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The essential role of public safety is to protect community life and property.  This includes maintaining order, preventing and detecting crime, enforcing laws, extinguishing fires, and responding to medical emergencies. Various professions such as law enforcement officers, firefighters, and paramedics are utilized to accomplish these objectives.  Individuals in these occupations must perform a wide variety of motor tasks which involve high ergonomic demands during emergency situations.  Public safety officers must be adequately fit to effectively perform these tasks.





Fitness





The fitness of public safety officers should be directly related to the specific motor tasks that they must perform during emergency situations.  These skills vary among the different public safety professions, and include tasks such as chasing suspects, moving and controlling suspects by force, climbing fences, attack movements using batons, pulling ceilings down with hooks, using axe and power tools, lifting and climbing ladders, coupling hoses, carrying objects up stairs, spraying fires and chemical spills, pulling charged hose lines, driving an automobile or truck during emergencies, and transporting victims or patients down stairs on a stretcher. For firefighters, the ergonomic demands increase due to the environmental heat and bulky protective equipment they must wear during emergency situations.  In addition, public safety officers also have long periods of relative inactivity punctuated by highly stressful physical situations in which motor tasks are required.  These quick and frequent shifts from sedentary to highly active ergonomics during emergency situations, may result in health problems or job related injuries.  


	Most of the research relating to public safety officers does not adequately consider the specific tasks of the job.  For example, most firefighter studies determining �O2peak or �O2max(the maximum rate at which individuals can consume oxygen), use a constant or increasing type of workload to obtain �O2 results.  Yet firefighters tend to use intermittent intensity types of work loads (alternating between high and low intensities) during emergency situations.  Perhaps a more appropriate method would be to simulate work loads firefighters use during emergency situations when determining �O2 scores or develop a set of firefighter tasks that requires cardiovascular efficiency.  Future research must be directed more toward the specific job related motor tasks that are performed by the individuals in different types of public safety professions.  Job performances within each profession also differs.  Police tasks in New York City are much different than those in a small rural farm community.  Fitness must be related to the specific tasks required for the particular situation in which the public safety officers work.  


There is a great deal of national concern about the health and fitness levels of incumbent public safety officers, especially those who are older.  Many individuals do not maintain an appropriate level of physical fitness to adequately perform the motor tasks required during emergency situations.  A program must be developed to improve the fitness levels of these public safety officers.


Many of the public safety officer research uses some basic measuring instruments that are not directly related to the job motor tasks.  Because of this, the following sections are reported in general terms.





Cardiovascular


�O2max is an important determinant of public safety officers' capacity to perform physical work during emergency situations.  Mean �O2max measurements for younger police officers and firefighters tend to fall in the low to mid 40 ml.kg.min-1 range with the female score lower than that of males. Older male firefighters possess significantly lower mean �O2max scores.  No information was available for older females.  The most demanding firefighter tasks require a mean �O2max in the low 40 ml.kg.min-1 while the other tasks resulted in a mean �O2max in the low 


20 ml.kg.min-1 for males.  An air filtering device, an air-line breathing apparatus and a self-contained breathing apparatus (SCBA) increased �O2max at the same workload compared to controlled values.  This effect was particularly noticeable at higher workloads.  The type of workload may also influence �O2max. In comparing firefighters' performance on stair-climbing workload to responses on a treadmill test,  the results showed that �O2max were significantly lower during the stair climb.  This suggests that estimating metabolic cost of firefighter tasks by using the treadmill �O2max scores may overestimate firefighter �O2max for stair climbing.


Heart rate is related to �O2 and submaximal heart rate is frequently used to predict �O2max.  Male firefighters were tested on a treadmill and performed a simulate fire suppression test in which heart rate and �O2 were measured simultaneously by a portable physiological monitoring system.  Average �O2 in the simulated setting was  significantly less than the �O2 that would have been predicted by treadmill testing at a corresponding heart rate.  This suggests that using submaximal heart rate in estimating �O2max in firefighter tasks has some limitations.


