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ABSTRACT

So far, there exists no internationally uniform regulation about the pressure limits of water used for putting out fires
in multi-story buildings and large properties. In order to prove whether the nozzles work most efficient and a fire
can be extinguished safely and precisely, 12 professional fire-fighters carried out simulated fire-fighting procedures
under nearly realistic conditions. Throughout the entire test, the electromyographic activity (EA) from 7 muscles of
the  right  hand-arm-shoulder  system  and  one  muscle  of  the  left  arm  was  recorded.  Additionally,  a  special
questionnaire  had to  be filled  in  to  evaluate  the subjective experiences  when handling the nozzles.  The EA –
standardized through MVCs (Maximum Voluntary Contractions) – exceeded the limit for short-term static work for
3 muscles, especially when the pressure was 0.8 MPa and higher. The subjective ratings confirmed the measured
physiological responses. Based on these results, the operating pressure for the fire water supply should not exceed
0.6 MPa (as compromise 0.7 MPa), in order to ensure safe and precise fire-fighting, and that the nozzles work most
efficient.

Keywords: Fire-fighting, Electromyography, Subjective Assessment, Physiological Responses, Muscular Strain,  
Hand-Arm-Shoulder System

INTRODUCTION

Supplying fire-fighting water in tall buildings and horizontally expansive properties poses a challenge, as technical
measures  must  be  employed  to  ensure  the  constant  availability  of  fire-fighting  water.  Classical  measures  for
supplying water inside the buildings described above – where the supply of fire-fighting water is realized by means
of a water source in combination with the fire engine – are strongly limited. Besides problems caused by access
opportunities and the discharge head of the fire engine pump, the classical  measure is generally not capable of
supplying fire-fighting water to the higher floors or hydraulically unfavorable withdrawal points. Therefore, such
buildings are  equipped with fire-fighting water  systems via permanently installed pumps according to statutory
orders and technical standards.

The current administrative regulations and standards, e.g. from the National Fire Protection Association (NFPA),
FM Global and the German and European Institutes for Standardization are inconsistent and mostly not based on the
results of intensive research. The NFPA and FM Global standards are widely accepted internationally. According to
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NFPA 14 (2013), the maximum residual pressure in hose-systems should not exceed 1.2 MPa. Even if the FM-
Global 1-3 (2012) adopted most of the requirements of the NFPA 14, it established a lower value of 0.7 MPa for the
maximum residual pressure.  In Germany, the hydraulic requirements for hydrant systems were integrated in the
standard DIN 14462 Supplement 1 (2012) which defined a maximum residual pressure value of 0.8 MPa for multi-
story buildings. This value is based on the subjective experiences of fire-fighters with older technologies, such as the
CM multifunction nozzle (maximum flow rate of 200 l/min), which is hardly used any more today by professional
fire-fighters but remains widespread at voluntary fire departments, especially in Germany. Besides the maximum
values,  the minimum residual  pressure  is  also regulated  in  the  above-mentioned  statutory orders  and technical
standards. The values vary from 0.4 MPa (FM Global 1-3, 2012) and 0.45 MPa (DIN 14462 Supplement 1, 2012) to
0.69 MPa (NFPA 14, 2013). Even if the DIN 14462 Supplement 1 from 2012 gives the impression that this standard
is up to date, the value is also historically based on the practical experiences of fire-fighters with the older CM
nozzle. A pressure of 0.45 MPa may be enough for the fire water supply of a CM nozzle with a maximum flow rate
of 200 l/min but automatic fog nozzles, which are used mostly today, require higher pressure values. Within the
framework of the product certification for fog nozzles, it should be additionally noted that a nominal pressure of 0.6
MPa is required by DIN EN 15182-2 (2010). Studies from de Vries (2008 and 2009) confirm this value since a
residual pressure of approximately 0.6 MPa is required for certain types of fog nozzles to supply the required flow
rate. The same studies also showed that automatic fog nozzles cannot guarantee any supply of fire-fighting water or
any effective water discharging below a residual pressure of approximately 0.55 MPa. Independent of the standards,
the subjective impressions of fire-fighters show that a residual pressure below 0.5 MPa is insufficient (e.g. Götsch et
al., 2014).

