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1. Overview of C&D Fines Recycling
Construction and demolition debris (C&D) consists of the materials generated during the
construction, renovation, and demolition of buildings, roads, bridges, and other structures. The
components of C&D vary depending on the incoming debris material and processing at a facility.
Initiatives promoting the recovery and recycling of C&D materials are thus key elements of any
sustainable materials management (SMM) program. C&D may be recovered for direct reuse (e.g.,
use of recovered lumber in new construction projects), utilized in other beneficial ways (e.g.,
crushed concrete used for road base), or disposed of in landfills (and to a lesser extent in
combustion facilities). In a CDRA study titled The Benefits of Construction and Demolition
Materials Recycling in the United States (2017), the total generated C&D mass for the United
States (US) in 2014 was 583 million tons, where 73% was recycled.
Broadly, the C&D stream is comprised of concrete, wood, metal, asphalt, drywall, masonry
products, land-clearing debris, and a variety of other constituents (Figure 1). C&D fines represent
one of the major remaining constituents. C&D fines are generated during the processing of the
incoming C&D stream at a recycling facility operation. One of the first steps of processing C&D
is to screen incoming materials to remove materials with a small particle size, thus making the
remaining materials more suitable for additional processing steps. These fines (referred to as
recovered screened material in some locations) consists primarily of soil, but also includes small
pieces of wood, concrete, drywall, rock, and other miscellaneous materials.
The 2017 CDRA study estimated that in 2014 the US generated 15.1 million tons and
recycled 44% of C&D fines. In some locations, C&D fines have not been widely recycled outside
of landfill applications because of concerns of trace contaminants. Chemical testing can be used
to determine other markets for recycling C&D fines. This document evaluates the environmental
issues associated with C&D fines from across the US and provides C&D recyclers guidance on
reusing C&D fines.
1.1. Generation of C&D Fines
C&D recycling facilities vary widely in how they process C&D debris, which will impact
how fines are generated and the composition of the fines. Three different configurations of C&D
recycling facilities are described below.
• Dump and Pick Facility. These are the simplest facilities because they use laborers and
equipment to pick through loads of C&D on the tipping face of the landfill or transfer
station and manually sort through the highest value materials.
• Single Line Mechanical Facilities. These facilities use both a manual separation and
mechanical equipment to sort mixed C&D materials. A single line uses a single screen to
generate one single fine fraction.
• Dual Line Mechanical Facilities. These facilities use both a manual separation and
mechanical equipment to sort mixed C&D materials. A dual line will use two screens to
generate two different fine fractions.
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1.2. Properties of C&D Fines
Typically, soil and fine aggregates comprise the majority of the material mass found in
C&D fines. Small amounts of other C&D components such as wood, gypsum and asphalt products
may also be encountered depending on the source of the material and the processing method. The
materials found within C&D fines generate different size fractions, such as a fine aggregate (less
than 4.78 mm) and coarse aggregate (greater than 4.78 mm) faction or a floatable fraction.
Properties of C&D fines are described in Table 1.
The definition of C&D fines varies depending on the facility. Some facilities would
consider C&D fines as the small material produced at the beginning of the operation when soil and
smaller particles are removed. It can also be the material that gets ground up and mixed with initial
screenings of the incoming debris. At other facilities, various residuals or miscellaneous materials
are mixed together and called fines. The components used to generate fines will heavily influence
the product and the markets it can be used for.
Some properties of C&D fines pose an environmental and human health concern. The
concern that trace chemicals in C&D fines, has led some state regulatory agencies to require
routine testing and compliance with risk-based regulatory thresholds. The C&D recycling industry
is aware of issues such as arsenic and lead in C&D fines, and concerns from these constituents can
often be addressed by careful selection and processing of incoming materials, and by taking into
consideration the naturally occurring background concentration of these elements.
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Table 1. C&D fines properties and their descriptions

C&D Fines Properties
Material Composition

Particle Size

Density

Strength

Chemical Content

Description
C&D fines typically include residuals of portland-cement concrete, wood, gypsum,
glass, and soil. Although these components are relatively inert and account for the
majority of the C&D fines composition, the composition may also include building
components coated with paints and PCB; insulation, floor tiles and mastics; asphalt
roofing and bitumastic weather-proofing products; wood debris; electronic devices;
and emergency lighting systems.
The particle size will vary depending on the processing techniques and screen sizes
used at the facility. Some facilities also size reduce their materials using grinders to
decrease the size of the larger materials. The majority of the material falls between
0.84 to 4.8 mm with much of this size fraction being dominated by soil. Larger
materials like concrete and wood chips will be larger than 4.8 mm.
C&D fines contain materials that have a low density, for example, gypsum and
wood chips. There are also denser items like asphalt products and concrete to a
lesser extent. Although fines resemble soil, they will typically have a small density
because of the added low-density materials.
The strength of fines is dependent on the amount of aggregate included, as apposed
to a product with weaker materials like soil, wood, and gypsum. Aggregate
materials include PCC, asphalt concrete, and glass. The strength will effect the
appropriate application of the material, for example, fines with higher strength can
more easily be used as structural fill. Fines with lower strength can be used as a soil
amendment or for nonstructural fill.
The two major metals of concern are arsenic and lead. Arsenic is naturally present
in soil and it is present in wood debris containing treated wood. Lead
concentrations may be elevated in soils close to structures with lead-based paint or
other lead containing materials. Asbestos is sometimes a concern when accepting
demolition debris. PAHs are a group of organic chemicals, of which some are
carcinogenic. Sources of PAHs include asphalt products, petroleum contaminated
soil, and incomplete combustion. Gypsum is another component that can increase
the sulfate concentrations in soil when land applied or the production of odorous,
potentially dangerous gases in landfills.

