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Abstract
Objective: Participants who worked on the 2010 Deepwater Horizon Gulf oil spill cleanup operations are at risk of compromising their health. This study assessed 
the adverse health effects of the Gulf oil spill exposure in subjects involved in the cleanup operations.

Methods: We reviewed medical charts and compared measures of white blood cells (WBC), platelets, hemoglobin, hematocrit, blood urea nitrogen (BUN), 
creatinine, alkaline phosphatase (ALP), aspartate amino transferase (AST), and alanine amino transferase (ALT) in oil spill exposed and unexposed subjects.

Results: Medical records from 478 subjects (oil spill cleanup workers, n=239 and unexposed, n=239) were reviewed. Oil spill cleanup workers had a significantly 
increased mean WBC count, hemoglobin, hematocrit, and serum creatinine compared with the unexposed subjects (P=0.000). In contrast, the mean platelet counts 
and BUN levels were significantly reduced in oil spill cleanup workers compared with the unexposed subjects (P=0.000). Hepatic enzymes such as ALP, AST and 
ALT were significantly elevated in oil spill cleanup workers compared with those of the unexposed subjects (P=0.000).

 Conclusion: Oil spill exposure resulted in significant alterations in hematological and hepatic functions among the workers involved in oil spill cleanup operations.
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Introduction
Crude oil spills are one of the most serious and tragic marine 

environmental disasters that can affect human health as well as cause 
severe pollution and damage the ecosystem [1,2]. Oil spills can affect 
human health through the effects of inherent hazardous chemical 
exposure and the psychological as well as socioeconomic impact on 
the affected communities [3,4]. As the use of fossil fuels has increased 
exponentially, the number of accidental oil spills into the sea has also 
increased posing an increase in potential human health risks. Although 
more than 40 oil spill disasters have occurred around the world [4], 
investigation on their potential human health effects has been very 
limited. However, it is now an emerging area of clinical investigation 
following the Gulf oil spill disaster in the United States.

On April 20, 2010, the explosion of the British Petroleum (BP) 
offshore Deepwater Horizon drilling rig in the Gulf of Mexico resulted 
in the second largest global oil spill in history (Figure 1). Two days 
later, the drilling rig burned and eventually sank into the ocean. An 
estimated 5,000 barrels of crude oil flowed into the Gulf of Mexico 
from the time the rig exploded until the well was capped on July 15, 
2010 [2,5]. As a consequence, this catastrophic disaster contaminated a 
coastal zone spanning over 1000 miles from Texas to Florida through 
Louisiana, Mississippi, and Alabama [6]. During the height of the 
BP disaster, nearly 2 million gallons of dispersant chemicals such as 
Corexit was used to breakdown the oil slick. Tens of thousands of 
workers and volunteers were employed to aid in the clean-up activities. 
Additionally, a large volume of oil was gathered in to pits and later 
burned, generating harmful and toxic air pollutants. Consequently, 
the environment was polluted with hazardous components of crude 
oil including benzene, toluene, xylene, and ethylbenzene, as well 

as the particulate matter from the burning oil slick. The polluted 
environment with these toxic chemicals has a great threat to the 
physical and psychological well-being of local residents, clean-up 
workers, and volunteers in the affected coastal areas. This catastrophic 
disaster disrupted the region’s fishing industry, destroyed renewable 
natural resources, and caused significant wildlife injury and death. This 
disastrous spill has raised numerous questions about its immediate 
and long-term potential impact on the health of those living in the oil-
exposed regions and surrounding communities as well as those who 
participated in cleanup activities of the oil spill.

It is believed that inhalation, ingestion or physical contact with these 
toxic chemicals can have a variety of adverse effects on human health. 
Potential health consequences include damage to the hematological, 
hepatic, renal, respiratory, neurological, and endocrine functions, as 
well as other systemic effects [4,7]. Previously, several studies have 
reported on the adverse health effects of oil spills and other man-made 
or natural disasters. However, these investigations were primarily 
focused only on the physical effects and psychological sequelae of the oil 
spill disasters [4,7]. It is well established that exposure to benzene and 
other toxic chemicals is associated with a wide range of adverse effects 
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Figure 1. A. The Deepwater Horizon oil drilling rig.  A. The location of the Deepwater 
Horizon oil rig explosion in the Gulf of Mexico, 50 miles off the Louisiana coast.  B. 
Satellite view of The Deepwater Horizon oil spill slick by the United States National 
Aeronautics and Space Administration in the Gulf of Mexico.

to the central nervous, hematological, hepatic and renal systems [8-12], 
and increases the risk of developing carcinogenesis [13,14]. Although 
after an oil spill exposure, it may take years to decades to develop 
cancer, its immediate health effects may be seen in the hematological 
and hepatic parameters indicating its early toxic effects and potential 
for future detrimental health effects. 

