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into five branches. In detail, measurements have been con-
ducted when electronic waste, end-of life vehicles, plastics, 
textiles, and paper and paperboard were recycled. All these 
types of waste may arise from consumers as well as from pro-
ducers. The corresponding process of recycling is relatively 
independent of the source of waste. 
During their activities in recycling enterprises the workers 
may be exposed to airborne hazardous substances and biolo-
gical agents depending on the branch they are working in. 
Until now only little information exists on these expo sures. 
Therefore, we have performed systematic workplace mea-
surements for each of the branches mentioned above. 
The aim of the present study is a comprehensive assessment 
of workers’ exposures both to hazardous substances and bio-
logical agents during all relevant activities in different re -
cycl ing enterprises. Additionally, the measurement results 
were used to establish recommendations for good practice in 
these enterprises. 

2 Methods and material 

The workplace measurements were performed in accor -
dance with the requirements of the European Standards 
EN 689 [3] and EN 13098 [4]. For each of the five recycling 
branches measurements took place in at least twelve enter-
prises. In general, these measurements started on Monday 
and finished on Friday. This enabled us to measure the same 
activities several times. Furthermore, this long-term pre-
sence allowed us to include rare tasks into the measurement 
program. 
During recycling of electronic waste and end-of life vehicles 
workers’ exposure to hazardous substances was determined. 
When recycling plastics waste, textiles, and paper and 
paperboard both hazardous substances and biological 
agents were quantified. It was aimed at determining both 
groups of substances at the same workplaces. 

2.1 Sampling and analytical determination of hazardous 

substances 

Both personal air sampling and stationary sampling was 
carried out. Preference was given to personal air sampling. 
In some cases this was not applicable. Especially, for non-
permanent workplaces and for stressful activities stationary 
sampling was used. 
The inhalable and the respirable particle fraction were 
sampled according to the conventions of EN 481 [5]. The fol-
lowing pumps were used for personal air sampling: VSS-5 
(A. P. Buck, Inc., Orlando, FL, U.S.) and HFS-513A (Gilian 
Instr. Corp., Wayne, NJ, U.S.). The samples were collected on 
glass fibre filters using the GSP sampling head (GSA GmbH, 
Neuss, Germany) and a Casella cyclone (Casella Ltd., Lon-
don, UK) for inhalable and respirable particles, respectively. 
VC 25 (Stroehlein Instr., Kaarst, Germany) and MPG II/III 
(Dr. Ing. Wazau, Berlin, Germany) were applied for stationa-
ry sampling of inhalable and respirable particles, respective-
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1 Introduction 

In Germany more than 150,000 people are working at about 
5,300 enterprises for recycling and waste management. In 
2006, the turnover of these enterprises was about 37 billion 
Euro [1]. According to the Directive 2008/98/EC on waste [2] 
prevention of waste has the first priority in waste manage-
ment. In many cases this is not possible, e.g. when products 
reach the end of their intended use or if they are damaged. 
For these products re-use and material recycling should be 
preferred to energy recovery from waste. 
Recycling enterprises are often specialized in one waste ca-
tegory. Therefore, the investigation program was subdivided 
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ly. The quantitative determination of the particle fractions 
was carried out by an analytical balance (e. g. Mettler AT250, 
Mettler-Toledo AG, Greifensee, Switzerland). 
For further quantification the inhalable particle fraction col-
lected during recycling of electronic waste was digested 
using a mixture of nitric acid and hydrochloric acid. Accord -
ing to the results of preliminary comparisons nitric acid has 
been used for the digestion of the inhalable particle fraction 
collected during recycling of plastics waste. The resulting 
solutions containing metals and their compounds were 
quantified using a graphite furnace atomic absorption spect-
rometer model 4110 ZL (Perkin Elmer GmbH, Überlingen). 
For the collection of organic vapours a low flow sampler LFS-
113DC (Gilian Instr. Corp., Wayne, NJ, U.S.) connected with 
stainless steel thermal desorption tubes filled with Tenax GR 
was used. Sample constituents were determined by a ther-
mal desorber model ATD-400 (Perkin Elmer Inc., Waltham, 
MA, U.S.) coupled with a gas chromatograph HP 6890 (Agi-
lent Technologies Inc., Wilmington, DE, U.S.) and a mass 
spectrometer HP 5973 MSD (Agilent Technologies Inc., 
Wilmington, DE, U.S.). 

