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ABSTRACT

Objectives: Work-related health and safety risks are common among waste management workers (WMWs). This
study investigated the level of compliance with safety measures in relation to levels of inflammatory markers
among WMWs in Sagamu, South-West Nigeria. Materials and Methods: WMWs comprising 30 cart pushers
(CPs) and 50 truck users (TUs) were recruited alongside 45 people from the normal population as control. Data
on health complaints were obtained from questionnaire surveys. Inflammation was assessed by measuring
plasma ceruloplasmin (Cp), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and albumin.
Results: WMWs exhibited a significantly higher prevalence of respiratory and gastrointestinal symptoms and
poor compliance with health and safety measures. Significant (P < 0.001) differences were observed in the use
of masks, hand gloves, protective clothing, and footwear between TUs and CPs. ESR, Cp, and CRP increased
significantly (P < 0.001) by 145, 28.7, and 42.5% in TUs and by 164, 50.5, and 74.3% in CPs, respectively, relative
to control. Negative correlation was observed between use of mask (r = -0.225, P < 0.01), use of gloves (r
= -0.184, P < 0.05), and Cp and between ESR and washing of hands with soap (r = -0.185, P < 0.05). The use
of goggles (r = +0.285, P < 0.001), washing of hands with soap (r = +0.203; P < 0.01), use of masks (r =
+0.317, P < 0.001), and use of gloves correlated positively in WMWs. Conclusions: A higher prevalence of
work-related symptoms and elevated inflammatory markers in WMWs was related to poor compliance with
safety measures. ESR and Cp may be useful predictors of occupational hygiene and compliance with safety
measures among Nigerian WMWs.
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Effective management of waste is important for both
www.toxicologyinternational.com aesthetic environmental and public health reasons.!! It has
contributed immensely to human health by reducing the
DOI: risk of several diseases like typhoid fever and cholera.?!
10.4103/0971-6580.117257 Collection of waste varies from informal manual gathering
to semiautomated systems and involves the removal of waste
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materials from households, typically in urban and suburban
areas, to either the point of recycling or final disposal.[?!
Several studies have reported the existence of work-related
health and safety risks for waste collectors such as exposure
to elevated concentrations of biological aerosols,*!
respiratory and gastrointestinal complaints,!>#12! infectious
diseases like hepatitis A, B, and C, HIV, and syphilis.['3-1%]

Occupational health and safety have become increasingly
regulated to minimize work-related risks in the past two
decades.'¢! This has affected the modus operandi involved
in the collection of waste in most high-income countries
in various ways including the use of vehicles with low
loading heights and easy-to-lift plastic containers or bags,
organization of formal training for workers, the use of
gloves when loading, sorting of waste at materials recovery
facilities with dust suppression, conveyance enclosure,
ventilation-controlled work environments, and the use
of personal respiratory protection equipment by waste
workers if working spaces do not meet air standards set
for occupational safety and health.[¢!

Several studies have reported the health and safety risks
associated with exposure to solid waste especially in the
developing countries where exposure is the greatest and the
level of protection is poor.l>!¢1%! In Nigeria, there is a rise
in the number of people involved in disposal of solid waste
as a means of livelihood because of the recently introduced
Private Partnership Scheme (PPS) in waste management
by various state governments and predominantly driven by
an informal sector of the nation’s economy. The informal
waste management sector, therefore, provides one of the
best income-generation opportunities for many unskilled
laborers and utilizes low-scale, inexpensive technologies.

Waste management workers (WMW:s) face elevated safety
and health risks constantly as a result of unsafe handling
of waste materials and lack of protective equipment.*! In
most developing countries, they may not be adequately
compensated for such risks because of limited access to
health-care facilities. It is important, therefore, that the
health of the workers is preserved or protected as this is their
greatest asset and a precondition for sustainable generation
of income. Studies have demonstrated that waste collectors
in Nigeria suffer from health consequences of their
occupation.'*224 These waste workers are so economically
tied to the occupation in a bid to make a living that they are
often unaware of the dangers and occupational hazards they
face on a daily basis.["®#! Little attention has been paid to
compliance with health and safety measures among waste
workers in most developing countries despite the fact that
knowledge about the level of compliance is a necessary
requirement and a vital starting point for health and safety
campaigns. Insight into the effects of noncompliance and
underlying determinants is known to influence the design
of intervention?! and epidemiologic studies.*”! The use of
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personal protective equipment (PPE) such as appropriate
footwear and gloves and measures of good personal hygiene
also limit the chances of coming into contact with infectious
agents. Data on the compliance of Nigerian WMWs with
safety measures and its attendant effects on their health
status are sparse. In the present study, we investigated the
level of compliance of WMWs of Sagamu, South-West
Nigeria, with safety measures and related this to the levels
of systemic markers of inflammation. This correlation
was intended to establish the possible relevance of these
inflammatory markers as bioindicators of compliance with
safety regulations among these waste workers.

