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spectroscopy (1), polarimetry (2), and 
thermal radiometry (3, 4), leading to the 
compositional classification of a large 
number of minor planets (5), has revital- 
ized the question of the significance of 
the dynamical families first recognized 
by Hirayama (6-8). 

The dynamical families, which appear 
as clusterings in the orbital parameters 
semimajor axis, proper eccentricity, and 
proper inclination, are generally thought 
to represent fragments from the colli- 
sional breakup of discrete parent bodies 
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(9). Thus the members of a single family 
should show identical compositions if 
the parent body was homogeneous, or 
else compositions belonging to some ge- 
ochemically plausible stratigraphy if the 
parent body had geochemically evolved 
or had accreted in distinct layers (10). In 
the latter case we would now have ac- 
cess to the interior of a differentiated 
body in a way not possible for the major 
planets and planetary satellites. 

Alfven (11) and Trulsen (12) have sug- 
gested an alternative possibility for pro- 
ducing dynamical families-namely, that 

Fig. 1. Ultraviolet-minus-blue 
/ versus blue-minus-visual color 

indices for minor planets in the 
dynamical families associated 
with 221 Eos (0), 158 Koronis 
(@), and 44 Nysa (A). The M- 
type object 135 Hertha asso- 
ciated with the Nysa family is 
indicated by (A). Solar colors 
ofB - V = 0.63 and U - B = 
0.10 are indicated. Family 
memberships are as assigned 
by Williams (8). Domains indi- 
cating the colors of the common 
C, S, and M asteroid types are 
adapted from work by Bowell 
(15) and Zellner et al. (16). 
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they are formed by the collisional focus- 
ing of unrelated field asteroids. For such 
an origin we would expect to find only 
the pattern of compositions character- 
istic of that region of the asteroid belt. 

For the hundred or so brighter aster- 
oids, attempts to reconstruct the pro- 
genitors of families have generally been 
disappointing. Chapman (13) has noted, 
for example, that there is no attractive 
way to reconstruct a single parent body 
from the S object 15 Eunomia and the C 
objects 85 lo and 141 Lumen. A statisti- 
cal study by Hansen (14) based on pub- 
lished compositional identifications of 
the brighter asteroids gave rather in- 
conclusive results. Chance orbital simi- 
larities between objects of different prov- 
enance are, of course, possible, but if 
such heterogeneous mixtures turn out to 
be the rule, then the view of families as 
fragmentation products is in serious 
jeopardy. 

Figure 1 illustrates UBV colors for 
three families which show strong evi- 
dence of consanguinity. The data are 
preliminary results from continuing 
photometric surveys at the Lowell Ob- 
servatory (15) and the University of Ari- 
zona (16). While UBV photometry is a 
coarse tool for elucidating compositional 
differences between asteroids, the ul- 
traviolet-minus-blue (U - B) and blue- 
minus-visual (B - V) color indices are 
generally sufficient to distinguish the 
principal C, S, and M types and to recog- 
nize objects belonging to rarer or un- 
known types (16). Broadband color- 
imetry is, moreover, the only technique 
with which it is possible to reach almost 
any numbered asteroid with telescopes 
of modest size. 

The 44 Nysa family at a mean semi- 
major axis, a, of 2.43 A.U. contains 
Nysa itself, a rather large, irregularly 
shaped object (66 by 102 km) of the very 
rare E type, which may be identifiable 
with any bright, colorless, refined sili- 
cate such as plagioclase or forsterite, but 
quite likely corresponds to the iron-free 
enstatite achondrites (17). The family al- 
so contains the M or metallic-type object 
135 Hertha of diameter about 80 km, and 
a dozen numbered asteroids in the 10-km 
size range (18). At least four of the small- 
er objects are seen in Fig. 1 to resemble 
44 Nysa closely, with colors entirely 
atypical of the predominant asteroid 
population. 

The geochemical implications of the 
Nysa-Hertha family are more closely ex- 
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tion is strongly suggestive of the rem- 
nants of a melted, geochemically dif- 
ferentiated body of initially chondritic 
composition; 135 Hertha provides the 
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Asteroid Families: Observational Evidence for Common Origins 

Abstract. Colors of minor planets in the UBV system indicate compositions quite 
distinct from those of the field population in each of three Hirayama families. The 
Eos and Koronis families apparently originated from the collisionalfragmentation of 
undifferentiated silicate bodies, and the Nysa group from a geochemically dif- 
ferentiated parent body. 

Asteroid Families: Observational Evidence for Common Origins 

Abstract. Colors of minor planets in the UBV system indicate compositions quite 
distinct from those of the field population in each of three Hirayama families. The 
Eos and Koronis families apparently originated from the collisionalfragmentation of 
undifferentiated silicate bodies, and the Nysa group from a geochemically dif- 
ferentiated parent body. 

o o 

k 
I \ A A\ 

k 
I \ A A\ 

li m) li m) 

I I 



nickel-iron core and 44 Nysa is the 
largest surviving fragment of a stony 
mantle. 

The Eos and Koronis families are 
among the best-defined groups (8), but 
unlike the Nysa group, the Eos family at 
a = 3.01 A.U. and the Koronis family at 
a = 2.87 A.U. consist not of one or two 
large objects plus assorted small chips 
but rather of a continuum of sizes with 
the five or ten largest objects having 
comparable diameters. Both families fall 
in the outer parts of the belt where the 
field population, at least for diameters 
> 50 km, is 85 to 90 percent of type C 
(5). Neither group seems to contain any 
classical C objects with B - V - 0.7 and 
U - B - 0.3. The eight measured Koro- 
nis members seem to be of the S type, 
whereas the Eos objects cluster about a 
point intermediate between the domains 
of the typical C and S populations. The 
dispersion in the colors is partially attrib- 
utable to observational scatter for such 
faint objects. 

