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Abstract

Recent studies have indicated an increased incidence of toxic neuropathies among waste management workers
(WMW) possibly linked to increased detection of heavy metals in municipal solid wastes. The present study
evaluated serum levels of some heavy and essential trace metals in relation to oxidant/antioxidant status of
WMW. One hundred and twenty-six WMW and 84 non-WMW (control) were recruited. Metal/element
concentration was measured by atomic absorption spectrophotometry and oxidant/antioxidant markers were
determined using standard procedures. The WMW exhibited significantly (p < 0.001) decreased ferric reducing
ability of plasma (FRAP) and higher levels of ceruloplasmin (Cp) and malondialdehyde. Iron (Fe) and copper
(Cu) levels were significantly lower (p < 0.05) and higher (p < 0.001), respectively in WMW when compared
with control while levels of other trace elements were not significantly different between these groups. Lead
(Pb) and chromium levels were significantly higher (p < 0.00l and p < 0.05, respectively) in WMW while
mercury levels were comparable with those of control subjects. In WMWY, Cp (r = —0.182; p > 0.05) and FRAP
(r = 0.277; p < 0.05) negatively and positively correlated with Pb, respectively, while a positive correlation
was observed between zinc (r = 0.230; p < 0.05) and Pb and between Cu (r = 0.541; p > 0.001) and Fe.
Overall, the decreased antioxidant capacity and increased oxidative stress observed in WMW in this
study may be related to their blood levels of heavy and essential trace metals. Conscious efforts are
required, therefore, to reduce risk and protect WMW from toxic neuropathies and other adverse health
consequences of occupational exposure.
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Introduction

Solid waste generation in Nigeria has increased sub-
stantially in recent times with a rise in the annual
figure from 4.5 million tons in 1999 to 25 million tons
in 2009 (Odewabi, 2014; Ogwueleka, 2009; Oyeniyi,
2011). The risk and public health impact of environ-
mental pollution attributable to waste dumps is of
considerable interest and has become an issue of glo-
bal concern (Abah and Ohimain, 2010). Although,
significant progress has been made with regards to
putting measures in place to minimize work-related
risks in the last two decades, the challenges associated
with waste generation and accumulation continue to
constitute a major public health concern, especially in

developing countries (Ekor and Odewabi, 2014; Ode-
wabi et al., 2013a). There is good evidence that work-
related adverse health effects are common in waste
management workers (WMW), and the risk of

' Department of Chemical Pathology and Immunology, Olabisi
Onabanjo University Teaching Hospital, Sagamu, Nigeria

2Department of Pharmacology, School of Medical Sciences,
University of Cape Coast, Cape Coast, Ghana

Corresponding author:

Adesina O Odewabi, Department of Chemical Pathology, Olabisi
Onabanjo University Teaching Hospital, Sagamu, Ogun State,
Nigeria.

Email: aoodewabi@yahoo.co.uk


https://uk.sagepub.com/en-gb/journals-permissions
https://doi.org/10.1177/0748233716669276
http://journals.sagepub.com/home/tih
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0748233716669276&domain=pdf&date_stamp=2016-10-13

432

Toxicology and Industrial Health 33(5)

developing toxic neuropathies is becoming increas-
ingly apparent. This may be associated with the pres-
ence of large amount of heavy metals and other
hazardous industrial materials in municipal solid
waste (MSW) in most parts of the world (Ekor and
Odewabi, 2014).

Analysis of some MSW reveals high concentra-
tion of heavy metals, polyaromatic hydrocarbons,
dioxins, volatile organic compounds, and sharp
objects that have serious consequences on waste
handlers, public health, and the environment in gen-
eral (Domingo and Nadal, 2009). Metals appear in
MSW from a variety of sources including used and
disposed batteries, consumer electronics, ceramics,
light bulbs, house dust and paint chips, lead (Pb)
foils such as wine bottle closures, used motor oil,
and plastics. Also, some inks and glass can all intro-
duce metal contaminants into the solid waste stream.
Smith (2009) reported that all types of MSW com-
post contain more heavy metals than the background
concentrations present in soil as there are many
heavy metal-containing materials in household
municipal waste. In recent times, electronic-waste
(e-waste) is one of the fastest growing waste streams
(Widmeier et al., 2007). E-waste constitutes 8% of
municipal waste generated by the European Union
and the disposal amount was expected to double in
2015 (Widmeier et al., 2007). The presence of heavy
metals and exposure to flame retardants are some of
the hazards associated with e-waste recycling (Tsy-
denova and Bengtsson, 2011). In Nigeria, several
thousands of slightly used computers are imported
into the country through the Lagos seaport every
month. Many of these computers lose their value
within a short time and contribute to the electrical/
electronic equipment (or e-waste) pile in Nigeria
(Ukem, 2008).

Metals are known to play important roles in a
wide variety of biological processes, and deficiency
of any of these elements affects normal functions in
the human body (Evan and Vousden, 2001; Valko
et al., 2006). It has also been reported that overload
of micromineral or trace elements produces immu-
notoxicity (Arinola and Akiibinu, 2006; Dardenne,
2002). Homeostasis of metal ions, which is tightly
regulated via mechanisms of uptake, storage, and
secretion, is critical for life and is maintained within
strict limits (Bertini and Cavallaro, 2008; Jomova
and Valko, 2011). Breakdown of metal ion home-
ostasis can lead to metal binding to uncommon pro-
tein sites or displacement of other metals from their

natural binding sites (Nelson, 1999). Disruption of
metal ion homeostasis may lead to oxidative stress,
a state where increased formation of reactive oxygen
species (ROS) overwhelms body antioxidant protec-
tive capacity and subsequently induces DNA dam-
age, lipid peroxidation, protein modification, and
other effects, which are associated with numerous
diseases like cancer, cardiovascular disease, dia-
betes, atherosclerosis, neurological disorders, and
chronic inflammatory conditions (Jomova and
Valko, 2011).