2.2 Sampling and analytical determination of biological agents 

Airborne micro-organisms, bacteria and fungi were quanti-
fied according to the European Standard EN 14583 [6]. The 
sampling was carried out stationary by means of an AirPort 
MD8 Airport filter sampler at 30 l/min (Sartorius AG, 
Goettingen, Germany). Gelatine filters (3 µm) were used, 
suspended and analysed cultivation dependent. The cultiva-
tion of bacteria and fungi was realized on CaSo agar and 
DG-18 agar, respectively. The microbial counts are ex -
pressed as colony forming units per volume of air (CFU/m³). 
Endotoxins in the inhalable particle fraction were measured 
according to the European Standard EN 14031 [7]. The par-
ticles were collected on endotoxin-free glass fibre filters 
using personal GSP sampling heads. The aqueous filter 
extract was analysed by means of the Limulus Amebocyte 
Lysate (LAL) test. The results are given as endotoxin units 
per volume of air (EU/m³). 

3 Results and discussion 

In the following the results for the recycling branches inves-
tigated are discussed together with a short description of 
these branches. 

3.1 Recycling of electronic waste 

In general, electronic waste is brought to buyback centres by 
the users. It is classified into home appliances (e.g. refrigera-
tors, dish washers) and electronic devices (e.g. TV, 
radios). A special problem is the recycling of devices contain -
ing cathode ray tubes (CRT) which are opened during treat-
ment. For this purpose special cleaning cabins with an ex-
traction system are used. They are aimed at reducing wor-
kers’ exposure to heavy metals. Therefore, the measure-
ments were focussed to activities where CRTs are handled. 
Inhalable and respirable particles and heavy metals contain -
ed in the inhalable fraction were quantified. The measure-
ment results expressed as shift values together with the 
occupational exposure limits (OEL) are given in table 1. The 
exposure results for the recycling of home appliances are 
lower in comparison to those for electronic devices. Hence, 
in the following the situation for electronic devices only is 
describ ed. 
The results in table 1 clearly show lower concentrations for 
all determined substances when CRTs are opened in 
cleaning cabins with extraction system. Especially, for the 
inhalable particle fraction the concentrations exceeded the 
corresponding OEL considerably. For lead and manganese 
the OELs are adhered to. For the carcinogens – cadmium, co-
balt and nickel – the specific carcinogenic risk has to be as-
sessed using the so-called “cancer risk units” [10]. For exam-
ple, for nickel the resulting risk amounts to 0.39 x 10–4 per 
0.001 mg/m³. 
The results of a measurement program in 2009 [11] are in 
good accordance with the workplace exposures shown in ta-
ble 1. Generally, cadmium and lead exhibit the highest expo-
sures. The main sources of these pollutants are identified to 
be CRTs and solder, respectively. 
Based on consolidated results a recommendation for prac -
tice has been established for manual disassembling of elec -
tronic devices [11]. In particular, non-destructive techniques 
have to be applied during disassembling. Accordingly, ham-
mers should be used only exceptionally. Furthermore, elect-
ric screw drivers should be favoured over pneumatic ones. 
Opening of CRTs is obligatory in cleaning cabins with ex-
haust extraction. Before opening the CRT the electronic de-
vices have to be cleaned from the outside and from the in-
side. After disassembling the CRTs must be kept in special 
containers. To avoid their disruption it is not allowed to hurl 
them. 

