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Pine needles are considered to be a very suitable biomatrix for monitoring long-term ambient
air concentrations of such atmospheric pollutants as semivolatile and persistent lipophilic com-
pounds. Pine needles were analyzed for polychlorinated naphthalenes (PCNs) and dioxin-like
compounds to provide initial evidence on their occurrence in ambient air and any potential con-
nection to possible sources of pollution around Tokyo Bay, Japan and at industrial sites in
Poland. The concentrations of PCNs in pine needles around Tokyo Bay and at sites in Poland
varied between 250 to 2100 pg/g, wet weight and 520 to 920 pg/g, respectively. Tri- and tetra-
CNs were dominating constituents (54 to 83%) of PCNs quantified in pine needles from Tokyo
Bay and Poland. Octa-CN was a characteristic congener in analysed Polish samples, because the
level of this congener from Poland was obviously higher than that from Tokyo Bay. Wet weight
normalized concentrations of 2,3,7,8-substituted PCDDs/Fs and planar PCBs in pine needles
from Tokyo Bay were 27 to 110 pg/g and 110 to 420 pg/g, respectively; however, those from
Poland were 37 to 125 pg/g and 990 to 1700 pg/g, respectively. Octa-CDD/F were also the pre-
dominant congeners, and the planar PCB concentration was significantly greater in samples
from Poland. The results of this study suggest the presence of different pollutant sources
between Tokyo Bay and industrial sites in Poland. Pine needles should be useful for not only a
long-term indicator of ambient air pollution, but also for evaluations of the local, regional and
national distributions of lipophilic air pollutants.

Keywords : polychlorinated naphthalenes; dioxins and related compounds; double column-
HPLC system ; pine needles.
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Fig. 1a Location of the sampling sites of pine needles around Tokyo Bay
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Fig. 1b Location of the sampling sites of pine needles in Poland

Areas surrounded by line and dotted line mean industrial and agricultural sites, respectively.

Table 1 Details of pine needles, concentrations (pg/g, wet weight) of total PCNs, planar PCBs and 2,3,7,8-subsutitut-
ed PCDDs/Fs in pine needles around Tokyo Bay, Japan and Poland

Sample i.d. Species Collection date ~ Weight/g Total Total planar Total 2,3,7,8-subsutituted

PCNs PCBs PCDDs/Fs
Tokyo Bay i
A Pinus thunbergii Parl. March-99 16.6 631 242 81.3
F Pinus thunbergii Parl. March-99 12,5 712 423 81.1
G Pinus densiflora Sieb. et Zucc March-99 10.8 949 250 91.8
I Pinus thunbergii Parl. March-99 20.0 1745 298 87.7
K Pinus thunbergii Parl. March-99 15.1 1067 389 84.2
L Pinus thunbergii Parl. March-99 20.0 488 123 91.7
M Pinus thunbergii Parl. March-99 15.1 2117 282 68.3
(¢] Pinus thunbergii Parl. March-99 20.0 571 221 106
Q Pinus thunbergii Parl. March-99 20.3 685 193 72.5
T Pinus thunbergii Parl. March-99 13.6 249 106 27.0
Poland (industrial sites)
1la Pinus sylvestris Linn. October-02 10.2 613 1696 89.3
12a Pinus sylvestris Linn. October-02 15.2 924 1419 38.0
13a Pinus sylvestris Linn. October-02 15.2 516 988 125
Poland (agriculturall sites)
1d Pinus sylvestris Linn. October-02 10.3 165 196 56.5
5b Pinus sylvestris Linn. October-02 10.6 363 130 61.9
Ta Pinus sylvestris Linn. October-02 10.1 221 190 69.5
7c Pinus sylvestris Linn. October-02 10.1 272 180 36.9
7z. 53 50%-DCM/ n-~F ¥ > 100 ml).
2L, TVIFATAZUR LT T T4 —=ICBLT 72, PYE A T LA D5 HEABRIZIE PCBs &5/ F X2

