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1 Storage
Christian Gausepohl, PhD, Jürgen Ortlepp

One of the basic requirements in all the statutory regulations is that storage must not have a nega-
tive impact on the quality of starting materials and medicinal products, e.g. through degradation,
change or contamination. Mix-ups must also be prevented. To ensure this, the aspects outlined in fig-
ure 1 must be observed and implemented.

The WHO "Guide to Good Storage Practices for Pharmaceuticals (Annex 9)" (WHO GSP) is an important
document that outlines the requirements for the storage of medicinal products.

Two new guidelines for the storage and distribution of medicinal products and active ingredients
have been introduced in Europe since 2013:
• The "Guidelines on Good Distribution Practice for Medicinal Products for Human Use" (2013/C 343/

01) came into effect on 7 March 2013 and were amended on 5 November 2013).
• The "Guidelines on principles of Good Distribution Practice of active substances for medicinal pro-

ducts for human use (2015/C 95/01)" came into effect on 19 March 2015.

Both guidelines contain requirements for the storage of medicinal products and active ingredients.
The GDP guidelines are aimed at wholesale dealers of medicinal products and active ingredients. The
GDP guidelines do not define any significant new GMP storage requirements and their content will
not be discussed any further in this chapter. If required, reference will made to the relevant GDP
requirement.

1.1 Responsibilities

According to the German Ordinance on the Manufacture of Medicinal Products & Active Substances
– AMWHV §12, the head of production is responsible for storage and defines the storage conditions
in consultation with the head of Quality Control. Both are responsible for ensuring that compliance
with the defined requirements is controlled on a regular basis. These controls can take place during
a self-inspection, for example.

Here you will find answers to the following questions:
• How are responsibilities assigned?
• What requirements must be met by the staff?
• What aspects need to be observed when controlling material handling?
• What are the different types of storage organisation?

Aspects of storage

• responsibilities
• personnel
• material flow
• storage organisation
• storage areas
• storage conditions
• processes

Figure 1 Aspects of storage
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1.2 Personnel

A sufficient number of adequately qualified personnel should be in place to ensure that the quality
requirements are met: they should also undergo further training at regular intervals. During training,
the knowledge that is required when working in pharmaceutical storage, must be imparted. The suc-
cess of the training measures must be controlled. As is evident from the overview in figure 2, the
training course content covers a wide range of topics.

A large number of steps have to be carried out manually, e.g. the attachment of labels that are then
read automatically. All tasks must be carried out with due care and attention to prevent any mix-ups.
Human-machine interfaces should be reduced to a minimum to prevent transcription errors.

The experience of employees is of major importance when a delivery of starting materials is eval-
uated, e.g. when verifying if the necessary cold chain was maintained during transport and when
detecting hidden damage.

The health of personnel carrying out sampling on open products is monitored using a health
monitoring system that is identical to that used for production personnel. Personnel suffering from
inflammatory diseases must be excluded from sampling for the duration of the contagious phase.

To reduce contamination, normal street clothing should be covered in storage areas also, or
appropriate working clothes should be provided. Health and safety measures must be observed at
all times when hazardous goods are handled.

Subject Example

Storage regulations • incoming goods
• checklist procedure
• handling deviations in incoming goods
• printing labels
• controlling labels
• handling data loggers
• inward and outward transfer of materials
• commissioning of production orders
• dealing with damaged containers and spillages
• dealing with storage-condition deviations
• access control
• recognising manipulations and counterfeits

General GMP training and 
background information

• documentation
• measures for preventing contamination and mix-ups
• impact of contamination and mix-ups

Personnel hygiene • hygienic behaviour (e.g. eating, drinking)
• healthcare
• handling working clothes

Sanitation • cleaning rooms
• cleaning containers
• pest control

Occupational safety • handling hazardous goods
• personal protective equipment

Figure 2 Content of training for warehouse personnel
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1.3 Controlling material handling

"All materials and products should be stored under the appropriate conditions established by the
manufacturer and in an orderly fashion to permit batch segregation and stock rotation." (EU GMP
Guidelines Part I, Chapter 5, Section 5.7).

