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This study was carried out to improve pretreatment methods for analyzing polychlorinated dibenzo-p-diox-
insdibenzofurans (PCDD/DFs) in environmental samples such as soils and sediments. The official method of
using clean-up standard substances and the method of pre-packed column system analysis were applied to the
environmental samples. The recovery rates of these two methods were low. In addition, wide ranges of relative
standard deviations (RSD) were observed in highly-chlorinated congeners of sediment samples. In the soil sam-
ples, similar PCDD/DFs concentrations were observed for each pretreatment method. The sediment samples,
however, showed larger RSDs due to complex matrices and low concentrations. An automated preparation sys-
tem was also applied as a pretreatment method for analyzing PCDD/DFs in environmental samples. This sys-
tem was found less affected by the proficiency of analysts than the other pretreatment methods. Besides, the
automated preparation system was useful for simple/rapid clean-up, and can reduce the consumption of anal-
ysis apparatus as well as organic solvents. The automated preparation system can also be applied to monitoring
and screening PCDD/DFs in environmental samples.
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Fig. 1. Experimental design for pre-packed columns to compare purification methods: (A) the pre-packed column system,
(B) cartridges for dioxin clean-up, and (C) a multi-layer silica gel column connected with a dual-layer carbon

column.
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(B) ©

Fig. 2. Information on the setup of the automated preparation system: (A) the automated preparation system, (B)
cartridges for dioxin clean-up, and (C) a procedure of clean-up method.
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Table 1. Instrument conditions for PCDD/DFs analysis

ofsllE] - A

Gas chromatography (Agilent 7890A)

Capillary column
Oven temp.
Carrier gas
Inlet temp.

Injection mode

SP-2331 (60 m, 0.32 mm i.d., 0.2 um film thickness)
100°C (5 min) = 10°C/min — 260°C (33 min)

He, 1 mL/min
260°C

Splitless (injection volume 1 pL)

High resolution mass spectrometer (AutoSpec Premier)

Principle
Tonizing mode
Source temp.

Electron energy
Trap current
Accel. voltage

Resolution

Double focusing type
EISIM
260°C
35 eV
400 pA
8 kV
>10,000 (at 10% valley)
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Table 2. Recovery rates and RSD of *C-labeled clean-up standards according to three different clean-up methods

Official method

Pre-packed column System Automated preparation system

13C_labeled compounds (n=3) n=3) n=3)
Recovery rate (RSD?) (%) Recovery rate (RSD) (%) Recovery rate (RSD) (%)
3C-2,3,7,8-TCDD 68.3 (10.5) 50.2 (3.3) 84.7 (4.7)
13C.1,2,3,7,8-PeCDD 92.6 (21.7) 75.8 (3.7) 84.5 (8.6)
13C.1,2,3,4,7,8-HxCDD 82.0 (8.8) 786 (4.0) 86.2 (8.9)
135C-1,2,3,6,7,8-HxCDD 86.2 (15.0) 80.1 (4.1) 86.5 (9.5)
13C-1,2,3,4,6,7,8-HpCDD 86.3 (11.4) 795 (8.2) 86.8 (5.6)
13C.0CDD 82.7 (14.0) 64.0 (9.0) 105 (3.9)
13C.2,3,7,8-TCDF 66.0 (19.2) 57.5 (8.6) 84.9 (4.6)
13C-1,2,3,7,8-PeCDF 81.5 (7.2) 68.4 (1.0) 82.8 (5.5)
13C-2,3,4,7,8-PeCDF 76.7 (11.2) 76.0 (2.5) 86.1 (5.3)
13C-1,2,3,4,7,8-HxCDF 75.0 (13.2) 74.7 (3.2) 82.9 (9.4)
13C.1,2,3,6,7,8-HxCDF 79.1 (13.9) 79.7 (3.8) 85.0 (10.7)
13C.1,2,3,7,8,9-HxCDF 72.8 (26.2) 75.7 (7.1) 85.4 (5.6)
13C-2,3,4,6,7,8-HxCDF 72.8 (22.7) 83.2 (5.9) 88.2 (8.5)
13C-1,2,3,4,6,7,8-HpCDF 825 (18.5) 76.6 (9.5) 94.1 (7.4)
13C-1,2,3,4,7,8,9-HpCDF 84.0 (11.5) 776 (12.2) 88.6 (8.5)
Recovery range 66.0 - 92.6 50.2 - 83.2 82.8 - 105.2
RSD range (7.2 - 26.2) 1.0 - 12.2) (3.9 - 10.7)

4RSD: Relative standard deviation = Standard deviation / Mean x 100 (%)
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Table 3. Recovery rates and RSD of ®C-labeled clean-up standards according to three different clean-up methods in soil
and sediment samples

Official method Pre-packed column system Automated preparation system

15C Jabeled compounds Soil Sediment Soil Sediment Soil Sediment
(n=3) (n=3) n=3) (n=3) (n=3) (n=3)

