
Pharma logistics face three great challenges every day: 

The pharmaceuticals entrusted to them must always be 

available in the right quantities, in impeccable quality and 

in the right place. In addition to this, it is indispensable that 

the responsible people also observe the comprehensive 

national and international quality assurance regulations 

which apply worldwide to the entire pharmaceutical 

sector. Specifically, this means that defined and constant 

environmental values are adhered to not only in the 

production of temperature-sensitive medicinal products, but 

also during their storage, transportation and distribution. 

www.testo.com

The fully automated environmental monitoring system 

testo Saveris Pharma takes over the reliable and secure 

monitoring and documentation of temperature and humidity 

in the storage of pharmaceutical goods for you. The GxP-

compliant complete solution consists of high-precision 

measurement technology, an intuitive and validatable 

software, and comprehensive services for qualification, 

validation and calibration. Thanks to this holistic concept, 

testo Saveris Pharma support you in always fulfilling the 

strictly regulated requirements reliably, and in not only 

adhering to GxP compliance, but living it too.

GxP-compliant storage of pharmaceuticals: 
With the fully automated environmental 
monitoring system testo Saveris Pharma.

Testo
Application example
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Requirements pharma logistics.

The storage, transportation and distribution of 

pharmaceuticals in global dimensions is not the same as in 

any other logistics market. Pharma logistics are extensive, 

widely networked, strictly regulated and a large part of the 

freight saves lives. That’s why harmonized loading and 

dispatching processes, special transportation equipment, 

corresponding storage conditions and a high level of 

compliance consciousness are required from participating 

companies, in order to work successfully, safely and 

according to the norms. Only then can the effectiveness 

and the quality of the pharmaceuticals, as well as the health 

and safety of patients and consumers be guaranteed.

A growth market in motion

The global pharmaceutical logistics market for the year 

2019 is valued at an estimated 69 billion US dollars. From 

2020 to 2027, an average annual growth rate of 7.3 % is 

expected.1 This growth is caused by, among other things, 

the strongly increased demand for drugs and vaccines 

resulting from COVID-19. The constantly increasing demand 

for drugs to combat chronic and lifestyle-caused illnesses 

also drives market growth. The driving factors additionally 

include the continuous innovations of R&D, the increased 

introduction of novel therapies, beneficial health reforms, 

increasing sales of generics and the rising demand from 

consumers for non-prescription medication such as cough 

and cold treatments, digestive tract preparations and 

dermatological products.

With regard to market dynamics, it is expected that cold 

chain logistics will take over a dominant role on the 

market. The requirements of novel therapeutics, increased 

consumer consciousness and the rising demand for 

temperature-reliant products are three crucial factors 

which drive this paradigm shift towards cold chain logistics 

with guideline-compliant temperature control on all 

transportation routes.1 

Increasing demand and changing requirements also 

involve the expectation that participant companies ensure 

a blanketing covering of innovative and qualitatively 

impeccable logistics of high storage and product quality, 

fufilling not only the strict legislature but also the GxP 

requirements. 
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1 Pharmaceutical Logistics Market, Analysis and Forecasts from 2020 to 2027, Grand View Research, Inc., USA, 2020.
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The WHO guidelines. 

The globally applicable “Good Storage and Shipping 

Practices” (GSP) released by the World Health Organisation 

(WHO) prescribe testing, monitoring and recording for drugs 

whose labelling states specific storage conditions (e.g. 

temperature, humidity etc.). 

The specific guidelines recommend temperature recording 

and regular calibration of the measuring instruments in 

order to guarantee product safety. In particular for vaccines, 

the WHO requires that every vial is stored under the 

prescribed conditions, and that corresponding systems for 

refrigeration, temperature monitoring and data recording are 

active.2 

The guidelines prescribed by the WHO are mirrored in the 

American health authority (Food and Drug Administration, 

FDA) and the European Medicines Agency (EMA) guidelines 

and monitored for adherence to these. 

Code of Federal Regulations (CFR)

CFR - Title 213 covers all ordinances prescribed by the 

FDA for the handling of food and drugs. The ordinances 

have applied since 1997 for all those who store, transport, 

manufacture or wholesale drugs and the components 

required for their production. 

