“Further strengthening of capacities of phytosanitary sector in the
fields of plant protection products, plant health and seeds and
seedlings, including phytosanitary laboratories and phytosanitary
inspections”

(TWINNING BA/12/I1B/AG 01)

Component 3: Seeds and propagation materials

&% Temperature measurement and
bas control

Rita Zecchinelli


http://www.google.it/url?sa=i&rct=j&q=SEED+SAMPLING&source=images&cd=&cad=rja&docid=qSNqI1veunkjpM&tbnid=TB-o0_d-1yLFkM:&ved=0CAUQjRw&url=http://www.niab.com/pages/id/119/Seed_Sampling&ei=Iw3LUeObGYfEOdjOgdAN&bvm=bv.48340889,d.ZWU&psig=AFQjCNHQNpN-M2gS9yJPuX3tyr_h9624eg&ust=1372347984820719

he Measurement of
emperature

Temperature is one of the most
commonly measured physical quantities
but its basis is not widely understood:

different people will have different
perceptions of what is hot and what is
cold

To make objective measurements, we
must use a device, such as
thermometer in which some physical
property of a substance changes with
temperature in a reliable and
reproducible way.
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I Thermometers

Auxiliary scale Main scale
( | > :f: | ?—\—F%HW)
Bulb Stem Contraction \:;T)ri?]frfiir?g Exl:_lansli:n
A thermometer iS an Chamber chamber
5 instrument that measures
O the temperature of a system |
in a quantltatlve way. The The mercury-in-glass

thermometer contains a
bulb filled with mercury

m linear one. _
that is allowed to expand

EOF_ example, mercoury IS into a capillary. Its rate of
IICIl—”do from '38-_9 C t_o expansion is calibrated on a
356.7°C. As a liquid, it scale marked on the glass.

expands linearly as it gets

{rate can be accurately
calibrated.
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hermocouples

Nickel-Chromium

HERMOCOUPLES
300°C

When wires of different 12.2mv
8 metals are fused at one end
and heated, a current flows Nickel-Aluminum

from one .to the other. The The thermocouple is used
| electromotive force generated in many electronic/digital
§ can be quantitatively related thermometers and many

to the temperature and different metals are used,
hence, the system can be for

example - platinum
jused as a thermometer - 544 platinum/rhodium:
known as a thermocouple. nickel-chromium and

nickel-aluminium.
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Temperature measurement in
_"Laboratories

: ' A variety of different equipment is used to measure
=% temperature in laboratories. Some use thermometers/
temperature probes with accuracy of £ 0.1°C whereas others
use thermometers where it would be difficult to achieve a
reading with an accuracy of + 2° C.
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Temperature plays a critical
role in the outcome of many
tests.

The ISTA Rules prescribe
specific temperature(s) for
many procedures. In some
case variations that are
permitted from prescribed
temperature(s) are also set in
the Rules.
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Temperature measurement,
calibration and the
ISTA Accreditation Standard

The ISTA Accreditation Standard for Seed
e Testing and Seed Sampling states that
sampling, measuring and testing
equipment shall be calibrated where
appropriate before being put into service
and thereafter according to an established
ST At S onoed | PrOgramme.

The overall programme of calibration of
equipment shall be designed and operated
to ensure that, wherever applicable,
measurements made are traceable to
national and international standards of
measurement.
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ISTA Temperature

N Measurement Guidelines

5 Apil

INTERN .—\TIO\AL

STA News Bulletz

INTHIS ISSUE

Temperature Measurement and Control
in ISTA Laboratories

Gudelnes for Laboratones and Auditors

ISTA has produced
guidelines to give
laboratories and auditors
advice and information as
to what technical experts
from the ISTA Technical
Committees expect of
laboratories in terms of
temperature monitoring
and control.

Seed Testing International No 125 (2003)
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Temperature measurement guidelines are also published in
ISTA Handbooks.

ISTA Handbook on Seedling Evaluation 3 Edition, 2006

A5.2 Germination Procedures - Temperature
Measurement and Control in the Germination
Laboratory

A5.2.1 Introduction

Temperature is one of the mast commonly measured physical quantities but its basis
is not widely understood. Whereas the units of other quantities, such as mass and
time units are based on real physical entities temperature is founded on a theoretical
set of conditions. So whilst the perfect kilogram is i Paris and time Is based on atomic

in a caesium atom, temps is based on the thermodynamics of perfect
systems, such as ideal gases. This results in the thermodynamic temperature scale
measured in Kelvins (K), which is unattainable. To overcome this we do the next best
thing and use imperfect thermodynamic systems to achieve a working temperature
scale as near to the theoretical one as we can get.