Regarding the investigation and determination of pressure values it also has to be considered that according to Smith
et al. (1996 and 2011) fire-fighting imposes significant cardiovascular strain on the professional fire-fighter due to a
combination of heavy work, high environmental temperatures and personal protective equipment. Heart rate rises
substantially during fire-fighting and may reach maximum levels, especially during long working periods (e.g. see
Barnard and Duncan, 1975). Solely the wearing of personal protective equipment can increase oxygen uptake and
heart  rate  significantly (e.g.  Sköldström, 1987 and Smith et  al.,  2012).  Under the conditions mentioned above,
Duncan et al. (1979) and Smolander et al. (1984) stated, that the rectal temperatures of fire-fighters may reach levels
indicating high thermal stress. The ability to perform strenuous work is reduced through the workload induced by
heat and protective equipment. In this context, Sköldström (1987) found out that the combination of thick clothing
and heavy breathing apparatus has a considerable limiting effect on the endurance of fire-fighters. As it is necessary
to consider the effects of the working environment, the determination of minimum and especially maximum values
should not be based on tests carried out in a laboratory under optimal conditions, rather, the researchers should
attempt to provide realistic working conditions as much as possible.

The  ergonomic  evaluation  presented  in  this  paper  should  form the  basis  for  generally  applicable  international
technical requirements for ensuring a safe system operation by professional fire-fighters. The experimental study
mainly aimed at the protection of all fire-fighters, which above all, presupposes a suitable residual pressure at the
nozzle, particularly in generating a sufficient nozzle pressure, and consequently, providing an effective stream of
fire-fighting water with sufficient range and penetrating force. On the other hand, according to Kemper (2009), the
nozzle pressure must not be too large in order to ensure a safe nozzle handling. The decisive point of interest was the
maximum possible pressure and flow rate at the nozzle which are reasonable from a physically feasible and safety
perspective so that further technical requirements can be derived. Therefore,  the physical load and strain on the
nozzle operator had to be measured.

METHODS

Test subjects

To evaluate the strain resulting from the workload, 12 fire-fighters of the municipal fire department of the city of
Siegen (Germany)  performed  simulated  fire-fighting activities  under  nearly  realistic  conditions.  With regard  to
gender,  the test group was homogeneously assembled in order to obtain comparable results. However,  data was
collected exclusively from male participants as the municipal fire department of Siegen does not have a sufficient
number of female fire-fighters. Table 1 shows the physical characteristics of the 12 test subjects (Ss). They have
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been in professional service for at least 5 years, whereby before, the majority of this group was already active in
voluntary fire departments. All Ss were engaged in regular athletic activity and were right handed.

Table 1: Physical characteristics of the 12 professional fire-fighters

Age Weight Height
Professi

onal

service

Regular athletic

activity
[Years] [kg] [cm] [Years] [h/week] Type

01 43 82 172 19 9 Endurance sports
02 37 84 187 16 17 Endurance sports
03 36 85 181 13 6 Cycling
04 30 89 190 7 1.5 Fitness sports
05 42 70 168 22 6 Cycling
06 28 78 178 7 3.5 Endurance sports
07 37 90 194 13 8 Endurance sports
08 43 82 186 18 5 Endurance sports
09 25 86 186 5 4 Jogging
10 37 84 176 14 4.5 Jogging
11 34 90 180 13 4.5 Endurance sports
12 45 110 196 24 7.5 Endurance sports

Mean 36 85.8 182.8 14.25 6.4
SD ± 6.3 ± 9.4 ± 8.6 ± 6.0 ± 3.9

Test performance

The tests described below were performed over 3 consecutive days on the outdoor grounds of a municipal fire
department. In order to optimize the test design and to select the, indeed, relevant muscles, the main tests were
preceded  by  intensive  test  preparations  with  two  pretests  under  identical  conditions.  The  tests  were  always
performed alternatively by two Ss, while one person completed a test section, the second person could rest. This
ensured that the Ss could start each test section after recovering from muscles fatigue associated with the test work.

