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Application of Middle Resolution Mass Spectrometer to
Quantification of Polychlorinated Dibenzo-p-Dioxins and
Dibenzofurans (PCDD/Fs) in Environmental Samples
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An middle resolution mass spectrometer (MRMS) with resolving power of approximately 3,000 (10% val-
ley) was applied to the measurement of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDD/Fs) in
environmenta samples such as sediment, soil and bottom ash. Similar range of relative response factors (RRFs)
obtainable in the accredited method but higher relative standard deviations (RSD) were observed by MRMS
with resolving power of 1,000. Some of recovery rates using the environmental reference material (RM) sig-
nificantly exceeded the criteria of quality assurance/quality control (QA/QC), possibly due to the effect of ion
suppression by interfering fragments originated from the sample matrices. MRMS was applied to the quan-
tification of RM samples for sediment, soil and bottom ash. The results were compared to those obtained using
a high resolution mass spectrometer (HRMS); the same sample preparation procedures were used. Elevated
concentrations of each PCDD/F congeners and toxic equivalents were obtained by MRMS: 2 times higher for
river sediment and 1.7 times higher for soil and bottom ash than those from the analysis using HRMS. From
the result, it was concluded that a MRMS could be used as precautional screening methods for PCDD/Fs of

the samples from highly contaminated areas.
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Table 1. GC-MRMS conditions for screening measurement
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7 o3y 29 5 A9 Kanto(Tokyo, Japan)
2 Wako(Tokyo, Japan)oll4] dioxin gradeZ T3}
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Condition for GC(Agilent 6890, CA, USA)

GC capillary column

: BPX-5(SGE), 30 m x 0.25 mm Ld., 0.25 um film thickness

Ramp of oven temp.
Injection port temp.: 280°C
Temp. program :
Injection mode : Splitless mode(purge time 90 sec)
Carrier gas : He 1.0 mL/min with constant flow

100°C(1.5 min) — 20°C/min — 220°C — 2.0°C/min — 320°C

Condition for MRMS(JMS-GCmate II, JEOL, Tokyo, Japan)

Ionizing current : 0.3 mA
Ionizing energy : 40 V
Ton source temp.: 280°C
Measurement of mass
[2Cyy)-and [**C1,]-TCDD/E, Pe-, HxCDD
['2C,yl-and [**C,,]-PeCDE, HxCDE, OCDD/F

Accelerating voltage : 2.5kV
Detector voltage : 450 V
Resolution : R > 1,000

: selected ion monitor(SIM) with 5 function(group window)

M, M +2)"
M+2)", M+4)*
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Table 2. Relative response factors (RRFs), RSD, instrumental detection and quantification limits by MRMS

Congener Mass(ave) RRFs CV% IDL 1QL
2378-TeCDD 320/322 0.980 21 0.080 0.27
12378-PeCDD 354/356 0.935 23 0.069 0.23
123478-HxCDD 388/390 0.851 25 0.22 0.72
123678-HxCDD 388/391 0.861 23 0.250 0.82
123789-HxCDD 388/391 0.925 19 0.30 1.0

