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Abdgract Chemica andydsdf plant tissues, such asin pine trees, is a frequently used method to evaluate
the changes of foregst hedlth caused by air pollution. Fine needles d < have been used widely as bioi ndicators of
anogpheric pollution due to their wide digribution and easy identification. However , the results of whole nee
de anays s may ignore differences in dementa concentrationsin particular needle parts. To date , only limited
ressarch has described the concentrationsof different eementsin various partsof needesinjured by pollutants.

Masson pine ( Pinus massoniana) is a pioneer ecieswidely Foread throughout Suthern China. Sx sep-
arate trees were selected from Dinghushan, Quangdong Province and cut down. The hedthy looking current
year (C) and previous year (C + 1) needes were sparated from branches at the upper , midde and lower
crown. The needles were cut into three sections, defined as tip section (T) , middle section (M) and base
section (B) , proportiona to the needle length. The sheath (9 o each needle-age group d was oollected.
All partsdf the different-aged needeswere dried and ground for chemical analydsadf the dements, tota S, to-
td P, K, Mg, Na, Ca,Al,Mn, Zn, Cu, Fe, Pb, Cr, Cdand Ni. The Ca/ Al ratiosdf each needle conpo-
nent were caculated.

The mean concentrations of the elements in the C + 1 needles were higher than in the C needles, except
for totd S, totd P, Kand Cdwhich were not ggnificantly different , whereas the Ca/ Al ratioswere lower. The
elements were unevenly didributed along the length of the needles. The total S, Na, Ca, Al and Mn did rot
show dgnificant differences anong the different neede sectionswhereas K, Mg, Zn, Fe, Cr, Ni and the Ca/
Al ratios differed gatigically anmong the different sectionsdf the Cand C + 1 needes. The tota P, Cu, Cd and
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Pb were sgnificantly different anong the sections in the C + 1 needes only. The dement patterns dong the
need eswere mainly caused by air pollution. The needleswere under Al dress as determined by the Al concerr
trations and Al/ Ca ratios, epecidly in the base sction. Vauesd Al and/or Ca/ Al ratios in the base of the
need e potertialy can be used as an early diagnogtic index of Al toxicity. Goncentrationsdf Cu and Pb in the
areawere far above background values for Mason Fine needes implying that excessve heavy metals might
damage the needles. oncentrationsdf Fe, Cu, Pb, Zn, Cd, Ni and Cr in the needle sheath were dgnificant
ly higher than in the other three sections of the needle suggeging that the needle sheath might be a better
bioi ndicator of those elements than other needle parts. The results of this sudy and the techniques enployed
conditute a new oontribution to the development of biogeochemica methods for environmental rmonitoring.
These methods may be of value for follow up sudies aimed at the assessment of municipa and indugtria pollu
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Table 1l Mean+ SD vduesd dements and Ca/ Al ratio in the whole needles
Current year Previous year
Hement Need e Sheath Neede Sheath
S 0.05+0.02 0.16+0.11 0.04+0.02 0.05+0.02 "
P 0.06+0.01 0.05+0.02 0.03+0.00 ™" 0.05+0.02
K 2005.8+743.3 2256.9+953.7 1074.5+789.8"" 1816.2+351.0
Mg 937.4+252.2 1090.5+225.5 1348.0+566.8 7" 1578.9+365.2
Na 295.1+53.7 295.2+57.0 305.5+66.9 322.4+56.2
Ca 1465.1+743.5 1315.3+753.4 30982.7+587.2"" 2801.7+60.6 "
Al 280.8+133.7 537.6+90.7 540.7+231.7 " 1517.6+504.1 "
Mn 313.2+155.2 333.4+69.1 370.9+192.4 279.1+78.1
Zn 34.5+10.2 54.6+8.3 76.7+25.1" 116.3+26.7 "
Qu 15.9+5.0 18.1+4.5 16.0+9.2 57.5+12.8 "
Fe 143.6+54.8 458.0+204.9 284.9+99.8 1063.3+337.4""
Pb 2.57+1.73 5.9+2.6 4.13+2.10 " 12.6+3.2"
(o} 2.32+1.42 4.71+0.48 3.73+1.60 " 20.2+11.2°
cd 0.17+0.15 0.32+0.09 0.11+0.04 0.43+0.16
Ni 0.30+0.21 0.30+0.08 0.30+0.22 " 1.27+0.19 7
Cal Al 5.80+2.80 3.35+2.11 8.53+4.17 " 2.09+0.43 "
S P , mg- kg~ ! The dements are presented as mg- kg™ *, except totdl Sand total Pwhich are presented as percent-

age o dry mess
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Fig.1 The percentagesd totd Sand tota P aong the current year neede ( m) and the previous year neede () of Pinus massoniana , regoectively
Different |etters represent the sgnificant difference anong the sections of the same age
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Fg.2 The digributing patterns of elements adong the current year (®) and previous year () needesdf Pinus massoniana , reectively

Different letters represent the sgnificant difference anong the sections o the same age
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