
TABLE1. Impurities found in gallium. 
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* See discussion. 
Interpretation of symbols: IV, 0.1-0.01%; TW, 0.01-

0.001%: TR. 0.001-0.0001%: FTR. 0.0001-less than 
0.0001% ; VFTR, less than 0.0001% ; blank ~neans  not 
detected. 

u7as used in preference to sotne other coolant, such as 
dry ice-alcohol, because it  was easier to maintain the 
supply of coolant a t  the t ip  of the cold finger uhere 
there was no solid itlatter to block the free supply of 
liquid. 

The first oontainer f o r  the gallium was made of 
Pyrex; but since there s~enied to be a pickup of aluirti- 
num, magnesium, and silicon (see Table 1,column B) 
when this was used, a silica container was made and 
used f o r  the second cros of crsrstals. 

Gallium single crystals were grown with a lninimuni 
of effort by the Kyropoulos technique and samples 
were taken froin the tops and tips of all crystals. 
The first crop of crystals showed a qualitative im- 
provement h~ a factor of 10 in the concentration of 
copper, tin, lead, cadlniuru, and mercury but sl~owed 
a n  increase in magnesium, 2iluminuin, and silicon. A 
recheck on the latter three showed that the impurities 
were s t r o n g l ~  concentrated as  a surface film and that 
in  the body of the crystal there had been only a slight 
pickup of ilragnesiuin and no pickup of silicon and 
aluminum (Table 1, column B).  These first crystals 
were remelted. and a second crop of crystals was 
grown. Further purification by a second factor of 10 
was obtained in the lead, tin, and nlercur? content and 
by  the elimination of .;pectrographicallg detectable 
amounts of silicon, aluminutn, molybdenum, cadmium, 
zinc, germanium, calcium, and silver, all of which had 
appeared in the initial qualitative-analysis (Table 1, 
column C).  

Thus, after two cycles of crystal growth, there wtre 
only five ele~nents remaining that could he detected 
spectrographically as impurities. Eight others had 
been reduced so that they >%-ere no longer detectable. 
All the ilnpurities haci been reduceci by a minimum 
factor of 10 and some by a factor of more than 1000. 
The total irnpnrity content of the second crop of crys- 

tals was not inore th:ui 0.00.3 percent and probably 
nearer 0.001 percent. 

Since this purity was sufficient fo r  our purposes, no 
additional regrowth was attempted. I t  is felt, however, 
that by continued growth further purification by a t  
least one factor of 10 could be achieved. 
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A number of workers ( I ,  2,  3 )  have expressed the 
belief that in cafes of hookworm infestation the 
anemia frequently observed could be caused solely hg 
the blood lost from the intestines. I n  a rwiew of the 
subject Lane ( 2 )  concludes that blood loss is the most 
probable reason for  hookwor~n anemia. Wells (2) a t -
tached A. cn~aimurnto- the intestinal mucosa of living 
dogs and from iron balance observations calculated the 
maximum loss of 0.8 in1 blood per worm per day, but 
he allowed for  a considerablc variation in the blood 
consumption of individual worms. Hahn and Offutt 
( 5 ) found a method of studying the blood loss in hook- 
worm infestation of dogs using radioactive iron. 

W e  have used a sitnilar technic on three hlllnan 
patients, who, except fo r  the hookwornl o ra  foul111 
in their stools? were otherwise healthy. Our purpose 
uras to determine whether the blood loss per urorni per 
day was constant (improbable) and to what degree 
the blood loss was responsible fo r  the comparativcly 
low hemoglobin values of our patients. 

Our method was briefly as follows. Approxinlatcly 
40 [LC' of Fe", in acid solutiotl containing less than I 
tng of iron, were sterilized, buffered, mixed with 20 
1111 of the patients' own heparinized plasma, and in- 
jected intravenously. Small sanlples of blood were 
taken a t  intervals of 3 or 3 days and the radioactive 
content measured. After about 8 days, this became ap- 
proximately constant and the collection of stools was 
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then started and continued for  about 1 2  days. The 
stools were collected in periods of 3 days and lumped 
together fo r  extraction of the iron and measurement 
of the activity. Finally, after the last 3-day period, 
the patient was deworlned and quantitative worm 
counts made on the stools fo r  the next 5 days. Where 
possible, ova concentration methods were employed 
after the fifth day to check the efficiency of de-
worming. 

