12 HASHS|X|, M40 F35(2014) http://dx.doi.org/10.5668/)EHS.2014.40.3.215

J Environ Health Sci, 2014; 40(3): 215-224 [& H]
7| & Z2|=2EsiC|HEoHI2e] ALF 9, ALF ZHE *
EYoZo| FE 5Y
Hareyt
S ey 34 Fsha

Depositional Characteristics of Atmospheric PBDEs
on Pine Needles, Bark and Soil

Man Young Chun’
Department of Environmental Engineering, Hankyong National University, Anseong 456-749, Korea

ABSTRACT

Objective: This study was carried out in order to determine the depositional characteristics of pine needles, pine
bark, and soil used as a passive air sampler (PAS) for atmospheric polybrominated diphenyl ethers (PBDEs).

Methods: All three media were sampled from the same site. The PBDE concentrations were analyzed by
HRGC/HRMS, and the lipid contents were measured using the gravimetric method by n-hexane extraction.

Results: The total PBDE concentration was the highest in soil (22,274.57 pg/g dry), followed by pine bark
(20,266.39 pg/g dry), and then pine needles (7,380.22 pg/g dry). Pine needles contained the highest lipid contents
(21.31 mg/g dry), whereas soil (10.01 mg/g dry), and pine bark (4.85 mg/g dry) contained less. There were poor
correlations between lipid content and total PBDE concentrations in the media (R?=0.8216, p=0.2814).
Congeners BDE 47, 99, 183, 196, 197, 206, 207 and 209 showed peak concentrations. Among these, BDE 206,
207, and 209 are highly brominated PBDEs that exist as particulates in ambient air. They accounted for 81.2%
[69.2 (pine needles) - 89.0% (tree bark)] of the concentration and therefore are noted as the main congener of
the total PBDEs.

Conclusions: It can therefore be concluded that for reducing error by improper sampling, the same species of
media should be recommended for use as a PAS for atmospheric PBDEs due to the differences in depositional
characteristics.

Keywords: Bark, BPBDEs, Lipid contents, PAS, Pine needles, Soil
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Table 1. Selected chemicophysical properties PBDEs

No. Classification 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 24 4-T,BDE 47 10.10
4 2,2'4,5'-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 3,3'4,4-T,BDE 77 10.46
8 2,2'3.44-PsBDE 85 11.03
9 2,2'4.4'5-PsBDE 99 10.96
10 2,2'4.4',6-PsBDE 100 564.7 10.82
1 2,3'4,4',6-PsBDE 119 11.17
12 3,3'4,4',5-PsBDE 126 11.39
13 2.2'3.44'5-H,BDE 138 11.81
14 22'4.45,5-H,BDE 153 136 11.77
15 22445 6-H,BDE 154 : 11.66
16 2.33'44'5-HBDE 156 12.04
17 2,2'3,4,45',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 22'3,3'4,45,6-O;BDE 196 2014 13.72
21 22'3,3'4,4.6,6-O;BDE 197 : 13.47
2 2,2'33,4,4'5,5,6-N,BDE 206 0803 14.36
23 2,2'33,4,4'5,6,6-N,BDE 207 : 14,39
24 223344.5,5.6,6-D,BDE 209 959.2 15.26

K,, : coefficient of octanol-air partitioning
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oA ZEIQE S gl r]e] WAL sfAlRl
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Fig. 1. Histogram of (a) total PBDEs concentrations (n=6) and (b) lipid contents in pine needles, pine barks and soil (n=6).
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Fig. 2. Histogram of (a) lower brominated PBDEs congener(tri-penta PBDESs) (c¢) higher brominated PBDEs congener
(hexa-deca PBDESs) concentrations on pine needles, pine barks and soil.
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Fig. 3. Histogram of PBDEs homologue concentrations
on pine needles, pine barks and soil.
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z} PASY| AZE PBDEs FEiE&S AWE A3
AEE3} PBDEsY] Had F% H8°] 14.8%(8.0-
27.0%), ZE23} PBDEsS] Ha F=1E4°] 852%
(73.0-92.0%)%2 I HE3} PBDEs7} 23 2}« &}
AT Z2E3} PBDEs FolA1%= BDE 206, 207 2
2099 FEFro] AAFE=] Hi 81.2%(69.2-89.0%)
£ 2A| 392 E3] BDE 209 TXE8°] 67.2%
(56.0-75.4%)= 7P =4th. ZF PASOIA 3 FHL
2 ¥3%%S 22 BDE 47, 99, 100, 206, 207 ¥
209 5 ¢’} BDE 55| F550] M+t 93.5%(91.0-
95.3%)E =Xt

