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History 
 Saw Dust in tea 

 Watered Beer 

 Unfit meat  

  

 Public Analysts 
◦ Over 150 years 
◦ MChemA - RSC 
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The Adulteration of Food is nothing new 
In the 1800’s comman place to find
Saw dust and floor sweeping in tea or breas
Beer that had been watered
Meat that was rancid
It was  accepted as common place however in 1860
The Adulteration of Food and Drugs Act was brought into place to try and get some control over the issue.
Requirement for Public Analysts
The Royal Society of Chemistry realised that there was a requirement for a post graduate examination process that would ensure the Public analysts were adequately train The Mastership of Chemical Analysis became a requirement to become a Public Analyst and this is still required today.




Food Crime Unit - FSS 
 Organised Crime 

 Length of Food Chain 

 Global Market 
 Intelligence driven 
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Since the Establishment of Food Standards Scotland there has been the recognition that there is a requirement for dedicated team that can investigate Food Crime in Scotland.  This team is involved in cases were there are potential links to organised crime or affect large areas of the country.  They have national and international links which helps when dealling with a global market where the food chain is much longer than it has historically been.

This means there are more opportunities for food to be adulterated. 
For example 
Sheep are stolen and illegally slaughtered.
Meat labelled as if legal meat.
Sold to meat supplier
Manufacturer purchase the meat in good faith
Meat made into product and sold as genuine
This is a relatively short chain however but may have taken place over three or four countries.
Economic Drivers are the most obvious, this maybe through setting up a scam
selling horse as beef  -as the economy took a down turn and individuals could no longer afford to keep horses as pets, horses were abandoned or sold cheap giving rise to the possibility that fraud may be committed. 
It maybe due to crop failure and a need to satisfy existing orders so manufactures extended orange juice with mandarin juice
All however intending to mislead the consumer
However part of our investigation has to determi
Intent to mislead may be evident from the amount of contaminant found 


Therefore not just the issue of deception but also cross boarder investigations.




Legislative Framework 
 Food Safety Act 1990 

 The General Food Regulations 2004 

 EU regulation - 178/2002 –Article 14 – Unfit for human consumption 

 Sampling and Qualification Regulations 2013 

 Secondary Legislation 

 Food And Feed Enforcement Laboratories 
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Injurious to health section7
	This may be by adding something 
	Allergens
NATURE SUBSTANCE AND QUALITY (Section 14)
Falsely Described (Section 15)



Injurious to Health 
 Adding or removing a substance so that the food causes harm  
◦ Glass in baby food 
◦ Melamine in baby milk 
◦ Allergens 
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Injurious to Health
Adding or removing a substance so that the food causes harm 

This may be through the deliberate addition of glass into baby food by a disgruntled employee wishing to ruin the good name of a company by creating adverse publicity 
The deliberate addition of melamine in baby milk to make the milk appear to have a higher protein content that was actually present. The individuals were aware that levels were determine by measuring the nitrogen content of a food and converting to protein,  therefore by introducing a material with a high nitrogen content the apparent protein level would be enhanced.
However this section may also be used if a food is sold containing allergenic material that is undeclared - were almond has been mixed with peanut to make marzipan resulting in anaphylaxis 
It could also be used if a ubstance had been removed which cause a food to become unsafe.




Unfit for Human 
Consumption 
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The Criteria were a food is unfit for consumption is covered by The General Food Regulations 2004 

Discuss examples




Nature - Substance - Quality 
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Discuss quality as in Red bread mould
Substance bolt in meal
Nature horse in beef burgers



Misleading Description 
 Traditional Dairy Ice cream  containing vegetable fat 

 Vodka with 20% alcohol  

  
 This may also be applicable to pictorial representation 
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Section 15 misleading description is used were there is a discrepancy from the description on the food and the product as sold.  
Traditional Dairy Ice cream  should only  dairy fat therefore should not contain any vegetable fat
Vodka should contain a minimum of 35.5% alcohol

This may also be applicable to pictorial representation
 Pie shown as having lots of filling and when opened this is not the case.