1234678-HpCDD 424/426 1.103 22 0.092 0.31
OCDD 458/460 0.938 27 0.47 1.6
2378-TeCDF 304/306 0.922 21 0.050 0.17
12378-PeCDF 340/342 0.960 19 0.11 0.38
23478-PeCDF 340/342 0.963 17 0.11 0.36
123478-HxCDF 374/376 0.980 18 0.094 0.31
123678-HxCDF 374/376 0.918 22 0.22 0.73
123789-HxCDF 374/376 0.945 17 0.18 0.6
234678-HxCDF 374/376 0.918 15 0.081 0.27
1234678-HpCDF 408/410 0.990 19 0.034 0.11
1234789-HpCDF 408/410 0.992 22 0.17 0.56
OCDF 442/444 0.900 27 0.22 0.74
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Fig. 1. Recoveries of blank and NIES-RM samples by MRMS.
Table 3. Concentration of PCDD/Fs(pg/g, dry wt) between MRMS and HRMS for NIES-RM
Mass Sediment Soil Ash
Congener
(ave) MRMS HRMS MRMS HRMS MRMS HRMS
2378-TeCDD 320/322 0.38 0.17 4.8 2.9 2.4 1.3
12378-PeCDD 354/356 35 1.8 60 31 9.5 5.3
123478-HxCDD 388/390 52 24 70 36 9.8 6.7
123678-HxCDD 388/391 10 4.7 150 70 25 14
123789-HxCDD 388/391 13 5.7 170 91 21 9.3
1234678-HpCDD 424/426 220 120 1900 1200 180 180
OCDD 458/460 3200 1800 21000 31000 370 580
2378-TeCDF 304/306 3.7 1.7 10 6.7 8.4 4.5
12378-PeCDF 340/342 33 2.4 14 10 16 11
23478-PeCDF 340/342 6.0 2.0 21 13 26 10
123478-HxCDF 374/376 8.0 4.2 70 56 45 24
123678-HxCDF 374/376 8.8 7 22 20 22 23
123789-HxCDF 374/376 3.5 1.5 11 19 15 2.7
234678-HxCDF 374/376 14 5 72 25 66 34
1234678-HpCDF 408/410 58 26 640 340 150 140
1234789-HpCDF 408/410 7.7 3.7 100 53 35 22
OCDF 442/444 83 45 2900 1400 150 150
3.2. HEEFEAMEE 0|88 HEZAY 3|58 Wt 3= 50~120%% sk B olof vkl B
teow HAE, B, wiEA 5 471% el ¥ ARE 65-248%, WISl AlRE 75-469% GLoH]
o BRPEA R UG FF Lebs AFRAPA A7 ) ¥ o) oHAE FERee WS 2t
s &&el FEUAIRE HE 5= dAVK 5Y 3,4,78-PeCDFE X3P 177 SollA oF dule] &
AAE WHE Agste] A7k WREFEE] dsll AV Aust F9EE 2 AES Edoh H8E
Slr&S Haellom Fig 1o 7 Al A5 v Blojd o dAIES e A TIE skl
ERSITh SAIES} SE AR J58S 83~113%  50%S Bl B AL Y BF 120%S FA %
W 68~112062A 2 ol9AZE FANTHAIN 774 ek Holzlen] ol v Balwol 294 AR
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Table 4. TEQs(pg-TEQ/g, WHO,4q;) between MRMS and HRMS for NIES-RM

Sediment Soil Ash
Congener
MRMS HRMS MRMS HRMS MRMS HRMS
2378-TeCDD 0.38 0.17 4.8 2.9 2.4 1.3
12378-PeCDD 35 1.8 60 31 9.5 5.3
123478-HxCDD 0.52 0.24 7.0 36 0.98 0.67
123678-HxCDD 1 0.47 15 7.0 2.5 14
123789-HxCDD 1.3 0.57 17 9.1 2.1 0.93
1234678-HpCDD 2.2 1.2 19 12 1.8 1.8
OCDD 0.32 0.18 2.1 0.31 0.037 0.058
2378-TeCDF 0.37 0.17 1.0 0.67 0.84 0.45
12378-PeCDF 0.16 0.12 0.71 0.5 0.81 0.55
23478-PeCDF 3 1 11 6.5 13 5
123478-HxCDF 0.8 0.42 7.0 5.6 4.5 2.4
123678-HxCDF 0.88 0.7 2.2 2.0 2.2 2.3
123789-HxCDF 0.35 0.15 1.1 1.9 15 2.7
234678-HxCDF 14 0.5 7.2 25 6.6 34
1234678-HpCDF 0.58 0.26 6.4 3.4 15 14
1234789-HpCDF 0.077 0.037 1.0 0.53 0.35 0.22
OCDF 0.0083 0.0045 0.29 0.14 0.015 0.015
PCDDs 9.3 4.6 120 66 19 11
PCDFs 7.6 3.4 38 24 31 18
Total TEQs 17 8 160 90 51 30
Fo| Wel Zzhol2e] El Fol AHEE] olFRA & F ¥ /A o HAE AL EHAE 126~300%, E
o} o]& Alzxde] A3l (suppression) #Adel &g A3 A 58~288%, HFA] 64~556%2] WAE XL
2719 0P ok Ao PRSI 55 B AT Fe 00RA B Pals 2 vRels 23Ry
oAl AR&-gk vgA] AlE (NIES RM No. 24)014 o]  X]9] #allT =}ol<} %’3} AHe] {25 zpolo] =LA
et A3yt vHEE Z o2 HE AR AlEUE B9 FEE e Zo= stk 1 FoA 59 =
Azso] #71% Fgol UNHQ vheh AERT B Rals IFRNYNY GCol FAT ARelel Y
e 7S AASTE oIS ABERE F7 Bl ¥ 5Y Hol} A G 2 0w waw
5 AYRAYNE 8T 0 BN vEYA 5 ok =G ASS A BRY RMEIM diidos &
B EE 22 W AR Ut al5se) gyel 85 & FEel EPANES we Fwel HAE, uiehl A
Holw] Axje] N DoleAlS % BA WA 2k B0 1RADEe) Jolol me ZAgkel Aol
Ash= oE e AoZ o= A7) ke Floz Yehdt) TEQ 9 4%, Al &
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Fig. 2. TEQ ratio of PCDD/F congeners for sediment between instruments.
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