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Characteristics of concentration and
gas—particle partitioning of PCDD/Fs
in the atmosphere

Jee-Hoon Kim

Department of Environmental Atmospheric Sciences,
Graduated school, Pukyong National University
Busan 608-737, Korea

Abstract

In a study concerming atmospheric concentration, seasonality, and
gas/particle partitioning of polychlorinated dibenzo-p-dioxins (PCDDs)
and dibenzofurans (PCDFs), air samples were collected at a
monitoring station from Pukyong WNational University (PKNU) of
Busan, Korea during a period of March 2001 to April 2002. The air
samples collected using high volume air sampler (HVAS) and PMI10
(less than 10 xm) sampler were analyzed for PCDDs and PCDFs
(PCDDs/DFs) content with high resolution gas chromatography
coupled to high resolution mass spectrometer (HRGC/HRMS). The



concentration of these contaminants in the air ranged from 1.2 to 14
pg/m’ (mean value 6.1 pg/m®) and I-TEQ concentrations varied from
24 to 490 fg-TEQ/m® (mean value 180 fg-TEQ/m°) in the present
study. The contamination by PCDDs/DFs in atmosphere of Busan
city is likely to be moderate or slightly high in comparison with the
domestic and other countries. The PCDDs/DFs levels in the air
sampled from winter season relatively showed higher wvalues than
those from the different seasonal samples. This finding seems that
the heavily combustion processes in winter season occurred in the
sampling stations and periods. In general, the lower-molecular-weight
PCDDs/DFs such as tetra and penta CDDs/DFs predominated in the
gas phase, while the higher- molecular-weight PCDDs/DFs such as
HpCDD and OCDD showed a high proportion in the particle phase.
This is due to persistence and existence based on their physical and
chemical properties like vapour pressure or boiling point. The fitting
curve line plotted log partition coefficient (Kp) versus log sub-cooled
liquid vapor pressure (P°L) showed different shapes for seasocnality.
Temperature is one of the important factors governing the partition
of gas/particle phase of PCDDs/DFs in the atmosphere from a result
of Junge-Pankow model in this study. The concentrations of PMI10
were approXimately 60% of TSP, while PCDDs/DFs residues in PM10
occupied over 90% to those from TSP. This result suggests that
PCDDs/DFs in the air was strongly associated with fine particles

more than coarse particles.

Kevwords  Concentration, Partitioning, PCDDs, PCDFs, TSP, PM10,

Seasonality
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Figure 1. Molecular structure and the substitution positions of

chlorine of PCDDs and PCDFs.



Table 1. Isomeric distribution of PCDDs and PCDFs (cited from Rappe,
1978)

ot T Rormuls  weight Tomer] o ooC Forma weight " Tsomer

1 MCDD  Ci2HACIO: 218 2 MCDF  CpHLIO 202 4
2 DCOD  CpHsClkO: 22 10 DCDF  CiaHClO 236 16
3 TrCDD CiHsChO-» 286 14 TICDF  CisHsCLO 270 28
4 TeCDD  CpHLCLO, 320 2 TeCDF  CipHiCLO 304 33
5 PeCDD  CipHaClsO, 354 14 PeCDF  CipHiClO 338 28

6 HxCDD  CiaHeClOn 388 10 HxCDF  CiHyClO 372 16

=

7 HpCDD  CppHCHO: 422 2 HpCDF - CpHCLIO

8 OCDD CiClO 456 1 OCDF Cill:0 440 1

MCDD — OCDD (5] MCDF — OCDF 135

* MCDD : monochlorinated dibenzo-p-dioxin
DCDD : dichlorinated dibenzo-p-dioxin
TrCDD : trichlorinated dibenzo-p-dioxin
TeCDD : tetrachlorinated dibenzo—p—dioxin
PeCDD : pentachlorinated dibenzo-p-dioxin
HxCDD : hexachlorinated dibenzo-p-dioxin
HpCDD : heptachlorinated dibenzo-p-dioxin
OCDD : octachlorinated dibenzo-p-dioxin



Table 2. Physical and chemical properties of PCDDs and PCDFs (Cited
from Mackay et al.,, 1992)

Melting point 89 — 322
Boiling point 284 — 510 375 — 537
Vapor pressure(Pa) 11x10" — 0017 | 5x10° — 39x10™
Solubility(mg/m”’) 74%10° — 417 1.16x10° — 145
Log Kow 43 — 82 54 — 80

Half life in air
Half life in water
Half life in soil
Half life in sediment

2 days — 3 weeks
2 days — & months
2 months — 6 years
8 months — 6 years

1 — 3 weeks
3 weeks — 8 months
8 months — 6 years

2 — 6 years

Table 3. International toxic equivalency factor (NATO, 1987)

