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ABSTRACT

Background: The adverse health effects associated with mass burn incineration

are of great concern as large population groups and workers may be exposed to de-

rived toxic substances. Objectives: 1) determining some of the immunological, repro-

ductive, and cytogenetic changes among workers exposed to waste incineration emis-

sions at the waste incineration area of the compost fertilizer plant in Zagazig City, 2)

determining the blood lead levels of the studied workers, and 3) assessing airborne

particulate matter concentrations at the open dump and waste incineration area. Sub-

jects and methods: This comparative cross-sectional study was conducted on 42

waste incineration workers, who were exposed to waste incineration emissions at the

compost fertilizer plant in Zagazig City and a non-exposed control group (51 workers

from 2 sweet factories). All workers were subjected to questionnaires, clinical exami-

nations, and laboratory investigations, that included blood lead levels estimation,  im-

munoglobulins estimation, flow cytometric analysis, and conventional cytogenetic
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analysis; While, only 12 workers from both groups agreed to perform semen analysis.

Also, sampling of respirable airborne particulates, at the open dump and waste incin-

eration area, was done.  Results: Significantly higher percent of waste incineration

workers had past history of recurrent infections suggesting depressed immune re-

sponse compared to the controls. Also, married waste incineration workers had signif-

icantly higher complaints from secondary infertility, decreased libido, and congenital

anomalies in their children compared to the married controls. Immunoglobulins and

flow cytometric results demonstrated a significant increase  in both CD
8
  and CD

25
 +

cells (P<0.05) and a significant decrease  in CD
4
/CD

8
 ratio (P<0.05) among waste in-

cineration workers compared to the control group; while there were no significant dif-

ferences detected regarding immunoglobulins profile, CD
3
, and CD

4
. The results of

semen analysis illustrated that, waste incineration workers had a significant decrease

in the total sperm count and sperm motility and a significant increase in the percent-

age of abnormal forms of sperms than did the controls. The conventional cytogenetic

analysis of this study revealed significantly higher frequency of chromosomal aberra-

tions (dicentric chromosomes and accentric fragment)  among waste incineration

workers compared to the controls (P<0.001). Moreover, waste incineration workers

with chromosomal aberrations had significantly longer duration of employment than

those without chromosomal aberrations (P<0.05); while, smoking had no significant

effect on the results of their cytogenetic analysis. Waste incineration workers were

found to have significantly higher blood lead levels (11.8 + 3.4 µg/dl) when com-

pared to the controls (7.8 ± 1.85 µg/dl) (P<0.001). Finally, the average concentration

of the respirable particulate matter in the open dump and waste incineration area was

0.47 mg/m3, which exceeds its threshold limit value (TLV). Conclusion and recom-

mendations: unprotected occupational exposure to waste incineration emissions can

cause serious immunological, reproductive, and cytogentic changes. So, a well de-

signed control program is recommended, which should include; avoiding open burn-

ing of waste products and promote the use of non- incineration treatment technolo-

gies, using incinerators equipped with proper emission control system, continuous

environmental and biological monitoring for lead, particulate matter, and other haz-

ardous materials, using immune system parameters, semen quality, and chromosomal

aberrations as biomarkers of effect in such workers, and using suitable protective

equipment during work.   
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Introduction

Municipal solid waste incineration is

an integrated waste management system,

which offers a reduction in both the mass

and volume of waste subjected to final dis-

posal (1). Incinerators are typically fed

with mixed waste containing substances

such as heavy metals and chlorinated or-

ganic chemicals. These substances can as-

sume other forms during incineration that

are likely to be more toxic than the origi-

nal compounds (2). Moreover, incineration

as a method of waste disposal cannot de-

stroy all organic constituents of hazardous

waste without dangerous emission of nu-

merous toxic chemicals into the atmos-

phere as dioxins, polycyclic aromatic hy-

drocarbons (PAHs) (2,3,4), fine particulate

matter, hydrogen halide  gases, metal aero-

sols, and other  toxic materials (5). Many

of these chemicals are known to be persis-

tent, bioaccumulative, and carcinogenic or

endocrine disruptors (6). 

Chemical analysis of gaseous release

of waste incineration sites revealed more

than 400 compounds, most of them arising

by degradation inside the tip. The main

compounds are methane and carbon diox-

ide, but substances with known or suspect-

ed carcinogenic potential as PAHs and di-

oxins are also found (7,8). Generally,

owing to the variable composition of the

mixture, the toxicological evaluation is

difficult (9).

