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Abstract: In our study, the accuracy for measurement of seventeen 2,3,7,8-substituted PCDDs/PCDFs in certified
reference material (CRM) which is the sample of homogeneous sediment matrix taken from an area known
to have significant chemical contamination, particularly PCBs (polychlorinated biphenyls), was evaluated.
Though the methodology in this study followed the official method of unintentionally produced persistent organic
pollutants (UPOPs) announced by the Ministry of Environment of the Republic of Korea in 2007, there were
slight changes using additional purification step by activated carbon column because the interferences of sample
were not sufficiently removed when only multi-silica column and alumina column have been used for
purification. The |En| number proposed by the Korea Research Institute of Standards and Science was used
for a valuation basis of the accuracy. The |En| numbers of seventeen 2,3,7,8-substituted PCDDs/PCDFs have
been indicated as 1 and below, they were decided “Pass” in this test, when DB-5MS column and SP-2331
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column were used together. Because 1,2,3,7,8-PeCDD and #169-HxCB were not separated on DB-5MS column,
the ions of 1,2,3,7,8-PeCDD were selected at M/M+2 instead of M+2/M+4 suggested by EPA 1613. It is possible

to distinguish them in HRGC/HRMS analysis.
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EDF-5184, Al % W&+ ER051603-020]t} & A&+
Massachusetts2] EPA superfund site] 4] 232 RS
& PCBsot 78} s}t dEde s edd B
Foltt. AMFHE EFS A= A2 A 2718 +23}
adem 121 °C, 15 psiol A 2417k 52t 33] At
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0
o
4» m

I Grinding / Sieving

| Drying

]

I Sample weighing

I HCI treatment

| Filtration

272 (EDF-8999) 2 ng& A7}a5it}.

24. N2 XN 2™
20074 AR A TS vl =d ARG
2 FANTWAC F EYEAE F tho] Al W F

Auge wek gAY Sastgon o
35 9] PCBs (Polychlorinated biphenyls)
olE JIS WS AR L}

A GA o) Fo &dd B SAE FrheH

A 7kA A-d) ¥ 150 mL
{E3 T 2 mLE F53t] &Fry 47
Jatath 4Ry Ao = HEZEY|

"8
-8 2H2:98 viV)SZ 10 mL §EA1A ©] £ W
al El% iﬂ]‘;}-ﬂ"P(SO 50 v/v) 150 mLE &23
=l

bol 03 mLE =3It 558 NEE &

*OEJ Aol Yol t]ZZ 2 ek 22575 vv) 200

- 3 days

- spike 50 #¢ EPA-1613CSS (40 ng/mL)
- treated with 2N HCI (3 hr)

Soxhlet Extraction
(solid)

|
LLE
(remains of liquid)

|

— spike 20 #¢ EDF-8999 (100~200 ng/mL)

I Multi-layer silica gel column

| Alumina column

| Carbon column

| HRGC/HRMS analysis

- elution : n-Hex 150 mL

- elution : pre fraction - 2% DCM/Hex 10 mL
post fraction — 50% DCM/Hex 150 mL

- elution : pre fraction — 25% DCM/Hex 200 mL
post fraction — Toluene 350 mL

- spike 10 #£ EDF-5899 (200~400 ng/mL)

Fig. 1. Analytical procedure for determination of PCDDs/PCDFs in soil.
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o] 579 AH SP-23313 J&W Scientific (Palo Alto,
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3. g1 ¢ nE

31 AM =Y A

AEE BA5l7]) Aol suA|e A A8 ¥F
EZ(CS1~CS5)S A8t 7k A9 o] ¢ & =
ZulEago 2R AP EASRRF)E 314
RRF7}S] AUl EFHAIHRSD)7}F £15% ©JUIQ1A] 2l

Table 1. The experimental conditions of HRGC/HRMS

Table 2. The RSD' of RRF? in calibration curves on DB-
SMS and SP-2331 column, respectively

RSD (%)
Congeners
DB-5MS SP-2331
2378-TeCDD 10.87 3.44
12378-PeCDD 1.37 0.75
123478-HxCDD 2.00 3.29
123678-HxCDD 1.27 2.13
123789-HxCDD 2.05 2.89
1234678-HpCDD 2.03 6.23
OCDD 1.17 2.87
2378-TeCDF 7.90 3.95
12378-PeCDF 1.25 0.77
23478-PeCDF 1.28 0.61
123478-HxCDF 1.10 3.66
123678-HxCDF 1.20 4.54
123789-HxCDF 1.32 3.14
234678-HxCDF 1.32 332
1234678-HpCDF 1.95 2.23
1234789-HpCDF 1.20 5.14
OCDF 1.25 1.39

'RSD: Relative Standard Deviation
RRF: Relative Response Factor

sl A2 Ao} st} DB-5MSS} SP-2331 A ¥
zbzko)) th3k 175 9] 2,3,7,8-218k0] A" RRF 742
RSDE Table 29} 739kom 173 o] A =% RSD
ol £15% ool &S Blatdr).

