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Depositional Characteristics of Atmospheric PCBs on Tree Barks
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This study was carried out to determine the depositional characteristics of several tree barks [Ginko (Ginkgo
biloba), Pine (Pinus densiflora), Platanus (Platanus) and Metasequoia (Metasequoia glyptostroboides)], which
are used as passive air samplers (PAS) of atmospheric polychlorinated biphenyls (PCBs). Tree barks were sam-
pled from the same site and PCBs were analyzed by GC/MSD, and the lipid contents were measured using
gravimetric method. Ginko contained the highest lipid contents (7.82 mg/g dry), whereas Pine (4.85 mg/g dry),
Platanus (3.61 mg/g dry), and Metasequoia (0.97 mg/g dry) contained less. The total PCB concentration was
the highest in Ginko (50.69 pg/g dry), followed by Pine (44.58 pg/g dry), Platanus (33.88 pg/g dry), and
Metasequoia (15.78 pg/g dry). Highly significant correlations were found between the lipid contents and PCBs
concentrations in tree barks (R? = 0.9417, p = 0.0296). Dominant PCB compounds in tree barks were the lower
chlorinatd biphenyls, particularly, PCB 28 and 52 was the main congener and accounted for 83.8-87.5% of the

total PCBs.
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Polychlorinated biphenyls (PCBs)2} tho]3-Al/5Fe
(polychlorinared dibenzo-p-dioxins/furans, PCDD/Fs)
2o AFA F7]1 2 8= (persistent organic pollutants,
POPs)= 43 9rA 713} & (semivolatile organic
compounds, SOCs)°|t}. ZHEZ t)7]|& E3lod A
g o= Zhe wju} 7]2o] W=7hE di7]elM A&
& AR, B, Al 7124 2 52 2=, v
2 7]20] EpIH ol SAMAIRTE 7] Fo=
AR g)7] F POPs 55 ok= 2 POPs7}
g = 7], A, EFAel] 8k olsist=t] v
% FQsithd

7] 5 POPs =& Z7d3l7] flsixe dwdo=

active air sampler?] polyurethane foam (PUF) Al &4}
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712 NEE AFsk=tl, PUF AlEA1F7]= ddo]
83k a7 ARl R of] Ahox FAl AlREE
AHAY HYE o] 8F F gle AHox = AMg<]
oAk oA Ae 7HASA AT & e Aol
passive air sampler (PAS)e|th.4¥

AF7HA] 7] & POPse] PASE= ApdolA A

)

e, A

AT 5 d= U, R, o719 BERe] Hol
olgxlo] gt} b T} A3k PASH A2HE POPs

o= 2194, OH radicalell 938 #3)], F< PAS9)
7] & =3NSl S WAL =& A e
ol#¢) PASo| ¥ POPs =& 7] 5 POPs %
=5 345k dele ofEgol BUTh® ojzjgt o
T2 FH2o+= BE35-87](shelter) otol XAD-2 resin,
PUF 2 semipermeable membrane devices (SPMDs)
£ ol vidst BRI A7) 9L 29 PASE
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sl 7] 5 POPs =2 43k=t] o83l 3l
49 L) o]#Ek PAS 9] AR vlawA =
AEAFH Aol FHAE MA skl WEate] Basieiof
s AZAHE st A8AF 719 AX| ot FAE 8l
of she & WARS Ho] Bkt e} ARdelA )
Fsle= PASE BE5-8719] Aoy F2A19] AlA e
Au|AIZE e iz, AA AYMY GA AFe A
F7Y 7hsstERE w9 Yt AFAA ol 12EE
7] 5 POPs =& Akl 74597F oL whest
Al ZF A9 POPs =& Hwd A% 479 mixE
o] o}Ax Wo| o]gxw Jr}.5
AAolA] AT 4= J= PAS T VY, o719k B
kol A= t)7] 5 POPse] E490 tsire d+7)
Fs] FP= QAR g gk AFe e
2 2o Holt bW e i) A7) &
TEEHA RaL WAAE AF S A 2F)
H X9 POPs =5 ASH|w sk=d o83t )
LI ) Ul 2 POPs w27t AAl
7] & POPs =& Z Hkd3l=Xd tjalr= A+
| o]Foix|x] oo} x|z MZ T2 FFH| UF
AL AF3s] POPs F=2 v w3k Aol thl s
A% ofelgo] Uth
A= 7] 5 POPse] PASE ol o] &% 9
= WA H3HE PCBsel 548 vlofsie] v
S PASE AREE of Vg A 33 PCBs &
=7} ti7] & PCBs 558 & ukgah=Alel g Az}
FEEE YEAA PCBy7F A2 o zjol7} &
A& 8] St FE A