.~ Isomer - - I-TEF
2,3, 78-TeCDD 1
1,2,3,7.8-PeCDD 0.5
1.2,3,4,7,8-HxCDD 0.1
1,2,3,6,7.8-HxCDD 0.1
1,2,3,7.8,9-HxCDD 0.1
1.2,3,46,7,8-HpCDD 0.01
OCDD 0.001
2.3.78-TeCDF 0.1
1,2.3,7.8-PeCDF 0.05
2.3.4,7,8-PeCDF 05
1,2,3.4,78-HxCDF 01
1,2,3.6,7.8-HxCDF 0.1
1.2,3,7,8,9-HxCDF 0.1
2.3.46,78-HxCDF 01
1.2,3.46,78-HpCDF 0.01
1,2,3,4789-HpCDF 0.01
OCDF 0.001
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Figure 2. Molecular structures of toxic 2, 3, 7, 8-substituted PCDDs/DFs.
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Figure 3. Map showing the sampling location
(* indicates the sampling station of Pukyong National University).



Table 4. Sampling periods and each lable for air samples

T1
T2
T3
March 10-11 T4
21 - 22 TS
22 - 23 T6
23 -24 T7
8-9 T8
. 9-10 T9
April 10-11 | TI0 G10
2001 25~ 26 T11 G11
May 29 - 30 T12 G12
June 28 - 29 T13 G13
July 24 - 25 T14 G14
25-26 T15 G15
4-5 T16 G16
September 5.6 T17 G17
November 30-1 T18 G18
1-2 T19 G19
December 28 - 29 T20 G20
29 - 30 T21 G21
Janurary 21-22 T22 G22 P1
22 - 23 T23 G23 P2
February 27-28 T24 G24 P3
28 - 29 T25 G25 P4
17 -19 T26, T27 G26 P5
19-21 T28, T29 G27 pPe6, P7
2002 March 21 -22 T30 G28 P8
22 - 23 T31 P2
23 - 24 T32 P10
April 8-10 T33, T34 G29 P11, P12
3-5 T35, T36 G30 P13, P14
June 5-7 T37, T38 G31 P15, P16
7-8 T39 P17
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7] ol EAsE Gol AR gAY AEFd Ttad AES B4
of X387 fstd feldH9%A (Glass fiber filter, GFF, 8 10inch,
Wattman sciences)$} 8 +d 8% (Polyurethane foam, PUF) Z# 1
7t AEtd 8% AlEA3 7] (High volume air sampler, DHA-1000s,
SIBATA)E AH&dte] &P ew, 1200 L/min®] F#Fo 2 2447 4
&3 stgen, 2AE FHFL 1500~-1700 m® 9 HYgo.

GFF= A& AF A LaiEd HES AAS7] A8 okAdE (Ultra
residue analysis, J.T.Baker, USA) 23], Wl&& (Ulira residue analysis,
] T.Baker, USA) 1382 =& FZ7]& o|&3td AAT T A4
Azsta A AolE el A Reste] AM8elqdnt s BAE F4E7)
AT PUFY AALS obAET wag= 23Y 253 MASd 2o
Al Hzdle] ALY AFHE GFFE 3$sle] dAAeolEelA B
g F HAE FA ZRolg FAYL, HHEIY FEE GFFY A% ¥
Azep FEFES ol &sto] AR, B AT ALSH AR
He AsAA WA (Surrogate)2 F7heE YC1-2378-TCDDY 314
€] 90~110% WAE 7H4 AAALAE 7R sle o s 2AHAG
(Moon et al., 1999).
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23 F&3 AA

AHE GFF= 7HZ, A2 72171 05 cme] 272 AEF E5 4 (Ultra
residue analysis, J.T.Baker, USA)#} o} Ec] 919 H] &=
mLE 6A1F BFFEF (Reflux extraction)dtsioen], 37 iﬂﬂg PUF+=
AEHE ¥ F FA] olHE 300 mL2 18A3H5¢ &4 F2ag
. GFF= ¥98HE& AXA AF33E 3Ad 527 (Eyela Co., Japan)Z
o 10 mL7HA F&stden, £ AEF 9 mLe P44 ARZ gtk
%" AE+ Keeping solvent® x:=Z2%-21t (Fluka Co., J¥HEofs
A8) 05 mLE AT F L£xE 7hstHA EFde] A3 glojd o
7HA purged HA4A2 HAEe »=22-dA (Ultra residue analysis,
J.T.Baker, USA)22 &rvjdgt ¥ F Wi#Es &2 (EDF-8999, CIL
Inc)& 400 pg H7lste] &3S 10 mL2 3t