Inhalation of these gaseous and particu-

late release of waste tips may bear a poten-

tial risk to workers and possibly to resi-

dents surrounding these waste disposal

sites; however occupational exposure is of

higher intensity compared to environmen-

tal exposure (2,10). So, many adverse heath

effects from occupational exposure to these

hazardous waste and their incineration

products may occur; such as asthma and

respiratory hyper-responsiveness, neuro-

logical diseases, reproductive health prob-

lems, immunological and endocrinal dis-

eases, and cancer including leukemia (6).

So, this study was conducted to; 1) de-

termine some of the immunological, repro-

ductive, and cytogenetic changes among

workers exposed to waste incineration

emissions at the waste incineration area of

the compost fertilizer plant in Zagazig

City, 2) determine the blood lead levels of

the studied workers, and 3) assess airborne

particulate matter concentrations at the

open dump and waste incineration area.

Subjects and Methods

Study design and setting:

This comparative cross-sectional study

was conducted from January to June 2006

at the compost fertilizer plant, which has
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been set inside Zagazig City since the year

1995. The plant occupies 4 feddans with a

total manpower of 58 workers and em-

ployees. This plant comprises the follow-

ing sections: 

1-The administration building: it includes

rooms for administrative employees

and technicians. 

2-Open dump and waste incineration area:

the open dump area receives about 250

tons of municipal solid waste per day,

collected from Zagazig City. The solid

waste passes along a moving belt;

where opening of the waste bags takes

place by the workers. Then, at the end

of the belt, separation of organic waste

occurs through sieves to be accumulat-

ed in the ground. The rest of the main

waste bulk passes through multiple

toothed rotatory cylinder to separate the

adhesive parts. Then, the waste passes

along another belt in order to collect

some waste products for reuse again as

glass parts, iron parts, and papers. Fi-

nally, the waste products pass along a

second sieve to separate the accumulat-

ed organic waste to be collected in the

ground. The remaining of the waste

products is incinerated openly at the

waste incineration area beside the open

dump area.

3-Waste processing area, which includes:

A-Fermentation area: where the collected

organic waste products are transported

to this area to form compost fertilizer

by aerobic decomposition.

B-Fine line area: after complete fermenta-

tion of the waste, the compost fertilizer

passes through sieves to separate the

Figure (1): One of the moving belts used

in transporting the waste to

sieves. 

Figure (2): The open dump and waste in-

cineration area at the compost

fertilizer plant.
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fine fertilizer to be packed and used;

while the coarse parts are refusable.

System of work at the plant:

- The total number of workers in this

plant is 48 workers [40 workers (38 males

& 2 females) and 8 supervisors] and 4

technicians. They work for 5 hours daily,

starting from 8 AM to 6 PM in two daily

shifts for 6 days per week. The shifts are:

1- Morning shift: starts from 8 AM to 1

PM.

2- Afternoon shift: starts from 1 PM to 6

PM.

- The administrative employees (N=6)

work for 6 hours daily, from 8.30

AM to 2.30 PM.

- Nearly all workers didn't use protec-

tive measures except few workers

were wearing boots.

Study population:

* Exposed group: 42 male workers were

selected and included in this study ac-

cording to the following inclusion crite-

ria:

1- Regular and direct exposure to waste

incineration emissions. 

2- Apparently healthy.

3- Agree to participate in this study.

* Control group: 51 workers from two

sweet factories in Zagazig City were in-

cluded in this study according to the

following inclusion criteria:

1- Not occupationally exposed to waste

incineration emissions.

2- Apparently healthy.

3- Agree to participate in this study.

4- Comparable to the exposed group re-

garding age, sex, residence, socioec-

onomic standard, smoking habit,

and duration of work.

* Exclusion criteria for both of the studied

groups were (11, 12):

1-Current infections or cancer (at the

time of the study).

 2-History of cortisone therapy or any

immune suppressive therapy.

3- History of epididymoorchitis, bilat-

eral inguinal herniotomy, varicoce-

lectomy, and trauma to the testis.

4- Exposure to ionizing radiation in the

last six months.

So, 6 exposed workers (4 males & 2

females) were excluded from the study. 

