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Effects of plant features on symptoms and airway inflammation in compost
workers followed over 18 months

Val�erie Demangea , Coralie Barrerab,c, Audrey Laboissi�erec, Philippe Duquennea, Xavier Simona ,
Laurence Millonb,c, Gabriel Rebouxb,c , and Michel Grzebyka

aInstitut National de Recherche et de S�ecurit�e au Travail (INRS), Vandoeuvre les Nancy, France; bUMR/CNRS 6249, Chrono-
Environnement, University of Bourgogne-Franche-Comt�e Besançon, Besançon, France; cDepartment of Parasitology-Mycology,
University Hospital of Besançon, Besançon, France

ABSTRACT
This study investigated the plant features associated with increased irritation symptoms and
levels of inflammation markers among compost workers (CWs). Ninety CWs were followed
over 18months, using questionnaires on respiratory symptoms, fractional exhaled nitric
oxide measurements, spirometry, a methacholine bronchial challenge test, and quantifica-
tion of specific immunoglobulins E (IgE) and G. CWs in plants processing the highest quanti-
ties of waste exhibited more airway irritation symptoms. So did the CWs in partially and
fully indoor plants as compared to those in plants entirely outdoors. Working in sewage
sludge versus green waste plants and having a high level of exposure were associated with
higher levels of different IgE. The duration of employment decreased the FEV1 by 16ml per
year. Working in an indoor plant is linked to symptoms and inflammation markers in CWs.
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Introduction

The number of composting plants is increasing in
Europe as a result of the many requirements and reg-
ulations related to environmental policy.1 The com-
posting process involves the proliferation of micro-
organisms that degrade organic waste. These organ-
isms are likely airborne in bioaerosols in large
amounts during material handling operations.2,3

Bioaerosols consist of airborne biological particles,
microbial fragments, and cell constituents (endotoxins,
glucans), which may be viable or nonviable, and com-
prise fungi, bacteria, and pollen, as well as the frag-
ments, constituents, particulate matter, and by-
products of cells (mycotoxins, volatile organic com-
pounds).1,4,5 These bioaerosols are potentially harmful
to health due to the pathogenic, inflammatory, aller-
genic1,6, and/or carcinogenic properties of their
components.4,7

Irritation symptoms of the respiratory tract,8–10

eyes,8,9,11 digestive tract,9 and skin8,9 have been
reported in compost workers (CWs). In a 5-year
study8 and then a 13-year follow-up,3 a higher risk of
chronic cough and phlegm was observed in CWs
compared to nonexposed workers from the same
cohort. While no statistically significant difference in

the longitudinal decline of lung function was observed
among the CWs and nonexposed controls from the
same cohort, a FEV1/FVC ratio cross-shift decrease
was observed in a recent cross-sectional study of
CWs.12 Several studies have reported increases in
inflammatory markers measured in different biological
liquids among these workers.13–17 The level of a surro-
gate for airway eosinophilic inflammation,18 the frac-
tional exhaled nitric oxide (FeNO), has been found to
be positively associated with employment duration.15

In some cross-sectional studies,19,20 higher levels of
IgG have been observed in CWs compared to nonex-
posed workers, while no significant changes in levels
of IgG were observed in a study with a 13-year fol-
low-up.3 Two recent literature reviews on health
effects of bioaerosols concluded that there was no evi-
dence for a dose–response relationship between expos-
ure and health effects in general population21 or in
CWs.1 However, studies have shown that exposure to
bioaerosols is greater in indoor plants than in out-
door plants.22,23

The aim of this study was to determine whether
the features of the plants are associated with symp-
toms and levels of respiratory inflammation and
immunological markers among CWs. We tested the
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hypothesis that the feature “indoor” of the plant,
known to contribute to high level of exposure is asso-
ciated with symptoms and elevated levels of
these markers.

Materials and methods

Study design

The study was performed from 2010 to 2013 in 35
composting sites in France, of which 20 treat only
green waste (GW) and 15 process sewage sludge (SS).
Each plant participated on the voluntary basis of its
manager and all male workers at the plants were
invited to participate. All study participants were seen
during their work-shift four times every 6 months, to
cover both cold and warm periods. At each examin-
ation, face-to-face interviews were conducted in order
to collect health data concerning the 6 months pre-
ceding the examination. Participants underwent a
chest examination, measurement of fractional exhaled
nitric oxide (FeNO), a spirometry test, and a nonspe-
cific bronchial challenge test. Skin prick tests (SPT)
were performed at the first examination and a blood
sample was taken at the second and third
examinations.

The study design and protocol were approved by
the local ethics committee (the Comit�e de Protection
des Personnes Est-III, references: N�2008-A00462-53,
N�CPP: 08.06.04). This study has been carried out in
accordance with The Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
experiments involving humans. All participants gave
written consent.

Data collection

Health data

Questionnaire
Data were collected by the same physician in the four
examinations, using the European Community for
Coal and Steel questionnaire24 and a questionnaire
about symptoms related to organic dust.25 For each
symptom, the question “Does it improve or disappear
during the weekend or holidays?” was asked. The
symptom was considered to be work-related when a
positive response was given. Age, height, weight, edu-
cation level, family and personal allergies, and smok-
ing habits were also recorded.

Skin prick tests
All participants were tested by SPT to grass mixture,
betulaceae mixture, ragweed, mites, cat and dog fur,

and a fungus (Alternaria alternata) (Stallergenes
Laboratories, Antony, France).

A positive SPT was identified when a wheal with a
diameter greater than 3mm and wider than the one
obtained with the negative control was observed after
20min.26 Personal atopy was defined as the presence
of a positive response to at least one of the aller-
gens tested.27

Measurement of the fractional exhaled nitric oxide
FeNO was measured by an electrochemical analyzer
(NIOX MINO Stallergenes, France) using the ATS/
ERS recommendations28 and is expressed in parts per
billion (ppb).