MATERIALS AND METHODS

Subjects and work conditions

Eighty male municipal solid waste (MSW) management
workers (median age: 37 years) comprising 30 cart
pushers (CPs) and 50 truck users (TUs) participated in the
study. Forty-five (45) people from the normal population
were recruited alongside and served as control. The subjects
were selected by purposive sampling from three private
waste management companies in Sagamu, southwest of
Nigeria, in line with previous studies.'**¥301 Both categories
of waste workers function under private facilities with
informal operations, work eight hours daily and for six
days every week. The TUs received informal training before
commencement of work, whereas the CPs had no such
training. There was no preemployment medical screening
or immunization and periodic medical checkup for both
categories of waste workers. Provision of subsidized medical
care was available for sick TUs. The CPs subjects were
self-employed and did not have access to any subsidized
medical care whenever such was needed.

Exclusion criteria for the enrolment of workers included the
presence of conditions (such as diabetes, asthma, hypertension,
malaria) with an underlying inflammatory mechanism and
the use of drugs which interfere with inflammatory response
or process.*** Individuals with any visible wound or lesion
which may predispose to infection and/or inflammation were
also excluded. The medical ethics committee of the Olabisi
Onabanjo University Teaching Hospital (OOUTH) and the
Obafemi Awolowo College of Health Sciences (OACHS),
Olabisi Onabanjo University, approved the study (ethical
approval number: OOUTH/DA.226/T/2). The participants
gave informed written consent in accordance with the
amended Helsinki Declaration of 1964.1%%

Five (5) ml of blood sample was collected from the
antecubital vein of all the subjects at the end of the work
week after an overnight (12-14 hours) fast for analysis.
Investigation was done simultaneously for control
and WMWs to eliminate the confounding effect of
environmental variation on health response.
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Collection of respiratory, general health, and
work practice data

Data on work-related health complaints and work
practice were obtained as described in our
previous study.*" Briefly, the subjects were interviewed and
asked to complete a questionnaire requesting information
about socio-demographic characteristics, habits, work
practice, and duration of work as well as self-reported
work-related respiratory and gastrointestinal symptoms
experienced in the last three months prior to the interview
or commencement of study. Signs and symptoms presented
by an individual at least once in the last week and twice
in the previous three months were recorded. Respiratory
symptoms were ascertained from questionnaire responses,
and answer options to questions on gastrointestinal
symptoms and other health complaints were categorized
as either “NO” when there were “no symptoms” and
“symptoms present some times per year” or “YES”
when “symptoms were present some times per month or
more frequent”.

Evaluation of systemic inflammation

This was carried out by measuring blood levels of
ceruloplasmin (Cp), C-reactive protein (CRP), albumin,
as well as erythrocyte sedimentation rate (ESR). Cp was
measured from its oxidase activity using o-dianisidine
dihydrochloride.**! CRP and albumin concentrations were
determined according to the methods of Eda ez 4/.371 and
Doumas et al.,’¥ respectively, whereas ESR was measured
according to the method described by Westergren.*?]

Statistical analysis

Results are presented as mean * standard deviation for
continuous variables and percentage (%) for categorical
variables. Differences between groups were determined
by one-way analysis of variance (ANOVA) using the
Package for Social Sciences (SPSS) software for Windows
version 16.0. Posthoc test was performed for intergroup
comparisons using the least significant difference (LSD)
and Pearson’s correlation coefficient. Categorical data were
compared by Fisher’s exact test and x2-test. Risk estimate
was performed using odds ratio (OR). The statistical
significance was set at P < 0.05.14%]

RESULTS

Subject characteristics and biophysical data

The demographic details of age, level of education,
smoking, use of alcohol, and food habits of the three
groups of subjects are depicted in Table 1. Majority of
the young waste workers (between 20 and 29 years) were
CPs (73.3%), whereas only 36.1% of TUs were within
this age range. There were older waste workers between
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30 and 39 and 40 and 49 years of age in the TUs category
(33.9 and 23.3%, respectively). Surprisingly, 10.0% of
CPs and 6.7% of TUs were between 50 and 59 years of
age. Most CPs (63.3%) had no formal education, whereas
only 14.0% of TUs were in this category. In addition, 46.0,
32.0,and 6.7% of TUs had primary, secondary, and tertiary
levels of education, respectively. All waste workers including
control were comparable with respect to smoking, use of
alcohol, and food habits.

Personal and occupational hygiene of solid
waste workers

Table 2 summarizes personal and occupational hygiene of
the waste workers. Significant (P < 0.001) differences were
recorded in washing of hands with water and soap before
eating at work and regular nail cutting of hand and foot
between TUs and CPs.

