JFE $#t No. 13
(2006 4= 8 H) p. 75-81

EU &l (Cx3Ie U IR A T E O 2 ik iT

Analytical Technology of Environmentally Hazardous Substances

Responding to EU Regulations
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Abstract:

Environmentally hazardous substances in products are regulated mainly by EU directives and the analytical
technique is key to the verification of them. In this paper, analysis techniques of environmentally hazardous
substances in JFE Techno-Research are introduced. The plastics and metals with the reference values of these
hazardous substances were analyzed by energy dispersive X-ray fluorescence analysis (EDXRF) to decide the
detection limits of EDXRE. And EDXRF was proved to be effective as a screening technique. Precise analysis of
heavy metals is carried out using instrumental analytical methods mainly of inductively coupled plasma optical
emission spectrometry (ICP-OES). Rapid and high sensitive analysis of brominates flame retardants, such as
polybrominated biphenyls (PBBs) and polybrominated diphenylethers (PBDEs), by high resolution gas

chromatography-high resolution mass spectrometry has been established by optimizing an extraction method and

measurement conditions.
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Table 1 Analytical methods for environmentally hazardous
substances at JFE Techno-Research

Material Analytical method

EDXREF, ICP-OES, AAS,

Lead (Pb)/Lead compounds

ICP-MS
Cadmium (Cd)/Cadmium com- EDXRF, ICP-OES, AAS,
pounds ICP-MS

EDXREF, ICP-OES, CVAAS,
Mercury (Hg)/Mercury compounds ICP-MS

Hexavalent chromium (Cr®")/
Hexavalent chromium compounds

EDXREF, ICP-OES, AAS,
ICP-MS (as total), UV

Polybrominated biphenyls (PBBs) HRGC-HRMS
E’;};}/Dbg()sr)rlinated diphenylethers HRGC-HRMS
Asbestos XRD

Certain azocolourants and azodyes | GC-MS

Ozon depleting substances (CFCs,

HCFCs, HBFCs, Carbon tetrachlo- | GC-MS

ride, etc.)

Polychlorinated biphenyls (PCBs) HRGC-HRMS
Polychlorinated naphthalenes GC-MS

Radioactive substances Scintillation counter method

Chlorinated paraffins LC-MS or GC-MS
Tributyl tin (TBT) and triphenyle tin

(TPT) GC-MS

Tributyl tin oxide (TBTO) GC-MS

Other metals (Sb, As, Be, Bi, Ni, Se, | EDXRF, ICP-OES, AAS,

etc.) and these compaunds ICP-MS
Brominated flame retardants

(other than PBBs or PBDEs) HRGC-HRMS
Phthalates GC-MS
Polyvinyl chloride (PVC) HPLC

EDXRF: Energy dispersive X-ray fluorescence analysis

ICP-OES: Inductively coupled plasma optical emission spectrometry

AA: Atomic absorption spectrometry

ICP-MS: Inductively coupled plasma mass spectrometry

CVAAS: Cold vapor atomic absorption spectrometry

UV: Ultraviolet and visible spectrophotometry

XRD: X-ray diffractiometry

HPLC: High performance liquid chromatography

HRGC-HRMS: High resolution gas chromatography-High resolu-

tion mass spectrometry

GC-MS: Gas chromatograhy-mass spectrometry (Tandem mass

spectrometry)
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Fig.1 Schematic diagram of the EDXRF

(Metal film filter)

—

Computer

X-ray target

2
(A)Without filter

N

Cr: 200 uglg “k Hg,Pb,Br : 100 «g/g|Cd : 100 ug/g
Br

Peak position (keV)

X-ray intensity (cps)

09\..
(B)With filter

Fig.2 Background reduction effect by using a primary filter
on EDXRF spectra of environmentally hazardous
substances in cellulose
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Table 2 Measurement conditions of EDXRF

X-ray tube Rh
Voltage 15kV (Cr)
50 kV (Cd, Pb, Hg, Br)
Collimator @10 mm
Detector Si(Li)SSD

