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Introduction 

 

Polybrominated diphenyl ethers (PBDEs) have been widely used as brominated flame retardants (BFRs) in 

consumer and industrial products, such as textiles, clothing, electric and electronic component, building 

materials to decrease the fire from their materials. PBDEs include three commercial versions of 

pentabromodiphenyl ether (penta-BDE), octabromodiphenyl ether (octa-BDE), and decabromodiphenyl ether 

(deca-BDE). The penta- and octa-products are a mixture composed of several PBDE congeners, while the deca-

product is composed almost of deca-BDE
1
. PBDEs have been found at high levels in indoor dust, sewage sludge, 

and effluents from wastewater. Various PBDEs and their commercial products have also been studied for eco-

toxicity in mammals, birds, fish, and invertebrates. Due to their widespread presence in the environment and 

their reported possible adverse health effects, PBDEs have become the subject of intensive research. PBDEs can 

reach the environment through leaching during production and application processes, through volatilization and 

leaching during use. PBDEs are not produced in Vietnam but are concerned issues because their products have 

been widely used from various consumer products for the decades. However, very few studies have been carried 

out in Vietnam focusing on PBDEs contamination in rivers and lakes of cities and industrialized areas in 

Vietnam
2
. 

The most commonly detected congeners are BDE-28, 47, 99, 100, 153, 154, 183 and 209, which are mainly 

congeners in the commercial mixtures
1
. Analysis of PBDEs in environmental matrices samples mainly based on 

gas chromatography-mass spectrometry (GC-MS), working in their electron ionization (EI-MS) or negative ion 

chemical ionization (NICI-MS). Recently, gas chromatography coupled to tandem mass spectrometry (GC/MS-

MS) with EI mode has also been proposed for the analysis of PBDEs at lower concentration, and a few numbers 

of congeners have been studied from tri- to hepta-BDE, while analysis of highly BDE (particularly deca-BDE) is 

difficult
3
. 

This study provide preliminary results to understanding the contamination level of PBDE as well as their 

potential toxic effect in Hanoi city, the second largest population in Vietnam. This study also validates a highly 

sensitive, selective method for PBDE analysis based on GC/MS-MS instrument.   

 

Materials and Method 

 

Twenty one surface sediment samples (0-5 cm) from canals and lakes of Hanoi were collected in 2011 using 

Ekman grab. Sediment samples was homogenized inside the grad and about 200 g was collected in clean 

polyethylene bags and transported to laboratory and stored at -10
o
C in darkness until analysis. Moisture content 

of sediment samples was determined by gravimetric method by drying samples to constant in oven at 105
o
C for 

12 hours. The sampling location has showed in Figure 1.     

Wet sediment samples (20 g) were extracted with acetone by sharking a flask vigorously in 60 minutes. The 

extracts was filtered and separated entirely by water-hexane re-distributor method. Extracts contain PBDE and 

other organic compounds, which has been spiked with 
13

C12-labeled BDE congeners 28, 47, 99, 100, 153, 154 

and 183 as surrogate standards (EO-5277, Cambridge Isotope Laboratory, USA). The extracts were concentrated 

to 1-2 ml before clean up through multi-layer silica gel. The clean up column has been packed from bottom to 

the top as follow: silica (1g), 2% (w/w) of KOH-silica gel (4g), silica (1g), 44% (w/w) of H2SO4-silica gel (8g), 

silica (2g) and 4 g of sodium sulfate anhydrous. PBDE was eluted by 100 ml of 10 % of dichloromethane in 
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hexane, and clean up solution was concentrated to 50 µl. The extracts were then added PCB 52 and 138 which 

used as internal injection standards for determination of recovery efficiency of surrogate standards. 

Sample preparation and analysis of PBDEs are carried out according to US-EPA method 1614. Almost of 

samples has been analyzed by GC/MS-MS (Agilent 7000 triplequadrupole, USA) and DB-5MS (60m x 250µm 

i.d x 0.25 µm film thickness) capillary column. The temperature program of oven was follows: 90
o
C for 1 

minute, 90
o
C to 320

o
C at 20

o
C/min, 320

o
C for 18 minutes; a PTV solvent vent mode of injection was follow: 

88
o
C for 0.01 minute, 88

o
C to 325

o
C at 600

o
C/min and keep in 5 minutes. The ion source temperature was 280

o
C 

and the MS1 and MS2 were 150
o
C. In MS-MS mode, for native PBDEs the [m+2] was selected for precursor ion 

of tri-BDE. The corresponding [m+4] ion was chosen for penta-BDE and hexa-BDE, while [m+6] was selected 

for hepta-BDE
4
.        

 

Figure 1: Map of sampling location in Hanoi city 

 

Results and discussion  

 

The concentration of the PBDE congeners in sediment of the Hanoi sewer and lake systems are given in Figure 

2. Seven individual PBDE congeners, including BDE 28, BDE 47, BDE 99, BDE 100, BDE 153, BDE 154 and 

BDE 183 were detected in sediment samples. Although higher PBDE such as BDE 206, BDE 207, and BDE 209 

have been considered as one of the largest PBDE contaminants in environment, detection of deca-BDE has not 

been done due to difficulty with limit of detection on GC/MS-MS. Therefore, sum of other lower BDE 

congeners will provide preliminary assessment on PBDEs contamination in Hanoi. The sum of 7 individual 

PBDE congeners was varied from 0.02 to 17.5 ng/g dry weight. The concentration of Σ7BDE in river sediment 

was varied depending on the sampling locations, 0.02-0.76 ng/g in the To Lich river, 0.14-0.17 ng/g in the Nhue 

river, 0.38-2.21 ng/g in the Kim Nguu river, 0.75-17.5 ng/g in the Lu river, and one sample collected in Set river 

was 0.81 ng/g. Beside river sediment, the concentration of Σ7BDE in lake sediment were 0.03-0.04 ng/g in the 

Den Lu lake, and 0.14-0.26 ng/g in the Yen So lake. The lowest concentrations were also found at Den Lu lake, 

where the sediment was primarily soil.  All the collected samples contained PBDE and the highest concentration 

was observed at L3 site (17.50 ng/g dry wt), where received wastewater from high populated in Hanoi.  
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The PBDE concentration found in Hanoi sediment samples in this report were compared with other 

measurements in sediment from other countries. The PBDE concentrations, except for BDE 209 had measured in 

sediment from Osaka Bay, Japan range from 8-352 ng/g for 6 congeners
5
, 0.04-94.7 ng/g for 9 congeners in 

Pearl River Delta, China
6
, and 0.6-17.6 ng/g for 5 congeners in Netherlands

7
. These results were demonstrated 

that a slightly accumulation of Σ7BDE in sediment in river and lake of Hanoi. 

Figure 3 showed the congener profile of PBDE in Hanoi sediment samples, which BDE 47 was predominant 

congener followed by BDE 99 and BDE 183. This congeners profile agrees well with observation in sediments 

in other previously report in China and American Great Lakes
6,8

. The BDE 47 and BDE 99 were the most 

abundant in commercial penta-BDE and octa-BDE mixtures, which were banned from all products in Euro and 

several states of America
8
. The congener profile of PBDE in sediment samples found can be explained by the 

leaching of PBDE from consumer products during use.  
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Figure 2: The PBDE concentration of Hanoi sediment samples 
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Figure 3: The PBDE congener profile of the Hanoi sediment samples 
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