Recovery rate (RSD) (%) Recovery rate (RSD) (%) Recovery rate (RSD) (%)
13C-2,3,7,8-TCDD 83.2 89) 925 (5.4) 73.8 (4.4) 82.2 (6.0) 87.2 (2.3) 84.5 (5.2)
13C-1,2,3,7,8-PeCDD 93.4 (3.5) 94.6 (8.9) 86.9 (4.3) 89.7 (6.3) 92.5 (2.6) 86.2 (8.1)
13C-1,2,3,4,7,8-HxCDD 887 (45) 86.1 (5.9) 79.1 (2.3) 85.2 (7.4) 86.9 (1.4) 84.3 (7.0)
13C-1,2,3,6,7,8-HxCDD 944 (3.9) 89.3 (7.8) 82.8 (3.8) 90.9 (9.6) 90.9 (1.3) 88.5 (3.9)
13C-1,2,3,4,6,7,8-HpCDD  89.4 (5.5)  88.7 (8.4) 75.5 (2.7) 79.8 (0.9) 91.1 (1.4) 90.9 (6.9)
13C-0CDD 84.4 (4.3) 777 (5.0) 51.2 (5.7) 50.1 (14.5) 90.9 (0.5) 105 (5.7)
13C-2,3,7,8-TCDF 83.1 (96) 947 (5.1) 779 (6.2) 84.7 (7.9) 88.9 (0.8) 85.5 (4.7)
13C-1,2,3,7,8-PeCDF 914 (5.4) 989 (6.4) 79.8 (2.8) 83.5 (1.3) 90.4 (1.9 86.9 (6.5)
15C-2,3,4,7,8-PeCDF 83.5 (6.0) 925 (4.0) 82.5 (2.8) 86.9 (3.2) 91.7 (1.5) 88.3 (7.6)
18C-1,2,3,4,7,8-HxCDF ~ 88.7 (3.2) 855 (10.5) 785 (3.1) 69.7 (19.3) 85.4 (0.4) 82.7 (7.6)
13C-1,2,3,6,7,8-HxCDF 955 (6.6)  90.9 (7.9) 83.5 (3.6) 79.4 (10.1) 91.5 (2.2) 88.4 (4.8)
18C-1,2,3,7,89-HxCDF 924 (2.7) 83.1 (143) 785 (1.6) 57.2 (45.4) 88.4 (1.6) 88.4 (8.0)
13C-2,3,4,6,7,8-HxCDF 885 (5.1) 87.9 (3.2) 80.6 (3.2) 82.5 (1.9) 89.7 (1.1) 88.3 (5.8)
13C-1,2,3,4,6,7,8-HpCDF ~ 94.0 (4.1) 754 (19.4)  72.0 (2.2) 45.4 (66.9) 93.9 (1.0) 91.8 (6.8)
13C-1,2,3,4,7,8,9-HpCDF ~ 86.7 (54) 47.0 (53.4) 741 (1.3) 41.1 (41.5) 89.3 (0.4) 79.7 (10.3)
Recovery range 83.1 - 95,5 47.0 - 989 51.2 - 869 41.1 - 90.9 85.4 - 93.9 79.7 - 105
RSD range (2.7 -96) (3.2 -534) (13-62) (09 - 66.9) 0.4 - 2.6) 3.9 - 10.3)

Table 4. PCDD/DFs concentrations detected in soil and sediment samples (unit: pg/g)

Target Official method Pre-packed column Automated preparation system
compounds n=3, 10 g system (#=3, 10 g) m=3,19) n=1, 10 g)
Soil Sediment Soil Sediment Soil Sediment Soil Sediment

2,3,7,8-TCDD 0.83 ND*? 0.70 ND ND ND 0.68 ND
1,2,3,7,8-PeCDD 2.30 1.40 2.87 ND ND ND 1.81 ND
1,2,3,4,7,8-HxCDD 4.29 1.67 5.46 ND ND ND 2.71 ND
1,2,3,6,7,8-HxCDD 7.85 2.08 9.56 ND 6.33 ND 6.09 0.570
1,2,3,7,8,9-HxCDD 6.15 2.06 8.15 0.54 3.73 ND 4.80 0.620
1,2,3,4,6,7,8-HpCDD 121 6.06 135 4.66 96.4 ND 92.1 3.96
OCDD 747 31.6 762 30.2 721 29.3 677 ND
2,3,7,8-TCDF 3.92 1.53 4.89 1.23 5.20 ND 4.89 0.350
1,2,3,7,8-PeCDF 7.89 2.44 7.92 1.00 8.00 ND 8.94 111
2,3,4,7,3-PeCDF 8.19 2.10 8.20 1.11 7.87 ND 7.65 1.03
1,2,3,4,7,8-HxCDF 16.0 2.53 16.2 1.25 16.9 ND 14.6 ND
1,2,3,6,7,8-HxCDF 135 243 15.7 1.22 8.73 ND 10.7 ND
1,2,3,7,8,9-HxCDF 3.29 1.46 3.82 ND ND ND 3.23 ND
2,3,4,6,7,8-HxCDF 17.8 2.37 18.0 0.88 16.6 ND 14.3 ND
1,2,3,4,6,7,8-HpCDF 136 4.72 130 3.56 120 ND 109 ND
1,2,3,4,7,8,9-HpCDF 8.06 ND 9.14 ND ND ND 6.27 ND
OCDF 115 ND 125 ND 101 ND 22.3 ND
PCDDs 889 44.8 924 354 828 29.3 785 5.15
PCDFs 329 19.6 339 10.3 285 0.0 202 2.49
PCDD/DFs 1218 64.4 1263 45.7 1112 29.3 987 7.64