Hazardous effects of occupational exposure to
waste-associated chemicals are still poorly character-
ized based on limited information in most parts of the
world (Tsydenova and Bengtsson, 2011). Recently,
we observed elevated levels of markers of systemic
inflammation and oxidative stress in WMW of Ogun
State in southwest Nigeria (Odewabi et al., 2013a). So
far, the biochemical mechanisms responsible for the
observed oxidative stress are yet to be fully eluci-
dated. In the present study, we determined and corre-
lated the serum concentration of some essential trace
elements and heavy metals with levels of some mar-
kers of oxidant/antioxidant status in WMW.,

Materials and methods

Subjects and work condition

Study participants (age, 34.45 + 8.81 years) included
healthy male and female (34/50) non-waste workers
(n = 84) and male and female (51/75) WMW (n =
126) recruited from four private waste management
companies in [jebu-Ode and Sagamu of Ogun State,
Southwest Nigeria. Subjects were selected by purpo-
sive sampling in line with our previous studies (Ode-
wabi et al., 2013a). The duration of employment of
the WMW who enrolled for study ranged between 0.5
and 6.75 years and worked 8 h daily for 6 days every
week. Individuals with visible wound/lesion, infec-
tions, inflammatory diseases, or those who were tak-
ing drugs that could interfere with inflammatory
mechanisms were excluded. The medical ethics com-
mittee of the Olabisi Onabanjo University Teaching
Hospital (OOUTH) and the Obafemi Awolowo Col-
lege of Health Sciences, 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 1983 (World
Medical Organization, 1996).
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Assessment of health status of subjects

Self-reported work-related health complaints were
used to evaluate health status of participants and data
were obtained as described in our previous study
(Odewabi et al., 2013b). Signs and symptoms pre-
sented by individuals at least once in the last week
and twice in the previous 3 months were recorded.

Collection and processing of blood samples for
analysis

Five milliliters of blood was collected from the antecu-
bital vein of waste workers and controls. Three milli-
liters of blood was separated into sterile universal plastic
bottles and allowed to clot and retract at room tempera-
ture, and serum was obtained by centrifugation. Hemo-
lyzed samples were excluded from the study. Serum was
separated into two sets of sterile Eppendoff plastic bot-
tles and immediately frozen at —20°C until analysis.
One set was used for metal analysis while the other set
was used for lipid peroxidation and ceruloplasmin (Cp)
analysis. The remaining 2 ml of blood was immediately
transferred into sterile lithium heparin bottles, and
plasma was obtained by centrifugation, which was sepa-
rated into sterile Eppendoff plastic bottles and immedi-
ately frozen at —20°C until analysis of ferric-reducing
ability of plasma. Analysis of samples for both control
and WMW was done simultaneously to eliminate the
confounding effect of environmental variation on health
response.

Determination of lipid peroxidation

Lipid peroxidation was estimated by the thiobarbitu-
ric acid reactive substance method as described by
Varshney and Kale (1990) and malondialdehyde
(MDA) was quantified using a molar extinction coef-
ficient of 1.56 x 10° M~ cm™' (Buege and Aust,
1978). Briefly, 0.4 ml of plasma was mixed with
1.6 ml of Tris-potassium chloride buffer to which
0.5 ml of 30% trichloroacetic acid was added. Then
0.5 ml of 0.75% thiobarbituric acid was added and
placed in a water bath for 45 min at 80°C. The mix-
ture was then cooled in ice and centrifuged at 3000 x
g. The clear supernatant was collected and absor-
bance measured against a reference blank of distilled
water at 532 nm.

Measurement of Cp

Cp was estimated from its oxidase activity using
o-dianisidine dihydrochloride as previously

described by Schoslnsky et al. (1974). This method
involves enzymatic oxidation of o-dianisidine dihy-
drochloride (4,4’-diamino-3,3’-dimethoxy-biphenyl)
by ceruloplamin oxidase in the presence of oxygen
at 30°C resulting in the formation of a yellowish-
brown product. Briefly, equal volumes of sodium
acetate buffer and serum sample in two test tubes
were incubated at 30°C in water bath for 5 and 15
min, respectively, with o-dianisidine dihydrochloride
reagent followed by sulfuric acid (9.0 M) to form the
purplish-red solution. The absorbance of the purple-
red solution was measured at 540 nm in a cuvet
having a 1-cm light path against distilled water as
blank. Cp oxidase activity was quantified using the
product of difference in absorbance of the purplish-
red solution and ) = 9.6 ml pmol ' cm™ absorp-
tivity of colored solution in terms of substrate con-
sumed (milliliter per micromole per centimeter)
(Lehmann et al., 1974).

Measurement of ferric-reducing ability of plasma

Ferric-reducing ability of plasma (FRAP) was deter-
mined according to the method described by Benzie
and Strain (1993). Assay was based on the ability of
plasma to reduce ferric tripyridyltriazine (Fe III-
TPTZ) complex at low pH to an intense blue-
colored ferrous (Fe II) form. The latter has an
absorption maximum at 593 nm and the intensity
of the blue color is proportional to the antioxidant
capacity of the sample. Briefly, 300 pl of plasma
was added to 3 ml of FRAP reagent. The absorbance
was read at 593 nm after incubating for 4 min at
ambient temperature against a distilled water blank.
The FRAP values expressed in micromoles per liter
were read from a prepared standard curve relating
millimole Fe** 17! to absorbance.

Estimation of metal concentrations

All chemicals were of analytical reagent grade and
were supplied by Merck (Darmstadt, Germany).
Nitric acid (HNOj3) approximately 16 M and 30%
hydrogen peroxide (H,O,) were used for wet-acid
digestions. Ultrapure water was prepared by passing
deionized water through a Milli-Q system (Bedford,
Massachusetts, USA) and was used throughout the
study. The element standard solutions used for cali-
bration were prepared by diluting a stock solution of
1000 mg 1! of the given element supplied by Sigma-
Aldrich (St. Louis, Missouri, USA). The analysis
was carried out according to the direct method
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described by Kaneko (1999) using a Buck 205
atomic absorption spectrophotometer (AAS; Buck
Scientific, England). The method is based on the
principle that atoms of the element when aspirated
into the AAS vaporized and absorbed light of the
same wavelength as that emitted by the element
when in the excited state.

A deuterium background corrector was used for
background corrections. The operating parameters for
the elements were set as recommended by the manu-
facturer (Table Al). For flame measurements, a 10-
cm long slot burner head, a lamp, and an air—acetylene
flame were used.