Our preliminary studies on the potential health effects of the oil 
spill exposure from the Horizon drilling rig blasting disaster revealed 
that human exposure to this oil spill has a potential to disrupt 
hematological, hepatic and other organ functions [15]. The long-
term follow up analysis demonstrated that individuals involved in 
the oil spill cleanup operations experienced persistent alterations or 
worsening of their hematological, hepatic, pulmonary and cardiac 
functions [16]. To further substantiate the findings of these studies, we 
conducted a larger study to assess the adverse health effects of the Gulf 
oil spill exposure in workers participating in the clean-up activities. 
Clinical outcomes of exposed subjects were compared with a group 
of unexposed subjects. 

Materials and Methods
Subjects

This retrospective study was approved by an Institutional Review 
Board. The methodology for subject selection and medical evaluation 
were reported previously [15]. Briefly, the subjects exposed to the oil 
spill were identified as participants in the oil spill clean-up activities 
along the coast of Louisiana. Using their medical charts, demographic 
and clinical data were reviewed for the subjects who underwent clinical 
and laboratory evaluation by an experienced physician. The study was 
conducted according to the principles of the Declaration of Helsinki. 
The personal information of the subjects was redacted to maintain their 
confidentiality. The unexposed subjects were living geographically at 
least 100 miles away from the Gulf coast where the oil spill occurred. 
The unexposed subjects had visited their family physicians office for a 
routine wellness checkup. The subjects were selected randomly by their 
primary care physicians for the study. 

Chart Review and Data Gathering

Study investigators reviewed the clinical data of both the oil spill 
exposed and unexposed subjects. Laboratory data such as white blood 
cell (WBC) counts, platelet counts, hemoglobin, hematocrit, blood 
urea nitrogen (BUN), creatinine, alkaline phosphatase (ALP), aspartate 
amino transferase (AST), and alanine amino transferase (ALT) levels 
were collected and evaluated. 

Statistics

Descriptive statistics were used to assess patient demographics 
and included means and standard deviations for each group. Variables 
included were WBC, platelets, hemoglobin, hematocrit, creatinine, 
BUN, ALP, AST, and ALT. Student’s t-test was used to assess the 
differences between exposed and unexposed groups. The significance 
level was predetermined at an alpha level of 0.05.

Results
A total of 478 subjects were included in this study. Of the 478 

subjects, 239 were unexposed and 239 were involved in the clean-up 
activity of the Deepwater Horizon oil spill. The subjects’ demographics 
are shown in the Table 1. The mean age of the unexposed and oil 
spill exposed subjects was 49.2 and 38.9 years, respectively. Among 
unexposed subjects (n= 239), there were 36% (n=85) male and 64% (n 
= 154) female subjects. In the oil spill-exposed group (n=239), there 
were 87% (n = 207) male and 13% (n = 32) female subjects.

Table 2 presents the hematologic and hepatic profiles for the 
unexposed versus exposed groups. Oil spill cleanup workers had a 
significantly increased mean WBC count (X 103 per µL) compared 

Demographics Unexposed Exposed
Total subjects 239 (100%) 239 (100%)
Gender
     Male  
     Female  

85 (36%)
154 (64%)

207 (87%)
32 (13%)

Age, years
Mean  
Median 
    Range    

49.2  
51.5
18 - 90

38.9 
40.2
18 - 63

Age group, years
     < 40 years
     > 40 years

63 (26%)
176 (74%)

137 (57%)
102 (43%)

