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(1) WHEEEHOBEEE - i Summary of Research Results

Due to their widespread use in furniture, textiles, electronics and other processing chemicals, organophosphate
flame retardants (OPFRs) have been frequently detected in various environmental matrices, such as wastewater,
receiving water, soil and air. The concentration of OPFRs in wastewater treatment plant (WW'TP) influent, effluent and
in surface and drinking water has been reported to be as high as a few tens of micrograms per liter. It has been found
that some OPFRs can partially be degraded in WWTPs or adsorbed onto sludge, but they are also found in the effluent.
Drinking water is a major exposure pathway for OPFRs to humans, but little research has been done to remove these
chemicals from drinking water. Due to their toxicity and persistence in the environment, it is important to investigate
new processes to remove these chemicals from water.

The objective was to test the removal efficiency of the organophosphate flame retardant in water using an
electrochemical oxidation process. The process is based on two fundamental elements; adsorption of contaminants onto a
patented graphite intercalation compound (referred to as “graphite flakes”), and electrochemical regeneration of graphite
flakes both taking place within a single unit.

Eleven different OrganoPhosphate Flame Retardants (OPFR) were tested in this research: 1) Tributyl phosphate
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(TBP), 2) Tris(2-chloroethyl)phosphate (TCEP), 3) Tris(1-chloro-2-propyl) phosphate (TCPP), 4) Tris(1,3-dichloro-2-propyl)
phosphate (TDCPP), 5) Tris(2-butoxyethyl) phosphate (TBEP), 6) Triphenyl phosphate (TPhP), 7) 2-Ethylhexyl diphenyl
phosphate (EHDPhP), 8) Tris(2-ethylhexyl) phosphate (TEHP), 9) Cresyl diphenyl phosphate, 10) Tricresyl phosphate
(TCrP), 11) Tris(4-tert-butylphenyl) phosphate.

Firstly, adsorption experiments were conducted to determine the extent and rate of adsorption of these pollutants
onto graphite. Then several experiments were conducted to regenerate the graphite adsorbent using electrochemical
oxidation. Several parameters were tested to optimize the removal percentage.

Using 5 minutes adsorption using compressed air followed by regeneration at 3 amperes for 10 minutes, the
following maximum removal percentages were obtained in the process:

Tributyl phosphate (TBP): 69%
Tris(2-chloroethyl)phosphate (TCEP): 71.4%
Tris(1-chloro-2-propyl) phosphate (TCPP): 67.5%
Tris(1,3-dichloro-2-propyl) phosphate (TDCPP): 81.7%
Tris(2-butoxyethyl) phosphate (TBEP): 80.5%
Triphenyl phosphate (TPhP): 95.8%

2-Ethylhexyl diphenyl phosphate (EHDPhP): 99.6%
Tris(2-ethylhexyl) phosphate (TEHP): 100%

Cresyl diphenyl phosphate: 98.7%

Tricresyl phosphate (TCrP): 99.9%
Tris(4-tert-butylphenyl) phosphate: 100%

The removal was very high with chemicals with a phenolic group, whereas organophosphate flame retardants

with a chlorine atom were more difficult to adsorb on graphite and break down. This process is considered to have low
operation and maintenance costs, and reduce energy consumption and waste generation in large scale applications.

(2) F/elFgessk MEGRSC . £, FUPENESS) / Main Research Publications

The following manuscripts will be prepared:

1 Removal of chlorinated organophosphate flame retardants in a combined adsorption and Electrochemical
oxidation process

2) Removal of alkyl organophosphate flame retardants in a combined adsorption and Electrochemical oxidation
process

3) Removal of aryl organophosphate flame retardants in a combined adsorption and Electrochemical oxidation
process

4) Comparison of adsorption and electrochemical oxidation of chlorinated, alkyl and aryl organophosphate flame
retardants
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