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Measurement of Atmospheric PCDD/Fs Concentrations
Using Polyurethane Foam Disk Passive Air Samplers

Taewook Kim and Man-Young Chun'

Department of Environmental Engineering, Hankyung National University

ABSTRACT

Objectives: This study was conducted to evaluate the use of polyurethane foam disk passive air samplers (PUF

PAS) for better measurement of atmospheric polychlorinared dibenzo-p-dioxins/furans

(PCDD/Fs)

concentrations compared to PUF PAS combined with high volume air samplers (HVS).

Methods: Air samples were collected by a low volume air sampler (LVS) and PUF PAS. A total of two pairs
were continuously collected for six months, but the PUF was replaced every two months.

Results: A good correlation was shown (R*=0.8595, p<0.0001) between atmospheric PCDD/Fs concentration
measured by the LVS and PUF PAS. The average air sampling rate (1.5 m*/day-sampler) of all PCDD/Fs
congeners showed a middle of the means which were measured using a HVS by other researchers in different
cities. In addition, the air sampling rates of the LVS for each congener made less difference than did those of

the HVS.

Conclusion: It was found that measurements using the LVS were less influenced by atmospheric peak PCDD/
Fs concentrations. However, trace POPs such as PCDD/Fs may involve relatively large analytical errors in
measurement, and as a result the air sampling rate of the respective PCDD/Fs isomer is also likely to involve
errors. The method of using a regression straight line between the concentrations obtained from the LVS and
those from the PUF PAS was judged higher than the method using the air sampling rate, since the former
compensated for the experimental errors in the process of evaluation of atmospheric PCDD/F concentrations

using the PUF PAS.
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1. Alof
17 PCDD/Fs®] HA=AE 93k & 2
(EPA-1613CVS, CSI~CS5), AA4¢ UFEz=EZ
(EPA-1613LCS), AHA H71§ WFEFEZ (EPA-
1613ISS)> Wellington Laboratories (Guelph, ON,
Canada)ell X ulellar, HEZ2ve, =E2dLh
ol E T &rle FFT 24 F(.T.Baker,
Philipsburg, NI, USA)S, :='F(Sigma-Aldrich, St.
Louis MO, USA)2 ReagentPlusgS ARSIt
FEFFEF NS0, T4 A 7}@(70 230
mesh) AR (KOH), EAH2(AgNO;) 52 GL
Sciences Inc. (Tokyo, Japan), °LEU]L‘r(neutral, 24
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Fig. 1. Schematic diagram of polyurethane foam disk
passive air sampler (PUF PAS).
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A59) SO ESe 771248 AR A}
Sodium sulfate (NazSO4) anhydrous 1 cm skl
10% (w/w) AgNOg coated silica 3 g
Neutral silica 0.6 g 5. 717184
22% (w/w) H.SO4 coated silica 3 g 7171%-4& HRGC/HRMS (High resolution gas
44% (w/w) H.80, coated silica 3 g chromatography/high resolution mass spectrometer,
Neutral silica 0.6.9 IMS-800D, JEOL, Tokyo, Japan)2 ¥A]8l1oH.
2% (w/w) KOH coated silica 2 g Table 1€ HRGC/HRMSE ©]€3 PCDD/Fs 4]

H Sodium sulfate (Na,SO,4) anhydrous 1 cm 275 7)28 Holu}

Fig. 2. Multi-layer silicagel column for PCDD/Fs 6. ME=ZE[(QA/QC)
cleanup. AERY A S 5 9w Slsh,
QAE Haslslr] S8l AA A5 Az A2
(3) Loy 2E A=nEay S35 v B (procedural blank) £4]S =33}
s Ade7Hd ZE §E98 oF 1m/HA 55 Az}, A2 o] AR 7S minto] 7
Slal AU TR (EFUL 10 gS 915 mmx L250  EFo] AR 292 fle Zo= Yeyth &
mme] FEjZHe A ) FYS & =L A AlBel FYe 155 AL WHrETELS] §
AHEEE 2 EH97:3 V/V) 7T0mLE &£E55 25 AA (congener == ©]/3A| isomer)E 3|5E& WS
mL/min® 2 §EA171 22 WL (PCBs £&), = = 754 %(73.6~78.1%)2 FFH7109EE ¥4
@ FrhoEz 2 eh(50:50 V/V) £9 80 mLE & A& o)A AABEL A 71E(50~120%)
ZEE 25mUmin 2 §EA1A AEE ARSE & EERlTh 71713 S8 (Limit of detection,
th(PCDD/Fs &&). PCDD/Fs 3 &9 34= LOD)Y= A& o) #A Z(signal/noise, S/N)E]7} 3
HEE71E oF 1m7HA] 5% & AUA HA7Re o7 AAsIHon, 3 vkl e EZZ(not