Ethical considerations:

-Permissions were obtained from the

managers of the plant.
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-Informed consents were obtained from all

the participants.

Methods:

1-Questionnaire: a pre-designed question-

naire was used with each participant,

which included:

A-Personal history: it included age,

residence, marital status, number of

children,  and some relevant habits

such as; smoking habit, substance

abuse, eating balanced diet, and ex-

cess eating grilled and smoked food
(11,12).

B-Occupational history: it included

current job, hours of work per day,

duration of employment in years,

previous or another jobs in which

there was exposure to another pollu-

tants as fly ash (from burning of

coal, rice, or maize), solvents, pesti-

cides, heavy metals, and silica (11).

C-Home environmental data; such as

residing near waste disposal area, in-

cinerator, or foundry as well as the

type of fuel used for cooking and

heating.

D-Present and past history: they in-

cluded questions suggesting de-

pressed immune response as recur-

rent infections, cancer,

chemotherapy, or cortisone therapy.

History of exposure to ionizing radi-

ation was also taken. Moreover, his-

tory suggestive of reproductive dis-

orders (7) as secondary infertility,

decreased libido, and past history of

congenital anomalies in their chil-

dren was also taken. 

2-Clinical examination:  general and lo-

cal examinations of all participants

were carried out to detect the presence

of current infections. 

3-Laboratory investigations: 

*Samples collection:

A sample of venous blood was with-

drawn from each worker under complete

aseptic conditions. Moreover, semen sam-

ples from 7 waste incineration workers and

5 controls (the other workers refused to

give semen samples) were obtained by

masturbation into sterile containers; where

workers were instructed to avoid any sexu-

al activity for at least 3 to 4 days before

taking the samples.

A-Blood lead level estimation: 5 ml

blood were put into tubes containing hep-

arin and stored at 40C for estimation of

blood lead level. Blood lead level was de-

termined using Atomic Absorption Spec-

trophotometer (Buck Scientific Model

210VGP) at the Central Laboratory of the

Faculty of Veterinary Medicine. Lead lev-

el was read at a wave length 283.3 nm (13).
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B-Estimation of immunoglobulins: 2

ml blood were added into plain tubes to

obtain serum for immunoglobulins (Igs)

estimation using BN-Prospec (Dade Beh-

ring) Germany. An immunochemical reac-

tion was used; where immunoglobulins in

serum form complexes with specific anti-

bodies. These complexes scatter a beam of

light passing through the reaction. The in-

tensity of the scattered light is proportional

to the concentration of Ig in the sample.

The intra and inter-assay CV for IgG are

2.1% and 2.7%, respectively; while, intra

and inter-assay CV for IgM are 2.7% and

1.9%, respectively (14). 

C-Flow cytometric analysis: 2 ml

blood were put into EDTA containing

tubes for flow cytometric analysis (15).

The expression of CD3, CD4, CD8, and

CD25 on peripheral blood lymphocytes

were analyzed using Flow Cytometer (Fac-

scan BD, San Jose, CA). CD3, CD4, and

CD25 were labeled by F I TC; while CD8
was labeled by PE ( BD, San Jose) :

-Lymphocytes were separated by Ficoll

and concentrated in PBS in order to

give concentration of 1 µ 106 cell / ml.

-In three labeled tubes 50 µl of separated

lymphocytes (1µ106 cell / ml) were

added to 10 µl from each monoclonal

antibody. Another tube was used as

negative control using irrelevant iso-

tope matched mAbs (IgG1a) labeled by

F I TC, IgG2a  labeled by PE,  then in-

cubated for 20 minutes at room temper-

ature.   

-RBCs were lysed using 1ml of lysing so-

lution (1µ10) and centrifuged for 10

minutes at 1200 rpm.   

-The supernatant was discarded and cells

were washed twice by PBS and the pel-

let was resuspended finally in 0.5 ml

PBS.

-Data on at least 10.000 cells were collect-

ed using Facscan Flow Cytometry and

analyzed using Cell Quest soft ware

(BD).

-The results were interpreted as percent of

total gated cells (lymphocytes).

D-Cytogenetic analysis: 2 ml blood

were added into tubes containing lithium

heparin "preservative free" for cytogenetic

analysis. The conventional cytogenetic

analysis using Giemsa stain was used (16).

