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Summary

To develop a simple and rapid trapping method for analysis of PCDDs, PCDFs and coplanar PCBs (dioxins) in
water, a new solid-phase adsorption and coagulation (SPAC) reagent, which consists of powder activated charcoal,
poly aluminum chloride, silica gel and sodium carbonate was studied on recovery tests of spiked dioxins standard
to several experiment, environment and waste waters. Their results were also compared to those of the
conventional tests such as ODS and liquid-liquid extraction methods. The newly developed reagent was added
into experiment, environment and waste waters after shaking well by a little amount of water, and then after
allowance to stand for about one hour the precipitated flock was recovered on glass fiber filter. Thereafter, dioxins
in the flock were extracted by toluene soxhlet and followed by dioxins determination by HRGC-HRMS. The
results of dioxins recovery-test showed nearly same or relatively high recovery rates (>90 %) and reproducibility
as compared to those of ODS and liquid-liquid extraction methods. These results indicate that the newly
developed SPAC method has the merit of easy operation and high/stable trapping rate of dioxins, being applicable

to waste and environment waters with wide range of nature.
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Fig.1 Flow diagram of solid-phase adsorption and
coagulation (SPAC) method for trapping
PCDDs, PCDFs and Co-PCBs in water.
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Table 1 Measurement conditions of PCDDs, PCDFs and coplanar PCBs by HRGC-HRMS

HRGC Conditions
TeCDDs, TeCDFs, PeCDDs, PeCDFs, HxCDDs, HxCDFs

Column SP-2331 (0.25 mm i.d. X 60 m, 0.20 um)

Oven Temp. 130 °C, 1 min — 20 °C/min — 210 °C — 2 °C/min — 260 °C
Carrier Gas He: 246 kPa (35 cm/s, 1.7 m//min), Constant flow

Inlet Temp. 250 °C

Injection Mode

Splitless (1 min)

1,2,3,7,8,9-HxCDF, HpCDDs, HpCDFs, OCDD, OCDF, Coplanar PCBs

Column

Oven Temp.
Carrier Gas
Inlet Temp.
Injection Mode

RH-12ms (0.25 mm i.d. X 60 m)
150 °C, 1 min — 10 °C/min — 210 °C — 3 °C/min — 320 °C
He: 258 kPa (35 cm/s, 1.7 m//min), Constant flow

250 °C

Splitless (1 min)

HRMS Conditions

Ionization Current
Ionization Voltage
Source Temp.
Accel. Voltage
Resolution
Monitor Ions

800 pA (JMS-SX102A), 500 pA (JMS-700, IMS-700D)
70 V (IMS-SX102A), 38 V (JMS-700, IMS-700D)

270 °C
10 kV
> 10000

Native

Labeled

TeCDDs
PeCDDs
HxCDDs
HpCDDs
OCDD
TeCDFs
PeCDFs
HxCDFs
HpCDFs
OCDF
TeCBs
PeCBs
HxCBs
HpCBs

319.8965, 321.8937
355.8547, 353.8576
389.8157,391.8128
423.7767, 425.7738
457.7377, 459.7348
303.9016, 305.8987
339.8598, 341.8568
373.8208, 375.8179
407.7818, 409.7789
441.7428, 443.7399
289.9224,291.9194
325.8804, 327.8775
359.8415, 361.8385
393.8025, 395.7995

331.9368, 333.9339
367.8949, 365.8978
401.8559, 403.8530
435.8169, 437.8140
469.7779, 471.7750
315.9419, 317.9389
351.9000, 353.8970
385.8610, 387.8581
419.8220, 421.8191
453.7830, 455.7801
301.9626, 303.9597
337.9207, 339.9178
371.8817,373.8788
405.8428, 407.8398
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Table 2  Recoveries (%) of clean-up spikes in relation to additive amounts of activated charcoal as adsorptive

solid-phase.
Activated charcoal (mg)

