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diation of PAH as dry powders, in solu- 
tion, or adsorbed onto silica, alumina, or 
glass. 

These studies demonstrate that (i) the 
most respirable stack-collected fly ash 
samples are the most mutagenic, (ii) the 
ESP-collected fly ash from the same 
power plant is not mutagenic, (iii) the 
surface-associated mutagens are resis- 
tant to photodecomposition with UV- or 
x-ray irradiation, and (iv) the mutagenic- 
ity of fly ash is completely removed by 
heating to 350?C. The observation that 

were observed at temperatures above 
200?C and 300?C, respectively. For the 
three bacterial strains studied, ? S-9, no 
mutagenic activity was observed for fil- 
trates from fly ash heated to 350?C. 

Our studies of physical factors af- 
fecting the mutagenic activity of coal fly 
ash extracts provide insight into the 
chemical properties of fly ash mutagens. 
The finding that the greatest activity is 
associated with the finest fractions of 
stack-collected ash is consistent with the 
observations of Natusch (13) that PAH 
are adsorbed on particle surfaces during 
cooling of the effluent stream. The obser- 
vation that ESP-collected fly ash was not 
mutagenic (whether size-classified or 
not) suggests that condensation of muta- 
gens on fly ash particles occurred after 
passage through the ESP but before 
or within the stack sampling system. 
Natusch and Tomkins (14) have predict- 
ed that a temperature near 100?C is criti- 
cal for the adsorption of PAH onto fly 
ash. Our observations of the complete 
loss of mutagenic activity with experi- 
mental heating to 350?C are consistent 
with the hypothesis that the bulk of the 
mutagenic activity of the fly ash samples 
is associated with organic compounds. 
This loss of activity from stack-collected 
fly ash appears to begin at temperatures 
greater than the operating temperatures 
of the ESP. The temperature difference 
probably reflects the fact that organic 
compounds are chemisorbed to fly ash 
surfaces and therefore require higher 
temperatures for desorption. This hy- 
pothesis is supported by our observa- 
tions that the mutagens in fly ash are re- 
sistant to photochemical decomposition 
upon UV- or x-ray irradiation. Similarly, 
Natusch and his co-workers (8, 15) have 
observed that PAH adsorbed from the 
vapor phase on fly ash surfaces may be 
stabilized against photochemical decom- 
position at solar radiation wavelengths; 
photodecomposition occurred with irra- 
diation of PAH as dry powders, in solu- 
tion, or adsorbed onto silica, alumina, or 
glass. 

These studies demonstrate that (i) the 
most respirable stack-collected fly ash 
samples are the most mutagenic, (ii) the 
ESP-collected fly ash from the same 
power plant is not mutagenic, (iii) the 
surface-associated mutagens are resis- 
tant to photodecomposition with UV- or 
x-ray irradiation, and (iv) the mutagenic- 
ity of fly ash is completely removed by 
heating to 350?C. The observation that 
mutagens were associated with fly ash 
particles when collected at temperatures 
below 100?C suggests a possible im- 
provement in control technology. Fly 

SCIENCE, VOL. 204, 25 MAY 1979 

mutagens were associated with fly ash 
particles when collected at temperatures 
below 100?C suggests a possible im- 
provement in control technology. Fly 

SCIENCE, VOL. 204, 25 MAY 1979 

ash could be collected at lower temper- 
atures than normally present in ESP's. 
However, if such an approach were 
used, the industry would be confronted 
in 1980 with a predicted 100 million tons 
(1) of weakly mutagenic solid waste. A 
reasonable strategy, therefore, would 
consist of high-temperature, high-effi- 
ciency collection of particulate matter 
from the flue stream, followed by sub- 
sequent condensation and in-plant col- 
lection of volatilized organic matter. 

G. L. FISHER 
C. E. CHRISP 
O. G. RAABE 

Radiobiology Laboratory, University of 
California, Davis 95616 
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Estimating Fatness 

Part of the controversy between 
Frisch and Trussell (1) hinges on the 
manner in which Frisch has estimated 
fatness as a linear function of height and 
weight rather than measuring it physio- 
logically. It appears that the random var- 
iability of the estimator has an impact on 
the arguments which has not been fully 
appreciated heretofore. Rather than ac- 
tual measurements of fatness, Frisch 
uses the Mellits and Cheek equation (1): 

TW= -10.313 + 0.252WT(kg) + 
0. 154HT (cm) 

to predict a girl's total body water (TW) 
(assumed proportional to fatness) from 
her height (HI) and weight (WT) at men- 
arche. Since this regression line has a 
multiple r2 = .97, one might be tempted 
to suppose that the random variability is 
negligible, but this is not the case. Exam- 
ination of the Mellits and Cheek data (2) 
shows that one needs to provide a band 
of 3.03 liters to either side of the line to 
cover 90 percent of the individuals in the 
Mellits and Cheek study. With this error 
band one has: 

TW = -10.313 + 0.252WT + 

0.154HT ? 3.03 
and thus, 

-10.313 + 0.154HT + 3.03 
WT = WT-= TW/WT- 0.252 

Now, according to Frisch, the mini- 
mum required weight for the onset of 
menarche is given by the 10th percentile 
fatness line, where TW/WT= 0.598, 
and thus we have, 

Minimum required weight = 

-10.313 + 0.154HT? 3.03 
0.598 - 0.252 

From this it can be seen that about 9 kg 
of uncertainty is added to or subtracted 
from the predicted minimum required 
weight by the error bands. Clearly, this 
9-kg variability in estimated minimum 
weight occurs for all heights and weights 
involved, rendering this procedure for 
determining fatness rather questionable 
and undermining any support these data 
might be thought to give to a critical fat- 
ness hypothesis. 
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