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Abstract

Waste collectors are exposed to a heterogeneous mixture of bioaerosols

able to induce health effects. The study aim was to evaluate inflammatory

processes in blood and in the respiratory tract via analysis of atopy and

club cell secretory protein 16 (CC16) in serum, exhaled nitric oxide

(FeNO), and cellular and soluble mediators in nasal lavage fluid

(NALF) and induced sputum (IS). Sixty nine current waste collectors

(48% smokers) and 28 former waste collectors (25% smokers) were

included in the cross-sectional study. In both groups, 63 and 64% of

workers reported complaints of the eyes, nose and/or upper airways.

Thirty two percent of the current and 25% of the former workers were

classified as atopics. More atopics suffered from rhinitis and conjunctivitis

than non-atopics (64% vs. 40% in current workers; 71% vs. 40% in former

workers). CC16 values of present non-smokers were significantly higher

compared to smokers. In total, FeNO values of 31 participants were lower

than 10 ppb, 94% of them were smokers and 85% had respiratory

symptoms of lower airways. Most of the IS biomarkers were significantly

higher in smokers than in non-smokers. Non-smoking workers with respi-

ratory symptoms of lower airways had slightly elevated mediator IS

concentrations compared to asymptomatic non-smokers. We conclude

that inflammatory changes in waste collectors are detectable in the content

of IS biomarkers, exhaled NO, and serum CC16, which all are influenced

by the smoking habit. No significant differences in biomarkers are detect-

able between current and former waste collectors.
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1 Introduction

Professional collection of municipal solid waste

is a task with heavy physical activities and expo-

sure to a heterogeneous mixture of bioaerosols,

gases, and vapours such as microbial and

non-microbial volatile organic compounds

(Wouters et al. 2002; Poulsen et al. 1995).

These multiple work demands and hazards result

in a higher incidence of health problems and

injuries compared to other occupations (Velasco

et al. 2015). In addition to occupational accidents

and musculoskeletal problems, workers in the

waste collection industry may have elevated inci-

dence rates of work-related pulmonary, gastroin-

testinal, and skin problems compared to the

entire work force (Poulsen et al. 1995). An

important occupational hazard for waste

collectors is exposure to bioaerosols because of

the handling of organic material (Neumann 2014;

Widmeier et al. 2007). Collection of household

waste, separation, and composting generate

organic dust which may contain high amounts

of endotoxin and (1–3)β-D-glucan, depending

on storage conditions (Neumann 2015). There is

evidence that diseases caused by organic dust are

mainly of inflammatory nature (Schantora et al.

2015; Raulf et al. 2015). Cross-sectional and

cohort studies (van Kampen et al. 2012, 2016;

Bünger et al. 2000, 2007) have shown that

workers exposed to organic dust from

composting plants had a higher prevalence of

inflammatory upper airway and eye responses,

the so-called mucous membrane irritation syn-

drome (MMIS). In addition, cases of hypersensi-

tivity pneumonitis, organic dust toxic syndrome

(ODTS), and allergic bronchopulmonary asper-

gillosis are reported (Bünger et al. 2007; Allmers

et al. 2000). Non-invasive methods, such as the

measurement of fractional exhaled nitric oxide

(FeNO) and the collection and analysis of

exhaled breath condensate (Hoffmeyer et al.

2014; Hoffmeyer et al. 2009), nasal lavage fluid

(NALF) (Wouters et al. 2002), and induced spu-

tum (IS) are useful in the assessment of inflam-

matory responses in the upper and lower

respiratory tract in exposed workers (Raulf

et al. 2015; Raulf-Heimsoth et al. 2011). Several

studies have also demonstrated that exposure to

organic dust components increases permeability

of the bronchoalveolar epithelial barrier, causing

leakage of pneumoproteins such as club cell

secretory protein (CC16) or surfactant protein A

(Daneshzadeh Tabrizi et al. 2010; Widmeier

et al. 2007; Steiner et al. 2005). Thus, determina-

tion of these proteins in the bloodstream is a

suitable option to assess inflammatory processes

in the respiratory tract.

The objective of the present study was to

evaluate inflammatory processes in blood and in

the upper and lower respiratory tract in current

and former waste collectors. Additional aspects

of the study dealt with the correlation between

clinical symptoms (e.g. rhinitis, chronic bronchi-

tis, etc.) and the profile of inflammatory cellular

and soluble markers in NALF and IS samples and

with the evaluation of factors influencing the

content of inflammatory markers.

