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DEVICE FOR DISPENSING PARTICULATE 
MATERIAL UPON A MOVING SURFACE 

This application is a continuation of Ser. No. 
703,140, ?led Feb. 2, l968, now abandoned. 

This invention relates to dispersions. It relates 
speci?cally to a method for providing a dispersion of a 
particulate material upon a substrate such that in 
dividual particles of the material are supported for ex 
amination of the particles. 
Thus the invention may be used to disperse biologi 

cal material such as a cytological specimen on the sub 
strate but it may also be used to arrange a histological 
specimen (which could be a series of tissue slices that 
might be joined in a ribbon) along the supporting sub 
strate. 

When it is required to examine a particulate material 
for example by means of a microscope it is usual to ?rst 
prepare a glass microscope slide upon a surface of 
which the material to be examined is spread in a thin 
layer. When particulate material is to be examined it is 
desirable for the material to be spread over an ap 
preciable area of the slide so that overlapping of parti 
cles does not occur to a large extent and at high mag 
ni?cations this area is much larger than will ?t the ?eld 
of view of the microscope. For full examination of the 
material on the slide it therefore becomes necessary for 
the slide to be moved backwards and forwards across 
the ?eld of view so that eventually the whole of the 
material on the slide is examined. 
The scanning of the whole area of the deposited 

material on the slide in this way is time consuming and 
small portions of the whole area may even be ac 
cidentally missed when carrying out the examination. 

it would be preferable if the material for examination 
could be arranged in a linear fashion on the substrate in 
a path the width of which was about the same or was 
only a small multiple of the diameter of the field of view 
of the microscope. The use of the term ‘microscope’ in 
the present context is intended to mean not only a con 
ventional optical microscope but also whatever type of 
sensor is required to perceive a particular charac 
teristic which is of interest in a dispersed particulate 
material. For some purposes only a low power magni? 
cation might suf?ce but in other circumstances high 
magni?cations may be required. 
According to one feature of the invention, apparatus 

for the examination of a stream of material which is 
required to be presented to a sensor responsive to elec 
tromagnetic radiations that are modi?ed by the 
presence of the material comprises means for moving 
the material past the sensor whilst it is supported on a 
thin ?exible strip. The thin ?exible strip may be an un 
coated safety ?lm base. If desired, the ?lm base may be 
of the ‘subbed’ kind having been treated to improve its 
adhesion for a surface coating and give generally better 
surface properties. The ?lm base may also be of a 
porous texture for particular applications. The ?lm 
may be provided in a continuous length. The material 
to be examined may be ?xed to the ?lm by any of the 
suitable techniques used in laboratories -_- a dry ?xture 
method has been found to be particularly suitable. 
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According to a further feature of the invention, ap 
paratus for depositing a dispersion of a particulate 
material for microscopic examination comprises a 
feeder in the form of two blades between which a drop 
of the dispersion medium may be supported, the feeder 
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2 
being locatable adjacent support means for a continu 
ous pathway such that a narrow line of the dispersion 
medium may be deposited on the pathway. The 
distance between the two blades of the feeder may be 
made adjustable so that the width of the line will be 
variable like a line drawn with a draughtsman’s ruling 
pen. Apparatus may be included for adding more of the 
dispersion medium to the liquid in the feeder so that 
the amount of loss by deposition on the pathway may 
be replaced. This technique only applies when it is 
required to deposit a substantially continuous rather 
than a discontinuous trace. If the sample to be 
deposited is a specimen of cytological material the 
quantity held in the feeder will generally be sufficient 
for the purpose of the analysis. 
The geometry of the deposition apparatus will 

generally be such that the stream of dispersion medium 
leaving the feeder will spread to a width of about 0.1 to 
0.6 millimeters on the moving pathway. The concentra 
tion of particulate material in the dispersant medium 
will be such thatthe material will be arranged con 
veniently for its microscopic examination at a given 
rate of travel. 
The dispersion medium may be volatile and it may 

include a suitable binder so that the specimen material 
will become ?xed by the binder to the surface of the 
?lm as the medium evaporates. The medium may alter 
natively have some solvent effect on the material of the 
?lm so that the surface of the ?lm will become softened 
by the dispersant. The medium might alternatively be 
non-volatile and could present for example a sticky sur 
face to the specimen so that the specimen would tend 
to adhere to the ?lm surface. The specimen material 
will then tend to become attached to the ?lm surface or 
to sink therein and upon evaporation of the dispersant 
the specimen material will become ?xed in the film 
when it becomes hardened again. One solvent that has 
been found to be particularly suitable for this purpose 
is acetone. An alternative solvent is a mixture of 
acetone and acetic acid. 
The action of the feeder and the spreading and 

