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ABSTRACT

Cleanroom contamination can occur from various sources. It is not obvious to 
have a cleanroom without contamination. The largest source of contamination 
can usually be traced back to the people who work in the cleanrooms.

Human behavior and the way of changing clothes are therefore very crucial factors 
in the cleanroom. 
In order to gain control over the contamination, it is fundamental to carry out a 
risk assessment and then take the correct measures to limit the risks. Once the 
measures have been implemented, their effectiveness must be monitored by 
means of a monitoring program. 
This paper describes how cleanroom contamination can be kept under control. 

Do you want more insight in managing
the contamination in your cleanroom?

Make sure you have a quality risk management 
approach in place.



INTRO

Cleanrooms are designed to minimize the number of particles and microorganisms 
in the air. As a result, particles larger than 5 µm will hardly occur in an empty 
cleanroom.  However, as soon as production starts in a cleanroom and people enter 
the cleanroom, the number of particles and micro-organisms in the cleanroom 
increases, both in the air and on the surfaces.
This is no surprise when considering the ecosystem of human skin. Humans shed 
large numbers of skin cells. Cleanroom clothing is a crucial factor in the process, 
but even the right clothing cannot stop all contamination.

CLEANROOM CONTAMINATION 
UNDER CONTROL
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ECOSYSTEM OF THE HUMAN SKIN

The human body is a complicated system. The skin contains more than 8 million 
cells, on which more than 1.5 trillion microorganisms live. These microorganisms 
play an important role in human physiology. Every day a human loses about 24,000 
dead skin cells containing millions of microorganisms. This is equivalent to 1 to 2 
grams per day. The number of microorganisms on the skin cells depends on the 
location on the body. 

“The skin contains more than 8 million cells, on 
which more than 1.5 trillion microorganisms live.“

LOCATION NUMBER MICRO-
ORGANISMS/CM²

Scalp 1 million

Saliva and nasal fl uid 10 million/gram

Back 100

Forehead 100 - 1.000

Hands 10.000 - 100.000

Armpit 1 - 10 million

Feet 1 million

Table 1: Number of microorganisms on the skin within area



Humans are not only a great source of microorganisms, but they also 
spread organisms through movement, talking, sneezing, ... 

How can you limit the impact of human contamination? 
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HUMAN CONTAMINATION

The number of particles originating from humans in the cleanroom can only 
be reduced on the basis of procedures. On the one hand, limited access to the 
cleanroom will have to be introduced. Only people who are necessary for the 
process may be admitted, including production and technical operators, cleaning 
specialists, quality managers and supervisors. Visitors should be avoided as 
much as possible.

GOWNING PROCEDURE

Most of the particles a human loses are stopped by clothing. Cleanroom clothing 
acts like a fi lter. Depending on the density of the clothing, more or less particles are 
let through. Other factors that play a role in the changing procedure are whether 
or not cleanroom clothing is reused, the way of changing, the number of people 
allowed in the room and the cleanliness of the changing room. 
Even the logistic fl ow in the changing room is important. Someone who gets rid of 
his cleanroom suit spreads a lot of particles in the air. If, at the same time, someone 
puts on a clean room suit next to it, particles from the departing person end up 
on the incoming person. 
Wearing specifi c cleanroom undergarments further reduces the number of particles. 
Similarly, cosmetics, nail polish and jewelry are best prohibited in cleanrooms. 
W. Whyte and M. Hejab conducted a twofold study. In a bodybox they tested the 
number of microbial carrying particles (MCP’s) and particles that 55 people with or 
without cleanroom clothing spread in the air. That study gave the following results:
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From this it can be concluded that wearing cleanroom clothing results in a reduction 
of 13.6 times MCPs; 8.9 times for particles ≥5µm and 2.1 times for particles ≥0.5µm. 
Of course, the density of cleanroom clothing also plays a role. 
According to a study, the higher fi gures in men compared to women are related 
to the higher concentration of microorganisms on men’s skin and the smaller size 
of male skin cells.

The implementation of suitable clean room clothing, combined with an adequate 
design of the changing rooms and strict adherence to the correct changing 
procedure signifi cantly reduces the number of particles. 
The training and qualifi cation of staff for the changing procedure should not be 
underestimated. In the class B cleanrooms not only training is given, but also a 
microbiological test is conducted to qualify the operator.