Work-related health problems among waste
workers

The prevalence of respiratory symptoms and other general
work-related health problems are presented in Tables 3
and 4, respectively. Common upper respiratory symptoms
in MSW management workers were frequent sneezing,
and running, stufty, or itching nose. Chest discomfort
or pain, cough with phlegm, and dry cough were the
common lower respiratory symptoms found in the solid
waste workers [Table 3]. General health complaints such
as diarrhea, stomach trouble, headache, irritation of eyes,
nausea, abrasions, cuts and pricks on the body surface, as
well as musculoskeletal complaints (pain in the shoulder,
knee, neck, and lower back) were significantly more
frequent in CPs and TUs waste workers when compared
with control subjects [Table 4].

Characteristics CPs (n=30) TUs(n=50) Control (n=45)
n % n % n %
Age (years)
20-29 22 73.3 18 36.1 12 26.6
30-39 2 6.7 17 339 22 49.0
40-49 3 10.0 12 233 9 20.0
50-59 3 10.0 3 6.7 2 4.4
Education
No formal education 19 63.3 7 14.0 5 11.0
Primary 8 26.7 23 46.0 20 44.0
Secondary 2 6.7 16 32.0 18 40.0
Tertiary 1 33 4 8.0 2 5.0
Smokers 5 16.7 8 16.0 8 17.8
Alcohol use 8 26.7 13 26.0 11 24.4
Food habit
Vegetarian 0 0 0 0 0 0
Mixed 30 100 50 100 45 100

n = Number of subjects, CPs = Cart-pushers, TUs = Truck users
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Occupational/personal hygiene CPs (n=30) TUs (n=50) OR (95% CI) %2 value P value
Eat at work 77.77 65.85 0.551 (0.152-1.992) 0.839 0.540
Hand washing with water 48.78° 55.56 0.366 (0.245-0.541) 17.916 0.000
Hand washing with soap 27.77° 43.59 1.470 (1.320-1.780) 13.233 0.000
Bath before work 38.89 39.02 0.640 (0.209-1.955) 0.617 0.308
Bath after work 56.57 73.17 1.147 (0.097-13.522) 13.009 0.672
Regular nail cutting 72.22° 51.22 0.062 (0.01-0.508) 10.195 0.001
Smoking at work 2.1 2.2 1.084 (1.190-6.073) 1.235 0.191

Results are expressed in percentages of individuals; n = Number of subjects, TUs = Truck users, CPs = Cart pushers, OR = Odds ratio, Cl = Confidence interval. P<0.05

represents significance. *Significantly different from TUs

Symptoms CPs TUs Control P value
(n=30) (n=50) (n=45)
Frequent sneezing 22.6° 16.4° 9.7 0.007
Dry cough 39.6° 35.3° 13.4 0.000
Itching/irritation (nose) 38.8% 27.0 23.9 0.022
Cough with phlegm 31.6° 15.5 17.7 0.040
Chest discomfort or pain 23.1° 17.9° 14.1 0.000
Running/stuffy nose 31.9° 19.8 19.5 0.024
Breathless on exertion 55.5° 53.4° 19.0 0.000

Results are expressed in percentages of individuals. CPs = Cart pushers,
TUs = Truck users, P values are calculated versus the control group with Fisher’s
exact test, two sided, *Significantly different from control

Symptoms CPs TUs Conttrol P value
(n=30) (n=50) (n=45)
Diarrhea 37.2° 17.4° 10.0 0.037
Irritation of eyes 46.1° 40.1° 19.0 0.004
Nausea 32.2¢ 31.5° 12.0 0.004
Headache 39.8° 35.9° 18.00 0.001
Stomach trouble 39.4° 35.8° 16.0 0.008
Cuts/pricks/needle prick 29.8? 22.2° 9.1 0.000
Abrasions 47.8° 34.9° 10.9 0.000
Shoulder pain 58.6° 49.7° 12.0 0.009
Knee pain 38.7° 29.4° 11.0 0.009
Neck pain 23.6° 20.1° 13.0 0.025
Low back pain 67.7° 64.5° 21.0 0.000

Results are expressed in percentages of individuals. CPs = Cart pushers,
TUs = Truck users. P values are calculated versus the control group with Fisher’s
exact test, two sided. *Significantly different from control

Systemic inflammation

Table 5 summarizes the levels of ESR, Cp, CRP, and
albumin of MSW workers and control. The MSW workers
exhibited significantly (P < 0.001) elevated Cp and CRP
together with a significantly (P < 0.001) lower level of
albumin when compared with control. ESR, Cp, and
CRP increased significantly (P < 0.001) by 145, 28.7,
and 42.5%, respectively, whereas albumin decreased by
8.1% in TUs when compared with control. Similarly, the
ESR, Cp, and CRP of CPs increased by 164, 50.5, 74.3%,
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respectively, whereas albumin decreased by 12.1% when
compared with the control.

