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Estimation of Atmospheric PCBs Concentrations of Several Sites
Using Pine Needles as Passive Air Sampler(PAS)

Man-Young Chun*

Department of Environmental Engineering, Hankyung National University, Anseong, Korea

ABSTRACT

Objective: This study was carried out in order to estimate atmospheric Polychlorinated Biphenyls (PCBs)
concentrations using pine needles as a passive air sampler (PAS) in urban, semi-rural and rural regions.

Methods: One-year old pine needles were collected to analyze their PCBs concentrations (C,, pg/g dry) at the end
of December. PCBs concentrations in ambient air (C,, pg/m’) were calculated with the logK,,-log(C,/C,) model.

Results: PCBs concentrations in ambient air (C,) were high in the order of urban, semi-rural and rural regions.
The lower-chlorinated PCBs showed a higher concentration in ambient air. However, the distribution of PCBs
congeners was similar in all three regions. Correlation between C, and the population density of the three regions
was significant (R*=0.9834, p<0.001).

Conclusions: It was concluded that although the production and use of PCBs was banned in the1970s, PCBs
are currently being produced unintentionally by human activities.

Keywords: air, pine needles, PCBs, passive air sampler (PAS), logK,-log (C,/C,) model
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Polychlorinated biphenyls (PCBs)} tho] 241 /53
(polychlorinared dibenzo-p-dioxins/furans, PCDD/Fs)
5 R #5712 9EH (persistent organic pollutants,
POPs)y= WES|RH] f-718}3HE (semivolatile organic
compounds, SOCs)Z4] tl7|1& 53t FAE ol&
W 739 Al 7]o] vl gi7|E FE AE,
E, FAC 7124 9 F2 JFRET g R 7]20]
EFolx™ o] FAMAZEEH 7] Foz Iy
B2 gj7] F POPs 55 oF= A& POPse| 373
FolA e &L ofslst=t vy T3tk

7] & POPsE 43| fsire HAeFHow
polyurethane foam (PUF) A|ZA13 71 & A8-3le] Al
55 AF sk, PUF AlEAF 7= a7telal 7hs
Al Aol Hastu® ofe] gholla FAld th7]A]

£ AFstof AU AUE o8 F gl A
ollM= ARgo] ot o2t AloF wjio] A+
o] &%= o] passive air sampler (PAS)°]t}. 20

A 27 th7] % POPse] PASEE E, LR,
A, WA, o7 ol Bl ol&Ho] ekt
v %k PASe HEE POPs =& A4,
OH radicalell ©|3t &3l], T, PASY] U7 5 =&
AIZE 5ol GEFE 7] wiEell PASOl F=E POPs
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TEZ U7] 5 POPs TEE F43k= Hole o
wo] BTE2 o]2fgt o] Holle B587]
(shelter) 2ol XAD-2 resin, PUF % semipermeable
membrane devices (SPMDs)E 2ojA] ulghl} F&
A= 7= TS =21 PASE /st di7] &
POPs ¥=5 F7g3h=t] o-&3taL ity 2eut o
23 PAS GA| A7t BlwA E3 A EAF
Aol FHAE AHstL Yaste] Hasto]ol shH
ABAHE FI8te] AZAFH 7] X9 FAE 3l
oF 3h= 5 WMAEE ol ¥t} 22t PAST U
Fe B58719] AZolt F2A| 9] AF e o
HgAZE Fa glar, A AYAM Y Alse] AH 7}
7Fsste] vl HElstar AAAeltt. 53] thE o
T Hgte] AUFA-2 AlAY] B2 XY zAY
3laL o] AlJe] AHIF golslal tE FEEG
Qo] 4 (cuticle)l A A (lipid)e] Beol zFd<1
POPs9] Hzlo] Ht}® = thdAjololgb 7] &
POPs7} Qo 72 = E=a A7|7ke] o] &
POPs Fste] tigh s IS F 3, 45
FolBg AgAE A MFH7t 7Fsdt] U F
A= PASE 7H o] o]gF T8I0

