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Abstract 
________________________________________________________________________________________________________________________ 

Exposure to soot can lead to hepatic and pancreatic dysfunction. This study determined serum alanine 
transaminase (ALT), gamma-glutamyl transferase (GGT), and triacylglycerol lipase activities of cooks 
exposed to soot. Thirty (30) participants (cooks) were exposed to soot (test group), and thirty (30) 
participants not exposed to soot (control group) were recruited. Ethical approval was obtained from the 
Ethics committee of the Faculty of Health Sciences and Technology, Nnamdi Azikiwe University, and 
informed consent from the participants was obtained. Alanine transaminase, gamma-glutamyl 
transferase, and triacylglycerol lipase activities were determined using the spectrophotometric method 
while the Body mass index (BMI) was calculated using weight (kg)/height2 (m2). An Independent t-test 
was used for statistical analysis. The results showed that the mean serum activities of alanine 
transaminase (14.69±1.84), of cooks exposed to soot, were significantly higher compared with the 
control(12.83±0.94)(p<0.05). The mean serum activities of gamma-glutamyl transferase (7.81±4.08), of 
cooks exposed to soot, were significantly higher when compared with the control (3.54±2.00)(p<0.05). 
The mean serum activities of triacylglycerol lipase of cooks exposed to soot were significantly low 
compared with the control (p<0.05),  while there was no significant difference in the BMI, systolic 
pressure, and diastolic pressure levels respectively in the test group, compared to the control.  This 
study observed higher serum activities of alanine transaminase, gamma-glutamyl transferase, and low 
serum activity of triacylglycerol lipase among cooks exposed to soot, this suggests a predisposition to 
hepatic and pancreatic dysfunction in the cooks 

Keywords: Soot, alanine transaminase, gamma-glutamyl transferase, lipase enzymes 

 

INTRODUCTION 

The environmental soot (black carbon (BC)) causes many 
health issues in humans and animals 1. Soot is considered an 
unwanted by-product derived from the incomplete 
combustion of carbon-containing materials. Soot is a powdery 
mass of fine black particles2. It consists of impure carbon, 
formed after the incomplete combustion of hydrocarbons 3. 
The main source of environmental soot is the combustion of 
fossil-based fuels and biomass burning at the Earth's surface 4. 
Other examples of soot may include coal, charred wood, 
petroleum coke, cenospheres, and tars5. To a smaller extent, 
quartz/halogen bulbs with settled dust, cooking, oil lamps, 
smoking of plant matter, fireplaces, candles, house fires, 
furnaces, and local field burning also contribute to the soot 
production 6.  Developed nations had been the biggest source 
of soot emissions until now, soot emissions are majorly from 
developing countries 7. It is noted that the United States emits 
about 6.1% of the world's soot 8, while the largest amount of 
soot comes from Latin America, Asia, and Africa 9. India and 
China alone may account for around 25– 35% of total global 
soot emissions 8Animal studies indicate that inhaled air 

pollutants, particularly particular matter(PM), can induce 
hepatotoxic effects 9. Exposure to PM with an aerodynamic 
diameter ≤2.5 µm has been linked with inflammation in 
Kupffer cells, hepatic steatosis, and fibrosis in mice models 10. 
However, evidence from human populations is scarce. Only a 
few epidemiological studies investigated the associations of 
long-term exposure to PM air pollution with hepatic steatosis 
or liver cancer 11 and the results are inconsistent. Liver 
enzymes are widely and routinely measured markers in a 
clinical setting for the assessment of liver function. Elevations 
in liver enzymes may indicate liver damage induced by various 
causes, such as alcohol and hepatic viruses. Mounting evidence 
has also shown that elevated liver enzymes, such as aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), and 
γ-glutamyl transferase (GGT), are independently associated 
with increased risks of metabolic syndrome, cardiovascular 
disease (CVD) and mortality 12. Few studies investigated the 
effects of air pollution on liver enzymes but the findings are 
inconclusive 11. Similar to smoke or ash, soot can be harmful to 
human health when inhaled. The incomplete combustion is 
necessary to produce soot resulting in the formation of dioxins 
and other toxic compounds. The small size of particulate 
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matter allows it to easily enter the lungs and bloodstream. 
This can cause serious effects including heart attacks, 
bronchitis, aggravated asthma, strokes, and even premature 
death 13. 

