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Abstract
Background: Firefighters who are facing fires, are frequently exposed to hazardous materials
including carbon monoxide, hydrogen cyanide, hydrogen chloride, benzene, sulphur dioxide, etc.
This study aimed to evaluate some relevant serum biochemical and blood hematological changes in
activity involved firefighters in comparison to normal subjects.

Subjects and Methods: Two groups of male firefighters volunteered to participate in the study.
The first included 28 firefighters from Jeddah, while the second included 21 firefighters from Yanbu,
with overall age ranged 20–48 years. An additional group of 23 male non-firefighters volunteered
from both cities as normal control subjects, of age range 20–43 years. Blood samples were
collected from all volunteer subjects and investigated for some relevant serum biochemical and
blood hematological changes.

Results: The results obtained showed that, there were statistically significant differences in liver
function, kidney function, serum lipid profile, cortisol, creatine kinase, lactate dehydrogenase, iron
and its biologically active derivatives, and blood picture in firefighters as compared with the normal
control group. These results indicate that, fire smoke mainly affects serum biochemical and blood
hematological parameters. Such results might point out to the need for more health protective and
prophylactic measures to avoid such hazardous health effects that might endanger firefighters
under their highly drastic working conditions.

Conclusion: Besides using of personal protective equipments for firefighters to protect them
against exposure to toxic materials of fire smoke, it is recommended that, firefighters must be
under continuous medical follow up through a standard timetabled medical laboratory
investigations to allow for early detection of any serum biochemical or blood hematological
changes that might happen during their active service life and to allow for early treatment whenever
necessary.

Background
Fire Smoke is actually produced by two chemical proc-
esses: Combustion, (oxidation) and pyrolysis, [1]. Oxida-
tion is the process by which oxygen chemically combines

with combustible molecules and degrades them to
smaller compounds. Heat and light are generated as
byproducts. Pyrolysis is purely a function of heat and
refers to the direct liberation of combustible materials

Published: 11 December 2008

Journal of Occupational Medicine and Toxicology 2008, 3:33 doi:10.1186/1745-6673-3-33

Received: 18 June 2008
Accepted: 11 December 2008

This article is available from: http://www.occup-med.com/content/3/1/33

© 2008 Al-Malki et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Page 1 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19077241
http://www.occup-med.com/content/3/1/33
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/


Journal of Occupational Medicine and Toxicology 2008, 3:33 http://www.occup-med.com/content/3/1/33
constituents through melting and boiling. Sufficient heat
may lead to the thermal breakdown of larger to smaller
molecules, some of which may be highly toxic. The indi-
vidual products of oxidation and pyrolysis may also react
and thereby produce hundreds or thousands of toxic gas-
eous compounds [2]. The most common toxic gases in fire
smoke are carbon monoxide and carbon dioxide. Other
gases may also be produced in toxicologically significant
quantities, depending on the chemical structure of the
burning material and the fire conditions [3]. Carbon
monoxide and hydrogen cyanide as narcotic gases are
principally implicated in the death of fire victims [4].
Hydrogen cyanide poisoning is synergistic with that of
carbon monoxide, and exposure may be more common as
parent compounds such as polyurethane, acrylonitrile,
and nylon [5].

Many of the above mentioned materials have been impli-
cated in the production of cardiovascular, respiratory or
neoplastic diseases, which may provide an explanation for
the alleged increased risk for these illnesses among fire-
fighters [6]. Most fatalities from fires are not due to burns,
but are a result of inhalation of toxic gases produced dur-
ing combustion [7]. The third major cause of death is the
intense sensory irritations of the smoke that lead rapidly
to functional impairment [8].

The main objective of this research is to study the effect of
fire smoke on firefighters of Jeddah and Yanbu cities by
evaluation of the serum biochemical and blood hemato-
logical changes in those firefighters and compare them
with normal control subjects.

Subjects and Methods
The study protocol approved by the local ethics commit-
tee. A written informed consent were obtained from all
subjects. Two groups of male firefighters volunteered to
participate in the study: The first included 28 firefighters
from Jeddah, age ranged (20–45). The second included 21
firefighters from Yanbu, age ranged (20–48). An addi-
tional group of 23 male non-firefighters volunteered from
both cities as normal control subjects, age ranged, (20–
43). All subjects were clinically investigated to exclude
those who were suffering from acute and chronic illnesses
(as diabetic, hypertension and cardiac diseases. In partic-
ular, normal chest x-ray was an essential inclusion clinical
parameter for the normal control groups. All firefighters
volunteers were randomly chosen for participation. All
participants were informed well with the objective and the
course of the study.