The radioactivity of the blood was determined with 
a n  end-window Geiger counter af ter  the sample had 
been ashed and electroplated on to copper disks, fol- 
lowing essentially the method described by Vosburgh, 
Flexner, and Cowie ( 6 ) .  The stools were dried with 
concentrated HNO, on a water bath, ashed, extracted 
with HC1, and the activity of the liquid measured with 
a Veal1 type (7') liquid counter. A reference solution 
of Fern was also made from each hatch used for  jntra- 
venous injection. Then if 

Cs=counts/min in the liquid counter of the stool as11 
cxtract, 

Cb = arerage counts/min ml blood over the period dur- 
ing which the stools were collected, 

Se =counts/min nll of the refereoee solutio~~ electro-
plated, 

Sf =counts/min in the liquid counter of some of the 
same reference solution, 

J's= volume of stool ash extr:ict in ml, 

the blood loss is given by 
(CsxSexVs) j (CbxQf) .  

Our results, as sumn~arized in Table 1,appear to 
support Wells' conception of a considerable variation 
in the blood loss per worm. The daily loss of 10-20 ml 
(i.e., 5-10 nlg iron) would seem to account f o r  the 
heinoglobin values obtained. They are definitely low 
for  Angola Africans, who have a high iron intake (8). 
The observed hookworni loads combined with a nor- 
nlal iron intake should, therefore, produce a marked 
anemia. 

W e  feel fo r  the present unable to explain the high 
blood loss of patient A, harboring such a srnall worm 
load, unless there are  one or two profu5ely bleeding 

TABLE1. Hemoglobin values; blood loss during sub- 
sequent 3-(lag periods : average blood loss per (lag; num-
ber of worms recovered from the stools after deworming; 
and blood loss per worm per day for the 3 patients es-
nmined, :nid one control. 

Blood loss (ml) ,--.'=-.-	 ../ 

10.7 33.5 26.8 25.1 28.7 9.3 368 0.026 
d 13.1 48.6 30.8 47.9 - 14.1 63 .22 
C 13.1 71.2 60.0 42.8 51.6 18.8 384 .053 

Control - 2.3 2.3 2.0 - 0.7 - -

March 26, 1954 

injuries left by the worins. To what degree blood loss 
is due to  these bleeding injuries, or to  the consumpti011 
of blood by the worln, remains to be determined in 
future experiments. 

On the basis of our results, i t  is not necessary to 
argue that the anemia is caused by the effect of toxins 
(9). However, our results have been obtained on pa- 
tients with light loads in the age group from 18 to 30 
yr, and various factors such as adaptation and im- 
munity might counteract the full  effect of hookworm 
toxins and so affect our conclusions. There is, there- 
fore, a need for  further studies on younger patients 
and those with heavier hookworm loads. 
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Studies on the natul-e of 2'rrstrt1rella pestis infcc-
tion have suggested that a t  least two factors contribute 
to the virulence of this bacterium: (a)  the envelope 
substance (Fraction I) produced by this organisill 
(1-3), which has been shown to protect it from phago- 
cytosis (4) and probably blockq the action of anti-
bodies on the cell ($), by virtue of the freely soluble 
nature of this substance (3) ; and ( b )  toxin produc- 
tion (1,  2, 5, 6) ,  which no doubt is responsible f o r  
death from this disease (4 ) .  Since avirulent 1'. p c s t i s  
have been found which producr. both envelope and 
toxin, the possibility was suggested that virulence in 
this organism may be based upon the quantity of these 
substances produced. I n  order to  investigate this pos- 
sibility, a comparison of several virulent and avirulent 
strains was undertaken. 

I n  initial experiments, various virulent and auiru- 
lent strains were tested for  their ability to produce 
toxin and envelope in a casein hydrolysate mineral 
glucose medium a t  37' C ( 3 ) .  X few virulent and 
avirulent strains, however, did not grow in this mediuln 
a t  this temperature. I n  the case of those strains that 
did grow, cell yields were so diverse that accurate esti- 
mates of toxin and envelope production were iulpos- 
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