ol AlugE the| A waEde HAE sl dF destad (70~
230 mesh, Merck) 43 iiﬂ}ilalﬁii AA s (Figure 4). £3
28 O'ﬂﬁlf‘ﬂ"*" g F EdiEE ANBE HAHE du Aldag
ET-¥4 3 mLE F A AAdstd "Yd Fdstdn 1§ w22
A4 535 mL=2 §ETF AE A AA $F5712 $E54 o) A8
T WA Bl EARE Eetn walEAY AASY Hste 600TANA
b gAsE ¢Fry (84 % I Merckiit, 70~230mesh)”7} 23219
S BAANA EYFIA) Figure 5). A% 4Fviv 288 £943
%% 2nd Fractiondll A &&FH £&94E& 33 45 A w5712 &
=315 AL HEFHE2TF 20 4LZ ¥E253 A48 2AHE 93 4
24 (EDF-5999, CIL Inc)E 400 pg H713 3 A8 A58 3
t} (Miyata et al,, 1994; Ok et al, 1999).

PUF A85& % ¥ GFFsot 548 oz &u] d3tsto AA &
Aok vl Alge) dAe #A L Figure 60 WEbict.
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-Na,SO,anhkydrous
-10% AgNO,Silica gel
- Silica gel

- 22% H,50,S8ilica gel
-44% H,50 ,Silica gel
- Silica gel

-2% KOH Silica gel

-Na,8O,anhydrous
- Glass Wool

\

Figure 4. Multi-layer silica gel column chromatography for PCDDs/DEs analysis.

- Na,50, anhydrous 1cm

- Activated alumina 10g
for 24 hours at 600°C

- Na,SO, anhydrous 1em

- Glass wool

Figure 5. Activated alumina column chromatography for PCDDs/DFs analysis.
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Figure 6. The experimental procedures of PCDDs/DFs analysis in

air samples.
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24 2439 2 =4

F&3 AARAELE BF A ANFEE HP 6890 28T 7tAARvE
k3 (HRGC, High resolution gas chromatography)$ JMS700D 1%
s AFEAA (HRMS, High resolution mass spectrometer, Jeol) &
AbgEte ZAEIHEY. delSal FEEE HAEEY ol2FEY (SIM,
Selected ion monitoring)ell &8l AASGFHon, BHAZ (Retention
Time)3 7 FHA @749 dgo]&) v & vusly tho]&Al 3}3HE
& BRI F AzrtEaYY ¥a dHoz iy Hrld WREEEAS
AA AEx F to|SAFe Auivks-Ala (Relative response factor,
RRF)E ol &3l A#atdot. £33 A4 28 £7) 4~6749 3FFEL
SP-2331 EA# 2% (60 m length, 0.25 mm inner diameter, 0.2 zm
thickness, Supelco)& AHE3dte] FAstom, H4 AF 71 7~8719]
5E-ES HP-OMS = A3 2% (30 m length, 0.32 mm inner diameter,
025 pm thickness, J&W Scientific)e ArE3la Bt EAq|
AbEE W EE £3E Table 54 WelWila, HRGC/HRMS 424
£ Table 691 YISt HRGC/HRMS-SIM Chromatogram2 Figure
7oA 119 242 YER I
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Table 5. Mass labelled compounds of internal standards (EDF-8999, CIL)

2,3,78-TeCDD (**C12,99%) 23,78-TeCDF ('3C15,99%)
1,2,3,7,8-PeCDD (*3C15,99%) 1,2,3,78-PeCDF ('*C,2,99%)
1,2,34,78-HxCDD (*3C15,99%) 2,34,78-PeCDF (*C15,99%)
1,2,3,6,7,8-HxCDD (°C12,99%) 1,2,34,7,8-HxCDF (*C,5,99%)
1,2,3,4,6,7,8-HpCDD (**C12,99%) 1,2,36,7,8-HxCDF (*’C12,99%)
OCDD (**C15,99%) 1,2,3,789-HxCDF (**C15,99%)

2,3,4,6,7,8~-HxCDF (3C15,99%)
1,2,3,4,6,7.8-HpCDF (C12,99%)
1,2,3,4,7,89-HpCDF (“C2,99%)

