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Introduction

• Recycled wastes are used across Europe as 
animal bedding or soil improvers/fertilisers

• Priority emerging contaminants need to be 
considered
• e.g. PFCs (Transfer to wheat: Wen et al. (2014) Environmental 

Pollution 184, 547-544)

• Transfer pathways to the food chain
• uptake by crops
• ingestion of wastes-amended soil and contaminated foliage by 

grazing livestock
• Ingestion of recycled animal bedding

• Development of methodology and quality 
standards to assess waste materials 3



• Dairy ingestion trials 
under controlled 
conditions – recycled 
bedding and wastes 
spread to land

• Crop trials –
controlled growth 
chamber studies with 
barley and carrots; 
field investigation with 
winter wheat
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Investigation of the Potential Transfer of Organic 
Contaminants to Food from Wastes Used in Agriculture
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Recycled Waste Livestock Bedding Materials

• Recycled waste wood (RWW)
• Dried paper sludge (DPS)
• Paper sludge ash (PSA)



Biowastes
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• Dewatered, mesophili
c anaerobically 
digested biosolids

• Compost-like-output  
(CLO) – mechanically 
separated composted 
organic fraction of 
MSW



Combustion Residues

• Meat and bone meal ash (MBMA)
• Poultry litter ash (PLA)
• Paper sludge ash (PSA)



Selected Physicochemical Characteristics
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Selected Physicochemical Characteristics

*Median concentration in biosolids used in agriculture (Gendebien et al. (2008) 
Environmental, Economic and Social Impacts of the Use of Sewage Sludge on Land. Summary 
Report 1)
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Polychlorinated dibenzo-p-dioxins/dibenzonfurans (PCDD/Fs) 
and polybrominated dibenzo-p-dioxins/dibenzofurans (PBDDs)
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Polychlorinated biphenyls (PCBs)  and  polybrominated
biphenyls (PBBs)
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Mixed halogenated dibenzo-p-dioxins/dibenzofurans
(PXDD/Fs) and mixed halogenated biphenyls (PXBs)

• Between 7-11 of 13 measured 
congeners detected 
(biosolids, CLOs, MBMAs, PLA2 and 
RWW 1 and 2)

• Total sum 0.2-3.0 ng/kg DS (compared 
to 4.9-4369 ng/kg DS for PCDD/Fs)

• Small subset of the potentially large 
number of laterally substituted mixed 
halogenated congeners
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Polycyclic aromatic hydrocarbons (PAHs)

13

566,5

449,5

12

57

0

339

296

1433

6000

3000

3000

4000

0 1000 2000 3000 4000 5000 6000

Biosolids

CLO

MBMA

PLA

PSA

RWW

UK Rural Soil

UK Urban Soil

Proposed EC limit (Sum 9)

Denmark (Sum 9)

Sweden (Sum 6)

Switzerland (compost)(Sum 16)

PAH 4 (µg/kg) 



Penta- and octa- PBDEs, Deca-BDE and PCNs

• Expanding use of deca-BDEs in Europe since the 
prohibition of preparations containing penta and octa-BDE 
by the European Union in 2003 (EU, 2003)

• PCNs have not been produced in the UK for over 35 
years
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Perfluoroalkyl compounds (PFCs) 
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GC-ToF-MS Screen
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Conclusions

• PAHs, PCDDs/Fs and PCBs lower than proposed and 
implemented limit values across Europe

• PBDD/Fs were detected and contributed significantly to the 
overall TEQ

• Individual congeners of mixed halogenated PXDD/Fs that 
could be analysed were present only in low concentrations

• Contaminant concentrations tended to be lower or similar to 
literature values with the exception of Deca BDE-209

• Further work is required to quantify 
DEHP, CPs, CBs, PCMs, and OP FR in the wastes, and to 
examine the transfer of organic contaminants to food 
products in the crop and dairy investigations
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