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1 INORGANIC POLLUTANTS –  
POTENTIAL TOXIC ELEMENTS (PTEs) 

ARSENIC (As) 

Properties and sources: Arsenic is a metalloid. With regard to its properties it belongs to the group of 
elements between the (heavy) metals and the non-metals. Of the US Environmental Protection Agency's 
hit list of the most toxic chemicals, arsenic ranks first.  

A low-dose exposure to arsenic may increase the risk of certain types of cancer, diabetes and vascular 
disease and it also may play a role in endocrine disruption (Higgins, 2001).  

On average the earth´s crust contains a very low concentration of 2 mg arsenic per kg. However, arsenic 
is rather unevenly distributed. In addition to natural sources in metal ore deposits or extended areas of 
rocks with elevated arsenic concentrations, arsenic can be detected in landfills and on industrial sites. 
Contaminated sites often are related to urban gas production, the production of special glass, or extensive 
pesticide use. A further principal sources of arsenic pollution has been the mining and processing of 
mineral ore and gangue, predominantly as a by-product of the extraction of copper, lead, tin and silver. 
Arsenical compounds have also been used in the ceramics, electronics, textile and tanning industries and 
as a softening agent in PVC in alloys and in drugs. In addition, contamination has arisen from the 
widespread use of agrochemicals such as pesticides and wood preservatives in agriculture. Arsenic may 
also be released into the environment by atmospheric transport of arsenic containing fine dust (Pfeifer & 
Zobrist, 2002; Mitchell & Barr, 1995; Kavanagh et al., 1997; Sanock et al., 1995; O’Neill, 1995). 

The natural sources are sometimes considerably greater than the anthropogenic ones.  

As in composts: Arsenic is easily rubbed off the surface of wood treated with cromated copper arsenate, 
also known as “pressure-treated “ lumber. Arsenic also leaches from the wood to contaminate the soil 
below. 

As in soils: When an arsenic bearing formation is near the surface, weathering and erosion release 
substancial amounts of arsenic into the environment. Arsenic either accumulates in soils and sediments, 
or is diluted in natural waters. (Pfeifer & Zobrist, 2002) 

Atmospheric deposition from copper smelting and the burning of fossil fuels is also an important input to 
the soil.  

The quantity of soluble or potentially soluble arsenic in a soil varies widely with pH, redox potential and 
the presence of other components such as iron and manganese oxides, clay minerals and organic matter 
content. Both arsenate and arsenite are strongly adsorbed onto iron and aluminium oxides, clay mineral 
surfaces and soil organic matter. Under acidic conditions, the dissolution of iron oxides has been 
observed to increase the concentration of arsenic in solution (Masscheleyn et al., 1991). 

Arsenic as selenium and mercury can be reduced in soil into highly volatile forms, either through micro-
organisms intervention or by extra-cellular enzymes (Arthur Andersen on behalf of DG Environment, 
2001). 
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CADMIUM (Cd) 

Properties and sources: Cadmium resources are tied to those of zinc. The resources available are 
currently estimated to be approx. 9 million tons. Mean content in the earth crust estimated to be 0.1 ppm. 
Cadmium is a soft, ductile metal which is usually obtained as a by-product from the smelting of lead and 
zinc ores. The principal use of cadmium is as a constituent in alloys (low melting point alloys) and in the 
electroplating industry. Other uses of cadmium include paints and pottery pigments (mixtures of Cg-
sulphide and Cd-selenide are used as thermally very durable dye pigments), corrosionresistant coating of 
nails, screws, etc, in process engraving, in cadmium-nickel batteries, and as fungicides. Cadmium is also 
naturally present in soils and mineral fertilisers. (Arthur Andersen on behalf of DG Environment, (2001) 
(Amlinger et al., 1990). 

The general trend in the global cadmium consumption the last two decades has been a steep increase in 
the use of cadmium for batteries and a decrease in the use for other applications. Batteries accounted in 
1990 for 55% of the total Western World consumption and for about 73% of the estimated EU 
consumption in 2000. Although the use of cadmium for pigments, PVC stabilisers and plating in some 
countries by the large has been phased out, these applications at the EU level still account for a 
significant part of the total cadmium consumption in 2000 (EC DG Environment, 2002).  

Western World: 16500 t a-1 (OECD, 1994);     EU: 1930 – 1990 t a-1 (Scoullos et al. 2001) 

Recycling of cadmium after private or industrial use of products containing Cd is hardly done so far. 
Exception: processing of used batteries. Possible substitutes for Cd: zinc or vapour deposited aluminium 
for plating, zinc stabilisers, zinc and iron pigments. (Amlinger et al., 1990) 

Cadmium as impurity:  All heavy metals are present as trace element in fossil fuels, mineral raw 
materials, food, etc. and there will be an unintentional turn over of the heavy metals with nearly all 
products. Beside the intentional use of cadmium, the turnover of cadmium as impurity in zinc and 
fertilisers has been substantial but  has decreased significantly by refining and changes in raw materials. 
(EC DG Environment, 2002) 

Even in countries where the consumption of cadmium with pigments and stabilisers has decreased there 
may still be a large pool of cadmium accumulated in the technosphere with these products. Pigments and 
stabilisers in 1995 accounted for one third of the cadmium accumulated in the technosphere. (EC DG 
Environment, 2002) It can be concluded that Cd can be seen as an indicator for industrial pollution 
(Reinhold, 1998). 

