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Plastic based material (PBM) flooring

• Resilient Floor Coverings

• Luxury Vinyl Tile (LVT)

• Luxury Vinyl Plank (LVP)

• Wood Polymer Composite (WPC) Flooring

• Stone Polymer Composite (SPC) Flooring

• Clay Polymer Composite (CPC) Flooring

• Rigid Core Board (RCB)

• Common Denominator - Plastic



Why is PBM flooring popular?

• Top reasons consumers are choosing 
PBM flooring (preliminary results from 
independent market research): 

• Belief of scratch resistance

• Belief of wet area usage

• Belief of durability, in general

• Assumption of competitive pricing

• Assumption of health and safety

• Assumption of comparability to ceramic tile



Testing/Research of “Waterproof”

• Initial sampling of 10 PBM products 
from a lot of nearly 40 brands/product 
lines

• Products chosen:
• Major market presence/high popularity 

with consumers
• Advertised claims of “waterproof”

• Spectrum of products tested:
• 6 RCB, 3 SPC, 1 WPC
• All click system “LVT or LVP” products



Warranty Exclusions

•Many warranties exclude water damage to the 
sub-floor, walls, or other structural elements of 
the home where the floor covering is installed.



Test methods used
• ASTM standard F 3261, Standard Specification for Resilient Flooring in Modular 

Format with Rigid Polymeric Core, sets properties for Rigid Core Board.  Currently 
no criteria for determining if a product is waterproof. 

• No test methods or data found from manufacturers of tested products to support 
their waterproof claims.

• We tested per EN 13553 European specification for resilient floor coverings –
polyvinyl chloride floor coverings for use in special wet areas.

• And ASTM D4068 standard specification for chlorinated polyethylene sheeting for 
concealed water-containment membranes (used in tile industry).



EN 13553 Methodology

• Box filled with water to level of 20 cm, 
approximately 30 Liters

• Per the standard, any drop in water level 
within 24 hours deemed a failure

• Clear assembly and substrate to facilitate 
observation of water movement above 
and beneath the floor covering



Observations

• Water leaking through the seams within seconds of making 
contact with the flooring, then:
• Resurfacing on the outside of the container1

• Dripping from the edges of the seams2

• Also trapped between floor covering and substrate

1 2



EN 13553: Results
Sample Water lost per hour in Liters (gal) over 0.15 m2

S3 6.13 (1.62)

S6 2.43 (0.64)

S8 2.25 (0.59)

S10 7.54 (1.99)

S14 2.54 (0.37)

S15 4.81 (1.27)

S17 1.91 (0.50)

S20 0.49 (0.13)

S21 4.22 (1.11)

S23 4.75 (1.25)



ASTM D4068 Methodology 

• Used in ceramic tile industry

• 2" diameter pipe, 24" water column

• Samples sealed to water column 
outlet

• The drop in water measured

• Samples observed for leaks through 
seams



ASTM D4068 Results
• All samples tested began leaking 

immediately through the seam

• Within a few seconds water began 
to appear on top of the samples

• Results reported for water leaking 
out of 2” seam

Sample Water lost (mL) per 10 minutes 

over 2” seam

Water lost Liters (gal) per 

hour (2“)

S3 166 0.99 (0.26)

S6 320 1.92 (0.51)

S8 320 1.92 (0.51)

S10 405 2.43 (0.64)

S14 190 1.14 (0.30)

S15 315 1.89 (0.50)

S17 190 1.13 (0.30)

S20 100 0.60 (0.15)

S21 64 0.38 (0.10)

S23 100 0.60 (0.16)



“Waterproof” . . . in summary
• All products tested are from “name brands,” claim to be 100% 

waterproof and advertise explicitly or implicitly that they can be 
used in wet areas

• Warranties exclude water damage to the sub-floor, walls, or other 
structural elements of the home where the floor covering is 
installed

• Substantial leakage through seams for both methods



Video of Water Leaking Through Seams of PBM Sample



Waterproof??

• Merriam-Webster online:  waterproof is defined as “impervious to 
water”

• Cambridge dictionary online:  waterproof  is defined as “not allowing 
water to go through.”



Remember ASTM standard F 3261?

• ASTM F06 Committee responsible for F3261 is currently balloting a 
test method to determine whether a product is waterproof …

• …based on whether its thickness changes upon exposure to water. 