Time to exhaustion could also be considered in estimating a firefighter's maximum work capacity. How long a public safety officer can perform a job-related motor task may be appropriate in estimating cardiovascular fitness. One factor that may influence the amount of work that can be accomplished for a firefighter is the different type of protective equipment they wear.  Light work clothing resulted in the longest work time, followed by light work clothing with an open circuit SCBA, then chemical protective clothing with SCBA, succeeded by firefighter's turnout gear with SCBA.   The latter is used extensively when firefighters enter burning buildings.  There was a 73% drop in time to exhaustion from light work clothing to firefighter's turnout gear for low intensity workload and a 95% drop for high intensity workload. 


Public safety officers who start participating in exercise programs tend to significantly increase their �O2max and decrease their resting heart rates.  These programs can vary in length from 14 weeks to 5 years, and can involve exercise intensities from moderate to high levels.





Strength


Muscular strength and endurance are required for the safe performance of public safety officers.  Most of the motor tasks, including lifting, moving, pulling, pushing, swinging, and carrying objects or individuals, involve the application of power.  When lifting an object, younger firefighters performed significantly faster than older ones.  Anaerobic and aerobic training programs significantly improved strength in police officers, while the exercise program for firefighters significantly increased arm and leg muscular endurance.  Males significantly outperformed females in similar age groups on many public safety officer tasks that involve the use of muscular force or endurance.  In addition, there is a significant drop in job-related task performances as individuals enter the forty year age group.





Flexibility  


There is limited research regarding public safety officers and flexibility.  What information is available indicates that flexibility programs can significantly increase range of motion.





�
Injuries and Health





Low back pain and knee injuries are common among public safety officers.  There is some evidence that an exercise program can have a significantly beneficial effect by reducing the severity and cost of injuries, although not necessarily their number. 


Significant high-risk work tasks associated with low back pain for firefighters include operating a charged hose inside a building, climbing ladders, breaking windows, cutting structures, looking for hidden fires and lifting objects.  Research shows as the severity of smoke increases, the risks also increase, but differences among tasks are no longer  noticeable.  Consistent use of self-contained breathing apparatus was associated with a significant increase in falls.  Truck company firefighters had higher risk of falls than those assigned to engine companies. Tasks with high risk of burns most often were performed by nozzle operators, engine officers, and forcible-entry firefighters in first-response companies.


Police officers were found to be at the highest risk for occupational violent crime injury and death.  Arrests and arrest attempts were the most common causes of gunfire injuries.  Analysis of the location of the wounds revealed that many could have been prevented by the use of bullet-proof vests.





Hearing


Loud noises (sirens, air horns, and gun fire) associated with public safety officers may lead to noise-induced hearing damage.  Numerous cases of hearing loss consistent with noise-induced damage were noted among firefighters.  A survey of firefighting vehicles in operation showed that the firefighters were often exposed to excessive noise levels.  Audiologic evaluation showed that a significant percentage of the firefighters had moderate or severe hearing loss in either ear. White male emergency medical service firefighters exposed to high levels of ambulance siren noise were more susceptible to the damaging effects of the noise than blacks.  Public safety officers who worked at airports showed even greater hearing loss.  


Hearing protective devices can prevent or reduce noise-induced hearing loss. An educational program can increase the use of hearing protection devices among public safety officers.





Pulmonary


Pulmonary health problems tend to be more frequent among firefighters than with other public safety officers due to their direct exposure to smoke and chemicals.  However, studies on pulmonary functions and mortality among firefighters have revealed contradictory findings.


Extreme direct exposure is a risk factor for respiratory disorders.  SCBA worn by firefighters during the knockdown part of structural firefighting significantly reduce contaminants reaching the pulmonary system.  These contaminants include carbon monoxide, formaldehyde, acrolein, hydrogen chloride, hydrogen cyanide, sulfuric acid and hydrogen fluoride, benzene, aldehydes, dichlorofluoromethane.  In many cases of the worst health exposure to these materials, respiratory protective equipment was not used due to the visual impression of low smoke intensity.  In these instances, firefighters received full exposure without protection. Men who never wore masks while extinguishing fires experienced a significantly greater rate of FEV1 decline than mask wearers.  Firefighters who smoke increase the probability of pulmonary health problems.





