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Abstract

Municipal waste is a cost-effective and valuable source of organic matter for agricultural soils. In recent
years, MSW compost has been widely used in agriculture as a soil conditioner and fertilizer. However,
the excessive use of organic and mineral fertilizers in the production of greenhouse crops leads to the
accumulation of heavy metals in the soil and health risks for humans. Therefore, this study investigated
the effect of the municipal waste and manure application on heavy metals in the soil. Also, the health
risks for humans were evaluated through the consumption of cucumber cultivated in these soil. In this
study, the concentration of heavy metals Cd, Cu, Ni, Pb and Zn in soil, mobility of metals, bioavailability,
fractionation of metals, effects of pollution in the greenhouse soil and uptake of these metals by cucumber
plant following 3 cultivation years of application of municipal waste compost and manure were studied in
a randomized complete block design with three replicates in a greenhouse located in the south of Theran
province. Also, environmental pollution risks were evaluated. The results showed that the application of
municipal waste compost and manure increased both the total and available concentration of heavy metals
in the soil. However, the concentration of the measured metals was at the permissible limit of the
concentrations of heavy metals in Iranian soils. Copper and Zn were detected as the most mobile metals
in control and treated soils with municipal waste compost and manure, respectively. The amount of Pb
(2.26 mg kg™") and Cd (0.06 mg kg™) in cucumber in treated soil with municipal waste exceeded the limit
value for edible vegetables. Based on the results obtained from the health risk index, Pb and Cu
represented a high potential risk for the health of adults and children by consuming cucumbers in
compost-treated soils. The results of this study showed that despite the three-year application of
municipal waste compost and manure, the concentration of heavy metals measured was not higher than
the allowed guideline level. However, considering the high bioavailability of heavy metals, repeated
application of municipal waste compost would carry a risk of gradual accumulation in the soil over time.
Therefore, measuring the total and extractable concentration of heavy metals and metal mobility when
assessing likely effects on plant yields and metal uptakes and setting soil quality criteria is important.

Keywords: Municipal Solid Waste, Heavy Metal, Fractionation, Health Risk Index, Mobility
Factor.
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1. Introduction

Agricultural soils in Iran are poor in organic
matter' due to a lack of appropriate crop rotation,
minimum annual rainfall, high temperature, and
excessive use of chemical fertilizers. Animal
manure and chemical fertilizers are often used in
agricultural lands, but recently, the use of
municipal solid waste’ compost as a source of
OM for agricultural soils has been considered.
However, there are concerns about using MSW
due to heavy metals in their compositions.

According to the climate conditions, the
limitation of water resources, and field land for
the optimal use of water and soil, Iran’s
cultivation system has changed towards
producing greenhouse crops. On the other hand,
the use of high amounts of chemical and organic
fertilizers, herbicides, pesticides, and insecticides
leads to the accumulation of heavy metals in
greenhouse soils, transfer to the food chain, and
potential human health risks (Jalali and Karimi
Mojahed, 2020; Zhang et al., 2017).

Vegetables play an important role in human
health due to the presence of essential
components such as proteins, vitamins, and
nutrients, but they also can adsorb unnecessary
metals such as heavy metals (Liu et al., 2013;
Yang et al., 2011).

Therefore, one of the environmental problems
in greenhouse systems is the accumulation of
heavy metals that can be transferred to the edible
part of vegetables, creating significant risks to
human health when consumed. Although many
studies around the world have been conducted on
the accumulation of heavy metals and health risks
and assessment of the use of greenhouse crops,
limited studies have been done on the use of
MSW and manure in Iran. Therefore, the
objectives of this study were: 1. Investigating the
concentration of heavy metals and their
fractionation in greenhouse soils treated with
MSW compost and manure; 2. Assessing the
potential health risks for humans through the
consumption of greenhouse cucumbers cultivated
in these soils.

2. Methodology

The experiment was conducted from 2020 to
2022 on the greenhouse located in the south of
Tehran province (Ray city). The area lies within
51° 26' east longitude and 35° 33’ north latitudes.
Climate is semi-arid, with a mean annual
temperature of 13.5 °C, mean annual rainfall of
234.4 mm and is 1032 m above sea level.

