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Abstract 

Polycyclic aromatic hydrocarbons (PAHs) and mutagenicity of particulate8 from inciner- 
ation of polystyrene were analyzed by GC/MSB and TA-98 Ames test, respectively. The 
results of this investigation indicate that a critical temperature exists of 1909 “C-1190 “C! in 
the stage-two incinerator for the formation of PAHs and soot particulates. The major 
precursor of PAHs formation (i.e., C6Hs) is produced in large amounts in nitrogen atmo- 
sphere when the stage-two temperature rises to 909 “C. The mutagenicity of particulatea and 
polyurethane foam (PUF) extracts increased aa the pyrolysis temperature was increased 
from 999 to 1209 “C. The mutagenicity of PUF extracts is weaker than the mutagenicity of 
particulate8 extracts. Moreover, the mutagenicity of samples is much higher in the presence 
of rat liver microsomal fraction (S9 mixture) than in its absence. 

1. Introduction 

During the incineration process of organic compounds [l-3], the air emis- 
sions might possess certain highly toxic compounds such as dioxins, polycyclic 
aromatic hydrocarbons (PAHs). The PAHs, which are thought to be the precur- 
sors of soot and have been also known to be mutagenic or carcinogenic after 
being metabolized, are commonly produced from incomplete combustion [4-61. 
The propensity to form PAHs and soot is strictly dependent upon the inciner- 
ation temperature, residence time and supply of oxygen in the incineration 
process of plastics. 

Most plastic materials decompose thermally in the temperature range 
of 200 to 460°C. In principle, the decomposed and fragmented mole- 
cules mix with oxygen to produce COz and Hz0 in the complete combustion 
reaction. Prom a thermodynamic point of view, PAHs and soot formation 
should begin at a C/O ratio of unity, corresponding to the condition m= 2y 

0304-3894/94/$07.00 0 1994 Elsevier Science B-V. All rights reeerved. 
SSDZ 0304-3394(93)EOO45-4 



2 J.-H. You et al. 1 J. Hazardous Mater. 36 (1994) l-l 7 

in eq. (1) 

C,H,+yO,-_2yCO+n/2H,O+(m-2y)C, (1) 

Thus even well mixed incineration systems are observed to form PAHs and soot 
when the C/O ratio is greater than 0.5. That also indicates that some of the 
oxygen is tied up in the relatively stable combustion products COZ and Hz and 
is thus unavailable for reaction with C, on the time scale of incineration 
systems [7, 81. 

PAHs and soot can be decreased by oxidation occurring predominantly via 
molecular oxygen attack on aromatic radicals when the oxidants, such as O2 
and ‘OH are supplied in the incineration process. Also, due to similar reactions 
of O2 with C&H; and C4H; radicals (and of ‘OH with C,H& etc.), the concentra- 
tions of these precursors of PAHs formation are decreased, which in turn 
reduces the formation rate of the first aromatic ring [9-111. Otherwise, the 
presence of 0, in incineration process also has a promoting effect on aromatics 
formation because of the accelerated chain branching that leads to an increase 
in the C/O ratio and to enhance the fuel pyrolysis and thus increased precur- 
sors of PAHs formation such as &HZ, &Hi, CzH4 and I&H,. 

Fundamental mechanisms are involved in PAHs and soot formation in the 
incineration process such as oxidation, pyrolysis, Diels-Alder reaction, nu- 
cleation, coagulation, aggregation, and agglomeration [7-91. Furthermore, the 
PAHs formed can grow, condense or adsorb onto the emitted particulates 
which will diffuse to the atmosphere. These air pollutants are a potential 
danger to human health because of their mutagenicity or carcinogenicity. 
Thus, the objectives of this research work are focused to characterize the 
precursors of PAHs formation i.e., CsHs, PAH compounds and soot formation 
under various incineration temperatures and oxygen supply conditions. The 
mutagenicity of the emitted gas from polystyrene incineration is also con- 
sidered and focused on. 

