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Abstract: To study the effect of exposure to low levels of bioaerosols on PEF-
monitoring and antibody responses, five groups of waste collectors from different areas
in Denmark were investigated. The five groups handled different kinds of waste using
different kinds of organisation logistics and collection equipment. One group worked
with a new, experimental system (“System 2000”), which involved source separation of
waste into compostable and residual fractions. Waste collectors exposed to “high”
(maximum of 72 EU/M) levels of endotoxins had significantly (p <0.001) higher
serum concentrations of 1gG than waste collectors exposed to “low” levels of
endotoxins. Working with “System 2000” resulted in significantly higher serum
concentrations of IgG (p < 0.001) and IgA (p < 0.01). Peak flow variability appeared to
be significantly affected by exposureAspergillus fumigatudt is concluded that the
changes in peak flow variability and the elevated concentrations of immunoglobulins
may be used as indicators of sub-clinical effects of relatively low exposure to organic
dust. Assessment of peak flow variability (or serum IgG concentrations) may be used in
surveillance systems to prevent clinical symptoms caused by organic dust exposure.
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INTRODUCTION which is known to cause acute respiratory symptoms.

However, we have shown that waste collectors working

Handling of waste from urban areas and especiallyith certain combinations of equipment, types of waste
activities related to recycling of waste have been shown amd work routines resulting in relatively high bioaerosol

create health problems. There is evidence that workersarposure have a significantly increased prevalence of self

waste recycling facilities have an elevated risk ofeported symptoms related to bronchitis [7].

occupational health problems related to bioaerosol To investigate the effect of bioaerosol exposure on lung
exposure, including symptoms of organic dust toxitunction, peak expiratory flow (PEF) can be used. PEF

syndrome (ODTS), gastrointestinal and pulmonargneasurement and PEF variability are regarded as good
problems [14]. Previous research at our institute hasdicators of pulmonary function both in persons with

documented that handling of waste in general isccupational and non-occupational exposure to dust of
associated with relatively low level exposure to organibiological origin (e.g. pollen, hair, moulds). PEF
dust, endotoxins and microorganisms [1], below thatariability less than 15-20% is regarded as normal [4]. On
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Table 1.Size (n) of subgroups of waste collectors and characteristics of the different waste collection systems.

System (size) Waste type Storage and collection equipment Collection frequency
I(n=5) Garden waste, paper and bulky waste Garden waste in plastic sacks; platform trucks monthly
and compactor trucks (low loading)
Il (n=18) Source separated household wast&acks on platform trucks or in compactor trucks; 14 days
(biodegradable and residual fractions) bins in compactor trucks (low loading)
Il (n =30) Mixed household waste Containers and bins in compactor trucks 1-2 times weekly
with low loading
IV (n=14) Mixed household waste Containers and bins in compactor trucks 1-2 times weekly
with low loading
V (n =15) Source separated household waste Containers and two-compartment containers i times weekly, 14 days, or
“System 2000” (biodegradable fraction, residual fractions, = compactor trucks with high loading. Paper in monthly (paper)
paper) compactor trucks with low loading

the other hand Sigsgaadd al. [16] found an increased clinical examination and interview with focus on lung
proportion of waste recycling workers with more thariunction. 63 workers returned the questionnaire.
20% variability in peak flow rates. Peak flow (PEF) monitoring was performed as self

In addition to pulmonary problems, exposure t@administered measurements after detailed instruction,
bioaerosols from household waste seems also to involusing a calibrated Mini-Wright peak-flow meter. A minimum
agents eliciting an inflammatory response. Inhalation a@ff 4 daily measurements were made for two weeks, with
microorganisms may cause non-infectious symptoms attte best of 3 repeated measurements recorded. 50 workers
diseases by the activation of non-immune defenammpleted PEF measurements. The percentage of daily
mechanisms and by causing immune responses [1PEF variability (% PEJ) was calculated as (daily maximum
Antibody formation is an important part in the immuné’EF value - daily minimum PEF value) / maximum PEF
response and antibody levels may be related to exposusdue. The average variability for the recording period
levels of microorganisms [5]. was calculated from the daily variability.

