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ABSTRACT   

 

Makowski, C.; Finkl, C.W., and Rusenko, K., 2011. Using Recycled Glass Cullet For Coastal Protection: A 
Review of Geotechnical, Biological, & Abiotic Analyses. Journal of Coastal Research, SI 64 (Proceedings of the 
11th International Coastal Symposium), 1362 – 1366. Szczecin, Poland, ISSN 0749-0208. 

Throughout the world, critically eroded shorelines pose a myriad of social and environmental concerns. As an 
increase in natural geologic and climatic events (e.g., coastal earthquakes, hurricanes, tsunamis, weathering) 
occur to facilitate erosion of the Earth's coasts, shore protection becomes critically important as a preventative 
measure against catastrophic environmental and socio-economic damage. However, as more and more offshore 
sand resources are either used up or contaminated with pollutants (e.g., crude oil sub-buoyant plumes settling at 
the benthic interface), there is an imperative effort to explore alternatives to more traditional sand sources. One 
alternative involves the use of recycled glass cullet as coastal beach fill in erosional ‘hot-spots’. The cullet is 
obtained by processing any type of glass product (e.g., bottles, containers, tanks, etc.) in such a way that it will 
closely match the grain size of the current native beach sediments. This specific type of recycled processing has 
been successful in adequately matching natural said grains. However, before the recycled glass can be directly 
applied to the shoreline, a series of analyses had to occur in order to determine the suitability of the cullet for a 
natural beach environment. This paper is a concise review of the geotechnical, biological, and abiotic analyses 
conducted on the recycled glass cullet for coastal protection. 

ADITIONAL INDEX WORDS: Coastal management ,recycling, erosion protection, shoreline protection. 
 

INTRODUCTION 
 

Current sand sources available for beach protection against 
erosion include various inter-reefal sedimentary infills offshore, 
upland dune and sand sheet deposits, delta and fluvial channel 
sediments, aragonite sand resources, etc.  However, using recycled 
glass (i.e., cullet) as a potential alternative source material for 
beach fill (Finkl and Kerwin, 1997; Edge, Cruz-Castro, and 
Magoon, 2002) may help alleviate demands for natural sediments. 
Because glass cullet retains physical properties that are similar to 
natural silica sand, it may prove to be a viable alternative beach 
fill material (Finkl and Kerwin, 1997). Glass cullet has many 
advantages as potential emergency beach fill material, which 
include: 

(1) The ability to mechanically select grain sizes comparable to 
 the native beach characteristics that will stabilize the 
 beach; 

(2) The chemical, mechanical, geologic, and engineering 
 properties of glass cullet are similar to natural silica 
 sands; 

(3) The ability to utilize a cost-effective, readily available 
 recycled product; 

(4) Utilization of an environmentally safe, inert material; 
(5) Consistent supply of source material. 

GEOTECHNICAL ANAYLSIS 
 

   The geotechnical investigation phase involved the collection 
and testing of processed recycled glass cullet and samples of 
native beach sand for comparative purposes. Samples were tested 
for mean grain size, grain-size (frequency) distribution, Munsell 
color, carbonate content, particle angularity, and presence of 
contaminants. Chemical analyses were conducted to determine 
the presence of lead (Pb), mercury (Hg), total coliform, fecal 
coliform, enterococci bacteria, semi volatile organics, petroleum 
hydrocarbons (PHC), and total salt content. A complete report of 
geotechnical tests can be referenced in Thomson, Finkl, and 
Kruempel (2004). 

Glass cullet samples were created using recycled glass from 
three different manufacturer’s local geographic-product area. The 
manufacturers were requested to provide samples that had a mean 
grain size of 0.55 mm and were provided with the grain-size 
distributions of natural sand.  

Six native beach samples were collected at Hollywood Beach, 
Florida, USA, near Florida Department of Environmental 
Protection (FDEP) Monument R-116. This section of beach was 
nourished on two previous occasions (1979 and 1991) using sand 
dredged from offshore borrows. The samples were collected from 
two test pits dug into the back dune approximately 30 feet east of 
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the board walk. Samples were collected at the surface and at 1.5 
and 3 foot depths. The samples were collected using the standard 
operating procedures described in FS 3000 (Soil). Surface 
samples were collected in May 1999 for the Broward County 
Shore Protection Project. Geotechnical analyses for samples 
collected at FDEP monuments R-114 and R-117 were compared 
in this analysis. Samples were collected at the dune and mid-berm 
for R-114 while samples were collected at the dune, mid-berm, 
mean high water line and mean tide line at R-117. 

