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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Good distribution practice (GDP) is considered as an essential aspect of compliance for all temperature-

sensitive medicinal products and to ensure systematic distribution.

Temperature-sensitive medicinal products are susceptible to temperature changes. Tho

se products

can become less effective or destroyed when exposed to excessive environments. They need to be kept
within a specific range of temperatures from the place of manufacture to the point of administration
to the users. Despite increasing awareness and the need of safe handling, transport and storage of
temperature-sensitive medicinal products, an international standard of testing methods for their

For [temperature-sensitive products, qualified equipment like thermal packaging, t
controlled containers or temperature-controlled vehicles should be used to ensure |corre
condfitions are maintained between the manufacturer, the wholesale distributo® and th

bmperature-
ct transport
e customer.

In case of temperature-controlled vehicles, the temperature monitoring.-eguipment ysed during

trangport/storage should be maintained and calibrated at regular intervals: Temperaty
undgr representative conditions should be carried out first and should takejinto considerat
varigtions if relevant.

Harmonized methods can be a guideline to maintain the recommeénded temperature ran
insulated container and physical performance. This documentworks through enhancing
to distribute and handle the products effectively. This docameént is intended for anyone
trangport, storage and handling of them, especially manufacturers, importers, distributor,
trangporter, etc.

Test methods are based on Australia National Temperature-sensitive Pharmaceutical Storag
Strive for 5 (2nd Edition), Guidelines on the international packaging and shipping of t¢
sensitive vaccines (WHO/IVB/04.23 Annex .1>and WHO/PQS/E004/CB01-VP.3), ISO 2
ISO 42982-2.

re mapping
on seasonal

pe inside an
the capacity
involved in
Wwholesalers,

e Guidelines
bPmperature-
2982-1 and
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INTERNATIONAL STANDARD

ISO 23416:2023(E)

General specifications and testing methods for
temperature-sensitive medicinal packages in good
distribution practice principles

1

Scope

This|document describes the general specifications of temperature-sensitive medicina
basefl on the principles of good distribution practice (GDP). It also specifies test method
the package performance for temperature-sensitive medicinal products. This covers the
of temperature-recording and testing methods on the performance of insulated)contair
dimgnsions, weights, storage capacity and robustness in temperature-controlling.

This|document does not guarantee the quality and safety of all medieinal products. Ui
circymstances where the weight or the characteristics of the productsiaird environment s
condjfitions, agreements are followed. This document does not cover:the active packaging

only

sourges.

2
The

Normative references

following documents are referred to in the tekxt\in such a way that some or all of t

constitutes requirements of this document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme

IS0 41067-1, Packaging — Vocabulary — Part1: General terms

ISO

22982-1, Transport packaging —~Temperature-controlled transport packages for parce

Part|l: General requirements

ISO

22982-2, Transport Packaging — Temperature controlled transport packages for parce

Part P: General specifications(of testing

Terms and definitions

For the purposes<f this document, the terms and definitions given in ISO 21067-1 and t

apply.

ISO dnd JECGmaintain terminology databases for use in standardization at the following add

3.1

| packaging
5 to validate
procedures
ers such as

hder special
how specific
system, but

covers the passive packaging system able to control the desired temperature without any power

heir content
applies. For
hts) applies.

shipping —

shipping —

he following

Iresses:

Is60nline ! . latf, . ilahl } ./ . Jahn

IEC Electropedia: available at https://www.electropedia.org/

good distribution practice
GDP

part of quality assurance which ensures that quality of medicinal products is maintained throughout
all stages of the supply chain from the site of manufacturer to the pharmacy or person authorized or
entitled to supply medicinal products to the public

[SOURCE: Guidelines of the European Commission, Annex of 2013/C343/01]

© IS0 2023 - All rights reserved
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3.2

medicinal products

medicine intended for human use or veterinary product administered to any animals, presented in its
finished dosage form or as a starting material for use in such a dosage form, that is subject to control by
medicinal legislation in both the exporting state and the importing state

[SOURCE: WHO Technical Report Series N0.908, Annex 7, modified.]

3.3
temperature-sensitive medicinal product
medicinal product whose quality may be adversely affected by temperature extremes

34
temperature-controlled
sequence of fransportation events, from the manufacture to the end-user, which maintains temperagure-
sensitive prpducts within approved temperature specifications

Note 1 to ertry: Maintaining temperature control during these transportation eventscassures that prpduct
quality is majntained.