Formal Sampling 
  

 Three part sample 
◦ Portion 1 – Enforcement Lab 
◦ Portion 2- Business Operator 
◦ Portion 3 – Reference sample 

 Homogeneous 

 Sample size 

 Laboratory of the Government Chemist 

  



Common Issues 
 
 Substitution 
◦ Meat 
◦ Fish 
◦ Cheese 
◦ Wine and Spirits 

 Adulteration 
◦ Added water 
◦ Melamine 
◦ Sudan Colours 
◦ Allergens 
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Wine and Spirits
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Allergens




Meat 
 Species substitution 

 Breed substitution 

 Added Water 
 Protein  

 MRM 

 Offal 
 Country of Origin 
  

  



Analysis 
 Speciation 
◦ DNA – PCR 
◦ ELISA 

 Added Water 
◦ Nutritional analysis 

 MRM/Offal 
◦ Specific Proteins/ Microscopy 

 Origin 
◦ Isotope Ratio 

  

  

  



Fish/Shellfish 
 Substitution 
 Illegal fishing/harvesting 
grounds 
 Unfit  
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Basic substitution Whiting for haddock etc
Use of fish block where different white fish species may mixed together
Becomes more difficult to determine in mixed fish products fish pie etc.

Fish sold as Atlantic and have been farmed or have been fished in a restricted area. Maybe able to use DNA mutations of shoals however not been researched as yet.
In correct stored or past use by dates.



Analysis 
 PCR  

 Freshness 
◦ Histamine – HPLC fluorescence 
◦ TVBN 

 Shellfish toxins  
◦ HPLC 
◦ LC/MS/MS 

  

Fish Species DdeI HaeIII 

Haddock (Melanogrammus aeglefinus) 418-462 34-46 404-447 

Whiting (Merlangius merlangus) 114-126 342-378 33-45 
100-
110 314-347 

Atlantic Cod (Gadus morhua) 78-105 114-126 232-257 33-45 
101-
112 308-340 
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PCR – three enzymes – Camden Data base – confirmation by sequencing 
Freshness – Total volatile basic nitrogen – limits given in legislations offence to sell if above these limits
	Histamine limits given in legislation 
 
HPLC fluorescence
Shellfish toxins – monitored – harvesting grounds closed if toxins are elevated if illegal harvesting potential for contaminated shell fish to come on the market.  
Methodology historically mouse assay however there are no HPLC Fluoresce method and LC/MS/MS methods available. 
Not possible to determine between different harvesting grounds at present looking at the bacterial flora as a possibility. However methods not yet available may not be possible
HPLC
LC/MS/MS




Alcoholic Drinks 
Vodka 

  

Whisky 
  

Wines 
  

 Industrial alcohol 
◦Markers for industrial alcohol 

 Brand Substitution 
◦ Congeners  

 Origin issues 
◦ Lead isotope ratio 
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Vodka
	
Whisky – Data base of congener profiles that may be used to determine between types
	
Wines – Data base of Pb isotope ratios available to help determine the authenticity of wine form different countries.  Pinot 

Commonly labelling issues with these samples however becoming more sophisticated with time was common for there to be lots of spelling errors or differences in dyes used this is now not so common but no issues are not as obvious – the same lot number on all the bottles.



Traceability  
 Continuity of evidence 

 Samples as received 

 Tamperproof 
 Paper trail 

 Recording all your finding 

 Pictures 
 Corroboration of results 



Robustness of Analysis 
 Accredited Methods 

 Validation 

 Appropriate Quality Control 
◦ Spikes 
◦ Labelled standards 
◦ Duplicate analysis 
◦ Proficiency Testing Schemes 

 Uncertainty of Measurement 
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Methods may be in regulations or the performance criteria may be within legislation or guidance documents
These may also include the recommended validation procedures such as the SANCO document for pesticide analysis.  This include acceptable criteria for MS ion ratios as well as the number of fragments to be monitored and the performance criteria for the method.
The methods are validated for use and for formal samples should be carried out using UKAS accreditted methods. All formal samples that fail will be analysed by two analysts and each batch of samples will be run with CRM’s were available, internal standards or old proficiency testing sample if available if not then matrix match spikes and blanks will be run.  
Some of the more MS methods will use labelled standards to allow correction for recovery and matrix effects
We ensure that the methods are fit for purpose by taking part in PT schemes were ever they are available.  Every PT failure is investagated and an investigation report is generated.
The uncertainty of measurement is calculated and the uncertainty is applied to ensure that the manufacturer is given the benefit.  Therefore enforcement action would not be taken if the result plus the uncertainty was within the standard. 