10 20 50 150 500
3C1,-2,3,7,8-TeCDD 93 103 100 93 93
C,-1,2,3,7,8-PeCDD 100 111 108 87 100
BC,-1,2,3,4,7,8-HxCDD 89 114 118 91 90
BC,-1,2,3,6,7,8-HxCDD 91 113 112 86 86
C,-1,2,3,7,8,9-HxCDD 89 109 109 88 71
BC1,-1,2,3,4,6,7,8-HpCDD 90 89 108 84 57
C},-0CDD 77 79 97 86 36
3C1,-2,3,7,8-TeCDF 88 98 95 84 96
C,-1,2,3,7,8-PeCDF 89 95 97 85 88
C,-2,3,4,7,8-PeCDF 88 94 97 85 87
BCy,-1,2,3,4,7,8-HxCDF 92 97 102 80 77
C,-1,2,3,6,7,8-HXCDF 87 102 100 77 76
BC-1,2,3,7,8,9-HXCDF 89 86 92 82 53
13C,-2,3,4,6,7,8-HXCDF 85 102 106 85 74
C,-1,2,3,4,6,7,8-HpCDF 96 87 101 86 51
BCy,-1,2,3,4,7,8,9-HpCDF 88 91 91 83 52
C,,-OCDF 82 86 85 90 35
BC,-3,4,4',5-TeCB (#81) 70 105 92 106 82
13C,-3,3',4,4'-TeCB (#77) 72 98 95 97 86
BC1»-3,3',4,4',5-PeCB (#126) 75 95 101 95 93
BC,-3,3',4,4'5,5'-HxCB (#169) 78 90 97 84 95
BC-2',3,4,4' 5-PeCB (#123) 80 89 91 91 85
BC1,-2,3',4,4'5-PeCB (#118) 85 88 92 89 86
13C1,-2,3,3',4,4'-PeCB (#105) 86 93 98 92 88
B3C1,-2,3,4,4',5-PeCB (#114) 77 88 91 90 85
BC,-2,3',4,4'5,5'-HxCB (#167) 79 87 96 81 92
C,-2,3,3',4,4' 5-HXCB (#156) 78 84 102 85 96
BC1,-2,3,3',4,4',5'-HxCB (#157) 84 87 100 85 95
BC,-2,3,3',4,4',5,5'-HpCB (#189) 77 86 99 84 98
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Table 3  Recoveries (%) of spiked native standards at the concentration level of quantitation limit (QL) and ten

times to quantitation limit (QL x 10).

QL QL x 10
1 2 Average 1 2 Average
2,3,7,8-TeCDD 100 91 95 101 90 96
1,2,3,7,8-PeCDD 109 106 107 91 90 90
1,2,3,4,7,8-HxCDD 93 90 92 93 90 92
1,2,3,6,7,8-HxCDD 114 100 107 95 89 92
1,2,3,7,8,9-HxCDD 101 106 104 98 103 100
1,2,3,4,6,7,8-HpCDD 106 98 102 93 102 98
OCDD 94 93 94 93 93 93
2,3,7,8-TeCDF 104 104 104 120 115 117
1,2,3,7,8-PeCDF 95 95 95 105 90 98
2,3,4,7,8-PeCDF 91 91 91 94 &9 92
1,2,3,4,7,8-HxCDF 102 107 104 96 92 94
1,2,3,6,7,8-HxCDF 108 106 107 91 97 94
1,2,3,7,8,9-HxCDF 90 95 92 95 92 93
2,3,4,6,7,8-HxCDF 104 109 106 88 94 91
1,2,3,4,6,7,8-HpCDF 98 91 94 95 96 96
1,2,3,4,7,8,9-HpCDF 109 95 102 96 95 95
OCDF 92 94 93 92 90 91
3,4,4',5-TeCB (#81) 96 108 102 101 94 98
3,3',4,4'-TeCB (#77) 116 100 108 94 105 99
3,3',4,4',5-PeCB (#126) 89 103 96 95 100 97
3,3',4,4',5,5'-HxCB (#169) 112 96 104 88 95 91
2'3,4,4'5-PeCB (#123) 92 95 94 97 91 94
2,3'4,4'5-PeCB (#118) 106 100 103 114 116 115
2,3,3',4,4'-PeCB (#105) 102 95 98 101 108 104
2,3,4,4',5-PeCB (#114) 97 111 104 102 99 100
2,3'4,4'5,5'-HxCB (#167) 103 114 109 93 95 94
2,3,3',4,4'5-HxCB (#156) 104 94 99 95 94 94
2,3,3'4,4'5'-HxCB (#157) 112 110 111 94 100 97
2,3,3',4,4',5,5'-HpCB (#189) 104 90 97 93 94 93
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Table 4 Recoveries of spiked native standards to active carbon.

