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Stellingen 

1. Klachten over longen en luchtwegen tijdens het werk in de aardappelver­
werkende industrie zijn voor een belangrijk deel het gevolg van blootstelling 
aan bacterieel endotoxine. 
Dit proefschrift 

2. Acute longfunctieveranderingen bij werknemers van aardappelverwerkende 
bedrijven zijn gerelateerd aan hun endotoxineblootstelling. 
Dit proefschrift 

3. Het hergebruiken van proceswater in aardappelverwerkende bedrijven in het 
belang van het algemene milieu, heeft geleid tot een verslechtering van het 
arbeidsmilieu in deze bedrijven. 
Dit proefschrift 

4. Werknemers die relatief lang in de aardappelverwerkende industrie werken, 
hebben een goede respiratoire gezondheid. 
Dit proefschrift 

5. In studies naar blootstellings-respons relaties bij ploegendienstwerkers is 
het belangrijk om alle verschillende diensten in onderzoek te betrekken. 
Dit proefschrift 

6. In veel arbeidssituaties kunnen werknemers specifieke IgG antilichamen 
ontwikkelen tegen stoffen waaraan ze beroepsmatig zijn blootgesteld. Over 
de gezondheidskundige relevantie van de lgG 4 subklasse is nog weinig 
duidelijk. 

7. De daling van FEV, en MMEF over de werkweek bij mengvoederwerkers 
zoals beschreven door Smid en co-auteurs, kan voor een belangrijk deel 
worden verklaard door 'effort dependence' als gevolg van een leereffect. 
Smid T, et al., Am J Ind Med 1994;25:877-88. 

Krowka MJ, et al., Am Rev Respir Dis 1987;136:829 -33. 
Hoek G, et al., Eur Respir J 1992;5:553 -9. 



8. In veel dwarsdoorsnede onderzoeken kan de gehanteerde Odds Ratio niet 
als risicomaat, maar alleen als associatiemaat worden geïnterpreteerd. 
Thompson ML, et al., Occup Bnviron Med 1998;55:272-7. 

9. Het vergelijken van de gezondheidsrisico's van passief roken en pepercon­
sumptie door een grote sigarettenfabrikant is in meerdere opzichten hetzelf­
de als het vergelijken van de klassieke appels en peren. 

10. De spreuk van Jan Pelleboer 'Sneeuw in november, Kerstmis in december' 
is een fraai voorbeeld van een test met lage sensitiviteit en hoge specifici­
teit. 

11 . Het feit dat veel Nederlanders een hekel aan Duitsers hebben, komt omdat 
Nederlanders en Duitsers veel op elkaar lijken. 

12. Aan de vraag om één 'representatief' persoon bij sollicitatieprocedures kan 
op statistische gronden nooit worden voldaan. 

13. Positieve discriminatie brengt per definitie negatieve discriminatie met zich 
mee. 

Stellingen behorende bij het proefschrift 
'Organic dust exposure and respiratory health in the potato processing industry'. 
Jan-Paul Zock, Wageningen, 9 september 1998. 
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"Rabbit's clever," said Pooh thoughtfully. 
"Yes," said Piglet, "Rabbit's clever." 
"And he has Brain." 
"Yes," said Piglet, "Rabbit has Brain." 
There was a long silence. 
"I suppose," said Pooh, "that that's why he never understands anything." 

A.A. Milne 
The House at Pooh Corner 





Abstract 

Organic dust exposure and respiratory health in the potato processing industry 

Work-related respiratory health complaints were reported in a potato processing 
plant. Responsible agents and the underlying mechanism for these disorders 
were unclear. The first aim of this study was to quantify the occurrence of work-
related respiratory health effects in workers of all four plants of the potato 
processing company. The second aim was to study three possible mechanisms: 
a Type I allergy to potato, a Type III allergy to microbial components or potato 
(Hypersensitivity Pneumonitis), and a non-specific airway inflammation caused 
by microbial components such as bacterial endotoxin. 

Sixteen percent of the 142 workers studied indicated work-related respiratory 
symptoms on a questionnaire. Specific IgE to airborne dust extract could not be 
detected in workers' sera, and therefore a Type I allergy was highly unlikely to 
play a role in the etiology of work-related respiratory effects. Specific IgG to 
airborne dust extract was detected in sera of nearly all workers. This humoral 
immune response was dominated by the lgG 4 subclass, the latter being present 
in about half of the workers. The antigens involved appeared to be heat-labile 
potato proteins. No association was found between specific IgG and the 
prevalence of work-related respiratory symptoms. On the basis of these findings 
it was judged improbable that a Type III allergy and with that Hypersensitivity 
Pneumonitis played a predominant role in the etiology of work-related respiratory 
effects. High levels of airborne bacteria and endotoxin were found, being 
significantly related to acute lung function changes. This was observed both for 
spirometric lung function change across the Afternoon shift, and for peak flow 
changes across all three types of work shifts. Chronic respiratory effects were 
not observed in cross-sectional analyses, which might be partially due to a 
health-related selection in this industry. 