Figure 1 shows the rough structure of a test day which started with the main preparation of the Ss. For attaching the
electrodes at the selected muscles, the skin was shaved and defatted. Afterwards, the Ss were asked to remain in a
seated position and as calm as possible for recording the resting activity EA0  over the course of 2 minutes. As the
preliminary tests showed that it was not possible to perform the test such as to avoid an impact on the musculature
with  sufficient  reliability,  the  maximum  voluntary  contractions  (MVCs)  for  determination  of  the  maximum
electromyography  activity  (EAmax)  were  recorded  before  the actual  tests.  To ensure  that  the  muscle,  briefly  (3
seconds) strained to maximum, had a sufficiently long time to recover, the Ss had a very long pause of at least 45
minutes after the maximum force measurement. During the pause, each test subject was individually instructed as to
the  performance  of  the  test.  To  guarantee  the  presence  of  an  elevated  heart  rate  similar  to  real  fire-fighting
conditions, the Ss exercised on a bicycle ergometer before each test phase until reaching a pulse rate of 130 beats per
minute. Furthermore, the Ss had worn their own protective clothing for fire-fighting as well as a compressed air
breathing apparatus with a weight of approximately 15 kg. The high thermal stress caused by the radiation from the
fire could not be simulated in the tests, however, the surrounding temperature of about 25°C (77°F) in combination
with the high workload led to thermal stress indicated through a high perspiration of the professional fire-fighters.
To avoid transfer effects, the test phases and their sequence were varied randomly, e.g. by changing the setting for
flow rate, changing the type of nozzle, etc.. Only for the residual pressure the test always started at 0.4 MPa and
increased in steps of 0.2 MPa as it could not be estimated in advance for safety reasons what maximum residual
pressure would be ranked as reasonably by the Ss. After every run at a defined pressure and flow rate, a subjective
rating and the possibility of a further  pressure increase were obtained from the Ss. The test day consisted of 4
working phases, however,  for this paper only the two phases with the fire-fighting pump as pressure regulation
method and the fog nozzle (flow rate 235 and 400 l/min) as well as the multifunction CM nozzle (flow rate 200
l/min) were of interest. The fire-fighters operated during the other two test phases also with the fog nozzle but the
pressure was regulated via a pressure control valve or baffle plates with different diameters. The results of these
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measurements are presented in detail by Kluth and Groos (2014).

Figure 1. Rough structure of the test day with the fire-fighting pump and handling the fog and CM
nozzle, respectively

Each test process with a defined pressure and flow rate took place according to the same pattern, as shown in figure
2.  The test  started with operating  the nozzle  while standing in the solid  stream setting with a  sustained water
discharge for 15 s at an XY angle of 0°, and afterwards for another 15 s at an XY angle of 45°. The test subject
closed the water  supply at  the nozzle and adopted the typical  kneeling posture for indoor fire-fighting. In this
position the Ss discharged 16 spray pulses whereby the body position was changed in the XY and XZ axis after
every 2 spray pulses. Thereafter, the spray pulses previously performed in the kneeling position were repeated in a
standing posture. After each test cycle during the following pause, the Ss had to assess their subjective impression
and physical exertion. 

Figure 2. Example of a test process with a defined pressure and flow rate

Electromyographic measurements

The  electromyographic  activity  (EA)  from  several  muscles  was  recorded  via  bipolar  electrodes  and  a  mobile
recorder and saved on a computer over a WLAN connection. Amplitude values of the myoelectric activity cannot be
directly interpreted as strain data (e.g. Böhlemann et al., 1994; Kluth et al., 1994; Strasser et al., 1994), therefore,
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reference values of the maximum exertions deliverable by a muscle were obtained by recording the EA during
maximum  voluntary  contractions  (MVCs).  The  MVCs  in  connection  with  the  resting  activity  EA0 allowed
calculating standardized (normalized) electromyographic activities (sEA) representing muscle strain in all working
phases.

A series of muscles of the hand-arm-shoulder system as well  as of the torso is  involved in handling a nozzle.
However, as shown in a previous study by Kluth et al. (2007), the bottleneck on the physical strain produced by a
nozzle lies in the arm and shoulder area. Based on this study, for the initial preliminary tests, all relevant muscles
and muscle parts of the hand-arm-shoulder system (in total 18) were selected. In addition, only muscles whose
contours are easy to feel and which were large enough for application of surface electrodes were considered here
(e.g. Kluth, 1996). After the preliminary tests, the 8 most heavily involved muscle parts were selected for the main
tests. As shown in figure 3, seven muscles of the right and one muscle of the left hand-arm- shoulder system were
monitored.

Figure 3. Selection of the muscles and muscle parts for the electromyographic measurements

Subjective methods

Before the start of the tests, the questionnaires and special aspects of the performance of the test were explained
first. This guaranteed a rapid answering of all the questions during the individual test. To evaluate the subjective
impressions of whole body strain, the strain of hand, lower arm, upper arm and shoulder on the right and left part of
the body as well as the subjective assessment of various aspects of the activities performed, a well-tried four-step
bipolar scale using Kunin-items (e.g. Strasser et al., 1994; Penzkofer et al., 2010) was utilized. After each test run,
the information was collected in an interview form from the Ss together with the respectively defined parameters
“type of pressure regulation”, “pressure” and “flow rate”.