For microwave digestion, the protocol of Yahaya
et al. (2013) was employed. Serum (0.5 ml) was
pipetted into a pyrex flask and 3 ml freshly prepared
mixture of concentrated HNO; and 30% H,0, in a
2:1 v/v ratio was added to each sample and allowed
to stand for 10 min. The mixture was then micro-
wave digested following a one-stage process pro-
grammed at 80% of the total power in a
SharpLight — up (Dial) domestic microwave oven
(Canada) with maximum heating power of 800 W
for 3 min. After digestion, the solution was diluted
with 10 ml deionized water. A blank digest (without
the sample) was carried out in the same way.

In order to establish the efficiency, accuracy, the
validity of results, as well as reliability of the ana-
lytical procedures used in this study, a recovery
experiment was conducted. Briefly, 1.5 ml of blood
serum samples were spiked with 10 ppm of magne-
sium (Mg), manganese (Mn), selenium (Se), zinc
(Zn), Cu, chromium (Cr), Pb, mercury (Hg), and
Fe in separate Teflon beakers and digested. The
digested spiked samples were diluted with 10 ml
deionized water. The worked-up samples were
stored in polyethylene containers at 4°C prior to
flame atomic absorption spectrophotometric
(FAAS) analysis. Also 10 ml each of 10 ppm stan-
dards were taken for FAAS analysis so that the
results obtained could be compared with those of
the spiked blood serum samples to obtain the recov-
ery. The recovery was done in triplicate and the
percentage recovery was calculated using the equa-
tion (AOAC, 1995):

(Amount after spike — amount before spike)

R =
Amount added

x 100%.

The percentage recoveries of metals in the spiked
blood serum samples were 82-99% as shown in Table
B1. Generally, good recoveries were obtained for all

metals. Each determination was carried out at least
three times in order to ensure precision and reproduci-
bility. The relative standard deviations were less than
10% for all measurements. In this study, the detection
limit of each element was calculated as three times the
standard deviation of the blank (3¢ blank, n = 5)
(Christian, 2004; Miller and Miller, 2000).

Quality control of trace elements determination

Because methods for trace elements analysis are
affected by both matrix and contamination problems,
effective measures of quality assurance were incorpo-
rated into the trace element analysis including reagent
blanks, replicate analyses to assess precision, use of
calibrators of the trace elements in the expected concen-
tration range of the specimen analyzed, and a control
prepared in-house with concentrations of the trace ele-
ments determined to assess accuracy and batch-to-batch
precision. The control material used was of the same
matrix type and contained approximately the same
amounts of analyte as the specimens. If the coefficient
of variation for control samples run in triplicate for each
batch of analysis exceeded 10%, the results were con-
sidered unreliable and the samples were re-assayed.

Correction of the matrix difference between
samples and standards

Matrix interference was corrected and controlled by
the use of the method of addition. Three aliquots
(0.5 ml) of each sample were taken into three Teflon
beakers. Two milliliters each of diluents, standard
containing 5 pg ml~' of the metal, and standard con-
taining 10 pg ml~" was added to the first, second,
and third aliquots, respectively. The percent absorp-
tion on each of the three aliquots was determined.
The values were converted to absorbance and plotted
against concentration on linear graph paper (White

et al., 1976):
R
A4 =—log(1-——
°g< 100)’

where A is absorbance and R is % absorption.

Statistical analysis

Results are presented as mean + standard deviation.
Data were analyzed using Statistical Package for the
Social Sciences version 16.0. Comparison between
waste workers and control was performed using Stu-
dent’s ¢ test for unpaired data and Pearson’s
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correlation coefficient. The statistical significance
was set at p < 0.05.

Results

Physical examination and medical history, risk
behavior, and exposure

The WMW were apparently healthy on physical
examination and assessment of past medical history.
The medical history and clinical profile of the WMW
along with those of the control group are presented in
Table 1. Seven and 12 percent of the WMW and
control subjects are smokers respectively (Table 1).
The most frequently occurring self-reported symp-
toms experienced by subjects over the previous year
are those related to the digestive, respiratory, ner-
vous, and musculoskeletal systems (see correlation
analysis of analyzed metals with work-related health
complaints in Table 7). Close observation of the
WMW reveals that most of them did not always use
personal protective equipment at workplace. Some
of the workers exhibited poor personal hygiene
habits, such as eating or smoking cigarettes at the
workplace without first washing their hands, living
within the dumpsite/workplace, or not taking their bath
or changing into clean clothing after the day’s work.
The frequencies of these risk behaviors and exposure to
work-related injuries/risks are presented in Tables 2
and 3. Plasma levels of MDA, ceruloplasmin oxidase
(Cp) activity, and FRAP of WMW and control subjects
are shown in Table 4. The WMW exhibited significant
(p < 0.001) increases in Cp activity and MDA level
together with marked decrease in FRAP (p < 0.001)
when compared with control.

Trace elements and heavy metals

Tables 5 and 6 summarize the levels of trace elements
and heavy metals in plasma of WMW and control sub-
jects. Cu and Pb levels were significantly (p < 0.001)
higher and Fe concentration significantly (p < 0.05)
lower in the WMW group when compared with con-
trol. Levels of other trace elements and heavy metals
analyzed (Mn, Mg, Cr, Hg, Se, and Zn) were not sig-
nificantly (p > 0.05) different from that of the control.

Correlation analysis between FRAP and trace/
heavy metals

Table 7 shows the degree of association between Cp,
Pb, Cu, Zn, Fe, and FRAP. The FRAP (» = 0.277;

Table |. Socio- and bio-physical data of WMW and
control.

WMW
(n = 126)

Control t p

Parameters (n =84) Values Values

Age (years)® 34.45 + 8.81 3442 + 9.91 0.210 0.984
Exposure 65 + 1.5 - - -

(years)

BMI® (kg m~2) 22.72 + 1.96 22.67 + 3.68 0.304 0.738

WHR? 0.85 + 0.34 0.84 + 0.05 0.404 0.669

Smokers® 9.52 (12) 833 (7) 0.029° 0.960
(males)

Alcohol use®  12.69 (16) 13.09 (11)  0.176° 0.864
(males)

Sex (M:F) 51/75 (0.68:1) 34/50 (0.68:1) - -

BMI: body mass index; M: male; F: female; WHR: waist hip ratio;
WMW: waste management workers; n: number of subjects.
?Data expressed as mean =+ standard deviation.