 
Sediment Grain Size 
 

Grain size of the placed sediment (beach fill material) is an 
important factor because particle size affects beach stability. 
Larger sand grains require relatively greater energy to move in 
comparison to smaller grains, so coarser sands increase beach 
stability (USACE, 2001). The goal of this analysis was to 
selectively place glass cullet in erosional hotspots, which are 
spatiotemporally limited zones of accelerated erosion, to help 
stabilize the beach. The glass cullet can be ground to a specified 
grain size, preferably one that is coarser than existing beach sand. 
The adventitious supply of coarse cullet, when strategically 
placed, can thus theoretically help stabilize erosional hotspots on 
beaches. 

Mechanical sieve analyses of the sediment samples were 
carried out in accordance with the American Society for Testing 
and Materials (ASTM), Standard Materials Designation D422-63 
for particle size analysis of soils (ASTM, 1987). This method 
quantitatively determines the distribution of sediment size 
particles. A gradation analysis was performed, which calculated 
the mean, median sorting, and percentage of fines for each 
sample. The sediment characteristics were computed using the 
moment method of analysis, which utilizes the entire sample 
results to compute mean and sorting values.   

The average of mean grain sizes for native beach samples was 
0.49 mm, but ranged from 0.46 mm to 0.54 mm. The beach sands 
collected in 1999 had an average grain size of 0.57 mm. The 
grain size of the glass cullet samples ranged from 0.33 mm to 
0.89 mm. Sample #1 provided a glass cullet sample (0.89 mm) 
that was coarser than the requested grain size (0.55 mm). This 
coarse grain size is similar to that found along many beaches in 
the vicinity of the mean-tide line where natural wave action has 
already sorted the sand. Sand that is coarser than the existing 
beach is preferable, from an engineering point of view, when 
attempting to stabilize a beach, especially in areas exhibiting 
higher erosion rates. Sample #2 had a mean grain size of 0.40 
mm, which closely matched the composite grain size of the 
existing beach sediment (Figure 1). Ideally, the grain size of the 
glass cullet should be coarser than the existing beach in order to 
stabilize hotspots. The 0.33 mm mean grain size of glass cullet 
Sample #3 was not recommended as beach fill material because it 
will most likely erode more quickly than the existing sand. The 
range of glass cullet grain sizes supplied for testing highlights 
that it is possible to manufacture the glass cullet with various 
target grain sizes. This capability proves to be an important 
benefit when analyzing the potential use of glass cullet as 
alternative beach fill. 

 
Contaminant Testing 
 
The Department of Environmental Protection requires that for fill 
material to be beach-compatible, it must not contain toxic 
material, as specified in Section 62B-41.007 (2)(j)(4) of the 
Florida Administrative Code.   

 

 
Figure 1. Example of recycled glass cullet that most resembles 
native beach sand grains. 
____________________________________________________ 
  
   Glass cullet and native beach were tested for contaminants as 
part of these investigations. Native beach sands were used as a 
control or guide to general background contaminant levels to 
which the glass cullet would be compared. Tests were performed 
to detect the presence of lead (Pb), mercury (Hg), total coliform, 
fecal coliform, enterococci bacteria, semi volatile organics, 
petroleum hydrocarbons (PHC), and total salt content. The test 
results are fully reported in Thomson, Finkl, and Kruempel 
(2004). The semi-volatile organic results were limited to the five 
compounds detected (out of 85 that were investigated).   

The FDEP (2001) developed guidance for the maximum direct 
exposure to various compounds. Only sodium (Na) and chloride 
(Cl) were detected in the beach sands. A direct exposure limit for 
sodium was not provided by FDEP and the chlorine level was 
0.025% of the allowable limit. 

Of all the contaminants that were detected, all three glass cullet 
samples were below the direct residential exposure limits, except 
for one. Glass cullet Sample #3 had 350 mg/kg of petroleum 
range organics (aromatic hydrocarbons), which is above the 340 
mg/kg limit for direct residential exposure. However, the 
hydrocarbon range must be considered when interpreting this 
limit. The 340 mg/kg limit is specifically for hydrocarbons in a 
carbon chain range of C8-C10, but the glass cullet samples 
contained hydrocarbons in the C18-C38 range. The soil cleanup 
target level is 1,300 mg/kg for hydrocarbons in the C16-C21 
range and 2,200 mg/kg for hydrocarbons in the C21-C35 range 
(Saranko et al., 1999). Therefore, the glass cullet meets the 
contaminant standards required for placement of fill on a beach. 

