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Fig. 1. Density gradient tubes with ion 
exchange resins in aodium tungstate s o b  
b r .  (Left) Dowcx 50-W. (Right) Lab- 
omtory preparations of sulfonated polysry- 
m e  resins. 

and the homogeneity of the resins used 
L obviously very important. We have 
wed the density gradifit method of 
Linderstrbm-Lang (2) b study this 
homogeneity. A tube was act up which 
had two bulbs, each of about 100-ml 
capacity, joined by a vertical tube 2 3  
crn m diameter and 18 cm long. A 
rolution of sodium tungstate which was 
dew enough to tloat the resins was 
poured into the lower bulb and the 
lower half of the vertical tube. Over 
this, filling the upper bulb, was poured 
a more dilute solution of sodium tung- 
state which was not dense enough to 
noat the resins. The tube was set in a 
thermoskt at 25" e 0.01'C and left 
for 2 d8y. The solutions mixed by 
dinusion, and a rtablr gradient of con- 
centration and density was established 
along the length of the vertical tube. 

Small portions (about SO mg) of the 
ruhs to be studied were then dropped 
into the tube. These w e n  sulfonated 

polystyrene resins convened to the 
sodium form and air-dried. Within an 
hour they came to rest within tbe verti- 
cal tube, tbe more highly cras-linked 
resins settling further down the mbe, 
and they remained in the same psition 
for days. 

Figure 1 is a photograph of two such 
tubes. On the left are two commercial 
resins supplied by the Dow Chemical 
Co. (Jhwex 50-W, SO-IOO mesh), with 
4 and 8 percent cross linking, respec- 
tively; the 4-percent cross-linked resin 
is on top. As may be seen, these resins 
a n  remarkably uniform, though both 
contain a small amount of light mate  
rial which floats just above the main 
quantity of m i n .  On the right are W e e  
Lboratory-scale batches with nomhal 
7, 10, and 17 percent cross linking, re- 
spectively. These arc less homogene- 

To determine the density distribu- 
tions in the vertical tubes, small portions 
of solution (0.2 to 0.5 ml) were with- 
drawn from measured levels by a pipet 
with a long capillary tip, and their 
densities were measured by a micro- 
pyknometer. Or, their refractive indices 
w e n  measured and compared witb 
those of solutions of known concentra- 
tion and density. Typical data are 
given in Table 1 .  

Sodium tungstate (Na,WO,) was 
chosen as the heavy solute because it 
Q the anion which is dense, and anions 
are partially excluded from a cation 
exchange resin. Another heavy solute 
which worked well was disodium lead 
ethylemdiamine tetraacetate (Na,PbY). 

The density at wbich the m i n  floats 
is determined by its swelling, which in 
turn depends on two factors, cross 
linking and extent of sulfonation. The 
"laboratory batch" resins were some- 
what lighter than the commercial rains 
of comparabk cross linking, a finding 
which suggests that they were more 
highly sulfonated. That this was, in 
fact, tbc case is IOW from tbe ion- 
exchange capacities reported in Table 1. 
A =in could appear homogeneous by 
the flotation test yet not be truly 
homogeneous; by using more than one 
flotation solute it may be possible to 
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distinguish between the effects Of cross 
linking and rulfonrtion. 

The flotation technique has obvious 
potentialities for producing very uai- 
form batches of r a i n  ( 3 ) .  
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Zhc-65 i. Cyclotron Workers 

Abstracf. Small but persistent body 
burdens of zinc-65 have been found in 
cyclotron workers. This rdionudidc md 
boberr ut produced by nuclear reactions 
with the construction materials of the 
cyclotron. Only rioc-65 bas pined ~F~IY 
into the body, but in amounts of l a s  th.a 
3 proent of the mdmurn penniaible 
amount. 