2. Materials and methods 

A 0.2 gram sample of polystyrene (PS) was incinerated at various temper- 
atures and oxygen supplies in a two-stage incinerator. The feed gas consisted of 
a mixture of oxygen and nitrogen. The feed rate was controlled at 2.0NLlmin 
and at various oxygen/nitrogen ratios by use of a flotation flow meter and 
needle valves. The two-stage incinerator consisted of two furnaces, two quartz 
tubes, an electronic balancer, a computer and a data acquisition system which 
is used for auto sampling, signal transfer and autorecording the mass losses of 
the PS and temperature changes with time from the PS incineration process. 
The setup is shown in Fig. 1. The temperature in the first incinerator was raised 
at 40 “C/min to 500 “C. The temperature in the second incinerator was control- 
led at various temperatures (clean-up temperature), between 900°C and 
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1200°C. The theoretical residence time was about 0.5 to 1.0 seconds in the 
second stage incineration process. Samples of CsH6, CeH&Hs, C6H&H3 and 
&H&H5 were taken with a Pyrex tube at intervals of 30s and analyzed by 
GC/FID (HP 5896). The operating conditions were: oven temperature 70°C 
(3 mins) to 170 “C (7.5 “C/min), inject temperature 150 “C, detection temperature 
2OO”C, carrier gas 20 ml/min Nz, capillary column 30 m x 0.53 mm I.D. 

A glassfiber filter was used for sampling the particles and PAHs which were 
in the solid phase, Polyurethane foam (PUP) was used for sampling the PAHs 
which were in the gas phase. The samples were pretreated in a series of 
processes: extraction, concentrating and purification, then the GC/MSD was 
used to analyze the 14 species of PAHs as shown in Table 1. The operating 
conditions were: initial temperature 50 “C and time 3 min, rate of temperature 
increase during stage one 12 “C/min, media temperature 170 “C and time 13 min, 
rate of temperature increase during stage two G”C/min, final temperature 
310 “C and time 38 min, capillary column 25 m x 0.2 mm I.D. During the extrac- 
tion process, samples were extracted in a soxhlet extractor with 250mL of 
dichloromethane at 40 “C for about 16 h. After extraction, the dichloromethane 
extract was concentrated to 1 mL-2 mL by use of a rotary evaporator. The 
residue of the extract was purified with 106 mL hexane-dichloromethane (7 : 3 
v/v) in a tube purifier (4 = 1 cm, L = 20 cm) which was packed with 2 grams of 
activated aluminum and 3 grams of silica gel. Finally, the purificatory samples 
were once concentrated to 2 mL by use of a rotary evaporator, and dried to 1 mL 
by use of the nitrogen. 

The mutagenic activity of the particulates and PUF extracts was tested by 
the Ames Salmonella~microsomal assay system [12,13]. From previous studies, 
it was noted that the mutagenic response of strain TA98, which was used to 
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Fig. 1. Schematic diagram of apparatus. 
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detect frame-shift substitution mutation, was significantly higher than that of 
strain TAlOO, which was used to detect base-pair substitution mutation, upon 
incubation with the dichloromethane extract of airborne particulates. Thus, 
Salmonellu typhimurium strain TA98 was employed to carry out the 
mutagenicity test in this study. 

An aliquot of sample extracts in DMSO was delivered to a test tube contain- 
ing 2 mL of molten top agar supplemented with 0.1 mL test solution, 0.1 mL of 
an overnight broth culture of the tester strain, with or without 0.5 mL S9 
mixture. The S9 homogenate was prepared from the liver of Sprague-Dawley 
male rats pretreated for 5 days with Aroclor 1254 (500 mg/kg body weight) 
according to Maron and Ames [13]. After a two-day incubation of the culture 
plates at 37”C, histidine revertants of TA98 were counted. A positive 
mutagenic response was defined as a dose-dependent response giving at least 
a two fold increase in revertant colonies per plate as compared with sponta- 
neous reversion. 

3. Results and discussion 

Figure 2 shows the mass loss of the PS versus decomposition time and 
pyrolysis temperature, respectively. The decomposition time was about 3 min 
and the range of the decomposition temperature of the 0.2 gram PS was 350 “C 
to 500 “C when it was pyrolysed with 0.2 NLjmin nitrogen supplied. 

Decomposition Time C sex ) 

Fig. 2. Thermal decomposition of polystyrene vs. decomposition time and temperature. 
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Fig. 3. Formation of aromatic compounds from 0.2 g PS incineration at various stage-two 
temperatures. 

