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Abstract

Integrated solid waste management (ISWM) involves approaching solid waste
in a comprehensive manner with careful selection of appropriate technology.
The aim of good waste management is to push waste up the hierarchy with
landfill as a last resort. However given the current sorting technology, hetero-
geneous residues called Fines are created, they are considered at the present
time as non-sortable and non-recoverable sent to second class landfills. A pre-
vious conducted study has revealed that fines contain several problematic
substances for an inert classification. This article summarizes the most im-
portant problematic substances in fines for their acceptance inert landfills.
These substances were identified by analyzing several samples collected from
a siting of non-hazardous solid waste in the region of Rhéne-Alpes in France.
Eluate Analysis and fines analysis were conducted in order to identify the
presence of any component that could prevent the classification of fines in an
inert landfill. The obtained results were compared with the limit values for
waste acceptance in an inert landfill. The study concluded that the six
top-ranking problematic substances are Copper, Mercury, Antimony, Chlo-
ride, Fluoride and Sulfates, this study gives additional information on the ori-
gins of these substances that deserves particular attention to better limit their
presence in the input of fines stream.
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1. Introduction

According to the waste management hierarchy, landfilling is the least preferable

option and should be limited to the necessary minimum [1]. A landfilling site

refers to an area of land where waste is placed for permanent disposal. The pri-
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mary objective of landfill site is to provide effective control measures to prevent
or reduce as far as possible negative effects on the environment, in particular the
pollution of surface water, groundwater, soil and air, as well as the resulting risks
to human health arising from landfilling of waste [2].

There are many costs of sending waste to landfill, from environmental to so-
cial and financial [3]. The average price to landfill a ton of ISW in Franceis 3 - 5
€ HT/t for inert waste, 50 - 100 € HT/t for non-hazardous waste and reach prices
higher than 500 €/t for hazardous waste storage facilities. These are orders of
magnitude because the costs vary according to the nature of the waste and any
pollutant cause additional costs of stabilization. The Landfill Directive defines the
different categories of waste (hazardous waste, non-hazardous waste and inert
waste) and applies to all landfills, defined as waste disposal sites for the deposit of
waste onto or into land. Landfills are divided into three classes: landfills for ha-
zardous waste, landfills for non-hazardous waste, and landfills for inert waste [4].

Inert waste means waste that does not undergo any significant physical,
chemical or biological transformations. Inert waste will not dissolve, burn or
otherwise physically or chemically react, biodegrade or adversely affect other
matters with which it comes into contact in a way likely to give rise to environ-
mental pollution or harm human health. The total leachability and pollutant con-
tent of the waste and the Eco toxicity of the leachate must be insignificant, and in
particular not endanger the quality of surface water and/or groundwater [5].

Any waste destined to landfill needs to respect the WAC established under the
EU Landfill Directive [6]. These criteria mainly relate to the presence of hazard-
ous substances which might leach out in landfill. This study focuses on the ac-
ceptance of the shredding residues of NHW for inert landfills. The main issue, of
the waste management unit under study was the composition of fines mixture

(Figure 1 and Figure 2), it contains different types of materials: wood, polystyrene,

Figure 1. Pile of fines.

Figure 2. A zoomed sample of fines, fines’ pile x10.
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rubbles, plastic, foams, textiles, metals... At the present time it is destined to
second class landfill center, dedicated to storage non-hazardous but not inert
waste, without any recovery way. Fines typically consists of two different catego-
ries, firstly 38% of organic materials that include foam, paper/cardboard and
wood and 40% of inert materials (Glass, rubble). This means that the organic
part of the fines mixture should be evaluated with the TOC indicator and veri-
fied if it is therefore not problematic for inert classification. This study focuses
on the substance characterization of fines, which has a great importance in ga-

thering useful, accurate, and appropriate information on the nature of the suita-
ble landfill site.

2. Inert Waste Acceptance Criteria

The Landfill Directive sets rigorous standards to reduce both our reliance on
landfill and the environmental impact of wastes disposed for landfill. Waste that
does not meet the above criteria cannot be accepted at landfill for inert waste:

e The TOC indicator (respect the limits on the organic content of the waste);

It is not hazardous waste ( respect the limits of the leachability);

It does not exceed the limit values provided in Table 1.