Substance Occupational 

exposure 

limit [9] 

in mg/m³ 

Without cleaning cabin Cleaning cabin with extraction system

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Respirable particles 3 30 0.11  0.9  8 0.03 0.12

Inhalable particles 10 89 1.48 14.8 24 0.94 3.64

Metals (inhalable fraction)

Cadmium -1 89 0.002  0.055 24 0.004 0.0023

Cobalt -1 87 < LOQ  0.007 24 < LOQ 0.01

Lead 0.1 89 0.007  0.061 24 0.002 0.009

Manganese 0.5 89 0.001  0.014 24 0.001 0.003

Nickel -1 87 < LOQ  0.005 24 0.001 0.01
1 No occupational exposure limits for the carcinogens in Germany

Table 1. Exposure to particles and their constituents when disassembling electronic devices (shift values) [8]. LOQ: limit of quantification 
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3.2 Recycling of end-of life vehicles 

After receiving cars in the recycling enterprise the battery is 
removed immediately. Afterwards, forklifters must be used 
for moving the vehicles. At first, fuel and operating liquids 
are removed using special tools. Vehicles are dismantled 
after the so-called draining. Different kinds of materials are 
dismounted, e. g. seats, plastics, doors. If these are in a good 
condition they may be used as replacement parts for other 
customers. The drained and dismantled cars are stored be -
fore they are transferred to shredders. Shreddering is not 
part of the recycling process, as vehicles are blended with 
many different metallic products. 
According to the workflow described above two different ex-
posure scenarios are relevant. During draining workers are 
mainly exposed to liquids, especially petrol. Therefore, sol-
vent vapours were sampled. When dismantling vehicles ex-
posure to airborne particles occurs as a consequence of 
mechanical work. It is expected that exposure to petrol 
vapours is at much lower levels as a consequence of drain -
ing. The results of workplace measurements are shown in 
table 2. 
According to the results shown in table 2 the OELs are ad -
hered to both for airborne particles and solvent vapours. For 
inhalable particles a strong decrease in exposure has been 
observed from 2000 to 2009. This is mainly a consequence of 
the fact that the activities of draining and dismantling are 
done more and more at the same workplace. In contrast, the 
investigations in 2000 showed much more separated work-
places for these activities. Respirable particles have not been 
determined in 2009 because their concentrations had been 
low before. Additionally, the numerical values for inhalable 
particles indicate that the exposure to respirable particles is 
lower than the OEL. 
The exposure to the sum of all organic solvents did not 
change during the last decade. However, for benzene and 
ethanol considerable changes were found. The decrease in 
benzene exposure is mainly attributed to the reduction of the 
permitted maximum content of benzene in petrol. According 
to the European Standard EN 228 [14] this maximum content 
decreased from 5 to 1%. Otherwise, in 2009 ethanol expo -
sure was found as a consequence of adding bio-ethanol to 
petrol. During the measurements petrol contained up to 5% 
bio-ethanol. Nowadays, this content is enhanced up to 10%. 
Therefore, further increase in the ethanol exposure is ex-
pected. When recycling end-of life vehicles the following re-
commendations are given. Petrol and operating liquids must 
be removed to an extent as high as possible before dismant-
ling. Special tools with tubings inside have to be used to open 

tanks and transfer lines. To drain the liquids these should be 
sucked directly into storage containers. 

3.3 Recycling of plastics 

Plastics waste arises both from consumers and industry. Nor-
mally, industrial waste is mono-material. In contrast, plastics 
waste from consumers may contain a lot of different mate -
rials. Additionally, it is often contaminated with biological 
materials which yield good conditions for the growth of 
fungi and bacteria. Consumers’ plastics waste from house-
holds in Germany is collected in “yellow bins” or “yellow 
bags”. 
After delivery of plastics waste to the recycling enterprise it 
runs through a number of process steps (e. g. milling, sort -
ing, mixing, compounding) [15]. This process is relatively in-
dependent on the type of material processed. We found no 
significant differences for polyvinyl chloride (PVC), poly-
ethylene terephthalate (PET) or polyolefins. These types of 
plastics are predominating. Therefore, no distinction with 
respect to the materials has been made for the measurement 
results. Tables 3 and 4 show the results for hazardous sub-
stances and biological agents. 
During recycling of plastics waste workers are mainly ex -
posed to airborne particles, especially to the inhalable frac -
tion. Additionally, lead and cadmium were found in this 
fraction, but also micro-organisms and endotoxins. In gene-
ral, the OEL for inhalable particles is adhered to. Exceedings 
of the corresponding OEL were detected when additives of 
high dustiness were added in the course of the mixing pro-
cess. Respirable particles do not significantly contribute to 
workers’ exposure. Especially, for PVC products, e. g. wind-
ow frames, lead and cadmium exposures were found in the 
inhalable particle fraction. Exposure to other metals was not 
observed. 
Forklifters powered by diesel engines are often used for 
transport in recycling facilities (see figure 1). If they were 
not equipped with diesel particulate filters (DPF) a signifi-
cant exposure to diesel soot was measured. When equipped 
with DPF an exposure was not measurable. 
Exposure to fungi and endotoxins is significantly increased 
compared to ambient air when plastics waste is recycled. 
According to table 4 exposures to fungi and endotoxins in-
creased the more the waste is contaminated biologically. 
Causes for this contamination are adherent organic mate -
rials, e.g. remains of foodstuff on packages and other wet or-
ganic substrates, e.g. paper. For typical production waste – 
which is dry mono-material and not contaminat ed biologi-
cally – exposures are only slightly increased in comparison to 