evaporation of the dispersion medium of the surface of 
the ?lm base has been found to have with certain 
dispersions a self classifying effect on the specimen 
material as it becomes deposited from the suspension. 
The pattern of the specimen material as it is presented 
to the microscope is in the form of a narrow band 
which may be up to about 0.6 millimeters in width 
running along the length of the ?lm base. The specimen 
material is arranged within this band such that the 
larger particles of the specimen are positioned towards 
the center of the band and the smaller particles are 
positioned towards the outside edges of the band. This 
classi?cation has been found to facilitate the micro 
scopic examination of the specimen material on this 
band. For instance, if a fairly wide band of specimen is 
used it may be convenient to use one microscope to ex 
amine one edge of the band, another to examine the 
center and yet another to cover the other outside edge 
of the band. 
Where the specimen material to be examined by the 

microscope is for example of biological interest it may 
be desirable for the specimen to be stained as is usual to " 
bring out particular features of ‘the specimen. This 
staining of the specimen may be carried out before the 
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suspension of the specimen for coating on the ?lm base 
is prepared. It is convenient however if the staining is 
undertaken after deposition on the base. The processes 
required for staining may comprise the treatment of the 
specimen material in a number of staining baths for 
critical intervals of time and "this may readily be un 
dertaken if the base is passed through these baths in 
sequence in a manner similar to that in which cinema 
?lm is processed. Staining is mentioned only as an ex? 
ample and the specimen might be given any other suita 
ble treatment. Thus the specimen can be preserved 
from any deterioration, i.e. autolysis and contamina 
tion by microorganisms by the use of ‘suitable preserva 
tives or’ medical ?xatives. 
The deposition of the specimen material on the film 

base may be effected in such a way that the particulate 
material contained therein undergoes segregation ac 
cording to its size, weight and hydrodynamic resistance 
so that a trace in which the particles exhibit substantial 
segregation with respect to a vertical axis is obtained. A 
characteristic distribution may be obtained which can 
show a bimodal mode of distribution of particles with 
respect to the longitudinal axis. 

Dispersion of the specimen into its primary particles 
to aid track laying and observation of the specimen 
may be facilitated by mechanical means such as ul 
trasound and viscous shearby chelating agents such as 
ethylene-diamine-tetra-acetate citrates and oxalates by 
mucus dispersants such as urea, thiourea, sodium 
chloride, acetyl cystein, glutathione, ascorbic acid, 
potassium and sodium metabisulphite, by enzymes such 
as trypsin, papain, streptokinase, streptodornase and 
hyaluronidase or mixtures thereof by hormones such as 
oestrogen and‘substances having an oestrogen like ac 
tion by alcohols such as glycerol and glycol by 
polymers such as polyvinylpyrrolidone by surface ac 
tive agents and by the control of pH, ionic strength, and 
buffer content of the specimen. 

Preferably, the trace containing the cells may be 
sealed with a varnish such as a methacrylate based 
coating preparation, i.e. as sold under the proprietary 
name of Bedacryl [22X or a glyptal based proprietary 
varnish such as Beckosol P.470. Alternatively, various 
types of commercial nail varnish may be used. 
The biological staining before the specimen is 

deposited on the ?lm base may be effected by one or 
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more stains the purpose of which is to provide a dif- - 
ferential staining of various components contained 
within the particulate material. 

Staining of the specimen prior to laying of the trace 
may be accomplished by addition of a known quantity 
of stain to the specimen with adjustment of the pH of 
the specimen. As an example a specimen of cervical 
cells obtained by a cervical scrape can be placed in 
lml. of water containing 0.1 percent w/v methyl p 
hydroxy-benzoate, 0.2 percent w/v potassium 
metabisulphite, 0.1 percent methylene blue adjusted to 
pH 8.0 with sodium hydroxide, left for a period in ex 
cess of 2 hours and then used to form the trace. 

For instance the method may also be used to in 
troduce one stain which produces one color or range of 
colors within the visible spectrum in particular regions 
of the particulate material, together with another stain 
of the ?uorochrome type, which, when excited by a 
suitable ultraviolet radiation, will emit a different color 
in the visible spectrum. 
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Staining of the specimen may be carried out after 

laying on the ?lm base as will be described later by any 
method known to medical science. 