A few studies have elucidated the effect of soot on the 
cardiovascular system 14, the respiratory pathways, and as a 
carcinogen 15 but little or no literature has been available on 
the effect of soot on the liver and pancreas, especially in Nnewi 
Metropolis. People have engaged in occupations and 
businesses which expose them to soot such as bean cake 
frying, palm fruit cooks, industrial work, etc. to make ends 
meet without knowing the risk associated with exposure to 
soot and its safety precautions thereby being vulnerable to the 
hazardous impact on their health. Thus, this research 
investigated the effect of exposure to soot on the activities of 
alanine transaminase, gamma-glutamyl transferase, and lipase 
enzymes among cooks in Nnewi to address this knowledge 
gap. 

MATERIALS AND METHODS 

The study was a cross-sectional study in the Nnewi North 
Local Government area of Anambra State, South Eastern, 
Nigeria. Nnewi is a commercial city with a large auto spare 
parts market and the residents are mainly businessmen and 
women as well as health workers who work at the Nnamdi 
AzikiweUniversity Teaching Hospital and other private and 
mission hospitals located in the town. This study was carried 
out amongst cooks (bean cake fryers, palm fruit cooks, 
groundnut fryers) exposed to soot in Nnewi, Anambra state.  

Study participants 

The sample size was calculated using G* Power software 
version 3.0.10 (Universitat Dusseldorf Germany). Power 
analysis for the difference between two independent means 
(two groups), was conducted in G* Power to determine a 
sufficient sample size using an alpha of 0.05, a power of 0.80, 
and an effect of 0.5. Based on these, the calculated total sample 
size of 42 has a power of 80% power to detect a difference of 
0.25 at a significant level of 0.05. A total sample size of 60 was 
used for this study to take care of possible attrition. Sixty (60) 
healthy male and female participants were recruited as 
follows. Thirty (30) participants were exposed to soot as the 
test group. Thirty (30) participants were not exposed to soot 

as the control.  A structured questionnaire was administered 
to determine the socio-demographic information of the 
participants. The study was approved by the Ethics Committee 
of the Faculty of Health Sciences and Technology, Nnamdi 
Azikiwe University, Nnewi, Anambra State, Nigeria 
ERC/FHST/NAU/2021/MLS41. All the participants were 
informed of the project and consented participants between 
18 and 65 years were recruited whereas; individuals that are 
sick, on drugs (except antimalaria), smokers, participants with 
chronic renal, liver, and cardiac failure, hypothyroidism, and 
obesity, and participants that declined consent were excluded 
from the study. Subjects younger than 18 years of age and 
older than 65 years of age or those outside the age range were 
excluded. Five milliliters (5ml) of venous blood was collected 
from each participant into a plain tube and allowed to clot and 
retract, then spun using a whisperfuge centrifuge (Germany) 
at 4000 revolutions per minute.  The serum was separated 
from the plain tube using a micropipette(China) and stored at -
4℃ in three aliquots using cryovials until the analysis of the 
activities of alanine transaminase, gamma-glutamyl 
transferase, and lipase. Serum alanine aminotransferase and 
aspartate aminotransferase activities were determined using 
the colorimetric method as described by 16 and modified by17 
gamma glutamyltransferase activity was determined 
spectrophotometrically as described by 17 while the 
turbidimetric method as described by 18 was employed for the 
evaluation of lipase. 

Statistical analysis 

The data obtained were presented as mean±SD and the mean 
values of the baseline and test samples were compared by 
Students t-test and Pearson r correlation using Statistical 
package for social sciences (SPSS) (Version 23) software. 
Statistical significance was tested at p<0.05. 

RESULTS 

Table 1.The mean values of the anthropometric indices and 
blood pressure of participants exposed to soot, and the control 
(Mean ± SD) 

There was no significant difference in the mean values of the 
height, weight, body mass index, age, systolic, and diastolic 
blood pressures of participants exposed to soot compared to 
the control. 