1.3. C&D Fines Markets
Many CDRA members operate C&D recycling facilities with a goal of taking mixed C&D
materials and separating out commodities that can be reused for a beneficial purpose instead of
being disposed of in a landfill. Asphalt concrete or shingles can be used to make new asphalt
concrete and PCC can be used as an aggregate or fill material, as examples. A workforce trained
to identify recyclable components with mechanical processing equipment such as screens and
magnets, individual materials are separated out, and as needed are processed to create marketable
products. C&D fines are one product of these recycling operations. At some facilities, C&D fines
result from screening the C&D at the beginning of the processing line to shake out soil and other
small pieces of debris that may interfere with other separation steps. At other facilities, fine
materials may be screened out after many of the processing and separation steps have occurred -in these cases C&D fines contain, in addition to soil, larger amounts of wood, concrete, drywall
and other materials. The types of materials present in the C&D fines plays a large role in
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determining which recycling markets may be viable. In some cases, facilities may have to adjust
what they consider to be fines in order to expand the beneficial reuse of their fines.
A very common reuse market for C&D fines is alternative daily cover (ADC) at landfill
sites. When municipal garbage is disposed of, regulations require that the garbage be covered with
a layer of soil at the end of every day; this minimizes problems with birds, rodents, odor and
litter. By using C&D fines as ADC, less virgin soil has to be excavated and placed in the landfill.
Recycling facility operators get a beneficial use for their product and landfill operators get a less
expensive source of cover. C&D fines used as ADC can tolerate a larger degree of materials other
than soil, and thus most sources of C&D fines work well for this market. A potential concern with
C&D fines used as ADC is the production of hydrogen sulfide (H2S) gas in the landfill. C&D
fines with large amounts of gypsum (from drywall) often result in greater than normal H2S
concentrations in the landfill gas, which in addition to being an odor issue, may cause corrosion
of landfill gas to energy equipment. For this reason, many C&D recycling operators try to limit
the amount of gypsum contained in the fines.
C&D fines dominated by soil and small pieces of rock, brick and concrete, can be used as
clean fill material. Because of the presence of small amounts of wood and other lighter materials,
C&D fines are typically not strong enough to serve as structural fill. But they can substitute for
virgin soil in non-structural uses such as embankments, berms and landscape grading. Some
recyclers have marketed their fines as shaping and grading material for golf courses, for
example. Since this type of recycling involves use of the fines in the environment, the fines should
be analyzed to ensure that they meet regulatory standards.
C&D fines can also be used as a soil or agricultural amendment. The gypsum in the fines
can be beneficial to soils lacking sulfate and other nutrients. There is also a lot of organic matter
in some fines, such as wood that would be make it a suitable soil amendment. Fines can be mixed
with virgin soil and applied to agricultural areas or used to fill in areas with soil. While the
concentration of trace chemicals in these materials are generally low, depending on the reuse
location and the particular application, chemicals such as arsenic, lead and polycyclic
aromatic hydrocarbons may limit some recycling opportunities. Before recycling C&D fines in the
environment, appropriate regulatory professionals should be consulted.
2. Assessing Risk of Reusing and Recycling C&D Fines
Before a material can be beneficially reused, the risk of placing a material into the
environment must first be evaluated. This is especially important if the material will be near
humans, water bodies, or sensitive ecological areas. The risk to human health and the environment
when beneficially using a material is measured by examining two pathways: direct exposure and
leachability. The direct exposure risk pathway assesses harmful impacts to humans as a result of
direct contact with a material. The exposure routes of concern are inhalation, ingestion, dermal
contact. The leachability risk pathway represents the potential affect on water as a result of
chemicals transferring to the water from a material. The water that comes into contact with material
is analyzed for chemical concentration. The difference between these two methods is that direct
exposure examines the total concentration of a chemical in a material regardless if the material is
prone to leaching. While leachability examines the concentration that would be detected if a
chemical from the material transferred to water.
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2.1. Direct Exposure
Direct exposure risk assessment uses risk thresholds from the US Environmental Protection
Agency (EPA) and state-specific thresholds to characterize the magnitude of health risks to
humans and ecological systems from chemical contaminants. Risk thresholds use collected
measurements that associate exposure to a chemical to its adverse effects. These values are based
on the exposure of children and other sensitive populations. Risk thresholds are usually determined
for residential and commercial or industrial areas with residential thresholds having lower
allowable concentrations. For example, the residential and commercial/industrial risk thresholds
for Ohio are 400 and 800 mg/kg, respectively. The procedure for assessing direct exposure risk is
to measure the total concentrations of specific chemicals (in units of mg/kg) in a material and
comparing this to the appropriate direct exposure risk thresholds. Many states developed their own
risk threshold levels and other states follow the EPA’s regional screening levels (RSLs) (Table 2).
The RSLs were developed using exposure assumptions and chemical specific toxicity values for
the purpose of performing site specific risk assessments.