Results in this thesis strongly suggest a predominant role of non-specific 
airway inflammation caused by bacterial endotoxin in the etiology of acute 
respiratory effects. Recycling of process water contributes to bacterial growth 
and hence to the build-up of endotoxin. Control measures to reduce endotoxin 
exposure should be evaluated, with a priority for elimination and/or reduction at 
the source. 
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1. Introduction 

Background of the study 

Rationale 
In the potato processing industry, work-related health complaints have repeated­
ly been reported. In one of the facilities of a potato processing company, some 
workers have suffered from respiratory symptoms like shortness of breath and 
chest tightness, sometimes accompanied by muscular pains and malaise. These 
symptoms occur mainly during work in the 'fibre dehydration department', 
containing rolling mills with textile sieves to squeeze water out of organic fibres. 
In contrast to most other process machinery, the rolling mills constitute an open 
process, which make aerosolisation of particulates and droplets possible. Warm 
and humid conditions seem to provide favourable circumstances for flourishing 
of micro-organisms. Severe symptoms occasionally lead to sick-leave. Most 
complaints have been reported shortly after the start of the processing campaign 
(early August), but typically disappear within a few weeks onwards. 

In this particular plant, a preliminary survey was conducted and described by 
Hollander et al.1 This study supported the information available and showed that 
respiratory symptoms were present in 18 out of 41 production workers; with a 
rate of 10% for frequent wheezing and 10% for chest tightness. Peak flow 
patterns suggestive of work-related reversible airflow obstruction were demon­
strated. Personal exposure to Gram-negative bacterial endotoxin was up to 
nearly 500 ng/m 3; job title mean concentrations amounted to 3 to 72 ng/m 3. 
Specific serum lgG 4 directed against airborne dust extract was found in about 
half of the workers. Antigenic activity of the airborne dust extract was fully 
inhibited by potato extract, suggesting that the antigens were most likely potato-
derived. Specific IgE to these antigens, however, could not be demonstrated, 
indicating that a Type I allergy was not likely to play a predominant role. Acute 
respiratory health outcomes were not measured, and associations between 
exposure and the outcomes could therefore not be investigated. 

After this investigation, the responsible agents and the mechanism of the 
described disorders in potato processing workers were still unclear. Endotoxin 
concentrations were in the range where acute respiratory effects can be 
expected.2 Furthermore, the specific humoral immune response was limited and 
only characterised by evaluation of the presence of specific lgG 4 antibodies. The 
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occurrence of a Hypersensitivity Pneumonitis could therefore not be excluded 
because other IgG subclasses are involved in the pathology and can act as 
precipitating antibodies in Type III reactions. Next to potato components, Hyper­
sensitivity Pneumonitis due to exposure to fungi was also possible since Type III 
reactions to fungal antigens have frequently been described3, although not in this 
particular process. Also, the question arose to what extent adverse health 
effects also occurred in the other three facilities of the company. Finally, only if 
responsible components and sources of exposure could be identified, it would be 
possible to develop scientifically based control measures for exposure reduction. 

Respiratory health effects in potato workers 
A wide range of respiratory health effects in potato workers was found in the 
literature despite the fact that the available information was limited. Possible 
mechanisms of respiratory effects were a Type I allergy to potato proteins, a 
Type III allergy to antigens from micro-organisms associated with potato pro­
cessing, pneumoconiosis due to respirable silica from soil particles on the pota­
toes, and non-specific inflammatory reactions due to endotoxin inhalation. 

A study in a Polish potato processing plant4 suggested two possible mecha­
nisms for work-related respiratory effects, which had been characterised by 
respiratory complaints and across-shift lung function changes. Total airborne 
counts of micro-organisms were high in this study and amounted to 1 0 4 - 1 0 5 

Colony Forming Units per m 3 , predominated by the Gram-positive Corynebacteria 
(2 to 6 x 1 0 4 CFU/m 3). Pseudomonas spp. and Acinetobacter spp. were most 
common among Gram-negative bacteria (up to ± 5 0 0 CFU/m 3). Counts of actino-
mycetes were below 500 CFU/m 3. Concentrations of fungi ranged up to ± 1000 
CFU/m 3, dominated by Aspergillus niger. Airborne endotoxin concentrations 
were excessive and ranged up to 1 0 4 - 1 0 6 ng/m 3. These levels were clearly 
above suggested no-effect levels2, which ranged from 9 to 180 ng/m 3. Thus, a 
non-specific inflammation due to these endotoxin levels was one possible mech­
anism of respiratory effects. A second possible mechanism was a Type III allergy 
since 67% of the workers had precipitins to microbial antigens deriving from the 
working environment. The presence of precipitins to certain species was associ­
ated with the occurrence of work-related symptoms. 