This was done through: 

-Peripheral blood lymphocytes cul-

ture: Preparation of media: under laminar

air flow, a 100 ml bottle of RBMI 1640

(with L-glutamine) media "GIB CO-

USA", were added to 20 ml FCS "GIB

CO-USA" & 5ml phytohema-gglutinine

"biochrome AG" and 1.5 ml penicillin /

streptomycin (5000 µ/ml).This prepared
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media was divided into sterile falcon

tubes, about 7 ml in each one and kept in

freezer, when to be used they were thawed

by putting at 37 ºC water bath 1/2 hour be-

fore adding blood. The volume of heparin-

ised blood added to each tube was adjusted

according to total leucocytic count "final

concentration of cells is 1µ106 cells/ml

prepared media". After inoculation of

blood, the tubes were inverted for good

mixing then incubated at 37 ˚C for 72

hours.

-Harvesting of cultured cells: Cells

were arrested in metaphase by colcemid

(10 µg/ml) "Euro-lone USA", 150 µl were

added to each tube for 2 hours at 37ºC.

Cells were swelled by warm hypotonic so-

lution (kcl 5.95 g/l)," Winlab, England".

Then the cells were fixed by fresh cold fix-

ative solution composed of 3 parts analytic

grade methanol, "Riedel, Germany" and

one part reagent grade acetic acid (Fulka,

Germany). Each tube was washed by cold

fix 3 times and cells were dropped into

cold wet clean glass slide and stained by

Giemsa stain "G-bending".  500 metaphas-

es were examined for each case by Olym-

pus light microscope under oil emersion

lens to determine chromosomal aberra-

tions.

E-Semen analysis: semen specimens

were examined within 1 hour macroscopi-

cally and microscopically for volume,

sperm count, sperm motility, and abnormal

forms (17). 

4-Environmental assessment: sam-

pling of particulate matter, emitted from

open incineration of waste at the waste in-

cineration area, was performed using Dust

Track Aerosol Monitor 8520. It gives the

average of readings in mg/m3 for the res-

pirable particles (with a cut size of 10 µm)

suspended in air at flow rate adjusted at

1.7L/min.

*Statistical Analysis: It was per-

formed using SPSS (Statistical Package

for Special Sciences) program for win-

dows (version 9.0) (18). The significance

of difference between the study variables

was evaluated using chi- squared (χ2) and

Fisher exact tests for qualitative data and

student's t-test for quantitative data. The

significance level was considered at P-

value < 0.05.

Results

Table (1) shows that, absence of statis-

tical significant differences between waste

incineration workers and the controls re-

garding age, marital status, smoking habit

and the pack years of smoking, residence,

fuel used in cooking and heating, and du-

ration of work. Moreover, none of the

studied workers had history of substance
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abuse, or eat balanced diet or excess

grilled or smoked food. Also, none of

them used suitable protective measures

during work or had previous or other job

requiring exposure to fly ash (from burn-

ing of coal, rice, or maize), solvents, pesti-

cides, heavy metals, and silica.

 Table (2) illustrates that, significantly

higher percent of waste incineration work-

ers had past history of recurrent infections

as throat infections (14.3%), chest infec-

tions (26.2%), and fungus infections

(16.7%) compared to the controls (1.96%,

5.9%, and 3.9%, respectively). Also, mar-

ried waste incineration workers had signif-

icantly higher complaints from secondary

infertility, decreased libido, and congenital

anomalies in their children compared to

the married controls (P<0.05). 

Table (3) demonstrates that, the aver-

age concentration of the respirable particu-

late matter in the open dump and waste in-

cineration area was 0.47 mg/m3.

Table (4) illustrates that, waste inciner-

ation workers had significantly higher

blood lead levels (11.8 ± 3.4 µg/dl) com-

pared to the controls (7.8 ± 1.85 µg/dl) (P

<0.001).

 Table (5) shows that, there were no

statistical significant differences between

waste incineration workers and the con-

trols regarding IgM and IgG (P>0.05). As

regards the flow cytometric results, there

was significant increase (P <0.05) in both

CD8+ and CD25+ cells (31.33 ± 9.69 and

28.17 + 6.7, respectively) among waste in-

cineration workers compared to the con-

trols (28.22 + 3.53 and 25.21 + 7.09, re-

spectively) and a  significant decrease

(P<0.05) in CD4 / CD8 ratio (0.99 ± 0.22)

among waste incineration workers com-

pared to the controls (1.09 ± 0.15). Other-

wise, there were no statistical significant

differences between waste incineration

workers and the controls regarding CD3
and CD4 + cells (P>0.05).