Added Recovery (%)
(pg) 1 2 Average
2,3,7,8-TeCDD 200 86 87 87
1,2,3,7,8-PeCDD 200 101 102 101
1,2,3,4,7,8-HxCDD 400 87 92 89
1,2,3,6,7,8-HxCDD 400 91 83 87
1,2,3,7,8,9-HxCDD 400 99 97 98
1,2,3,4,6,7,8-HpCDD 400 84 85 84
OCDD 1000 86 82 84
2,3,7,8-TeCDF 200 83 84 83
1,2,3,7,8-PeCDF 200 105 107 106
2,3,4,7,8-PeCDF 200 77 77 77
1,2,3,4,7,8-HxCDF 400 71 73 72
1,2,3,6,7,8-HxCDF 400 83 86 84
1,2,3,7,8,9-HxCDF 400 70 70 70
2,3,4,6,7,8-HxCDF 400 71 73 72
1,2,3,4,6,7,8-HpCDF 400 101 96 98
1,2,3,4,7,8,9-HpCDF 400 70 72 71
OCDF 1000 70 71 71
3,4,4',5-TeCB (#81) 400 86 90 88
3,3',4,4'-TeCB (#77) 400 86 86 86
3,3',4,4',5-PeCB (#126) 400 87 93 90
3,3',4,4',5,5'-HxCB (#169) 400 73 78 75
2'3,4,4'5-PeCB (#123) 400 80 82 81
2,3',4,4',5-PeCB (#118) 400 83 82 82
2,3,3'4,4'-PeCB (#105) 400 83 84 83
2,3,4,4',5-PeCB (#114) 400 86 81 83
2,3',4,4',5,5'-HxCB (#167) 400 89 85 87
2,3,3',4,4'5-HxCB (#156) 400 84 85 84
2,3,3',4,4",5'-HxCB (#157) 400 82 81 81
2,3,3'4,4'5,5'-HpCB (#189) 400 103 109 106
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Table 5 Deviation (%) of PCDDs, PCDFs and Co-PCBs concentration between SPAC method and ODS method

for the environment waters.

River Pond Ground Sea

water water water water
Usual method ODS ODS ODS ODS
1,3,6,8-TeCDD -1 -2 1 6
1,3,7,9-TeCDD 5 -7 (-0) 1
2,3,7,8-TeCDD - - - -
1,2,3,7,8-PeCDD - - - -
1,2,3,4,7,8-HxCDD - - - -
1,2,3,6,7,8-HxCDD (-6) - - -
1,2,3,7,8,9-HxCDD (-2) - - -
1,2,3,4,6,7,8-HpCDD -12 0 2) -3
OCDD -18 -5 9 -5
1,2,7,8-TeCDF ) - - -
2,3,7,8-TeCDF (-0) - - -
1,2,3,7,8-PeCDF 1 - - -
2,3,4,7,8-PeCDF 7 - - (-5)
1,2,3,4,7,8-HxCDF 10 - - -
1,2,3,6,7,8-HxCDF 4 - - -
1,2,3,7,8,9-HxCDF - - - -
2,3,4,6,7,8-HxCDF -9 - - -
1,2,3,4,6,7,8-HpCDF -6 %) - -29
1,2,3,4,7,8,9-HpCDF (-25) - - -
OCDF -15 (13) - (-10)
TeCDDs 0 -1 1 6
PeCDDs 221 -18 - -2
HxCDDs -7 -10 2) -7
HpCDDs -15 3 -7 -3
TeCDFs 16 -5 - -29
PeCDFs -2 - - -18
HxCDFs 2 - - -28
HpCDFs -9 ®) - -19
3,4,4',5-TeCB (#81) - (14) - -
3,3'.4,4'-TeCB (#77) 9 12 -6 -14
3,3'4,4',5-PeCB (#126) (11) @) - -
3,3'4,4',5,5'-HxCB (#169) - - - -
2'3,4,4',5-PeCB (#123) (1) 16 - (-26)
2,3'4,4',5-PeCB (#118) -4 19 -13 =22
2,3,3',4,4'-PeCB (#105) -6 22 3 -18
2,3,4,4',5-PeCB (#114) -17 21 (-9) -22
2,3'4,4',5,5'-HxCB (#167) -11 11 (-12) (-11)
2,3,3',4,4',5-HxCB (#156) -3 10 -24 -23
2,3,3',4,4',5'-HxCB (#157) -8 -18 - (-25)
2,3,3',4,4',5,5'-HpCB (#189) - 3 - (-24)
PCDDs -14 -4 4 -3
PCDFs 1 8 - -24
Coplanar PCBs -4 17 -10 221
PCDDs + PCDFs + PCBs -5 13 -5 -11
TEQ -5 1 1 -9