Ten milliliters of venous blood were withdrawn from each
participant of the two firefighters groups within the first
hour after firefighting of a fire accident regardless of time,
scale nor type of the fire accidents they faced, without

anticoagulant for subsequent separation of serum and
measurement of the required biochemical parameters.

Serum Biochemical Analysis
Dade Behring, (Dimention® Xpand®, Clinical Chemistry
System) has been used for measurement of all biochemi-
cal parameters except otherwise specified ones. This
instrument is based on integrated multisensory technol-
ogy, (IMT) and manufactured by Dade Behring Inc, USA.

The Cell- dyn® 1800 Hematology Analyzer was used to
perform a complete blood count, (CBC), Platelet Count
and a Three Part Differential. It is based on the proven
technology and manufactured by Abbott Diagnostics,
Abbott Laboratories, 2000 Abbott Park Road, Abbott
Park, IL 60064, USA[9].

Statistical Analysis
Statistical analysis was performed on a PC using SPSS,
V.13, (special package for social sciences). Data are pre-
sented as arithmetic mean ± S.D., with subsequent use of
z-test for the determination of significance of difference
between two proportions. Student t test was used for the
determination of the significance of difference between
sample means.

Results
From table, (1) it is evident that serum urea nitrogen, low
density lipoprotein, (LDL-C), creatine kinase, (CK) and
lactate dehydrogenase, (LDH) were statistically signifi-
cantly elevated in Jeddah firefighters as compared to nor-
mal control group, (p < 0.001; p < 0.01; p < 0.005 and p
< 0.005 respectively), while non-significant changes were
observed in all other studied parameters as compared to
normal control group.

Table, (2) shows that serum alanine transaminase, (ALT),
direct bilirubin, (DBIL), serum urea nitrogen, albumin,
creatine kinase, (CK) and lactate dehydrogenase, (LDH)
were statistically significantly elevated, (p < 0.01; p <
0.005; p < 0.05; p < 0.05; p < 0.05 and p < 0.05 respec-
tively), while serum chloride and cortisol level were statis-
tically significantly decreased, (p < 0.005 and p < 0.05
respectively) in Yanbu firefighters as compared to normal
control group, but there were non-significant changes in
all other parameters as compared to normal control
group.

On comparison between Jeddah firefighters and Yanbu
firefighters, it is evident from table, (3) that serum aspar-
tate transaminase, (AST), lactate dehydrogenase, (LDH),
sodium and chloride were statistically significantly ele-
vated, (p < 0.05; p < 0.01; p < 0.05 and p < 0.005 respec-
tively), while serum direct bilirubin, (DBIL) was
statistically significantly decreased, (p < 0.0001) in Jeddah
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firefighters as compared to Yanbu firefighters. However
non-significant changes in other studied parameters were
observed in Jeddah firefighters as compared to Yanbu fire-
fighters.

Discussion
Many of the substances identified in fire smoke are sus-
pected human carcinogens or co-carcinogens. These com-
pounds include many polycyclic aromatic hydrocarbons,

Table 1: Statistical Analysis of Liver Function and Kidney Function Tests, serum lipid profile and other biochemical parameters in 
Jeddah Firefighters as Compared to the Normal Control Group, (mean ± S.D.)

Parameters Normal Control Group n Jeddah FFs* n t-test p- value

Liver Function tests ALP (u/l) 90.15 ± 23.23 13 86.25 ± 27.59 28 0.4418 N.S.

ALT (u/l) 50.26 ± 16.60 23 54.07 ± 25.52 28 0.6164 N.S.

AST (u/l) 26.45 ± 12.12 11 29.19 ± 8.70 27 0.781341 N.S.

GGT (u/l) 39.56 ± 14.38 9 44.54 ± 14.99 28 0.874940 N.S

Total Bilirubin (mg/dl) 0.58 ± 0.21 4 0.55 ± 0.13 21 0.3267 N.S.

Direct Bilirubin (mg/dl) 0.15 ± 0.13 4 0.16 ± 0.09 21 0.0964 N.S.

Total Protein (g/dl) 7.44 ± 0.58 5 7.58 ± 0.84 25 0.3645 N.S.

Urea nitrogen (mmol/l) 3.74 ± 0.97 10 5.13 ± 1.05 28 3.6375 p < 0.001

Albumin (g/dl) 4.08 ± 0.40 6 4.38 ± 0.65 26 1.0754 N.S.