aND: Not detected

gl gk AFsdxE] Alzdle] AleS AESE A o, 10 g BAAE 987 pglg, 764 pgglE B Al
3 1 g BAA 1,112 pgle, 293 pe/eC® AEHAUS T AL oF 11%, 183 HAE A8= <F 26% A
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Table 5. Analytical comparison among three different cleanup methods

Official method
(1 person)

Pre-packed column system

Automated preparation system

(1 person) (1 person)

No. of sample/batch About 6 samples

12 chromatography column
12 column head
12 round flask

6 concentrator tube

Glass apparatus

About 6 samples
6 pre-packed column set

6 samples

6 cartridge column set
6 concentrator tube

6 column head
6 round flask

6 concentrator tube

Amount of solvent About 800 mL About 700 mL About 50 mL
Evaporatgr Need Need No need
concentration
Cleanup time About 8~10 h About 6~8 h About 2~3 h
Influence of . .
technical skills High Medium Low
Applicable range Wide Medium Narrow
Bk Ao® vEt 7k FEste] AETel tet AR oleldlE AFEHA ¥
B Qo olg® 7ol AAMEl thd AR & Aueld A AsHS Basa e The
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Table 6. Comparison of PCDD/DFs concentrations in soil samples among three different laboratories for automated
preparation system (unit: pg/g)

Target Soil sample A Soil sample B
compounds This Lab. K Lab. E Lab. RSD, % This Lab. K Lab. E Lab. RSD, %
2,3,7,8-TCDD ND ND ND - ND ND ND -
1,2,3,7,8-PeCDD ND 3.3 2.9 87.1* (9.1)° ND ND ND -
1,2,3,4,7,8-HxCDD ND 3.9 4.6 87.5 (11.6) ND ND ND -
1,2,3,6,7,8-HxCDD 6.3 8.7 8.9 179 (1.6) ND ND ND -
1,2,3,7,8,9-HxCDD 3.7 6.5 6.8 29.8 (3.2) ND ND ND -
1,2,3,4,6,7,8-HpCDD 96.4 125 122 13.7 (1.6) 29.9 28.3 35.9 12.8 (16.7)
OCDD 721 890 870 11.2 (1.6) 256 260 310 11.0 (12.4)
2,3,7,8-TCDF 5.2 4.0 3.0 27.1 (20.2) ND ND ND -
1,2,3,7,8-PeCDF 8.0 5.0 5.0 28.9 (0.0 ND ND ND -
2,3,4,7,8-PeCDF 7.9 10.0 11.0 16.6 (6.7) ND ND ND -
1,2,3,4,7,8-HxCDF 17.0 19.0 20.0 84 (3.6) 2.2 ND ND -
1,2,3,6,7,8-HxCDF 8.7 18.0 19.0 371 (3.8) ND ND ND -
1,2,3,7,8,9-HxCDF ND 4.6 4.6 86.6 (0.0) ND ND ND -
2,3,4,6,7,8-HxCDF 16.6 23.0 22.0 16.7 (3.1) ND ND ND -
1,2,3,4,6,7,8-HpCDF 120 180 170 20.5 (4.0) 18.7 26.0 34.0 29.2 (18.9)
1,2,3,4,7,8,9-HpCDF ND 8.0 10.0 15.7 (15.7) ND ND ND -
OCDF 101 130 120 12.6 (5.7) 29.0 40.0 40.0 17.5 (0.0)
PCDDs 828 1037 1015 12.0 (1.5) 286 288 346 11.1 (12.8)
PCDFs 285 402 385 176 (3.1) 49.8 66.0 74.0 195 (8.1)
PCDD/DFs 1112 1439 1400 13.6 (1.9 335 354 420 12.0 (12.0)

4Percentage of RSD for three different laboratories (This Lab. K Lab. and E Lab.)
PPercentage of RSD for two different laboratories (K Lab. and E Lab.)
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