In some occupations where workers are involved in handling potatoes, respira­
tory effects have also been reported. Greene and Bannan5 described two cases 
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of potato riddlers, whose work involved sorting and sieving of potatoes after 
storage in a pit covered with hay. Both cases showed typical patterns of far­
mer's lung, known to be associated with exposure to principally Thermophilic 
actinomycetes which grow in mouldy hay. 6 One case even showed progressive 
pulmonary fibrosis, which has been described in association with farmer's lung. 

Jorna et al.7 studied pulmonary fibrosis in a group of 172 potato sorters. The 
exposure of interest here was diatomaceous earth with a high crystalline silica 
content. Lung function parameters indicative of obstructive effects (FEV,, FEV,/ 
FVC, MMEF and PEF) in exposed workers were significantly lower than in con­
trols. However, no radiological evidence of pneumoconiosis could be detected. 
Organic dust components were not measured in this study, thus it could not be 
excluded that obstructive respiratory effects were partly due to dust components 
from microbial origin. 

Also in housewives respiratory health effects of potato handling have been 
reported. Already in 1966, 29 cases of potato sensitivity were described8, such 
as sneezing or wheezing within a few minutes of starting to scrape new pota­
toes. In this study, six cases showed a considerable reduction in FEV, of 17 to 
7 1 % during scraping of potatoes for 5 - 1 0 minutes. A case report from 1967 s 

suggested that the potato sensitivity was due to an atopic allergy (Type I) to 
potato allergens. The allergenic activity had disappeared after heating at 100°C. 

Quirce and coworkers 1 0 described two housewives with raw potato-induced 
bronchial asthma. A Type I hypersensitivity to raw potato antigens in these 
cases was demonstrated by means of immediate skin test reactivity, specific IgE 
determination (RAST), basophil degranulation, histamine release test and an 
immediate bronchial provocation test response to raw potato extract. After 
heating potato extract at 75 °C for 30 minutes, skin prick testing showed smaller 
reactions, but was still positive. Two kinds of potato extract which had previous­
ly been processed at 100°C, showed negative reactions in skin prick tests. In a 
laboratory study 1 1 using electrophoresis, electroblotting and radiography it was 
demonstrated that specific IgE antibodies in a potato-sensitised subject were 
directed against several proteins ranging from 14 to 40 kilo-Daltons. 

In general, allergic reactions to potato are uncommon. 1 0 , 1 1 However, Bircher et 
a/. 1 2 observed that 29% of 238 patients allergic to one or more of three pollens, 
had detectable specific IgE to potato allergens. Among 36 patients allergic to cat 
or house dust mite, and 55 non-atopic individuals in this study specific IgE 
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against potato was not detected. Profilin, an ubiquitous protein present in 
eukaryotic cells of animals and plants, has been identified as a major cross-
reactive allergen in different pollens, fruits and vegetables.1 2 The suggested 
cross-reactivity between pollen and potato allergens was confirmed in a study 
among 20 patients with birch pollen allergy.1 3 Finally, in one case study it was 
found that allergy to potato pollen was caused by the same allergens as those in 
potato tubers. 1 1 

Respiratory health effects in related industries 
Studies in some related sectors of industry show a similar range of respiratory 
health effects and mechanisms involved. Acute lung function changes, respira­
tory symptoms and immunological changes in these studies suggested adverse 
respiratory effects of occupational exposures. A closely related industry in which 
agricultural crops are processed is sugar beet refinement. An occupational health 
survey in an English sugar beet processing plant 1 4 showed mean counts of total 
airborne bacteria of 2 x 1 0 s CFU/m 3. Levels of Gram-negative bacteria were on 
average 4,000 CFU per m 3 . Predominant bacteria species were common soil-
borne bacteria. Airborne fungi and Thermophilic actinomycetes occurred only 
infrequently in the factory air. Endotoxin concentrations ranged from 3 to 30 
ng/m 3. Seven of the 13 tested workers had specific serum IgG to beet extract, 
while five out of 13 had specific IgG to bacterial extracts. Because of the latter 
finding, it was suggested that Hypersensitivity Pneumonitis was likely to occur, 
while endotoxin-related respiratory effects were judged unlikely since airborne 
levels of endotoxin were relatively low. 