The Eos and Koronis family members 
are generally too small and distant to 
have been picked up in bright-asteroid 
surveys. For 208 Lacrimosa in the Ko- 
ronis family, Morrison (3) has derived, by 
the method of thermal radiometry, a ge- 
ometric albedo of 0.14, which puts it 
firmly in the S class. For 221 Eos itself 
McCord and Chapman (I) have reported 
a reflection spectrum of unusual type, 
showing the ultraviolet dropoff charac- 
teristic of ferrous silicates and a weak 
absorption band near 0.97 A/m probably 
attributable to pyroxene, but without the 
overall spectral redness that is a signa- 
ture of free iron in the typical S objects. 
Apparently Eos consists of a mixture of 
silicates yet to be specifically identified, 
probably rather close to chondritic in el- 
emental composition but with no exact 
analog among known meteorite types. 

In any case, both the Eos and Koronis 
families clearly resulted from the frag- 
mentation of discrete undifferentiated 
parent bodies and not from random col- 
lections of the C-dominated populations 
in their vicinities. 

J. GRADIE 

B. ZELLNER 
Lunar and Planetary Laboratory, 
University of Arizona, Tucson 85721 
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Photochemical smog, formed by the 
action of solar ultraviolet radiation on 
polluted ambient air containing hydro- 
carbons (HC) and oxides of nitrogen 
(NOx), is characterized by such undesir- 
able phenomena as the conversion of NO 
to NO2 and the production of 03, per- 
oxyacetyl nitrate (PAN), and light-scat- 
tering particles (1). Although strategies 
for smog control have focused almost ex- 
clusively on reducing the emissions of 
reactive HC and NOX (for example, au- 
tomobile control devices), the possibility 
of suppressing photochemical smog by 
introducing into the atmosphere chem- 
icals known to be free radical "traps" 
(or smog inhibitors) has been discussed 
for at least 15 years (2). 

The possible use of N,N'-diethylhy- 
droxylamine [(C2H5)2NOH), or DEHA] 
as an inhibitor has been investigated by 
Heicklen and his co-workers (3, 4); they 
recently recommended that DEHA be 
introduced into polluted urban air at con- 
centrations of about 0.03 to 0.05 part per 
million (ppm) (5-7). This proposal was 
based on laboratory experiments con- 
ducted with DEHA, NOx, and two ole- 
finic hydrocarbons, ethylene and propy- 
lene, at concentrations of several parts 
per million in 02; in these experiments 
DEHA inhibited the conversion of NO to 
NO2 and the formation of 03 (3, 4). 

According to Heicklen, the advan- 
tages of adding DEHA to urban atmo- 
spheres rather than using automobile 
control devices are numerous: DEHA 
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controls stationary as well as mobile 
source emissions; the method is project- 
ed to be cheaper by at least a factor of 
100 than automobile control devices and 
can provide for the immediate elimina- 
tion of photochemical smog, whereas it 
will take at least 10 years to equip all cars 
with emission control devices (5, 7). For 
these reasons, this proposal has received 
attention not only from air pollution con- 
trol officials and atmospheric scientists 
(8-10) but also from the general public 
(/11). 

Two major questions arise from the 
proposal to add DEHA to polluted urban 
atmospheres (7): the possible toxicity of 
DEHA and its reaction products in am- 
bient air (1, 8), and the validity of extrap- 
olating laboratory results to "real" ur- 
ban atmospheres. Thus it has been sug- 
gested that, even though DEHA might 
delay the formation of photochemical 
smog, this would transfer the problem 
downwind (1, 8). 

The question of the possible toxicity of 
DEHA and its reaction products has 
been raised (1, 4-10), but will not be ad- 
dressed here. We report here on tests of 
the effectiveness of DEHA as an inhib- 
itor of photochemical smog under close- 
ly simulated atmospheric conditions. 
Our study was conducted in an 80-m3 
dual outdoor environmental chamber 
constructed from 2-mil FEP Teflon film 
(12). Two types of experiments were 
conducted: in three cases we used morn- 
ing Riverside ambient air and either 0.1 
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Enhancement of Photochemical Smog by 

N,N'-Diethylhydroxylamine in Polluted Ambient Air 

Abstract. A recent proposalfor controlling photochemical smog by the addition to 
ambient air of 0.03 to 0.05 part per million of diethylhydroxylamine (DEHA) is shown 
to be invalid. The addition of DEHA in the range of 0.05 to 0.5 part per million to 
ambient air irradiated with sunlight in a dual outdoor environmental chamber caused 
marked increases in the rates of formation and concentrations of ozone, per- 
oxyacetyl nitrate, and light-scattering particles. 

Enhancement of Photochemical Smog by 

N,N'-Diethylhydroxylamine in Polluted Ambient Air 

Abstract. A recent proposalfor controlling photochemical smog by the addition to 
ambient air of 0.03 to 0.05 part per million of diethylhydroxylamine (DEHA) is shown 
to be invalid. The addition of DEHA in the range of 0.05 to 0.5 part per million to 
ambient air irradiated with sunlight in a dual outdoor environmental chamber caused 
marked increases in the rates of formation and concentrations of ozone, per- 
oxyacetyl nitrate, and light-scattering particles. 