Body Temperature


Thermoregulatory changes occur during firefighter emergency situations.  In comparing four types of protective ensembles, from a control of light work clothing to the heaviest (firefighters turnout gear with SCBA), the latter resulted in a significant increase in the skin temperature while core temperature slightly increased.  Wearing protective clothing and respirators results in significant and potentially dangerous heat stress.








Blood Pressure and Cholesterol


Evidence indicates that public safety officers tend to have higher resting systolic blood pressures and cholesterol levels than desirable.  During intense physical performance tasks, systolic blood pressure increases.  Although the evidence is weak, there is some support for a public safety officer participating in an exercise program to reduce blood pressure and blood cholesterol.





Body Composition


Public safety officers tend to possess higher levels of body fat than one would expect for the type of physical work that they perform on the job.  Females have higher levels of body fat than men.  Implementation of an exercise program does not guarantee a reduction of body fat.





Coronary Risk Factors


Coronary risk factors for public safety officers may be similar to the general population.  This is a problem because coronary disease is one of the leading causes of death in the United States.  Health and exercise programs can be used to reduce many of these risk factors for public safety officers.  Females have lower probabilities for developing coronary disease than do males.





Cancer


Inhalation of carcinogenic and toxic compounds during firefighting may constitute an occupational cancer risk for male firefighters.  However, investigations of this relationship have yielded inconsistent results.





Reproduction


Chemical exposures, heat, noise, and physical exertion may contribute to adverse reproductive health outcomes in both males and females.  Firefighters are exposed to these potential hazards as part of their normal duties.  When a reproductive hazard exists, a temporary position should be found so that pregnant females can be removed from the danger.  





Assessment and Selection of Personnel





Public safety officers pre-employment selection and inservice health and fitness assessment programs are necessary. These provide for the officers' health and safety, helps municipalities save money, and most importantly, ensure the effective protection of the community. 





Selection Phase


The selection of public safety officers involves both a medical examination and motor task tests.





Medical Assessment.  Public safety officer medical examinations and health histories should be evaluated in light of the motor tasks required of them on the job.  These requirements may differ for each profession and community.  





Motor Tasks Assessment.  The selection of public safety officer candidates can be approached by developing examinations that simulate job tasks or by using general fitness tests. Another approach is to have applicants complete a training program.





Simulating Job Tasks.  This type of examination simulates the job tasks that occur during emergency situations.  Initially, the specific motor tasks that are critical to success, difficult to perform, and frequently used during emergency situations, are identified through a job analysis.  For example, the task of physically apprehending a suspect is critical to a police officer successfully accomplishing his or her mission.  If the suspect was fleeing, the task would be even more difficult to perform.  Advancing a charged small hose line to place water on a fire would be an example of a frequently used firefighter task.  A content validity study should identify the job tasks that are important, difficult to perform, and frequently used during emergency situations.  The simulated tasks should be selected so that the highest common association occurs between these tasks and those actually performed during emergency situations.  The simulations should be simple, realistic, differentiate among candidates and provide an adequate number of trials.   Reliability coefficient for the simulated tasks should be 0.80 or higher and a criterion-related validity study should be included in support of the content validity study.  A simulated job task examination for firefighters in a large city might include carrying a heavy hydrant valve, coupling and uncoupling hoses, axe swing, ladder climb, small charged hose pull and spray, ladder lift, ceiling hook pull, and a run and stair climb carrying various objects.  


Not all public safety officer tasks are easy to simulate.  Wrestling a suspect to the ground is difficult to replicate in a test environment.  The "suspect's" resistance may fluctuate, the possibility of injuries to participants is high , recruiting persons to serve as "suspects" and the learning aspect of the task.


Most simulated public safety officer tasks take into consideration a learning factor.  Candidates should have the opportunity to practice the simulated tasks prior to the actual administration of the examination.