Substance Occupational 

exposure 

limit [9] 

in mg/m³ 

Measurement program 2000 Measurement program 2009

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Respirable particles   3  9 0.06  0.1 not determined – –

Inhalable particles  10 31 0.62  2.58  8 0.09  0.33

Organic solvents (overall, 

incl. benzene and ethanol)

  – 18 2.13 28.9 10 5.92 32.3

Benzene   3.25 [13] in 2000: 17

before 2000: 29

0.05

0.14

 0.54

 1.16

10 0.14  0.25

Ethanol 960 not determined – – 10 0.84  2.02

Table 2. Exposure to solvent vapours and particles during recycling of end-of life vehicles (shift values) [12]. 
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ambient air. The highest exposures to fungi and endotoxins 
were found in sorting booths. Here the workers sort manual-
ly, thus contacting the contaminated waste directly. In 
Germany a so-called technical control value (TKW) of 

5 x 104 CFU/m³ for airborne fungi in sorting booths is in 
force which is based on the technical feasibility [16]. 
Exposures to bacteria have been determined in a few cases 
only. The concentrations ranged from 102 up to 104 CFU/m³. 
This was only a slightly increase compared to ambient con-
centrations of 102 CFU/m³ [15]. 
Based on these findings it is recommended to perform manu-
al sorting in a well-ventilated sorting booth separated from 
the processing facility. The devices for processing waste 
must be equipped with exhaust ventilation, especially when 
additives are put into mixers. When forklifters with diesel 
engines are used, they must be equipped with DPF to mini-
mize workers’ exposure to carcinogenic diesel particulate 
matter. 

3.4 Recycling of textiles 

Textiles for recycling mostly originate from households. 
These textiles – mainly garments – are very often collected 
by charitable institutions. In a sorting process they are sepa-
rated into textiles for re-use and lower qualities which are 
further processed. Re-usable textiles are sold in second-
hand shops or given to charitable organisations. The remain-
der is processed to cleaning rags or after tearing nonwoven 

Figure 1. Use of forklifters for the transport of plastics waste. 

Substance Occupational 

exposure limit [9] 

in mg/m³ 

Number of 

measurements

Median in mg/m³ 95-percentile 

in mg/m³

Respirable particles  3 204   0.19  0.88

Inhalable particles 10 330   0.51  3.62

thereof: material charge  87   0.53  2.05

sorting  70   0.44  1.48

grinding/shredding  49   0.59  6.63

washing  20   0.33  0.52

mixing/compounding  11   0.59 31.2

pelletising/extruding  44   0.49  1.36

fi lling  20   0.37  1.43

other  27   1.18  3.47

Lead 0.1 125   0.001  0.013

Cadmium -1  99 < 0.000006  0.0004

Diesel particulate matter -1  11   0.027  0.045
1 No occupational exposure limits for the carcinogens in Germany

Table 3. Exposure to hazardous substances during recycling of plastics waste (shift values) [15]. 

