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  の ㄓ 采  

 篈だ摸の だだ猂 

畗稯翬 禡地*  ㄘ  紏趞 

  铭畃秏 ︽現皘笰〆穦笰穨媚 瑀 刚喷┮  甡 獀舱 

( ら戳 地チ瓣 92 10る 22ら) 

篕  璶 

畗稯翬禡地* ㄘ 紏趞 2003   の ㄓ 采   篈だ

摸の だだ猂 从玂穦 45：305 – 320 

本研究以光學顯微鏡、掃描式電子顯微鏡觀察工廠煙道、交通廢氣、土壤顆

粒及植物表面粒狀物之形態，並以能量分散型 X光微量分析儀（Energy-dispersive 

X-ray microanalyzer，簡稱 EDX）進行成分分析，建立台灣㆞區主要粒狀污染物

形態及成分資料，並觀察工廠周圍植物葉表粒狀物，比較粒狀污染物與污染源之

相關性，以作為公害污染鑑定之參考。大多數工廠煙道樣品以因高溫燃燒產生的

黑煙類及不規則屑塊比例較高，其元素成分以碳（C）、矽（Si）元素為主，另包

含硫（S）、鋁（Al）及鈣（Ca）等元素；汽、機車排放之粒狀物，主成分亦以 C

元素為主，形態則屬於棉團狀之屑塊。鋼鐵、機械廠之煙道樣品所含有的粒狀物

形態種類最多，出現比例較高的金屬礫塊是此類工廠煙道樣品特有的粒狀物，金

屬礫塊多為含鐵之金屬氧化物，成分分析顯示含有高量的鐵（Fe）、氧（O）等元

素。彩色團粒在化學、焚化廠及鋼鐵廠可發現，主要元素成分為 C、S，另還有

釩（V）、鈦（Ti）等元素。營建業、石油煉製廠及土壤顆粒的粒狀物以粉末晶塊

狀為主，營建業及土壤顆粒成分主要包括 Si、Al、O等元素，而石油煉製廠以 S

元素為主。就形態及元素成分而言，黑煙類及不規則屑塊不易分辨其來源，其餘

不同性質之粒狀物則與鄰近工廠污染源有關，可利用 EDX 進行元素成分的比對

分析，水泥廠周邊植物表面之粒狀物以 Ca 為主要元素之㆒，石化工業區周邊植

物葉表面之粒狀物成分以 C、O元素為主，電鍍及鋼鐵工廠周邊植物葉表皆有金

屬礫塊粒狀物，但成分分析顯示電鍍工廠之礫塊另有銅（Cu）及鎳（Ni）等金屬

元素存在。植物葉表藍色圓球形或不規則團塊的成分㆗皆測得 Ti 元素。對於鋼

鐵機械、電鍍業、水泥業、噴漆業等工廠之粒狀物，由於其形態較易辨識且有特
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殊的元素成分存在，藉由顯微鏡觀察葉片表面粒狀物之形態並配合 EDX 的成分

分析，可辨識粒狀物來源。 

(闽龄迭空氣污染、粒狀物、掃描式電子顯微鏡、能量分散型 X微量分析、形態) 

