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What is Claimed:

1. A method for estimating a volume enclosed within a sample line, comprising;

disposing a calibration volume of a first fluid into the sample line such that the
calibration volume completely fills the sample line, the filled sample line defining a volume
SL therein;

communicating into a sample zone the calibration volume of the first fluid and also a
displacement volume D of a second fluid, the calibration volume of the first fluid and the
displacement volume D of the second fluid defining a total volume;

communicating the total volume from the sample zone to a sensor configured to identify
a boundary between the first fluid and the second fluid; and

from the boundary, estimating the volume SL of the sample line.

2. The method of claim 1, wherein the sensor detects a change in an electrical signal, a change

in an acoustic signal, or any combination thereof.

3. The method of any one of claims 1-2, further comprising communicating into the sample line
a volume of the first fluid that exceeds a volume that completely fills the sample line and
removing first fluid that exceeds the volume that fills the sample line so as to leave the

sample line completely filled.

4. The method of any one of claims 1-3, further comprising measuring the volume of the second
fluid based on a change in an electrical signal, a change in an acoustic signal, or any

combination thereof.

5. The method of any one of claims 1-4, wherein the first fluid and the second fluid are
immiscible.

6. The method of any one of claims 1-5, wherein the method is performed in an automated

fashion.

7. The method of any one of claims 1-6, wherein the second fluid comprises air.
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8. The method of any one of claims 1-7, further comprising operating the sample zone so as to
analyze one or more fluid samples, each of the one or more fluid samples having a sample

volume of the volume SL.

9. A system, comprising:

a sample line enclosing a volume therein;

a sample zone configured to receive a first fluid from the sample line;

a fluid delivery train configured to (a) deliver a volume of the first fluid into the sample
line, (b) deliver a calibration volume CV of the first fluid that completely fills the volume of the
sample line from the sample line into the sample zone, and (¢) deliver a displacement volume D
of a second fluid into the sample zone such that the calibration volume CV of the first fluid and
the displacement volume D of the second fluid define a total volume TV,

a sensor region configured to receive the first fluid and the second fluid from the sample
zone and to detect a boundary between the first fluid and the second fluid;

a flow diverter train configured to (a) place the sample line into fluid communication
with the sample zone, (b) place the sample zone into fluid communication with the sensor, or
both (a) and (b); and

optionally, a processor configured to determine a volume enclosed by the sample line
based on at least a difference between the volume D of the displacement volume of the second

fluid and the total volume TV.

10. The system of claim 9, further comprising a vessel in fluid communication with an end of the
sample line, the vessel being configured to receive fluid communicated through the sample

line.
11. The system of claim 10, wherein the fluid delivery train is further configured to remove fluid

from the vessel while fluid is retained within the sample line such that the sample line is

completely filled.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

The system of any one of claims 9-11, wherein the flow diverter train consists of a single

valve.

The system of claim 12, wherein the single valve is characterized as a rotary valve.

The system of any one of claims 9-13, wherein the flow diverter train comprises a plurality

of valves.

The system of any one of claims 9-14, wherein the sensor region comprises a bubble sensor.

The system of any one of claims 9-15, further comprising an instrument configured to

analyze a sample disposed in first fluid received by the instrument from the sample zone.

The system of claim 16, wherein the system is configured to operate the instrument based at

least in part on a volume enclosed by the sample line.

The system of claim 17, further comprising an autosampler.

The system of claim 18, wherein the autosampler is located at a distance from the instrument.

The system of claim 19, wherein the sample line places the autosampler into fluid

communication with the instrument.

The system of any one of claims 9-20, wherein the system comprises a region configured to

contact a sample and the first fluid.

The system of claim 21, wherein the sample comprises cells, cellular components, or both.

The system of any one of claims 9-22, wherein the volume enclosed by the sample line is in

the range of from about 30 microliters to about 2.5 milliliters.

A method for estimating a volume of a first fluid, the method comprising:
delivering an amount of a first fluid to a conduit;

delivering an amount of a second fluid into the conduit so as to displace the first fluid

within the conduit;

estimating a total volume of the first fluid and the second fluid in the conduit;
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delivering the first fluid and the second fluid from the conduit to a sensor capable of

determining a boundary between the first fluid and the second fluid;

determining a volume of the second fluid in the total volume; and

estimating a volume of the first fluid based on at least the volume of the first fluid and the

estimated total volume of the first fluid and the second fluid.

25.

26.

27.

28.

29.

33.

The method of claim 21, wherein the first fluid comprises air.

The method of any one of claims 21-22, further comprising operating an instrument based at
least in part on the estimated volume of the first fluid, the instrument optionally being

configured for fluid communication with the conduit.

The method of claim 23, wherein the instrument is a flow cytometer.

The method of any one of claims 26-27, wherein the first fluid is communicated to the

instrument from a sample line.

The method of claim 28, wherein the volume of the first fluid delivered to the instrument is a

volume enclosed by the sample line.

. The method of any one of claims 28-29, wherein the sample line is disposed so as to place an

autosampler in fluid communication with an instrument.

. The method of claim 30, wherein the autosampler is located at a distance from the

instrument.

. The method of any one of claims 21-31, wherein the determining the volume of the second

fluid in the total volume is based, at least in part, on detecting the boundary between the first

fluid and the second fluid.

A system for automatically determining the volume of a sample, the system comprising:
a sensor region;

a fluid delivery train configured to separately deliver a volume of a second fluid and a

volume of a first fluid into the sensor region,
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the sensor region being configured to measure a signal through the sensor region, the

signal differing based on the presence of the first fluid in the sensor region or the presence of the

second fluid in the sensor region; and

a processor configured to determine a volume of the sample based on the signal measured

when the first fluid and the second fluid are communicated through the sensor region.

34

35.

37.

38.

39.

40.

41.

42.

The system of claim 33, wherein the second fluid comprises air.

The system of any one of claims 33-34, further comprising an instrument and optionally a
flow modulator, the system being configured to place the instrument into fluid

communication with the sensor region.

. The system of claim 35, wherein the instrument comprises a flow cytometer, the flow

cytometer optionally being characterized as an acoustic flow cytometer.

The system of any one of claims 35-36, further comprising a sample line, the system being

configured to place the sample line into fluid communication with the instrument.

The system of claim 37, wherein the instrument is operable based on an estimated volume of

the sample line.

The system of any one of claims 37-38, further comprising a collection train configured to

collect excess fluid from the sample line so as to leave the sample line completely filled.

The system of any one of claims 37-38, further comprising a source of the first fluid, the
system being configured to place the source of first fluid into fluid communication with the

sample line.

The system of any one of claims 33-40, wherein the system is configured to contact the first

fluid with a sample.

The system of claim 41, wherein the sample comprises cells, cellular components, or both.
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