Biological agent Number of 

measurements

Median 95-percentile Maximum

Fungi (in CFU/m³)

unsorted, biologically contaminated 43 690 x 103 3,200 x 103 3,600 x 103

sorted, biologically contaminated 85

 89 x 103

1,300 x 103 1,700 x 103

mono-material, not biologically contaminated 20   9 x 103    15 x 103    15 x 103

Ambient air1 11   0.2 x 103     2 x 103     3 x 103

Endotoxins (in EU/m³)

unsorted, biologically contaminated  8  27    82    83

sorted, biologically contaminated 44  33   395   928

mono-material, not biologically contaminated 22   2    11    17

Ambient air 12   0.1     0.4     0.5
1 technical control value in sorting booths: 50 x 10³ CFU/m³ [16]

Table 4. Exposure to biological agents during recycling of plastics waste [15]. 



Respirable particles (OEL: 3 mg/m³) [9] Inhalable particles (OEL: 10 mg/m³) [9]

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Number of 

measurements

Median 

in mg/m³

95-percentile

in mg/m³

Sorting enterprises 55 0.27 0.50 123 1.32  3.87

Production of tearing fi bres 57 0.38 1.50 101 1.79  8.03

Production of nonwoven

carded processing 17 0.22 0.32  51 1.60  2.14

random web processing 14 0.83 2.01  31 6.82 15.5

Fungi Bacteria Endotoxins

Number of 

measure-

ments

Median 

in CFU/m³

Maximum 

in CFU/m³

Number of 

measure-

ments

Median 

in CFU/m³

Maximum 

in CFU/m³

Number of 

measure-

ments

Median 

in EU/m³

Maximum 

in EU/m³

Sorting enterprises 24   7 x 103   440 x 103  8 3 x 103    32 x 103 33 100  5,420

Production of 

tearing fi bres

14 1.5 x 103 6,200 x 103 10 2 x 103 1,400 x 103 33 460 88,150

Production of 

nonwoven

 9   1 x 103     3 x 103  9 3 x 103    10 x 103 45 130  5,690

Ambient air 19 0.8 x 103   100 x 103 13 2 x 103     4 x103 17   1      5

Table 6. Exposure to biological agents during recycling of textiles [17]. 

will be manufactured. Nonwovens may be produced by card -
ed or random web processing. Principally, they are further 
processed to insulation materials for the automotive industry 
and home appliances. 
Workplace measurements were performed during sorting, 
and production of cleaning rags, tearing fibres (see figure 2) 
and nonwoven. During all these activities workers are al-
most solely exposed to airborne particles and adherent biolo-
gical agents. The results are presented in tables 5 and 6. 
Cleaning rags are not included in these tables because only 
very low exposures occur in their processing. For all measu-
rements exposures to inhalable particles were lower than 
3 mg/m³. Washing the textiles before handling prevents the 
release of biological agents. 
According to the results shown in table 5 the OEL for respira-
ble particles is adhered to. Apart from the production of non -
woven by random web processing it is valid for inhalable 
particles, too. The exceedings found for random web pro -
cessing were caused by frequent cleaning using compressed 
air, and by admixing of phenol formaldehyde resins without 
exhaust extraction. Additionally, for random web processing 
exposures to organic compounds, formaldehyde and ammo-
nia were measured. These compounds can appear as de-
composition products. Workplace measurements assuming 
worst case, i.e. directly beneath the production facility, yield -
ed both less than 3 mg/m³ for organic compounds and 
0.25 mg/m³ for formaldehyde. Ammonia was not detected. 
Usually, medians are considered for exposure assessment of 
biological agents. In this respect no increased exposure was 
found for fungi and bacteria. In contrast, the median of endo-
toxin concentrations was increased. The outstanding maxi-
mum values, especially when tearing textiles to produce 
fibres, may be caused by cleaning, maintenance, or usage of 
animal hairs or plant fibres as additives. 
Furthermore, exposure was higher for both hazardous sub-
stances and biological agents when processing used textiles 
in comparison to production waste. Moreover, the higher the 

cotton contents of textiles the higher workers’ exposure to 
chemical and biological agents. 
One of the main problems in textile recycling is cleaning by 
means of compressed air which causes higher exposures. 
Therefore, use of compressed air should be avoided. 
Cleaning should be performed using industrial vacuum 
cleaners. Additionally, devices for processing textiles must 
be equipped with exhaust ventilation. Forklifters with diesel 
engine are allowed if they are eqipped with a diesel particu-
late filter. 