• We think waterproof should mean “won’t deteriorate” AND “protects 
the substrate.”



Mold Growth



• Areas that are damp
• PBM flooring may not prevent moisture intrusion, as already 

established.

• Nutrition source
• Water trapped beneath flooring and in the seams of the 

flooring
• May be favorable environment for fungi to grow

• Organic chemicals in plastics can be a ready source of carbon 
and nutrition supporting mold growth

Where does mold grow? 



Research on PBM flooring for mold resistance

• Tests on 22 samples
• All “waterproof” research specimens were included 

• Ceramic tile also tested for reference

• Samples exposed to five fungi common to buildings per 
ASTM G21 test method 



Mold growth results

• 100% of plastic flooring samples tested supported growth

•Growth varied from small amounts to profuse growth

•No growth observed on ceramic tile











Time-lapse Mold Growth on PBM Sample



Why is mold bad?

• Possible structural damage, discoloration, and unpleasant 
odors

• Major health concerns
• According to a WHO report, non-visible mold growth (e.g. 

underneath flooring) is a leading hidden cause for sickness

• Common ailments: respiratory and allergic affects

• In some cases, more severe ailments are possible



Mold growth in buildings – Allergies

• Spores pushed into indoor air from “squishy” flooring or sub-
flooring by simple day-to-day walking

• Some molds are known to release toxic substances that can 
cause rashes, hives, joint pain, depression and chronic 
fatigue



Cytotoxicity/Allergenicity



What does allergenicity mean?

• The ability of a substance to cause damage to living 
tissue in humans and pets through exposure

• Allergic reactions could be immediate or delayed

• Immediate – when individual comes in contact with the 
substance and allergic reactions set in immediately

• Example – pollen allergy (lungs)

• Delayed – when individual is continually exposed to the 
substance for a long time

• Example – irritant contact dermatitis (skin)



Why is cytotoxicity important?

• First step in determining allergenicity of any substance

• US FDA and US Pharmacopeia guidelines:

• Cytotoxicity determination required to establish whether a 
product itself will cause allergies 

• Cytotoxicity testing, per guidelines, common in textile 
industry, medical industry, and others to determine contact 
allergies and bio-compatibility of materials



Preliminary Tests on Flooring Products 
per ISO 10993

• PBM flooring compared to ceramic tile as a control 

• Determination of cytotoxicity using the direct contact method

• Samples were directly exposed to mammalian skin cells in invitro 
testing

• Damage to cells was visually assessed and assigned reactivity 
grades, 0 to 4

• Grade 0: no cell damage

• Grade < 2: non-cytotoxic 

• Grade > 2: cytotoxic, thus “allergic”

• Grade 4: severe cell damage



Preliminary Test Results on Flooring Products

• 22  PBM flooring products, 6 ceramic tile products
• Sampling based on perceived popularity and US market 

availability 

• All PBM flooring samples showed reactivity grade of 2 or 3
• 18 PBMs – Grade 2
• 4 PBMs – Grade 3

• None of the ceramic tile samples showed any reactivity
• Reactivity Grade - 0



Test images of PBM from ISO 10993

Healthy cells with no damage prior 
to exposure to cytotoxic element

Damage caused by exposure to cytotoxic 
element (PBM sample) – Reactivity grade 3



In comparison. . .

Cells after exposure to Porcelain tile –
Reactivity grade 0

Healthy cells with no damage prior 
to exposure to cytotoxic element

Cells after exposure to PBM sample –
Reactivity grade 3



Some Perspective on Cytotoxicity: 
Per FDA, ISO 10993 Reactivity Grades 

• Materials > 2 will always cause allergic reaction—severity dependent 

on tissue sensitivity and exposure magnitude/time

• Materials = 2 not always cytotoxic, but not necessarily non-cytotoxic 

either. Can be problematic for people with sensitive skin.

• Non-cytotoxic options (< 2) typically desirable for people and/or pets 

with sensitive skin or lungs 



Irritability . . .

• Example: Contact dermatitis (i.e. skin rash), including 
eczema 

• Possible when skin comes into contact with materials of 
cytotoxicity grade >2, or >1 for sensitive skin
• Especially relevant to infants

• Healthcare facilities 

• Anyone with sensitive skin



Slip Resistance



Plastic flooring usage in wet areas: slip resistance?