Kidney Function tests Uric Acid (mg/dl) 6.32 ± 1.24 8 5.89 ± 0.97 24 1.0032 N.S.

Creatinine (umol/l) 85.69 ± 12.76 23 86.02 ± 22.86 28 0.0619 N.S.

sodium (mmol/l) 139.78 ± 3.40 23 141.29 ± 2.52 28 1.812 N.S.

potassium (mmol/l) 4.31 ± 0.40 23 4.37 ± 0.6121 27 0.4385 N.S.

Calcium(mg/dl) 9.32 ± 0.63 5 9.25 ± 0.440 28 0.290 N.S.

Chloride (mmol/l) 102.57 ± 2.62 14 101.46 ± 1.64 28 1.679 N.S.

Phosphorous (mmol/l) 1.10 ± 0.13 8 ---- --- ---- ----

Lipid Profile Total Cholesterol (mmol/l) 4.67 ± 0.66 23 4.96 ± 0.86 28 1.3250 N.S.

HDL-C (mg/dl) 40.60 ± 5.92 11 44.29 ± 7.62 28 1.4393 N.S.

LDL-C (mg/dl) 106.70 ± 16.72 11 137.37 ± 34.022 27 2.8368 p < 0.01

Triglyceride (mg/dl) 125.33 ± 61.25 23 125.33 ± 61.25 25 0.8053 N.S.

Others Glucose (mmol/l) 5.78 ± 1.73 23 5.64 ± 1.72 28 0.2789 N.S.

Cortisol (nmol/l) 398.76 ± 136.28 21 380.70 ± 114.06 25 0.489502 N.S.

CK (u/l) 112.95 ± 33.47 22 183.54 ± 93.73 28 3.36134 p < 0.005

LDH (u/l) 143.17 ± 21.63 18 241.82 ± 124.40 27 3.31891 p < 0.005
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(PAHs) which are almost formed from all types of com-
bustion. The carcinogenicity of PAHs is associated with
their subsequent covalent binding to critical targets in
DNA[10]. Mutagens are toxic agents that cause genetic

changes to the genetic material, (DNA) such that changes
will propagate through generations. e.g. formaldehyde,
acrolein, ethylene oxide, hydrogen peroxide and ben-
zene[11].

Table 2: Statistical Analysis of Liver Function and Kidney Function Tests, serum lipid profile and other biochemical parameters in 
Yanbu Firefighters as Compared to the Normal Control Group, (mean ± S.D.).

Parameters Normal Control Group n Yanbu FFs* n t-test p- value

Liver Function tests ALP (u/l) 90.15 ± 23.23 13 87.45 ± 16.18 11 0.3241 N.S.

ALT (u/l) 50.26 ± 16.60 23 68.27 ± 23.17 15 2.7939 p < 0.01

AST (u/l) 26.45 ± 12.12 11 23.07 ± 8.45 14 0.8224 N.S.

GGT (u/l) 39.56 ± 14.38 9 54.89 ± 19.66 9 1.88837 N.S.

Total Bilirubin (mg/dl) 0.58 ± 0.21 4 0.69 ± 0.27 10 0.7613 N.S.

Direct Bilirubin (mg/dl) 0.15 ± 0.13 4 0.32 ± 0.02 10 4.2320 p < 0.005

Total Protein (g/dl) 7.44 ± 0.58 5 7.45 ± 0.35 10 0.0422 N.S.

Urea nitrogen (mmol/l) 3.74 ± 0.97 10 4.80 ± 1.25 20 2.3336 p < 0.05

Albumin (g/dl) 4.08 ± 0.40 6 4.48 ± 0.27 10 2.4082 p < 0.05

Kidney Function tests Uric Acid (mg/dl) 6.32 ± 1.24 8 5.90 ± 0.67 3 0.5553 N.S.

Creatinine (umol/l) 85.69 ± 12.76 23 93.45 ± 19.57 21 1.5728 N.S.

sodium (mmol/l) 139.78 ± 3.40 23 139.19 ± 4.00 21 0.531 N.S,

potassium (mmol/l) 4.31 ± 0.40 23 4.22 ± 0.53 21 0.638 N.S.

Calcium(mg/dl) 9.32 ± 0.63 5 9.63 ± 0.25 4 0.903 N.S.

Chloride (mmol/l) 102.57 ± 2.62 14 99.60 ± 2.70 20 1.193 p < 0.005

Phosphorous (mmol/l) 1.10 ± 0.13 8 1.08 ± 0.25 9 0.226 N.S,

Lipid Profile Total Cholesterol (mmol/l) 4.67 ± 0.66 23 5.05 ± 0.98 21 1.5100 N.S.