! Organic Matter (OM)
? Municipal Solid Waste (MSW)
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MSW compost and manure were manually
incorporated into the greenhouse soil and mixed
throughout the upper 20 cm. The treatments
included were 1- control soil (T0), 2- treated soil
with manure (T1) and 3- treated soil with MSW
compost (T2). In experimental plots, cucumber
(Cucumis Sativus L.) was cultivated for three
consecutive years. The area of each experimental
plot was 5.25 m? (1.5 mx 3.5 m) and including 13
cucumber plants, was carried out in a randomized
block design with three replications. Basic
fertilizers were applied with drip irrigation in all
plots at the rate of 300, 200, and 300 kg h'!
nitrogen (N), phosphorus (P), and potassium (K)
in the form of urea, triple superphosphate, and
potassium  sulfate, respectively. For the
determination of total heavy metals, both plant
and soil samples were taken at the end of
experiment, 2022. Samples, after preparation,
were digested in aqua regia (1:3 HNO;/HCI). The
sequential extraction method (Tessier et al., 1979)
was applied to soil samples to identify metal
fractions. Total, bioavailable, and sequential
extracted metal concentration of cadmium (Cd),
copper (Cu), nickel (Ni), lead (Pb), and zinc (Zn)
were analyzed using an atomic absorption
spectrophotometer (AAS, Varian, Spectra 220).

Selected environmental pollution indexes for
soil samples mobility factor’, potential ecological
risk index®, for plant sample, transfer factor’,
estimated daily intake®, and health risk index’
were used for the evaluation of possible pollution
risks of MSW compost and manure application.

3. Results and discussion

3.1. Total and bioavailable metal concentration
in the soil

The heavy metals concentration of greenhouse
soil, MSW compost, and manure are within the
accepted normal range of the national standard of
Iran for their use in agriculture. Compared to
manure, the application of MSW compost has
significantly increased the concentration of total
and available heavy metals.

3.2. Fractionation and mobility of metals in the
soil

The dominant trend of Cd, Cu, Ni, and Pb in T1
and T2 was obtained as the control soil:
F5>F4>F3>F2>F1

Mobility Factor (MF)

Risk Index (RI)

Transfer Factor (TF)
Estimated Daily Intake (EDI)
Health Risk Index (HRI)
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The trend of Zn distribution in T1 and T2 was
obtained as follows:

F5>F4>F2>F3>F1

The results of this study showed that
compared to TO, T1 and T2 caused a significant
increase in F1, F2, and F3 fractions. Therefore,
the mobility of these metals increases.

3.3. The pollution indices of heavy metals in
soils and plants

In this study, the metal mobility index was
calculated as MF. Compared to TO, the
application of T1 and T2 has increased the MF
value for all studied metals except Ni. The values
of RI for TO, T1 and T2 were 57.61, 69.80, and
82.08, respectively. According to Hakanson’s
classification, that corresponded to low
environmental risk in all the studied soil samples.
Based on the concentration of total heavy metals
TF for Cd, Cu, and Zn metals were more than the
other metals, which indicates greater mobility of
these metals. It also shows the possibility of more
contamination of plants with these metals.

The amount of Pb and Cd in cucumber in T2
exceeded the limit value for edible vegetables.
Based on the results obtained from HRI, Pb in T2
for the health of adults and children, and Cu in T1

mTO BT1 BT2
1.2 -
a)
0.9 -
2 0.6
T
0.3 -
0.0 -
cd Cu Ni Pb Zn

E2.4 E
=

and T2 for children, represented a high potential
risk by cucumber consumption (Fig. 1).

4. Conclusions
In recent years, due to the growing population in
different countries, the demand for agricultural
and greenhouse products has been increasing.
This study aims to evaluate the application of
MSW compost and manure on the availability of
heavy metals in greenhouse soil, the
accumulation of heavy metals in the edible part of
the cultivated plant (cucumber), and the health
risks of their consumption for humans. The
results of this study showed that the long-term
application of manure and MSW compost can
increase the concentration of heavy metals in
soils. The mean values of TF based on total
concentration in T2 were higher than in TO.
According to the HRIs, Pb represented a high
potential risk for the health of adults and children
through the consumption of cucumber cultivated
in T2. Generally, in order to obtain the maximum
beneficial effects of MSW compost and reduce
the harmful effects of the accumulation of heavy
metals in the environment, it is recommended to
optimize the quality of compost with a better
source-separate of waste.

mTO0 mT1 T2
42 9 1)
3.6
3.0

1.8 1
1.2 1

0.6 -

0.0 -
Cd Cu Ni Pb Zn

Fig. 1. The HRI of heavy metals through consumption of cucumber grown in control soil, treated soils
with manure and MSW compost by a) adults and b) children
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3 Health Risk Index (HRI)
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Table 1. Classification of potential ecological

risk index
RI value Level of ecological risk
RI<150 Low ecological risk
150< RI <300 Moderate ecological risk
300< RI <600 Considerable ecological risk
RI >600 Very high ecological risk

LS 5o 30d (51t (e (ST sl Y-

e ) Yl 2515 -V Y-
LS ST 5 it SUs 3l oK Sl Jlas | 5
S (Shps i 50 S aie glsme S Ol ey
S DTPA s S s 215 BB L Sl gins
s 2l ol o3 5be 5Bl 03 S a5, o1 4o sLS
305258 (S5 i 0 SB Sl S Sl Yl Jesly
1l or Sz & § dslaa

