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Abgtract The concentrations of lead and cadmium in the tree bark from Sanming and Xiamen, Fuian
province, China were determined by atomic fluorescence gpectrometry and inductively coupled plasma
mass gectrometry. The results obtained in the outer tree bark and tree bark pocket could reflect the de-
gree of present and hidorica ar pollution a different sanpling locations. Tree bark and tree bark pocket
sould be expected to be as a usful biononitor of present and higorica condition of ar pollution.
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1 Introduction

Beddes the usual sanpling methods, the concentrations of pollutantsin tree bark and tree bark
pocket have been proposed for eval uating the degree of air pollution of present and in the past* .

In this gudy the concentrations of lead and cadmium in the outer tree barks of redbud , which
were oollected in Sanming , Fujian province , China, were determined by atomic fluorescence goec-
trometer (AFS) and inductively coupled plasma mass pectrometry (ICP-MS) , and the results were
used to eval uate the degree of air pollution around the sanpling Stes. Moreover , the concentrations
of lead and cadmium and the itope ratios of 2°Pb/ 2 Pb and *®*Po/ 2" Po in the mangp tree bark
pocket were regpectively determined for higorical nmonitoring of air pollution and recognizing the lead
emisson urces in Xiamen, Fyjian province , China.

2 Experimental
2.1 Chemicds ant ingruments

Sandard lution of lead and cadmium were prepared by disolving an gppropriate arount of
ecpure lead and cadmium in 7 nol- |~ * HNO; , and diluted by Milli-Quater (Millipore , Bedford.
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MA , USA) to 100 ml in a polyethylene bottle to give 1000 g- M ~* Pb and Cd lutions in 2 %
HNO; , regectively. Phb iotope sandard reference material SRM 981 (NIST) was used for cdibrar
tion during determination of Pb itope ratios. Thallium standard sock solution of 1000p g- mi ™ *
(GB %2070-90 (8101) , Nationd Anaytica Center for Sed Materids, China) was used as in
ternd dandards during ICP-MS determination. A certified reference materid BWO7603 of tree
leaves was used to ensure AFS and ICP-MSin good conditions.

A Hemett- Packard ( Yokogawa Anaytica Sysems, Tokyo , Jgpan) 4500 ICP-MS sygem fitted
with a concentric nebulizer kit was used for the determination of lead and its istope ratios.
Cadmium was determined by ASF 2002 (Beijing Vital Ingrumenta . Ltd. , China) with a FIA
sanple introduction sysem of hydride generation , and a cadmium high strength HQL lanp (No. 12
Indtitute of Blectronics, Beijing, China) was used as a excitation ource A o = 228. 8 nm.

2.2 Sanple oollection and pre-treatment

Tree bark and tree bark pocket sanpleswere oollected at the indugtria area of Sanming and ur-
ban area of Xiamen, Fujian province, China. After sanpling the tree barks were divided into four
parts of outer bark , inner bark , cambium and wood , and then the outer tree barks were put into a
60 govefor drying until congtant weight were attained. An gopropriate anount between 100 —200
mg of the dried sanple was put into a double layer Teflon digesion bomb , which contained 0.5 —
2.0m high purity concentrated HNO; in the outer layer. After 4h digedion a 140 , the €t one
drop of resdue in the inner Teflon vessd was dil uted with Milli-Q water , filtered through a 0. 45 m
membrane , and finaly diluted to 10ml for further determination.

3 Resultsand discussion
3.1 Lead and cadmium in the outer tree barksin Sanming

Pollutants in airborne could depost into the outer bark of a tree through two ways: dry depos-
tion (gases and particles) and wet depostion (rain, stow, fog, and mig) . The concentrations of
pollutants in it might reflect the degree of air pollution a present time. Sanming city was built in a
valley located in the southeagtern part of China, a heavy indugrial base in the central part of Fujian
province. Shaxi river crosses the city from uthwes to northeast , and wind blows from northeag to
outhweg dl the time in a year. The rortheagern sde of Shaxi river is the indudria area having
many big ardters, ged plants, chemicd factories, and the other dde isthe living areafor citizen.
Redbud tree barkswas oollected from the lower to the upper dong Shaxi river. Tree bark sanplesof
pine were al© oollected a different height albove sea levd on Hutou nmountain near Shaxi river.