Table 2. Residential Risk thresholds for each chemical for each samples facility of origin.

As
(mg/kg)
Pb
(mg/kg)
Cr
(mg/kg)
Cd
(mg/kg)
Cu
(mg/kg)
Ni
(mg/kg)
Al
(mg/kg)
Zn
(mg/kg)
PCBs
(mg/kg)
TPHs
(mg/kg)
BaP
(mg/kg)

California

Washington

Ohio

Vermont

Florida

New
York

Illinois

Virginia

Texas

RSLs

0.07

20

20

0.68

2.1

16

13

3.4

24

0.68

80

250

400

400

400

400

400

270

500

400

17

19

0.3

0.3

210

22

230

3

120

0.3

1.7

2.0

70

71

82

2.5

78

7

52

71

3000

-

3100

3100

150

270

2900

310

1300

3100

1600

-

1500

1500

340

140

1600

50.8

840

1500

-

-

77000

77000

80000

-

-

7700

65000

77000

23000

-

23000

23000

26000

2200

23000

745

9900

23000

0.089

1.0

0.24

0.23

0.5

1

1.0

2.4

1.1

-

-

-

-

-

460

-

-

-

-

82

0.038

0.1

0.15

0.016

0.1

1

0.09

0.15

0.41

0.11

5

2.2. Leachability
A leaching test is a method that simulates real-life conditions that would cause pollutants
to be extracted from a material. The commonly used tests include the toxicity characteristic
leachate procedure (TCLP), the synthetic precipitation leaching procedure (SPLP), deionized
water leaching procedure, and column leaching experiments. Each method is meant to evaluate
the risk of water mixing with a material and its potential effects on groundwater. Water or an acidic
solution is used and passed through the material or is mixed with it for several hours, depending
on the method. The leachate is then tested for heavy metals and organic chemicals. The results are
compared to EPA drinking water standards (Table 3) or groundwater regulatory risk threshold
levels that provide guidance on whether or not the beneficial reuse of a material will generate
environmental issues.
Although leachability can affect human health and the environment, previous studies
analyzing groundwater quality around C&D landfills found the concentrations of chemicals
leached to be small with most concentrations below risk thresholds (Powell, 2015). For this reason,
leaching tests were not performed on the C&D fines samples used in this study.
Table 3. Relevant EPA drinking water standards
for chemicals

Chemical

mg/L

Arsenic
Asbestos

0.010
7 million fibers per
liter
0.005
0.1
1.3
0.015
0.0002
0.0005

Cadmium
Chromium
Copper
Lead
Benzo(a)pyrene (PAHs)
PCBs

3. CDRA National C&D Fines Characterization Study
The CDRA contracted with the University of Florida to conduct research on C&D fines.
The objective of this research was to provide CDRA members with a better understanding of the
range of chemicals present in C&D fines and how these chemicals may affect recycling potential
for different end markets. Through a greater understanding of the issues that may be faced when
seeking regulatory approval for C&D fines recycling, the industry can develop solutions to better
produce, market, and distribute this commodity in a safe and economic fashion.
Although markets for C&D fines already exist, beneficial use of this material may at times
be limited because some chemical concentrations exceed risk-based regulatory thresholds.
Fourteen samples of C&D fines were obtained from twelve C&D recycling facilities located
around the United States. Figure 2 shows the number of samples collected from each geographical
region. All samples were collected according to the provided sample protocol by each recycler and
shipped to UF for testing. Pictures on page 9 show the 14 samples used in the study. These samples
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were evaluated for particle size distribution, flammability, volatile solids (VS) content, asbestos
content, total heavy metal concentrations, total PAH concentrations, PCB concentrations and total
extractable petroleum hydrocarbon concentrations. Where appropriate, risk-based regulatory
thresholds were compared to the results to provide context; since such thresholds vary from state
to state, geographic-appropriate thresholds should be used when evaluating materials from a
specific facility. In addition to statewide risk thresholds, EPA nationwide risk threshold (RSLs)
were also referenced. This risk-based regulatory threshold is more stringent compared with most
of the other state risk thresholds. C&D fines from 12 facilities around the US were gathered in
coordination with the CDRA. The samples were sent to the University of Florida in appropriate
sample containers through US mail (or equivalent). A sample collection procedure was provided
to all participants; this included appropriate chain of custody paperwork. All samples were
characterized for the following:
• Total concentrations of common heavy metals
• PAH concentrations
• Particle size distribution
• Flammability
• Volatile solids content (organic content)
• Asbestos content
• PCB concentrations
• Extractable Petroleum Hydrocarbon