2pRele] XA A HE23 PBDEs 5247
FEES FEEEE 717 27.0%9F 73.0%A 00 &
YA 242t 8.0%SF 92.0%, EXS ZH2 9.3%
9} 90.7%= 2o 313 A H-E3) PBDEs &
LRgo] 7P =9ty 7 HE3} PBDEs SEESS
AY ekt 2y v aurde T HEs)
PBDEs ¥=4-&°] 7V} 3 A EE3} PBDEs &

EiEo] 7P ekt

AR, AbRAd 0 EG REOA FEHO

Table 2. Concentration fraction(%) lower and higher brominated PBDEs on pine needles, pine bark and soil

Classification

Fraction(%)
pine needle pine bark  soil  mean

Lower brominated PBDEs

(tri-penta BDE : BDE 17, 28, 47, 49, 66, 71, 77, 85, 99, 100, 119, 126)

Higher brominated PBDEs

(hexa-deca BDE : BDE 138, 153, 154, 156, 183, 184,191, 196, 197, 206, 207, 209)

Common peak BDE congeners
(BDE 47, 99, 100, 206, 207 and 209)

BDE 206, 207 and 209
BDE 209

27.0 8.0 9.3 14.8
73.0 92.0 90.7 852
91.0 953 94.1 93.5
69.2 89.0 85.5 81.2
56.0 75.4 70.3 67.2

J Environ Health Sci 2014; 40(3): 000-000

http://www.kseh.org/



7| & SRIESSICEEAEES] LT 9, ALF

3 9 EYyo=ol Fat 54 221

[[i
0

Iz,

2 ¥z EE B¢ PBDEs= BDE 47, 99, 100,
206, 207 % 209 5 &/l SAAZ 67l BDE 524
FEFO] FFE] 93.5%(91.0-953%)5 2HAIEHA
th. PBDEs= AFAAIONA A} @AY 02 A==
Edo] oz}t WHAR A3 95t Q1914
2 AR 9 ARRHJI o]Ro] $ Fo 7 wEE
Zlo]7] wiiel AAA NS FEE AR EY
gt AAE 7HE Rl gl vl Az
AV Y=o ARS-E PBDEs o 2 A&} At
T, 2 d 2 B 3% PBDEs 5EA
= 719 A g}

PBDEs= ZlfA4olth. 28 B2 AuRel, At
Ad 9 B4l HzE 7] 5 PBDEsY] FE=
o AAZrFe Aol F 7Fs/dol Aok ey
Fig. 2(a)?} (b)ellAl Bxo] 7+ PASell 32¥l PBDEs
o Fexet ANHTF = Aol g
(R?=0.8216, p=0.2814). ©]A-> PBDEs= zl+4°]
A%k 7] F PBDEs7} 7} PASe] & ol
7] Felxl PBDEs7} 7Fdo = 57416‘}% =
© YAV R EAsh=pe] o, Al A&
P44 2 B 5 7 A 2HE, Eﬂd K
YA PBDEs®] H-2He, 719,

AR PBDEsS] €3 =
fﬂ-x% o= z_] g}u:] o]a]%} o:]a—] ;‘diﬂ- uﬂy} ]%o]
Ao o3t YR o AA Y] HEeR
AYZFE T 242834539 e} 7] FollA Tk B
o] ¥& tri-penta BDEs®] H&F&2 AuFEY
(27.0%)>E(9.3%)>a T4 (8.0%) T2 =
of 2, B ¥ AR A e AEE
Fh £A7F ol T AL Aloldle #H#EAdo] 9
S5 ¢ F AL

Fig. 3& AUNS, 2UF42 9 Edk Je
PBDEs =& %Zﬂ(homologue) HE Yepd A
e, wApFe] Aol 7] FolA 7t E80] =
o i-tetra BDEs®] v AUFU>AUEZE>
B9 402 Ty} =9t} o] PBDEsS X
z:yl- ;3_%_1\% 7]./\/\} POPs= 1:H7]o1]}\1 71— PAS°ﬂ z]zl—
2
Xl

n
) m& -L

Olﬂ ol 1o
AN AN

= FARI AA 724 z]zl—o]uq A],}_rojoﬂ_‘
AEF21.31 mg/g dry)e] AU (4.85 mg/g
dry)o ]k E2K(10.01 me/g dry)Rth O B3 2w
Aol Eox= Aol A8 HAY ZF &
2k=]o] Qe v AUl Yo Aduje) Rt

o

http://mwww.kseh.org/

AefA 7k PBDEs7E 714 =70 €A
get7] wito® AztETh. T BEeke] A Hgt
AR o =9k 32 PBDEs &
W E EGET Subrgdo] o 3=t ol
aurde] ti7] Foll FFo® ot Slo
EnT F719ke] FF wF o] Ho] 7k PBDEs
o] o] o FA%7] WEeZ AY7HETt?) PCBs=
PBDEs°ﬂ H] 5l TZ]'F*‘D] Howw th7] oA 7t
2% gl 4 Tl 2, PCBs= EYHTE &