However, knowledge is lacking concerning immune
responses among waste collectors exposed to bioaerosol&lood samples.Blood samples were drawn from 72
Furthermore, to our knowledge an evidence of clinical ovaste collectors in the morning prior to work. The blood
sub-clinical signs of impaired lung function among wasteas left to clot for 2 hours at room temperature and
collectors has not been reported. Therefore a study wagsequently centrifuged for 10 minutes at 3000 rpm. Serum
undertaken to evaluate PEF-monitoring and antibodyas analysed for concentrations of IgG, IgA and IgE.
response in a group of waste collectors, with no prior Rocket immuno-electrophoresis was used to determine

history of pulmonary symptoms. serum concentrations of 1gG [10]. Polyclonal rabbit anti
human IgG (Dako, Denmark) was mixed with 1% agarose
MATERIALS AND METHODS gel in electrophoresis buffer (Tris/veronal buffer, pH 8.6,

| =0.02) and poured onto a glass plate (10 x 20 cm). For
Subjects. The study population included a total of 72the application holes a gel puncher was usegql 5f

waste collectors, 21-54 years of age, in five groups froserum samples, standards and controls (diluted in PBS,
different areas in Denmark. The five groups handlegH = 7.3) was applied to the holes. The electrophoresis
different kinds of waste (mixed household wasteyas performed overnight at 2 V/cm in electrophoresis
biodegradable household waste etc.) using different kintsffer. After electrophoresis the plates were pressed,
of organisation logistics and collection equipment (Talwashed in 0.15 M NaCl, pressed and washed in distilled
1). One of the groups collected garden waste in plastiater, pressed and dried. The plates were stained in
sacks and bulky waste and was included in the study dGeomassie brilliant blue R250. The concentration of total
to complaints of mucous membrane irritation. AnothelgG was quantified by measurement of the heights of the
group worked with a new, experimental system (“Systerecipitates.
2000"), which involves source separation of waste into An enzyme linked immunosorbent assay (ELISA), as
compostable and residual fractions, that was collected pneviously described [6], was used tetermine the
different types of containers with different time intervalgoncentrations of IgA. Microtiter plates (Nunc, Denmark)
(up to 14 days) using special trucks with high loading offere coated with anti-lgA (Dako, Denmark) overnight at
the waste. 4°C. The plates were washed 3 times with PBS (0.05%

Tween 20, pH 7.3) and incubated with serum samples

Questionnaire and peak expiratory flow measurements. (diluted in PBS) for 1 hour. Then plates were washed

All waste collectors received a self administere@dgain and subsequently incubated with peroxidase (HRP)
respiratory symptoms questionnaire and/or were givencanjugated antibodies (Dako, Denmark) diluted in PBS.
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biodegradable household waste, garden waste, source

'8 IgG [5-2000 separated waste, recyclable paper, bulk waste) with
16 + *** [ FRest different combinations of storage equipment (bins, sacks
14 L and containers) and collection equipment (compactor
trucks with high or low loading, platform trucks).
W 12 T J T Dust samples were analysed as described by Palmgren
g ol J et al. [15] and Nielsenet al. [13] for ordinary micro-
g biological parameters and exposure levels were calculated
8 8 IgA as concentrations per L’nof air: total number of
S 1 microorganisms (cells/fjy viable counts of fungi and
bacteria (cfu/rf), and endotoxins (endotoxin units, EGYm
4 T The waste collectors were ranked according to the average
, 1 T exposure level recorded for the particular combination of
waste type, storage and collection equipment the individual
0 1 ! waste collector utilised during the study. Information on

Figure 1. Serum concentrations of IgG and IgA for the group of wastéOb function was also taken into account. The study
collectors working with “System 2000” (n = 15) and all others (RestPOpUIatlon was then divided into “high” gnd “low” exppsure
n = 48) (***: p < 0.001, **: p < 0.01). groups based on the exposure ranking for the different
microbiological parameters. The limits between “high”

The plates were washed and reactivity was detected usamgd “low” exposures were as follows: 4 X@lls/n? for
2,2'-azino-di-(3-ethylbenzthiazoline sulfonate) (ABTS) asotal microorganisms, 1 x 10cfu/n? for viable fungi,
the chromogene and,8, as the substrate. The plates2 x 1G cfu/n? for Aspergillus fumigaty2 x1d cfu/n for
were measured at 405 nm in an ELISA reader. viable bacteria, and 10 EUjrfor endotoxin.

