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Abstract 
Objectives: Carbon monoxide (CO) is an odourless and highly toxic gas 
produced from incomplete combustion of fuel. This gas has capacity to bind 
with haemoglobin to compete for oxygen uptake when inhaled, thereby al-
tering the blood physiology. Aim: The aim of this study is to determine the 
effect of carbon monoxide on haematology and haemostasis parameters among 
the exposed workers at gasoline generators service centre in Benin City. 
Methodology: Eighty-eight participants (workers n = 44 and; controls n = 
44) took part in this study. Carbon monoxide used for this study was sourced 
from the smoke being emitted by gasoline generators during repairs. The 
participants’ haematological parameters were analysed using haematology 
autoanalyzer (Sysmex Poch 100i model, Germany), while PT and PTTK were 
assayed using standard methods. Results: The mean values of red blood cells 
(RBC), white blood cells (WBC), platelets (PLT), haemoglobin concentration 
(Hb), hematocrit (HCT), mean cell volume (MCV), mean cell haemoglobin 
(MCH), mean cell hemoglobin concentration (MCHC) and red cell distribu-
tion width coefficient variation (RDW-CV) observed in both the workers at 
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generator service center and their controls fell within normal ranges, but the 
mean red cell distribution width standard deviation (RDW-SD) of workers at 
generator service center fell below normal as against the normal value for 
controls. There were no significant differences in serum concentrations of 
lymphocytes (p = 0.134), and granulocytes (p = 0.584). In contrast, signifi-
cantly (p < 0.001) higher mean monocyte level was observed in the workers at 
the generator service center compared with the controls. Also, there was sig-
nificantly lower mean platelet volume (MPV) (p = 0.002), platelet distribu-
tion width (PDW) (p = 0.001), platelet large cell ratio (PLCR) (p = 0.013) and 
higher plateletcrit (PCT) (p = 0.001) in the workers at the generator service 
center compared with the control group. PT and PTT values fell within nor-
mal range among the controls, while the values are higher among the exposed 
workers at the centres. Conclusion: In this study, carbon monoxide emitted 
during repairs has no deleterious effects on haematological and haemostasis 
parameters of the exposed workers at generator service centre in Benin City. 
However, PT and PTT exceeded normal value in the workers at the generator 
service centre compared to the controls. More work needs to be done espe-
cially on longer duration of exposure and at various concentrations of carbon 
monoxide exposure. 
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1. Introduction 

Carbon monoxide (CO) is a poisonous non-irritant gas produced by incomplete 
combustion of organic materials due to insufficient oxygen supply [1]. Automo-
bile exhaust fumes emitted by unserviceable vehicles are one of the major 
sources of CO concentration in Nigerian environments. Other major sources of 
CO include exhaust fumes from gasoline and diesel power generating sets, 
burning of materials containing hydrocarbons, cooking with firewood and ac-
cumulated carbon monoxide found at every road intercession due to traffic 
hold-ups caused by non-functional traffic lights and bad roads. The resultant ef-
fect of all these emissions is an environment that is saturated with carbon mon-
oxide. 

Carbon monoxide poisoning is quite common among the population but 
there are certain occupational groups who carry a greater risk of exposure to this 
gas due to their occupation [2]. The workers at gasoline and diesel power gen-
erator servicing workshops fall into this category of workers. The use of gasoline 
and diesel power generators as a source of electricity generation has been em-
braced by majority of Nigerians, due to the collapse of the Nigerian economy 
which has severely affected the power sector. The influx of gasoline and diesel 
power generators into Nigeria, most especially the urban cities, has also attracted 
the migration of workers involved in servicing these generator engines, since 
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they are bound to break down after repeated use. These men are therefore ex-
posed to CO poison in the course of carrying out their works. 

Carbon monoxide poison is among the most common type of fatal poisoning 
[3]. The greater affinity of carbon monoxide for binding sites of haemoglobin 
compared to oxygen limits erythrocyte oxygen transport and reduces tissue 
oxygen availability. Erythrocytes may be considered to be among the most sus-
ceptible cells to carbon monoxide effects since CO binds to hemoglobin with an 
affinity of about 200 times greater than oxygen. It also causes a leftward shift of 
the oxyhemoglobin dissociation curve; binds to many intracellular proteins and 
may affect adenosine triphosphate (ATP) production at the cytochrome level [4] 
[5]. There are several, non-specific symptoms of CO poisoning which range 
from mild exposure that manifest in form of dizziness, headaches, myalgia, or 
neuropsychological disorders to severe exposures which can result in, loss of 
consciousness and even death [6]. 

Haematological parameters are different components of blood which include 
red blood cells, white blood cells and platelets. The major functions of these 
various parameters are transportation of nutrients round the body and removal 
of waste products, including gases. Body defence and clotting competence are 
also the duties of these blood components. When the relationship between the 
body and blood falters, there is bound to be a derangement which could result in 
morbidity or mortality. Studies investigating the effects of CO on red blood cell 
(RBC) properties and blood rheology mostly focused on smokers or individuals 
subjected to air pollution, who were exposed to relatively lower doses of CO for 
a longer time in combination with other gases or toxic substances [7]-[12]. 

