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Abstract

The EU guidelines on GDP of medicinal products for human use (O] C 343/1, 23.11.2013)
provide guidelines for the transport of temperature-sensitive medicines. Maersk Line wishes to
demonstrate how calibrated USDA probes can be used to transport medicines in compliance
with GDP compliant transport. The aim of this project is to provide an illustration of how a
USDA probe could be used to monitor temperature during transport in a marine reefer container
according to EU GDP. The results illustrate that USDA probes may indeed be used to monitor
cargo temperatures during transport in a marine reefer container according to the EU GDP of
2013. It remains to be seen whether all shippers of pharmaceuticals accept this procedure: the
main concerns anticipated are the max. number of four USDA probes and possibly the lack of

traceability to national or international standards.
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1 Introduction

The EU guidelines on GDP of medicinal products for human use (O] C 343/1, 23.11.2013)
provide guidelines for the transport of temperature-sensitive medicines. Some quotes from
chapter 9 (transportation) with respect to temperature probe calibrations:
1. ‘Equipment used for temperature monitoring during transport within vehicles and/or
containers should be maintained and calibrated at regular intervals at least once a year.”
2. ‘If temperature-controlled vehicles are used, the temperature monitoring equipment used
during transport should be maintained and calibrated at regular intervals.’
A quote from chapter 3 (storage):
1. ‘Calibration of equipment should be traceable to a national or international measurement
standard.’
In this latest version (O] C 343/1, 23.11.2013) of the EU GDP the explicit requirement of
calibration traceable to national or international measurement standard is not (yet) there in the
chapter 9 on transportation. Consequentially a transport company may rightfully claim to
maintain its temperature sensors in line with the guidelines if it calibrates the temperature
monitoring probes in ice water prior to trip.
Although the permanent air temperature sensors present in reefer units are generally good and
accurate = 0.25 °C, the standard procedure is that they are never in their life calibrated. Hence
they are not qualified for temperature-monitoring during transport according to this version of
the EU GDP.
Every standard marine reefer container is equipped with four connections for so-called USDA
temperature probes. USDA probes are in principle one-time use probes. These separate probes
are routinely used in the shipment of plant material, possibly infected with undesired insects. By
applying cold treatment shipments receivers can be confident that possible undesired insects have
died due to the cold. For more details see
http://www.aphis.usda.gov/import export/plants/manuals/ports/downloads/treatment.pdf. In
the application of cold treatment shipments according to USDA specs it is routine practice
amongst intercontinental container operators to calibrate the four one-time use USDA probes
prior to transport by immersing them in an ice water bath. The controller of the cooling unit
records this calibration event, which is accepted by the USDA as evidence of proper probe
calibration. Hence that same procedure, known to the industry, might suffice to provide

customers with the service of monitoring temperatures with calibrated equipment.

The aim of this project is to provide an illustration of how a USDA probe could be used to

monitor temperature during transport in a marine reefer container according to EU GDP.
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2  Materials

Table 1, characteristics of container used in tests.

manufacturer man. date model no. identification no.
container N/A N/A N/A MMAU103858]2]
unit Starcool 2010 SCI-40-W-CA
box MCI Qingdao 2010

power supply during tests: 400V /50Hz.

The temperature calibration standard used as the internal temperature reference standard in the
post-harvest technology dept. of Wageningen University & Research was used as a reference. See
appendix 1 (p. 17) for its most recent calibration certificate. In the department’s internal
procedure the calibration certificate of this device is deemed valid when not older than two years.
The two years interval is deemed sufficient after having observed for multiple times after each
other that the probes offset is extremely stable over time. That’s why the calibration certificate is
currently slightly older than one year, such in deviation from the requirement of yearly
recalibration stipulated in the EU GDP.
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3 Methods

Tests were ran in ambient conditions at the premises of Wageningen UR, The Netherlands.
Start of tests: July 16, 2016
End of tests: July 18, 2016

The following procedure was followed:
1. One USDA probe was calibrated in ice water and mounted to the centre of the cooling
unit’s return air grid.
2. The calibrated reference temperature logger was mounted next to the USDA probe.
3. A multi-temperatute setpoint program was ran: 12 hours @ Tset = +20 °C, followed by
12 hours @ Tset = + 5 °C and 19 hours @ Tset = -25 °C.