10’ 

1 

Oxygen Supply (NUntin) 

Fig. 4. Formation of aromatic compounds from 0.2 g PS incineration at 900 “C and various 
oxygen supplies, 

From the analyses of the emitted gas in the thermal decomposition 
process, it was found that ethylbenzene, xylene, 1,3,5kimethylbenzene, 
1,2,4trimethylbenzene, p-isopropyltoluene formed very less. Only the forma- 
tion of styrene was higher in quantity with an average concentration of about 
12.9 mg/L. The formation of naphthalene and toluene was low, but that of the 
other compounds was much lower. 
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- W-b - C6H6CHQ - C6H6C& 

- %H6C&s - Naphlhaieno I 

Fig. 5. Formation of aromatic compounds from 0.2 g PS incineration at 1099 “C and various 
oxygen supplies. 

TABLE 2 

Comparison of the PAHe distribution in solid and gas phases from 0.2 g PS incineration 
under various stage-two temperatures and oxygen supplies (PAHs in pg/g-PS) 

Feed gas Phase Pyrolysis temperature (“C) 

900 1006 1160 1206 

N2 S" 5322.6 
Gb 270.2 

0.05250; S 
G 

5.9 
2456.2 

0.1050~ S 
G 

0.210-02 S 
G 

41.0 
276.1 

77.7 
4.7 

10797.2 
2100.2 

892.1 
2099.2 

107.5 
737.3 

0.4 
13.1 

3011.1 2312.3 
684.6 836.9 

930.4 68.9 
1535.3 338.9 

159.5 6.5 
369.9 272.0 

0.1 d _ 

23.6 - 

a S denotes “Solid phase”. 
bG denotes “Gas phase”. 
‘0.0525-O2 denotes “oxygen supply is 0.0525 NL/min”. 
d- denotes “no data available”. 

These results indicate that PS in the stage-one incineration process melted 
and gasified. As a result the long chain of polymer structure was broken to 
a shorter chain of polymer structure, i.e., a monomer (styrene) and toluene. 
Because the thermal temperature was controlled at the lower temperature of 
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900 1000 1100 1200 

Stage-two Temperature (“Cl 
1300 

Fig. 6. Formation of 14 PAHs from 0.2 g PS incineration at various oxygen supplies and 
stage-two temperatures. 

TABLE 3 

Formation of PAHs during 0.2 g PS pyrolysis at various stage-two temperatures (PAHs in 

pglg-PS) 

PAHs Pyrolysis temperature (“C!> 

900 1000 1100 1200 

PhA 
Flu 

PYr 

Ben 
BaA 
Chr + Tri 
BbF 
BeP 
BaP 
Pr 
DbA 
IP 
BghiPr 

3766.28 
634.48 
287.79 
664.78 

5.89 
46.98 

297.94 
-1 

- 
- 
- 
- 

6109.66 
3235.38 
1825.43 
542.63 
785.77 
166.20 
376.44 
210.03 
394.22 
260.05 

- 

1077.59 378.37 
1287.96 598.22 
938.17 760.57 

22.46 87.99 
114.94 34.33 

20.50 15.76 
101.24 59.98 

30.49 67.92 
103.27 397.89 

- 

268.4s 
479.23 

a Not detected. 

360 “C-500 “C, there was not enough energy for the polystyrene compound to be 
effectively decomposed and to form CH4, C2H2 and C&H+ 

When the PS was decomposed at temperatures of BOO-1200°C in the seccnrd 

stage incinerator, the formation of benzene, toluene, styrene, n-butylbenzene 
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and naphthalene was shown in Fig. 3. The formation of styrene, toluene and 
n-butylbenzene decreased as the temperature in the second stage increased. 
The formation of benzene and naphthalene appeared to be the highest in 
concentration at 900 “C in the second stage incinerator. At 800 “C, the concen- 
tration of benzene was less than 1.58 mg/L. When the temperature was in- 
creased to 9OO”C, the product of benzene was increased to be 2.4 mg/L 
(753.8 ppm v/v) on the average. However, the concentration was decreased to 
0,58 mg/L when the temperature was increased to 1200 “C. 

When the stage-two temperature was controlled at 900 and 1000 “C and the 
O2 supply rate was 0.0525-0.210 NL/ min, the formation of benzene decreased as 
the oxygen supply increased. But, the toluene, styrene, and n-butylbenzene 
content increased when the oxygen supply increased and the maximum concen- 
tration occurred at 0.0525 and 0.105 NL/min, respectively, as shown in Fig. 
4 and Fig. 5. The observed trend of the formation of the aromatic compounds in 
the second stage at various temperatures is the same as observed in previous 
studies [14] in which the residence time was controlled at 2-4 s. However, the 
concentration of the aromatic compounds can be seen to decrease. The reason- 
ing is that probably polystyrene is not effectively decomposed to form styrene, 
toluene and benzene at the relatively shorter residence time in the second 
stage. 