Evaporation and long range transport: Cadmium can be transported by air over long distances. However, 
much higher air cadmium concentrations are found in areas close to major atmospheric sources of the 
metal. Studies of the particle size distributions of cadmium in urban aerosols generally show that the 
metal is associated with particulate matter in the respirable range. The enrichment of cadmium on these 
smaller particles can be linked to the behaviour of the metal in thermal facilities that are sources of 
airborne cadmium. (EC DG Environment, 2002) 

In contrast to lead Cd is spread and imported via air and substantially by water.   
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Cd in sludge: Cadmium in sludge has mainly an industrial origin, but can also originate from household 
effluents: cadmium is present in cosmetic products and gardening pesticides. It also comes from the  
runoff of raining water, after atmospheric deposition of the metal. (Arthur Andersen on behalf of DG 
Environment (2001)) 

Cd in composts: As Cd is an indicator for industrial pollution, composts of industrial regions show 
significantly higher Cd-loads. The average Cd-loads are caused by a specific regional “baseload”. 

As observed for lead, composts originating from industrial centres do contain comparatively high Cd-
concentrations.(Fricke and Vogtmann, 1993) 

Cd in soils: The origin of cadmium in soil is divided between the following sources (Juste, 1990 cit. in 
Arthur Andersen on behalf of DG Environment (2001)): 20% Agricultural wastes, 38% Sludges, 2% 
Fertilizers, 40% Atmospheric fallouts. 

Soil pH is the most important factor controlling the availability of cadmium; it affects the stability and 
solubility of cadmium complexes, as well as nearly all adsorption mechanisms. Some of the cadmium 
salts, such as the sulphide, carbonate or oxide, are practically insoluble in water, but these can be 
converted to water-soluble cadmium sulphate, cadmium nitrate, and cadmium halogenates under the 
influence of oxygen and acids. The more acid the soil is, the more mobile the cadmium becomes, 
whereby it can be taken up by plants or leach more readily. Compared to the other heavy metals, 
cadmium is relatively mobile in soil and more bioavailable. Cadmium uptake from agricultural soils by 
the crops is a major concern, but due to the relatively high mobility of cadmium the transport of 
cadmium from residues and landfills to the groundwater must be expected to be a faster process that for 
the other three heavy metals. (EC DG Environment, 2002) 

CHROMIUM (Cr) 

Properties and sources:  Large amounts of chromium are found in terrestrial crust. The most important 
part of the extracted chromium is used in alloys, for instance to produce stainless steel. It is also used for 
its heat resistance and wood protection properties, and, in chemical industry, as tanning agent, and 
pigment. Chromates are used for oxidation of organic compounds. Chromium may be found in several 
forms, mainly trivalent (referred to as CrIII), or hexavalent (referred to as CrVI). (Arthur Andersen on 
behalf of DG Environment (2001)) (Amlinger et al, 1990) 

Chromium is extracted from chromite ore. World mine production of chromite has increased from 13.0 
million tonnes ore in 1990 to 13.7 million tonnes in 2000. (Papp, 1994 and USGS, 2001) In terms of 
chromium, the mine production increased from 3.9 to about 4.1 million tonnes chromium (EC DG 
Environment, 2002). 

Besides anthropogenic sources chrome can be naturally accumulated in minerals (basalt, 200-300 mg kg-

1 ; ultra-alkaline minerals, max. 3400 mg kg-1) (Reinhold, 1998): 

Chromium as impurity:  With waste incineration: May get into air with pulverised fuel ashor as volatile 
chromium compound e.g. chromium chloride. Is partly oxidised to its hexavalent type and can be 
eliminated from the ashes easier than without incineration. (Amlinger et al, 1990) 
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Cr in sludge: According to the level of industrialisation of the region, the origin of chromium found in 
sludge can be divided as follows:  

• 35 to 50 % from industry (surface treatment, tannery, chemical oxidation), 

• 9 to 50 % from runoff (dust, pesticide, fertilisers), 

14 to 28 % from household effluent. (Arthur Andersen on behalf of DG Environment (2001) 

Cr in compost: Cr is not critical in composting. Potential sources like treated wood (paint and  varnish); 
wastes of  tannery are insignificant as feedstock for composting. (Reinhold, 1998) 

Cr in soils: Both Cr(III) and Cr(VI) can exist in soil, but in normal soils reduction of Cr(VI) to Cr(III) is 
favoured. The environmental chemistry of chromium in soil is very complex and it is difficult to extract 
some general patterns. The pH of the soil affects the speciation, solubility and bioavailability of the 
chromium forms. The effect of pH is, however, different for the different species; acidic conditions 
increase the adsorption of Cr(VI) to particles whereas in decrease the adsorption of Cr(III). (Adiano 
2001) 

 COPPER (Cu) 

Properties and sources: Major sources of copper are from the industry (copper industry, non-ferrous 
metals industry, incineration). (Arthur Andersen on behalf of DG Environment (2001)) Cu is a micro 
element for plants and animals with a  toxicity for micro organisms (bacteria  etc.) and ruminants. 
(Reinhold, 1998) 

Yearly production: more than 7 million tons worldwide. (in 1900 only 0.5 million tons), a 
significant share thereof obtained by recycling. In addition to use in electrical industry required for 
water pipes, roofs, kitchenware, chemical and pharmaceutical appliances, in the fine arts als dye and 
as precipitant for selenium. 

Copper suphate: as additive to green fodder in case of copper deficiency, as Algizid and Mollucozid 
in water, together with calcium as plant fungicide, as staining agent, for galvanising and als 
component of Fehling's solution for evidence of urine sugar. 

Copperoxide:proposed as fungicide in viticulture and as additive to pig and poultry fodder as growth 
enhancer. (Amlinger et al., 1990) 

Cu in sludge: Copper in sludge and wastewater comes mainly from household effluents (domestic 
products, pipes corrosion…) but can also have an industrial origin (surface treatments, chemical and 
electronic industry). (Arthur Andersen on behalf of DG Environment (2001))  

Cu in compost: Drinking-water in areas with copper-plumbing may cause left-overs/ remnants with 
higher copper loads. The use of copper in feeding-additives for pig fattening causes higher copper 
loads in pig slurry, copper-fungicides in viniculture and horticulture cause plant waste with copper 
loads. Demolition wood may be contaminated with fungicide and bactericide timber preservatives 
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with copper components. There is a relation between Copper-load and organic matter content. 
(Reinhold, 1998) 

Cu in soils: The origin of copper in soil is divided between the following sources (Juste, 1990 cit. in 
Arthur Andersen on behalf of DG Environment (2001)): 55% Agricultural wastes, 28% Sludges, 1% 
Fertilizers, 16% Atmospheric fallouts. 

