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Indoor climate monitoring during 
the storage and transportation of 
pharmaceuticals.

When it comes to drugs and medical products, peo-

ple's health and lives are at stake. Everything in the 

process chain has to be just right, from the develop-

ment stage through to the delivery. Even the smallest 

climatic irregularities during storage and transporta-

tion pose a risk. Technically sophisticated monitoring 

mechanisms are therefore very much needed.

 

In contrast to a lot of other products, the partial or complete 

functional impairment of medicinal products is not noticea-

ble straight away. To put it in very basic terms: The princi-

ple of “unpacking - switching on / inspecting and sending 

back if it’s not working” is not practicable for pharmaceuti-

cals and lots of medical devices.

For pharmaceuticals and medical products, therefore, 

quality management needs to be integrated into the entire 

process to a much greater extent than for other products, 

from development, manufacturing and storage through to 

logistics. 

The entire life cycle of these products needs to be continu-

ously monitored; any improper handling, at any point in the 

process, can compromise efficacy and have severe conse-

quences for those people who depend on the medicines. 

One particularly sensitive point that has not been given 

sufficient consideration for a long time is storage. Pharma-

ceutical products are, almost without exception, extremely 

sensitive to temperature and humidity. This is especially 

true for modern medicines with larger molecular structures 

or biotechnological production. 
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Where measuring points are needed 

Continuous indoor climate monitoring throughout the entire 

process chain of a drug is absolutely essential. Appropriate 

requirements can now be found in guideline publications all 

over the world, whether in the manuals of the private non-

profit organization United States Pharmacopeia (USP) or the 

state Food and Drug Administration (FDA) in the USA, the 

relevant guidelines of the EU Commission or the guidelines 

of the Ordinance on the Manufacture of Medicinal Products 

and Active Pharmaceutical Ingredients (AMWHV) of the 

Federal Republic of Germany, to name but a few. 

All these (statutory) regulations ultimately implement the 

principles of the Good Manufacturing Practice (GMP) guide-

lines for pharmaceutical products. Since GMP covers the 

entire process chain and not just manufacturing ("M"), it has 

been expanded over time to include sub-guidelines from 

the fields of safety testing and risk assessment ("Good Lab-

oratory Practice", GLP), distribution and logistics ("Good 
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Distribution Practice", GDP) and documentation ("Good 

Documentation Practice", GDocP). The variable "x" is often 

used to generically depict the different characteristics in the 

symbolic representation.

One prerequisite for GxP-compliant monitoring is reliable 

measuring technology with a high level of data security, 

while another is the placement of a sufficient number of 

measurement sensors and on-site data processing at the 

key measuring points. 

For example, all points where temperature fluctuations 

can be expected due to the prevailing conditions have to 

be monitored. Thus, in high-rack shelving, there is often a 

temperature drop between the cooler air on the ground and 

the warmer air close to the ceiling. Air circulation in narrow 

passages and corners can be insufficient. Outside air enters 

easily and often through loading bay doors. Fan heaters, 

lamps or fans create accumulations of cold or warm air. In 

the vicinity of the roof, windows or exterior walls, the indoor 

air is heated or cooled, depending on the outdoor tempera-

ture (Fig. 1).

In addition to temperature fluctuations, humidity monitoring 

at the various temperature levels (normal ambient temper-

ature up to approx. plus 25 °C, cold storage range down 

to minus 18 °C, deep-freeze range down to approx. minus 

80 °C) is also important, because temperature fluctuations 

have an effect on the dewpoint, for example, which can 

result in condensation that causes unacceptable reductions 

in quality or even leads to the stored pharmaceuticals being 

rendered completely unusable.

Figure 1
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Guidelines, regulations, legal ordinances

Temperature and humidity distribution analysis (“mapping”) 

in the refrigerator, storage room, box or container con-

cerned enables the measuring points to be identified and 

equipped with data acquisition devices with integrated sen-

sors (data loggers). Corresponding guidelines are defined, 

for example, in the EU GDP Guideline, Section 3.2.1 or also 

in the World Health Organisation (WHO) document entitled 

"Temperature Mapping of Storage Areas: Technical sup-

plement to WHO Technical Report Series, No 961, 2011" of 

May 2015 [1].

The identification of these critical control points (CCPs) pro-

vides the foundation for subsequent long-term monitoring 

and also the basis for successful auditing. 

Guidelines are only legally binding if they are adopted in 

corresponding laws or legal ordinances. For example, the 

GMP guidelines are included in the Ordinance on the Man-

ufacture of Medicinal Products and Active Pharmaceutical 

Ingredients (AMWHV) and are therefore legally binding 

for pharmacists ("holders of a drug manufacturing license 

resident in Germany"); and wholesalers and brokers of 

medicinal products must comply with the EU GDP guide-

lines according to § 1a of the Ordinance on the Trade with 

Medicinal Products.

Irrespective of these bestowals of legal status, it is advis-

able to regard the GxP guidelines as legal regulations, the 

observance of which can ensure that you are acting in a 

client- and patient-oriented manner and are in compliance 

with higher-level laws at all times. 

Scope in designing the mapping

In terms of temperature mapping, the guidelines only pro-

vide a qualitative statement that leaves room for individual 

design, but which also needs to be formulated if the quality 

of the medicinal products being stored or transported is not 

to be damaged. 