3.5
temperature-recording
continuous neasurement to record temperature

3.6
data logger;
electronic of mechanical data recorder provided with sensor(spfor measuring the temperature

3.7
coolant
heat-absorbjng medium or process

[SOURCE: IS0 15779:2011, 3.11]

3.8
phase chanjging material
PCM
material with a high heat of fusion thatallows it to store or release thermal energy as a form of mglting
and solidifyjng at a certain température

[SOURCE: IS0 22982-2:2021(3,2, modified]

3.9
insulated cpntainer
thermal comtainer-having no devices for cooling and/or heating, either permanently installgd or
attached

[SOURCE: | QQn:lQQQ, 42 211 ; mr\r‘ifind — NQOQTE hac bnon rnmnvnd_]

3.10

controlled temperature chamber

room or equipment where the temperature uniformity is maintained within a qualified range to ensure
product is preserved

EXAMPLE Freezers, refrigerators, cold rooms and stability chamber.

2 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=66692fec36da5ec8c6221805889c6afb

3.11

1SO 23416:2023(E)

validation
confirmation process, through the provision of objective evidence, that the requirements for a specific
intended use or application have been fulfilled

Note 1 to entry: The objective evidence needed for a validation is the result of a test or other form of determination
such as performing alternative calculations or reviewing documents.

Note 2 to entry: The word “validated” is used to designate the corresponding status.

Note

3 to entry: The use conditions for validation can be real or simulated.

[SO

4

4.1

Temperature-sensitive medicinal packages that require constant temperature during tra

shall
envii

Temperature-sensitive medicinal packages shall have no adverse.effect on the quality of the

imm
extel
base

amount of medicinal products, the expected external:temperature extremes, the estimate

trang
as W

The

i

q

— provide special precautions’or warnings if needed.

If th
be c
infor

medicinal products derived from blood, immunological medicinal products, narcotic/f

subs

The

RCE: I1SO 11139:2018, 3.313]

zeneral specifications

General

be capable of adequately protecting the components of the drug product in the agreg
onment prior to application.

bdiate container and secondary packaging of the medicine*and shall offer adequate pro
nal environment and contamination. The selection @f’containers and packaging matg
 on storage and transportation requirements of the medicinal product. The space req

portation time including transit process at customs, etc., are also important elementg
1] as the qualification and the validation of'the shipping containers.

fontainer shall be labelled appropriately-to:
dentify the product accurately;

bnsure the correct and propetnhandling and storage conditions of the product; and

p expiration date ds,different, depending on the storage conditions of the produd
hecked. Specialcconditions and requirements shall be taken into consideration.
mation shall Be added for specific products (e.g. Advanced Therapy Medicinal Produ

fances, radio-medicinals, etc.).

container shall meet the basic requirements of 4.2, 4.3, 4.4 and 4.5 in terms of

nsportation
d transport

product, the
Fection from
rial shall be
ired for the
d maximum
to consider

t, this shall
Appropriate
r'ts (ATMPs),
sychotropic

Appearance,

perfq

nmance and stability.

4.2

Physical performance

A package/container shall prove its physical reliability throughout the supply chain. Robustness test of

the c

4.3

ontainer shall be performed in accordance with test methods specified in 6.3.

Dimensional stability

A package/container shall maintain its dimensional stability throughout the supply chain. In principle,
the dimensions of the standard module set by ISO 3394 are recommended.

©ISO

2023 - All rights reserved
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4.4 Safety

A package/container including any component such as a coolant or PCM shall prove its safety to meet
the requirements set by ISO 22982-1.

4.5 Thermal performance

A package/container including any component such as a coolant or PCM shall prove its functionality to
meet the requirements set by ISO 22982-1 and tested by ISO 22982-2.

5 Prepa

5.1 Gene

To maintain
the weight
based on th
insulated cq

The container shall be pre-cooled before use.

