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ABSTRACT OF THE DISCLOSURE 

A large ratio dilution system for an automatic analysis 
system includes an aspirator vacuum pump which pro 
duces a vacuum by the entrainment of gas by a diluent 
liquid jet, and which has an adjustable input ?ow of 
diluent liquid, an aspirator input for the sample liquid 
to be diluted, and means for adjusting the vacuum pressure 
at the aspirator input. 

This invention relates to the analysis of a continuous 
stream of liquid. This stream may comprise a plurality 
of samples transmitted successively, or a ‘continuous 
monitoring stream. 
The stream is customarily treated for analysis, as by 

dialysis, heating, solvent extraction and by the addition 
of one or more reagents; and a quantitative measurement 
for a constituent of interest is obtained by photometric 
methods, as by colorimetry or ?ame photometry. The 
US. Patent 2,797,149 to Leonard T. Skeggs, issued June 
25, 1957 is illustrative of methods wherein the sample 
stream is dialyzed, a reagent is added to the dialyzate 
producing a color reaction, and the reacted stream is 
passed through a colorimeter, the light transmittance of 
the stream at a particular wavelength being responsive to 
the concentration of a constituent of interest. 

Certain applications of continuous analysis require the 
samples of liquid to be diluted with rather large volumes 
of a diluent ‘before they can be introduced into the con 
tinuous stream for analysis; as for example, when highly 
corrosive liquids are being analyzed; or when high dilu 
tions are required for colorimetric techniques. Custom 
arily, these dilutions are performed manually. 

Dilutions can be performed in the presently known 
continuous analysis systems. The samples of liquid are 
initially supplied to the system by a sampler, such as is 
shown in the US. Patent No. 3,038,340 to Jack Isreeli, 
issued June 12, 1962. Here an otf-take tube coupled to a 
pump tube operated by a peristaltic type pump, such as is 
shown in the US. Patent No. 2,935,028 to Andres Fer 
rari, Jr., et al., issued May 3, 1960, aspirates the sample 
from a container into the system. Without resampling, a 
dilution of l to 100 is sometimes practical. With resampl 
ing, it is conceivable that dilutions of l to 10,000 could be 
achieved. This latter technique is not desirable because 
a large number of pump tubes is required, the probability 
of contamination of a suceeding sample by a preceding 
sample is high, and the consumption of reagents is high. 
An object of this invention is the provision of a system 

wherein dilutions of the order of 1 to 20,000 and 1 to 
2,000,000 can ibe obtained. 
Another object of this invention is the provision of 

dilution system wherein the internal diameter of the off 
take line from the sample container is independent of the 
amount of sample to be o?-taken into the system, whereby 
small constrictions which might be clogged by particulate 
matter are avoided. 

Yet another object of this invention is the provision of an 
all glass, or otherwise corrosion and solvent resistant di 
lution system, so that highly corrosive or solvent sample 
liquids may be safely processed. 

5 

10 

20 

25 

30 

35 

40 

45 

50 

65 

70 

3,419,358 
Patented Dec. 31, 1968 

CC 

2 
A feature of this invention is the provision of an aspi 

rator vacuum pump which produces .a vacuum by the 
entrainment of gas by a carrier liquid jet, having an ad 
justable input ?ow of carrier or diluent liquid, an aspirator 
input for the sample liquid, and means for adjusting the 
vacuum pressure at the aspirator input. 
The above and other objects, features and advantages 

of this invention will be more fully understood from the 
following description considered in connection with the 
accompanying illustrative drawing, in which: 
The ?gure is a schematic diagram of an embodiment of 

this invention. 
In the ?gure, an aspirator vacuum pump 10 is em 

ployed to aspirate and dilute a sample liquid supplied in 
a container 12. The diluent is stored in a container 14 into 
which is mounted a centrifugal pump 16. Theepum-p may 
have a constant volumetric rate output which is supplied 
through a conduit 18. The conduit 18 is coupled to a con 
duit 20 which has a branch conduit 22 controlled by a 
valve 24 returning to the container 14, and a valve 26. 
Opening the valve 26 and closing the valve 24 increases 
the output ?ow from the conduit 20, while closing the 
valve 26 and opening the valve 24 decreases the output 
?ow from the conduit 20. The downstream end of the 
conduit 20 is coupled to the carrier or diluent input 28 of 
the aspirator 10. 
The aspirator includes a jacket 30 having an aspirator 