Table (6) demonstrates that, the exam-

ined waste incineration workers had signif-

icant decrease in the total sperm count

(39.33 ± 11.5) and sperm motility (36.17 ±

9.7) and a significant increase in the per-

centage of the abnormal forms of sperms

(51.16 ± 15.1) than did the controls (69.83

± 19.35, 66.41 ± 16.27, and 32.67 ± 8.9,

respectively).While there was no signifi-

cant difference between both groups re-

garding the volume of semen (P>0.05).

Table (7) demonstrates the results of

cytogenetic analysis; where waste inciner-

ation workers had significantly higher fre-

quency of chromosomal aberrations (di-

centric chromosomes (Fig. 3) and

accentric fragment) (3.14 ± 0.2 and 1.6 ±
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Relevant characteristics

Age (Y)

Marital status

Married

Single

Smokers

Pack years

Residence

Urban

Rural

Residence near a source of pollution

Fuel used in cooking & heating

Wood or coal

Kerosene

Duration of work

0.36, respectively) compared to the con-

trols (2.91 ± 0.16 and 1.18 ± 0.17, respec-

tively) (P<0.001).

Table (8) shows that, smoking had no

significant effect on the results of cytoge-

netic analysis of waste incineration work-

ers (P>0.05). On the other hand, workers

with chromosomal aberrations had signifi-

cantly longer duration of employment (9.6

± 0.37) when compared to those without

chromosomal aberrations (8.4 ± 0.97)

(P<0.05).

Table (1): Relevant Socio-demographic characteristics, habits, home environmental and occupational data of

the studied groups.

(X + SD)

N (%)

N (%)

 N (%)

(X + SD)

N (%)

N (%)

 N (%)

N (%)

N (%)

(X + SD)

Waste incineration

workers N = 42

39.1 ± 4.4

37 (88.1%)

5 (11.9%)

26 (61.9%)

8.7 ± 1.2 

14 (33.3%)

28 (66.7%)

12 (28.6%)

13 (30.9%)

19 (45.2%)

9.6 ± 1.02

Control group

N = 51

38.3 ± 5.9

43 (84.3%)

8 (15.7%)

28 (54.9%)

9.1 ± 1.1

23 (45.1%)

28 (54.9%)

17 (33.3%)

19 (37.3%) 

23 (45.1%)

10.1 ± 2.1

P- value 

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

>0.05

NB: None of the studied workers had history of substance abuse, or eat balanced diet or excess grilled or

smoked food. Moreover, none of them used suitable protective measures during work or had previous or

other job requiring exposure to fly ash (from burning of coal, rice, or maize), solvents, pesticides, heavy

metals, and silica.
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Table (2): Distribution of the studied workers regarding past and present history of relevant health problems.

Relevant health problems

Past history of recurrent infections

    Throat infections                         N (%)

    Chest infections                          N (%)

    Fungus infections                       N (%)

History of reproductive disorders *

   Secondary infertility                     N (%)

   Decreased libido                           N (%)

   Congenital anomalies in children N (%)

Waste incineration

workers  N = 42

6 (14.3%)

11 (26.2%)

7 (16.7%)

7 (18.9%)

18 (48.6%)

8 (21.6%)

Control group

N = 51

1 (1.96%)

3 (5.9%)

2 (3.9%)

1 (2.3%)

11 (25.6%)

2 (4.7%)

P-value

<0.05

<0.01

<0.05

<0.05

<0.05

<0.05

NB:* Married waste incineration workers (N= 37) and married control group (N=43).

Table (3): The average concentration of respirable particulates at the waste incineration area.

Average concentration of respirable particulates

(mg/m3)

0.47

Threshold limit value (TLV)

(mg/m3)

< 0.1

Table (4): Blood lead levels among the studied groups.

Waste incineration workers

N = 42

X ±  SD 

11.8  ±  3.4Blood lead level   (µg/dl)

Control group

N = 51

X ±  SD

7.8 ± 1.85

t-test

7.2

P-value

<0.001
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Table (5): Immunoglobulins profile and flow cytometric results of the studied groups.