RESULTS

Standardized electromyographic activity

The values recorded in all sub-tests with 12 Ss were compiled for the solid stream setting and the dispensing of
spray pulses, whereby these settings were further differentiated for the body positions in the XY angle 0° and 45°.
Since no significant differences could be identified in the sEA for the body posture in the XZ direction, these results
are not presented. A movement and body posture analysis during the previous test showed that all muscles of the
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right hand-arm-shoulder system were involved in performing static muscle work. This makes sense for sustained
discharging of water, since the fire-fighter is not engaged in any relevant movements except for opening and closing
the nozzle and swiveling in the XY direction from 0° to 45°. When discharging spray pulses, the right hand-arm-
shoulder system only absorbs the forces caused by the nozzle but it performs no major movements. However, since
the opening and closing of the nozzle takes place via very rapidly repeated movements especially when discharging
spray pulses, the left arm and, therefore, the left m. triceps brachii is strained dynamically.

In the following figures presenting the sEA measurement results, a color coding system is used similar to a traffic
light for the visualization of the various load limits. Green means that the range for the given activity is considered
unproblematic;  yellow visualizes  an  acceptable  load;  values  in  the  red  range  should,  however,  be  avoided.  In
ergonomic analyses, the endurance level represents a limit value for the prolonged performance of static or dynamic
muscle activity, which should ensure completing an 8-hour working day without additional pauses. According to
Rohmert (1960) the maximum continuous exertion for static work amounts to approximately 15% of the maximum
force, which is in the green range in the figures. Under the assumption that a nozzle need never be operated indoors
without interruption for a duration of 8 hours, the limit can be raised. A typical indoor fire-fighting incident is
limited  in  time by  the  compressed  air  breathing  apparatus  of  the  fire-fighter,  which  leads  to  a  time frame  of
approximately 8-10 minutes for holding a solid stream. For this time, static holding work of 20% of the maximum
force can be sustained, if a sufficiently long pause is taken afterwards. The range from 15-20% is shown in yellow in
the figures and is perceived as a reasonable load during sustained water discharging and for all muscles which are
involved in static work. As a fire-fighter discharges spray pulses very briefly, e.g. for maximal 1 minute, a strain of
up to 50% of the maximum force is possible. This range can be adopted as the sEA limit and it is also shown in
yellow in the graphs for discharging spray pulses. Even if the left m. triceps brachii, which carries out dynamic
work, shows no borderline values and, therefore,  is not presented in this paper.  For this muscle,  the maximum
continuous exertion is placed at 50-60% of the maximum force.

The m. biceps brachii is the strongest of all muscles investigated here. Across all measurements, sustained water
discharging (see figure 4) yielded significantly lower sEA values than the discharging of spray pulses (see figure 5).
This can be attributed to the fact that this muscle absorbs the high and rapid percussive forces that arise in the
discharging of spray pulses. However, the sEA values for sustained water discharging are more critical than the one
for dispensing spray pulses as the limit of 20% was exceeded with the fog nozzle at 0.8 MPa and 400 l/min as well
as 1.0 MPa with both flow rates. In combination with the CM nozzle, the limit value was already exceeded even
with 0.6 MPa and higher and a flow rate of just 200 l/min. During the discharging of spray pulses, the sEA limit
value was exceeded with the fog nozzle only at 1.0 MPa and 400 l/min. All other results remained below the sEA
limit value of 50%.
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Figure 4. sEA values of the biceps brachii while holding a solid stream in a standing posture 
with the fog and CM nozzle as well as different pressure and flow rate settings. 15-s means of 12

professional fire-fighters

Figure 5. sEA values of the biceps brachii while dispensing spray pulses in a kneeling and standing
posture 

with the fog and CM nozzle as well as different pressure and flow rate settings. 
Means of dispensing 16 spray pulses of 12 professional fire-fighters

The extensor digitorum is responsible for extending the hand and fingers. In general, the high values for the use of
the CM nozzle in comparison to the fog nozzle are remarkably high (see figure 6) which can be attributed primarily
to the different hand and body posture during fire-fighting. With an XY angle of 0°, the sEA limit was exceeded
during sustained water discharging, first with the CM nozzle at 0.6 MPa and 200 l/min, and additionally with the fog
nozzle at 1.0 MPa and 400 l/min. The sEA limit was exceeded at 0.8 MPa and 400 l/min and 1.0 MPa with both
flow rates when the fog nozzle was held in an angle of 45° (XY) from the horizontal. When discharging spray
pulses, which is not figured in this paper, the measurement with the fog nozzle at 1.0 MPa and 235 l/min as well as
the measurement with the CM nozzle at 0.8 MPa and 200 l/min resulted in exceeding of the sEA limit of 50%.
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Figure 6. sEA values of the extensor digitorum while holding a solid stream in a standing posture 
with the fog and CM nozzle as well as different pressure and flow rate settings. 15-s means of 12