Aol M= = i‘:ﬂtﬂ Eof o] AMdS HRE
A3} At} Hexa-deca BDEs: ﬂV | Foﬂ/‘i A

i

‘%

flo rr

I

e, 2R 0 Bl &4 2 7&%} ;L
AT 4%, 48 R S e 3
e 29

- 83200] 71E oI, B ﬁp%%z-a— w0l
wh1129) QA PBDEse FAAe] 27
of vlate] B oldth, Aubels bR dATE Y
gl Edele di7l & 9AMd PBDEs®] w4 % 2
H37to] FA0) olubi 2, 24 % vkl <)
8k AT AURoy AUFEA A H)ske] T
At} 230 o]7lo] MY B-go] =2 JHES] PBDEs
Tt ERAURHA>AUES] o7 =2
olfgta AZE Tt 18y} penta-BDEse= 712243}
A PBDEse] 25A40] A6 UehtA e &
Pole YAPF F2 B, 2Rl Tkt 3
2 540]  sb et k2 28] ¥ tie
tetra BDEse AUEQlo)]) A2 E-80] =& hexa-
deca BDEsE Eko| Zzlo] 2z = 7oz HolTh

(]

TRt % PReiFFe] 7k AR ol
I, A A4 B 4 BEE ohd Aol

£ 712 PBDEsE, YAMY PBDEs= &0 ¥
of AAHoZ AR, AuFgd 9 B I
ZE PBDEs S%v EU>AUTY>auTgd &
o2 A Yt Az,

A AUEY, AUERE 2 BUge t] &
PBDEs9] PASZ o] AMS-E A 9t} &) t)7)
% PBDEs7} &uF-Y, 2uR7dd 2 B A
25 = W7l 23 239 PBDEs7} AlAEE W
FHggo] AR AJolste] AUREY, AR E 2
Ego] HzE PBDEsY %%, ABE3 ¢

J Environ Health Sci 2014; 40(3): 000-000



222 HUHH

HEZ3l PBDEs? &
ot 2 BR=E olzg 54

st AUl AuFgE 9l
PBDEs?] PASE AR5t P

TES FEEEE IA dFAZ 7 o FoUt
Eshoinc)=n

[N}
rh

Iv.

o] 913 th7] % PBDEsS] 523 7](PAS)E
A5 ARES e AU, AUREE 2 BY
o] 32t¥l PBDEs #=¢} T2 548 24
3lo] o]5S PASE AMEE wf HAlE 4= 9l
£ Zo|7] st ST

2UFY, AUFEAd 9 B HAE 24%
PBDEs®] F5EE E(22,274.6 pg/g dry)>au-y-
7 (20,266.4 pg/g ery)>2tHF-21(7,380.2 pg/g dry)
TOE TRyt U AFFFE AT (2131
mg/g dry)>E%(10.01 mg/g dry)>a-57 2 (4.85
mg/g dry) £22 =T} PBDEs7l M4 &2 Y
o= &35l Al 7FA] PASOl I2HE PBDEs &
o} A AT Afoleoll= Add o] WUTHR=0.8170,
p=02814). 2upel, Aubrgd Bl Bl e
PBDEs % BDE 47, 99, 100, 206, 207 2 209 %
67} BDEoIA FEZ O ¥4 FEE HYT, AH
£3} PBDEs(tri-penta BDE : BDE 17, 28, 47, 71,
77, 85, 99, 100, 119 % 126) F=3-8[14.8%(8.0-
27.0%)]5.th= 3ZE&3} PBDEs(hexa-deca BDE :
BDE 138, 153, 154, 183, 191, 196, 197, 206, 207
2 209)¢] FEES[85.2%(73.0-92.0%)]°] X T
E=JTH I 94 = BDE 206, 207 2 209 FEF
&o] HAQ 81.2%(69.2-89.0%)3.2™ E3] BDE
2097} 67.2%(56.0-75.4%)S A5 T

