10.6 CMB Method

10.6.1 Overview

The supposition of simple mass conservationis adopted in the basic conceptof the receptor model, whichis
used to determine the emission source of the suspended particulate matterin the atmosphere. That is, the emission
source exists in the symbol p and supposes that there is not an interaction which would cause the removal and
generation of a mass among the discharged particuiate matter. Then, the material concentration € of the particlein

the receptor (the measuring point) becomes the linear summation of S, from each emission source as seenin Eq.(22).

Here, g;; is the density containing component { in the particulate matter which comes from the emission source
J to the receptor. ‘

There are two receptor models, the CMB (Chemical Mass Balance) model which handles one piece of
observation data and a multivariate model which handles numerous pieces of data. Outlined belc_aw is the typical

CMB model method which ts often used for the analysis of source contribution.
10.6.2 The CMB model

Fig.10.6.1 shows the concentration range and geometric mean of various elements in the atmosphere gathered
from the results of analyzing many particulate matter samples collected in city areas. Tabie 10.6.1 is anexample
of measurements of the component concentration of the particles discharged from the principal emission source ina
city area, The basic conceptof CMB is that the contribution concentration of the emission source is determined by
obtaining much of the chemical components concentration from the samples which were gathered at the measurement
station. Analysis is made with the observation on the characteristic features of a chemical compenent concentration
pattern (emission source profile) of particles discharged from the emission source as shown in Table 10.6.1.

More than 20 kinds of chemical components are supposed to have been to be correctly grasped from the
discharged particles of the principle emission source in the cityarea. Then, as for the concentration of the chemical
component of the particulate matter which is observed in the environment, the concentration of the chemical
components of these particles from the emission source superpose into a chemical component concentration patiern
with the weight percentageof §;.  The weight percentage is §, whichis the contributed concentration of the particles

discharged from the emission source. When the measured number n of the chemical components is equal to or
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higher than the number of the emission sources, theoretically, by solving the simultaneous equation in Eqg. (23), the
mass contributed concentration of each emission source can be obtained. The tracer element method, linear

programming method, the ordinary linear least-squares method, the effective variance least-squares method and so on,

are used as the actual calculation techniques.
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Fig.10.6.1 Concentration of each element in the suspended particulate matter in the atmosphere in a

metropolitan area
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Table 10.6.1 Component concentration of discharged particles from the main emission sources in the city area-:

L ' A R L (Unit: 1 g/g unless indicated otherwise)
Element Soil Sea salt [ron/ steel Ind.  Trash burning Petroleum Auto exhaust gas
A IR " buming  Leaded gasoline - -Diesel
Na (%) 13 30.42 1.4 12 Lo “oon0027 - T oG- G
AL (%) 6.8 0.00003 L0 0.42 0.21 0.15 0.24
S (%) = 7 26 T 48 13 96 - - - - -
CL (%) 0.023 55.05 34 27 0092. 034 -
K (%) 16 R 13 20 0.085 012 0.090
Ca (%) 1.6 12 P45 1.1 oogs, ' - 0.20
S¢ 86 . 0001 13 0.46 009 - 023 0.36
Ti 4200 S 0029 ¢ 1000 900 o . - 190
v 61 0088, , 130 27 g00 24, 9.6
Cr 46 L0001 ., 1 3200 850 * 2000 - 16, i2
Mn 790 00581 22000 330 120 36 a4
Fe (%) 3.9 0.000029° 15.7 062, 046 . 04l 0.11
Co 8.9 © 0014 4 21 3.0 s 0.70
Ni " 6o1a ¢ 2900 - Cash . 9 -
Cu - , 0017 3700 3600 — Lt 90 -
Zn 290 0029 52000 26000 a0 : " 1500 470
As 8- 0.029 100 L 23" - 28
Se 52 012 5] T
Br 13 1900 40 . om0 © 85 6200 3g
Rb 8 35 77 C20 . — S 19
Ag X csa s - -, —~
cd - _ 0.002 D250 0 oes00 0T 240 — .-
Sn — ) 0087 | 2800 . To30000 .. - - -
Sb 37t 0014 w0 - 610 69 2.1 4.7
Cs 32 . 0.029° - ‘ VAR - - 021
Ba 730 086 L 90 920 640 20
La 21 " 0009 98 ..t 77 R - SR
Ce 9 0.012. " 69 170 : - . .2
Sm a2 . = 020 049 7.6 - 03
w 25 ' 0003 .- a7 - - - -
Pb (%) - o087 14 .17 0.033 3.7 -
Th 93 , . 0.020 - -= - - 0.11
V—C (%) - - - - - _— 107
NV—C (%) - - - - - 76.6
50,* (%) r : LT . - — - - 7.7
NO, (%) - - - _ L _ 078