In 21 CFR Part 11, the FDA formulates the requirements for 

electronic recording and signatures. These requirements 

have to be met by an automated environmental monitoring 

system for monitoring the temperature and humidity of 

pharmaceutical goods. 

In 21 CFR Part 211 “Current Good Manufacturing Practice 

for Finished Pharmaceuticals”, §211.42 describes the 

requirements of pharmaceutical storage facilities. These 

prescribe the storage of drugs under suitable temperature, 

humidity and light conditions in order that the identity, 

strength, quality and purity of the drugs are not negatively 

affected. The CFR stipulations are complex and time-

consuming, but for the purposes of simplification can be 

divided into four main areas, because the most critical 

components are also the most basic: Adherence to hygiene, 

safety, temperature and documentation.

21 CFR – The four main points

Hygiene

The storage facility for pharmaceutical products is 

clean. It is large enough to be cleaned properly, and 

without dead spaces in which dirt or liquids can collect. 

Pest control measures have been taken. Storage areas 

on the floor are clearly marked. In addition to this, 

loading limits may mark the maximum loading height, 

in order to ensure that the air circulation is not hindered 

when loaded. The insulation of the store corresponds 

to the specifications. A quarantine section is prescribed 

for call-backs, complaints, suspicious and damaged 

products.

Safety

Access to the store is carefully monitored and is 

permitted only for authorized personnel in suitable 

protective equipment/clothing. A successful security 

plan includes surveillance cameras, correct lighting, 

access control keys and automatic door locks. All 

staff are trained to deal with the pharmaceuticals in all 

processes they carry out. 

Temperature

The integrity of the cold chain in the store is 

guaranteed. If no specific storage temperatures are 

given for a product, the temperature must be held 

at “controlled” ambient temperature. This means 

the temperature corresponds to a usual working 

environment with no extreme fluctuations. The 

adherence to the limit values is also guaranteed during 

loading and unloading and in the storage area intended 

for this. 21 CFR Part 11 sets down the regulations 

governing electronic temperature recording. 

Documentation

Inspections are carried out almost constantly during the 

shipping of drugs. As soon as a shipping container with 

drugs is taken delivery of, a thorough examination for 

evidence of contamination takes place. Staff are trained 

to identify this – e.g. broken pallets, torn packaging 

or infestation by pests - and will refuse to accept the 

goods and document this. All examinations are fixed in 

reports. 

2  WHO Technical Report Series, No. 1025 – Annex 7: Good storage and distribution practices for medical products, 2020.

3  Electronic Code of Federal Regulations, Title 21 Food and Drugs, https://www.ecfr.gov/cgi-bin/text-idx?SID=b534c3f869e4a7b2b24b7d-
739b4a11bb&mc=true&tpl=/ecfrbrowse/Title21/21tab_02.tpl, accessed 04.01.2021.
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USP 1079: Good Storage and Shipping Practices

The “Good Storage and Shipping Practices for Drug 

Products” in chapter 1079 of the United States 

Pharmacopeia (USP) prescribe an environmental 

management system for rooms in which drugs, 

biotechnology and medicinal equipment are stored. 

The environmental management system should in particular 

monitor the temperature, as it can negatively affect the 

purity, quality and safety of the stored goods. In order to be 

able to prove that the parameters have remained within the 

specifications for stored goods, the measurement values 

have to be documented. Deviations from the environmental 

conditions must be recorded and subsequently corrected. 

In addition to this, the use of a suitable number of 

temperature recording instruments is prescribed in order to 

carry out a temperature distribution study (mapping), and 

following this, to record the temperatures continuously in 

accordance with the temperature distribution. 

A warning system must be used to prevent the stored 

products’ exposure to conditions deviating from the 

specifications. The general information also recommends an 

annual revalidation of the storage area in order to maintain 

an exact profile of the environmental conditions.4

The EU guideline GDP 

The objective of the guidelines formulated by the European 

Medicines Agency (EMA) for “Good Distribution Practice” 

(GDP) is that the quality and integrity of all drugs as 

required by GMP (“Good Manufacturing Practice”) are 

adhered to by all participants in the logistics chain. 