Inga packaging system

ral considerations before packing

the specific range of temperature in passive temperature-controlled packaging sy;
hnd latent heat of PCM (or any coolant) shall be pre-calculated. The alculation shd
e experimental results or mutual agreements with users. The inner téemperature g
ntainers shall be measured using a calibrated thermometer. Théfollowing procedy
ed to be followed.

perature shall be checked on an hourly basis.

recommend
a)
b) The tem
c¢) Theco
d)

type, sij
5.2 Temp

For tempers

wire base multi-channel data logger recorders are recommended to be used for the test. The equip

shall have 4
the capabili

series, all components such as thermecouple, wire, data logger connection shall be properly maintg

and calibrat]

A controlleq
be stabilize
temperatury

5.3 Packi

r:[‘ainer shall be kept out of direct sunlight.

The number of PCM or coolant should be required depending on ambient temperature, prd

re of the container, number of products, capagity, etc.

erature-recording equipment

iture-recording equipment, battery operated thermistor data recorders or thermoc

resolution of 0,1 °C and an-accuracy of +1,0 °C. The equipment is recommended to
[y to store digital temperature reading at specified time intervals. Throughout the te

ed.

| temperature,chiamber shall have enough room to accommodate the packages tha
1l at specificcfemperature profiles. Temperature mapping is recommended to identif
e stability. within the chamber.

ng.into the heat insulated containers

tem,
11 be
f the
re is

duct

uple
ment
have
sting
lined

[ can
y the

There are tx

aontions to 1 DCM (ar anvz caolant) and fam
o=t CootaHa e

ni
VO OptTIoTo toput T o't Ty

the insulated container.

1) Placing

directly into the container.

a) PCM (or any coolant) shall be placed to cool the inside of the container.

b)

‘)
d)

Insulating materials shall be placed at the bottom of the container.

A thermometer shall be placed in the centre of the product.

placed on top before closing the container.

© IS0 2023 - All rights res
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e) To reduce the risk of unintentional freezing, the product shall not be in direct contact with the
PCM (or any coolant).

f) Temperature shall be monitored and recorded prior to departure and upon arrival.
Placing the products into a container, then putting into a larger insulated container.
a) PCM (or any coolant) shall be placed to cool the inside of the selected container.

b) A thermometer inside the container shall be placed in the centre of the products and the lid
shall be secured.

¢J The container shall be packed inside a large insulated container and placed with PCM (or any
coolant). After that, the lid shall be secured.

d) Temperature shall be monitored and recorded prior to departure and upon arrivall

Perspnnel shall be trained in the procedures for assembling the insulated container and using the PCM.
Therf shall be a control system for the reuse of the PCM (or coolant) to ensuriethat incompletely cooled
or cqntaminated PCMs are not used. There shall be enough physical se€paration betweer] frozen and

refrigerated PCMs. The whole process shall be documented.

6

6.1

6.1.1 Temperature profiling

Test procedure

Thermal performance

Insulation performance of temperature-sensitive medicinal packages shall be determined with

temperature-mapping and in accordance with test methods specified in ISO 22982-2.

6.1.1 Location of temperature sensors

Use

femperature sensors for measuring temperatures (to an accuracy to be given) and a recorder

capaple of exchanging data (wireless or using a data-line, e.g. radio frequency identification (RFID),

Bluetooth).

The

products shall be fully packed in an insulated container. Packaging shall be done ag quickly as

possible. The time takento load into each container shall be recorded. Temperatures of the container
shall| be continuously checked. The sensors shall be capable of accuracy to +0,5 °C. An insulated
container requires a minimum of eight simultaneous temperature measurements. See thg example in

Figure 1 for the)location of the temperature sensors.

The
temy
the validatio betrgperto a- arefd
thermocouple outside the products, not inside.

hmbient temperatures surrounding an insulated container shall remain within +3 °C. The internal
erature of an insulated container shall be recorded at a designated point inside the container while
alidationisbeingperformed-—Be—carefttnottoaffectthequatityo ace-the-data logger/

cl » O O—a Cora y O

© IS0 2023 - All rights reserved 5
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X1,2 X3,4
X5
X6,7 X8,9
I I
I I
I I
I I
I I
I I
/| X1,6 X3,8
X3
6X 11X X8 X5
I
I
| 2X| X5 x4 X2,7 X4,9
I
I
XA ] R 7 I
/
s
%
Key
1X  upper |eft back X1,2  upper left front corner
2X  lower left back X3,4 upper right front corner
X3 upper right back X6,7  upper left back corner
X4  lower right back X8,9 upper right back corner
X5 centre X1,6 middle left back corner
6X  upper |eft front X3,8 middle right back corner
7X lower left fromnt X2,7 middle left low corner
X8  upper frightfront X4,9 middle right front corner
X9 lower 'ighf front