N

2. M2 2 iy

2.1, A<
A& WHEEEE2®C,, PCBs mixture, IUPAC
No. 28, 52, 101, 138, 153, 180, catalog No. EC-

4058)2 Cambridge Isotope Laboratories, Inc., (An-
dover, MA, USA), #7F8 WREFEZ (recovery
surrogate standard; 4,4'-dibromooctafluorobiphenyl)=
Supelco (Bellefonte, PA, US.A)oIA Fujste] ARg-&}
A3 grfel dichloromethane (DCM) 2 #-hexanes
HPLC grade (J.T.Baker, Philipsburg, NJ, USAZ A}
2319001 p-hexaned Z7F5to] ALE-3IA

Na,SO, (anhydrous granular, Shinyo Pure Chemi-
cal, Osaska, Japan), silica (SiOZy 70-230 mesh ASTM,
Merck, Darmstadt, Germany)= 130°C] Q2o 244
7k ol o] EASAT & ARSIt GPC (gel per-
meation chromatography) Z#He| AR-E Bio-bead=
Bio RadA}e] S-X3, 40-80 um (Hercules, CA, USA)
& ARgaIi o, Aol ARSEl PCBs A 248
¥ -8 N (calibration standard)= Cambridge Isotope
Laboratories, Inc.2] PCBs mixture (IUPAC No. 28,
52, 101, 138, 153, 180, catalog No. EC-5179)2 A}
stk FAHH,S0,)S 3545788 (Matsuneon
Chemicals, Osaka, Japan)2 A}&3}1t). Table 12
PCBs®| Eg]3}et4] 545 vephd Aot

2.2. A|ExF

AE2 A" U Ae ST (Ginkgo biloba),
AT (Pinus densiflora), Z2FEPA2=(Platanus), WEMH]
F}o) o (Metasequoia glyptostroboides) 4ZF-o)™ WkA
50m oJule] FFo] e 3olA AEhs YFolA A
Fstack A EE QuolA ¢F 5 mmE E(chise)Z
Ao AE2 AMEEIH e Efe] J3S vl
fletd 2P 1~15m Eolo] BE WA ZILF A
EE AHSKAAL, 735l olg R =2 AHE
& =017] S8t 377 Bt A9 flld 108 ¢
730l ZNFH skt

AEE AR F freel 9o ¥ 9Tohy 59 Y
=)

Table 1. Physico-chemical properties of Selected PCB Congeners

Congeners Compound Average. m(;lzecular Vapor pressure LogK,,
(IUPAC No.) weight?? (mmHg at 25°C)*®  (at 25°C)1%%?
28 2,4,4’-Trichlorobiphenyl 257.6 7.7x10™ 8.08
52 2,2',5,5'-Tetrachlorobiphenyl 292.0 8.6x10™ 8.39
101 2,2,4,5,5’-Pentachlorobiphenyl 326.4 2.1x10° 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 5.2x108 9.69
180 2,2,3,4,4',5,5’-Heptachlorobiphenyl 429.8 9.7x107 10.37
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Fig. 1. Photograph of tree barks. (a) Ginko (Ginkgo biloba)
(b) Pine (Pinus densiflora) (c) Platanus (Platanus)
(d) Metasequoia (Metasequoia glyptostroboides).

ek & 24 wj7kx] -200C Wsaol] Basigich
W Ad2ng 593 E& y-hexane? DCMO = 7t
33] AlH3 A& ARSI Fig. 12 AlE2 AR
UHAAS e Zloltt.
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23. F& Y AE U=x