Level of compliance of waste workers to safety
regulations

Compliance of waste workers with occupational hygiene
and safety regulations is presented in Table 6. Although the
compliance of TUs with health and safety measures was
far below average, the compliance of waste workers in the
CPs category was extremely poor. The CPs subjects seldom
used protective masks and gloves, whereas TUs used PPE
occasionally when handling wastes.

Correlation analysis of inflammatory markers
with parameters of safety measures

The correlation coefticient between systemic inflammatory
markers and indices of safety regulations is presented in
Table 7. A negative correlation was observed between
Cp (r=—-0.225;P < 0.01),ESR (r = —0.212; P < 0.05),
and the use of masks in the waste workers. Also, a negative
correlation was observed between Cp (r = —0.184;
P < 0.05) and the use of hand gloves as well as between
ESR (r = —0.185; P < 0.05), CRP (r = —0.175;
P > 0.05), and washing of hands with soap and water before
eating at work. A significant correlation also existed between
the use of goggles (r = +0.285; P < 0.01), washing of
hands with water before eating at work (r = +0.202;
P < 0.01), washing of hands with soap and water before
eating at work (r = +0.201, P < 0.01), use of hand gloves
(r=+0.317,P < 0.01), and use of masks. Similarly, there
was a significant correlation between washing of hands with
water before eating and washing of hands with soap and
water before eating at work (r = +0.564, P < 0.001) as well
as between ESR (r = +0.451,P < 0.001), Cp (r = +0.343,
P < 0.001), and CRP.

DISCUSSION

Growth in the generation of MSW has provided a remarkable
impetus to the growth of the waste management industry
in Nigeria. The current waste management practices of
the country have had significant implications of health
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Parameters CPs (n=30) TUs (n=50) Control (n=45) F value P value
ESR (mm/hr) 29+10° (164) 27+11° (145%) 1149 5.914 0.000
ALB (g/L) 33.0+3.0° (-12.1) 34.0+3.0° (-8.1) 37.0+4.0 8.826 0.000
Cp (U/1) 162.8+45.9" (50.5%) 139.5+51.6° (28.7) 108.5+£33.7 13.933 0.000
CRP (g/L) 19.747.8" (74.3%) 16.1+8.3° (42.5%) 11.3%5.2 8.964 0.000

Values are expressed as meanzstandard deviation (SD). Values in parenthesis represent % change relative to control. n = Number of subjects, Cp = Ceruloplasmin
oxidase activity, CRP = C-reactive protein, ALB = Albumin, ESR = Erythrocyte sedimentation rate, TUs = Truck users, CPs = Cart pushers. °P<0.001 when compared with

control; °P<0.05 when compared with TUs

Safety measures % Compliance

CPs (n=30) TUs (n=50)
Wearing of goggles 2.6 2.8
Wearing of mask 0? 54.2
Wearing of gloves 0.9° 48.6
Protective clothing 0.9° 54.2
Protective shoes 0? 345
Smoking at work 2.1 2.2

OR (95% CI) %2 value P value
1.094 (1.190-10.073) 0.006 0.709
1.600 (1.370-1.857) 36.805 0.000
1.470 (1.320-1.780) 30.309 0.000
8.036 (2.973-21.772) 21.168 0.000
6.456 (4.342-8.645) 13.009 0.000
1.084 (1.190-6.073) 1.235 0.191

Results are expressed in percentages of individuals; n = Number of subjects, TUs = Truck users, CPs = Cart pushers, OR = Odds ratio, Cl = Confidence interval.

aSignificantly different from TUs

Parameter/safety measures  Goggle Mask Hand eating Soap
Goggle 1 0.285¢ 0.067 0.039
Mask 0.285° 1 0.202¢ 0.201¢
Hand eating 0.067 0.202¢ 1 0.564°
Soap 0.039 0.201¢ 0.564° 1
Hand gloves 0.013 0.317° 0.223¢ 0.203¢
Overall cloth -0.102 0.113 0.052 0.132
ESR -0.175 -0.212¢ -0.169 —-0.185¢
ALB 0.109 0.024 —-0.050 0.030
Cp -0.101  -0.225¢ -0.093 -0.095
CRP -0.089 -0.072 0.079 -0.175

Hand gloves  Overall cloth ESR ALB Cp CRP
0.013 -0.102 -0.175 0.109 -0.101 -0.089
0.317° 0.113 -0.212¢  0.024  -0.225° -0.072
0.223¢ 0.052 -0.169 -0.050 -0.093 -0.079
0.223¢ 0.132 —-0.185¢ 0.030 -0.095 -0.175

