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A B S T R A C T

In recent years, the production and usage volumes of organophosphate flame retardants (OPFRs) has increased
substantially. Certain OPFRs are suspected reproductive toxins, carcinogenic, and neurotoxic. Insufficient in-
formation is available on human exposure pathways to these chemicals, particularly in Australia. We aim to
assess the association between OPFR concentrations in the urine of children to environmental and behavioural
risk factors. Concentrations of eight OPFRs and eleven metabolites were measured in the urine of 51 children,
aged 3–29months, in Southeast Queensland, Australia and compared to their behavioural and environmental
risk factor data obtained by an online questionnaire. Of the 11 OPFR metabolites analysed, 55% were frequently
detected in the majority (> 80%) of samples. The most frequently detected metabolite was bis(1,3-di-
chloroisopropyl) phosphate (BDCIPP) (detected in 100% of samples), followed by 1-hydroxy-2-propyl bis(1-
chloro-2-propyl) phosphate (BCIPHIPP) (96%), diphenyl phosphate (DPHP) (94%) and bis(1-chloroisopropyl)
phosphate (BCIPP) (86%). In multivariable modelling, age was positively associated with concentrations of bis
(2-butoxyethyl) phosphate (BBOEP) and negatively associated with concentrations of BCIPP and BCIPHIPP.
Other non-age related factors, including vacuuming frequency, hand-washing frequency and presence and
number of some electrical appliances in the home were also associated with concentrations of OPFR metabolites.

1. Introduction

The phase-out of polybrominated diphenyl ethers (PBDE), because
of environmental and human health concerns, contributed to the de-
velopment and use of alternative flame retardants including organo-
phosphate-based flame retardants (OPFRs) (Butt et al., 2014; van der
Veen and de Boer, 2012). In 2006, the global use of OPFRs was
465,000 t (van der Veen and de Boer, 2012), and is projected to in-
crease to 2.8 million tons in 2018 (Israel Chemicals Ltd, 2015). OPFRs
are used in a wide array of consumer products and have numerous
applications in transport and the built environment as flame retardants,
plasticizer and hydraulic fluids (van der Veen and de Boer, 2012).
OPFRs are semi-volatile organic compounds that can contaminate the
indoor and outdoor environments via repeated cycles of adsorption (to

dust and other media) and volatilisation (Abdallah and Covaci, 2014;
Shoeib et al., 2014). There is limited human epidemiological data re-
garding OPFR exposure and health outcomes (Canbaz et al., 2016;
Meeker et al., 2013a; Meeker and Stapleton, 2010; Preston et al.,
2017a, 2017b). However, from cell and animal studies some OPFRs
have been shown to affect immune, reproductive, endocrine and neu-
rological systems, as well as acting as carcinogens (van der Veen and de
Boer, 2012).

Human exposure to these compounds generally occurs via ingestion
of contaminated dust, inhalation of volatilised OPFRs and ingestion of
food contaminated with OPFRs (Cequier et al., 2015; Hoffman et al.,
2015b; Xu et al., 2016). Patterns of exposure are expected to vary
amongst specific OPFRs, due to their unique physicochemical proper-
ties, as well as their different patterns of application (Table 1). For
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