
thermometers based on the equilibrium 
crystal-liquid distribution of elements as- 
sume a melt phase that is chemically well 
mixed by diffusion. In small regions adja- 
cent to growing crystals, the validity of 
this assumption depends to a large de- 
gree upon crystal growth rates (5, 13), 
but in any case the probability of attain- 
ing a true equilibrium distribution of ele- 
ments between crystals and melt is im- 
proved by high mobility of ions in the 
melt. In light of the data presented here, 
it is clear that any assumptions regarding 
crystal-melt equilibrium are more likely 
to be valid for H20-bearing granitic mag- 
mas than for their dry counterparts (5). 

The reasons for high ionic mobilities in 
H0O-bearing silicate melts are not obvi- 
ous. Earlier studies have revealed other 
melt composition parameters that affect 
diffusion rates and activation energies 
for diffusion (14), but in no case have the 
observed effects been as great as that of 
H20. One explanation may be the ef- 
fectiveness of H20 as a "depolymeriz- 
ing" agent with respect to large silicate 
anions in the melt (15). A reduction in 
the size of silicate anions is equivalent to 
the creation of nonbridging oxygens; if 
the widespread occurrence of this pro- 
cess is viewed as a proliferation of atom- 
ic sites suitable for occupation by Cs+ 
ions, then considerable reduction in the 
average diffusive jump distance would 
result from solution of H20 in a melt. In 
view of the fact that 6 percent (by 
weight) of dissolved H20 is roughly 
equal to 23 mole percent (calculated on a 
simple oxide basis), this proliferation of 
Cs sites could well account for the ob- 
served increase in diffusivity and the de- 
crease in activation energy for Cs dif- 
fusion. If this general conception of dif- 
fusion in hydrous silicate melts is 
correct, then I would anticipate high 
mobilities for many ionic constituents in 
addition to Cs. 
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Aluminum in Seawater: Control by Inorganic Processes 

Abstract. The distribution of dissolved aluminum in open ocean waters is probably 
controlled by the solution of aluminum from atmospherically derived particles and 
bottom sediments balanced against scavenging by siliceous shells of dead orga- 
nisms. Variations in the aluminum concentration within vertical hydrographic pro- 
files are small as compared to those for other trace metals. Aluminum concentra- 
tions in the Atlantic and Pacific are inversely related to the silica contents of these 
oceans. 
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Recent measurements of trace metals 
in deep ocean waters have shown that 
the dominant control on the distributions 
of Ni, Cd, and Zn (1) is biological. The 
metals are taken up from near-surface 
waters by microorganisms during growth 
and are then returned to solution as dead 
organisms decay and sink through the 
water column. The distribution profiles 
observed correlate closely with those of 
the micronutrients silicate or phosphate 
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whose chemistries are similarly con- 
trolled in ocean waters. In contrast, 
Boyle et al. (2) have shown that, in the 
case of Cu, inorganic processes dictate 
the distribution pattern. Inputs of Cu 
across the surface and bottom bounda- 
ries of the ocean coupled with scaveng- 
ing by particulate matter tend to produce 
profiles which display a concentration 
minimum at intermediate depths. Be- 
cause of its importance in mineral forma- 
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1973) at GEOSECS station 219. Fig. 2 
(right). Profiles of Al in acidified samples mea- 
sured in (0) November 1977 and (0) May 
1978 at station K69/10. 
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studies of open ocean the behavior of Al is more 
et al. (3) similar to that of Cu, which suggests that 
have re- the situation in the Mediterranean, a 

terranean confined marine basin, is anomalous. 
AI and Si, The Al analyses reported here were 
1 behaves carried out in two stages. First, samples 
ver, I re- from the Geochemical Ocean Section 
hat in the Study (GEOSECS) library of water sam- 

ples (5) were analyzed by the method of 
Hydes and Liss (6) at GEOSECS Central 

;r) Atlantic station 37 and Pacific stations 
.0 1.2 204 off Hawaii and 219 in the Bering Sea. 
j51 All three stations showed Al distribu- 

