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Abstract:

Objective: The present study was designed to investigate cardio-respiratory disorders
among sewage workers in Alexandria in order to suggest the suitable preventive mea-
sures for this sector.

Materials and Methods: This study was conducted on 67 male sewage workers and
a control group of 60 non-exposed matched persons. All participants of the study were
subjected to an interview using a pre-designed questionnaire and clinical general and
systemic examinations as well as specific investigations including resting ECG, pul-
monary function testing, plain chest X-ray and measurement of the level of sulf-he-
moglobin.

Results: This study showed high smoking rate among sewage workers in comparison
to controls (p=0.010). The resting ECG changes reported among the exposed work-
ers in the present study were mainly left ventricular hypertrophy (LVH) and ischemic
changes (p=0.027). Sulf-hemoglobin level was an independent determinant factor in
multiple logistic regression models with LVH and ischemic changes as the dependent
variables (p= 0.050 and 0.000 respectively).

Significant reductions in percent predicted FVC and FEV1 among the exposed group
versus controls (p=0.000 and 0.001 respectively), suggesting a restrictive pattern of im-
pairment, were observed. Respiratory manifestations were the independent determinant
for FVC and FEV1 in multiple regression analyses (p= 0.031 & 0.05 respectively).

Conclusion: Cardio-respiratory disorders among sewage workers should be considered
in health surveillance of this sector with emphasis on antismoking measures.
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Introduction:

Sewage workers provide an essential
service in the protection of public and envi-
ronmental health. The working conditions
of these workers have remained virtually
unchanged for over a century. They are
exposed to heavy physical exertion under
adverse environmental conditions. These
workers are also commonly exposed to
gases like hydrogen disulfide, methane,
ammonia and carbon monoxide (Tiwar,
2008). Previous studies have focused main-
ly on exposure to biological hazards and
infections like hepatitis (Keeffe, 2004),
leptospirosis (Amberkar et al., 2004), Heli-
cobacter pylori (Friis et al., 1996) and der-
matitis (Nethercott, 1981). Moreover, Wild
et al. (2006), reported that cancer mortal-
ity seems to increase with employment as a

sewage worker.

Exposure to hydrogen sulfide (H2S) is
the most characteristic exposure for sewage
workers. It has an irritant action even at low
concentrations and an asphyxiant effect in
massive exposure. It interacts with hemo-
globin to produce sulf-hemoglobin which

is normally near zero level. Its presence re-

flects the degree of exposure level (WHO,
1981).

Cardiovascular effects of H2S have
been reported after acute exposure to in-
duce ECG changes similar to myocardial
infarction that was reversible in some cases
(Audeau et al., 1985). There was contra-
diction in the literature as regard chronic
cardiovascular disorders due to exposure to
H2S. In a recent review by Tiwari (2008),
it was stated that ischemic changes are
observed after long term exposure, as well
as arrhythmias and hemodynamic instabil-
ity in the form of elevated blood pressure
among sewage workers. On the other hand,
this was not reported in some other studies
(Rylander, 1999). It seems that the exact
nature of cardiovascular affection is still

unclear.

Thorn et al. (2002), reported that respi-
ratory manifestations are common among
this sector of workers. Nethercott and
Holness (1988), observed changes in pul-
monary functions among sewage workers.
However , there are some discrepancies be-
tween different studies about the nature of
the respiratory dysfunction whether is it re-
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strictive or obstructive. Richardson (1995),
studied exposure to hydrogen sulfide in
sewer workers and found that the ratio of
forced expiratory volume in first second of
the forced vital capacity (FEV1/FVC) was
lower in sewer workers with high H2S ex-

posure.

The present study was designed to
investigate Cardio-respiratory disorders
among sewage workers in Alexandria espe-
cially in relation to H2S exposure in order
to suggest the suitable preventive measures

for this sector.
Subjects and Methods:

A cross sectional study was designed
to involve workers in Alexandria sewage
disposal stations. The study included 67
randomly selected male sewage workers
within the periodic medical examination
program. A control group of 60 non ex-
posed persons matched as regards to age,
sex and socioeconomic status to the ex-
posed group was selected. All participants
of the study were subjected to an interview
using a predesigned questionnaire includ-
ing personal, occupational and medical
histories with emphasis on respiratory and
cardiovascular conditions as well as smok-
ing habit. Clinical general and systemic
examinations, measurement of heart rate