WREFEH (EPA-16131SS)S A 718l mdo g & detected, N.D)Z 3}t Table 2& J5EFEZ
o] x)8ksk TS FEF(hot plate) Sl AATFAE (Certified Reference Material, CRM, WMEF-01,

Table 1. Analytical conditions of HRGC/HRMS for PCDD/Fs

T4~H6CDD/Fs H7~08CDD/Fs
Instrument Agilent 6890 GC/JMS 800D MS
SP-2331 DB-5MS
Column (60 m length, 0.25 mm inner diameter, (30 m length, 0.25 mm inner diameter,
0.25 um film thickness, Supelco) 0.25 pum film thickness, J&W Scientific)
Injector type Splitless
Carrier gas He 1.2 mL
Injector temp. 250°C 280°C
Column temp. 140°C (1 min? — 10°C/min — %00“C 150°C (1 min) — 20“C/min — 300°C
— 2°C/min — 250°C (28 min) (21.5 min)
Interface temp. 250°C 270°C
Chamber temp. 260°C 280°C
Ionization mode El+, 38 eV, 500 uA
Injection volume 1uL
Detection mode SIM
Resolution 10,000 (10% valley)

http://www.kseh.org/ J Environ Health Sci 2016; 42(2): 102-111
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Table 2. Limit of detection and recovery result of certified reference material for PCDD/Fs

LOD Certified concentration This study (n=3)
Congeners
(pg/g dw) Mean Result Accuracy (%)
2,3,7,8-TCDD 0.02 13.1 11.2 85
1,2,3,7,8-PeCDD 0.02 2.72 242 89
1,2,3,4,7,8-HxCDD 0.05 0.22 0.2 91
1,2,3,6,7,8-HxCDD 0.05 0.88 0.82 93
1,2,3,7,8,9-HxCDD 0.05 0.27 0.25 93
1,2,3,4,6,7,8-HpCDD 0.05 0.59 0.51 86
OCDD 0.10 391 3.62 93
2,3,7,8-TCDF 0.02 13.1 11.8 90
1,2,3,7,8-PeCDF 0.02 1.53 1.36 89
2,3,4,7,8-PeCDF 0.02 7.15 6.62 93
1,2,3,4,7,8-HXCDF 0.05 0.86 0.75 87
1,2,3,6,7,8-HxCDF 0.05 0.51 0.46 90
2,3,4,6,7,8-HxCDF 0.05 0.68 0.61 90
1,2,3,7,8,9-HxCDF 0.05 0.25 0.21 84
1,2,3,4,6,7,8-HpCDF 0.05 1.01 0.93 92
1,2,3,4,7,8,9-HpCDF 0.05 0.30 0.25 83
OCDF 0.10 1.38 1.14 83

LOD : limit of detection, CRM : certified reference material

Table 3. Comparison of ambient PCDD/Fs concentrations measured by LVS and PUF PAS

LVS (pg/Nm?) PUF PAS (pg/day-sampler)

Congeners mean mean
sample 1 sample 2 sample 1 sample 2

2,3,7,8-TACDD 0.01 0.01 0.01 0.04 N.D 0.02
1,2,3,7,8-P5CDD 0.01 0.01 0.01 0.10 0.05 0.08
1,2,3,4,7,8-H6CDD 0.01 0.01 0.01 0.11 0.03 0.07
1,2,3,6,7,8-H6CDD 0.02 0.02 0.02 0.08 0.03 0.06
1,2,3,7,8,9-H6CDD 0.01 0.01 0.01 0.08 0.02 0.05
1,2,3,4,6,7,8-H7CDD 0.06 0.07 0.07 0.16 0.07 0.12
0O8CDD 0.09 0.10 0.09 0.18 0.14 0.16
2,3,7,8-TACDF 0.01 0.02 0.02 0.03 0.03 0.03
1,2,3,7,8-P5CDF 0.03 0.02 0.03 0.10 0.04 0.07
2,3,4,7,8-P5CDF 0.04 0.03 0.03 0.11 0.05 0.08
1,2,3,4,7,8-H6CDF 0.04 0.03 0.04 0.14 0.06 0.10
1,2,3,6,7,8-H6CDF 0.04 0.04 0.04 0.14 N.D 0.07
1,2,3,7,8,9-H6CDF 0.01 0.01 0.01 0.07 N.D 0.04
2,3,4,6,7,8-H6CDF 0.04 0.05 0.05 0.09 0.06 0.08
1,2,3,4,6,7,8-H7CDF 0.11 0.11 0.11 0.13 0.13 0.13
1,2,3,4,7,8,9-H7CDF 0.02 0.02 0.02 0.09 N.D 0.05
O8CDF 0.09 0.09 0.09 0.19 0.11 0.15
Total 0.63 0.63 0.63 1.84 0.82 1.36