3. Definition of TOC (Total Organic Carbon)

NHS Fines contain a large variety of organic materials ranging from paper to
wood. Important characteristics of the organic matter include their ability to
hold water, and emit leachate [7]. As a result of these characteristics, the deter-
mination of total organic carbon is very essential, since its presence or absence
can highly influence how chemicals will react in the soil or sediment. TOC is an
indicator of organic presence. It allows evaluating the amount of volatile or
non-volatile organic components in a sample. The carbon elements are oxidized
at a temperature of 950°C in the presence of catalysts. The CO, formed is meas-
ured by an infra-red analyzer [8]. Total Organic carbon contents may be used
qualitatively to assess the nature of the organic materials contained in fines.

For an inert classification. The fines sample must have a TOC indicator less
than 5% which is equal to 50,000 mg/kg DW, The TOC content was measured

Table 1. Pile of fines.

DW Dry Weight

ISWM Industrial solid waste Management

IWL Inert Waste Landfills

NHSF Non-Hazardous Solid Fines
NHWL Non-hazardous waste Landfills

N Soluble Fraction
TOC Total Organic Carbon
WAC Waste Acceptance Criteria
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for six different solid samples according to the technique explained previously.
The analysis results shown that TOC of fines have values between 1.5% and 5%
for an average of 3% (30,000 mg/kg DM). Based on these results, we concluded
that fines mixture respects therefore the standards for admission to inert land-
fills.

Knowing that the organic part of the “Fine” mixture is therefore not proble-
matic for an inert classification, the aim was to identify substances that could
prevent fines for a classification in inert landfills. Knowing that the organic part
of the “Fine” mixture is therefore not problematic for an inert classification, the
aim was to identify substances that could prevent fines for a classification in in-
ert landfills.

4. Acceptance of Fines for Inert Landfills

4.1. The Limit Values for Inert Classification

Table 2. Fines’ substance characterization.

BS EN 12457-3

le 1 le 2 le 3
Type of Product Limit Values in Sample Sample Sample

2018 2017 2016
mg/kg DW [9]
Dry weight
O 30 84.7 IWL 921 IWL 84.7 IWL
(30 = minimum value)
Fines BTEX 6 025 IWL 288 IWL 125 IWL
analysis
PC 1 0.07 IWL 0.209 IWL 0.209 IWL
PDT 50 2.42 IWL 14 IWL 5.2 IWL
Arsenic 0.5 0.04 IWL 0.2 IWL 0.15 IWL
Barium 20 0.802 IWL 066 IWL 042 IWL
Cadmium 0.04 0.01 IWL 0.006 IWL 0.004 IWL
Chrome Total 0.5 0.02 IWL 01 IWL 0.2 IWL
Copper 2 2.16 124 IWL 2
Mercury 0.01 0.01 0.01 0.008 IWL
Molybdenu.m 0.5 0.258 IWL 0.32 IWL 0.258 IWL
Nickel 0.4 0.141 IWL 025 IWL 0.55
Lead 0.5 0.1 IWL 0.1 IWL 0.1 IWL
Eluate
analysis Antimony 0.06 0.1 0.11 0.11
Selenium 0.1 0.029 IWL 0.01 IWL 0.01 IWL
Zinc 4 0.301 IWL 0.8 IWL 0.8 IWL
Chlorides 800 900 878 878
Fluorides 10 10 7.11 IWL 7.11 IWL
Sulfates 1000 1700 1740 1740
Phenol index 1 0.063 IWL 05 IWL 0.5 IWL
Total Organic
500 363 IWL 480 IWL 363
Carbon on eluate
Soluble Fraction 4000 31,000 33,000 32,000
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4.2. Results and Discussion

Table 2 shows the results of analysis made on three samples of fines. Sample
preparation techniques were performed following the laboratory practices. The
results have shown the presence of several elements in the mixture of fines that
prevent their classification for IWL. They consist of: copper, mercury, antimony,
chloride, fluoride, sulfates (SO, ,) and the soluble fraction.

Copper, mercury, antimony, chlorides and fluorides hardly exceed their re-
spective authorized limit values, while sulfates and the soluble fraction (SB)
largely exceed the limit values with an average value of 1000 mg/kg DW for
SO, and 4000 mg/kg DW for the SB. The latter represents the dry residue and
corresponds to the remaining leachate (leaching test) after evaporation of the
eluate at 105°C. Leaching was known as lixiviation, it is the process by which
soluble constituents are dissolved and filtered through the soil by a percolating
fluid, while percolation can be described as the movement of water downward
and radially through subsurface soil layers, continuing downward to groundwa-
ter [10]. Thus, when fill materials come into contact with liquid constituents in
the solid phase will dissolve into the liquid forming a leachate (US EPA, 1997 in
ADEME, 1999) [11]. The leaching allows identifying the pollutants contained in
the raw sample (in these case fines). The solid fraction allows determining the
presence of mineral pollutants. Based on fines analysis, the solid fraction largely
exceeds the limit values. This means that there is a real interest to determine the
origin of problematic substances (Table 3), in order to identify technologies al-

lowing extracting them from the stream of fines.