and arterial blood pressure was done ac-

cording to the European guidelines (ESH
and ESC, 2007). Height , weight and body
mass index (BMI) were measured accord-
ing to standard methods (Rose, et al. 1982).
Resting standard 12 lead ECG was done
for each participant and was analyzed to
define cases of left ventricular hypertrophy
(LVH), changes suggestive of ischemia
and other abnormal findings according to
the standard criteria (Fisch, 1994).Respira-
tory symptoms were classified according
to Medical Research Council guidelines
(1965). Pulmonary function testing accord-
ing to American Thoracic Society Asso-
ciation (1987), was conducted to measure
forced vital capacity (FVC) and Forced ex-
piratory volume (FEV1). Results were ex-
pressed as percent of predicted values. Also
the ratio FEVI1/FVC was calculated. Plain
chest X-ray postero-anterior view was per-
formed for each participant in study and the
results were assessed by a consultant occu-
pational chest disease physician. A venous
un-clotted blood sample was collected for
each participant to measure the level of
sulf-hemoglobin as a parameter of H2S ex-
posure (NIOSH, 1977).

Data was analyzed using SPSS (Statis-
tical package for social sciences) version
15. Comparison of means of quantitative
variables between two groups was done

by independent t-test. Chi-square test was
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used for categorical variables and Fisher
exact test was done when numbers were
small. Multivariate analyses for dependent
qualitative variables were done by logistic
regression; meanwhile, dependent quanti-
tative variables were tested by multiple re-
gressions. Models were constructed to de-
termine the independent variables in each
one. The level of significance for p value

was considered at 0.05.
Results:

The mean age for the exposed sewage
workers and for controls were 44.5 and
44 2 years respectively, with no significant
difference. The mean duration of exposure
of the studied sewage workers was 16.6
years. There was no significant difference
between exposed workers and controls as
regards height, weight and BMI. (Table 1)

The percent of smokers was signifi-
cantly higher among the exposed group
73.0% than the controls 52.0% (p= 0.010).
Also, the smoking index was significantly
higher among the exposed group than the
controls (p=0.032). Although there was
no significant difference between the ex-
posed and control groups in cardiovascu-
lar symptoms; yet, dyspnoea and atypical
chest pain were highly reported in 27.0 %
and 9.0% among the exposed group com-
pared to about 8.0% and 3.0% in the con-

trols respectively. Anginal chest pain and
palpitation were almost equally reported
among the exposed workers and their con-
trols. Respiratory manifestations were sig-
nificantly more prevalent among exposed
workers than the controls (p=0.017). It was
found that chronic bronchitis and chronic
asthmatic bronchitis were the most com-
mon respiratory conditions among sewage
workers in comparison to controls ( 24%
and 10.5% vs 6.7% and 3.3% respectively).
(Table 2)

There was no significant differences
between exposed workers and controls in
systolic (SBP) and diastolic blood pressure
(DBP); while, the exposed workers showed
significantly lower heart rate than controls
(p=0.015).

As regard pulmonary function tests, the
study revealed that the percent of predicted
values for FVC and FEV1 was significantly
lower among exposed workers than con-
trols (p=0.000 and p= 0.001 respectively).
However, there was no significant differ-
ence in the ratio FEV1/FVC.

The increase in percent of sulf-hemo-
globin among exposed workers versus
controls was highly significant (p= 0.000).
(Table3)

Resting ECG findings were more signif-
icantly observed among the exposed work-
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ers than controls (p= 0.027). Left ventricu-
lar hypertrophy (LVH) was found in 18.0%
of exposed workers as compared to 5.0% in
the controls. Also ischemic changes were
diagnosed in13.5% of exposed workers in
comparison to 6.6% of controls. No sig-
nificant difference was found in chest X-
ray findings between exposed workers and
controls. (Table 4)

Multivariate analysis was done with
logistic regression considering LVH as
the dependent variable. It showed that the
level of sulf-hemoglobin was the only inde-
pendent variable approaching significance
in this model (p= 0.050). Also, multivari-
ate logistic regression with ECG ischemic

changes as the dependent variable, showed

that SBP, DBP and sulf-hemoglobin were
the independently significant variables in
the model (p= 0.006, 0.031 and 0.000 re-
spectively). (Table5)

Multiple regression model was con-
structed considering FVC as the dependent
variable. It showed that smoking index,
presence of respiratory manifestations and
duration of exposure were the indepen-
dently significant variables in the model.
(p= 0.024, 0.031 and 0.013 respectively).
Another multiple regression model was
done for FEV1 as the dependent variable. It
showed that presence of respiratory mani-
festations was the only independent vari-
able approaching significance in this model
(p=0.050). (Table6)
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Table 1: Characteristics of the study population.

Exposed Control
Characteristics t P
Mean S.D. Mean S.D.

Age (years) 445 7.97 442 7.74 0.039 0.844
Duration of exposure (years) 16.6 7.39 - - - -
Height (cm) 172.0 747 172.3 647 0.084 0.772
Weight (kg) 78.8 5.00 80.9 7.76 3222 0.075
Body Mass Index (kg/m?) 26.7 1.84 272 2.01 0.761 0.138

* Significant at 0.05 level.