Measurement of Las Alamos Scien- 
tific Laboratory cyclotron workers in 
November 1958 in the human counter 
( I  ), a large liquid scintillator d a w d  
for detection of radioactivity in human 
beings, revealed the presence of radb 
activity in excess of normal potassium- 
40 activity in the 1- to 2-Mev region. 
This excess was identifled as zinc-65 in 
the Lor Alamos human spectrometer 
( 2 ) ,  a large NaI (TI) crystal in 1 
steel room by means of which radio- 
activity in human beings can be cbu- 
merized. Figure 1 is a typical 8pCC- 
trum showing the characteristic Zinc- 
65 peak at 1.1 1 Mev in addition to the 
usual cesium-137 nnd potassjum~o 
peaks. 

Zinc-65 can be produced in k g e  
quantities in cyclotrons accelerating 
deuterons by the reaction C u a g  (4 2 4 -  
ZndJ on copper dees and other prrtc. 
la fact, this reaction has been w d  for 
producing Zinc-65 of high specific u- 
tivity (3) for biological tracer work. 
In the acceleration of helium-3 ions, 
lesser amounts m u l t  from the reaction 
CuaD(He',H3)ZnO5, and in addition fbc 
reaction Cas ( Hc3,ZHc') Be7 may occur if 
carbon (as graphite, oil, grease, and SO 
on) is bombarded. Deuteron reactions 
on iron, chromium, and mangmae Cpn 
produce manganae-54, which a h  E- 
sults from the p,n reaction on cho- 
mium-54. The propertie, of these n- 
dionuclider u e  summarked in TBbk 1. 
The US Alamoa wiablnncrpy  ~yclo- 
won is w d  to produce heun, of 
protons (3.9 to 9 Mcv), 'deUterODs 
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(6.2 to 15 Mcv). br l i~n-3  iOnr (9.3 ta Tabla 1. Propcnia of maw cyclotron-produced rsdionuclida. 

Bo' E.C. s3 0.48 0.12 10- 
MOU ec. 29 I 0.84 I .oo 8 x 10'' zn. ac. 08%)  

P+ (2%) 245 1.11 0.3 1 IO+ 
*Md.upwmWbh-tdm,  

wu.I d ~ m - 1 3 7  a d  poutrium-40 
tivity. Thh was st the ead of Junr 
1959, whrn they &owed a peak at 0.46 
MeV, which ia very clobe to rhe beryl- 
lium-7 energy. Tbia may haw bem 
from skin or hair contuniaaob r u b  
quently w b e d  off. 
To minimii recontaminntior! during 

mllbach whea pucicutll nuttcr may 
kcom airborw, prot#tive shoe COY- 

uiop,  r;rOnr. coveralh, cap. and 
mpira€on are web Tbe routa of 
entry iato the body have aot bee0 d e  
teminod witb certainty, but probbly 
OW mean8 of contaminatioa H inhala- 

tion. 
r a p h t o n  (&e half-ma& type being 

Extemd ex- 
posure hsr been kept within jwmirsibk 
Ievelr through abieidiag, distance, and 
limitation of working time. 

It ir probable that many cyclotron 
workers and perhapa indhridurlr work- 
ing on other accelcntarr (or reactom) 
have small burdens of Zirrc-65. Such 
brPdcnr brve been reported in two 
cyclotron worken at Miusachmetb in- 
stitute of Technology (7).  It would be 
of interat to survey thas potentidly 
e x p o d  at 0th- insuUntions, from the 

All the personnel wem fitted for 

p r e f d  by the group). 
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rtrodpaint of pod bdtb-phyria pm-  
tios rad for bctrer UodCn~dipIg of tbe 
WSlbdLm of rul&mucli& in the 
burmnbody. Tom8kenrbrurveyrU 

b m a i n g l y  d e r ,  rince 
hrnnrn rl#ctromaen and wboiabody 
oountm luve been or M being built at 
rmilly uniwnitka and atomic energy in- 
rtlllrdonr throughout the world (8). 

M. A. VAN DILLA 
M. J. ENGELKE 

Los Alomar Scientific Laboratory, 
Los A h ,  New Mexico 

uhmsrdx&a 
1. E. C. klrrw. I-. h.u. on N w l . a  &I. 

