio, Killie
index, soluble sodium percentage and permeability index were used to investigate groundwater
pollution in the study area due to leachate or other sources. According to the results of LPI,
none of the groundwater samples were polluted with leachate. Also, the quality of these
resources for use in agriculture was evaluated favorably according to SAR, KR and PI indices,
however, according to SSP, 64% and 86% of samples during December 2020 and June 2021,
respectively, were reported polluted. In general, the results of qualitative study of groundwater
samples in dry season (December 2020) were more pronounced than pollutants. Although based
on the results of agricultural indicators and LPI in well number 5 as the closest well to the
landfill, no contamination by leachate has been reported, however the high chlorine

Journal of Water and Wastewater oML gT e

Al
Vol. 33, No. 2, 2022 VPN Jlo Y oled FY 00



dx.doi.org/10.22093/wwj.2021.311047.3187

concentration which was at maximum of allowed range, the potential dangers of landfill
leachate were shown. It is noted that chlorine acts as a leachate detector in groundwater.
Therefore it is recommended that monitoring wells be dug at different depths and at distances of
less than one kilometer from the landfill, and sampling be done in successive periods to
determine even the smallest effects of leachate on groundwater.

Keywords: Sodium Absorption Ratio, Sodium Soluble Percentage, Kelley Ratio, Permeability
Index, Leachate, Leachate Pollution Index, Water Quality in Agriculture.
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Table 1. Location of sampling in vicinity of Zanjan landfill

Site 1 2 3 4 5 6 8 9 10 11 12 13 14
Depth (m) 130 110 120 80 135 150 120 157 140 120 145 85 89
Distance
from landfill 3.4 3.8 3.6 3.5 1.5 1.9 3.7 415 43 4.5 4.8 5.2 5.4
(Km)
Position Up stream Down stream
Land use Agriculture Livestock AViCulture Agriculture Industrial Residential Industrial Agriculture Livestock Agriculture Aviculture Industrial
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Table 2. Limits set for agricultural indicators

W ey D e )
Great <10 <20 - >75
Good 18-10 20-40 - 25 75
Medium 18-26 40-60 - -
Suspect - 60-80 - -
Inappropriate ~ >26 >80 _ <25
Usable - - <1 -
Unusable - - >1 -

Sl 5 oot 50 58 0t 3T (glo el s aodls ¥ s
Table 3. Summary of physico-chemical and bacterial parameters

Groundwater

Parameter

December

June

Average Max Min Average Max Min

Parameter

Leachate

June December

Fresh waste Old waste Fresh waste Old waste

pH 6.5 72 6.1 6.5 6.8 59 pH 5.1 7.9 5.7 8.2
TDS (ppm) 755.6 2150 376.0 615.6 1210 350 EC (us) 26700 26000 34900 34100
Cl (mg/L 1422 396.9 39.1 123.7 326.6 63.9 TDS (ppm) 13400 13100 17400 17100
COD (mg/L) 552 1555 3.6 32.0 863 4.4 NO;(mg/L) 160 40 200 666
NH; (mg/L) 0.11 031 0.04 0.08 0.11 0.05Cl(mg/L) 6248 200 200 150
HCO; (mg/L) 1759 237.0 128.8 200.8 233.9 123.9COD (mg/L) 42522 5500 55750 9079
Ca (mg/L) 229.5 410.0 128 103.7 234 40.6 PO, (mg/L) 240 78 234 61
Mg (mg/L) 36.1 49.7 241 23.8 33.5 15.7 SO4(mg/L) 1100 500 1800 200
Na (mg/L) 1423 621.0 364 67.8 178.5 22.9 NH;(mg/L) 680 820 640 790
K (mg/L) 3.6 73 1.1 2.1 3.8 0.6 Hg(pg/L) 0.02 0.01 0.02 0.01
Hg (ug/L) - - - - - - Cr(ug/L) 0.1 1.1 0.3 1.4
Cr (ng/L) 10.1 11.1 9.9 13.5 13.7 13.3 Cu (ppm) 0.04 0.03 0.2 0.17
Cu (ng/L) 4.1 42 4 4.4 4.8 4.1 Fe(ppm) 9.5 3 16 5.1
Fe (mg/L) - - - - - - Ni (ppm) 0.5 1.1 0.6 1.4
Ni (pg/L) 1.5 2 1.2 1.1 1.1 1 Pb (ppm) 0.02 0.07 0.01 0.06
Pb (pg/L) - - - - - - Zn (ppm) 0.25 0.03 3 0.42
Zn (ug/L) - - - - - - Mn (ppm) 9.3 0.1 24 0.3
Coliforms - - - - - - Coliforms 460 1100 460 1100

KR 1 o 50 5 oS 6 00 40 008 (5503100 0 s S
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Table 4. Results of the evaluated indexes through sampling points (December 2020 and June 2021)

Parameters Average Max  Min Standard deviation Coefficient of changes
Leachate LPI 24.52 24.54 2451 0.02 0
Groundwater LPI 5 5.32 5.5 5.15 0.11 0.02

SAR g 2.15 7.73  0.66 1.81 0.84

SSP § 26 52.69 12.53 10.99 0.42

KR A 0.38 1.11 0.14 0.26 0.67

PI 35.23 55.56 25.58 8.32 0.24
Leachate LPI 2736 2793 26.79 0.81 0.03
Groundwater LPI 5.34 540  5.08 0.55 0.10
SAR 2 1.5 2.9 0.62 0.71 0.47

SSP = 28.37 434 1693 7.54 0.27

KR 0.4 086 0.14 0.16 0.39

PI 49.84 64.93 3559 9.27 0.19
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