 
BIOLOGICAL ANAYLSIS 

 
In order to determine the biological suitability of glass cullet in 

marine applications, a series of biological experiments with the 
cullet material.  Using a scientific approach accepted by State and 
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Federal resource protection agencies, the goal was to determine if 
recycled glass cullet is a biologically benign material that may 
allow for the protection of specific erosional hot spots in native 
and nourished beaches. 

The first type of experimentation involved the assessment of 
marine invertebrate survivability and colonization within glass 
cullet mixtures.  Experimental bioassays were divided into five, 
three-container series (total of 15), with each series testing 23 kg 
of proportioned natural sand/glass cullet mixtures. The objective 
of this biological investigation was to monitor the colonization 
and survivability of lower invertebrates and fish, through 
experimental bioassays, in various cullet mixtures. A saltwater 
flow system was utilized to simulate natural beach conditions 
within each test matrix. Direct observations and supplemental 
chemical analyses were conducted to determine whether recycled 
glass cullet has an adverse effect on biological communities. A 
complete report of biological cullet tests can be referenced in 
Makowski and Rusenko (2007) and Makowski et al. (2007).  

Five combinations of glass cullet and beach sand were 
investigated: 100% beach sand, 75% beach sand/25% glass 
cullet, 50% beach sand/50% glass cullet, 25% beach sand/ 75% 
glass cullet, and 100% glass cullet. Saltwater, obtained through 
an oceanic intake system, was delivered through a network of   
PVC pipes to each test container and provided a constant supply 
of fresh saltwater (approximately nine water changes over a 24 hr 
period) to the marine organisms and sediments. Each 
combination of sand/cullet had three replicate containers. Figure 
2 shows three of the containers used to perform the bioassays. 
 
 

 
Figure 2. Experimental bioassays for marine organism habitation 
upon glass cullet substrates. 
____________________________________________________ 

 
After a two-month exposure to glass cullet sediments, it was 

determined that the artificial cullet substrate did not adversely 
affect macro-organism habitation or micro-organism 
colonization.  This was evident with the uniform lack of mortality 

observed in the introduced individuals and the active presence of 
interstitial microfauna. Furthermore, individuals displayed 
normal active behavior within the cullet matrices and showed no 
adverse signs of physical stress. Of particular note, was the use of 
the cullet as defensive camouflage by the test crustaceans and 
mollusks.  In order to shield themselves from predators or direct 
UV light, the sargassum and blue crabs would thrust their 
carapaces backward into the cullet until they were completely 
covered. This behavior was shown repeatedly over the testing 
period with no harm to the crabs. Similarly, whelks would 
burrow deep into the cullet as a protective measure, and would do 
so with no observed injury to their foot or mantle. 

Microscopic analyses revealed that colonization of interstitial 
microorganisms were successful within the cullet mixtures. All 
the same classes of microorganisms were observed in the control 
as well as the experimental replicates. Interstitial movements 
were documented and showed that micro-organisms were able to 
actively transport without adverse effects. Uniform colonization 
of the sediment mixtures was also reaffirmed by the consistent 
organic content readings in all the test series.   

 
ABIOTIC ANALYSIS 

 
Although glass cullet had been shown to be biologically safe 

for marine applications, supplemental testing of certain abiotic 
factors was conducted to further document the acceptability of 
cullet as an alternative material for shoreline use. Specifically, 
temperature, humidity, and respiratory gas exchange are 
considered the most important abiotic variables affecting the 
survival of reptilian embryos. In this case, sea turtles were 
identified as the species of concern. Florida serves as one of the 
most important nesting environments for sea turtles in the United 
States, with more than 50,000 nests annually. Sand acts as a 
barrier through which water vapor, carbon dioxide (CO2), and 
oxygen (O2) diffuse and dissipate heat. Minute differences in 
temperature, humidity, and gas exchange have the potential of 
dramatically affecting sex ratios and survivability of sea turtles in 
their developmental stage. 