Most other industries processing agricultural crops have different process 
technologies, and therefore occupational exposures may be different from potato 
and sugar beet processing. In many cases, the mechanism of observed respira­
tory disorders is not fully understood. However, a broad classification into three 
types of disease entities and underlying responsible mechanisms can be made. 

A Type I allergy in these type of occupations is not often reported. Type I 
allergy to proteins from wheat and rye has been observed among bakery wor­
kers 1 5. It can be hypothesised that in other occupational settings in which agri­
cultural crops are being processed a Type I allergy might play a role, since food 
allergy to many agricultural crops has been described 1 2 , 1 3; among others carrot, 
soy bean and apple. 
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A second mechanism is Hypersensitivity Pneumonitis, classically associated 
with Type III allergy. One of the first occupational diseases in which Type III 
allergy plays a dominant role is farmer's lung. 6 , 1 6 , 1 7 This mechanism has later 
been recognised in many other (mostly agriculture-related) occupations; not only 
directed against Thermophilic actinomycetes, but also against antigens of several 
genera of fungi, such as in mushroom3, malt 1 8 and wood workers 1 9. 

Non-specific airway inflammation is the third mechanism. A well-recognised 
causative agent in this reaction is bacterial endotoxin 2 0 , 2 1. Non-specific airway 
inflammation due to airborne endotoxin exposure has been described extensively 
in among others c o t t o n 2 2 - 2 4 and other textile workers 2 2 , 2 5 , 2 6 , grain handlers27 and 
animal feed workers 2 8. For many occupational environments, endotoxin is one 
constituent of an heterogeneous organic dust mixture. However, it is believed to 
comprise a general marker for the presence of (Gram-negative) bacteria in these 
situations. Other microbial components are also suggested to be inflammatory 
agents. There is recent interest in peptidoglycan 2 9 , 3 0, a structural cell wall com­
ponent of (mainly Gram-positive) bacteria, and B(1^3)-Glucans 3 1 - 3 6 , components 
of fungal or vegetable origin, which also may have inflammatory properties after 
inhalation. 

Definition 
The above mentioned literature suggests that different mechanisms can be 
responsible for work-related respiratory symptoms in potato processing workers. 
A Type I allergy to potato is uncommon, but can on forehand not be excluded. A 
Type III allergy is possible since specific IgG reactions to microbial and potato 
antigens have been observed previously. Finally, non-specific airway inflamma­
tion is possible, since high endotoxin exposure levels have been observed, in 
combination with flu-like symptoms such as malaise and muscular pains. 
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Aims of the study and outline of the thesis 

The main aims of this study were (1) to quantify the occurrence of work-related 
respiratory health effects in potato processing workers, and (2) to study possible 
mechanisms. A number of research questions was derived from these aims. 

• What are concentration levels, variability and possible determinants of 
workers' exposure to organic dust constituents? 

• What are outcomes of objective acute respiratory health indices? 
• Are objective acute respiratory health indices related to organic dust expo­

sure? 
• Do work-related allergies, to either potato or microbial components, 

of Type I or Type III play a role? 
• Does a non-specific inflammatory response to organic dust play a role? 
• Are chronic respiratory effects of organic dust exposure present? 

In order to answer these questions, a comprehensive study in four potato pro­
cessing plants was set up. The following investigations were made: 

• A self-administered questionnaire on occupational history in potato proces­
sing, respiratory symptoms, and smoking habits was distributed among all 
production workers of the four facilities. 

• A 'base-line' spirometric lung function test was performed at the start of 
the processing campaign among all production workers. 

• Measurements of exposure to dust, micro-organisms, bacterial endotoxin 
and airborne antigens were conducted in the four facilities. 

• Specific serum IgG and IgE antibodies against airborne dust extract were 
measured in blood samples taken before, as well as during the campaign. 

• Total serum IgE and specific IgE antibodies against common allergens were 
measured in blood samples taken before, as well as during the campaign. 

• Repeated spirometric lung function tests before and after the work shift 
were performed among all production workers in one of the four facilities. 

