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Steam Quality Testing - Hints and Tips
General

What is steam quality (EN 285 and HTM)
Who needs to test steam quality

When to test (Frequency)

Where to test steam quality

How to test steam quality

Example of one commercial Steam Quality Test Kit

Accuracy

B-1



108TPDA04034-B

Non-condensable Gas Test

- Presence of non-condensable gases

Acceptance Criteria
Pressure/Temperature Comparison

Superheat Test

- Steam at a temperature above its boiling point

Acceptance Criteria
Methodology Problems

Dryness Value Test

- Acceptable amount of moisture

Acceptance Criteria
Causes of Wet Steam - Pure/Clean Steam
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The difference between EN 285 and HTM 2010
« HTM 2010, UK National Health Service guidance document

» Produced in anticipation of EN 285 and seeks to provide guidance
to hospitals to allow their compliance with EN 285 (EU standard)

 EN 285 is a European standard for Sterilization — Steam Sterilizers—
Large Sterilizers, which describes the steam quality tests and is the
definitive reference.
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needs to test steam quality?

* Manufacturers and processors of sterile products and medical
devices within Europe and those who supply Europe.

* The requirement is restricted to the porous loads/dry goods/
equipment processes, which impact on the sterility of finished
products.

108TPDA04034-B
Testing frequency

The only references to the frequency of steam quality testing are to be
found in HTM 2010, where it is indicated that steam quality should be
tested as part of the annual re-validation exercise for each sterilizer.

Where steam systems are either routinely or irregularly shut down,
large quantities of air will be present in the distribution system on
restarting.

It is recommended that in such circumstances a comprehensive and
validated venting procedure should be applied and testing for non-
condensable gases may be appropriate.
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Steam Quality Test Points

* In order to test the steam quality, specific test points on the steam line
are required.

* The location of the three test points on the steam supply pipe just prior
to the sterilizer.

* This test point is usually installed between the steam main supply
isolating valve and the sterilizer.
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Steam Quality Test Points (lay-out)

Steam header /_\
Reducing walve O Sample
Y k_/&/ -
Eam seperator Recucing valve
Sterilizer

and trap
[]
Chamber

8 2.2 BarG

Steam supply ¥

B -7 Bar

While not stated in either HTM 2010 or EN 285, there is an assumption that the
steam sample point will be located as shown in above. This indicates that the sample
pressure will be 3 — 4 Bar Gauge and that after the sample point there will be a
steam separator and reduction stage prior to the sterilizer, which will be operating at
2.2 Bar Gauge (134 degrees Celsius).
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Steam Quality Test Points (lay-out, cont.’)

Process
connection
from steam
supply

Non-Condensable
Gases Test Connection

Steam Quality Test Elbow shown is:

3/4" pipe
1/2"-3/4" Process connection

1/4"BSPT Test connections
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Pitot tube

Test Connection
for Superheat,
Dryness &

Lab Analysis

Temperature
Probe Test
Connection

Process Connection
to Process (Sterilizer SIP etc)

Test Elbow Dimensions

20 mm

=l
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B 142" Triclover for NC
Gas test
led e 30 mm 172" Triclover for pitot tube
—y / antry for Dryness and

I Superhest tests
B

20 mim
12

\ 142" Triclover for

temperature sensor for
Dryness test

——
A

Direction of steam flow to steriizer

Pipe outside Pipe wall A - Both sBal;;::le

Nominal diameter thickness X Y ends points
size (inches/mm) (mm) (mm) (mm) (mm) (mm)
& %4"19.05 1.65 90 400 249 249
1" 1"25.4 1.65 90 400 50.3 249
17" 1%4"/138.1 1.65 110 400 50.3 249
2" 2"/50.8 1.65 160 400 64 249
2%" 21:"163.5 1.65 225 400 775 249
3" 3"76.2 1.65 225 400 90.9 249
4 4"101.6 211 253 253 119 249
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Other test conditions

» The standard test procedures require the steam quality to be
sampled when steam is first admitted to the sterilizer chamber after
a cycle is started.