Table 1. Demographics and other characteristics of the subjects included in the study
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with unexposed subjects (7.5 ± 2.1versus 6.4 ± 1.7, P = 0.000). The 
hemoglobin (g/dL) levels were significantly increased among oil spill 
exposed subjects compared with the unexposed subjects (14.9 ± 1.4 
versus 13.8 ± 1.3, P=0.000). The hematocrit levels were significantly 
elevated in oil spill exposed subjects compared with the unexposed 
subjects (44.5 ± 3.8 versus 40.4 ± 3.5, P=0.000). The mean serum 
creatinine levels (mg/dL) were also significantly higher in the oil spill 
exposed subjects compared with the unexposed subjects (1.0 ± 0.2 
versus 0.9±0.2, P=0.000). Conversely, the mean platelet count (X 103 
per µL) in oil spill cleanup workers was significantly reduced compared 
with the unexposed subjects (242.9 ± 55.6 versus 278.4 ± 67.6, P =0.000). 
Similarly, the mean BUN (mg/dL) levels were significantly decreased in 
the oil spill exposed subjects compared with the unexposed subjects 
(40.4 ± 3.5 versus 44.5 ± 3.8, P=0.000).

Compared with the unexposed subjects, oil spill exposed subjects 
had significantly elevated levels of ALP (79.1 ± 14.6 versus 55.3 ± 13.4 
IU/L, P=0.000). The mean serum AST (IU/L) levels was significantly 
higher in the oil spill exposed subjects compared with the unexposed 
subjects (27.7 ± 6.5 versus 18.1 ± 5.9, P=0.00 0). Similarly, the mean 
serum ALT (IU/L) levels were increased significantly in the oil exposed 
group compared with the unexposed group (34.3 ± 7.9 versus 19.6 ± 
6.8, P = 0.000). 

The results in Tables 3 and 4 reveal the gender differences in 
hematologic and hepatic indices between the unexposed subjects and 
those exposed to oil spill. The mean WBC count (X 103 per µL) was 
significantly higher in both male (7.5 ± 2.0 versus 6.2 ± 1.5, P = 0.000) 
and female (7.8 ± 2.5 versus 6.5 ± 1.6, P = 0.000) subjects exposed to oil 
spill compared with the respective unexposed subjects. Similarly, the 
mean levels of hemoglobin and hematocrit were significantly increased 
in both male and female subjects exposed to oil spill compared with 
those unexposed male or female subjects (P = 0.000). In contrast, 
the mean platelet count (X 103 per µL) was significantly reduced in 
both male (232.3 ± 45.2 versus 275.1 ± 43.4, P = 0.000) and female 
(265.6 ± 43.8 versus 292.7 ± 67.4, P = 0.000) subjects exposed to oil 
spill compared with the respective unexposed subjects. Similarly, the 
mean BUN (mg per dL) levels were significantly reduced in both male 
and female subjects exposed to oil spill compared with the respective 
unexposed subjects (P = 0.000). 

The mean serum ALP levels (IU/L) were significantly elevated 
in male (79.5 ± 11.5 versus 53.0 ± 8.7, P = 0.0002) and female (75.1 
± 14.3 versus 58.2 ± 9.5, P = 0.0001) subjects in the oil spill exposed 
group compared with the unexposed group. Similarly, the mean serum 
AST levels (IU/L) l were significantly higher in male (29.3 ± 5.6 versus 

19.9 ± 4.9, P = 0.0006) and female (31.8 ± 7.4 versus 16.6 ± 4.8, P = 
0.0001) subjects in the in the oil spill exposed group compared with 
the unexposed group. The mean serum levels of ALT (IU/L) was also 
increased in male (38.2± 8.2 versus 22.2 ± 5.5, P = 0.000) and female 
(33.9 ± 9.2 versus 17.3 ± 5.3, P = 0.0001) subjects in the oil spill exposed 
group compared with the unexposed group (Tables 3 and 4).

To determine if the subjects’ age had any impact on the health effects 
of oil spill exposure, we grouped subjects into < 40 years (unexposed, 
n = 63 and exposed, n = 137) and > 40 years (unexposed, n = 176 and 
exposed, n = 132) age groups and compared the clinical outcomes 
between unexposed and oil spill exposed groups. The results in Table 5 
show the differences in the hematologic and hepatic markers between 
the exposed and unexposed subjects among the two age groups. 
These findings indicate that the mean WBC count, hemoglobin, and 
hematocrit levels were significantly increased in both oil spill exposed 
age-groups compared with their matched unexposed age-groups. 
Conversely, the oil spill exposed group had a significantly reduced 
mean platelet counts compared with the unexposed group regardless 
of their age. Significantly reduced levels of BUN (mg per dL) were 
observed in older age group subjects (> 40 years) who were exposed 
to oil spill compared with their age matched unexposed group. The 
serum levels of hepatic enzymes (ALP, AST and ALT) were increased 
significantly in oil spill exposed subjects compared with those of the 
unexposed subjects, regardless of their age (Table 5).

