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ABSTRACT

Cement dust exposures has been reported to result in various occupational health problems and
long term complications. However, effects of cement dust exposures on biochemical, oxidative stress
indicators and Haematological profiles in Nigerians cement factory workers are scarce, therefore
the present study is aimed at determining the effects of cement dust exposure on uric acid,
creatinine, total protein, albumin, globulin, copper and selenium levels and Haematological profile
in forty-five cement factory workers and thirty controls office workers. Uric acid, creatinine,
albumin and total protein were determined using Hitachi 902 auto analyser, total globulin was
computed by subtracting albumin level from total protein concentration while haematological
parameters were determined using Sysmex. Uric acid, copper and creatinine levels were
significantly higher in cement factory workers compared with controls (p<0.05). Also,
haemoglobulin, haematoecrite concentration, Mean Corpuscular Volume (MCV), Mean Corpuscular
Hemoglobin Concentration (MCHC), Mean Corpuscular Hemoglobin (MCH), lymphacytes and
eosinophils are significantly higher in exposed group compared with controls while neutrophils were
significantly lower in cement factory workers. Significantly higher creatinine suggests nephrotoxic
effects while uric acid probably in part up regulated to combat oxidative stress. Uric acid was also
significantly positively correlated with Body Mass Index (BMI) (r = 0.38, p<0.05), probably to match
the body cement dust burdens. Higher haematological profile probably support the report that
cement mill workers are exposed to metals that enhance haematopoietic system while the
insignificant difference of total protein, albumin suggest that cement dust does not have effects on
the synthetic functions of liver. Other variables did not differ significantly.
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INTRODUCTION

Inflammatory response to workplace exposures to silica has been reported to be observed in
specific organs, such as lungs, skin and the liver and if persistent may progress to fibrosis,
granulomatous diseases and even cancer (Aminian et al., 2008). Molecules of primary importance
in cement dust basically include 60-67% calecium oxide, 17-25 silicon oxide (510, ), 3-B% aluminium
(Al) oxide, with some amount of iron oxide, chromium (Cr), potassium, sodium, sulphur and
magnesium oxide (Fell ef al., 2003; Gbadebo and Bankole, 2007). It has been reported that chronic
exposures to aluminium could increase lipid peroxidation in different tissues resulting in
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neurotoxicity, renal failure and anaemia (Mohammadirad and Abdollahi, 2011). Also, chromium
is present in cement dust product via scrapes of refractory lining of kiln and steel balls used in the
mills {Bhatty, 1995) and has been reported to be highly toxic and a strong oxidising agent,
especially Cr (VI) which is highly present in cement dust due to oxidation, exposure to this Cr (VI)
results in toxic effects in vital organs such as respiratory (lungs), kidney and liver (ATSDR, 2000)
via generation of free radicals and resultant inflammato ry reactions. Continuous efflux of reactive
oxygen species from endogenous and exogenous sources has been known to result in
accumulative oxidative damage to cellular component and alters many cellular functions
{Kchen and Nyska, 2002; Adly, 2010).

Human haematopoietic system is known to be extremely sensitive to environmental influences
due to rapid synthesis and destruction of cells with resultant heavy metabolic demands, making it
a good indicator in toxicological studies {(Jude et al., 2002). Also, recent reports have shown the
protective role of haematopoietic products in prevention of oxidative stress related diseases
(Feng et al., 2005; Gawad et al.,, 2009). Specifically, Gawad et al. (2009) demonstrated the
protective role of erythropoietin against apoptosis induced oxygen radicals.

The present study was aimed at predicting the nephrotoxic effects of cement dust and possible
oxidative stress effect, also to determne the effect on synthetie functions of the liver and on
haematological parameters.