* While this provides a reference condition, it may be inadequate to
fully characterizing the steam system which may perform
differently under different flow conditions.

e Itis suggested that the steam supplies should be tested under
both low and full flow conditions and particularly for the non-
condensable gas test, include conditions where the feed water
pump switches on and off (where applicable).

* Where aerated water is present, the worst case condition is
invariably when water enters the steam generator.
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Non-Condensable Gas Test

The presence of these gases causes problems

1. Airis aninsulator having resistance to heat transfer some 12,000 times greater than
copper. Either a layer or pocket of air can result in the heating process being
adversely affected.

2. Either a layer or pocket of air may cause a physical barrier to steam/moisture
reaching all parts of the load. The presence of moisture being essential to the
sterilization process by allowing the walls of cells to coagulate.

Other causes of non-condensable gases

1. Leaking glands on steam generator feed water pumps allowing air to be
pumped into the steam generator each time the feed water pump operates.

2. Leaking glands on steam valves where a Ventura effect can cause air to be drawn into
steam distribution systems.

3. Where steam systems are either routinely or irregularly shut down, large quantities
of air will be present in the distribution system on restarting. It is recommended that
in such circumstances a comprehensive venting procedure should be applied and
testing for non-condensable gases may be appropriate.

12
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Non-Condensable Gases Test

Purpose of the test:

To demonstrate that the attainment of sterilization conditions in all parts of a
sterilizer load (particularly for porous load items) is not impaired by the
presence of non-condensable gases.

Method employed:

The measurement of non-condensable gases is made by cooling a steam
sample with a condenser, using water siphoned from a tank at 200ml per
minute. The minimum requirements are: a one meter head of water and its
temperature below 28°C. A pumped or pressurized water supply is not
required.

When the sampled steam is condensed any non-condensable gases present
are released and separated from the cooled condensate into two sight glass
columns. The gas and steam condensate volumes are measured by 'zero-
adjustable' calibrated scales mounted behind the sight glasses. The
temperature of the condensate is maintained above 80°C by controlling the
steam flow through the inlet needle valve while measuring the condensate
temperature from a thermocouple probe on the outlet of the condenser.
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To carry out repeated tests a return to the 'zero scales' position is made by
opening the condensate drain and gas bleed valves. The valves are then
closed when a new sample is required. Volumes up to 14ml gas and 140ml
condensate are possible for each sample.

The non-condensable gas test is considered to be acceptable for sterilization

purposes on clinical sterilizers if the percentage of gas to condensate is less
than 3.5%.

14
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EN285 24.1.2.1
Non-condensable Gas

15
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The Non-Condensable Gas Test method obstacle

* In HTM 2010/EN 285 described method requires considerable skill to obtain
repeatable test results.

¢ The water used for the tests should be degassed by boiling and allowing to cool in a
closed container.

e If this is not done, gases will be released from the water in addition to that coming
from the steam supply. This may result in high values being encountered.
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The Non-Condensable Gas Test method obstacle

This is exacerbated by the speed at which the test is carried out, the rate
determining whether high or low results are obtained.

Generally, the faster the test is conducted, the higher the test result. In many
respects the test method is subjective.

The test has to be completed when the cooling water temperature reaches 70
degrees Celsius.

It will be seen that to properly test the steam, it may be necessary to test under
different flow conditions.

The time involved in draining and replacing the cooling water may cause vital
information to be lost and an incomplete picture formed.
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The Non-Condensable Gas Test method obstacle

These problems are avoided when using a condenser.

This setup prevents the steam coming into contact with the cooling water and
avoids problems due to its aeration.

The only source of gases can be from the steam. Also, the tests can be carried
out for an indefinite time, allowing the steam supply to be tested under a
range of flow conditions, in addition to the reference conditions described in
the test methodology.
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Superheat Value Test

Purpose of the test:

To demonstrate that the amount of moisture in the steam supply is sufficient to prevent the
steam from being superheated as it enters the expanded space of a sterilizer chamber.

Method employed:

The temperature is measured by a thermo-couple placed at the center of an expansion tube
placed over the pitot tube as steam passes through its orifice.