(): below quantitation limit; -: below detection limit
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Table 6 Deviation (%) of PCDDs, PCDFs and Co-PCBs concentration between SPAC method and ODS or

liquid-liquid extraction (L-L) methods for the waste waters.

Reclamation site Incinerator Chemical

plant

Leachate Waste water Scrubbed Waste Waste

waste water water

Usual method ODS ODS ODS, L-L ODS L-L ODS ODS, L-L

1,3,6,8-TeCDD -5 -1 -22 1 2 6 4
1,3,7,9-TeCDD (-14) (-6) -25 - 2 7 25
2,3,7,8-TeCDD - - - - 0 - -
1,2,3,7,8-PeCDD - - - - 5 - -
1,2,3,4,7,8-HxCDD - - - - 4 - -

1,2,3,6,7,8-HxCDD - - - - 3 - (-0)
1,2,3,7,8,9-HxCDD - - - - 4 - -
1,2,3,4,6,7,8-HpCDD 2) - -6 - 11 2 -8
OCDD 3 -8 9 (-24) 24 19 -4

1,2,7,8-TeCDF - - - - 1 (12) )

2,3,7,8-TeCDF - - - - 2 (22) @)
1,2,3,7,8-PeCDF - - - - 7 (-3) -5

2,3,4,7,8-PeCDF - - - - 6 - ®)
1,2,3,4,7,8-HxCDF - - - - 9 &) -5
1,2,3,6,7,8-HxCDF - - - - 5 - 4
1,2,3,7,8,9-HxCDF - - - - 3 - -

2,3,4,6,7,8-HxCDF - - - - 5 - (-11)
1,2,3,4,6,7,8-HpCDF - - (15) - 11 10 -2

1,2,3,4,7,8,9-HpCDF - - - - 13 - (-23)
OCDF - - (23) - 24 19 -2
TeCDDs -8 -3 -20 1 1 6 7
PeCDDs - - -4 - 3 -10 4
HxCDDs - - -14 - 4 10 12
HpCDDs (19) - -11 - 13 7 -9
TeCDFs - - 20 - 2 2 5
PeCDFs - - 29 - 4 10 -4
HxCDFs - - - - 6 (25) 1
HpCDFs - - (15) - 11 10 -2

3,4,4',5-TeCB (#81) - - - - 3 7 (-5)
3,3',4,4'-TeCB (#77) -17 -15 (-16) -13 6 0 -22

3,3'4,4',5-PeCB (#126) - - - - 3 ®) (-2)

3,3'4,4',5,5'-HxCB (#169) - - - - 6 - (-8)

2'3,4,4',5-PeCB (#123) - - - - 6 (-2) (-11)
2,3'4,4',5-PeCB (#118) -29 -22 -3 -9 -15 -12 -7
2,3,3',4,4'-PeCB (#105) -27 -26 3 -9 -3 -7 -8
2,3,4,4',5-PeCB (#114) - (-13) - (-20) -3 5 -21
2,3'4,4'.5,5'-HxCB (#167) - - - - -16 (-15) -1
2,3,3',4,4',5-HxCB (#156) - (-25) (-7) 6) 4 -12 -6
2,3,3'4,4'5'-HxCB (#157) - - - - 4 (-17) -13
2,3,3'4,4',5,5'-HpCB (#189) - - - - 2 - -12
PCDDs 16 -12 -3 -16 3 16 -2
PCDFs - - 22 - 3 11 -1
Coplanar PCBs -28 -23 -5 -11 2 0 -8
PCDDs + PCDFs + PCBs -11 -21 -1 -11 3 -4
TEQ -19 -20 -4 -13 5 -16

(): below quantitation limit; -: below detection limit
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Fig. 2 Range and average of recoveries of clean-up spike by SPAC (@) and ODS (©) method for analysis of

waters.
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