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Introduction 
In order to evaluate the contribution of dioxins emitted from municipal waste incineration plants, 
atmospheric diffusion and precipitation of dioxins around plants were simulated and compared 
with analytical data of atmospheric dust samples that precipitated on the ground. Plume and puff 
equations for diffusion were employed with the emission sources data and meteorological data of 
the same period for the simulation of the behavior of dioxins emitted from stacks. Comparison 
between measurement and simulation shows that the emission ofthe target plants explains only a 
small part of the measured precipitation. This means that there may be large conttibutions from 
unknown sources. 

Methods 
We selected two different incineration plants for the study. One has continuous-feed incinerators, 
and the other non-continuous feed incinerators. In order to obtain the actual amount of dioxins 
around the plants, we sampled precipitating dust for an analysis of dioxins, using several deposit 
gauges placed along the lines ofthe most frequent wind directions for one month. The measured 
spatial distribution of dioxins precipitation rate as an average for that period was thus determined. 
The simulation is based on the plume and puff equations, which are analytical equations for at­
mospheric diffusion and are used for environmental assessment as standard equations'''. In this 
study, however, we modified these equations in two ways: (1) Not only concentration of materials 
in the atmosphere, but also precipitation rate on to the ground is calculated. (2) Particulate matter 
is taken into consideration, since dioxins exist in the atmosphere as particulate as well as gaseous 
matter. The modified plume equation is 
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and the modified puff equation is 

Cp/ (x ,y , z , j , i d ) = 
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where Cpi, Cpf: concentration, x, y: horizontal coordinate, z: height from the ground, R=(x'+y')' , 
i: wind speed class, j : stability of atmosphere, k=k(x,y): wind direction, id: particle diameter class, 
Qp: intensity of emission, He: effective stack height, u: wind speed, a :̂ diffusion width in vertical 
direction by Pasquill-Gifford, V :̂ gravity settling velocity, a, y: diffusion parameter, 5=5(Vd), Va: 
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dry deposition velocity. 
At normal conditions we used the CONCAWE equation as typical to calculate the effective stack 
height. But when the ratio of gas speed to the wind speed is small enough, downwash takes place. 
So we used Briggs' equation to obtain the effective stack height for downwash. 
Meteorological data were collected at hourly intervals throughout the measurement period. They 
include wind direction, wind speed, solar radiation flux, and cloud index. Pasquill's stability of 
atmosphere is determined from these data. 

Results and Discussion 
1. Continuous feed incinerator 
This type of incinerator is operated for 24 hours a day and seven days a week with relatively con­
stant combustion condkions. Emission characteristics are, therefore, basically constant. In addi­
tion, its exhaust gas volume tends to be large enough, which results in few chances of downwash. 
We set deposit gauges on the ground along the lines that were expected to be the main wind di­
rections. Precipitating dust was collected for one month. Results of GC-MS analysis of the sam­
ples are shown in terms of precipitation rate of dioxins in Table 1. 
Table 1 Precipitation rate of dioxins around the continuous incineration plant 

(3/15-4/16/1999) 
Item \ Location 

pglm" 
•d 

pg­
TEQ 
/m'«d 

PCDDs 
PCDFs 
Total 
PCDDs 
PCDFs 
Total 

Windward (km) 
4.5(N) 

980 
340 
1300 
0.89 
5.2 
6.1 

1.0(NW) 
2100 
620 
2700 
4.9 
12 
17 

Leeward (SE) (km) 
1.0 
990 
380 
1400 
1.2 
3.9 
5.1 

2.0 
5300 
700 
6000 
8.2 
9.3 
17 

3.5 
500 
86 
590 
0.62 
0.36 
0.98 

Two incinerators out of three installed in this plant were in operation. Emission characteristics of 
the two incinerators are shown in Table 2. 

Table 2 Emission characteristics ofthe continuous incineration plant (3/15~4/16/1999) 
Dioxins concen­
tration in stack 
(ne-TEO/m^N) 

Flow rate of 
exhaust gas 

(m\-wet/h) • 

Temperature 
of exhaust 

gas ( J 

Particle 
density 

Particle 
size 
(̂ "̂̂ ) 

Stack 
height 

M . 