Metals fix themselves preferentially to the soil organic matter, iron and manganese oxides and clays. The 
distribution of copper between these three fractions depends on the soil’s pH level, the quantity and the 
composition of the organic matter. It tends to migrate very little. (Arthur Andersen on behalf of DG 
Environment (2001)) 

MERCURY (Hg) 

Properties and sources: Mercury exists under different chemical forms determining its toxicity and 
bioavailability. Under its inorganic form, mercury is present in the air as dust or in water. It has a natural 
presence in the environment, but also originates partly from industrial activity: mining (cinnabar HgS), 
founding, coal combustion, incineration. Other sources can be Fungicides  (e.g. caustics for seed), and 
Mercury-batteries. Mercury can easily be found under its gaseous form. Under its organic form, mercury 
is mainly present in alimentation as it results from a biological process and therefore concentrates in the 
food chain. (Arthur Andersen on behalf of DG Environment (2001)) (Reinhold, 1998) 

The global mercury demand decreased over the period 1990 to 1996 by 2,019 tonnes from 5,356 tonnes 
to 3,337 tonnes (Sznopek & Goonan, 2000). Of the 3,337 tonnes, 1,344 tonnes was used in the chlor-
alkali industry, 100 tonnes was used for gold extraction, 1,061 tonnes ended up in products and 832 
tonnes was added to stocks. It should be noted that the uncertainty on the total consumption volumes is 
higher than indicated by the accuracy of these figures. 

Evaporation and long range transport: Mercury is distributed via air over long distances and elevated 
levels of mercury can be found in remote areas far from the sources. To some extent it is also distributed 
via water. Contrary the other heavy metals, a significant part of the deposited mercury may re-enter the 
atmosphere by evaporation. Hg(0) can be formed in soil, landfills and sewage stacks by reduction of 
Hg(II) compounds/complexes mediated by among others humic substances and light. This Hg will 
diffuse through the medium and re-enter the atmosphere. (EC DG Environment, 2002) 

Hg in sludge: Mercury comes from pharmaceutical products, broken thermometers, runoff water, to what 
industrial discharge may be added. (Arthur Andersen on behalf of DG Environment (2001) 

Hg in soils: Its complexing behaviour greatly limits the mobility of mercury in soil. Much of the mercury 
in soil is bound to bulk organic matter and is susceptible to elution in runoff only by being attached to 
suspended soil or humus. (EC DG Environment, 2002) 

Regarding contamination of the environment mainly the use in fungicides is critical. (Amlinger et al. 
1990) 
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NICKEL (Ni) 

Properties and sources: Nickel is used for the production of stainless steel and in alloys for coins and 
different instruments production. It is also used for metal surface treatment and battery production. 
(Arthur Andersen on behalf of DG Environment (2001)) Nickel is also used for hardening of cooking oil, 
crude oil refining and production of organic chemicals. (Amlinger et al., 1990) 

The anthropogenic source of nickel are basically the metal industry (metallurgy) and NiCd-
accumulators, which should not be relevant in composting. Besides these potential anthropogenic 
sources nickel can be naturally accumulated in minerals (basalt, 140 mg kg-1 ; ultra-alkaline rocks, max. 
2000 mg kg-1). (Reinhold, 1998)  

Ni in sludge: Nickel in sludge originates from household effluents (cosmetic products and pigments) but 
also from industrial effluents from the activities mentioned above. (Arthur Andersen on behalf of DG 
Environment (2001) 

Ni in compost: In addition to geologically and/or anthropologically caused loading of the raw material a 
contamination by nickel and chromium can also be caused by rub-off from the shredding and chopping 
machinery. Samples processed contain the same potential source of contamination. Chromium and 
Nickel concentrations found in BWC are very significantly correlated (r = 0.49) (Fricke and Vogtmann, 
1993) 

As Nickel is an essential compound of the urease of numerous plants the nickel load of plant waste is 
corresponding to the nickel background concentration of soils.  (Reinhold, 1998) 

Ni in soils:  The high mobility and bioavailability of nickel of exogenous origin (sludge, salts…) in 
comparison with other metals has frequently been observed. On the other hand, there is insufficient 
information regarding the potential mobility of the nickel pre-existing in soil. (Arthur Andersen on 
behalf of DG Environment (2001) 

LEAD (Pb) 

Properties and sources: The global consumption of lead has during the period 1970 to 2000 increased 
from 4.5 million tonnes to 6.5 million tonnes. Significant changes in the overall use pattern include 
increased consumption for batteries and decrease in the areas of e.g. cable sheeting and petrol additives. 
(LDAI, 2001) 

Lead has been used for many years and a very significant amount is today accumulated in the 
technosphere. Even when applications are phased out, waste of lead products may be generated for many 
years to come from this pool. (EC DG Environment, 2002) 

As lead used and emitted to the environment since centuries, it is difficult to establish the "natural" 
content in rocks, soils and waters as well as in the atmosphere. (Amlinger et al., 1990) 

Evaporation and long range transport: Most lead emissions to the air are deposited near the source, 
although some particulate matter (< 2 µm in diameter) may be transported over long distances and 
results in the contamination of remote areas. (EC DG Environment, 2002) 
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Pb in sludges: There are two main origins for lead in sludge: water from road runoff and alteration of old 
pipes. (EC DG Environment, 2002) 

Industrial effluents may also contain lead. Their contribution to the sludge content is of about 20 %. 