Spirometry
Spirometry was carried out using a portable ultrasonic
spirometer (SpeeDyn, Dyn’R, Muret, France). Forced
vital capacity (FVC), forced expiratory volume in one
second (FEV1), the ratio FEV1/FVC, and maximal
expiratory flows at various lung volumes (Vmax) were
obtained according to the ATS recommendations.29

Predicted values were calculated according to the
Global Lung Initiative equations.30

Nonspecific methacholine bronchial challenge
test (MBC)
A chest examination was performed to identify any
contraindication, according to the European
Respiratory Society.31

Airway responsiveness was determined using the
published guidelines32 in an abbreviated version.33

Three cumulative doses of methacholine (100, 400, and
800mg) were administered using a nebulizer
(Mediprom FDC88, Paris, France). Spirometry was per-
formed just before and three minutes after each inhal-
ation. The threshold of the FEV1 fall defining a
positive MBC test (MBCþ) was set at 15%. A normal-
ized linear dose–response slope (NDRS) was calculated,
with high-NDRS values being indicative of low bron-
chial responsiveness (see Supplementary Material).

Measurement of specific immunoglobulin G and E
A blood sample was collected from each participant
during the second and the third visits. Sera were
stored at �80 �C prior to testing against six antigens
representative of composting bioaerosols: one mold
Aspergillus fumigatus,34 three actinomycetes
Thermoactinomyces vulgaris,35 Saccharopolyspora recti-
virgula, Thermobifida fusca,36 and two bacteria
Enterobacter cloacae and Escherichia coli. The two
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bacteria reflect the microflora of SS while the other
species reflect the microflora of biowaste compost.17

Serum precipitins were investigated by electrosyne-
resis on cellulose acetate with the crude extract anti-
gens of each species as previously described.37 All
results were read blindly by three operators. Serum
specific IgG and IgE were investigated by ELISA and
DELFIA, respectively, using purified protein extracts
of each species of interest as previously described.38,39

All experiments were performed in triplicate. The
results were expressed as an optical density for the
ELISA antibody measurements and as europium
counts for fluorometric measurements for DELFIA.
Results were normalized to the value of a reference
serum thus providing an index value for the serum of
each participant.

For the serological interpretations, three groups of
immunoglobulins were defined, i.e. specific IgG and
IgE against (i) the two enterobacteria (as a source of
endotoxins), (ii) the three actinomycetes (as etiological
agents of hypersensitivity pneumonitis and allergens),
and (iii) A. fumigatus (as an infectious and allergenic
fungus). A mean index was calculated for each group
and for each type of immunoglobulin (IgG and IgE)
and the logarithm of the values was used in the statis-
tical analyses.

Exposure data

Plant managers were requested to provide details of
the technical features of their facilities: the yearly load
of treated waste (as an indicator of the size of the
plant); details of the plant (partially or fully indoor/
outdoor); and whether a pressurized aeration system
was used in the plant. This information, together with
the type (GW, SS) of treated waste, constituted the
features of the plant.

The employment history of the worker was recon-
structed using a standardized questionnaire conducted
in a face-to-face interview at the first visit. From this
information, we calculated the duration of employ-
ment in composting plants (previous and current) and
the duration of any previous employment in other
occupations known to present a risk to respiratory
health. Based on the participant’s current employment
in the plants, we defined two exposure groups: low
and high exposure. Thirteen workers were expected to
experience low exposure based on their positions as
manager assistants, mechanics, or drivers.

Workers were also asked to provide information on
hygiene: whether the cleaning of work clothes was
carried out at the worker’s home; if there was a

working shower in the plant; and how many of the
vehicle cabs at the plant were equipped with an oper-
ational air-conditioning system. The latter, expressed
as the fraction of vehicle cabs with no operational air
conditioning system, was used to give a rough indica-
tion of whether the windows and doors of the cab
were likely closed during work.

Statistical analysis

Synthetic variables were built in order to group irrita-
tion symptoms in terms of “eyes and upper airway
symptoms” (dry cough and irritation of the throat,
nose, and eyes), and “asthma-like symptoms” (chest
tightness, wheezing, and shortness of breath).

Three occupational exposure variables or groups of
variables were used as independent variables in the
models: (i) high-exposure/low-exposure; (ii) duration
of employment in composting plants; (iii) features of
the plant. The different variables or groups of varia-
bles were tested separately. If a dependent variable
was missing at a visit, the subject was excluded from
the model explaining this variable for this visit.

For analysis of the prevalence of the symptoms, we
adjusted for age, education level, number of pack-
years, body mass index, atopy, and ever-asthma at
inclusion. For analysis of the difference between the
observed and the predicted FEV1 (respectively, FVC),
we adjusted for number of pack-years, atopy, and
ever-asthma at inclusion. For the analysis of the
MBC-test normalized dose–response slope, we
adjusted for age, body mass index, number of pack-
years, atopy, and ever-asthma at inclusion. FeNO
measurements expressed in ppb were log-transformed,
and we adjusted for the same factors as the MBC test,
except that body mass index was replaced by height
and weight and we added the variable “has smoked in
the hour preceding the measurement”. For the ana-
lysis of the logarithm of specific immunoglobulin
indices, we adjusted for age, number of pack-years,
and atopy. The duration of previous employment in
occupations known to present a risk to respiratory
health was introduced into the analyses of symptoms,
spirometric parameters, the MBC-test normalized dos-
e–response slope, and log-transformed FeNO. Other
adjustment factors specific to the study were intro-
duced into the different models: the geographical area
of the plant, the period of the examination and the
percentage of vehicle cabs with no operational air
conditioning system were introduced in all models;
and the two variables related to hygiene (shower and
cleaning of clothes) were introduced in the models for
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symptom prevalence and indices of the specific immu-
noglobulins. Dichotomous and quantitative dependent
variables were analyzed using multiple logistic regres-
sions and multiple linear regressions, respectively. The
work-related symptoms were analyzed using multiple
multinomial logistic regressions based on three cate-
gories: “no symptom” (reference category), “non-
work-related symptom”, and “work-related symptom”.
For these analyses, the occupational exposure variables
were used as explanatory variables only for the “work-
related symptom” category. We assumed that working
conditions had no effect on non work-related symp-
toms. In all analyses, mixed models were used with
the subject as a random effect to account for the
repeated measures design. Statistical significance was
based on a two-sided p< 0.05.