2 X Temperature is an important factor in a number of tests carried out by ISTA Member
e Determination Laboratorles and this standard operating procedure has been drawn up to assist
laboratories and auditors when they are ci g the for
i, . -

measurement

A5.2.2 Temperature Specification
The ISTA Rules state that:

Temperatures prescribed in Table SA are those the seed is exposed to on, or inside
the substrate. They should be as uniform as possible throughout the germination
apparatus, cabinet or room germinator. It is recommended that for tests, either in
darkness or under an artificial source of light or in indirect daylight, variation from the
prescribed temperature, due to the apparatus, should not be more than +2°C.

Where alternating temperatures are indicated, the lower temperature should usually
be maintained for 16 hours and the higher temperature for eight hours. A gradual
changeover lasting three hours may be satisfactory, but a sharp changeover lasting
one hour or less, or transference of the tests to another germinator at a lower
temperature, may be necessary for seeds which are likely to be dormant

A5.2.3 Temperature Measurement

The two most common methods of m ng are using ther
or thermocouples.

a1 rd 52 A5.2.3.1 Thermometers
Edition - 3 Edition
s Athermometer (Figure 1) is an instrument that measures the temperature of a system
ISTA 1 1 al Seed Testing Association (ISTA) in a quantitative way. The most direct ‘regular’ way is a linear one. For example, the

element mercury (Figure 2) is liquid in the temperature range of -38.9°C to 356.7°C.
- As a liquid, mercury expands as it gets warmer. Its expansion rate is linear and can
be accurately callbrated

Appendix 5: lllustrative SOPs AS-2

Appendix A5.2
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Sensitivity/accuracy of
thermometers and probes

B Laboratories should use temperature measurement
Instruments that are accurate to at least 0.5°C and conform
to ISO 386 (Liquid-in-glass laboratory thermometers-

Principles of design, construction and use).

..

Y ““]“"I“"]“"!““l‘?‘g‘““l‘!‘\\““\",‘v‘\““\““\““\"“l‘“‘\““}
- e o o8 100 . &

LLI



http://www.google.it/url?sa=i&rct=j&q=SEED+SAMPLING&source=images&cd=&cad=rja&docid=qSNqI1veunkjpM&tbnid=TB-o0_d-1yLFkM:&ved=0CAUQjRw&url=http://www.niab.com/pages/id/119/Seed_Sampling&ei=Iw3LUeObGYfEOdjOgdAN&bvm=bv.48340889,d.ZWU&psig=AFQjCNHQNpN-M2gS9yJPuX3tyr_h9624eg&ust=1372347984820719

Measurement uncertainties of
‘thermometers and probes

Measurement uncertainties of total and partial immersion
thermometers that conform to ISO 386

Uncertainties of thermometers (in degrees Celsius)
Thermometer Scale Range
scale divided Total Immersion Partial Immersion
into
(in degree -25°C | -10°C -10°C -10°C | -25°C | -10°C | -10°C | -10°C
" Celsius) to to to to to to to to
100°C | 50°C 100°C 200°C | 100°C | 50°C 100°C | 200°C
0.01 - +0.005 | £0.01 - - +0.00 | =0.01 -
5
0.02 +0.02 | =0.01 +0.02 - +0.02 | =0.01 | =0.02 -
0.05 +0.05 | =0.02 +0.02 +0.05 | £0.05 | =0.05 | =0.05 | =0.05
§ 0.1 +0.1 +0.02 +0.02 +0.05 | =£0.1 +0.05 | =£0.05 | =0.1
(N 0. +0.1 | %005 |=%005 |=+005|+01 |=*005 |=%005 |=*0.1
0.5 +0.2 +0.05 +0.05 +0.1 +0.5 +0.1 +0.1 +0.1
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| Thermometer immersion | i “

http://www.amrl.net/amrlsitefinity/default/R
esources/newsletter/Spring2011/8.aspx

BS 593 NF A40C /7 107 IMM 9722647 ZEAL ENGLAND

Total immersion thermometers are designed to be totally submerged
-, | in the media whose temperature is being measured or at least to the
depth equivalent to the level of the thermometer liquid. They are
distinguished by the engraved suffix ‘/ TOTAL or ‘// TOT IMM’.

