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Detection of Hazardous Components of Particulate Matter 

from Synthetic Turf Using a Novel Collection Method  

 

 

Varying concentrations of trace metals, volatile and 

semi-volatile organic compounds (VOCs/SVOCs) have 

been extracted from the crumb rubber infill used in 

synthetic turf. These components can lead to adverse 

health effects if introduced to the body in levels higher 

than the EPA’s standard for air quality. Use of the 

synthetic turf for athletic activities can cause the 

rubber to break down and form particulate matter 

(PM), which can be kicked up into the air and breathed 

in. A novel method involving the use of polyurethane 

foam (PUF) discs with handheld vacuum cleaners will 

be explored as a simple and fast way to collect samples 

of particulate matter from synthetic turf fields. This 

sample collection method will also be more 

representative of the way humans are exposed to these 

harmful chemicals. A thorough review of extraction and 

analytical methods will be done in order to develop a 

procedure to  determine the concentration of PMs and 

VOCs/SVOCs in the collected samples. 
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Summary of Pearsonian Correlations 

Measure MAP SSES AGG DSQMAT DSQIMM 
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SSES .754** 1       
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DSQIMM -.230** -.231** .548** .851 1 
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Pre-Cleaning Method 

Expectations for Results 

The concentration of chemical 

compounds found in the particulate 

matter is expected to be of lower 

quantities than that found in direct 

extractions.  

 

Testing alternative sample collection methods that 

may be even more representative of human 

exposure 

 Vacuuming the air rather than directly 

vacuuming the synthetic turf 

Additional parameters that may provide a more 

comprehensive picture of exposure 

 Vacuuming before, during, and after athletic 

activity 

 Sample collection after different types of 

athletic activity 

 Sample collection during different weather 

conditions and temperature 

 

Sample Collection Method 

Sample Extraction Method 

Sample Analysis Method 

Figure 2. Flow chart of overall experimental process 

A control method will be performed concurrently with the new 

method. Both methods will be compared in terms of ease, cost, 

as well as concentration of chemical compounds extracted. 

VOCs/SVOCs standards will be prepared. 

 

The control method involves the direct extraction of VOCs/SVOCs 

from crumb rubber. Figure 2 shows a flow chart of the differences 

between the two methods and the overall process. 

Synthetic turf was introduced in the 1960s as an alternative 

to natural grass fields. It is sturdier than natural grass and 

does not need sunlight or the meticulous maintenance 

required for natural turf, making it popular in urban areas 

[1]. The current 3rd generation of synthetic turf is comprised 

of multiple layers, one being rubber infill created from used 

tires. 

Figure 1. Components of a third-generation synthetic playing surface (Jastifer et 

al., 2018)  

Used tires contain chemicals such as VOCs/SVOCs that 

are known human health hazards. Their volatility allows 

them to be found in air at ambient temperatures [2]. 

These compounds are often released into the air during 

hot days and can be inhaled by people using the 

synthetic fields [3]. Overtime, athletic activity breaks 

down the crumb rubber into small particles that can be 

inhaled and ingested.  

 

Much of prior research in the field is focused on 

identifying these compounds and studying the 

concentration levels by directly extracting them from the 

rubber itself. There is not much information on exposure 

to PM. A majority of people do not intentionally consume 

large amounts of the infill, therefore a method that is 

more representative of PM exposure is needed.  

PUFs 
The PUF discs were purchased from Ziemer-

chromatographie with the custom dimensions: 

82 mm diameter X 15 mm height. 

 

Vacuum Cleaners 
The vacuum source will be Black + Decker 

handheld vacuum cleaners. These can be found 

on Amazon.com. 

 

 

A thorough literature review of current methods involving PUF 

cleaning, extraction of VOCs/SVOCs and instrumental analysis was 

done. Methods were compiled, compared, and tested to develop 

a procedure for analyzing the particulate matter collected via 

PUF + Vacuum Cleaner. 

Many publications used Soxhlet Extraction as a technique to remove 

any prior contaminants from the PUF before use [6]. Our team 

determined that this method was too time consuming (24 hours per 

wash) to be efficient. Dichloromethane, the solvent used, is a toxic 

carcinogenic compound.  