Figure 2. Number of samples and associated geographic sampling location
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3.1. Methodology
C&D fines were collected by recycling facility operators from around the United States.
A sampling protocol was provided to each facility in advance to aid in collecting a representative
sample. The protocol involved collecting 20 representative samples from varying locations
throughout a stock pile of C&D fines. The sampling method included first removing the top 6
inches of fines from each sampling location and then collecting two shovel-scoops of sample. All
samples were mixed thoroughly and placed into two 5-gallon buckets. The buckets were then
shipped to the UF campus where they were logged, stored and processed following the methods
provided in Figure 3.

Figure 3. Methodology used to test the 14 samples using the 10 methods described.

The samples in the study were characterized using 10 different tests, four of which were
performed at facilities outside of the University of Florida. The specific parameters tested in the
study are described in Figure 3. A sieve analysis was performed using ASTM C136 (Standard Test
Method for Sieve Analysis of Fine and Coarse Aggregates). A dry sample of known mass (5001000g) was passed through a series of sieves to determine the mass of material in each size fraction.
The total concentration of heavy metals was measured using SW-846 3050B/ SW-846 6010D
(Acid Digestion of Sediments, Sludges, and Soils/ Inductively Coupled Plasma-Optical Emission
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Spectrometry (ICP-AES)). Following the method, 1g of dry sample was digested with repeated
additions of HNO3, H2O2 and HCl. The digestate was filtered and residues were rinsed with
nanopure water. ICP-AES was used to measure the concentration of heavy metals in the digestate.
The total PAHs concentrations were measure using SW-846 3550C/ SW-846 8270D (Ultrasonic
Extraction/ Semivolatile Organic Compounds by Cad Chromatography/ Mass Spectrometry ) and
then normalized to BaP equivalent PAHs. To extract the PAHs concentrations, 10g dry sample was
added with 1:1 (v/v) acetone/n-hexane solution (15mL in total). Ultrasonic extraction was applied
to the mixture three times. The combined extract was evaporated to nearly dry then further dried
and cleaned using anhydrous sodium sulphate/ silica gel/ florisil in a column. Using n-hexane, the
sample was then concentrated to 1mL. GC/MS was used to analyze PAHs. The volatile solids
content was measured using EPA Method 1684 (Total, Fixed, and Volatile Solids in Water, Solids,
and Biosolids). Sample was placed in an oven at 105ºC overnight to completely dry. Oven-dried
sample was put into the muffle furnace at 550ºC for 4 hours. Volatile solids content was calculated
based on the weight lost. The flammability of the samples was measured using SW-846 1010 (Test
Methods for Flash Point by Pensky-Martens Closed Up Tester) at Advanced Environmental
Laboratories in Gainesville, FL. Sample was put into a clean test cup and the temperature of the
test specimen was increased rapidly at first and then at a slower constant rate as the flash point was
approached. At the same facility, the total PCBs were measured using SW-846 3550B/ SW-846
8082A (Ultrasonic Extraction–Organics/ Polychlorinated Biphenyls (PCBs) by Gas
Chromatography). Sample was extracted with hexane-acetone (1:1). After cleanup, GC/ECD was
used to analyze PCBs. The extractable petroleum hydrocarbons were also extracted at this facility
using FL-Pro (Method for Determination of Petroleum Range Organics). Methylene chloride was
used for 25g sample, followed by filtering through a column containing anhydrous sodium sulfate
and silica gel. The extract was then concentrated, and a GC-FID was used to analyze Petroleum
Hydrocarbon. The asbestos content was measured at Bureau Veritas Kennesaw, Georgia using
Polarized Light Microscopy, a technique was used to observe asbestos content in several layers.
4. Results
4.1. Particle Size Distribution
Particle size distribution used a series of screens with different sizes to determine how the
sample particles were distributed. Particle size distribution is an important parameter to know,
since it is vital for the understanding of either physical or chemical properties of each sample. For
example, finer particles with larger contact area may result in higher chemical concentrations per
particle; and particle size will affect the strength of the fines.
Table 6 summarizes the results of particle size distribution analysis for all C&D fine
samples that pass through each sieve (graphical presentation is provided in Figures 4 and 5). In
five of the samples, the particle sizes were all less than 1 inch and in three of the samples, the
particle size were less than ¾ inch. From Figure 4, which shows the percent sample obtained on
each sieve, more sample mass (approximately 70% to 90%) was retained on particle size of larger
than 0.012”. From Figure 4, it can be seen that all samples’ particle size is distributed evenly,
except sample E that has more mass of coarser particles.
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Table 6. Particle size distribution results for each sample

