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This study was carried out to find the depositional characteristics of several tree leaves [Pine needles (Pinus
densiflora), Kalopanax (Kalopanax pictus Thunb.), Ginkgo (Ginkgo biloba) and Quince (Chaenomeles sin-
ensis)], which are used as passive air sampler (PAS) of atmospheric polybrominated diphenyl ethers (PBDEs).
Tree leaves were sampled from the same places and PBDEs were analyzed by HRGC/HRMS. Ginkgo leaves
contained the highest lipid content (5.11 mg/g dry), whereas Quince (4.65 mg/g dry), Kalopanax (3.56 mg/g
dry), and Pine needles (2.61 mg/g dry) contained less. The total PBDEs (IUPAC No. BDE-17, 28, 47, 49, 66,
71,77, 85,99, 100, 119, 126, 138, 153, 154, 156, 183, 184, 191, 196, 197, 206, 207, 209) concentrations were
the highest in Quince leaves contained 9,369.4 pg/g dry, the followed by Ginkgo (6,178.9 pg/g dry), Kalopanax
(4,912.6 pg/g dry) and Pine needles (2,130.4 pg/g dry). But distribution profiles of PBDE congeners were sim-
ilar each other. The dominant PBDE congeners were BDE-47, 99, 206, 207 and 209. Higher substituted PBDEs
particularly, BDE-206, 207 and 209 were the main congeners and accounted for 76.4% (69.0~82.0%) of the
total PBDEs. Highly significant correlations (#=0.9335 p=0.0665) were found between lower substituted
PBDEs (tri- through hepta-BDESs) concentrations and the lipid contents in tree leaves. But it showed low cor-
relations (r=0.7487, p=0.2552) between higher substituted PBDEs (octa- through deca-BDEs) concentrations

and the lipid contents in tree leaves.
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2.1. A<}
AT e At SR ETEHBDE-CVS-G:
PBDEs mixture, IUPAC No. BDE-17, 28, 47, 49,
66, 71, 77, 85, 99, 100, 119, 126, 138, 153, 154,
156, 183, 184, 191, 196, 197, 206, 207, 209), A
£ YHEEFEAMBDE-MXG: BC,, PBDEs mixture,
IUPAC No. BDE-28, 47, 99, 153, 154, 183, 197,
207, 2092} AR H7HE YHE-EFEZ (BDEI3SL:
IUPAC No. ®C,, BDE-138)& Wellington Laborato-
ries (Guelph, ON, Canada)ollA] Fuljsle] AL&-3l
£l dEEme, =3t 9 opES IR
2. T.Baker, Philipsburg, NJ, USA)S, =%+(Sigma-
Aldrich, St. Louis, MO, USA) GC E418-S ARgs)
ATt

B EEF NS0y, F4t8EEE(KOH), FAk
(AgNOy), #F4HH,SO)E= GL Sciences Inc. (Tokyo,
Japan), 227} (meutral, 70-230 mesh ASTM)=
Merck (Darmstadt, Germany), Gel permeation ch-
romatography (GPC) Z-&l]l A}8-%¥ Bio-bead= Bio
RadAHS-X3, 40~80 um, Hercules, CA, USA) A&
ARG BE Aok flleadait] 8-S AREER
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Table 1. Selected physical and chemical properties of polybrominated diphenyl ethers (PBDEs)

No. PBDEs TUPAC No. Molecular weight (g/mol) LogK, 0
1 2,2 4-T;BDE 17 406.9 9.31
2 2,4,4-T;BDE 28 ’ 9.40
3 2,2'44-T,BDE 47 10.10
4 2,2'45'-T,BDE 49 9.89
5 2,3,4,4-T,BDE 66 485.8 10.25
6 2,3'4,6-T,BDE 71 10.20
7 3,34,4-T,BDE 77 10.46
8 2,2',3,4,4-P.BDE 85 11.03
9 2,2'4,4 5-P;:BDE 99 10.96
10 2,2'4,4,6-P;sBDE 100 564.7 10.82
11 2,3'4,4',6-P;:BDE 119 11.17
12 3,3'4,4',5-P;:BDE 126 11.39
13 2,2',3,4,4'5'-H;BDE 138 11.81
14 2,2'4,455-H;BDE 153 643.6 11.77
15 2,2'4,4'5,6'-H;BDE 154 ) 11.66
16 2,3,3'4,4,5-H¢BDE 156 12.04
17 2,2',3,4,4'5,6-H,BDE 183 12.56
18 2,2'3,4,4',6,6-H,BDE 184 722.5 12.50
19 2,3,3'4,4,5,6-H,BDE 191 12.85
20 2,2'3,3'4,4'5,6'-O;BDE 196 8014 13.72
21 2,2'3,34,4,6,6'-OsBDE 197 ’ 13.47
22 2,2',3,3,4,4'5,5,6-N,BDE 206 880.3 14.36
23 2,2'3,3'4,4,5,6,6'NgBDE 207 ’ 14.39
24 2,2'3,3'4,4,5,5,6,6'-D,(BDE 209 959.2 15.26
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(a) Pine tree (b) Kalopanax tree

