
Pacific. Few storms have the intensity 
to penetrate as far as San D iego; thus 
the annual rainfa l! averages only 10 
inches per year. We have collected rain
fall at the La lolla station and analyzed 
it for lead during the past 3 years. Lead 
cO:lcentrations range from 3 to over 
300 ~tg per liter of rainwater, and there 
is an inverse relationship between the 
amounts of r:linfal! :lnd the lead con
centration. The average lead contents in 
La Jolla rainwater is about 40 ~g/liter. 
Lazrus et al. (12) reported an average 
of 36 ~g of lead per liter for a U.S. 
nationwide sampling network. They 
concluded that the lead content in rain
water at various cities is correlated with 
the gasoline consumption there. Accord
ing to the U.S. Publ ic Health Service 
drinking water standard, the "grounds 
for rejection" limit for drinking water 
is 50 ,.tg of lead per liter (13). 

In the San Diego region the amount 
of dust falling was 72 and 113 mg/ m2 
per day for the fourth quarter of 1969 
for our La Jolla and downtown San 
Diego stations, respective ly. About two
thirds of the La Jolla dust consists of 
water-soluble matter primarily com
posed of sea saIts. The gross lead con
tent of the La Jolla dust is 0.09 percent, 
which corresponds to a lead precipitate 
of 65 ~g/m2 per day. San Diego dust, 
about one-third of which consists of 
soluble matter, contained 0.84 percent 
lead, equivalent to 950 ~g/m2 per 
day. On the basis of a comparison of 
the lead contents in the La Jolla and 
downtown San Diego dust (0.09 and 
0.84 percent, respectively) with those of 
the lead aerosols in the suspended mat
ter (0.68 and 4.62 percent, as given in 
Table 1), it is clear that only a fraction 
of the lead aerosols precipitate out near 
the source of emissions. The remainder 
of the lead aerosols are carried in the 
air currents and spread around the 
globe (14). 

A portion of these lead pollutants 
have undoubtedly been incorporated 
into plants and animals (15). Long-term 
increases in atmospheric lead concen
tration will resu lt in predictably higher 
concentrations of lead in the blood of 
the exposed populations (16). Because 
of the well-known toxicity of lead, the 
health hazard of increasing lead pollu
tants in the environment cannot be 
ignored. 
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R· L.~ 
Gadolinium: Distribution between Aqueous and Silicate Phases 

Abstract. Studies of the partition of trivalent gadolinium between aqueous 
and silicate phases have been made at temperatures from 800° to 900°C and 
at pressures from 500 to 1000 bars. Constant values tor the distribution co
efficients for for!Yterite, enstatite, and diopside were obtained over a concentra
tion range from 0.6 part per billion to 4 parts per thousand in the solid phases. 
Ratios of silicate crystal-aqueous phase distribution coefficients to silicate melt
aqueou.Y phase distribution cofficiellts are close to the values for silicate crystal
silicate melt distribution coefficients estimated from natural systems. The tree 
ion activity of trivalent gadolinium in the silicate melts appears to be less thall 
one-hundredth of its value for aqueolls phases of the same concentration. 

The number of thermodynamic pa
rameters that would have to be evalu
ated in order to predict the behavior 
of a trace element during solidification 
of a natural silicate liquid is prohibi
tive. A promising approach is to mea
sure distribution coefficients for trace 
elements in the hope that they will be 
constant over a useful variety of sili
cate compositions. Such seems to be 
the case for the rare earth elements 
since estimates of their distribution co
efficients lie within a narrow range. 
These estimates are derived from 
studies of several natural systems 
which include phenocrysts and host 
matrices treated as equilibrium solid
liquid pairs (1), ultramafic rocks and 
basalts treated as partial melt-residue 
pairs (2), and minerals and estimated 
residual liquids from the Skaergaard 
intrusion (3). We have obtained lab
oratory values for distribution coef
ficients of Gd that are similar to 
those found for natural systems. OUf 

measurements also show a strong af
finity of silicate liquids for that ele
ment. 

Most of the cations that are es
sential components of common silicate 

minerals are mono- or divalent. Entry 
of Gd3 + into one of the silicate struc
tural sites, therefore, requires charge 
compensation. In natural silicate melts 
the concentrations of both major ca
tions and possible compensating anions 
presumably exceed that of Gd by 
several orders of magnitude. If so, no 
conceivable distribution of the Gd be
tween the solid phase and its parent 
liquid will significantly affect the ac
tivities of those ions in either phase. 
The equilibrium distribution of Gd will 
then be given by the ratio of the ac
tivities of that element for the two 
phases according to Eq. 1 

K = A (Gd'+, solid solution) 
A (Gd3+, liquid) 

where K is a constant. 

(1) 

In this paper we define a distribution 
coefficient D as the ratio at equilibrium 
of the bulk concentration of the trace 
clement in the solid to its bulk con
centration in the liquid. This distribu
tion coefficient is related to the con
stant K as follows. where y represents 
the activity coefficient of Gd3 + 

K 'Y(Gd'+, solid solution) D 
'Y(Gd"', liquid) (2) 
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