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This ‘invention relates to -a process of irradiat 
ing biological dispersions to effect differential 
killing of a component of the dispersion. 

It has been found that various radiations such 
asultraviolet and X-ray are capable of destroying 
or ‘killing certain components of biological dis 
persions. ‘Thus, for example, dispersions of path 
ogenic microorganisms or viruses may be irradi 
ate‘drsu?icientlyto kill the pathogenic components 
or .to inactivate them without ‘destroying other 
components such as antigens ‘which may be pres 
ent. “Itis‘thus possible‘to ‘prepare sterile vaccines, 
and other biological products. ‘The radiation 
treatment o?ers certain marked advantages over 
other methods of“ killing or ‘inactivating ‘patho 
genic components such as‘treating with chemical 
compounds, for instance, formaldehyde, phenol, 
and ‘the like, or the ‘use of heat. No‘contamina 
tion due to added chemicals results nor .is there 
any :d-angerof decomposition by reason of higher 
temperatures. However, in the past the use of 
radiation forthe treatment of biological disper 
sions has su?ered from a number of disadvan 
tages. In the ?rst place it is necessary to regulate 
the-radiation with extreme precision. If any por 
tions of the dispersion receive inadequate radia 
tion, pathogenic organisms or molecules may re 
main alive or activated. If, on the other hand, 
in the interests of safety, suf?cient radiation is 
employed to assure that no portion of the disper 
sion is insu?iciently radiated, then certain por- ' 
tions may receive too much radiation which re 
sults in a destruction of antigens or other radia 
tion-unstable, desired components. Another fac 
tor which has been a problem is adeouate output 
and maintenance .of predetermined temperatures. 
Maximum utilization of radiant energy is also a 
factor although somewhat less serious than those 
mentioned above. 

Continuous radiation treatments of materials 
containing provitamins in order to produce vita 
mins have .achieved considerable commercial suc 
cess. In most of these processes a moderately 
thin ?lm of the liquid or dispersion is caused to 
flow through a beam of radiant energy such as, 
for example. ultraviolet light. These processes 
present only one of the major problems which are 
encountered in the killing or inactivation of 
pathogenic components for the production of 
vaccines or other biological preparations. This 
is the attainment of adequate output. The 
problem of irradiation of materials containing 
provitamins is purely one of obtaining su?icient 
average radiation because if a small portion of 
the material irradiated receives de?cient radia 
tion, this only reduces to a small degree the total 
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amount of vitamin produced. In ‘the case of bio 
logical preparations containing pathogenic or 
ganisms or components, however, under-irradia 
tion of even a small portion may be fatal ‘if it fails 
to kill the pathogenic material. This, as pointed 
out above, constitutes the real problem to which 
the present invention presents a simple solution. 
According to the present invention a thin, 

perfectly uniform, essentially annular ?lm of ma 
terial to be irradiated is subjected to constant 
pressure against a constant ‘hydrostatic head and 
the flow path length is maintained the same. As 
a result a perfectly uniform flow of a thin layer 
of uniform thickness is obtainable and the rate 
of flow through the beam of radiation is the same 
at all points, and as the path length is the same 
the total irradiation remains constant. The use 
of a constant hydrostatic head to provide back 
pressure prevents nonuniformity of flow and min 
imizes any change in rate with ?uctuations of 
applied pressure. It is thus possible to determine 
the proper degree of irradiation for complete 
killing or inactivation of pathogenic components 
without any danger of over-irradiation. At the 
same ‘time a continuous process of high. output is 
made possible, although, of course, the output 
level which is obtainable with relatively thicker 
and less accurately controlled ?lms in the pro 
duction of vitamins will normally not be reached 
because the present invention reouires a liouid 
layer thickness very much less than that which is 
possible ‘in vitamin irradiation because it is neces 
sarv that all portions of the ?lm receive substan 
tially the same amount of radiation, and with a 
thick ?lm the outer layers of the ?lm will tend 
to reduce the transmission to the inner layers. 
Another advantage of the present invention 

