
DevelOpment of the Method for Estimating the EmISSlon Source of Alr 

Pollutants 

Seij i Okazakil,2, Kikuo Yoshidal,3,4, Junko Nakanishil,4 

l Yokohama Natlonal Unlversity, 79-7 Tokiwadai, Hodogaya-ku, Yokohama-shi, Kanagawa 

240-850 1 , JAPAN 

2 RC Research Laboratory, Tokuyama Corporation, 40 Wadai, Tsukuba-shi, Ibaraki 300-4247, 

JAPAN 
3 Mitsubishi Chemical Safety Institute. Ltd., 2-1 -30 Shiba. Minato-ku, Tokyo, I 05-0014, 

JAPAN 
4 CREST. Japan Sclence and Technology Corporation 

Key Words: Exposure assessment, plume model, emission source information, effective stack 

height 

Abstract 

For risk assessment of chemicals in a community around an emission source, we have 

developed the method for estlmatlng the spatlal dlstribution of long-term average concentrations 

of chemicals without information on the emission source. In our method, this distribution is 

estimated by using concentrations measured slmultaneously at only frve sampling looations. 

First, the source information was estimated from the measured data. Second, effective stack 

height (h.), whieh varied according to meteorological conditlons, was transformed for the 

corresponding weather. Last, the long-term average distribution was estimated by sigma 

equation of the plume model. The source information was estimated by solving the 

simultaneous equatlons acquired from the plume equation with a random number fro]n the 

normal distribution whose average was the measured concentration or wind direction, h* was 

estilnated by transforming to the height corresponding to the given atmospheric stability and 

wind speed by Briggs buoyancy-dominated plume rlse. The estimated annual distributlon 

acquired by the method mentioned above is in good agreement wlth those estimated by the 

ISCLT3 dispersion model, which was used in the case of known emission conditions. 

l. Introduction 

A community around an emission source, e,g., faetories, is exposed to hazardous air 

pollutants (HAPs) e]nitted from the factories contlnuously over a long time wlth a low 

concentration. For risk assessment on 1luman healtll of HAPs, it is necessary to know the 

distribution of the average concentrations of the HAPs. 

Measurements of clle]nicals and model simulations are both well-k]10wn Inethods of 

determining the concentrations of chemicalsi'2]. We can obtain true concentration values with 
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昌ome　uncert齪1n吋by　direot　measurements．However，昌ince　the　conoentration　ofchemic刮1s　in　the

atmosphere　varies　with　emission　and　meteorologio刮1conditio11昌，the　measuI’ed　value　is　the

comeηtratioηonly　at　the　time　when　and　looation’where　tlle　samp1es　were　taken．Therefore，

muoll　time，money，and　many　hands　must　be　expended　to　obtail1t11e　distribution．ofthe　long－

term　average　co110entrations　of　chem1ca1昌by　this　method　beo割use　of　the　neoessity　of　many

measurements．O11the　otherhand，weoa11estimatetheconcent閉tion　ofohemicals　atan　arbitrary

time　and　looation　by　mode1simulation．In　order　to　u呂e　a　model　simulatio＾，information　of

emissio11souroe，suoh　as　sourcc　location，emission閉te，and　other　emission　and　meteorological

oonditio11s，is　nece昌saW．However，in　Japan，it　is　diffioult　to　obtaiIl　this　i11iormation　except　for

t110se　people　affili乱tedwit11the　emission昌ouroe－

　　　　　Generally，most　ofthe　envirollmental　measuremel1ts　have　been　carried　out　in　the　restricted

term，and　re昌ulted　in　the　few　data，T11e昌e　data刮re　usually　used　for　exposure　a畠昌essment．

However，beoause　of　the　tempora1刮■d　spatial　variati0110f　oolloentration，t11e　amount　of

exposure　e昌timated缶om　measured　conce11tration　is　notalways　correct■fthe　anl1u囲11y刮ve閉ged

oo110entratioI1co1lld　be　e昌timated缶om　these　few　temporal　data，the　certainty　of　the　exl〕osure

asse昌sment　would　be　greater．

　　　　　We11ave　developed　t11e　method　for　estimating　t11e　spatial　distributi㎝of　an　a㎜ually

averaged　oonoent閉tion昌using　a　few　me乱sured　wlues　at　re昌tricted　times　and　place昌without　any

inform且tion　conoemi■lg　the　emissio11souroe，u畠ing　a　oombination　of　measureme11ts　and　a　mode1