inlet 32, a jet nozzle 34, and an output conduit 36 which 
has a receptacle end 38. In the aspirator here shown the 
end of the jet nozzle is disposed within the receptacle end 
of the output conduit. The jet of diluent streaming from 
the nozzle 34 entraps air therein, reducing the ambient 
gas pressure within the jacket 30. 
The sample container 12 may be one of a plurality of 

containers which are mounted on a sampler such as is 
shown in US. 3,038,340 supra. Each container is sequen 
tially presented to an oil-take tube 40 which is coupled to 
a conduit 42. The downstream end of the conduit 42 
passes through the aspirator inlet 32 and into the airgap 
between the jet nozzle 34 and the receptacle end 38 of the 
conduit 36. The reduced pressure within the jacket 30 
provided by the jet of diluent provides ‘a reduced pressure 
in the conduit 42 which is communicated to the off-take 
tube 40 which aspirates a stream of sample liquid from 
the sample container 12. The stream of sample liquid is 
carried by the stream of diluent through the output con 
duit 36. The output conduit 36 is coupled to the input of 
.a mixing coil 44 whose output is coupled to the input of 
an automatic analysis system 46, such as is shown in US. 
2,797,149 supra. The input of the system may comprise 
a pump tube 48 operated by a pump such as is shown in 
US. Patent No. 2,935,028, issued May 3, 1960 to A. 
Ferrari, Jr. et al. If less than the total ?ow from the mix 
ing coil 44 is required for analysis, the mixing coil output 
may be coupled to one leg of a three-legged ?tting 50. One 
of the other legs is coupled to the input of the pump 
tube 48, and the third leg is coupled to a waste receiver. 
The vacuum in the conduit 42 is controlled by a 

vacuum regulator 60. The pump jacket 30 has an exten 
sion formed by a sleeve 62. One end of the sleeve is 
secured onto the aspirator inlet 32; the other end has 
a plug 64 through which the conduit 42 passes. The jacket 
30, the sleeve 62 and the plug 64 form an air tight en 
closure. The conduit 42 passes, with clearance, through 
the inlet 32. The vacuum regulator is conveniently pro 
vided in the form of a column 66 with a plug 68. A long 
tube 70, which may be adjusted in height, is passed 
through the plug 68. A short tube 72 is also passed 
through the plug 68 and is connected to a conduit 74 
which is connected to a hypodermic needle 76. The tip 
of the needle is passed through the sleeve 62. The interior 
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of the column 66 is ?lled with a liquid such as water. 
The vacuum developed in the airspace within the column 
66 controls the vacuum in the jacket 30, and is deter 
mined by the height and the density of the liquid above 
the lower end of the tube 70. 
By making the length of the conduit 42 long enough, 

the interior diameters of the inlet 32 and the inlet 38 
large enough, and the sleeve 62 of a ?exible material, 
such as polyvinylchloride, the off-take tube 40 and the 
conduit 42 may be integrally formed as a glass tube, and 
may be swung up and down by a cam 43 for insertion and 
removal of the inlet tube 40 into and from each sample 
container 12 presented thereto. The jacket 30, the con 
duit 36 and the mixing coil 44 may also be integrally 
formed of glass. Such an all glass sampling system per 
mits the processing of sample liquids of a highly corro 
sive or solvent nature, since the aspirator 10 permits ex 
ceedingly high dilutions, which will make the sample 
innocuous. 
The interior diameters of the oif-take tube 40 and the 

conduit 42 may be made relatively large since the vol 
umetric rate of flow of the sample liquid can be deter 
mined by the diluent ?ow rate and the setting of the 
vacuum regulator 60. Thus the interior diameter of the 
tube and the conduit may be made large enough to avoid 
clogging which might be caused by a sample liquid con 
taining particulate matter. 
A segment of air may be introduced into the conduit 

42 between sample container to separate the sample 
liquids therefrom in the conventional manner. 
A wide range of adjustment is possible and the ?ows 

of diluent to sample liquid may be varied so that they are 
more nearly equal. In this manner the solid glass sampling 
system may be utilized Without high dilutions of the 
sample liquid. 