HDL-C (mg/dl) 40.60 ± 5.92 11 42.10 ± 6.23 20 0.6531 N.S.

LDL-C (mg/dl) 106.70 ± 16.72 11 122.53 ± 31.95 14 1.4867 N.S.

Triglyceride (mg/dl) 125.33 ± 61.25 23 168.29 ± 109.47 19 1.60489 N.S.

Others Glucose (mmol/l) 5.78 ± 1.73 23 5.50 ± 1.06 21 0.6457 N.S.

Cortisol (nmol/l) 398.76 ± 136.28 21 307.55 ± 140.03 19 2.08629 p < 0.05

CK (u/l) 112.95 ± 33.47 22 158.00 ± 85.53 19 2.28012 p < 0.05

LDH (u/l) 143.17 ± 21.63 18 164.20 ± 28.21 20 2.55740 p < 0.05

(* firefighters)
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All body organs and tissues could be affected by sutch
toxic compounds. As liver cells are damaged, ALT leaks
into the bloodstream leading to a rise in the serum levels.
Any form of hepatic cell damage can result in an elevation

in ALT[12]. In the present study, statistically significant
increase, (p < 0.01) in the level of ALT has been found in
Yanbu firefighters as compared to normal controls, (table
1) indicate of hepatic cell affection.

Table 3: Statistical Analysis of liver function and kidney function tests, serum lipid Profile and Other Biochemical Parameters in Yanbu 
Firefighters as Compared to Jeddah Firefighters, (mean ± S.D.).

Parameters Jeddah FFs* n Yanbu FFs* n t-test p- value

Liver Function tests ALP (u/l) 86.25 ± 27.59 28 87.45 ± 16.18 11 0.1353 N.S.

ALT (u/l) 54.07 ± 25.52 28 68.27 ± 23.17 15 1.7930 N.S.

AST (u/l) 29.19 ± 8.70 27 23.07 ± 8.45 14 2.1539 p < 0.05

GGT (u/l) 44.54 ± 14.99 28 54.89 ± 19.66 9 1.6700 N.S.

Total Bilirubin (mg/dl) 0.55 ± 0.13 21 0.69 ± 0.27 10 1.9849 N.S.

Direct Bilirubin (mg/dl) 0.16 ± 0.09 21 0.32 ± 0.02 10 5.3930 p < 0.0001

Total Protein (g/dl) 7.58 ± 0.84 25 7.45 ± 0.35 10 0.4857 N.S.

Urea nitrogen (mmol/l) 5.13 ± 1.05 28 4.80 ± 1.25 20 0.9902 N.S.

Albumin (g/dl) 4.38 ± 0.65 26 4.48 ± 0.27 10 0.4681 N.S.

Kidney Function tests Uric Acid (mg/dl) 5.89 ± 0.97 24 5.90 ± 0.67 3 0.0029 N.S.

Creatinine (umol/l) 86.02 ± 22.86 28 93.45 ± 19.57 21 1.1967 N.S.

sodium (mmol/l) 141.29 ± 2.52 28 139.19 ± 4.00 21 2.246 p < 0.05

potassium (mmol/l) 4.37 ± 0.612 27 4.22 ± 0.53 21 0.64 N.S.

Calcium(mg/dl) 9.25 ± 0.440 28 9.63 ± 0.25 4 1.626 N.S.

Chloride (mmol/l) 101.46 ± 1.642 28 99.60 ± 2.70 20 2.968 p < 0.005

Phosphorous (mmol/l) ---- --- 1.08 ± 0.25 9 ---- ----

Lipid Profile Total Cholesterol (mmol/l) 4.96 ± 0.86 28 5.05 ± 0.98 21 0.3288 N.S.

HDL-C (mg/dl) 44.29 ± 7.62 28 42.10 ± 6.23 20 1.0548 N.S.

LDL-C (mg/dl) 137.37 ± 34.022 27 122.53 ± 31.95 14 1.3512 N.S.

Triglyceride (mg/dl) 125.33 ± 61.25 25 168.29 ± 109.47 19 1.6048 N.S.

Others Glucose (mmol/l) 5.64 ± 1.72 28 5.50 ± 1.06 21 0.3469 N.S.

Cortisol (nmol/l) 380.70 ± 114.06 25 307.55 ± 140.03 19 1.909642 N.S.

