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Introduction — Speciation Why and How?
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Why Speciation Rather than Total

Concentration of Metals?

Almost all elements form species, with the different forms having different
bioavailability, toxicity and mobility

o Cr'"vs CrV!; Inorganic As vs Organic As; Humic complexes ...
Some species are specifically used for their toxic (or chemical) properties

» Organotin (OT) Species
— marine anti-fouling paint; polymer stabilisers; fungicides ...
» Brominated flame retardants (BFR’s)
— Eg PBDE’s — poly-brominated diphenyl ethers (chemically similar to PCB’s)
» Organo-phosphorus (OP) Species
— pesticides; nerve agents
Whether natural or man-made, these species can find their way into the
environment, food chain etc. If the compounds contain an inorganic
component, it can be used to provide specific detection of the molecule

ICP-MS provides a simple, selective, rapid, sensitive and accurate detector
for many of these species, via measurement of the inorganic element
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Some Speciation Landmarks

» "Fish arsenic” (Chapman 1926)
”...a different (and non-toxic) compound than As,O,”

» Minamata, Japan (1950s)
MeHg* emissions from industry - fish = man

» Arcachon Bay, France (1980s)
TBT from antifouling agents - oysters

» EU Thematic network "speciation 21” (1997-2000)
Participants from research, industry and authorities

» EVISA (European Virtual Institute for Speciation Analysis)(2003) .
Information and technology transfer in the framework of speciation

See more info at the EVISA homepage: www.speciation.net

Courtesy of Jens Sloth, DTU
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ICP-MS Interfacing Options

GC-ICP-MS

Optional
Conventional

(Organic compound)
Detector(s)

CE-ICP-MS
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Key Analytical Requirements

eAccuracy — toxic compounds in critical environmental, food
pharma and clinical samples

« Some analytes may suffer from spectral interferences — removed using
collision/reaction cell technology

eSensitivity — toxic effects may occur at low concentrations
«Stability — for long-term unattended sequencing
*Reproducibility

* Elemental response is independent of compound — means unknown
compounds can be quantified by reference to known compound

e Consistent elemental response for different sample matrices
*Specificity — reliable quantification regardless of matrix
«Selectivity — certainty of MS on-mass detection
*\Wide elemental coverage and dynamic range

Agilent Technologies




Firstly, What is ICP-MS?

An inorganic (elemental) analysis technigue
ICP - Inductively Coupled Plasma MS - Mass Spectrometer

* high temperature ion source » Uses guadrupole mass analyzer
« decomposes, atomizes and ionizes * Mass range from 7 to 250 amu (Li to U...)
the sample — separates all elements in rapid sequential

scan
— isotopic information available

* Measures ions, using dual mode detector

— ppt to ppm levels

ICP-MS combines the detection limits
of Graphite Furnace AA and the sample
throughput of ICP-OES

September 27, 2012
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Agilent’s History of Innovation in ICP-MS — 1987 to 2009

1987 — — First computer-controiied ICP-MS
1988 — — Second generation ICP-MS with off-axis Qpole lens
1989 — 1t ETV accessory for semicon analysis by ICP-MS
1990 — — Omega off-axis lens. Lowest random background ICP-MS R
1992 — ShieldTorch interface developed - Ar interferences virtually eliminated in cool plasma, F
enabling ppt analysis of K, Ca, Fe by ICP-MS " Agilent 4500 Series
1994 otorived toreh Xv7 COOI\;\{;;IS] Z first benchtop system. Hyperbolic profile quad, —— ShieldTorch System
1998 — First real time ICP-MS chromatographic software — PlasmaChrom. T-mode reaction ;
interface introduced Octopole g
1999 — 4500 Series 100, 200 & 300 introduced: 1st applications-specific ICP-MS. Reaction (¢
2000 — - 75004, 7500i and 7500s - the next generation in System
ICP-MS instrumentation. 9 orders detector range
2001 - — 1st generation ORS for high matrix samples.
2002 — New digital generators and LAN control introduced. First commercial GC-ICP-MS
interface.
2003 — — 2nd generation ORS for high purity semicon samples.
2004 — — 2" generation ORS for high matrix samples.