Table 6. Instrumental conditions of PCDDs/DFs by HRGC/HRMS

GC/MS HPE830 GC/IMS700D MS HP6330 GC/IMST700D MS
Col SP-2331 HP-5MS
umn (60 m*0.%5 mm*0.2 mn) (30 mx0.32 mmx025 sm)
Oven 100T (1min)—20C/min—2007TC | 150C (1min)—20C/ nin—200C
¢ —2C/min — 20T (Pmin) | — 5C/min—300C (4 min)
Carrier gas Helium 1.2 mL/min Helium 15 ml/min
[njection mode Splitless Splitless
[onization mode El+ El+
[onization energy R eV 38 eV
Injector temp. 250°7C 280C
Ton Source temp. 20T 280°C
Resolution =10,000 =10,000

_15_



Compound View

DgData : C:\MethodData\PKNUDIOXINY21017-46\021017-46
Injection : a010228-29
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Figure 7. Representative chromatogram of native and mass-labelled

tetrachlorinated compounds.
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Compound View
DqData : C:Whethod Data\PKNUDIOXN'OZ 101 74602101746
Injection : a010228-29
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Figure 8. Representative chromatogram of native and mass-labelled

pentachlorinated compounds.
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Compound View
DqData : C:\MethodData\PKNUDICXIND2101 748102101748
Injection : 2010228-20
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Figure 9. Representative chromatogram of native and mass-labelled

hexachlorinated compounds.
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Compound View
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Figure 10. Representative chromatogram of native and mass-labelled

heptachlorinated compounds.
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Compound View
DqData : C:\Method Data\KimhV)21007-78021007-76
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Figure 11. Representative chromatogram of native and mass-labelled

octachlorinated compounds.
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Abg-8te] AHF 2RGEAD (Total suspended particulate, TSP)# 10
mo] & HEFE32 (Particulate matter < 10 m, PM10)2] FA}g A&
Table 7°) YetHfl o™, o] F FH ANFE ALY A2F Table 8
GERGIY 7 A F AR thd Fagke dridd 71EA QA TSP

150 gg/m’, PMI10 80 upg/m’s] Rt} = Usldd ol F A8 =
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Figure 12. Correlation for TSP and PMI10 concentration.

Table 7. TSP and PMI10 concentration

_ Concentration (pgg/m®)

TSP 330 ~ 534 114 159 122
PM10 30.9~308 770 113 781

Table 8. TSP and PM10 concentration except spring season

_ Concentration (gg/m)
Range ~  Median Mean  SD.

TSP 330 ~ 159 835 90.0 314
PM10 30.9~106 62.7 60.2 92.8
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FTHe EaolE YeEhiRA &ttt (Lohmann et al, 1998), L3}
T AFHG LT AHANA 1999-200080 FAIE FEob v wEty
AFel Fsed dodXe Ae A FEE Jehls, TEQ
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Hlaste e e FEE A QT (NIER, 2000; 2001).
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Figure 13. Tatal and I-TEQ concentration of PCDDs/DFs in the
samples.
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Figure 14. Tatal and I-TEQ concentration of PCDDs/DFs in the gas
phase samples.
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Figure 15. Tatal and I-TEQ concentration of PCDDs/DFs

PM10 samples.
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Figure 16. Comparison of PCDD/DFs concentration for each phase.
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Table 12. Yellow sand and non-yellow sand pericd

March 10~11
March
2001 21~22 2001 23~24
22~23 ) 8~9
. April
April 10~11 9~10
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March
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March 20~21
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Aol 8~9
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M Yellow sand  [Jnon-Yellow sand
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70 r
60
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Total  Total Total I.-TEQ [TEQ I-TEQ Weight Weight
Figure 17. The comparison of yellow sand and non-yellow sand period.
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Figure 18. Particle/gas distribution for total concentration.
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Figure 19. Particle/gas distribution for I-TEQ concentration.

Blank box(l) indicate the contribution (%) of particle phase and
white box ([J) shows the contribution (%) of gas phase.
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Figure 20. The relationships between PCDDs/DFs concentrations in

gas phase and air temperature.
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Figure 21. Particle/Gas partitioning and ambient temperature of each

Season.
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Figure 22. The relationships between the log of liquid sub-cooled vapor

pressure (F°) and the particle-gas coefficient (Kp) of each season.

Table 13. Slopes, intercepts and correlation coefficients for logarithm
Kp versus logarithm P°.

-0.625 -3.674 0.77

SPRING

SUMMER —0.681 ~4.394 0.81
AUTUMN -0.370 (-0.634)" -2544 (-3573) 0.57 (0.75)
WINTER -0.099 -3.579 0.77

" ! Except for 1,2,3,6,7,8-HxCDF
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Figure 23. TSP/PM10 distribution for homologue profile.
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