To date, there is no known documented work on the effects of carbon mon-
oxide poison on haematological parameters and haemostasis among individuals 
working at the power generator servicing centres, hence the justification of this 
study. The present study is therefore aimed at determining the effect of CO on 
the haematological and haemostatic parameters among workers exposed to gaso-
line and diesel power generator fumes in Benin City, Nigeria. 

2. Methodology 
2.1. Study Design 

The present study is a purposive, non-random sampling, cross sectional study 
involving adult male workers at gasoline/diesel generator service centres in Be-
nin City, who are occupationally exposed to CO fumes and non-occupationally 
exposed adult group. The study was conducted between October 2019 and March 
2020 in Benin City, Nigeria. A total of forty-four (44) males working at genera-
tor servicing centres and forty-four (44) non-exposed controls, within the ages 
of 15 - 60 years participated in this study. The participants included generator 
mechanics and generator spare parts sellers, who were exposed to varied degree 
of carbon monoxide at the generator servicing centres. The control group com-
prises of unexposed healthy young men of same age range with the workers. Par-
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ticipants exposed to other sources of CO such as cigarette smoke, wood or cooking 
stove smoke and petrol or diesel fumes and those with a history of any acute or 
chronic illness, bleeding disorder or drug addiction were excluded from the 
study. Workers on part-time duties and those who were new on the job or have 
not spent up to six months on the job were also excluded from this study. The 
personal consent of individual participant was sought, after explaining the pur-
pose of the research. 

2.2. Sample Size 

The sample size for the study was determined using the formula for comparison 
between two groups when endpoint is quantitative data: n = 2SD2 (Zα + Zβ)2/d2 
[13]. Where: n = the sample size (respondents that were interviewed); SD = 3.3 
(standard deviation from previous study); Zα = 1.96 (Z score corresponding to 
95% confidence interval); Zβ= 0.84 (Z score corresponding to 80% confidence 
interval); d = 2 (the margin error that was accepted in this study). 

On applying; 2SD2 (Zα + Zβ)2/d2 

( ) ( ) [ ]2 2 22 3.3 1.96 0.84 2 21.78 7.84 4 170.8 4 42.68n  = × + ÷ = × ÷ = ÷ =   

42 2n = +  (considering 5% dropout of study). 

2.3. Questionnaire/Ethical Approval 

A structured questionnaire was administered to every participant of this study. 
The questionnaire consisted of questions designed to elicit details about their 
personal data, sex, age, marital status, educational qualification, alcohol con-
sumption, cigarette smoking, use of wood or kerosine stove to cook and length 
of time in occupation and daily hour of exposure to petrol and diesel fumes as 
well as history of drug addiction and underlying diseases. The Ethics committee 
of Ministry of Health, Edo State and leaders at the service centres approved this 
study. 

2.4. Blood Collection and Analysis for Full Blood Count 

Five millilitres of blood were collected and dispensed into an ethelynediamine-
tetraacetic acid (EDTA) container. Analysis for haematological parameters was 
done immediately using haematology autoanalyzer (Sysmex Poch 100i model, 
Germany). 

2.5. Blood Collection and Analysis for Haemostatic Parameters 
2.5.1. Prothrombin Time (PT) 
Blood Sample Blood (9 parts) is collected into 1 part of 3.2% trisodium citrate 
and the plasma obtained by centrifugation at 2500 g for 15minues. The plasma 
obtained was then analysed immediately for (PT), using Calcium Rabbit Brain-
Thromboplastin reagent (Catalog number CRST000) from Diagnostic Reagents 
Limited. 
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2.5.2. Partial Thrombin Time and Kaolin (PTTK) 
Blood Sample Blood (9 parts) is collected into 1 part of 3.2% trisodium citrate 
and the plasma obtained by centrifugation at 2500 g for 15 minues. The sepa-
rated plasma was analysed immediately using commercially purchase kit, Kaolin 
Platelet Substitute Mixture (Catalog number KAP8050) from Diagnostic Re-
agents Limited. 

2.6. Data Analysis 

Data was expressed as mean and standard deviation. Comparative analysis was 
done using independent sample t-test and analysis of variance (ANOVA). Statis-
tical significance was set at p < 0.05. All statistics were done using IBM/SPSS 
software (version 20.0). 

3. Results 

Table 1 shows the socio-demographic characteristics and lifestyle of the study 
population. The study population comprises 44 generator mechanics and a  

 
Table 1. Socio-demographic characteristics and lifestyle of the study population. 