Pb in composts: Increased lead contamination of compost can be observed in areas where the soil shows 
an increased Pb-concentration, due either to pedological factors or to anthropogenic activity (Fricke and 
Vogtmann, 1993)  

The Pb contamination of composts is declining and is significantly correlated with traffic density 
and date of introduction of unleaded fuel. (Reinhold, 1998) 

Pb in soils: The origin of lead in soil is divided between the following sources (Juste, 1990 cit. in Arthur 
Andersen on behalf of DG Environment (2001): 12% Agricultural wastes, 19% Sludges, 1% Fertilizers, 
68% Atmospheric fallouts 

It appears that most of the lead found in soil originates from atmospheric deposition. 

Lead is in general not very mobile in soil. Soil pH, content of humic acids, and amount of organic matter 
influence the content and mobility of lead in soils. Only a very small portion of the lead in soil is present 
in the soil solution, which is the immediate source for lead for plant roots, but soil acidification will lead 
to increased mobility and bioavailability of lead. More acid conditions (lower pH) not only increase the 
solubility of lead, but also other heavy metals. (EC DG Environment, 2002) 

Lead mainly emitted via automobile exhausts and spread via air, is prone to be strongly accumulated in 
garden soils, because dust which is attached to the leaf surface is concentrated by composting and 
subsequently added to the soil (Feige et al., 1991 cit. in Fricke and Vogtmann, 1993) 

ZINC 

Properties and sources: Zinc can be seen as indicator for a common anthropogenic background load. 
galvanised iron and steel products,  

Zinc is used in surface treatment and is mostly used in alloys. It is also found in battery, as protective 
layer in the building industry, in textile, pharmaceutical and insecticide industry and residues of paint 
(white zinc). An Agricultural sources is Zinc-Bacitracin in pig- and poultry-fattening (Arthur Andersen 
on behalf of DG Environment, 2001) (Reinhold, 1998) 

Zinc from galvanised iron and steel products is mainly released via water, what is intensified by acid 
rain.  

Zn in sludges: Zinc originates mostly from pipe alteration, and in a secondary extent, from industrial 
effluents. (Arthur Andersen on behalf of DG Environment, 2001) 

Zn in soils: The origin of zinc in soil is divided between the following sources (Juste, 1990 cit. in Arthur 
Andersen on behalf of DG Environment (2001): 61% Agricultural wastes, 20% Sludges, 1% Fertilizers, 
18% Atmospheric fallouts. 
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It appears that most of the zinc found in soil originates from agricultural wastes spread on land. The most 
common and mobile form of Zn is Zn2+ although other ionic forms may exist in soil. Clays, Fe and Al 
hydroxides as well as organic matter may strongly bind this metal. Zn is considered as more soluable 
than other trace metals in soil. It becomes highly available and Very mobile in acidic soils. (Arthur 
Andersen on behalf of DG Environment, 2001) 
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2  ORGANIC POLLUTANTS (OPs) 

General remarks 

With increasing awareness of the environment, organic pollutants have become a matter of concern. 
Organic pollutants are produced by human activities: industry, transportation or human attempts to 
control the environment such as by the use of pesticides. Some leave residues that may persist in the 
environment, either intact or as breakdown by-products that may be more toxic than the original product. 

Some are emitted accidentally and others are -or were in the past- -released into the environment 
delibeately. Many on the list of potential problem chemicals are better known by their abbreviations: 
PCBs, PAHs, PCDD/F and DDT for example. They are widespread and some are inevitably present in 
raw materials for composting. Very few of the standards examined set limits for organic pollutants. As 
with pathogens there are a great many different chemicals that would need selective testing for, which is 
difficult and expensive. Some countries regulate levels of certain chemicals in sewage sludge, eg. 
Denmark (Nonlyphenols, PAH, DEHP and LAS), Sweden (Nonlyphenols, PAH, PCB and Toluene) and 
Germany (PCB, PCDD/F and AOX). A comparison of typical levels in compost and sewage sludge, as 
given in the AFR report (Johanson, C., et al. 1997) , show that contamination in compost is generally 
much lower than that in sewage sludge. The German RAL GZ-251 standard set a voluntary limit for 
pesticide content at <0.5 mg L-1 of fresh mass and discussions are being carried out of limits for other 
pollutants such as PCBs and Dioxins. Through careful selection of feedstock it should be possible to 
reduce some of the potential contamination. This implies knowledge of sources of contamination, such 
as road sweepings, and the origins of feedstock.  

Especially in countries where it is not regulated, ie outside the EC, lindane is sometimes found in bark 
and timber. Residues from medical treatments such as antibiotics may find their way into compost. 
CEN/TC 223 WG2 reported that residues from the treatment of fish have been found in Norway, where 
fish waste is included in compost feedstock. This should be easy to separate out at source if it is 
considered a problem. Little information is available, however, on the behaviour of animal veterinary 
medicines when introduced to the environment. Clearly more research is needed in this area before 
meaningful recommendations can be made. (Bywater, 1998) 

From the large number of  potentially dangerous and damaging compounds the chlorinated pesticides, 
the polychlorinated biphenyls (PCB), the polycyclic aromatic hydrocarbons (PAH) as well as the 
polychlorinated dibenzodioxins (PCDD) and the dibenzofurans (PCDF) are considered to be ecologically 
high relevant due to their high stability and toxicity. Set free into the environment through direct 
application or indirectly through transport with waste water, solid waste and air, those chemicals 
contaminate soils plants and thus also the raw materials for composting. (Fricke and Vogtmann, 1993) 

Denmark sets quality criteria for soil that includes some organic pollutants. After application of compost 
at a rate of 10 t dry matter ha-1, all criteria were found to be met with huge margins. The Netherlands 
decided against setting limits as levels are considered too low to cause concern. Little information is 
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available on the levels at which organic pollutants become hazardous. Opinions differ and research is 
lacking. It has also been noted that results of analyses vary widely even when performed on material 
from the same heap. CEN/TC 223 WG2 concluded that information was too unreliable to base limits on 
and therefore was unable to recommend any. (Bywater, 1998) 

To be certain to reduce contamination the best course of action would seem to be to select feedstock 
carefully with a view to excluding potentially problematic chemicals, and manage the process to 
maintain aerobic conditions throughout composting. Tests can be used as a fail-safe mechanism if 
contamination is suspected, and at intervals to increase confidence in the end product, if deemed 
appropriate. 