NEE ZEHAEZ 37164 3RAZ F A=)
2mm (10 mesh) ZE|Qld| 2 A2 AN 3 vk A
B2 ARG FE0 AMEE Alse AR E oF
15g, SFHFAE oF 10g SHEA=AE oF 25,
welA Folo 72 oF 9 ¢S Cellulose thimble (Sigma-
Aldrich, size 43 mmx123 mm)ol] 23 AL WHEE
FEES FYU & &ZeloA] n-hexane:acetone (4:1)
SFEN O R 20~2417HESE FESIUTE BE A E=
279] HA1E (duplicate)s THEUTE F/AAAE FAH]
= FAE oF 3~13 g8 95°Collx] 24417 o) AZA
7 F A5 FARP]E o83l ALtelditt. AdEE
L oBoA] AZAZ] ABE £20)A] n-hexaneC E

20~2417F F=3aL = RS IHSY 57100

59 RS FE YA AR &7
z s Ul A e F

2.4. "x2|
PCBsoll tigh dxlg] 3 EAMe 71w 71&

Ho] glovt oAl 2kl delshd ofefel 2eh®

2.4.1. Acidic Silica Z-¥

L&A FE3 FEAS IHTE 571004 oF
2~3mL7HA] F=sI3tk AlE+= W7 200 mm, 29|
300 mm¢S! 2] ZHol| WA HE acidic silica 20 g
(H,50, 30 ww %), 4 silica 10g, #4 Na,S0, o
10gS €= Y3 n-hexane 500 mLE A2+ & &
%3t N85 Y3 n-hexane 500 mLE §EA1A W3l
S AAGH. 853 ANEe IFHTEESFT]A

w}o)

1 O

°F 1mL7b) 53kc.

24.2. GPC Z4

Acidic silica ZFHREO 2= ARl o] = sl
EAS 388 AAZ  glemE WA 20mm, Ae]
220 mm 22| bio-beads 12 g& %4171 GPC Z
Hog tr A8E A Acidic silica ZHo 2
L2353 ABHNL y-hexane:DCM (1:1) =89 100
mLE A& GPC ZHol| ¥ n-hexane:DCM (1:1)
81 90mlE SEAAY. &9 XF 34mL
ol WelEdo] 23tEe] glerma Wi Y] 56
mLE PCBs £&(fraction)o]| 2.2 Aol o]&-35}%it},

2.5. 24

GPC ZHe] PCBs &2 AT 5571004 oF
1~2ml7HA] 538 Uy 10mL vialell 382 &
713 A7He WREFEEY HE55E = n-nonane
50 L= 713t 5 AGT(hot plate) $lol BAE HA
3] oF 50 ul7HA F=3le] GC-MSDE #4181 +H),
Table 2= GC-MSD2] PCBs #-4%74< vlehd Zlo|t}

2.6. M= 22[(QA/QC)
PCBs®| A% Al A2rkE3)9] o)/} o]=9] 3

Hj o] gl ANt Aol EFAZ e, BAE WiEE

Table 2. GC/MSD operating parameters for PCBs analysis

GC HP 6890
Detector HP mass selective detector 5973
Electron energy 70eV
Injector splitless
Sample injection 1L
volume
Carrier Gas He 1 mL/min

HP-5MS capillary column
(5% diphenyl &

Column 95% dimethylpolysiloxane)
30 mx0.25 mmx0.25 um Film thikness
150°C for 2 min
Temperature 30°C/min. to 170°C
4°C/min. to 200°C for 13 min.
Programme

4°C/min. to 268°C

70°C/min. to 320°C for 4.09 min.
Ionization mode EI

Detection mode selected ion monitoring (SIM)

Total Run Time 45 min
Injector 300°C
Temperature
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242 AE 652 BC, PCBsE o]&dle] 2E 73
2] gl gt 8-S F 53] Hrgk A7 3)5g
81.2~110.5%%0™, wAtgo] 25 3|580] Yok
t}. Algrlth F f(duplicate)2] FAIEE wHEo] B4
SIRE, F FAIE 7F HolAS(coefficient of varia-
tion, C.V)e B+t 26.2% (2.3~55.9%)t}.
3.4 o nE

3.1. Zt L1220 &&E PCBs s

Table 37 Fig. 2@ 44 72 g2 X
2+l PCBs w=¢F A2e] 42 yehd 2122 PCBs
Feme 2YHTG0.7pgg dry) > £UF(44.6 pglg
dry) > Z2FEh2(33.9 pg/g dry) > HIEMAIF]0](15.8
pg/g dry) +02 =9y, AR FEw SU(7.8
mg/g dry) > 2549 mgg dry) > ZzHehd (3.6
mg/g dry) > e Fo]o] (1.0 mg/g dry) o= =58k
o}, Table 334 Fig. 2(0b)y= 7 Y43 225 PCBs
9] congenerd FEE UER Zo2 APALHEAF,
tri-tetra) PCBs= F=7} =2(314) 5x2] 83.8~87.5%)
TAA(ZEATE, penta-hepta) PCBsE =7} ol &
o] A&rE Tt =& AEFE ZAh