Peak posision Cd-Ka (23.11 keV)
Pb-La (10.54 keV)
Pb-Lp (12.63 keV)
Hg-La ( 9.98 keV)
Br-Ka (11.91 keV)

Cr-Ka ( 541 keV)
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Table 3 Lower limit of detection of environmentally hazardous substance in samples

(uglg)
Integral time (s) Cd-Ka Cr-Ka Pb-La Hg-La Br-Ka
Non PVC 200 3 4 5 4 2
Plastic
PVC 200 5 9 7 6 4
Al base 300 6 22 18 — —
Fe base 600 — 43 56 — —
Metal
Cu base 600 23 55 64 — —
Sn base 600 — — S1* — —
Sample size: 12 mm X ¢10mm (Plastic), ¢10 mm (Metal)
—: Not calibrated
* Without filter
2506cps  Cd(0.013%)  1013¢ps  Pb(0.054%) 0303cps  Cr(0.017%)
(A)
20.00 26.00 8.00 13.00 3.23 7.23
Peak position(keV)
0.303cps  Cd(0.017%) 0303cps  PD(0.12%) 0303cps  Cr(0.11%)
(B
B
< 2000 26.00 8.00 13.00 3.23 723
'z Peak position(keV)
D
c
> 20890 Pb(0.24%) 0.501cps  Cr(0.16%)
X w (A)Al alloy
© (B)Cu alloy
- 1 (C)Steel
8.00 1300 3.23 7.25 )
Peak position(keV) (D)Tin alloy
0303cps  PD(0.066%) 1.515cps  Pb(0.066%)
a : with filter b : without filter Integral time
(A)300s

ST T RIREBANOGEL 2 HE L,

800 13.00 8.00 13.00
Peak position(keV)

(B)~(D)600 s

Fig.3 X-ray spectra of hazardous substances in various materials
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Fig.4 Comparison of analytical values of Cr, Pb, and Cd in
resin samples by EDXRF and ICP-OES
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Fig.5 Structures of PBBs and PBDEs
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Sample adjustment | *Crushes, etc.

| Dissolubility test |

*The dissolubility of sample is checked
in the several kinds of solvents(Toluene, THF, etc.).

[Dissoluble| | Indissoluble |

- Supersonic wave extraction | (Toluene, 30 min X 3 times)
- Soxhlet extraction (Toluene, 18 h)

Re-precipitation
*Add poor solvent (Hexane, Decane, etc)
Fixed (50 ml)
*Take 0.02 ml up from the extraction solution

*After added surrogate material of PBBs and PBDEs,
direct injected into GC-MS

HRGC-hRMS

Fig.6 Analytical procedure for PBBs, PBDEs
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Table 4 Analytical condition of GC-MS for octa-, nona-, and
deca-BDE

MS (Mass spectrometer) | Auto spec ultima (Waters Corporation)

GC (Gas chromatograph) | HP 6890 (Agilent Technologies Inc.)

ENV-5MS capillary column

15m X 0.25 mm id

120°C (1 min hold)-180°C (20°C/min)
-300°C (5°C/min, 2 min hold)

Column

Column temperature

Resolution 10 000 or more
‘If(l)fl:tc;;(;n acceleration 40 oV
Ionization current 600 uA

Ion acceleration voltage | 8 kV

Injection temperature 280 °C

Carrier gas He (Constant flow: 1.0 m//min)

Table 5 Comparison of extraction procedures of PBDEs from

resin
Solvent Toluene THF
Supersonic Supersonic
Extraction method | Soxhlet wave Soxhlet wave

extraction extraction

Sample volume  (g) | 0.068 0.071 0.072 0.076

Sample volume after | o 023 060 | 0055  0.065

extraction (g)

Dissolution rate (%) 66 16 24 14

OcBDEs (ugl/g) 40 30 9100 35

NoBDEs (ug/g)| 1200 1 000 2 800 1 000

DeBDE (ug/g) | 95 000 87 000 764 75 000

Total PBDEs  (ug/g) | 96 000 88 000 15000 76 000

Total Br in the sample
after extraction by
combustion ion
chromatograph (%)

N.D. N.D. 0.5 2.1

N.D.: Not detection (Less than 0.01%)
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