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Residual Butadiene in BD-derived polymers and resins – Summary of the 
evidence 
 
A non-systematic literature search was carried out to identify references that report measurements of 
residual 1,3-Butadiene (1,3-BD) in Butadiene-derived polymers and resins or assessed the potential 
migration of residual 1,3-BD from such polymers and resins.  The following paragraphs summarize 
theoretical considerations and references and table 1 contains the reported values found in the previous 
20 years of literature, while Appendix 1 provides an annotated bibliography.  Appendix 2 provides links 
to studies that have assessed migration of additives or monomers from butadiene-derived polymers or 
resins, but do not report any measured butadiene, which has consistently been identified as the 
monomer with the lowest presence in the resins (compared to the other components).   
 
Residual 1,3-BD in BD-derived resins and polymers 

Since 1,3-BD is part of the building blocks for many plastics and resins (i.e., Styrene-Butadiene Rubber 
(SBR), Acrylonitrile-butadiene-styrene (ABS), etc.), it is expected that residual monomers in plastic will 
always be present to a certain extent (Ministry of Environment and Food Denmark, 2019).    

Since butadiene has a low boiling point (-4.5°C) and thus is gas at room temperature, it can be expected 
based on theoretical considerations that any bioavailable residues of this monomer will easily evaporate 
from the polymer or during the high moulding process temperatures unless the residues are 
encapsulated in the polymer.  

A good example is the heating of the plastic for calendaring/extrusion or mixing, all the way to 
vulcanization of SBR.  These processes will lead to the volatilization of part or all (in the case of 
vulcanization, as demonstrated by EPA, 2017) the residual BD in the resins.  Through heating, the 
solubility of most substances increases which will counteract a possible degassing of monomers with low 
boiling point and/or high vapor pressure. From theoretical considerations based on reaction kinetics it 
can be expected that there will be a correlation between process type and removal of residual 
monomers. (Ministry of Environment and Food Denmark, 2019).    

Table 1 summarizes the reported concentrations measured and reported in public literature.  An 
example are vendor specifications for Styrene Butadiene Rubber Copolymer (Food) with a maximum 
concentration of 0.5 mg/kg of 1,3-BD in the gum. 

Several unpublished studies were identified that assessed residual levels of BD monomer in materials.  
The results of an unpublished survey conducted in 2020 with the manufacturers of synthetic rubber in 
the USA indicate that BD monomer levels were below the limit of detection (Table 2a,b).  Similarly, the 
International Institute of Styrene Butadiene Rubber Producers shared data on residual butadiene in 
these rubbers, as reported by the Association of Petrochemical Industry of Japan (IISRP, 2020) 

An unpublished study from 2001 measured the levels of BD monomer in four different ABS plastic 
samples, yielding a single detection that occurred at the detection limit (1 mg/kg; Table 3).  A more 
recent survey of two different ABS plastics that contained BD monomer levels with mean concentrations 
ranging from 0.68±0.71 to 2.1±1.5 mg/kg (Table 3).  

 

Potential for migration of 1,3-BD from plastics or resins 
Theoretical considerations 

The solubility of monomers in the polymer and the affinity of the monomers (i.e. tendency to bond by 
electrostatic forces) for the polymer are in general so high that as a rule, the monomers are difficult to 
force out. The rule of thumb is that the monomer is the best solvent for a given polymer. Therefore, it 

https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://foreverest.net/products/gum-base/styrene-butadiene-rubber-copolymer-food-ssbr1027.html
https://www.regulations.gov/comment/EPA-HQ-OPPT-2018-0451-0027
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cannot be expected that the residual monomers disappear completely with time, but stay in the matrix 
(i.e., limited to no bioavailability). However, this does not mean that the content of the residual 
monomers increases over time. Like for all chemical processes, a phase equilibrium will occur. (Ministry 
of Environment and Food Denmark, 2019). 

The migration rate of organic chemical substances is size dependent. Small molecules, (e.g. monomers 
and residual solvents), with low boiling points, will migrate fast. In fact, some monomers e.g. 
formaldehyde, vinyl chloride, ethylene and butadiene have a tendency to migrate quickly even at 
ambient temperatures (Hahladakis et al (2018), Hansen et al, (2013)). Migration potential is impacted by 
a wide range of parameters, such as initial concentration of the monomer in the plastic, the thickness of 
the plastic material, the crystallinity of the plastic and the surface structure of the plastic have all a 
complex influence on the rate of migration (Hansen et al., 2013). Residual monomers in plastic will be in 
a phase equilibrium with the atmosphere and the plastic in which they are dissolved (Ministry of 
Environment and Food Denmark, 2019).   It is important to note that addition of additives to plastic will 
influence the diffusion coefficient and thus the amount which migrates from the plastic as well as the 
migration rate (Genualdi et al., 2014). From a purely theoretical point of view, it must therefore be 
expected that the migration from solid plastic products, such as ABS will be very slow. (Ministry of 
Environment and Food Denmark, 2019).    

