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The degree of indoor particulate concentration depends upon the
activity level of occupants and the ventilation rate suppliecd.Ve
need to quantify the pollution from occupants so that it can be
diluted to an acceptable level.The generation rate of particulate
matter from occupants will depend upon the use of the room.Ve
theréz:eed to identify the rate from the occupants in different
types of r002§

This paper describes the investigation to estimate the genera-
tion rate of particulate matter from the the activity of occu-
pants in a sales area ofvéupermarket,a keypunching room,and three

office spaces. a4
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1. Introduction
LA e e
Suspended particulate matter will be generated in a room accord-
ing to the activity condition of occupants. For the purpose of
designing indoor air cleaning,it will be required to estimate the
generation rate of particulate matter from occupants in different
types of rooﬁé
One approacﬁ would be to model the particulates generated from
each occupant.This would require estimates of all parameters of
the model for each occupantj;a complex task.Therefore the approach
used here is ég§¥ by evaluating the total rate of partlculates
genarated in a whole room,This woulqggakenestimates of the mean
generation rate of particulates per occupant without distinction
of various activities of occupants in a room.And this must~taken
account of the rate of particulates matter sinking on the ?100r,
and mustAdistinguisbrbetween the particulates generated by activ-
. be. el

ity of occupants and the particulates generated by smoking.

2.92E;ESEEEEEEEEE_EEQEA#EHEEEEEﬁgg]ance for Pollutant Flow

S = S e e g e e
The mass balance for particulate matter flow into and out of an

indoor volume,including recycling and interior sources and sinks,

is described: in Fig.l and expressed by

Air mass balance: qﬁg:qﬁg;qﬁ}fqﬁm , (1)

Particulate mass balance:

dD Al LY
v,q\f= (%meé‘un,we)—{(q(ﬁ#qﬁg) DAFS) 4

/Wherer«\:!“

.AA 2@\_&f‘ flow rate for make-up air,supply air and exhaust

respectively in forced ventilation system (m¥7hr),




AN

.ggi{qE%Eflow rate for infiltration and exfiltration (Qekhr),

DAtindoor concentration at time t (ng/m?),
Ditoutdoor concentration at time t (mg/md),
ggysupply air concentration at time t (mg/ﬁa),

G,S!indoor source generation rate and indoor sink

removal rate ' (mg/hr),
.Xﬁ:room volume (9.
Let L-'l'?
F(6)=(ghNDat g ADA*G) =1 at t20 (3)
and "
"o + b
DA=DA=0 at t<0 . (4)

N e e tor

The solution of E?i(l) and (2) for the change in Da with t3

fi)
A(t)is then
e ab’[ 4 \
5 l‘ll/ 1 o qu}\{- qlm)\.
A(E)=2—— (1-exp]{-(—

_/Where,Vé is a proportionality constant for the particulates which

Ve
Ny (5)
H

1) ‘ is called the settling velocity of suspended particulates
4 (n/hr),such that S=Va(Vn/H)Dy .
This is the integral function of unit impulse response function;
xgéL)?:EgCh is the indoor particulate concentration when aﬁynit
mass of particulate matter is supplied in a moment at £=0.

Therefore

dA 1 ey Vs
h() e ) ﬂh(quqx+ ﬁ\“}

= = 5}‘
e dt yi\ Vr\

[

) (6)

Hence we obtain the indoor particulate concentration D,\ vhen the

generation rate of particulates in a room is G at.£2%” j
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_géjt)=\51;|(r )G(t-t)dt , (7)

If it is assumed that supply air particulate concentration is
Da,then the particulate rate supplied into the room is regarded
as qm)@a.Therefore the solution of indoor particulate concentra-

tion D4 with t is

A /
Bé(thj\t();'\“m( t)grMda(t-t)dc , (8)

Ve can also deal with Dp in the sanme manner,

nllm_f_\v:(t)=f\';\h_é BV VINCERD R - (9)
Equation(%3 can be regarded as a decay-type equation for the
case of D, with t such that DA'I/VA at tjﬂjThereIore the indoor
particulate concentration DA with t such that Dm—D Q\at t= 6,1s

N'l‘i\ffl\(t)n*}‘\v’\ . e (10)
Thus the generalized equation of indoor particulate concentra-
tion Da with t may be added the value obtained from E2§(7),(8),
(9)and(10) and written in the following form,

DA(t) = Da(t)+De\(t)+D;\(t)+Dl\(t) i (11)
- inctial
Now,assumlng that DA,DA.and G are holding constant and -heundany
yziE;Q is DA—D;\LaL t= b the solution vwill have the form,
__ImyDa*graDa+G
N + Va/l) U

where,n is air change rate(1/hr) and is equivalent to ( IA* 4A N
77 g

v
[1-{5)'(;{{-(n+—‘~'\—)t)+D~q'p‘xq{ (n+—‘—)L)t)J, (12)



Therefore /if Eﬂaﬂi’ﬂﬂ.a"d (ﬂﬁﬁf?ﬁkg are measured successively,
the indoor source generation rate G vwill be obtained by substi-
tuting them one by one into Eq.(11) or (12).It is also possible
to estimate the mean values of settling velocity Vi, from Eq.(12)

() et

at G=0,

——

§:ﬁ%ﬁﬁ?d of Survey
We took a sales area for clothgaé\ghh\abkions of supermarket and
a keypunching room in an office as no smoking model,and three
general office spaces as smoking permitted modei;The outline of
their rooms surveyed are described in Table 1. .
Supply fan are equipped into every room for ventilation,and so
the indoor air may be pressuriied.Therefcre,it is considered that

qﬁt may be nearly equivalent to the air change rate,n,in the room.

gmi\ of each room were measured in turn by means of gathering ﬁﬁ\ H
= v .

emitted from each outlet of supply duct into a big polyethylenag —

bag for a given time.The values of Da and D are possible to es- /
by A /
timate by measuring with a light-scattering dust-analyzer at in-*

tervals of 10 minutes at the outlet of supply duct and the ex-

haust grille,separately.At the same time,the number of occupants
P and the number of people smoking at one time Pa,in the room are

counted at intervals of 5 minutes, o

4, Results and Discussion‘

A . T N N .
Figuredd and 4 shov some examples on the values of P,Dn,and Dj

with t for a sales area and a keypunching room as “no smoking¥.

