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Sampling Rate Evaluation of Atmospheric PAHs to
Pine Needles for Passive Air Sampler
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This study was carried out to use pine needles as passive air sampler (PAS) of atmospheric polycyclic aro-
matic hydrocarbons (PAHs). PAHs concentrations in ambient air (C,) and pine needles (C,) were analyzed
simultaneously from June 1 to December 31 using low volume PUF active air sampler. Furthermore, sampling
rates (m’/day-g dry) of PAHs in the air to pine needles were calculated using C, and C,. Average sampling
rate was 0.16 (0.00068-0.91) m*/day-g dry, which was the greatest in PAHs (Pyr, BKF, BaA Chry, BDF, and
BkF) with molecular weight of 202.26-252.32 and octanol-air partitioning coefficient (logK,,,) of 8.61-11.37.
These values were the lowest with respect to PUF disk, XAD-2 resin and semipermeable membrane devices
(SPMDs) PAS, demonstrating that pine needles are suitable for long time PAS as a result of very low sampling

rates.
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thshiekE ek5}4=4 (polycyclic aromatic  hydrocar-
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P} =AHNAE THAAL SlojA B Aol B
o] o] Hx T, PAHsE 715 Bato] 37
2] o]sE™ WEEd #7]815HE (semivolatile organic
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QMo fsted HaljE|ar B FEol| wet FAE = gol
Gelx)7] wiEel] ofglgo] BT, o3t olf2
o= H35-87|(shelter) <toll PUF disk, XAD-2
resin ¥ semipermeable membrane devices (SPMDs)
£ YolA v FEEE AVl 9F%S Eola o
7] o =29 AIZRE & F e PASE JiEEle
7] % PAHs$t ZHFA #7129 =4 (persistent
organic pollutants, POPs) Tx=& Allsh=d |83}
I AT, g2 o]d PAS 9] PUF sampler
T ko] Al oplrEts ARty vl =
I AEANFH Aol FHAE AF ok sl AE )
FE 918t samplere] AX|9} FAE 3o} k= WA
2Fo] grh v RS, AE, o7 B EY
52 PASZ ©|83l= biomonitoring WHS H$-87]
o] Ao} F2HAL] AF - dEEAZE 1oL, A
Al AtiMt Alge] HFH7} 7Fsdte] v AEskar A
AFolug 247]d 71&s EAE s|dEd o) £
2 PAS7F 2 4 Uk

2 AlAIS] W Aol AL Qo] AR
o] AH7F golstar thE FFET o] AT (cuticle)
o X(wax)7l Bob %1441 PAHs®] FZo] 4ot
T Aele thddleln tf7] F PAHs7F %ol 74
AFEER Z717ke] 7] 5 PAHs sx®sll] tigh
ARE 4S F U3, AEFEA AT AE AH
7} 7P slr}e 9161820 E5] Aol Gk x| ol A
= 59 =ollA 69 Zoll Ajele] vher] wjitel] A&y
FH A G 7] Foll =2E AR Aol 7hse)
oHD, A2 Chun® t)7] % PAHs S%(C)9h 41152
% PAHs 5E(C)E 5A9) 2437 logC/C)s <
e 27| EuAS(octanol-air partitioning coefficient,
logK,,) 7] dBde Aite A3 & d3dS 2y
28l & PAHs 5%=(C)E ©l83le] th7] % PAHs
FTEC)E AN F Aok ARS RIS,
PAS = PAHs9} POPs =% o]&3}o] 7] 5 PAHs
9} POPs F=& ALK ¢ Qe & O W ti7]
% ZF POPs9} PAHs7} PASel A== &(sampling
rate)s 78t o] IHEE W7l F PAHs9} POPs
TEE Tl ALS=E o] B2 AFAE°] PUF
disk, XAD-2 resin @ SPMDs PASZ #zg-S 3
o] 7] 5 PAHs®} POPs = ALkl o] &3l 9l
O e oA 7R AR S PASE ARE-SH]
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2.1. A<}

A& WHEE=EZ(internal surrogate standard;
naphthalene-dg, acenaphthene-d,;,, anthracene-d,,,
chrysene-d;,, perylene-d;,)# #7H ¥ 2FEZ
(recovery surrogate standard; 4,4'-dibromooctafluoro-
biphenyl)2 Supelco (Bellefonte, PA, USA)llA T-uj
dto] ARSI |uli¢l dichloromethane (DCM) %
n-hexane< HPLC grade (J.T.Baker, Philipshurg, NJ,
USA)E AR5} 2™ n-hexaned FF3te] ALME-3)
glch.