  

Table 1: The mean values of the anthropometric indices and blood pressure of participants exposed to soot and the control 
(Mean ± SD) 

Anthropometric indices-

and blood pressure  

Non-soot      exposed 

participants 

(test group n=30) 

Soot-exposed  participants 

(control group=30) 

t-value p-value  

Age (years) 28.90±2.69 45.83±3.95 19.370 0.107 

Weight (kg) 64.80±17.11 67.53±9.25 0.779 0.444 

Height (m) 189.40±8.13 188.77±7.59 0.312 0.756 

BMI  

SBP 

DBP                                                                                                    

17.98±4.29 

123.67±10.66 

72.33±14.55 

18.98±2.66 

121.67±7.47 

75.67±5.04 

1.082 

0.840 

1.186 

0.284 

0.404 

0.240 

     

*Statistically significant at (p<0.05) 
SBP=Systolic blood pressure, Diastolic blood pressure= DBP, BMI= Body Mass Index 

 

A significantly higher difference was observed in the mean 
serum activities of alanine transaminase (14.69±1.84) and 
gamma-glutamyl transaminase (7.81±4.08)  in participants 
exposed to soot compared with the control(p<0.05), while a 

significant lower difference existed in the mean serum lipase 
activity  (46.38±16.30) of participants exposed to soot 
compared with the control(65.71±33.91)(p<0.05) 
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Table 2: The serum alanine transaminase, gamma-glutamyl transferase and lipase activities of participants exposed to soot 
and the control (Mean ± SD) 

Enzymes Non-soot  exposed 
participants 

(test group n=30) 

Soot-exposed participants 

(control group n=30) 

t-value p-value  

ALT (U/L) 12.83±0.94 14.69±1.84 4.950 0.000* 

GGT (U/L) 3.54±2.00 7.81±4.08 5.129 0.000* 

LIPASE (U/L) 65.71±33.91 46.38±16.30 2.815 0.007* 

*Statistically significant at (p<0.05). 

 

Table 3: The association of alanine transaminase, gamma-glutamyl transferase, and lipase activities  with Body Mass Index, 
Systolic and Diastolic blood pressures (Mean ± SD) 

There is a weak negative association between GGT and systolic blood pressure (r=0.301,p=0.020) 

Enzymes  BMI Systolic blood pressure Diastolic blood pressure 

ALT r-value 0.128 -0.200 -0.480 

p-value 0.328 0.125 0.717 

GGT r-value 0.136 -0.301 0.003 

P-value 0.301 0.020 0.979 

Lipase r-value 0.025 0.073 0.163 

p-value 0.851 0.578 0.214 

*Statistically significant at (P<0.05). 

ALT=alanine transaminase, GGT=gamma glutamyl transferase, SBP=Systolic blood pressure, Diastolic blood pressure= DBP, BMI= Body Mass Index 

 

DISCUSSION 

Soot is an impure and unrefined carbonaceous substance 
produced as a result of incomplete combustion of wood, oil, 
etc., and rising in particles and adhering to the sides of the 
chimney or pipe conveying the smoke in the atmosphere to 
other locations 14. Most cooks are ignorant of the health-
dilapidating effect of exposure to soot or particulate 
matter(PM). Unfortunately in Nigeria and especially in Nnewi, 
most kitchen and houses lack chimneys or pipes conveying the 
smoke from the kitchens to the atmosphere, and large-scale 
cooking for parties and other ceremonies are done in the open 
ground thereby making soot more concentrated and readily 
available for the cooks' inhalation. In this study, there was no 
significant difference in the anthropometric indices and blood 
pressure of the participants exposed to soot compared with 
the control(p<0.05).This was expected as the participants 
were healthy and age-matched. However a significantly higher 
difference was observed in the mean serum activities of 
alanine transaminase and gamma-glutamyl transaminase in 
participants exposed to soot compared with the 
control(p<0.05), This study agrees with the cross-sectional 
study in Taiwan by 22  which investigated long-term exposure 
to ambient fine particulate matter on the liver enzymes in 
adults which observed higher alanine transaminase (ALT), 
gamma-glutamyl transferase (GGT) and aspartate 
aminotransferase activities in participants exposed to 
particulate matter. An earlier study in Italy found that police 
employees exposed to urban air pollution had higher AST and 
ALT than the controls (office workers)19. A panel study among 
545 elderly participants in Korea reported a positive 
association between short-term exposure to PM2.5 and AST, 
ALT, and GGT 20 ,21 investigated the associations of AST, ALT, 
and GGT with long-term exposure to PM2.5, PM with oxides 
(NOx) and nitrogen dioxide (NO2). Only PM2.5 was positively 