RS BES A=Y 7] F POPs?| PAS
2 A3 flsiMe WA g7l & POPs E=7t
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g7 A= B2 BS587 (shelter) Stoll 2 ES ¥
3L 7k POPse] =5 WSHAA 7PHA POPs7}
Yol oJgA H2E L SE A gk A7t B
o] o]FAH > 1y} rdo] tYsteiof &
POPs2| #lz]A<=(Henry's constant), 2 &5 &Hj
Al4=(octanol-water partitioning coefficient, K,), <
ERE-37] F9)] Al 4=(octanol-air partitioning coefficient,
Ko), 3715 F9)|A14(air-water partitioning coefficient,
Ka), & & AZe] vE 5 WFse] B2t o
Koo Kow Kaw 52 =8 - 382 Fho] A2 o] w
2} Zpol7h thar AW, A= JFE POPs=
71 FolA A4, OH radical 5ol 2Jsle] 747t
dojup=d| oA g A REFsEA] Kate] W=
kel A= AR EapiT e
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A8 WFEFEZ(C,, PCBs mixture, [UPAC
No. 28, 52, 101, 138, 153, 180, catalog No. EC-
4058)2 Cambridge Isotope Laboratories, Inc., (Andover,
MA, U.S.A.), A7+ Y5354 (recovery surrogate
standard; 4,4'-dibromooctafluorobiphenyl)= Supelco
(Bellefonte, PA, U.S.A)oIA Fujale] ARE-31 2L
2w 2l  dichloromethane (DCM) % p-hexane-
HPLC grade (J.T.Baker, Philipsburg, NJ, USA)E A}
B3RS n-hexane Ff/ste] ARSIt

Na,SO, (anhydrous granular, Shinyo Pure Chemical,
Osaska, Japan), silica(SiO, 70-230 mesh ASTM,
Merck, Darmstadt, Germany)= 130°C2] Q.-Eol 24
ARE o Bo] BB F ARSIt GPC (gel
permeation chromatography) Z@e| AMS-¥l Bio-bead
+ Bio RadAle] S-X3, 40-80 um (Hercules, CA,
USA)E ARE3I o™, 400 ARS-E PCBs A3
2d-8 E-89 (calibration standardy= Cambridge
Isotope Laboratories, Inc.,2] PCBs mixture (IUPAC
No. 28, 52, 101, 138, 153, 180, catalog No. EC-
51795 ARg-aFTh. HH,S0.) Falla554 8
(Matsuneon Chemicals, Osaka, Japan)S ARSIt
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Table 1. Physico-chemical properties of Selected PCB Congeners

Congeners Compound Average molecular ~ Vapor pressure LogK,,
(IUPAC No.) P weight®” (mmHg at 25°C)*”  (at 25°C)*?”
28 2,4,4°-Trichlorobiphenyl 257.6 7.7x107 8.08
52 2,2¢,5,5’-Tetrachlorobiphenyl 292.0 8.6x10% 8.39
101 2,2¢,4,5,5’-Pentachlorobiphenyl 326.4 2.1x107 9.03
138 2,2¢,3,4,4'5°-Hexachlorobiphenyl 360.9 4.0x10° 9.81
153 2,2°,4.4°5,5°-Hexachlorobiphenyl 360.9 5.2x10° 9.69
180 2,2¢,3,4,4'5,5’-Heptachlorobiphenyl 429.8 9.7x107 10.37
Table 2. Characteristics of sampling sites
. . . . Density of population Geographic
Sampling site City name Population (people/km?) Coordinate
N 36° 59’ 35"
Urban Pyeongtaek 432,000 948 E 127° 06’ 51"
. N 37° 00" 45"
Semi-rural Anseong 185,000 334 E 127° 15" 50"
. N 36° 56’ 06"
Rural Jincheon 64,000 158 E 127° 19" 527
2. AN ZxZF 1) Acidic Silica Z#

AUFYE EAR G @#HY), T EER g M), F
EAG XA AF A AlEAF el b
g A3 Al Table 20 LERARITE AU
ANE= F9 10 m oJHelA] AAY sl A 4-5 1
FollA AAF 1.5-1.8m Eolo] TFo] AEE 39
A ke a4 deks 20129 129 "ol A)F )
Aot AFHT AYFUL p-hexaneL 2 A28 LT
HlE Sl A4 PE A9 wef] Ho] WEgh ok
ofo]zuko] ol Agaz utel F 2 wj7ix]

-20°C Wearel 2asisich

e ZAF TP F °F 50gS AER
ARgE e 27He] Al E (duplicateyS RHES] A

& WirEFEE S TYT § £E5Y004 n-hexane
S 2 2024 N7HERt FESSIE aprale] 5/4

A& FAME FAIE OF 10 g2 95°ColA 24717
7§ A5 FARPIE o]&-3te] Alket
k.
4. M|
PCBsell tigh ZAg] 2 #4912 of 52o] sidst
ofgfje] Woz AT
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Lo oX FE3 FEAE AL FF7]AA
°f 23 ml7HA FFth A8 WA 200 mm,
Zo] 300 mmS! F2] Zol el AR acidic silica
20g (H,SO, 30 wiw %), o4 silica 10g, T
Na,SO, oF 10 g& 2|2 Y3 n-hexane 500 mLZ
MAZE & FE%E A|EE Y3 n-hexane 500 mLZ
XA WEAEAE AASAY. §&53 A EE 3
dhsZ7]0A oF | mL7HA] F=3itt.