1 0.072 0.058 0.034  -0.184°  0.119
0.072 1 -0.055 -0.007 -0.081 0.005
-0.058 -0.055 1 -0.129 0.278¢ 0.451°
0.034 0.007 -0.129 1 0.068 -0.138
—0.184¢ —-0.081 0.278¢ 0.068 1 0.343°

-0.119 0.005 0.451° -0.138 0.343° 1

Goggle: Use of goggle; Mask: Use of face mask; Hand eating: Washes hands with water only before eating at work; Soap: Washes hands with soap and water
before eating at work; Hand gloves: Use of hand gloves; Overall cloth: Wears overall protective clothing; ESR = Erythrocyte sedimentation rate, ALB = Albumin,

Cp = Ceruloplasmin, CRP = C-reactive protein; ®P<0.001; °P<0.05; 4P<0.01

and safety risks in addition to the overt environmental
contamination that is generally experienced by urban
dwellers.[*"! The WMWs are the most vulnerable to waste
hazards because of their direct involvement in the disposal
of waste, and evidence abounds on work-related health
and safety risks among these individuals.[>!1216:42] e
identified some important systemic inflammatory markers
as useful biomonitors of health and safety of WMWs of
Ogun State, South-West Nigeria, in our recent study.!*"!
In the present investigation, we evaluated the possibility
of using these systemic inflammatory indices as predictors
and bioindicators of compliance of WMWs with safety
practices with particular reference to those in the CPs and
TUs categories.

Demographic data revealed that the WMWs in the
CPs category were predominantly without any form
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of formal education. The few individuals (27%) in
this group with formal education only had primary
education. The waste workers in the TUs category, on
the other hand, had a better level of education, with 45
and 35% of these individuals possessing primary and
secondary levels of education, respectively. Because of
the prevailing high rate of unemployment in Nigeria,
which as a matter of fact is assuming an alarming rate in
recent times, it is not surprising that a few individuals
(3% of CPs and 8% of TUs) with a tertiary level of
education are involved in this menial job of waste
collection and disposal to make two ends meet. With
the present staggering level of poverty coupled with a
worrisome rate of unemployment in Nigeria,**! it is also
not surprising that all the WMWs in the CPs category
were self-employed and as a result did not have any
opportunity to go through any pre-employment training.
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The low educational status, poor remuneration, and
absence of pre-employment training obviously would
have accounted for the poor level of awareness of inherent
health risks and hazards associated with handling of waste
as well as the extremely poor compliance with health and
safety regulations among these individuals. Many of them
also attributed their failure to adhere to safety procedures
to general discomfort occasioned by the use of PPE, and
outright negligence and carelessness on their part. Similar
observations of poor compliance with safety measures have
also been reported among landfill workers and ragpickers
in India, Quebec, and Nepal.[10:4445]

Furthermore, the outright lack of formal education
among the CPs (61.4%) may be an important factor
for the absence of training and the extremely low level
of health risk awareness. These factors may constitute
significant impediments in conducting formal training
and health/safety education for these waste workers.
This informed the recommendation by Memishi,*! who
noted that many recycling workers in the United States
were illiterates and suggested that videotapes, rather than
printed materials, should be used for their training. There
is no doubt that training is an essential and indispensable
aspect of any vocation. Becker and Morawetz/*"! evaluated
the influence of the training program by the International
Chemical Workers Union Council for hazardous waste
workers on the attitude and post-training activities of
trained union workers, and observed that workers were
more willing to attempt to change worksite conditions
following training, and that their efficacy at making
changes was substantially greater than before they were
trained. Training for WMWs entails proper techniques of
lifting and carrying, constituents of MSW and potential
hazards of exposure to aerosol contaminants, techniques
for inclement of the weather, and the use of PPE. The
significant acquisition of various levels of education among
the TUs category of waste workers in this study should be
an important factor in their high awareness (64.2%) of
health risks as well as obtaining formal/informal training
before commencement of the job. Both categories of
workers did not enjoy any privilege of pre-employment
medical screening and immunization and neither was there
any periodical medical checkup. Although basic PPE like
gloves and face masks were provided for the TUs at the
commencement of the work, they were, however, rarely
replaced when worn out. Some waste workers, on the other
hand, were either unaware or nonchalant about the risks
associated with the handling of waste and did not undertake
protective measures, whereas some of the waste workers
purchased some of the PPE they could afford by themselves.

