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Recently, environmental pollution has become one of the most serious problems for human
life. It has become very important to consider and evaluate environmental pollution from long-
term perspectives. The bark and bark pockets of trees were used in this study, because these
samples are influenced by air pollutants and can be used as an indicator of environmental pollu-
tion. Because the bark pocket samples were very small, the conventional sample digestion pro-
cedures could not be applied. Therefore, laser ablation/inductively coupled plasma mass spec-
trometry (LA/ICP-MS) was used for the determination from major to trace elements in bark and
bark pocket samples in this study. From the result, it was found that the concentrations of haz-
ardous elements, such as Sb, Pb, and Se, in bark were from a few to 100-fold higher compared to

those in bark pocket produced 140 years ago.
conducted in this study.

bark and bark pockets that produced 70 years ago.

Pb were considered based on these results.

Moreover, Pb isotope ratio measurements were
It was also found that the Pb isotope ratios were different between

The long-term trends of air pollution from

Keywords : LA/ICP-MS; bark; bark pocket; Pb isotope ratio.
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OTHAH. FUBKRARCTHL2EWAL T, KRIFEEY
B3 HEE A U CORBERSPRI SRS, FRN%E
BE, WL, To—WIERICERTS. T00, F
BRI TH o> THERGRWE IS I HEEORENR
LBNDH T EHRL V. THITH L bark BRED 5 BEHEG R
WEZERLTEY, bark pocket & 7% o 721k b Z DAL
DEGEMERZTDEZTORBTEREL TS LEZLN
5. L2b bark M THE SN TVE7D, ol
A bark pocket & % o 2R IZE DR TOHERYEORE,
PRFEZ D IZS WEER BN S, 72, bark pocket i&
FRITHEIN TV D0, BREORKENETHTHS.
NHOHMHIZL Y, bark pocket EREFRWE LB
ENT: AL TN THBHEELH,

ABIFETIE Z D bark pocket & bark FIZE FN 5 EHE
TERUHETELIEL, BEIPLIEICELRRF
DERFVEALE A L7z, 72, T PbIZOWTHERL,
Z O RENARLHE Z 1T - 7.

2 % Bx

2:1 FAFHRE

AENCIE, ERAEEECHALERE [E4F] R0
BEAW., #EIEH 3004 TH S, 1998 £ 9 A DB
WEDBEEINADOERMLZ. ZOBIEH 70 5
(A.D.1928) & 140 4ERi (A.D.1858) T 725 bark pocket
EEATBY, Z02EE bark 2 G023 HORBHS
W4T - 729, 70 FERTNIZ AT O BAMEIC, 140 ERIZIT
FRADOED Y IZH7-5. BREIZIE bark K TF bark pocket
rEUHIE, OZENTHIcn WHICH VR -72d D
L.

2.2 B &

2:2:1 ¥ B AHETIRAREARIZ, L—¥F—
T7Vv—Yary2HAViFEEEGT I ATERESITE
(LA/ICP-MS) (Laser: LSX-100; CEATAC Technologies #,
USA, ICP-MS: HP-4500; B 73V T4 ANV AT AR
#) 2R L7, LA/ICP-MS IZEGEHAR P oMETEZ,
AERNHETZ LR BEHNETELFETHL. 2O
7 ORMFAHEOBOHYA I ENTE S, 72, B
FR i ASTI BB TdH 5 728, bark pocket D & 9 B/NF DR
BOMEICKEANTH S, L—¥F—ITIE Nd : YAG L
—F—z v, ERIE4HBHED 266 nm OBRANEEZHEHL
7z. %7z, bark KU bark pocket R ##H—IZHET 5 7
WIZ, THONVAZEZHEIHLVRALZNET S5 A
y—%—F&fHLL. LA/ICP-MS Ol 5E 5% Table
1ITRT.

2:2°2 BILFTEERE  LA/ICP-MS OWMEMRH DO
BRI AFE S EBER 720, KL TREV T — 2K
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Table 1 Operating parameters of LA/ICP-MS
LA
Type Nd : YAG
Pattern raster
Wavelength 266 nm
Operating mode Q switch
Pulse energy 1.00 mJ
Pulse frequency 20 Hz
Defocus 3 mm
ICP-MS

RF power 1300 W
Plasma gas flow rate 15.01 1/min
Carrier gas flow rate 1.521/min
Auxiliary gas flow rate 1.00 1/min
Dwell time 0.03s

(Isotope analysis) (0.003 s)
Integration time 1s
Repetition 5

| Cellulose 0.1 g |
'
add1g
Mixed solution
or
NIST SRM 981

'

dryup 90°C
3h

press 30 MPa
15 min

!