which is obtainable in one of its preferred modi 
?cations is that the annular ?lm permits appli 
cation of radiation to one side While cooling the 
other side. It is possible to position the radiator 
on the inside of the annular layer or surround it 
on the outside. The latter is preferred because 
with suitable radiators and re?ectors an ex 
tremely uniform level of radiation may be ob 
tained with good e?iciency. This is in marked 
contrast to processes .such as the irradiation of 
provitamins to form vitamins where the most 
important factor is effective utilization of the 
radiant energy, and radiators completely sur 
rounded by the ?lms to be irradiated present ad— 
vantages in energy utilization whereas in the 
process of the present invention where extreme 
uniformity is the most important factor. external 
radiation and internal cooling are preferred. 

.An essentially annular “?lm of material to be 
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irradiated has been referred to above. In practice 
the simplest form is a true annulus, that is, a 
space between concentric cylindrical surfaces. 
However, where the ?lm is of uniform cross sec 
tion and path length against constant hydrostatic 
head it is perfectly possible to use ?lms which 
are contained between concentric surfaces other 
than cylinders. For instance, they may be ellip 
tical or even polygonal. For practical operation 
true circular annuli present so many structural , 
advantages that they are preferred. 

It has been found that the ultraviolet radiation 
is particularly e?ective in certain ranges, the most 
important band being about 2537 A° and 2650 A“. 
Shorter wave lengths also have killing power but 
the selectivity is less because these very short 
wave lengths also have destructive effects on the 
cells which reduces their effectiveness in pro 
ducing antibodies. It is therefore preferable to 
use radiation sources which have a good portion 
of their energy in the most effective range. 
Therefore, while the invention is not limited to 
the use of any particular radiation source, we 
prefer to use low pressure mercury vapor tubes, 
the pressure being kept at a su?iciently low point 
so that a large portion of the energy is radiated 
at the wave length of the mercury line of about 
2537 A°. These tubes can be arranged in helical 
coils or similar shapes to surround the layer of 
liquid to be irradiated, and high utilization of 
the energy is thus possible. However, the pres 
ent invention is not concerned with the use of any 
particular shape or design of radiator. It is also 
possible to use radiations of extremely short wave 
length, for example, X-rays or even-penetrating 
high-speedv electron beams. 
While it is not necessary to use any particular 

type of constant hydrostatic head on the moving 
annular ?lm the one which is simplest and in 
operation the most reliable involves a gravity 
hydrostatic head which is readily obtained by the 
provision of a circular overflow weir providing an 
over?ow at constant level into a space such as a 
launder of sufficient cross-section so that the hy 
drostatic head on the moving annular ?lm is de 
termined by weir height alone. 
The invention will be described in greater de 

tail in connection with a preferred type of ap 
paratus which is illustrative of one of many types 
in which the process of the present invention may 
be carried out. The speci?c description will be 
made in conjunction with the drawing in which; 

Fig. 1 is a vertical section through an irradia 
tion' cell; and 

Fig. 2 is a side elevation on a somewhat smaller 
scale and including radiation-means and re?ector. 

Fig. 1 shows an irradiation cell of suitable ultra 
violet transparent glass or quartz. The cell con= 
sists of an outer jacket ! and a closed-end inner 
jacket 2. These jackets are cylindrical and con 
centric and form an annular space which may, for 
example, be about 1.5 mm. wide. The alignment 
of the jackets is maintained by the three spacers 
l2. The inner jacket 2 is provided with a cooling 
water inlet tube 3 and outlet tube 4. These are 
connected to a suitable source of cooling water 
(not shown). The upper end of the outer jacket 
terminates in a circular weir 5 of uniform height 
onto which is sealed a glass launder 6 provided 
with a discharge outlet ‘1. The upper edge of the 
launder in turn is sealed to the top of the inner 
jacket so as to protect the contents of the launder 
from the atmosphere. The bottom of the outer 
jacket is provided with an inlet pipe 8. 
Around the outer jacket ! there is coiled a 

helical mercury vapor discharge tube 8; prqvided. 
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4 
with wires l0,’ its ends connected to a conven 
tional source, (not shown), of alternating cur 
rent of suitable voltage. Around the mercury 
vapor tube 9 there is mounted a concentric re 
?ector I! which may be of polished aluminum. 
The tube illustrated is a low pressure quartz mer 
cury vapor discharge tube of the type sold by the 
Hanovia Company under their designation 
$02537. 

