
Special attention was given to com- 
paring the phytotoxicity of a straight- 
chain olefin with one wherein a methyl 
group was attached at  the double bond, 
and cis and trans forms of a given 
material. For this purpose comparisons 
were made between I-hexene and 2- 
methyl-1-hexene and between cis- and 
trans-3-hexene. The addition of a 
methyl group at  the double bond 
markedly reduced plant damage and it is 
suggested that the methyl group inter- 
fered in some way with phytotoxicant 
formation. Changing from cis to trans 
forms did not alter level of phytotoxicity. 

Oxidant damage was produced with 
about 2 p p.m. of acrolein alone. While 
damage was not severe. it was definite 
and indistinguishable from the underside 
bronzing typical of oxidant damage. 
Haagen-Smit et al. ( 4 )  had shown that 
acrolein produced atypical damage on 
some of the test plants used. 

Eye Irritation. No e)e irritation 
was obtained with any ozone-hvdro- 
carbon mixture that was appreciably 
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higher than that reported for clean air. 
Neither was irritation reported for ozone 
alone, even at high concentrations. 
For comparison of acrolein (a known 
lachrymator) with carbon-filtered air, 
the frequencies for none, medium, and 
severe irritation resembled a Poisson 
distribution; one of the appropriate 
transformations is = 4 / x + 1 / 2  (7). 
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The copper, nickel, and cobalt content in oyster shells has been found to be 33, 30, and 1 
p.p.m., respectively. These quantities of copper and cobalt are too low to be significant 
in correcting soil and plant deficiencies by the application of oyster shells as liming material, 
but the cobalt present in oyster shells might be beneficial in poultry nutrition. Unlike copper, 
nickel is  present in higher quantity in the shell of oysters than in the edible portion. The 
concentration of copper and cobalt from sea water to oyster shells is  about the same, 
whereas nickel appears to be accumulated to a greater degree. 

YSTER SHELLS play a minor role in 0 agriculture as a mineral supple- 
ment in poultry nutrition and occasion- 
ally as a soil additive in the form of lime 
or limestone. There does not appear to 
be a recorded observation on the cobalt 
or nickel content of oyster shells, and 
only a single reference to the quantity of 
copper in this material has been found. 
.4 composite 10-pound sample of shells 

of the common oyster. Ostrea oirginica, 
gathered on several occasions from differ- 
ent locations off the coast of Prince Ed- 
ward Island, Canada, was thoroughly 
freed from organic matter by scrubbing 
with a stiff-bristle brush in fresh water. 
The shells were rinsed ten times in 
distilled water, dried overnight a t  105” 
C., crushed. and pulverized to approxi- 
mately 65 mesh. From this bulk sample 
a final 250-gram analytical sample was 

obtained by riffling. and this was pul- 
verized to - 100 mesh. The washing and 
drying procedures used on these shells 
left such small quantities of organic 
matter and moisture that their presence 
had no effect on the concentration of 
metals in the parts per million range. 

Standard colorimetric procedures were 
employed to determine nickel as nickel 
dimethylglyovime in alkaline solution. 
and cobalt by the Nitroso-R salt pro- 
cedure. After the addition of dimethyl- 
glyoxime and removal of nickel and 
cobalt by extraction with carbon tetra- 
chloride. copper was determined with 
sodium diethyldithiocarbamate ( 5 ) .  
The following results, in parts per million. 
were obtained : copper, 33 ; nickel, 30 ; 
and cobalt. 1. 

The quantities of these metals found in 
sea water by different investigators show 
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considerable variation. This is not 
surprising when one considers the in- 
fluence of land drainage. shore rock com- 
position, currents, and other factors 
affecting the composition of sea water, 
as well as the difficulties in sampling and 
analysis for trace elements. The range 
of values published in recent years for 
copper, nickel, and cobalt in sea water 
is illustrated in Table I. 

The figures reported by Young, Smith, 
and Langille ( 7 7 )  for copper and cobalt 
are of particular significance, as their 
samples were likewise taken from the 
sea around the Atlantic provinces of 
Canada. The average content of copper 
found by Young, Smith, and Langille 
agrees well with the mean compiled 
by L’inogradov (70), and their average 
cobalt value of 0.5 per liter shows good 
agreement with the averages listed by 

6, N 0 V . - D E C .  1 9 6 0  485 



Table 1. Copper, Nickel, and Cobalt 
Reported in Sea Water 

Micrograms per l i fer  

Reference Cu Ni co 
( 2 )  <3000 1.5-6 <o 3 
( 3 )  4-10 0 1-0 5 0 1  

0.7-0 8 0 38-0 67 
2 

other investigators. If the respective 
values of 18, 2> and 0.5 y per liter are 
accepted for copper, nickel, and cobalt 
in sea water, results of the present Jvork 
indicate that copper and cobalt are con- 
centrated in the oyster shell to nearly the 
same extent, 1.8 X IO3 and 2 X 10”. 
respectively. The concentration of 
nickel, however, from sea water to shell 
is appreciably higher a t  1 .5  X lo1. 