The purpose of this testing was to determine if glass cullet 
mixtures exhibit the same abiotic characteristics (temperature, 
moisture content, and respiratory gas exchange) when compared 
to the current beach sediments. Within the glass cullet, the 
synergism between moisture, temperature, and gas exchange must 
be similar to natural beach conditions in order to avoid impacts to 
the development of embryos during incubation. A complete record 
of these tests can be referenced in Makowski et al. (2007) and 
Makowski, Rusenko, and Kruempel (2008).   

A test plot was constructed on a beach in the City of Hollywood 
Beach, Broward County, Florida in March 2006. The test plot was 
12 m (40 feet) long, 3 m (10 feet) wide, and 1 m (3 feet) deep.  
Sixteen individual test sections (4 sections for each of the 4 
natural beach/glass cullet mixtures) were constructed within the 
test plot. Each section was 1.5 m by 1.5 m square and 1 m deep.  
The four natural beach/glass cullet mixtures tested were 100% 
beach sand, 75% beach sand/25% glass cullet, 50% beach 
sand/50% glass cullet, and 25% beach sand/75% glass cullet.  
Figure 3 shows the test plot with each individual section roped and 
labeled. 

Three abiotic sensors were placed in the center of each test 
section at depths of 0.23 m, 0.30 m, and 0.46 m.  The sensors 
were placed at depths that simulate the top, middle, and bottom 
of a typical sea turtle nest cavity.  Temperature and humidity 
readings were collected every 30 minutes over the 171 day test  
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Figure 3. The abiotic test plot with individual sections of glass 
cullet/native beach sand mixtures. 
____________________________________________________ 

 
period (March to August 2006).  A PVC rod was placed in the 
center of each test section and gas probe samples were collected 
and analyzed for oxygen content twice weekly (Figure 4). 

The analysis was separated into two time periods for analysis 
purposes. The first analysis period was March to May 2006 while 
the second analysis period was from June to August. The average 
temperature for the March to May 2006 period was 27.5°C (±2.6) 
for the top sensors, 27.3°C (±2.1) for the middle sensors, and 
27.0°C (±1.5) for the bottom sensors. These values were the same 
for all mixtures. The average temperature for the June to August 
2006 period was 31.5°C (±2.5) for the top sensors and 30.4°C 
(±0.9) for the bottom sensors, again for all mixtures. The only 
data set where there was a difference in the average temperature 
was for the middle sensors of the 25% beach sand/75% glass 
cullet. The average temperature for the middle sensors of the 
100% beach sand, 75% beach sand/ 25% glass cullet and 50% 
beach sand/50% glass cullet matrices was 31.2°C (±1.8) while the 
25% beach sand/ 75% glass cullet series recorded a mean of 
31.1°C (±1.9). This difference was found to be statistically 
insignificant. 

During both testing interval phases in this study, moisture 
content of all the experimental glass cullet sections showed no 
significant differences from the beach sand controls (t-test, 
P>0.05). All sections, experimental glass cullet and control, 
logged dew point temperatures and relative humidity readings 
that would allow sea turtle eggs the necessary moisture during 
incubation. Nesting sediment substrates act as a barrier around 
sea turtle eggs that respiratory gases (e.g., oxygen) must actively 
diffuse through. To facilitate the gas exchange demands of the 
developing embryos, a net movement of oxygen must be able to 
pass between the atmosphere above the beach (i.e., 20.9% O2  

 
 
 
 

 

 
Figure 4. Gas probe samples were collected and calculated with 
an oxygen analyzer. 
____________________________________________________ 

 
content) and the egg nest chamber. As such, if the concentration 
of oxygen is high enough within the nest to supply the necessary 
ventilation, then incubating embryos will meet the oxygen 
demands of their pre-pipping developmental stages (Ackerman, 
1980). Lastly, gas probe samples were analyzed from all the 
experimental cullet test areas and each series recorded high 
concentrations of oxygen with no significant variations from the 
beach sand controls (t-test, P>0.05).  

 
CONCLUSION 

 
Analyses conducted to date suggest that recycled glass cullet 

would be a viable beach-compatible fill option material. The 
geotechnical analyses determined that the mechanically 
customized grain sizes of the glass cullet are properly sufficient 
to characterize the material as shoreline suitable. Also, 
contaminant tests show that the cullet is an inert, safe substrate. 
Biological and abiotic testing concluded that there would be no 
adverse impacts to microfauna or macrofauna species and that sea 
turtle nesting requirements would not be negatively affected 
when using glass cullet on beaches. 
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