Na,SO, (anhydrous granular, Shinyo Pure Chemi-
cal, Osaska, Japan), SiO, (70-230 mesh ASTM,
Merck, Darmstadt, Germany)?} Al,O, (70-230 mesh
ASTM Merck, active basic, Darmstadt, Germany)
= 130°Ce] Q2 24717 o) Hol sl 5
AHE3EFITE GPC (gel permeation chromatography)
ZHo)| ARE-E bio-bead= Bio Radrle] S-X3, 40-80
um (Hercules, CA, USA)S AM&slgl o, Fao) AL
PAHs 754 2448 #5389 (calibration standard)
Supelco®] 167}A] PAHs &£3%+=(EPA 610 PAHs
mix, Bellefonte, PA, USA)S Fufsle] ARESFATH
Table 10 PAHs®| &7, ofo] % =2 - 3814 54&
7158kt
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2.2. NExZ|

grrEE 7% gl $Ixs TSt Al 2
FEHAY 4% AE) Sl PUF (5x65 cm,
Klaus Ziemer Gmbh, Germany) 27HS -f2j&] 2
g2 9 200¢] low volume PUF samplerS AR
o] A7+ 7402 on-offsfHA] 20-30 L/min &Y
ZFo2 AFstsich. PUFS o §2H8-72 elsted
YR FHF 600-700 m*4 A 7k PAHs
2 HAd AFHEAT. AV Pinus  koraiensis)S
PUF AEA1F7] 2-3 m Qo 717F ¢ 1 m H&=<0 3
GA b 7 OFE shEdl 4ol 7Ith AlRE A}
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Table 1. Nomenclatures and physicochemical properties of 16 PAHs analysed in this study

85

Nomenclature . Molecular Vapor pressure?” logk, 2"
(IUPAC) Abbreviation — Formula @i e (Pa at 25°C) (at 25°C)
Naphthalene Naph CoHg 128.18 11.14 5.13%
Acenaphthylene AcPy Cy,Hg 152.20 3.87 6.34
Acenaphthene Acp C,Hy 154.20 3.07 6.52
Fluorene Flu CisHig 166.23 1.66 6.90
Phenanthrene Phen Cy,Hyg 178.24 1.06x 10! 7.68
Anthracene Ant CyHyg 178.24 8.6x10™* 7.71
Fluoranthene Flt CyeHyg 202.26 8.61x 10 8.76
Pyrene Pyr CyeHyo 202.26 5x10° 8.612
Benz[a]anthracene BaA CysHyy 228.30 5.43x10™* 10.28
Chrysene Chry CisHys 228.30 4.0x10° 10.30
Benzo[blfluoranthene BbF CyoHy, 252.32 5.0x107 11.34
Benzo[k|fluoranthene BkF CyoHyy 252.32 5.2x10°8 11.37
Benzo[a]pyrene BaP CyoHys 252.32 6.0x10 11.56
Dibenz[a,hJanthracene DahA CypHyy 278.36 1.33x10® 12.59
Indeno(1,2,3-cd]pyrene Ind123 CopoHyy 276.34 NR 12.55
Benzo[ghi]perylene BghiP CyHy, 276.34 1.38x10® 12.43

NR indicates that data not reported.
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Hallornz 7hdst
PAHs 29 3HSH 557|904 53¢ o 1
= silica-alumina Z¥, 23}% bio-beadsE AT
GPC ZH o= ANEE AL AAIS A8E 3
T FF7|AM 5T vy H7HE WEEEEE

PAHs®] A% A] AZrtETHE] Fol7} =o]=¢] 3
Hlj o]/l AN Aol EEAF oW, AL WFEE
EZ(internal surrogate standard)® AFE-E 5%2] &
FAasl(deuterated) PAHsS o83l RE Ax]g] 3}
Aol tigk &S Hrisk 49 IFES 425-
105.1%(1n = 6), Ho] A4 (coefficient of variation, CV)
= 5.3-14.8%% oM, EAFFO] ASE IFEeS YW
HolAlg= Zth AlEnitt F 7ie] FA] 5 (duplicate)
£ wHeo] BAEE, T AR 7 o AlTe
W7 INEE 15.5%(3.5-32.5%), 2UF-LL 11.2%(2.1-
27.4%)%°2.M naphthalene2 ¥A]&(blank)®] I=37}
YT AX AA] AN =l AR e
T AR HHpks ARSI

3. Zat A nF

3.1. 212201t ti7| & PAHs s&

Fg. 12 6-12€7K4 71€ &<t 7] & PAHs9
BIEE(C,, ngm’)e} FA3 717 B3 th] Foll =
Z8 2ol FFE PAHsS $%(C,, ng/g dry)E
vepd Aolct, &S} tl7] & PAHs == Ui
2 A&z PAHs (MW 22830 ©]3l; AcPy, Acp,
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Fig. 1. PAHs concentrations in ambient air (C,) and in
pine needles (C,).