Some immune

system parameters

IgM (g/ml)

IgG (g/ml)

CD3 %

CD4 %

CD8 %

CD4/CD8 ratio

CD 25 %

Waste incineration

workers

N = 42

X ± SD

2.11  ±  0.85

7.56  ±  1.97

62.98  ±  8.10

29.89  ±  5.93

31.33  ±  9.69

0.99  ±  0.22

28.17  ±  6.7

Control group

N = 51

X ± SD

2.31  ±  0.85

8.09  ± 1.91

64.18  ±  7.77

31.02  ±  5.02

28.22  ±  3.53

1.09  ±  0.15

25.21  ±  7.09

t-test

1.1

1.3

0.7

0.9

2.1

2.6

2.1

P-value

>0.05

>0.05

>0.05

>0.05

<0.05

<0.05

<0.05

Table (6): Semen analysis of the examined groups of workers.

Semen analysis

results

Semen  volume (ml)

Total sperm count (x106/ml)

Sperm motility

Abnormal forms (%)

Waste incineration

workers

N = 7

X ±  SD

2.42  ±  0.32

39.33  ± 11.5

36.17 ± 9.7

51.16  ± 15.1

Control group

N = 5

X ±  SD

2.28  ±  0.31

69.83  ±  19.35

66.41 ± 16.27

32.67  ±  8.9

t-test

0.75

3.4

4.1

2.4

P-value

>0.05

<0.01

<0.01

<0.001

Table (7): Cytogenetic analysis for the studied groups.

Cytogenetic analysis

results

Dicentric chromosomes (dic)

/ 500 cell

Accentric fragment   (ace )  /

500 cell

Waste incineration

workers

N = 42

X ±  SD 

3.14  ±  0.20

1.6  ±  0.36

Control group

N = 51

X ±  SD

2.91  ±  0.16

1.18  ±  0.17

t-test

6.2

7.4

P-value

<0.001

<0.001



Immune, Reproductive Changes Among Waste Incineration Workers 175

Figure (3): A metaphase of a waste incineration worker aged 38 years showing a dicentric

chromosome.

Table (8): Effect of smoking and duration of work on cytogentic analysis results among waste incineration

workers

Variable

Smokers      ( N = 26 ) 

                       N (%)

Duration of work (Y)

                    ( X + SD) 

Workers with chro-

mosomal aberrations

N = 7

   4 (57.1%)

9.6  ±  0.37

Workers without chro-

mosomal aberrations

N = 35

22 (62.9%)

8.4  ± 0.97

Test of

significance

Fisher exact

t = 2.4

P-value

>0.05

<0.05
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Discussion

Waste incineration releases various en-

vironmental chemical pollutants contain-

ing heavy metals, dioxins, PAHs, poly-

chlorinated dibenzo-furans (PCDFs), and

other organic materials. Many of these pol-

lutants have been found to cause various

health effects (19,20,21). So, this study was

conducted to; 1) determine some of the im-

munological, reproductive, and cytogenet-

ic changes among workers exposed to

waste incineration emissions at the waste

incineration area of the compost fertilizer

plant in Zagazig City, 2) determine the

blood lead levels of the studied workers,

and 3) assess airborne particulate matter

concentrations at the open dump and waste

incineration area.

 In the present study, significantly

higher percent of waste incineration work-

ers had past history of recurrent infections

as throat infections (14.3%), chest infec-

tions (26.2%), and fungus infections

(16.7%) compared to the controls (1.96%,

5.9%, and 3.9%, respectively) suggesting

depressed immune response. Also, married

waste incineration workers had significant-

ly higher complaints from secondary infer-

tility, decreased libido, and congenital

anomalies in their children compared to

the married controls (P<0.05) suggesting

reproductive health affection. In accor-

dance with the results of this study, many

researchers reported that, inhalation of

gaseous and particulate release of waste

incineration may bear a potential risk to

the workers, with the development of ad-

verse heath effects especially immunologi-

cal and reproductive health problems (2,6).

As most metals and toxic compounds

emitted during waste incineration are ad-

sorbed to particulate matter (22). So in the

present study, the average concentration of

the respirable  particulate matter in the

open dump and waste incineration area

was measured and found to be 0.47 mg/

m3, which exceeds its threshold limit val-

ue (<0.1 mg/m3) (23).  This is in agreement

with the result of a similar study, in which

high concentration of particulate matter

from waste incineration due to incomplete

combustion was recorded (22).