Pausch?” 52 t)7] % POPs7} 2150l 222 o
FH AR 744 72 Aol sty H2HD
52 o] AlA 1~4a4 Arelel 22k PCDDY/
Fs¢t PCBs 5 POPs 555 243 A3} th7] FollA
FAjgo] 42 POPse Yol
ZAhgo] & POPse FA3Ze] dojulx] gethe 2
RIS = AuESlell 32k POPs w=¢F Ui

9
)
e}
_EL
e
k7
X
2=
a

Total PCBs(pg/g dry), lipid(mg/g dry)
8

RERESE ﬂ_

Gingko Pinus Platanus Metasequoia

O Total PCBs OLipid

=22 PCBse 3144 (lipophilic)o| 22 7] ZF 7}
24 PCBse aup-ale] el EAsle ™o Al
How o] dojupAek YA PCBse WSl
o YAt FHEJATT} 7, vh Sl 2lete] gfo]
dofupe® YA o] e F&o] HA| &7 el 7
AZze] YojuA] QFerh 19220 YR s ola)
PRERAZ g5l ey AElE ti7]o] =EHo 3l
oz YA EdS g FEEAT At
Hlgo] ojsle] g2 Aoz gk, Table 337 Fig.
2@)0lA Bo] g dole ddwe] Ado] S
o Stk ZHBE WA A A5 PR

A4 712 FFolet Az o7l
AH 2 HEA) PCBs TEtE ¥ TP EA)

PCBs 5% @& 9lojg} Fet=),

3.2. PCBs SE2} X7+ A2k

Fig. 3& Ul 7K E/e] W4 32 PCBs &
o} XA Apole] HZAAE Yepd Aoz F ke
dide] & Aoz YepthAAAS RE=0.9417, p=
0.0296). °]7-> Y42 2= 7] 5 PCBs
T e FREOE R ARGl vE)
= 7S 9t} Table 37 Fig. 2(0)3 B9 A Y
4 PCBse= WHAde] Efol wet 5= 27t ZA
T 794 PCBs =% AR & A0lE HolX]|

& off
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Fig. 2. Total PCBs concentrations and lipid contents (a) and distribution of PCBs congener concentrations (b) in four

kinds of tree bark.
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Table 3. PCBs concentrations (pg/g dry) and lipid contents (mg/g dry) in several tree barks

Ginko (Ginkgo biloba)