The GDP guidelines have been binding within the European 

economic zone since September 2013 and are coordinated 

and monitored by the EMA. They prescribe the presence 

of equipment suitable for maintaining the storage and 

distribution conditions of pharmaceutical products at all 

times. To this end, the environmental conditions must 

be recorded and documented so that if required, it is 

possible to prove that the correct temperature and humidity 

conditions have been adhered to over the entire distribution 

chain.

Just like the USP 1079, the European GDP prescribes that 

prior to the installation of an environmental monitoring 

system, a reliable temperature distribution study (mapping) 

is carried out, and the system components positioned 

according to the mapping results. Apart from this, the 

equipment for regulating and monitoring the environmental 

conditions requires regular calibration at defined intervals. 

In the case of deviations from the prescribed measurement 

value ranges, the person responsible for the storage facility 

must be notified.5

A provably uninterrupted cold chain for pharmaceutical 

products is important not only for the well-being of patients 

and consumers. Violations of regulations can involve legal 

battles or considerable financial losses, for example in the 

case of compensation claims or if affected drugs have to be 

destroyed.

4 USP 39–NF 34, Good Storage and Distribution Practices for Drug Products, Rockville, United States Pharmacopeial Convention; 
2016.

5 European Medicine Agency, Good distribution practices,  
https://www.ema.europa.eu/en/human-regulatory/post-authorisation/compliance/good-distribution-practice, accessed 07.01.2021.
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Fundamentally, three factors can negatively influence the 

quality, effectiveness and shelf-life of a drug in storage: 

• High or too low temperatures

• High humidity 

• High light intensity

The reasons for this are primarily the proteins contained in 

many medicaments. These proteins are extremely sensitive 

to changing environmental influences, in particular to 

temperature fluctuations. Prescribed upper or lower storage 

conditions which are exceeded only once, often already result 

in a negative influence on the product quality, which in cases 

of serious limit value violations, can even lead to a loss of 

effectiveness. Toxic decomposition products can furthermore 

be created, which particularly in the case of parenterals, 

endanger the safety of the patient. If light protection is also 

needed for a drug, in addition to constant temperature and 

humidity conditions, this is usually ensured by the packaging. 

Temperature

Of all the numerous monitoring necessities in 

pharmaceutical warehousing, the temperature is among 

the most monitored measurement parameters. In the 

GxP-compliant monitoring of temperature-sensitive 

pharmaceutical goods, three temperature ranges are 

differentiated:

•  Ambient temperature: 15 to 25 °C (in rare cases up to 30 °C)

• Refrigerator temperature: 2 to 8 °C

• Deep-freeze temperature: at -18 °C or colder 

Most drugs can be stored at ambient temperature up to 

25 °C. Bio-pharmaceuticals such as insulin on the other 

hand are refrigeration-mandatory and require a constant 

temperature level. Even slight temperature fluctuations can 

lead to negative effects. 

Vaccines are among the especially temperature-

sensitive pharmaceutical goods. With time they lose their 

effectiveness, and heat accelerates this. The various 

vaccine types differ in their sensitivity to heat and the 

prescribed storage temperature. A temperature below this 

range leads to an increased reactogenicity, i.e. the side-

effects increase.6 

GDP-compliant monitoring of storage: 
Constant temperature and humidity.

It is not only the drugs themselves, or their constituents, 

that are at risk when stored outside the permissible 

temperature range. Storage vessels or packaging are also 

affected. Major fluctuations in temperature or unintended 

sub-zero temperatures can cause hairline cracks in 

ampoules and glass containers or dissolve constituents out 

of the packaging materials. This can lead to contaminations 

and even to a loss of sterility. 

Humidity 

In addition to temperature, air humidity plays a large part in 

the secure storage of pharmaceutical goods – and always 

in relation to temperature. The exposure of pharmaceuticals 

to humidity must be minimized, monitored and documented 

during the entire production process. In storage too, 

deviations from the desired humidity conditions must be 

monitored. In order to avoid losses of quality, the relative 

humidity must be kept at a constant level of ≤ 60 %RH in 

storage conditions between 15 and 25 °C.7 

Too humid storage conditions lead to losses of quality and 

can render a medicament unusable. Dissolved packaging, 

illegible labelling and mould on and in boxes can occur. 