Results

Ninety workers were included. At the three following
visits were followed up 85, 82, and 76 workers. The
median duration of total follow-up was 28.9months
(interquartile range: 21.6–32.8). At inclusion, a high

proportion of atopic status was found in both groups
(Table 1) and the proportion was greatest in the GW
group. All workers in the GW group worked in out-
door plants. 3/4 of them worked in a plant with more
than one vehicle cab on three without operational air
conditioning. 3/4 of the SS group worked in a plant
with more than half of cabs without operational air
conditioning.

The prevalence of ever-asthma was greater than
10% in both groups. About 20% of workers reported
chronic cough and/or chronic phlegm in both groups.
About half of the workers were current smokers in
both groups, but the level of cigarette consumption
(pack-years) was higher in the GW group.

Participants’ age was similar in both groups, but
the employment duration was longer in the GW
group and the proportion of workers considered as
having a low exposure was higher. The median yearly
load of waste was similar in both groups. The preva-
lence of eyes and upper airway symptoms was similar
in both groups (Table 2).

Asthma-like symptoms were more prevalent in the
SS group. Observed FEV1 and FVC were smaller than

Table 1. Description of the 90 workers at inclusion (median [interquartile range], n (%)).
Green waste (n¼ 61) Sewage sludge (n¼ 29)

Age in years 37.4 [34.6–45.8] 39.0 [31.4–49.3]
Health: current smokers (n (%)) 31 (50.8%) 15 (51.7%)
Pack-years 15.1 [7.5–26.5] 8.6 [6.4–20.4]
Atopy: yes (n (%)) 29 (49.1%) 8 (27.6%)
Ever-asthma/never asthma (n (%)) 9 (14.7%) 3 (10.3%)
Chronic cough and/or phlegm (n (%)) 12 (19.7%) 6 (20.7%)

Exposure
Employment duration in years 8.0 [3.9–10.0] 4.7 [2.9–8.2]
Low exposure (assistants, drivers, mechanics) (n (%)) 11 (18.0%) 2 (6.9%)
Yearly load of waste (kilo-tons) 12 [8–18] 10 [8–25]
Working in a partially and totally indoor (n (%))/ outdoor (n (%)) plant 0/61 (100%) 5 (17%)/24 (83%)
Working in a plant with (n (%))/ without (n (%)) pressurized aeration system 22 (36%)/39 (64%) 17 (59%)/12 (41%)
Fraction of vehicle cabs with no operational air conditioning (%) 14 [0–42] 25 [0–50]

Table 2. Description of symptoms, lung function, MBC test, FeNO, and immuno-
globulin levels at inclusion (median [interquartile range], n (%)).

Green waste (n¼ 61) Sewage sludge (n¼ 29)

Work-related irritation symptoms
Eyes and upper airway symptoms 23 (37.7%) 11 (37.9%)
Asthma-like symptoms 6 (9.8%) 5 (17.2%)

Spirometry (n (%)) 57 (93.4%) 26 (89.6%)
Percent predicted FEV1 93.7 [85.9-102.8] 97.7 [85.9-104.3]
Percent predicted FVC 94.0 [85.9-99.3] 97.0 [83.8-104.9]

MBC test (n (%)) 40 (65.6%) 18 (62.1%)
Bronchial hyperresponsiveness (n (%)) 1 (2.5%) 2 (11.1%)

FeNO (n (%)) 36 (59.0%) 14 (48.3%)
Measurement in ppb: current smokers 13.0 [7.8-16.1] 11.4 [7.7-14.1]
Nonsmokers 18.1 [14.1-28.9] 19.8 [10.1-28.8]

Immunoglobulin indexes (n subjects) 52 24
IgG actinomycetes 28.8 [18.8-53.5] 29.4 [22.2-57.8]
IgG Aspergillus fumigatus 13.1 [8.6-21.5] 8.9 [4.3-19.1]
IgG Gram negative Bacteria 76.4 [53.2-108.8] 70.4 [52.7-98.1]
IgE actinomycetes 102.3 [87.7-123.6] 117.7 [101.2-142.3]
IgE Aspergillus fumigatus 105.8 [95.0-120.4] 113.7 [104.9-121.4]
IgE Gram negative Bacteria 104.8 [98.8-113.4] 108.4 [102.1-115.7]
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Table 3. Models of the prevalence of work-related symptoms (adjusted OR [95% CI] (p)).
Eyes and upper airway symptoms

(n visit-subjects¼ 325)a
Asthma-like symptoms
(n visit-subjects¼ 305)b

Employment duration in composting plants (years) 1.0 [9.4� 10�1; 1.1] (0.98) 8.6 �10�1 [7.5 �10�1; 9.9 �10�1] (0.040)
Proportion of vehicle cabs with no operational air

conditioning system at the plant (%)
1.6 [5.7� 10�1; 4.5] (0.37) 4.2� 10�1 [4.8� 10�2; 3.7] (0.44)

Exposure group
High versus low exposure 1.2 [5.4� 10�1; 2.7] (0.63) 6.4� 10�1 [1.3� 10�1; 3.2] (0.59)
Proportion of vehicle cabs with no operational air

conditioning system at the plant (%)
1.6 [5.7� 10�1; 4.5] (0.36) 4.1� 10�1 [4.8� 10�2; 3.5] (0.42)

Features of the plant
Partially and totally indoor/outdoor 11.1 [2.5; 50.5] (0.002) c

Pressurized aeration system/none 9.5� 10�1 [4.6� 10�1; 2.0] (0.89) 1.6 [4.5� 10�1; 6.0] (0.45)
Sewage sludge/green waste 4.3� 10�1 [1.8� 10�1; 1.0] (0.051) 2.0 [4.1� 10�1; 9.6] (0.39)
Yearly load of waste(kilo-tons) 1.04 [1.00; 1.08] (0.039) 1.1 [1.00; 1.1] (0.039)
Proportion of vehicle cabs with no operational air

conditioning system at the plant (%)
2.3 [7.5� 10�1; 7.2] (0.14) 9.3 10�1 [7.0� 10�1; 12.4] (0.96)

aAdjusted for age, education level, number of pack-years, atopy, and ever-asthma at inclusion, duration of employment in previous occupations known to
present a risk to respiratory health, geographical area of the plant, period of the examination, and hygiene.

bAdjusted for age, education level, number of pack-years, body mass index, atopy, ever-asthma at inclusion, duration of employment in previous occupa-
tions known to present a risk to respiratory health, geographical area of the plant, period of the examination, and hygiene variables.

cNo work-related symptom was reported by workers from partially and totally indoor plants.