The options then could be summarised as: 

• Segregate at source and refuse raw material as necessary 

• Operate an aerobic composting process 

• Test for suspected contaminants only as a last resort 

Table A1-1 gives a short summary of proberties, occurance and fate of the most cited organic 
contaminant groups found in compost and sludge. 

POLYCHLORINATED BIPHENYLS (PCB) 

Properties and sources: PCB is a group of substances obtained by chlorination of biphenyls. PCB is an 
extremely stable mass chemical which can be found in all environmental sample notwithstanding the 
production stoped in 1984. As a rule the data in literature refer to the sum of 6 of the total of 209 
congeners, differentiated by their level of chlorination, with the numbers 28, 52, 101, 138, 153 and 180, 
which sum up approximately 30 % of the expected total PCBs.. 130 can be found in commercial 
mixtures about 100 in environmental matrices. These PCB, attached to particles and carried by air are 
precipitated as wet or dry deposition on the surfaces of possible input materials. In the Composting 
Ordinance of the province of Baden-Württemberg a guide value for green compost and biowaste 
compost of 0.033 mg kg-1 d.m. per  congener or a total of 0.2 mg kg-1 d.m. was fixed. (Fricke and 
Vogtmann, 1993) (Krauss et al., 1992) (Krauß, 1993) 

PCB’s primary transport route is atmospheric transport (Arthur Andersen on behalf of DG Environment, 
2001). 

PCB in sludges: PCBs come from the industry and from oils. They also come from everyday products 
such as paper and alimentation. PCB content in sludge varies between 0 and 250 mg/kg d.m. in Member 
States (Arthur Andersen on behalf of DG Environment, 2001). 

PCB in composts: The entry of PCBs into plant and other biogenic wastes mainly occurs through dust 
deposition.  PCBs sometimes persist in paper and cardboard and are therefore more of a potential 
problem where household waste is to be included in the feedstock. (Bywater, 1998) 

PCB in soils: These compounds are stable physically, chemically and biologically. They are lipophilic 
and have a tendency to concentrate in sludge and therefore in the organic material in the soil. They will 
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be therefore slower degraded in soil rich in organic matter. Despite the biodegradation that can be 
observed in the soil and the partial volatilisation, these compounds are among the environmentally 
persistent compounds found nowadays forming a diffuse background in the environment (Arthur 
Andersen on behalf of DG Environment, 2001). 

POLYCHLORINATED DIBENZODIOXINS AND DIBENZOFURANS  (PCDD/F) 

Properties and sources: According to toxicological assessment dioxins and furans are classified amongst 
the most problematic harmful substances. PCDD/F are ubiquitous in the environment at extremely low 
levels and can be lead back on anthropogenetic activities such as combustion/thermal processes and as 
trace pollution from various production-processes in chemical industries (chlorinated compound 
production processes; manufacture of insecticides, herbicides, antiseptics, disinfectants and wood 
preservatives). These groups consists of a total of 210 different congeneres. The whole spectrum of  
PCDD/F can be found in flue ash and flue gas of all types of waste incineration. On the one hand 
PCDD/F are a result of impurities in the incinerated waste, on the other hand they are synthesised during 
combustion (de novo-Synthese). Also other types of combustion processes, like domestic fuel (coal, 
wood, oil), traffic, processes in cable industry and different metallurgical processes can contribute to the 
general background load (Landesanstalt für Umweltschutz Baden-Württemberg, 1995) (Zethner et al., 
2001) (Arthur Andersen on behalf of DG Environment, 2001). 

PCDD/F are sometimes used in timber treatments (Bywater, 1998). 

PCDD/F in sludges:   PCDD/F  can be found in sewage sludges, whereby concentrations of PCDD were 
higher than at PCDF. PCDD/F arrive in sewage sludges as unwanted by-products from production 
processes, as impurities of products and as residua of burn processes (Landesanstalt für Umweltschutz 
Baden-Württemberg, 1995). 

Following (Arthur Andersen on behalf of DG Environment, 2001)  three origins can be identified: 

• As by-products of the industry, they can appear in industrial effluents, 

• They are present in the environment under a diffuse form for instance after deposition on 
soil and plants. They can enter the sewage system after running off from street and roofs, 

• PCDD/Fs are present in the commercial preparations of insecticide products. 

PCDD/Fs can concentrate in sludge. Jones (1997) indicated that sludge loss may happen through 
biological degradation or volatilisation, but that dioxins could also be generated during the wastewater 
treatment process because of biological activity. 

PCDD/F in composts: PCDD/F contents of composts depend upon the processed raw material. In bio 
waste and green waste composting lower values are in particular attainable by well directed collection 
and assortment of the material. (Landesanstalt für Umweltschutz Baden-Württemberg, 1995) 

Dioxins such as PCDD/F do not easily degrade and, in fact, tend to become more concentrated as 
composting proceeds due to the breakdown of organic matter. Inputs to compost can be reduced by 
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refusing to accept PCDD/F treated timber. Many of the potentially problematic chemicals degrade during 
the composting process. (Bywater, 1998)  

According to Fricke and Einzmann (1995) a general increase of PCDD/PCDF during the composting of 
yard and biowaste can be observed. Most examinations conducted during the composting process of 
biowaste showed an increase of hepta- and octa- PCDD. On the other hand the content of low 
chlorinated PCDD/PCDF decreased during the composting process and generally Furans are diminished. 
There are clear indications which show that the formation of dioxins originating from pentachlorphenol 
precursors is only possible above a temperature level of roughly 70 °C.  