畠imulation．

2．　Strat但gy

　　　　　lnorde・toestimatethe昌patialdistrib・tionof・・1・llallyaver割gedoo・o・1・t・ationsbymodel

simulation，informatio110n　tlle　emission雪ource　is　neoessary．T11erefore，we　developed　tlle

met110d　for　estimating　suoh　information　on　tコ1e　em1ssion　source　from　temporaワmeasured

values　and　meteorological　co11ditions副t　the　time　wllel1samples　were　taken．

　　　　　T11e　estimated　information　based　on　tlle　values　at　t1le　time　w11en　measured　samples　were

taken－Since　some　ofthe　i11formation　varies　with　meteorologioa1co11ditions，we　deve1oped　t11e

met110d　for　tran昌formi11g　emission　oondition昌for　various　meteorologioal　conditions．

　　　　　The　spatial　di昌tributio110f目n　annually　averaged　concentration　could　be　acquired冊om　t11is

esti1matedi・fo・m・tio・usingaoommon呂t1・losp1・e・iodi昌per昌ionalgorithmtl・atoanyieldthe

distribution　usi11g　the舟equenoy　ofnleteorological　oonditions．

3．Estim囲tio皿ofSo皿rc色I皿form副tio皿

3．1．ル‘口”‘1∫‘1‘c1’0刑

　　　　　To　estimate　the　information　oI1the　emissio1l　source，we　chose　the　p1ume　modelヨ■］as　t11e

atmosl〕heric　dispersion　model，due　to　the　foHowing　reason畠．

爾　The　plume　model　is　applioable　forsteady－st割te　di昌persion．

㊥Tllesigm割eq11ationoftlleph1m・modeliseasierthantl1oseofotl1erdi昌pel・siol・mod・1昌、
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where, Pe is the plume rise underthe given stability, Pe,) is the plume rise at neutral, s is the 

stability parameter, and Fh is the buoyancy flux parameter, calculated by 

(
 
* J 

4T. 

where, g is the aeceleration due to gravity, v., is the staek gas exit velocity, dt is the stack inslde 

diameter, and AT= T* - T~, T* is the stack gas temperature, and T~ isthe ambient temperature. 

We examined the condition under wllich Fh became greater than 55. This only oceurred 

wlle]1 the stack inside diameter was very large, gas exit velocity was very high, and gas exit 

temperature was very high. Under ordinary eonditions. Fh Was less than 55. Thus, we used the 

equations (3) and (4) in order to estimate h*. 

Wllen plu]ne rise is dominated by momentum, the equations (3) and (4) cannot be used for 

estimation of h*. Plume rise is dominated by mo]nentum only when gas exlt temperature does 

not exceed the ambient temperature. Under ordinary conditions, plume rise is dominated by 

buoyaney. 

When stack-tip downwash is considered, plume rise Is calculated to be higher. Stack-tip 

downwash can be caloulated by 

v
 Stack - tip downwash = 2d* L~ (7) 
u* 

In Briggs plume rise equation, staek-tip downwash is considered only when I .5 times of u.+ 

is larger tllan v.*. Under that condition staek-tip downwash is calqulated as a value smaller than 

3~* In most cases, the stack height is esti]nated to be much 1ligher tllan 3~*. Since we cannot 

know the emission conditions, stack-tip downwash was neglected in our method. 

2) Wind speed aboveground 

When we co]Isider the effect of wind speed aboveground, we should examine the 

relationsllip between tlle plume rises at various wind speed We propose the plume rise factor. 

The plu]ne rise factor is calculated as follows; 

Plume , Ise factcr Plume Rise at the given wind (8) 
x tire! ~ Plume Rise atlmlswind 

When stack-tip downwash can be neglected, for example, when v., is much slower than v.*, 

the plume rise faetor is equal to I under neLrtral ~nd unstable situation, and u."j2!3 under stable 

situation. In this study, we neglected stack-tip downwash for reason discussed in 3.3. 1). Plume 

rise was estimated using the factor mentioned above. 

3) Esti,nation nlethod of h* 

Based on the resL[It above, we decided o]1 the estimation metllod of h* as follows: 

(1) PILlrr]e rise at the time the source infornlation is estimated is calculated from the effective 

stack height and tlle estimated stack 1leight. 

(2) Using the relationsllip to tlle wind speeds, plume rise is calculated at the stability when 

source i]Iformation was estimated and a I m/s wind. 
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(3) Using the relationship to the stabillties, plume rise is calculated at the neutral stability and a 

l m/s wind. 

(4) Using the relationship to the stabilities, plume rise is calculated at the desired stability and 

a Im/s wind 

(5) Using the relationship to the wind speeds, plume rise is calculated at the desired stability 

and wind speed. 