2 Methods

The study design and protocol were created in

accordance with the Declaration of Helsinki for

Human Research. In May 2012, the Ethics com-

mittee of the Ruhr-University Medical School

Bochum approved the implementation of all nec-

essary examinations. All study participants gave

written informed consent to participate in the

study.
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2.1 Study Group and Data Collection

In this cross-sectional study, 69 current waste

collectors (mean weekly working time 39 h)

were examined, representing six municipal

solid waste management companies of the Ruhr

area in North Rhine-Westphalia, Germany. In

addition, 28 former waste collectors were also

included in the study. The protocol and exposure

circumstances of the study group were recently

published (Hoffmeyer et al. 2016; Schantora

et al. 2015; Neumann 2014, 2015). All current

and former workers visited the Institute for Pre-

vention and Occupational Medicine of the Ger-

man Social Accident Insurance, Institute of the

Ruhr-University Bochum (IPA) for clinical

examination and data assessment. To ensure real-

istic measurements, all current workers were

examined in an afternoon during a working

week after their shift. All subjects were male.

Smoking status was based on self-assessed infor-

mation by interview and justified by cotinine

concentrations in urine according to Xu et al.

(2004). Study participants were classified as

present, former, and never-smokers. For classifi-

cation of the study group according to their clini-

cal symptoms, such as mucus membrane

irritation, cough, and chronic bronchitis, ques-

tionnaire data were used (Schantora et al.

2015). Diagnosis of COPD was based on FEV1/

FVC ratio below the lower limits of normal

(LLN) as provided by the Global Lung Initiative

(GLI) (Quanjer et al. 2012).

2.2 Measurements

Serological Parameters Serum of each worker

was collected to determine total and specific

immunoglobulin E (sIgE) in response to a variety

of ubiquitous aero-allergens (atopy screen sx1

Phadiatop), and a mold mix (mx1) using the

ImmunoCAP system of ThermoFisher Scien-

tific/Phadia (Uppsala, Sweden). Allergen sIgE

values �0.35 kU/L were considered positive

and in the case of sx1 it was used to assess the

atopy status of the workers. Additionally, con-

centration of CC16 secretory protein (former

CC10, uteroglobin, or urinary protein 1) was

also determined using a sandwich ELISA from

BioVendor (Brno, Czech Republik) with a stan-

dard range of 1.57–50 ng/mL.

Nitric Oxide in Exhaled Breath FeNO was

measured using a portable electrochemical

analyser (NIOX Mino; Aerocrine, Solna,

Sweden) according to the 2015 guidelines of

the American Thoracic Society and European

Respiratory Society (Hoffmeyer et al. 2016).

Nasal Lavage Fluid (NALF) and Induced

Sputum (IS) NALF was collected by

introducing a syringe with a suitable adapter

with 7 mL of sterile physiological saline solution

into a nostril, followed by its aspiration; the

procedure repeated five times (Raulf et al.

2016; Raulf-Heimsoth et al. 2011). The residual

fluid volume of NALF was recorded, centrifuged

(5 min at 1300 rpm), the cell-free supernatant

was divided into portions and frozen at �80 �C
until further analysis of soluble biomarkers. The

cell pellets were re-suspended and the total cell

number was determined using the Neubauer

counting chamber. For differential cell counts,

slides were prepared by cytospin (Cytospin 2;

Shandon Corp., Pittsburgh, PA) and stained

with May-Grünwald-Giemsa. Two independent

observers counted 200 cells on each slide under

light microscopy. Their results were expressed as

the percentage of a total cell number and the

absolute cell count.

IS of each subject was collected after inhalation

of isotonic (0.9%) saline aerosol, generated by an

ultrasonic nebulizer for 10 min as described ear-

lier (Raulf et al. 2015; Raulf-Heimsoth et al.

2011). The subjects were motivated to cough

actively, clear their throat, and expectorate spu-

tum. The IS volume was determined and a 2.5-

fold quantity of 0.1% sputulysin (dithiothreitol)

was added. The samples were gently vortexed

and incubated for 30 min at 37 �C to ensure a

complete homogenization. After centrifugation,

cell-free supernatants were aliquoted, stored at
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�80 �C under argon protection until further anal-

ysis of soluble markers. Cell pellets were further

processed for the determination of the total cell

number and for differential cytology, using the

procedure described above for NALF.