Just as in other media dioxins and furans as anthropogenic compounds are also detectable in organic 
waste. A maximum value of 86.8 ng I-TEQ/kg in one compost sample and a sample median of 6.43 ng 
I_TEQ/kg dry matter were detected. In a decree in Baden-Württemburg (1994) a guide value for 
composts of 17 ng I-TEQ/kg dry matter (+30 %) was given. This is derived from the limit value in the 
German Sewage Sludge Ordinance of 100 ng/kg dry matter under the assumption of an annual input of 
dry matter of 10 tonnes of compost per hectare. Therefore the final guide value is 22 ng I-TEQ/kg dry 
matter. If the Austrian sewage sludge conditions were also based on this a guide value of 25 ng I-
TEQ/kg dry matter (+30 %) would be set. (Zethner et al., 2001)  

An investigation by Zethner et al. (2001) showed that it is not necessary to conduct inspections of 
compost for dioxins and furans. However an investigation for PCDD/F is recommended where treated 
wood, dust and input materials contaminated with precursors such as PCP and PCB are used.  

PCDD/F in soils: The main entry path for dioxins in soils are depositions via air. PCDD/F are nearly 
exclusively attached to dust particles and can reach the soils and/or their surface over dry, damp and wet 
deposition into. Beside the airborne dioxins also the secondary sources are of importance for soils, e.g. 
entries over sewage sludge, dioxin-loaded sediments in flood areas as well as in locally limited cases also 
deposits of contaminated material. (Landesanstalt für Umweltschutz Baden-Württemberg, 1995) 

Like PCBs these compounds are physically, chemically and biologically stable and are lipophilic. They 
tend to concentrate in sludge and subsequently in the organic material of the soil, and a very strong 
adsorption by soil is to be expected. In general, dioxins and furans will be found in the topsoil, and 
penetration to the deeper soil layers will only be possible under exceptional conditions (high water flow, 
preferential flow channel) (Torslov et al., 1997). They constitute a diffuse background of pollution in the 
environment (Arthur Andersen on behalf of DG Environment, 2001). 

Volatilisation is a potentially important loss mechanism for PCDD/Fs in soil. Photolysis could also 
happen, but there is no consensus on this phenomenon. Lastly, biodegradation was observed in 
laboratory conditions, but it is assumed that it would be much slower in field conditions, especially for 
high-chlorinated species. Hydrolysis and oxidation are also thought to be insignificant in soils. Lastly, 
the formation of irreversibly bound, nonextractable residues in soil could be of importance, but has not 
been enough documented yet (Jones et al., 1997) 

If contaminated composts are repeatedly applied it is likely that within the foreseeable future an increase 
in the soil concentration of dioxins and furans will occur. In the production of "clean" composts 
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contaminated materials such as treated wood and chipboard as well as leaves and grass from particularly 
contaminated areas should be avoided. (Zethner et al., 2001)  

 

POLYCYCLIC AROMATIC HYDROCARBONS (PAHs) 

Properties and sources: Among others, the following compounds may be mentioned: naphtalene, 
polyphenyls acenaphtene, phenanthrene, fluorene, fluoranthene, pyrene, benzo(a)pyrene. Naphtalene is 
used in the colouring industry, as a component in wood treatment products and in mothballs. The 
polyphenyls are used as refrigerating fluid or as fungicide in the paper industry. PAHs are also generated 
as by products of incomplete combustion in certain industries in which carbon and hydrogen are 
pyrolysed: iron and steel industry, rubber industry etc. They are produced under mixed form, and their 
relative proportion in the mixture could enable to trace their origin. Naphtalene is the most soluble 
compound in water, the most volatile and the most biodegradable of the PAH compounds. Other PAH 
compounds however are insoluble in water, little biodegradable and have a high affinity for sludge’s 
organic matter. Their characteristics of little biodegradable and lipophilic compounds increase with 
molecular weight (Arthur Andersen on behalf of DG Environment, 2001). 

PAH are one of the most widespread persistent environmental pollutants. Sources of PAH are mainly 
defective processes for the incineration of fossil and organic fuels which are responsible for the heavy 
loading in metropolitan areas. (Zethner et al., 2001) 

PAHs in sludges: There are three sources of PAH in sludge: 

• PAHs are contained in exhaust gas and in the runoff of raining water on roads, 

• PAHs are generated in the fumes of industrial thermal units and may reach the soil 
through raining water, 

• PAHs are also found in industrial effluents. 

PAHs can concentrate strongly in sludge and are little degraded by biological processes of water 
treatments. According to data available in the literature and provided in appendix 2, sludge can contain 
between 0.018 and 10 mg/kg d.m. of PAHs in EU Member States (Arthur Andersen on behalf of DG 
Environment (2001). 

PAHs in composts: PAHs have been found to be within acceptable levels when they have been checked 
for. They are easily degraded in sunlight by aerobic bacteria and are unlikely to persist through any well-
managed composting operation. They are higher in material contaminated with tar or asphalt. Exclusion 
of these materials should reduce any risk to acceptable levels. (Bywater, 1998) 

The low aggregated PAHs, such as Triphenylene can be found in concentrations from n.d. up to 63.2 
µg/kg dry matter, highly aggregated PAHs, such as Benzo(e)pyrene, were measured with concentrations 
up to 1264.7 µg/kg dry matter. The presence of ash in some of the composts is suspected at a few of the 
plants because of the raised levels of PAHs. (Zethner et al., 2001) 
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PAHs in soils: If compost is applied to the soil in quantities greater than 100 tonnes per hectare or is used 
as either the main part of the growing media in residential areas or in food production, then the PAH 
concentration should not be neglected. Future norms for recultivation concerning the addition of 
compost, secondary raw material and the replacement of soil following extraction should include limits 
the concentration of PAHs and be tailored to the local situation. (Zethner et al., 2001) 

Most PAHs are very persistent in soils. Their half-life can reach until 10 years. They also are slowly 
biodegraded. PAHs are relatively insoluble in water and are therefore absorbed to the particulate phase, 
especially the organic matter. Loss from soil may be due to photodegradation, or volatilisation (mainly 
for 2 and 3 ringed PAHs) (Arthur Andersen on behalf of DG Environment (2001). 

