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Emission of particulate matter from industrial processes

Source

(1) Fuel combustion
Power stations - coal
Pulverized
Stoker
Cyclone
Industrial boilers - coal
Pulverized
Stoker
Cyclone

(2) Agricultural operations
Grain elevators - grain
Cotton gins*
Alfalfa dehydrators - dry
meal

[ron and steel
Materials handling - steel
Sinter plant - sinter
Blast furnace - iron
Steelfurnaces - steel
Open hearth
Basic oxygen
Electric arc
Scarfing
(4) Cement
Kilns
Grinders, etc. (wet)
Grinders, etc. (dry)
(5) Pulp mills
Recovery furnace
Lime Kilns
Dissolving tanks
(6) Lime works
Crushing, screening - rock '
Rotary Kilns - lime
Vertical Kilns - lime
Materials handling - lime
(7) Clay
(a) Ceramic
Grinding
Drying
(b) Refractories
(1) Kiln fired
Calcining

,\
(%)
=

Emissionfactor
without control Net efficiency of

(kg tonne*l)  applied control*

95
73
17

85

67
16

12
90

38
35

100
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Net emissionfactor
(kg tonne* )

10.5
21.9
6.3

16.2
319

34
21
0.7

51
02
11
05

10.0
15
4.0

6.8
14

—

[=> N SN ol »)

15.2
14.0

36.0

(as coal)
(as coal)
(as coal)

(as coal)
(as coal)
(as coal)

(as grain)
(kg bale*1)

(as dry
meal)

(as steel)
(as sinter)
(as iron)

(as steel)
(as steel)
(as steel)
(as steel)
(as cement)

(as cement)
(as cement)

(as ; ulp)
(as pulp)
(as pulp)

(as rock)
(as rock)
%as rockg

as rock
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¢ 1)

Emission of particulate metter from inclstrial processes -conts

Em|55|onfactor
utcor-ul-ol Net efficiency of temlssm factor
Source applied control'

B, @ i
;

BB

0D 0 (@i

®

|mary non-ferrous

Alymini
ﬁ:’?{r‘%of e

100 09 100 (asalunm)

ﬁdu%sg aluminium ) 040

VS Sorbrteg 0 064

Predekee 2 064

Vaterials handling 5 02

g’e ae

R ;

Cz?rflc i :

ead

eﬁsmﬂewdling

(9) Asphalt

B\/iﬁ%materials
Seooncary sources

e g
:
)
4




1)

Emission of perticulate malter from inclustrial processes - conts

Emissionfactor
%hfut coqfljol Net efficiency of et emlssm;)factor

(fogume” N applied control’
(@ E%T;?B g, %E @ 3 E%
e, 3 ¥ DEW

(12) condary non- ferrous
Copper
Materials preparation -

e é T |
v'f'”gg a?%) s B L
i g # B
e ;5 )

dﬁw‘a{1 ranrs ]5 0:&] ?&
14) Thate riiss- POy . 6 09 20 (50,09

:Ihebovleralll level ofcontrol in the US; the product of the application ofcontrol and the efficiency ofcontrol.
gbale'l

%
3

(ﬂu

Harrison, R.M,1986
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1.04  69.6 132 013 0.6
0.29 0.056 115  0.019 032

56 K| ! 05 05
1.2 13.3 9 015 05
213 201 75 041 059
0.38 0.0068 2.6 065 0.35
213 603 7.5 041 059
3 3.4 23 04 025
0.34 0.056 3.6 0058 032
/ 56 R 3 05 1

0.42 0.0068 18 017 044

142 60.3 18 041 071
3 3.4 23 04 025
8 - 0.6 - -
13.7 0.5 5 1 1

2.0 0.54 103 145 377
2.4 19 11 2.6 435
0.03 - 052 0.28 1.7

2.7 21 5.1 11

WHO, 1982 USEPA, 1976.
502 = CNOx = , H =
@ =
| , USAID, 2531
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/3

tjunrou» (
SPM (mg/ra3)
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«junrntw

/1)
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SPM (mg/ra3)

SPM (mg/m3)

0.20
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ONEB standard : 0.1 mg/m
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Lead (ug/m )
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Al flaitfc

Whatman Grade

Size

Particle Retention [Liquid]
Initial Filtration Speed

Herzberg
ASTM

Ash content

Thickness

Weight

Loading Capacity

Wet Burst

Dry Burst

a nfaalatf (Whataan No.41)

Ashless Quantitative
8 in. X 10 in.
20.25 Mm

5 secs/100 ml

12 secs/100 ml
0.010 %

0.22 mm

85 g/mt

Normal

1.5 kPa (0.22 psi)
69 kPa (10 psi)

Whatman (Far East) Pte Limited, Labororatory Filtration and

Chromatography Product Guide
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2 a aa
a » a (Whatman No.41)
Particle diameter (1) Flow rate 0.1 linear meter per minute

