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SPECIATION OF HEAVY METALS
– AN IMPORTANT PARAMETER FOR RISK ASSESSMENT OF FEED AND 
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Current situation in EU legislation:

Foodstuffs
MLs for Pb, Cd, Hg and Sn
EU directive 2006/1881/EC

Animal feedingstuffs
MLs for As, Pb, Cd and Hg
EU directive 2002/32/EC 

Only maximum levels for
total concentration of the metals



Speciation of elements
biological activity 
toxicity 
mobility 
bioavailability 
lifetime, fate and metabolism 
chemical and physical activity

Information needed on

HPLC (GC) ICPMS

Column

Chromatogram

The analytical speciation workhorse – HPLC-ICPMS

µ-wave
extraction

Separation 
by SPE

Detection by 
HG-AAS

Novel speciation alternative – SPE-HG-AAS

http://www.google.dk/imgres?imgurl=http://blogs.njit.edu/ajz4/files/2009/10/speciation.jpg&imgrefurl=http://blogs.njit.edu/ajz4/2009/10/11/misuses-of-spearman-mendel-and-darwin/&usg=__L_xsbVXn4_r8ynJyCe5hecXfrsc=&h=854&w=600&sz=64&hl=da&start=2&zoom=1&itbs=1&tbnid=CMWcHiN5F4ahJM:&tbnh=145&tbnw=102&prev=/search?q=speciation&hl=da&sa=X&rlz=1R2ADRA_daDK407&biw=1270&bih=671&tbm=isch&prmd=ivnsb&ei=-LLkTaiFNsrwsgaA44yKBg�


Selected sample types

Focus on marine feed and seafood
Seafood is the main dietary source of arsenic and mercury

EFSA (2009), Scientific Opinion on Arsenic in Food

Fish and seafood

Average EU: ~1 µg/kg bw/day



Focus on marine feed and seafood
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Intake, µg/day

Ref: Danish Food Adm, 2004.

Average EU: 5.5 µg/day

Selected sample types

Seafood is the main dietary source of arsenic and mercury
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More than 50 different arsenic 
species have been found in the 
marine environment

Arsenic compounds in the marine environment

Presenter
Presentation Notes
But arsenic is definitively not just arsenic. To date more than 25 different arsenic compounds have been encountered from the marine environment. Here some of them are shown and allow to present some of them in close-up.
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Inorganic arsenic

Arsenous acid
As(III)

Arsenic acid
As(V)

Arsenic compounds in the marine environment

Arsenocosis

Presenter
Presentation Notes
When talking about inorganic arsenic we mean arsenous acid and arsenic acid or the respective anions. These compounds are considered to be the most toxic forms of arsenic and therefore it of course important and of great interest that we’re able to determine these species quantitatively when doing toxicological evaluation studies.

http://phys4.harvard.edu/~wilson/arsenic/upperleftcorner.jpg�
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More than 25 different 
arsenic species have been 
found in the marine 
environment

Organoarsenic compounds
- trimethylated species
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(Chapman, Analyst, 1920)

Arsenic compounds in the marine environment

Presenter
Presentation Notes
A whole range of different organoarsenic compounds exists. Here are three examples of the trimethylated ones. Arsenobetaine is the predominant species in fish and crustaceans usually constituting to more than 80% of the total arsenic content. Arsenocholine is usually a minor constituent. 
Three years ago a new arsenobetaine was identified and this species seems to be present in most seafood samples.
.
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More than 25 different 
arsenic species have been 
found in the marine 
environmentO R
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Arsenic compounds in the marine environment

Presenter
Presentation Notes
And finally an interesting group of arsenic species - the so-called arsenosugars - dimethylated and trimethylated arsenic-riboside compounds. These compounds are typically found at high concentrations in marine algae.



Inorganic arsenic lower than 2 ppm

Commission directive 2009/114/EC (amendment)

Max levels for 
undesirable substances

in animal feed

Only max levels for total arsenic!!

FOOTNOTE

Presenter
Presentation Notes
I would also like to give some comments to feedingstuff. In contrast to food – there are max levels for total As in the feed regulation as can be seen in the Table here. This legislation has caused troubles for several marine feed producers, since the total As content of their marine based feed has exceeded the max levels given here.
Interestingly enough there is a footnote in the directive, which says that the authorities can demand an analysis for inorganic arsenic and the concentration must be below 2 mg/kg – SO at least here we do have an example of speciation in the legislation. 
I have been told that the directive is supposed to be revised in the near future and it is interesting whether a step towards max levels for iAs only will be taken and not total As.