Figure 1 — Example of location of temperature sensors in an insulated container

6.1.3 Temperature-recording

a) The temperature-recording shall be done at pre-determined interval by parties concerned. Check
Figure 2 for the temperature-recording process.

b) The productand PCM (or any coolant) shall be immediately loaded into the package. Insert required
wrapping paper or cushioning material and tape or secure the packaging. Each package shall be
weighed and recorded.

6 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=66692fec36da5ec8c6221805889c6afb

1SO 23416:2023(E)

c) The thermocouple probes or monitors shall be placed on the exterior of the package such as top
and/or bottom of the package to record the ambient environment during testing. When packing the
product, it is necessary to check the operating state or position of the probe.

d) When thermocouple probes are used for the insulated container, the probe wires shall not cause air
leaks or gaps upon closing the lid or top of the package.

e) The package shall be placed in the set environment on a pallet or open platform to permit the
ambient temperature to circulate completely around all surfaces of the package during testing.

f) Record all test information. Temperatures shall be recorded at specific time mtervals If equipped,
ased on the

gxposure proflle of the environment accordmg to ISO 22982-2.

g) hen the final test period is completed, the package shall be removed from the enhvironment. All
pbservations are recorded such as damage to product, leaking refrigerant, packs, any equipment
failures, etc.

h) All test data shall be collected from the temperature-recordingor ‘monitoring system. This
information can be used to prepare a graphic representation of the’performance profile of the
package under specific condition.

i) eport preconditioning duration and temperature, temperature profile, time, point copditions and
fesults.

©1S0 2023 - All rights reserved 7
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Start temperature
recording process

Set the Activate
interval pre-determined interval

Load the
product and PCM

c)
Record the total
weight

Thermocouple probes
are properly inserted?

b)
Do not have
the interval

d)

e.g. air leaks or gaps

4@6 Yes

>3
>

e)

Place thelpackage in the set
environment, is the
clearance confirmed?

Record testing information,
adjust the environment’s
exposure profile

s}

-

—

g

After completion, record all
observations on tested
package

B

Collect the data

( Report the data

Figure 2 — Flow chart of temperature-recording process

7

&

6.2 Storage and weight capacity

6.2.1 Storage capacity measurement

Referring to Figure 3, external dimensions (length, width and height) and internal dimensions (length,
width and height) shall be recorded. The number of PCMs (or coolants) designated in accordance with

8 © IS0 2023 - All rights reserved
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the experimental results or mutual consultation with users shall be recorded. The total volume of PCM
(or any coolant) used shall be recorded. The storage capacity of the container, C, shall be calculated

using Formula (1).

C=Vine = (Vpem % Npem) (1)
where
C is the storage capacity of the container (2,0 %);
[i—S the internal volume of the container;
Vpcum s the volume per each pack of PCM (or coolant);
Bpcm 1S the number of PCM (or coolant) packs.
Lext
WCXt
[
I
I
I
5 E |
- = |
I Wine
e ——— ] I AE——
/
7
/
4
Lint
Key
Ly externallength L.  internallength
W | ekternal width Wi,  internal width
H external height H;. internal height

Figure 3 — Storage dimensions excluding PCM
The insulated container shall be lined with PCM (or coolant). The PCM (or coolant) shall be frozen at
required condition in accordance with the experimental results or mutual consultation with users.

The minimum overall dimensions of the storage area measured between straight edges placed over the
bulging internal faces of the PCMs (or any coolant) shall be recorded (length, width and height).

The storage area shall be packed up to the designated load line specified by the manufacturer.

Measure the total volume of the PCMs (or any coolant).

©1S0 2023 - All rights reserved 9
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The lid of an insulated container shall be closed and latched. The total empty volume of the insulated
container shall be recorded as the storage capacity. Refer to Figure 4 for storage capacity measurement
process including PCM.