Cumulative percent passing through different sieve sizes by mass
Sieve Size
1"
3/4"
No.4 No.20 No.50 No.100 No.200
Particle Size
1”
0.75”
0.19” 0.033” 0.012” 0.0059” 0.0029”
Samples

A
B
C
D
E
F
G
H
I
J
K
L
M
N

100.00%
100.00%
86.11%
100.00%
100.00%
93.43%
93.60%
97.23%
96.32%
84.10%
100.00%
95.04%
98.31%
94.63%

98.76%
100.00%
75.71%
100.00%
100.00%
88.44%
89.04%
93.53%
96.24%
75.89%
99.98%
91.02%
90.36%
80.99%

61.78%
80.44%
46.12%
77.35%
98.07%
66.04%
61.35%
65.39%
80.15%
40.57%
77.66%
77.56%
61.99%
39.57%

24.31%
12.68%
20.20%
31.01%
31.65%
47.66%
24.32%
28.90%
49.38%
23.23%
44.37%
43.42%
29.38%
20.94%

10.58%
3.92%
7.56%
14.95%
7.16%
26.71%
6.51%
14.91%
19.68%
12.94%
22.09%
15.53%
9.10%
12.19%

4.23%
1.39%
3.08%
8.81%
2.13%
7.76%
2.12%
8.20%
7.61%
6.22%
9.80%
3.95%
3.13%
6.79%

1.66%
0.52%
1.29%
3.33%
0.60%
2.15%
0.80%
4.42%
2.87%
2.98%
4.65%
1.20%
1.15%
3.56%

Pan
<
0.0029”
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

Figure 4. C&D Fines Particle Size Distribution by Fraction
(% of total mass)
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Figure 5. C&D Fines Grading Distribution
(% of total mass)

While not considered C&D fines for the purposes of this study, the greater-than-25mm and
19-25mm fractions, which comprised 14% and 10% of the total C&D sample mass, respectively
(Figure 6-8). Concrete was the most abundant component in these size fractions, accounting for
43% and 46% of the mass in the greater-than-25mm and 19-25mm fractions, respectively. Wood
and asphalt were the second and third largest components, accounting for 20.1% and 15.2% of the
greater-than-25mm and 19-25mm fractions, respectively. The distribution of sample mass in each
of the C&D fines fractions (4.8-19mm, 0.84-4.8mm, 0.3-0.84mm, and less-than-0.30mm
fractions) is shown in Figure 4; 50% to 90% of the sample mass resides in the gravel and sandy
CD fines fractions (4.8-19mm and 0.84-4.8mm).

Figure 6. The total materials retained on the 19 mm and
25 mm sieves represent 10% and 14% of the average
C&D fines mass, respectively
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Figure 7. Material composition for >25 mm
size fraction

Figure 8. Material composition for 19-25 mm
size fraction

4.2. Asbestos
All samples were shipped to an off-site laboratory for asbestos content analysis. The
laboratory microscopically identified different fines constituents and then assessed the presence
of asbestos in each of these. In all samples except one, no asbestos was detected in any fines
constituent. In one sample, Sample C, the overall asbestos content was reported to be less than
1% based on the sample weighted average.
4.3. pH
For each of the samples, a representative sample was mixed with reagent water and then
tested using a pH meter. Figure 9 presents the results for each sample and facility.

Figure 9. pH Results comparison among facilities and all
samples
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4.4. Moisture Content
All samples were initially weighed and then oven-dried under 105˚C for a 24-hour period
and then weighed again. The mass difference is representative of the water content. The results
are presented in Figure 10.

Figure 10. Moisture content results comparison among
facilities and all samples

4.5. Volatile Solids and Flammability
Volatile solids content is the percentage of solids that can be lost during the combustion
of the dry sample and flammability indicates the temperature at which the sample would be
combusted. Figure 11 presents the results for flammability and volatile solids (VS) content.
Flammability was measured by determining the flash point, which represents the lowest
temperature at which a material will combust. The flammability test found all samples with a
flash point greater than 200 °F. It is because the method is designed to detect the flammable
volatiles in the sample and these volatiles are present in the liquid portion of the sample. So
when the temperature reached 200 °F, the water in the sample started to boil and the test couldn’t
continue. Furthermore, most samples exhibited VS between 9% to 25%, with three samples (A,
C, H) having notably larger VS content than the others. It is an indication of the presence of a
greater wood or other organic material content in the three samples.
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Figure 11. Volatile solids results comparison among
Facilities and all samples’ flammability were detected to be
> 200˚F

4.6. Heavy Metals
Among the eight heavy metals analyzed in the study (Table 7), arsenic and lead were of
most concern. Figures 12-19 provide a graphical comparison of all the metals tested in the study
for each facility. The error bars in these graphs represent the standard deviation to show how the
triplicate results vary for each sample.
From the figures, arsenic concentrations exist at levels above the lowest risk threshold in
all samples, with only one sample exhibiting arsenic slightly above Florida’s
commercial/industrial risk threshold (12 mg/kg). All of the samples were lower than the residential
risk thresholds for Ohio and Texas, 20 and 24 mg/kg, respectively. In the case of lead, the
concentrations are below the highest risk threshold in 10 of the 14 samples, and below Florida’s
commercial/industrial risk threshold (1400 mg/kg) in all cases. The California
commercial/industrial risk threshold (320 mg/kg) was exceeded in 4 out of the 14 samples.
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Table 7. Eight targeted heavy metal average concentrations of triplicate samples in the 14 samples
Sample