2005 — Low flow cell gas MFC'’s for Xe NH;, O,, etc added to 7500ce/cs.
2006 — Agilent acquires 100% of Agilent/Yokogawa joint venture

2007 — : He only mode ICP-MS
2008 — High Matrix Interface developed — enables 2% TDS samples to be run by ICP-MS
2009 — — replaces 7500 Series. MassHunter Software

introduced - common platform with other Agilent MS. ISIS-DS Discrete sampling
system, for ultra high throughput analysis

Agilent 7700 Series

September 27, 2012
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Agilent 7700x ICP-MS System

3rd generation
Octopole Reaction
Sysiem (ORS3)

Cell gas inlet

High matrix .

introduction _ ast,

(HMI) dilutia simultaneous
gas inlet dual mode

detector (9
orders dynamic

Low-flow range)
Sample
Introduction
High-

_ frequency
Peltier-cooled hyperbolic
spray chamber quadrupole

High-
performance

vacuum system
Fast, frequency-

matching 27MHz RF

enerator High-transmission,
g

matrix tolerant
interface

September 27, 2012
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LC-ICP-MS Examples

*Arsenic speciation

*Organo-tin speciation

*Other, more unusual LC-ICP-MS applications
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LC-ICP-MS Examples

*Arsenic speciation
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Effect of Chronic Exposure to As

Long-term exposure to As through drinking water causes:

« Changes in skin pigmentation and thickening (Arsenical keratosis;
latency 10 Y)

« Cancer of the skin, lungs, urinary tract and kidney (cancer is a late
phenomenon and usually takes 20 years to develop )

« Severe disease of blood vessels leading to gangrene (e.g. Black Foot
Disease in Taiwan)

« Finally may lead to death from internal cancers and multi-organ
failure

Agilent Technologies




Arsenic Speciation with LC-ICP-MS

Complete isocratic separation of AsB & CI from inorganic As, using a new column

*Surface Aminated Polymer Substrate

DMA

Ilh

AB*
As(Ill)
40000 —

36000 —
32000 —_
28000 —_
24000 —_

20000 ) J“'

Signal/counts

16000 — |

12000 |

4000 —

1] =TT T T T T T

4 |
8000 _W‘W%le "‘f‘"""+"""l|”f"f“""'“‘“'"‘““""""""" "'""'I'll"'"'\"‘"‘“'"" P
| AR | | Sakai and Steven Wilbur,
B [ : :
J'.":—f b L_ J fl | &I - IAlglfentTechnoIogles

Column G3288-80000 (4.6 x 250 mm)
Guard Column G3154-65002

Mobile Phase (Basic):

2 mM phosphate buffer solution (PBS)
pH 11.0 adjusted with NaOH

0.2 mM EDTA

10 mM, CH;COONa

3.0 mM NaNO;

1% ethanol

Agilent Application Note:
Routine Analysis of Toxic
Arsenic Species in Urine

Using HPLC with ICP-MS,

5989-5505EN, by Tetsushi

As{V)

2.0

Retention time/ min

*Adjusted to pH 11 to separate AsB. lonic strength of mobile phase shortens elution of As V

10ug/L each As species

Agilent Technologies



Principle of He Mode and KED*

Polyatomic Energy distribution Polyatomic
ions of analyte and ions
interfering
polyatomic ions
Analyte with the same mass
ions
Energy

==Analyte
===Polyatomic

At cell entrance,
analyte and polyatomic

lon energies overlap. ? —
Energy spread of both & | Energy loss from each
groups of ions is ® | collision with a He atom
narrow. due to 2 | is the same for analyte po-mmmmm
_ ’ & | and polyatomic ion, but \_\-\_L ]
ShieldTorch System polyatomics are bigger —~_ |
and so collide more E
I often i
Cell Distance Through Cell Cell
Entrance Exit

*KED = Kinetic Energy Discrimination

Agilent Technologies

Bias voltage
rejects low energy
(polyatomic) ions

Analyte
ions

Energy

By cell exit, ion energies
no longer overlap;
polyatomics are rejected
using a bias voltage
“step”. Analyte ions have
enough residual energy to
get over step; polyatomics
don’t (energy
discrimination)

September 27, 2012




Polyatomic Interferences in Complex Matrices

Isotope Principal Interfering Species (mixed matrix)