INDOOR CLOTHING 
MCP’s

CLEANROOM
GARMENTS MCP’s

Female 943 144

Male 4.160 216

 Average 2.400 177

INDOOR CLOTHING 
MCP’s

CLEANROOM
GARMENTS MCP’s

Particles 
≥0,5µm

Particles 
≥0,5µm

Particles 
≥0,5µm

Particles 
≥0,5µm

Female 1.720.000 257.000 432.000 29.000

Male 2.630.000 422.000 1.720.000 47.300

Average 2.130.000 332.000 1.020.000 37.300

Table 2: Average number dispersion rate/min MCP’s from 55 people
(25 males and 30 females)

Table 3: Average dispersion rate/ min of particles ≥0,5µm and ≥5µm
from 55 people (25 males and 30 females)
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CLEANROOM BEHAVIOR

Working in a cleanroom requires knowledge, discipline and, above all, awareness of 
the contamination risks. Select the right employees. Working in a cleanroom is not 
for everyone. Make sure that the cleanroom rules are defi ned and clearly described 
in a procedure. Describe the critical tasks, such as the tasks to be performed with 
gloves. Determine the most optimal logistic fl ow in the cleanroom and avoid useless 
movements. After all, every movement causes a displacement of particles.

RISK REDUCTION THROUGH CONTROL

The basis of contamination control is the limitation of the number of particles and 
microorganisms in the environment. It starts with the design of the cleanroom. This 
is followed by the implementation of control procedures, such as the restriction 
of cleanroom personnel, the changing of clothes, the cleanroom behavior and the 
logistic fl ow in the cleanroom. Finally, a procedure is started for the removal of 
settled particles and microorganisms (the cleaning and disinfection procedure).  

Figure 1: Number particles/movement



9

During the design of the cleanroom, the required amount of air is determined 
according to the following formula:

Where,  
C = concentration of contaminants /m3 in a room at a given time
D = release rate of airborne contaminant/s
Q = air volume supply rate   
CB = background concentration of contamination/m3 entering the room
t = elapsed time (s)
V = Room volume (m3)
Ci = initial concentration of contaminates/m3 in a room

Factors “D” and “Ci” are infl uenced by operational factors. 
The amount of contaminants that are released is, as mentioned earlier, strongly 
infl uenced by the changing procedure and by the behavior of the people in the 
cleanroom. 
The factor “Ci” can be related to the quality of the cleaning.

C = (D/Q + CB).(1-e-(Qt/V)) + Ci.e
-(Qt/V)
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In concrete terms, this means that energy can be saved (lower Q) by choosing for 
a high quality of both the changing procedure and the cleaning of the cleanroom. 

The removal of particles >20µm can only be done by cleaning the surfaces. If the 
cleaning is not done correctly, the number of particles on the surface will increase.  
The cleaning program must be set up in such a way that the number of particles 
on all surfaces remains within the specifi ed cleanliness limit. The surface limits 
are described in ISO14644-9.

RISK ASSESSMENT

Setting up a cleaning program to reduce the number of particles and microorganisms 
seems easier than it is. This can be best done on the basis of a risk assessment. The 
analysis starts with the determination of the scope, the context and the criteria. 
On the basis of these elements you determine the risk numbers. Once the risks 
have been determined, you draw up measures to limit the risks. The program can 
be implemented and the validation and monitoring process starts.

“A risk-based approach ensures
a well-founded program, reducing

the risks of contamination.“
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By applying the unique TRU-Risk-Management model, the cleaning program is 
substantiated and the risks are considerably reduced. With TRU, it does not stop 
after a one-off analysis. Through the improvement process, which is part of the 
TRU-Risk-Management model, a continuous effort is made to increase the quality. 

CONCLUSION

This paper is intended to provide more insight into how cleanroom contamination 
can be kept under control. The relationship between humans, the process and the 
cleanroom is of essential importance. 
Select the right employees to work in the cleanroom. Knowledge and discipline are 
crucial factors. Provide quality cleanroom clothing and think about the process of 
gowning and the logistic fl ow. 
Finally, implement a substantiated cleaning program, obtained by carrying out a 
risk assessment. 
If you want to limit the risks of contamination in the cleanroom, please contact TRU.
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Context
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Risk
analysis

Risk
Treatment

Risk
Evaluation

Risk
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TRU
fundament

TRU
fundament

Risk Reduction by
using the TRM-model

TRM-model

Risk reduction ThRoUgh control

Figure 2: TRU Risk management model
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DO YOU WANT TO LIMIT THE RISKS
IN YOUR CLEANROOMS?

Vanessa Morini, 
CEO | CO-Founder of TRU NV.
Vanessa is professionally formed in  API and 
biopharmacy. As Subject Matter Expert for 
critical environmental cleaning she is the ideal 
partner to reduce the risks of contamination in 
the cleanroom.

0032 473 55 15 58
vanessa@trucleanroomcleaning.be
www.trucleanroomcleaning.be