Arsenic
(mg/kg)

Lead
(mg/kg)

Chromium
(mg/kg)

Copper
(mg/kg)

Nickel
(mg/kg)

Cadmium
(mg/kg)

Aluminum
(mg/kg)

Zinc
(mg/kg)

A

7.20

195

29.3

65.1

25.3

44.0

7785

240

B

2.71

67.4

27.4

24.4

25.9

0.91

5555

150

C

12.8

487

9.73

24.3

7.31

1.08

2229

399

D

2.29

108

12.3

22.0

5.73

0.71

5877

131

E

5.33

11.7

15.8

38.0

12.4

1.29

4509

147

F

3.56

730

13.7

16.3

10.8

1.22

5068

242

G

6.95

519

16.6

23.8

12.1

1.53

4371

724

H

6.33

921

13.8

19.5

10.7

1.51

2189

332

I

3.51

145

19.6

28.2

15.5

0.85

5297

234

J

1.07

9.88

8.22

11.0

6.11

0.34

2327

52.7

K

2.57

14.2

19.4

27.4

10.4

0.59

9001

124

L

3.75

3.11

21.3

11.9

12.8

0.59

7956

70.0

M

8.86

163

28.5

150

19.8

1.43

6817

1070

N

1.66

55.2

16.0

23.1

9.38

0.56

6320

139

Figure 12. Arsenic Comparison Results

Figure 13. Lead Comparison Results
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Figure 14. Chromium Comparison Results

Figure 17. Copper Comparison Results

Figure 15. Nickel Comparison Results

Figure 18. Cadmium Comparison Results

Figure 16. Aluminum Comparison Results

Figure 19. Zinc Comparison Results
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Soils and aggregates (which often make up the bulk of C&D fines mass) represent one
source of heavy metals and the background concentration of these materials vary geographically
around the US. Therefore, region-appropriate risk thresholds should always be consulted. For
example, many states adjust their risk-based thresholds to account for the arsenic naturally present
in the soil.
In terms of the other six targeted heavy metals, their concentrations in all 14 samples were
lower than the highest risk threshold in Table 1. However, the concentrations of Cr, Cd, Al and
Zn in some samples still exceeded the lowest risk threshold. These samples may be from areas
with high background levels of these heavy metals so they could be below the risk thresholds in
their respective states.
4.7. Total Petroleum Hydrocarbons, Polychlorinated Biphenyl, and Polycyclic Aromatic
Hydrocarbons
Polycyclic aromatic hydrocarbons are one of the main chemicals of potential concern in
C&D fines. Analysis results for PAH (normalized to benzo[a]pyrene) in C&D fines from the
subject facilities are presented in Figure 20. Concentrations among the different samples vary
considerably, with half of the samples close to or above the commercial/industrial Florida’s risk
threshold (0.7 mg/kg) and 4 samples exceeding New York’s residential risk threshold (1 mg/kg).
The cause and relevance of these PAH concentrations are the subject of ongoing research.
Polychlorinated biphenyl (PCB) were also analyzed in this study (Figure 21). All samples
were below the detection limit for PCB. Total petroleum hydrocarbon (TPH) was measured and
presented in Figure 22. Half of the samples were close to or exceeded the Florida
commercial/industrial risk threshold while nearly all exceeded the Florida residential risk threshold
(460 mg/kg), which is the highest risk threshold from Table 1. Most states did not have a risk
threshold for TPH making this a small concern in specific states.
One possible explanation for why Sample A and C have much higher TPH concentrations
and very low PAH concentrations is that they may contain asphalt products made from crude oil.
The production of crude oil requires a temperature of about 398 °C at slightly above atmospheric
pressure. While for most of the PAHs tested, the temperature for them to vaporize is below 300
°C at standard atmospheric pressure. Therefore, most of the PAHs may have evaporated during
production of asphalt products made from crude oil.
Organic compounds such as PAHs and TPH could pose a risk to human health, depending
on the sample and level of exposure. However, out of 14 samples, 12 were below the
commercial/industrial RSL for BaP (2.1 mg/kg). PCB concentrations in these C&D fines samples
were determined to be lower than the most conservative risk threshold of 0.089 mg/kg for
California. It can be concluded that PCBs are not a chemical of concern in C&D fines.
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Figure 20. PAH Results Comparison among Facilities