Facilities for optically examining the specimen of 
biological material on the ?lm base may be provided in 
line with the apparatus for depositing the trace on the 
?lm or these facilities may be provided separately. The 
examination may be effected by means of transmitted 
or re?ected light, dark ground illumination, phase con 
trast microscopy, transmitted or absorbed infra-red, 
radiation, or U.V. radiations in such a way that the 
whole width of the trace lies within the ?eld of view of 
the means for making the examination. 
The invention also comprises a method and ap 

paratus for laying upon a surface of a ?lm base a ribbon 
or series of laterally adhering sections derived from a 
histological sample sliced by a microtome. 
The surface of the ?lm base after the trace contain 

ing the specimen has been deposited thereon may be 
coated with a thin layer of a transparent and suitable 
sealing material which will seal over the whole width of 
the deposited specimen. After being dried under con 
trolled conditions the sealing material will provide a 
substantially ?at and smooth surface with the specimen 
embedded therein. The combination of ?lm base, 
specimen and sealing material is then ?exible enough 
to permit it to be transferred to a standard ?lm reel for 
storage of the base and specimen. ' 
By way of example, embodiments of the invention 

will be further described with reference to the accom 
panying drawings in which, 

FIG. 1 is a perspective view of a microscope stage ac 
cording to the invention with a microscope in position, 

FIG. 2 shows a portion of a ?exible ?lm base carrying 
a dispersion of particulate material for microscopic ex 
amination. 

FIG. 3 shows a system in which a specimen may be 
examined successively by each of three microscopes, 
and 

FIG. 4 shows in greater detail a view of a feeder of 
the non-disposable type for a dispersion of particulate 
material taken from the direction of the arrow 17 in 
FIG. 3. 

FIG. 5 shows a disposable container with labels of 
the type particularly useful for the storage, transport 
and treatment of cytological material, engaged in a 
feeder. 

FIG. 6 shows a feeder of the disposable type. 
FIG. 1 shows a microscope stage 1 which is sup 

ported between a microscope 2 and an illuminating 
lamp 3. The microscope stage 1- comprises a shallow 
trough 4 in which on the optical axis of the microscope 
2 is a window 5. The trough 4 is of such width that a 
strip of 35'millimeter ?lm base will just lie therein and 
be located in the trough by sidewalls thereof. 
A strip of ?lm base 6 is shown in FIG. 2 and this car 

ries the usual sprocket holes 7. The strip in the Figure 
has had deposited on'it by the method about to be 
described a thin trace 8 of a dispersion of a particulate 
material which is to be examined by the microscope 2. 
The ?lm base 6 also carries a magnetic stripe 9 the use 
of which will be explained later. When the ?lm base 6 is 
?tted into the trough 4 of the microscope stage 1 the 
position of the window 5 is such that light from the 
lamp 3 will be able to pass through a small length of the 
trace 8 and into the microscope. 



3,695,762 
5 

The method of depositing the trace 8 of particulate 
material on the ?lm base 6 is best seen from FIG. 3. 
The drawing shows a length of ?lm base 6 which is fed 
from a feed spool 10 over a free running sprocket roller 
11 and across a microscope stage 12. In this example 
the microscope stage 12 serves as a stage for three 
microscopes 13 which are mounted side-by-side above 
the stage 12. A given small length of the trace 8 will 
thus pass beneath each of the microscopes 13 in turn 
and these microscopes will have been adjusted ap 
propriately so as to observe a different characteristic of 
the particulate material in that portion of the trace 8. 
Each microscope may be arranged to view the whole 
width of the trace and the observations may be carried 
out with different wavelengths of light. The use of a 
wavelength of electromagnetic radiation not in the visi 
ble spectrum is also envisaged. 

After passing across the microscope stage 12 the ?lm 
base 6 crosses a further free running sprocket roller 14 
and then is wound on to a take-up spool 15. Drive 
means, not shown in the drawings, are included to ena 
ble the film base 6 to be driven at a constant speed from 
the feed spool to the take-up spool. The drive means 
also enables the base to be inched forward and to be 
driven fast in a forward or reverse direction. As the ?lm 
base 6 passes over the roller 11 a dispersion of particu 
late material for examination by the microscope is ap 
plied to the base to form the thin trace 8. The applica 
tion of the dispersion to the base is effected by means 
of a non disposable feeder 16. This type of feeder is 
shown in greater detail in FIG. 4 which is a view from 
the direction of the arrow 17 in FIG. 3 on a greatly en 
larged scale. . 