Table 4. Models of the respiratory investigation outcomes (adjusted b (95%CI (p)).

Log(FeNO)
(257 visit-subjects)a

Difference between observed
and predictedb FEV1 (L)
(295 visit-subjects)c

Difference between observed
and predictedb CVF (L)
(295 visit-subjects)c

Normalized dose–response
slope

(197 visit-subjects)d

Employment duration at
plant (year)

�7.2� 10�3

(�3.0� 10�2;1.6� 10�2)
(0.545)

21.63 1022 (�3.23 1022;
28.93 1024) (0.038)

27.3� 1023 (22.7� 1022;
1.3� 1022) (0.47)

23.3� 1025

(25.6� 1023;5.5� 1023)
(0.99)

Proportion of vehicle cabs
with no operational air
conditioning system (%)

1.2� 1023

(22.7� 1023;5.2� 1023)
(0.545)

1.6 1021 (�2.2 1021;5.5
1021) (0.41)

2.0 1022 (�4.4 1021;4.8
1021) (0.93)

4.0� 1022

(�4.6� 1022;1.2� 1021)
(0.36)

Level of exposure
High versus low exposure 27.0� 1024 (22.9� 1021;

.2.9� 1021) (0.99)
6.7� 10�2

(�1.2� 10�1;2.6� 10�1)
(0.49)

�3.3� 10�2 (-3.0� 10�1;
2.4� 10�1) (0.81)

2.0� 10�2

(�5.2� 10�2;9.3� 10�2)
(0.58)

Proportion of vehicle cabs
with no operational air
conditioning system (%)

1.2� 10�1

(�2.7� 10�1;5.3� 10�1)
(0.54)

1.7� 10�1

(2.3� 10�1;5.6� 10�1) (0.39)
1.7� 10�2

(�4.5� 10�1;4.9� 10�1)
(0.94)

4.5� 10�2

(�4.2� 10�2;1.3� 10�1)
(0.31)

Features of the plant
Partially and totally
indoor/outdoor

�2.8� 10�2

(�5.6� 10�1;5.0� 10�1)
(0.92)

1.2� 10�1

(�4.1� 10�1;6.5� 10�1)
(0.65)

�1.9� 10�2 (�6.4� 10�1 ;6.0
10�1) (0.95)

1.4� 10�2

(�9.5� 10�2;1.2� 10�1)
(0.80)

Pressurized aeration sys-
tem/none

�7.5� 10�2

(�3.0� 10�10;1.5� 10�1)
(0.51)

2.9� 10�2

(�2.0� 10�10;2.6� 10�1)
(0.80)

1.0� 10�1

(�1.6� 10�1;3.8� 10�1)
(0.44)

�1.6� 10�2

(�6.8� 10�2;3.6� 10�2)
(0.55)

Sewage sludge/green waste �2.1� 10�1

(�5.1� 10�1;7.8� 10�2)
(0.15)

�1.0� 10�1

(-3.9� 10�1;1.8� 10�1) (0.46)
�1.4� 10�1

(�4.7� 10�1;1.9� 10�1)
(0.41)

�1.7� 10�2

(�8.4� 10�2;5.1� 10�2)
(0.62)

Yearly load of waste
(kilo-tons)

21.23 1022

(22.43 1022;24.73 1024)
(0.041)

�9.3� 10�3 (�2.1� 10�2;
2.2� 10�3) (0.11)

�1.3� 10�2

(�2.6� 10�2;3.2� 10�4)
(0.056)

1.1� 10�4

(�2.4� 10�3;2.6� 10�3)
(0.93)

Proportion of vehicle cabs
with no operational air
conditioning system (%)

�3.9� 10�2

(�4.4� 10�1;3.7� 10�1)
(0.85)

8.2� 10�2 (�3.4� 10�2;
5.0� 10�1) (0.70)

�1.1� 10�1

(�6.0� 10�1;3.8� 10�1)
(0.66)

3.6� 10�2

(�6.0� 10�2;1.3� 10�1)
(0.47)

aAdjusted for age, height, weight, number of pack-years, having smoked during the hour preceding the measurement, atopy, ever-asthma at inclusion,
duration of previous employment in occupations known to present a risk to respiratory health, geographical area of the plant, period of the examin-
ation, and percentage of number of vehicle cabs with no operational air conditioning system at the plant.

bAccording to the 2012 Global Lung Initiative equations.
cAdjusted for number of pack-years, atopy, ever-asthma at inclusion, duration of previous employment in occupations known to present a risk to respira-
tory health, geographical area of the plant, period of the examination, and percentage of number of vehicle cabs with no operational air conditioning
system at the plant.

dAdjusted for age, body mass index, number of pack-years, atopy, ever-asthma at inclusion, duration of previous employment in occupations known to
present a risk to respiratory health, geographical area of the plant, period of the examination, and percentage of number of vehicle cabs with no oper-
ational air conditioning system at the plant.

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 5



those expected in both groups, although 75% of the
subjects in both groups had an observed/predicted
ratio above 80%. Only a few cases of MBCþwere
observed in both groups. In current smokers, the
median FeNO was higher in the GW group than in
the SS group, while it was higher in nonsmokers in
the SS group than in the GW group. The IgG and IgE
indexes were of similar magnitude in both groups for
each family of micro-organisms and for A. fumigatus.

The modeling of the prevalence of the work-related
symptoms is presented in Table 3.