The generation rate of particulates in a whole room.Gﬂmg/hr) and
the rate per one occupant Eﬂmg/hr‘person) are derived by substi-
tuting them into Eq, l1).They are also shown in Fig.3 and Fig.4.

Fi§\5 and 6 show the relationship between the number of occupants,
S
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P,and G in each room.UhéTewFig.ﬁ shows Lhe generation rate over

the periods of small traffic into or put of a room,(10-12 a.m.)

E indicates that ll depends on_jL

.and the activity level of occupants,

Next,Fig\7 and 8 show some examples on the measured values of P,
RA,QA,anJ Da with t in the general office spaces A,B and C as

“smoking permitted”. .
SROXINE POTRI:reC (L‘)D-lt,»'ldfﬁ Cﬁ’
The suspended particulate matter;,in the room is. mixing—withtie |
) CNe YensIaldd
one generated by smoking EﬂdVSy the activity of occupants.So,it

is assumed that the rate of particulates generated continuously

by smoking cigarettes one by one for an hour g4 is 250mg/hr and
s —

that the settling velocity for the paJ%iculates of cigarette

smoke is about 2,.,0m/hr in the office space.Therefore it is possi-

ble to decide the generation rate of particulates by smoking in

the room.EéLfrom the product of the number of pcoplc,smoking_zﬂ_ [V?;
and the rate of particulates generated continuously per one smok- é_
er over an hour_Eé:And Ehe values of particulate concentration in ]%?}
a whole room increased by smoking q;iycan be derived by substi- L
tuting them into Eq.(7) T .
Then it is assumed that the particulate concentration increased Ej)[
by the activity of occupants Qﬂ is the difference betvecen the T 5.
measured values of (Da-D4) and the predicted values of Dy 3 Arrd=we h}ﬁf
are possiblévig‘ﬂerive_gﬂby substituting D4 into Eq.lI). Dy and G_ —t
‘Lare also sh;;n in Fi%“? and 8. o o N
From Fi%ﬂ? and 8,itf¥ould be revealed that the indoor particu-
late condentration remarkably depends upon the particulate
matter .

increased by smoking.Fianxg and 10 show the rela-
1',". .
tionship between the number of occupants PP and the generation

rate of particulates from occupants g: But their dependence is

\




less obviously indicated than the results obtained at the room

for “no smqkingf(Fing and 6), The main reason would be consider-
ed that we took the'éeneration rate of particulates per one smok-
er over an hour as constant,

Buh#it seems to be quite all right to consider that the suspend-
ed particulate concentratlon by occupants depen9\upon the number
of occupants and their activity level.

"Futher,Table 2 show the mean values of G _and_g _obtained over
each traffic perlodigt—JL%muy%ﬁ&bhthew—érgﬁairﬁijgﬁ_iﬁlapproprl-
ate,0f course;&_is remarkably dependent upon the activity level

of occupants,the kind of activity,the cleaning level of room and

so on, b
Therefoere we need to investigate the values of g over a

long period of time.

2eofonclusion.

It would be surmarized that:

1. The indoor particulate concentration is seriously dependent
upon the generation rate of particulate matter by smoking.

2. The generatign rate of particulate matter from the activity
of occupantSWLOngkmid tl¥#£—6ggi£rom smoking depends upon the
use of the room and traffic level through a room,

3. The mean values of the generation rate of particulate matter
per one occupant can be estimated at approximately 2.0 mg/hr-per-
son in a keypunching room,13.0 in a sales area for clothing and

notions of supermarket,and 4.0~18.0 in a genaral office area.
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Figure Captions

Diagram of a model for ventialtion system and pollutant flow.

Fig.1.

Fig.2. The variation of number of occupants P,particulate concentration of
indoor air Da,the concentration of supply air Dg,generation rate of
particulate f{om occupants G and the one per ec;upant_g_ throughout
the day gfﬁg.Zﬁth in a sales area of super market. JUL

Fig.3. The variation of ,P,&\, 9.\, G and g throughout the day ﬁﬁlﬁy 10th
in a keypunching room, "

Fig.4. The relationship between number of occupants P and generation rate
of particulate from occupants _G in a sales arca of supermarket.

Fig.5. The relationship between P and G in a keypunching room,

Fig.6. The variation of p, 1_9_5\, [_):_T\’DS\’]_:)"Q’Q and g throughout the day

cM July 5th in an office A. Here,Djz3i _is the estimated values of
particulate concentration increased by smoking and B_% is number of
smoking people.

Fig. 7 The variation of P, P.\,D,\,D.\. Jed, G and & throughout the day

C__D>-—g}z Aug.lst in an office C.

Fig.8.
Fig. 9.

The relationship between P and G in an office B,

The relationship between_rl? and G in an office C.
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