L P
1 P
|
W,
£ £ A
2 P P P

AN
= ( Wint
3 < D
P
Iint

Key
1 preparation and measurement of the h;,y  minimum overall height for storage

dimensions of PCM
2 measurement of the total volume of PCMs Line minimum overall length for storage

to be placed in the insulated container
3 recording of the total empty volume L, length of a PCM

of the insulated container
P phase changing material (PCM) or coolant H, height of a PCM
Wint maximum overall width for storage w, width of a PCM

p

Figure 4 — Storage capacity measurement including PCM

10 © IS0 2023 - All rights reserved
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6.2.2 Weight measurement

The weight of the insulated container without PCM (or any coolant) and the total weight of the PCM
shall be recorded separately. The insulated container with the PCMs (or any coolant) shall be weighed
and the total weight shall be recorded as the maximum loaded weight.

6.3 Robustness test

The controlled temperature chamber shall be pre-conditioned at +18 °C to +24 °C and the conditions
shall be recorded. The central void shall be fully filled with a non-breakable dummy load and arranged
packaging to prevent the load from shifting. The total weight shall be equal to the maximum loaded

weight established in 6.2.2. The faces, edges and corners of the insulated container shal] be marked
with|the test numbers shown in the Figure 5.
208 2
9/ . 1 10
19 20
e 117 18
| 4 6
3
1.0 12 16
1 3/ 25 o 26
% 14
1m
a

Key
1 op 14  right side bottom
2 bottom 15  frontleft side
3 ront 16  frontright side
4 back 17  back left side
5 eftSide 18 back righf side
6  rightside 19 front top left
7  front top 20  fronttop right
8  backtop 21  backtop left
9 leftside top 22 back top right
10 right side top 23 front bottom left
11 front bottom 24 front bottom right
12 back bottom 25  back bottom left
13 left side bottom 26  back bottom right

a Concrete floor.

Figure 5 — Scheme of robustness test

©1S0 2023 - All rights reserved 11
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Using a free fall drop tester, the insulated container shall drop 26 times from 1 m high (measured from
the lowest part of the container at the start of each test) onto a concrete floor in the exact order set out
in Table 1. One sample is required to perform the robustness test.

Face Edges Corners
1 Top 7 Front top 19 Front top left
2 Bottom 8 Back top 20 Front top right
3 Front 9 Left side top 21 Back top left
4 Bagk 10 Right side top 22 Back top right
5 Left side 11 Front bottom 23 Front bottom left
6 Right side 12 Back bottom 24 Front bottom right
13 Lgft side bottom 25 Back bottom left
14 Right side bottom 26 Back bottom right
15 Frjont left side
16 Frnt right side
17 B4ck left side
18 B4ck right side
The test shall be stopped after the 26th drop or when part of the. load comes off, whichever o

first. When
secured and
shall be rec

Table 1 — Test order of the robustness test

the load comes off prematurely because the hinges*and/or catches fail, the lid shall 4
the test shall be continued. For each drop, any-éffect on the container such as dan
brded. If the drop height and number of drops.differ by agreement of stakeholders, it

Ccurs
ere-
ages
shall

ns of
total

erved

be reported|in the report.

Annex A is 3n example of performance test of insulated container for temperature-sensitive medicinal

products.

7 Test Report

The following information shall be in¢luded in the test report.

a) the sample information, inclading the number of samples used, external and internal dimensig
the insylated container, type’of container material, and empty weight and fully loaded weight
weight)

b) the datg of the test;

c) the nanje, position and signature of the person who approved the test report;

d) areferepce,to this document, i.e. [ISO 23416:2023;

e) a detailed temperature history for all tests in tabular format (for all channels) and temperature
mapping report if applicable;

f) the result(s), including dimensions, weights and storage capacity measurements, thermal
performance test and robustness test.

g) any deviations from the procedure and any unusual features observed.

12 © IS0 2023 - All rights res
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Annex A
(informative)

Example of performance test of insulated container for a
temperature-sensitive medicinal product

A.1| General (1‘;{)
This|is an actual example of performance test of insulated container for ten{beratu re-sensitive
medijcinal products. This container is designed to maintain the temperature (2 °£‘\©8 °C) f¢or 100 h. See
Figures A.1to A.7.

A.2 | Components of a packaging system \%O

Figure A.1 — Insulated a@ner (top) and PCMs (bottom). Five PCMs are designed for this
container (four on side, one on top)

Figure A.2 — PCMs assembled in an insulated container
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