The higher the yearly load of waste the higher the
risk of reporting eyes and upper airway irritation
(OR¼ 1.04 per kilo-ton, 95% CI¼ [1.00; 1.08]) and
asthma-like (OR¼ 1.1 per kilo-ton, 95% CI¼ [1.00;
1.1]) symptoms. Workers in partially or completely
indoor plants were more than ten times more likely to
report eye and upper airway symptoms than workers
from fully outdoor plants (OR¼ 11.1, 95%
CI¼ [2.5;50.5]). No workers from the partially or
completely indoor plants reported work-related
asthma-like symptoms. The risk of reporting asthma-
like symptoms decreased by 14% when employment
duration increased by a year
(OR¼ 8.6� 10�1[7.5� 10�1;9.9� 10�1]).

When the yearly load of waste increased by ten
kilo-ton, the FeNO value decreased by 12%
(exp(10�b)¼ 8.8� 10�1, 95% CI¼ [7.9� 10�1;
9.9� 10�1]) (Table 4).

When the employment duration increased by a
year, the difference between observed and predicted
FEV1 decreased by 16ml (b¼�1.6� 10�2, 95%
CI¼ [�3.2 �10�2;�8.9� 10�4]). The modeling of the
specific immunoglobulin indices is presented in
Table 5.

As we observed no statistically significant effect
of the occupational exposure variables on the spe-
cific IgG against actinomycetes and the specific IgE
against Gram negative bacteria, these results are not
presented in the table. Workers considered as hav-
ing a high exposure had a higher risk (20%) of
having a higher level of specific IgE against actino-
mycetes index than the other workers (exp
(b)¼ 1.2, 95% CI¼ [1.0; 1.3]). Certain technical fea-
tures of the plants also had an influence on the
level of this index: the SS workers presented higher
levels than the GW workers (exp(b)¼ 1.1, 95%
CI¼ [1.0;1.3]), and workers in plants with a pressur-
ized aeration system presented lower levels than
workers in plants without this system
(exp(b)¼ 8.9� 10�1, 95% CI¼ [8.1� 10�1;
9.9� 10�1]). The level of the specific IgE against A.
fumigatus index increased with the duration of
employment in composting plants (exp (b)¼ 1.02,
95% CI¼ [1.00; 1.04] per year).

No hygiene variables had a statistical effect in the
different models.

Table 5. Models of the logarithm of specific immunoglobulins indices adjusted for age, number of pack-years, atopy, geograph-
ical area of the plant, period of the examination, and hygiene variables (exponential (adjusted b) (95%CI) (p)).

IgG against Gram negative
bacteria (141 visit-subjects)

IgG against A. fumigatus
(141 visit-subjects)

IgE against actinomycetes
(141 visit-subjects)

IgE against A. fumigatus
(141 visit-subjects)

Employment duration at
plant (years)

1.0 (9.8� 10�1; 1.0) (0.60) 1.0 (9.8� 10�1; 1.1) (0.23) 1.0 (9.9� 10�1; 1.0) (0.12) 1.0 (1.0; 1.04) (0.012)

Proportion of vehicle cabs
with no operational air
conditioning system (%)

1.2 (7.6� 10�1; 2.0) (0.39) 7.6� 10�1

(3.8� 10�1; 1.5) (0.45)
1.1 (9.6� 10�1; 1.3) (0.15) 1.1 (7.5� 10�1; 1.5) (0.68)

Level of exposure
High versus low exposure 9.9� 10�1

(7.5� 10�1; 1.3) (0.96)
1.1 (6.8� 10�1; 1.8) (0.71) 1.2 (1.0; 1.3) (0.009) 9.3� 10�1

(7.6� 10�1; 1.1) (0.48)
Proportion of vehicle cabs

with no operational air
conditioning system (%)

1.2 (7.5� 10�1; 2.0) (0.41) 7.5� 10�1

(3.7� 10�1; 1.5) (0.43)
1.1 (9.7� 10�1; 1.3) (0.10) 1.0 (7.1� 10�1; 1.5) (0.83)

Features of the plant
Partially and totally
indoor/outdoor

1.1 (5.6� 10�1; 2.1) (0.83) 1.0 (3.8� 10�1; 2.6) (0.99) 9.3� 10�1

(7.5 10�1; 1.2) (0.55)
7.8� 10�1

(4.7� 10�1; 1.3) (0.35)
Pressurized aeration sys-
tem/none

1.1 (8.3� 10�1; 1.5) (0.42) 9.6� 10�1

(6.1� 10�1; 1.5) (0.87)
8.93 1021

(8.13 1021; 9.93 1021)
(0.035)

1.2 (9.2� 10�1; 1.5) (0.19)

Sewage sludge/
green waste

7.9� 10�1

(5.5� 10�1; 1.1) (0.20)
6.5� 10�1

(3.8� 10�1; 1.1) (0.11)
1.1 (1.0;1.3) (0.017) 1.1 (8.1� 10�1; 1.4) (0.60)

Yearly load of waste
(kilo-tons)

9.9� 10�1

(9.8� 10�1;1.0) (0.31)
1.0 (9.8� 10�1; 1.0) (0.66) 1.0 (9.9� 10�1; 1.0) (0.38) 1.0 (9.8� 10�1; 1.0) (0.71)

Proportion of vehicle cabs
with no operational air
conditioning system (%)

1.1 (6.7� 10�1;1.8) (0.68) 7.2� 10�1 (3.5� 10�1;
1.5) (0.37)

1.2 (9.9� 10� 1; 1.4) (0.07) 1.0 (6.9� 10�1; 1.5) (0.89)
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Discussion

In our study, two features of the plants were found to
be associated with the workers symptoms: the
“indoor” feature and the yearly waste load. Indeed,
workers in partially and fully indoor plants reported
more work-related eye and upper-airway symptoms
than workers in plants sited entirely outdoors. Earlier
studies have shown that exposure to bioaerosols is
greater in indoor plants than in outdoor plants.22,23 In
our study, the higher the yearly waste load, the higher
the prevalence of the respiratory work-related symp-
toms. The yearly waste load may provide a broad
indication of exposure levels and activity intensity, as
more workers are employed in plants that treat higher
quantities of waste. Thus, co-activities could generate
more exposure in cases where tasks are performed, for
example, outside the vehicle cab at the same time as
agitation activities are being carried out nearby. In
our study, the increase of the yearly waste load was
associated with a decrease of the FeNO value.
According to ATS, a change of 10 ppb or more in val-
ues lower than 50 ppb has a clinical significance.40

