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ABSTRACT 
 

This investigation was conducted to study the effect of exposure to tyre smoke on serum calcium 
and albumin of selected abattoir workers in Oginigba town of Obio area of Port Harcourt, Rivers 
State. A total number of 50 participants were selected for the study (35 experimental group and 15 
controls). Blood samples were collected by venipuncture and analyzed in the laboratory for serum 
calcium and albumin using the colorimetric and bromo cresol-green method respectively. 
Compared to 3% of the control population, 49% of the experimental population had a serum 
calcium level below the standard reference of 2.20-2.55 mmol/l. Results from the test on serum 
albumin showed that 23% of the experimental population had level above the standard references 
of 3.5-50 g/dl whereas the control population had values within the reference range. The 
experimental population was grouped into five study groups: 1-3, 4-6, 7-9, 10-15, and above 15 
years of service (exposure years) at the abattoir. Serum calcium levels in mmol/l were 2.31, 2.15, 
2.20, 2.13, 2.06, 2.16, and serum albumin level in g/dl were 4.63, 4.62, 4.70, 4.79, 4.83, 4.99 for 
control, groups 1-3, 4-6, 7-9, 10-15 and above 15 years respectively compared with the control, all 
showed significant increase in the serum albumin levels. The level of significance in agreement 
with the different standard reference ranges, serum calcium was observed to significantly vary from 
the control from the last level of exposure (1-3 years) while serum albumin differed significantly 
from the control, from 7years of exposure for non-smokers and 4years of exposure amongst 
smokers. The data was group into two study based on genotype as AA and AS. It was observed 
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that participants with genotype AS were most susceptible to the effect of smoke inhalation on 
lowering serum calcium levels. The result of this research showed that the abattoir workers 
(roasters) are prone to developing hypocalcaemia and hyperalbuminaemia, and therefore require 
periodic medical attention. 
 

 

Keywords: Serum calcium; smoke exposure; hypocalcaemia; hyperalbuminaemia. 
 

1. INTRODUCTION 
 

From several studies, it has been established 
that exposure to smoke poses a challenge to 
human health at environmental relevant 
concentrations. Some effect associated with 
wood smoke are not unlike those of mixed urban 
ambient particulate matter (PM) for both cancer 
and non-cancer end-points [1]. Smoke from 
wood burning has some unique component but 
also shares many physical and chemical 
characteristics with emissions from other 
combustion source [2]. The effect, exposure 
concentrations and chemical profiles are 
expected to vary significantly depending on 
specific scenarios and human receptors [3]. 
 

At emission, wood smoke consists of solids, 
liquid and gaseous constituents that change and 
sometimes rapidly with time, temperature, 
sunlight, and interaction with other pollutants and 
water surfaces. Many of these constituents are 
known to be hazardous to human health but are 
not specifically regulated or even fully evaluated 
[4]. 
 

Organic extracts of ambient particulate 
containing substantial quantities of wood smoke 
are 30_ fold more potent than extract of cigarette 
smoke condensate in a mouse skin tumor 
indiction assay [4]. Thirty seven percent (37%) of 
lung cancer patients had an association with 
wood smoke exposure Delgado et al. [5]. Among 
non-smokers, out of all the cooking fuels, the risk 
of development of lung cancer was highest for 
biomass fuel exposure [6]. Burning wood in the 
kitchen increases the risk of cervical neoplasia in 
HPV – infected women in Honduras [7]. The use 
of biomarkers to assess wood smoke exposure is 
promising, yet there are limitations for its use as 
quantitative indicators of exposure [8]. 
 

Tyre combustion produces particulate matters 
which are aggregates of small particulates, liquid 
droplets and vapours. The particulates are of 
aerodynamic diameter PM2.5 and PM10. Tyre 
combustion results into volatiles which undergo 
degradation to produce free radicals considered 
biologically hazardous [9]. These can represent 
both significant short term and long term  
hazards to individuals and the environment [10]. 

Emissions from burning of tyres are associated 
with serious public health ailments including 
whizzing of the lungs and chronic coughs. 
Emissions from burning tyres are highly 
mutagenic and carcinogenic [11].  
 

Open tyre fire emissions are estimated to be 16 
time more mutagenic than residential wood 
combustion in a fire place and 13000 time more 
mutagenic than coal fired utility emission with 
good combustion efficiency and add-on controls 
[12].  
 