Stack 
diame-
ter (m) 

5.14 119 600 230 2.6 0.1-40 80.0 1.15 
* Sum ofthe two incinerators 

The wind direction distribution ofthis area throughout the test period is shown in Fig. 1. There 
was no calm time in this period. 
Calculated precipitation rate over the surrounding area is shown in 3D contours in Fig. 2. We can 
see the peaks of precipitation rate on the leeward of main wind directions. Measured and calcu­
lated precipitation rates are compared in Fig. 3. Most measured values are several times as high as 
calculated. Some unknown sources as well as the background are considered to have confributed 
to the measured values. Effect of wet deposition, which we did not incorporate into this calcula­
tion, should also be considered. Dioxins isomers that are presumably attributed to agricultural 
chemicals were detected, but their contribution to the toxicity equivalents are very little. 
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Precipitation Rate (pg-TEQ/m2¥d) (He: CONCAWE) 
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Fig. 1 Wind direction distti­
bution ofthe continuous incin­
eration plant area 
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Fig. 2 Calculated precipitation rate (3D contours) 
around the continuous incineration plant 
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Fig. 3 Precipitation rate along the main wind directions 

2. Non-continuous feed incinerator 
This type of incinerators usually start up and shut down every weekday. Emission characteristics 
change according to the operation modes, which are reflected to input data for simulation. 
Precipitating dust was collected by deposit gauges along the line of an expected main wind direc­
tion for one month. Results of GC-MS analysis ofthe samples are shown in terms of precipitation 
rate of dioxins in Table 3. 

Table 3 Precipkat 

Item \ Location 

pg/m^ 
•d 

pg­
TEQ/ 
m'-d 

PCDDs 
PCDFs 
Total 
PCDDs 
PCDFs 
Total 

ion rate of dioxins around the non-continuous incineration plant 
(1/21-2/22/1999) 

Windward 
(NNW) (km) 
2.0 
1200 
840 
2000 
3.3 
16 
19 

0.5 

noo 
640 
1700 
1.1 
11 
12 

Leeward (SSE) (km) 

0.05 
2800 
860 
3600 
17 
17 
34 

0.2 
1300 
700 
2000 
5.1 
13 
18 

0.5 
1100 
500 
1600 
4.3 
8.7 
13 

0.8 
920 
430 
1300 
1.0 
6.0 
7.0 

1.3 
640 
300 
940 
0.81 
7.2 
8.0 

2.0 
660 
280 
940 
0.83 
4.4 
5.2 

3.0 
1200 
480 
1700 
1.5 
6.1 
7.6 

4.0 
2400 
750 
3200 
5.7 
15 
20 

Two incinerators are installed in this plant. They start up and shut down each day, and are sus­
pended at every weekend. Their emission characteristics and operation time ratio in the test period 
is shown in Table 4. Stack height is 59.0 m and stack diameter is 1.05 m. 
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Table 4 Emission characteristics of tiie non-continuous incineration 
Incin­
erator 

operated 

Botii 
No.l and 

No.2 
No.l 
only 

No.2 
only 

None 

Combus­
tion stage 

Start-up 
Steady 
Shut-down 
Start-up 
Steady 
Shut-down 
Start-up 
Steady 
Shut-down 
Suspension 

Dioxins con­
centration in 
stack (ng-
TEO/m'K) 

9.85 
6.44 
7.39 
8.71 
5.81 
5.48 
11.0 
7.07 
8.84 

0 

Flow rate 
of exhaust 
gas (m^N-

wet/h) 
56 800 
71400 
50 400 
28 200 
35 800 
21700 
28 600 
35 600 
28 700 

0 

Tem­
perature 

of exhaust 
gas( ) 
253.1 
253.1 
252.8 
255.5 
255.5 
255.5 
250.7 
250.7 
250.7 

plant (1/21-2/22/1999) 
Particle den­
sity and size 
(g/cm', pm) 

* 
2.6,0.1-40 
2.6,0.1-40 
2.6,0.1-40 
2.6,0.1-40 
2.6,0.1-40 
2.6,0.1-40 
2.6,0.1^0 
2.6,0.1-40 
2.6,0.1-40 

Time 
ratio 
(%) 

3.01 
28.00 
2.38 
0.33 
3.54 
0.33 
0.13 
0.39 
0.20 
61.70 

* Particle data measured at the continuous incineration plant were applied. 
The wind direction disttibution ofthis area throughout the test period is shown in Fig. 4. 
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Fig. 4 Wind direction distribution 
of the non-continuous incineration 
plant area 
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Fig. 5 Precipkation rate along the main 
wind direction (Sum of conttibution of 
all operation modes) 

Since the ratio of exhaust gas speed to wind speed changed widely, downwash condition was fre­
quently met and incorporated in the calculation automatically. Nine sets of calculation corre­
sponding to the operation modes were carried out, and the results were summed up with the 
weight of each time ratio. The result is shown in Fig. 5. Confribution from unknown sources on 
dioxins level in the precipitation dust seems to be very large. 
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