(1) The tracer element method -

The tracer element mqthod:is: the simplest calculation process and it is assumed that, concerning the chemical
component concentration, unique components (the index components) exist in each emission source that do not exist
in other emission ‘sources. Ti]e centributed concentration §, of the emission source j which h;;s the index

component t can be given by Eq. (24) which is a transformation of Eq.(23).
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* This method is effective only when, regarding the index element, (1 the emission source particles @, in the
‘receptor are well known and do not change between the emission source and receptor, (2) € in the environment.
sample can be measured with correctnessand high precisionand (3) the concentration of componentt inthe receptor
originates only from the emission source j.

Actually, the above conditions are not completely satisfied and limiting a medel to one emission source with
one index element means that the other important information contained in the aerosol is not used. Thisis effective

to find the most approximate value or the upper limit value of the source contribution.

{2) The linear programming method
» The linear-programming method seeks the combination which maximizes the summation of the source

contribution under the conditions given by Eq. (25) and Eq. (26).

0§S}.’§M ........... R R R R NI (235)
C +30.(" =S @, 8, e e e e (26)

Here, M is the concentration of the particulate matter and O is the measurement error of Ci These

conditions are necessary conditions that source contribution should meet, but they are not sufficient and the physical

meaning of the end result is not definite.

(3) The ordinary linear least squares method
In the least sqliares method, the most probable value of the source contribution S, is sought in the case of

n>>p by minimizing x° which is calculated in Eq. (27).

"(C,—)If a,s ) | | -
x2=2 et X))

1 2
=
0{.’,

Eq. (23) of CMB becomes Eq. (28) when expressed in a procession.

L . R R T T T T T T (28)
Here, C is the component concentration observation value vector of the environment particle of n X 1,'A is the

component concentration procession of the emission source particle n X p and S is the emission source contribution

concentration vector of pX1.  The answer to the least-square method adopted for Eq. (28) is shown in Eq. (29).

S=(AfWA)'lA'WC .................................................... (29)
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In this formula, W is a diagonal matrix and its diagonal component is & ;2. Also, the r and the -1 in the

power positions show a transpose matrix and an inverse matrix, respectively. Thereis no error in the component
concentration matrix of the source particle.  Andthen, the estimated error of the emission source contribution which
is calculated by the least-square method, supposing that there is an error only in the component concentration

observation value of the environment particles is given as the diagonal component of the matrix in Eq. (30).
(A4 W A)_l .............................................................. 30)

{4) The effective variance least-squares method

Since calculations are accompanied by an error in the emission source profile data as well as an error in the
established data of the component concentration value of environmental particles, both of these errors must be
considered.  Effective variance least-squares method is solved in Eq. (23) by multiplying each chemical by the
weight percentage which is proportional to the precision of the emission source profile data and the environment
concentration measurement data of each chemical component.  That is, repeat computations to seek S; which

minimizes the function x* in Eq. (31).

" (C‘ - g“ a”Sj)z
xZ_Z Lo e e e e e i (3])

et 2 P 2 2
O. + E a,, Sj.
=1

Here, G, is the error which accompanies the measurement of 4,; and the denominator on the right side of Eq.
A :

(31) is cailed the effective dispersion V,_,,; The answer in Eq. (31) is expressed by the matrix in Eq.{32).
S=(A'VA)_IA‘VC ..................................................... (32)

Here, V is the diagonal matrix which has V' t.(,}' . as the diagonal component:  Also, the estimated error of the

computed S, is given as the diagonal component of the matrix in Eq. (33).
(A'vA)! R T R (33)
10.6.3 Index elements

In CMB, the choice of the index component determines the result.  Index components are selected after
considering (1) that they are specific to the emission source and distinguishable from other emission sources, (&)
that they are measured with high precision and (3) the component concentration does not change in the aimosphere.
The components that meet condition number (2) do not always have a high concentration because sensitivity and
precision depend on the analysis method used. Components which escape from particles in the atmosphere or those

that were released in gas and form particles in the atmosphere do not satisfy condition (3). Actuaily, among the
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optional components that satisfy condition (1), the best component which meets conditions (2) and (3) most is
chosen.

The components which are often used from the past as the indexes are Al, Sc, Ti, Th (soil burning and coal
combustion}, Na(seasalt), V, Ni (fuel oil combustion), Fe, Mn, Zn (iron/steel industry), K, Zn (refuse incineration),

Pb, Br, C (car exhaust), and s0 on. These components are used independently or in combination.

v
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