狐    

γ琕 ㄌ祇ネ篈だ 篈の

㏕篈γ琕 ㏕篈γ琕 籔ㄤて厩

γ琕ゑ耕ㄤ癸从    端甡耕 腨

  戳パ采  γ琕ㄆン妮跋办

┦ 拜肈 耕  跌繦帝穨

尿秨祇紅废 耞 

の﹗  紇臫ㄏγ琕 钠 絛瞅耎

璓ㄏ采  γ琕ㄆン簍跑 瓣悔┦ 拜

肈τㄏ采  γ琕拜肈耕 跌

  ㏕篈稬采穨縐縉のユ硄笲块 

璶ㄓ 逼 穦紇臫珇借

  ま癬摸㊣ ﹛痚痜

耑从  ネ (9) ㄓ の┦借  

剐癸从 硑   紇臫╯

犁祘ㄏノ 猟η滦籠  穦

綛 絬耑ノの紇臫君    

(8)ヌ门 糛舩巷翲

の阂  狦陪ボ采畖  剐ま癬叉

ふ闽 のて阂ユ 硉瞯  

瞷禜 (2)采  ↖    ﹚穦癸

从  硑 陪 穕端紇臫

 ネShukla  1990(18)猟η糛

舩猳垫バ刚喷 狦 癸  硑 端

甡   耕癸酚舱 15 cm  

  縩搭ぶ 20 % 秖陪 采

   帝  (1) 瓜 a

秈  ┪峨ふ瓜 b

ポ   ふ 畖 8-12 µm 

聋采 10 µm 采  玥甧峨ふ

τ紇臫砰ユ (9)采 γ琕  穦

耑 ネ癸 珇借 紇臫ョ 甧 

跌祇ネ 窾 秏フ︹ の  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

瓜  铭  采  滦籠 a. 猟紅㏄娩从  采  滦籠  

b. 采  峨从 ふ   

Fig. 1. The particulates on leave surface. a. particulates from a cement factory  cover  

waxapple leaf, b. particulate blocking the stomatal pore. 
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垫狥よ  畒縐猳 祇筿

紅┮逼 堵废γ琕 の 垫 ネ

瘤 陪フ︹璫帝堵︹

 翴紇臫芠τ 坝珇基 (4)采 

γ琕 戳↖ 腫 穦э跑腫

┦借τ  紇臫从 ネ祇筿紅

笰腫  荒幌の秚瞒緻

耕癸酚跋 τ祐荒秛籔粹瞒緻

癸耕紇臫从 癸緄だ  籔

ノ(6, 19)采 γ琕 癸 の笰穨吏挂

 紇臫琌     

 ㄓ  采 γ琕 ㄏノ 縐

㎝籹硑筁祘   ネ 疭┦ γ琕

  ノ采   篈籔て厩舱 發

萝γ琕 (17)Xie 1994(21)ノ 磞 

筿陪稬描SEM芠诡 采   

篈贺摸の だ跋だ  ηfly ash剐

clay Mg-Si菱-  Pb筣

の Ti躦 摸だ侩腫聋采籔

γ琕 η 畉 Stárková  1989(20) 

ノ采    だの篈侩 η琌パ縐

费┪縐猳紅┮ ネQuerol 1996(16)

ノ采 γ琕  篈の膓 借疭┦ 

  ㄌ沮  η 臟膓の 荒

綯發萝γ琕 縐费筿紅Zhou  

 1996 (22) ノ 磞 筿陪稬描

SEMの秖だ  X 稬秖だ猂祸

EDX╯‵剐忌聋采疭┦竒祘钠 

ㄤ 帝芉┪綨Zn臟Fe 

 γ琕 甝1992(4)ノ陪稬描SEM

の EDX ﹚筿紅㏄娩  の 垫  

堵废稬采 祇筿紅┮逼 1995
(3)芠诡穨跋从   稬采ノ SEM

の EDXだ猂ㄌㄤ璶 だ耴 堵废摸

  摸の剐摸堵废摸 縐縉筁祘┮ 

ネ  摸妮镭跋疭  芉  剐

摸玥ㄓ紅 琁腫  の镭

  ミ芠 穨跋  γ琕稬采

贺摸の だ戈 

  (5)2001ノ厩陪稬描芠诡采

  篈虑パ芠 肅︹借

稰  篶 疭紉盢采  だ 堵废摸

black smoke 砏玥甴遏fluffy ash

妮膖遏metal gravel眒︹刮采color 

granule clusterの  の 遏powder  

 摸  瞯籔秆猂   だ聋

采﹟礚猭睲 侩醚ㄤ  篶 ╯

厩陪稬描秈︽紅废笵の从  采  

篈の癸秖 ゑ耕 磞 筿陪

稬描秈˙芠诡疭﹚采   稬篈ミ

筿陪瓜戈ノ X 稬秖だ猂祸代

﹚ㄤ璶  だ眏γ琕 ﹚ 非絋

┦ 疭﹚ㄓ 采   篈疭紉の 

 だ戈 ミ ㄑ笰 γ琕ㄆン

祇ネ ﹚ゑ癸 ノ 

籔よ猭 

妓珇ㄓ  

从  帝 采  ㄤㄓ 約獂

 だ狡馒(14)珿ㄓ 虫 ㏕﹚γ琕 

妓珇秈︽芠诡ミ膀 戈  摸

紅废笵═诀 ま 逼の芖跋

ㄣ┦ 腫 芠诡妓珇 贺

摸 縒ミ紅┬㏄瞅蹦 从  秈︽ 

芠诡妓よ猭だ 

 