USDA probe temperature logging interval: 60 minutes (Maersk Line standard).
Reference temperature sensor logging interval: 5 minutes
Temperature control mode is according to standard Maersk Line procedure: i.e. Quest II at set

points above -5 °C, normal frozen control at lower set points.

AT

Fig. 1, return air grid Fig. 2, one USDA probe and reference temperature
sensors mounted in return air grid.
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Fig. 3, USDA probe measurement tip

Fig. 4, USDA probe submerged in ice water for
calibration.

Fig. 5, USDA probe being calibrated in insulated basket
filled with ice water.

Fig. 6, screenshot of USDA probe calibration user
interface.
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4 Results

Fig. 7 graphically presents all collected data. Table 2 summarizes the steady state data. Note that

in Fig. 7 and Table 2 Tref is the temperature recorded by the reference thermometer, not to be

confused with setpoint temperature Tset. Table 3 presents the relevant selection of the raw data

as downloaded from the refrigeration unit’s controller after the test.

30

20 ~

10

== Tref

=fl=Tusdal

date time [dd-m-yyyy hh:mm]

Fig. 7, graphical representation of collected temperature data.

Table 2, summary of steady state temperature data (collected over the last 10 hours of each of test condition).

Tset [°C] avg. Tref [°C] avg. Tusda [°C] avg. Tref - Tusda [°C]
-25.0 -24.7 -25.1 0.4
+5.0 5.0 4.9 0.1
+20.0 19.9 19.9 0.1
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Table 3, relevant information selected from datalog, i.e. the download taken from refrigeration unit's controller (note the USDA sensor calibration event in row 3).