TF = % (f)
QT g5 &S

35 Caoit 5 (5 035 sl ) oS 53 8 i (5l 200 Cr
(S5 055 ol =) Grrn LB b JS S Sats gl g
TE> + /0 Jlacin ol s, S oty T 53 S S S5 5o
(s50) Sl e & Sb 5118 Jlaml sl 5 e w saiasplits
(Khan et al., 2010) <l

! Transfer Factor (TF)
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Table 2. The physicochemical characteristics of the studied greenhouse soil

Characteristics Value
pH 7.4 +0.31
EC (dSm™) 2.3+£0.40
Clay (%) 21.5+1.32
Sand (%) 42.5+1.31
Silt (%) 36.0 £2.33
Organic matter (%) 3.8 +£0.46
CaCOs; (%) 23.7+1.14
CEC (cmol kg™) 15.6 +1.11
Total
(mg kg™ dry wt)
Cd 0.4+0.12
Cu 350+ 1.72
Ni 22.6+£0.78
Pb 45.2+0.91
Zn 72.5+2.57

Available metals
(mg kg dry wt)
0.02 £ 0.01
5.3 +£0.46
0.7 £0.26
8.5+0.51
21.5+1.49

Metal limits in soil*
(mg kg dry wi)

3.9
63.0
50.0

300.0
200.0

* Maximum acceptable concentration of heavy metals in soil (mg kg™)(Afyuni, 2013).

wslizal 5590 T slse sliard Sl s -V J g

Table 3. Chemical properties of used organic materials

Characteristics Manure MSW compost Allowed amount *
EC (dSm")* 10.80 + 0.59 4.60+0.42 Maximum 8 (in solution, 10% of dry matter)
pH* 7.70 £ 0.46 7.81+0.36 6-8 (in solution, 10% of dry matter)
Organic carbon (%) 12.5+0.66 25.40+£1.12 Minimum 25%
Organic matter (%) 18.73 +£0.80 39.95 + 1.40 Minimum 35%
Ash (%) 2420+ 1.10 44.70 £ 0.56 Maximum 50%
Moisture content (%o ww) 34.50+ 1.56 13.50+0.82 Maximum 15%
Total N (%) 2.26 +0.30 1.50 £0.28 1.25-1.66%
Total P (%) 0.64 £0.22 1.20 +0.30 1-3.8%
Total K (%) 2.04+0.14 0.88+0.17 0.5-1.8%
Total Cd (mg kg™ dry wt) 2.01+0.23 6.32+0.43 10
Total Cu (mg kg™ dry wt) 54.78 £ 1.08 235.50+6.73 650
Total Ni (mg kg™ dry wt) 35.90 £ 1.05 44.75+2.02 120
Total Pb (mg kg™ dry wt) 50.35+£2.63 70.25 +1.87 200
Total Zn (mg kg™ dry wt) 200.10 £ 0.90 324.83 +£3.62 1300
* National Iranian Standard, No. 10716.
*Measured in 1: 5 solid, liquid solution.
Journal of Water and Wastewater NS 5 of dore
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Table 4. Total and extractable concentration of heavy metals (mg kg™) in T1 and T2 treatments
Treatments Cd Cu Ni Pb Zn

Total DTPA Total DTPA Total DTPA Total DTPA Total DTPA

T1 0.51 0.02 37.42 5.45 23.59 0.78 48.30 8.69 79.21 23.47

T2 0.60 0.04 42.11 11.69 25.86 0.95 56.89 12.23 121.27 35.20
P-value 0.027* 0.039* 0.012* 0.001** 0.024* 0.019* 0.001**  0.006** 0.002**  0.005**

* Significant with P<0.05 and ** Significant with P<0.01.
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Fig. 1. Distribution of heavy metals in the different fractions of a) T0, b) T1 and c¢) T2
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Fig. 2. Percentage of metal mobility in different soil
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Table 5. Heavy metal content (mg kg™) in the cucumber grown in different soil treatments (T0, T1 and T2)

Treatments Cd Cu Ni Pb Zn
TO 0.03 0.38 0.45 0.41 3.41
T1 0.04 6.32 0.97 0.43 5.36
T2 0.06 6.55 1.75 2.26 7.48
Threshold values* 0.05 40.00 10.00 0.10 60.00

(FAO/WHO, 2011)
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Fig. 4. Daily intake of heavy metals through consumption of cucumber grown in different soil treatments
(TO, T1 and T2) by a) adults and b) children
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Fig 5. The health risk index of heavy metals through consumption of cucumber grown in control soil,
treated soils with manure and MSW compost by a) adults and b) children
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