2 o
ofN

2) GPC Z¥

Acidic silica ZE o 2= A|Fof| Z3Eo] e W
AL ] AAL & Y22 W7 20 mm, 4
o] 220 mm -2]#l bio-beads 12 g& FHAIZ] GPC
7o 7 tA] Al EE AA|SIT. Acidic silica ZHHS
2 853 8= phexane:DCM (1:1) E5F80 100 mL
Z MIFEgE GPC ZHoll Y3 n-hexane: DCM (1:1) &
G890 mLE SEAIFTE §F] A5 34mLo
= WallEdo] 3Ele] J o BE|3 vmA] 56 mL
= PCBs & (fraction)o| B2 #4of| o]-8-3}%Th

5. B4
GPC Z¥9] PCBs &% 3|ZY F=7]00A4

°F 122 mL7HA 53 T2 10 mL vialoll F %2 o
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Table 3. GC/MSD operating parameters for PCBs analysis

GC HP 6890
Detector HP mass selective detector 5973
Electron energy 70 eV
Injector splitless
Sample
injection 1 uL
volume
Carrier Gas He 1 mL/min
HP-5MS capillary column
Column (5% diphenyl & 95%
dimethylpolysiloxane)
30 mx0.25 mmx0.25 um
Film thikness
150°C for 2 min
Temperature 30°C/min. to 170°C
Programme

4°C/min. to 200°C for 13 min.
4°C/min. to 268°C
70°C/min. to 320 °C for 4.09 min.

EI
selected ion monitoring (SIM)

Ionization mode

Detection mode

Total Run Time 45 min

Injector Temperature 300°C
2 {713 A7H WREE=ES HASsS58E
n-nonane 50 pLE 718k 3 A 3k(hot plate) $olA]
11_’?& A3 F 50 ul7A F=38F] GC-MSD=Z
319 E, Table 32 GC-MSD2] PCBs £z

2 ek Aol

6. MM U HZKQA/QC)

PCBs®| A& Al A=rtEI79] Fo]7} o]=9]

el ol ARk Fgel] EFAIZ oM, AL -
EFEAR AMEE 659 C,, PCBsE ©]83te] &
€ AAe Aol et Bres 5 53 B 2
T8-S 81.2-110.5%A 1, EAtEge] 2555
Slggo] Wkt AlEvith 5 7l (duplicate)®] A
55 weo] B4sslE, F AR 7 HelAls

coefficient of variation, CV)= B 18.01% (1.92-
( , CV)= (

51.74%)Ach.
m.z =
Table 4= Al A (=AIAY,
A )elx] AT el Ak
pg/g dry)E YERA Zojth, Abi-ele)] Hake
FE(C,, pg/g dryy= EAIAY(101.57 pg/g dry)>=
FEIA A (71.36 pg/g dry)>5EA19(62.70 pg/g dry)
=o 7 =, A Y4B (tri-tetra) PCBs &%=7F 3L
Y43} (penta-hepta) PCBs T=Xo} o =4t}

Ly
a

=}
=

Iv. 1

PCBs= A2 A (lipophilicity)o] B2 th7] 2
PCBst= &Y Aulo] Ex1sl= A (lipid)ell 3
21e) =] S8 [CH,(CH,),0H} 2] E9lo) EA)3}
= AEE Z BARIEY a8RE e

T =270

Table 4. PCBs concentrations(pg/g dry) in pine needles at three sampling sites

Congener Urban(Pyeongtaek) Semi-rural(Anseong) Rural(Jincheon)
2 Mean C.V 1 2 Mean C.V 1 2 Mean C.V
28 5236 58.65 5551 8.01 42,58 4028 4143 3.93 31.06 3532 3319 9.08
52 2643 2387 25.15 7.20 17.58 1898 18.28 5.42 1265 1658 1462 19.01
101 9.56 10.28 9.92 5.13 432 5.98 515 2279 858 9.58 9.08 7.79
138 3.12 498 4.05 3247  2.01 1.58 1.80 1694 235 2.95 2.65 16.01
153 5.80 5.96 5.88 1.92 4.65 3.25 395 2506 325 225 2.75 25.71
180 1.23 0.89 1.06 22.68 098 0.52 0.75 4337 056 0.26 0.41 51.74

