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Characteristics of Atmospheric Polybrominated Diphenyl Ethers (PBDEs)
Deposited on Pine Needles by Age

Man-Young Chun'

Department of Environmental Engineering, Hankyung National University

ABSTRACT

Objectives: Pine needles are used as passive air samplers (PAS) of atmospheric persistent organic pollutants
(POPs). This study was carried out in order to investigate whether pine needles can also be used as a PAS of

polybrominated diphenyl ethers (PBDEs).

Methods: PBDEs in one to three year-old pine needles were analyzed with HRGC/HRMS.

Results: PBDEs in the atmosphere were accumulated in the pine needles. The rate of increase in concentration
of lower substituted PBDEs (tri- through hepta-) in pine needles was linear. The rate of increase of the higher
substituted PBDEs (octa- through deca-) was also liner, but only up to two year-old pine needles. The
concentration did not increase further in older pine needles.

Conclusion: Therefore, it can be concluded that young pine needles, those that are two years old or less, are
recommended for use as PAS of atmospheric PBDEs.
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Table 1. Selected chemicophysical properties of PBDEs

No. PBDEs IUPAC No. Molecular weight (g/mol) LogK,,””
1 2,2'4-T;BDE 17 9.31
2 2,44-T;BDE 28 406.9 9.40
3 2244-T,BDE 47 10.10
4  2245-T,BDE 49 9.89
5 23'44-T,BDE 66 4858 10.25
6 23'4'6-T,BDE 71 10.20
7 3344-T,BDE 77 10.46
8 2,2'3,4,4-PsBDE 85 11.03
9 2,2'4.4'5-PsBDE 99 10.96
10 2,2'44',6-PsBDE 100 564.7 10.82
11 23'.44,6-PsBDE 119 11.17
12 3.3',4,4.5-PsBDE 126 11.39
13 22344 5-HBDE 138 11.81
14 224455 -HBDE 153 oy 11.77
15  22'445.6-HBDE 154 : 11.66
16 23344 5-HBDE 156 12.04
17 223,445 ,6-H.BDE 183 12.56
18 2,2'3,4,4'6,6'-H,BDE 184 722.5 12.50
19 233445',6-H,BDE 191 12.85
20 22'33.4456-O8DE 196 2014 13.72
21 22'33.4.4.66-OBDE 197 : 13.47
22 22334455 ,6-N.BDE 206 8803 14.36
23 22'3,3'44'5,6,6-NBDE 207 ’ 14.39
24 22'3,3'44'5,5,6,6'-D,;,BDE 209 959.2 15.26

Note. IUPAC : International Union of Pure and Applied Chemistry
K., : Octanol-air partitioning coefficient
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Sodium sulfate (Na,SO4) anhydrous 1 cm
10% (w/w) AgNO3 coated silica 3 g
Neutral silica 0.6 g

22% (w/w) H,SO4 coated silica 3 g

44% (w/w) H.SO, coated silica 3 g
Neutral silica 0.6 g

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

| Sodium sulfate (NazSO4) anhydrous 1 cm

Fig. 1. Multi-layer silicagel column for PBDEs cleaning.

Table 2. Analytical conditions of PBDEs with HRGC/

HRMS

GC HP 6890
Detector JMS-800D
Injector splitless
Sample
injection 1 uL
volume

. He 1.0 mL/min (tri- through hepta-BDE)
Carrier Gas 1.5 mL/min (octa- through deca-BDE)
Column DB-5MS J&W Scientific capillary column

(5% Phenyl)-methylpolysiloxane

15 mx0.25 mmx0.1 pm Film thickness

- (tri- through hepta-BDE)

110°C for 5 min, 40°C/min. to 200°C for
Temperature 5.5 min

Program 10°C to 320°C for 2.25 min.
- (octa- through deca-BDE)
110°C for 1 min, 25°C/min to 340°C for
6.8 min

Ionization EI

mode

Detection selected ion monitoring (SIM)

mode

Injector 310°C (tri- through hepta-BDE),

Temperature 320°C (octa- through deca-BDE)

Resolution ~ >10,000 (10% valley)

Contaminants in House Dust, NIST, Gaithersburg,
MD, USA)E 415k A7} 3]4-80] Het 98.0%(92.2-
104.0%)2 AZAMNA AA R 5 7S TEs)
ATk, Z171EA el B 4 Y WEA
A=) 98 1] AEE A e, HA
HEEF ) SRS B2 F4310] 1)

A
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Table 3. PBDEs concentrations (pg/g dry) and lipid contents (mg/g dry) in pine needles at age
1 year old 2 years old 3 years old

IUPAC No. S2  mean Std. ((:%\; S3 S4 mean Std 2)/0\; S5 S6 mean Std g) /0\),
BDE 17 9 7 7.9 08 106 6 10 8 28 333 16 11 13 33 252
BDE 28 25 17 213 57 269 33 36 34 25 74 87 98 93 77 83
BDE 47 133 89 1112 314 283 158 231 194 514 265 343 461 402 829 206
BDE 49 18 22 204 28 138 33 29 31 26 83 92 74 83 124 149
BDE 66 10 12 108 1.6 152 38 28 33 73 219 68 48 58 139 241
BDE71 ND ND ND ND ND 3 14 345 6 7 6 05 8.1
BDE 77 3 4 34 1.3 364 10 6 26 324 18 15 16 20 127
BDE 85 5 3 3.9 1.0 248 8 11 1.9 209 11 14 13 24 185
BDE 99 29 40 347 76 219 104 82 93 156 167 142 180 161 272 169
BDE 100 16 22 192 40 209 40 28 34 83 242 83 66 75 120 16.1
BDE 119 7 5 5.8 1.4 234 10 14 12 27 226 20 26 23 40 171
BDE 126 ND ND ND ND ND 2 3 08 279 2 3 3 0.6 21.0
BDE 133 ND ND ND ND ND 10 7 8 24 288 12 10 1.6 154
BDE 153 20 12 158 59 372 24 36 30 85 284 26 30 28 29 101
BDE 154 23 15 188 53 283 25 27 26 1.4 54 40 31 35 6.6 185
BDE 156 ND ND ND ND ND 11 9 10 1.5 154 8 6 7 09 137
BDE 183 25 30 274 34 123 51 45 48 47 99 55 50 53 40 76
BDE 184 7 9 7.8 1.7 223 15 11 13 23 175 18 13 15 34 223
BDE 191 10 12 11.1 1.3 11.5 19 16 18 26 147 17 21 19 2.8 148
BDE 196 32 28 300 22 73 51 58 54 49 9.0 39 51 45 84 187
BDE 197 33 32 327 08 23 59 65 62 42 68 52 61 57 57 101
BDE 206 108 96 102.1 88 86 260 271 265 75 28 247 267 257 142 55
BDE 207 265 232 2487 235 95 494 587 541 658 122 444 497 471 373 79
BDE 209 1,457 1,337 1,396.9 84.5 6.0 3,102 3,437 3,270 236.5 7.2 3,125 3,245 3,185 851 27

Total 2,234 2,025 2,129.9 147.6 6.9 4,567 5,052 4,809 3425 7.1 4971 5285 5,128 2214 43
Lipid

contents 2.6 4.6 5.8

(mg/g dry)

Note. S1 - S6: sample number, N.D : Non Detection, [UPAC

Srd. : standard deviation, C.V : coefficient of variation
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AR E 7l sl delde 20 o
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2 3

Age of pine needles (year)

Fig. 2. Correlation between PBDEs concentrations, lipid contents in pine needles and needle age.
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