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MA Flame Retardants Law, 2020

An Act to Protect Children, Families and Firefighters from Harmful Flame Retardants
Mass. Gen. Laws Ch 21A, Section 28
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Which subclasses remain?

• Subclass 1 – Polyhalogenated organophosphates
• Subclass 2 – Polyhalogenated diphenyl ethers
• Subclass 3 – Polyhalogenated alicycles
• Subclass 4 – Polyhalogenated phthalates/benzoates/imides
• Subclass 5 – Polyhalogenated bisphenol aliphatics
• Subclass 6 – Polyhalogenated aliphatic chains
• Subclass 7 – Inorganic (not a NAS subclass)
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Subclass 6 – Polyhalogenated Aliphatic Chains

Short chain chlorinated paraffins
85535–84–8
CxH(2x-y+2)Cly
(where x = 10-13; y = 3-12)

General toxicity issues: PBT, aquatic toxicity, carcinogenicity

AKA:

Short chain chlorinated paraffins 
(SSCP)

Chloroparaffins

“Polychlorinated alkanes, C10-13”
(on TURA list, never reported)
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Proposed Analogues to SCCPs

Medium chain chlorinated paraffins – C14-17
Long chain chlorinated paraffins - C>17

• All 40-70% Cl by wt
• All exist as a mixture of chain lengths
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Q3a: Do medium and long chain chlorinated paraffins meet the 
analogue definition? (i.e., are they analogues of SCCPs?)

Chemical Analogue: A compound having a structure similar to that of another compound, but differing 
from it in respect to a certain aspect. It can differ in one or more atoms, functional groups, or 
substructures, which are replaced with other atoms, groups, substructures, or in their arrangement.

Analogue definition from the proposed regulations (developed by DEP, ORS and TURI)

If yes, then:

• Q3b: Are medium and long chain chlorinated paraffins sufficiently similar to short 
chain chlorinated paraffins such that they would be reasonably anticipated to have 
similar concerns re: toxic hazard, persistence, bioaccumulation?
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The Chloroparaffin Resources
Short: NTP (1986) – reasonably anticipated to be human carcinogens

IARC (1990) – sufficient evidence in animals for C12, 60% Cl, Group 2B
ECHA SVHC (2008) - meets vPvB and T (aquatic)
EPA TSCA Action Plan for SCCPs (2009) – highly toxic to aquatic invertebrates, P and B (2014 SNUR)
UNEP/Stockholm Convention (2016) – list on POPs 2017
Kobetičová (2018): Ecotoxicity assessment of short- and medium-chain chlorinated paraffins

Medium: EPA TSCA review (2015) of medium and long, notes aquatic toxicity and vP, vB
Kobetičová (2018): Ecotoxicity assessment of short- and medium-chain chlorinated paraffins
EU (UK) review of medium (2019) – meets vPvB and T (aquatic)
ECHA SVHC (2021) – meets vPvB and T (aquatic)
UNEP/Stockholm Convention (2023) currently under evaluation for POPs

Long: NTP (1986) – C23, clear evidence of carcinogenicity for male mice
EPA TSCA review (2015) of medium and long, notes aquatic toxicity and vP, vB
EU (UK) review of long (2022) – P based on read-across from MCCP, B for C18-C25 with 42-49% Cl, 
insufficient data for T determination.
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Toxicity
Carcinogenicity

Toxicity
Aquatic

Persistence Bioaccumulation

Short 
Chain

IARC 2B for C12, 60%Cl
NTP “reasonably anticipated 
to be carcinogenic to humans”

Daphnia magna 21-day NOEC = 
0.005 mg/l. Mysidopsis bahia
NOEC = 0.007 mg/l.
(solubility 0.15-0.47 mg/L)
(ECHA 2008)

Half-life (days, aerobic)
1630 in freshwater sediment
450 in marine sediment
(ECHA 2008)

BCF = 7,273 and 7,816 (ECHA 
2008)

Medium 
Chain

The carcinogenic potential of 
MCCPs is expected to be 
similar – at least in qualitative 
terms – to that of SCCPs, 
although direct read across is 
not appropriate. (UK 2019)

Daphnia magna 48h EC50 = 
<6.5-2200 ug/L; 21-day NOEC 
=~4-15.6 ug/L (ECHA 2021)

Total water-sediment DT50 
values for MCCP are > 120 
days at 12°C (under aerobic 
conditions) therefore assume 
degradation half-lives >180 
days. (ECHA 2021)

Based on the weight of evidence 
of the data available, it can be 
concluded that MCCP have B 
and/or vB in accordance with 
REACH Annex XIII. (ECHA 
2021)