Limitations 
 Data Bases 

 Non Specific Primers 

 Availability of Standards 

 Matrix Issues 
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There are limitations with some of the methods due to the lack of validated data and the limited data available.  For example there is limited data availalbe on the isotope ratios for meat.  Making it difficult to determine the origin of meat.  
There can be issues with primers not being specific.  There was an issue with the primers for almond as the detected all species of prunius.  There was a ingredient used in Indian cooking that gave a faults positive.  Need to ensure that the manufactures of the primer have carried out extensive validation to try and eliminated these cross reactivies 
As new toxins and contaminants are detected there is a requirement for certified standards in some areas it can be difficult to obtain the standards let allow labelled standards.  This makes validation and quantification across different matrix types difficult.
With the diversity of food types encounter the issues with matrix effects can be challenging requiring different extraction clean ups and in some situations different methods completely



Future considerations 
 Development of Accessible Data Base 

 Continuing collaboration between National Reference Laboratories and Official Control 
Laboratories 

 Funding of research into rapid - robust techniques 

 Acceptance that enforcement costs are higher than route analysis 
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Questions 
    



Legacy Flame Retardants, 
Emerging Flame Retardants 
and dioxins:  Links and tools 

for risk assessment 







Terminology 

• Legacy or Established FRs (BFRs/CFRs/PFRs) are chemicals which are 
extensively documented regarding production and use as FRs, 
chemistry, fate, exposures, environment and health issues (i.e. (eco-) 
toxicity and/or human health effects). 

• Emerging FRs (BFRs/CFRs/PFRs) are chemicals which are documented 
regarding production and use as FRs that have been shown to occur/ 
distribute to the environment and/or wildlife, humans or other 
biological matrices. 

• Novel FRs (BFRs/CFRs/PFRs) are chemicals which are documented as 
potential FRs that have been shown to be present in materials or 
products. 

• Potential FRs (BFRs/CFRs/PFRs) are chemicals reported to have 
applications as FRs (e.g. in patents). 





Legacy BFRs 

• Reactive BFRs – Covalently bonded to polymer 
• Tetrabromobisphenol-A 

• Tetrabromophthalic Anhydride 

• Additive Flame Retardants – Blended with polymer 
• Polybrominated diphenyl ethers 

• Polybrominated biphenyls 

• Hexabromocyclododecane 



PBBs and PBDEs 

• Additive flame retardants 

• PCBs were used from 1920s-1980s 

• PBBs No longer used – Michigan 1976 
Firemaster mixed with cattle feed 

• PBDEs sold in distillation fractions 

Penta, Octa and DecaBDE 

Individual congeners numbered as PCBs 

• Used in… 
Plastics 
Upholstery 
Textiles 
Foams 
Wiring 
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Can be > 15% w/w ! 



HBCDD, TBBPA… 

• Replacements for PBDEs 



Next steps – new and emerging 
BFRs 

• industrial and commercial demand arising 
from the restrictions of the previously 
commonly used BFRs will be filled by an 
increasing number of alternative flame 
retardants in order to comply with fire safety 
regulations  

 

 

 

 

 

 



Emerging FRs 

• Many potential BFRs, CFRs and PFRs have been registered (many 
100s when congeners and enantiomers are considered) 

• Current production volume of BFRs exceeds 200,000 
tonnes/year 

• 600,000 tonnes/year of chlorinated paraffins in China alone 
(multiple applications) 



Some emerging FRs already found 
in the environment and foods 

• hexabromobenzene (HBB) 

• bis (2,4,6-tribromophenoxy)ethane (BTBPE)  

• decabromdiphenylethane (DBDPE)  
 

 

 

 

 

 

 

 

 

• similar properties to PBDEs (chemical stability arising from 
halogenated aromaticity and low aqueous solubility) 



  
  



• tris(2,3-dibromopropyl) phosphate (TDBPP) and 
dibromoneopentyl glycol (DBNPG) 

• genotoxic and carcinogenic 

• poor environmental stability and high chemical reactivity 

• not expected to occur in foods. 

 

  
  



Commission Recommendation 
2014/118/EU 

Levels of BFRs in food of animal origin could be related to the presence of these 
substances in animal feed, therefore, a recommendation as regards the 
monitoring of animal feed is likely to follow in 2015 



Which emerging FRs to measure? 
- Targeted approach 

• Environmental persistence 

• Bioavailability 

• Toxicity  

• Occurrence in biota and food 



Prioritisation of emerging BFRs 

• high overall persistence (>500 days) 

• potential for bioaccumulation  

• identification in the environment or food 

 

 



Top 10 emerging BFRs 

• hexabromobenzene (HBB),  

• 1,2-bis(2,4,6-tribromophenoxy)ethane (BTBPE),  

• 5,6-dibromo-1,10,11,12,13,13-hexachloro-11-
tricyclo[8.2.1.02,9]tridecene (DBHCTD),   

• 1,2,3,4,7,7-hexachloro-5-(2,3,4,5-tetrabromophenyl)-
bicyclo[2.2.1]hept-2-ene (HCTBPH),  

• pentabromotoluene (PBT),  

• pentabromobenzyl acrylate (PBB-Acr),  

• pentabromoethylbenzene (PBEB)  