Seen from a theoretical point of view, the following conditions regarding residual monomers in plastic 
and migration of residual monomers from plastic apply:  

• The actual production process of the polymer is significant for the content of residual monomers. It is 
possible to reduce the content of residual monomers in the polymer by controlling the process 
conditions and use subsequent processes which may reduce the monomer content but there will always 
be a certain amount of residual monomer left in the polymer.  

• The production method of articles (for instance injection moulding versus blown film) may be 
important for the content of residual monomers in the polymer.  

• The migration of residual monomers from the polymer follows in theory Fick’s Law, i.e. the migration 
depends on among other things the type of plastic (initial concentration), time, temperature, thickness 
of material and exposure for example for liquids.  

• The migration will decrease with time as the concentration of the monomer in the plastic decreases 
and as an equilibrium between monomer content in the plastic and monomer content in the migration 
medium will occur.  

• The migration may be expected to be largest to the medium/liquid in which the monomer is easily 
soluble (not the case for 1,3-BD, as it has low water solubility) 

 
Summary of data regarding migration from plastic  

Based on the low water solubility of 1,3-BD, it is expected that migration to aqueous agents will be low, 
while there is potential that higher migration is predicted for fatty food tests (since ethanol would be a 
likely simulant).   Nevertheless, the few studies identified that report detections of 1,3-BD in oil, 
margarine, potato salad, cottage cheese, and yogurt describe concentrations ranging from <0.2 to 9 
ng/g (ppb) ATSDR Tox Profile for 1,3-Butadiene (2012)  

Table 1 also summarizes the little information about migration of the residual monomer butadiene that 
was found. Whether this is due to the fact that the content of the residual monomer butadiene is 
normally identified in small amounts (mostly < 1.7 mg/kg, maximum measurement 5.3 mg/kg) is 
unknown. However, this is the argument which Abe et al. (2013) state for not measuring the migration 
of butadiene from the toys they examined. Only data from one of the European toy producers (TIE, 

https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www.sciencedirect.com/science/article/pii/S030438941730763X?ref=pdf_download&fr=RR-2&rr=84abf7ccab51eadd
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www.atsdr.cdc.gov/ToxProfiles/tp28.pdf
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2018) show that all the measurements (20 in total) are below the detection limit. (Ministry of 
Environment and Food Denmark, 2019).    

In an unpublished study, the migration of BD monomer from four samples of ABS plastic was assessed 
using three different food simulants (3% acetic acid, 10% ethanol, olive oil).  Migration was assessed 
using the following test conditions: 2 hours at 70 degrees C, 2 days at 40 degrees C, and 10 days at 20 
degrees C.  For all samples and test conditions except for 1, the levels of BD monomer were below the 
limit of detection (10 ug/kg simulant; Table 4).  A single detection was report for one sample (ABS 4) and 
test condition and simulant (2 days, 40 degrees C, in olive oil) just slightly above the detection limit (12 
ug/kg simulant). 

 

 

https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
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Table 1. Summary of Published Literature on the Residual Content and Migration of 1,3-BD Monomer from Polymer 

Materials 

Reference Year Material 
Residual content 

(ug/g) 
Migration to 

water (ng/ml) 
Migration to 
air (ug/m3) 

Migration to 
food (ug/g) 

Determination of Residual 1,3-Butadiene in 
Synthetic Resins containing Butadiene  

1981 
PBD ND  (< 1 ppm) -- -- -- 

ABS ND  (< 1 ppm) -- -- -- 

Single ion monitoring of butadiene in plastics and 
foods by coupled mass spectrometry-automatic 
headspace gas chromatography 

1984 ABS <0.005 - 0.31     
ND (< 0.0002) in 
margarine 

Analysis of Acrylonitrile, 1,3-Butadiene, and 
Related Compounds in Acrylonitrile-Butadiene-
Styrene Copolymers for Kitchen Utensils and 
Children's Toys by Headspace Gas 
Chromatography/Mass Spectrometry  

2010 

ABS 0.06–1.58  -- -- -- 

AS  ND -- -- -- 

PS 0.01 - 0.08  -- -- -- 

Migration study of 1,3-butadiene in eye-drop 
solutions  

2012 ? -- 
0 - 0.52 (after 12 
months at 40C) 

-- -- 

Analysis of trace residual 1,3-butadiene in 
poly(acrylonitrile-co-butadiene-co-styrene)  

2012 ABS 
0.002 - 0.003 -- -- -- 

Volatile Substances in Polymer Toys Made from 
Butadiene and Styrene  

2013 

ABS 0.04 - 5.3 (mean 0.78) 3 - 40 -- -- 

thermoplastic elast. <0.1 ND -- -- 

rubber toys (SBR) < 0.1 ND -- -- 

Survey of volatile substances in kitchen utensils 
made from acrylonitrile–butadiene–styrene and 
acrylonitrile–styrene resin in Japan  