Long 
Chain

IARC assigned LCCPs as 
Class 3 based on malignant 
lymphomas reported in male 
mice at very high (5000 
mg/kg/day) doses. The 
registration dossier assigns a 
Carc. 2 classification H351 
(Suspected of causing 
cancer) under classification 
and labelling. (UK 2022)

Using estimated environmental 
concentrations, MCCP and LCCP 
may present an unreasonable risk 
following acute and chronic 
exposures to aquatic organisms. 
(EPA 2015)

In the absence of information 
on specific congener groups 
and data for MCCP or LCCP 
products, EPA/OPPT 
concludes that at least some 
congener groups present in 
both MCCP and LCCP 
products are persistent to 
very persistent (EPA 2015)

In the absence of information on 
specific congener groups and 
data for MCCP or LCCP products, 
EPA/OPPT concludes that at 
least some congener groups 
present in both MCCP and LCCP 
products are bioaccumulative to 
very bioaccumulative based on 
multiple lines of evidence 
including: Log KOW values, 
modeled BCFs, laboratory-
measured BCFs, field-measured 
BAFs, field-measured 
biomagnification factors (BMFs), 
laboratory-measured biota-
sediment accumulation factors 
(BSAFs) and the presence of 
MCCPs and LCCPs in human 
and wildlife biota. (EPA 2015)
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Q3b: Are medium and long chain chlorinated paraffins sufficiently similar to short 
chain chlorinated paraffins such that they would be reasonably anticipated to have 
similar concerns re: toxic hazard, persistence, bioaccumulation?



9© Toxics Use Reduction Institute   University of Massachusetts Lowell



10© Toxics Use Reduction Institute   University of Massachusetts Lowell

Predictive Tools and how we used them

• CompTox - FR Lists
• CompTox - GenRA
• CompTox - Physical/Chemical Properties
• CompTox - ToxValDB
• CompTox - ToxCast
• CompTox - PubMed
• Cheminformatics
• EpiSuite (BioWIN)
• QSAR - OECD
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How we chose analogues

• Chemical Analogue definition (DEP/TURI): A compound having a structure similar 
to that of another compound, but differing from it in respect to a certain aspect. It 
can differ in one or more atoms, functional groups, or substructures, which are 
replaced with other atoms, groups, substructures, or in their arrangement.

• Reviewed reports from more than 30 organizations (universities, NGOs, 
governments) that have studied FRs, identified a list of approx. 200 FRs, visually 
identified structurally similar chemicals to the 11 in the law, considered possible 
use in the product categories, chose very closely related analogues for SAB 
consideration
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CompTox – Computational Toxicology (EPA)

• FR Lists
• GenRA
• Physical/Chemical Properties
• ToxValDB
• ToxCast
• PubMed
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CompTox – FR Lists 

Can search lists individually or do a batch search (many chemicals, all FR lists); “last 
updated” is also a field, mostly 2022 for these lists
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CompTox: GenRA – Generalized Read-Across - EPA

• “An algorithmic approach to permit objective and reproducible read-across 
predictions of in vivo toxicity and in vitro bioactivity”

• Have a target chemical, looking for “analogues” (called candidate source 
analogues) to help fill data gaps in the target and its “analogues”

• “Analogues” are first identified, evaluated, and then data gap filling is performed 
using GenRA’s similarity weighted activity approach 

• Structural and bioactivity information or a combination of both can be used to 
identify “analogues” with available in vitro bioactivity and/or in vivo toxicity data.
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GenRA – to search for “analogues”

Chemical similarity:
• Morgan Fingerprints - most popular, AKA extended 

connectivity, best for small molecules, presences of 
specific substructures around each atom, predictive 
of biological activity 

• Torsion Fingerprints - topological relationships 
between bonds in a molecule

• ToxPrints - chemically informative 
atom/ring/chain/bond features

• AIM - Analog Identification Methodology structural 
analysis of atoms, groups, super fragments

Biological similarity:
• ToxCast - bioactivity assay data 
• ToxRef - in vivo studies

Cool features:

• Compare physicochemical properties on a 
chart to see how similar they are

• See data gaps
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• Example for TBBPA using ToxPrints
similarity and using all data.  