6 WHO Vaccine Management Handbook, Module VMH-E2: How to monitor temperatures in the vaccine supply chain, July 2015.

7 WHO, Good Storage and Distribution Practices, May 2019.
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Critical temperature areas in a 2 – 8 °C 

warehouse for pharmaceuticals  

(example):

1. Near to window and skylight: 8.1 °C

2. Greatest distance to ventilation outlet: 6.5 °C

3. Close to door: temporarily up to 9.1 °C

4. Near to lamp: 7.5°C

5. Directly at ventilation outlet: 2.4 °C

The storage conditions of pharmaceutical goods can be 

altered by many external influences: Open doors and gates, 

convection, solar irradiation, loading with new goods, HVAC 

systems (heating, ventilation, air conditioning) and much 

more. In the context of a functioning quality assurance, it 

is therefore a mandatory requirement that the temperatures 

as well as the relative humidity and their progressions are 

recorded, monitored and documented. This is the only way 

you can counteract deviations early and prevent damage. 

Depending on its location, every pharmaceutical store 

requires different air conditioning and ventilation 

strategies, in order to be able to ensure targeted reaction 

to temperature and humidity deviations. Although the air 

conditioning system of a store regulates the environmental 

conditions, there are always several different temperature 

zones. These are potential critical control points which are 

verified in the context of a VAC mapping and which are 

elementary for the optimum positioning of the environmental 

monitoring system.
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Determining temperature and humidity distribution 

In order to guarantee a reliable measurement of 

temperature and humidity values, the critical measurement 

locations are determined with the help of temperature 

and humidity distribution studies. Additional stress tests 

are conducted in order to identify the performance limits 

of the air conditioning. Storage areas in which proven 

temperature and humidity fluctuations or extremes occur, 

which can negatively influence the quality of the stored 

pharmaceuticals, are identified as Critical Control Points 

(CCP). 

In many storage facilities, temperature distribution is a 

challenge. In addition to the temperature differences in 

high-bay storage between the cold air on the ground 

and the warm air close to the ceiling, a great many other 

Explanation of terms – DQ, IQ, OQ, PQ

DQ Design Qualification
IQ  Installation Qualification
OQ  Operational Qualification
PQ  Performance Qualification

In order reliably to fulfil the necessary quality requirements 

and official regulations, and to reduce risk to a minimum, 

Testo supports you with the most modern, guideline-

compliant measurement technology and dependable 

services. These are continuously developed together with 

experts from the field, and are individually adapted to the 

areas of application in warehouses and distribution centres, 

in incoming goods, in high-bay stores, in refrigerated rooms 

as well as in ultra and deep-freezers and refrigerators. 

Planning and implementing warehouse qualification

In order to implement the requirements of a pharmaceutical 

storage facility, Testo provides initial support for risk-based 

qualification management. The utilities of the storage areas 

(DQ, IQ, OQ, PQ) are qualified taking the corresponding 

SOPs (Standard Operating Procedures) and the general 

quality assurance measures into account. This means that 

proof is provided that the technical objects have been 

properly constructed (DQ) and installed as planned (IQ), 

as well as fulfilling the prescribed functionality (OQ) and 

performance (PQ).

Nothing left to chance – environmental monitoring 
with the most modern measurement technology and 
reliable services
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factors inside and outside a building affect the temperature 

distribution. For this reason, during the verification of the 

temperature and humidity distribution and maintenance 

within the warehouse, the stability and robustness of the 

storage facility to external influences is also determined. 

The influencing factors include store size, loading, furniture, 

apertures, incoming light and HVAC (heating, ventilation, air 

conditioning). In some climate zones in the world, seasonal 

variations must also be taken into account when recording 

the temperature and humidity distribution. Summer and 

winter measurements are accordingly necessary, in order to 

verify the environmental conditions within a storage facility 

and the level to which they are influenced by the respective 

outside temperatures.

In a temperature distribution measurement, special attention 

must be paid to those storage areas where are deviating 

temperature is most likely, as shown in the example on 

page 6. These areas include in particular the loading bays 

and all storage areas close to heating equipment, skylights, 

doors, windows and outer walls, especially those on the 

north and south sides of the building. 

