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INORGANIC ARSENIC DETERMINED BY
SPE SEPARATION AND AAS DETECTION
— A NOVEL SPECIATION APPROACH

Rasmussen RR, Hedegaard RV and Sloth ]J]
RAFA 3rY November 2011

DTU Food




Arsenic - occurrence
total As

High concentrations of arsenic in samples
from the marine environment:

Seawater 1 - 2 ug/L

Marine fish 0,2 - >100 mg/kg
Marine invertebrates 0,2 - >100 mg/kg
Marine algae 0,02 - 40 mg/kg
Freshwater fish <0,01 - 2 mg/kg
Terrestrial biota <0,2 mg/kg

All results on wet weight basis

Marine organisms can bioaccumulate arsenic by a
factor of up to 100.000 compared with seawater!!!
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Arsenic species
in the marine environment

More than 50 different
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Arsenic species
in the marine environment
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Arsenic species
in the marine environment
)

More than 50 different
arsenic species:

e inorganic arsenic
e organic arsenic

__— methylated species

- arsenosugars
- arsenolipids
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Arsenic species

in the marine environment
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Arsenic species
in the marine environment
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Arsenic species s

in the mariney/ ——— Lipid sojype
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Laws, expert opinions
EFSA (2009), JECFA (2010)

*-ﬁl»_«.
Legislation, maximum levels (ML) e efsa-
e Food No EU legislation on arsenic European Food Safety Authority
AU and NZ ©>1-2 mg/kg iAs in certain seafood

e Feed EU 2> 2-40 mg/kg total As
EU 2 < 2 mg/kg iAs - demonstrated upon request

Experts
= inorganic As (iAs) is the most toxic form of As _
= jAs causes skin, lung and bladder cancer + skin lesions: # %
= BMDL,; = 0.3 - 8 ug/kg bw per day for iAs (EFSA) '
= Risk to some consumers cannot be excluded
= Lack of specific data on iAs
» |ack of validated, standardised methods

Keratosis

This presentation: Al
IAs analysis of marine feed and food samples g




Arsenic speciation analysis
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Workhorse: HPLC-ICPMS
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Arsenic speciation analysis =2
Workhorse: HPLC-ICPMS

00000

Column Result
Sample introduction Separation Chromatogram
)
Y4
S~
2
. ~ Inorganic arsenic
Output: As (\)
Arsenic specific 8
chromatogram ¢ /\
e A
ko e ey e
L

Time (min)



Arsenic speciation analysis
speciation alternative: SPE, HG-AAS

M-wave SPE HG-AAS
extraction separation detection

hydride generation
\\[f atomic absorption
spectrometry

i
_—As
HO / \O_
HO

inorganic arsenic
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Arsenic speciation analysis
speciation alternative: SPE, HG-AAS

M-wave SPE HG-AAS
extraction separation detection

@  Successfully in-house validated

e Tested in a collaborative trail

IOW Method technically approved ->
CEN T327/WG4 final vote stage
costs
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H-wave extraction

oxidation of As(III) to As(V) -
0.2 g sample 25 minutes at 90°C Centrifugation
+ 10 mL extractant 10 min 2100 x g

(0.06 M HCl, 3% H,0,)

Glas vessel

H-wave oven
centrifuge

W National Food Institute, Technical University of Denmark



SPE protocol

Separation of As species
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Strong anion exchange \\f

SPE column

silica based

Strata SAX

500 mg/6 mL, Phenomenex

The charge of the
arsenic species
depends on pH

@ pH = 6 iAs(V) is
negatively charged

Sequential elution
Separation of
inorganic As from
organo As species by
SPE
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SPE protocol

oD
e
o
Separatlon of As SpecCIES
Yo S— Condition
100 % MeOH
’°§Si/\/\(ﬁ< 0
\ / | Equilibrate
5 /0 Buffer: 20mM (NH4),CO;, 0.03 M
P Load
Buffered sample: pH 5.0-7.5
[ — —— Wash 0.5 M CH;COOH
i : A ' ’ =
' 1 1 a @ \\Lr Elute 0.5 M HCI
I
__—As
HO / \O_
HO

Illustrations: Crawfordscientific, Phenomenex and Jeff Dahl.




Arsenic in SPE eluates
load, wash and sample fraction

Abundance

Sample load
pH 5.0-7.5_

75000 & ;
70000 !