i, TAIFOEETy Pk, REORBT Y PRI RSO TS OMERILI X O RTT TV
EEWEZ RV 0ERBRE 7o/, 20D R—-F VF (1,2,3,4-tetra-CDD/F) Z#H/72iZBMmL, K—5 ¥ F&AH
AR OBRECII TV I FOSBELEGEFRR YL EET OBERCESEEEFETEESR B 1ES; 10%-
RBAhoTwsd (FB1EG; no~"FH 2 10ml, F2HEHS; DCM/a"FH > 95ml, #F2H5; 10%-DCM/n-~FH
05%-Y 70U X%y (DCM)/n-~"FH > 40ml, HE3W ¥ 25ml, HBBROBEHMIFASLME).
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BREOBHEPICEIND PCNs BT A+ ¥ VHO
BEMEICE, BaMETFAsu~ TS 7 /EafREY
BONTEE (HRGC/HRMS) %M L7z, S SWE
R O%M% Table 2R L7z, FEROCERIZEERC
#1575, PCNs B4 (IUPAC No. 31, 39 K U°70) @
PRI 2 EE R OREIC L VR LER, AETO
SIS T, TUPAC No. 39 & No. 27 & No. 29 753t
HLTWwAh o, FEMEE LTERLL. BIREER, 54
¥ UHEHT134+89%, T7 5 F PCBs T 126 % 76%
DHPHAHNTH - 7. '

3 KRLER

3-1 EFtF7 2L ORMEFIF

3-1-1 BRE HEBRARBHRO=25/UEF
PCNs iR E% Jll5E L 7245 R, 250~ 2100 pg/g, wet weight
(BEERE, DBEEWK) Thor (Table 1 RUS). &
HETIE, M (2100 pg/g), 1 (1800 pg/g), K (1100
pg/g) RV G (950 pg/g) DREVAEIIE NP7,
NOOMEIIERBEONBIZE LR THB. —H, T
#2513 PCNs i EEAME (250 pg/g), FIREMARHUE b i
HEBKESEL 5T (Fig. 22). ThiE THEDE
BABIERICAE L, HHRKREROBEEN PV
Abhb. EOOEHRBREFRZEO R, Nv s T T
VR EEZ OGNS, THMEEZRL 9#EOD PCNs [
BARM L, ZHFEMN (ui-CNs) RUUEZFALF 75 L
v (tetra-CNs) OTFEEEI G54 205 80% L Eh -7z,
ZOMBIE, KREAHIERNICE TN AEEFE PCNs O
BKERBMLTWSEEZONS. AAROREREWLEFEIL
BEHLE DR TH Y, KRBT LFA+F 2 HA
YRV M) = EALIBEHIE D S O A (BEAIRIK %
Et) BHOTWS, RRE LRMEELI BT OB
WIEHAFAET B 729, PCNs (B LT BEHISAYE 4
BTHHIENTFHRENS. FZT2HEORNE (2
b= AR ORI 2 HHEH S A RIKH D PCNs £
BAREE 270w y0b oL B L2, Tri-CNs, Al
#1t (penta-CNs) R U'RIEFILF 74 L~ (hexa-CNs)
ZBWT, 7 o< Yo PCNs EWRHERIZHEEIRE O b
DEYL, AL—HFEOLDIZHEUL T, B2y
F ¥ UEERE (TERYY 25% b &\ PCNs No. 66/67 4%
hexa-CNs D EZRWEATH 5 Z L HHBTH S (Fig. 3).
FEET A4 52 VHREENEE S h, BFEHFOWUHEIE
Hoh, ERAF=AFCHIEZ SN, BEIREKE
BAMNBL L Tw5., BUEERL KB 5 &,
70T YHOPCNs#HEIZA P—HFr o8B Eh 5
PCNs (2 /2, HHEO—D & LTEz LN, T
AF—HIFIZFAFTF Y VEOPBBIBRSTE 595,
PCNs ICBIL Tl LARMEIRF L 0 b EFhoBEAKE
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AT A TREME AR S 7z, Tetra-CNs E A B 2B
LT, EHL08MFLIRL-TBY, thoERiR
() 2 BRI 2T % PCNs 8% - PCBs Al g™
%) OFTEEZRBELTWA.

