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A Study of Analytical Method for 210 Congeners of PCDDs/PCDFs
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An analytical method for 210 congeners of polychlorinated dibenzo-p-dioxins/polychlorinated diben-
zofurans (PCDDs/PCDFs) was investigated. The Korean Standard Test Method (KSTM) was used for sam-
pling and analysis of PCDDs/PCDFs. The various column cleaning methods were tested to review the cleaning
efficiency. The multi-layer silica gel column with 150 mL of normal (n)-hexane showed higher cleaning effi-
ciency than the single-layer silica gel column with 150 mL of n-hexane to remove the chemical impurities
excluding substances like as PCDDs/PCDFs and PCBs. The alumina column cleaned with 100 mL n-hexane
as first eluant and 150 mL n-hexane with 50% dichloromethane (DCM) as second eluant was more efficient
than that cleaned with 100 mL n-hexane with 2% DCM as first eluant and 150 mL n-hexane with 50% DCM
as second eluant, to remove PCBs and to obtain all congeners of PCDDs/PCDFs. The internal standards to ana-
lyze MoCDDs/Fs-TrCDDs/Fs were used for each congener, and the calibration standards were prepared with
native and internal standards. The high resolution gas chromatograph/high resolution mass spectrometer
(HRGC/HRMS) was used. The analytical conditions for MoCDDs/MoCDFs-TrCDDs/TrCDFs and TeCDDs/
TeCDFs-OCDD/OCDF were distinguished due to distinctive properties of each homology. The recoveries were
in the range of 45 to 64% in MoCDDs/MoCDFs through TrCDDs/TrCDFs and 73 to 105% in TeCDDs/TeCD-
DFs through OCDD/OCDF. A total of 166 peaks of PCDDs/PCDFs congeners were distinguished, of which
44 peaks overlapped with the methods to be studied.

Key words : analytical method, congeners, HRGC/HRMS, ion chromatogram, PCDDs/PCDFs
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Table 1. Analysis methods of 2,3,7,8-substituted congeners of PCDDs/PCDFs
Method KSTM US EPA Method 1613 DIN EU 1948 JIS K 0311
solid sample (ex:filter, ash, solid sample (ex: filter, ash, solid sample (ex: filter, ash,
soil, sediment etc): soil, sediment etc): solid sample (ex: filter, ash, soil, sediment etc):
- HC1 - HCl (12~24hrs shaking) soil, sediment etc): - HCI
- dry - dry - soxhlet extraction - dry
- soxhlet extraction - soxhlet extraction (20hrs, with toluene) - soxhlet extraction
(16hrs, with toluene) (16hrs, with toluene) (16hrs, with toluene
sample XAD-2 resin: XAD-2 resin: XAD-2 resin: XAD-2 resin :
- soxhlet extraction - soxhlet extraction - soxhlet extraction - soxhlet extraction
(16hrs, with toluene) (16~24hrs, with toluene) (20hrs, with toluene) (16hrs, with toluene)
liquid sample (ex : water, liquid sample (ex: water, liquid sample (ex : water, liquid sample (ex : water,
waste water & absorber): waste water & absorber) waste water & absorber): waste water & absorber):
-extraction (with toluene) -extraction (with toluene) -extraction (with DCM) -extraction (with toluene)
-multi silicagel column -multi silicagel column
_sulphuric acid -alumina column -alumina column
up -activated carbon -activated carbon -multi silicagel column
clean-up  -silicagel column .. .. .
: column or prolisil column or prolisil -alumina column
-alumina column
column column
-HPLC -GCP
. for sampling: 1compound for sampling: lcompound for sampling: 3compound for sampling: 3compound
internal
for clean-up: 15 compounds for clean-up: 15 compounds for clean-up: 13 compounds for clean-up: 13 compounds
standards . . . .
for syringe: 2 compounds for syringe: 2 compounds for syringe: 2 compounds for syringe: 2 compounds
. resolution: >10,000
;S()lslﬁl/}mﬁl;io’ooo El, SIM mode resolution: >10,000
resolution: >10,000 m:;ss stabilitv: +5% mass stability: +5% EI, SIM mode
HRGC/  EI, SIM mode isotope ratiofl: :15‘(]7 isotope ration: *15% mass stability: +5%
HRMS mass stability: +5% recoxf)e . 25;1&1(7 ¢ recovery: 4~6Cl 50~130%, isotope ration: *+15%
condition isotope ration: *+15% A ° 7~8Cl 40~130% recovery: 50~120% (by
(OCDD 17~157% by clean-
recovery: 50~120% (by clean-up), clean-up), 70~130%(by
up), 35~197% (by .
sampling) 35~197% sampling)
(by sampling)
concentration TEQ as I-TEF total concentration TEQ as I-TEF TEQ as I-TEF
4Cl: 10 pg/L, 1 pg/g 4-5Cl: 0.3 pg/m®
3 3
MDL 2&03 3? g/g-lTCDD 5-7C1: 50 pg/L, 5 pg/g 2£52p3g/7né-TCDD 6-7CI: 06 pg/m’
A 8Cl: 100 pg/L, 10 pg/g T 8Cl: 15 pg/m®
slol A WY : BF ) 0ATHA DI 2. MEH
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BC-2-MoCDD, 3C-2-MoCDF, '3C-2,3-DiCDD, *C-2,8-DiCDE °C-2,3,7-TrCDD,
13C-2,4,6-T*CDF, 13C-2,3,7,8-TeCDD, 3C-1,2,3,7,8-PeCDD, ¥C-1,2,3,4,7,8-HxCDD,
13C-1,2,3,6,7,8-HxCDD, '°C-1,2,3,4,6,7,8-HpCDD, 3C-1,2,3,4,6,7,8,9-OCDD
13C-2,3,7,8,-TeCDE, 13C-1,2,3,7,8-PeCDE, 3C-2,3,4,7,8-PeCDE '3C-1,2,3,4,7,8-HxCDE,
13C.1,2,3,6,7,8-HxCDE, 13C-1,2,3,7,8,9-HxCDE 13C-2,3,4,6,7,8-HxCDE,
13C-1,2,3,4,6,7,8-HpCDE 1°C-1,2,3,4,7,8,9-HpCDF