Some manufacturers claim R A e el L

a7 31pl6n 46caH, 35Cli2C, 251NN, BSl4N
a9 3slpleg 48cap. 38CILN, 27Cli2C, 225160H, 2S00
th at ICP_M S ha.S On Iy a. feW 50T 345160, 325189 35CI4NH, 37CI*2CH
. 51y BCIL6O, 37CIN, H#S160H
Inte rfe ren CeS, and th at s2cr BA[L60, OAr2C, 35CIOOH, STCIUNH, 45180
] 3¢y 3BArL60H, “OArl3C, 370160, 3CIB0, “OaArl2CH
s4p A0p[L4N 40calN 22NaSlp
reaction gases can be used to  Zre  ratw neann thae
56 40 p 16 4016
remove them L B
" F Ar-°OH, ““Ca"OH
] ] ssNie 4°A:180, 40Ca1aso, 23N235C]
That's true in a simple sample, =& <o “cao, “nacn
] CUNT 4404160 23Na37C)

- 61p i 44~_.16 ’38 23 ’23 37|
but in a complex sample there =Y Loor Arne ol e spio,
= 642 328160 , 328 , 36A 12C160, 38A 12C14N, 48C 160
are many interferences, and BN .. e, ot

» GGZn 3481602, 328348, 3382, 48Ca18o
NO reaction gas can remove all o, o we somon mmmsove, wo 5
68Zn 3281802, 3482
Of them GQGa 3231802H, 34SZH, 160237C|
707 345180, 35¢],
1Ga 345180,H, 35Cl,H, “°Artp
72Ge 40Ar328, 35C|37C|, 40Ar1602
BGe 4OAr2SH, 49Ar33s, 35CIP7CIH, “°Art°0O,H
But He mode on the 7700 L Py
5As 4OARBISH, 4OAr 35C], 40Ca 35¢l, 37ClLH
Can ' l 7sSe “OAr37cl, “°cad’cl i
8g5e 40Ar 38Ar
BOSe 4OAr2, 40Ca2, 40Ar40Ca, 3282 1eo, 3281603
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Blank Acid Matrices and IPA in No Gas Mode

Color of spectrum indicates which matrix gave each interfering peak
2E5 masn: || mmE =
L
| |

cps 42k [Unspiked 5% HNO, + 5% HCI + 1% H,SO, + 1% IPA Matrix

Unspiked Matrix — ALL peaks are due to polyatomic interferences

I f\

Multiple polyatomic interferences affect almost every
} mass — Interferences are matrix-dependent

o I

054 | |

CPS
T
|
—

a ﬂh[ﬂﬁ__

50 55 60 Mass 65 70 75 80

T 45

No Gas Mode

September 27, 2012
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Blank Acid Matrices and IPA in H, (Reaction) Mode

Color of spectrum indicates which matrix gave each interfering peak

Overlaid Data

2E5 W 0065MPL.D

Il 0185MPLD

M 010SMPLD
C p S 0145MPLD

0.5

Unspiked 5% HNO3;+ 5% HCI + 1% H,SO, + 1% IPA Matrix
Many polyatomic interferences can still be seen in H, Mode

Reaction mode is used on ALL other ICP-MS
\SO

Many polyatomic interferences remain (or new ones are created) in
Reaction (H,) Mode.

Interferences are different in each matrix!

soy How does He mode (default on the 7700) perform?

CO,H 52’ S02
/\/SO " /l
I I S el ) BN PN D e ___ﬂﬂm__@ _ N N Qzﬁﬁ
45 50 55 60 Mass 65 80
H, Mode

September 27, 2012
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Blank Acid Matrices and IPA in He Mode

Color of spectrum indicates which matrix gave each interfering peak

Overlaid Data

2E5 [l C0GSMPLD

Il 0185MPLD

M 0105MFLD
C p S O145MPLD

CPS

0.5

Unspiked 5% HNO3;+ 5% HCI + 1% H,SO, + 1% IPA Matrix
ALL polyatomic interferences are removed in He Mode (same cell conditions)

ALL polyatomic interferences

are removed in He Mode
Is sensitivity still OK?

e s S —

45

50 55 60 Mass 65 70 75

He Mode

Agilent Technologies
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Matrix Mix with Spike (10ppb) in He Mode

Consistent sensitivity and perfect template match for all

CP3

cps

Tune step 3: 0085MPLD

slements

10ppb Spike in 5% HNO,; + 5% HCI + 1% H,SO, + 1% IPA Matrix
Consistent high sensitivity for all isotopes of all elements in He Mode

0.5

Good signal for all spike
elements at 10ppb Spike.