Copper in the edible portion of oysters 
has been reported by various workers to 
vary over the wide range of about 5 to 
2000 p,p,m. in the living matter. A fair 
average of the compiled data of l’ino- 
gradov for Crassostrea cirginica \vould 
be approximately 1100 p.p.m. of copper. 
As the edible portion of oysters contains 
about 8776 water, i t  is evident that on 
the dry basis this part. even for the lower 
ranges of copper recorded j i i  the litera- 
ture: contains more of this element than 
found in the shell in the present study. 
The single reference to copper in oyster 
shells which was noted ( 9 )  gave a value 
of 25 p.p.m., which is close to the findings 
reported here. 

Figures quoted by Vinogradov on 
nickel in gills? mantle, and hepato- 
pancreas of Crassostrea angulata are 1.3, 
0.9, and 1.0 p.p,m., respectively, and a 
value for nickel in the edible portion of 

Crassostrea sp. is given as 1.7 p.p.m. No 
reported reference to nickel in the shell 
was found. The author’s value of 30 
p.p.m. indicates that, unlike copper, 
there is considerably more nickel in the 
shell of oysters than in the edible portion. 

Cobalt does not appear to have been 
determined in either edible portion or 
shell of oysters, though the element has 
been recorded in living matter and vari- 
ous organs of a few genera of Mollusca 
(70). The limited data indicate that, in 
general, cobalt is present in smaller 
quantity than nickel and that the nickel- 
to-cobalt ratio is about the same as that 
found in sea water. 

-4lthough the cobalt content of oyster 
shells is higher than that of most plant 
products, it is far too low to serve as a 
source of this element in cobalt-deficient 
areas by the application of lime derived 
from oyster shells. In regions of the 
world where maintenance of health in 
ruminants requires the addition of a 
cobalt supplement to fertilizer or lime, 2 
pounds of the commercial sulfate per 
acre will last for 3 to 5 years. In other 
words. about 0.1 pound of cobalt per 
year will be needed, whereas the applica- 
tion of even 5 tons per acre of oyster 
shells \rould furnish only 0.01 pound of 
cobalt. 

The copper content of oyster shells is 
probably too low for it to exert any 
significant effect in correcting a defi- 
ciency of this element in plants and soils. 
In various soils throughout the world 
where copper deficiencies for livestock, 
citrus fruits. or other crops occur? an 
application of commercial sulfate varying 
from 5 to 50 pounds per acre has been 
employed, and the effect usually lasts a t  
least 3 years. A minimum of about 1 
pound of copper per acre per year is thus 
indicated, whereas even 5 tons per acre of 
oyster shells would furnish only about 
0.3 pound of copper. 

There have been several reports on the 
beneficial effect from cobalt additions to 
poultry rations ( 7 ,  3 ) .  From 1 to 12 
p.p.m. of cobalt in the feed have re- 
sulted in increased growth. I t  is pos- 
sible, therefore, that the minute quanti- 
ties of cobalt in oyster shells may have 
significance in poultry nutrition. 
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D I E T A R Y  P R O T E I N  VALUES 

Complete OS. Total Protein 
in the Evaluation of Diets 

HE PROTEIN CONTEXT O F  FOODS T is customarily determined by multi- 
plying the nitrogen content of the food 
by one of several factors which range in 
magnitude from 5.7 to 6.66. The mis- 
leading impression that such factors 
may impart concerning the real protein 
content of mixed foods has been dis- 
cussed (5). However, even if the 
protein content is determined by more 

adequate means, the result may or may 
not describe the value of this protein 
for nutritive purposes. The concept of 
”complete protein’‘ was introduced (7) 
to define more clearly the quantity of 
protein which would be available to the 
organism for repair and synthesis of 
tissue, Complete protein is, by this 
definition, that fraction of the total die- 
tary protein which is completely utilized 
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for anabolic purposes. -4s the pattern 
of essential amino acids required by an 
animal appears to depend on its physio- 
logical state (growth, tissue repair, 
pregnancy, lactation, adult mainte- 
nance), the amino acid composition of 
the complete protein will vary with the 
animal’s requirements. In  this study, 
complete protein is represented by the 
pattern of essential amino acids needed 
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