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INTRODUCTION 
There are about 70 operating municipal refuse incinerators 
in the United States and about 250 more are planned. The ash 
produced typically contains high concentrations of heavy 
metals I and a wide range of toxic organics including 
polychlorinated dibenzodioxins and dibenzofurans. 2 

Therefore, there is a concern about possible health effects of 
the ash among those residing downwind from such in­
cinerators as well as on workers within the plants. We have 
undenaken some preliminary srudies with exposures of guinea 
pigs to very high concentrations of fly ash collected from one 
municipal refuse incinerator. 

Experimental 
Twenty kilograms of fly ash was collected from a municipal 
incinerator. After drying and mixing the ash was analyzed for 
cadmium, lead and zinc by wet ashing with nitric and per­
chloric acids followed by anodic stripping voltametry. 3 Mer­
cury was determined by flameless atomic absorption 
analysis.• 

The ash was placed into a Pitt No. 3 aerosol generator" for 
resuspension in air of fine particles which were delivered to 
an exposure system for guinea pigs. 6-7 This system consisted 
of a central glass chamber to which four glass chambers were 
attached, each holding one guinea pig. Each of these animal 
chambers functioned as a flow-through whole body 
plethysmograph. 8 Therefore they permitted indirect 
measurement of tidal volume (VI), from the pressure changes 
( 6 P) created by each breath as monitored by a sensitive 
pressure transducer attached to each chamber. 8 Four male 
Hartley guinea pigs (300-350g) were obtained from Ha2ieton 
Research Products, Inc. and were exposed to the ash 6 
hours/day for 5 consecutive days. The exposure concentra­
tion was 314 mg/m3 and the particle size was 3.2 ,..m mass 
aerodynamic diameter. Prior to and immediately following 
each exposure each animal was challenged with 10% COz in 
20% Oz and 70% N2. L'.P and respiratory frequency (f) were 
measured during air breathing and COz challenge. 8,9 Similar 
COz challenges were also conductedondays6-9, 14, 16, 21, 
26-30, 35 and 50 following exposure. Euthanasia was per­
formed on day 50 using pentobarbital. Kidneys, livers and 
lungs were removed. Lungs were fixed using intratracbeal in­
fusion of 10% buffered formaldehyde held at 25 cm H20 for 
two hours prior to continued fixing in the same solution. 
Before and after fixation lung weights were taken and lung 
volumes were measured by water displacement. Four guinea 

pigs were used as controls and treated as the exposed animals 
except that no dust was delivered to the exposure system. 

RESULTS 
Table I lists the heavy metals and carbon content of the ash 
and Table II lists the heavy metals found in tissues of guinea 
pigs 45 days after termination of exposure. Significant eleva­
tion was found in the lungs of the exposed animals as com­
pared to the controls. 

Following the first exposure and during the five exposure days 
there was no change from preexposure for VT measured dur­
ing air breathing. However f was lower. During CO2 
challenge both VT and f were lower. This effect persisted for 
all exposure days. Measurements made after the 5 exposure 
days and until sacrifice at day 50 indicated recovery towards 
control values. However, there was histopathological findings 
in all animals ranging from moderate to severe 
pneumoconiosis. This consisted of interstitial macrophage 
reaction with a number of dense, black granule-laden 
macrophages. Airways were moderately constricted and a 
moderate degree of smooth muscle hypertrophy of the airways 
and vessels was present. Thickening of alveolar septa by 
macrophages and foci of granule-laden macrophages was 
observed. There was no increase in lung weights in com­
parison to the controls. Lung volumes after fixation were 
reduced by 50% in two animals, probably because of the con­
stricted airways preventing the entry of fixative as in controls. 

DISCUSSION 
Fly ash from refuse incinerators will vary greatly because of 
the nature of the operation. Nevertheless, the results indicate 
that a very high concentration was needed to induce an ab­
normal ventilatory response to CO2 on an acute basis. The 
reduction in VT during CO2 was just below 50 % of control. 
This level of effect can be induced by 13 mg/m3 of cotton 
dust, 10 1.5 mg/m3 of paraquat, 11 or 50 mg/m3 hex­
amethylene diisocyanate trlmer. 12 Therefore the dust tested 
was not very potent in inducing an acute pulmonary effect. 
The delayed effects, as indicated from microscopic examina­
tion of the lungs were important and it would therefore be ap­
propriate to investigate such dusts with repeated exposures at 
low concentrations to investigate the possible chronic effects. 
Airways constriction with smooth muscles hypertrophy sug­
gest the possible development of chronic obstructive lung 
disease. This could be followed functionally by flow-volume 
measurements which can be made in guinea pigs. 9 
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Table I 

Heavy Metals and Carbon Content of Collected Fly Ash for 
Exposure of Guinea Pigs. Concentration Given on the Basis 

of Dry Weight. 

Item (units) 

Cadmium 
Lead 
Mercury 
Zinc 
Carbon 

(ppm) 
(ppm) 
(ppm) 
(ppm) 
( %) 

477 
2134 

25 
14301 
7.34 

Table n 
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Concentrations of Heavy Metals in Tissues of Guinea Pigs Exposed to Refuse 
Incinerator Fly Ash. Measurements Made 45 Days After 5 Daily Exposures of 6 Hours 

Each at an Exposure Concentration of 314 mg/m3 

(Parts per million (dry weight of metal in tissue) 

Controls Exposed 

a 
Cadmium in lung 0.20 ± 0.02 1.45 ± 0.17 
Cadmium in kidney 1.16 ± 0.22 1.91 ± 0.23 
Cadmium in liver 0.41 ± 0.07 0.97 ± 0.11 

Lead in lung 1.25 ± 0.22 6.58 ± 0.46 
Lead in kidney 0.40 ± 0.06 0.62 ± 0.14 
Lead in liver 0.23 ± 0.03 0.34 ± 0.03 

Zinc in lung 68.50 ± 7.06 110.48 ± 5.63 
Zinc in kidney 89.45 ± 4.18 94.39 ± 7.31 
Zinc in liver 93.63 ± 6.12 115.48 ± 12.74 

Mercury in lung 0.16 ± 0.04 0.32 ± 0.03 

a 
Means ± standard error. 
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