Characteristics 
Control,  
n = 44 
N (%) 

CO Exposed  
Workers, n = 44 

N (%) 

Total,  
n = 88 
N (%) 

Age (years) 

10 - 20 

21 - 30 

31 - 40 

>40 

 

11 (25.0) 

11 (25.0) 

6 (13.6) 

16 (36.4) 

 

18 (40.9) 

13 (29.5) 

7 (15.9) 

6 (13.6) 

 

29 (33.0) 

24 (27.3) 

13 (14.8) 

22 (25.0) 

Level of Education 

Primary 

Secondary 

Tertiary 

 

3 (6.8) 

26 (59.1) 

15 (34.1) 

 

15 (34.1) 

26 (59.1) 

3 (6.8) 

 

18 (20.5) 

52 (59.1) 

18 (20.5) 

Occupation 

Civil Servants 

Self Employed (Skilled Workers) 

Unemployed 

 

6 (13.6) 

15 (34.1) 

23 (52.3) 

 

0 (0) 

44 (100.0) 

0 (0) 

 

6 (6.8) 

59 (67.0) 

23 (26.2) 

Smoking Habit 

No 

Yes 

 

42 (95.5) 

2 (4.5) 

 

37 (84.1) 

7 (15.9) 

 

79 (89.8) 

9 (10.2) 

Drinking Habit 

No 

Yes 

 

37 (84.1) 

7 (15.9) 

 

29 (65.9) 

15 (34.1) 

 

66 (75.0) 

22 (25.0) 
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matched number of healthy controls (n = 44). Data indicated that majority of the 
control subjects were of age > 40 years (36.4%), attained secondary level of educa-
tion (59.1%), unemployed (52.3%), non-smokers (95.5%) and non-alcoholic drink-
ers (84.1%). A greater proportion of the generator mechanics were of age range 
10 - 20 years (40.9%), attained secondary level of education (59.1%), self-employed 
(100%), non-smokers (84.1%) and non-drinkers (65.9%). 

Table 2 shows the mean levels of hematological parameters of the study popula-
tion. Data indicated that the mean values of RBC, WBC, PLT, Hb and HCT ob-
served in both the workers at generator service centre and their controls fell within 
normal ranges for theses parameters (i.e. RBC, (4.0 - 6.20) × 106/µL; WBC, (4.0 - 
12.0) × 103/µL; PLT, 150 - 400 cells/µL; Hb, 11.0 - 17.0 g/dl; HCT, 35.0% - 55.0%). 
However, independent sample t-test indicated no significant differences in RBC (p 
= 0.976), WBC (p = 0.649), PLT (p = 0.140), Hb (p = 0.872) and HCT (0.934) be-
tween the workers at generator service center and the controls. 

The mean levels of red blood cell indices of the study population are expressed 
in Table 3. Data shows that the mean values obtained in MCV, MCH, MCHC 
and RDW-CV fell within normal ranges (MCV, 80 - 100 µm3; MCH, 26 - 34 pg; 
MCHC, 31 - 35.5 g/dl; RDW-CV, 10% - 16%) in both workers at generator service 
centre and controls. The mean RDW-SD for control subjects also was within normal 
range (37 - 46 µm3), while that of workers at generator service centre fell below 

 
Table 2. The mean levels of hematological parameters of the study population. 

Parameters Controls CO Exposed Workers t-statistics P-Value 

RBC (106/µL) 5.35 ± 0.69 5.36 ± 0.73 −0.03 0.976 

WBC (103/µL) 5.91 ± 1.64 6.07 ± 1.52 −0.45 0.649 

PLT (cells/µL) 177.04 ± 46.06 189.47 ± 30.60 −1.49 0.140 

Hb (g/dL) 14.15 ± 1.33 14.20 ± 1.30 −0.16 0.872 

HCT (%) 43.23 ± 3.95 43.16 ± 3.72 0.08 0.934 

Abbreviations: CO, Carbon monoxide; RBC, Red Blood Cell; WBC, White Blood Cell; 
PLT, Platelet; Hb, Hemoglobin; HCT, Hematocrit. 

 
Table 3. The mean levels of red blood cell indices of the study population. 

Parameters Control CO Exposed Workers t-statistics P-Value 

MCV (µm3) 79.80 ± 6.96 80.68 ± 4.38 −0.71 0.479 

MCH (pg) 27.13 ± 2.47 26.73 ± 1.54 0.92 0.358 

MCHC (g/dL) 32.88 ± 1.39 33.39 ± 1.36 −1.72 0.089 

RDW-CV (%) 14.90 ± 1.11 13.76 ± 3.34 2.22 0.029 

RDW-SD (µm3) 45.05 ± 5.70 34.12 ± 3.94 10.45 <0.001 

Abbreviations: CO, Carbon monoxide; MCV, Mean Cell Volume; MCH, Mean Cell He-
moglobin; MCHC, Mean Cell Hemoglobin Concentration; RDWC, Red Cell Distribution 
Width Coefficient Variation; RDWS, Red Cell Distribution Width Standard Deviation. 
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normal. Independent sample t-test indicated no significant differences in mean 
MCV (p = 0.479), MCH (p = 0.358), MCHC (p = 0.089) between the mechanics 
and their controls. In contrast, the workers at generator service centre indicated 
significantly lower RDW-C (13.76% ± 3.34% vs. 14.90% ± 1.11%; p = 0.029) and 
RDW-S (34.12 ± 3.94 µm3 vs. 45.05 ± 5.70 µm3; p < 0.001) compared with the 
controls. 