CK (u/l) 183.54 ± 93.73 28 158.00 ± 85.53 19 0.9489 N.S.

LDH (u/l) 241.82 ± 124.40 27 164.20 ± 28.21 20 2.7315 p < 0.01

(* firefighters)
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Concerning aspartate transaminase, (AST). it is raised in
acute liver damage, but is also present in red cells, cardiac
and skeletal muscle and is therefore not specific to the
liver. The ratio of AST to ALT is sometimes useful in differ-
entiating between causes of liver damage. AST levels are
raised in shock and after excersise[13]. In table, (1) it is
shown that there is a statistically significant increase, (p <
0.05) in serum AST in Jeddah firefighters over yanbu fire-
fighters which might point out to the difference in the
types of fires they fight.

Another enzyme, gamma glutamyl transpeptidase, (GGT)
an indicator of early liver cell damage or cholestatic dis-
ease. Serum level of GGT is commonly elevated in patients
with acute hepatitis although the rise in GGT is usually
less than that of the transaminases. Serum GGT may also
be elevated in response to many toxins. Myocardial infarc-
tion, cardiac failure, diabetes and pancreatitis can also
increase serum GGT[14]. The present work showed statis-
tically non-significant differences in serum GGT among
the studied groups, (tables 1, 2 and 3).

Apart from enzymes, total bilirubin level is elevated in
various forms of liver disease such as cirrhosis, hepatitis
and obstructions of the hepatobiliary system such as gall-
stones or tumors. Elevated total bilirubin level is also
observed in cases of intravascular hemolysis[15]. The
results at the present study, no statistically significant dif-
ferences between the studied groups. However as direct
bilirubin which is formed only by the liver, and therefore,
it is specific for hepatic or biliary disease as in obstructive
liver diseases. Yanbu firefighters showed statistically sig-
nificant increase in direct bilirubin over the normal con-
trols, (p < 0.005) and Jeddah firefighters, (p < 0.0001) as
shown in tables 3.10 and 3.11 respectively.

Also, of the most important liver function tests are the
measurement of serum protein and protein metabolites
such as urea nitrogen. The present study showed non-sta-
tistically significant differences in serum total protein,
while serum albumin was found to be statistically signifi-
cantly higher, (p < 0.05) in Yanbu firefighters over the
normal control group.

Serum urea nitrogen measures the amount of urea nitro-
gen, a waste product of protein catabolism by the liver. An
elevated serum urea nitrogen may be caused by impaired
renal function, congestive heart failure as a result of poor
renal perfusion and dehydration[16]. The present results
revealed that, serum urea nitrogen was statistically signif-
icant elevated in Jeddah firefighters, (p < 0.001) and
Yanbu firefighters, (p < 0.05) as compared to normal con-
trol group.

Abeloff, et al [17], found significant correlations between
serum polycyclic biphenyls, (PCBs) concentrations and

levels of liver enzymes and lipids, but mean levels of these
biochemical parameters were not associated with reported
exposure after adjustment for relevant covariables. Fol-
lowing an electrical transformer fire, serum liver functions
were normal or unchanged from preexposure baselines in
60 firefighters. Such studies might support the finding
presented in the present study.

Concerning kidney functions, no statistically significant
differences were found among the three groups of the
present study as concerns serum uric acid and creatinine.
Other studies showed no significant differences were
found between firefighters and normal controls, except
for creatinine which decreased for both firefighters, (p <
0.001) and controls, (p < 0.01)[18].

Hyperkalemia may result from a shift of intracellular
potassium into the circulation, which may occur in fire-
fighters with the rupture of red blood cells, (hemolysis) or
tissue damage, (e.g., severe burns) [19]. However, in the
present work, Jeddah and Yanbu firefighters did not show
any change in their serum potassium as compared to
either normal control group or to each other.

One cannot evaluate total body chloride stores from the
serum chloride concentration [20]. However, the present
study showed that serum chloride in Yanbu firefighters
was statistically significant less, (p < 0.005) as compared
either to the normal control group or to Jeddah firefight-
ers. This could be attributed to environmental and nutri-
tional factors prevealing in Yanbu. Smith, et al.[21]
reported that, plasma levels of sodium were elevated
immediately post-firefighting and were significantly
reduced below resting levels following firefighting activ-
ity. In fact, hyponatremia is a serious concern for athletes
and workers who lose a great deal of sweat. Plasma vol-
ume decreases immediately following firefighting, but it
returned to baseline following recovery and aggressive
rehydration. sodium concentrations were significantly
lower than pre-test, or immediately post-fire fighting val-
ues, after recovery[22]. The present study confirms this
only in Yanbu firefighters as concerns serum sodium, (p <
0.05) and chloride, (p < 0.005).