The temperature is considered to be acceptable if it is less than 25° C above that of the
local temperature of boiling water

19
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Superheat Value Test
Background

* Superheated steam is steam at a temperature above its boiling point for its
pressure.

e Superheated steam is a clear colorless gas that will not condense until its
temperature drops to its boiling point.

e Until this occurs the moisture necessary for sterilization cannot be produced
and therefore presents a risk to the process.

e Superheated steam acts as hot air and requires sustained high temperatures
and long hold times before sterilization can occur.

20
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Superheat Value Test

Reason of occurrence

* While superheated steam is not usually intentionally generated in the
healthcare or pharmaceutical industries it can be produced as the result of

excessive pressure drops.

e If we reduce steam from a high to a low pressure its energy level will remain
the same.

e This high energy level will initially result in any moisture present in the steam
to be evaporated.

* Any additional energy will then result in a temperature increase in the steam
and the superheat phenomena will become evident.

21
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Superheat Value Test
Effects

* Because the superheat will reduce as heat is transferred to the load, this is
generally a temporary phenomena at the start of the sterilizing period.

» Superheated steam has the greatest adverse impact where high temperature /
short time sterilizing cycles are used.

* Despite, the impact being duration dependent, good practice indicates that
superheated steam should not be tolerated.

e EN 285 indicates that pressure drops should not exceed a ratio of 2:1. If the
pressure drops occur sufficiently far away from the sterilizer it will be found
that any superheat generated will diminish as it loses energy to the pipe walls
and any moisture present.

22
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Acceptance Criteria

*  When steam is reduced from line pressure to atmospheric using the pitot
and expansion tube shown, the temperature measured should not exceed
25°C above boiling temperature for the atmospheric pressure at the test
point (typically the measured value should not exceed 125° C).

* |tis stressed that the limit describes the maximum temperature and that no
minimum value applies to this test.

* The assumption made by the standards, but not specified, is that if this limit
is not reached, when the steam expands into the chamber its condition will
be satisfactory.

* Inthis respect, the test is predictive and its worth is dependent upon the
specific configuration of the sterilizer with respect to the pressure drops
involved after the test point and any further conditioning that may occur
from steam separators etc.

23

108TPDA04034-B

Methodology Problems

* The temperature sensor should be sufficiently small to not represent a large
heat sink which will dissipate any superheat.

* A bare thermocouple is best in this respect.

* The thermocouple should be moved across the steam jet issuing from the
pitot tube until the highest temperature is reached.

* The value achieved will depend on the dryness of the steam and the size of
the pressure drop involved.

24
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EN285 24.2.2.2

Superheat
. @
o /g 2
=K <. *
| 250 min. | )

e
2t
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Dryness Value Test

Purpose of the Steam Dryness Value Test:

e To ensure that an acceptable amount of moisture is present in
the steam supply.

* Too little moisture were present, superheating of the steam
may occur.

* Too much moisture, the load may not be able to be dried by

completion of the cycle.

26
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Method employed:

Heat balance using a stainless steel vacuum flask.

* The principal is that the flask is primed with a known mass of water at
a known temperature. Steam is condensed in the flask thus raising
the water temperature.

* The final mass and temperature of the water are then measured and
placed into a calculation.

* |f the final water temperature was lower or the final mass was

greater, the steam would be 'wetter' (having a lower value).

27
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Accept criteria

e Whilst the method is not regarded as a truly accurate
measurement of moisture in the steam, it can be used to
demonstrate acceptable dryness for sterilization purposes.

e Adryness value of 1.0 is equivalent to Dry Saturated Steam.

* For sterilization purposes, @ 0-95 is considered to be acceptable.

28
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EN285 24.3.1.2
Dryness Value

®

250 min

4 rubber bung assembly
5  one-litre Dewar flask 10 sample pipe

Figure 9. Diagrammatic representation of the apparatus for the measurement of
steam dryness value
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L Me: kg ~ initial mass (flask)

Ms: kg ~ initial mass (flask + water)

Ts : °C ~ initial water temperature (water)

Mf: kg ~ final mass (flask + water + condensate)

Tf:°C ~ final water temperature (flask)

Ta : °C - average steam temperature (to sterilizer)

L : Ta (KJkg?) latent heat of dry saturated steam at temperature Ta
The energy is required to change phases of a substance.