Table 4 shows the mean levels of white blood cell differential count of the 
study population. Data indicated that mean serum concentrations of the Lym-
phocytes, monocytes and granulocytes, fell within normal ranges (lymphocytes, 
(1.0 - 5.0) × 103/µL; monocytes, (0.1 - 1.0) × 103/µL; granulocytes, (2.0 - 8.0) × 
103/µL) in both the mechanics and the control group. By percentage differen-
tials, %lymphocytes in both groups fell within normal ranges of 25% - 50%. 
However, the mean percentages of monocytes were above normal range (2% - 
10%) in both groups. In addition, the mean percentages of granulocytes were 
below normal range (50% - 80%) in both groups. Independent sample t-test in-
dicated no significant differences in serum concentrations of lymphocytes (p = 
0.134), and granulocytes (p = 0.584). In contrast, significantly (p < 0.001) higher 
mean monocyte level was observed in the workers at the generator service centre 
compared with the controls. No significant differences were observed in per-
centage lymphocytes (p = 0.996), monocytes (p = 0.095) and granulocytes (p = 
0.401) between the two groups. 

The mean levels of platelet indices of the study population are shown in Table 5.  
 

Table 4. The mean levels of white blood cell differential count of the study population. 

Parameters Controls CO Exposed Workers t-statistics P-Value 

Lymphocytes (103/µL) 2.94 ± 0.71 3.16 ± 0.63 −1.51 0.134 

Monocytes (103/µL) 0.64 ± 0.17 0.83 ± 0.28 −3.81 <0.001 

Granulocytes (103/µL) 2.11 ± 0.66 2.18 ± 0.52 −0.55 0.584 

Lymphocytes (%) 49.87 ± 6.48 49.88 ± 5.54 −0.01 0.996 

Monocytes (%) 12.57 ± 3.64 13.75 ± 2.81 −1.69 0.095 

Granulocytes (%) 37.52 ± 7.28 36.36 ± 5.51 0.84 0.401 

Abbreviation: CO, Carbon monoxide. 
 

Table 5. The Mean Levels of Platelet Indices of the Study Population 

Parameters Controls CO Exposed Workers t-statistics P-Value 

MPV (µm3) 9.29 ± 1.15 8.71 ± 0.38 3.13 0.002 

PCT (%) 0.16 ± 0.05 0.19 ± 0.03 −3.48 0.001 

PDW (%) 13.41 ± 2.31 11.69 ± 2.30 3.49 0.001 

PLCR (%) 18.16 ± 5.29 15.96 ± 2.27 2.53 0.013 

Abbreviations: CO, Carbon monoxide; MPV, Mean Platelet Volume; PCT, Plateletcrit; 
PDW, Platelet Distribution Width; PLCR, Platelet Large Cell Ratio. 
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Data indicated that mean levels of MPV, PDW and PLCR for both the workers 
at the generator service centre and their controls fell within normal ranges for 
these parameters (MPV, 7.0 - 11.0 µm3; PDW, 10% - 18%; PLCR, 12% - 42%). 
However, the mean percentages of PCT in both groups were below the normal 
range (0.20% - 0.50%). Independent sample t-test indicated significantly lower 
MPV (p = 0.002), PDW (p = 0.001), PLCR (p = 0.013) and higher PCT (p = 
0.001) in the workers at the generator service centre compared with the control 
group. 

The mean prothrombin time (PT) of the generator service centre workers and 
their controls are shown in Figure 1. Data shows that the mean PT in control 
(14.06 ± 1.50 seconds) fell within normal range of 11 - 15 seconds, while that of 
generator service centre workers (62.93 ± 8.37 seconds) was above the normal 
range. Independent sample t-test indicated that the mean prothrombin time of 
the generator service centre workers was significantly (P < 0.001) longer than 
that of the controls. 

The mean partial prothrombin time (PTT) of the generator service centre 
workers and their controls are shown in Figure 2. Data shows that the mean 
PTT in control (36.81 ± 7.33 seconds) fell within normal range of 20 - 45 sec-
onds, while that of generator service centre workers (73.38 ± 13.83 minutes) was 
above normal range. Furthermore, independent sample t-test indicated that the 
mean partial prothrombin time of the generator service centre workers was sig-
nificantly (P < 0.001) longer than that of the controls. 