The inflammatory mediators in NALF and IS

were determined in the thawed cell-free

supernatants. All samples underwent only a sin-

gle freeze-thaw cycle. In both IS and NALF

samples, the following soluble markers were

measured: interleukin (IL)-8, total protein con-

tent, 8-isoprostane (8-iso-PGF2α), soluble (s)

CD14, matrix metalloproteinase (MMP)-9, and

tissue inhibitors of metalloproteinases (TIMP)-1.

IL-8 was measured with the OptEIA™ ELISA

(BD Biosciences Pharmingen; Heidelberg,

Germany) in a standard range of 3–200 pg/mL.

8-isoprostane was quantified with a competitive

immunoassay (Assay Design; Ann Arbor, CA) in

a standard range of 6.1–100 ng/mL.

Determinations of sCD14, TIMP-1, and MMP-9

were performed with the DuoSet™ ELISA

Development system (R&D Systems; Wiesbaden

Germany) in a standard range of 62.5–4,000 pg/

mL for sCD14 and 31.2–2000 pg/mL for both

MMP-9 and TIMP-1. Eosinophilic cationic pro-

tein (ECP) was quantified with the ImmunoCAP

system from Thermo Fisher Scientific (Phadia

AB, Uppsala, Sweden). Total protein content

was determined according to the method of

Bradford (1976) with bovine serum albumin as

standard solution (range 10–100 μg/mL).

2.3 Statistical Analysis

Data were expressed as median with min-max

range (tables) or interquartile range (figures).

Data distribution was assessed using the

D’Agostino and Pearson omnibus normality

test. Values below the limit of quantification

(LOQ) were set 2/3 of the LOQ. Comparison of

unpaired data was performed with Mann-

Whitney U or Kruskal-Wallis test and that of

Table 1a Study group of 69 current waste collectors and 28 former waste collectors

Current waste collectors Former waste collectors

Male gender; n (%) 69 (100) 28 (100)

Age (year); median (range) 48 (23–63) 61.5 (38–72)

Employment (year); median (range) 22 (2–36) 25 (11–38)

Smoking status

Present smokers; n (%) 33 (48) 7 (25)

Former smokers; n (%) 17 (24.5) 13 (46)

Never smokers; n (%) 19 (27.5) 8 (29)

Table 1b Clinical symptoms in current and former waste collectors

Current waste collectors Former waste collectors

Total

(n ¼ 69)

Never

smokers

(n ¼ 19)

Former

smokers

(n ¼ 17)

Present

smokers

(n ¼ 33)

Total

(n ¼ 28)

Never

smokers

(n ¼ 8)

Former

smokers

(n ¼ 13)

Present

smokers

(n ¼ 7)

Rhinitis; n (%) 27 (39) 7 (37) 11 (64) 9 (27) 13 (46) 3 (38) 5 (38) 5 (71)

Conjunctivitis;

n (%)

20 (29) 9 (47) 6 (35) 5 (15) 6 (21) 2 (25) 2 (15) 2 (29)

Cough; n (%) 24 (35) 5 (26) 6 (35) 13 (39) 8 (29) 3 (38) 1 (8) 4 (57)

Chronic

bronchitis; n

(%)

11 (16) 1 (5) 4 (23) 6 (18) 5 (18) 1 (13) 0 4 (57)

COPD; n (%) 7 (10) 0 0 7 (21) 4 (14) 1 (13) 0 3 (42)

COPD chronic obstructive pulmonary disease
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habits, e.g. smoking, between different groups

with the Dunn multiple comparison test. A

two-sided significance level of 0.05 was chosen

for all tests. Data were analyzed using GraphPad

Prism version 5.01 for Windows (GraphPad Soft-

ware, San Diego, CA).

3 Results

Table 1a presents the characteristics of the study

group. The median age of the 69 current workers

was 48 yr (range 23–63 yr) and median duration

of employment was 22 yr (range 2–36 yr). The

former waste collectors were older (median age

62 yr) at the time of examination with the median

of 25 yr of employment (range 11–38 yr). Forty

eight percent of current and 25% of former

workers were present smokers. A high percent-

age (63% and 64%, respectively) of the workers

reported complaints from the eyes, nose and/or

upper airways (Table 1b). Ten percent of current

waste workers had COPD and all of them were

present smokers. Four out of the 28 (14%) of the

former waste workers had COPD and one of

them never smoked. A higher prevalence of cur-

rent and former waste collectors with employ-

ment duration �20 yr reported symptoms from

the upper respiratory tract (Table 1c). Although

the percentage of current waste workers with

symptoms from the lower respiratory tract was

independent of employment duration, the

percentage of present non-smokers (never and

former smokers) in the group with longer

employment was higher.