2014 
ABS 0.06 - 1.7  ND -- -- 

AS 
ND ND -- -- 

Toy Industries of Europe (TIE) (as reported in 
Survey of monomers in toy materials 

2018 ABS 
<0.01 - 5 (mean 0.29) <0.01     

Survey and investigation of migration of monomers 
in toy materials  

2019 
ABS 0.23 - 1.55 <0.01 -- -- 

SBC <0.1 - 0.2 <0.01 -- -- 

Synthetic Turf Field Recycled Tire Crumb Rubber 
Research Under the Federal Research Action Plan.  
Final Report Part 1 – Tire Crumb Rubber 
Characterization Volume 1  

2019 

SBR recycled -- -- -- -- 

SBR turf field 
-- -- -- -- 

Determination of 1,3-Butadiene Migrated from 
Butadiene-Based Polymers to Air and Water Using 
Sorbent Tubes and Purge-and-Trap  

2021 
ABS -- ND ND -- 

SBR 
-- 0.044±0.003 0.91±0.09 -- 

Styrene Butadiene Rubber Copolymer (Food)  2023 SBR 0.5 (maximum spec) -- -- -- 

 

https://www.jstage.jst.go.jp/article/shokueishi1960/22/2/22_2_150/_pdf/-char/en
https://www.jstage.jst.go.jp/article/shokueishi1960/22/2/22_2_150/_pdf/-char/en
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://www.sciencedirect.com/science/article/pii/S1226086X11001006?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1226086X11001006?via%3Dihub
https://www.scirp.org/pdf/AJAC_2013052217373291.pdf
https://www.scirp.org/pdf/AJAC_2013052217373291.pdf
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.100
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.100
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.100
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://link.springer.com/article/10.1007/s10337-021-04094-z
https://link.springer.com/article/10.1007/s10337-021-04094-z
https://link.springer.com/article/10.1007/s10337-021-04094-z
https://foreverest.net/products/gum-base/styrene-butadiene-rubber-copolymer-food-ssbr1027.html
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Table 2a. Unpublished Data on Residual BD Monomer in SBR (IISRP, 2020) 

 

Table 2b. Unpublished Data from the Association of Petrochemical Industry of Japan 

(IISRP, 2020) 

 

 

  

https://www.regulations.gov/comment/EPA-HQ-OPPT-2018-0451-0027
https://www.regulations.gov/comment/EPA-HQ-OPPT-2018-0451-0027
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Table 3. Unpublished Data on Residual BD Monomer in ABS Plastic  

    Residual BD (mg/kg) 

Year of 

analysis 

Sample Analytical 

Method 

DF Minimum Maximum Mean SD 

2001 ABS 1 GCMS 0/1 -- -- <1 -- 

2001 ABS 2 GCMS 0/1 -- -- <1 -- 

2001 ABS 3 GCMS 0/1 -- -- <1 -- 

2001 ABS 4 GCMS 1/1 -- -- 1 -- 

2020-2023 ABS 5 Not specified 53/56 0.2 3.15 0.68 0.71 

2020-2023 ABS 6 Not specified 595/595 0.1 10.4 2.1 1.5 

 

Table 4.  Unpublished Data for Migration of BD Monomer from ABS Plastic 

Sample  

(residual BD, mg/kg) 

Simulant Test Exposure 

(repeat use) 

BD migration (ug/kg simulant) 

2 hours, 70 °C 2 days, 40 °C 10 days, 20 °C 

ABS 1 (<1 mg/kg) 3% acetic acid 1st ND* ND -- 

10% ethanol  ND ND -- 

olive oil  ND ND -- 

3% acetic acid 3rd ND ND -- 

10% ethanol  ND ND -- 

olive oil  ND ND -- 

ABS 2 (<1 mg/kg) 3% acetic acid 1st -- -- ND 

10% ethanol  -- -- ND 

olive oil  -- -- ND 

ABS 3 (<1 mg/kg) 3% acetic acid 1st ND ND -- 

10% ethanol  ND ND -- 

olive oil  ND ND -- 

3% acetic acid 3rd ND ND -- 

10% ethanol  ND ND -- 

olive oil  ND ND -- 

ABS 4 (1 mg/kg) 3% acetic acid 1st ND ND -- 

10% ethanol  ND ND -- 

olive oil  ND 12 -- 

3% acetic acid 3rd ND ND -- 

10% ethanol  ND ND -- 

olive oil  ND ND -- 

*GCMS Detection limit = 10 ug/kg simulant    
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Appendix 1:   
Annotated summary of references reporting residual content or migration of BD 
from polymers 
 