废笵妓珇 

紅废笵┮   妓珇  ┾

紅废废笵﹟ 吏挂ㄤ 借

 耑ㄓ 耕 虫 采   膀

 戈ミ紅废笵┮   采 γ琕

 琌パ吏挂祘  紅废废

笵ㄌ沮吏玂竝  废笵逼 采 γ琕

 蹦妓のㄤ緻 代﹚よ猭┮   妓

珇蹦  ㄑだ猂废笵妓珇だㄓ 

珇 穨  food processing   硑  穨

 papermakingて厩穨 chemical 

industry倔 穨rubber葵臟㎝诀瘪

穨steel & machinery industry犁穨
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constraction materials industry筿穨

electronic machinery狄紅 tobacco 

manufacture猟穨cement industry

籹 紅 leather factory芬猳紅

 oil-refinery  の 礗 て 紅  garbage 

incinerator  

 

ま 逼 

ノ蚌緄プ    ま 逼恨逼

 采  珹ㄏノ猳 ═猳

92の 95礚筣═猳 ゑ耕 ユ硄ㄣ逼

 堵废籔紅逼 堵废篈琌

 畉  

 

腫妓珇 

腫  剐 璶采    芖

跋ㄣ┦ 腫妓珇珹

腫独腫 縩≧縩堵︹の

猟   

 

从  妓珇 

蹦 猟紅cement industry葵臟

紅 steel factory糛 紅 paint 

factory筿玲紅electroplating factory

ホて穨跋petrochemical industrial estate

縐猳祇筿紅power plant㏄娩の 隔

从  秈︽ 采   芠诡 

妓珇芠诡のだ猂 

蛮   翲妓珇 采  ㏕﹚

┪  芠诡  ノ厩陪稬

描Leica wild M3Z 200 芠诡采  

 篈︳衡 摸采   癸秖 

 妓珇㏕﹚更 竒瞒

滦  磞 筿陪稬描Cambridge 

stereoscan 360芠诡ノ秖だ  X

稬秖だ猂祸Oxford 7060だ猂ㄣ

┦妓珇   だ闽 EDX稬秖だ猂祸

 だ猂巨玒〆癠穨м砃╯皘穨

╯┮秈︽ ╯  EDX筿 

甮よ 蹦虫翴 甮よ EDX だ猂代

癸秖耕  癸猧畃耕の  

﹚瞷 眯玥  蹦 

 狦籔癚阶 

紅废笵采  贺摸癸秖の  だ

だ猂 

  (5)2001厨 采   篈

竒厩陪稬描芠诡耴 堵废摸 

砏玥甴遏妮膖遏眒︹刮采  の

 遏  摸 ╯ 篈だ摸ゑ

耕紅废笵┮ 采  贺摸の癸秖

ゑ秈︽疭﹚紅废笵采  

ま 逼の腫聋采 筿陪稬描芠诡の

  だ だ猂 

1. 堵废摸black smoke钠  堵︹聋

采采畖絛瞅パ计 µm 计κ µm

计紅废笵妓珇 芠诡ㄤ

秖芠诡跌  ゑㄒ笷 40-70 %犁

穨筿穨の芬猳紅 废笵妓珇 堵

废摸采  ┮ゑㄒ 

堵废摸采  ㄌㄤ篈灿だ 

摸だ琌堵︹ふ瞴砰porous 

sphere ふ瑌噶痕  蛾瞴

瓜 a脚︹瞴 獁bubble

 ㄣ 堵︹   琜籔脚︹硓  

舱 摸╩獁猨  篶瓜 bの

堵︹呼  刮net clusterパ堵︹   

琜硈 τ 呼 瓜 c┮芠诡 妓

珇  摸摸采  竒盽睼馒瞷

ㄤ 堵︹ふ瞴砰┮ゑㄒ程  废

笵妓珇 程盽瞷 篈 縐猳

羚膌┮ ネ 璶采    摸 (4) 