This would happen in our study in case of an increase
of more than 6 kilo-tons of the yearly waste load, to
be compared to the interquartile range of the plants
in this study (8–25 kilo-tons). In literature, FeNO,
considered as a surrogate for eosinophilic inflamma-
tion, has been found to increase with the employment
duration,15 among atopic CWs only. This association
has been interpreted as an immunologic long-term
effect of occupational exposure by the authors. In our
study, the negative association between waste load and
FeNO could be explained by the absence of immuno-
logic effect of the exposure. However, this is in
contradiction with the positive associations we
observed between level of exposure and IgE against
actinomycetes, and duration of employment and IgE
against Aspergillus fumigatus. The negative association
between FeNO and yearly waste load could reflect an
adaptation to the effects of exposure to inhaled
organic material, as observed in pig farmers.41

Regarding the nature of waste feature, no difference
in airborne concentrations of bacteria, fungi, and acti-
nomycetes was experimentally found according to the
nature of treated waste (green waste alone, mixed
with SS, or mixed with biowaste), at different stages
of the composting process.42 In our study, the SS
workers had higher levels of specific IgE against acti-
nomycetes than the GW workers, which could indi-
cate the presence of an immuno-allergic mechanism.
Heldal et al.12 found that increased actinomycetes

spore concentrations during a shift were associated
with upper airway symptoms and a cross-shift FEV1/
FVC decrease in CWs treating materials similar to
those treated by the SS workers in our study.
Unfortunately, no determinations of specific immuno-
globulins were carried out in the Heldal et al. study.12

Regarding the other variables of occupational
exposure, the duration of employment in composting
plants statistically significantly decreased the observed
FEV1 by 16ml per year which is similar to the effect
of aging.43 Moreover, the duration of employment in
composting plants statistically significantly increased
the level of specific IgE against Aspergillus fumigatus.
To date, a relationship between employment duration
and FeNO has only been observed in atopic CWs,15

and a link between employment duration and the risk
of chronic cough with phlegm has only been identi-
fied for durations longer than 5 years.3 In the latter
study, no change in specific IgE concentrations to a
mold mixture was observed among CWs during a 13-
year follow-up, and this was explained by the healthy
worker effect.3 In our study, a high level of exposure
was associated with a high level of specific IgE against
actinomycetes. To our knowledge, IgE specific to acti-
nomycetes have not previously been measured in
CWs despite the fact that actinomycete spores are an
important source of exposure in these workers and
are linked to respiratory symptoms and spirometry
parameters.12

We observed a high prevalence of atopy (42%) in
the workers compared to CWs in other studies (25%
and 28%).3,11 The prevalence of ever-asthma (13%)
was similar to that of the general population in
France (9%).44 These findings are not in favor of a
selection bias. However, the longer the duration of
employment in composting plant, the lower the risk
to report asthma-like symptoms, which suggests a
healthy worker effect. Fourteen workers (15%) did not
undergo the four examinations planned: six workers
were no longer employed at the plant due to nonmed-
ical reasons (according to their managers), six were
on sick-leave for nonrespiratory (n¼ 4) or unknown
reasons (n¼ 2), and three were on leave on the day of
the visit to the plant. Thus, a healthy worker effect is
expected to be limited in our study.

As the aim of the study was to determine whether
the plant features are associated with symptoms and
markers among CWs, we did not include nonexposed
subjects. A weakness of our study is the high number
of comparison tests. We applied the Benjamini and
Hochberg method (the false discovery rate) to calcu-
late a “corrected” p value accounting for multiple tests
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in each dependent variable investigated (data not
shown).45 No effects remained statistically significant
at the “corrected” p< 0.05, excepted for the associ-
ation between the “indoor” feature and the work-
related eye and upper-airway symptoms. Although
composting in enclosed plants prevents bioaerosol dis-
persal in the environment, this should be kept in
mind as public concern increases regarding health
impact within communities surrounding composting
facilities.1

To conclude, this study has identified features of
the composting plants that are associated with work-
related symptoms and subclinical markers. The clin-
ical consequences of these low-scale effects need to
be clarified.

Acknowledgments

The authors are grateful to the workers who participated
and to the plant managers. This study would not have been
possible without the technical work of Christine Bertrand,
R�egis Colin, Catherine Coulais, Mathieu Dziurla,Guylaine
Greff-Mirguet, C�ecile Piernot, Dominique Rousselle,
Monique Veill�e and Elise Wilhelm, of the INRS.

Competing interest statement

The authors declare no conflicts of interest.

Funding

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

Ethical approval

The study design and protocol were approved by the local
ethics committee (the Comit�e de Protection des Personnes
Est-III, references: N�2008-A00462-53, N�CPP: 08.06.04).
This study has been carried out in accordance with
The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involv-
ing humans.

Data sharing statement

The data that support the findings of this study are not avail-
able for legal reasons. Access to research data must be
authorized by the French independent administrative author-
ity (CNIL) before the study begins.

ORCID

Val�erie Demange http://orcid.org/0000-0003-2945-2564
Xavier Simon http://orcid.org/0000-0002-2457-4354
Gabriel Reboux http://orcid.org/0000-0002-7923-0858
Michel Grzebyk http://orcid.org/0000-0001-6522-7554

References

1. Pearson C, Littlewood E, Douglas P, Robertson S, Gant
TW, Hansell AL. Exposures and health outcomes in
relation to bioaerosol emissions from composting
facilities: a systematic review of occupational and com-
munity studies. J Toxicol Environ Health B Crit Rev.
2015;18(1):43–69. doi:10.1080/10937404.2015.1009961.

2. Eduard W, Heederik D, Duchaine C, Green BJ.
Bioaerosol exposure assessment in the workplace: the
past, present and recent advances. J Environ Monit.
2012;14(2):334–339. doi:10.1039/c2em10717a.