To implement this GMP requirement, a system should be installed that permits a targeted alloca-
tion of starting material and intermediate batches. The same applies to the shipment of finished
product batches. A similar or identical system should be installed to control the final destination.

It is in the economic interests of a company to use the starting materials in stock as efficiently as
possible within their period of use. For this reason, the First Expired-First Out principle (FEFO) is nor-
mally used to ensure stock rotation (5.5 GDP Guidelines). There are of course exceptions to this rule,
e.g. when specific starting materials or intermediate products have to be used in particular batches
to adjust the specific content of a final product. The First In-First Out principle (FIFO) was commonly
used in the past, but is rarely used today. In this system, the batch that was put into storage first is
also the first to be used. The actual shelf life of the individual batches is not taken into account. Devi-
ation from the FEFO principle should always be justified and documented (5.5 EU GDP Guideline).

The way in which these systems are maintained is really a question of how the production system
is controlled or how the IT system is organised. If the use of starting materials is controlled by a com-
puter system, the material batch that should be used is specified by this system. These aspects are
critical when validating the data processing system.

Starting materials and products should be reconciled on a regular basis (5.14 WHO GSP). This is
not only important for reasons of bookkeeping; it also adds an additional layer of safety. The docu-
mented inventory and the actual inventory should be compared when the batch has been used up
at the latest. Regular inventory checks should be carried out on finished medicinal products (5.5 EU
GDP Guidelines). If deviations occur that are outside acceptable fluctuations, e.g. because of weigh-
ing tolerances or because the supplier did not supply the required amount, there is a risk of incorrect
use and thus of a manufacturing error. The procedures to be taken when deviations occur should be
defined in advance. Deviations from previously defined processes should be formally recorded and
evaluated. The causes of the deviation as well as the required corrective and preventive actions to
prevent a reoccurrence of the deviation must be documented (1.2 v/vi EU GDP Guideline). It makes
sense to carry out the checks automatically using a computerised material management system. This
can be done, for example, every time an inward or outward transfer of material is booked. To do this,
the actual inventory must be defined as well as the limit values that trigger an alarm and initialise the
required controls. These limit values should be based on specific tolerances that have been calcu-
lated using historic data. If the data is not yet available for a specific material, general tolerances can
be specified, e.g. a mass tolerance 5% for active ingredients and 10% for excipients.

1.4 Storage organisation

When organising procedures in storage, two aspects are particularly critical with regard to the GMP
requirements: the release status of the goods and the expiry date of the released goods. Suitable sys-
tems must be used to ensure that goods that have not yet been released and goods with an
exceeded expiry date are not used. Formal proof of suitability must be provided (e.g. in a validation
report).

1.4.1 Controlling the release status

Quarantined materials and products (e.g. undergoing testing prior to release) must be stored sepa-
rately from other materials and products to prevent mix-ups with "unrestricted" goods.

Different organisational structures can be used in the storage area depending on the type of stor-
age management system used.
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Figure 7 Example of a storage area with integrated sampling

Sampling

EU GMP Guidelines EU GDP Guidelines WHO GSP 21CFR 211

3.22 – 4.7
5.10
5.11

211.80(a)

Figure 8 Sampling requirements
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out, storage areas are usually classified as hygiene zones F or G (depending on the other classifica-
tions). Written hygiene plans must be in place that describe the cleaning processes and intervals.

Potential sources of contamination should be avoided. For example, dirty and broken wooden pal-
lets should be replaced by new and clean wooden plastic or metal pallets before products are placed
in storage. Wooden pallets may be used in storage areas if they are clean. It should be ensured, how-
ever, that they have been heat treated. This is indicated by a small symbol (IPPC logo) which is
branded into the wood. However, before the containers are introduced into the production area,
they must be transferred to plastic or metal pallets to prevent particulate or microbiological contam-
ination of the production area. The example of a broken aluminium or mouldy wooden pallet in fig-
ure 18 shows clearly why it is necessary to check the condition of the pallets on a regular basis.