®Data expressed as percentage (%) of individuals.

x* values.

Table 2. Risk behavior frequency of the waste workers.

Risk
Behavior frequency (%)
Not wearing goggles 97.3
Not wearing mask 77.1
Not wearing gloves 753
Not wearing protective clothing 72.5
Not wearing protective shoes 82.3

Smoking without washing hands first 7.0

Eating at work 71.8

Hands not washed with water alone before 522
eating

Hands not washed with water and soap 35.0

before eating

Table 3. Frequency of exposure of subjects to work-
related injuries and risks.

Injury/risk Exposure frequency (%)
Contusion 35.7
Laceration 34.7
Needle injuries 373
Abrasion 41.6
Sharp object sighting 753
Fecal sighting 81.2
Blood sighting 68.2
Metal object sighting 71.8
Animal products sighting 65.3
Battery products sighting 65.3




436

Toxicology and Industrial Health 33(5)

Table 4. Levels of oxidant/antioxidant markers of waste workers and control.?

Parameters WMW (nh = 126) Control (n = 84) t Values p Values
Cp(UIT 138.54 + 45.86° (17.94%)° 117.07 + 38.03 ~5.732 0.000
MDA (nmol ml™") 3.70 + 1.33° (28.91%)° 2.87 + 1.02 —2.975 0.004
FRAP (umol Fe*" I7") 877.83 + 153.69° (—19.32%)° 1088.10 + 158.66 —7.493 0.000

WMW: waste management workers, Cp: ceruloplasmin oxidase activity, MDA: malondialdehyde, FRAP: ferric reducing ability of

plasma; n: number of subjects.

’Data expressed as mean + standard deviation.
BSignificantly different from the control.
“Percentage change relative to control.

Table 5. Essential trace metals levels in WMW and
control.?

WMW Control
Parameters (n = 126) (n=84)
Fe (ugdl™') 77.46 + 26.87° (—9.55%)° 84.86 + 26.04
Mg (mgdi~') 1560 + 820 (—1.51%)° 1629 + 7.82
Cu (ugdl™') 4596 + 14.74% (23.58%)° 37.19 + 8.07
Mn (ngdl™') 40.36 + 15.03 (0.001%)° 4221 + 15.30
Zn (ugd™') 6341 + 11.62 (—6.57%) 67.87 + 13.93
Se (ugd™') 2530 + 849 (—242%)° 26.15 + 876

Cu: copper; Fe: iron; Mg: magnesium; Mn: manganese; Se:
selenium; Zn: zinc; WMW: waste management workers;
n: number of subjects.

?Data expressed as mean + standard deviation.

®p < 0.05 when compared with control.

“Percentage change relative to control.

4p < 0.001 when compared with control.

p < 0.05) and Zn (r = 0.230; p < 0.05) exhibited
significant positive correlation respectively with Pb,
while Cp activity (r = —0.182; p > 0.05) exhibited
significant negative correlation with Pb. Further-
more, Cu (r = 0.541; p > 0.001) significantly cor-
related with Fe, whereas this correlation did not
exist in control group.

Correlation analysis between analyzed metals
and work-related health complaints

The correlation coefficient between some of the ana-
lyzed metals with work-related health complaints is
presented in Table 8. A significant positive correla-
tion was observed between diarrhea (r = +0.205;
p <0.01), tiredness (r = +0.227; p < 0.01), shoulder
pain (r = +0.178; p <0.05), and Pb level in the waste
workers. Negative correlation was observed between
phlegm production (r = —0.238; p < 0.01), chest pain
(r = —0.186; p < 0.05), and Cu level as well as
between tiredness (r = —0.179; p < 0.05), chest pain

(r = —0216; p > 0.01), and Fe level. A significant
correlation also existed between tiredness
(r = 40.263, p < 0.01), chest pain (» = 40.202,
p < 0.01), shoulder pain (»r = +0.204, p < 0.01), and
Zn level. Similarly, there was a significant correlation
between diarrhea (r = +0.245; p < 0.01), phlegm
production (r = 40.208; p < 0.01), chest pain
(r = 4315; p > 0.001), shoulder pain (r = 40.218,
p <0.01) and tiredness as well as between chest pain
(r = +0.320, p < 0.001) and shoulder pain.

Discussion

We reported the presence of systemic inflammation,
oxidative stress, and elevated levels of immunoglo-
bulin G and immunoglobulin A and adenosine dea-
minase activity in WMW in our earlier studies
(Odewabi et al., 2013a, 2013b). Several studies have
suggested a possible link between oxidative stress
and disruption of metal ion homeostasis (Halliwell
and Gutteridge, 1990; Jomova and Valko, 2011;
Mates, 2000; Nelson, 1999; Valko et al., 2005). In
the present study, therefore, we investigated the rela-
tionship between exposure to MSW and the levels of
some essential trace elements, toxic metals, and oxi-
dant/antioxidant markers among WMW of Ogun
State, southwest, Nigeria.

The major frequently occurring symptoms of
health problems in the past year as reported by the
WMW investigated in this study are those relating to
the digestive, respiratory, nervous, and musculoskele-
tal systems. These symptoms are similar to those
reported in the study carried out by Ray et al.
(2005) and Rouse (2006). Our result further demon-
strated significantly higher plasma level of Cp in the
WMW when compared with control, thus, corrobor-
ating our previous findings of WMW?’s predisposition
to systemic inflammation (Odewabi et al., 2013a). Cp
is an acute phase protein with ferroxidase activity and
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Table 6. Levels of some heavy metals in WMW and control.

Parameters WMW (n = 126) Control (n = 84) t Values p Values
Cr (ug1™") 56.87 + 1236 (7.30%)° 53.00 + 12.32 2.280 0.023
Hg (ug di™") 821 + 2.72 (—0.48%)° 8.25 + 2.93 —0.119 0.905
Pb (ug di™") 50.13 + 13.40° (46.28%)° 3427 + 14.27 11.802 0.000

WMW: waste management workers; n: number of subjects; Cr: chromium; Pb: lead; Hg: mercury.
p < 0.05 when compared with control.