BS 593 NF F 00 C / 00 MM IMM AMA 0030256

Partial immersion thermometers should only
be immersed to the indicated depth. They
have a suffix that indicates the immersion
depth (e.g. // 100 MM IMM’ indicates a
depth of 10 cm). The depth may also be
indicated by an engraved ring on the stem.

http://dnr.wi.gov/regulations/labcert/BODEquipment.html
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= used to

| £ germinators,  ovens
fndges

http://dnr.wi.gov/regulations/labcert/BODEquipment.html

and thermocouples can be
monitor
O temperature of Incubators,

: germination cabinets, walk In
and

the

Partial immersion thermometers
can be used to monitor the
temperature of incubators, ovens
and fridges through an external
aperture on the apparatus
provided that they can be
Immersed to the required depth
within the apparatus.
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For ease of taking measurements and
to reduce dramatic temperature
fluctuations that can result from the
opening of doors of apparatus,
thermometers and probes should be

submerged in glycerol or sand.
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inside the substrate

- Probes: placed in condition the seeds are exposed to (on the
seed bed)

Total and Partial immersion

‘monitor the temperature of
Copenhagen Tanks or Germinators
since it is not possible to meet
immersion requirements.

Thermocouples with contact probes
Amust be used.
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e Frequency of temperature
measurement data- Ioggers

- loggers or other temperature
g Monitoring equipment that
constantly monitors temperature
(55 and records of readings are
\’1 S8 . cilable on an hourly basis or

Y

A-A-A-4.4 4 2
.......
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temperature
.. recording: frequency

p of less than 1°C between readings the recording
B frequency can be reduced to once per day.

But...

§ there is any indication of a change in performance
recordlng frequency must be increased.
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M' Manual temperature
‘recordmg frequency

At least 3 readings must be recorded per day, at
regular pre-set times

The timing of these readings must be such that
both temperature phases are monitored

Change over time between high and Ilow

temperature phase should not be more than 3
hours.

Measure the temperature versus time
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For Germination/Temperature Rooms
or Cabinets with an area of:

4> less than 10m?there must be at least one measuring
point;

>  between 10m? and 20m? at least two measuring
points are recommended ;

=i  20m? or more at least three measuring points are

recommended .

Where there is more than one measuring point the difference in
temperature between measuring points should be no more than
' 2°C When comparing the temperature of the room against the
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How to read and use calibration certificates
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Date of Issus
29 Jura 2008

CERTIFICATE OF CALIBRATIONj

Issued by Electrical Mechameca) Instrument Sorvices (UK) Lid

Cartficats Number:
305575

UKAS

CALIBRATION

EMIS

Centred Fquipesea Base
Gireeswell Road

East Tellos

Abcrdeen

ABIZIAX

Approved Signafones © G Robarison ( _r/

0123

Ted 01224500404
Fac Q12245904909
auil edfodiemis-ukcom
uch.  wew emis-ak com

Page 1012 Pages

Approved Sigratory

= C-{/Z:_'—

Equipment Description
Marrufaciurer
Type

Incicalor Serlaf Number

Assel Number
Proba Sarial Numbars
Calrated Range

Date Recsved
Date Csfibrated

Custamer
Addrass
Job Redarence

Calioration Procedure

Measurement Mathod

Traceabilty

Commants

. Digitsl Theemometer ciw Typs K Probe & Tharmocouple Wie
: Manna

: HIB3530

;54126

: Not Spacifiod

; 5&126.TW1 & 54126-P

+3°C 0 +40°C

¢ 18 June 2008
2 19 June 2008

: Scatish Agradtural Sclences
: Edinburgh EH12 9FJ

J0z8Tan

0

: Calbration was carried out by companscn against two reference standards

within a strred kould bath,

All measurements rapated in this carifcale ane rasate 0 recognisad
Navonal Standards.

Tha temperature scalke used In this Laberatary 1s the International Temperature
Scale of 1590

No adustments wers carrind oul.

Isswed by:
[Zectncal Mechanical [nstrustent Servioes (UK) Lad

AliE

I Regled nacaed on UUT Indcated on UUT
| Stardard [Tprote win SATA-TWT | probe sn SATa-F |
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'_?’UJ 12
20.0 2.3
30.05 35
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Imeraon Dopih : B0 mm

Tho unocsrsaiity of saimremen &
Measured Vake of Appled Standord - $0.25°C

Ingkaten on UUT o 21digih

— Dk of lpmse
19 ane 20

Geribcate Nurbe:

R8T

Page2 of ¥ pagu
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e
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k=2, pravidng a leval of confidence of appraximately S6%. The urcarainty svaliation hid bisn cankad

Cal Eng D. Coburn
Thus certificate is sued n acoordance with the lab: Y i requi of the United Kingdom Accredittion
Senvice, It provides bility of % recognised natonkd sandirds, and 1 wils of measuresset realised o fe

dards [sboeatories, This certificate may net be regeoduced other

y o ofher recognised mtioml

4 than in full, excopt wih the prior wiitten approval of the issuing laboralory

out in accordance with UKAS requiroments.