Perfect template fit for all
elements — no residual
= interferences and no loss of

G ﬂ n W analyte signal by reaction
M

Ga

)"\
| Wmmmﬁé aatll NN BARA_ala mmmﬂ@
45 50 70 75

55 60 Mass 65

He Mode
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Collision/Reaction Cell in He Mode —

Cff + Al nf Ar| f f + 1 At
Effective removal of ArCl for fast LC Separation

1.0ppb As Mix in 0.3% NaCl. lon-Pairing Chromatography with C18 column.
Mobile Phase: 5mM TBAH / 3mM Malonic Acid @ pH 5.9 _—

oew TE OO T4 70t TE TO0r O-04 " RARL B

111 =

Overlaid chromatograms of As(lIl), DMAA and
As(V) in no gas mode (red) and He cell mode
(green). He mode removes the ArCl
polyatomic interference on As(V). (ArCl also
affects MMA & total As)

- T e |

<«—ArCl is removed in He
b mode, allowing

i interference- free
measurement of all
As species (As(V)
peak shown)

Sensitivity

ArCl in no gas mode
—interferes with

MMA (not shown) \
and As(V) peaks

1" A7

— T —
.00 =.00 =

*Chloride anion interferes with MMA, As(V) and total As measurement
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Chromatographic Data Analysis - Sequence

— Chromatographic Data Analysis in Batch table view, including real-time update,
calib display and outlier flags.

3 Dffline ICP-MS Data Analysis - DEMO_TRA.B - DEMO_TRA [ User: Ed McCurdy ]

¢ File Edit View Process DA Method Report Tools Global Help

% [0 | | & 93| [ pamethodedior | £ ProcessBatch EEREEBEBE Default Layout : 28 conc 25 count | T B BE BB oefaul Colum
Baktch Table: Fulliuant : 5
sample: 403 G | sample Type: <all> - Analyte: €5 75 As(im) - |y 1 Tune-Stepi | <al -l Fooutien: PV R T T VP
FullQuant |
Sample 75 AB 75 Dbda 75 Asl 75 MhdA 75 As(V)
% | Rict Data File Acqg. Date-Time Type Level Sample Mame Conc. [ugll] | Conc. RSD | Cone. [wafl] | Cone. RSO | Cone. [uall] | Conc. RSO | Conc. [ugll] | Cone. RS0 | Conc. [ug! ] | Conc. RSD

1 [ | 001SMPL_Chrom_aS.D 12/06/2006 10:20:0 CalStd 1| 8TD Tugil 1.007 oo 1.064 0o 1.123 oo 0832 oo 0.966 oo

2 ™ | 0025MPL_Chram_aS.0 12/08/2008 10:34:0 Cal5td 2| STD Sugil 5.018 oo 5.127 0o 5.165 oo 5123 0o 5.157 oo

3 [~ | 0038MPL_Chrom_aS.D 12/06/2006 10:47:0 CalStd 3| 8TD 10ug/l 9.381 oo 5.930 0o 9.904 oo 49.939 0o 9.925 oo

4 ™ | 004SMPL_Chram_aS5.0 12/08r2008 11:01:0 Sarple 110 NIES 6.143 oo 3.023 0o niaz oo 019z 0o 0.003 oo

5 ® | [ | 0058MPL_Chrom_as.D 12/06/2006 11:14:0 Sample 1710 MIES+5ug/L-1 11.058 oo 7.897 0o 4.885 oo 5.268 0o 5.203 oo

& ™ | D0BSMPL_Chram_aS.0 12/08r2008 11:27:0 Sarple 110 NIES+5ug/l-2 10,562 oo 7.743 0o 4.875 oo 5.268 0o 5.353 oo

7 ™| 0078MPL_Chrom_aS.D 12/06/2006 11:41:0 Sample 1710 MIES+5ug/L-3 10873 oo 7.780 0o 4812 oo 5111 0o 5.280 oo