Data on the serum total and specific IgE and

CC16 are summarized in Table 2. Elevated levels

(>100 kU/L) of total IgE were present in 20 and

21% of current and former workers, respectively.

Specific IgE values against the mold mixture

were rare. Only 9% of current workers and

3.6% of former workers had a positive IgE

response to the mold mixture. According to the

sIgE-values in the inhalation atopy screening,

32% of current and 25% of former workers

were classified as having atopy, without signifi-

cant differences concerning smoking status. Rhi-

nitis and/or conjunctivitis were more often

reported in atopics than in non-atopics (64%

vs. 40% in current workers and 71% vs. 40% in

former workers). The serum CC16 concentration

was significantly higher in never smokers than in

present smokers in both current and former

workers. In the current workers, former smokers

also had a significant higher CC16 concentration

than the present smokers. In the current workers,

CC16 concentration was >2 ng/mL (limit of

quantification) in just 52% of smokers, whereas

CC16 exceeded that level in 84% of the never

smokers. Similar differences were observed in

the group of former waste collectors.

Since the serum CC16 concentration was not

different between former and never smokers,

both groups are combined for further CC16

Table 1c Duration of employment and symptoms from the upper and lower respiratory tract (RT)

Current waste collectors (n ¼ 69) Former waste collectors (n ¼ 28)

Duration of

employment

Number of

employees; n

(%)

Symptoms

from upper

RT; n (%)

Symptoms

from lower

RT; n (%)

Number of

employees; n

(%)

Symptoms

from upper

RT; n (%)

Symptoms

from lower

RT; n (%)

�20 yr 28 (40%) 8 (28%) 13 (46%) 10 (36%) 6 (60%) 4 (40%)

present

non-smokers;

13

– 4 (30%) present

non-smokers;

4

– 1 (25%)

>20 yr 41 (60%) 5 (12%) 15 (37%) 18 (64%) 7 (39%) 2 (11%)

present

non-smokers;

13

– 7 (53%) present

non-smokers;

2

– 1 (50%)

Present non-smokers were both never smokers and former smokers
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comparison with present non-smokers and

smokers. Figure 1 shows the median CC16 con-

centration in present smokers and non-smokers,

representing both current and former workers,

with or without symptoms from the lower respi-

ratory tract. The CC16 concentration of present

smokers with symptoms was significantly lower

compared with present non-smokers with

(p < 0.05) or without (p < 0.001) symptoms.

The CC16 concentration of present smokers

without symptoms was not significantly different

compared with present non-smokers with

symptoms. There was no difference in CC16

concentration between present non-smokers

with and without lower respiratory tract

symptoms.

There were no significant differences in FeNO

level between current and former workers

(Table 3). The FeNO of 26 current workers was

lower than 10 ppb, 92% of them were smokers

and one half them had symptoms from the lower

respiratory tract. Classification of all workers

examined according to their smoking habits into

present smokers and non-smokers, taking also

into account the presence or absence of

symptoms from the lower respiratory tract

demonstrated that present smokers with or with-

out symptoms had significantly lower FeNO

values than the present non-smokers (Fig. 2).

FeNO values of present non-smokers with or

without symptoms were not different. Two

non-smoking workers out of the 11 with

symptoms from the lower respiratory tract had

the FeNO exceeding 25 ppb.

The results of cellular and soluble biomarkers

measured in NALF samples of current workers

20

15

10

5

Symptoms from
lower respiratory tract

Present smokers

+ +− −

+ −+ −

− +− +Present non-smokers

Number of subjects

0

C
C

16
 (

ng
/m

L
)

2.0

21 19 15 42

2.9

p<0.05

p<0.001

5.1 5.9

Fig. 1 Club cell protein

(CC16) concentration in

the study group (n ¼ 97)

stratified by smoking and

symptoms from lower

respiratory tract. P < 0.001

for differences among all

four groups using Kruskal-

Wallis test with Gaussian

approximation and Dunn’s

multiple comparison test.