1. B, C. Adrnoa ud M. A. V M  Wlr. JM. 
nM No. 1. B6 (19%). 

polyuccharidc produced in large quan- 
rilim by # v e A  species of Phrsophysca 
(brown algae), notably h i M t i r r  (3). 
h u a e  of thh hilarity it seemed of 
interest to look for a I d n u i b l p l i t -  
thg enzyme in Eugkna. LMinupIe 
bas been described in extracts of higher 
plant tissues (4, 5 ) .  

Euglena gracilis (atrajn Z, Indiana 
collection main No. 753) was grown 
a# described elscwhere (6). The cells 
were harvested by centrifugalion, IUS- 
pended m approximately 5 vol of ace- 
tone at -15'C. homogenized for 30 
~ c o n d s  in a W U h g  blender, collected 
by fUtrat&on md washed with additional 
cold acetone, and given a fiaal ether 
w u h  until most of the chlorophyll had 
been removed. The acetone powder w u  
further dried overnight under reduced 
preuure. Extraction of the enzyme 
waa carried aut by &no 5 gm of 
the Euglena acetone powder for 4 hours 
at 4'C in 50 ml of O.WM acetate buf- 
fer, pH 6.0. cont l inig NaCl at a con- 
centration of O.SM and Versene at 
0.002M. The extract w u  dialyzed owr- 
night against 0.OlM Tris" buffer (7). 
pH 7.3. Tbe laminarase assay was 
baaed on the colorimetric dttermina- 
tion of the reducing groups liberated 
by the action of the enzyme'on the 
polyMceharide with 3.5-di t rWcylic  
acid, a reagent much used for the de- 
termination of amylase (8). The final 
conditions of the luainarasc uspy 
were as follows: 5 mg of laminarin 
( 9 )  was incubated with occasional 
stirring for 2 hours rt 37'C with 0.25 
ml of the EugJeno extract, in a 6nd 

fer, pH 5.1, containing 104M Mn". 
The reaction was stopped by the addi- 
tion of 1.0 ml of tbe dinitrodicylic 
acid reagent (8) and 3 ml of water. 
The WCM laminarin was removed by 
centrifugation, and the rupernatant wps 
ba ted  In a boilinpwater bath for 5 
minutes. After cooling. the volume was 
adjusted to 10 ml, and the color in- 
tensity was determined with a Klett- 
Summenon photoelectric colorimeter 
With a green filter (No. 54). 7'he 
amount of reducing material liberated 
was expressed aa milligram of glucau. 

The optimal pH of the Euglena 
laminarue waa found to k 5.0, as 
shown in Fig. 1. It h of interest that 
the aame value has k e n  reponed for 
the enzyme from higher plant tiuuer 
( 5 ) .  Another similarity was the rela- 
tive heat lability of the Euglena en- 
zyme: at 5S'C and pH 73, 61 percent 
of &e activity waa lost in 4 minutes, 
whik complete inactivation occurred 
within 8 minutes. A time coune of the 
h i n u ~ s e  reaction b given in Fig. 2. 
When the &ccta of various metal ions 
on the enzyme were tested Pe**, 
W", Ni", Ba", and Mg" were 

V O I U ~ C  of 1.0 ml Of O.IM acetate buf- 

-v 
PL. 2. Time wnne oa kmInvua re 
h. M y  waa carried out u dcrribbd 
in thc text, but without Mn". 

h d  to be W t l y  inhibitory or 
inactive. while Hg" w u  strongly in- 
hibitory at conccntrUbm of l(r and 
IO-%. It was of pPrticular interest that 
1 V  and 10% Mnn atrmgly stimulated 
the enzyme. Aetlvaaiom from 50 per- 
cent to ova  100 percent, depending on 
tbe enzyme preparations, were ob 
w m d .  Smaller activatiom multed 
from the addition of Co'* or Ca" i t  
tbe same concentrations. 

Fractionation experiments now in 
proyess tend to indicate that more 
tban one enzyme may be iavofved in 
the breakdown of laminarin. Exmi- 
nation of the products of the COZY- 
matic degradation may further clarify 
this point. In Euglena. it appears tbat 
iuninarase probably wcs to mobilize 
tbc teser~e whohydrates, especially 
r k c  we were unable to find any amyl- 
me activity in the organisms (10). 
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