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METHOD FOR PREPARING METERED LIQUID SAMPLE 
DILUTIONS 

BACKGROUND OF THE INVENTION 

This invention is directed to method and apparatus for 
preparing precise, high ratio dilutions of ?uids, and is espe 
cially well adapted for biological processing of micro quanti 
ties of a concentrate or sample in the absence of intersample 
contamination and intermediate system rinsings. 

Diluting operations are common to laboratories, scienti?c, 
industrial and medical. When dilutions are prepared manually, 
their precision depends on the skill of the operator in charge 
of this tedious and long work. Consequently, the use of auto 
matic diluting apparatus has been contemplated and em 
ployed for sometime. Those known up to the present time em 
ploy complicated and costly mechanisms, such as suction or 
pressure pumps, a complicated valve system and other 
delicate means. These apparatus are therefore fragile and 
poorly adapted to mass diluting operations, as for example, in 
the case of hematology in which the counting of white cor 
puscles requires a ?rst dilution followed by a second dilution 
for counting the red corpuscles with respect to a very large 
number of specimens. 

Additionally, prior diluting apparatus and methods have the 
drawback of drawing inthe liquid to be diluted and discharg 
ing the diluted mixture through the same passage. In order to 
avoid pollution of a specimen by traces of the preceding mix 
ture, it was necessary to carry out intermediate, often long, 
rinsings and to provide the necessary structure and control ap 
paratus for this purpose, which further complicated the ap 
paratus. 
Of speci?c interest to the present invention is the prepara 

tion of dilutions for particle counting and analysis, primarily 
by apparatus known and sold throughout the world under the 
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trademark “Coulter Counter" and disclosed, for example, in _ 
U.S. Pats. Nos. 2,656,508; 3,259,842 and 3,389,334. The 
present invention will provide an ideal adjunct for a “Coulter 
Counter,” and the following disclosure will assume such an in 
tended use, specifically the counting of red blood cells by the 
dilution of one part blood to ?ve hundred parts saline solution. 

SUMMARY OF THE INVENTION 

The invention remedies the prior art drawbacks and its ob 
ject is to provide an automatic, simple, reliable and precise 
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diluting method and apparatus which is easily and rapidly em 
ployed and avoids the aforementioned pollution. 
The diluting apparatus according to the invention provides 

a first tubular element having an inlet for the diluent and an 
outlet for the diluted liquid, a pumping device located at said 
inlet for circulating a metered volume of diluent in the first 
element, a second tubular element for the sample to be diluted 
including a capillary zone of given capacity, means for filling 
the zone with sample, conduits interconnecting the ?rst and 
second tubular elements at the ends of the zone, so that the 
zone forms a fluid bypass and means for preventing the diluent 
from entering the zone when the sample is introduced therein. 

Further advantages and features of the invention will appear 
from the ensuing description. 

BRIEF DESCRIPTION OF THE DRAWING 

The single FIGURE is a diagrammatic side elevation view, 
partly in section, of one embodiment of a diluting apparatus 
according to the invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

A first tubular element 1, through which the diluent and 
dilution flows, and a second tubular element 2 through which 
flows the sample or concentrate to‘ be diluted, for example 
blood, comprise the two major ?ow portions of the apparatus. 
Both of these elements can be of a rigid material such as glass. 

Located at an inlet 3 of the tubular element 1 is a metering 
pump comprising a cylinder 4, a piston 5 retained in its lower 
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position by a return spring 6, a cam 7, and a motor 8, for driv 
ing the cam to urge the piston 5 toward the top of the cylinder. 
This pump is coupled to a source of diluent (not shown) by 
way of a conduit 9 having a vertical section in which a ball 
valve 10 is placed. Thus, upon each cycle of the pump, a given 
amount of diluent is fed into the tubular element 1. 

Intermediate the ends of the tubular element 1 is a vertical 
branch 11, at the ends of which are two capillary conduits 12 
and 13. Between the two conduits 12 and 13, the branch 11 
has a region of reduced diameter or a constriction 14. A ball 
valve 15 is disposed in the branch 11 between the two con 
duits12 and 13. 
Two other ball valves 16 and 17 are respectively located in 

the element 1 upstream and downstream of the branch 11. 
The element 1 terminates in an outlet 18 which can empty into 
a dilution receiving vessel 19. 
The tubular element 2 has a capillary zone 20, of given 

capacity, the ends of which are connected to the two conduits 
12 and 13. The element 2 is fed with sample, such as blood, 
from a source 21 located at one of its ends 22. An aspirator or 
equivalent device 23 is provided at the other end 24. The 
second tubular element 2 also includes shuto?' valves 25 near 
its ends. 
The apparatus operates in the following manner. 
Initially, the tubular element 1 and the conduits 12, 13 are 