tions similar to that shown in Fig. 1 for 
station 219. There is no detectable 
change in the Al concentration with 
depth, and there is considerable scatter 
of the data points as compared to data 
from other recent high-quality trace met- 
al analyses (1). Earlier work on Al sug- 
gested that much of the scatter in these 
analyses may have resulted from the 
storage of samples in an acidified condi- 
tion (7). The second stage was to collect 
a fresh suite of samples from the North 
Atlantic at station K69/10 (8); these sam- 
ples were stored both unacidified and 
acidified, to study the influence of acid- 
ification and duration of storage. Com- 
parison of the results (Figs. 2 and 3) 
shows that Al contamination does occur 
progressively with time in acidified sam- 
ples, and that it varies from sample to 
sample. The average contamination over 
8 months was 6.0 /g of Al per square me- 
ter of bottle surface. This finding is not 
unexpected in light of the recent results 
of Moody and Lindstrom (9) for acid 
leaching from linear polyethylene. It is 

* thus highly probable that much of the 
o . scatter in the Al data from the GEO- 

SECS stations is due to contamination 

9/10 in un- during storage. 
1) October The data in Fig. 3 show much less 
day 1978. scatter than the analyses from GEO- 

SECS stations, and a steady variation of 
Al concentration with depth can be seen. 
The distribution is similar in form, but 

-.---^ ~ the change is smaller in magnitude than 
that observed by Boyle et al. (2) in sever- 
al of their Cu profiles. They suggested 
that such a profile could be generated by 
atmospheric input to the surface layer, 
scavenging at mid-depth, and input from 
bottom sediments. Such an explanation 
is consistent with our knowledge of Al 
chemistry. Hodge et al. (10) have shown 
that airborne particulate matter acts as a 
source of Al on entering seawater. This 
may give rise to some of the patchiness 
in the Al distribution in surface waters. I 

* measured surface concentrations of 0.6, 
* * 0.5, and 2.25 tg/liter at GEOSECS sta- 

at station tions 204, 219, and 37; 1.0 Ag/liter at sta- 
tion K69/10; and values between 0.5 and 

5.5 axg/liter in the North Sea (7). For con- 
ditions at the benthic boundary, clay 
mineral solubility studies (11) predict 
that, at the dissolved Si concentrations 
found in pore waters of nonsiliceous 
sediments, the solubility of Al will be 
sufficiently high that the sediment will 
act as a source of Al to the overlying sea- 
water. Plots of potential temperature 
versus salinity at stations 219 and K69/10 
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are linear below 943 and 990 m, respec- 
tively, indicating an unstratified water 
mass (12). Corresponding plots of Al ver- 
sus salinity (Figs. 4 and 5) display curva- 
ture, an indication that scavenging of Al 
from solution (13) dominates any solu- 
tion of Al from aluminosilicate particles 
that is taking place. I suggest that, when 
the organic coatings of diatoms and ra- 
diolaria are degraded after the death of 
the organisms, the silica shells become 
the most likely active site for Al scaveng- 
ing. Lewin (14) found that leached dia- 
tom shells adsorb Al (up to 1.9 percent as 
AI20.), and Hurd (15) observed mineral 
overgrowths on siliceous shells contain- 
ing 0.8 percent A1203. In addition, Al 
concentrations up to 1.8 percent A1203 in 
diatoms have been reported; however, 
the origin of this Al is uncertain, and 
much of it may be due to contamination 
of samples caused by clay minerals (16). 

Mackenzie et al. (3) observed in a par- 
tial profile from the Mediterranean that 
the Al and Si concentrations covaried. 
They proposed that Al is removed from 
seawater during the growth of siliceous 
microorganisms and is regenerated be- 
low the productive zone. In comparison, 
the distributions of Al and Si in Fig. 6 
show none of these correspondences. 
Similarly, if the distributions of Al and Si 
covary in the Pacific as claimed for the 
Mediterranean by Mackenzie et al., then 
at station 219 the concentration of Al 
should increase sixfold in parallel to the 
Si increase from 32.2 pm of Si per kilo- 
gram of water to 190.1 /.tm at a depth of 
1676 m (3, 4). The data in Fig. 1 show no 
indication of such a change. 