Tsup | Tret | Tusdal | Tusda2 | Tusda3 | Tcargo | Tset
Time Type Event ID Parl | Par2 | Par3 | [°C] | [°C] | [°C] [°C] [°C] [°C] | [°C]
16-7-2016 11:22:00 | Event | 20 Power up 19011 [10734 17426
17 USDA sensor
16-7-2016 11:38:00 | Event | calibrate Nb1 |0O1d1.64 |New -0.13
16-7-2016 11:40:00 | Data | 13.56| 13.56 -0.04] -70.00| -70.00| -70.00| 13.50
Mins
16-7-2016 12:07:00 | Event | 44 MTS step start Step 0 | 720 Tset 20.00
16-7-2016 13:04:00 | Data 20.88| 18.96| 21.56| -70.00| -70.00| -70.00| 20.00
16-7-2016 14:04:00 | Data 20.36| 19.68| 19.64| -70.00] -70.00] -70.00| 20.00
16-7-2016 15:04:00 | Data 20.44| 20.08] 20.72] -70.00] -70.00] -70.00| 20.00
16-7-2016 16:04:00 | Data 20.08 | 20.04| 20.52] -70.00| -70.00| -70.00| 20.00
16-7-2016 17:04:00 | Data 19.92] 20.04| 20.12] -70.00| -70.00| -70.00| 20.00
16-7-2016 18:04:00 | Data 19.80] 20.04| 19.80| -70.00] -70.00| -70.00] 20.00
16-7-2016 18:40:00 | Data 20.08| 20.28| 19.84| -70.00] -70.00] -70.00| 20.00
16-7-2016 19:04:00 | Data 19.76 | 20.04| 19.24| -70.00| -70.00| -70.00| 20.00
16-7-2016 20:04:00 | Data 19.84] 20.16| 18.76| -70.00| -70.00| -70.00| 20.00
16-7-2016 21:04:00 | Data 20.04| 20.20| 20.60| -70.00] -70.00] -70.00| 20.00
16-7-2016 22:04:00 | Data 19.80] 20.00| 20.24| -70.00] -70.00| -70.00] 20.00
16-7-2016 23:04:00 | Data 19.80| 20.00| 1892 -70.00| -70.00| -70.00| 20.00
17-7-2016 0:04:00 Data 20.00| 20.08| 20.36| -70.00| -70.00| -70.00| 20.00
17-7-2016 0:18:00 Event | 45 MTS step stop Step 0 | Code 0 | T'set 20.00
Mins
17-7-2016 0:18:00 Event | 44 MTS step start Step 1 | 720 Tset 5.00
17-7-2016 1:04:00 Data 4.44| 11.08 6.24| -70.00] -70.00] -70.00| 5.00
17-7-2016 2:04:00 Data 4.04| 8.16 4.56| -70.00] -70.00] -70.00| 5.00
17-7-2016 3:04:00 Data 420| 06.68 428| -70.00| -70.00] -70.00| 5.00
17-7-2016 4:04:00 Data 4.20| 5.80 4921 -70.00] -70.00] -70.00| 5.00
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Tsup | Tret | Tusdal | Tusda2 | Tusda3 | Tcargo | Tset
Time Type Event ID Parl | Par2 | Par3 | [°C] | [°C] | [°C] [°C] [°C] [°C] | [°C]
17-7-2016 5:04:00 | Data 4.36| 5.56 4.16| -70.00| -70.00| -70.00| 5.00
17-7-2016 6:04:00 | Data 4.36| 5.28 4.96| -70.00| -70.00| -70.00| 5.00
17-7-2016 7:04:00 | Data 4.60| 5.36 4.92| -70.00| -70.00| -70.00| 5.00
17-7-2016 8:04:00 | Data 448 | 5.20 4.72| -70.00| -70.00] -70.00| 5.00
17-7-2016 9:04:00 | Data 4.72| 5.36 5.80| -70.00| -70.00| -70.00| 5.00
17-7-2016 10:04:00 | Data 4.52| 5.28 4.64| -70.00| -70.00] -70.00| 5.00
17-7-2016 11:04:00 | Data 4.76| 5.40 576| -70.00| -70.00| -70.00| 5.00
17-7-2016 12:04:00 | Data 4.56| 5.32 512 -70.00| -70.00| -70.00| 5.00
17-7-2016 12:28:00 | Event | 45 MTS step stop Step1 |Code 0 | Tset 5.00
Mins
17-7-2016 12:28:00 | Event | 44 MTS step start Step 2 1440 Tset -25.00
17-7-2016 12:28:00 | Event | 62 QUESTII stop 7
17-7-2016 13:04:00 | Data -12.56 | -6.52 -6.72| -70.00] -70.00| -70.00 | -25.00
17-7-2016 14:04:00 | Data -2496| 18.96| -18.84| -70.00| -70.00| -70.00]| -25.00
17-7-2016 15:04:00 | Data -29.20 | 24.52| -2452| -70.00| -70.00| -70.00]| -25.00
17-7-2016 16:04:00 | Data -27.84| 25.20| -25.24| -70.00| -70.00| -70.00]| -25.00
17-7-2016 17:04:00 | Data -27.80| 25.12] -25.12| -70.00] -70.00| -70.00]| -25.00
17-7-2016 18:04:00 | Data -27.72| 2496| -25.04| -70.00| -70.00| -70.00]| -25.00
17-7-2016 19:04:00 | Data -27.60 | 25.00| -25.08| -70.00| -70.00| -70.00]| -25.00
17-7-2016 20:04:00 | Data -27.48| 24.96| -25.04| -70.00| -70.00| -70.00]| -25.00
17-7-2016 21:04:00 | Data -27.40| 25.00| -25.04| -70.00] -70.00| -70.00]| -25.00
17-7-2016 22:04:00 | Data -27.32 -| -25.12] -70.00| -70.00| -70.00] -25.00
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Tsup | Tret | Tusdal | Tusda2 | Tusda3 | Tcargo | Tset
Time Type Event ID Par1 | Par2 | Par3 | [°C] | [°C] | [°C] [°C] [°C] [°C] | [°C]
25.04