Towt uncoetsntios ghen I this cenifoata relala coly 10 the measured values obtainad ot the Sms of test,

wd Canry no impdcation egarcing the long lemn sabily of the unt under fesl.
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The calibration certificate of a thermometer/temperature
probe gives the following data

Standard Probe s/n Correction
54126-TW1
Tem
> (Observed
Temp)
3.01°C 3.2 -0.19
7.03°C 7.2 -0.17
20.04°C 20.3 -0.26
30.06°C 30.5 -0.44
40.09°C 40.5 -0.41

* Standard temperature = reference temperature “true value”
* Observed temperature : temperature read on the thermometer/probe checked
* Error / Correction : difference between the true temperature and the observed
temperature. Apply the correction to get the true temperature

NB : this applies to both reference calibrated thermometers and working
thermometers.
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certainty that the temperature is accurate

M Definition: “the uncertainty of measurement (U of M) is the
dlsper5|on of the vaIues given to the temperature

Corrected Standard
Temp Temp

<>
Error

Uncertainty contains the true value
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* Sampling
* Environment (light, RH, ...)
* Precision of reading on the equipment (thermometers)

e Variation between replicates in the same conditions (e.g.:
reading 1: 20.0°C; reading 2: 19.9°C; reading 3: 20.1°C...)

“NF ENV13005-Guide pour lexpression de l'incertitude de
mesure”
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Tolerances and uncertainty of measurement applied to the
| check of temperature of incubators, germinators, ovens ....

In practice, in seed testing what do you do with uncertainty of measurement and
tolerance?

* Tolerance is an ISTA requirement

“The tolerance is the range of value within which the temperature

| measured is acceptable”

* uncertainty of measurement gives the accuracy of the probe

“The uncertainty of measurement must be small compared to the tolerance “
| It is generally accepted that uncertainty of measurement/tolerance must
Al be <1/10 the value of the tolerance |

Equipment is considered conform when the corrected check
| temperature is within the limits of temperature (tolerance)
L “*”\‘i and the uncertainty of measurement is < 1/10

(]
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Example of application of this rule to germination testing:

18°C 20°C 22°C
Conformity of Out of Tolerance Out of
Germinator for the test Tolerance Tolerance
Yes e s e
Yes small risk i “ o : -Uncertainty of
X X measurement

Yes risk — close to the X X x Corrected Temp
limit
No — X ——
No —_— K
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Tolerances, error and uncertainty of measurement applied to
= the check of temperature of incubators, germinators, ovens

Conclusions

The error is applied as a correction to the observed
temperature to get the “true temperature”

The tolerance is checked after the correction of the Observed

Temperature gives the conformity of the equipments
acceptance of the analyses results

Uncertainty of measurement is used for the acceptance of

the thermometer/probe. As a general rule, the uncertainty
of measurement must be <1/10 (0.2 °C*).

In ISTA seed testing tests, uncertainty of measurement is pot
used on a daily basis to decide on the temperature
conformity of equipment.

*in the case of germination testing

TWINNING BA/12/IB/AG 01 — Component 3: Seeds and propagation materials — RITA ZECCHINELLI


http://www.google.it/url?sa=i&rct=j&q=SEED+SAMPLING&source=images&cd=&cad=rja&docid=qSNqI1veunkjpM&tbnid=TB-o0_d-1yLFkM:&ved=0CAUQjRw&url=http://www.niab.com/pages/id/119/Seed_Sampling&ei=Iw3LUeObGYfEOdjOgdAN&bvm=bv.48340889,d.ZWU&psig=AFQjCNHQNpN-M2gS9yJPuX3tyr_h9624eg&ust=1372347984820719

External calibration of
' Reference thermometers
should be carried out at least
every 5 years and and this
should be supplemented by

S8 annual in-house ice point \A\
calibration.

Any probe whose temperature reading differs from the
I standard by more or less than +0.5°C should be
i removed from service.

.. Calibration using steam/boiling water should not be
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International methodology should be
followed.