• 1,2,4,5-tetrabromo-3,6-dimethylbenzene (TBX) 

• decabromodiphenyl ethane (DBDPE)  

• octabromotrimethylphenyl indane (OBTMPI) 



Risk assessment –  
Impact of exposure 

• links between exposure to chemicals in the 
environment and resulting human and environmental 
health effects 

• Risk assessment of environmental contaminants 

• Pathways of environmental contaminants in the environment 
 

 

 

- Emerging contaminants 

- Health effects  

- Diet and health 



BFRs can form  
Brominated Dioxins and Furans 
(PBDD/Fs) 

• PBDD/Fs 
210 congeners 
Thermal breakdown products of 

brominated organics 
Formed from burning of BFRs in 

plastics 
Highly toxic and persistent 
Mimic hormones – Thyroxine 
Some congeners more toxic than 

2,3,7,8-substituted chlorinated 
dioxins 



Various mechanisms 





Mixed Cl- and Br- dioxins may be 
formed where there is also a 
source of chlorine 

 

PXDD; PXDF; PXB 



PXDD/Fs and 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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337 possible PXDDs and 647 possible PXDFs with bromo- or chloro- substituents in the 2,3,7,8 positions, including 13 tetra-substituted and 90 penta-substituted congeners 

Numerous possible combinations of mixed halogenated dioxins and biphenyls that correspond to each laterally substituted PCDD/F or PCB congener, and only one or two of each combination were analysed

For example, the polychlorinated 1,2,3,7,8,-PeCDF exists as a single congener, but there are 30 possible mixed halogenated analogues and only two of these have been analysed (1Br2,3,7,8,ClDF and 1,3Br2,7,8ClDF). 




Dealing with mixtures 

- Easy for chlorinated 
dioxins! 

• WHO-TEQ  - a simplified expression of the 
toxicities of the different PCBs and dioxins as 
one number 

 
WHO-TEQ = Σ[PCDDi×TEFi] +Σ [PCDFi× TEFi] + Σ[PCBi× TEFi] 
                       

 



PCDD/F, PBDD/F and 
PBrClDD/F congeners 

Substitution : 

Compound Mono Di Tri Tetra Penta Hexa Hepta Octa Total 

PBDD 2 10 14 22 14 10 2 1 75 

PBDF 4 16 28 38 28 16 4 1 135 

PCDD 2 10 14 22 14 10 2 1 75 

PCDF 4 16 28 38 28 16 4 1 135 

PBrClDD 0 14 84 254 420 452 252 74 1550 

PBrClDF 0 28 168 496 840 880 504 134 3050 

 
Grand Total PXDD/F congeners 

 
5020 



Formation 

• Thermal 
•  de novo 

•  formation from precursors 

• Chemical 

• Photochemical 

• Biological - condensation reactions of naturally 
occurring bromophenols* 

*Haglund P, Malmvarn A, Bergek S, Bignert A, Kautsky L, Nakano T, Wiberg K and Asplund L. (2007).. Environ Sci Technol. 41 3069–3074. 



Toxicity of PBDD/Fs and 
PBrClDD/F 

• Lethality 
• Wasting 
• thymic atrophy 
• Teratogenisis 
• reproductive effects 
• Chloracne 
• Immunotoxicity 
• enzyme induction 
• decrease in T4 and vitamin A 
• increased hepatic porphyrins 
 

 

As for PCDD/Fs   



Toxicity and occurrence of 
PXBs 



  

• Use same TEFs as for chlorinated dioxins – interim basis 

• Data on exposure is needed 

 

Toxicity of PBDD/Fs and 
PBrClDD/F (2) 





Toxicity of PXDD/Fs and PXBs 

• Ah activity demonstrated 

• Broadly similar order of magnitude compared with 
PCDD/Fs and PCBs 

• Some congeners may be more toxic – e.g. tri 
substituted congeners; some non-2,3,7,8-congeners 

 





PXDD/Fs and PXBs in food 

• These compounds are found in foods! 

• Lower levels 

• Many more congeners, only very few measured 

• Potential for TEQ to be significant if all could be 
measured and summed 

 



Relationship between BFRs and 
PBDD/Fs 

• Clear linear relation between PBDEs and PBDD/Fs in 
emission sources from industrial processes such as 
fabric and furniture manufacture (Shin-ichi Sakai, 
BFR 2015 April 2015)  

 



Levels of PBDD/DFs in emission 
gas from various sources 

           Concentration range        0             Average value                   

TEQ estimation approach on a trial basis  
TEQs for the PBDD/DF congeners were calculated using WHO-TEFs (1998 or 2006) of their chlorinated counterparts. 