Since serum inorganic phosphate is only a minute portion
of body phosphate, alterations in the serum level can
occur when the body phosphate is low, normal or
high[23]. The present study represented no statistically
significant differences between the studied groups as con-
cerns serum inorganic phosphate levels.

In this study, results of lipid profile in Jeddah firefighters
indicated that, only low density lipoprotein cholesterol,
(LDL-C) was statistically significantly elevated, (p < 0.01)
as compared to normal control group. However there was
no statistically significant change in all lipid profile of
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Yanbu firefighters as compared to Jeddah firefighters and
normal control group. Kelly, et al. [18] and Glueck, et
al.[24] and established a health surveillance program for
firefighters. They found that serum lipid profile was nor-
mal or unchanged from preexposure baselines. The lipid
profile of firefighters did not change much from normal
control group except for the Jeddah firefighter LDL-C
mentioned above. The lipid profile in relation to other
cardiovascular disease risk factors in 321 firefighters was
evaluated at a baseline examination. The average choles-
terol level in firefighters declined at the follow-up exami-
nation, (p < 0.0001). Conversely, triglycerides increased
over time. The proportion of firefighters taking lipid-low-
ering medications increased from 3% at baseline to 12%
at follow-up (p < 0.0001). Cholesterol levels declined sig-
nificantly, and treatment rates for elevated cholesterol
increased over time[25].

Our results indicated that, there was no statistically signif-
icant change in blood glucose level on comparison
between all studied groups. The decrease in blood glucose
following 90 min. of recovery is of potential concern for
fire fighters. Although the recovery blood glucose value
was still within a normal range, it is relatively low. In fact,
approximately 30% of the fire fighters were clinically
hypoglycemic at the end of the recovery period. Given that
symptoms of hypoglycemia include weakness, nervous-
ness, anxiety, and sweating, this could be a serious prob-
lem for fire fighters. The low blood glucose values suggest
that following strenuous fire fighting activity a fire fighter
may benefit from consuming carbohydrates, in addition
to replacing fluid loss, prior to subsequent activity [21].
Firefighters had significantly increased risk for incident
Diabetes Mellitus, (DM) Type-2 against clerical workers,
but the significance disappeared after adjustments for BMI
[26].

Cortisol measurements are used as a direct monitor of
adrenal status and an indirect measure of pituitary hyper
or hypo function. Elevated cortisol level is associated with
adrenal tumors, pituitary tumors or ectopic ACTH-pro-
ducing tumors [27]. In the present study serum cortisol
level was statistically significant decreased in Yanbu fire-
fighters as compared to normal control group. However,
there was no statistically significant change in Jeddah fire-
fighters as compared to normal control group and Yanbu
firefighters, in contradiction with the other following two
studies: the first study reported that over 1 year, 72 male
firefighters completed the Daily Stress Inventories, for 2
shift cycles, (16 days), every 3 months. In contrast to
expectations, as daily stress decreased across the year, sal-
ivary cortisol increased and testosterone levels decreased.
Within-subjects comparisons of the sessions with the
highest and lowest stress confirmed these linear relation-
ships: Lower stress prior to the assessment session was
associated with higher cortisol levels [28]. At the same

time plasma levels of ACTH and cortisol were significantly
elevated post firefighting activity and cortisol remained
elevated following 90 min. of recovery. Elevated cortisol
immediately following activity was related to reduced
feelings of energy. These data demonstrate the magnitude
of the physiological and psychological disruption follow-
ing strenuous firefighting activity [21].

Any elevated CK result is automatically reflexes to a myo-
cardial infarction and muscle diseases. Creatine kinase
may also be elevated following muscle injury or strenuous
exercise [29]. In this study, CK was statistically signifi-
cantly increased in Jeddah firefighters, (p < 0.005) and
Yanbu firefighters, (p < 0.05) as compared to normal con-
trol group. However, there was no statistically significant
difference between Yanbu firefighters and Jeddah fire-
fighters as shown in table. In a single case study,
Ottervanger, et al. [30] reported that creatine kinase level
raised to a maximum of 3,277 U/L (normal, < 100 U/L) in
a 39 years old cigarette smoking fireman.