PPercentage change relative to control.

“p < 0.001 when compared with control.

Table 7. Coefficient of correlation between parameters in WMW (n = 126).

Correlation coefficient (r)

Parameters

Cp Pb Cu Zn Fe FRAP MDA
Cp 1.00 —0.182% 0.147 —0.076 —0.039 0.113 0.196
Pb —0.182° 1.00 0.067 0.230° 0.132 —0.277° 0.065
Cu 0.147 0.067 1.00 —0.023 0.541¢ —0.148 —0.031
Zn —0.076 0.230° —0.023 1.00 —0.044 —0.140 —0.058
Fe —0.039 0.132 0.541°¢ —0.044 1.00 0.017 0.024
FRAP 0.113 —0.277¢ —0.148 —0.140 0.017 1.00 0.011
MDA 0.196% 0.065 —0.031 —0.058 0.024 0.011 1.00

Cu: copper; Fe: iron; Pb: lead; Zn: zinc; FRAP: ferric reducing ability of plasma; MDA: malondialdehyde; WMW: waste management
workers; Cp: ceruloplasmin activity.

Coefficient of correlation (r): p < 0.05.

PCoefficient of correlation (r): p < 0.01.

“Coefficient of correlation (r): p < 0.001.

Table 8. Correlation analysis of some of the analyzed metals with work-related health complaints (n = 126).

Nose Phlegm Chest  Shoulder

Pb Cu Zn Fe Diarrhea Tiredness irritation production  pain pain
Pb I 0.067 0230 0.132 0205° 0227 —0.123° 0.145 —-0.114 0.178°
Cu 0.067 I —0.023  0.541° —0.149 —0.152 —0076 0238 —0.186° —0.168
Zn 0.230° —0.023 | —0.044 0.131 0.263* —0.014 0.110 0.202*  0.205°
Fe 0.132  0.541° —0.044 I —0.148 —0.179> 0088 —0.193° —0.216* —0.063
Diarrhea 0.205* —0.149  0.131 —0.148 I 0.245*  0.066 0.242* 0.228* 0.235°
Tiredness 0.227* —0.152  0.263* —0.179° 0.245° I 0.097 0.207% 0.315° 0.228°
Nose irritation ~ 0.123 —-0.076 —-0.014 —0.088 0.066 0097 I 0.120 0.146 0.133
Phlegm 0.145 —0238* 0.110 —0.193 0.242 0208  0.120 I 0.010 0.156
production
Chest pain —0.114 —0.186° 0202* —0.216* 0228 0315 0.146 0.010 | 0.320*

Shoulder pain 0.178° —0.168  0.204° —0.063 0.235*  0.228*  0.137 0.156 0.320* |

Fe: iron; Cu: copper; Hg: mercury; Pb: lead; Se: selenium; Zn: zinc.
* < 0.0l.

®p < 0.05.

p < 0.001.

an important antioxidant not only in plasma but also and its presence in plasma may reflect the condition of
in the bronchoalveolar lining (Leelakunakorn et al., the lungs (Mongiat et al., 1992). Cp, as ferroxidase,
2005; Mongiat et al., 1992). This protein is, therefore, converts the ferrous iron to oxidized ferric iron and
considered to be a significant pulmonary antioxidant facilitates the movement of Fe from the cells to the
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blood (Freiden and Hsich, 1976). The redox state of
the cell is predominantly dependent on a Fe and Cu
redox couple and it is maintained within strict phy-
siological limits (Park et al., 2009). The WMW in this
study exhibited significantly decreased plasma Fe
concentration when compared with the control sub-
jects. Our result is in consonance with the findings of
Ray et al. (2005) who reported hypochromic anemia
alongside anisocytosis and poikilocytosis in landfill
workers in India.

During infection or inflammatory stress, there is a
rise in the production of pro-inflammatory cytokines
like interleukin (IL)-1b, IL-6, IL-8, and tumor necro-
sis factor (Michel, 1997; Ulmer, 1997) with a corre-
sponding increase in serum Cu concentration because
of the acute phase action of IL-1. The action of IL-1
may cause an elevation in serum Cu and a decrease
in Zn concentrations (Milne, 2003). The significant
elevation in Cu concentration observed in the WMW
in this study may be due to an increase in the level of
IL-1 arising from an underlying inflammatory pro-
cess in these subjects. Cu is capable of inducing oxi-
dative stress via two mechanisms. It can either
directly catalyze the formation of ROS through a
Fenton-like reaction (Liochev and Fridovich, 2002;
Prousek, 2007) or significantly decrease glutathione
levels (Speisky et al., 2009). Decrease in glutathione
concentration was associated with occupational
exposure to MSW as reported previously in our study
(Odewabi et al., 2013a). Glutathione depletion is
capable of enhancing the cytotoxic effect of ROS and
allows Cu to be more catalytically active to produce
higher levels of ROS. The increase in Cu toxicity
resulting from GSH depletion demonstrates clearly
that GSH is an important cellular antioxidant that
acts against Cu toxicity (Steinebach and Wolterbeek,
1994).

We also observed in this study that the WMW’s
serum Zn concentration was slightly lower than that
of the control subjects. Studies have associated Zn
deficiency with increased oxidative modification of
lipid, protein, and DNA oxidation (Prasad, 2009;
Valko et al., 2005). Chronic or long-term absence of
Zn in experimental models has also been shown to
predispose to oxidative stress-mediated injuries.
Furthermore, previous studies have reported greater
prevalence of work-related respiratory symptoms in
waste workers (Krajewski et al., 2001; Odewabi et al.,
2013a; Ray et al., 2005). Zinc, as an antioxidant, has
been shown to reduce formation of free radicals via
several mechanisms: it acts as an inhibitor of

nicotinamide adenine dinucleotide phosphate oxi-
dase, inducer of metallothionein (effective scavenger
of radicals) and it is an integral metal of Cu, Zn-
superoxide dismutase (Bray and Bettger, 1990; Pra-
sad, 2009). ROS are known to activate nuclear factor
kB (NF-x£B) which in turn activates growth factors,
antiapoptotic molecules, inflammatory cytokines, and
adhesion molecules (Prasad, 2009). Zinc reduces
inflammatory cytokine production by upregulation
of a Zn-finger protein, A20, which inhibits NF-xB
activation via TRAF pathway (Prasad, 2008). Thus
Zn functions not only as an antioxidant but also as
an anti-inflammatory agent. The observed decrease in
the serum concentration of this essential metal in the
WMW in our study may be related to its continuous
utilization due to its involvement in protection against
inflammation and oxidative stress associated with
occupational exposure to MSW.