4. Discussion 

The status of the hematological parameters has been established as a very im-
portant diagnostic tool used in routine clinical evaluation of health, while  

 

 
Figure 1. Mean prothrombin time in exposed generator service centre workers and their 
controls. 
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Figure 2. Mean partial prothrombin time in exposed generator service centre workers 
and their controls. 

 
haemostatic parameters have been shown to be useful physiological markers of 
organ and tissue damage and dysfunction [14] [15] [16]. Haematological pa-
rameters commonly employed in disease and poisoning diagnosis and manage-
ment include, red blood cells, white blood cell, haemoglobin concentration, he-
matocrit, platelets, mean corpuscular volume or cell, mean corpuscular haemo-
globin and mean corpuscular haemoglobin concentration [17]; on the other 
hand, hemostatic parameters include platelet indices, bleeding time, prothrom-
bin time and partial thromboplastin time [18]. These blood parameters are very 
vulnerable to alterations by several factors and conditions due to the circulatory 
nature of the body. The deleterious effects of carbon monoxide on blood indices 
have been well documented. Works to unearth these alterations in blood com-
positions have been carried out extensively by researchers on various groups of 
workers who are exposed to detectable level of carbon monoxide from different 
sources. However, it is not clear if individuals who work in an environment ex-
posed to CO emission from gasoline and diesel generator sets, are in danger of 
the CO-related hematological and hemostatic alterations. 

In the present study no significant differences were observed in RBC, WBC, 
Hb, Hct, PLT, MCV, MCH and MCHC. Previous studies involving smokers ex-
posed to CO, have shown increased concentrations of Hb, RBC count, Hct, and 
MCH among the smokers compared to nonsmokers of same age groups [19]. 
Other studies Anandha et al. [20]; Vanuxem et al. [21]; Whang and Choi, 1990 
[22]; Song-Su and Saing, 1994 [23] have also indicated increased levels of WBC 
with increase in CO exposure. In another study involving rats continuously 
exposed to 500 ppm CO for 42-day [24], results showed increased MCV and 
MCH among the exposed rats compared with control. In a study by Muham-
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mad, et al. [19] the results of the increase in values of MCV and MCHC were 
found less marked and non-significant between smokers and non-smokers. 
Findings on chronic carbon monoxide exposure, as shown by Agoro et al. [25] 
indicated that RBCs, were significantly raised, whereas platelets, WBC, MCV, 
MCH and MCHC were significantly decreased. It is noteworthy that the genera-
tor workers presented values that fell within normal ranges for RBC, WBC, Hb, 
Hct, PLT, MCV, MCH and MCHC, suggesting that exposure of these workers to 
CO emission from power generating sets did not alter their hematological pa-
rameters. 

Furthermore, we observed significantly lower RDW-C and RDW-S in the 
workers at generator service centers compared with the controls. Red blood cell 
distribution width (RDW) is a measure of the variability in the size of circulating 
erythrocytes and an independent predictor of long-term mortality in patients 
with CO poisoning [26]. A previous study has demonstrated that patients with 
CO poisoning had increased RDW level than control subjects [26]. This finding 
further suggests that exposure of these workers to CO emission from power 
generating sets did not alter the formation or growth of the RBCs. 

Lymphocytes, neutrophils, monocytes, eosinophils and occasionally, basophils 
provide detail information on white blood cells in the circulation and give in-
sight into the immunological protection conferred on individuals. Our study in-
dicated no significant differences in lymphocytes, monocytes and the granulo-
cytes (neutrophils, eosinophils, basophils), whereas, the serum level of mono-
cytes (cells/µL) indicated significantly higher values compared with controls. In-
terestingly, the mean serum concentrations of the lymphocytes, monocytes and 
granulocytes, fell within normal ranges among the workers, suggesting that ex-
posure to CO emissions from gasoline or diesel power generators did not cause 
any toxic changes on WBCs. A previous work by Anandha et al. [20] has re-
ported leucocytosis among cigarettes smokers exposed to CO. Another study by 
Agoro et al. [25] indicated that lymphocytes and basophils were significantly raised, 
whereas neutrophils, monocytes, eosinophils, were significantly decreased due to 
chronic carbon monoxide exposure. The higher monocyte count observed in the 
workers compared with the control could be attributed to inflammatory re-
sponses to toxic changes and hypoxic activity of CO poisoning. 

Increased platelet activation and aggregation, increased thrombotic tendency 
due to endothelial damage, increased platelet stickiness, and alterations in the 
fibrinolytic pathway have been reported to occur in CO poisoning [27]. We in-
vestigated the changes in hemostatic parameters including platelet indices, pro- 
thrombin time and partial thromboplastin time among gasoline and diesel gen-
erator workers who were exposed to carbon monoxide. Among the platelet indi-
ces investigated were, plateletcrit (PCT), mean platelet volume (MPV), platelet 
distribution width (PDW) and platelet large cell ratio (PLCR). Our results indi-
cated significantly lower MPV, PDW and PLCR, but higher PCT in the workers 
at the generator service center compared with the control group. Furthermore, 
mean PT and PTT of the generator service center workers were significantly 
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longer than that of the controls. 
Platelet indices are markers of platelet activation, and are related to platelet's 