Apart from the use of eye goggles where compliance was
comparable between CPs and TUs, the latter demonstrated
a significantly higher compliance with the use of PPE
in this study. The significantly higher compliance of
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TUs with occupational hygiene and safety regulations
may be attributable to their better educational status and
the training they had received before commencement
of work. Although the assumption exists that the use of
protective equipment by solid waste workers reduces the
associated negative outcomes of health,[*¥! the available
literature, however, yields mixed reports as to whether there
is a significant protective effect with the use of PPE.[#%0
Our present study seems to uphold this assumption, as our
results revealed a higher prevalence of respiratory symptoms
and other general work-related health problems among CPs
when compared with the TUs counterparts.

Furthermore, a significant correlation was observed between
the use of goggles (r = +0.285; P < 0.01), washing of
hands with water only before eating at work (r = +0.202;
P < 0.01), washing hands with soap and water before
cating at work (r = +0.201, P < 0.01), use of hand gloves
(r=+0.317,P < 0.01), and use of masks. Also, a significant
association existed between washing hands with water before
eating at work and washing hands with soap and water before
cating at work (r = 0.564, P < 0.001). This suggests that
workers who use one piece of PPE have a greater tendency
to use others and to either wear protective equipment always
or never. Malkin et al. reported a similar observation in
incinerator workers.*!! Similarly; the use of hearing protection
has been reported to decrease hearing difficulty and ringing in
the ears significantly of sanitation employees in New York city,
without any protective effect on work-related respiratory and
dermatologic symptoms with the use of protective masks.*"!

In line with our previous report of a marked increase in
systemic biomarkers of inflammation among WMWs,[**!
the significantly elevated inflammatory markers observed
in this study correlated positively with one another and
appear causally related with the poor level of compliance
of these WMWs with safety practices. We observed that
use of masks by waste workers correlated significantly
negatively with Cp (r = —0.225; P < 0.01) and
ESR (r = —0.212; P < 0.05). A significant negative
correlation was also observed between the use of hand
gloves and Cp (r = —0.184; P < 0.05), whereas washing
of hand with soap and water before eating among waste
workers at work correlated with ESR (r = —0.185;
P < 0.05) and CRP (r = —0.175; P > 0.05). In addition,
data from this study revealed that ESR has an association
with nonobservance of occupational hygiene, whereas Cp
is associated with noncompliance with the use of mask
and gloves. Our result therefore suggests that Cp may be
useful in evaluating compliance with the use of PPE like
masks and gloves, whereas ESR and CRP may be useful
for assessing compliance with occupational hygiene among
the waste workers. Associations between the use of goggles,
washing of hands with water before eating at work, washing
of hands with soap and water before eating at work, use of
hand gloves, and use of masks revealed the likelihood that
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workers who use masks may also comply with the use of
other safety measures.

In summary, we reiterate the relationship between
occupational exposure to MSW without adequate
protection and elevated levels of inflammatory markers
while providing additional evidence to demonstrate a
significant correlation between levels of ESR and Cp and
occupational hygiene and safety practices among WMWs in
this study. We therefore propose that measuring the plasma
level of these inflammatory markers (ESR and Cp) may
provide a relatively quick and cheap method of assessing
the level of compliance of WMWs with health and safety
guidelines, while putting appropriate formal directives in
place to promote and ensure adherence to safety measures
and proper practices of waste management.

ACKNOWLEDGMENTS

The authors express deep gratitude to all the solid waste workers
who gave informed consent and participated in this study. They
also appreciate the prompt technical assistance of Mrs. S. Osineye.

REFERENCES

1. Rushton L. Health hazards and waste management. Br Med Bull
2003;68:183-97.

2. Kuijer PP, Sluiter JK, Frings-Dresen MH. Health and safety
in waste collection: Towards evidence-based worker health
surveillance. Am ] Ind Med 2010;53:1040-64.

3. Douwes ], Wouters I, Dubbeld H, van Zwieten L, Steerenberg P,
Doekes G. Upper airway inflammation assessed by nasal lavage
in compost workers: A relation with bio-aerosol exposure. Am
J Ind Med 2000;37:459-68.

4. Lavoie ], Dunkerley CJ. Assessing waste collectors’ exposure to
bioaerosols. Aerobiologia 2002;18:277-85.

5. Lavoie ], Dunkerley CJ, Kosatsky T, Dufresne A. Exposure to
aerosolized bacteria and fungi among collectors of commercial,
mixed residential, recyclable and compostable waste. Sci Total
Environ 2006;370:23-8.

6.  Wouters IM, Spaan S, Douwes ], Doekes G, Heederik D. Overview of
personal occupational exposure levels to inhalable dust, endotoxin,
beta (1 - 3)-glucan and fungal extracellular polysaccharides in the
waste management chain. Ann Occup Hyg 2006;50:39-53.