Our study also demonstrated that the WMW blood
Pb concentration was significantly greater than that
of the control subjects. This suggests that there are
high levels of this heavy metal in the WMW’s work
environment and a possible risk of Pb toxicity with
continuous exposure. High blood Pb levels (mean of
28 pg dI™') were reported for child waste pickers in
Metro Manila. More than 70% of children working at
Metro Manila’s largest dumpsite had blood Pb levels
that exceeded WHO guideline of 20 ug dl~" (Carotti
and Smith, 1974; Cointreau, 2006). Pb is capable of
causing free radical-mediated organ or tissue damage
and this is usually accomplished by two independent
but related mechanisms (Ercal et al., 2001). The first
involves the direct formation of ROS including sing-
let oxygen, hydrogen peroxides, and hydroperoxides.
The second mechanism is achieved through depletion
of cellular antioxidant pools. A previous study
demonstrated that blood Pb levels in workers clean-
ing electrostatic precipitators were greater than those
in the group not working in a municipal incinerator
(Malkin et al., 1992). Pb exposure has been reported
to deplete antioxidants in vivo (Hermes-Lima et al.,
1991; Yoshida et al., 2003). Because MSW generally
are exposed to heavy metals such as cadmium, Cr,
cobalt, nickel, Mg, Fe, and Zn (Hong et al., 2000),
other heavy metals in the waste disposal environment
could also be systemically absorbed. High concentra-
tions of these heavy metals in the body is thought to
enhance redox cycling and consequently induce
ROS, especially hydroxyl radicals (Halliwell,
1988). Furthermore, Pb has been reported to affect
Cp level in children living near a secondary Pb
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smelting plant. Beside the inhibition of heme-
synthesizing enzymes, Pb may also bind to transfer-
rin and Cp, which may induce anemia, since Cp
catalyzes the transport of Fe to transferrin, the essential
step in heme synthesis. This probably provides reason
for the elevated Cp observed in the present study.

Although a study by Cointreau (2006) reported a
significant increase in blood levels of Hg among gar-
bage handlers and paper sorting workers, the blood
levels of Hg in the municipal WMW investigated in the
present study did not differ significantly from those of
the control subjects. We also observed that Cp exhib-
ited significant positive correlation with MDA and sig-
nificant negative correlation with Pb. Significant
negative correlation between FRAP and Pb and
between Fe and Cu was also observed in MSW man-
agement workers, but such correlation was not seen in
the control subjects. Furthermore, a significant positive
correlation was observed between diarrhea
(r = 40.205; p < 0.01), tiredness (r = 4+0.227;
p < 0.01), shoulder pain (r = 4+0.178; p < 0.05), and
Pb level in the waste workers. Also, a negative correla-
tion was observed between phlegm production
(r = —0.238; p < 0.01), chest pain (r = —0.186;
p < 0.05), and Cu level as well as between tiredness
(r = —0.179; p < 0.05), chest pain (r = —0216;
p > 0.01), and Fe level. A significant correlation also
existed between tiredness (» = +0.263, p <0.01), chest
pain (r = 40.202, p <0.01), shoulder pain (» = +0.204,
p<0.01), and Zn level. These suggest that the levels of
these metals may be contributing to self-reported symp-
toms and general health status of the waste workers.

In conclusion, our data suggest that the WMW
investigated in this study may be exposed to high
levels of toxic metals in the workplace. The blood
levels of these heavy metals in addition to altered
levels of essential trace elements may contribute to
the presence of some of the frequently reported symp-
toms by these individuals. However, since the levels
of these toxic metals were not analyzed in the solid
wastes, it is not clear if the source of contamination or
exposure is only limited to the work environment of
the WMW. We believe this is one of the limitations of
our study. Considering the significant level of expo-
sure at the workplace, we recommend that govern-
ment at all levels in conjunction with other relevant
stakeholders review existing policies and put in place
measures that will promote risk reduction. We also
believe that continuous education of the WMW on
the need for compliance to safety regulations and
practice is very crucial in all of these.

Acknowledgments

Authors express deep gratitude to the solid waste workers
who gave informed consent and participated in this study.
The prompt technical assistance of Mr Oladapo Mufutau
Olalekan is also appreciated.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest

with respect to the research, authorship, and/or publication
of this article.

Funding

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

References

Abah SO and Ohimain EI (2010) Assessment of dumpsite
rehabilitation potential using theintegrated risk based
approach: a case study of Eneka, Nigeria. World Applied
Science Journal 8: 436-442.

AOAC (Association of Official Analytical Chemists)
(1995) Official Methods of Analysis. 16th ed. Arlington:
AOAC.

Arinola OG and Akiibinu MO (2006) The levels antioxi-
dants and some trace metals in Nigerians that are occu-
pationally exposed to chemicals. Indian Journal of
Occupational and Environmental Medicine 10: 65—68.

Benzie FF and Strain JJ (1993) The ferric reducing ability
of plasma (FRAP) as a measure of antioxidant power:
the FRAP assay. Analytical Biochemistry 239: 70-76.

Bertini I and Cavallaro G (2008) Metals in the “omics”
world: copper homeostasis and cytochrome c oxidase
assembly in a new light. Journal of Biololgy Inoranic
Chemistry 13: 3—14.

Bray TM and Bettger WJ (1990) The physiological role of
zinc as an antioxidant. Free Radical Biological
Medicine 8: 281-291.

Buege JA and Aust SD (1978) Microsomal lipid peroxida-
tion. Methods in Enzymology 52: 302-310.