Flu, Phen, Ant, Flt, Pyr, BaA$} Chry)d] H%71 =
7 T¥A PAHs (MW 25232 ©4; BbE BKE
BaP DahA, BghiP9} Ind123) Tt Y2 E¥XE H
=4l, §3] Phen, Flt, Chry®} BghiPollA ZJti=o
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3.2. tf7| & PAHsC| 2LtFAo 29| FFEY

Fig. 2= 7} PAHs®| #AFMW), S8&-37] &
A (logK,)%t (C/C)& WERd 2102 PAHsO| #
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Fig. 2. Relationships among C,C,, molecular weight
a

(M.W) and octanol-air partitioning coefficient (log
K,,) of PAHs.
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A3} logK,, = vElsxIRt t)7] 5 PAHs= 37 3
o] BAFH202.26-252.32)3 logK,,(8.61-11.37) 7S
7}A% PAHs (Pyr, BKE BaA, Chry, BbF$} BkF)7}
7HE ol AR HEAEE ZoR Yt
Chun AgAFelA Col C, Telle datide] Wtar
logK, 2 log(C,/C,) {Hll= 2 384S el AR
A+ PAHselM & A ()¢ d8-4[log(C,/C,)=0.8277
logK,,-5.7347, R?=0.7797(p=0.0016)] R} &
A} PAHsOI M = #()<] “&87d[log(Cy/C,)=-1.6735
logK,, + 21.3917, R?=0.8300(p=0.0043)] =3It}
BEHEH?, o] th7] 5 PAHs7F Aupy-dlol 3
2 wole th7] ¥ PAHs®| F%=(C)Hwt ofuz)
PAHs®| K o= 37 9&dths AS <nginid),
Table 2= 1og(C/C)st logK,, 7+ SAAAE HlaL
& Zlo|t}. Chun'?e] AaaTolA yepd ule} ko)
A2 PAHsOIA = A (+)0] dadS BaL st
PAHsOIME F(-)2] 4#4<E Bt} Chun'?e] 413
A= 69 oA 8€ WA 7]0] w2 HET|(A]
FAF 7170 Har1Lo] 26.1°C)kl AHL o] W
A 7]0] BL 69 ZoA 7]L0] BH PolR=
129 27 AlEE AFHATRIEANF 717 Ht
7]0] 17.3°C). AEAF 717ke] H7]20] Holds
= 3AZA ] 71e7|9F A A (coefficient of deter-
mination, R%)7} folA] Adbdo] WolAle AdS 1
A=, olHe FEFS A PAHsHE T A}
PAHsolA O 5&ishl Uepgth®. o7& PAHsE=
SOCsZ 7]o] EolAH t)7] Follx 712 E&o]
FORA| AL 7] 20] GOl TR} o] WolA|H| o
7] & PAHs7} 2vbpelol] A&tEs F42= 14 7t
22 FFo|ng 7)o] 2&E ARl Ay
PAHs o] Holx)7] wjiEez Azt ae) 7)
20] W& Aol A A F A PAHs
ME 3| AAA AAASFRE=05408)7 p-value
(0.0596)2 SAHSZE fojstez Aprele t7] &
PAHs®| PASZ ARE-3t & S-S & 4 ok

Table 2. Regression lines between logarithm of PAHs concentration in pine needles to air [log(C,/C,)] and octanol-air

partitioning coefficient (logK,,)

classification regression line remark
Lower molecular PAHs log(CIZ/Ca) = 0.6251logK,,— 5.0994 AcPy, Acp, Flu, Phen, Ant, Flt, Pyr,
(below ML.W. 228.30) R® = 0.7885 (p = 0.0034) BaA, Chry
Higher molecular PAHs log(Cp/Ca) = —-0.5884logK,, + 7.3926 Chry, BbE BKE BaP, DahA, BghiP,
(over M.W. 252.32) R? = 0.5408 (p = 0.0596) Ind123