17-7-2016 23:04:00 | Data -27.20 25.04; -25.08| -70.00| -70.00| -70.00 | -25.00
18-7-2016 0:04:00 | Data -27.24 25.04; -25.12| -70.00| -70.00| -70.00 | -25.00
18-7-2016 1:04:00 | Data -27.16 25.04; -25.12| -70.00| -70.00| -70.00 | -25.00
18-7-2016 2:04:00 | Data -27.08 25.0(; -25.08| -70.00| -70.00| -70.00 | -25.00
18-7-2016 3:04:00 | Data -27.08 25.04; -25.12| -70.00| -70.00| -70.00 | -25.00
18-7-2016 4:04:00 | Data -27.08 24.96_ -25.04| -70.00| -70.00| -70.00 | -25.00
18-7-2016 5:04:00 | Data -27.08 25.0(3 -25.08| -70.00| -70.00| -70.00 | -25.00
18-7-2016 6:04:00 | Data -27.00 24.96_ -25.08| -70.00| -70.00| -70.00 | -25.00
18-7-2016 7:04:00 | Data -27.04 24.96_ -25.04| -70.00| -70.00| -70.00 | -25.00
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5 Discussion

The USDA probe calibration procedure in ice water is physically sound. If port personnel is
equipped with the right insulated jars and a sufficient amount of sufficiently small ice lumps, it is
hard to imagine what can go wrong. The experience in cold treatment export locations helps to
build this confidence. Whether this procedure qualifies as ‘traceable to national or international
standards’ remains to be seen. As outlined in section 1 this non-traceability is strictly speaking not
a violation of the GDP. Yet it is to be expected that not all pharmaceuticals shippers will accept
this calibration procedure. Maybe a procedure with photo evidence (with date time stamp
imprinted in the photos) of the followed calibration procedure may put them at ease.

The data presented in Table 3 is only the relevant part of the data available in refrigeration unit
controller downloads. To the best of my knowledge the same information should be available
through RCM.

In the pharmaceutical industry temperature measurement with an accuracy of £ 0.5 °C is
generally accepted as sufficiently accurate. Even at the extreme temperature of -25.0 °C the 0.4
°C difference (Table 2) is still within this spec. It is not 100% clear what causes this difference.
The reference temperature sensor is known to have a nice constant offset in the range -10 ~ +
32.5 °C (see appendix 1, p. 17), but has in fact not been calibrated for temperatures colder than -
10 °C. USDA probes are typically meant to be used around 0 °C. It could also be that the USDA
probe has a minor non-linearity which causes the offset to be a bit larger when 25 °C below set
point.

The difference between the reference measurement and the USDA probe measurement is 0.1 °C
at both +5 °C and +20 °C (Table 2), which is well within the + 0.5 °C accuracy range.

Another topic that is subject to discussion is the placement of the USDA probe. It is known in
the industry that return air temperature is a good representation of average cargo temperature.
However it does not record the temperature extremities in potential cold and hot spots. It is
good to mention that every refrigeration unit is equipped with 4 connectors for USDA probes,
and shipping lines have a pretty good knowledge of where to expect the warmest and coldest
locations in the load. Hence the four available USDA probes can characterise the complete range
of cargo temperatures reasonably well. It is to be anticipated that some customers deem the

number of probes as insufficient.
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6 Conclusions

The results illustrate how one or more calibrated USDA probes may be used to monitor cargo
temperatures during transport in a marine reefer container according to the EU guidelines on
GDP of medicinal products for human use (O] C 343/1, 23.11.2013).
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Appendix 1, calibration certificate of used reference temperature

monitor

Duteh
Metrology
Institute

Applicant

ltem

Calibration
Procedure

Calibration
period

Result

Traceability

CERTIFICATE OF CALIBRATION

Number 3244865
Page 1 of 3

Wageningen UR

Barnse Weilanden 9

6708 WG WAGENINGEM

A digital temperature indicator with a temperature sensor

The indicator:

MManufacturer : Testo

Type : 400

Range : <10°*Cto32.5°C

Resolution : 0.001°C

Identification number : DOEBST17/310 (0563 4001.310)

The identification of the sensor(s) is given with the results on following page(s).

The thermometer has been calibrated by comparison with a standard
thermometer in a liquid bath based on the ITS-30.

The ambient temperature was (23.0 + 1.0) *C.

& April 2015

The results of the calibrations are given on following page(s).

The reported uncertainty of measurement is based on the standard uncertainty
of measurement multiplied by a coverage factor of k = 2, which far a normal
distribution corresponds to a coverage propability of approximately 95 %. The
standard uncertainty has been determined in accordance with the 'Guide to the
Expression of Uncertainty in Measurement' (GUM).

The result of the calibration is traceable to primary and/er (intar)national
accepted measurement standards.