The analysis results of the 14 species of PANS in the emission in the solid and 
gas phases are shown in Table 2 and Fig. 6, which indicates the critical 

TABLE 4 

Formation of PAHS during 0.2 g PS incineration at oxygen supply of 0.0625 NL/min (PAHe in 

lJg/g-PS) 

PAHs Incineration temperature (“C) 

900 1000 1100 1200 

PhA 
Flu 

PYr 
Ben 
BaA 
Chr+Tri 
BbF 
BeP 
BaP 
Pr 
DbA 
IP 
BghiPr 

1118.85 1217.36 497.47 

681.40 739.06 561.51 
303.50 461.98 721.03 
178.84 50.00 19.05 
162.72 133.24 105.11 

1.58 30.92 15.13 
2.31 99.58 96.56 
2.50 65.15 91.45 
9.21 140.11 301.34 
_a 54.01 56.76 
- - 

59.10 
79.62 
171.00 
- 

11.33 
0.46 
1.79 
2.44 
11.03 
1.23 
_ 

8.56 
61.05 

a Not detected. 
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TABLE 5 

Formation of PAHs during 0.2 g PS incineration at oxygen supply of 0.105 NL/min (PAHs in 

pglg-PS) 

PAHs Incineration temperature (“C) 

900 1000 1100 1200 

PhA 
Flu 

PYr 
Ben 
BaA 
Chr+Tri 
BbF 
13eP 
BaP 
Pr 
DbA 
IP 
BghiPr 

173.36 
62.93 
26.40 
16.04 
21.31 
1.69 
2.81 
3.05 
9.59 
-8 

280.10 
199.15 
194.82 
39.29 
38.59 
3.92 
10.18 
10.74 
30.87 
3.37 
I.91 
17.61 
14.02 

91.49 
79.81 
145.33 
16.02 
11.41 
4.41 
64.75 
14.82 
67.44 
33.91 

- 
- 

33.40 
3.92 

167.67 
_ 

9.46 
0.36 
0.69 
1.27 
2.27 
_ 

“Not detected. 

TABLE 6 

Formation of PAHs during 0.2 g PS incineration at oxygen supply of 0.210 NL/min (PAHs in 

clgk-PS) 

PAHs Incineration temperature (“C) 

900 1000 1100 

PhA 
Flu 

PYr 
Ben 
BaA 
Chr + Tri 
BbF 
BeP 
BaP 
Pr 
DbA 
IP 
BghiPr 

21.64 
23.96 
13.42 
10.16 
11.92 
0.07 
0.28 
0.31 
0.61 
_a 

2.73 1.36 
2.50 0.33 
6.02 0.68 
1.05 - 
0.83 _ 
0.37 _ 
_ - 
_ - 

- 

’ Not detected. 
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temperature at which enough thermal energy is provided to form PAHs and 
soots from PS was about 1000 “C, for two-stage incineration with a residence 
time of 0.5-1.0 s in the second stage. When the “stage-two temperature” in- 
creased to the critical temperature, the PAHs formed in large amount and soot 
particles were also formed in substantial quantity. Phenanthrene, fluoran- 
thene and pyrene were the major species found among the 14 PAHs. When the 
temperature of the second stage was increased, the production of the 14 PAHs 
was significantly decreased. From Tokio Morikawa’s study [3], the maximum 
evolution of BaP occurred at about 950°C from PS pyrolysis. The results are 
very consistent. The reason seems to be that the low-ring PAHs grew and 
shifted to form high-ring PAHs and soot particulates. 

For various oxygen concentrations supplied at lOOO”C, the formation of 
PAHs decreased about one order of magnitude with each doubling of the 
oxygen supply. When oxygen supply was controlled at 0.210 NL/min, the PAHs 
and particulate matter formed scarcely. The rationale is that the oxidation of 
PAHs, nuclei and precursors occurs when oxygenated species are present. 
Indeed less precursors (acetylene and benzene) of PAHs were formed, when 
more molecular oxygen was supplied. The 14 species of PAHs formed are shown 
in Tables 3 to 6, respectively. 