Less than 0.4 23
0.4 - 0.6 3l
06 - 08 5
0.8 - 1.0 74
1.0 - 20 63
More than 2.0 100

Stern, Arther c., 1972



Al
Ba

e

Cr

Fe

3

«

lijau' »

(ng/ci2)

12

< 100

140
0.1

<4
40

Harrison, R.M., 1986

(Vhataan No.41)

(ng/cm*)

0.5
< 80
0.5
<10
0.15
10
< 0.03
<25
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Primary X-ra.y

Analyzing Crystals

Detector

Signal Analyzer

a 9« 3«9

( LINK EDXRF XR-200)

ISX-60PA)

LINK EDXRF XR-200

X-ray tube
target Rh 9
(30 kv 0.3 My
Si(Li)
active area 10 m?
resolution 159 eV
at 5.9 keV
MCA

(1024 channels)

142

a la EDX
VDX ( JEOL

JEOL JSX-60PA

X-ray tube
target Rh 1.6 kv
(40 kv 30 mA
30 kv 40 m

LiF (200), EDDK020),
RbAP(100)

Scintillation (SC),

Proportional Counter
(PC)  gas-flow type

SCA (with PHA



143



144

2 , NIST 1633a

ANciional @BHTSEIU of jSiaruiarrls

isriifitaiE nf (Analysis
Standard Reference Material 1633a

Trace Elements in Coal Fly Ash

Table I. Certified Values of Constituent Elements
Major Content Minor Content
Constituents Wt. Percent Constituents Wt. Percent
Aluminum Lo+ 10 Magnesium 0.455 + 0.010
Iron 14 0.1 ‘Sodium 117 +0.01
Potassium LK +0.06
silicon 221 0.8
calcium Lit £0.01

Trace Constituents

Element Content tft Element Content */*
Antimony + 0.4 Rubidium 131 4 2
Arsenic M3 + 13 Selenium 10.3 + 0.6
Cadmium 1.00 £ 0.15 Strontium 830 + 30
Chromium 196 * 6 Thorium 247 + 0.3
Copper - 111 + 3 Thallium 3.7 £ 0.2
Manganese 179 + 8 Uranium 102 + 0.1
Mercury até+ 0.01 Vanadium 297 * 6
Nickel 127 * 4 Zinc 220 + 10
Lead .G 724 * 04 . . .
s
rﬁ%u YKQV pomik | cput o . 13l e %
¢ ITOE, M %#rlkﬁ uura orimpi t0a
1 I m %enn Ion Constit

Supplemental Information

Note: The following value? are not certified because they are not based on the results of either a reference method or

of two or more independent methods. These values are included for information only.

Table 2 Nonerrtified Values for Constituent Elements

Content Content
Elemmt Wt. Percent Element fitft
Barium 0.15 Beryllium 12
Titanium as Cerium 180
Sulfur 0.13 Cobalt 46
Cesium 1
Europium 4
Gallium 58
Hafnium
Molybdenum 29
Scandium 40

SR.M 1633a

Page 2



‘ NIST 2682
NIST 2683 NIST 2684 NIST 2685

Tabic 1

Certified Values for SRM's 2632,2M,2m , and 2635

SRM al Sulfur' 23 Furnace4 HHV256
No. Tﬂ Wi % AsbWL % M 34er® (Biu.10"))
2682 Subbituminous  0.47 + 0.03 6J7 +0.18
2683 Bituminous 1.85 + 0.06 6.85 + 0.02 32.40 : .16(13930 +20)
2684 Bituminous 3.00 + 0.13 11.09 + 0.18 29A3 t .46 (12480 +200)
2685 Bituminous 462 =018 16.53 = 0.15 2738 + 35(11770 *150)
DBLT7 S
A
(NI MRS
BA A Y\
TASTMDL/33a
Table 2
Noncertified Concentrations of
Inorganic Constituents in SRM’s 2682, 2683, 2684, and 2683
Mean Concentrations (/ig/g) Unkss Noted
Element/SRM 2682 2683 2684 2685
Al % 0.46 086 11 17
A5 10 36 39 2
B 39 67 114 109
Ba 382 oy AL 41 105
Br 3.7 17 n 16
c% ! 79 68 66
cl% 11 0.20 0.44 0.52
Cc 10 9 12 IS
Co 17 z2 39 4.6
Cr 15 ik 17 22
a <0.1 04 12 13
Eu an 0.18 023 036
Fe © 0.24 076 15 29
8 ft 47 50 48 4.6
Hf 60 . 042 0.J7 091
K9U 0.01 0.08 020 0.26
53 11 6.7 -10
Mg % az 0.05 0.08 01
Mn 26 3 36 a
N% 08 16 16 11
Na % 0.10 005 0.03 0.08
Rb <2 13 15 17
Sb 019 0.28 035 0.36
Sc 13 19 17 37
Sc 091 12 19 19
sm 0.78 0.86 N 17
Th 15 14 10 17
T % 0.03 0.04 0.06 0.09
0.32 0.42 0.90 0.95
\% 15 14 22 3
18 048 0.56 1d
Zn 8.6 93 110 17
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I S N 1A «