8 ™ | 008SMPL_Chram_aS.D 12/08r2008 11:54:0 Sarple 110 NIES+5ug/l-4 10,820 oo 7.562 0o 4.785 oo 5.145 0o 510 oo

a [~ | 009SMPL_Chrom_aS.D 12/06/2006 12:08:0 Sample 110 MIES+5ug/L-5 10553 oo 7.705 0o 4 635 oo 5.026 0o 5.033 oo
@«Dm‘ﬁ:gramt x talibla‘lion‘[!‘ulve- 3I[Selemenl;] x
HIE o A | cdr 4 G 2 PoessBatch | CurveFit: Linear ~ | Origin: Elank offset v eight: None v

TSP Y ]l 18 oo @
Full Time: Hjnge EIC(7E] : O015MPL_Chrom_&5.D 75 As(lll)

Analyte Information (75 As(ll) )
Current Sample Cale Conc. Count Ratio | Det.| Conc. RSD

AB Diia DL =0ug/
#1038 Al BEC = 0ug/! »| STD Tugll 1128 | 3@1@4.00 P oo
MMA Calibration
Aslv] X
i Level | Rjct | Cone | Calc Gone Count Ratio | Det RSD
ol L3 r 1.000 1129 P oo
30

\ #1005 | ¥ =34726.18256"w + 0.0000E +000
0.9338

¥
=

Count
r

3515400
50 90 2 | sooo 5185 | 17837500 P 0o
FiTjrin 5 3 | 10000 8,904 | 24304300 P 00
Aslll] - Target(75) =
#103 1282
=
a2 2
i ; : i
40 44 48 .
RiTjmin] Conelug]

STD TuglL 75 Asill) 9 5amples (4 total]




Chromatographic Data Analysis — Signal/Noise

Chromatagramnm

R AR R = =1(]

llele 8 x @EE S W

TSR Bl & & 2 [ 1@

x

W

Full Tirne Fange EIC[75] : 007SMPL_Chrom_&5.0

¥ | selected in lower pane

%1047

- DIk,

§ 27 Al

u A A po

0 — .
a0 E0 90
;;;;;;;;;;;;;;;;;;;;;;;;;;;;; RT(min]
AR Target[75) Noise region —

Signal/Noise result
displayed as peak

ans] —applies to selected
compound and mass label and printed in
5 5] only report
[ \
I:I b
2.4 27 30

R T [rmix)

Signal to Noise
Calculation (per
compound, per
analyte or per
sample)

Screen shows S/N
for compound AB =
S/N is shown above
the selected peak.

Noise region can be
selected for all
compounds and all
analyte masses, for
all compounds of the
selected mass, or
just for the selected
compound
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Calibrations for Different As Species

- » Sensitivity and linearity are excellent
w10 =34726.1825 )« + 0.0000E +000 . )
‘H;D:}??ﬁ.  Calibration standards at 1, 5 and 10ppb
BEC =0 ug/l
44
y=232506.9286 "y + 0.0000E +000
= = 0.9335
ua EEC:DugKI
44
2
_—
10 5{ ¥ = 326371130 ") + 0.0000E+000
=_[1.333E
= DL=Uug
S BEC = 0ug/l
44
04 , , 1
5.0 1.0
Conclugs)
D/ | . 24
5.0 1.0
Conclugs)

* Response factors are the same for different

compounds.
* Analyst can use Compound Independent o | |

. . . . 5.0 100
Calibration for quantification of unknowns. Concfug/)

Agilent Technologies



Arsenic Occurence

Courtesy of Jens Sloth, DTU
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High concentrations of arsenic has been found in
samples from the marine environment.

Seawater 1 - 2
Marine fish 0.2 - >100
Marine invertebrates 0.2 - >100
Marine algae 0.02 - 40
Freshwater fish <0.01 - 2
Terrestrial biota <0.2

All results on wet weight basis

Marine organisms can bioaccumulate arsenic by a
factor of up to 100,000 compared with seawater!!!

Agilent Technologies




Arsenic compounds in the Marine Environment

I
..... AS,
HO 4% on 7\
HO HO
As(V) As(lll)

Il I
hS H.C P~
He ] ~eH, H c? CH
H.C s

TMAO

i
H,C "“’j‘SJ'\C €00’
HC  H,

AB

CH,OH
H2

I
H.,C ?S ~
H,C

TMAP

v AS
HC 7 on
HO

+
H,C ?S \C —~CH,0H

AC

H3C ““f\s\c/COOH

Courtesy of Jens Sloth, DTU
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0
Il

»AS
H,C ? \OH
H,C

DMA

H,

O

I
H,C --"?S \C /CHZOH
H

H,C 2

DMAE

More than 50 different arsenic
species have been found in
the marine environment —
Including lipid-soluble As
compounds.