When the pyrolysis temperature in the second stage was controlled at 900 “C, 
the color of the filtered material was light brown and the production of 
particles was less. When the temperature increased to 1000 “C, the formation of 
liquid products and black particles, such as tar, sharply increased to large 
amounts. At incineration temperatures above 1100 “C, the soot particles had 
the characteristics of black powder and the quantities of soot particles formed 
increased with temperature, as shown in Fig. 7. 

lo- ‘- 
800 

// 

900 1000 1100 1200 

Stage-two Temperature (“C) 
1300 

Fig. 7. Formation of particulates from 0.2 g PS incineration at various oxygen supplies and 
stage-two temperatures. 
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The formation of PAHs and soot particulates under various incineration 
conditions was found to be very similar to that in our previous study [14], in 
which the residence time was controlled at 2-4 a, except that the temperature 
range was shifted from 900-1000°C to WOO-1100°C. 

When the stage-two temperature was increased to 1000 “C!, enough thermal 
energy was provided to form PAHs and soot. The concentration of PhA 
increased to 5100 pg/g-PS and four-ring and five-ring PAHs were also produced 
in reasonable quantity. However, during the physical observation, some lique- 
faction and black particles, such as tar, were found, but there were no powder- 
black soot particles. ft is considered that the temperature of 1000 “C was not 
high enough for PAHs production, and so soot particles were not formed. When 
the pyrolysis temperature was increased to lfOO”C, soot particles began to 
form. 

When the stage-two temperature was increased to llOO”C, the benzene 
formed caused the following two types of reaction to occur: 
(1) Pyrolysis: Hz, CH4, C2H2, and so on, formed. 
(2) Addition and polymerisation: phenyl radical, acetylene and hydrogen atom 

reacted to form naphthalene, and/or phenyl radical and benzene reacted 
and formed biphenyl, to further form PAHs and soot particulates by series 
reaction. 

TABLE 7 

Comparison of the mutagenicity of particles and PUF extract from 0.2 g PS incineration 
under various stage-two temperatures and oxygen supplies (mutagenicity in revs./plate) 

Feed gas Extract Pyrolysis temperature (“C) 

900 loo0 1100 1200 

s9(+) S9(-) S9(+) SW-_) S9(+) sq-_) S9(+) SW--_) 

N2 S" 852 
Gb 194 

0.0525-o; s 972 
G 276 

0.10502 s 169 
G 146 

0.210-02 s 98 
G 71 

48 
22 

348 
53 

101 
61 

53 
41 

518 206 936 244 
179 13 876 70 

2172 634 8244 1052 
265 93 630 96 

776 273 1712 190 
402 55 616 169 

46 24 49 66 
103 28 98 51 

6184 454 
1292 45 

1572 96 
1852 59 

614 104 
1232 58 

_* _ 
- _ 

a S denotes “particle extract”. 
bG denotes “PUF extract”_ 
c 0.0525-O2 denotes “oxygen supply is 0.0525 NL/min”. 
d- denotes ‘ho data available”. 
‘The number of spontaneous revertants: S9(+): 30-40, and S9(-): 27-38. 
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The results also indicated that PAHs would effectively react with &He and 
&Hz and grow to larger PAHs when the pyrolysis temperature was increased 
to the higher temperature of 1000°C. Reactions of soot formation such as 
nucleation, condensation, coagulation, aggregation mechanisms occurred 
effectively. Because the change in free energies caused by the series reaction of 
PAHs and soot formation were so large, reactions became practically irrevers- 
ible. This, in turn, had the effect of pulling the reaction sequence forward 
towards formation of larger PHAs and soot particles. 

From the result of the Ames test, as shown in Table 7, it was found that 
dichloromethane extracts of the samples were mutagenic to SuZmoneEZa 
typhimurium TA98 when PS was incinerated at deficient oxygen supply, lower 
than 0.105 NL/min. The mutagenicity of particulatea and PUF extracts caused 
the significantly higher potence of revertants to SuZmoneEZu typhimurium TA98 
in the presence of S9 mixture than that observed in its absence. This indicates 
that the emitted gas from PS incineration at deficient oxygen supplies contains 
not only direct-acting mutagens but also indirect mutagens, which are usually 
activated by the mixed-function oxygenases in the microsomes (contained in 
the S9 mixture) of animal liver to become ultimate mutagens. 