4.3. The Origin of the Problematic Substances

4.3.1. Antimony (Sb)

Antimony is a naturally occurring, silvery-white, hard, brittle metal. It is also
formed as a by-product of smelting Lead and other metals. It is used in alloys
with Lead and other metals, electric storage batteries, solder, sheet and pipe met-
al, castings and pewter. Sb is known that it is mainly used for its flame retardant
properties, it is therefore found in the sheaths of electrical wires and cables and
also in some types of glasses that contain pigments. Antimony and its com-
pounds are considered to be priority pollutants interest by the USEPA and the
EU [12]. As a result the aim is to reduce the presence of antimony in order to
respect the limit value for an inert classification (0.06 mg/kg DW). This means
that there is a real interest in extracting these elements from the input fines
stream in order to reduce the amount of antimony and thus respect the limit

value for a classification in IWL.

4.3.2. Chloride (CI-)

Chloride is mainly contained in PVC and glue for plywood. Some IWM centers
have a bucket dedicated exclusively to PVC, however, the bulky bucket accepts
furniture and several products composed entirely or partly of PVC. It has a high
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Table 3. Problematic substances for IW classification and their origins.

Substances Origin

o flame retardants in the sheaths of electric cables

o Textiles, rubber and adhesives

e Plastics: auto bumpers, recyclable bottles, geotextiles
Antimony o Metals: welds, sheets, pipes

o Pigments of glass, ceramic, porcelain, Paintings

e Lubricants: discs and brake pads

o Photovoltaic cells, plasma screens

e Polyvinyl chloride (PVC)
o Ammonium chloride

Chloride o Plywood glues

o Textile dyes

o Electric cables and WEEE equipment
Copper e Household appliances (cooking utensils)

o Plumbing hoses, Roofs and gutters, keys and locks and decoration elements

e Production of steel, glass, enamel, aluminum, alkyls and chlorofluorocarbons
Fluoride e Toothpaste, Cleaners
e Soluble in water and organic solvents such as benzene

o Bulbs: energy saving, tungsten filaments and fluorescent tubes
o Button cells (watches, car keys, calculators, toys, gadgets ...) and accumulators
e Measuring and control devices for individuals, industries and medical
establishments: thermometers, barometers and manometers, hydrometers,
Mercury flow meters, level meters and some thermostats
e Presence in some WEE, battery chargers, toggle switches, Photocopier
e Mercury is also used for the production of PVC, polyurethane foams and
chlorinated alkalis.
e Mercury is a natural product of coal burning, slags contain mercury in a small
amount.
e Gypsum (raw material for the manufacture of plaster)

Ifat
Sulfate ¢ Building and demolition materials

It is very difficult to evaluate what is in the soluble fraction. It is mainly mineral
1t
Soluble fraction

- Cations: Na, K, Mg, Ca, Si
- Anions: CO’ HCO? CI, SO*

amount of energy which presents an advantage for its combustion, however a
complete understanding of the chloride chemistry and behavior must be known
as they play a dynamic role in the production of acid gases and dioxins [13]. As
regards the glue for plywood, it is necessary to consider a more selective sorting
of the wood with an aeraulic sorting or a gravity table in order to extract the part
of chloride contained in the stream of fines. The technical and economic feasi-

bility of this solution must be taken into consideration.

4.3.3. Copper (Cu)

Cu cannot be disposed of in its present form and therefore requires treatment to
stabilize it or make it inert prior to disposal [14]. Copper is very easily recycled
and is an endangered raw material. It is contained in electrical systems: WEE,

electronic toys, gadgets, etc. The permissible limit for an inert landfill acceptance
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is 2 mg/kg DW. The three fines samples have a concentration between 2.16
mg/kg DW and 1.24 mg/kg DW. The limit value, in two samples, is not crossed
except the sample 1, where it is slightly exceeded.

Cu presence in fines, can be explained by the presence of small electrical cir-

cuits inside some bulky waste or due to sorting errors.