Figure 21. PCB Results Comparison among Facilities

Figure 22. TPH Results Comparison among Facilities
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4.8. Mass Distribution
The distribution of sample mass in each og the 4 C&D fines fractions evaluates is shown
in Figure 23; 50% to 90% of the sample mass resides in the gravel and sanfy size fraction (19mm4.8mm and 4.8mm-0.84mm).
This study found that lead, PAHs and gypsum tend to reside in the finer size fractions of
the C&D fines; these fractions in most cases have a lower sample mass (Figure 26-28), but
comprise a higher percentage of these chemicals. Furthermore, Figure 26 shows the greatest
contribution of PAHs to be in particles less than 4.8 mm. Sample k shows a large percentage of
PAHs in the coarser fraction which can be attributed to fine particles sticking to coarser particles.
Figure 27 illustrates that the majority (50-90%) of the gypsum mass in these samples reside in the
finest two fractions.
The distribution of arsenic is shown in Figure 25. The results indicate that the majority of
the arsenic in over half of the samples resides in the larger size fractions. Arsenic concentrations
are generally evenly distributed throughout the size fractions since there are multiple potential
sources of arsenic in C&D fines.
The overall average VS content of all C&D fines (<19 mm) samples examined in this study
was 18%. The samples with a larger VS content likely include size-reduced C&D residuals in the
fines (Figure 24).

Figure 23. Comparison of mass distribution as
a function of particle size for 14 samples

Figure 24. Comparison of VS mass distribution
as a function of particle size for 14 samples

Figure 26. Comparison of BaP eq. total PAH
mass distribution as a function of particle size
for 14 samples

Figure 27. Comparison of Gypsum mass
distribution as a function of particle size for 14
samples
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Figure 25. Comparison of As mass distribution
as a function of particle size for 14 samples

Figure 28. Comparison of Pb mass distribution
as a function of particle size for 14 samples

4.9. Size Fraction
Overall the results support that some problematic trace chemicals are more heavily
concentrated in the finer fraction of a facility’s C&D fines product, and thus additional processing
can aide in reducing the concentration of these chemicals. The viability of such an approach would
depend on which elements are most limiting from a risk-based reuse perspective, which in turn
depends on the facility’s C&D fines characteristics and the local regulatory standards. Three
samples were selected to illustrate the effects of additional processing on chemical concentration.
The samples were chosen because their concentrations in the coarse fractions were above or very
close to risk-based residential thresholds.
In Figure 29, the concentrations of As for sample F are presented: the 0-19mm fraction
represents the C&D fines as a whole, the 0.84-19mm fraction represents fines processed by
washing to remove the silty material, and the 4.76-19mm fraction represents fines processed by
screening to recover coarse aggregate. Figure 30 and 31 presents a similar illustration for Pb and
PAH, respectively. Screening to recover a coarse fraction reduced the PAH concentration to a
level much closer to the risk threshold.
The removal of the two finest fractions of the C&D fines resulted in the reduction of some
chemical concentrations. If C&D fines represented by the samples in this study were screened to
less than 4.8mm, more than half of them would have a PAH reduction of 50%. When compared
with regulatory risk thresholds, more samples had PAH concentrations below risk thresholds as
the finer materials were removed. Processing to remove particles less than 4.8 mm by either a
washing process or a mechanical screening process might help reduce concentrations of lead,
sulfate and PAH. For arsenic and some other heavy metals, the concentrations are evenly
distributed throughout the sample, removing the finer fractions would reduce the arsenic
concentration but not significantly. There are other strategies that can be used in addition to
processing for increasing beneficial reuse of C&D fines.
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Figure 29. Illustration of potential C&D fines concentration
decrease with additional processing Samples F for As

Figure 30. Illustration of potential C&D fines concentration
decrease with additional processing of Samples C and G for
Pb
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Figure 31. Illustration of potential C&D fines concentration
decrease with additional processing of Sample M for BaP
eq. total PAH