The feeder 16 comprises two blades 18 which are 
joined together at a common end but are slightly 
separated at a tip end 19. The distance between the tips 
of the blades may be varied by adjustment of a screw 20 
which is ?tted between the two blades. The blades are 
mounted on an arm 21, which is ?xed relative to the 
position of the roller 11 carrying the ?lm base 6. The 
space between the tip ends 19 of the blades is suitable 
for holding a small volume 22 of dispersion medium in 
which particulate material 23 to be deposited on the 
base 6 is suspended. When the base 6 is being driven 
through the apparatus, the tip ends 19 of the blades are 
positioned very close to the base but do not actually 
make contact therewith. A flow of the dispersant medi 
um from the volume 22 between the blades is started by 
touching the tips of the blades and the base 6 with a 
drop of the dispersant medium on a glass rod. The glass 
rod may then be removed and the flow of the medium 
from the feeder will then continue and will result in a 
thin trace of the medium being deposited on the mov 
ing length of the base 6. The particulate material 23 
carried in the medium will become transferred to the 
surface of the base 6 and will become dispersed 
thereon in an arrangement making them suitable for 
examination by the microscope 13. 
A preferred mounting position for the feeder 16 is on 

the same horizontal line as the axis of the roller 11. 
Continued operation of the feeder will cause depletion 
of the volume 22 of dispersant held therein. A capillary 
tube 24 linked to a reservoir is thus arranged to feed 
further quantities of the dispersant medium to the 
feeder so that the amount of liquid held in the feeder 
remains substantially constant. 
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In operation it is found that the trace of medium 

which is deposited on the base 6 can be held to a su?*" 
ciently constant width and the particles of material car 
ried in the medium are deposited in a suitably linear 
fashion. The dispersant medium between the blades 
remains in a state of constant agitation while the ap 
paratus is in operation and there is little tendency for 
sedimentation of the suspended material to occur at 
this point. However, for some applications it is desira 
ble for segregation of suspended particles due to sedi 
mentation to be retarded and this may be done by 
vibrating or stirring the volume of liquid in the feeder. 
For instance the blades 18 of the feeder may be 
vibrated by placing them in an alternating magnetic 
?eld. 

FIGS. 5& 6 shows a disposable container with the at 
tached disposable feeder and a disposable feeder 
respectively. The ?exible and pliable container 25 is in 
tegrally joined by means of the strap 26 with the bung 
27. The bung carries a ?exible reversible collar 28, 
which is reversed after the closure of the container. 
The lower end of the container is in the form of a fun 
nel 29. The tip of this funnel has been cut away prior to 
the engagement in the feeder duct. By gentle squeezing 
of the container 25 the liquid with the suspended parti 
cles descends into the feeder 31 and reaches its 
protruding tip 32 through which it ultimately emerges 
in the form of a narrow trace containing the suspended 
particles. The passage 33, the protrusion 34 and the 
recess 35 are all used for the purpose of location and 
manipulation of the feeder. 
The dispersant medium after being used to convey 

the suspension of particulate material for examination 
to the ?lm base and arrange it thereon will generally be 
allowed» to volatilize so that the particulate material will 
be supported by the ?lm base in direct contact with the 
base and in a substantially dry condition for the 
microscope examination. The particulate material will 
tend to adhere to the ?lm base and this adhesion may 
be improved by appropriate treatment of the base prior 
to deposition of the material. Subsequent coating as 
described earlier, may be applied when necessary. 
By way of example a use of the dispersion method of 

the invention will be described in a medical application 
involving the examination of cytological smears. 
A sample of exfoliated cells collected by Ayre’s 

spatula from the region of the squamo-columnar junc 
tion of the cervix was suspended in acetone and in 
troduced into a capillary tube 24 in which the suspen 
sion was vibrated with a small micro-vibrator operating 
at 50c/s. From the capillary tube it was dosed at about 
1 milliliter per 30 seconds into the volume 22 between 
the blades of the feeder. The ?lm base 6 was a 35mm 
cellulose acetate film which was driven through the ap 
paratus at lOcm/sec. The feeder deposited the suspen 
sion of cells on the base in a thin trace 8 which was 
032mm wide with a width tolerance of 1004mm. 
Three portions of the prepared dispersion on the ?lm 
base 6 were stained by the Papanicolaou, shortened 
Papanicolaou, and Shorr methods respectively. When 
examined under an optical microscope after evapora 
tion of the acetone and drying of the cells on the base 
these portions showed good staining, a complete 
absence of clumping of the cells and a generally good 
readability. 
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The ?lm base carrying the dispersion of cells formed 
in this way was stored in a wound up condition on a 
roller of 5 inches diameter for 7 days and then re 
peatedly rewound over a 19mm diameter roller — after 
this treatment the adhesion of the dispersion to the 
base was still good and no cracking or peeling off of the 
deposit was observed. 