Three types of the mutagenicity pattern were observed, viz: (1) the 
mutagenicity increased with stage-two temperature, (2) the maximum 
mutagenicity occurred at lOOO-1100°C of stage-two temperature, and (3) the 
mutagenicity decreased with the stage-two temperature. When PS was pyro- 
lysed from 900 “C to 1200 “C, the mutagenicity was increased as the stage-two 
temperature increased, as shown in Fig. 8. The maximum mutagenicity of 
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Fig. 8. The mutagenicity of particulates extracts from 0.2 g PS incineration at various 
stage-two temperatures and oxygen supplies (residence time: 0.5-1.0 s). 
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Fig. 9. The mutagenicity of PUF extracts from 0.2 g PS incineration at 
temperatures and oxygen supplies. 
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Fig. 10. The correlation between PAH, and mutagenicity in the emitted particulates from 
0.2 g PS incineration. 

particulates and PUF extracts occurred at 1200°C and were 6184 and 1292 
revertants per plate, respectively. It shows that the higher the stage-two 
temperature was controlled from PS pyrolysis, the more mutagenic product 
formed. The reasaning is that molecular nitrogen may participate in the 
reaction when the stage-two temperature is increased, and form acridine 
compounds and carbazole compounds. 
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Fig. 11. The correlation between 14 PAHs and mutagenicity in the air emissions fi-om 0.2 g 
PS incineration. 

When oxygen supply was at 0.0525 NL/min, the maximum mutagenicity of 
extracts of particulate matter was shifted to occur at lloO"C, and was 8224 
revs./plate. The mutagenicity of the PUF extracts was increased as the stage- 
two temperature increased, as shown in Fig. 9. The maximum mutagenicity 
observed was 1856 revs./plate at 1200 "C. When oxygen supply was increased to 
0.105 NL/min, a similar trend of mutagenicity with stage-two temperature was 
observed as with oxygen supply of O.O525NL/min. However, the maximum 
mutagenicity was much lower than that at 0.0525 NL/min, i.e. 1’712 and 1232 
revs./plate, respectively. 

When oxygen supply was increased to 0.210NL/min, the mutagenicity of 
particles and PUF extracts at various stage-two temperatures abruptly de- 
creased. The reason for this could be that most PS was decomposed in the 
oxygen rich incineration process and resulted in a reduction in the formation 
of PAHs, particulates and other toxic compounds. From regression anal- 
ysis, the correlations between log(mutagenicity) and log(14 PAHs) or 
log(PAH,(BaP, BbF, Ba, A, IP, DbA, Tri and Chr)) for the emitted gases from 
PS incineration at various operating conditions shown in Figs. 10 and 11 were 
not so well, which may indicate that other toxic compounds (i.e., nitro-PAHs) 
were formed that should be identified in future research work. 

4. Conclusions 

The critical temperature for the formation of PAHs and soot particles was 
found to be about 1000 “C! in the second-stage incinerator. The major precursor 
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for PAHs, i.e. C,jH6, is decreasingly produced as the stage-two temperature is 
raised up to 1000°C without supplying oxygen. The maximum concentrations 
of PAHs and soot particles are approximately 1.3 x 104 pg/g-PS and 205 mg/g- 
PS at 1000 “C, respectively. However, the formation of PAHs and soot particles 
drastically decrease to the level of 13.5 pg/g-PS and 0.2 mg/g-PS, respectively, 
when the oxygen is supplied at 0.21 NL/min and the temperature is controlled 
at 1000°C. 

The mutagenicity of particles and PUF extracts increased, as the pyrolysis 
temperature was increased from 900 to 1200 “C. In general, the mutagenicity of 
PUF extracts is weaker than that of particle extracts. When oxygen is supplied 
at 0.0525 NL/min, the mutagenicity of samples increases. Moreover, the 
mutagenicity is much higher in the presence of rat liver microsomal fraction 
(S9 mixture) than in its absence. This also shows that most of the samples 
contain much stronger indirect mutagens. 

However, metallic chloride salts in municipal solid waste (MSW) always 
have been considered as an important factor in the design and operation of 
MSW incinerators. As cited in the literature, the propensity to form PAHs and 
exhibit mutagenicity is not only dependent upon the incineration temperature, 
residence time and oxygen supply, but also relates to metallic salts addition, 
such as NaCl, KCl, MgCl,, and BaC12, in the MSW incinerator. Thus, the effect 
of metallic salts addition on the formation of PAHs and mutagenicity potential 
of the emitted soot particles would be regarded as a major subject for future 
research work. 
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