Discussion
The detrimental effect of oil spill exposure on human health 

has become a major global public health concern around the world. 

Variable Unexposed
(N = 239)

Exposed
(N = 239) P Value

WBC (X 103 per dL) 6.4 ± 1.7 7.5 ± 2.1 0.000*
Platelets (X 103 per dL) 278.4 ± 67.6 242.9 ± 55.6 0.000*
Hemoglobin (g per dL) 13.8 ± 1.3 14.9 ± 1.4 0.000*
Hematocrit (%) 40.4 ± 3.5 44.5 ± 3.8 0.000*
BUN (mg per dL) 14.9 ± 4.6 13.2 ± 3.4 0.000*
Creatinine (mg per dL) 0.9 ± 0.2 1.0 ± 0.2 0.000*
ALP (IU per L) 55.3 ± 13.4 79.1 ± 14.6 0.000*
AST (IU per L) 18.1 ± 5.9 27.7 ± 6.5 0.000*
ALT (IU per L) 19.6 ± 6.8 34.3 ± 7.9 0.000*

Table 2. Comparison of hematologic and hepatic indices between the unexposed and 
exposed subjects to oil spill

*P=0.001
WBC = White blood cells; BUN = Blood urea nitrogen; ALP = Alkaline phosphatase; AST 
= aspartate amino transferase; ALT = Alanine amino transferase

Variable Unexposed
(N = 85)

Exposed
(N = 207) P Value

WBC (X 103 per dL) 6.2 ± 1.5 7.5 ± 2.0 0.000*
Platelets (X 103 per dL) 275.1 ± 43.4 232.3 ± 45.2 0.000*
Hemoglobin (g per dL) 14.2 ± 1.4 15.3 ± 1.3 0.000*
Hematocrit (%) 42.1 ± 4.3 45.0 ± 3.1 0.000*
BUN (mg per dL) 15.3 ± 4.8 13.6 ± 3.5 0.000*
Creatinine (mg per dL) 1.0 ± 0.2 1.0 ± 0.2 0.325 ψ

ALP (IU per L) 53.0 ± 8.7 79.5 ± 11.5 0.000*
AST (IU per L) 19.9 ± 4.9 29.3 ± 5.6 0.000*
ALT (IU per L) 22.2 ± 5.5 38.2 ± 8.2 0.000*

Table 3. Comparison of hematologic and hepatic indices between unexposed and oil spill 
exposed male subjects 

*P=0.001; ψ= did not reach statistical significance
WBC = White blood cells; BUN = Blood urea nitrogen; ALP = Alkaline phosphatase; AST 
= Aspartate amino transferase; ALT = Alanine amino transferase

Variable Unexposed
(N = 154)

Exposed
(N = 32) P Value

WBC (X 103 per dL) 6.5 ± 1.6 7.8 ± 2.5 0.000*
Platelets (X 103 per dL) 292.7 ± 67.4 265.6 ± 43.8 0.002*
Hemoglobin (g per dL) 13.3 ± 0.9 14.4 ± 1.0 0.000*
Hematocrit (%) 38.6 ± 3.2 42.3 ± 3.7 0.000*
BUN (mg per dL) 14.6 ± 4.7 12.3 ± 3.8 0.006*
Creatinine (mg per dL) 0.8 ± 0.1 0.8 ± 0.2 0.982 ψ

ALP (IU per L) 58.2 ± 9.5 75.1 ± 14.3 0.000*
AST (IU per L) 16.6 ± 4.8 31.8 ± 7.4 0.000*
ALT (IU per L) 17.3 ± 5.3 33.9 ± 9.2 0.000*

Table 4. Comparison of hematologic and hepatic indices between unexposed and oil spill 
exposed female subjects 

*P=0.001; ψ= did not reach statistical significance
WBC = White blood cells; BUN = Blood urea nitrogen; ALP = Alkaline phosphatase; AST 
= Aspartate amino transferase; ALT = Alanine amino transferase
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Despite numerous accidental oil spills that have occurred around 
the world, only a limited number of studies have investigated their 
potential adverse health effects [4,7]. Most of the reported studies have 
focused mainly on the psychological health and physical symptoms of 
the affected individuals [17-23]. The goal of this study was to further 
characterize the changes in the hematological and hepatic functions in 
participants involved in the cleanup activities of the oil spill, building 
on our earlier study findings. This study, to the best of our knowledge, 
is the first and largest of its kind to assess the hematological and 
hepatic functions in subjects who have been exposed to the oil spill and 
compare them with unexposed subjects.