The guidelines leave enough scope for a customized risk 

assessment. To state the extremes at both ends of the 

spectrum: In terms of environmental conditions, a headache 

tablet is not nearly as critical as a vaccine that becomes 

ineffective if it is not permanently stored at minus 80 °C. 

The leeway left by the guidelines is also reasonable 

because storage rooms and transport containers are very 

different, and each spatial situation has its own particular 

layout and thus its own requirements.

The respective guidelines therefore only stipulate that the 

number and arrangement of the measuring points can 

detect temperature differences and humidity values in the 

indoor areas sufficiently well. Appropriate measures must 

be reproducible and they must be documented.

Depending on the size of the cold room or the storage area, 

the number of data loggers put in place and the spacing 

between them will naturally vary. Generally speaking, the 

first step is to set up a three-dimensional grid of data log-

gers at equal distances. The length of the distances and the 

number of sensors will be sensibly adjusted to the size and, 

primarily, the prevailing conditions of the respective indoor 

area. Additional sensors must be placed at sensitive points 

in the room (narrow corridors, loading hatches, hot or cold 

air concentrations caused by electrical equipment, etc.). To 

put the same principle in more abstract terms: it is always 

about the uniform distribution of sensors in the room, based 

on the probability of measurement deviations due to the 

specifics of the room and based on the individual risk factor 

of the product being stored.

In [1], quantitative distance specifications are also given 

– for example, the distance between the individual data 

loggers should be "between 5 and 10 metres", in larger 

warehouses possibly even between 20 and 30 metres, but it 

is also clear from the overall context of the discussion that 

these are ultimately examples and not strict specifications.
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Mapping as an external metrological service 

Under certain circumstances, if there is a lack of avail-

able data loggers, it is also possible to resort to a sec-

tion-by-section check of the temperature and humidity 

distribution. In this case, however, the completion of the 

entire project is delayed, so the savings in materials are 

usually bought at the cost of additional time.

Ultimately, only electronic data loggers with integrated sen-

sors that have measurement and storage capacities suffi-

cient for the entire length of the mapping exercise are really 

useful for temperature and humidity mapping. 

Since standard-compliant, efficient and reliable mapping 

with a sufficient amount of calibrated measuring technol-

ogy and an adequate document format requires no small 

amount of expertise and time, it can also be outsourced to 

external service companies that specialize in providing the 

entire metrological service and are up to date particularly 

with standards, legal regulations and the general legislative 

situation. 

In many cases, using an external service provider also 

saves money because it avoids investment costs. If, for 

example, you wish to carry out the mapping of a high-bay 

warehouse with internal capacities, this not only ties up 

highly trained specialist personnel, but it also requires an 

investment in data loggers, which you may only need for 

this mapping.

From mapping to long-term IAQ monitoring

The results and findings of the mapping form the basis for 

a validated IAQ monitoring system. For example, with a 

measuring accuracy of ±0.5 °C and ±2 %RH respectively 

and a memory for up to 1 million readings, the professional 

data loggers testo 175 T1 and testo 175 H1 are ideal for 

long-term monitoring of temperature and humidity in ware-

houses according to the specifications of the relevant direc-

tives.

Both instruments have a non-volatile memory which can still 

be read out even if the batteries are completely empty, thus 

preventing data from being lost.  The software that makes 

the logger settings and analyzes the data is also available in 

a version that takes into account the specific requirements 

of the FDA guidelines 21 CFR Part 11. 

However, not only should a future-proof Indoor climate 

monitoring system supply data loggers that make the tran-

sition from mapping to long-term operation seamless and 

cost-effective, it should also have automatic mechanisms 

that automatically detect sudden threshold violations and 

immediately issue appropriate alarm messages. 

These kinds of systems, for example testo Saveris (Fig. 2), 

have different alarm levels, ranging from a reaction to limit 

value violations at fixed time intervals to the time-staggered 

alarm notification of entire recipient groups. Depending on 

the system configuration, the notification can be conveyed 

via audible and visual signals, but also via SMS or e-mail.

Figure 2
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WHO calls for audit of the mapping report 

From the specifications, advice and examples given in [1], it 

is clear that the WHO mapping specialists place particular 

emphasis on the quality and precision of the data loggers 

used – for example, the calibration guidelines specify values 

with tight tolerances – and on the accurate documentation 

of the mapping methodology, process and results of the 

mapping study. 

This requirement is further emphasized by the fact that the 

mapping report is to be checked by an independent, com-

petent person and certified as factually correct. 

The WHO paper goes on to say: “The assessor should con-

firm, approve and sign off on the assessment findings and 

the resulting recommendations. If the report was prepared 

by a qualified third party, it should be approved by the per-

son who commissioned the study.” The mapping report is 

therefore to be audited for its part. The great importance of 

indoor climate monitoring within pharmaceutical production 

is once again underlined by this WHO requirement.
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More information.

For more information about Testo and answers to your 

queries about temperature and humidity monitoring, please 

contact our experts by calling 07653-681 700 or by sending 

an e-mail to xxxx@testo.xx.

Dipl. Wirt.-Ing. (BA) Stefan 
Prothmann, Account Manager, 
Testo SE & Co. KGaA

B. Eng. Nicolai Denzel,
Product Manager,
Testo SE & Co. KGaA
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