Additionally, significant

differences exist between

present smokers with

symptoms vs. present

non-smokers with

(p < 0.05) and without

symptoms (p < 0.001)

Table 3 FeNO values of current and former waste collectors classified according their smoking habits

Current waste collectors (n ¼ 69) Former waste collectors (n ¼ 28)

n

Median

(ppb)

Range

(ppb)

Values <10 ppb

(n) n

Median

(ppb)

Range

(ppb)

Values <10 ppb

(n)

Never

smokers

19 15 9–137 1 8 14 10–38 0

Former

smokers

17 20 6–109 1 13 16 12–40 0

Present

smokers

33 8 1–33 24 7 9 4–15 5

ppb parts per billion

Airway and Blood Inflammatory Markers in Waste Collectors



are summarized in Table 4a and those of former

workers are in Table 4b. There were no signifi-

cant differences in the current waste collectors

depending on the smoking habits, although the

concentration of soluble biomarkers and the per-

centage of neutrophils tended to be lower in

present smokers than in never smokers. The

same trend was observed in former workers,

although here two parameters reached signifi-

cance, i.e., the percentage of neutrophils was

significantly lower in present smokers than in

never and former smokers and the sCD14-

concentrations were significantly lower in

present smokers than in former smokers. Com-

parison of NALF parameters between current

and former waste collectors was inconspicuous.

Classification of the subjects according to the

presence of nasal symptoms (rhinitis yes or no)

and their smoking habits showed no differences

regarding the biomarkers in NALF (data not

shown).

Table 5a summarizes the results of soluble

biomarkers measured in IS samples of current

waste collectors classified into never, former,

and present smokers. The percentage of

neutrophils, IL-8, TIMP-1, and total protein

F
eN

O
 (

pp
b)

1000

100

10

0.1

1
8.0

9.0

16.5
16.0

p<0.001

p<0.01
p<0.01

p<0.001

Symptoms from
lower respiratory tract

Present smokers

+ +− −

+ −+ −

− +− +Present non-smokers

Number of subjects 21 18 16 41

Fig. 2 Influence of

smoking habits and

symptoms from lower

respiratory tract on exhaled

nitric oxide content

(FeNO). There were

significant differences

between present

non-smokers, with or

without symptoms, and

present smokers

(p < 0.001). No difference

was observed between

non-smokers with and

without symptoms

Table 4a Cellular and soluble inflammatory markers in NALF in current waste collectors

Current waste collectors

Total (n ¼ 69);

median (range)

Never smokers

(n ¼ 19); median

(range)

Former smokers

(n ¼ 17); median (range)

Present smokers

(n ¼ 33); median (range)

Total cell

count (�104)

8.4 (4.2–29.5) 8.4 (4.2–25.6) 10.6 (4.2–29.5) 8.4 (4.2–21.1)

Neutrophils

(%)

7.5 (0–99.5) 22.5 (0–86.0) 7.0 (0–83.0) 7.0 (0–99.5)

IL-8 (pg/mL) 165 (3–2054) 238 (16–647) 94 (28–2054) 140 (3–1947)

MMP-9

(ng/mL)

4.1 (0.03–376) 14.8 (0.40–188) 2.5 (0.03–376) 2.8 (0.03–155)

TIMP-1

(ng/mL)

6.0 (0.03–97.2) 6.7 (0.13–24.8) 6.8 (0.42–45.8) 5.0 (0.03–97.2)

sCD14

(pg/mL)

799 (62.5–13,041) 1,051 (62.5–5,107) 802 (62.5–7,774) 515 (62.5–13,041)
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concentrations were significantly higher in

smokers than in never or former smokers.

Although all other IS parameters were higher in

smokers than in never or former smokers, the

differences did not reach statistical significance.

A similar trend was observed in the former waste

collectors (Table 5b), i.e., there were higher

values in present smokers, but only the IL-8

level was significantly different between

smokers and former smokers. In both groups,

there were no significant differences in IS

parameters between never and former smokers

and, additionally, no differences between the

current and former waste collectors. Therefore,

to clarify the association between symptoms

from the lower respiratory tract (cough, chronic

bronchitis, or COPD) and inflammatory IS

markers the study group was divided into four

groups: present smokers with (A) and without

(B) lower respiratory tract symptoms and present

non-smokers with (C) and without (D) lower

respiratory tract symptoms (Table 5c).

A significantly higher percentage of

neutrophils (p < 0.05) was measured in IS

samples of smoking subjects suffering from

lower respiratory tract symptoms (group A) com-

pared with non-smoking healthy subjects (group

D). A similar pattern was detected for IL-8, i.e.,

significantly higher IL-8 concentration in both

groups of smokers (groups A and C) and increas-

ing, but not statistically different, IL-8 concen-

tration between non-smokers with and without

respiratory symptoms (group C vs. D). The

level of the sputum immunoreactive MMP-9,

TIMP-1, ECP, and sCD14 did not differ among

the four groups. However, different

concentrations of 8-isoprostane and total protein

were found between groups B and D, both with-

out clinical symptoms, with higher levels in

smoking subjects (group B).