(6) Effeotive stack helght at the desired stablllty and wind speed is calculated by the plume rise 

calculated above and the stack height. 

4. Estimation of Spatial Distribution ofAnnually Averaged Concentration 

The spatial distribution ean be estimated from the emission location and h* obtained by the 

method developed above. Fig.2 illustrates the estimation from the source information acquired 

In Fig.1. In addition, Fig.2 illustrates the result estlmated by the ISCLT3s,G) which was used in 

the case of known emission conditions, using the emission information to calculate the 

concentrations and the locations in Fig.1. The dlstribution estimated by our method is good 

agreement with those estimated by the ISCLT3 dlspersion model. 

our Method ISCLT 

< j -2000~ Fnf:: 202sl 
< ~l 15-20 f 

-200Q~: 

~! ro- 15 

E!s-lo 

[]0-5 

u~m3 

Fig.2 Annual distribution results estimated by our metllod and by the ISCLT3. 

P~~~n~~~~ 
Annual meteorological frequencies were obtained from Environmental Surveillance 

Center of lchihara City. 

Our method: para]neters are cited in Fig.1. 

ISCLT3: the source location is (-1000, -2000), tlle emission rate is 20 g/s, the stack 

height is 25 m, the stack gas temperature is 400 K, the stack gas exit velocity js 12 

m/s, and the stack inside diameter is 0.4 m. 
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5. Examples of Distribution Estimated from tbe Simultaneously Measured 

Concentrations and the Locations 

Using the method discussed above, we estimated the soL]rce infor]nation and the 

distribution ofannually averaged concentrations oftlle chemica]s from the measured data. 
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Table I The data used to estimate source informatlon and 

dlstribution ofannuall avera ed concentrations ofchemicals 

Location No. Concentration 

(ug/m3) 
Error ("/o) 

Lo c ati on * 

X (m) Y (m) 

2
 
3
 
4
 
5
 

1214 

1 1 .O 

23 . 8 

2.9 

25.0 

3
 

20 

20 

20 

20 

-6262.5 

-5087.5 

-49 1 2. 5 

-5350 

-4250 

-5062.5 

-3350 

-2662.5 

*3737,5 

-250 

Object: Ethylene 

*Location is expressed on a Cartesian grid whose origin is at the Environmental 

Surveillance Center of lchihara City. 

Tabie I shows the concentrations of ethylene and the sa[npling locatio]Is in lchihara City 

on Mar. 4, 1996. We estlmated the source inforrr]ation a]Id the distribution of ethylen~ in 1995 

from these data 

Fig.3 shows the results of estimation of the source and the dlstribution of annually 

averaged concentrations of ethylene in 1995 using the data above. We estimated that the 

location ofthe souroe is (-6361 .62, -5260.75). Estimation ofthe location of the source allowed 

ll, to be calculated as 26.92 meters. We estinlated h., as 25 Ineters Q was estimated as 36.5 1 g/s 

from these results. 

In order to ascertain the above results, we estimated the concentratlon at another locations 

from the above results using the plume model, and co]npared the estimated concentration with 

the measured one. The measured coneentration of ethylene at tlle lacation (-3 100, 237 5) was 

5.5 ug/m3 and that estimated was 3.65 ug/m3 We judged that the estimated concentration is in 

Source Estimation 

-?OOO 

(23~) Aroa type: rural 

Mixing [-Ieigllt: 1000 m 

(1214) 

~~ Estfmated Source 

Fig.3 Tlle reSUltS 

Paralneter: 

2000 

lOOO 

O I OOO 

Distance/m 

-lOOO 

-2000 

-3000 

-4000 

-SOOO 

-6000 

of the 

Annual Distribution Estimation 

-3000 

~
 ~
 

-6000 

of estimation of the SoL[rce and the distribution of annually 

averaged eoncentration (annual distribution) from measured data. 

meteorological frequencies are at lchihara in 1 995 

~' -~ 
[~l:u~4; O 50 

~] 30-40 

~l 20-3 O 

E! 10-20 

DO-]O 

~lg/m3 
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good agreement with the measured value. 

6. Conclusion 

For the risk assessment of HAPS to the communlty around the emlssion souree, we have 

developed the method for estimating the spatial distribution of chemlcals around the emission 

source. In our method, the spatial distribution of annually averaged concentratlons can be 

estimated with the concentratlons measured simultaneously at only five locations, even without 

information on the emisslon source. The spatlal dlstributlon of the concentration of chemicals 

was in good agreement with those estimated by the ISCLT3, which is used In the case of known 

emisslon condltions. 
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