associated with GGT (5.1% increase (95% CI: 0.1% to 10.4%) 
per 2.8 µg/m3 increment in annual average PM2.5) and no 
significant associations were found for other air pollutants 
affecting liver enzymes21.  A Taiwanese study revealed that 
long-term exposure to PM2.5 was positively associated with 
activity(44.17% increase (95% CI: 23.21% to 68.68%) per 
12.2 µg/m3 PM2.5 increment) and the ALT significantly 
mediated the association between PM2.5 and incident 
hepatocellular carcinoma observed in this study 11. On the 
contrary, a study among 74 American children found that air-
related pollution was not associated with ALT or AST Increase 
but was associated with cytokine 18, a marker of hepatocellular 
apoptosis22. This may be due to factors, such as the genetic 
variation in the study participants, the variation of PM levels 
and constituents, changes in the study design, and methods of 
enzyme activity determination used. The mechanism by which 
PM air pollution attacks liver enzymes is yet to be understood. 
Some researchers have suggested the induction of oxidative 
stress and inflammation as a major pathway 9. Animal 
experiments found that PM exposure could lead to oxidative 
damage in hepatocytes 23. Mice models also showed PM could 
induce genotoxicity in the liver, 24 although the molecular 
mechanisms remain to be elucidated. In addition, PM may also 
indirectly affect liver function by contributing to the 
pathogenesis of steatohepatitis through the alteration of lipid 
metabolism and induction of a pro-inflammatory milieu, 
resulting in the exacerbation of non-alcoholic steatohepatitis 9. 
Moreover, in this research, a significantly lower difference 
existed in the mean serum lipase activity of participants 
exposed to soot compared with the control (p<0.05). The 
pancreas and lipase are essential for the digestion of lipids in 
our diet, and any dysfunction or disease affecting the pancreas 
or lipase production can lead to problems with lipid digestion 
and absorption, such as pancreatic insufficiency or cystic 
fibrosis 10 Low levels of lipase may be a sign of permanent 
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damage to cells in the pancreas that make lipase. This may 
happen in certain chronic (long-lasting) diseases, such as 
cystic fibrosis, and chronic pancreatitis. In this study, it is 
observed that long-term exposure to soot can predispose to 
chronic pancreatitis, this may be due to oxidative damage to 
pancreatic cells by particulate matter 2.5 (PM2.5). In addition 
to insulin resistance, PM exposure has been shown to exert 
toxic effects directly on the pancreas 25. In a streptozotocin-
induced mouse model of type-1 diabetes, PM from diesel 
exhaust fumes exacerbated pancreatic cell vacuolation and 
islet cell apoptosis, increased pancreatic amylase activity, 
increased expression of oxidative stress markers 8-
isoprostane and superoxide dismutase and reduced levels of 
the antioxidant glutathione peroxidase 25. In a rat model of 
gestational diabetes PM exposure induced maternal pancreatic 
inflammation indicated by diminished pancreatic glucose 
transporter-2 expression 26. The previous study also observed 
an association between particulate matter 2.5 and pancreatic 
cancer 26. Finally, there is a weak negative association between 
GGT and systolic blood pressure. The implication could be that 
GGT activity reduction may trigger an increase in systolic 
blood pressure but this may not have clinical significance as 
the association is very weak. 

CONCLUSION 

This study revealed higher Alanine transaminase (ALT) and 
gamma-glutamyl transferase (GGT) activities, and low 
pancreatic lipase activity of cooks exposed to soot. This 
suggests that exposure to soot could predispose to hepatic and 
pancreatic dysfunction 
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