MATERIALS AND METHODS

A total of seventy-five Nigerian males were randomly selected for the study after obtaining an
informed consent. Forty-five were cement factory workers in a cement factory in Ogun state Nigeria
while thirty controls were office workerss that were not resident in town of study, this study was
carried out between November 2008 and October 2009. Smokers, alcoholies and those with chronic
illnesses were exempted from the study. The mean age of the subjects group was 35.0448.35 years
while that of the control group was 31.87+8.08years. Questionnaires were administered to obtain
vital information. Ten millilitre of venous blood was withdrawn; b mL was dispensed in a plain
bottle to obtain serum while 5 mL was withdrawn into an EDTA bottle for haematological profile.
Uric acid, total protein, albumin and creatinine were determined using Hitachi 902 auto analyser
based on standard methods while globulin was computed by subtracting albumin level from total
protein concentration. Haematology parameters were determined using Sysmex auto-analyser.

The Body Mass Indexes (BMI) of both cement factory workers and controls were computed
according to the standard formula:

_ Weight (kg)
" Height ()

All analyses were subjected to quality checks to ensure reliability of generated data. Results
were only aceepted if QC data fell between mean values £25D,

All data were expressed as Mean+SEM. Results were analyzed using the Students’ T-test and
correlation studies using Pearson’s Product Moment Correlation coefficient. Differences between
values 1n cement. factory workers and controls were accepted as significant at 5% (p<0.05) level.

RESULTS
Table 1 shows body mass index, copper, uric acid and selenium levels in cement factory workers
compared with corresponding values in controls. Body mass index and selenium values were similar
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in both cement factory workers and controls, while urie acid and copper were significantly higher
in exposed group compared with office workers. Additionally, uric acid level was positively
correlated with BMI. In Table 2, creatinine level was significantly higher in the test group than in
control group while albumin, total protein and globulin were non-significantly higher in cement,
factory workers compared with controls.

Haemoglobulin, percentage heamotocrite, MCV, MCH, MCHC levels were significantly higher
in exposed group compared with office workers but RBC and platelets count were non-significant,
in both group (Table 3). Lymphocytes, basophils and eosinophils percentage levels were
significantly higher while neutrophils was lower in cement factory workers compared with the
controls, like RBC and platelet count monocyte and total white blood cell counts were
non-significant in both groups see (Table 4). Table 5 shows the correlation of urie acid, copper,
selenium and albumin against BMI.

Table 1: BMI, Uric acid, Copper and selenium levels in cement factory workers and controls

Levels Cement factory workers (45) Controls (30) t-vlues p-values
BMI 22.0843.13 22.08+2.82 0.01 p=0.05
Uric acid (mg dI.™) 5.60+1.63* 4.38+0.83* 4.04* p=<0.05
Copper (ug dLi™%) T7.3645.065% 751053 .84* 2.08% p=0.05
Selenium (ug L™ 75.4245.95 77.60:4.23 1.73 p=0.05
*Significant

Table 2: Creatinine, total protein, albumin and globulin in cement factory workers and controls

Levels Cement, factory workers (45) Controls (30) t-values p-values
Creatinine (mg dl.™) 1.66+£1.29% 0.95£0.26% 297 p=0.05
Total protein (g dL.i7Y) 9.40+11.13 7.3940.71 0.99 p>0.05
Albumin {mg dL.™Y) 3.96+0.92 3.87£0.33 0.53 p>0.05
Globlin (mg dL%) 3.67+0.92 3.51£0.53 0.77 p>0.05
*Significant

Table 3: Haemogram in cement factory workers and controls

Parameters Cement factory workers (45) Controls (30) t-values p-values
HBG (mg dL D) 14.38+1.24% 13.50+1.64% 2 BB* p=0.05
HCT (%) 47.3144.24* 42.23+4.02% 4.77% p<0.05
MCV 85 6617 55 75.80L£6.82% 5.76% p<0.05
MCH (pg) 26.1042.62* 24.3542.51* 287+ p<0.05
MCHC (mg dL) 30.4441.28% 31.8741.08% 5.04% p<0.05
RBC 5.56+£00.70 5.51+0.56 0.31 p>0.05
PLT 216.11460.21 215.93£77.09 011 p>0.05
*Significant