Table 4b Cellular and soluble inflammatory markers in NALF in former waste collectors

Former waste collectors Statistics

Total (n ¼ 28);

median (range)

Never smokers

(¼13); median

(range)

Former smokers

(n ¼ 13); median

(range)

Present smokers

(n ¼ 7); median

(range)

Never

(a)

Former

(b)

Present

(c)

Total cell

count (�104)

8.3 (4.2–41.9) 8.5 (4.6–16.8) 4.2 (4.2–41.9) 4.2 (4.2–17.1) –

Neutrophils

(%)

9.5 (0–94) 30.7 (1.5–75) 47 (0.5–94) 0 (0–17.5) a vs. c;

p < 0.05

b vs. c;

p < 0.01

IL-8 (pg/mL) 183 (3–9,079) 267 (36–9,079) 274 (94–3,014) 109 (3–591) –

MMP-9

(ng/mL)

12.1 (0.03–380) 16.8 (0.6–137) 32.7 (3.4–380) 4.3 (0.03–43.7) –

TIMP-1

(ng/mL)

6.8 (0.03–42.4) 4.9 (0.8–11.23) 11.3 (1.5–42.4) 4.8 (0.03–14) –

sCD14

(pg/mL)

1,100

(62.5–5,862)

897 (94–4,704) 1,780 (143–5,862) 408 (62.5–2,164) b vs. c;

p < 0.05

IL-8 interleukin, MMP-9 matrix metalloproteinase, TIMP-1 tissue inhibitors of metalloproteinases, sCD14 soluble

sCD14
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4 Discussion

Household waste collectors are exposed on a

daily basis to significantly higher concentrations

of bioaerosols than that present in the general

living environment. In addition to our recently

published data concerning health complaints of

waste collectors (Hoffmeyer et al. 2016), here we

studied the inflammatory propensity as evaluated

from the content of serum total and specific IgE

and CC16, and FeNO, and biomarkers in NALF

and IS samples in current and former waste

collectors. Since cigarette smoking is a well-

known inducer of lung inflammatory processes,

smoking habits were taken into account for all

data analysis.

Specific IgE responses against the mold mix

were rare in both current and former waste

collectors and the number of subjects classified

as atopics was nearly the same. The findings

demonstrate that serum concentration of CC16,

a sensitive biomarker of lung injury (Heldal et al.

2013), was not different between current and

former waste collectors, but it was highly

affected by smoking. CC16 is released by epithe-

lial cells into the serum and provides an indica-

tion of acute exposure processes. Under chronic

exposures causing tissue damage, CC16 concen-

tration tends to be low. This is the case in chronic

exposure to cigarette smoke, which damages

club cells resulting in decreased serum CC16

(Hermans and Bernard 1999). The present

findings demonstrate that the smoking current

and former waste collectors had a significantly

Table 5a Cellular and soluble inflammatory markers in induced sputum of current waste collectors

Current waste collectors Statistics

Total (n ¼ 69)

median (range)

Never smokers

(n ¼ 19) median

(range)

Former smokers

(n ¼ 17) median

(range)

Present smokers

(n ¼ 33) median

(range)

Never (a)

Former

(b)

Present

(c)

Total cell

count (�105)

22.5 (4–99) 19.6 (5–49) 21 (6–78) 27.8 (5–99) –

Neutrophils

(%)

15.8 (0–61) 6.5 (1–38.5) 9.5 (0–61) 21.2 (1.5–59) b vs. c;

p < 0.05

Eosinophils

(%)

0.5 (0–32) 0 (0–2) 0.5 (0–9.5) 1 (0–32) –

IL-8 (pg/mL) 3,966

(3–84,546)

1,463 (3–6,139) 2,113 (402–25,102) 9,012 (3–84,546) a vs. c;

p < 0.001

b vs. c;

p < 0.05

MMP-9

(ng/mL)

250

(0.03–1999)

150 (47–1,490) 220 (61–992) 284 (0.03–1999) –

TIMP-1

(ng/mL)

48.6 (0.03–270) 25 (5.9–158) 64 (10.8–174) 58 (0.03–270) a vs. c;

p < 0.05

ECP

(μg/mL)

25.3 (2–502) 21.9 (2–170) 19 (7–162) 37.7 (2–502) –

8-isoprostane

(pg/mL)

915

(6.1–11,713)

878 (71–2,809) 868 (6.1–7,278) 1,174 (175–11,713) –

Total protein

(μg/mL)

425 (63–2052) 276 (136–764) 367 (170–1,062) 512 (63–2052) a vs. c;

p < 0.01

sCD14

(pg/mL)

5,071

(178–30,599)

4,324 (1375–10,931) 3,781 (1832–17,392) 5,114 (178–30,599) –
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lower CC16 concentration than never smokers.