professional fire-fighters

The m. flexor  carpi  ulnaris  is  responsible  for  the  ulnar  deviation  of  the  hand,  and  plays  an  important  role  in
operating a fog nozzle with pistol grip. This explains the higher values for the use of the fog nozzle in comparison to
the CM nozzle which is shown in figure 7. The fog nozzle is held exclusively at the pistol grip with the right hand,
and a majority of the forces arising are absorbed by the right hand-arm-shoulder system. On the other hand, the CM
nozzle is additionally held in place and pushed down with the left hand. During operation of the fog nozzle, the sEA
values are significantly higher for 0° than for 45° of the XY body posture. This is due to the fact that a fog nozzle
constantly exerts forces upward the muscle part. The muscle must exert greater forces when the lower arm is in a
horizontal position than when it is at the 45° position. During the measurement while dispensing spray pulses with
the fog nozzle, acceptable values were observed at 235 l/min and 0.4 MPa for the 0° XY angle and up to 0.8 MPa
and 400 l/min for the 45° angle.
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Figure 7. sEA values of the flexor carpi ulnaris while dispensing spray pulses in a kneeling and standing
posture 

with the fog and CM nozzle as well as different pressure and flow rate settings. 
Means of dispensing 16 spray pulses of 12 professional fire-fighters

For the m. flexor digitorum which is responsible for closing the hand, the sEA limit of 20% was exceeded at  
1.0 MPa and 400 l/min during sustained water discharging with the fog nozzle. For the discharging of spray pulses,
all results are constantly above 20% but remain below the sEA limit of 50%. The m. pronator teres, responsible for
the inward rotation of the arm, was only slightly activated while holding the nozzle regardless of the angle. During
sustained water discharging, the sEA value remains constantly below the endurance level of 15% when handling
both nozzles. When discharging spray pulses, the measurement values are far below the sEA limit of 50%. The
clavicular part of the right deltoid moves the arm forward and, therefore, absorbs the forces from the nozzle that act
on the body. During sustained water discharging and the dispensing of spray pulses, all measurement values are
below the sEA limit of 20% and 50%, respectively. The left m. triceps brachii which is the only muscle that is
involved in dynamic work is slightly strained during the test. The sEA limit value for dynamic muscle work rose to
60% regardless  of  the  working  task  (holding  a  solid  stream or  dispensing  spray  pulses).  During  none  of  the
measurement series a sEA limit violation was recorded, however, the sEA values were significantly higher for the
discharging of spray pulses compared to sustained water discharging. 

Subjective assessments

The results of the subjective assessments presented below were intended to support the objective results obtained in
the course of the measurement. Figure 8 illustrates the perceived whole body strain during the tests with the fog
nozzle and the CM nozzle which increased with rising pressure and flow rate. Especially at a pressure of 0.8 MPa
and higher, the subjectively perceived whole body strain was high with values between -3 and -4 for the fog nozzle
and up to -3 for the CM nozzle.

Figure 8. Mean values of 12 professional fire-fighters for the subjective assessment of whole body
strain 

while holding a solid stream and dispensing short sprays with the fog nozzle (left) and the CM nozzle
(right)

While whole body strain rises with rising pressure and flow rate, at the same time, the fire-fighters perception of his
safety declined as shown in figure 9. The safety rating shifted from the positive to the negative range already at  
0.8 MPa and 400 l/min when using the fog nozzle. The same perception was recorded in the general performance of
the simulated fire-fighting. The CM nozzle is evaluated much more negatively than the fog nozzle with regard to
safety and general performance. At 0.4 MPa, safety still achieves a slightly positive value, while at 0.6 MPa it is
already rated as “somewhat low”. This negative impression continues to worsen when the pressure increases. As the
fire-fighters clearly had problems with the handling of the CM nozzle, the general performance of the fire-fighting is
consistently evaluated negative. Here as well, the extent of the negative evaluation increases with the pressure.  In
addition to the results presented, the Ss also provided detailed information concerning physical sensations in the
individual areas of the hand-arm-shoulder system, which can be found in Kluth and Groos (2014). 
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Figure 9. Mean values of 12 professional fire-fighters for the subjective assessment of the own safety
and performance

while holding a solid stream and dispensing short sprays with the fog nozzle (upper part) and the CM
nozzle (lower part)

DISCUSSION

The  results  of  the  electromyographic  measurements  on  professional  fire-fighters  as  well  as  their  subjective
assessments show that a need exists for uniform safety-related requirements regarding limit values for the pressure
and flow rate at the nozzle in consideration of the pressure regulation method applied. While the pressure regulation
method will not be discussed in this paper, however, the maximum residual pressure and the associated optimal flow
rate can be derived from the results presented.