7] FollA 7Y B&0] 2 A EE3} PBDEs
o AL AU (27.0%)>E U%(9.3%)>a
AA(8.0%) w22 Fol AR, EY 2 4y
T e AAF T SA7F 2R 9
AP E&el 2 3ZEF3) PBDEs®] IAES &
U7 (92.0%)>E%(90.7%)>2 21 (73.0%) &
o7 Fo} NAHFFo|l B A FA7F 2A
AT

s, AR g Bl JEE 7]

¢

i
to

e

>

J Environ Health Sci 2014; 40(3): 000-000

PBDEsE ™h”7] % PBDEs?] 7}/ £43) 3
A o] B wet HEEE FA8A ] Fert o
2A Yepdt}, 28B= olgjst 548 83 7
QrehA] ofdstal o]& #AvAE t)7] F PBDEs

94

==

32 of

PASZE AME-3t 2 AFE A5k
PBDEs?] =9 F=EYXE IA 9

o},

References

. Covaci V, Harrad S, Abdallah MAE, Ali N, Law

RJ, Herzke D, et al. Novel brominated flame retar-
dants : A review of their analysis, environmental
fate and behaviour. Environ Int. 2011; 37(2): 532-
556.

. Wania F, Dugani CB. Assessing the long range

transport potential of polybrominated diphenyl
ethers : A comparison of four multimedia models.
Environ Toxicol Chem. 2003; 22: 252-1261.

. Dodder NG, Strandberg B, Hites RA. Concentra-

tions and spatial variations of polybrominated
diphenyl ethers and several organochlorine com-
pounds in fishes from the northeastern United
States. Environ Sci Technol. 2002; 36(2): 146-151.

. Hites RA. Polybrominated diphenyl ethers in the

environment and in people: a meta-analysis of con-
centrations. Environ Sci Technol. 2004; 38(4): 945-
956.

. Yeo HG, Choi MK, Chun M.Y. Concentration and

characteristic of PBDEs in pine needle and soil of
Ansung-city. J Environ Health Sci. 2006; 32(2):
111-117.

. Yeo HG, Choi MK, Chun M.Y. Composition,

source, and regional concentration of PBDEs in
pine needles. J Environ Health Sci. 2006; 28(8):
829-835.

. Hallgren S, Darnerud OP. Polybrominated diphenyl

ethers(PBDEs), polychlorinated biphenyls(PCBs)
and chlorinated paraffins(CPs) in rat-testing interac-
tions and mechanisms for thyroid hormone effects.
Toxicology. 2002; 177(2-3): 227-243.

. UNEP. Stockholm Convention. Available: http://

chm.pops.int [accessed 20 Februray 2014]

. Eitzer BD, Hites RA. Atmospheric transport and

deposition of polychlorinated dibenzo-p-dioxins and
dibenzofurans. Environ Sci Technol. 1989; 23(11):
1396-1401.

. Gareth T, Sweetman AJ, Ockenden WA, Mackay D,

Jones KC. Air-pasture transfer of PCBs. Environ Sci

http://www.kseh.org/



7| & SRIESSICEEAEES] LT 9, ALF

3 9 EYyo=ol Fa 54

I3
0

223

ity

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Technol. 1998; 32(7): 936-942.

Bacci E, Cerejeira MJ, Gaggi C, Chemello G
Calamari D, Vighi M. Chlorinated dioxins: volatil-
ization from soils and bioconcentration in plant
leaves. Bull Environ Contam Toxicol. 1992; 48(3):
401-408.

Yeo HG, Choi MK, Chun MY, Kim TW, Sunwoo Y.
Temperature dependence of PCBs in urban area of
Seoul city. J Kor Soc Atmos Environ. 2002; 18(3):
193-204.

Falconer RL, Bidleman TF. Vapor pressures and
predicted particle/gas distributions of polychlori-
nated biphenyl congeners as functions of tempera-
ture and ortho-chlorine substitution. Atmos Environ.
1994; 28(3): 547-554.

Hayakawa K, Takatsuki H, Watanabe L, Sakai SI.
Polybrominated diphenyl ethers(PBDEs), polybro-
minated dibenzo-p-dioxins/dibenzofurans(PBDD/Fs)
and monobromo-polychlorinated dibenzo-p-dioxins/
dibenzofurans(MoBPXDD/Fs) in the atmosphere
and bulk deposition in Kyoto, Japan. Chemosphere.
2004; 57(5): 343-356.

Mandalakis M, Besis A, Stephanou EG. Particle-
size distribution and gas/particle partitioning of
atmospheric polybrominated diphenyl ethers in
urban areas of Greece. 2009;
157(4): 1227-1233.