Serum IgE concentrations were determined by enzyme o ] )
fortified chemiluminescent assay analysed on Immulite Statistics. The non-parametric Mann-Whitney test was
(Diagnostic Products Cooperation, USA). WHO 2nd IR[ysed to evaluate Fhe possible association of exposure Wlth
75/502 (Diagnostic Product Research) was used fum concentrations of_IgG, gA, 1gE and the PEF using
reference for the method. The analyses were performe itab (verson 10X). Flsher-exagt test was used 10 test
a commercial laboratory, Medi-Lab a.s., Copenhagen, Denmeq ferences in health status according to level of exposure.
Exposure assessmeniThe waste collectors' exposure RESULTS
to bioaerosols during work was measured by personal _ )
sampling equipment as described earlier [2]. Exposure tQCOHfCt'On systemE.The 15 waste collect_ors working
bioaerosols was recorded in the same weeks when bidé? “System 2000” had significantly higher serum
sampling, peak flow monitoring and the symptom surve§oncentrations of 1gG (p <0.001) and IgA (p <0.01)
were carried out. qmpared to a!l the other waste collectors participating in

Bioaerosol exposure was recorded during collection &fiS Survey (Fig. 1). Out of these 15 workers, 2 were

different types of waste (mixed household wast ’xposed to “low’” levels (.)f endoto_xins and_ 13 to “high”_
evels and there was no difference in mean immunoglobulin
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. . Figure 3. Percentage of peak expiratory flow variability for waste
zlgbgeei' tSc)eELﬁ[nhc”c) nnc_egéragggs“g Ianf_ogéhTeg?luP;Oefn\zztsée.gouigi(_)cr:%llectors exposed to “low” (n=50) or “high” (n=13) levels of
pi% 501) igh” (n=33) w” (n=30) levels xins ( " Aspergillus fumigatug: p<0.05).
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Table 2. Percentage of waste collectors showing respiratory symptoms in relation to endotoxapargilius fumigatusxposure or “System 2000”
compared to waste collectors in other systems.

n Cough  Productive  Chronic Wheeze Chest Asthma Smoker
cough  bronchitis tightness
“System 2000” 15 20% 13% 7% 13% 7% 0% 67%
Rest 48 35% 19% 17% 17% 8% 8% 67%
A. fumigatusxposure Low 50 28% 12% 8% 16% 8% 4% 70%
High 13 46% 38% * 38% * 15% 8% 15% 54%
Endotoxin exposure Low 30 47% 18% 18% 5% 5% 3% 55%
High 33 18% * 12% 6% 24% 9% 9% 61%

* significantly different from low exposure (p < 0.05, Fisher-exact test).

concentrations between “low” or “high” level exposure tonaterials are handled. Detailed analysis of the exposure
endotoxins. All 15 workers were in the “low” exposureassessment has been reported separately [1, 12, 13].
group with respect to the other microbiological parameters.
Apart from “System 2000" the different collection Questionnaire. Apart from the waste collectors
systems (Tab. 1) were not associated with differencesdollecting garden waste in plastic sacks (n=5), who
PEF variability and serum immunoglobulin concentrationscomplained of eye and upper airway irritation, there were
no work-related symptoms. An overview of the
Immunoglobulins. Waste collectors working under prevalence of self reported symptoms in the “high” and
conditions involving “high” levels of exposure to endotoxinslow” exposure groups is given in Table 2. Prevalence of
had significantly (p < 0.001) higher concentrations of Ig®oth productive cough (p < 0.05) and chronic bronchitis
than those exposed to “low” levels of endotoxins (Fig. 2)(p < 0.05) were highest for waste collectors exposed to
No significant differences were found in IgE*high” levels of Aspergillus fumigatusOn the other hand,
concentrations between the different groups of wastkw” endotoxin exposure was associated with a high
collectors. However, 20.8% of the waste collectors hadpmevalence of cough (p < 0.05).
higher IgE concentration than normal (> 100 kU/I) and
5.6% reported to have asthma. DISCUSSION

Peak expiratory flow. Percentage of peak expiratory Compared to other occupations involving exposure to
flow variability (% PER,) values were significantly bioaerosols, the waste collectors in this study were
affected by exposure téspergillus fumigatus“High” exposed to relatively low concentrations of organic dust
exposure toAspergillus fumigatusesults in a higher % and microorganisms, and their serum concentrations of
PEFR. (p < 0.05) (Fig. 3). However, there was no associatismmunoglobulins IgA and IgG generally did not exceed
between concentrations of immunoglobulins (IgG, IgAhe reference values. However, our findings indicate that
and IgE) and the PEF variability, and no association wagste collectors with “high” exposure to endotoxins had
found between exposure to endotoxin and PEF variabilitgignificantly elevated concentrations of IgG compared to

those with “low” level exposure. Since the serum 1gG

Exposure. The exposure levels recorded duringconcentrations do not exceed the reference values, an
collection of household waste showed the followingncrease in serum IgG may be interpreted as a sub-clinical
ranges (minimum - maximum values): < 2 ¥1@.4 x 16  response. Increased serum IgG concentrations may be
cells/n? for total microorganisms, < 4 x407 x 16 cfu/n?  regarded as an indicator of exposure to immune activating
for viable fungi, < 18- 5.0 x 10 cfu/n? for Aspergillus agents. Several investigations concerning farmers with
fumigatus < 4 x 16 - 2.8 x 18 cfu/nt for viable bacteria, allergic alveolitis have shown that IgG antibodies to
and 0.3 - 72 EU/M(0.02 - 5 ng/r) for endotoxin. microorganisms also can be found in sera from healthy