Additionally, CC16 concentration of present

smokers with symptoms from the lower respira-

tory tract was significantly lower than that of

present non-smokers with and without symptoms

from the lower respiratory tract. No significant

difference in CC16 content was found in waste

collectors with or without symptoms from the

lower respiratory tract. Norwegian workers

exposed to sewage dust, containing a high con-

tent of a complex mix of microorganisms and

their components, chemicals and gases, had a

lower serum concentration of CC16 compared

to the referents, also pointing to a long-term

effect on secretion of this pneumoprotein (Heldal

et al. 2013). That study has also shown that

exposure to bacteria is associated with CC16

concentration, which may reflect a transient

increased permeability of the lung-blood barrier.

One reason for such results may be enhanced

bioaerosol exposure, especially to endotoxin, in

workers exposed to sewage dust (Heldal et al.

2016) compared to household waste collectors

(Neumann 2014, 2015). Additionally, it should

be taken into account that CC16 content is con-

trolled by other factors, such as CC16 production

by club cells, release into the alveolar space,

renal clearance, and diffusion into the serum

affected by pulmonary epithelial barrier perme-

ability. Therefore, interpretation of CC16 content

should be considered with caution (Lakind et al.

2007). A strong effect of smoking on the CC16

content also could be due to smoking-induced

inhibition of activity of NO synthases (NOS),

measurable as a lower level of fractional exhaled

nitric oxide (FeNO) in smokers. In the present

study, the majority of FeNO values were below

10 ppb in present smokers. The level of FeNO, as

Table 5b Cellular and soluble inflammatory markers in induced sputum of former waste collectors

Former waste collectors Statistics

Total (¼28)

median (range)

Never smokers

(n ¼ 8) median

(range)

Former smokers

(n ¼ 13) median

(range)

Present smokers

(n ¼ 7) median

(range)

Never

(a)

Former

(b)

Present

(c)

Total cell

count (�105)

22 (3–82) 15.5 (3–82) 22.3 (5–62) 32 (4.4–59) –

Neutrophils

(%)

14 (0.5–68.5) 10.7 (4–16) 10.5 (0.5–18.5) 46 (3–68.5) –

Eosinophils

(%)

0 (0–6.5) 0 (0–0) 0.25 (0–6.5) 1.5 (0–5.5) –

IL-8 (pg/mL) 3,147

(12–146,992)

3,350 (572–8,697) 1,483 (12–5,686) 18,394

(3100–146,992)

b vs. c;

p < 0.05

MMP-9

(ng/mL)

271.5

(8.4–4,699)

265 (105–865) 293 (8–4,699) 639 (56–1,408) –

TIMP-1

(ng/mL)

47.2 (3.7–853) 42.8 (39–109) 50 (3.7–853) 186 (14.8–314) –

ECP

(μg/mL)

20 (2–218) 15.3 (10–64) 73.6 (10.7–218) 21.5 (2–91.4) –

8-isoprostane

(pg/mL)

921

(243–12,768)

1,810 (890–4,280) 600 (243–1,304) 1,135 (311–12,768) –

Total protein

(μg/mL)

403 (69–1,106) 293 (185–679) 364 (69–750) 715 (251–1,106) –

sCD14

(pg/mL)

4,558

(399–12,267)

3,980 (1189–6,528) 5,737 (798–12,267) 3,619 (398–7,044) –
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a biomarker of lower airway eosinophilic inflam-

mation, was not different in present

non-smokers, with and without clinical

symptoms from the respiratory tract. Addition-

ally, only two non-smokers with lower respira-

tory tract symptoms had FeNO above 25 ppb,

indicating that eosinophilic Th2 driven (allergic)

inflammation is not predominant in household

waste collectors.

In this study we used a simple non-invasive

technique of nasal lavage to evaluate inflamma-

tory reactions in the upper airways. The findings

demonstrate no appreciable differences in cellu-

lar and soluble markers of NALF between cur-

rent or former workers or between workers with

and without clinical symptoms from the upper

airways. Conspicuously, however, content of

biomarkers was lower in present smokers than

that in non-smokers. In contrast to our results,

which likely reflected subchronic effects of expo-

sure to cigarette smoke, Heldal et al. (2003) have

found an acute increase in NALF biomarkers in

waste handlers, associated with neutrophil infil-

tration, after three working days from Monday to

Thursday after a weekend break. Those authors

have not observed any cigarette smoking

dependencies.