Ministry of Environment. Korea Standard Method
of POPs analysis. Gwacheon: Ministry of Environ-
ment Press; 2011.

EPA. Brominated Diphenyl ethers in Water, Soil,
Sediment and Tissue by HRGC/HRMS. available:
http://www.epa.gov/waterscience/methods/method/
files/1614.pdf. [accessed 15 January 2014].

Shoeib M, Harner T. Characterization and compar-
ison of three passive samplers for persistent organic
pollutants. Environ Sci Technol. 2002; 36(19): 4142-
4151.

Chun MY. A study on the deposition of PCBs in air
on coniferous needles. J Kor Soc Environ Engin.
1998; 20(10): 1377-1383.

Chun MY. Sampling rate evaluation of atmospheric
PAHs to pine needles for passive air sampler. J Kor
Soc Environ Analy. 2011; 14(2): 83-88.

Chun MY. Characteristics of PCDD/Fs deposited on
pine needles. J Kor Soc Environ Engin. 2005;
27(6): 599-605.

Chun MY. Characteristics of PAHs absorbed on
pine needles. J Environ Toxicol. 2008; 23(3): 213-
220.

Chun MY. Estimation of PCBs concentrations in

Environ Pollut.

http://mwww.kseh.org/

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

ambient air using pine needles as a passive air sam-
pler(PAS). J Environ Health Sci. 2012; 38(4): 360-
368.

Chun MY. Deposition characteristics of PAHs on
tree Leaves. J Kor Soc Environ Engin. 2001; 23(3):
921-930.

Chun MY, Kim TW. Charateristics of PCDD/Fs
deposited on regional pine needles and soil. J Kor
Soc Environ Engin. 2005; 27(11): 1153-1161.
Chun MY. Characteristics of atmospheric polybro-
minated diphenyl ethers(PBDEs) deposited on tree
leaves. J Kor Soc Environ Analy. 2014; 17(1): 29-
36.

Chun MY. Depositional characteristics of atmo-
spheric PCBs in several media used passive air
samplers. J Environ Health Sci. 2013; 39(2): 151-
158.

Chun MY. Characteristics of pine needles and soil
as a passive sampler of PAHs in atmosphere. J Kor
Soc Environ Analy. 2010; 13(4): 237-244.

Yeo HG, Choi MK, Chun MY, Sunwoo Y. Gas/par-
ticle concentrations and partitioning of PCBs in the
atmosphere of Korea. Atmos Environ. 2003; 37(25):
3561-570.

Cetin B, Odabasi M. Atmospheric concentrations
and phase partitioning of polybrominated diphenyl
ethers(PBDEs) in Izmir,
2008; 71(6): 1067-1078.
Wang ZY, Zeng XL, Zhai ZC. Prediction of super-
cooled liquid vapor pressures and n-octanol/air par-
tition coefficients for polybrominated diphenyl
ethers by means of molecular descriptors from DFT
method. Sci Total Environ. 2008: 389(2-3): 296-
305.

Chun MY. Depositional Characteristics of Atmo-
spheric PCBs on Tree Barks. J Kor Soc Environ
Analy. 2013; 16(2): 92-98.

Aboal JR, Fernandez JA, Carballeira A. Sampling
optimization, at site scale, in contamination moni-
toring with moss, pine and oak. Environ Pollut.
2001; 115(2): 313-316.

Meredith M, Hites RA. Polychlorinated Biphenyl
Accumulation in Tree Bark and Wood Growth
Rings. Environ Sci Technol. 1987; 21(7): 709-712.
Pausch KW, McLachlan MS. Determination of the
principal pathways of polychlorinated dibenzo-p-
dioxins and dibenzofurans to Lolium multiflo-
rum(Rye grass). Environ Sci Technol. 1995; 29(4):
1090-1098.

Cetin B, Odabasi M. Atmospheric concentrations
and phase partitioning of polybrominated diphenyl

Turkey. Chemosphere.

J Environ Health Sci 2014; 40(3): 000-000



224 HUHH

ethers(PBDEs) in Izmir, Turkey. Chemosphere. PCBs in the Ambient Air of Ansan Area. J Kor Soc
2008; 71: 1067-1078. Atmos Environ. 2010; 26(5) 517-532.

37. Heo JW, Kim DG, Song IL, Lee GW. Concentra- 38. Hinds WC. Aerosol Technology. Boston: A Wiley-
tion and Gas-particle Partition of PCDDs/Fs and dI- interscience publication Press; 1982. p.127-132.

J Environ Health Sci 2014; 40(3): 000-000 http://www.kseh.org/