O
T o
_ P
HC—AS R O/YOH o/\ho/ \O/Y\OH
H,C OH OH OH

Dimethylarsinoylriboside

(¢}

HSC\ +

Sas_O~__R
ol
CH,
R=12345
HO OH

Trimethylarsonioriboside

HO o
N4

Dimethyl As-sugar 1

/Y\SO3H
OH

Dimethyl As-sugar 3

Dimethyl As-sugar 2

o/\hosow
OH

Dimethyl As-sugar 4

0
oMe H  ~"coon )k
6 7
(5) (6) (7 H/\COOH
@

)
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As Speciation - Toxicity

fl I
o e « Toxic! Many As species
Arsenate Arsenite exist — the
: inorganic As
3 .
HC-AsOH  HC—AsOH  HC—AsCH,  HC—As—CH, <: B o species are known
L Hy it s €5s-10XIC to be toxic and
Methylarsonic acid  Dimethylarsinic ackd ~ Trimethylarsine oxide  Tetramethylarsonium ion .
(MMA) (OMA) (TMAO) (TMAS) most organic
species are
Hy H;
H}C—E:;CH:‘CG{}’ Hsc—'i:—[Cth—UH <: Non_ToxiC rela?V?]ly harmleSS
’ 0 humans.
Arsenobetaine SENOC .
{AsBet) “ (‘:I;E:hu}mh .
The potential
ATSENOSUEATs tOXICIty Of Some
0 CH, species, such as
H,C —.»?.5 0 0 4 H,C— Tu;' O 0 R .
LT OH CH; OH the huge Vanety of
<: ? arsenosugars, has
OH OH OH  OH U
1} Dimethylarsmoyliboside derivatives 2) Trimethylzrsonioriboside derivatives nOt yet been
a) R = SO,H established.
b) R =0S0;H
¢c)R=0H

d) R = OPO;HCH,CH(OH)CH,0OH

Courtesy Ute Kohlmeyer GALAB, Germany
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LC-ICP-MS Determination of As Species

s e a HPLC-ICP-MS chromatograms are
3 nd . .
12 shown for a marine animal (oyster
Figure 2¢ tissue) and marine algae (Hizikia
13 .
' Oyster-tissue fusiforme).
. candidate reference material) ]
The concentration (ug/g) of 17
2 different As species was measured
4 6 3 . . -
. Table 2 Arsenic speciation — Results
10 Peak tg compound  fish mussel oyster algae algae
no.  [min] peg'as As pgglasAs  pgglas As pgg'lasAs  pgglasAs
] on LT ELTE T ELT DORM-2 BCR477 candidate mat.  Hizikia fusif.  Laminaria
1 1,62 As(lll) 0,05 0,35 0,71 - -
e 2 189 Unknownl - - 0,13 - -
1 3 28  MMA 0,14 0,84 2,10 1,75 2,74
6 4 471  DMA 0,49 0,94 0,97 1,32 0,27
5 5,21 As-sugar la - - - 4,17 28,2
6 6,97  As-sugar b - 0,49 0,17 31,4 1,37
7 7,12 As(V) 0,05 0,10 0,08 12,3 13,7
8 738  Unknown2 - 0,56 0,42 = -
) 9 7.604 Unknown3 - - 0,08 -
Figure 2d 10 8,14  Unknownd - - 0,13 =
11 8,31 Unknowns - - - 2,41 -
7 Marine algae 12 852  Unknown6 - 1,36 3.36 1,10 52
xS o 13 8,89 Unknown? - 0,03 0,48 - 0,55
(Hizikia fusiforme) 14 935  AsBet 16,1 3,49 15,1 - -
S 15 12,1  TMAO 0,30 0,14 031 -
16 130  AsCho - 0,17 1,24 -
17 142  TMAs 0.30 . 0,34 = -
Sum of arsenic species 17,4 8,5 25,6 54,6 52,0
_ Total arsenic (digestion) 17.4 10,2 26,7 51,2 49.5
3 4 5 L—ljl\kﬂ—\ Extraction efficiency 100% 83% 96% 107% 105%
12

Courtesy Ute Kohlmeyer GALAB, Germany
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Avarmatina mMarina r\v-ﬂnn nmr\ NlAnrn + 71 v
Ul NiSims. L |

Mo SMNLLICO Ulo ailll leally III marine Uly

main species found in marine animals (fish and shellfls ), whereas toxic arsenate
arsenosugars are the main species in marine algae.