 だだ猂陪ボ堵废摸采  璶 C

阂の S   CS  

だョ代眔 OSiの Al綯 

硑穨のて厩穨 ぶ计聋采 Ni蚂

V の Ti  琌縐縉 猳┮ ネ采

   ㄥ  だ(20)て厩摸 堵瞴盽瘆 
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 摸紅废笵 采  贺摸のㄤ癸秖ゑㄒ 
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 
cluster 

Powder or 
crystal 

Food processing ++  1) +++ - - - 
Papermaking ++ ++ - - ++ 
Chemicals +++ +++ - * - 
Rubber industry +++ ++ - - - 
Steel & machinery ++ +++ +++ + ++ 
Construction material * * - - +++ 
Electronic industry * +++ - - - 
Tobacco manufacture +++ ++ - - - 
Leather factory +++ ++ - - * 
Oil-refinery * * - - +++ 
Garbage incinerator ++ +++ - * - 
1) absent; *: minor (<10%) ;  +:  10-30% of sample;  ++:  30-50% of sample;  +++:  more 

than 50% of sample. 
 

 ㄓ 采   篈だ摸の┮璶の疭  だ 
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, O food processing, paper making, chemicals, steel 
factory 

  C Si, Al, Ca, Zn rubber, garbage incinerator, tobacco manufacture, 
leather factory 

 brown 
bubble 

C S food processing, paper making, chemicals, rubber, 
garbage incinerator 

 net cluster C S, Si food processing, paper making, chemicals, rubber, 
garbage incinerator  

Fluffy ash cotton 
mass 

C, Si O, Al, Ca, Cl food processing, vehicular emission, electronic 
industry 

 black 
irregular 

C, Si Al, S, Na, Ca, 
Mg, K 

food processing, paper making, chemicals, garbage 
incinerator, steel factory, leather factory 

Metal gravel orange 
cluster 

Fe S, Ca, C steel factory, machinery 

 black 
irregular 

Fe O steel factory, machinery 

S V, Ni chemicals  Color granule 
cluster 

Irregular 
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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瓜  篈堵废摸采   a.瞴砰 (て厩紅废笵) b.獁 ( 珇紅废笵) c. 呼

刮 (硑紅废笵) 

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 ). 

 
窰ふ  篶肞 ゑ耕ㄤ OSiS

 癸玥て厩摸 堵废┮ S  

癸耕(20)倔 礗て紅ブ 籹

紅の狄紅妓珇 瞷 Na秛AlMg

Ca秚の Zn綨 妮 堵废

摸 η  ネ璶ㄓ 放縐縉 筁

祘ㄏノ 縐ㄓ 籔縐縉 放 

τ の だ  采  縐

费 祇筿紅穦 ネ  菲 堵︹

瞴砰费遏  て臟  だ竒 

放縐縉 て臟のて   

借 采  (10, 12)τ縐猳羚膌┮ ネ 
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采  玥  噶痕  蛾瞴 

2.  砏玥屑塊（fluffy ash）：此類型粒狀物

同樣為普遍存在於工廠煙道樣品㆗，其

所佔之相對含量比例達 40-90 %，在電子

業及焚化廠煙道之樣品㆗該類型粒狀物

含量達 85 %以㆖，在化學業及鋼鐵機械

業煙道樣品㆗之含量亦高達 70 %，但在

營建業及煉油廠樣品㆗含量則低於 5 %。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

瓜 紅废笵  砏玥甴遏 篈の  a. 粗刮  (诀 逼紀)  b. 砏玥甴
遏  (礗て膌废笵)  c.  砏玥遏  ( 珇紅废笵)  

Fig. 3. Morphological features and X-ray spectra of fluffy ash  from different sources.   a. 
cotton mass (vehicular emission ) , b. irregular ash  (garbage incinerator) , c. irregular 
ash (food processing factory). 
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瓜 臟 璶   篈膖遏 a.  彩罻b. 耕 菲c.ㄣ澎 

の   

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.   