Regulation  Value for 
PCDD/DFs 

Plastic molding 
facility 

Shin-ichi Sakai et al; 
BFR 2015 



Levels of PBDD/DFs in effluent 
from various sources  

TEQ estimation approach on a trial basis  
TEQs for the PBDD/DF congeners were calculated using WHO-TEFs (1998 or 2006) of their chlorinated counterparts. 

           Concentration range        0             Average value                   

Regulation  Value for 
PCDD/DFs (10pg TEQ/L) 

Flame-retarded textile 
manufacturing process 

Electric appliances 
recycling facilities 

Shin-ichi Sakai et al; 
BFR 2015 

Presenter
Presentation Notes
排水では、難燃繊維加工施設からの排出濃度が非常に高く、周辺の公共用水域水質にも影響を及ぼしていた。



Correlation  between 
PBDD/DFs(TEQ) and PBDEs  

γ＝0.9061 

Emission gas  

Shin-ichi Sakai et al; 
BFR 2015 
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ＰＢＤＤｓ/ＤＦｓとＰＢＤＥｓの相関について
本調査では、ＰＢＤＤｓ/ＤＦｓ以外にも臭素系難燃物質を測定しているが、中でもＰＢＤＥｓは、ＰＢＤＤｓ/ＤＦｓの排出と非常に相関が高く
また、実測濃度よりもＴＥＱの方が相関が高かった。



γ＝0.8445 

Correlation  between 
PBDD/DFs (TEQ) and PBDEs  

Effluent 

Shin-ichi Sakai et al; 
BFR 2015 
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排水についても排ガスと同様に非常に高い相関が見られた。
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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 
 

Need to confirm safety with 
respect to food chain 



Recycled Waste –  
Livestock Bedding Materials 

• Recycled waste wood (RWW) 
• Dried paper sludge (DPS) 

• Paper sludge ash (PSA) 
 



Biowastes 

• Dewatered, 
mesophilic 
anaerobically 
digested biosolids 

 
• Compost-like-output  

(CLO) – mechanically 
separated composted 
organic fraction of 
MSW 

Presenter
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The biosolids were collected from two of the UK’s largest wastewater treatment plants. Both plants serve highly populated areas and accept combined sewage flows from domestic and industrial inputs, and historically have shown relatively high levels of contamination. Hence, these materials were selected as they represent potentially worst-case examples of biosolids chemical contamination 



Combustion Products 

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



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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PCNs - capacitors and engine oil
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PCDD/F and PBBD/F in biowastes 
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The concentrations of principal groups of POP compounds measured in the waste samples are smaller compared to previous reports. This suggests that controls implemented to reduce environmental emissions have been effective in achieving significant reductions in the primary sources of POP release to the environment (Smith and Riddell-Black, 2007).
The research programme will provide detailed information on the potential transfer to the foodchain of organic contaminants in waste materials recycled in agriculture. This new and quantitative data will aim to improve the robustness of risk assessments and confidence in the use of these materials in agriculture, and establish guidelines where necessary to protect the food chain.




Measurement 

• Challenging! 

• Many congeners 

• Few analytical standards 

• Even fewer 13C analogues 

 

 



Seeing the whole picture 

For complete picture or a holistic risk assessment…. 
 
TEQ =  Σ[PCDDi×TEFi] +Σ [PCDFi× TEFi] + Σ[PCBi× TEFi] 
   
 +Σ [PBDDi× TEFi] +Σ [PBDFi× TEFi] +Σ [PBBi× TEFi] 
 +Σ [PXDDi× TEFi] +Σ [PXDFi× TEFi] +Σ [PXBi× TEFi] 
  
 +Σ [PCNi× TEFi] …………… 

Should the TEF / TEQ scheme apply to other Ah agonists 
we know about and those we don’t know about? 

 



Other aspects to consider for 
risk assessment 
Endocrine activity 

• Many of these compounds 
+ many more are 
endocrine active  

Neurotoxicity 

Etc…… 





Analytical future 

• Need next generation MS 

• Need to combine MS with 
measurement of biological 
effect e.g. cell based or 
receptor assays 

• Need to be aware of impact of 
clean-up methods 

 



Risk assessment 

• Needs to be holistic 

• Dioxins first chemicals to be assessed as mixtures, but still a 
very simple model 

• Need to include all Ah receptor agonists 

• Endocrine activity? 

• Neurotoxicity? 

• Etc? 

 



More information on recycled 
materials in agriculture 

http://www.foodagrirecycledwaste.org/ 
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