30
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Ts : °C » initial water temperature (flask)

Tf:°C » final water temperature (flask)

Ta : °C » average steam temperature (to sterilizer)
Me: kg » initial mass (flask)

Ms: kg » initial mass (flask + water)

Mf: kg » final mass (flask + water + condensate)

L : Ta (KJkg?) latent heat of dry saturated steam at temperature Ta
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134°C T 6

3 bar / 134°C

e C‘ l@
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EN285 24.4.1

Steam Sampling
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(Crganisation performing tests: The ValiSteri Company 108TPDA04034-B
. Site:  South West Phamma Fammer Co. Lid Department:  Valldation Date(s) of tests:  7-Dec-11
Exam p|e of Steam Qua | |ty Steriizer Manufaciurer. WIStk Model __ ASTFBZ1 This e reference:
Serial number apotong 12Kl Plant ref. number: 1 ABD
Records Unit | Validation
Test number 1
Cyele numoer 3
Cycle start ime (real) nrmincs 11:01:04
Vo (gas wolume) mi 43
Wi (water volums) mil 120.0
Fraction of gases % 36
Test number 2 2
Hon-condsnsable Cycle numiger 322
Gaszas tests Cyele start time (real) nrminzs 11:30:00 03204
[vo igas volume) AT 6.5 20
W [water volums) f J|'5P 110.0 100.0
Fraction of gases |5 59 2.0
Test number 3 3
Cyoie numiger / 322 680
Cycle star time [real) B frmins 11:58:00 10:12:05
VD (gas wolume) mi 6.0 3.4
Vic (water volume) | /i 100.0 100.0
Fraction of gases - % 6.0 34
A~
Test number 4 4
Cycle numoer
Cycle start time (real) / 5 hr.minzs
Sieam servica suppiylteipd ) | °c
Suparheat teat Te fexpansion tugd ng_L' °C
LAP (iocal 3tmog, \Préssurs maoar
To (wategpoifig poinkarLan) C
Sup: | °c
Teshqumbet. 5 5
Cycie ni 324 BE2
Cycle star tfe (real) nCmin:s 13:05:08 11:25:45
M, iempty flask assembly mass) g 541 552
M, [Miled flask assembly mass) g 12301 1234.2
Dryness valus teat T, (Inltial sk contents temperature) °c 17.3 18.2
Ta (average sieam supply temperature) °c 156.2 1624
T, (fnal Niask contents temperature) °C a1.4 754
M (final Nask assembly mass) g 1321.0 1309.5
D (dryness valug| 0.901 0.978
Maximum supply temperature difference batwesn auperheat test .
and drynaess valus test 1z 11
[Test Person slgnate .. ... oo PANINAME COEE
34
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Evaporated

35
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Bowie Dick test pack

Intelligent Ink Technology

I T —
| o ] a LAl L
—— —_— _— —_— I
—_—
Lir Eail - &jr pnchet Tial o
st peelmpion- vl sty andfy Jifne
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Non-condensable
Gas (commercial)

O] \®

1 50 ml buretie 6 needle valve

28 rubber tubing T 250 ml measuring
3 funnel with paralle] sides cylinder

4 2000 ml container

5 steam sampling pipe

re
measurement system
11 overflow pipe

108TPDA04034-B

Superheat
(commercial)

®

—

250 min.
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Dryness Value
(commercial)

®
.\\

Dimensions in millimetres

1 pitor tbe 6 to temperature measuring instrument

2 temperature sensor entry gland 7 to slerilizer

3 rubber tubing 8 fum steam service

4 rubber bung asscmbly 9 pipe for thermocouple and vent

5  onelitre Dewar flask 10 sample pipe

Figure 9. Di. ic rep ion of the for the measurement of

steam dryness value

108TPDA04034-B

Steam Sampling
(commercial)

42
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Really FINISHED !

HAHZ T
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Pressure/Temperature Comparison

It is often believed that a simple pressure/temperature comparison using
steam tables will allow the presence of non-condensable gases to be
discovered. If 1% of air by volume were to be present in the steam supply, a
value many times in excess of the 3.5 % limit (0.00206% by volume), using
Daltons Law, it will be seen from the table below that the resulting
temperature depression will only be 0.33 degrees Celsius. Given the
differences in response times and calibration errors between pressure and
temperature instruments, it will be seen that such a comparison will only
detect very large and wholly unacceptable levels of gases (between 1 and
10%).