7. Widmeier S, Bernard A, Tschopp A, Jeggli S, Dumont X, Hilfiker S,
et al. Surfactant protein A, exposure to endotoxin, and asthma
in garbage collectors and in wastewater workers. Inhal Toxicol
2007;19:351-60.

8.  YangCY, Chang WT, Chuang HY, Tsai SS, Wu TN, Sung FC. Adverse
health effects among household waste collectors in Taiwan.
Environ Res 2001;85:195-9.

9. Heldal K, Halstensen AS, Thorn ], Eduard W, Halstensen TS.
Airway inflammation in waste handlers exposed to bioaerosols
assessed by induced sputum. Eur Respir ] 2003;21:641-5.

10. Ray MR, Roychoudhury S, Mukherjee G, Roy S, Lahiri T.
Respiratory and general health impairments of workers
employed in a municipal solid waste disposal at an open landfill
site in Delhi. Int ] Hyg Environ Health 2005;208:255-62.

Toxicology International May-Aug 2013/ Vol-20 / Issue-2

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

De Mee G, Heederik D, Wouters IM. Change in airway
responsiveness over a workweek in organic waste loaders. Int
Arch Occup Environ Health 2007;80:649-52.

Ray MR, Roychoudhury S, Mukherjee G, Siddique S, Banerjee M,
Akolkar AB, et al. Airway inflammation and upregulation of 3,
Mac-1 integrin expression on circulating leukocytes of female
rag pickers in India. ] Occup Health 2009;51:232-8.

Dounias G, Rachiotis G. Prevalence of hepatitis A virus
infection among municipal solid-waste workers. Int ] Clin Pract
2006;60:1432-6.

Rozman MA, Alves IS, Porto MA, Gomes PO, Ribeiro NM,
Nogueira LA, et al. HIV and related infections in a sample
of recyclable waste collectors of Brazil. Int ] STD AIDS
2007;18:653-4.

Luksamijarulkul P, Sujirarat D, Charupoonphol P. Risk
behaviors, occupational risk and seroprevalence of hepatitis B
and A infections among public cleansing workers of Bangkok
Metropolis. Hepat Mon 2008;8:35-40.

Cointreau S. Occupational and environmental health issues
of solid waste management: Special emphasis on middle
and lower-income countries. The International Bank
for Reconstruction and Development/The World Bank.
1818 H Street, NW Washington D.C; 2006.

Athanasiou M, Makrynos G, Dounias G. Respiratory health of
municipal solid waste workers. Occup Med 2010;60:618-23.
Nwanta JA, Onunkwo ], Ezenduka E. Analysis of Nsukka
metropolitan abattoir solid waste and its bacterial contents in
south eastern Nigeria: Public health implication. Arch Environ
Occup Health 2010;65:21-6.

Odewabi AO, Ogundahunsi OA, Ebesunu MO, Ekor M. The levels
of inflammatory markers and oxidative stress in individuals
occupationally exposed to municipal solid waste in Ogun State,
South West Nigeria. Toxicol Ind Health 2012. 19.

Wilson DC, Velis C, Cheeseman C. Role of informal sector
recycling in waste management in developing countries. Habitat
Int 2006;30:797-808.

Mba OO. Intestinal parasites among waste-handlers in jos
metropolitan area of plateau state, Nigeria. Sahel Med ]
2004;7:13-7.

Confidence WK, Eleanya EU. Health impact assessment of solid
waste disposal workers in Port Harcourt, Nigeria. ] Appl Sci
2007;7:3562-6.

Oyelola OT, Babatunde Al, Odunlade AK. Health implications of
solid waste disposal: Case study of Olusosun dumpsite, Lagos,
Nigeria. Int ] Pure Appl Sci 2009;3:1-8.

Nzeadibe TC. Solid waste reforms and informal recycling in
Enugu urban area, Nigeria. Habitat Int 2009;33:93-9.

Nguyen HT, Chalin CG, Lam TM, Maclaren VW. Health and
social needs of waste pickers in Vietnam. Research paper
CIDA-WASTE-ECON Project, Southeast Asia, 2003.

Lazovich D, Murray DM, Brosseau LM, Parker DL, Milton FT,
Dugan SK. Sample size considerations for studies of
intervention efficacy in the occupational setting. Ann Occup
Hyg 2002;46:219-27.

Tielemans E, Kupper LL, Kromhout H, Heederik D, Houba R.
Individual based and group-based occupational exposure
assessment: Some equations to evaluate different strategies.
Ann Occup Hyg 1998;42:115-9.

Mbeng LO. The impact of public attitudes and behaviour on
the effective valorization of household waste into agricultural
compost: Case study Limbe and Douala, Cameroon. Ph.D.

152



29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

153

Odewabi, et al.: Solid waste workers’ compliance with safety practice

dissertation, School of Applied Sciences, University of
Northampton, Northampton, UK; 2009.