In operation a biological liquid, for example, 
a rabies vaccine to be sterilized, is introduced into 
inlet 8 at constant pressure from a source of con 
stant liquid pressure, (not shown), which may be 
of conventional design, for example, of the con 
stant hydrostatic head type. The ?ow of the 
vaccine up through the narrow annular space be 
tween the two jackets proceeds at a perfectly uni 
form rate as the path length and annular cross 
section is constant and the hydrostatic head, 
against ‘which the ?lm ?ows, is likewise constant 
and determined by the height of the overflow weir 
5. The irradiated material over?owing does not 
completely ?ll the launder 6 and flows off through 
the outlet 1. Flow rates and radiation intensities 
are adjusted to assure a killing of any living 
pathogenic organisms. At the same time decom 
position of the desired active constituents of the 
vaccine is minimized by the accurately deter 
mined radiation and the low temperature which 
is maintained by the cooling water in the inner 
jacket 2. A typical flow rate is one which will 
give an exposure time of from 2% to 25 seconds 
with the radiation intensity obtainable with the 
lamp illustrated. ' 

The process is continuous and automatic, not 
requiring constant supervision and a relatively 
very large output is obtained while at the same 
time the inactivation of the vaccine is perfect at 
all times. 
The process of the present invention in a ‘ore-r 

ferred type of equipment has been described iri 
conjunction with the treatment of a biological 
liquid, in which pathogenic organisms or com 
ponents are to be killed or inactivated. This is 
the purpose for which the process of the present 
invention is primarily designed. It should'be un— 
derstood that the process may be used if desired 
for the irradiation of materials containing pro 
vitamins. Here, however. the absolute accuracy 
of radiation control is not required and the output 
is decreased by the thinness of the ?owing ?lm. 
In other words, for vitamin production the proc 
ess of the present invention is operative but is 
less efficient than the irradiation processes cur 
rently used. It is, therefore, not suitable eco 
nomically for large scale production in this ?eld. 
We claimi. 
l. A process of inactivating pathogenic compo-i 

nents of biological liquids which comprises flow 
ing under constant pressure an accurately uni‘ 
form, essentially annular ?lm against a constant 
hydrostatic head, the flow being substantially 
parallel to the axis of the annulus and all por 
tions of the ?lm traversing paths of substantially 
equal length, the ?lm being sumciently thin so 
that the rate of how is not materially affected by 
minor pressure variations on the liquid and sub 
jecting the moving ?lm. to uniform radiation of 
wave length suitable for an inactivation of the 
pathogenic components, the rate of ?ow and radi— 
ation intensity being adjusted to assure complete 
inactivation of the pathogenic components. __ 

2. A process of inactivating pathogenic’ com? 
ponents of biological liquids which comprises 
?qwlng under cqnstant presents an accurately 
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uniform, essentially annular ?lm against a con 
stant hydrostatic head, the ?ow being substan 
tially parallel to the axis of the annulus and all 
portions of the ?lm traversing paths of substan 
tially equal length, the ?lm being sui?ciently thin 
so that rate of ?ow is not materially a?ected by 
minor pressure variations on the liquid and sub 
jecting the moving ?lm to a uniform radiation of 
ultraviolet light having a large portion of energy 
radiated in the 2537 and 2650 A bands, the rate of in 
flow and radiation intensity being adjusted to 
assure complete inactivation of pathogenic com 
ponents. 

3. A process according to claim 1 in which the 
?owing film of biological liquid is subjected to 15 
indirect cooling on its inner surface and irradia 
tion on its outer surface. 

4. A process according to claim 2 in which the 

?owing ?lm of biological liquid is subjected to in 
direct cooling on its inner surface and irradiation 
on its outer surface. 
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