32. 52 ¥ Zz
AR s 34 A MR AHE EE=d 3

Injection mode
Injector Temp.

Splitless

DB-5MS : 280 °C, SP-2331 : 260 °C

Carrier gas He, 0.8 mL/min.
Column DB-5MS : 5% phenylmethylpolysiloxane
GC 60 m (length) 0.32 mm (I.D) 0.25 im (film thickness)
SP-2331 : Cyanopropyl polysiloxane
60 m (length) 0.32 mm (I.D) 0.2 im (film thickness)
Temp. program DB-5MS : 160 °C (3.5 min.)-20 °C/min.-200 °C(2 min.)-10 °C/min-208 °C (0 min)-
2 °C/min.-310 °C (1 min.)
SP-2331 : 120 °C (3 min.)-20 °C/min-220 °C (0 min.)-4 °C/min.-260 °C (32 min.)
lonization mode Electron impact (EI)
Detection mode Selected ion monitoring (SIM)
MS Electron energy 40 eV
Accel. voltage 4 kV

Resolution >10,000 (10% valley)

Vol. 22, No. 5, 2009
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Table 3. Recoveries of seventeen 2,3,7,8-substituted PCDDs/PCDFs on DB-5MS and SP-2331 columns, respectively

Recovery (%)

Congeners DB-5MS column SP-2331 column

18t ond 3 I ond 3rd
2378-*'Cl TeCDD 70 83 74 66 83 84
2378-TeCDD 69 80 76 68 82 82
12378-PeCDD 81 81 79 69 91 84
123478-HxCDD 79 90 91 84 91 88
123678-HxCDD 69 79 81 73 81 77
123789-HxCDD 74 85 86 79 86 83
1234678-HpCDD 82 76 77 68 81 75
OCDD 79 55 57 53 67 60
2378-TeCDF 73 79 79 69 82 82
12378-PeCDF 75 88 79 69 93 91
23478-PeCDF 78 82 83 68 93 89
123478-HxCDF 69 78 83 78 79 78
123678-HxCDF 70 81 86 81 82 81
123789-HXxCDF 76 84 85 82 85 80
234678-HxCDF 71 80 83 81 84 79
1234678-HpCDF 80 78 82 74 85 77
1234789-HpCDF 85 73 76 73 87 75

Table 4. Comparison of the reference values to average measured values

DB-5MS SP-2331
Congeners Reference values  Average measured Average measured
(rg/g) values RSD (%) values RSD (%)
(pg/2) (pg/g)
2378-TeCDD 2.11£1.03 2.06 22 2.26 7
12378-PeCDD 5.70+0.74 5.71 8 5.95 14
123478-HxCDD 521+131 5.06 6 5.83 16
123678-HxCDD 9.83+3.52 12.0 6 10.8 5
123789-HxCDD 7.03+£2.06 7.01 2 7.46 8
1234678-HpCDD 206+ 54.1 259 7 254 7
OCDD 1870+535 2453 13 2443 12
2378-TeCDF 220+57.2 264 7 251 8
12378-PeCDF 119+26.6 130 3 171 1
23478-PeCDF 159+28.3 198 3 157 3
123478-HxCDF 269+56.7 308 3 317 5
123678-HxCDF 150+54.7 166 2 166 2
123789-HxCDF 5.53+3.82 48.4 8 8.06 26
234678-HxCDF 458+85 95.5 3 51.1 7
1234678-HpCDF 328+ 104 396 10 402 8
1234789-HpCDF 76238 85.3 10 84.6 7
OCDF 301127 367 9 356 6

£ DB-5MS A# o= BA] A] 70~83%, SP-2331 50~120% ool A& ATt 2 o] dAE A
e}

iR
2 EA Al 66~84%F S E o] 14 W< AL WEEFEH 3582 DB-SMS HH o= 74

o]

4z
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Table 5. Uncertainty sources and components of each step
being in dioxin analysis

Uncertainty
sources

Uncertainty components

Sample u(m)

Sample weighing u(w)

Internal standard

u(Q

Concentration of internal standard u(q)
micro pipet u(v)
Repeatability of micro pipet u(v,)

Calibration curve
U(RRF)

Concentration of calibration standard

u(qcal)
Uncertainty of calibration curve u(Cal)

Peak integration
U(AJA)

Instrumental response of native congener
u(As)
Instrumental response of internal standard

oA HolSAl S| N ETEH ==

Table 6. Combined relative uncertainties and expanded uncertainties for individual congeners