Congener 1 2 Mean S.D CV (%) Fraction (%) lipid contents
28 35.7 32.7 34.2 2.1 6.2 67.4 7.8
52 9.6 7.6 8.6 14 16.5 16.9
101 2.6 3.6 3.1 0.7 23.0 6.1
138 3.2 2.2 2.7 0.7 26.1 2.8
153 1.0 1.8 14 0.6 39.8 5.3
180 0.6 0.9 0.7 0.2 29.5 14
Total 52.6 48.7 50.7 2.8 6.6 100.0
Min 6.2
Max 39.8
Pine (Pinus densiflora)
Congener 1 2 Mean S.D CV (%) Fraction (%) lipid contents
28 30.7 27.7 29.2 2.1 7.3 65.5 4.9
52 8.6 9.2 8.9 0.5 52 20.0
101 1.6 2.3 1.9 0.5 24.7 43
138 2.2 2.1 2.2 0.1 23 34
153 1.0 2.0 15 0.7 46.9 49
180 0.8 1.0 0.9 0.2 17.0 2.0
Total 44.8 443 44.6 0.4 0.8 100.0
Min 2.3
Max 46.9
Platanus (Platanus)
Congener 1 2 Mean S.D CV (%) Fraction (%) lipid contents
28 25.7 20.7 23.2 3.54 153 68.4 36
52 5.6 7.3 6.5 1.23 19.1 19.0
101 1.2 2.1 1.6 0.58 354 4.8
138 14 1.0 1.2 0.29 23.9 2.2
153 0.9 0.6 0.7 0.21 28.7 3.6
180 0.5 0.9 0.7 0.28 43.5 1.9
Total 353 325 33.9 1.95 5.7 100.0
Min 15.3
Max 435
Metasequoia (Metasequoia glyptostroboides)
Congener 1 2 Mean S.D C.V (%)  Fraction (%) lipid contents
28 10.7 9.7 10.2 0.7 7.0 64.5 1.0
52 35 2.5 3.0 0.7 23.3 19.3
101 0.5 1.2 0.9 0.5 55.9 5.4
138 1.2 0.6 0.9 0.5 49.8 33
153 0.4 0.7 0.5 0.3 46.3 5.7
180 0.2 04 0.3 0.1 354 1.8
Total 16.5 15.0 15.8 1.0 7.0 100.0
Min 7.0
Max 55.9
S.D: Standard Deviation, C.V: Coefficient of Variance.
FAUTt. oA PCBs% gl 7] 5 PCBs7F  ZE7] Wio g A7k 2 YAPEo R EAlse
Ul Jag w) FHRE 24 72 Aol 1A PCBsk 712 B8] Wg Holx| 100% &
2 U] Sl ke o] e AdA PCBOE T T Aoz SAls AL ohinE R FREE
@4 PCBsHUF VAol Ade] Atz og Wol A F&xtole AARE 9A] Ad o] B2 e A
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Fig. 3. Regression line between total PCBs concentra-
tions and lipid contents in four kinds of tree bark.

tiFog o Wol 3k Zo= AY7tH.

olgollA A & npe} Zo] W FRIVF HEW o
FAA 23 AESE g2 g)7] F PCBsY A
s g2tk AL ERIsGT PCBse 21i3¢]
w 7] 5 PCBs7} WA 2= F42= 2
2 7k RFe ' A7kt 294 PCBse W] &
oflX 7kg Bgo] =i YA B8 UARE A
PCBs:= 2 ¥itjot}, Z28j2& th7] 5 PCBsE A &%
o] B WA 7kt F&0] =2 #H94 PCBs
7} Bo] MFEIL AR AP B0l B2 19
4 PCBse= H2E = o] AT weof g ds o
2] A de] tj7] 5 PCBs®| PASE ARE-3tA} & 73§
ol gt AMAE RISt 2 TR TS A%
tal 3794 PCBsoll thalir= AP o] 33kgo
2 EGS F7HOE AQFst SAlol A8k B
Aol Fasit, 1%A] S g e Ak
PCBs %+& t7] & PCBs 352 z utgdslx] &3t
B2 A 0/E WE 7HsAel A

N

=

of

o, Hiy

4.8 £

o] A3+ W] = PCBs passive air sampler
(PAS)Z A5= ARGEIAL e Vg del digk 7] &
PCBs®| HAEAS #H3l7] fstd 7EA 7<) v
FAE A, A, SEER 29} WiER| Fo]o])
S AR Zlolnt.

W4 & Adsee 23E(7.8 mg/g dry) > &

(4.9 mg/g dry) > Z2FERI2(3.6 mg/g dry) > vE
AlFte]o) (1.0 mg/g dry) 02 = e A
2 PCBs ¥ 94| 23UH(50.7 pg/g dry) > ALt
(44.6 pg/g dry) > SERI(33.9 pg/g dry) > HIE
AlZolo}(15.8 pg/g dry) +O2 =3kom, Uizdo
721 PCBs s=¢F A AY Atole] e wil¢- %
AR AS R2=0.9417, p=0.0296). 2ol 2=}
¥ PCBs® congener 5E=E¥E A ¥4 PCBs(tri-
tetra PCBsy’} A2 o2 553 8(83.8~87.5%)°] =
I FEE Fr zJolx glom vP4A PCBs(penta-
hepta PCBs) =t AUlFow Uy 518 Ijo|x
3R] g9kt 2 EE 7] 2 PCBs2] PASEA] R
AAL 7] F HYs: PCBse 2 wkdS sA|v 1
@4 PCBse= & W19 kA Xalm %ol wje}
TR ARl dol A=E tEr] wize] ARS-E o
A5 7Istedor sh 23R &S AT A o
£ A% 7Fsde] At
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