 

 砏玥甴遏跋だ 粗刮

cotton 祏灿 籈 粗刮┪ 刮

  だ CSi  瞷贺

 縐═诀 ま 逼紀瓜 a

妮耕稬灿 聋采籔 Zou  1997(23)

芠诡笲块ㄣ ネ 聋采ぶ计 珇

紅废笵ョ瞷粗刮甴遏 采  璶

  だ Siτ筿穨废笵 90 %
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采   粗刮甴遏璶 だ玥 C

 珇穨の═诀 逼紀  だ

珹 AlCaZnの Cl粹  

堵︹ 砏玥甴遏black irregular厩

陪稬描 侩醚 だ甴遏 ふ

瞴砰盰秆┮ ネ ㄤ緇甴遏  篶玥

摸粗刮 ┪ 砏玥籈縩砰筿陪稬

描芠诡陪 帮舼┪糷  聋采

瓜 bcㄤㄓ 籔 だ堵废摸 η

 筂瞷 珇硑て厩葵

臟紅ブ 籹紅の礗て紅  だだ猂

陪ボ 摸采    跑て妓珇ㄓ 

   畉 ぷㄤ  礗て紅縐

縉 ㄓ 羉馒 ネ 采   阶ㄤ 

┪┮ だ耕狡馒パ瓜 瓜眯陪

ボㄤ だ贺摸 盽  COS Al

CaNa 秖ョ  だ妓珇玥 Cl

Fe臟K筟Mgの Ti   

 

3. 金屬礫塊（metal gravel）：金屬礫塊為多

稜角而表面粗糙之塊狀體，顏色包括黑

色、橘黃色與紅棕色等，此類形粒狀物主

要出現於鋼鐵及機械工廠的煙道㆗，鋼鐵

廠之含量百分比為 55-95 %，但機械廠之

含量則較低約為 5-10 %，其他類工廠煙道

之粒狀物未觀察到金屬礫塊。 

ㄌ沮  篶籔肅︹盢妮膖遏跋

だ ㄢ摸 撅独︹肞遏筿陪芠

诡ㄤ 翴 癬瓜 a 摸 膖

遏 だ璶 FeSO ㄤ  C

SiCaMg   だ狡馒籔 Lichtman

1985 芠诡(13)贺 ㄣ緼

 堵︹膖遏筿陪芠诡  

菲澎 ┪  ふ回 瓜 bc

璶  FeO だ C の Si  

ㄤ だ珹 KCl  放芬筁祘

硑 妮 稬灿聋采Michaud  

1993(15) 厨盢葵臟紅逼 采  

だㄢ摸耕灿   璶 Mn

盔PbZnCu簧  耕彩

 瞴 璶 FeCaKS の Zr

鑠  ㄌ紅ネ  珇τ  

4. 眒︹刮采color granule cluster厩陪

稬描芠诡  ㄣ緼︹眒翧苬 瞴

┪ 砏玥聋采珹撅厚屡

ηのフ︹ 贺肅︹筿陪芠诡

刮采  菲┪澎 篶硑瓜 a眒

︹刮采璶瞷葵臟摸紅て厩摸

紅の礗て紅ㄓ  肅︹㎝舱 

だ 跑て璶  だ Cの S

耕盽   临珹 TiV の Ni   

摸采  妓珇  癸秖て厩の

礗て紅妓珇秖 5 %葵臟诀瘪紅

 妓珇程 秖 25 % 

 

 

 

 

 

 

 

 

 

 

瓜  眒︹刮采 a. 砏玥澎 刮采(て厩紅废笵) 
Fig. 5. Morphological features and X-ray spectra of color granule cluster particles.  a. 

irregular cluster (chemical factory). 
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瓜    の 遏采   a.诀瘪紅b. ホ猳芬籹紅c. 猟窰d. 犁穨  

e. 腫聋采 

Fig. 6. Morphological features and X-ray spectra of color granule cluster and powder and 

crystal particles from different sources.  a. powder from machinery factory, b. powder 

from oil-refinery, c. cement powders, d. sphere (construction material) , e. soil crystal.  
 