The objectives of the study were to: evaluate the 
effect of inhalation of tyre emission on serum 
calcium and albumin levels of the ‘roasters’, 
determine a safe exposure limit to the fire points 
(in service as a roaster) in years, evaluate the 
added effect of cigarette smoking on human 
serum calcium and albumin level of the ‘roasters 
and evaluate the influence of the different 
hemoglobin variants to the effect of the smoke 
inhalation. 
 

2. MATERIALS AND METHODS  
 

2.1 Sample Population and Size 
 

A total number of 50 individuals participated in 
this study. Thirty – five (35) participants form the 
experimental population while the remaining 15 
participants serve as the control population. Both 
the experiment and control populations are 
inhabitants of Port Harcourt, Rivers State. The 
experimental populations were selected from the 
carcass handlers (roasters) at the abattoir while 
the control populations were selected outside the 
abattoir (none abattoir workers).  
 

2.2 Sample Collection and Preparation   
 

Each participant’s name, age, sex, length of 
service at the abattoir, health history and 
smoking habit were noted down and each 
participant’s sample bottle appropriately labeled. 
The tourniquet was placed on the arm about four 
(4) inches above the vein of interest. The area 
was thoroughly cleaned and disinfected with 70% 
alcohol by at least 2 cm by 2 cm for 1 minute and 
allowed to dry. The blood sample was collected 
and transferred immediately into vacationer 
bottles for laboratory examination. The blood was 
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allowed to clot a room temperature. Clot was 
removed by centrifuging and the supernatant 
(serum) was transferred immediately into a  
clean polypropylene tube using a pipette and 
maintained at 2-8

0
C while handling. 

 

2.3 Biochemical Assay  
 

Calcium test was conducted using the 
colorimetric method while bromocresol – green 
method was used to conduct albumin test. 
Curettes (1 cm light path), spectrophotometer, 
and test tubes were used for both tests while 
water bath was used for albumin test only. 
Hemoglobin electrophoresis was carried and 
cellulose acetate paper, whatman’s filter paper, 
and electrophoresis machine were the materials 
used.  
 

3. RESULTS  
 

The results obtained for the serum calcium and 
albumin of 35 healthy participants selected from 

the abattoir of the ‘roasters’ community with the 
code number, age, level of exposure and 
smoking of the experimental population, and also 
of 15 male healthy participants who do not 
smoke selected outside the abattoir are shown in 
Tables 1 and 2 respectively. 
 
The experimental population was grouped into 
five classes based on the years of service at the 
abattoir namely 1-3,4-6,7-9-15 and 16 years 
upwards, descriptive statistic and one sample T-
test were employed to compare the means 
against the control and to test for significance at 
95% confidence level; and the experimental 
population of 35 participants grouped into 
genotype classes AA and AS, 11 of which are of 
genotype AS which are of genotype AA are seen 
in Tables 3 and 4 respectively.  
 

Correlation between the experimental, control 
and reference ranges of serum calcium and 
albumin are seen in Figs. 1 and 2 respectively. 

 

 
 

Fig. 1. Serum calcium representation of both experimental, control and reference (standard) 
showing the minimum and maximum points for each 

 

 
 

Fig. 2. Serum albumin representation of both experimental, control and reference (standard) 
showing the minimum and maximum points for each 
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Table 1. Serum albumin and calcium concentration of male experimental population 
 