• Shows top 10 similar chemicals

• We used top 100 then cross referenced 
with FullFR list – 3 matches:

• 1 - was the analogue we chose, 
tetrachlorobisphenol A

• 2 - no evidence of use as an FR 
(PubChem,”use” and patents)

• Tool can show data gaps then predict in 
vivo toxicity and in vitro bioactivity
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CompTox – Physical/Chemical Properties
and Environmental Fate and Transport 

• We provided these 
for every 
chemical/analogue

• Most data are 
predicted

• Can see source (e.g., 
OPERA) for each 
record

• Challenge to 
incorporate 
experimental data

• Example for TBB
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CompTox: ToxValDB

• CompTox – ToxValDB - a comprehensive collection of quantitative summary data from public data 
sets. ToxValDB collects data from 34 unique sources including those from the EPA, DOE, DOD, 
CDC/ATSDR, FDA, ECHA, EFSA, Health Canada, and the California EPA. The data are largely limited 
to summary values from individual studies or chemical-level assessments, and is focused on 
quantitative values such as LOAELs, NOAELs, BMDs, LD50s and RfDs.

• Example for TDCPP
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CompTox: ToxCast – Toxicity Forecaster (bioactivity)

• ToxCast makes in vitro medium- and high-throughput screening assay data publicly 
available for prioritization and hazard characterization of thousands of chemicals

• Example below is for TBPH, Active only
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From CompTox Dashboard can also see Metadata "Number of 
PubMed Articles" which gives an idea of how much the substance has 
been studied

Chemical Number of PubMed articles

TDCPP 337

Brominated Tris 223

Tris(tribromoneopentyl) phosphate 3

Bis(2,3-dibromopropyl) phosphate 15

TCEP 1119

Bis(2-chloroethyl)2-
chloroethylphosphonate

2

V6 0

TCPP 227

Example for the polyhalogenated organophosphate subclass and analogues
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Cheminformatics (EPA)

• These modules provide information on chemical structures, experimental and 
predicted physicochemical properties, environmental fate and transport 
information, and appropriately linked toxicity data (using QSAR and empirical)

• NOTE: the Cheminformatics Tool is a beta version and under development

• We used the Hazard Comparison Dashboard which arrays the data against the 
typical toxicity outcomes using a combination of QSAR models and empirical data -
can view the summary table and/or the raw data

• Score the endpoint VH, H, M, L
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Cheminformatics example with TBPH/TBB and analogues
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Questions from the last meeting

• Does Cheminformatics distinguish between the screening schemes? (i.e., are any 
trusted more than others?) 

If a source is screening level, it will have the same weighting as any other screening source.

• How is the final score assigned?
It uses the most hazardous score from the most authoritative source

3 authority levels:
1. Authoritative (most authoritative)
2. Screening
3. QSAR model (least)
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Supporting data for 
Cheminformatics Scoring
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EpiSuite (EPA) - BioWIN

• EPI (Estimation Programs 
Interface) Suite™ is a 
Windows®-based suite of 
physical/chemical property 
and environmental fate 
estimation programs 
developed by EPA and 
Syracuse Research Corp

• Version 4.11 (2017)

Example for PentaBDE
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QSAR – Quantitative Structure Activity Relationship (OECD)

Correlation between chemical structure and associated biological activity, with the 
ultimate goal of predicting the activity of untested chemicals based on structurally 
related compounds with known activity

What we tried:
• Fixed endpoints related to aquatic toxicity (LC50) and skin sensitization
• Input analogues to predict data gaps from similar compounds
• Ran aquatic toxicity endpoint for chosen TBPH/TBB/analogues and alicycles/ 

analogues, all above solubility
• Also looked at metabolites; QSAR has metabolic simulator Oasis embedded
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Example for Analogue #1 
of TBPH, showing just 
one of the values used
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Phthalate FR Analogues LC50 > solubility 
but LC50 < solubility * BCF

Analog name CAS

Bioconcentration 
Factor (BCF)

ratio Water
QSAR LC50 

(fish)

EpiSuite LC50/solub.
solubility 
(mg/L)

mg/L

1-[2-(2-hydroxyethoxy)ethyl] 2-(2-
hydroxypropyl) tetrabromophthalate

20566-35-2 86.2 32 0.057 1.82

Tetrabromophthalic acid dimethyl ester 55481-60-2 1298 145 0.0215 3.11

Diallyl tetrabromophthalate 49693-09-6 16960 42 0.000355 0.015

𝐵𝐶𝐹 =  
𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑜𝑟𝑔𝑎𝑛𝑖𝑠𝑚

𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑤𝑎𝑡𝑒𝑟
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Wrapping Up

• No tool was perfect – they are evolving!

• Each tool provided part of the story or confirmed/contradicted empirical 
information

• Board did not rely on any one tool

• Expert judgement is required!!!