Fig. 1 Preparation procedures of cellulose pellet for
laser ablation measurements

(20~100 um; Merck KGaA #, Germany) 2 HWT, %
DMRICEITLER GBI (SPEX Certiprep #, USA)
RINZ, STHIRAIA: CEPRESE) CTRERLALD. 20
FIEZLTICEHT. @0ICEra—2KBK0.1g 2/ NER
DHFAFRIIOEIRL, BREIBRECLITREAEE
Wil (0, 1, 3, 5, 10ug/g) lgxra—2HKITM
AEEITRT. INEEBRERIZTTIT T 3 R R
%, SeHIRAIREEHVCES) 30 MPa T 15 7T, B
10mm OV y bEERLL (Fig. 1). Ero—2id#
ROEEGTHY, ZOWEDKEMTWE220, <MY
YT ARyFUTE LTV O—ABEEH W, ZOfE
HLxVy FEeREBHARB L L, LA/ICP-MS I2TH&
TRBEEZWELZ. ZOB, BaitoxRicw LT
Ba Z# NEE#ETTH & L, bark KU bark pocket FIZE N
BETHBEL KD, &8, TRTAEEOT THUN
Ly MBI, B L7142, ICP-MS IZCREE I H
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Table 2 Operating parameters of ICP-AES and ICP-

FEHN, KM, ®HE, EF  LA/ICP-MS % FIv 218 52 B 0N A B2 o O 7o 38 B ONSRIEI L AR 0 R R 4347t 443

Table 3 Comparison of results obtained by LA/ICP-

MS MS and ICP-MS
ICP-AES Element ICP-MS RSD, % LA/ICP-MS  RSD, %"
RF 1200 W
Pl 200W Al 1690%20  (12) 1260 %90 (7.4)
asma gas flow rate 16.0 1/min -
Carri . Mg 447 £ 4 (0.8) 547 £ 19 (3.4)
arrier gas flow rate 1.00 1/min ;
Auxiliary gas flow rate 1.26 1/min T 69.2 £ 0.4 (0.6) 515%28 (5.4)
I N ’ Ba 474 *0.2 (0.5) 51.0 = 4.8 (9.4)
ntegration time 5s
Repetition 5 Zn 28.2% 0.1 (0.4) 32.7+1.7 (5.3)
(CPS ; Mn 21001  (0.6) 25.6 + 0.6 (2.4)
RF nower 1300 W Sr 21.0£0.2 (0.8) 19.5 = 0.4 2.1
Pl P ; Pb 185+ 0.1 (0.5) 17.0 £ 0.7 (4.2)
asma gas flow rate 15.01 1/min
Carri . Cu 13.9+0.1 (0.7) 15.7%0.8 (5.1)
arrier gas flow rate 1.241/min
Auxili . \% 3.28+0.02 (0.8) 4.32 = 0.19 (4.4)
uxiliary gas flow rate 1.00 1/min .
Dwell time 0.03 s Cr 2.44£0.02 (0.8) 3.30 = 0.59 (17.8)
] : oo Ni 2.07+0.01 (0.6) 2.40 £ 0.13 (5.3)
(Isotope analysis) (0.003 s)
I S Sb 1.24+0.01 (0.8) 0.99 £ 0.09 8.7
ntegration time 3s
Repetition 5 As 1.17 £0.005 (0.4) 1.57 + 0.53 (33.8)
Se 0.30 £0.01 (3.9) 0.16 = 0.05 (29.8)
Bi 0.28 £ 0.002 (0.6) 0.27 = 0.07 (24.2)
Cd 0.17 £0.002 (1.3) 0.15 + 0.05 (32.3)

e —F$5Z L EMRLL. ABIET Ba x WEEHELE
EL-HMIE, bark CHEBRMBREFEL VDL I L,
Z LT bark pocket (CBWVTHIMIEDOREL HFT Y K&
GEALBRON WL TH LN L TH 5.