Table 2: Smoking and cardio-respiratory manifestations among the studied population.

Exposed Control
Variables (n=67) (n=60) X2 p
No. % No. %
Smoking 49 73.1 31 51.7 6.258 0.010"
Smoking index® 298.8 31566 | 189.7 | 240.53 4711 0.032"
Cardiovascular symptoms:
Atypical chest pain 6 9.0 2 33 8.65 0.070
Anginal pain 3 45 2 33
Palpitation 3 4.5 2 33
Dyspnea 18 27.0 5 8.3
Respiratory manifestations:
Cough 4 6.0 6 10.0 5.61 0.017
Chronic Bronchitis 16 24.0 4 6.7
Chronic asthmatic Bronchitis 7 10.5 2 33

*Significant at 0.05 level.

@ Cigarettes /day . Years of smoking, Mean + S.D., t-test for difference.
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Table 3: Cardio-respiratory measurements and sulf-hemoglobin level among the studied pop-

ulation.
Exposed Control
Measurements t p
Mean SD Mean SD
HR (beat/minute) 69.9 4.27 71.5 331 6.050 0.015"
SBP (mmHg) 120.5 13.26 122.7 12.37 0.882 0.350
DBP (mmHg) 784 8.58 794 743 0472 0.493
FVC (% of predicted) 84.8 15.03 94.5 7.05 21.108 | 0.000"
FEV, (% of predicted) 84.0 20.98 93.6 8.08 11.085 | 0.001"
FEV /FVC (%) 83.1 9.87 84.9 11.69 0.861 0.355
Sulf-hemoglobin (%) 0.37 0.27 0.09 0.10 24.509 | 0.000"

* Significant at 0.05 level.
HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure; FVC, forced vital capacity; FEV1,

forced expiratory volume in the first second.

Table 4: Resting ECG and chest X-ray findings among the studied population.

Exposed Control
Investigations (n=067) (n=060) X? p

No. % No. %
Reting ECG findings:
LVH* 12 18.0 3 50 721 0.027"
Ischemic changes® 9 13.5 4 6.6
Chest X-ray findings:
Increased broncho-vascular 5 7.5 2 33 Fisher 033
markings exact

test

* Significant at 0.05 level.
a Six cases out of exposed and all cases of controls were hypertensives.

b Five cases of the exposed group and two cases of controls gave past history of CAD.
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Table 5: Multiple Logistic Regression Analyses.

Unstandardized standardized
Models Coefficient Coefficient ¢ b
Std.
B Beta
Error
LVH model:
Constant 3.501 2.533 1.382 0.169
SBP 0.015 0.015 -0.145 -1.007 0.316
DPB 0.004 0.24 0.025 0.171 0.865
HR -0.26 0.030 -0.076 -0.858 0.392
Sulf-hemoglobin 1.029 0.519 -0.176 1.983 0.050"
ECG ischemic changes model: 0.370 0.712
0.199 0.539 .
Constant -0.2779 | 0.006"
-0.007 0.003 -0.367 )
SBP 2.169 0.032"
0.009 0.004 0.290
DBP 0.715 0476
0.004 0.005 0.058
HR -1.344 0.182
-0.014 0011 -0.108 .
BMI 4.125 0.000*
. 0.379 0.092 0.339
Sulf-hemoglobin 1.458 0.148
) 0.064 0.044 0.121
Smoking

* Significant at 0.05 level.
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Table 6: Multiple regression analyses.

Unstandardized standardized
Models Coefficient Coefficient
B Std. Error Beta t P

FVC model:

Constant 106.611 14.851 7.178 0.000"
Age -0.184 0.139 -0.112 -1.319 0.190
Smoking index -0.009 0.004 -0.193 -2.289 0.024
BMI -0.080 0.527 -0.012 -0.151 0.880
Respiratory symptoms -2.351 1.079 -0.186 -2.179 0.031"
Sulf-hemoglobin -1.990 5.029 -0.036 -0.396 0.693
Duration of exposure -0.319 0.127 -0.245 -2.523 0.013"
FEV, model:

Constant 105.116 20.162 5214 0.000
Age -0.287 0.189 -0.133 -1.521 0.131
Smoking index -0.008 0.005 -0.144 -1.648 0.102
BMI 0.160 0.716 0.018 0.224 0.823
Respiratory symptoms -2.907 1.465 -0.175 -1.984 0.050°
Sulf-hemoglobin -5.215 6.827 -0.764 -0.764 0.446
Duration of exposure -0.318 0.172 -0.186 -1.850 0.67

* Significant at 0.05 level.
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Discussion:

Sewage workers are at great risk in
their peculiar work environment since they
are exposed to different occupational haz-
ards including physical, chemical, biologi-
cal, mechanical and psychosocial factors.
The most striking characteristic of the cur-
rent occupational group is the presence of
high smoking rate among them with con-
siderable number of heavy smokers as re-
flected from their high smoking index. This
characteristic was also reported by Wild
et al. (2006), in a recent survey of sewage
workers in Paris. They reported high preva-
lence rate of smoking and alcohol drinking
among this sector. They explained that this
is due to the belief of workers that smoking
may ameliorate bad smell of their working

condition, which is going with our result.