Historically, hematological evaluation of various indices such 
as WBC counts, platelet counts, hemoglobin, hematocrit BUN etc. 
has been widely used to diagnose many human diseases including 
malignant tumors. Our study findings indicate that subjects involved 
in the Gulf oil spill cleanup activities had significant alterations in 
their hematological and hepatic functions. In particular, the mean 
WBC counts were increased significantly in oil spill exposed subjects 
compared with the unexposed subjects. Similarly, the hemoglobin, and 
hematocrit, and serum creatinine levels were increased significantly 
in the oil spill exposed group compared with the unexposed group. 
Conversely, platelets counts were significantly decreased in oil spill 
exposed subjects compared with the unexposed subjects. Similarly, the 
BUN levels were significantly decreased in oil spill exposed subjects 
compared with the unexposed subjects. 

The results of this study confirm our previous pilot study findings 
[15] in which we reported that oil spill exposed workers experienced 
significant alterations in their biochemical and hematological function. 
In addition, our findings support the previously published findings 
report by Khurshid and co-investigators [24] who investigated 
hematological and biochemical abnormalities in 100 oil spill affected 
subjects 4 to 6 months after the Tasman Spirit tanker disaster. Their 
findings indicated that there were slight increases in the levels of 
lymphocytes, and eosinophiles in subjects exposed to that oil spill.

It is well known that crude oil contains toxic chemicals such as 
benzene that adversely affects the hematopoietic system [25]. Exposure 
to benzene can cause bone marrow damage, which may manifest itself 
initially as anemia, leucopenia, and thrombocytopenia which may lead 
to the development of tumor. The toxic effects of benzene are thought 
to arise from its metabolism, which leads to numerous metabolites 
including benzoquinone, muconaldehydes, hydroquinone, phenol, 
and catechol [26]. Of these various metabolites, benzoquinone and 
the muconaldehydes are regarded as the most toxic chemicals with 
significant health effects. Thus, cleanup workers exposed to the oil 
spill are at high risk of developing hematopoietic disorders including 
malignant diseases.

Earlier studies show that oil spill exposure can affect the hepatic 
functions. Therefore, we assessed the liver functions by evaluating 
the levels of ALP, AST and ALT in the serum of the oil spill cleanup 
workers and compared them with those of unexposed subjects. 
Clinically, measurement of these hepatic enzyme levels in the serum is 
routinely used as markers for liver function [27]. Our findings indicate 
that workers who participated in the oil spill cleanup operations had 
significantly increased levels of ALP, AST, and ALT in their serum 
compared with those unexposed subjects. These results confirm the 
findings of our preliminary study reported earlier [15]. Moreover, 
our findings support the previously published findings of Jabir, et al. 
[28] who evaluated hepatotoxicity by measuring the changes of liver 
enzymes such as ALP, glutamic-pyruvic transaminase (GOT), and 
glutamic-oxaloacetic transaminase (GPT) in 18 petrol workers in 
Basrah, Iraq. Their findings similar to ours indicated that these liver 
enzymes were significantly elevated in petrol workers compared with 
the normal controls.  The increased serum levels of these enzymes 
in those who participated in oil spill operations could be due to the 
overproduction or release of enzymes from their liver cells in response 
to stimuli of hepatocellular injury or cell death. Nonetheless, these 
findings suggest that these subjects exposed to the oil spill are at a 
higher risk of hepatic tissue toxicity compared with those of unexposed 
subjects.

A subgroup analysis was performed to further understand the 
influence of variables on the effect of oil spill exposure in subjects 
involved in the cleanup operations. Specifically, we compared the 
outcomes by gender as well as by age groups (<40 years, and > 40 
years) between the oil spill exposed and unexposed subjects. Our 
results indicated that both hematological and hepatic functions were 
significantly affected in the oil spill exposed group compared with the 
unexposed group regardless of their gender or age. 