 

We tested another method where the PUFs were submerged in a 2% 

Alconox detergent solution and ultrasonicated, before being 

ultrasonicated/rinsed with water repeatedly [7]. This method also 

proved to be time-consuming and ineffective due to the persistent 

residual Alconox. This technique may be improved if a less 

concentrated solution of Alconox is used.  

 

Accelerated solvent extraction (ASE) uses high temperature and 

pressure to thorough extract analytes from samples. It uses a closed 

container, which reduces chances for contamination. Very little 

solvent is needed. The process is also automated and quick. This 

method has numerous benefits and will be tested in the future [8]. 
 

 

 

  

We have nine potential fields and parks for on-site collection: 

Riverside Park at 107th Street (RP107), Eugene McCabe Field 

(EMF), Frederick Douglass (FD), Marx Brothers Playground (MBP), 

Riverside Park at 104th Street (RP104), Wagner Park (WP), Booker 

T. Washington (BTW), Harlem River Park (HRP), and Annunciation 

Playground (AP). Sources for requested rubber infill from 

manufacturers include: Crumb Rubber (CR), Envirofill (EF), Wood, 

Thermoplastic Elastomers (TPE), Green Play (GP), Ethylene 

Propylene Diene Monomer (EPDM), Nike Grind, and Styrene-

Butadiene Rubber (SBR). 

 

Samples for direction extraction will be scooped from fields 

directly or from the packages sent by manufacturers. 

 

The pre-cleaned PUFs and vacuum cleaners will be brought to the 

fields in sealed cases. At the field, the PUFs will be put into the 

vacuum cleaner between the intake tube and vacuum filter. 

Samples will be collected from multiple sections of the synthetic 

turf fields. Manufacturer samples will be vacuumed in the lab. 

Samples 

Two sources of synthetic turf will be used for both particulate matter 

collection and direct crumb rubber extraction; turf from fields and 

playgrounds around New York City and requested samples of unused 

infill from eight different synthetic turf manufacturers. 

 

Standards - Volatile MegaMix and 8260 VOC Internal Standard Mix in methanol 

  
 

Prior publications have used Soxhlet extractions, sonications, 

silica gel column chromatography, and ASE.  

 

In the pre-cleaning method process, we had determined 

Soxhlet would not be efficient for our purposes. Gel 

chromatography would make it difficult to retrieve the PM 

from the column for further analysis after the volatiles have 

been extracted from them. ASE uses less solvent than 

sonication and can limit contamination more easily. ASE will 

be tested. 

 

In the control method, crumb rubber samples will be 

agitated using a vortexer and a centrifuge to extract the 

VOCs/SVOCs.  

 

The extraction solvent needs to be miscible with the 

standards and effective in extracting the target analytes. 

Hexane, acetonitrile and ethyl acetate were considered. 

After extraction, the liquid extract containing volatiles will 

be filtered and isolated from the PM using PTFE membrane 

filters [9]. The PM will be analyzed using ICP-MS. The liquid 

extract will be concentrated to a smaller volume using a 

TurboVap® evaporator. The sample will be spiked with 

internal standard, then analyzed in the GC-MS. 

 

Hexane, acetonitrile and ethyl acetate were tested as 

solvents using the VOC standards purchased. Acetonitrile and 

ethyl acetate yielded chromatograms with better separation 

of peaks, while hexane showed more overlapping peaks. Both 

acetonitrile and ethyl acetate are more polar than hexane, 

making them more suited for separation of VOCs/SVOCs. 

 

The exact measurements of solvents and optical instrumental 

settings for the best separation are still in testing. 

 

Theoretically, this novel method of 

sample collection is simple and fast. 

If the PUF-Vacuum cleaner 

combination yields the presence of 

VOCs/SVOCs/PAHs in detectable 

concentrations, then it can become 

an established method of sample 

collection for synthetic turf data 

analysis. With a thorough set of 

instructions, cases of vacuum 

cleaners and PUFs can be sent out to 

field owners beyond New York City to 

collect samples and be sent back to 

local labs for analysis. 
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