Briefly, both the type of waste, frequency of collectionfarmers. These antibodies are therefore not regarded to be
environmental temperature, storage and collection equipmestated to the diseagger sebut to exposure to micro-
and job function - all appear to have influence on therganisms [5]. This can also be the case in our study. No
waste collectors' exposure to dust and microorganisnadinical symptoms, related to an immune response, were
However, with some few exceptions, the exposure level observed among the waste collectors in this study.
dust and microorganisms during handling of waste from In a 1994 Danish national survey among adults
private households is generally in the low range comparedncerning health and morbidity [9] it was reported that
to that seen in other occupational settings where biologiegdproximately 5% of the population suffered from



Immunoglobulins and peak flow in waste collectors 79

asthma. Our results agree with this survey. In the sarflew variability compared to workers exposed to “low”
survey it was reported, that 10% and 5.4% of the Danisévels ofAspergillus fumigatusThis is in accordance with
males between 25-44 and 45-66 years of age respectivillg drop in FEY over a workshift, which was
suffered from allergic disease. Zetterstrom & Johanssaignificantly associated with exposure to organic dust
[18] found that a serum IgE value above 100 kU/I in EL7]. Also Cernelc & Vozelj [3] found a change in peak
patient is a strong evidence for the presence of an atoffmv among workers exposed to air conditioning systems
allergic disease. In a study concerning the correlatiarontaminated witi\spergillus fumigatus

between atopic allergic disease and IgE level, it wasWe did not find any difference in PEF variability
found, that the risk to develop an atopic allergic diseadetween the two groups (“low” and “high”) of waste
was 78% if the IgE level was above 100 kU/I [19]. In oucollectors with exposure to endotoxin. Several studies in
study we observed, that 20.8% of the waste collectors hladmans on the effect of acute endotoxin inhalation have
IgE levels above 100 kU/l. Hence in 16.2% (78% o$hown that a decrease in lung function usually occurs with
20.8%) of the waste collectors with an increased IgE levehdotoxin concentrations in theg/m® range, although
there is estimated a risk of developing an atopic allergiensitive subjects are likely to react at lower concentrations
disease. Compared to the prevalence of allergic disegge 16]. In our study the maximum endotoxin exposure
among normal Danish males with an age between 25-fifuind was 5 ng/fh Similarly Sigsgaaret al [17] reported
years, waste collectors prevalence of allergic diseagfdotoxin exposure levels 850 ng/nf in waste recycling

could hypothetically be approximately 50-300% higher. \yorkers, but no effect on lung function resulting from
Waste collectors’ exposure to organic dust anghqotoxin exposure was observed.

microorganisms is dependent on the type of waste handled

and the methods used in waste collection [2, 13]. We CONCLUSION

observed that the 15 waste collectors working with the

waste collecting system “System 2000” had significantly Tpe changes in PEF variability and the elevated
higher concentrations of both serum IgG and I19Aqncentrations of immunoglobulins we found in this study
compared to all other waste collectors participating in thisg, pe used as indicators of sub-clinical effects of
survey. Thirteen out of these 15 workers were als@|atively low exposure levels to organic dust. While the
classified as being exposed to a *high” level ofegictive value of these indicators for effects is still
endotoxins, though there was no difference in meapknown, one could assume that e.g. the increased PEF
immunoglobulin concentrations between these worke(gyiapility is an indication of increased risk for the
and those who were classified as_havmg received a “'0"<‘ﬂ’évelopment of pulmonary problems among susceptible
exposure. All 15 workers were in the “low” exposurgngiviuals. Hence assessment of PEF variability (or
group considering the other microbiological parametergerym 19G concentrations) could be used in surveillance

Concerning these findings one could assume, thgfograms to avoid of clinical symptoms caused by organic
exposures other than endotoxins, may be responsible ffst exposure.

the higher immunoglobulin concentrations found in the
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