Carotti AA and Smith RA (1974) Gaseous Emissions from
Municipal Incinerators. Report SW-18c, PB258-156.
Washington, DC: US Environmental Protection Agency.

Christian GD (ed.) (2004) Data handling and spreadsheets
in analytical chemistry: Detection limits—there is no
such thing as zero. In: Analytical Chemistry. 2nd ed.
Hoboken, NJ: John Wiley & Sons, Inc., pp. 111-112.

Cointreau S (2006) Occupational and Environmental
Health Issues of Solid Waste Management: Special
Emphasis on Middle and Lower-income Countries.
Washington: The International Bank for Reconstruction
and Development/The World Bank.



440

Toxicology and Industrial Health 33(5)

Dardenne M (2002) Zinc and immune function. European
Journal of Clinical Nutrition 56: 520

Domingo JL and Nadal M (2009) Domestic waste compost-
ing facilities: a review of human health risks. Environ-
ment International 35: 382-389.

Ekor M and Odewabi AO (2014) Occupational exposure
to municipal solid wastes and development of toxic
neuropathies: possible role of nutrient supplementa-
tion, complementary and alternative medicines in che-
moprevention. Chinese Journal of Integrative
Medicine 20(9): 643—653.

Ercal N, Gurer-Orhan H and Aykin-Burns N (2001) Toxic
metals and oxidative stress. Part 1. Mechanisms
involved in metal-induced oxidative damage. Current
Topical Medicinal Chemistry 1: 529-539.

Evan GI and Vousden KH (2001) Proliferation, cell cycle
and apoptosis in cancer. Nature 411: 342-348.

Freiden E and Hsich HS (1976) Ceruloplasmin: The copper
transport protein with essential oxidase activity.
Advances in Enzymology 44: 187-236.

Halliwell B (1988) Albumin — An important extracellular
antioxidant? Biochemistry Pharmacology 64: 339-342.

Halliwell B and Gutteridge JMC (1990) Role of free radi-
cals and catalytic metal-ions in human disease — an over-
view. Methods in Enzymology 186: 1-85.

Hermes-Lima M, Valle VG, Vercesi AE, et al. (1991)
Damage to rat liver mitochondria promoted by delta-
aminolevulinic acid-generated reactive oxygen species:
connections with acute intermittent porphyria and
lead-poisoning. Biochimica et Biophysica Acta 1056:
57-63.

Hong KJ, Tokunaga S and Kajiuchi T (2000) Extraction of
heavy metals from MSW incinerator fly ashes by chelat-
ing agents. Journal of Hazardous Materials 75: 57-73.

Jomova K and Valko M (2011) Advances in metal-induced
oxidative stress and human disease. Toxicology 283:
65-87.

Kaneko JJ (1999) Clinical Biochemistry of Animal. 4th ed.
New York: Academic Press Inc., p. 932.

Krajewski JA, Szarapinska-Kwaszewska J, Dudkiewicz B,
et al. (2001) Assessment of exposure to bioaerosols in
workplace ambient air during municipal waste collec-
tion and disposal. Medycynapracy 52: 417-422.

Leelakunakorn W, Sriworawit R and Soonataros (2005)
Ceruloplasmin oxidase activity as a biomarker of
lead exposure. Journal of Occupational Health 47:
56-60.

Lehmann HP, Schosinsky KH and Beeler MF (1974) Stan-
dardization of serum ceruloplasmin concentrations in
International Enzyme Units with o-dianisidine dihydro-
chioride as substrate. Clinical Chemistry 20: 564.

Liochev SI and Fridovich I (2002) The Haber—Weiss cycle
70 years later: an alternative view. Redox Report Journal
7: 55-57.

Malkin R, Brandt-Rauf P, Graziano J, et al. (1992) Blood
lead levels in incinerator workers. Environmental
Research 59: 265-270.

Mates JM (2000) Effects of antioxidant enzymes in the
molecular control of reactive oxygen species toxicol-
ogy. Toxicology 153: 83—104.

Michel O (1997) Human challenge studies with endotoxins.
International Journal of Occupational and Environmen-
tal Health 3: S18-S25.

Miller JN and Miller JC (eds) (2000) Calibration methods
in instrumental analysis: Regression and correlation. In:
Statistics and Chemometrics for Analytical Chemistry,
4th edn. Harlow: Prentice Hall, pp. 120—-122.

Milne DB (2003) Trace elements. In: Burtis CA., Ashwood
ER and Border BG (eds) Tietz Fundamentals of Clinical
Chemistry. 5th ed. New Delhi: Elsevier, pp. 573.

Mongiat R, Gerli GC, Locatelli GF, et al. (1992) Erythro-
cyte antioxidant system and serum ceruloplasmin levels
in welders. International Archive of Occupational and
Environmental Health 64: 339-342.

Nelson N (1999) Metal ion transporters and homeostasis.
European Molecular Biology Organization Journal 18:
4361-4371.

Odewabi AO (2014) Analysis of some biochemical and
immunological parameters in waste management work-
ers and street hawkers in Ogun State, Nigeria. PhD
Dissertation, School of Post Graduate Studies, Olabisi
Onabanjo University, Ago-Iwote, Nigeria.

Odewabi AO, Ogundahunsi OA, Ebesunu MO, et al. (2013a)
The levels of inflammatory markers and oxidative stress
in individuals occupationally exposed to municipal solid
waste in Ogun State, South-west Nigeria. Toxicology and
Industrial Health 29: 845-854.

Odewabi AO, Ogundahunsi OA, Odewabi AA, et al.
(2013b) Adenosine deaminase activity and immunoglo-
bulin levels as potential systemic biomonitors of occu-
pational hazards and health status in municipal solid
waste management workers. Environmental Toxicology
and Pharmacology 35: 1-12.

Ogwueleka T (2009) Municipal solid waste characteristics
and management in Nigeria. Iranian Journal of Envi-
ronmental Health, Science and Engineering 6(3):
173-180.

Oyeniyi BA (2011) Waste management in contemporary
Nigeria: The Abuja example. International Journal
Politics and Good Governance 2(2.2), Quarter. II: 1-18.

Park HS, Kim SR and Lee YC (2009). Impact of oxidative
stress on lung diseases. Respirology 14: 27-38.