4.3.4. Mercury (Hg)

Mercury has many benefits for the industry and society but it is also extremely
poisonous for man and the environment it is a dangerous substance [15] [16].
As a result, any waste containing mercury must be considered hazardous. Hg in
the regulation of waste is regarded as a dangerous substance which, when con-
tained in waste, is one of the properties, leading to a classification of waste as
hazardous [17]. Mercury is used as a metal and compound for numerous indus-
trial and household-related applications, such as the following (for liquid mer-
cury): electrodes in chlorine-alkali equipment; electrical switches; thermometers;
barometers; manometers. Liquid mercury is also used in fluorescent light bulbs
(elemental mercury adsorbed at the fluorescent powder) and amalgam, nearly
half of which is composed of mercury [18].

In our case, When the entering stream contain batteries, fluorescent lamps and
other sources of mercury disposed in Table 3 because of sorting errors, Fines
could contain Hg, in addition to gypsum the raw material of plaster, and cause the
exceeding of the limit value in sulfate, naturally contains mercury in small quanti-
ty. In this context the aim is to extract the plaster from the bulky bucket in order to

eliminate the sulfate contained in the fines and, perhaps, a part of the mercury.

5. The French Legislation for the Soluble Fraction
5.1. Preparation of the Sample

The steps to obtain the soluble fraction are:

e The shredding of the sample and passing through a 0.45 yum sieve. 95% of the
sample’s weight must pass through the sieve, otherwise the sample cannot be
admitted for the soluble fraction test.

e Leaching test: meets the NF EN 12457-2 standard. The raw sample is put into
a volume of water with a liquid/waste ratio equal to 10 1/kg (this ratio is also
used on polluted soils and is called “Ration L/S”). The wet sample is then
stirred for 24 hours and decanted for 30 minutes. Finally the sample goes to
the oven at 105°C. The remaining dry residue is the soluble fraction. Another
name of this one is “Dry residue at 105°C”. The soluble fraction is obtained
and the conductivity of the sample is also calculated. There is a correlation

factor between the conductivity and the soluble fraction by a factor of 10.

5.2. Conductivity

The legislation requires a soluble fraction less than 4000 mg/kg DM, and a con-

ductivity less than 400 Sm™. The soluble fraction test may have certain errors.
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Very fine particles generated by the preparation, or staining persistence of the
sample could cause these errors. In this case it is normal to have a soluble frac-
tion of several thousand mg/kg (Higher than the limit value) and a conductivity
lower than the imposed limit of 400 S.m™". As a result, a test must be conducted
in order to evaluate the soluble fraction. Two methods are then proposed: a
second leaching test and a percolation test. The percolation test is the one pre-
ferred. It allows getting the real soluble fraction of the sample and not the one
influenced by the presence of staining persistence.

The percolation test allows establishing, in case of inconsistency between the
values of the conductivity and the soluble fraction, the real value of the soluble
fraction. If, after the first leaching test, conductivity is greater than 400 Sm™
AND soluble fraction above 4000 mg/kg DM is obtained, it is possible to con-
clude directly that the value of the soluble fraction is good and therefore exceeds
the limit allowed for an IW classification. Conductivity is therefore a parameter
that gives access to the soluble fraction and that must be integrated into the
analysis to be performed in the laboratory.

The Soluble Fraction of fines consists of several substances that are difficult to
eliminate (Table 3). In this study mercury, antimony, chlorides and fluorides are
minor and hardly exceed their respective authorized limit values while sulfates
largely exceed the limit value. The aim is to focus on sulfates since their origin in

fines stream is easily identifiable and consists only of gypsum, plaster.

6. Conclusions

Small amounts of heavy metals are common in our environment and are actually
necessary for good health, but large amounts of any of them may be considered
as hazardous. Research on fines, revealed that they contain major and minor
amounts of heavy metals. They consist of: Copper, Mercury, Antimony, Chlo-
ride, Fluoride and Sulfates. Their prevalence can be explained by large portion of
WEE in bulky waste, or sorting errors. A list of all the problematic substances
and their origins was given. In addition, as part of the research, some sugges-
tions of possibilities of their extraction were given.

The concentration of sulfates is 7 - 9 times higher than the limit value, while
the other substances slightly exceed the legal required limit for IW classification.
Based on this it was concluded that the extraction of the product containing sul-
fates might become of interest for extraction in more or less near future, Mean-
while fines could not be landfilled in an inert waste storage facility because of the
presence of heavy metals and should be disposed in a class 2 landfill center.

Knowing that the presence of heavy metals could be a result of sorting errors,
and as individuals we would suggest to encourage communication with the users
of waste disposal centers, IWM units, partners and clients. Even though rules
and procedures for waste sorting are provided, it does not guarantee that people
sort waste according to them. Waste sorting behavior needs to be examined di-

rectly to observe if the guidance and procedures are effective, as well as to dis-
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cover ways to make them more effective.
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