3. van Kampen V, Hoffmeyer F, Deckert A. Effects of
bioaerosol exposure on respiratory health in compost
workers: a 13-year follow-up study. Occup Environ
Med. 2016;73(12):829–837. doi:10.1136/oemed-2016-
103692.

4. Domingo JL, Nadal M. Domestic waste composting
facilities: a review of human health risks. Environ Int.
2009;35(2):382–389. doi:10.1016/j.envint.2008.07.004.

5. Viegas S, Veiga L, Figueiredo P, Almeida A, Carolino
E, Viegas C. Assessment of workers’ exposure to afla-
toxin B1 in a Portuguese waste industry. Ann Occup
Hyg. 2015;59(2):173–181. doi:10.1093/annhyg/meu082.

6. Wery N. Bioaerosols from composting facilities–a
review. Front Cell Infect Microbiol. 2014;4:1–9.

7. Bond A, Fawell J, Harrison R, et al. Health Impact
Assessment of Waste Management: Methodological
Aspects and Information Sources. Bristol: Environment
Agency; 2005. Science report P6-011/1/SR1.

8. Bunger J, Schappler-Scheele B, Hilgers R, Hallier E. A
5-year follow-up study on respiratory disorders and
lung function in workers exposed to organic dust from
composting plants. Int Arch Occup Environ Health.
2007;80(4):306–312. doi:10.1007/s00420-006-0135-2.

9. Hambach R, Droste J, Francois G, et al. Work-related
health symptoms among compost facility workers: a
cross-sectional study. Arch Public Health 2012;70(1):1–5.

10. Kalahasthi RB, Rajmohan H, Narendranan P,
Pradyumna A. Serum total immunoglobin-E and
health hazards in workers involved in land fill and
compost areas of hazardous waste management
plants. Indian J Occup Environ Med. 2012;16(1):9–13.
doi:10.4103/0019-5278.99681.

11. van Kampen V, Deckert A, Hoffmeyer F, et al.
Symptoms, spirometry, and serum antibody concen-
trations among compost workers exposed to organic
dust. J Toxicol Environ Health A. 2012;75(8-10):
492–500. doi:10.1080/15287394.2012.674918.

12. Heldal KK, Madso L, Eduard W. Airway inflamma-
tion among compost workers exposed to actinomy-
cetes spores. Ann Agric Environ Med. 2015;22(2):
253–258. doi:10.5604/12321966.1152076.

13. Douwes J, Wouters I, Dubbeld H, et al. Upper airway
inflammation assessed by nasal lavage in compost
workers: a relation with bio-aerosol exposure. Am J
Ind Med. 2000;37(5):459–468. doi:10.1002/(SICI)1097-
0274(200005)37:5<459::AID-AJIM2>3.0.CO;2-J.

14. Heldal KK, Halstensen AS, Thorn J, et al. Upper air-
way inflammation in waste handlers exposed to bio-
aerosols. Occup Environ Med. 2003;60(6):444–450.

8 V. DEMANGE ET AL.

https://doi.org/10.1080/10937404.2015.1009961
https://doi.org/10.1039/c2em10717a
https://doi.org/10.1136/oemed-2016-103692
https://doi.org/10.1136/oemed-2016-103692
https://doi.org/10.1016/j.envint.2008.07.004
https://doi.org/10.1093/annhyg/meu082
https://doi.org/10.1007/s00420-006-0135-2
https://doi.org/10.4103/0019-5278.99681
https://doi.org/10.1080/15287394.2012.674918
https://doi.org/10.5604/12321966.1152076
https://doi.org/10.1002/(SICI)1097-0274(200005)37:5459::AID-AJIM23.0.CO;2-J
https://doi.org/10.1002/(SICI)1097-0274(200005)37:5459::AID-AJIM23.0.CO;2-J


15. Hoffmeyer F, van Kampen V, Deckert A, et al.
Evaluation of airway inflammation in compost work-
ers exposed to bioaerosols using exhaled breath con-
densate and fractional exhaled nitric oxide. Adv Exp
Med Biol. 2015;858:57–67.

16. Raulf M, Hoffmeyer F, van Kampen V, et al. Cellular
and soluble inflammatory markers in induced sputum
of composting plant workers. Adv Exp Med Biol.
2015;858:19–29.

17. Heldal KK, Barregard L, Ellingsen DG. Biomarkers of
inflammation in workers exposed to compost and
sewage dust. Int Arch Occup Environ Health. 2016;
89(5):711–718. doi:10.1007/s00420-015-1109-z.

18. Lemiere C, D’Alpaos V, Chaboillez S, et al.
Investigation of occupational asthma: sputum cell
counts or exhaled nitric oxide?. Chest 2010;137(3):
617–622. doi:10.1378/chest.09-2081.

19. Clark SC, Bjornson HS, Schwartz-Fulton J, Holland
JW, Gartside PS. Biological health risks associated
with the composting of wastewater treatment plant
sludge. J Water Pollut Control Fed 1984;56:1269–1276.

20. Bunger J, Antlauf-Lammers M, Schulz TG, et al.
Health complaints and immunological markers of
exposure to bioaerosols among biowaste collectors
and compost workers. Occup Environ Med. 2000;
57(7):458–464.

21. Walser SM, Gerstner DG, Brenner B, et al. Evaluation
of exposure-response relationships for health effects
of microbial bioaerosols - a systematic review. Int J
Hyg Environ Health. 2015;218(7):577–589. doi:
10.1016/j.ijheh.2015.07.004.

22. Wouters IM, Spaan S, Douwes J, Doekes G, Heederik
D. Overview of personal occupational exposure levels
to inhalable dust, endotoxin, beta(1–>3)-glucan and
fungal extracellular polysaccharides in the waste man-
agement chain. Ann Occup Hyg. 2006;50(1):39–53.
doi:10.1093/annhyg/mei047.

23. Schlosser O, Huyard A, Cartnick K, et al. Bioaerosol
in composting facilities: occupational health risk
assessment. Water Environ Res. 2009;81(9):866–877.
doi:10.2175/106143009X407258.