In the course of a mapping, the storage areas are GxP-

compliantly equipped over a longer period with data loggers 

which continuously record and document the temperature 

conditions. A holistic environmental profile for the storage 

facility is then created with the recorded data. Once the 

CCPs are identified, the testo Saveris Pharma sensor can 

be positioned and installed in exactly the places which are 

to be permanently monitored and controlled. 

A successful mapping provides the additional advantage 

that the profile created of the conditions in the warehouse 

considerably reduces the installation time for the long-term 

environmental monitoring system.

Installing environmental monitoring system 

The next steps cover the planning, installation and 

commissioning of the testo Saveris Pharma system 

components. These are assembled in such a way that all 

critical measurement points determined in the temperature 

and humidity distribution are covered and permanently 

monitored. 

In the installation of a high-bay warehouse, the testo 

Saveris Pharma sensors are fitted to the shelf rows 

diagonally bottom-to-top, in order to obtain a three-

dimensional overview of the temperature and humidity 

values of the storage area. This arrangement ensures an 

uninterrupted profile of the high-bay warehouse.

In block storage as well as in refrigerated and deep-freeze 

rooms, the pharmaceutical goods are often stored at only 

negligibly differing heights. In this case, the testo Saveris 

Pharma sensors are installed at the same height. If radio 

system elements are used, we recommend a measurement 

of the radio transmission distances prior to installation, in 

order to ensure that even widespread storage areas are 

reliably monitored. 

Calibration and validation 

After the installation of the testo Saveris Pharma system, 

a detailed Site Acceptance Test (SAT) confirms the 

functionality of the system components used. Initial 

calibration of the testo Saveris Pharma probes is already 

carried out before delivery, in our accredited calibration 

laboratories using calibration points typical for the 

application and with traceable calibration certificates. 

For the purposes of conformity with 21 CFR Part 11, the 

system is validated after the SAT. The validation confirms 

that the installed environmental monitoring system fulfils the 

defined tasks repeatably and reproducibly.

After-Sales Services 

In addition to the support, Testo also takes care of the 

recalibration of the probes as well as the revalidation after 

critical system alterations. This means that the system can 

be expanded as needed at any time.
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The complete solution testo Saveris Pharma takes over the 

automated, uninterrupted monitoring of temperature and 

humidity in storage facilities for pharmaceutical goods with 

high-precision measurement technology, intuitively operated 

software and comprehensive GxP services. In addition to 

this, the system convinces with these advantages: 

Application-specific system components

The robust and highly precise testo Saveris Pharma data 

loggers record even slight changes in the temperature 

and relative humidity. The different logger models can be 

assembled and positioned application-specifically from 

individual modules according to the building block principle. 

Thanks to the connection of up to four probes to one 

data logger, testo Saveris Pharma guarantees an efficient 

monitoring. The extensive probe portfolio meets all 

conceivable temperature and humidity requirements and 

allows secure monitoring of even difficult-to-access areas, 

storage environments with a high turnover, as well as 

refrigerated and deep-freeze rooms. 

Thanks to the individual system components, testo Saveris 

Pharma can flexibly, and with a view to the future, be 

integrated into the architecture of the warehouse building, 

supporting an uncomplicated extension of the storage 

facility and the environmental monitoring system with 

additional measurement locations or a new positioning of 

Compliance

Ensure data integrity and 

avoid unnecessary gaps 

in the documentation.

Transparency

All environmental 

parameters in view, and 

fast reactions thanks to 

alarm notification.

Efficiency

Extensive GxP services 

and a system which 

meets the requirements.

Reliability

Pass audits with 

confidence thanks to  

reliable solution from a 

professional partner.

The advantages of testo Saveris Pharma for the 
environmental monitoring of pharmaceutical goods.

probes, for example in the course of remodelling work in the 

warehouse with revalidation. 

Uncompromising data security

Thanks to redundant threefold storage of the recorded 

measurement values, testo Saveris Pharma offers the 

highest possible level of data security. All recorded 

measurement data are immediately, at the next 

communication interval, transmitted by the data loggers 

to the base station, and also cached there. As the last of 

the three levels, all measured values are centrally saved 

and archived in the validatable testo Saveris Pharma GxP 

software. 