S/N Calcium(mmol/l) Albumin (g/dl) Genotype Age (years) Exposure 

(years) 
Smoke 

1 2.10±0.00 4.58±0.01 AS 38 3 NO 
2 2.18±0.00 4.85±0.00 AA 37 3 NO 
3 2.21±0.01 4.76±0.00 AA 25 8 YES 
4 1.92±0.00 5.03±0.01 AA 26 6 YES 
5 2.22±0.00 4.60±0.01 AA 20 3 NO 
6 2.15±0.01 4.93±0.00 AA 29 15 NO 
7 2.28±0.02 4.68±0.00 AA 23 10 NO 
8 2.26±0.00 4.06±0.00 AS 22 4 NO 
9 2.27±0.00 5.28±0.02 AA 21 5 NO 
10 2.29±0.00 4.56±0.00 AS 20 2 NO 
11 2.31±0.01 4.90±0.00 AA 21 4 NO 
12 2.37±0.00 5.13±0.00 AA 37 19 NO 
13 2.30±0.00 5.02±0.00 AA 40 17 NO 
14 2.16±0.03 4.47±0.01 AS 24 4 NO 
15 2.04±0.01 4.79±0.01 AS 30 2 NO 
16 2.32±0.00 5.15±0.01 AA 40 5 YES 
17 1.74±0.03 3.65±0.00 AA 37 5 NO 
18 1.18±0.00 4.83±0.03 AA 42 27 NO 
19 2.21±0.02 5.35±0.00 AA 40 5 NO 
20 2.14±0.01 4.61±0.00 AA 45 7 YES 
21 2.29±0.11 4.65±0.01 AS 46 10 NO 
22 2.47±0.00 4.57±0.00 AA 27 4 NO 
23 1.99±0.03 4.29±0.00 AA 25 2 NO 
24 2.11±0.01 4.85±0.00 AS 34 7 NO 
25 2.21±0.00 4.90±0.02 AA 45 11 NO 
26 2.24±0.02 4.45±0.01 AA 28 4 NO 
27 2.02±0.00 4.88±0.00 AS 35 12 NO 
28 2.27±0.00 4.47±0.02 AA 29 4 NO 
29 1.98±0.01 4.76±0.00 AS 42 11 NO 
30 1.79±0.01 4.68±0.00 AS 42 10 NO 
31 2.22±0.00 5.12±0.00 AA 39 5 YES 
32 2.08±0.00 4.90±0.04 AA 32 9 NO 
33 2.12±0.00 4.83±0.01 AA 36 7 NO 
34 2.22±0.01 4.68±0.01 AA 39 3 NO 
35 1.87±0.00 5.14±0.00 AS 41 10 NO 

Calcium and albumin values are means of 3 determinations ± standard devistion. 

 
Table 2. Serum albumin and calcium concentration of the control population  

 
S/N Calcium (mmol/l) Albumin (g/dl) Age (years) 

1 2.29±0.01 4.71±0.00 30 
2 2.29±0.00 4.72±0.01 24 
3 2.19±0.00 4.66±0.01 38 
4 2.23±0.02 4.55±0.00 20 
5 2.45±0.01 4.75±0.01 23 
6 2.37±0.00 4.69±0.00 30 
7 2.40±0.00 4.71±0.00 37 
8 2.35±0.01 4.40±0.01 29 
9 2.50±0.08 4.59±0.00 24 
10 2.32±0.03 4.57±0.00 34 
11 2.09±0.01 4.55±0.00 20 
12 2.16±0.00 4.58±0.01 22 
13 2.37±0.00 4.77±0.00 31 
14 2.28±0.00 4.68±0.00 26 
15 2.34±0.00 4.56±0.00 33 

Calcium and albumin values are means of 3 determinations ± standard deviation. 
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Table 3. Result of mean  standard deviation of serum calcium and albumin with respect to 
exposure levels 

 

Exposure in years Calcium (mmol/l) Albumin (g/dl) 

Control 2.31
a
±0.11 4.63

a
±0.10 

1-3 2.15
b
±0.11 4.62

a
±0.18 

4-6 2.20
ab

±0.19 4.70
ab

±0.51 
7-9 2.13

b
±0.05 4.79

b
±0.11 

10-15 2.06
b
±0.17 4.83

b
±0.17 

16 and above 2.16
ab

±0.31 4.99
a
±0.15 

Values are means standard ± deviation. Means bearing different superscript on one column are significantly different (P 
˂0.05) 

 

Table 4. Serum calcium and albumin concentration with respect to genotype 
 

S/N Genotype               AS                            AA 

Calcium (mmol/l) Albumin (g/dl) Calcium (mmol/l) Albumin (g/dl) 