5.   の 遏powder 摸采  

厩陪稬描睭︹硓┪硓 砰

筿陪芠诡睲   罫 

  砏玥窰籈  刮硑穨诀瘪

紅犁穨芬猳紅猟紅 废笵

祇瞷 摸采  τ犁穨の

芬猳紅废笵妓珇 ㄤ秖 笷 90 %

腫妓珇 采  篈  

摸诀瘪紅 妓珇  ┪遏   

砏玥籈 砰璶  Siの Al 

NaMgTiFe   瓜 a芬

猳紅 縩   砏玥灿采璶 だ

 S P罜CaFe の Zn  

 P  ㄤ摸 采     

瞷瓜 b だだ猂陪ボ泥廠、

營建業之粒狀物皆含有相對多量的 Si、
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Al、O 元素，但水泥廠粒狀物之成分以

Ca元素含量最高，而營建業粒狀物之成

分除㆖述㆔種元素外，還包含 Na、Mg、

K 等金屬元素，由於此㆓類工廠之原料

與土壤礦物有關，因此其主要元素成分

與土壤顆粒之分析結果相近；由電子顯

微鏡觀察顯示，水泥廠煙道樣品有不規

則晶塊狀的顆粒（圖六 c），營建業樣品

可觀察到細小之球型顆粒（圖六 d），而

土壤顆粒之表面則呈現層積狀結構，且

附著許多細微粒（圖六 e）。 

パ紅废笵采  贺摸 だ 陪

ボ计紅废笵妓珇 癸 秖 

堵废摸┪甴遏摸 采  瓜妮膖

遏玥琌葵臟诀瘪紅废笵疭  采  

τ犁穨の芬猳紅 废笵妓珇玥  の

 遏采   计紅废笵妓珇

 眒︹刮采 秖ゑㄒ癸耕 摸

 紅废笵 采  贺摸葵臟诀瘪紅程

ㄣ妓て妓珇瞇籠瓃 贺篈 采 

 ま 逼 采  篈璶琌 砏玥

粗刮 腫聋采玥  の 遏   

紅㏄娩从    采   

采    だ疭┦ ㏕篈γ琕 

  璶だ摸ㄌ沮蹦 紅㏄娩の 隔

从 秈︽芠诡祇瞷采  甧籈  

の   矪从  剐 

 堵废摸の 砏玥甴遏 程盽  采 

 剐  ┮ゑㄒ 60-75 %堵废摸

の 砏玥甴遏 20-35 % 瓜堵废

摸の 砏玥甴遏  放縐縉   

璶 だ珹 CSiの O   

从  硄┦采  ﹟ ネ ┦聋采

 蘒颠 ┪挛逼猲  ┮

ゑㄒ  碞篈の  だτ 堵

废摸の 砏玥甴遏  放縐縉  

  だ侩ㄤㄓ ㄤ緇 ┦借 采

  玥籔綟紅γ琕  闽ノ

EDX秈︽  だ ゑ癸だ猂猟紅

从砰  堵废摸の剐  ㄤ 

 脚︹  璶 だ秚籔猟 だ

 猟采     竒硈尿 

贬铭灿獴τ祑て㏕    瓜

a だ陪ボ  秖 Ca ホて

穨跋㏄娩从     剐聋采

芠诡碭贺摸 采  珹堵废摸

の 砏玥堵︹甴遏蛾瞴の 砏玥刮

采ㄤ 堵废摸の甴遏摸采  ゑㄒ  

だだ猂陪ボ C の O  赣跋办采  璶 

  だフ︹蛾瞴采   陪 Ti

 ︹蛾瞴玥代眔 PbCr惶

 瓜 abτフ︹硓 砏玥刮

采   だ CO  礚 Si ┪ㄤ

 崩代 采  獶腫 遏┪

縐縉筁祘┮ ネ  借パ从  

 だ 筂琌ㄓ紅 ┪ 珇

窰甴 瓜 c筿玲紅の葵臟紅㏄

娩 从   芠诡妮膖遏 采 

 筿玲紅 膖遏︹眒耕翧葵臟紅

膖遏玥  独┪堵脚︹ だだ猂陪ボ

葵臟紅膖遏  だ COSi の Fe  

 τ筿玲紅 瓃  临珹

CuNi 妮  瓜 ab糛 

紅 从  帝屡︹の撅︹ 眒︹瞴

砰 だだ猂陪ボ COSiFeの Ti

   瓜 a 阶祇筿紅

糛 紅┪て厩紅㏄娩 从  璝芠

诡屡︹ 采  代眔 Ti   

瓜 b  玭щ琘侯 穨跋 隔

攫  ┮芠诡屡︹ 砏玥刮采竒

EDXだ猂陪ボ妓 Ti τ赣

妓珇 Ba綳 Ba  闽

て 約獂  ノ︹厩件籹硑

て厩穨  穨の筿玲穨废笵妓珇 

采  だ猂  代眔 Ba  

Coe 1987(7)芠诡 の攫れ玜糷

 采  祇瞷 禫彩罻┪綼 矪

禫甧仓縩采   だ采   采畖

 10 µm璶珹ホて縐縐縉┮  
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瓜 紅废笵堵废摸の甴遏摸采  篈 a.厩陪稬描b.筿陪稬描 