Figure 3 Arsenic distribution pattern in different marine organisms H TMAs
100% = - O AsCho
90% -
B TMAO
80% - -
70% O arsenite
60°%
O MMA
50% - —
4% B DMA
3000
O unknown
20% -
10% B As-sugar 1b
(%o T T T p
= 5 D 2 o -% B As-sugar la
= = 3 = TR=
© = ﬁ = % B arsenate
) ]
< O AsBet

Courtesy Ute Kohlmeyer GALAB, Germany
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Analysis of Total Inorganic As by Anion Exchange
HPLC-ICPMS — Sample Prep

Microwave assisted alkaline hydrolysis

Subsample + 0.9M NaOH in 50% EtOH
L

Microwave treatment 20 min, 90°C

I Solubilisation of sample matrix
lI: Conversion of As(lll) to As(V)
1L

Determination of total inorganic arsenic
as As(V) by anion-exchange HPLC-ICP-MS

» No conversion of other arsenic compounds to inorganic arsenic

Sloth and Julshamn 2008, J. Agri.Food Chem.

Agilent Technologies
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Analysis of Inorganic As by Anion Exchange
HPLC-ICPMS — Results

55000

50000 Blue mussel sample BCR278R —
45000 with and without Inorg As spike
40000

35000

30000

25000 Simple, fast test for total inorganic As
20000 Inorg As = sum As(lll) + As(V)

15000 /
10000

O:\\\\‘\\\\‘\\\\
050100150200250300350400450500550600650700

Time-->

Sloth and Julshamn 2008, J. Agri.Food Chem.
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Summary — Arsenic in the Marine Environment

High levels of arsenic in some marine samples
Complex chemistry
Inorganic arsenic most toxic, but usually low in seafood

HPLC-ICPMS versatile tool for speciation analysis

No maximum allowable As levels in food currently defined in
the EU

EFSA opionion on arsenic in food

“ . efsam

European Food Safety Authority

www.efsa. europa.eu

Courtesy of Jens Sloth, DTU
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Arsenic Contamination of Ground Water
In Bangladesh & West Bengal - India

Arsenic contamination
affects most of
| fBangladesh

LOCATION OF WEST BENGAL
IN INDIA

PAKISTAN

uuuuu
uuuuuu

ARABIAN SEA

Contamination level (ppb):

B o0-10 ] 150-500 \
10-50 00 500-1,000
50-150  HEM 1,000-2,000

Source: Dainichi Consultant, Japan

Courtesy of Amjad Shraim, Uni Queensland

Agilent Technologies
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* Worst human mass-poisoning in history

* More than 80 millions of people are
drinking water highly contaminated with As

 Tens of thousands are diagnosed with
symptoms of As poisoning

 Arsenic in drinking water may result in 0.2
— 0.3 million deaths from cancer in
Bangladesh alone

 Highest reported As concentrations in GW
S ppm

* More than 95% of arsenic is either arsenite
or arsenate (inorganic forms = toxic)
e 1st cases: 1983 West Bengal
1993 Bangladesh

Courtesy of Amjad Shraim, Uni Queensland
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LC-ICP-MS Method for Arsenic in Groundwater

HPLC ICP-MS
Reversed-phase C18 (ODS-3, 150 x 4.6 mm, 3 um)

Conditions
5 mM TBAH + 3 mM malonic acid + 5% methanol
Flow Rate 1.5 ml.min-
50 °C
50 uL injection

Method’s DL:
0.07 - 0.10 pg/L

Courtesy of Amjad Shraim, Uni Queensland

Agilent Technologies
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LC-ICP-MS Method for Arsenic in Groundwater

Cl, ppm
As (left
) ~
104 scale) m 1.0E77] - L 000
: reen ,
As(I1l) ¥ Cl (right i}

DMA(V) MMA(V) scale) Red 3,000

L]

Black 10,000

CPS (CI)

5000

CPS (As)

Cl concentration
up to 1000ppm
(0.1%) has no
effect on As(V)
recovery

50 100 150 200 250 300 350 400

Courtesy of Amjad Shraim, Uni Queensland
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Tube-Well Water Sample, Undiluted