Old references already summarized in ATSDR Tox Profile for 1,3-Butadiene (2012)  
1,3-Butadiene is used to manufacture synthetic rubber and plastics that are frequently used for food 
packaging. Because residual 1,3-butadiene may be present in the polymers used to make the containers, 
both the packaging and the food contained therein have been analyzed. In one study, 1,3-butadiene at a 
concentration of 8–9 ng/g (ppb) was detected in three of three brands of olive oil packaged in 1,3-
butadiene rubber-modified acrylonitrile-acrylic bottles (McNeal and Breder 1987). Analysis of the bottles 
themselves found 1,3-butadiene residues as high as 6,600 ng/g (ppb). Soft-plastic packaging tubs used 
as containers for potato salad, cottage cheese, and yogurt had residual 1,3-butadiene levels in the range 
of 21–1,700 ng/g (ppb). However, no 1,3-butadiene was detected in any of the food packed in these 
containers (detection limit 1 ppb). Chewing gum made with a 1,3-butadiene rubber base did not show 
residual traces of this diene (McNeal and Breder 1987). Soft-plastic margarine tubs from five major 
name brands in the United Kingdom contained 1,3-butadiene residues ranging from 5 to 310 μg/kg 
(ppb), but none of the monomer was detected in the margarine samples themselves (detection limit 0.2 
μg/kg) (Startin and Gilbert 1984). The authors concluded that migration of the 1,3-butadiene monomer 
from plastic packaging to food is unlikely to present a problem. Residual levels of 1,3-butadiene in food 
containers are closely regulated by the Food and Drug Administration. Pellizzari et al. (1995) measured 
0.1 mg of 1,3-butadiene in rapeseed oil emissions during 20 minutes of heating the oil in a wok at 260 
°C. The presence of 1,3-butadiene was attributed to the pyrolytic decomposition of unsaturated fatty 
acids in the oil. 
 
Determination of Residual 1,3-Butadiene in Synthetic Resins containing Butadiene (Tan and Okada, 
1981)   
Samples of household wrapping film, ABS sheets, and kitchen utensils such as chopsticks, Ladles, graters, 
and lunch trays were analyzed for residual monomers.  The reported concentrations of 1,3-BD were 
consistently below limit of detection (1 ppm) 
 
Single ion monitoring of butadiene in plastics and foods by coupled mass spectrometry-automatic 
headspace gas chromatography (Startin and Gilbert, 1984) 
The authors analyzed tubs of margarine and their contents to determine the potential migration of 
butadiene from ABS into foodstuff.  Levels of butadiene in the ABS Plastics ranged from < 0.005 to 0.31 
mg/kg and for the soft margarines were not detectable at a detection limit of 0.0002 mg/kg. The authors 
conclude that the absence of butadiene in the margarine suggests that this monomer is unlikely to 
present a problem through migration into foods. 
 
Human exposures to monomers resulting from consumer contact with polymers (Leber, 2001) 
A survey of all food-contact sources of butadiene monomer indicates negligible risks to consumers. The 
many worse-case assumptions that are used in surveys and analyses that estimate monomer exposures 
derived from polymers in contact with food provide assurances that these consumer products do not 
contribute in a significant manner to human health concerns. 
 
Summary Risk Assessment Report  (European Union JRC, 2002) 
The only available measured data for the presence of monomer in indoor air suggest that indoor levels 
are generally below 2.2 µg/m3 (equivalent to 0.001 ppm), giving rise to an estimated daily dose of 5E-4 