?lled with diluent and the tubular element 2 with concentrate 
sample. The valves 25 are closed and the piston 5 is in its 
lower position. 
Then the cam 7 urges the piston 5 to its upper position and 

this delivers a given amount of diluent to the element 1. This 
amount of diluent displaces an equal amount of diluent al 
ready contained in the element 1 and the latter amount ?ows 
partly through the branch 11 and, owing to the constriction 
14, partly through the bypass consisting of the conduit 13, the 
zone 20 and the conduit 12. 

Since the zone 20 is capillary, the small amount of sample it 
initially contained is completely urged along as soon as the 
diluent starts to arrive in this zone 20. The mixture thus 
formed of a given amount of diluent and the amount of sample 
contained in the zone 20 drops into the vessel 19. The dilution 
is thus effected. To achieve a 1 to 500 red blood count dilution 
for use by a “Coulter Counter,” the capillary zone 20 could 
have a 40 microliter volume, and the cylinder 4 would then 
have a 20.04 milliliter volume; such that each precise dilution 
would have the volume of 20.04 milliliters, of which 40 
microliters is the blood sample. 

Thereafter, the cam 7 withdraws, the piston 5 is returned to 
its lower position by the spring 6, and diluent enters the 
cylinder 4. The valves 25 are then opened and blood sample is 
again drawn from the source 21 into the tubular element 2. 
The blood sample ?lls this element 2, and in particular the 
zone 20, the excess blood from the previous drawing off being 
pushed along by the supply of new blood and discharged to 
waste by way of the aspirator 23. 
When the zone 20 is ?lled with blood, the valves 25 are 

again closed and the starting position is obtained. 
From the foregoing, it will be seen that only the tubular ele 

ment 2 comes in contact with and receives the sequence of 
concentrated samples with each sample purging the former 
from the capillary zone 20. Also, the tubular element 1, up 
stream of the ball valve 15, only comes into contact with the 
diluent. Additionally, because of the constriction 14 and the 
relatively small capacity of the zone 20 compared to the 
volume of diluent, the initial in?ux of diluent will flush out the 
capillary zone 20 past the ball valve 17, so that by the time 
that the entire metered volume of diluent has moved past that 
point, the entire tubular element 1, all the way to the outlet 18 
will have been ?ushed clean of any residue of the blood sam 
ple. Hence, interdilution and intersample contamination has 
been prevented without the need for any rinse cycles. 

It should be apparent to those skilled in the art that 
synchronism of the pump, valve means 25 and the aspirator 23 
can be achieved to cause the method and apparatus to be fully 
automatic. 
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Additionally, the volume of the cylinder 4 can, be adjusta 
ble, depending upon the lowest position of the piston 5. 
Likewise, the volume of the capillary zone 20 can be varied by 
making the zone an interchangeable element; whereby, sub 
stitution of different zone elements of different volume can be 
accomplished. 
What is claimed and sought to be protected by United 

States Letters Patent is: 
l. A method for sequentially preparing precise uncon 

taminated liquid dilutions from liquid sample concentrate, 
each sequence comprising the steps of: 

?lling a ?rst conduit with diluent, 
?lling a second capillary conduit with liquid sample, a me 

tered portion of the second conduit forming a liquid 
bypass of the ?rst conduit, 

forcing a metered volume of liquid diluent into and through 
the ?rst conduit, diverting a portion of said liquid diluent 
from the ?rst conduit and causing it to pass through the 
metered portion of said second conduit and carry 
therewith a metered volume of liquid sample into the 
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?owing diluent in the ?rst conduit, 

obtaining from the ?rst conduit a volume of dilution equal 
to the metered volume of liquid diluent and including 
substantially all of the liquid sample in the metered por 
tion of the second conduit, and 

?ushing the metered portion of said second conduit with 
liquid diluent to clean the same of any residue of said 
liquid sample. 

2. A method according to claim 1 in which aspirating is em 
ployed in said step of ?lling the second conduit. 

3. A method according to claim 1 in which cyclic pumping 
is employed in said step of forcing the metered volume of 
diluent. 

4. A method according to claim 1 in which said ?rst conduit 
comprises a tubular element. 

5. A method according to claim 4 in which constricting the 
?rst tubular element just downstream of the entrance to the 
bypass is employed in said step of diverting and causing a por 
tion of the liquid diluent to pass through the bypass. 