Table 4: Differential blood cell and total white blood cell counts in cement factory workers and controls

PBlood cell Cement factary workers (45) Controls (30) t-values p-values
Neutrophils (%) 37.33£11.26% 46.534£9.82*% 3.64* p=0.05
Lsmphocytes (%) 57.42£13.21% 51.104£9.54*% 2.56% p=0.05
Monocytes (%) 3.02£1.99 2.57+£1.38 1.09 p>0.05
Eosinophils (%) 0.96+1 54* 0.13+£0.43* 2.85*% p=0.05
Basaphils (%) 0.22+0.15* 0.00+£0.00% 0.82* p=0.05
Total white blood cells(< 10%/mm?) 5.51+1.86 6.70£2.41 1.17 p=0.05
*Significant
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Tahble 5: Carrelation of uric acid, copper, selenium and allwmin against BMI in cement factory workers

Parameters R P
Uric acid 0.38 =<0.05
Copper 0.11 =0.056
Selenium 0.35* =<0.05
Albumin 0.22 =0.05
*Significant
DISCUSSION

Already by the early 1950s silica exposure was described as being associated with renal
insufficiency (Saita and Zavaglia, 1951). Meanwhile, it 1s expected that silica content of cement
dust should not exceed 2% free silica as contaminant (ICMR, 2001). Elevated creatinine levels in
this study suggest nephrotoxic effects of cement dust in the test group. This is in consistent with
the study of Goldsmith and Goldsmith (1993), Rapiti ef al. (1999), Steenland ef al. (2002) and
Alkinola et al. (2008); they all reported remarkable nephrotoxic effects of silica exposure in separate
studies. Also, Colpan et al. (1998) reported that silicon has a dose related harmful effect on the
renal structure; Histological tubular brush border, haemorragic alterations in the glomerular area
and epithelial protrusion towards the tubular lumens were remarkable.

Two possible mechanisms might be operative: First may be due to direct toxie actions of silica
(Giles ef al., 1978; Mauras et al., 1980) and recently, possible immune mechanisms were proposed
by Haustein et al. (1990) and Pernis {2005). Also, the nephrotoxic effect might be due to the
presence of high concentration of cadmium release during cement dust production
{(Abimbola et al., 2007).

Uric acid 1s a metabolic or endogenous antioxidant. The elevated urate level in cement factory
workers 1s probably an adaptive response or mechanisms against the toxic effect of cement dust
constituents. This is consistent with earlier reports of elevation of serum uric acid concentration
occeurring as a physiclogic response to oxidative stress providing counter regulatory increase in
oxidant defences (Ames et @l., 1981; Simic and Jovanovie, 1989, Gittleman et al., 1994) have
reported that uric acid may be a consistent and reliable biomarker of significant exposure to
toxicants. Uric acid also acts as a repair agent of oxidative damage to DNA bases (Simie and
Jovanovic, 1989), probably another reason for the increase. This probably implies haemostasis
implication according to Yoshida et al. (2001), they inferred that there is an inverse relationship
between uric acid and 8-OHdG, a marker of genotoxicity and possible mutation. This cxidative
stress might have been confirmed by the increase in copper which is a known component of
ceruloplasmin, an acute phase reactant and antioxidant (Tolonen, 1990). Copper is also a
component. of the potent cytosolic antioxidant copper-zine superoxide dismutase (Cu-Zn SOD). This
might be due to a mechanism that the body tends to retain copper to combat heavy anticxadant
demands. Also, selenium though not statistically significant, it is lower in cement factory workers
which suggest increased demand. Selenium is a known non-specific intracellular antioxidant which
helps protect from carcinogenic chemicals (Vasudevan and Sreekumaris, 2001). Also, binds most.
heavy metals and militates against their toxic effects and it i1s a major content of antioxidant
enzyme, glutathione peroxidase (Vasudevan and Sreekumari, 2001).