CHLORINATED PESTICIDES: 

Properties and sources: Chlorinated pesticides as Aldrin, Biphenyl, Chlordan, Dieldrin, Endrin, 
Heptachlor, DDT [1,1,1-trichlor-2,2-bis(p-chlorphenyl)ethan] and its metabolites as well as Lindane and 
HCH-isomers (Hexachlorcyclohexan), Hexachlorbenzene (HCB) Heptachlor originate from their 
application in agriculture. They remain ubiquitous and contaminate the environment even though most of 
these chemicals are not allowed to be applied in agriculture any longer. (Fricke and Vogtmann, 1993)   

Chlorinated Pesticides in composts: Lindane-concentrations found in compost are extremely low, 
proving negligible for negatively influencing compost quality. The addition of wood chips to biogenic 
waste may lead occasionally to increased gamma-HCH-values (Lindane) in compost, because it is still in 
use for the protection of lumber in the forest. The contents of all other xenobiotics in BWC and GC are 
extremely low and give no rise to any questions with regard to compost quality. (Fricke and Vogtmann, 
1993) 

Pesticides have been found to degrade best at temperatures of around 52 °C. Good management of the 
process should therefore reduce any contamination and associated problems. Results of a suite of 
analyses carried out on a range of pesticides in compost in the UK have indicated contents below the 
level of detection. This suite included lindane, chlorinated hydrocarbons such as DDT and 
organophosphates. As a fitness for use issue, pesticides are, arguably, the most important group of 
pollutants to consider in compost. (Bywater, 1998)  

The combined group of chlorinated hydrocarbons is composed of differing chemical compounds. The 
occurrence of pesticides in garden compost as well as a few representatives of this group were to be 
found in almost all samples. For instance Lindane, a chlorinated hydrocarbon which is found in plant 
protection products and is applied as an insecticide, was frequently detected. Samples of compost with 
concentrations below 3.8 µg/kg dry matter were only measured in a few samples of compost. Table 6 
shows a summary of the significant differences between kitchen and garden waste as well as between the 
three types of catchment area: urban, rural and urban-rural. (Zethner et al., 2001)  

Especially noteworthy was one sample value of Pentachlorophenol. A value of 2263.8 µg/kg dry matter 
with a median of 16.8 µg/kg dry matter occurred in one sample of garden compost. This can be seen as a 
special case. 
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At the present time a routine investigation of the whole range of chlorinated hydrocarbons is not judged 
to be necessary. Random sampling for PCP, AOX as well as g-HCH in bark compost may prove to be 
useful. 
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DDT and metabolits (DDX) 

In past decades this pesticide was used frequently and for many purposes. The persistence of this 
compound came to light straight away, so that its global use was limited to a few cases of use and in 
Austria all uses were banned. However traces are still found in all parts of the environment and an 
accumulation in the biosphere is found. In 15 plants compost samples showed DDX values of up to 21.2 
µg/kg dry matter. This demonstrates the potential occurrence of these compounds in the environment. In 
the soils of Upper Austria an average of 0.6 and 1.0 µg DDX/kg d.m. was found under grassland and 
arable land respectively (Amt der Oberösterreichischen Landesregierung, 1993). The DDX value in the 
humus layer of Austrian background forested locations had a median of 7.79 µg/kg d.m. (Weiss; 1998). 
(Zethner et al., 2001)  

The biological decomposition of DDX in soil takes place extremely slowly. The take up of DDX through 
the roots by plants is not known or not available. The contamination from the air is substantial. A 
summary of the significant differences between kitchen waste and garden waste plants as well as gardens 
(of which there were 2) and of plant composts (of which there were 13) is given in Table 7. 

The 1994 Fertiliser Ordinance (BGBl. 1007/1994) provides for a "Total" limit value for all 
organochlorine pesticides of 1 mg/kg dry matter. This group contains the following compounds: aldrin, 
dieldrin, endrin, heptachlor, total HCH, DDT and DDE, chlordane and hexachlorobenzene. If the 
highest values produced by this study are added up taking no account of which plants they come from a 
total value of 71.06 µg/kg d.m. obtained of which DDX constitutes one third. From this it can be derived 
that the loading of compost with chlorine pesticides is within the limit values of the DMVo, a finding 
that has also resulted from other investigations. For this reason it is concluded that routine investigations 
of compost for these substances are not necessary. (Zethner et al., 2001) 

Pyrethroide 

In this investigation the concentrations of Pyrethroides found were not remarkable. Nevertheless 
noticeable contamination is to be expected where the compostable materials from use in allotments, 
kitchen waste and pest control enter into the compost. As Pyrethroide are persistent substances the 
investigation also considered substances which are not permitted in Austria. Following the results of this 
analysis analysis can justifiably be limited to the substances which are both permitted and often used. 
The maximum concentration of Cyfluthrine and Deltamethrine detected were 68 and 60 µg/kg dry matter 
respectively which lie significantly below the limit value of the 1994 Fertiliser Ordinance, meaning that 
only where contamination is suspected it should be investigated. (Zethner et al., 2001)  

Thiabendazole 

Thiabendazole is a systematic fungicide which is taken up through leaves and roots. It is used both on 
crops such as bananas, citrus fruits and mangoes and to control pests and fungi in storage, such as on 
potatoes against Fusaria infestations. In the environment its toxic effects on fish are the most important.  