24. Minette A. Questionnaire of the European
Community for Coal and Steel (ECSC) on respiratory
symptoms. 1987–updating of the 1962 and 1967 ques-
tionnaires for studying chronic bronchitis and emphy-
sema. Eur Respir J. 1989;2(2):165–177.

25. Rylander R, Peterson Y, Donham KJ. Questionnaire
evaluating organic dust exposure. Am J Ind Med.
1990;17(1):121–126.

26. Tossa P, Bohadana A, Demange V. Early markers of
airways inflammation and occupational asthma:
rationale, study design and follow-up rates among
bakery, pastry and hairdressing apprentices. BMC
Public Health 2009;9:113.

27. Maria Y, Moneret-Vautrin DA, Pham QT, et al. [Skin
sensitivity to respiratory allergens in agricultural
workers and wage-earners] Sensibilisation cutan�ee aux
allerg�enes «respiratoires » chez les exploitants et sal-
ari�es agricoles. Rev Mal Respir. 1991;8(5):463–471.

28. ATS, ERS. ATS/ERS recommendations for standar-
dized procedures for the online and offline measure-
ment of exhaled lower respiratory nitric oxide and

nasal nitric oxide, 2005. Am J Respir Crit Care Med.
2005;171(8):912–930.

29. ATS. Standardization of Spirometry, 1994
Update.American Thoracic Society. Am J Respir Crit
Care Med 1995;152(3):1107–1136.

30. Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic
reference values for spirometry for the 3-95-yr age range:
the global lung function 2012 equations. Eur Respir J.
2012;40(6):1324–1343. doi:10.1183/09031936.00080312.

31. Sterk PJ, Fabbri LM, Quanjer PH, et al. Airway
responsiveness. Standardized challenge testing with
pharmacological, physical and sensitizing stimuli in
adults. Report Working Party Standardization of Lung
Function Tests, European Community for Steel and
Coal. Official Statement of the European Respiratory
Society. Eur Respir J Suppl. 1993;16:53–83.

32. Crapo RO, Casaburi R, Coates AL, et al. Guidelines
for methacholine and exercise challenge testing-1999.
This official statement of the American Thoracic
Society was adopted by the ATS Board of Directors,
July 1999. Am J Respir Crit Care Med. 2000;161(1):
309–329. doi:10.1164/ajrccm.161.1.ats11-99.

33. Gardner RM. Report of Snowbird workshop on stand-
ardization of spirometry. Am Rev Respir Dis. 1979;
119:831–838.

34. Schlosser O, Robert S, Debeaupuis C. Aspergillus
fumigatus and mesophilic moulds in air in the sur-
rounding environment downwind of non-hazardous
waste landfill sites. Int J Hyg Environ Health 2016;
219(3):239–251. doi:10.1016/j.ijheh.2016.02.003.

35. Betelli L, Duquenne P, Grenouillet F, et al.
Development and evaluation of a method for the
quantification of airborne Thermoactinomyces vulgaris
by real-time PCR. J Microbiol Methods 2013;92(1):
25–32. doi:10.1016/j.mimet.2012.10.009.

36. Le Goff O, Bru-Adan V, Bacheley H, Godon JJ, Wery
N. The microbial signature of aerosols produced dur-
ing the thermophilic phase of composting. J Appl
Microbiol. 2010;108(1):325–340. doi:10.1111/j.1365-
2672.2009.04427.x.

37. Reboux G, Magy N, Dalphin JC. Immunological
methods. In: Gevenois PA, De Vuyst P, eds. Imaging
of Occupational and Environmental Disorders of the
Chest. Berlin: Springer Verlag; 2006.

38. Roussel S, Rognon B, Barrera C, et al. Immuno-react-
ive proteins from Mycobacterium immunogenum use-
ful for serodiagnosis of metalworking fluid
hypersensitivity pneumonitis. Int J Med Microbiol.
2011;301(2):150–156. doi:10.1016/j.ijmm.2010.07.002.

39. Barrera C, Richaud-Thiriez B, Rocchi S, et al. New
commercially available IgG kits and time-resolved
Fluorometric IgE assay for diagnosis of allergic
Bronchopulmonary Aspergillosis in patients with cys-
tic fibrosis. Clin Vaccine Immunol. 2016;23(3):
196–203. doi:10.1128/CVI.00498-15.

40. Dweik RA, Boggs PB, Erzurum SC, et al. An official
ATS clinical practice guideline: interpretation of
exhaled nitric oxide levels (FENO) for clinical applica-
tions. Am J Respir Crit Care Med. 2011;184(5):
602–615. doi:10.1164/rccm.9120-11ST.

41. Sundblad BM, von Scheele I, Palmberg L, Olsson M,
Larsson K. Repeated exposure to organic material

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 9

https://doi.org/10.1007/s00420-015-1109-z
https://doi.org/10.1378/chest.09-2081
https://doi.org/10.1016/j.ijheh.2015.07.004
https://doi.org/10.1093/annhyg/mei047
https://doi.org/10.2175/106143009X407258
https://doi.org/10.1183/09031936.00080312
https://doi.org/10.1164/ajrccm.161.1.ats11-99
https://doi.org/10.1016/j.ijheh.2016.02.003
https://doi.org/10.1016/j.mimet.2012.10.009
https://doi.org/10.1111/j.1365-2672.2009.04427.x
https://doi.org/10.1111/j.1365-2672.2009.04427.x
https://doi.org/10.1016/j.ijmm.2010.07.002
https://doi.org/10.1128/CVI.00498-15
https://doi.org/10.1164/rccm.9120-11ST


alters inflammatory and physiological airway
responses. Eur Respir J. 2009;34(1):80–88. doi:10.1183/
09031936.00105308.

42. ADEME Agence de l’Environnement et de la Mâıtrise
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METHODS

Data collection

Health data

Non-specific methacholine bronchial challenge test (MBC)

A linear dose-response slope (DRS) was calculated as the percentage decrease in FEV1 at the

last dose divided by the total administered dose.1 The DRS was normalized in the regression

analyses. The normalized dose-response slope transformation

NDRS=1/(DRS +2.5)

has been found to be optimal in a large unexposed population.2
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