3:1°2 KR—FFI¥#MlE K-35 FIhHFER
N7z7a~< Yo PCNs IREHIIL, 165~920 pg/g TH
o7z (LEHM 520~920 pg/g, BEFEHMIK 165~ 360
pg/g, Table 1 RU3). K—F ¥ FOTHILIIHEETER
A EZIZEIEE D PCNs 54K CThH - 72, £/, WEE
Ak, EEZEREE (i, tera-CNs) DIFLEEIA AT 54 2
5 8%3% timdro7: (Fig. 2b). La»L, NERLF7%
L v (octa-CN) %, B—5 v FREPICHEBEIIEBRET
FELE. A—F r FLEMREDIZEED OB TR
BRfTbRTBY, BHGE (BH) IRFEEL VD2,
FOROBRAFOELBIENEEZ SND 0, WETHE
HAEINTW7- PCBs HANIAHMME L TEHEETN S PCNs D
WEBIEH L. HATEME IS T/ PCBs #HFIZ
Kanechlor (KC) 300, 400, 500 R U600 2% ), KC-
600 13 B3R FIL PCBs FIRAOHHEENR OB V. F—
7 v FTIZKC600 &9 dEEFELL-REEMAED
PCBs ##IT&H % Chlorofen®™* 751970 £ THA s
7220 WEIZEA LTV A PONs BEEKICOWTIE, H
|2 PCNs EM1K No. 69 ] U 71/72 DAL Twv 7z
(Fig. 4). F7:, ®—9 v F#AHE TIE, PCNs No.
14/21/24, 46, 59, 65 RO 71/72 DEHEVH WA,
o DEMEKIE Halowax BHAIDOTER S TH D Z LM
LRTWAEY. L2d T, £—F v FIE#MEMO s O
~ V1%, Chlorofen I E L THEEN TV 5 PCNs K
F Halowax A OREZ Z T TnwhAEEZ O, BHE
BORMAHE T KMTHARLIIRRLEEZOND,

32 144X
COHETIE, 2,378 uAIEEEHR SN/ PCDDs (7
f&), PCDFs (10 ) RU¥ A 4% Y EHPoOHEEHO
275 F PCBs (non-ortho 15 4 ¥, mono-ortho 1K 8 ) »
EHABEEXRNE L. REEBRALo s u~xvIlE&Th
5, SRHDBEIFZENEZNR PCDDs (6~40 pg/g),
PCDFs (27~110 pg/g) B2 75 F PCBs (110~ 420
pg/g) TdHo7: (Table 1 KU 4). T HriD PCDDs iREE
Fi Db DO LD 256 7KMo/, PCDFs KU 2
75 PCBs DIEICEAL T, k) THAIIED - 7.
S L EORTIE, THEOPCNs RUYAF X ¥
HOBLEEZEFRLBENWI EDPHLMELR . LD
BE2S, AORTHKZT TR, BEMNER (AWM -
B R OHE) b YA A4 3L VEOBERICIFRICEE
LTWwaBZEHARBENT.

PCDDs FEFHEIZB W TR EERILWOFEES A H
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Fig. 2a PCN compositions in pine needles around Tokyo Bay

Composition
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Fig. 2b PCN compositions in pine needles from Poland (agricultural
sites: 1d, bb, 7a, 7¢, industrial sites: 11a, 12a, 13a)
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Fig. 3 Hexa-CN compositions in pine needles around Tokyo Bay, storker incinerator
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REBROEYMHIFEE L CASEIER S Tws 70y 2y, BAR, ErUEREEHEBE K-S
YF, LERBICBIRERILT 7L Y (PCNs) RUT A4+ X3 VEORMKRGFEMIN 21772, &
FERL 10 #m X D BRE LB O PONs BB, 250~2100pg/g TH Y, R—3F v FLEMIRTIZ,
520~920 pg/g TH -7z, WELE H PCNs I HD 2 ZHWFEMKOTERILF 75 L v OFEEEN B - 72
(5455 83%). LH»L, NEFILF 75 L VIEHLNIR—F ¥ PRI, #—=F Y FHED PCBs
HHKITH 5 chlorofen DFEATRE SNz, T2, HEBERARB T 2378 WABBR Y A 4+ ¥ 2 ViBEIX
27~110 pg/g, 27 7F PCBs T 110~420 pg/g ThHo7z. K—F ¥ FABTEENEN 37~125 pg/g,
990~ 1700 pg/g Thotz. F¥A A F I VIZOVWTHNERIPYOEELR—F Y FTHL, a75F
PCBs IR LV NV O FRADVRD bNz. AETFHEICLY, HRSEMELZBEL LRRIEROER
REFTRTHY, SEFAOREFHEICOERATHSL Z EAHHL .
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