In the present study we detected pronounced

inflammatory effects concerning the cellular and

soluble sputum biomarkers. There were apparent

differences between present and never or former

smokers. Akin to previous studies conducted in

composting plant workers (Raulf et al. 2015) and

bitumen exposed workers (Raulf-Heimsoth et al.

2011), immunoreactive MMP-9 concentration in

sputum was higher in smokers than in present

Table 5c Lower respiratory tract symptoms (LRTS) and sputum parameters

Present smokers

with LRTS

(n ¼ 18) Group A;

median (range)

Present smokers

without LRTS

(n ¼ 18); Group B;

median (range)

Present

non-smokers with

LRTS (n ¼ 13)

Group C; median

(range)

Present non-smokers

without LRTS

(n ¼ 34) Group D;

median (range) Statistics

Total cell

count (�105)

31.9 (5.2–99.6) 27.8 (4.4–79) 15.5 (3.3–81.9) 22.2 (5.3–78) –

Neutrophils

(%)

23.3 (1.5–68.5) 18.3 (2.5–59.5) 10.5 (0–63.5) 8.75 (0.5–53) A vs. D;

p < 0.05

IL-8 (pg/mL) 12,146

(3–146,992)

11,538

(1666–90,492)

3,522 (3–56,862) 1,579 (12–25,102) A vs. D;

p < 0.01

B vs. C;

p < 0.05

B vs. D;

p < 0.001

MMP-9

(ng/mL)

269 (0.03–1999) 312 (56–1,361) 297 (81–4,699) 200 (8.5–1,491) –

TIMP-1

(ng/mL)

58 (0.03–314) 58 (15–172) 63 (11–853) 40 (4–174) –

ECP

(μg/mL)

32 (2–502) 39 (9–190) 28 (10–170) 14 (2–115) –

8-isoprostane

(pg/mL)

811 (195–12,768) 2023 (175–11,713) 1,037 (6–4,280) 706 (70–7,278) B vs. D;

p < 0.05

Total protein

(μg/mL)

561 (63–2052) 512 (233–1,314) 345 (185–860) 322 (69–1,274) B vs. D;

p < 0.01

sCD14

(pg/mL)

5,114

(178–30,599)

5,078

(1921–18,144)

4,009

(1189–12,267)

4,657 (799–17,392) –

IL-8 interleukin, MMP-9 matrix metalloproteinase, TIMP-1 tissue inhibitors of metalloproteinases, ECP eosinophilic

cationic protein, sCD14 soluble sCD14
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non-smokers. We failed to confirm signs of

remission of a subchronic inflammatory state in

workers exposed to bioaerosols once exposure is

terminated, observed in our previous study in

composting plant workers (Raulf et al. 2015)

and in a study of Sikkeland et al. (2012) in

workers exposed to organic dust. Some sputum

biomarkers such as neutrophils, IL-8, MMP-9,

TIMP-1, and 8-isoprostane, were higher in for-

mer than never smoking waste collectors, which

however failed to reach statistical significance.

Taking lower airway symptoms into account, as

expected, smoking caused greater effects on the

biomarker content. Although IL-8, MMP-9,

TIMP-1, and 8-isoprostane concentrations

tended to be higher in non-smokers with lower

airway symptoms compared with non-smokers

without the symptoms, no significant difference

were detectable.

The cross-sectional design of the present

study, without a control group, is a weakness.

Longitudinal studies consisting of a

non-invasive assessment of inflammatory

biomarkers should be performed in waste

collectors to examine the possible causal rela-

tionship between working environment, expo-

sure, and respiratory health problems. However,

a strength of the present study is that all

measurements were done with standardized,

validated procedures in 69 current waste

collectors and 28 former waste collectors, and

the potential confounding factors such as smok-

ing, age, and atopy were taken into consider-

ation. Our results also provide an indication that

allergic Th2-triggered inflammation was not the

primary health problem in the workers with a

median employment of 22 yr. This may be a

result of a not more explained “healthy worker

effect.” Although the inflammatory effects

measured were not statistically different between

non-smokers with or without respiratory

symptoms, implementation of the biomarker

measurement using different matrices is useful

to assess the airway condition in waste collectors

exposed to bioaerosols. In this population of

blue-color workers anti-smoking and dust reduc-

tion programs should be implemented to avoid

airway inflammation and respiratory health

problems.
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