Mbeng LO, Phillips PS, Fairweather R. Developing sustainable
waste management practice: Application of Q methodology to
construct new strategy component in Limbe - Cameroon. Open
Waste Manag ] 2009;2:33-42.

Odewabi AO, Ogundahunsi OA, Odewabi AA, Oritogun KS, Ekor M.
Adenosine deaminase activity and immunoglobulin levels as
potential systemic biomonitors of occupational hazards and
health status in municipal solid waste management workers.
Environ Toxicol Pharmacol 2013;35:1-12.

Wardlaw AJ, Brightling CE, Green R, Woltmann G, Bradding P,
Pavord ID. New insights into the relationship between airway
inflammation and asthma. Clin Sci 2002;103:201-11.
Shoelson SE, Lee ], Goldfine AB. Inflammation and insulin
resistance. ] Clin Invest 2006;116:1793-801.

Savoia C, Sciffrin EL. Inflammation in hypertension. Curr Opin
Nephrol Hypertens 2006;15:152-8.

Thevenon AD, Zhou JA, Megnekou R, Ako S, Leke RG, Taylor DW.
Elevated levels of soluble TNF receptors 1 and 2 correlate
with plasmodium falciparum parasitemia in pregnant women:
Potential markers for malaria-associated inflammation.
J Immunol 2010;185:7115-22.

World Medical Organization. Declaration of Helsinki. Br Med ]
1996;313:1448-9.

Schoslnsky KH, Lehmann HP, Beeler MF. Measurement of
ceruloplasmin from its oxidase activity in serum by use of
o-dianisidine dihydrochloride. Clin Chem 1974;20:1556-63.
Eda S, Kaufmann ], Molwitz M, Vorberg E. A new method of
measuring C-reactive protein with a low limit of detection,
suitable for risk assessment of coronary heart disease. Scand ]
Clin Lab Invest 1999;59:32-5.

Doumas BT, Watson WA, Biggs HG. Albumin standards and
the measurement of serum albumin with bromocresol green
reaction. Clin Chem 1971;22:616-22.

Westergren A. Studies of the suspension stability of the blood
in pulmonary tuberculosis. Acta Med Scand 1921;54:247.
Marusteri M, Bacarea V. Comparing groups for statistical
differences: How to choose the right statistical test? Biochem

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Med 2010;20:15-32.

Coker AO, Adeshiyan RA, Oluremi JR, Sridhar MK, Coke ME,
Booth CA, et al. Challenges of waste management in a Nigerian
leper colony. Int ] Environ Stud 2008;65:183-95.

Kalahasthi R, Pradyuonna A, Narendran P, Rao RH. Evaluation
of the relationship between pro-inflammatory cytokines and
health hazards in workers involved in hazardous waste sites at
Karnataka. Indian | Res Health Sci 2010;10:7-14.

National Daily Newspaper. Worrisome unemployment rate in
Nigeria. Available from: http://www.nationaldailyngr.com/
index.php? [Last accessed in 2012].

Cloutier E. The effect of age on safety and work practices among
domestic trash collectors in Quebec. Saf Sci 1994;17:291-308.

Pandey R. Solid waste management practice and health
implication: A case of Kathmandu Metropolitan city,
Nepal (2004-2005). Himalayan Rev 2005;35:33-47.

Memishi R. Safety doesn’t always come first in waste. Waste
News 998;4:13-25.

Becker P, Morawetz ]. Impacts of health and safety education:
Comparison of worker activities before and after training. Am J
Ind Med 2004;46:63-70.

Levine SP. The role of air monitoring techniques in hazardous
waste site personnel protection and surveillance strategies.
Occup Med 1990;5:109-16.

Scarlett JM, Babish ]G, Blue JT. Urinary mutagens in municipal
refuse incinerator workers and water treatment workers.
] Toxicol Environ Health 1990;31:11-27.

Gelberg KH. Health study of New York city department of
sanitation landfill employees. ] Environ Med 1997;39:1103-10.
Malkin R, Brandt-Rauf P, Graziano |, Parides M. Blood lead levels
in incinerator workers. Environ Res 1992;59:265-70.

How to cite this article: Odewabi AO, Ogundahunsi OA, Odewabi
AA, Oritogun KS, Ekor M. Possible role of plasma ceruloplasmin
and erythrocyte sedimentation rate in assessing compliance with
occupational hygiene and safety practices in waste management
workers. Toxicol Int 2013;20:146-53.

Source of Support: This research received no specific grant from
any funding agency in the public, commercial, or not-for-profit sectors.
Conflict of Interest: We declare that we have no competing interests.

Toxicology International May-Aug 2013/ Vol-20 / Issue-2