DB-5MS SP2331
Congeners Concentration Combllned Expanded Concentration Comb.l ned Expanded
(pg/g) relatll ve uncertainties (pg/g) relatllve. uncertainties
uncertainties uncertainties
2378-TeCDD 2.06 0.11758 0.49 2.26 0.07069 0.32
12378-PeCDD 571 0.04800 0.55 5.95 0.04904 0.58
123478-HxCDD 5.06 0.06904 0.70 5.83 0.07012 0.82
123678-HxCDD 12.0 0.06693 1.61 10.8 0.06717 1.45
123789-HxCDD 7.01 0.06844 0.96 7.46 0.06788 1.01
1234678-HpCDD 259 0.06536 339 254 0.08156 415
OCDD 2453 0.05298 260 2443 0.05684 278
2378-TeCDF 264 0.10186 53.7 251 0.06887 34.6
12378-PeCDF 130 0.06647 17.2 171 0.06754 23.1
23478-PeCDF 198 0.06598 26.1 157 0.06731 21.1
123478-HxCDF 308 0.06434 39.6 317 0.06777 429
123678-HxCDF 166 0.06622 22.0 166 0.07794 25.8
123789-HxCDF 48.4 0.06589 6.37 8.06 0.06997 1.13
234678-HxCDF 95.5 0.06576 12.6 51.1 0.07092 7.24
1234678-HpCDF 396 0.05267 41.8 402 0.04951 39.8
1234789-HpCDF 85.3 0.06174 10.5 84.6 0.07536 12.8
OCDF 367 0.05289 38.8 356 0.05100 36.3
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Ulab+Uref

Uy : AA B4 A3le] B3
U : 71 A4 A7 £33
x : A A A3 S50

X : 71 A4 8%k
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(1 3)

3.6. DB-5MS Z & AtE Al 1,2,3,7,8-PeCDDO|
Cist MEjol2 WA

1,2,3,7,8-PeCDD2] £4] A] EPA 1613 HRGC/HRMS
B2 wHS mEH Mi2/MH4 24 AZe Ade
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Table 7. The calculated |[En| numbers of seventeen 2,3,7,8-
substituted PCDDs/PCDFs on DB-5MS and SP-
2331 column, respectively

|[En| numbers

Congeners
DB-5MS SP-2331
2378-TeCDD 0.04 0.14
12378-PeCDD 0.01 0.27
123478-HxCDD 0.10 0.40
123678-HxCDD 0.56 0.26
123789-HxCDD 0.01 0.19
1234678-HpCDD 0.83 0.71
OCDD 0.98 0.95
2378-TeCDF 0.56 0.47
12378-PeCDF 0.34 1.47
23478-PeCDF 1.01 0.06
123478-HxCDF 0.56 0.67
123678-HxCDF 0.27 0.26
123789-HXCDF 5.76 0.63
234678-HXxCDF 3.28 0.47
1234678-HpCDF 0.61 0.67
1234789-HpCDF 0.23 0.21
OCDF 0.50 0.42

9] HxCB (Hexachlorobiphenyl)= 23 = o] o] &
A e o] sttt DB-SMS HHACR &
2] A] 1,23,7,8-PeCDDS] M+4 274 AL 33445
5°-HxCB 59| HxCBS] M 2% 23} AXA =
2 HxCBS w3l 9%S 371 A8 1,2,3,7,8
PeCDD®] A€ o] && M/M+2E WA WHEF
o 24 A HASIA &g) BA8IATES o]
2 8] 1,2,3,7,8-PeCDD £} o]&2] M =74 o]
PeCDF YRR FE2 o M+4 24 A=z AXA &
o] PeCDF U F-EFEZ ] 24 YT M+2/M+4 T
Al M/MA2Z 73T} Fig 290 1,2,3,7,8-PeCDDO
st Ag o] WAMT Fo ARvEIHS AA
L=

3.7. A1 &fiA

37.1. DB-5MS ZE 24 A1} ofiy

Table 7914 DB-5SMS Z@ o2 124 A] [En| 7}o] 1
o] 2 veht Aol tigt oA g W o]
A AE 2,3,4,78PeCDF, 1237.89-HxCDF, 2,346,738
-HxCDF ©]t}. 2,3,4,7,8-PeCDFol WX & 3579
A e 2o EAlske Ao® dHA o
1,2,4,89-, 12,6,7,9-, 1,2,3,6,9-PeCDF7} 271 0]t}.7 o]
£ 9] percent resolution'’<> 0%Z*] DB-5MS A H O
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Fig. 2. The channel view of monitoring ions for 1,2,3,7,8-PeCDD on DB-5MS column obtained by (a) EPA1613 method

and (b) changing mass channels.
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