Starting materials and containers with medicinal products or closures that are packaged in bags or
cardboard boxes should not be stored directly on the floor. They should also be stored at a sufficient
distance from each other to facilitate cleaning and inspection (21CFR 211.80(c)).

Open containers should always be avoided to protect the material or product and to prevent con-
tamination of the environment. Containers that have been opened for sampling must be closed
again immediately after sampling in such a way that the stability and expiry date are not affected.

Containers that have been transferred from Production (e.g. after weighing) have to be cleaned, if
required, before they are returned to storage (e.g. by aspiration).

Damaged individual containers must be removed from storage, packaged and stored separately
to prevent contamination of other containers and the room. The question of whether the damage
might have impacted the quality of the material must always be asked. Quality Control is responsible
for asking the question and documenting the answer.

If materials have been split or spread around the storage area, cleaning measures must be imple-
mented according to a defined plan. Particular importance should be placed on finding the cause of
the contamination. During cleaning, health and safety aspects must be considered.

3.3 Pest control

"Premises should be designed and equipped so as to afford maximum protection against the entry
of insects or other animals." (EU GMP Guidelines Part I, Chapter 3.4)

In addition to the usual cleaning process, pest control should be carried out. This is necessary
because the storage area is connected to the outside world by doors and ramps. Raw materials that
are delivered can also contain pests. One pest control measure is the transfer of the materials onto a
different pallet before they are placed in storage, e.g. when the identity of the containers is checked
using NIR.

Both species-specific traps (e.g. pheromone traps) and UV lamps (fly catchers) can be used for pest
control. Fly catchers are mainly used to fight pests actively in critical areas (e.g. exit doors), whereas
species-specific traps can also help determine the type and quantity of different species before

Figure 18 Example: a broken aluminium pallet and a mouldy wooden pallet
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Figure 20 Checklist for incoming goods
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It is known that dry air at a particular temperature can only absorb a certain maximum amount of
vapour.
• The higher the air temperature, the greater the maximum potential moisture content, referred to

as saturation. Beyond the saturation point, there are condensation reactions, i.e. water precipitates
on surfaces.

• The lower the air temperature, the lower the maximum amount of vapour that can be absorbed.
When warm damp air cools, condensation reactions occur when the saturation point is reached.

The Mollier h-x diagram illustrates this phenomenon (figure 32).

Figure 32 Mollier diagram
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Despite the low outside temperatures that went as low as -10 °C at times (cf. figure 39), the storage
temperature – even after the discontinuation of heat input – never went below 12.8°C (mapping
with additional mobile loggers) or 13.4 °C (monitoring using the stationary system). This reflects the
fact that large areas of the storage facility examined here are located inside a warehouse, i.e. the
standard storage facility is well insulated against direct external atmospheric influences. Neverthe-
less, a considerable energy saving benefit is expected; solid data needs to be collected in the future
and compared with the previous energy costs.

5.7 Conclusion

The temperature and humidity data from 2013 to 2016, the monitoring data from 29.12.2016 to
20.01.2017 during the initial phase and the default recording of temperature/humidity up to
02.02.2017 show that the temperature and humidity data recorded after dropping the lower temper-
ature limit to 9 °C (with a warning limit of 10 °C) is not critical. The suggestion that a lower storage
temperature may lead to an increase in humidity was not confirmed. Even if the "coldest spot"
accounted for the highest level of humidity measured, 34.6 % RH does not affect the quality of the
medicinal product and is therefore of no consequence. The available data show that the relative
humidity over a period of more than 3 years was between 22.1 and 45.7 % RH, i.e. far below the ICH
stability studies value of 60 % (+/-5%). The effects of humidity during the period of storage were irrel-
evant to the quality of the medicinal product.

The following general statement about medicinal products and medical devices can be derived from
the data collected during this case study:
• the quality and safety of medicinal products are also ensured when they are stored at 9–25 °C.
• the relative humidity remains safe and non-critical before and after the lower temperature limit is

reduced.
• There is no risk when the products are stored at 9–25 °C.
• The GDP requirements are met.

Figure 39 Logger 19, outside temperature curve
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