Lactate dehydrogenase is most often measured to evaluate
the presence of tissue or cell damage[16]. In the present
study, lactate dehydrogenase was statistically significantly
elevated in Jeddah firefighters, (p < 0.005) and Yanbu fire-
fighters, (p < 0.05) as compared to normal control group,
while was less in Yanbu firefighters, (p < 0.01) as com-
pared to Jeddah firefighters. Penney and Maziarka, 1976
found that, there was a significant elevation in LDH activ-
ity post exposure to fire smoke in firefighters.

Conclusion
Such results might point out to the need for more health
protective and prophylactic measures to try to avoid such
hazardous health effects that might endanger firefighters
under their highly drastic working conditions. Besides
using of personal protective equipments for firefighters to
protect them against exposure to toxic materials of fire
smoke, it is recommended that, firefighters must be under
continuous medical follow up through a standard timeta-
bled medical laboratory investigations to allow for early
detection of any biochemical or hematological changes
that might happen during their service lives and to allow
for early treatment whenever necessary

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
(AA) planning and design the protocol, carried out the
experiments and drafted the manuscript. (AR) performed
the statistics, analysis the results and comments the dis-
cussions. (MA) participated in its design, experiments
design, collection samples and coordination. All authors
read and approved the final manuscript.
Page 7 of 8
(page number not for citation purposes)



Journal of Occupational Medicine and Toxicology 2008, 3:33 http://www.occup-med.com/content/3/1/33
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

References
1. Hartzell GE: Intoxication of Rats by Carbon Monoxide in the

Presence of an Irritant.  J Fire Sciences 1985, 3:263-279.
2. Terrill JB, Montgomery RR, Reinhardt CF: Toxic gases from fires.

Science 1978, 200(4348):1343-1347.
3. Kaplan HL, Grand AF, Switzer WG, Gad SC: Acute inhalation tox-

icity of the smoke produced by five halogenated polymers.
Journal of Fire Sciences 1984, 2(2):153-172.

4. Baud FJ, Barriot P, Toffis V, Riou B, Vicaut E, Lecarpentier Y, Bourdon
R, Astier A, Bismuth C: Elevated blood cyanide concentrations
in victims of smoke inhalation.  The new England journal of medicine
1991, 325(25):1761-1766.

5. Hall AH, Rumack BH: Clinical toxicology of cyanide.  Annals of
Emergency Medicine 1986, 15(9):1067-1074.

6. Brandt-Rauf PW, Cosman B, Fallon LF, Tarantini T, Idema C: Health
hazards of firefighters: acute pulmonary effects after toxic
exposures.  Br J Ind Med 1989, 46(3):209-211.

7. Stefanidou M, Athanaselis S: Toxicological aspects of fire.  Veteri-
nary and Human Toxicology 2004, 46(4):196-199.

8. Malek DE, Stock MF, Alarie Y: Performance evaluation under
intoxicating atmospheres.  Fundamental and Applied Toxicology
1987, 8(3):335-345.

9. Kendall R, Benoit E, Bogiages J, Bordenkircher R, Caple K, Chen LL,
Cheng T, Hoshino T, Kelley J, Ngo N, Schisano T, Stevenson P, Tsou
C, Yang JP: Performance evaluation of the Abbott Cell-Dyn
1800 automated hematology analyzer.  Lab Hematol 2003,
9(3):143-152.

10. Boström CE, Gerde P, Hanberg A, Jernström B, Johansson C, Kyrk-
lund T, Rannug A, Törnqvist M, Victorin K, Westerholm R: Cancer
risk assessment, indicators, and guidelines for polycyclic aro-
matic hydrocarbons in the ambient air.  Environ Health Perspect
2002, 110(Suppl 3):451-488.

11. Lewtas J: Genotoxicity of Complex Mixtures: Strategies for
the Identification and Comparative Assessment of Airborne
Mutagens and Carcinogens from Combustion Sources.  Fun-
damental and Applied Toxicology 1988, 10(4):571-589.

12. Davern TJ, Scharschmidt BF: Biochemical liver tests.  In Sleisenger
& Fordtran's Gastrointestinal and liver disease: pathophysiology, diagnosis,
management 7th edition. Edited by: Feldman M, Friedman LS, Sleisen-
ger MH. Philadelphia: Saunders; 2002:1227-1238. 

13. Mason p: Blood tests used to investigate liver, thyroid or kid-
ney function and disease.  The Pharmaceutical Journal 2004,
272:446-448.

14. Ruppin DC, Frydman MI, Lunzer MR: Value of serum gamma-
glutamyltransferase in the diagnosis of hepatobiliary disease.
MJA 1982, 1:421-424.