• Repeated peak flow measurements during different work shifts and leisure 
days were performed by all production workers. 
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In Chapter 2 an overview is given of exposure measurements of dust, endotoxin 
and micro-organisms in the four potato processing plants. Determinants of 
exposure are discussed, and it is described how workers can be grouped with 
regard to their personal dust and endotoxin exposure. Chapter 3 gives the 
results of an experimental study of filter elution methods for measurement of 
airborne antigens. In Chapter 4 the specific IgG response in relation to airborne 
antigen exposure is described. Chapter 5 presents the results of a study on 
acute lung function changes in relation to relatively low endotoxin exposures in 
one of the plants. In Chapter 6 acute peak flow changes across the three diffe­
rent work shifts are described, in relation to endotoxin exposure. In Chapter 7 
possible chronic effects of organic dust exposure are investigated in a cross-
sectional analysis. Finally, in the general discussion in Chapter 8 main findings 
and answers to the research questions are discussed. Methodological issues, 
potential biases, implications and need for further study are given attention. The 
most important conclusions of this thesis are summarised. 
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2. Exposure to dust, endotoxin and micro-organisms 
in the potato processing industry1 

Abstract 

Exposure to organic dust components was studied in four potato processing 
plants because preliminary results showed high exposures accompanied by 
work-related health complaints. Ambient air concentrations of inhalable dust 
ranged from below 0.4 up to 44 mg/m 3 (Geometric Mean (GM) 0.64 mg/m 3). 
Respirable dust concentrations were considerably lower. Personal concentrations 
of inhalable dust were somewhat higher, and strongly related to a few working 
tasks dealing with dried starch or protein. Ambient air concentrations of 
endotoxin ranged from 0.5 to more than 60,000 Endotoxin Units (EU) per m 3 for 
the inhalable size fraction (GM = 280 EU/m 3). For the respirable size fraction, 
endotoxin concentrations were lower (about the same factor as for dust). Per­
sonal endotoxin concentrations were lower than ambient air concentrations, 
probably because workers did not work the whole period of the shift near 
endotoxin sources. Endotoxin exposure was evaluated as very high; 23% of the 
workers had a mean exposure above 1000 EU/m 3 (100 ng/m 3). Differences 
between plants had a large influence on both dust and endotoxin exposure. A 
fairly good correlation was found between counts of airborne Gram-negative 
bacteria and airborne endotoxin of the respirable size fraction. Ambient air levels 
of bacteria and endotoxin were strongly related to process water temperature, 
suggesting that exposure reduction can be achieved by lowering this tempera­
ture or by other measures that inhibit bacterial growth. We conclude that recy­
cling of process water probably constitutes an exposure source of bacteria and 
endotoxin in many facilities. 

1 Jan-Paul Zock, Dick Heederik, Hans Kromhout. 
The Annals of Occupational Hygiene 1995; 39: 841 - 8 5 4 . 



12 CHAPTER 2 

Introduction 

In north-western Europe special potatoes are grown for industrial starch produc­
tion. In potato processing companies, potatoes are processed into starch and co-
products such as protein, fibres and protamylasse (raw materials for animal food 
production). 

An earlier study on occupational exposure to organic dust components in a 
potato processing plant was performed and reported by Hollander e? a/. 1 Results 
showed very high concentrations of bacteria and endotoxin and a high preva­
lence of work-related respiratory symptoms. Sources of exposure remained 
unclear, and therefore auxiliary data from similar facilities were collected in a 
second study. 

This study was conducted to achieve an overview of exposure to organic dust 
in all four plants of the company. Results were meant to be used in a larger 
study on respiratory effects in potato processing workers. Besides, analyses of 
exposures in relation to the different process techniques in the four plants were 
used to draft a control strategy for departments with high exposure to organic 
dust. 

The production process consists of relatively simple, though highly 
mechanised physical techniques. Potatoes are delivered by truck, weighed, 
tested and stored. The first step is washing the potatoes to remove dirt, leaves 
and stones. Subsequently, potatoes are ground and separated in fruit water 
(potato juice with protein and other dissolved components) and solid compo­
nents, either by centrifugation or by hydrocyclones. The fruit water is concen­
trated and after denaturation (heating and acid addition) the protein is separated, 
dried and shipped. The rest of the fruit water is evaporated into protamylasse, a 
syrup to be used in animal food production. The solid components are separated 
into starch and fibres by centrifuging. Starch is refined by centrifuging / sieving, 
dried and sacked in big bags or shipped into silos. Fibres are dehydrated by 
either centrifugation or by squeezing in a rolling mill (only plant 2). 

The plants are in continuous operation in the period August-March (shortly 
after the start of the potato harvest), referred to as 'campaign'. Differences in 
processing capacity between plants are large, ranging from 90 to 230 tons of 
potatoes per hour. Employees work in five shifts, each shift in each plant con­
sists of 13 workers. The main task of most workers consists of process control, 