Total 98.50 104.63 101.57 72.12 7059 71.36 5845 6694  62.70
Min 1.92 3.93 7.79
Max 3247 43.37 51.74
Mean 12.90 19.58 9.58

C.V : coefficient of variation(%)
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Table 5. Calculated PCBs concentrations(pg/m’) in ambient air using LogK,-Log(C,/C,) model at three sampling
regions

Urban(Pyeongtaek) Semiraral(Anseong) Rural(Jincheon)
Congener 1 2 Mean 1 2 Mean 1 2 Mean
28 13.83 15.5 14.66 11.25 10.64 10.95 8.21 9.33 8.77
52 3.74 3.37 3.55 2.48 2.68 2.58 1.79 2.34 2.07
101 0.36 0.39 0.38 0.16 0.23 0.2 0.33 0.37 0.35
138 0.02 0.04 0.03 0.02 0.01 0.01 0.02 0.02 0.02
153 0.06 0.06 0.06 0.05 0.03 0.04 0.03 0.02 0.03
180 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 18.02 19.36 18.69 13.96 13.60 13.78 10.37 12.09 11.23
16
20
14
18
. 12 16
@
% 10 % 14
3 8 % 12
g 6 § 10
4 @ 8
&
2 = 6
o 4 |9 4
28 52 101 138 153 180 2
PCBs congener )
O Urban @ Semi-rural O Rural Urban Semi-rural Rural
(a) (b)

Fig. 1. PCBs concentrations in ambient air (C,) at three sampling sites (a) spatial distribution of congener (b) total PCBs
concentrations.

FEuljAl4>(octanol-air partitioning coefficient, K.,)& PCBs T (C,)ye 6¥olA 12¢ H7kx] ZF A9
aupelell A2kE PCBs 5(C,, pe/g dry)et 571 7] % PCBs¢] HAsEZS Yehd Aog =A%

% PCBs %(C, pg/m*)] H](C/C)¢}t & 43S A>EFEFPAG>5EAY £o02 FEIF UL
7RIt M9 Aol ti7] ol =EEHY A= T BE AHoA ® A4S} PCBs(EAMFo] A2
7172 FLdg 717k 52t 7] & PCBs 555 & ) TEE =1 AYas) PCBsEAEC] &) 5Ee
g3te] PCBs SERE-37] FHl A2l ti4=3k(logK.,) okt ek BE A ellA] 7] 5 PCBs congener
I C/CA W log(C,/Cy)] Atele] BAE 3t BEXE 25 8539tk o3 Table 19 UERH
A 2 () 2ol 7 #k Atelolle & el A3} 7ro] Balzko] & PCBse 32Ado] #AA
o= AS gt 7] ol Bol EAls] Wz AztEr, A A
= 223 1) 9] O o] =)
log(C,/C) = :ii} ;C;;} PCBs WS 7L Q7] wlio =

Fig. 2= Al A9¢] th7] % PCBs F%5%(pg/m’)
oF JATHE(E/km?) 7+ FHde UEd A=
2 ()& olg3te] 2ub7de] AHE PCBs ¥%  AFUESE =S5 7] F PCBs wE7F ESITH
(C)E AXFe t)7] ¥ PCBs %(C, )= Table 5 2 PCBs= 1970t Z4F o] HE] AAks} ARgo] ¢
Fig. 13} 2t} Table 59} Fig. 1014 B th7] & Z3] A= YTh?) 1HEE XFE PCBsE ¢l

LogK,, — 6.5875 (R* = 0.8651, P<0.001) (€))
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Fig. 2. Relationship between total PCBs concentrations in
ambient air (C,, pg/m®) and populations density.
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sampler (PAS)E ©]&-3lo] AupE-2lo] 212kE PCBs

Fe2 7] F PCBs =& AXkslal A9 &
AL gk Aol
AFele] H2kE PCBs 3%(C,, pg/g diy)= =

AR 9 (101.57 pg/g  dry)>%=& 532 9 (71.36 pg/g
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PCBs s=HTH B #3ith th7] & PCBs &%= <
A =AA(18.69 pg/m3)>51g%§x]°ﬂ (13.78 pg/m’)
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