morphology and proliferation kinetics [28]. In this study, MPV, PDW and PLCR 
fell within normal range for both the CO exposed workers and control, suggest-
ing that there was no platelet activation or pseudopodia formation in both groups. 
Lower values observed in exposed workers may be attributed to inflammation 
responses arising from CO exposure which has been shown to implicate platelets 
and their activation products in the altered microvascular function [29] [30] [31] 
[32]. A previous study by Karabacak et al. [33] has reported a significantly higher 
MPV in the CO poisoning group compared with the control. Another study by 
Akin et al. [27] also indicated that mean platelet volume and platelet distribution 
width levels were significantly higher, while platelet count and plateletcrit were 
significantly lower in patients with CO poisoning compared with control. The 
lower but normal range mean MPV and PDW may suggest that the workers at 
the power generator servicing centers may not be at risk of thromboembolic 
complications due to platelet activation. The mechanism behind the abnormally 
low platelecrit among the workers is not well understood, and the effect of CO 
on platelets is not well documented. However, a previous study Sogarum et al. 
[34] has shown that plateletcrit decreases with an increase in blood COHb. There 
is therefore a possibility that chronic CO exposure can cause decreased produc-
tion of platelets in the bone marrow. 

Prothrombin time and activated partial thromboplastin time are important 
clinical parameters for assessing extrinsic and intrinsic factors/pathways of the 
coagulation system [35]. The findings of this study show significant increases in 
the prothrombin time and activated partial thromboplastin time of CO-exposed 
power generator workers when compared to those of the unexposed control. In 
addition, the mean PT and PPT values of the workers were above normal refer-
ence values. The increases in these parameters could be due to increased throm-
botic tendency due to endothelial damage, increased platelet stickiness, and al-
terations in the fibrinolytic pathway which have been reported to occur in CO 
poisoning [27]. 

Limitations of Study 

The major limitation of this study is our inability to measure the atmospheric 
level of CO at the power generating servicing centers as well as the blood car-
boxyhemoglobin level to ascertain the level of CO exposure of the workers. 

5. Conclusion 

The present study indicated no significant differences in most of the hemato-
logical parameters between the CO-exposed worker and their controls. In addi-
tion, normal values of hematological parameters were observed in workers ex-
posed to CO. However, PT and PTT values exceeded normal values in the work-
ers compared to controls, suggesting alterations in the fibrinolytic pathway due 
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to chronic CO exposure. More works need to be done to ascertain the effects of 
CO from power generator fumes on hematological and hemostatic parameters at 
longer and varied concentrations of CO exposure. 

Acknowledgements 

We acknowledge the Ministry of Health, Benin City, Edo state, for granting us 
ethical approval; the head of various servicing centres for educating their work-
ers, and all the participants. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Nageshkumar, G.R. (2006) Cardiac Poisons. In: Mahanta, P., Ed., Textbook of Fo-

rensic Medicine and Toxicology, Jaypee Brothers, New Delhi, 425-432. 

[2] Brvar, M., Luzar, B., Finderle, Z., Šuput, D. and Bunc M. (2010) The time-Dependent 
Protective Effect of Hyperbaric Oxygen on Neuronal Cell Apoptosis in Carbon 
Monoxide Poisoning. Inhalation Toxicology, 22, 1026-1031.  
https://doi.org/10.3109/08958378.2010.510152  

[3] Omaye, S.T. (2002) Metabolic Modulation of Carbon Monoxide Toxicity. Toxicol-
ogy, 180, 139-150. https://doi.org/10.1016/S0300-483X(02)00387-6  

[4] Piantadosi, C.A. (1996) Toxicity of Carbon Monoxide: Hemoglobin vs. Histotoxic 
Mechanisms. In: Penney, D.G., Ed., Carbon Monoxide, CRC Press, Boca Raton, 163- 
186. https://doi.org/10.1201/9780429260674-8  

[5] Stryer, L. (1987) Oxygen-Transporting Proteins: Myoglobin and Haemoglobin. In: 
Stryer, L., Ed., Biochemistry, W.H. Freeman and Company, New York, 149. 

[6] Weaver, L.K. (2009) Carbon Monoxide Poisoning. The New England Journal of 
Medicine, 360, 1217-1225. https://doi.org/10.1056/NEJMcp0808891  

[7] Coppola, L., Giunta, R., Grassia, A., Misso, L., Verrazzo, G., Violano, P.F., Gran-
dillo, F. and Tirelli, A. (1989) Air pollution by Gasoline Exhaust Fumes, Effect on 
Platelet Function and Blood Viscosity. La Medicina del Lavoro, 80, 187-191. 

[8] Haustein, K.O. (1999) Smoking, Cardiovascular Diseases and Possibilities for Treating 
Nicotine Dependence. Wiener Medizinische Wochenschrift, 149, 19-24. 

[9] Haustein, J., Krause K.O., Haustein, H., Rasmussen, T. and Cort, N. (2004) Changes 
in Hemorheological and Biochemical Parameters Following Short-Term and Long- 
Term Smoking Cessation Induced by Nicotine Replacement Therapy (NRT). Inter-
national Journal of Clinical Pharmacology and Therapeutics, 42, 83-92.  
https://doi.org/10.5414/CPP42083  

[10] Maurel, A., Apovo, M., Beuzard, Y., Boynard, M. and Lagrue, G. (1997) Effect of 
Smoking on Blood Rheology. Journal des Maladies Vasculaires, 22, 239-243. 