https://www.atsdr.cdc.gov/ToxProfiles/tp28.pdf
https://www.jstage.jst.go.jp/article/shokueishi1960/22/2/22_2_150/_pdf/-char/en
https://pdf.sciencedirectassets.com/271409/1-s2.0-S0021967300X07947/1-s2.0-S0021967301961576/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEMf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCICgX3OKFi88kK4SVGB6JpUkHNgMx%2FSXw52D6BSbEkFe%2FAiEA%2BzNvdHdZ3NIljaVfjJb%2FtPXm1DdMbETGICeRpaTne70quwUIgP%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDB811vrF%2FBQd6TzDMSqPBY7Z9SRZiWR%2BXQ0ZpgUf20WtjsyNrazYZ2DKatd3c4g4NK%2BRpRUavn308gxmPVHMhCgYiN7KOpFxca8iizZsJx2YM72H5r6rPod7dSgvM3QdE0WYYUs9Zmdua49wVHqSoFQ7U5SJEB42tSL43fNWJWgJ%2BrEN6tIPsiXhQXj92z%2FimsRyWM1qUCI3ZbhBjo%2Bz0qVVKraeEi599EGwwHxRnzQtG90764c1o2Nq1eNrDhcf27vDYWnZMWsx5crbRkRcgaKUTuqsJBHbNbcNVmtblZQ51zXITLFNTQSZlbnp0vxRWA6828udChrruYs1Cy%2Ffp6oxxTndrmfrrZMk3jJqNZYCU7aK8nK5CfGqNQDdN9xwRi7vfmWYDgMiWSzQCcspWZrINYwAbzjApFNOEUBGTN1Ld5Ph9SUN9Zk2ndFqsz%2BAbeirv7WcoP2uONapzfL8xiz6nkb7ptHg2QvhOwC4kHAgd6HHY%2FJ4kOFzyiBi2gDFu%2ByMRXoDmc5pOJn20h4%2BwF4IKDkjLjirCjrGHh17u6IQpssBg7zDvaMU1Y9l4pgzpay%2BTnvpy2UMamNL5qsanXRKjcvUFSuYRIVYEDZUCfZF%2FhCjZOZPvycb%2F56a44IqQl6GosBqijgWWhyinM34mmz3ZO8nhBu5AnZl%2F5P%2FrAFUJwQjoDCkmCXhcZMbSkCNpgxTBzL0UYdWgbai2bNrkywZjEp2cNvVhF9AMiJTUwFM2rTXERCS3CuhvLWdeBho2%2FfuX%2FiAAQZpCD3BYEo83L4ojkxHvJ8w7xfIGO5TNo%2FX%2BZt3hyoX%2B6FPxw8RcTUkwp1aX2ADnWbcYeXHoMTfLMxp0HhipDkC%2BxIRqcmOQDqJKozcWuDX14d%2BQvCWu8gwhanGrQY6sQGwZ3Dw88HaOKLQOcNhGceuWxPwUEGjX8v8aBp8ZsJwShkjDCvmHH%2F%2Bc12vO1Ye0qrmO7NECB9Rultc8cqD4mxjSgGguwCYkooyCJWw1zgYFjWU%2FK0TiMYuEBTJVxmwJ8rxkQiku3Bo0%2F24TYqTssGDgQbCSBkJ6GlbWDhGUQTVYkbTyRBwGOUtaZXGYT3I5cm5ilU7d%2FcIaqr9oC8%2Bbyqoqb8eopCI4n4ZYZHvyAYJboQ%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240124T233832Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYWKVBDZKH%2F20240124%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=74111613f6f41c31ac5decfafbdc7b84e31c71d9ac787e46b0f72509e3c11ba2&hash=d4405de4423972b2977dd9c49e40ecf23da9c55ae99dbe4dfbf576ad94a4dc41&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021967301961576&tid=spdf-f1046368-9f2e-4860-9a72-8e9d6adb8295&sid=cdd7d3ff81ede44a65082dd77c0f2b0e333dgxrqa&type
https://pdf.sciencedirectassets.com/271409/1-s2.0-S0021967300X07947/1-s2.0-S0021967301961576/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEMf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCICgX3OKFi88kK4SVGB6JpUkHNgMx%2FSXw52D6BSbEkFe%2FAiEA%2BzNvdHdZ3NIljaVfjJb%2FtPXm1DdMbETGICeRpaTne70quwUIgP%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAFGgwwNTkwMDM1NDY4NjUiDB811vrF%2FBQd6TzDMSqPBY7Z9SRZiWR%2BXQ0ZpgUf20WtjsyNrazYZ2DKatd3c4g4NK%2BRpRUavn308gxmPVHMhCgYiN7KOpFxca8iizZsJx2YM72H5r6rPod7dSgvM3QdE0WYYUs9Zmdua49wVHqSoFQ7U5SJEB42tSL43fNWJWgJ%2BrEN6tIPsiXhQXj92z%2FimsRyWM1qUCI3ZbhBjo%2Bz0qVVKraeEi599EGwwHxRnzQtG90764c1o2Nq1eNrDhcf27vDYWnZMWsx5crbRkRcgaKUTuqsJBHbNbcNVmtblZQ51zXITLFNTQSZlbnp0vxRWA6828udChrruYs1Cy%2Ffp6oxxTndrmfrrZMk3jJqNZYCU7aK8nK5CfGqNQDdN9xwRi7vfmWYDgMiWSzQCcspWZrINYwAbzjApFNOEUBGTN1Ld5Ph9SUN9Zk2ndFqsz%2BAbeirv7WcoP2uONapzfL8xiz6nkb7ptHg2QvhOwC4kHAgd6HHY%2FJ4kOFzyiBi2gDFu%2ByMRXoDmc5pOJn20h4%2BwF4IKDkjLjirCjrGHh17u6IQpssBg7zDvaMU1Y9l4pgzpay%2BTnvpy2UMamNL5qsanXRKjcvUFSuYRIVYEDZUCfZF%2FhCjZOZPvycb%2F56a44IqQl6GosBqijgWWhyinM34mmz3ZO8nhBu5AnZl%2F5P%2FrAFUJwQjoDCkmCXhcZMbSkCNpgxTBzL0UYdWgbai2bNrkywZjEp2cNvVhF9AMiJTUwFM2rTXERCS3CuhvLWdeBho2%2FfuX%2FiAAQZpCD3BYEo83L4ojkxHvJ8w7xfIGO5TNo%2FX%2BZt3hyoX%2B6FPxw8RcTUkwp1aX2ADnWbcYeXHoMTfLMxp0HhipDkC%2BxIRqcmOQDqJKozcWuDX14d%2BQvCWu8gwhanGrQY6sQGwZ3Dw88HaOKLQOcNhGceuWxPwUEGjX8v8aBp8ZsJwShkjDCvmHH%2F%2Bc12vO1Ye0qrmO7NECB9Rultc8cqD4mxjSgGguwCYkooyCJWw1zgYFjWU%2FK0TiMYuEBTJVxmwJ8rxkQiku3Bo0%2F24TYqTssGDgQbCSBkJ6GlbWDhGUQTVYkbTyRBwGOUtaZXGYT3I5cm5ilU7d%2FcIaqr9oC8%2Bbyqoqb8eopCI4n4ZYZHvyAYJboQ%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20240124T233832Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYWKVBDZKH%2F20240124%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=74111613f6f41c31ac5decfafbdc7b84e31c71d9ac787e46b0f72509e3c11ba2&hash=d4405de4423972b2977dd9c49e40ecf23da9c55ae99dbe4dfbf576ad94a4dc41&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021967301961576&tid=spdf-f1046368-9f2e-4860-9a72-8e9d6adb8295&sid=cdd7d3ff81ede44a65082dd77c0f2b0e333dgxrqa&type
https://www.sciencedirect.com/science/article/pii/S0009279701002198#BIB2
https://echa.europa.eu/documents/10162/cf3931bd-8b42-49e2-a0b9-4acc71a37375
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mg/kg/day for an adult or 7E-4 mg/kg/day for a toddler. The predicted reasonable worst-case oral dose 
of 1,3-butadiene as a result of leaching from packaging into foodstuffs is about 2.1E-4 mg/kg/day for an 
adult and 1.2E-3 mg/kg/day for a toddler. The combined exposure from indoor air and leaching from 
packaging into foodstuffs amounts to a predicted reasonable worst-case dose of 7E-4 mg/kg/day for an 
adult and 1.9E-3 mg/kg/day for a toddler. 
 
