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Introduction

Hexabromocyclododecanes (HBCDs) are used as a flame retardant. HBCDs are commonly added in
expanded or extruded polystyrene foam (EPS/XPS) which are used as building and construction heat
insulation. As an additive, there are utilized in home appliances, vehicle seats, latex glues and textile
back coatings. HBCDs have also been applied in electrical and electronic applications such as audio-
visual equipment, refrigerator linings, and in wire and cable as high-impact polystyrene (HIPS) according
to U.S. EPA 2012. 1,535 tons of HBCDs have been consumed in the Republic of Korea in 2015.
HBCDs are known as having persistence and long range transport in the environment. Even though
the Stockholm Convention’s annexes added HBCD in 2013, there is no still standard analysis method
at home and aboard. The research about HBCDs monitoring is increasing, but still not sufficient to
optimize the analysis of the HBCDs. This study was performed to optimize the peak sensitivity and
resolution of the HBCDsisomers; «-HBCD, p-HBCD, y-HBCD by using liquid chromatography-tandem
mass spectrometer; LC/MSIMS.

Materialsand methods

This study aimed to establish HBCDs analysis method using standard to analyze environmental media;
ambient, river water, sediment and soil. HBCDswere analyzed by UPLC/IMS/MS (Waters Xevo TQ-S).
The result of recovery ratio were compared using established analysis method based on pretreatment;
extraction, clean-up conditions. Also, optimized analysis method wasintroduced under the result of mass
analysis and pretreatment as well as certified analysis method using certified reference material.

Results and discussion

To find optimized extraction solvent, this study used dichloromethane, acetone/n-hexane,
dichloromethane/n-hexane for the ambient and soil and dichloromethane for river water samples. The
recovery ratiofor the every sample showsthat around 110% regardl ess extraction sol vent except -HBCD
for the ambient sample when using acetone/n-hexane. Thus, dichloromethane is recommended for the
extraction solvent same as former PBDEs.

Ambient, soil/sediment samples were extracted in a soxhlet during 24 hours using 350mL of
dichloromethane and extraction of river water samples was carried out by 3 steps of liquid-liquid
extraction using dichloromethane. Multi-layerssilicagel columnwith 2g of sulfuric anhydride, 1g of 2%
KOH silicagel, 3g of neutral silicagel, 3g of 44% sulfuric acid impregnated silicagel, 3g of neutra silica
gel, 2g of sulfuric anhydride and silica gel/alumina column; 2g of sulfuric anhydride, 5g of alumina, 3g
of neutral silicagel, 3g of 44% sulfuric acid impregnated silicagel, 3g of neutral silicagel, 2g of sulfuric
anhydride was used for cleanup.

Mass to charge ratio (m/z) for the native HBCD is 640.7 to 79, 81, internal standard; surrogate *C;,-
HBCDsare 652.8 to 79, 81, internal standard; d18-HBCDs are 657.8 to 79, 81. Optimized cone voltage
and collision energy is 25V and 15 eV, respectively.

The resolution and peak sensitivity of analysis of HBCDs using UPLC/MS/MS were optimized when
solution A which is methanol/acetonitrile 7:3 (v/v) and solution B which is 10 mM of ammonium acetate
in deionized water are used as a mobile phase.

The retention time of HBCDs is all within 15 minutes, the order of retention time is condition 1, 2
and 3. Asthe ratio of methanol increases, the € ution time from the column was shorten. In case of the
condition C, however, the peak resolution was decreased even though it has the shortest detection time.
So, this study added acetonitrile to methanol as 7:3 (v/v) to improve increasing internal pressure and
peak separation resolution.
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Fig 1. The recovery ratio of HBCDs for the environment sample
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Fig 2. Procedure of HBCDs analysis method
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Fig 3. The result of multiple reaction monitoring (MRM) by UPLC/MS/MS
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Fig 4. Molecular and ionic clusters of hydrocarbons and spectrum of HBCDs
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Table 1. Multiple reaction monitoring (MRM) condition of HBCDs using UPLC/MS/MS

Parameter Native HBCDs 13C1,-HBCDs d18-HBCDs
Parent ion (m/z) 640.7 652.8 657.8
Daughter ion (m/z) 79 and 81
Cone voltage (V) 25
Collision energy (eV) 15
Table 2. Mobile phase gradient conditions for UPLC/MS/MS analysis of HBCDs
Time (min) #1 #2 #3
A (%) B (%) A (%) B (%) A (%) B (%)
Initial 10 90 50 50 80 20
5 10 90 50 50 80 20
14 95 5 95 5 95 5
20 10 90 50 50 80 20

Table 3. Optimized UPLC/MS/MS for analyzing HBCDs isomers

Analyzer UPLC (Ultra performance liquid chromatography, Waters
Column Waters Acquity BEH C18 column (2.1 x 100 mm, 1.7 pm)
Injection 5 uL
Column temperature 40°C
Mobile phase (A) Methanol/ACN (7:3, viv), (B) 10 mM AA (in DIW)
Concentration gradient Time (min) Methanol (%) 10 mM of Ammonium acetate
Initial 5 95

6 20 80

13 100 0

15 100 0

17 5 95

20 5 95

Total running time

20 min

Mass analyzer

Waters Xevo TQ-S

lon source

Electrospray negative: ESI (-)

Gas and flow rate

Nitrogen (7 bar), 800 L/h

Vaporizer temp.

350°C

Detection method

Multiple Reaction Monitoring (MRM)
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