We acknowledge that there are limitations to interpreting the 
findings of this study. This study used a cross-sectional design and 
therefore, the findings of this investigation should be considered with 
this in mind. It is difficult to infer a causality using such a study design 
because the clinical outcomes were measured at one time point after the 
exposure to the oil spill. The outcomes observed could be influenced by 
compounding factors that are inherent to such a study design. Lack of 
baseline data on the subjects involved in the clean-up operation prior 
to the oil spill disaster (however, this may not be possible to be assessed 
for such a disaster) and absence of predefined scheme of the protocol 
for the study could influence or affect the interpretation of the findings. 
In addition, the compounding toxic effect of the oil dispersant on the 
current findings could not be distinguished from the toxic effect of the 
oil spill exposure.

Variable Age Group Unexposedδ Exposedβ P Value

WBC (X 103 per dL)
< 40 years 6.1 ± 1.6 7.4 ± 2.2 0. 205ψ 

> 40 years 6.4 ± 1.4 7.2 ± 1.9 0.000*

Platelets (X 103 per dL)
< 40 years 286.5 ± 53.5 241.7 ± 49.2 0.000* 
> 40 years 267.1 ± 58.7 238.5 ± 52.0 0.000*

Hemoglobin (g per dL)
< 40 years 13.7 ± 1.4 15.2 ± 1.4 0.000*
< 40 years 13.8 ± 1.2 14.8 ± 1.3 0.000*

Hematocrit (%)
> 40 years 40.9 ± 3.6 44.8 ± 5.2 0.000*
> 40 years 40.7 ± 4.8 43.6 ± 3.5 0.001*

BUN (mg per dL)
< 40 years 14.1 ± 3.9 13.9 ± 4.6 0.412 ψ

> 40 years 15.2 ± 4.2 13.5 ± 3.8 0.002*

Creatinine (mg per dL)
< 40 years 0.8 ± 0.2 1.0 ± 0.2 0.000*
> 40 years 0.9 ± 0.2 0.9 ± 0.2 0.859 ψ

ALP (IU per L)
< 40 years 54.4 ± 9.1 77.7± 13.1 0.000*
> 40 years 56.3 ± 10.7 76.5 ± 12.3 0.000*

AST (IU per L)
< 40 years 19.0 ± 5.2 31.2 ± 8.6 0.000*
> 40 years 17.8 ± 4.6 26.4 ± 7.2 0.000*

ALT (IU per L)
< 40 years 18.3 ± 4.8 35.7 ± 11.9 0.000*
> 40 years 18.9 ± 4.5 33.5 ± 10.1 0.000*

Table 5. Comparison of hematologic and hepatic indices by age group between unexposed 
and exposed subjects to the oil spill

*P=0.001; ψ= did not reach statistical significance
WBC = White blood cells; BUN = Blood urea nitrogen; ALP = Alkaline phosphatase; AST 
= Aspartate amino transferase; ALT = Alanine amino transferase
δUnexposed < 40 years: n=63; δUnexposed > 40 years: n = 176
    βExposed < 40 years: n=137; βExposed > 40 years: n = 102  
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Regardless of the study limitations, our findings do reveal that oil 
spill exposure is associated with significant adverse health effects in 
those workers involved in the cleanup operations. These adverse effects 
from the oil spill exposure may cause impairment in the hematological 
and hepatic functions. Since exposure to oil constituents such as 
benzene, toluene and other chemicals has previously been linked with 
an increased risk of carcinogenesis, it is important that workers who 
were involved in the oil spill cleanup activity be followed consistently 
over time to detect further long-term toxicities of the oil spill 
exposure. As these carcinogenic effects have a latent period to manifest 
themselves, serial periodic health checkups and routine laboratory 
blood work as well as x-rays and pulmonary function assessments are 
necessary to monitor the long-term adverse health effects of the oil spill 
exposure. Since the adverse health effects of oil spill exposure appear 
to be long-lasting, additional close follow-up studies are required to 
determine its long-term detrimental health impact in workers involved 
in the cleanup operations. 

Together, the findings of this retrospective study indicate that 
people involved in the oil spill cleanup operations experienced 
alterations in their hematological and hepatic functions. Specifically, 
those hematological alterations included an increased WBC counts, 
hemoglobin, and hematocrit levels and reduced platelet counts and 
BUN levels in individuals exposed to the oil spill compared with 
unexposed subjects. Hepatic alterations seen were increased levels 
of ALP, AST, and ALT in the serum indicating hepatic injury in in 
workers involved in the cleanup operation. Additional studies are 
being performed to understand the other toxic health effects the oil 
spill exposure had among the people involved in the Gulf oil spill 
cleanup operations.
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