[11] Peters, A., Döring, A., Wichmann, H.E. and Koenig, W. (1997) Increased Plasma 
Viscosity during an Air Pollution Episode: A Link to Mortality? Lancet, 349, 1582- 
1587. https://doi.org/10.1016/S0140-6736(97)01211-7  

[12] Thomas, D. (1993) Tobacco Smoking and Cardiovascular Diseases. La Revue du 
praticien, 43, 1218-1222. 

https://doi.org/10.4236/health.2022.147053
https://doi.org/10.3109/08958378.2010.510152
https://doi.org/10.1016/S0300-483X(02)00387-6
https://doi.org/10.1201/9780429260674-8
https://doi.org/10.1056/NEJMcp0808891
https://doi.org/10.5414/CPP42083
https://doi.org/10.1016/S0140-6736(97)01211-7


G. Umahi-Ottah et al. 
 

 

DOI: 10.4236/health.2022.147053 749 Health 
 

[13] Charan, J. and Biswas, T. (2013) How to Calculate Sample Size for Different Study 
Designs in Medical Research. Indian Journal of Psychological Medicine, 35, 121- 
126. https://doi.org/10.4103/0253-7176.116232  

[14] Laffan, M.A. and Bradshaw, A.E. (1995) Investigation of Haemostasis. In: Dacie, 
J.V. and Lewis, S.M., Eds., Practical Haematology, Churchill Livingstone, New York, 
297-315. 

[15] Saliu, J.A., Elekofehinti, O.O., Komolafe, K. and Oboh, G. (2012) Effects of Some 
Green Leafy Vegetables on the Hematological Parameters of Diabetic Rats. Journal 
of Natural Product and Plant Resources, 2, 482-485. 

[16] Ukoha, U., Dimkpa, U. and Maduka, S.O. (2012) The Effects of Sublethal Doses of 
Smokeless Tobacco (Snuff) on Certain Hematological and Hemostatic Parameters 
in Wistar Rats. Journal of Experimental and Integrative Medicine, 2, 225-230.  
https://doi.org/10.5455/jeim.020412.or.027  

[17] Sarma, P.R. (1990) Red Cell Indices in, Clinical Methods: The History, Physical, and 
Laboratory Examinations. 3rd Edition, Butterworth Publishers, Oxford. 

[18] Woźniak, P., Kontek, B., Różański, W. and Olas B. (2017) Evaluation of Hemostasis 
Parameters and the Role of the Oxidative Damage to Plasma Proteins in the Modu-
lation of Hemostasis in Patients with Nephrolithiasis before and after Extracorpo-
real Shock Wave Lithotripsy. PLOS ONE, 12, Article ID: e0185157.  
https://doi.org/10.1371/journal.pone.0185157  

[19] Muhammad, I.K., Mulazim, H.B., Muhammad, S. and Sharmaine, B. (2014) Effect 
of Smoking on Red Blood Cells Count, Haemoglobin Concentration and Red Cell 
Indice. Pakistan Journal of Medical and Health Sciences, 8, 361-364. 

[20] Anandha Lakshmi, S., Lakshmanan, A., Ganesh, K.P. and Saravanan, A. (2014) Ef-
fect of Intensity of Cigarette Smoking on Haematological and Lipid Parameters. 
Journal of Clinical and Diagnosis Research, 8, BC11-BC13.  
https://doi.org/10.7860/JCDR/2014/9545.4612  

[21] Vanuxem, D., Sampol, J., Weiller, P.J., M’Bark, J. and Grimand, C. (1984) Influences 
du tabagisme chronigue sur les leukocytes. Respiration, 46, 258-264.  
https://doi.org/10.1159/000194697  

[22] Whang, S.H. and Choi, I.S. (1990) Studies on the Clinical and Laboratory Findings 
of Acute Carbon Monoxide Intoxication. Journal of Korean Medical Association, 
33, 997-1005. 

[23] Lee, S.S., Choi, I.S. and Song, K.S. (1994) Haematological Changes in Acute Carbon 
Monoxide Intoxication. Yonsei Medical Journal, 35, 245-259.  
https://doi.org/10.3349/ymj.1994.35.3.245  

[24] Penney, D.G. and Bishop, P.A. (1978) Hematologic Changes in the Rat during and 
after Exposure to Carbon Monoxide. Journal of Environmental Pathology and Toxi-
cology, 2, 407-415. 

[25] Agoro, E.S., Wankasi, M.M., Zebedee, U.L. and Agoro, E.-Y. (2019) The Effects of 
Chronic Carbon Monoxide Intoxication on Some Haematological Parameters and 
Films in Rabbits. Advanced Journal of Toxicology: Current Research, 3, 1-5. 