In summary, it can be stated that for the use of fog nozzles, a physiological limit value between 0.6 and 0.8 MPa was
determined for a rated setting at the nozzle up to 235 l/min and a maximum residual pressure of 0.6 MPa for a rated
setting of 400 l/min. A rated setting at the fog nozzle of approximately 200 l/min has been confirmed to be sufficient
for indoor fire-fighting. In individual cases, the setting is rated up to approximately 400 l/min for the cooling of fire
gases as well as for the protection of the fire-fighter. For the use of the CM nozzle, it can be stated in summary that a
physiological limit value between 0.6 and 0.8 MPa was determined, too. However, it could be assumed that the CM
nozzle should no longer be used for indoor fire-fighting because it is difficult to handle and offers fire-fighters only
minimal safety.  The measurement  values with the CM nozzle were recorded and reported only for comparison
purposes.

As  a  compromise  from  the  values  presented,  a  maximum of  0.7  MPa  can  consequently  be  proposed  for  the
maximum residual  pressure  at  the  hose  station  in  multi-story  buildings  and  large  properties.  The compromise
solution was chosen in order that reasonably priced technical solutions for standard methods of pressure regulation
with respect to the required number of pressure levels can be taken into account. From an ergonomic perspective,
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however,  technical  methods should be preferred that  do not exceed a limit value of 0.6 MPa at  any individual
withdrawal point regardless of the flow rate. The study does not present any results for the minimum pressure, as a
low pressure results in a low muscular activity due to the reduced holding forces. However, the professional fire-
fighters stated during the tests that a pressure value of 0.4 MPa is too low for an effective fire-fighting.

Based on the derived maximum residual pressure, the question may arise, why the maximum level is not 0.4 MPa as
the m. flexor carpi ulnaris exceeded the limit values already at 0.4 MPa with the fog nozzle and a flow rate of  
400 l/min. Even if this muscle is overstrained, it is not a bottle-neck muscle as other muscles can absorb the function
of the m. flexor carpi  ulnaris. The exceedance of limit values for the m. biceps brachii has been seen far more
critical, because exhaustion of strength of this large muscle is a risk for the realization of the fire-fighting task.

Determining limit values, for tasks which lead to high muscular strain, only on the basis of male fire-fighters can be
regarded as critical since females with their lower muscular strength must be able to withstand the acting forces
during the fire-fighting,  too. However,  it  must be noted that  the definition of  the limit  values  is  based on the
endurance level, which means that an exceeding of the endurance level can lead to a fatigue of the muscle. This does
not necessarily mean that fire-fighting is generally not executable. Of significance in this regard is the fact, that
indoor  fire-fighting  is  time-limited  by  the  compressed  air  breathing  apparatus  (approximately  20-40  minutes,
walking  time  included).  Furthermore,  the  mandatory  rest  period  after  fire-fighting  deployment  should  provide
sufficient muscle recovery.

CONCLUSION

 Fire-fighting leads to high muscular strain, especially in the hand-arm-shoulder system. The electromyographic
activity (sEA) was highest for the biceps brachii, the extensor digitorum, and the flexor carpi ulnaris.

 The sEA exceeded the limit values for static muscular work in most cases at a pressure between 0.6 and  
0.8 MPa depending on the flow rate and type of nozzle.

 The fire-fighters rated the subjectively assessed whole body strain as “high” for pressure values of 0.8 MPa and
higher.  At these pressure values the own safety and the general  performance of the fire-fighting was rated
negatively, for the CM nozzle even at 0.6 MPa.

 The results support the current opinion that the CM nozzle should no longer be used for indoor fire-fighting as
it is difficult to handle and offers fire-fighters only minimal safety.

 The maximum residual pressure should be 0.6 MPa for a flow rate of approximately 200 l/min and 0.8 MPa for
approximately 400 l/min.

 A maximum of 0.7 MPa can consequently be proposed for the maximum residual pressure at the hose station in
multi-story buildings and large properties.
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