2:2:3 Pb RIfALAIE  ABETRIAEEHRTED
—DTHAHPbIZOWTHIZEAL, TOREDOHEREZE
29 5728, bark KU bark pocket H1® Pb [F{7 4 il &
Y4757z, Pb AALAALRIE 247 ) BICRE L % 5 ODH
EEH%E (mass discrimination) TH 5. ZHEHIET
%72%, Pb EMLARESRIES T2 BN E (SRM
981; National Institute of Standard and Technology, USA)
FHOTARL Y FEERL, SMEEHELT o725 XL
v MERFIIBRERARY Yy MEREFEKTH S (Fig.
1). SOV b % bark & bark pocket & [f4eft: Tl
L, MEMEE SRM 981 DRFLED A LEHHE S W B4
ER%EZ AT, bark LU bark pocket @ Pb [F{Z44 L
SEMEZFHIEL 72,

2:2°4 FEWBIE  LA/ICP-MS JE & BT %720,
AEEPTTCHEET HHAED bark 27 4 7 T T HE
& (Microwave Labstation MLS-1200 mega; Milestone s.r.l.
B Ttaly) (TR L, ICP-AES (Spectro Frame Compact
E; Spectro #, Germany) K U'ICP-MS IZTHILRIRER
O pb FfEfREE ZWE L7z, BARBE L Y bark 85 % B
WD EBACTHRRL, 80C T 12 RN ELESRIES, £
D03 gxT 70U VHEEBIZV L HIEL, HNO; (70%
EL grade; B8R LFH) 6 ml, H:O, (30% EL grade; BE
L5 1ml, HF (50% F-HMEH; ¥4 %> THER) 2
ml Mz, X427 0WSH L. RICHF 2R SE5
i, F7OYBERERY b7 L— b ET 280T ISk
L, ZAREENENC L2, #iK (Mili-Q SP ICP-MS; H
ARIVETH) T30gIXHMLA. CoORXBPOEET
# (Mg, Al, Fe) % ICP-AES |2C, ##&ExE (Ti, V, Cr,

* Relative standard deviation of 5 replicate measurements.
Unit: pg/g

Table 4 Pb isotope ratios in bark

ICP-MS LA/ICP-MS

*"Pb/**Pb 0.867 = 0.003 0.863 = 0.002
(0.3%)* (0.2%)*

28p, /2%Ph 2.113 + 0.013 2.098 = 0.006
(0.6%)* (0.83%)*

* Relative standard deviation of 5 replicate measurements.

Mn, Ni, Cu, Zn, As, Se, Sr, Cd, Sb, Ba, Pb, Bi)
% ICP-MS IS THISE L7z M@4eft# Table 2 1R

3 MMRRUEH

31 BHEBIEMEE DR

Table 32k —A~XL v b % B LA/ICP-MS,
BROHHEEIZL 5 ICPMS TERZERAIE LY, BEBRE
EFOKOD bark BFICETNAHZTRIEE %2R T. Table 3
XY, LA/ICP-MS 2 X % Jll B I3 i 1 e~ TR AT
5500, BEZKELTWEEZ L >TWS I EIHERT
5.

% 72, [FRIC Pb FALARILHIE R R % Table 4 12RT.
LA/ICP-MS IZ X 2 X, MBE 1% UHICE - THBY,
il AW M & R AERPANT R LT,

ZN XY LA/ICP-MS % F\VC bark OB ITTHIEE K
U Pb R OBIEDATZ B Z L DR TE 2. Lo T,
BT 5347 O AL B % bark pocket DRI E & A% v TIT
v, ZOBRFIELE KD,

32 BRILFNEERE v
Table 5 21X LA/ICP-MS IC & b i % L 7= bark BT
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Table 5 Analytical results of bark and bark pockets

Bark Bark pockets

Element

Present 70 Years ago 140 Years ago
Al 1260 + 90 325 £ 132 123 £ 39
Mg 547 =19 2770 £ 760 1430 = 70
Ti 515 %28 20.2 £8.0 11.9+12.0
Ba 51.0 + 4.8 55.0 £ 11.6 34.2 £ 3.7
Zn 327+ 1.7 4.01 £1.37 1.95 £ 0.71
Mn 25.6 £ 0.6 1.38 £0.37 3.95 +0.91
Sr 19.5 £ 0.4 42.4 £ 281 ©344+22
Pb 17.0 £ 0.7 1.34 £ 0.29 0.29 £ 0.13
Cu 15.7 + 0.8 9.66 + 3.44 229+ 45
\4 4.32+0.19 0.77 £ 0.49 0.52 + 0.28
Cr 3.30 = 0.59 1.05 = 0.53 2.08 £ 1.14
Ni 2.40 £0.13 0.94 £ 0.47 0.43 £ 0.08
As 1.57 £ 0.53 0.79 £ 0.67 <0.015
Sb 0.99 +0.09 0.48 £ 041 <0.0045
Se 0.16 = 0.05 0.01 £ 0.08 <0.0042
Cd 0.15 £ 0.05 <0.021 0.12 £ 0.06