Fig. 7. Black smoke and fluffy ash from dust collectors of factories by (a) light microscope 

and (b) electron microscope. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
瓜 从   堵废の甴遏摸 采 

  a. ホて穨跋㏄娩b.  璶
 隔稦笵 c. 鹅て紅㏄娩 

Fig. 8. Black smoke and fluffy ash particles 
on leave surfaces from different areas. 
a. petrochemical industrial estate, b. 
roadside of heavy traffic, c. plastics 
factory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
瓜   ホて穨跋从    采

   a. フ︹瞴の b.撅︹瞴
刮采 c. フ︹硓采   

Fig.9. The particles on the leave surface 
around the petrochemical estate in 
Kaohsiung . a. white sphere cluster , b. 
orange sphere cluster, c. translucent 
irregular crystals.  
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瓜紅㏄娩从   妮膖遏 a. 

筿玲紅b. 葵臟紅 
Fig. 10. The metal gravel on leave surfaces 

around (a) electroplanting and (b) 
steel factory. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
瓜玭щ跋糛 紅の穨跋㏄娩

从   屡︹蛾瞴の 砏玥刮
采a. 糛 紅b. 穨跋㏄娩 

Fig.11. The blue granule cluster on leave 
surfaces around (a) painting factory 
and (b) industrial estate in Nantau. 

ネ 瞴 ηの 砏玥 剐聋采籔 

╯ 芠诡Freer-Smith 厨

 穦跋狶从   祇瞷 诀ネ ┦聋

采綼 隔矪玥籈 秖剐 ηの

芉摸(11)τ Liu  1987(14) 厨陪ボ

隔娩┮   γ琕稬采  SiAl

   砏玥 聋采 妮剐摸 

   阶 

 ╯ノ厩陪稬描芠诡紅废笵

采   芠篈虑パ肅︹借稰

  篶 畉 秈︽だ摸︳衡 篈

采   秖ゑㄒ癸礚猭睲 侩醚 

 篶玥秈˙筿陪稬描芠诡皌

 EDX だ猂ㄤ璶  だミ 摸

紅废笵采  篈の  だ戈祇

ネ 甡 ㄑ把σㄌ沮パ从 

  采  贺摸穦㏄娩吏挂紇臫 

 疭采  籔㏄娩紅贺摸 闽ぷㄤ葵

臟诀瘪筿玲穨猟穨糛 穨 紅 

采  ㄤ篈耕侩醚 疭   

だ虑パ紅㏄娩从  采   

篈芠诡の皌 EDX   だだ猂侩醚采

   ㄓ  

谅  勉 

本研究承行政院農業委員會 88 科技

-1.6-糧-01(2)之經費補助，並蒙佳美環境科
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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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