5. Strategies for Beneficial Use if C&D Fines
In some cases, the fines from a particular C&D recycling operation may not meet the riskbased regulatory concentrations for unlimited beneficial reuse. This could be due to varying
reasons. For example, the specific risk-based concentrations where the facility is located are low.
As shown in Table 1, risk thresholds vary among states making it necessary to understand the
regulations in the state. A demonstration project can be done to show regulators there is not an
increased risk by reusing fines. An additional obstacle may be The trace components in C&D fines.
Some facilities, for example, process more demolition debris than other facilities, which have more
contaminants. Fines characteristics also depend on the types of processing equipment and
techniques utilized at a facility. The beneficial use proposed plays a large role in the requirements
of the beneficial use material. Residential area risk thresholds are typically more stringent than
applications in commercial or industrial areas. Reusing fines in areas away from humans will have
less of a potential risk.
C&D facility operators can use the following strategies to explore opportunities for
beneficial use of their fines. Facilities should consult the environmental regulatory agency in their
state.
5.1. Strategy 1: Control the Product
The data collected during the CDRA national C&D fines characterization study
demonstrate that fines characteristics vary greatly among facilities (see pages 12-19). Some
facilities produce a fines product heavily dominated by wood, while others produce fines
containing primarily soil and small pieces of aggregate. The characteristics of the fines may
influence reuse, and thus operators may have some ability to open up new or expanded recycling
markets by adjusting their process.
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Examples include:
• Controlling the incoming waste stream has influence on fines properties. Some facilities,
for example, have a dedicated processing line for construction debris, and these fines
often have greater reuse potential than those from demolition-dominated C&D. If
gypsum drywall is removed prior to screening or size reduction, the resulting fines will
have less sulfate and thus be a better product for markets where potential hydrogen
sulfide generation is an issue. Other materials that may contribute to elevated
concentrations of problematic elements include debris with lead-based paint, soils form
contaminated sites, treated wood, and some asphalt products.
• Better removal of wood and other light materials from fines through process
modifications
produces a product that might better meet specifications for structural fill.
• As illustrated in pages 12 & 18, some pollutants are more concentrated in specific size
fractions. Thus the strategic use of screening equipment can physically remove particles
with higher concentrations of pollutants.
• Processing the fines through an aggregate washing system produces a product more
similar to aggregate, and may reduce the concentration of chemicals of concern.
5.2. Control the Risk
When an environmental professional or regulator conducts an initial evaluation of a waste
product for recycling or beneficial use, they often compare chemical characterization results
directly to the most conservative risk-based regulation concentrations – typically corresponding
to reuse in a residential setting. If chemical concentrations are above residential risk thresholds,
the C&D facility operator can explore alternative reuse options that act to control the risk.
Examples include:
• Beneficial use in areas where direct exposure risk is minimized, such as commercial
construction areas, under buildings, industrial parks, or brownfield sites.
• The direct exposure risk can also be minimized by placing material under 1-2 ft of clean
soil.
• C&D facility operators may be able to blend their fines with clean soil to makes a product
with concentrations below risk thresholds.
• These strategies should be discussed with the appropriate regulatory official. In some
cases, a demonstration project may be required.
5.3. Site Specific Assessment
The risk-based regulatory concentrations presented in Table 1 represent screening levels
designed to be conservative, typically based on a chemical being 100% bioavailable. For some
reuse projects, a more specific assessment of background concentrations and bioaccessibility
may be used to demonstrate a reduced risk.
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Examples include:
• Background concentrations of soil or other materials may also elevate risk-thresholds,
possibly at levels greater than the C&D fines. Chemicals such as arsenic and PAH
often occur at elevated concentrations in soils, both because of the native soil
properties and exposure to typical urban activity. An assessment of background soil
concentration may be warranted to demonstrate to regulatory officials that the
recycling of C&D fines does not pose any additional risk. Similarly, other “clean”
construction materials (e.g., limerock, crushed concrete) may have natural arsenic
concentrations above risk thresholds and can be compared to concentrations in fines
to evaluate the actual risk.
• C&D fines with concentrations close to risk thresholds can be tested for the
bioavailability of specific chemicals to determine the fraction of chemical available to
affect humans. The results support that the problematic trace chemicals may be
heavily concentrated in the finer fraction, thus a viable approach would depend on
which elements are most limiting from a site specific risk-based reuse perspective and
focusing on strategies to limit those concentrations.
• Again, these strategies should be discussed first with the appropriate regulatory
official.
6. C&D Fines Case Studies
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7. Conclusion
C&D materials are made up of various materials originating from both the construction,
demolition, and manufacturing processes. C&D fines represent 3% of the total C&D stream, and
only 47% of the generated 15.1 million tons are recycled or reused. The primary environmental
issues with C&D debris are the detection of heavy metals, PAHs, TPH, PCBs and gypsum content
originating from residual materials. CDRA contracted with the University of Florida to measure
the chemical composition of C&D fines and develop strategies for beneficial reuse. Although some
of the fines samples exceeded risk thresholds, there are methods to reduce the concentration of
toxic chemicals.
There are markets available for C&D fines including ADC at landfills, use as structural
fill, and as a soil and agricultural amendment. Fines can be processed to create products that suit
these markets. The work done by UF found that lead, organic compounds, and gypsum were
concentrated in the smaller size fractions (0 to 0.84 mm). Techniques such as smaller screen sizes
and washing can be used to remove the smaller particles. Another strategy is to control the risk by
blending fines with clean material to reduce the overall concentrations. The risk can also be
controlled by using the material as structural fill and placing clean soil on top. This requires
consulting the appropriate regulatory agency for approval.
Site specific risk assessments were conducted to provide beneficial use strategies for
specific states with varying risk thresholds. Additional processing techniques were also used to
evaluate their effectiveness in reducing the concentrations of toxic chemicals. The results of the
CDRA study influence strategies that assist C&D recyclers in the recycling/reuse of C&D fines.
The three strategies evaluated included the following: (1) control the product by adjusting the
processing methods; (2) control the risk by identifying alternative beneficial use scenarios; (3) site
specific assessment that focuses on using the facilities’ C&D fines characteristics and the sites risk
threshold standards.
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