In many techniques of colorimetric analysis, it is neces 
sary to utilize highly dilute samples in order to obtain 
incremental color changes which are responsive to in 
cremental concentration changes. An example of this is: 
The colorimetric tests for NHS, in the range of 0-130,000 
ppm. Here the sample liquid is initially diluted to ap 
proximately 112700, and successively has added to it 
10% NaCl, 20% NaOH+4% EDTA, NaPhenate, and 
NaOCl. Under these circumstances the high dilution fac 
tor provided by this invention is very usefull, even though 
the question of corrosion or solvent resistance is not 
raised. 

While we have shown and described a preferred em 
bodiment of the invention, it will be understood that the 
invention may be embodied otherwise than as herein 
speci?cally illustrated or described, and that certain 
changes in the form and arrangement of parts and in 
the speci?c manner of practicing the invention may be 
made without departing from the underlying ideas or 
principles of this invention within the scope of the ap 
pended claims. 
What is claimed is: 
1. Liquid sample supply apparatus comprising: an 

aspirator pump including a jacket forming a closed vessel, 
a ?rst conduit passing through said jacket having an up 
stream end for coupling to a source of diluent and a 
downstream end with said vessel for discharging a stream 
of diluent within said vessel, a second conduit passing 
through said jacket having a downstream end for cou 
pling to a mixing means and an upstream end within said 
vessel for receiving the stream of diluent from said ?rst 

15 

20 

40 

45 

50 

55 

60 

4 
conduit, whereby the stream will entrap gas within said 
vessel, a third conduit passing through said jacket having 
an upstream end for coupling to a source of sample liquid 
and a downstream end within said vessel for discharging 
sample liquid into said upstream end of said second con 
duit, and a fourth conduit in communication with said 
vessel for limiting the vacuum within said vessel. 

2. Liquid sample supply apparatus comprising: an 
aspirator pump including a jacket forming a closed ves 
sel, a ?rst conduit passing through said jacket having an 
upstream end coupled to a source of diluent and a down 
stream end terminating in a nozzle within said vessel for 
discharging a stream of diluent within said vessel, a sec 
ond conduit passing through said jacket having a down 
stream end coupled to a mixing coil and an upstream 
end Within said vessel forming a receptacle spaced from 
said nozzle for receiving the stream of diluent from said 
nozzle, whereby the stream of diluent entraps gas within 
said vessel thereby lowering the gas pressure within said 
vessel; a third conduit passing through said jacket having 
an upstream end coupled to a source of sample liquid 
and a downstream end within said vessel for discharging 
sample liquid into said upstream end of said second con 
duit, which liquid is drawn through said third conduit by 
the lowered gas pressure within said vessel; and a fourth 
means in communication with said vessel for limiting the 
lowered gas pressure within said vessel. 

3. Apparatus according to claim 2 wherein said source 
of diluent includes a constant rate of flow centrifugal 
pump in communication with a container of diluent. 

4. Apparatus according to claim 2 wherein said fourth 
means includes a vacuum regulator having a conduit 
coupled through said jacket into said vessel. 

5. Apparatus according to claim 2 wherein said mixing 
coil is integral with said second conduit, and said second 
conduit, said mixing coil, and said third conduit are made 
of materials having a high corrosion and solvent resistance 
characteristic. 

6. An automatic method of preparing a sample liquid 
for automatic analysis comprising: producing a reduced 
gas pressure in a vessel by passing a jet of a diluent liquid 
therethrough; adjusting the gas pressure to a predeter 
mined value by passing the jet of diluent liquid adequate 
to produce a lower gas pressure than desired, and regu 
lating the gas pressure in the vessel to the higher desired 
value; aspirating the sample liquid as a stream from a 
supply through a conduit by means of said reduced gas 
pressure; discharging the aspirated sample liquid into the 
diluent liquid; withdrawing the added together sample 
and diluent liquids as a stream; and intermixing the sam 
ple and diluent liquids in the stream. 
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