µ-wave
extraction

Separation by 
SPE

Detection by 
HG-AAS

SPE-HG-AAS – a novel speciation alternative…

Sequential elution for selective off-line separation of 
inorg As from organo As species by SPE

OrganoAs
compounds

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50
0

5000
10000
15000
20000
25000
30000
35000
40000
45000
50000
55000
60000
65000
70000
75000

Time-->

Abundance

Ion  75.00 (74.70 to 75.70): 53.D
Ion  75.00 (74.70 to 75.70): 54.D (*)
Ion  75.00 (74.70 to 75.70): 63.D (*)
Ion  75.00 (74.70 to 75.70): 64.D (*)

Sample eluate  
inorganic As

Sample 
load

WashInorganic
As

OrganoAs

load wash elute

HPLC-ICPMS of SPE fractions

Presenter
Presentation Notes
In the CEN expert groups discussion have been hold about establishing standardised methodologies for iAs in food/feed. However, the standardisation is a slow process, so no final European standards are expected within the next couple of years.



Performance characteristics from in-house validation

µ-wave
extraction

Separation by 
SPE

Detection by 
HG-AAS

Parameter Result
Analysis time 2 x 7 h for 24 samples
LoD (mg/kg) 0.08
LoQ (mg/kg) 0.16
Repeatability (%RSD) 3 - 7
Accuracy (%) 90 - 104

Further details on
poster and handouts



EFSA (2009) and JECFA (2010) opinions on arsenic in food

 Old PTWI value (WHO, 1988) was withdrawn

 NEW! BMDL1.0 = 0.3 – 8 µg/kg bw per day for inorganic arsenic
 => EU dietary exposures within this range
 => Risk to some consumers cannot be excluded

 NEW! BMDL0.5 = 3 µg/kg bw per day for inorganic arsenic
=> 0.5% increased incidence of lung cancer for 12 y exposure

 “…more accurate information on the inorganic arsenic content of foods is 
needed to improve assessments of dietary exposures to inorganic arsenic”

 “…need for validated methods for selective determination of inorganic 
arsenic in food matrices”

Presenter
Presentation Notes
In the CEN expert groups discussion have been hold about establishing standardised methodologies for iAs in food/feed. However, the standardisation is a slow process, so no final European standards are expected within the next couple of years.

http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_home.htm�


HPLC Column ICPMS Result

Speciation analysis of Mercury by HPLC-ICPMS

Ultra-
sonification

Adverse effects on the central nerveous system

Affects the learning ability of children

Bioaccumulation and biomagnification in the aquatic food chain

Biomethylation in the food chain: iHg -> MeHg 

Toxicity: MeHg > inorganic Hg

PTWI MeHg: 1.6 µg/kg bw/week

Presenter
Presentation Notes
However, most commonly used is the coupling of HPLC or GC to ICPMS. Here we see the coupling of HPLC/GC, where the sample is introduced and goes via the analytical column, where the separation of the various species takes place. Then to the ICPMS which served as an element specific detector and finally we end up with a nice chromatogram, where each peak represents one compound.
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HPLC-ICPMS chromatogram of DORM-3 (Dogfish muscle)

Speciation analysis of Mercury by HPLC-ICPMS

iHg

MeHg

CRM Certified (mg/kg) Result (mg/kg)

DORM-2 (dogfish muscle) 4.47 +/- 0.32 4.21

DORM-3 (dogfish muscle) 0.355 +/- 0.056 0.35

TORT-2 (Lobster hepatopancreas) 0.152 +/- 0.013 0.16



Thanks for your attention!
Further information:

Speciation – chemical analysis: jjsl@food.dtu.dk (Jens J. Sloth)

Miscalleneous info on speciation: EVISA homepage; www.speciation.net

Further developments in CONffIDENCE: www.conffidence.eu

Conclusion

Total concentration info – not always sufficient!

Speciation analysis for improved risk assessment

Need for speciation methods for future monitoring

....and in feed and food control

mailto:jjsl@food.dtu.dk�
http://www.speciation.net/�
mailto:jjsl@food.dtu.dk�
http://portalen.dtu.dk/Institutter/DTU_Foedevareinstituttet/Kommunikation/~/media/DTU_Fødevareinstituttet/Kommunikation/Logoer_bomærker_navnetræk/DTU F  devareinstituttet C UK.ashx�
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