The theory of steam flowing through a pipe indicates that any Sample point
gases present will be adjacent to the pipe wall. Within this will
be a layer of condensate and further condensate will be prese
on the bottom of the pipe.

/Air

Condensate

44
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Dryness Value Test

Wet steam is undesirable as it has less energy than dry steam and
more importantly can cause wet loads. The packaging used for sterile
products prevents reinfection when dry, but its bacterial retentive
properties will be adversely affected by the presence of moisture. Wet
loads can be considered to be unsterile.

The amount of moisture present in steam is measured by the dryness
fraction, which is directly proportional to the amount of latent heat
present. The dryness fraction describes how dry steam is with a value
of 1 representing steam that is 100 dry and therefore free of entrained
moisture. Steam with a dryness fraction of 0.99 consists of 99% steam
and 1% water. Similarly, steam with a dryness fraction of 0.95 consists
of 95% steam and 5% water.

If we measure the latent heat present in steam that has a dryness
fraction of 0.99 we will find that it possesses 99% of the full quotient of
latent heat. By establishing the amount of latent heat present in steam
we can determine its dryness fraction.

45
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Calorimetry

We measure the latent heat in steam by condensing a sample in a
known volume of water having a known starting temperature. The
increase in mass of the water represents the amount of steam utilized to
heat the water to its new, higher temperature. From this simple exercise
we can calculate the amount of energy in the steam.

If we also measure the temperature of the steam supply we can
determine from steam tables the latent heat that would be present if the
steam was 100% dry. By comparing the two values we establish the
dryness fraction of the steam sample. Because the steam is sampled
only from the center of the pipe and does not take into account moisture
on the pipe wall or condensate at the bottom of the pipe, the test is
deemed to be an approximation rather than an absolute value. For this
reason, instead of using the term dryness fraction, the test method uses
the term Dryness Value, and this term is always used when describing
test results for steam for sterilization.

46
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The calculation provided by HTM 2010 takes account of the heat loss from the
test kit by the use of a constant that is dependent on the test equipment used.
When using the SQ1 Portable Steam Quality Test Kit this constant has been
modified to take account of the stainless steel vacuum flask and dip tube
construction. This variation is detailed in the calculation in the manual and in the
Excel calculation provided on floppy disk. EN285 does not specify the
construction of the test equipment that should be used or provide any information
on how the constant is calculated.

Acceptance Criteria

The dryness value of the steam should be equal to or greater than 0.9 for porous
loads or 0.95 where metal loads are processed. Invariably this means the latter
limit is applicable. In any event, in plant steam terms, steam containing 5% of
moisture would be seen to be of poor quality and a dryness value of 0.99 would
be more commonly seen to be acceptable.

Methodology Problems

Out of specification results are often caused by the test method not being strictly
followed. Where the test point is not as indicated problems can easily result.
Similarly, modifications to the test points by the installation of valves and/or
additional pipe fittings etc. can result in additional heat losses being encountered
which are not taken into account by the calculation.

47
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The start and end temperatures within the flask should be established by agitating
the flask and water until a constant value is reached. The test should be completed
when the water temperature reaches 800 C. If the temperature is hotter or
localized boiling occurs, energy will be lost in the form of steam venting from the
flask and misleading results obtained. To avoid this the flask should be constantly,
but gently agitated during the course of the test, and preferably the test completed
before rather than after the 800 C limit is reached. It will be found that the effects
of agitation following the test will tend to result in an increased temperature rather
than a lowering. The use of a sheathed temperature sensing probe results in a
relatively slow response time for small changes in temperature and time must be
allowed for the sensor to stabilize.