The concentrations of lead and cadmium in the outer tree barks collected in Sanming were
sown in FHg. 1indicating that lead and cadmium concentrations determined in the outer bark varied
acoording to the sampling locations. Both of the concentrationsof lead and cadmium in the outer tree
barks collected along Shaxi river increase in general dong the wind direction (Fig. 1(a)) , thisphe-
nomeron is in agreement with the fact that poll utants may concentrate a the dte at the down direc
tion of wind. However , those on Hutou nountain have two peaks at 380m and 1020m alove sea le-
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vel (Fg. 1 (b)). It might be because of air convection , but the reason has ot been clear © far.
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Fig. 1 Qoncentrationsdf Po and Cd in the outer tree barks of redbud dong Shaxi river (a)
and in the outer tree barks of pine on Hutou mountain (b)

3.2 Lead and cadmium in mangp tree bark pocket in Xiamen

As mentioned above the concentrations of pollutants in the outer tree bark might reflect the de-
gree of air pollution at present ; furthernore those in the outer tree bark of the tree bark pocket enr
closed in a tree trunk could dffer the iformation of the degree of air pollution in the pag. The time
o the tree bark pocket may be dated by the annua ring of atree. A mangp tree bark pocket sanple
was oollected in the urban area of Xiamen. The concentrations of lead and cadmium in the tree bark
pocket from 1993 to 2001 were shown in FHg. 2. The reaultsin FHg. 2 indicated that both concentrar
tionsof lead and cadmium in the bark pocket are relative high in the years of 1995 and 2000, re-
flecting that air pollutions of the two years are relaive nore serious in Xiamen.
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Fig. 2 Qoncentrationsd lead and cadmium in mangp tree bark pocket in Xiamen

3.3 Itope andydsd lead in the mang tree bark pocket

There are anog no heavy indudriesin Xiamen. The possible surcesof pollutants are the ex-
haug gases from thermd dations, autonobiles and wage incineration as well as trangortation from
other areas. To diginguish the possble ourcesdf lead pollution in Xiamen , iotope andyssof lead
by ICP-MSwas performed. The resultsof 2°Pb/ %" Pb and 2° P/ 2®Pb in the mangp tree bark pocket
from 1993 to 2001 were illugrated in Fig. 3. Qearly, both of P/ 2’ Pb and 2P/ P in the
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mang tree bark pocket from 1999 to 2001 are lower that those from 1993 to 1998. The ratios of
25p0/ 2P in the petrol with the Pb additives that imported from Europe countries and USA are
from 1. 10 to 1. 21!°" "1 | and that in the earth crugt of Chinaisabout 1. 19®! | however there is ro
the val ues for wage incineration recorded in China now. Fom 1999 Xiamen municipal government
decided to op usng the leaded petrol (gasoline) , this might be one o the reasons why the ratios
began to decrease from the year. However , the concentrations of lead did not decrease from 1999
(FAg. 2(a)) , and that in 2000 is very high. Such a pheromenon inplies that there mugt be other
urces of lead in Xiamen besdes the autonobiles and thermal gations, the contribution from wage
incineration!* , which is recently used for waste digposal in Xiamen , should be a0 taken into ac-
court for the total anount of lead and the reduction in the ratios of **Pb/ %' Pb.
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Fig. 3 Iotope ratiosdf P/ 2" Pb and P/ P in the mang tree bark pocket

4 Conclusions

Tree bark and tree bark pocket are dfective bionmonitor for evaluating air pollution. The con-
centrations of pollutants in the tree bark and tree bark pocket may provide vauable irformetion on
present and higorica condition of air pollution. Moreover , with such a sapling method i sotope
anays s technique ocould be gpplied to identifying the sources of pollutants.
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