The cardiovascular changes reported
among the exposed workers in the pres-
ent study were mainly LVH and ischemic
changes. Although, there were no signifi-
cant differences in mean values of systolic
and diastolic blood pressure of the exposed
workers and controls; yet, LVH was reported
among 18% of sewage workers. Only 50%
of them were hypertensives; meanwhile,
all controls with LVH (5%) were hyperten-
sives. It is well known that hypertension is
the most common cause of LVH (Mathews
et al., 1987). This may be attributed to the

possible hemodynamic instability with epi-
sodes of elevated blood pressure resulting
from exposure to H2S (Tiwari, 2008 and
WHO, 1982). Another explanation is the
presence of heavy physical exertion with
high load. This was abundantly reported
among athletes and in some occupations as
a form of response, in some individuals, to
static loading (Maron, 2003). Also, brady-
cardia may be a form of heart rate affec-
tion due to H2S exposure and/or response
to heavy physical loading. This observation
should be considered in the future studies

on basis of larger sample size.

Ischemic changes in resting ECG were
reported among about 14% of sewage
workers in comparison to about 7% only of
controls. This finding is going with some
reports among chronically exposed sewage
workers (Audeau et al., 1985 and WHO,
1981). In multivariate logistic regression
model SBP, DBP and sulf-hemoglobin
were the independent variables influenc-
ing the occurrence of the current ischemic
changes. It is known that both systolic and
diastolic blood pressure are conventional
cardiovascular risk factors. However, the
independent association between sulf-he-
moglobin and ischemic cardiac changes
that was found in this study may be unique
observation. Sulf-hemoglobin is a param-

eter of exposure to H2S with its irritant
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characteristics; however, it may be associ-
ated with many other noxious chemicals
that could be present in sewage waste, aug-
menting a possible inflammatory vascular
reaction (Blanchard et al., 2004). This is
going with the current theory explaining
coronary artery disease as an inflamma-
tory process induced by endothelial injury
(Hanson, 2005).

Respiratory system affection was found
among sewage workers in this study in
terms of significant reduction in both FVC
and FEV1 without change in their ratio.
This pattern of changes in pulmonary func-
tions is suggestive of a restrictive type of
respiratory impairment. Respiratory mani-
festations were independently influencing
reductions in both FVC and FEV1. Smok-
ing index and duration of exposure were
additional independent factors reducing
FVC only. This peculiar pattern may be ex-
plained by exposure to endotoxins and air
born bacteria inducing a possible immuno-
logical reaction resulting in a form of aller-
gic alveolitis. Zuskin et al., 1990 reported
similar findings. On the other hand, Rich-
ardson (1995), claim a possible obstructive
pattern of impairment in pulmonary func-
tions among sewage workers. Another re-
port demonstrated reduction in forced expi-
ratory flow rate at 25-50% of forced expira-
tion suggesting small air ways obstruction

(Zuskin et al., 1993). Smoking is a well es-
tablished respiratory hazard that was highly
reported among sewage workers and inde-
pendently reducing FVC. Therefore, the
possible etiologic biological agent, the spe-
cific immunological responses and the ef-
fect of duration of exposure are still needed
to be investigated in future studies.

Conclusion and recommendations:

This study pointed out to the occur-
rence of possible cardio-respiratory disor-
ders among sewage workers in the form of
LVH, resting ECG ischemic changes and
restrictive pattern of impairment in pul-
monary functions. Therefore, it is recom-
mended that:

* Individuals with cardio-respiratory dis-
orders should be excluded in preplace-
ment medical examination from work-

ing as sewage workers.

e Sulf-hemoglobin measurement, rest-
ing ECG and pulmonary function tests
should be included in periodic medical

examination for this sector of workers.

* The working conditions of sewage work-
ers should be improved with mechaniza-
tion of the process especially as regard
H2S exposure. Physical activity among
these workers should be optimized to
limit undue static loading and to pro-

mote dynamic activity.



208

Fahmy F.C. et al.,

Health education and smoking cessation

programs should be emphasized.

Further studies are needed to investigate
more details about cardio-respiratory

disorders in this group of workers.
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