The median of the measured Thiabendazol concentrations in composts lies between the detection and the 
determination limits. Higher concentrations (max. 32.7 µg/kg dry matter) were found in kitchen compost 
than in garden compost. (Zethner et al., 2001) 
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Linear alkylbenzene sulphonates (LAS) 

Properties and sources: Tensid, which is used in detergents, rinsing and cleaning agents, contained in 
sewage sludges. Annual worldwide consumption of LAS is approximately 2.106 tons and EU 
consumption is assumed to be about 300 000 tons (Arthur Andersen on behalf of DG Environment, 
2001). 

Linear alkylbenzene sulphonate (LAS) is an anionic surfactant. It was introduced in 1964 as the readily 
biodegradable replacement for highly branched alkylbenzene sulphonates (ABS). LAS is a mixture of 
closely related isomers and homologues, each containing an aromatic ring sulphonated at the para 
position and attached to a linear alkyl chain. In raw sewage, the LAS concentration was in the range of 1-
15 mg/l (http://www.heraproject.com/ExecutiveSummary.cfm?ID=22). When the sewage was properly 
treated in activated sludge sewage treatment plants (STP), LAS was removed by more than 99% 
decreasing its effluent concentration in the 0.009-0.14 mg/l range. Its concentration was further 
decreased by dilution in the receiving waters where it could be found in the <0.002-0.050 mg/l 
concentration range.  

LAS in sludges: LAS degrades rapidly aerobically, whereas it does not degrade under anaerobic 
conditions, except in particular conditions. In sludge treatment plant sludge, LAS concentration was in 
the range of <1 to 10 g/kg. During sludge transportation to the farmland, sludge storage, and application 
on agricultural soil, aerobic conditions are restored and rapid degradation of LAS resumes. 
(http://www.heraproject.com/ExecutiveSummary.cfm?ID=22) 

LAS in composts: LAS have a high degree of breakdown in aerobic composting conditions. (Bywater, 
1998) 

LAS in soils: In sludge-amended soils, LAS had a half-life of about one week and levels were around 1 
mg/kg at harvesting time. No accumulation in soil and no bioaccumulation in plants could be detected 
experimentally. (http://www.heraproject.com/ExecutiveSummary.cfm?ID=22) 

Nonylphenol (NPE) 

Sources: NPE are surface-active agents used in detergents and washing powders. The toxic 
decomposition product Nonylphenol is formed in wastewater treatment plants when incoming 
nonylphenolethoxylates are converted during digestion of the sludge and is therefore contained in 
sewage sludges (Scheithauer und Marb, 2002) (Arthur Andersen on behalf of DG Environment, 2001). 

Nonylphenol in sludges: The main origin of those compounds in sludge is the daily and industrial use of 
detergents. Their metabolites can appear in the sludge during its biological evolution. They concentrate 
in sludge but undergo rapid biodegradation under aerobic conditions (Arthur Andersen on behalf of DG 
Environment, 2001). 

Nonylphenol in composts: Scheithauer und Marb (2002) report Nonylphenol contents in composts which 
were in all cases under the detection limit.  

Nonylphenol has a high degree of breakdown in aerobic composting conditions (Bywater, 1998). 
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Nonylphenol in soils: Most studies indicate a short half-life for NP in soil, suggesting a reduced risk of 
accumulation. (Torslov et al., 1997) mention that in laboratory studies and some field studies, it has been 
found that all, or a large fraction of the NPs applied through sludge application disappear from soil 
within 50-100 days. These studies also reported that such an important degradation only takes place 
under aerobic conditions and if microbial activity is not inhibited. Studies also observed that microbial 
metabolism would be the main route for degradation of nonylphenols in soil. (Torslov et al., 1997) 

Di (2-ethylhexyl) phthalate (DEHP)  

Properties and sources: DEHP belongs to the esters of phtalates, which are all esters of the phtalic acid. It 
accounts for over half of the total use of phtalates and is also the most well  studied of these compounds. 
DEHP may be used as a plasticiser, with application in the construction and packaging industries (for 
instance in the production of PVC), as well as in the production of alkyd resins (lacquer bonding 
agents/binders), of coloring materials and of components of medical devices. The detection of DEHP 
may be disturbed when using plastic chemical devices, as they can be found in such products. This 
organic compound is little persistent and lipophilic. Di (2-ethylhexyl) phthalat is produced in large 
quantities, appears ubiquitously and accumulates in the sewage sludge (Arthur Andersen on behalf of 
DG Environment, 2001) (Scheithauer und Marb, 2002). 

Phthalates in sludges: DEHP-like compounds originate from effluents of the plastic industry and from 
compounds in plastic matter, which can be transferred in the wastewater. DEHP and phtalates 
accumulate in sludge with concentrations between 20 and 660 mg/kg d.m. in EU countries (Arthur 
Andersen on behalf of DG Environment, 2001). 

Phthalates in composts: DEHP from plastics such as foils and floor mats, lacquers etc. probably is 
released into the environment by abrasion, evaporation or extracting and also introduced into the bio ton 
over impurities. Correlations between the DEHP load and parameters like impurities in the inputs 
material, sorting effort and catchment area are not significant. Composts with increased DEHP content 
do not necessarily show increased contents of other pollutants. (Scheithauer und Marb, 2002) 

Phthalates have a high degree of breakdown in aerobic composting conditions. (Bywater, 1998) 

Phthalates in soils: DEHP has a low water solubility and a high octanol-water partition coefficient. 
Therefore its absorption in soil is high. Under aerobic conditions, micro-organisms degrade DEHP 
relatively easily, explaining the relatively low soil concentration reported in the relevant literature. 
(Torslov et al., 1997) 

DEHP seems to accumulate in soil after sludge distribution, but only when very large amounts of sludge 
are applied. At normal doses, accumulation does not occur because of the very short half- life of the 
compound under aerobic conditions. Under anaerobic conditions, DEHP is very slowly or not at all 
degraded (Arthur Andersen on behalf of DG Environment, 2001). 

Nonylphenol, phthalates, toluene and LAS all have a high degree of breakdown in aerobic composting 
conditions. (Bywater, 1998) 
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