3.3. 7| & PAHs2| ALtRQo=9o| F&g

Table 3& th7] % PAHs®] &UF-o o] e
(sampling rate, m%day-g dry)= YRl Ao2 &
o Z7 Awe] HA12H202.26-252.32)7 logK,,(8.61-
1137) 7+ 7FAE PAHs (Pyr, BkE BaA, Chry,
BbFe} BkF)OIA 71 2 Aoz Yepth da] ZA
AFoz 714 &o] AREEI lE PASE PUF disk
PASRIH] PUF diskell #t=l= PAHs®] &2 33
+ 3.21(2.28-4.50) m®/day of sampler® =R &
Vel A& e 0.16(0.00068-0.91) m®/day-g
dry= thats] Wit), 22]22 PUF disk PASe] 749
A8+ PAHs7} #HEel o]2ed A8FE AlZke] 30
o ArR FAT Aprele 3d olde|rRE AR
Qe 7|17k 7] 5 PAHsE =UHH & 4 ot
Aol A1) akgo] vro AjEol &
7 Wizl t7] S5 PAHs o] 9ol tho] &4l Fat
(polychlorinated  dibenzo-p-dioxin/furans, PCDD/Fs)
22]3 polychlorinated biphenyls (PCBs)® 3-4d &
Qb FARA] dojdths 21 FRIEHATH ). dntA]
o2 PAS %9l PUF disk, SPMDs(3.0-9.9 m*day of
sampler)$} XAD-2 resin(3.5+02 m’day of sampler)
PASE #H&go] =i E9K0.023-0.17 m¥/day-g)e
2 oz dEA Jded, AR EYHIOE O
Zhgo] Yhrss),

ZgollA Al &2 ulel Zdo] Table 20014 A4S 3
A4S olfsle] 2117 5 PAHs (G, logk,,
Z5E di7] 5 PAHs ¥E(C)E A F= AL
Table 3014 A|AIS tl7] 5 ZF PAHse| &UFSIo R
o] A Z&(sampling ratesyS ©|&3te] AUYFY =

rr
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Table 3. Sampling rates of PAHs in air to pine needles

Sampling rate Sampling rate

PAHs PAHs

3 3
(Abbreviation) (rgn (/;rl?,g (Abbreviation) (rgn (/;23)7
AcPy 0.0045 Chry 0.914
Acp 0.00068 BbF 0.216
Flu 0.0016 BkF 0.456
Phen 0.038 BaP 0.025
Ant 0.038 DahA 0.137
Flit 0.077 BghiP 0.023
Pyr 0.314 Ind123 0.018
BaA 0.178
min 0.00068
max 0.91
mean 0.16

PAHs 352 7] & PAHs?] 552 AXE 5 2
. 7] & 7+ PAHs¢] 2oz o] Jxg
A AE AT S HZ A4S o] 8sh= WY
3| HAA0] ()9 AFAE FHsks &9E A
7] Wl o ZEs tj7] & PAHs =5 7
g = gloglEl Aztsith Aulel A&kEl PAHS

rlo
®

or > koo Lo &

PAHs 558 24847 78 7|7+ 53t v)7] % PAHs
7h 2a}wole] AAsie s BA6] 245k PAHs
o] Aol ol3 Baloh Tl og AEA} ®
% 7Rok|EE PASE HE87] Sl WA oohe £
7k glojainy,

4.4 B

o] A= AUFUS ti7] 5 PAHs®| passive air
sampler (PAS)Z AM-3l7] 218t =3 69 1
IHE 12€ 319714 7Y st AL PUF air
samplers ARE-3l] th7] 5 PAHs¢| $%(C,, ng/m)
o Zpiglell e PAHs F%(C, nglg dry)2 &
Aol 24313 t)7] £ PAHs7F AUl H&EE
ZZH&-(sampling rates, m*/day-g dry)= A4

7] £ PAHs7} &uRrel 23EE A2 (sampl-
ing ratesye i 0.16(0.00068-0.91) m’/day-g dry=
T Axe EA(202.26-252.32)F logK,,(8.61-
11.37) #< 7IAX= PAHs (Pyr, BKE BaA, Chry,
BbFe} BkF)AlA 7F3 Zlth. ©]72 PUF disk, XAD-
2 resin?} SPMDs PASHU} X v gro= Anji
Sle W7kRTE 4717 7] & PAHs®| PASel| #
B i=

o
o
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