• Many plastic floorings are 
advertised as waterproof, water 
resistant, or suitable for areas 
where flooring gets wet

• Of products examined, 
manufacturers did not specify wet 
Dynamic Coefficient of Friction 
(DCOF) 

• Using hard surface flooring 
standards, what are the numbers 
for plastic flooring?

Images of PBM products are provided as examples only and may include products 
that were not necessarily tested



• Research on a sampling of products to 
determine which pass/fail 0.42 wet DCOF 
limit specified in ANSI A326.3.

• 22 products tested
• All advertised as waterproof, water resistant, 

or suitable for areas where flooring gets wet

Tests: Wet DCOF of plastic flooring



Wet DCOF Findings

• 20 of 22 tested products (90.9%) exhibited either a wet DCOF 
value below 0.42, or directionality when wet
• Directionality: measurement taken in one direction differs from a 

measurement taken at 90° by at least 0.05

• Wet directionality exhibited by 6 products (27.3%) 

Measured below 
0.42 wet DCOF 

Measured below 
0.42 along “long 

edge,” above 0.42 
along “short edge”

Measured above 
0.42 wet DCOF 

Total number of 
products tested

16 2 4 22



In Summary. . .

• Per ANSI A326.3 hard surface flooring criteria, a majority of 
the tested PBM flooring products fall below criteria to be 
specified for wet applications, despite being:

• Advertised for areas where flooring gets wet

• Advertised as waterproof or water resistant



PBM flooring in wet areas, summary of testing:

• Claimed to be waterproof
• A top reason for purchase cited by consumers

• Confirmed water leakage on all products tested

• All products tested grew mold

• Majority of products tested had  wet DCOF below 0.42 or 
exhibited directionality 



Scratch Resistance



Surface Durability: Differences between ads 
and warranty exclusions 

• “Worry-proof,” “scratch-proof,” “pet-proof,” 
and many claims

• Yet, warranties examined for products tested 
excluded:
• Scratching, indentation, pet damage, and or 

loss of gloss

• Also, manufacturers recommend the use of 
furniture pads which are not apparent in 
advertisements

Images of PBM products are provided as examples only and may include products 
that were not necessarily tested



How hard is plastic flooring?
A traditional approach

• The Mohs hardness scale is often 
used to characterize scratch 
resistance

• Simple and quick test to check 
sample hardness

• Attempt to scratch the surface of 
the sample using materials of 
known hardness



Research Results

• Sampling of 22 plastic flooring products
• All claiming durability/abrasion resistance
• Products chosen had major market presence, high popularity 

with consumers
• Most exclude scratches or loss of gloss from their warranty

• Samples tested using ASTM C1895, a test method for 
determining Mohs scratch hardness

• All samples scratched with #3 hardness pick
• As a comparison, ceramic tile is typically scratched with #8 

hardness pick 



Examples: All products scratched with hardness pick #3



The durability of PBM flooring – In Summary

• Surface wear resistance is another commonly advertised benefit
• Another reason consumers cited for purchase

• Most warranties for products tested exclude damage due to 
scratching 
• Exclusions also caution against pets, furniture legs, etc.

• Scratching appears to be a concern for tested PBM products based 
on warranty exclusions and these test results



Emissions at Elevated Temperatures
Preliminary evaluation of PBM Flooring Samples



Why is this important?

• Combustible building products may release the 
following at elevated temperatures:
• Smoke

• Toxic gases

• Other chemical compounds

• Impacts  on . . .
• Building occupants

• Neighborhoods

• First responders

• Disposal options 

70 to 75% of the US fire victims succumb to smoke inhalation; this fraction has been increasing last two decades
Reference: NIST Technical Note 1439 on International Study of the Sublethal Effects of Fire Smoke on Survivability and Health (SEFS): Phase 1 Final Report



What types of potentially toxic gases could be released 
from plastics at elevated temperatures? 