3.5 Recycling of paper and paperboard 

Paper and paperboard from households are collected in con-
solidated containers or “blue bins”. Additionally, paper 
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Figure 2. Personal air sampling when working at a tearing 
machine. 

Table 5. Exposure to hazardous substances during recycling of textiles (shift values) [17]. 
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waste from production of books or unsold newspapers from 
newspaper stands are delivered to recycling enterprises. All 
these materials are processed in the same way. They run 
through pre-sorting and sorting devices. Additionally, manu-
al sorting takes place in booths. The different paper fractions 
are delivered to paper and cellulose plants slackly or pressed 
in bales. 
Workplace measurements were carried out during all activi-
ties of the workers (see figure 3). The results for hazardous 
substances and biological agents are shown in tables 7 and 8, 
respectively. As in other recycling branches workers are 
mainly exposed to airborne particles. Forklifters with diesel 
engines also contribute to workers’ exposure. It was not pos-
sible to determine exposure to diesel particulate matter be-
cause paper dust causes strong cross-contaminations. 
As can be seen from table 7, exposure to respirable and inha-
lable particles is relatively homogeneous over all activities 
and workplaces except for sorting in booths. Here, exceed -
ings of the OEL for inhalable particles were found for perso-

nal air sampling. This is explainable by the fact that the wor-
kers are in close contact to the materials handled. Additio-
nally, the material is moved permanently and contraries are 
sorted and discharged into slots. 
An exceptional situation was observed in recycling enter -
prises when used craft sacks with polycoated paper were de-
livered. They often contained leavings of their previous con-
tent, such as glutamate or cement powders. These sacks 
were pressed to bales directly without any sorting. During 
pressing clouds of dust were released. Therefore, their 
pressing should be avoided. 
Exposures to biological agents are increased in paper recyc-
ling in comparison to ambient air as shown in table 8. It is 
likely to be caused by biologically polluted or moulded paper. 
Sometimes, such pollution was observed when foreign mate-
rials, e. g. foodstuffs or biological waste, were mixed with the 
recycling paper. This was also found for recycling of plastics 
waste and textiles. As for inhalable particles considerable 
concentrations of fungi were found in sorting booths, often 
exceeding the technical control value of 5 x 104 CFU/m³ [16]. 
The recommendations for recycling enterprises for paper 
and paperboard are nearly the same as for recycling of plas-
tics waste and textiles. The use of compressed air was rare-
ly found, but its use should be avoided completely. Vacuum 
cleaners should be applied instead. Equipment with exhaust 
ventilation is necessary to reduce exposure to airborne par-
ticles in sorting booths. Special attention has to be paid to 
pressing of craft sacks with polycoated paper as mentioned 
above. As for other branches forklifters with diesel engine 
are allowed only if equipped with a diesel particulate filter. 

4 Conclusions 

A comprehensive study was performed to assess workers’ 
exposure to hazardous substances and biological agents in 
different recycling branches. During the recycling of electro-
nic waste, end-of life vehicles, plastics waste, textiles, and 
paper and paperboard workers are exposed to respirable and 

Respirable particles (OEL: 3 mg/m³) [9] Inhalable particles (OEL: 10 mg/m³) [9]

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Number of 

measurements

Median 

in mg/m³

95-percentile 

in mg/m³

Delivery/material charge 38 0.28 0.83 39 2.44  8.90

Bale press 23 0.31 0.56 29 1.89  6.27

Workshop 25 0.12 0.69 20 1.64  8.02

Workers  – 28 2.44  6.44

Sorting booth

 personal air sampling

 stationary sampling

 –

21 0.44 1.76

43

22

2.04

1.75

11.9

 7.42

Table 7. Exposure to hazardous substances during recycling of paper and paperboard (shift values) [18]. 

Fungi Bacteria Endotoxins

Number of 

measure-

ments

Median 

in CFU/m³

Maximum 

in CFU/m³

Number of 

measure-

ments

Median 

in CFU/m³

Maximum 

in CFU/m³

Number of 

measure-

ments

Median

in EU/m³

Maximum 

in EU/m³

Sorting booth1 10 95 x 103   678 x 103  9 33 x 103  89 x 103 25 671 5,794

Other workplaces 11 51 x 103 1,840 x 103 10  8 x 103 280 x 103 27 409 4,196

Ambient air 10  1 x 103     9 x 103  9  0.4 x 103   4 x 103 10   3   165
1 Technical control value in sorting booths: 50 x 10³ CFU/m³ fungi [16].