100 mL n-Hexane (eluant 1)
150 mL 1:1=DCM:n-Hexane (eluant 2)

18C-2,7-DiCDD (for Cl1-ClI3), 13C-1,2,3,4-TeCDD (for Cl4-Cl5)
13C1,2,3,7,8,9-HxCDD (for Cl6-CI8)
| Resolution >10,000, SIM mode

Fig. 1. Analysis process for 210 congeners of PCDDs/PCDFs.



118 TET - AT - TS - AN - JSE - A9 - A4S
Table 2. Analytical condition of HRGC/HRMS
Items Condition

Analyzer Model HP 6890

Column SP-2331 (60m * 0.32 mm * 0.20 pm)

Oven Temp. for Mono-Tri chloril?ated compounds : 120(1 mi.n)30/mi.n2002/mi.n260(1 min).

for Tetra-Octa chlorinated compounds : 100(1 min)30/min2002/min265(19.5 min)

HRGC Injection Temp. 265

Injection Mode Spiltless

Carrier Gas He (99.9999%)

Flow Rate 1mL/min

Analyzer Model Jeol MS-700D

Tonizing Mode

EI/SIM for Mono-Tri chlorinated compounds
for Tetra-Octa chlorinated compounds

: 1 Group
: 4 Groups

Chamber Temp. 265
Interface Temp. 265
HRMS lonizing Energy 38 eV
Accel Voltage 10 KV
Ionizing Current 600 pA

Mass calibration Material PFK

Multiplier Voltage 1.0 kV

Emission Current 795-798 pA
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Table 3. Calibration standard for MoCDD/MoCDF-TrCDD
/TYF (Unit : ng/mL)

CS1 (CS2 (CS3 (CS4 CS5

2-MoCDD 0.5 2 10 40 200
2-MoCDF 0.5 2 10 40 200
2,3-DiCDD 0.5 2 10 40 200
2,8-DiCDF 0.5 2 10 40 200
2,3,7-TrCDD 0.5 2 10 40 200
2,4,6-TrCDF 0.5 2 10 40 200

13C-2-MoCDD 100 100 100 100 100
13C_2-MoCDF 100 100 100 100 100
1BC23-DICDD 100 100 100 100 100
13C2,8-DICDF 100 100 100 100 100
13C23,7-rfCDD 100 100 100 100 100
15C2,4,6-TtfCDF 100 100 100 100 100
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Fig. 2. Ion chromatograms of MoCDD by column SP-
2331.
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Fig. 3. Ion chromatograms of DiCDD by column SP-2331.
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Fig. 4. Ion chromatograms of TrCDD by column SP-2331.
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Fig. 5. Ion chromatograms of TeCDD by column SP-2331.



120

P5CDD
160000 -
120000
2
z
& 80000
2
40000
. o AM M A A
27 28 29 3 32 33 34 35
Retention Time (min)
Calculated Retention Time
|
‘
|
‘
‘ '
\ \ Y [
‘ i :
43 & @ o AN SRR B
82 8 £ 2 gz e 283 9B 2
&8 8 &8 S8R 88K &8 g
13C-P5CDD
30000
> 20000
i 1
= |
10000
ol , ‘ ‘
27 28 29 3 33 35

31
Retention Time (min)

Fig. 6. Ion chromatograms of PeCDD by column SP-2331.
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Fig. 7. Ton chromatograms of HxCDD by column SP-2331.
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Fig. 8. Ion chromatograms of HpCDD by column SP-2331.
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Fig. 9. Ton chromatograms of OCDD by column SP-2331.
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Fig. 11. Ton chromatograms of DiCDF by column SP-
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Fig. 12. Ion chromatograms of TrCDF by column SP-2331.
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Fig. 14.Ton chromatograms of PeCDF by column SP-
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Fig. 16. Ton chromatograms of HpCDF by column SP-
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Fig. 17. Ton chromatograms of OCDF by column SP-2331.
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