Delft, 09 April 2015 ;
VSL BV, e ‘

7 9 ¢
o ’ {
pe . P rmeadde

R. van Breug-:el
Principal Metrologist

(’.1',{.'{;
7 T U S e
Thijssaweg 11, 2628 40 Da L) o Vs wa
B0 B @54, 2A00 AR Dall (L) reeporeibilly pgninel frird pardes

T #31 152891500

F +311528120 11
1w walnl

RAepraducion of ths corplale crificais s passiad. Pars of Tl
el may anly b raprodised ater whillsn p
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Duteh

CERTIFICATE OF CALIBRATION

Number 3244865
Metrology
InRTiTuTEm Page 2 of 3
The sensor connected to channel 1:
Manufacturer I
Type : PL100
ldentification number 00214908312
The immersion depth at least 25 cm
Results The result of the calibration and the related uncertainty is given here,

By means of regression a relation is determined between the generated
temperature (t,) and the indicated temperature (t). The table below contains
this relation and the calculated coefficients. The relation is valid over the
calibrated range.

fen .
(toe — 1)} = Zau *lay
a=0

i &
0 54761 % 107
1 -4 5635 x 10

The table below is made using this relation and contains the fellowing data:
1. the temperature ty, according to the IT5-90;

2. the indicator value t;

3. the difference f,-f.

t I°C tC tyt I°C
-10.000 -9.950 -0.050
0.000 0.055 -0.055
7.500 7.558 -0.058
32.500 32.570 -0.070

The uncertainty in the difference ty-t is 0.006 *C.

This uncertainty includes a contribution from the reproducibility of the
instrument, calculated using the deviations from the regression.
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CERTIFICATE OF CALIBRATION

Dutch
Metrology Mumber 3244865

Institute Page 3 of 3

V5L is the national metrology institute (MMI) of the Netherlands and as such provides direct
traceability of measurement results to internationally accepted measurement standards. The
existence of mutual confidence in product specifications and product control is of fundamental
importance within the framework of harmonized European and worldwide legislation on trade,
guality, health, safety and environment. Therefore, standardized and equivalent measurement units
and traceability to internationally accepted standards are essential.

This certificate is consistent with the capabilities that are included in Appendix C of the MRA
(Mutual Recognition Agreement) drawn up by the CIPFM, Under the MRA, all participating institutes
recognize the validity of each other's calibration and measurement certificates for the quantities,
ranges and measurement uncertainties specified in Appendix C (for details see www.bhipm.org).

In addition, V5L is fully ISONEC 17025 accredited by the Dutch Accreditation Council (Rva), The RVA
logo ensures that all requirements of the ISO/IEC 17025 accreditation are met and regularly audited,

mm @mnmnu
AvA KiE

WL is het Mationaal Metrologisch Instituut (MMI) van Nederland en levert in die hoedanigheid
directe herleidbaarheid van meetresultaten naar internationaal geaccepteerde meetstandaarden.
Het bestaan van een gezamenlijk vertrouwen in juiste productspecificaties en productcontrole is
van fundamenteel belang in het raamwerk van Europese en wereldwijde wetgeving op het gebied
van handel, kwaliteit, gezondheid, veiligheid en milieu. Daarom zijn gestandaardiseerde en
gelijkwaardige metingen die herleidbaar zijn naar internationaal geaccepteerde standaarden van
essentieel belang.

Dit certificaat is in overeenstemming met de kalibratie- en mestmogelijkheden (CWMC's) die
opgenemen zijn in Appendix C van de wederzijdse gelijkwaardigheidsregeling (MRA), opgesteld
door het Internationaal Comité voor maten en gewichten (CIPM). In het kader van de MRA,
erkennen deelnemende instituten de geldigheid van elkaars kalibratie- en meetcertificaten voor de
meetgrootheden, meetbereiken en meetonzekerheden zoals gespecificeerd in Appendix C van de
MRA (details op www.bipm.org).

V5L is ook geacerediteerd volgens ISONEC 17025 door de Raad voor Accreditatie (RvA). Het RvA loge

verzekert dat aan alle eisen van de 1SO/IEC 17025 accreditatie is voldaan en dat er op regelmatige
basis audits worden uitgevoerd.
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