Table 8. Exposure to biological agents during recycling of paper and paperboard [18]. 

Figure 3. Workplace measurements in paper recycling. 



inhalable particles. The inhalable particle fraction is domi-
nating and should be the subject of risk assessment. 
Recycling of electronic waste and end-of life vehicles is 
characterized by exposure to hazardous substances only. Be-
sides particles other chemical agents contribute to exposure. 
For electronic scrap metals and their compounds play an im-
portant role. Especially the carcinogens cadmium, cobalt, 
and nickel have to be accounted for when cathode ray tubes 
of TVs are opened. Therefore, this has to be performed in 
special cleaning cabins equipped with an exhaust extraction 
system. When end-of life vehicles are recycled exposures to 
petrol vapours have to be regarded. For workers’ protection 
two measures have to be implemented. Firstly, draining of 
vehicles has to take place before dismantling. Secondly, spe-
cial tools with tubing for direct suction of liquids into storage 
containers have to be used for opening systems containing 
petrol and operating liquids. 
Additionally, when plastics waste, textiles, and paper and 
paperboard are recycled exposure to biological agents has to 
be taken into account. Higher contaminations of the deliver-
ed raw material lead to increased exposure to fungi, bacteria 
and endotoxins. Main sources of these increased exposures 
are moisture and biological pollutions by foodstuffs or other 

biological materials. In textile recycling biological materials 
added intentionally, such as plant fibres or animal hairs can 
cause increased exposures to biological agents. To reduce 
the concentration of biological agents measures reducing 
airborne particles have to be applied. As these agents are 
mainly transported by airborne particles exhaust extraction 
and ventilation reduce their concentration. Workplaces 
where materials are sorted manually require well-ventilated 
sorting booths obligatory. 
Forklifters or wheel loaders are usually used for transport of 
materials or pressed bales inside the workshop. If they are 
equipped with a diesel engine a diesel particulate filter is re-
quired to reduce exposure to carcinogenic diesel particulate 
matter. 

Gefahrstoffe - Reinhaltung der Luft 72 (2012) Nr. 4 - April

169 

Arbeitsplatzbelastung 

References 

[1]  Becker, C.; Grebe, T.; Kirbach, M.; Zwisele, B.; Baath, A.; 

Meister, A.; Kränkel, S.: Die wirtschaftliche Bedeutung der 

Recycling- und Entsorgungsbranche in Deutschland. Stand, 

Hemmnisse, Herausforderungen. Hrsg.: Bundesministerium für 

Wirtschaft und Technologie, Berlin 2009. www.bmwi.de/

BMWi/Redaktion/PDF/Publikationen/recyclingbranche- 

wirtschaftliche-bedeutung-endbericht 

[2]  Directive 2008/98/EC of the European Parliament and of the 

Council of 19 November 2008 on waste and repealing certain 

Directives. OJ EU (2008) No. L 312, p. 3-30. 

[3]  EN 689: Workplace atmospheres – Guidance for the assess-

ment of exposure by inhalation to chemical agents for compa-

rison with limit values and measurement strategy. Berlin: Beuth 

1995. 

[4]  EN 13098: Workplace atmospheres – Guidelines for measure-

ment of airborne micro-organisms and endotoxins. Berlin: 

Beuth 2000. 

[5]  EN 481: Workplace atmospheres – Size fraction definitions for 

measurement of airborne particles. Berlin: Beuth 1993. 

[6]  EN 14593: Workplace atmospheres – Volumetric bioaerosol 

sampling devices – Requirements and test methods. Berlin: 

Beuth 2004. 

[7]  EN 14031: Workplace atmospheres – Determination of air -

borne endotoxins. Berlin: Beuth 2003. 

