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	Table ES-1 Screening Level Toxicology Hazard Summary

This table only contains information regarding the inherent hazards of flame-retardant (FR) chemicals. Evaluation of risk must consider both the hazard and exposure associated with FR chemicals, as well as the hazard and exposure associated with combustion and degradation byproducts. Refer to Table 5-1 for more information on exposure.

The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table below.

	L = Low hazard     M1 = Moderate hazard     H = High hazard  (  Endpoints in colored text (L, M, and H) were assigned based on experimental data.

Endpoints in black italics (L, M, and H) were assigned using estimated values and professional judgment (Structure Activity Relationships).

( Hazard designations, which are based on the presence of epoxy groups, arise from the analysis of low molecular weight oligomers (molecular weight <1,000) that may be present in varying amounts. The estimated human health hazards for higher molecular weight (>1,000) components, which contain epoxy groups, are low for these endpoints.

‡ Concern based on inhalation of small particles (generally less than 10 microns) that may be present in varying amounts.

( Persistent degradation products expected.

R Recalcitrant: substance is or contains inorganics, such as metal ions or elemental oxides, that are expected to be found in the environment >60 days after release.

	Chemical
	CASRN
	Human Health Effects
	Aquatic Toxicity
	Environ-mental
	Exposure Considerations

	
	
	Acute Toxicity
	Skin Sensitizer
	Cancer Hazard
	Immunotoxicity
	Reproductive
	Developmental
	Neurological
	Systemic
	Genotoxicity
	Acute
	Chronic
	Persistence
	Bioaccumulation
	Availability of FRs throughout the lifecycle for reactive and additive FR chemicals and resins2

	Reactive Flame-Retardant Chemicals2

	Tetrabromobisphenol A (TBBPA) (Albemarle, Chemtura, and others)
	

	TBBPA
	79-94-7
	L
	L
	L
	L
	L
	M
	L
	L
	L
	H
	H
	M
	L
	

	DOPO (6H-Dibenz[c,e][1,2] oxaphosphorin, 6-oxide) (Samko Co., Ltd. and others)
	

	DOPO
	35948-25-5
	L
	L
	L
	L
	L
	L
	L
	L
	L
	M
	M
	L
	L
	

	Fyrol PMP (Aryl alkylphosphonate) (Supresta)
	

	Fyrol PMP 
	Proprietary
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	H
	L
	

	Reactive Flame-Retardant Resins2

	Reaction product of TBBPA - D.E.R. 538 (Phenol, 4,4'-(1-methylethylidene)bis[2,6-dibromo-, polymer with (chloromethyl)oxirane and 4,4'-(1-methylethylidene)bis[phenol]) (Dow Chemical)
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	D.E.R. 538 
	26265-08-7
	L
	M
	M(
	L
	M(
	M(
	L
	L
	M
	L
	L
	M
	L
	

	Reaction Product of DOPO – Dow XZ-92547 (reaction product of an epoxy phenyl novolak with DOPO) (Dow Chemical)
	

	Dow XZ-92547
	Proprietary
	L
	M
	M(
	L
	M(
	M(
	L
	L
	M(
	L
	L
	H
	L
	

	Reaction product of Fyrol PMP with bisphenol A, polymer with epichlorohydrin (Representative Resin)
	

	Representative Fyrol PCB Resin
	Unknown
	L
	L
	M(
	L
	M(
	M(
	L
	L
	M(
	L
	L
	H
	L
	

	1 The moderate designation captures a broad range of concerns for hazard, further described in Table 4-3.

2 Reactive FR chemicals and resins may not completely react, and small amounts may be available during other parts of the lifecycle.

	L = Low hazard     M1 = Moderate hazard     H = High hazard  (  Endpoints in colored text (L, M, and H) were assigned based on experimental data.

Endpoints in black italics (L, M, or H) were assigned using estimated values and professional judgment (Structure Activity Relationships).

( Hazard designations, which are based on the presence of epoxy groups, arise from the analysis of low molecular weight oligomers (molecular weight <1,000) that may be present in varying amounts. The estimated human health hazards for higher molecular weight (>1,000) components, which contain epoxy groups, are low for these endpoints.

‡ Concern based on inhalation of small particles (generally less than 10 microns) that may be present in varying amounts.

( Persistent degradation products expected.

R Recalcitrant: substance is or contains inorganics, such as metal ions or elemental oxides, that are expected to be found in the environment >60 days after release.

	Chemical
	CASRN
	Human Health Effects
	Aquatic Toxicity
	Environ-mental
	Exposure Considerations

	
	
	Acute Toxicity
	Skin Sensitizer
	Cancer Hazard
	Immunotoxicity
	Reproductive
	Developmental
	Neurological
	Systemic
	Genotoxicity
	Acute
	Chronic
	Persistence
	Bioaccumulation
	Availability of FRs throughout the lifecycle for reactive and additive FR chemicals and resins

	Additive Flame Retardants3

	Aluminum hydroxide
	

	Aluminum hydroxide
	21645-51-2
	L
	L
	L
	M
	L
	L
	M
	L
	L
	H
	M
	HR
	L
	

	Exolit OP 930 (phosphoric acid, diethyl-, aluminum salt) (Clariant)
	

	Exolit OP 930
	225789-38-8
	L
	L
	L
	M
	L
	M
	M
	L
	L
	M
	M
	HR
	L
	

	Melapur 200 (Ciba) 4
	

	Melapur 200
	218768-84-4
	L
	L
	L
	L
	L
	L
	L
	M
	M
	L
	L
	M
	L
	

	Polyphosphoric acid
	8017-16-1
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	L
	

	Melamine
	108-78-1
	L
	L
	L
	L
	L
	L
	L
	M
	M
	L
	L
	M
	L
	

	Silicon dioxide amorphous5
	

	Silicon dioxide amorphous
	7631-86-9
	L
	L
	L
	L
	L
	L
	L
	H‡
	L
	L
	L
	HR
	L
	

	Silicon dioxide crystalline5
	

	Silicon dioxide crystalline
	1317-95-9
	L
	L
	H‡
	H‡
	L
	L
	L
	H‡
	H‡
	L
	L
	HR
	L
	

	1 The moderate designation captures a broad range of concerns for hazard, further described in Table 4-3.

3 Although additive flame retardants are present throughout the lifecycle of the PCB, they are locked into the polymer matrix of the epoxy laminate material.

4 Melapur 200 dissociates in water to form polyphosphoric acid and melamine ions. For this reason, Table 4-1 includes both dissociation ions.

5 Representative CAS numbers are included in this summary table. Section 4.2.9 includes a full list of CAS numbers.
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