LVS : low volume air sampler, PUF PAS : polyurethane foam disk passive air sampler, N.D : not detected

J Environ Health Sci 2016; 42(2): 102-111 http://www.kseh.org/
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Fig. 3. Fraction of PCDD/Fs
and PUF PAS.
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Table 32 e/H€7F zH2F 7 tie] LVS (pg/m’)e}
PUF PAS (pg/day-sampler)Z =743t t7] & PCDD/
Fso| Hde=2 Yehd Ze2 1,23,78-P5SCDD,
08CDD, 2,3,7,8-TACDF, 1,2,3,7,8-P5CDF, 123478-
H6CDF, 1,2,3,6,7,8-H6CDF, 12,3,4,6,7,8-H7CDF,
O8CDFellA 9= =5 HI

Fig. 3& LVS$} PUF PAS T Q=82 )F3T 7
PCDD/Fs ©)%d&8A) 2] T=28-S Yepd 2122 PUF
PASE LVSHET} H6PCDD/Fs ©|3} #%x} PCDD/
Fso| ¥=&&°] %4 uYESI, H7CDD/Fset
O8CDD/Fs 5 I%A} PCDD/Fs =82 LVSe
Al A YERsT

57131 # & (air sampling rate, m’/day-sampler)
PUF PASE ¢t th7] % PCDD/Fs 5% (pg/day-
sampler)oll X AASZ 3t t)7] & PCDD/Fs %
(pg/m’y& Uro] 9 ko2 PCDD/Fs7t th7]ollA
PUF=9] FA&F2E FAEYS ofv]git).
o] ¥ Aol 31 PUF PASS] 371213 &-2 Table
404 H50]1.5(0.7~2.6) m*/day-samplerc] 21 t}. Fig.
4= PCDD/Fs®| @428} PUF PASS] <t &

T
EE

Table 4. Summary of air sampling rate of PUF PAS (m’/day-sampler) in this study and other studies

Congeners This study Suwon'” Ansan'” Barcelona®
2,3,7,8-T4ACDD 2.0 4.7 1.9 -
1,2,3,7.8-P5CDD 24 14 24 1.4
1,2,3,4,7,8-H6CDD 2.3 0.5 1.6 1.5
1.2,3,6,7,8-H6CDD 1.4 0.6 1.6 13
1,2,3,7,8,9-H6CDD 1.7 0.7 15 1.4
1,2,3,4,6,7,8-H7CDD 0.8 0.7 1.7 2.1
O8CDD 0.9 1.6 1.4 5.1
2,3,7,8-T4CDF 1.7 1.5 1.9 33
1,2,3,7.8-PSCDF 1.9 12 25 26
2,3,4,7,8-PSCDF 1.3 1.2 2.1 1.4
1,2,3,4,7,8-H6CDF 1.5 0.9 1.7 2.2
1,2,3,6,7,8-H6CDF 1.0 1.0 1.6 1.7
1,2,3,7,8,9-H6CDF 2.6 1.1 1.0 -
2.34.6,7.8-H6CDF 1.0 0.9 1.6 0.9
1,2,3,4,6,7,8-H7CDF 0.7 1.0 1.3 1.7
1,2,3,4.7,89-H7CDF 0.8 0.7 0.9 1.1
O8CDF 0.8 0.8 04 1.3
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% 74 PUF PASe= 7] ¥ PCDD/Fs2| €2 Al
Z89e & = A Y 72 AEE 7
F 7Nl AlZ(duplicate)?t o)A (coefficient of
variation, C.V)E B]23] HW LVSE 9.5%(0.0~
40.4%), PUF PASE 67.8%(0.0~141.4%)% LVSY]
HolA47} @A o} AASS! LVS7}F PUF PASH
o AEY 7ke] expt Hormg FHAe] 44l

4 Aves Ae & 5 AT

2. PUF PAS2| PCDD/Fs &7|xFE

Table 4= =Hd]-2]9] th2 TAA T2 A4AE
©] HVS9} PUF PASE ©]43}4] 33t PUF PAS<]
571315 & (air sampling rate, m*/day-sampler)3} ©]
H ATAAE vws Zojth FolA] Ko
HVS-PUF PAS 2322 gt 1770 ZA PCDD/Fs
o/ ddA e Ht FVIAHAES 7Y 1.2(0.5~4.7) m¥/
day-sampler, SF3F 1.6(0.4~2.5) m*/day-sampler, H-Z
A2 1.7(0.9~5.1) m*/day-sampleri oy} z+ oA
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