WE

65000 Inorganic arsenic (V)

50000 | Sample eluate
N 0.5 M HCl

40000 L Wash
35000 A [% 0.5 M CH,COOH u
30000 A

Figure. HPLC-ICP-MS chromatogram of fish protein (TORT-2) 3 SPE
fractions separated on an anion exchange column (ION-120 part nr.

ANX-00-6550, 120x4.6 mm), 40 mM carbonate pH 10.3.



HG-AAS detection

arsenic in sample eluate

Gaseous arsenic hydrides is
transported by argon gas to the cell

- Atomisation reaction
- Atomic absorption of arsenic
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Hydride generation
atomic absorption
spectrometry

Thermo Scientific

HG-AAS
total arsenic
in eluate



HG-AAS detection

arsenic in sample eluate

Pre-reduction: As(V) > As(III)

* Mix sample eluate with KI and ascorbic
acid, 3 M HC|

60 min incubation

e Add more 3 M HCI
Another 60 min incubation

Hydride generation reagents
HCl (4.7 M)
NaBH, / NaOH (0.5 % w/v)

Instrument settings:
Electrical heated cell (900° C)
Element specific lamp for As
Wave length (193.7 nm)

Slit width (0.5 nm)
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Hydride generation
atomic absorption
spectrometry

Thermo Scientific

HG-AAS
total arsenic
in eluate



In-house validation

SPE, HG-AAS

Setup

HE

Spiked samples = Trout, oyster, fish feed
Natural incurred samples 2> TORT-2, DORM-3
Analysed in triplicates on 3 different days

2 technicians

Method performance

Spike TORT-2 DORM-3

Spike Spike
low medium high
iAs level (mg/kg) 0.5 1
Observations (N) 9 9
Mean recovery (%) 101 103
Repeatability RSDr (%) 4 8
Reproducibility RSDIR (%) 5 9
Horwitz Rel. Std. (%) 18 16

*Reference value determined by HPLC-ICP-MS.

1.5 0.9%* 0.2*
9 6 6
104 100 90
5 3 7

6 9 13
15 16 20



In-house validation

SPE, HG-AAS
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0.08 mg/kg limit of detection (LOD)
3-8% repeatability
5-13% reproducibility
90-1049% recovery

Method performance

Spike TORT-2 DORM-3

Spike Spike
low medium high
iAs level (mg/kg) 0.5 1
Observations (N) 9 9
Mean recovery (%) 101 103
Repeatability RSDr (%) 4 8
Reproducibility RSDIR (%) 5 9
Horwitz Rel. Std. (%) 18 16

*Reference value determined by HPLC-ICP-MS.

1.5 0.9%* 0.2*
9 6 6
104 100 90
5 3 7

6 9 13
15 16 20



=
=
—

Methodology
SPE, HG-AAS versus HPLC-ICP-MS

W
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© Inorganic arsenic

0.5 X 72 marine extracts

blank, spiked and natural incurred samples

0.0 | | | |
0 0.5 1 1.5 2 2.5 3

AAS (mg/kg)

The detection methods were not significantly different
(t Test, 95% confidence)



Conclusion

« Marine organisms can bioaccumulate arsenic (As)
e As toxicity is species specific, iAs is most toxic

* |{As causes cancer & skin lesion

e As speciation analysis and monitoring data needed

e Low cost iAs method developed for marine feed and
food samples:

SPE, HG-AAS
In-house validated &

tested in a collaborative trail, successfully.

HE



Open Day CONfIDENCE

& CONffIDENCE: Safer food through rapid
b A and cost-efficient tests for chemical

contaminants in the food chain

Open Day at RAFA 2011
3 November 2011
Stella Hall: 13:00 — 16:00

Posters (23)

-IbhFIDEN'« U =
I"" i |

Demonstrations (8)

RIKILT
WAGEMING E N INEE




Metal speciation

posters and demonstration

Inorganic arsenic
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Metal speciation e
posters and demonstration

Methylmercury

Inorganic arsenic

n for control of exposure
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Thank you for your attention!
and funding from...

European Community's Seventh Framework Programme

European Committee for standardisation (CEN)

H-wave SPE HG-AAS
extraction separation detection

Inorganic arsenic