The increase eosinophils and basophils suggest increase activation of allergic response. This 1s

consistent with the study of Tulinska ef al. (2004), where they observed an increase in activation
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markers on ecsinophil {CD 66b and CD 69) and Ogunhileje ef al. (2010a) also reported significant
increase Igk in cement factory workers. Circulating eosinophils are elevated in patients with
allergic conditions. It has been reported that eosinophils recruitment is been induced by eotaxin
{Conroy and Williams, 2001) via IL-4 and IL-13 involvement (Rothenberg and Hogan, 2006), both
cytokines (IL-4 and IL-13) are known to be potent pro-fibrotic mediators. Also, activated eosinophils
have been reported to induce Hypobromous acid (HOBr) which has been reported to induce an
array of DINA damage (Kang and Sowers, 2008). Thus, suggesting that eosinophils recruitment in
cement. factory workers contributes toinflammatory-mediated DNA damage in these set of workers.
This inflammatory response might. have contributed in part to lymphocytosis in exposed group, and
this is corroborated with the increase in Ig(G and Igk which have been reported in cement, factory
workers in Nigeria (Ogunbileje et af., 2010a). This is also in agreement with Jude et el (2002) and
Tulinska et al. (2004), both studies reported an increase in lymphocytes in exposed silica workers,

Meanwhile decreased neutrophils in exposed group suggest that this group might be susceptible
to infectious agents. This is in agreement with the study of Meo et af. (2008), reporting a significant,
decrease in phagocytic activity of Polymorphonuclear Neutrophils (PMN) in cement workers
compared with control group. This indicate that exposure to cement, dust can impair both phagocytic
functions and number of palymorphonuclear neutrophils in exposed group and probably increase
infection susceptibility, but the mechanism for this is not fully understood.

Significant increase in HGB, HCT, MCV, MCH, MCHC in cement factory workers suggest this
might be due to increased exposure of cement factory workers to iron which 1s known to be a major
constituent of cement dust and has been reported to be higher in workers working in packing and
loading section (Fell ¢t al., 2003; Faust, 1995; Ogunbileje ef al., 2010b). Iron is important in
haemoglobin synthesis. A major transport protein of iron is transferrin, which delivers iron to
tissues which have transferrin receptors, especially erythroblasts in the bone marrow, it incorporate
iron into haemoglobin which is reutilized for haemoglobin synthesis (Hoffbrand et al., 2001). The
increased copper in this study might have also contributed significantly to the increase in
haemoglobin related parameters; caeruloplasmin, a copper containing enzyme catalyses oxidation
of iron to the ferric form for binding to plasma transferring (Hoffbrand et «f., 2001), thus,
enhancing production of haemoglobin. It probably suggests that if this exposure persist it might
have its own deleterious effects in the exposed workers.

Previous studies on effects of cement dust in Nigeria cement factory workers suggest hepatotoxic
effect in these set of workers (Mojimoniyi ef af., 2007, Ogunbilgje ef al., 2010a), these studies
examine liver enzymes and bilirubin, which indicates presence of hepatocytes injury. Meanwhile,
in this study, it probably suggests that the synthetic functions of the liver are not altered
with the concentration of albumin and total proteins (p=>0.05). Albumin is the most abundant
protein produced by the liver; 12 to 15 g of albumin are synthesized daily (Goessling and
Friedman, 2006). It thus suggests that further studies might be necessary to determine sectional
specific effects on the liver of exposed workers.

To our knowledge, this is the first study to report creatinine levels and detail health conditions
of Nigeria cement factory workers.

Creatinine levels was higher than the general populace after correction with the BMI of both
cement. factory workers and controls, suggesting that these set of workers are liable to come down
with chronic renal failure. Other results in this study indicate inflammatory reactions which if

persistent can result in chronic diseases.
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CONCLUSION

Therefore, it is advisable that long term consequences of exposure to cement dust should be
monitored, thus calling for collaborations between health workers and cement factory management,
to ensure frequent monitoring of their workers health. Also, further study is necessary to study the
underline mechanism of cement dust toxicity.
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