1 2.10±0.00 4.58±0.01 2.18±0.00 4.85±0.00 
2 2.26±0.00 4.06±0.00 2.21±0.01 4.76±0.00 
3 2.29±0.00 4.56±0.00 1.92±0.00 5.03±0.01 
4 2.16±0.03 4.47±0.01 2.22±0.00 4.60±0.01 
5 2.04±0.01 4.79±0.01 2.15±0.01 4.93±0.00 
6 2.42±0.01 4.65±0.01 2.28±0.02 4.68±0.00 
7 2.11±0.01 4.85±0.00 2.27±0.00 5.28±0.02 
8 2.02±0.00 4.88±0.00 2.31±0.01 4.90±0.00 
9 1.98±0.01 4.76±0.00 2.37±0.00 5.13±0.00 
10 1.79±0.01 4.68±0.00 2.30±0.00 5.02±0.00 
11 1.87±0.00 5.14±0.00 2.32±0.00 5.15±0.01 
12   1.74±0.03 3.65±0.00 
13   1.81±0.00 4.83±0.03 
14   2.21±0.02 5.35±0.00 
15   2.14±0.00 4.61±0.00 
16   2.47±0.00 4.57±0.00 
17   1.99±0.03 4.29±0.00 
18   2.21±0.00 4.90±0.02 
19   2.24±0.02 4.45±0.01 
20   2.27±0.00 4.47±0.02 
21   2.22±0.00 5.12±0.00 
22   2.08±0.00 4.90±0.04 
23   2.12±0.00 4.83±0.01 
24   2.22±0.01 4.68±0.01 

Calcium and albumin values are means of 3 determinations ± standard deviation 
 

 
 

Fig. 3. Serum calcium mean values of the exposure levels. Bars bearing different letters are 

significantly different at p 0.05 
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Fig. 4. Serum albumin mean values of the exposure levels. Bars bearing different letter are 

significantly different at p 0.05 
 
Comparison between the control and the levels 
of exposure for serum calcium and albumin are 
shown in Figs. 3 and 4 respectively.  
 

4. DISCUSSION  
 

The reference range for normal serum calcium is 
8.8-10.2mg/dl equivalent to 2.20-2.55mmol/l [13]. 
Of the experimental population of 35 participants, 
18(51%) are within the reference range and 
17(49%) are below the reference range. The 
reference range for normal serum albumin is 3.5-
5.0g/dl [14]. Of the experimental population of 35 
participants 8(23%) are above the reference 
range (of these, 9% are cigarette smokers) and 
27 (77%) are within the reference range. 
 

The lower calcium levels could be as a 
consequence of lower absorption of calcium and 
vitamin D reported among smokers [15]. 
Hypocalcaemia could also arise as a result of 
deficiency in parathyroid hormone (PTH) which 
can be a result a mutation in the calcium-sensing 
receptor caused by the inhalation of smoke 
constituents [16]. Amidst the consequences of 
hypocalcaemia which include seizures, impaired 
intellectual capacity, cardiac arrest, numbness, 
muscle spasms etc., it is also possible to be 
asymptomatic especially when it develops slowly 
leading to a fatal stage (Cooper & Gittoes, 2008) 
hyper albuminaemia is usually associated with 
abrupt deghydration and high protein diets [17] 
Mutlu et al. [18]. Even though serum albumin is a 
protein with antioxidant activity, it is also 
implicated with an increased risk of cancer of the 
distal colon [19]. 
 

Approximately, 40% of total plasma calcium 
circulates bound to albumin. When circulating 
albumin is reduced, total serum calcium must be 
adjusted to reflect lower amounts of bound 
calcium. More specifically each 1 g/dl             
decrease of album will decrease 0.8 mg/dl in 
measured serum calcium. Thus, 0.8 must be 
added to the measured calcium to get a 
corrected calcium value [20]. Several disorders 
of calcium sensing arise from inherited or 
acquired abnormalities that ‘reset’ the serum 
calcium concentration upwarders or downwards 
[21]. 
 
Earlier research involving sickle cell trait 
(hemoglobin genotype AS) revealed that sickle 
cell trait has a protective advantage against 
Plasmodium falciparum [22]. However, there are 
rare complications associated with it.  Exercise 
induced dehydration exhaustion may cause 
healthy red blood cells to turns sickle-shaped 
which can cause death during sporting activities 
[23]. Sickle cell disease and trait erythrocytes 
have been reported to show alterations in 
sensitivity to elevated intracellular calcium levels 
[24]. 
 

5. CONCLUSION  
 
In conclusion, exposure to smoke either from tyre 
or wood origin has been shown to affect health in 
varied ways [3,1]. It is evident from the research 
conducted that some of the carcass handlers 
(roasters) should be recommend for periodical 
medical checks. 
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