Analysis of Acrylonitrile, 1,3-Butadiene, and Related Compounds in Acrylonitrile-Butadiene-Styrene 
Copolymers for Kitchen Utensils and Children's Toys by Headspace Gas Chromatography/Mass 
Spectrometry (Ohno, 2010) 
Twenty-two samples made from ABS copolymer (13 kitchen utensils and nine children’s toys). AS 
copolymers (5 kitchen utensils), PS (3 kitchen utensils and 2 food containers), and seven NBR gloves 
In ABS copolymers, 1,3-BD was detected at 0.06–1.58 ug/g in all samples. The levels in children’s toys 
were confirmed to be identical to those in kitchen utensils.  1,3-BD was not detected in AS copolymers,. 
In PS samples, 1,3-BD was detected at low levels compared with the ABS copolymers (levels were 0.01 
and 0.08 ug/g). 
 

Analysis of trace residual 1,3-butadiene in poly(acrylonitrile-co-butadiene-co-styrene) (Choi and Kim, 
2012)   

Residual 1,3-butadiene extracted from ABS pellets with toluene and N,N-dimethylacetamide was 
analyzed using GC-FID. ABS with the acrylonitrile, 1,3-butadiene, and styrene contents of 25, 17, and 58 
wt%, respectively was used.  The solvent extraction with toluene and N,N-dimethylacetamide was found 
to be much more efficient than the direct thermal desorption.   The concentrations of 1,3- butadiene 
extracted with toluene and N,N-dimethylacetamide were about 3 and 2 ppb, respectively. 
 
Migration study of 1,3-butadiene in eye-drop solutions (Pistos, 2012) 
After 12 months of storage, all eight eye-drop solutions were negative for the migration of 1,3-BD after 
storage at 2–8°C. At room temperature, 1,3-BD appears to initiate the migration into one of the eye-
drop solutions after 7 months of storage and increases almost linearly up to 12 months. At the same 
formulation, the migration seemed to be affected significantly by the temperature at 40°C after 4 
months of storage and seemed to follow a linear increase up to 8 months. 
 
Volatile Substances in Polymer Toys Made from Butadiene and Styrene (Abe, 2013) 
The authors reported residual levels and migration behavior of volatile substances for acrylonitrile-
butadiene-styrene copolymer (ABS) toys, thermoplastic elastomer toys, and rubber toys made from 1,3-
butadiene and styrene found on the Japanese market. They analyzed 73 toy samples comprising 59 ABS 
toys, 12 thermoplastic elastomer toys, and 2 styrene-butadiene rubber toys.  
The maximum residual level of 1,3-butadiene was 5.3 μg/g, which is much lower than the EU limit of 
0.1%. Furthermore, some volatile substances migrated from ABS toys into water in amounts of 3 - 40 
ng/mL. Thermoplastic elastomer toys and rubber toys contained these volatile substances at 
significantly lower levels than ABS toys. 
They selected the toys with the highest concentration of residual VOCs to test migration into water (as 
surrogate of saliva).  The authors did not detect any migration of 1,3-BD.  
 