If the test is carried out too slowly, the heat losses tend to increase and have a
greater impact as time progresses. The purpose of the pitot tube is simply to
provide a controlled flow of steam into the vacuum flak. It is our experience that
the use of a pitot tube one size larger than that specified by the standard test
method will provide a suitably fast test to avoid such problems. Provided that the
water in the flask is not allowed to boil and heat to be lost from the system as
steam/vapour, the size of the pitot tube is immaterial. When we conduct the test,

we aim to complete it within 10 minutes.
48
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Great care should be taken with mass measurements and weighing equipment
must discriminate to 0.1g. Water droplets on surfaces of the flask that is not
subject to the heating effects of the steam can affect the results if present in
sufficient quantities. In between tests it is recommended that the flask is dried
internally and externally and that fresh water is added in such a fashion that it is
not splashed on the outer surface of the flask. When agitating the flask, care
should be taken to prevent any loss of water which will affect the outcome of the
test.

The temperature of the steam supply should be logged in order that its average
temperature may be calculated for the duration of the test. While the pressure of
the steam supply would not be expected to fluctuate by more than 10% (EN 285)
any fluctuations not recorded will cause misleading results to be generated.

49
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Causes of Wet Steam - Plant Steam

Wet steam may be caused by excessive pressure drops on the boiler due to high demands.
As the pressure drops, the size of steam bubbles increase in turn increasing the volume of
water in the boiler and causing it to be closer to the steam outlet. The increased size of
the steam bubbles results in a more aggressive boiling action, which causes more/larger
droplets of water to leave the water surface and enter the steam space and thus be
carried over into the steam. Steam at a low pressure occupies more space than steam at a
high pressure and a further affect of a pressure reduction is to increase the velocity of the
steam leaving the boiler. This can reach such a velocity that it will take some of the boiler
water with the steam. Certain contaminants in the boiler water can cause a froth to form
on the water surface, again allowing moisture to enter the steam supply.

Once in the distribution system, the quality of steam is likely to deteriorate as the result of
heat losses causing further condensation. To minimize such deterioration, the steam
distribution system should be well insulated and be provided with a well designed and
installed condensate removal system (steam traps and separators). Pipework should
always have a fall towards steam traps. A common problem that causes wet steam is
where pipework is sagging. This allows pockets of water to accumulate until they are
sufficiently large to occlude the steam pipe, causing the increased steam velocity to carry
them to the points of use in discrete slugs.

50
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Causes of Wet Steam - Pure/Clean Steam

Pyrogen free steam produced by a clean/pure steam generator should
be dry saturated (dryness value of 1). That is to say it should be dry
and at its saturation temperature (boiling point for its given pressure).
Pure steam generators are normally fitted with a pressure sustain valve
which prevents excessive pressure drops and therefore the potential to
carry over water with the steam. This valve will prevent pressure drops
at the generator by maintaining the generators internal pressure at the
expense of the distribution system. As with plant steam its quality can
only deteriorate within the steam distribution system as described
above, where the same design requirements apply to insulation and
condensate removal.

51
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EN285 24.2.2.2
Superheat

® / ©
B e /

250 min,
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Superheat
(commercial)
o O,
® / /®
:§ 1
250 min.
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T PR PRI T T R TR E R SRS Py R

&5 R 11 | to 3 bar g~4 4~7bar | 7“8 bar | 8~10 bar
ar

B 0.8mm 0.6mm 0.4mm 0.3mm 0.25mm

(EN 285:2006 + A2:2009 standard :1.0mm.)
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EN285 24.3.1.2
Dryness Value

®

I pitot o 6

2 temperature sensor entry gland 7

3 rubber tubing B

4 rubber bung assembly 0 pipe fo

5 onelitre Dewar flask 10 sample pipe

Figure 9. Diagrammatic representation of the apparatus for the measurement of
steam dryness value
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Dryness Value

(commercial)
®
A —

250 min.

®

|

|
Dimensions in millimetres
1 pitot be 6 to temperature measuring instrument
2 temperature sensor entty gland 7 o
3 rubber tubing 8 am service
4 rubber bung asscmbly 9 r thermocouple and vent
5  onelitre Dewar flask 10 sample pipe

Figure 9. Diagrammatic representation of the apparatus for the measurement of
steam dryness value

)
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0.8mm 0.6mm 0.4mm 0.3mm 0.25mm

(EN 285 2006+A1:2009 up to 2, 3 and 6 Bar respectively)
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