2.0E57 )
| ¢ Cl= <1000 ppm

1.0E57

CPS

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
2.0E5| 75:As

As(lll) = 318 ug/L

1.0E51
As(V) = 185 ug/L

JANE

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
Time, sec

Courtesy of Amjad Shraim, Uni Queensland

Agilent Technologies

Page 36




As Concentration in Groundwater

No | As(lll) | DMA(V) | MMA(V) | As(V) | Sum
1| 935 0.7 0.5 320 | 1259
2 | 19.1 0.1 0.1 9.9 29.1
3 | 257.2 ND ND 76.2 | 3334
4| 6.8 0.2 0.2 7.7 15.4
5 | 5017 0.1 0.1 245 | 526.3
6 | 418.4 ND 0.1 1845 | 602.9
7 | 23.6 ND ND 9.9 33.5
8 | 461.9 ND ND 183.9 | 6458
9 | 3175 ND 2.1 1845 | 504.1

Tube-well water samples from Murshidabad district - West Bengal
All results in ug/L (ppb) in the well-water

Courtesy of Amjad Shraim, Uni Queensland
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LC-ICP-MS Examples

*Other, more unusual LC-ICP-MS applications

Agilent Technologies



Determination of Complex Organo-As Species in
Biological Systems

Small population of sheep on North Ronaldsay — outside enclosures - no grass to eat, so have
lived on seaweed for many generations. How is high As content of seaweed metabolised?

=5

R

[

Higr:joen et al. J Anal At. Spectrom, 18, 474 AilontiTochinologios



Determination of Organo-As Species
LC with ESI-MS & ICP-MS Detection (Split flow)

AAAAA

ESI-MS
Agilent 1100

ICP-MS
Agilent 7500

Elemental spem_ w SQ%cmc detection

Single HPLC System with controlled split to provide sample flow to ESI-MS and ICP-MS.
Simultaneous identification/quantification of As-containing compounds (ICP-MS) and structural information on
all the organic compounds (ESI-MS)

Courtesy Jorg Feldmann et al, Aberdeen Univ.
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Separation and Identification of Organo-Arsenic Species

120 DMAE
) _ @GI;D Peak 1 (B)
Peak 2 1
pPH 5.3
Peak 1 ® 155
ICP-MS< ¢ o
Peak 3 191.1
> 1\/ P-MS m/z 75 40 -
%> 4[ \ miz 167
€ m/z 139
m/2277 ;I'OONQOO#CONEOO
/z 259 ® 232 3RV Q&R S\
ESI-MS < AL i,
]\lm
1 ( \\f\/ miz 361 100 DMA 120 —_— DMAA?
" 7 mizo1 Peak2 (C)[ —> @@ Peak 3 (D)
\ 1.
0 500 1000 - [2M+H]* 1001 [2M+HE>
276.9 361.
Retention time (s) 80 | w
Chromatograms (above) for ICP-MS~_¢° 174, [;isju or
measurement of As (mass 75) and = i = 60
ESI-MS of various indicator masses. 0
1441
Mass spectra (ESI-MS) for the 3 - et
peaks, showing fragmentation 201 541 o
patterns for the identified species — o ol Ol PR P
DMAE, DMA and (maybe) DMAA ~SBE8SRERE S ~FE 853888 8

Hansen et al. J Anal At. Spectrom, 18, 474
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Confirmation of Organo-Arsenic Species in Sheep’s Urine

pH 5.3

Intensity

Intensity

Intensity

400000

300000 -

200000 -

100000 -~

0

150000

100000 -~

50000 -

300000

200000 -~

100000 -~

/DMAE spike

Peak 1

0 200 400 600

Retention time (s)

800

1000

«— DMA(V) spike

;gyakz

0 200 400 600

Retention time (s)

800

1000

DMAA spike
N

Peak 3

0 200 400 600

Retention time (s)

800

Hansen et al. J Anal At. Spectrom, 18, 474
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Species identity
confirmed through the
analysis of species
specific standard spikes
by ESI-MS — same
retention time and same
fragmentation pattern.

Species identified in
sheep’s urine include
DMAA (Dimethylarsinoyl
acetic acid), which is
known as a natural
product in shellfish, but
has not previously been
reported as a urinary
arsenic metabolite.
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