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Introduction

Japan put into effect its “Electric Household Appliance Recycling Law” (Appliance Recycling
Law) in April of 2001. Braun tubes TV sets, refrigerators, washing machines and air-conditioners ths
were discarded by the household must be recycled to achieve a certain recycling rate (TV: 55 ¢
refrigerators: 50 %, washing machines: 50 % and air-conditioners: 60 %. These % mean not less tt
numbers.). The possibility of appliance-recycling facilities releasing brominated compounds that ai
contained in the back cover of TV sets, etc., has become a matter of cohteen.therefore, have
undertaken to check such release from an appliance-recycling facility, and an adjoining was
incineration plant that was burning the residues from appliance recycling facility.

Methods and Materials

For the study, we have chosen a recycling facility built in 2000 with the throughput of 75T/10.5H
and an adjoining incineration plant of 150T/24H capacity.

The first study (2000) was centered on the brominated compound release from the applian
recycling facility. The neighboring incinerator was burning residues and Refuse Derived Fuel(RDF
from the recycling facility, and was using the exhaust from the recycling facility as its combustion air
and treating it at a high temperature. Therefore, the bottom ash, fly ash and flue gas of the incinera
were also analyzed. At the second test (2001), TV back covers and the dust collected from inside |
TV sets were analyzed, and sorted according to the period of manufacture (second half 80’s, first h
90’s, and second half 90s). Figure 1 shows the flow sheet of the appliance recycling facility and th
waste incineration plant.

Extraction and clean up

All samples were used for determination of polybrominated diphenyl ethers (PBDESs),
polybrominated dibenzp-dioxins (PBDDs), polybrominated dibenzofurans (PBDFs) and tetrabromo
bisphenol A (TBBPA) by HRGC/HRMS. Flue gas, fly ash, bottom ash, and dust sample was subjecte
into Soxhlet extraction for 16 hrs using toluene with accordance to JIS K 0311 which is standar
method for PCDD/DF analysis, with only exception of extraction conducted under dark conditions. I
case of TV casing samples, it was melted by toluene for overnight and extracted.

The extracted solvent was further subjected into column chromatography after spiking individue
congeners of*C -labled PBDEs, PBDD/DFs or TBBPA as internal standards. Additionally plastic
samples were added with hexane for solidifying resin and subjected j8, Higestion prior to
column chromatography. For separations, multi layer silicagel, alumia and carbon colum
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chromatograms which is similar to PCDD/DF analytical method with slight modification of elution
solution was prepared to further separate PBDEs and PBDD/DFs. In case of TBBPA analys
trimethylsilyl (TMS) derivative procedure by BSTFA was followed.

Analysis

Analysis of samples were conducted in HRGC/HRMS Micromass Autospec Ultima with a Hewlet
Packard HP 6980 series with a DB-5 MS (60 or 30m, 0.32 or 0.25mm, 0.25 or 0.1um) capillary colun
for all the brominated chemicals. The MS was operated in selected ion monitoring mode (SIM) at
resolution >10, 000. Two or more predominant ions were monitored for each congener group.

|
|
|
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T |
; |
i
|

Waste hcinemton Plnt |

Figure 1. Flow Chart of Appliance Recycling Facility and Waste Incineration Plant

Results and Discussion

1. TV set back cover and the dust inside TV set

The results of analysis according to the period are shown in Table 1. For reference, dust frc
indoor units of air conditioners was also analyzed.

e The amounts of dust inside TV sets varied by each unit, with older sets generally containir
more.

« The back cover analysis averaged 280ug/g of PBDDs/DFs4-8, and 68,000ug/g of PBDE. T
dust likewise showed 4.1pg/g and 230ug/g, respectively.

e The TBBP-A contents of TV set back covers increased as the period of manufacture beca
more recent. They were 11ug/g for 2nd half of 1980’s, 340ug/g for 1st half of 1990’s and 21,000p¢
for 2nd half of 1990’s. Similarly, those of the dust rose, 4.1ug/g, 11ug/g and 37ug/g, respectively.
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Table 1.Analyses of TV Back Cover and Dust from inside TV set

Sample Dust from inside TV set Dust from A/C| TV Back Cover
Period 2nd Half 80's | 1st half 90's | 2nd half 90's | Average 2nd half 80's | Ist half 90's | 2nd half 90's Average
Brand Ax4 Brand Ax3 Brand Cx1 Brand Bx1 Brand Ax4 Brand Ax3 Brand Cx1
Brand x Units Brand Bx4 Brand Bx2 Misc.x8 Misc.x1 Brand Ax4 | Brand Bx2 Misc.x8
Brand Cx1 Brand Cx1 Brand Cx1 Brand Cx1
.| R Misc.x Misc.x3
Amount of Dust_|g/Unit] 2.78 1.75 1.60] 2.05] 1.16]
PBDD, DF, ¢-8 ng/g 8,500 1,600 2,100] 4,100 7.1 100,000 240,000 510,000 280,000
PBDD, fDF, 4-8 ng/g 8,500 1,600 2,100] 4,100 59 100,000 240,000 510,000 280,000
PBDEs ng/g 200,000 160,000 320,000 230,000 4,200  36,000,000{ 91,000,000 77,000,000 68,000,000
TBBP-A ng/g 4,100 11,000 37,000 17,000 150 11,000 3,400,000| 21,000,000 8,100,000

2. Material Balance at the Facilities

The material balance of PBDDs/DFs4-8, PBDEs and TBBP-A derived from the results of analyse
at the recycling facility and at the incineration plant are shown in Fig.2 and Fig.3, respectively. The gz
volume and treated volume are based on the design values. The input at the recycling facility was ba
only on TV sets, and other wastes incinerated at the incineration plant was presumed to be MSW.

2-1Appliance Recycling Facility

e The exhaust (3) from the molder produced higher concentrations and larger amounts of PBDD
DFs, PBDE and TBBP-A compared with others [1, 2, B and G]. This seems to indicate that the grindin
abrasion and heating (heater temp:160 °C)in the molder caused evaporation of brominated compound:
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Figure 2.Brominated Compound Material in Appliance Recycling Facility

2-2 Waste Incinerator
e The input for the incinerator included RDF, exhaust gas frow Molder and other residues fron
the recycling facility. However, the throughput and discharge from the recycling facility vary widely,
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not as constant as those of the incinerator. Judging from the operational record, therefore, the maxin
amount of RDF was set at the design value and the minimum at one-twentieth of the same.

« The input of PBDDs/DFs in the incinerator material balance was within 330~6,700mg/h whils
its output was 0.61mg/h, showing decreases of 1/500~1/11,000. Similarly, PBDE declined by 1/80-
1,600 and TBBP-A by 1/500~1/9,000. These facts indicate that the incinerator doubles as
disintegrator of brominated compounds.
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Figure 3. Brominated Compound Material Balance in Waste Incinerator
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