[26] Sunman, H., Çimen, T., Erat, M., Gayretli Yayla, K., Han Efe, T., Özkan, S., Deniz 
Arslan, E. and Açıkela, S. (2018) Red Blood Cell Distribution Width as a Predictor 
of Long-Term Mortality in Patients with Carbon Monoxide Poisoning. Turkish Jour-
nal of Emergency Medicine, 18, 158-161.  
https://doi.org/10.1016/j.tjem.2018.05.003  

[27] Akin, F., Yorulmaz, A., Yaza, A., Ture, E., Erdemir, E., Ertekin, B. and Tarik, A. (2019) 
Prognostic Importance of Thrombocyte Indices in Children with Carbon Monoxide 
Poisoning. Selçuk Tıp Dergisi, 35, 180-187.  

https://doi.org/10.4236/health.2022.147053
https://doi.org/10.4103/0253-7176.116232
https://doi.org/10.5455/jeim.020412.or.027
https://doi.org/10.1371/journal.pone.0185157
https://doi.org/10.7860/JCDR/2014/9545.4612
https://doi.org/10.1159/000194697
https://doi.org/10.3349/ymj.1994.35.3.245
https://doi.org/10.1016/j.tjem.2018.05.003


G. Umahi-Ottah et al. 
 

 

DOI: 10.4236/health.2022.147053 750 Health 
 

https://doi.org/10.30733/std.2019.01119  

[28] Budak, Y.U., Polat, M. and Huysal, K. (2016) The Use of Platelet Indices, Platelet-
crit, Mean Platelet Volume and Platelet Distribution width in Emergency Non- 
Traumatic Abdominal Surgery: A Systematic Review. Biochemia Medica, 26, 178- 
193. https://doi.org/10.11613/BM.2016.020  

[29] Rhodin, J.A., Thomas, T.N., Clark, L., Garces, A. and Bryant, M. (2003) In Vivo Cere-
brovascular Actions of Amyloid Beta-Peptides and the Protective Effect of Conjugated 
Estrogens. Journal of Alzheimer’s Disease, 5, 275-286.  
https://doi.org/10.3233/JAD-2003-5403  

[30] Gavins, F., Yilmaz, G. and Granger, D.N. (2007) The Evolving Paradigm for Blood 
Cell-Endothelial Cell Interactions in the Cerebral Microcirculation. Microcircula-
tion, 14, 667-681. https://doi.org/10.1080/10739680701404903  

[31] Langer, H.F. and Gawaz, M. (2008) Platelet-Vessel Wall Interactions in Atheroscle-
rotic Disease. Thrombosis and Haemostasis, 99, 480-486.  
https://doi.org/10.1160/TH07-11-0685  

[32] Sabrkhany, S., Griffioen, A.W. and Egbrink, M.G. (2010) The Role of Blood Platelets 
in Tumor Angiogenesis. Biochim Biophys Acta, 1815, 189-196.  
https://doi.org/10.1016/j.bbcan.2010.12.001  

[33] Karabacak, M., Varol, E., Türkdogan, K.A., Duman, A., Akpinar, O. and Karabacak, 
P. (2014) Mean Platelet Volume in Patients with Carbon Monoxide Poisoning. An-
giology, 65, 252-256. https://doi.org/10.1177/0003319713497422  

[34] Soogarun, S., Wiwanitkit, V. and Suwansaksri, J. (2004) Blood Carboxyhemoglobin 
Level and Platelets: A Correlation Study. Clinical and Applied Thrombosis/Hemostasis, 
10, 281-283. https://doi.org/10.1177/107602960401000312  

[35] Deanfield, J.E., Halcox, J.P. and Rabelink, T.J. (2007) Endothelial Function and Dys-
function: Testing and Clinical Relevance. Circulation, 115, 1285-1295.  
https://doi.org/10.1161/CIRCULATIONAHA.106.652859 

 
 
 
 
 
 

https://doi.org/10.4236/health.2022.147053
https://doi.org/10.30733/std.2019.01119
https://doi.org/10.11613/BM.2016.020
https://doi.org/10.3233/JAD-2003-5403
https://doi.org/10.1080/10739680701404903
https://doi.org/10.1160/TH07-11-0685
https://doi.org/10.1016/j.bbcan.2010.12.001
https://doi.org/10.1177/0003319713497422
https://doi.org/10.1177/107602960401000312
https://doi.org/10.1161/CIRCULATIONAHA.106.652859

	Effects of Carbon Monoxide on Haematological and Haemostatic Parameters among the Exposed Workers at Generator Servicing Centres in Benin City
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Study Design
	2.2. Sample Size
	2.3. Questionnaire/Ethical Approval
	2.4. Blood Collection and Analysis for Full Blood Count
	2.5. Blood Collection and Analysis for Haemostatic Parameters
	2.5.1. Prothrombin Time (PT)
	2.5.2. Partial Thrombin Time and Kaolin (PTTK)

	2.6. Data Analysis

	3. Results
	4. Discussion
	Limitations of Study

	5. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