Odewabi and Ekor

441

Prasad AS (2008) Clinical, immunological, anti-
inflammatory and antioxidant roles of zinc. Experimen-
tal Gerontology 43: 370-377.

Prasad AS (2009) Zinc: role in immunity, oxidative stress
and chronic inflammation. Current Opinion in Clinical
Nutrition and Metabolic Care 12: 646—652.

Prousek J (2007). Fenton chemistry in biology and medi-
cine. Pure and Applied Chemistry 79: 2325-2338.

Ray MR, Roychoudhury S, Mukherjee G, et al. (2005)
Respiratory and general health impairments of workers
employed in a municipal solid waste disposal at an open
landfill site in Delhi. International Journal of Hygiene
and Environmental Health 208: 255-262.

Rouse JR (2006) Seeking common ground for people: live-
lihoods, governance and waste. Habitat International
30(4): 741-753.

Schoslnsky KH, Lehmann HP and Beeler MF (1974) Mea-
surement of ceruloplasmin from itsoxidase activity in
serum by use of o-dianisidine dihydrochloride. Clinical
Chemistry 20(12): 1556—-1563.

Smith SR (2009) A critical review of the bioavailability and
impacts of heavy metals in municipal solid waste com-
posts compared to sewage sludge. Environment Interna-
tional 35: 142-156.

Speisky H, Gomez M, Burgos-Bravo F, et al. (2009) Gen-
eration of superoxide radicals by copper-glutathione
complexes: redox consequences associated with their
interaction with reduced glutathione. Bioorganic and
Medicinal Chemistry Letters 17: 1803—1810.

Steinebach OM and Wolterbeek H (1994) Role of cytosolic
copper, metallothionein and glutathione in copper toxicity
in rat hepatoma tissue culture cells. Toxicology 92: 75-90.

Tsydenova O and Bengtsson M (2011) Chemical hazards
associated with treatment of waste electrical and elec-
tronic equipment. Waste Management 31: 45—48.

Appendix |

Ukem EO (2008). Electronic waste: a growing challenge in
Nigeria. Global. Journal of Pure and Applied Sciences
14(4): 459-462.

Ulmer AJ (1997) Biochemistry and cell biology of endo-
toxins. International Journal of Occupational and Envi-
ronmental Health 3: S8-S17.

Valko M, Morris H and Cronin MTD (2005) Metals, toxi-
city and oxidative stress. Current Medicinal Chemistry
12: 1161-1208.

Valko M, Rhodes CJ, Moncol J, et al. (2006) Free radicals,
metals and antioxidants in oxidative stress-induced can-
cer. Chemico-Biological Interactions 160: 1-40.

Varshney R and Kale RK (1990) Effect of calmodulin
antagonist on radiation induced lipid peroxidation in
microsomes. International Journal of Radiation Biology
58(5): 733-743.

White WL, Erickson MM and Stevens SC (1976) Atomic
absorption spectroscopy. In: Chemistry for the Clinical
Laboratory. 4th ed. Saint Louis, MO: The C.V. Mosby
Co, pp. 202-287.

Widmeier S, Bernard A, Tschopp A, et al. (2007). Surfac-
tant protein A, exposure to endotoxin, and asthma in
garbage collectors and in wastewater workers. Inhala-
tion Toxicology 19: 351-360.

World Medical Organization (1996) Declaration of Hel-
sinki. British Medical Journal 313(7070): 1448—1449.

Yahaya MI, Shehu A and Dabai FG (2013) Efficiency of extrac-
tion of trace metals from blood samples using wet digestion
and microwave digestion techniques. Journal of Applied Sci-
ence and Environmental Management 17(3): 365-369.

Yoshida R., Ogawa Y, Mori I, et al. (2003) Associations
between oxidative stress levels and total duration of
engagement in jobs with exposure to fly ash among work-
ers at municipal solid waste incinerators. Mutagenesis
18(6): 533-537.

Table Al. Working conditions of atomic absorption spectroscopy.

Element Woavelength (hm)  Slit width (hm) Flame type  Sensitivity Linearity ranges
Cr 357.9 0.7 Rich, yellow 0.1 pg ml~' for 1% absorption Up to 5 ug ml™"
Cu 324.8 0.7 Lean, blue 0.09 pg ml~' for 1% absorption Up to 5 pg ml™"'
Fe 248.3 0.2 Lean, blue 0.12 ug ml~" for 1% absorption Up to 5 ug ml™"'
Mg 285.2 0.7 Lean, blue  0.007 pg ml~' for 1% absorption  Up to 0.5 pg di™"'
Mn 275.5 0.2 Lean, blue 0.55 pug ml~' for 1% absorption Up to 3 ug ml™"
Pb 283.3 0.7 Lean, blue 0.5 ug mi~' for 1% absorption Up to 20 pg ml~"
Se 196.0 2.0 Lean, blue 0.5 pg ml~' for 1% absorption Up to 50 pg ml~"
Zn 213.9 0.7 Lean, blue  0.018 pug ml~' for 1% absorption Up to | ug ml™"'
Hg 253.6 0.7 Lean, blue 0.5 ug ml~' for 1% absorption Up to 10 ug ml~"

Cr: chromium; Cu: copper; Fe: iron; Mg: magnesium; Mn: manganese; Pb: lead; Se: selenium; Zn: zinc; Hg: mercury.
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Table BIl. Percentage recoveries of trace metals in blood serum after digestion and detection limits for the FAAS
determination of the elements.

Amount Amount Percentage Detection Limit
Sample Elements Spiked (ug ml™") Recovered (g ml™") Recovery (%) (ng ml™")
Fe 10 9.3 93 0.005
Mg 10 9.8 98 0.0001
Cu 10 8.9 89 0.001
Pb 10 9.1 9l 0.01
Mn 10 8.9 89 0.002
Zn 10 9.8 98 0.001
Se 10 9.9 99 0.05
Cr 10 9.7 97 0.003
Hg 10 82 82 0.25

Cr: chromium; Cu: copper; Fe: iron; Mg: magnesium; Mn: manganese; Pb: lead; Se: selenium; Zn: zinc; Hg: mercury; FAAS: flame atomic
absorption spectrophotometric analysis.
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