15. Burtis CA: Tietz Textbook of Clinical Chemistry.  3rd edition.
Philadelphia, PA: W.B. Saunders; 1999. 

16. Hosten AO: BUN and Creatinine.  In Clinical Methods, the history,
physical and laboratory examinations, part XIV 3rd edition. Edited by:
walker HK, Hall WD, Hurst JW. The Genitourinary System, butter-
worths; 1990:874-878. 

17. Abeloff MD, Armitage JO, Niederhuber JE, Kastan MB, McKenna WG:
Clinical Oncolopgy.  3rd edition. Philadelphia, Pa: Churchill Living-
stone; 2004. 

18. Kelly KJ, Connelly E, Reinhold GA, Byrne M, Prezant DJ: Assess-
ment of health effects in New York City firefighters after
exposure to polychlorinated biphenyls (PCBs) and polychlo-
rinated dibenzofurans (PCDFs).  Arch Environ Health 2002,
57(4):282-293.

19. Kales SN, Polyhronopoulos GN, Aldrich JM, Medoza PJ, suh JH, Chris-
tiani DC: Prospective study of hepatic, renal and haematolog-
ical surveillance in hazardous materials firefighters.  Occup
Environ Med 2001, 58(2):87-94.

20. Sheng HW: Sodium, chloride and potassium.  In Biochemical and
Physiological Aspects of Human Nutrition Edited by: Stipanuk M. Philadel-
phia: W.B. Saunders; 2000:686-710. 

21. Morrison G: Serum Chloride.  In Clinical Methods, the history, physi-
cal and laboratory examinations, part, XIV 3rd edition. Edited by: walker
HK, Hall WD, Hurst JW. The Genitourinary System, butterworths;
1990. 

22. Smith DL, Petruzzello SJ, Chludzinski MA, Reed JJ, Woods JA: Effect
of strenuous live-fire fire fighting drills on hematological,
blood chemistry and psychological measures.  Journal of Ther-
mal Biology 2001, 26:375-379.

23. Denise LS, Steven JP, Mike AC, John JR, Jeffrey AW: Effect of stren-
uous live-fire fire fighting drills on hematological, blood
chemistry and psychological measures.  Journal of Thermal Biol-
ogy 2001, 26(4–5):375-379.

24. Bansal VK: Serum Inorganic Phosphorus.  In Clinical Methods, the
history, physical and laboratory examinations, part XIV 3rd edition. Edited
by: walker HK, Hall WD, Hurst JW. The Genitourinary System, but-
terworths; 1990:895-899. 

25. Glueck CJ, Kelley W, Gupta A, Fontaine RN, Wang P, Gartside PS:
Prospective 10-year evaluation of hypobetalipoproteinemia
in a cohort of 772 firefighters and cross-sectional evaluation
of hypocholesterolemia in 1,479 men in the National Health
and Nutrition Examination Survey I.  Metabolism 1997,
46(6):625-633.

26. Soteriades ES, Kales SN, Liarokanis D, Christoudias SG, Tucker SA,
Christiani DC: Lipid profile of firefighters over time: opportu-
nities for prevention.  J Occup Environ Med 2002, 44(9):840-846.

27. Nagaya T, Yoshida H, Takahashi H, Kawai M: Policemen and fire-
fighters have increased risk for type-2 diabetes mellitus
probably due to their large body mass index: a follow-up
study in Japanese men.  Am J Ind Med 2006, 49(1):30-35.

28. Gold EM: The Cushing syndromes: Changing views of diagno-
sis and treatment.  Annals of Internal Medicine 1979, 90(5):829-844.

29. Roy M, Kirschbaum C, Steptoe A: Intraindividual variation in
recent stress exposure as a moderator of cortisol and testo-
sterone level.  Ann Behav Med 2003, 26(3):194-200.

30. Cabaniss CD: Creatine Kinase.  In Clinical Methods, the history, phys-
ical and laboratory examinations, part, II 3rd edition. Edited by: walker
HK, Hall WD, Hurst JW. The Genitourinary System, butterworths;
1990:161-163. 
Page 8 of 8
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=208143
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1944484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1944484
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3526995
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2930733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14521321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14521321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12060843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12060843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12060843
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6124872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6124872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12530594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11160986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11160986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9186296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9186296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9186296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12227676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12227676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16362938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16362938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16362938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=219743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=219743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14644695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14644695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14644695
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Subjects and Methods
	Results
	Conclusion

	Background
	Subjects and Methods
	Serum Biochemical Analysis
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	References

