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Table 1. Grouping and relative abundances of particulates sampled from dust collectors of
different factories or emission sources

Particulate types

Grouping of factories or

emission sources Black smoke Fluffy ash Metal gravel Color granule Powder or

cluster crystal
Food processing +D ++ - - -
Papermaking ++ +H - - +
Chemicals +H +H+ - * -
Rubber industry +H + - - -
Steel & machinery + +HH+ +HH+ + +H
Construction material * * - - +H-
Electronic industry * +HH - - -
Tobacco manufacture +Ht + - - -
Leather factory +H + - - *
Oil-refinery * * - -
Garbage incinerator +H +H+ - * -

D absent; *: minor (<10%) ; + 10-30% of sample; ++ 30-50% of sample; +++ more
than 50% of sample.

PO TP EPRRE R TIE SRR L A e Sl
Table 2. Classification and elemental contents of particulates from different sources

Element contents

Groups Shape Major Special Sources (Chimneys, soil, vehicular emission)
Black smoke  sphere C S,0 food processing, paper making, chemicals, steel
factory
C Si, Al, Ca, Zn rubber, garbage incinerator, tobacco manufacture,
leather factory
brown C S food processing, paper making, chemicals, rubber,
bubble garbage incinerator
net cluster C S, Si food processing, paper making, chemicals, rubber,
Fluffy ash cotton C,Si 0O, Al Ca,Cl food processing, vehicular emission, electronic
mass industry
black C,Si Al S, Na, Ca, food processing, paper making, chemicals, garbage
eoeeioneeeon o regular Mg, K incinerator, steel factory, leather factory
Metal gravel  orange Fe S, Ca, C steel factory, machinery
cluster
black Fe o steel factory, machinery
Color granule Irregular S V, Ni chemicals
Cluster  sphere  C _Ti  garbage incinerator, steel factory, chemicals
Powder irregular Si  Na, K, Mg, Fe construction material, machinery, soil

Ca Fe, K cement industry
S P, Ca, Fe, Zn oil-refinery
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Fig. 2. Morphological features and X-ray spectra of black smoke from different sources. a.
porous sphere (chemical factory), b. bubble (food processing factory), c. net cluster

(paper making factory ).
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Fig. 4. Morphological features and X-ray spectra of metal gravel. a. gravel with rough surface,
b. gravel with lightly smooth surface, c. gravel with lumpy and hollow surface. Iron
was main content of this group.
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Fig. 7. Black smoke and ﬂuf[fy ash from dust collectors of actories by (a) hght microscope
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Black smoke and fluffy ash particles Fig.9.
on leave surfaces from different areas.
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ABSTRACT

Shyu, T. H., Lee, Y. H.*, Chen, P. L., and Chiang, M. Y. 2003. Energy-dispersive
X-ray microanalysis of particulates from different polluting sources and leaf
surface depositons. Plant Prot. Bull. 45: 305 - 320. (Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Council of Agriculture, Wufeng, Taichung,
Taiwan 413, ROC)

Particulates from chimneys of different factories, vehicular emissions, soil
particles, and leaf depositions were investigated with microscopy and analyzed with
an energy-dispersive X-ray microanalyzer (EDX). Based on morphological features,
we grouped the particulates into 5 major categories: black smoke and fluffy ash,
cottony mass, metal gravel, colored granule cluster, and powder or crystal. Black
smoke and fluffy ash were major particulates from different factories, and carbon (C)
and silica (Si) were the main elements of these particulates. Sulfur (S), aluminum
(Al), and calcium (Ca) were minor component elements of the black smoke and fluffy
ash. The cottony mass, consisting mainly of carbon, was a major type from vehicular
emissions. Iron (Fe) and oxygen (O) were the main elements of the metal gravel
particulates characteristic of steel and machinery factories. Colored granule clusters
were observed in samples from incinerators and steel factories; these samples
primarily contained carbon and sulfur, but minor amounts of vanadium (V) and
titanium (Ti) were also present. Powder was the major particulate type in samples of
oil refineries, construction materials factories, and soil particles. The main elements
of soil particles and construction materials factories were Si, Al, and O, while S was
the main element of oil refineries. Leaf depositions on plants around cement, steel,
painting or electroplating factories could be related to the pollution sources by
morphological features and elemental compositions. Leaf depositions on plants
surrounding the cement factory contained Ca, and those bordering the electroplating
factory contained copper (Cu) and nickel (Ni). Our data demonstrate that leaf
depositions can provide useful information in tracing pollution sources and
evaluating impacts of pollution.

(Key words: air pollution, particulates, SEM, EDX, morphology)
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