Data recording with testo Saveris continues to take place 

without interruption, even in cases of power cuts. In 

addition to this, the digital probes offer the great advantage 

that a probe replacement for calibration purposes can be 

carried out in seconds during continuing operation and 

without data gaps in the documentation. There is no need 

to remove the data loggers and there are no gaps in the 

measured values.

Versatility with low operating costs.

The versatility of the testo Saveris Pharma system allows 

different communication structures such as WLAN, Ethernet 

or the highly modern testo UltraRange radio technology for 

a secure and efficient long-distance communication to be 
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used in a proprietary network. Widespread storage areas 

can be reliably monitored with a combination of radio and 

Ethernet system components. In addition to this, different 

connectivity options – by cable, POE (Power over Ethernet) 

or batteries – are available, which cause only low operating 

costs. 

Remote alarms around the clock

A good quality assurance programme and the successful 

passing of GxP inspections by the health authorities require 

an extensive alarm system and established procedures 

for handling fluctuations and limit value violations in the 

environmental conditions. The testo Saveris Pharma system 

forms a tight-mesh monitoring net in the storage facility, 

and directly informs the operator of any risks, and also in 

the case of a power outage, via various communication 

channels. 

The different GxP-compliant alarm notification possibilities, 

e.g. by SMS or e-mail, ensure that no-one is dependent on 

seeing the red warning LED on the data loggers. Deviating 

environmental conditions and system-critical events are 

visible to those responsible independently of location 

and on any end device (smartphone, tablet, PC). Remote 

alarm notification allows fast reactions, in order to prevent 

damage before it occurs.

Automated documentation 

testo Saveris Pharma generates uninterrupted and 

protected digital data sets. The modern measurement 

technology requires no more manual readout and saving 

of the measurement data. The complete solution thus 

reduces not only the workload for keeping written proof, 

but also eliminates the errors involved in documentation by 

hand. The fully automatic reports (audit trails) fulfil the GxP 

regulations and can be presented in inspections. With the 

testo Saveris Pharma Cockpit, you can view, acknowledge 

and comment on alarms and the corresponding 

measurement curves at any time and from anywhere.

Optimized data analysis

The digital availability of the data and the automated 

reporting allow an efficient analysis of the measurement 

curve as well as the digital distribution to the responsible 

people. 

The easily created historical reports and trend curves can 

be an important aspect of audit processes. The contents of 

the reports can be adapted to the respective recipient (e.g. 

whether or not to include the audit trail). And an export to 

Microsoft Excel for further analysis is also possible. 

testo Saveris Pharma also determines the MKT (mean 

kinetic temperature) and provides a special MKT report 

which demonstrates the overall effect of temperature 

fluctuations on the stored products.

GxP-compliant services and full documentation 

In order to establish a reliable, GxP-compliant qualification, 

validation and monitoring of a storage facility for 

pharmaceutical goods efficiently, collaboration with experts 

is recommended. Fast and easy qualification documents 

(DQ, IQ, OQ, PQ) as well as installation, calibration and 

validation services on site ensure smooth commissioning 

and complete documentation.

More information 

For more information and answers to all your 

questions concerning continuous environmental 

monitoring with uninterrupted data recording in the 

storage of pharmaceutical goods from our experts 

at www.testo.com.



www.testo.com
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High-tech from southern Germany.

 Subsidiary

 Retail partner

For over 60 years, Testo has been known for creating 

innovative measuring solutions made in Germany. As a 

world market leader in portable and stationary measuring 

technology, we support our customers in saving time and 

resources, in protecting the environment and human health 

and in increasing the quality of goods and services. 

More than 3000 employees work in research, development, 

production and marketing for the high-tech company in  

34 subsidiaries all over the world. Testo impresses more 

than 1 million customers all over the world with high-

precision measuring instruments and innovative solutions 

for the measurement data management of tomorrow. An 

average annual growth of over 10 % since the company’s 

foundation in 1957 and a current turnover of just short of 

300 million Euros impressively demonstrate that southern 

Germany and high-tech systems go perfectly together. The 

above-average investments in the future of the company 

are also a part of Testo’s recipe for success. Testo invests 

about a tenth of annual turnover in research and 

development.