* Analytical results of 5 replicate measurements. Unit: pug/g

bark pocket RO TTEEBENEEREZRT. Mg, Ba, Sr
ROt CcuTid, BUE, 70 4EH, 140 FRIZ LT 5 LBE
DENERLZLIETE LY, EERMBEML TWin
W, REFROEITED 7L 3EZ 2. —TF, Al
Ti, Zn, VRUNi TiX, EFREIHEMLTWE I L8
b, Al RO T BEBEOTEORBIEVKEBICHEH
ENBLEICH-oTEY, TORBLEZOND. In d
FIEOERPZZ SNDH, FRCHBED Y [ Y ITHH
NTHBY, COEBIREVWEEZLNS, V, Nillow
T, AMICELEINTEY, BEORMHEEROHM
v, KRFBICE B shzdboeEZ b, T/,
HEBLEITLETH S Pb, Sb, As, Se BT HEERE
HHEIMLTW5A2S, Al, Ti, Zn & LRI, BEOL
ZORBIZL DV RRBYRVPEALZZDEEZLND, Th
LOBERTEITEWOLMB R LIZETNTEY, BHE
B TRACHBEINALY LAEbDEEZZLNS. §FIC
Pb 2DV T, HIETIZ 140 FE/i DL ERICH < 100
R LI TWA, EEDKKATO P BRI, VY
YOFRMA L LT P BFEMENZ L HFBROEHRTH
7 ZORMANT 1924 ELURFH IR TBY, BA
T 1975 FIHEHIZIE SN TWE, LA LERELT
FEAEICIE PO AV ) VICEHEMENTWEEDH Y, B
EDPOEROFELEREZoTWS, ZOPhIZOW
Tk 33 CTRELIEET S,

3:3 Pb RZFILRAE

SRM 981 # & A7 N O—AXLy V2o T, 44
YHY Y M BERBEOBBREMRRIZD D% Fig. 2 1IRT.
INRID PP DA F AT Y P EAVNE W F AR
ZREETHELBEVOIIHL, 2x10° cps M ETHNIE
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Fig. 2 Pb isotope ratios in cellulose pellet as a func-

tion of counts of °Pb

(a) 207Pb/206Pb, (b) 208Pb/206Pb

ZOREIX 1% UAICIE Y, RELMEEZE5 25 8
Girotz. EoT, PoDA T YAV FEA2 X 10°
cps BMETHNE, BERSBHEMEALIHIETESDD
L7

RIZ LA/ICP-MS 12T, HAED bark K U° 70 451, 140
41 D bark pocket ® Pb FALLIEZ T o 72, € DFE
B, bark pocket Tid 70 ERHT, 140 ERiIZBE SN F
YHT Y MEAR2X10° cps LT ThH o727, HERL
Pb AN ALK EZHET HI LB TE Lok, Z01D,
bark pocket IZDWTIE, BBEARIZIAZHVLEE
BligE (RVFIV sy —) ZHALBER 1CP-MS
(LA/MCICP-MS) 12XV, bark pocket @ Pb [FIALHALLH
ExRIT-72". ZOHE, T0EMO D DIZOVTIEH
EHEETH - 7275 140 FERDDDICOVTIHIDEESE
FAWCTHRET A LI TE LD o7k

Fig. 3 ICI3Ht 2 E &3 *°pb/*°Pb, HilliZ *"Pb/*Pb
DEAMEEE &Y, bark KT 70 £H] D bark pocket, K
UL LTHRAZEETRMLZASH LAHO Pb
FfAOEZ 70y Lz, BRTRBEEDL A, K
B CAHO P AMARIZARETTIRIZ—-EDMHEE &
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Fig. 3 Pb isotope ratios in barks and bark pockets of
Japanese cedar

@ bark (1998); @: bark pockets (1928); O: air-
borne paticulate matter collected at Tokyo

S TVAZ EHHESNTHE DY, Z0MIAFEOK
SHLALL XL —HLTwA. Fi2Fig 34D, k&K
WMLAL bark 25FIIZFE CETH BT L H 5, bark BSZD
FABORKFERIREEZOETERML TS Z EPHERT

&%. —J, bark & 70 4R D bark pocket & T, HH
PICELLEERLTVWSE I LD 5.

Fig. 4 |2 Hirao 5 DO#MEIZ L 5, HEBEKED Pb [
AR OBRRFIEZZRT. ChVERBEOKZIL,
1920 £ER{H T *®°Pb/™Pb & *"Pb/*Pb DL DIEATK & 72
B LY, ZO%1940 ERKR L VIRL DI RER Lo
TVBZEPThs. AMEOFRIIBVTD, 70 £H
D 1928 FED Pb FALARIIZHAL D S KRE iR L 5T
BY, ALERLERS.