General Fitness Test.  A less appropriate type of examination used in the selection process, is a general fitness test.  This type of examination might include running tests for distance in a given amount of time to estimate cardiovascular efficiency, lifting weights to determine muscular strength and endurance, and range of motion tests to determine flexibility.  When this method is used, it must demonstrate a direct relationship between on-the-job tasks and the general fitness test items.  One way to show this association is to conduct a biomechanical analysis of both the job tasks and general fitness test items using parts of the body and type of movement.  Police officers grip a baton, hold a suspect's arm, or disarm a weapon from a suspect.  This may be analyzed by using the body part (hand) and type of movement (static contraction).  These job tasks might be linked to the force applied against a grip dynamometer for a specified amount of time.  The score on the grip dynamometer then represents the person's ability to perform the hand movements on-the-job.  This type of validity is difficult to estimate.  Reliability and criterion related validity must also be determined for general fitness tests.





Training program.  A third selection method is to choose candidates for training without a preselection motor task examination.  The candidates are trained in a school and then serve a probationary period.  If individuals are unsuccessful during training or on-the-job, they are terminated.  This approach is very expensive for a large number of candidates.





Combination.  A selection process that combines a simulation of motor performance job tasks with training and a probation period is probably the best method for selecting capable and successful public safety officers. 





Determining Passing Scores.  Some minimum passing scores are easy to determine.  For example, if the task is to raise a ladder from the horizontal to vertical position, the individual can either successfully perform the task or not.  However, it becomes difficult when a candidate must pull a small charged fire hose a specific distance in no more than 8.5 seconds.  Why 8.5 seconds?  Why not 8.6 seconds?  The minimum performance required for effective performance during emergency situations should be used to determine cut-off scores.  Sometimes, public safety officers can identify this point, other times not.  One concern with using the minimum performance standard is that as individuals grow older, their ability to perform tasks decreases.  In order to compensate for this factor, entrance cut-off scores should be increased so that public safety officers will be able to perform at the minimum level throughout their careers.  Another approach to developing minimum standards is to eliminate the bottom performers on the test items through the use of z-score cut-off points.  Once the cut-off scores are determined, a total score can be obtained for those passing all the individual test items.  A variation of this is to obtain total scores for the candidates without using any cut-off scores.  Some of the test items are more important than others and should be weighed accordingly when the total score is calculated.  Selecting the top candidates should be based on the number of vacancies available and an estimated attrition rate for the life of the list.  This allows the best performers to be hired as public safety officers, but consideration must be given that this selection method may result in adverse impact on protected groups.





Health and Fitness Program  





This program should provide public safety officers with an opportunity to maintain and improve health and physical fitness throughout their careers.  An inservice program should focus on performance of job related motor tasks, include health evaluations and an educational curriculum.  Public safety officers should be able to pass the minimum job related task standards required for entrance into the department throughout their careers.  The health aspect of the program should include measurements related to pulmonary function, hearing, vision, coronary risk, blood analysis, body composition, and other categories of health risks.  Those individuals who do not meet acceptable standards based on age and gender should participate in an appropriate program to improve their health and fitness through education, exercise, medication, or motivation.  An educational program should relate to the health and wellness of public safety officers.





Implications


Implementation of an inservice program that requires public safety officers to meet standards for health and job performance will not only improve the officers' overall fitness and performance, but reduce costs for government agencies and improve effectiveness in serving the citizens of the community.


Females and older individuals, especially over 40, tend to perform at lower levels on many of the job related tasks associated with being a public safety officer.  This has resulted in adverse impact in the selection process.   Extended preselection training programs should be provided for those candidates who may perform poorly on the job related tasks in an effort to reduce adverse impact.   Incumbents in these groups will benefit from the inservice program.








Professional Organizations





American Federation of Police, 3801 Biscayne Blvd., Miami, FL 33137.





International Association of Chief of Police, 1110 N. Glebe Rd., No. 200,  Arlington, VA 22201.





International Association of Fire Chiefs,  1329 18th St. NW, Washington, D.C. 20036-6516.





International Association of Firefighters,  1750 New York Ave. NW, Washington, D.C. 20006-5395.





National Association of Emergency Medical Technicians,  9140 Ward Pkwy., Kansas City, MO 64114
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