PERKIIN ELMER PLASMA-1000
RF power 1250
Reflected power 0
Argon gas flow rate

Plasma gas 15 L/min

Auxilary gas 1 Limin

Carrier gas 1 L/min
Nebulizer type Glass concentric nebulizer
Integration time 100 msec (per step)
Wavelength

Fe 259,940 mm

h 257.610 m

n 213.856 m

Ni 231.604 m

Ti 334.941 mm

Cr 205.552

QU 324.754
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HCL

As cd
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« d

« «

VARIAN SpectrAA-300
Graphite Furnace (GTA-96)
Hollow Cathode Lamp (HCL)
Pb 286.3 mm

A 193.7
d 2288
P HL 4
As-HOL 10
cd--HL 5

= 2 2 3 3

H3POa ( 1% )
N
H3PO4 ( 1% )



« A
Si02
PES <>
S03 (2)
K20 (3)
Ca0 (4)
TiOs
Crz°3
Vho?

S8l

1.10
1472
13.61

0.29

0.51

0.99

1.75

0.64

0.25

3.15
0.11

0.34

S2 SS3
1.06 0.22
4,12 9.03
89.98 84.52
0.24
0.36 0.20
0.58 0.23
0.42 0.78
0.54 0.60
0.09
0.30 0.46
0.81 2.67
0.27 0.20
0.16
0.31 0.20
0.30 0.30
0.150 0.130
KH2POL
KeSOe  KHPOa
Ca(OH)2
SrCO3

Pb(N03)2

«

S34

2.02
94.89
0.14
0.25
0.45
0.22
0.36
0.09
0.14
0.35
0.14
0.13
0.15
0.15
0.22
0.066
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*1,0,
Si02
PE°
S03

K.0
GO

TiOE
Cr203
MO2

A 803
Nio
SrO0

ZrOf
Pho

» 33

SS1

1.34
17.02
711.55

0.77

1.03

1.43

1.95

0.61

0.12

3.74
0.11

0.24

»

S92

0.84
4.24
90.10
0.68
0.62
0.70
0.41
0.50

0.16
0.71
0.23

0.11
0.31
0.20
0.160

583

0.49
9.76
84.06
0.38
0.35
0.21
0.73
0.55
0.12
0.19
2.43
0.16

0.19
0.21
0.130

XFF

S¥4

1.78
95.19
0.30
0.43
0.27
0.16
0.27
0.06
0.08
0.26
0.11
0.11
0.10
0.13
0.12
0.071
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11

HO

SiOe
0205
503

0:0
TiOs
c*203
Mno?2
Fe.o3

Nio
SrO

2r0?2
Pbo

(1)

SSI

+0.24
+ 2.30
- 2.06
+ (.48
+ 0.52
+0.43
+0.20
- 0.03

- 0.13
- 0.01

- 0.10

«

S92

- 0.22
+ 0.12
+0.12
+ 0.44
+ 0.26
+0.12
- 0.01
- 0.04

- 0.14
- 0.01
- 0.04

- 0.05

- 0.10
+0.010

«

583

+0.27
+0.73
- 0.46
+0.38
+0.15
- 0.02
- 0.05
- 0.05
+0.03
- 0.27
- 0.24
- 0.04

- 0.01
- 0.09
0

XFF

S¥4

- 0.24
+0.30
+0.16
+0.18
- 0.18
- 0.06
- 0.09
- 0.03
- 0.06
- 0.09
- 0.03
- 0.02
- 0.05
- 0.02
- 0.10
+ 0.005
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MO
Al12°3
Si02
P2°l
S03
*20
GO0
Ti02
‘re3
Hn0?2
Pe203
Qo
Nio
Zn0
Sr0
2102
Pho

1.43
15.40
14.65

0.29

0.53

0.97

1.74

0.60

0.01

0.22

3.76

0.12

0.35

+0.33
+0.68
+ 1.04

+0.02
- 0.02
- 0.01
- 0.04
+0.01
- 0.03
1+ 0.01
+0.01

+0.01

8.61
84.88
0.09
0.18
0.21
0.81
0.62
0.10
0.50
2.74
0.23

0.20
0.32
0.151

- 0.22
- 0.42
+0.36
+0.09
- 0.02
- 0.02
+0.03
+0.02
+0.01
+0.04
+ 0.07
+0.03

+0.02
+0.021

(1) («

0.24
1.69
95.35
0.12
0.29
0.37
0.15
0.30
0.07
0.15
0.31
0.14
0.11
0.12
0.13
0.20
0.055
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+0.24
- 0.33
+0.46
- 0.02
+0.04
- 0.08
- 0.07
- 0.06
- 0.02
+0.01
- 0.04

- 0.02
- 0.03
- 0.15
- 0.02
- 0.011
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