Pb A AARD Z DL ) RBVIEARCRIZEIZHOT
372, NABRLREELEZONS, DIV RLIHIHL
DHV) CRFEARELTHMASNA P T, ZOTOH
BToOPh UL L B2 2:0, RECHFETAZ L
X, TOHBTOMIIEELE5Z5ZLICES5.

AV Y IZERZ Po BEHEMEN TR 1924 FELLRT T
2, ENTOPhbERBIZTICHAIRZPb#EAEER
TEHMINAPOEHEATHY, RAFIZOHHAOBRE
THHEINLZEEZZONREY, ZO#PbOERFHREI
1975 £ETEA VY Y THY, SHTEZOE»LH
MRHRE EEA BB TMASTTED, 70 /D 1930
ERMBLLENGALDIEDRESELZ LA, PbFM
HHOEEZFIERI LLFEREEZ 59,

% 72, 4 EE L7 bark pocket & REEEE H O F4E
D Pb FLRILITE 2 28R L & 572, Hirao b H KK
BMEALIEED Pb FMARKIZREL 2L W) AEO#H
R LTWBEH, KEM L AR bark pocket KA 5

FHI, KM, &H, K LA/ICP-MS % F\v 2 852 & S A KR HR O E T65% K USSR RALIR . o B BT 4T 445
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2.115

211

208Pb / 206Pb
N
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N
-t
T

1978

2.095 1873

209 1 1 L 1 1
0.84 0845 085 0855 0.86 0.865 0.87
207py, 1 206pp,

Fig. 4 Trend of Pb isotope ratios in core sediments
collected from the Tokyo Bay (Ref. 15)

OFEFICBEENLZDIIH L, KETIRHARDIINICTH
A GRBOBE D LD LEERINS, 2F ), kK
TRAVY) Y RERBRL EICXDEBIRONL DI
L, KETIZZ0IEINICERREKS LEHKR E, KA
BEEEZELZ S 20WAIREEL B LFERVEH L7120
LEILND. '

4 #E B

LA/ICP-MS IZ & % bark & U bark pocket D4 TC5E
HsEx, WEEICL S ICPMS THlE L7 & <ETH
BER$2500, EHICAIET ST LA TE7. Bark
pocket D X ) BTG 2 LE L T 5B/ BB DR E
BT, LA/ICP-MS B REFHMLUEFETHLZ &
PHRTE ., TAZOWUWEHRLD, 140 5, 704
B, ZLCHAELRLITON, Pb, As, Se, Sh&wnoiz
BETEDOBELEIGFIMNE L TWBH Z LR TE 1, T4E
DIEDERIZLY, RAFESETLTWLIRREER
Bb. BRIZPhbIZownTiE, TEBAOKRDYIZHLS
140 FEFICH AR 100 EDHEREINTVDE Z LHERTE
7.

72, Po ORMARLLEIETD, Pb DFHRIFEDE N ZHE
AT B EATE, 70 8 & X Pb/2™Pb & “'Pb/
P OHDEIIREL B oTBY, HRPWHEELEHIC
WAGOEILENEZZ ONDE, T2, TOELIXEREE
HRABOWESERLEELTYH, PAEmERLTVRASEC
EOMERRTE . Z2EDNRLE > T A HEAIZ, KENK
RIERLNAH S b2 2R THEREZTTVD D LR
s,

4 [HZ 140 4ERT D bark pocket ® Pb LA I35 & 7%
BOHETE RhP o728, ZOMENTEEE ZRIE, BT
HEROBRFIZILZRAEL TV LT, BHET—% 25
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BRIEHEFNEALHE L 2o TWASH, AP OHECELFROFRNEILEZHLNICT S I EPE
BloTwah, FETRIRAGERRRE XL TWELEEZ ONIBRONBE (bark), RUTHEED
M8 EE Tdh B AR (bark pocket) 1Z{EH L7z, Bark pocket IIBMELRBTH 5720, ZOREICIZI/IT
GHPTEEL V=Y —T T —> a v/FEEEGT I A ER5HE (LA/ICP-MS) %A L7, LA/ICP-
MS % v T bark & U bark pocket FICEHEN 5 FELERUOMETCHEZMEL &L 5, Pb, Sh, Se &
Vo I2HEBRITRICB T, BIED bark IE 140 1] D bark pocket IZHFfEH» L EHE HRETH
HILEPHLR Lo £z, PoORMALEZREL/ZE 25, bark & 70 4EFTD bark pocket & TidHE
BAMERLE. ZORELD, KAD P HREEOEEZER L.
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