Fig. 1. Shape of tree leaves.
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(c) Ginkgo tree (d) Quince tree
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PBDEs?l| gt dxg]e} ¥4 3Re] 774
719984 FAAE 7157 US EPA Method 161491
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2.4.1. GPC 2%

A A el EdE Zgeke XAdY 9EAE AA
371 918te] GPC Z¥H(Bio Beads 70 g& ¢35 mm x
L550 mme] frelddel] g )= 05g A7H 7F
EZXE 943 thy 5% AEE TSl =2
shktgEadek1:]) S3evE 8EA1H . GPC 24
S B3] A2 £E5HE 100mLe A3 424 5
EEe] ¥gtEo] glon® wEy, It §EEHE
100 mLi= sk AlE= ARSI

242. OSAE7F 24

GPC ZH A7 7IEZA R A8 5 BFEC] &
138] AARA 7] wiZel|l GPC ZH A7 71E
A =N IFL 5714 1-2mLE 53 &
o Ael7H 23 (015 mm x L300 mm)© = ThA] A7
st U5 A7 ZH2 Fig. 29 72o] 450
uerm Ao AlRE FYUT T ULt SRR
(85:15) =581 150 mLE F3s5= 2.5 mL/minS &2
= AEE 83T 82592 oF 1m/HA 553t
o AAXH7H WFEFEZ(BDEILL)S T &
o gujx|eksial HEAS 100 ul® sld HRGC/
HRMS (High resolution gas chromatography/high
resolution mass spectrometer, JMS-800D, JEOL,

Sodium sulfate (NaxSO4) anhydrous 1 cm
10% (w/w) AgNOgz coated silica 3 g
Neutral silica 0.6 g

22% (w/w) HeSO4 coated silica 3 g

44% (w/w) H2SO4 coated silica 3 g
Neutral silica 0.6 g

2% (w/w) KOH coated silica 2 g

Sodium sulfate (Na;SO4) anhydrous 1 cm

Fig. 2. Multi-layer silicagel column for PBDEs cleaning.
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Table 2. Analytical conditions of PBDEs with HRGC/

HRMS
GC HP 6890
Detector JMS-800D
Injector splitless
Sample injection 1L
volume
Carrier Gas He 1.0 mL/min (tri- through hepta-BDE)
1.5 mL/min (octa- through deca-BDE)
DB-5MS J&W Scientific capillary column
Column (5% Phenyl)-methylpolysiloxane
15m x 0.25 mm x 0.1 um Film thickness
- (tri- through hepta-BDE)
110°C for 5min, 40°C/min. to 200°C for
Temperature 55 min
10°C/min. to 320°C for 2.25 min.
Program

- (octa- through deca-BDE)
110°C for 1min, 25°C/min. to 340°C for
6.8 min

ITonization mode EI

Detection mode selected ion monitoring (SIM)

Injector 310°C (tri- through hepta-BDE),
Temperature 320°C (octa- through deca-BDE)
Resolution >10,000 (10% valley)
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S [ Owater racton (Quince tree)}e] 23 AdFS ekl Aow
OLipid content (ma/g dry) 511 Balako =20 AAIRlo] Hit 0.66%(0.63~0.71, CV
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Fig. 4. Histogram of PBDEs concentrations in tree leaves.
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Fig. 5. Histogram of PBDEs homologue concentrations in
tree leaves.
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Fig. 6. Correlation between PBDEs concentrations and lipid content in tree leaves.
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A A2 5.11(mg/g dry), & PBDEs &%+ 6,178.9
(pg/g dry)Aovt BIiee] A AgS 4.65(mg/g
dry),  PBDEs 5 9369.4(pg/g dry)s Lo
o] BIPPFQlel niste] o F XS o] BRI
Qo) &= PBDEs ¥%+ © Ytth. Simonichet
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A= Aot e ] YaiMe FHEA AT
7} ¥ 2ty e, a3Es UFdS PASE
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2 A7re,

sle] 2ol &= PBDEs (UPAC No. BDE-17, 28,
47, 49, 66, 71, 77, 85, 99, 100, 119, 126, 138,
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209) F=o] FAEAS e oz v e 2
25 Ak

Uelol] 22k PBDEs 5= Eah21(9,369.4
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=o} Qo Azke PBDEs = W9 570 wet
ol gekor} HAA¢) FERIE £Eo FAIRle] A
o] 943 E¥E w3l PBDEs %% 5 BDE-47,
99, 206, 207, 2099] F=7} HA|2] 88.2%(85.1~89.7%)

N3 2 Fol| A% BDE-206, 207, 2092] E%=7} A4 2]
76.4%(69.0~82.0%)S XA¥oH, E5) BDE-2092] &
7} AR E%2 605%(61.9~65.6%)2 A8
F9l = %X =3} PBDEs (Tri-, Tetra, Penta, Hexa-
9 Hepta-BDE: BDE-17, 28, 47, 49, 66, 71, 77,
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