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Brominated flame retardants (BFRs) are the compounds used to reduce flammability and/or retard combustion of

organic materials, mostly of polymerized plastics. Despite increasing regulations and a ban on the use of selected

BFRs, the compounds of this family, such as TBBPA are still widely used on the market. The widespread use of

BFRs contributes to the exposure of the environmental and the human.
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1. Introduction

An unprecedented consumption growth of the flammable, synthetic polymer materials, such as polyvinyl chloride,

in recent decades, have contributed to the development of flame retardants (FRs) market. In Europe, FRs

containing bromine account for about 25% of all FRs, while in China it is approximately 40%.

BFRs are commonly used to prevent fires in electronic and electrical equipment, which accounts for more than

50% of their applications. In addition, BFRs are used to reduce the flammability of plastics in many products, such

as household articles, furniture, mattresses, textiles or insulation (scheme 1).

Scheme 1.  Application of BFRs .

Among BFRs there are over 80 different chemical substances, with two groups being distinguished, i.e. additive

compounds, which include polybrominated diphenylethers (PBDEs) or hexabromocyclododecanes (HBCDs) and
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reactive compounds, which include e.g. tetrabromobisphenol A (TBBPA). The first are mixed with the remaining

components of the polymer material during, before or after the polyreaction, which promotes their release into the

environment. On the other hand, reactive compounds can be incorporated into the polymer chain during the

polymerization reaction, which hinders the possibility of migration from the product to the environment.

2. PBDEs and HCBDs

Until recently, PBDEs were the most widely used compounds among BFRs. High production and usage in the past

years, as well as their hydrophobicity and persistence in the environment have contributed to a significant

contamination of the environment including soil , air , water  and sediment samples  as well as

humans .

Hexabromocyclododecanes (HBCDs) are the most common BFRs after PBDEs. Environmental contamination with

HBCDs has been detected globally, with concentrations ranging from ng to μg. HBCDs have been detected as

pollutants in various environments and biological samples, including human .

PBDEs and HBCDs have been recognized as global pollutants associated with numerous adverse health effects

including infertility, hormone metabolism, neurotoxicity and neoplastic processes and, therefore, withdrawn from

production in the European Union .

Despite increasing regulations and a ban on the use of selected BFRs, the compounds of this family are still widely

used on the market.

3. Tetrabromobisphenol A (TBBPA)

TBBPA is the most commonly used BFR with production of about 60% of all BFRs . The withdrawal of PBDEs

and HBCDs from the market has contributed to the increase in TBBPA demand. The annual production of this

chemical has been estimated at around 220,000 tones . Despite such a high demand and usage of this

compound, and due to the fact that it is present in the environment in lower concentrations than other BFRs such

as PBDEs and HBCDs, as well as the fact that over 80% of it is used as a reactive compound, which limits the

possibility of its migration from product to the environmental. so far there are no restrictions concerning to TBBPA

.

The widespread use of TBBPA contributes to the exposure of the environmental and the human. Numerous studies

have documented the presence of TBBPA in the environment. TBBPA was determined in soil, water, air 

. TBBPA, due to high concentrations in the environment and human surrounding, may constitute a real hazard.

Due to the high hydrophobicity of this compound, it can be accumulated in the nutritive chain in living organisms,

including humans. TBBPA has been identified in human biological materials such as plasma, maternal milk or

adipose tissue .
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Few studies have reported the potential toxicity of high doses of TBBPA for mammals. Choi et al. (2011) have

demonstrated that, as a consequence of repeated exposure of rats to high TBBPA doses, a significant decrease in

serum thyroxine level, liver weight and cytochrome CYP2B1 induction was observed. In addition, TBBPA has been

shown to induce reactive oxygen species (RFT), thereby enhancing toxicity to the liver, kidneys and testes .

Moreover, it is supposed that TBBPA contributes to the development of variety disorders like cancer, diabetes or

obesity . Furthermore, TBBPA at very low concentrations caused an increase of reactive oxygen

species (ROS) production , altered the activity of the antioxidative system  as well as inducing suicidal cell

death (eryptosis)  and hemolysis in erythrocytes (red blood cells, RBCs) . Moreover, TBBPA caused oxidative

changes in erythrocytes membrane proteins, and of the model HSA protein and changed albumin conformation

properties. Potential binding of BFRs to proteins or their indirect action on protein molecules, e.g., by ROS

production, may cause structural and functional changes in proteins, and this may explain some of the pathological

conditions observed in chronic BFR exposure .

Due to the reports concerning toxicity of TBBPA, tetrabromobisphenol S (TBBPS) has been introduced into the

market as substitute of this compound.

Scheme 1. The chemical formulas of brominated flame retardants (BFRs) studied.

4. Other BFRs

There are only a few studies referring to environmental exposure and toxicity of other BFRs such as bromophenols

(scheme 2). 2,4-dibromophenol (2,4-DBP) and 2,4,6-tribromophenol (2,4,6-TBP) may be present in the

environment not only as a result of human activity (used as a intermediate in the production of flame retardants).

2,4,6-TBP is produced by marine organisms to defend against predators. It was estimated that in 2001 the demand

for 2,4,6-TBP reached the value of 9100 tons . 2,4,6-TBP was determined in maternal and umbilical blood .

This compound was also detected in breast milk, urine and placental tissue . Pentabromophenol (PBP)

is used as a flame retardant and is the main biological metabolite of PBDEs. It has been found that it can modulate

TGF-ß signaling. TGF-β is a major factor in the regulation of a wide variety of biological processes including cell

proliferation, migration, and development of cancer . Moreover, it was found that the structure of BFRs differing
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in the number of aromatic rings and the number of bromine atoms in the ring significantly affected their interaction

with proteins .
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