The ice point may be realised in an
insulated flask or vessel containing an
ice-water melting mixture. The ice
particles should be no more than a
few millimetres in diameter and the
water and ice should be pure or
prepared from de-ionised water,
which is air saturated. For high
precision the thermometer should be
maintained in the mixture for 10
minutes prior to reading. In theory
accuracies of =+0.001°C may be
achieved but in practice +£0.005°C is
more likely.
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Calibration of thermometers
steam/boiling water method

The boiling point of water 5000 | . 1020
varies with atmospheric ool O
pressure and this is a [
dependant on both = ".,0 AA:‘A ij g
weather conditions and 2 2000 - s Lo @
altitude. At sea level with = AT Lo £
an atmospheric pressure e ”’.. | oo 3
) of 760mm Hg the boiling 0 . ij
point may be 100°C but in 1000 | R o
Kathmandu in Nepa| 400 500 600 700 800 900

Atmospheric Pressure (mm HQ)

at an aItltude of 1310m and atmospheric pressure of 650mm Hg the
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What about working
thermometers and probes?
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—= \Working
#» thermometers and probes

These do not need to be externally calibrated but an
internal check must be carried out and corrections
made on the basis of this check.

The internal check is carried out by comparing them
with an externally calibrated thermometer/probe. An
ice point check may also be undertaken.

Checks using steam/boiling water are not appropriate
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Calibration of thermometers
against an external standard

hen Calibrating a batch of

=¥ thermometers against an externally
- calibrated probe the calibration =3
should be carried at temperatures ‘_«-;;;
ithin the normal working range [
e.g. 10°C, 15°C, 20°C,25°C, 30°C)
and  in  homogenous, stable
8 "\ conditions where fluctuation in
emperature between readings is
limited.

Where working probes are calibrated against an externally
(N calibrated probe this should take place at least once a year.

NAny probe whose temperature reading differs from the

W standard by more ar.less.thanc. 0.5 shoulkdl.be _removed
. from service.
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Error and correction of working
thermometers and probes

The same applies for working probes as for externally
calibrated reference probes. To estimate the standard
temperature (“True temperature”), two corrections need
to be made:
 The correction of the externally calibrated
reference probe (if # 0)
 The correction of the working probe

The corrections are additive, taking in consideration the
positive, or negative signs of the corrections
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Question

- #% « An externally calibrated reference probe has a
correction of +0.3°C

- ~* A working probe calibrated against the above
has a correction of -0.1°C

* In your incubator you read with the working
probe 20.5°C what is the “true temperature” ?

Solution

N The temperature is 20.5 -0.1 +0.3 = 20.3°C

+\ The correction applied to the working probe is:
' 0.3-0.1=0.2°C
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~ * Conclusions

 The correction of the working probe is
used to adjust temperature readings

 The uncertainty of measurement of the
working probe is pot required. A series
of measures may indicate whether a
probe is reliable or not, in case of
doubt, get it calibrated externally or
replace it.
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alibration of Thermocouples, Electronic
- - “"Meters and Temperature Data loggers

The procedures for the calibration of thermocouples and temperature
probes of electronic meters and data loggers should be same as that
adopted for thermometers. In other words they can be calibrated
* externally, or in-house:

= against a externally calibrated probe or thermometer; or

= using the ice point method.

As with thermometers, any probe that differs by more than

& +0.5°C from the standard should be removed from service
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Records of Calibration
Checks

V, ISTA Accreditation Standard:

“ 9.9 All records of results, calibration, maintenance and repair of
equipment and reference materials must be kept for a minimum of
dsix years”

Calibration Checks should be recorded and be available for
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» Does it make a difference where my sample is
located (on which shelve, on which spot)?

» Will it always be in the required temperature
range?

» Are there areas in the equipment which are not
suitable and that might need to be excluded?
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Temperature Profiles

% Before accepting a piece of temperature controlled equipment
ovens, incubators, fridges, germination rooms, etc.) into service
laboratory must ascertain the temperature profile of the
equipment to ensure that it is fit for purpose.

here should be a minimum of 9 check points covering different
ombinations of height, depth and breadth, as appropriate. For
example, for incubators, fridges and ovens temperature should
be recorded on top, middle and bottom shelves and on each
helve the temperature should be measured at 3 points; front
next door), middle and back. The temperatures of all points
easured must be within + 2°C before a piece of equipment is
accepted into service.

MOnce in service profiles need only measured again if a piece of
Eldequipment undergoes repair or major service.
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removed later)
1 spot for the “monitoring probe” (will remain)

-
- '; /
Probe 10 & 11
monitoring and

daily record

//}'/-
..
b
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iTemperature control - Germinator

" From the records obtained:

the middle of the temperature range (new readings
for profile would be required)

« Calculate the acceptable temperature of the
“monitoring probe”
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