[8]  Hanke, M.; Ihrig, Ch.; Ihrig, D.: Stoffbelastungen beim Elek-

tronikschrott-Recycling. Schriftenreihe der Bundesanstalt für 

Arbeitsschutz und Arbeitsmedizin, Gefährliche Arbeitsstoffe, 

GA 56. Bremerhaven: Wirtschaftsverlag NW 2001. 

[9]  Technische Regeln für Gefahrstoffe: Arbeitsplatzgrenzwerte 

(TGS 900). BArbBl. (2006) Nr. 1, S. 41–55, zul. geänd. u. erg. 

GMBl. (2011) Nr. 10, S. 193-194. 

[10]  Krebsrisikozahlen. In: IFA-Handbuch, Sicherheit und Gesund-

heitsschutz am Arbeitsplatz. Kennzahl 120120. 42. Lfg. 

XII/2002. Berlin: Erich Schmidt Verlag, Loose-leaf ed. 

www.ifa-handbuchdigital.de/120120 

Acknowledgements 

The authors would like to thank all partners of the measuring stations of the 
German Federal Countries and the Social Accident Insurance Institutions (BG) 
for their contributions to field sampling and establishing “Recommendations for 
good Practice”. They also want to thank the enterprises from the different 
recycling branches for participating in the comprehensive investigation program.

[11]  Wehde, J.; Hebisch, R.; Ott, G.; Maschmeier, C.-P.; Fendler, 

D.: Handlungsanleitung zur guten Arbeitspraxis: Elektronik-

schrottrecycling – Tätigkeiten mit Gefahrstoffen bei der manu-

ellen Zerlegung von Bildschirm- und anderen Elektrogeräten. 

Ed.: Regierungspräsidium Kassel, 2011. 

[12]  Hebisch, R.; Ott, G.; Mueller, H.; Peter, L.; Habel, A.: Hand-

lungsanleitung zur guten Arbeitspraxis: Kraftfahrzeugrecycling 

– Tätigkeiten mit Gefahrstoffen beim Recycling von Kraftfahr-

zeugen. Ed.: Landesanstalt für Umwelt, Messungen und 

Naturschutz (LUBW), Karlsruhe, 2011. 

[13]  Directive 2004/37/EC of the European Parliament and of the 

Council of 29 April 2004, Directive on the protection of wor-

kers from the risks related to exposure to carcinogens or muta-

gens at work. OJ EU (2004) No. L 229, p. 23-34. 

[14]  EN 228: Automotive fuels – Unleaded petrol – Requirements 

and test methods. Berlin: Beuth 2008. 

[15]  Ott, G.; Vossen, K.; Hebisch, R.; Linsel, G.; Brucksch, E.; 

Simon, S.; Probst, T.: Handlungsanleitung zur guten Arbeits -

praxis: Tätigkeiten mit Gefahrstoffen und biologischen Ar-

beitsstoffen bei der werkstofflichen Verwertung von Kunst-

stoffen. Ed.: Landesanstalt für Umwelt, Messungen und 

Naturschutz (LUBW), Karlsruhe, 2011. 

[16]  Technische Regeln für biologische Arbeitsstoffe: Abfallbehand-

lungsanlagen einschließlich Sortieranlagen in der Abfallwirt-

schaft (TRBA 214). GMBl. (2007) Nr. 35, S. 709-720. 

[17]  Hebisch, R.; Csomor, A.; Gulich, B.; Graefen, C.; Kraus, G.; 

Neumeister, L.; Linsel, G.; Ott, G.; Schmidt, I.; Mayer, S.; 

Siewert, E.: Handlungsanleitung zur guten Arbeitspraxis: Tex-

tilrecycling – Tätigkeiten mit Gefahrstoffen und biologischen 

Arbeitsstoffen beim Recycling von Textilabfällen. Vom AGS als 

VSK anerkanntes standardisiertes Arbeitsverfahren. Hrsg.: 

Bundesanstalt für Arbeitsschutz und Arbeitsmedizin (BAuA), 

Dortmund 2010. 

[18]  Hebisch, R.; Fröhlich, N.; Karmann, J.; Linsel, G.; Klug, K.: Pa-

pierrecycling – Stoffbelastungen in Sortierbetrieben. Sicher-

heitsingenieur 42 (2011) Nr. 4, S. 20-25.