it has been found that an improvement can be ef 
fected if the trace on the ?lm base is ‘sealed’ after it has 
been laid down by some means such as applying a thin 
coating of a lacquer or varnishes preferably of the types 
mentioned before. The effect of this is to smooth out ir 
regularities in the trace on the ?lm, to strengthen the 
trace and help to prevent accidental peeling of the 
trace from the ?lm. Sealing also facilitates the use of an 
immersion microscopy technique if this is required for 
repeated examination of the specimen. 
The magnetic stripe 9 on the ?lm base 6 is intended 

to be used in conjunction with magnetic recording and 
reproducing heads (not shown in the drawing) which 
are mounted in the dispersion apparatus alongside the 
path along which the ?lm base is moved. The sprocket 
holes 7 on the ?lm base could be used to give a rough 
indication of the position of any point on the thin trace 
8 carrying the dispersion that was of particular interest 
but a more accurate location can be indicated by 
means of an appropraite signal recorded on the stripe 
9. ' 

The same or a separate magnetic stripe on the ?lm 
base may be used to record information on the base in a 
predetermined position with respect to a corresponding 
particle of material under examination. An observer 
using one of the microscopes 13 may thus cause a 
signal to be recorded on the base when he detects a 
particular characteristic in a particle of material under 
observation in the apparatus. Alternatively, a mechani— 
cal observer of the characteristic may be caused to 
record this information. Information stored in this way 
on the base may be used possibly in conjunction with 
other information from a suitable store, to adjust or 
condition later microscopes through whose ?elds the 
?lm base will pass for making selected observations of 
characteristics of the dispersed particulate material. 
The foregoing description of an embodiment of the 

invention has been given by way of example only and a 
number of modi?cations may be made without depart~ 
ing from the scope of the invention. For instance, in 
stead of using the capillary tube 24 for maintaining the 
volume 22 of dispersant medium in the feeder it would 
be possible to use a suitable pump to add this liquid. 
The example was particularly directed to apparatus for 
the microscopic examination and evaluation of cervical 
smears but it is clear that it could be employed in other 
medical applications such as in exfoliative cytology, 
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8 
haematology, chromosome studies or bacteriology. 
When the apparatus is to be used for cytological analy 
sis, to reduce the likelihood of contamination between 
samples it has been found convenient to use the feeder 
only once .for each sample in which case it may be 
made in disposable form. A‘ feeder constructed of a 
plastics material as described above has been found to 
be suitable and is capable of being produced at a low 
cost. The provision of a linear dispersion of particulate 
material upon a substrate is also useful in the examina 
tion of ?ne powders, such as pigment, cement,_r_netal 
powders for a particle size analysis or the recognition 0 
crystal or bacteria shapes and in other applications for 
industrial and research purposes. 
We claim: - 

1. In a device for dispersing a substantially symmetri 
cal arrangement of discrete particles in substantially 
non-overlapping relationship on a moving surface for 
subsequent microscopic examination the combination 
comprising, a chassis, means supporting a length of ?lm 
base constituting a substrate on said chassis, drive 
means connected to said support means to move said 
substrate relative to a ?xed point on said chassis, feeder 
means mounted on said chassis and positioned to selec 
tively deposit a liquid dispersion of said discrete parti 
cles in substantially non-overlapping relationship in a 
symmetrical narrow trace of substantially constant 
width with said discrete particles symmetrically dis 
tributed about a longitudinal axis of the trace with 
respect to their size on said substrate, said feeder 
means including a body portion and a blade portion, 
said blade portion de?ned by a pair of spaced blades of 
equal length separated by an elongated opening ex 
tending substantially into the body and dimensioned to 
receive a quantity of said liquid dispersion therewithin 
for delivery to said substrate, said blade portion further 
including means to vary the width of said opening by 
moving said blades with respect to each other, one end 
of said blade portion disposed out of contact with but in 
sufficiently close proximity to said substrate to deposit 
thereon the liquid dispersion disposed in said opening 
of said body in a controlled trace of substantially con 
stant width and depth and supply means associated 
with said feeder means to deliver a constant supply of 
liquid dispersion to said feeder for delivery to said sub 
strate. 

2. The apparatus of claim 1 further including viewing 
means for optical examination of said trace on said sub 
strate. 

3. The apparatus of claim 2 wherein said chassis in 
cludes means de?ning a slot beneath said substrate ad 
jacent said viewing means and a light source directed at 
said slot to illuminate said substrate. 

* * * * * 