The above evidence suggests that the 
situation observed by Mackenzie et al. in 
the Mediterranean is anomalous. Cer- 
tainly, the Al concentration they report 
is five times higher than those reported 
here and in earlier studies (7, 17). Fur- 
ther, in spite of contamination, the mean 
Al concentration measured at both Pacif- 
ic GEOSECS stations is 0.6 ,tg/liter, 
which is significantly below the mean of 
0.85 /ug/liter for the unacidified samples 
at station K69/10. The mean Al concen- 
tration at GEOSECS station 37 is 1.61 

[/g/liter. Atlantic stations show higher Al 
concentrations than Pacific ones where- 
as the reverse is true for Si, and so an 
inverse rather than a direct relation may 
apply to Al and Si concentrations on an 
oceanic scale. This inverse relationship 
between Al and Si may reflect the greater 
flux of Si through Pacific water, produc- 
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A number of studies have shown that 
workers in the American rubber industry 
have a significantly increased incidence 
of several types of cancer (1). It has been 
suggested that various chemicals used in 
the rubber industry are associated with 
this excess cancer risk. We now report 
the presence of an additional agent, 
N-nitrosomorpholine (NMOR), a well- 
known animal carcinogen (2), in rubber 
factory air and in bulk samples. Smaller 
amounts of a related carcinogen, N-ni- 
trosodimethylamine (NDMA), were also 
found in two of the four factories sam- 
pled. 

The laboratory apparatus, including 
gas and high-pressure liquid chromato- 
graphs, fume hood, and detectors, was 
located inside a fully equipped mobile 
laboratory, which was parked near each 
site (3). A TEA analyzer (Thermo Elec- 
tron model 502LC) was used as a nitro- 
syl-specific detector for an isothermal 
gas chromatograph (GC) (4). The high- 
pressure liquid chromatograph (HPLC) 
was constructed (5) by combining a high- 
pressure pump (Altex model 110) with an 
injector (Rheodyne model 7120), a stain- 
less steel column (4 by 39 mm) packed 
with 10-Am Lichrosorb Si60 (Merck), 
and a second TEA detector. Authentic 
samples of NMOR, NDMA, N-nitroso- 
dipropylamine (NDPA), and N-nitro- 
sodiphenylamine (NDPhA) were ob- 
tained from Thermo Electron. Solvents 
(distilled-in-glass grade) were supplied 
by Burdick & Jackson Laboratories. 
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injector (Rheodyne model 7120), a stain- 
less steel column (4 by 39 mm) packed 
with 10-Am Lichrosorb Si60 (Merck), 
and a second TEA detector. Authentic 
samples of NMOR, NDMA, N-nitroso- 
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(distilled-in-glass grade) were supplied 
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Table 1 summarizes the findings at 
four rubber industry factories in Ohio 
visited in the spring of 1978. N-Nitro- 
sodiphenylamine, which is used as a vul- 
canization retarder, was found at a tire 
chemical factory where it was being pro- 
duced. Thus it was not unexpected to 
find it there in the air, in wastewater 
from the NDPhA reaction (730 ,ug/g), or 
in scrapings from the floor (up to 15,000 
ikg/g) (6). It was even found in the soil 
outside the building (47 ,tg/g). It was not 
found at the other three factories, al- 
though it is sometimes used in the manu- 
facture of tires. N-Nitrosodiphenylamine 
is not generally considered to be carcino- 
genic (7), although a recent report casts 
some doubt on this conclusion (8). 

N-Nitrosodimethylamine was found as 
an air pollutant at both the chemical fac- 
tory and the industrial rubber products 
factory. In the chemical factory, the con- 
centration ranged from 0.05 to 0.5 A/g/m3 
close to a tank where dimethylamine 
(DMA) was being stored (Table 1). The 
DMA was found to be contaminated with 
NDMA (1.3 /,g/g), and this may have 
contributed to the airborne NDMA. In 
the industrial rubber products factory, 
all four samples contained NDMA at lev- 
els between 0.07 and 0.14 /tg/m3. The 
source of the NDMA at this factory was 
not determined. 

N-Nitrosomorpholine was found as an 
air pollutant inside both the chemical 
factory and the aircraft tire factory. In 
the chemical factory, it was found as an 
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N-Nitrosamines in the Rubber and Tire Industry 

Abstract. Airborne N-nitrosomorpholine (0 to 27 microgramns per cubic meter) was 
found in two of four rubber industry factories. N-Nitrosodimethylamine wtas (ilso 
found in two factories, but at lower levels. These findings may be relevant to the 
reported increased risk of certain types of cancer in rubber workers in some of the 
same areas where the N-nitrosomorpholine levels were highest. 
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