Toxic gas Source

Carbon monoxide (CO) All organic materials

Carbon dioxide (CO2) All organic materials

Hydrogen chloride (HCl) Polyvinyl chloride (PVC)

Hydrogen bromide (HBr) Fire retardants

Hydrogen cyanide (HCN) Urethanes, polyurethanes

Source: NASA Technical Note NASA TN D-8338



Potential effects on the body

Carbon Dioxide

Carbon Monoxide

Hydrogen Chloride

Hydrogen Cyanide

Hydrogen Bromide

Cognitive impairment and loss of 
consciousness

Eye and upper respiratory tract 
irritations

At high exposure levels toxicity increases.  Any, or a combination of 
these gases, could cause severe health damage, including death.

Source: NIST Technical Note 1439, International study of the sublethal effects of fire smoke on survivability and health



Initial Research

• Tile Council of North America (TCNA) and Clemson University began 
collecting data to quantify gas emission levels from PBM flooring at 
elevated temperatures

• Initial focus on CO2 and HCl:
• PBM flooring is organic (contains carbon) and many products are 

comprised of PVC (contains chlorine)

• Side by side comparison of PBM flooring (organic) to ceramic tile 
(inorganic) provides helpful perspective



Initial Tests Conducted

• Eight PBM samples and one ceramic tile sample tested

• Three separate methodologies employed:
• Carbon analysis: used to determine initial carbon weight percentages in 

samples

• X-ray Fluorescence (XRF) spectroscopy: used to detect the initial 
presence of chlorine in samples

• Thermogravimetric analysis-Fourier transformed infrared (TGA-FTIR) 
spectroscopy: used to analyze and quantify the concentrations of CO2

and HCl released at incremental temperature increases 



What have we learned so far?

Main takeaways: 
• PBM flooring samples emitted potentially dangerous levels of HCl; 

ceramic tile sample didn’t

• Significant CO2 emissions from PBM flooring samples; not detected 
from ceramic tile sample 
Component Average (8 PBM samples)

% by weight of gas emitted  
Ceramic Tile Sample % by 

weight of gas emitted

Hydrogen Chloride (HCl) 1.9%, by weight Not detected (ND)

Carbon Dioxide (CO2) 58.9%, by weight Not detected (ND) at 600⁰C



Initial Investigation Into Phthalates



Phthalates are esters of phthalic acid

• Commonly known phthalates are ortho-phthalates. They are esters of 
(ortho-) phthalic acid
• Less commonly known other phthalates are iso-, and tere-phthalates

Ortho-phthalic acid Iso-phthalic acid Tere-phthalic acid 



Health Concerns Relating to Phthalates

• Some phthalates cause cancer, birth defects, and reproductive harm, or a 
combination of these health concerns1

• As an example, Consumer Products Safety Commission (CPSC) ruled (April 25, 2018) 
children toys and childcare articles not to have more than 0.1% of certain phthalates2

• Duke University study reported children in homes with vinyl flooring had 15 times 
higher urinary BBP (an ortho-phthalate) metabolite compared to children living 
without vinyl flooring3

References:

1.California Proposition 65, California Office of Environmental Health Hazard Assessments

2. US CPSC Phthalates Business Guidance & Small Entity Guidance

3.Hammel et al., Environmental International (2019) 132: 105061



Phthalates: California Proposition 65 and EPA Action Plan

• Initial sampling of 30 PBM flooring products

• 24 (80%) contained one or more of these 
phthalates
• 8 contained BBP (ranging from 0.01 to 3.79%)
• 3 contained DBP/DIBP (ranging from 0.01 to 0.19%)
• 21 contained DnPP (ranging from 0.01 to 0.04%)
• 18 contained DnHP (ranging from 0.02 to 0.14%)
• 6 contained DnOP/DEHP (ranging from 0.02 to 0.73%)
• 1 contained DINP (0.05%)

Methodology: Methanol extraction of phthalates followed by High 
Performance Liquid Chromatography-Diode Array Detection (HPLC-DAD) 
analysis

DBP Dibutyl phthalate

DIBP Diisobutyl phthalate

BBP Butyl benzyl phthalate

DnPP Di-n-pentyl phthalate

DEHP Di(2-ethylhexyl) phthalate

DnOP Di-n-octyl phthalate

DINP Diisononyl phthalate

DIDP Diisodecyl phthalate

DnHP Di-n-hexyl phthalate



Initial Phthalate Measurements at TCNA
Preliminary Takeaways

• Presence of phthalates in large percentage of samples 
evaluated

• More research needed to determine whether additional 
samples claiming “phthalate-free” also contain phthalates
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