Survey of volatile substances in kitchen utensils made from acrylonitrile–butadiene–styrene and 
acrylonitrile–styrene resin in Japan.(Abe, 2014) 
They looked at residual (not migrated) concentrations of 1,3-BD and other substances in 30 kitchen 
utensils made from acrylonitrile–butadiene–styrene resin (ABS) and acrylonitrile–styrene resin (AS) such 

https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://academic.oup.com/jaoac/article/93/6/1965/5655746?login=true
https://link.springer.com/content/pdf/10.1007/s13233-012-0080-8.pdf
https://www.scirp.org/pdf/AJAC_2013052217373291.pdf
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.100
https://onlinelibrary.wiley.com/doi/10.1002/fsn3.100
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as slicers, picks, cups, and lunch boxes.   The residual levels of 1,3-butadiene ranged from 0.06 to 
1.7ug/g in ABS, where only three of 15 ABS samples exceeded the regulatory limit for this compound as 
established by the European Union (1 ug/g = 1 ppm).  The residual levels of 1,3-butadiene in 15 of the AS 
sables were below the limit of quantitation (0.025 ug/g). 
 
Monomers - Proposed requirements for Appendix C of the Toy Safety Directive (ANEC - The European 
consumer voice in standardization, 2018) 
Corroborates the limit of 1 mg/Kg residual 1,3-BD as acceptable for toys and consumer uses.   This limit 
is also applied to foodstuff (EFSA) 
 
Toy Industries of Europe (2018) (as reported in Survey and investigation of migration of monomers in 
toy materials) 
This report summarizes analyses of the content of residual monomers in ABS material used for toys 
(examined via the standards in the EN 1313018 series). The content of 1,3-BD was measured to:  
• 9 samples did not contain butadiene (detection limit 0.01 mg/kg)  
• 7 samples contained between 0.06 and 0.76 mg butadiene/kg (average value 0.29 mg/kg)  
• 5 samples contained between 1 and 5 mg/kg  
They also examined migration (via the standards in EN 13130 series, i.e. migration to 10 % ethanol 
solution and 3 % acetic acid solution – in both cases for 24 hours at 40 °C).  The content of butadiene in 
the ABS was between 0.07 and 3.1 mg/kg. The result was that no migration of any of the monomers in 
any of the samples was identified (the detection limit was 0.01 mg/l). 
 
Survey and investigation of migration of monomers in toy materials (Ministry of Environment and Food 
of Denmark, 2019) 
10 products of ABS (analyzed for content of acrylonitrile, butadiene and styrene)  
5 products of PS (analyzed for content of styrene)  
2 products of SEBS (analyzed for content of styrene)  
2 products of SBC (analyzed for content of butadiene and styrene) 
 

 
For ABS 1,3-BD is identified at the lowest levels and is generally below 1 mg/kg but with two products 
with a content above 1 mg/kg (with a content of 1.05 mg/kg and 1.55 mg/kg). On average, the content 
of butadiene is 0.57 mg/kg in the 10 examined products. This corresponds to results from the literature 

https://www.anec.eu/images/ANEC-CHILD-2018-G-065.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
https://www2.mst.dk/Udgiv/publications/2019/02/978-87-7038-036-2.pdf
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which states levels from 0.06 to 1.7 mg/kg – however, with a single survey of toys with a content of up 
to 5.3 mg/kg. 
Migration analyses were carried out on two products of ABS and two products of PS with the highest 
levels of acrylonitrile, butadiene and styrene respectively.  The result was that no migration from any of 
the monomers (acrylonitrile, butadiene and styrene) were identified, either to artificial sweat, 20 % 
ethanol, artificial saliva, demineralised water or stomach acid from either ABS or PS in any of the in total 
four examined toy materials. 
 
Synthetic Turf Field Recycled Tire Crumb Rubber Research Under the Federal Research Action Plan.  Final 
Report Part 1 – Tire Crumb Rubber Characterization Volume 1  (and Volume 2) (EPA 2019) 
VOC measurements at 25 °C :  For tire crumb rubber from tire recycling plants, 1,3 butadiene was not 
detected in any of the 27 samples.  For tire rubber infill from synthetic turf, 1,3-butadiene 
measurements were above quantifiable limits in only 5 of the 38 samples and the emission factors were 
low for these few samples (≤1.0 ng/g/h). 
VOC Emissions at 60 °C : Similar to tests at 25 °C measurements, 1,3-butadiene was above quantifiable 
limits in4 of 37 samples, and the emission factors were low (≤ 1.3 ng/g/h).  
 