As, lead is the heavy metal that usually

reaches higher concentrations than any

other metals during waste incineration
(22,24); moreover, it has been identified

as a genotoxic (25), an immunotoxic (11),

and  a reproductive hazard (26). So, blood

lead levels were measured for the studied

workers; where waste incineration workers

had significantly higher blood lead levels

(11.8 ± 3.4 µg/dl) compared to the controls

(7.8± 1.85 µg/dl) (P <0.001). This is in

consistent with the result of a similar
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study, in which significantly higher blood

lead levels were revealed among waste in-

cineration workers (11.0 µg/dl) compared

to that of the control (7.4 µg/dl) (27);

where it was attributed to the bioavailabili-

ty of lead in the municipal ash, high expo-

sure to lead during cleaning process, and

not using protective devices during work.

However, in both studies, blood lead level

didn't exceed the biological exposure limit

(BEL) of lead (40 µg/ dl) recommended by

the Occupational Safety and Health Ad-

ministration (OSHA) (28). However, blood

lead levels as low as 5 to 15 µg/dl were

considered risky and have been associated

with cancer (29).

In this study, two different immune pa-

rameters, namely serum immunoglobulins

levels and lymphocyte subpopulations,

were used to evaluate the immunotoxicity

in waste incineration workers. The serum

levels of IgG and IgM were found to be

lower in waste incineration workers than in

the controls, but without significant differ-

ences. In fact, there are many studies inves-

tigated the immunotoxicity among waste

incineration workers; the results of some of

these studies are consistent with the results

of the present study; where, serum immu-

noglobulins and cytokines were not proven

to differ significantly between waste incin-

eration workers and their controls (7).

Moreover, in coke oven workers exposed

to PAHs, serum immunoglobulin levels

were lower in the exposed group than in

the controls but without significant differ-

ence (30). While, in other studies serum

IgG levels decreased significantly with in-

creased plasma concentrations of 2,3,7,8-

tetrachlorodibenzo-p-dioxin (TCDD) in a

random sample of a population exposed to

dioxins in the highly exposed zones; how-

ever, serum IgM and IgA concentrations

did not exhibit any significant association

with plasma levels of TCDD (31,32). In

contrast to the results of the present study,

many researchers (33,34)  revealed signifi-

cant reduction in serum levels of IgG and

IgM  among waste incineration workers

compared to the controls; and attributed

their results to the different chemicals

emitted from waste incineration that could

affect both humoral and cellular immune

systems such as nitrous oxides, ozone, pol-

ychlorinated biphenyls (PCBs), benzene,

and dioxins. Also, polycyclic aromatic hy-

drocarbons (PAHs) have been found to be

potent immunosuppressants affecting hu-

moral immunity, cell mediated immunity,

and host resistance (35). Moreover, heavy

metals at high concentrations were found

to have immunosuppressive effects; how-

ever at lower concentrations, the immuno-

enhancement is often observed (36). 
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In this study, there was significant in-

crease in both CD8 (T- suppressors) and

CD25 expression and a significant decrease

in CD4 / CD8 ratio among waste incinera-

tion workers compared to the controls;

while, there were no significant differences

between both groups of workers regarding

CD3 and CD4+ cells, suggesting that expo-

sure to waste incineration products can

suppress the immune responses and en-

hance the activation of CD8+ T cells. Also,

in a study conducted on a random sample

of population exposed to TCDD, CD3 and

CD4 concentrations did not exhibit any

consistent association with TCDD plasma

levels (37). However, in another study con-

ducted on workers exposed to high concen-

trations of TCDD in chemical plants, no

significant differences were detected in the

proportion of CD4+, CD8+ lymphocytes,

CD16+ natural killer cells, and CD19 B

lymphocytes among the exposed workers

compared to the controls. (38). These con-

troversy in the results may be attributed to

exposure to different toxic compounds and

different levels of exposure at each work

place (7).