Determination of 1,3-Butadiene Migrated from Butadiene-Based Polymers to Air and Water Using 
Sorbent Tubes and Purge-and-Trap (Anara Omarova et al, 2021) 
The study is centered around the validation of the method.  There is not enough information about the 
sample they took from a SBR shoe and ABS toys to make any inferences (number of samples, content of 
BD in sample, size of sample, etc.).  Extraction in water was done for 24 h at 104 °F (extreme condition), 
while extraction in air was done at room temperature.   
The 1,3-butadiene was not detected in migration air and water from ABS toys but was found in both air 
and water after incubation with SBR-based sample. The concentrations of 1,3-butadiene migrated from 
SBR samples were 0.91±0.09 µg m−3 in air and 0.044±0.003 µg L−1 in water. 
 
Comments by Juan Ramon Salinas, Managing Director and Chief Executive Officer, International Institute 
of Synthetic Rubber Producers Inc. EPA-HQ-OPPT-2018-0451-0027 (IISRP, 2020)  
The submitted information comprises a slide deck that provides a mass balance of inputs and outputs of 
1,3-BD in both the Emulsion and Solution Processes for producing synthetic rubber products, 
information on the residual 1,3-BD levels in synthetic rubbers, and information on occupational 
exposure to 1,3-BD during the manufacture of synthetic rubber. It also includes a substantial number of 
safety data sheets for various common grades of synthetic rubber products. 
 
 

  

https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_1.pdf
https://www.epa.gov/sites/default/files/2019-08/documents/synthetic_turf_field_recycled_tire_crumb_rubber_research_under_the_federal_research_action_plan_final_report_part_1_volume_2.pdf
https://link.springer.com/article/10.1007/s10337-021-04094-z
https://link.springer.com/article/10.1007/s10337-021-04094-z
https://www.regulations.gov/comment/EPA-HQ-OPPT-2018-0451-0027
https://www.regulations.gov/comment/EPA-HQ-OPPT-2018-0451-0027
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Appendix 2:   
Studies evaluating migration of VOCs from plastic products/ polymers, but no 
reference to detection of Butadiene (not clear if not quantified or not measured) 
Temperature driven variations in VOC emissions from plastic products and their fate indoors: A chamber 
experiment and modelling study (Beel, 2023) 
 
Influence of polymer additives on gas-phase emissions from 3D printer filaments (Potter, 2021.  EPA 
study) 
 
Monitoring the BTEX Volatiles during 3D Printing with Acrylonitrile Butadiene Styrene (ABS) Using 
Electronic Nose and Proton Transfer Reaction Mass Spectrometry (Wojnowski, 2020) 
 
Identification of plastic toys contaminated with volatile organic compounds using QCM gas sensor array 
(Oleneva, 2020) 
 
Particle and volatile organic compound emissions from a 3D printer filament extruder (Byrley, 2020 EPA 
study) 
 
Emissions of VOCs From Polymer-Based Consumer Products: From Emission Data of Real Samples to the 
Assessment of Inhalation Exposure (Even, 2019) 
 
VOC Emissions and Formation Mechanisms from Carbon Nanotube Composites during 3D Printing 
(Potter, 2019.  EPA study) 
 
The emissions of monoaromatic hydrocarbons from small polymeric toys placed in chocolate food 
products (Marc, 2015) 
 
Environmental-sanitary risk analysis procedure applied to artificial turf sports fields (Ruffino et al, 2013) 
 
Contamination in food from packaging material (Lau and Wong, 2000) 
 
Air Emissions from Carpet Manufacturing Processes (Mulholland, ??) 
 
Modeling emissions of VOCs from new carpets (Little, 1994) 
 
 
 

https://www.sciencedirect.com/science/article/pii/S0048969723021162
https://www.sciencedirect.com/science/article/pii/S0048969723021162
https://www.sciencedirect.com/science/article/pii/S0045653521010146
https://www.mdpi.com/1424-8220/20/19/5531
https://www.mdpi.com/1424-8220/20/19/5531
https://www.sciencedirect.com/science/article/pii/S0039914019313347
https://www.sciencedirect.com/science/article/pii/S0048969720331247?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fpubh.2019.00202/full#F4
https://www.frontiersin.org/articles/10.3389/fpubh.2019.00202/full#F4
https://pubs.acs.org/doi/full/10.1021/acs.est.9b00765
https://www.sciencedirect.com/science/article/pii/S0048969715301637
https://www.sciencedirect.com/science/article/pii/S0048969715301637
https://link.springer.com/article/10.1007/s11356-012-1390-2
https://www.sciencedirect.com/science/article/pii/S0021967300003563?via%3Dihub
https://gaftp.epa.gov/Air/nei/ei_conference/EI11/toxics/mulholland.pdf
https://indoor.lbl.gov/publications/modeling-emissions-volatile-organic