In this study, the general characteris-

tics of semen; including volume, sperm

count, sperm motility, and the percentage

of abnormal forms of sperms were evaluat-

ed in some waste incineration workers and

controls. The sperms count and motility

were found to be significantly reduced in

waste incineration workers than in the con-

trols. Moreover, the percentage of abnor-

mal forms of sperms was significantly in-

creased among waste incineration workers

compared to the controls. In fact, the re-

sults of other studies about the reproduc-

tive disorders due to exposure to different

waste incineration emissions were found

to be controversial. Some researchers re-

ported that, exposure to TCDD in waste

incineration workers can induce severe re-

productive and developmental problems
(37). Also, in other studies conducted on

residents around incinerators, there was

significantly increased risk of lethal con-

genital anomalies and birth defects (39,40),

multiple birth (41), and a higher proportion

of female births (42). While in other stud-

ies, no association was found between resi-

dence near municipal solid waste incinera-

tors and congenital anomalies, birth

outcomes, and female births (43,44,45,46).  

In the present study, DNA damage was

determined in the mononuclear peripheral

blood cells of the studied workers; where

there was significant increase in the num-

ber of dicentric chromosomes (dic) and ac-

centric fragments (ace) among waste incin-

eration workers compared to the controls.

Similar findings were published by other
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researchers, who revealed significant dif-

ferences between waste incineration work-

ers and the controls regarding chromoso-

mal aberrations (10,47). Moreover, DNA

damage in T- and B- lymphocytes and

granulocytes was observed among waste

incineration workers, which was attributed

to PAHs exposure (48,49,50). Also, an in-

creased risk of cancer was observed

among waste incinerator workers and resi-

dents close to waste incinerators (51). In

the same way, it was found that, there was

a significant association between PAH-

DNA adducts in the peripheral mononucle-

ar cells and breast cancer development
(52). Moreover, environmental exposure

of children (indoor and outdoor) to PAHs

and heavy metals as lead was found to in-

duce cytogenetic effects such as, increased

urinary mutagens, DNA adducts, micronu-

clei, and sister chromatid exchange in the

peripheral lymphocytes (53). In the con-

trary, in a study conducted on traffic po-

licemen exposed to benzene and other aro-

matic hydrocarbons, no significant

difference were detected in the frequency

of sister chromatid exchange (SCE) in pe-

ripheral lymphocytes as well as in chromo-

somal aberrations in mononuclear blood

cells between traffic policemen and their

controls (54). This controversy could be at-

tributed to exposure to different toxic com-

pounds and different levels of exposure at

each work place (7).

In this study, smoking was found to

have no significant effect (P>0.05) on the

results of cytogenetic analysis of waste in-

cineration workers; where (57.1%) of

workers with chromosomal aberrations

were smokers, while 62.9% of workers

without chromosomal aberrations were

also smokers. This result passes in parallel

with the result of similar study, which was

carried out in two waste disposal sites (10).

This finding could be attributed to low

pack years of smoking among the incinera-

tion workers and strongly suggested that

occupational exposure to different waste

incineration emissions is quite enough for

inducing cytogentic damage.    

On the other hand, workers with chro-

mosomal aberrations had significantly

longer duration of employment (9.6 ± 0.37

Y) when compared to those without chro-

mosomal aberrations (8.4 ± 0.97 Y)

(P<0.05). This finding could be due to

many of the emitted chemicals are known

to be persistent, bioaccumulative, and mu-

tagenic (6).  In the contrary, the duration of

employment didn't influence the frequency

of chromosomal aberrations significantly

in waste incineration workers (10). This

disagreement could be attributed to shorter

duration of employment in the other study

(5.1 + 3.5 Y).
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Conclusion

Unprotected occupational exposure to

waste incineration emissions can cause se-

rious immunological, reproductive, and,

DNA changes (chromosomal aberrations).

Moreover, waste incineration workers had

significantly elevated blood lead levels

compared to the controls. Also, the aver-

age concentration of the respirable particu-

late matter in the open dump and waste in-

cineration area exceeded its threshold limit

value.

Recommendations

A well designed control program is

recommended; which should include the

followings:

1-Avoiding open burning of waste prod-

ucts and promote the use of non- incin-

eration treatment technologies. 

2-Using incinerators equipped with proper

emission control system.

3-Continous environmental and biological

monitoring, for particulate matter, lead,

and other hazardous substances.

4-Using immune system parameters, se-

men quality, and cytogentic studies as

biomarkers of effect in such workers.

5-Wearing suitable protective equipment

during work must also be mandatory.   
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