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Arsenic Species

From most toxic to least toxic

IAs — Inorganic Arsenic

As(lIl) - Arsenite

As(V) - Arsenate

MMA — Monomethylarsonic acid
DMA — Dimethylarsinic acid
TMAO — Trimethylarsine oxide
AsB — Arsenobetaine
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Prep Methods

HCIl and NaOH




Sample Preparation Methods

Two Options Described in EPA Method 1632A

10 mL of 75-85 °C Analyze for
500 mg of o N MMA and
sample a or e 16 hours
e 2 M HCl DMA
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Analysis of MMA and DMA

. N Cryogenic
Pun \\\C O O Water grecgllectlon
P 20 mL condensation
4% NaBH,4 Reaction trap
Vessel

Hydride generation step Desorption/Detection step
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Bias to DMA Results

* High bias to DMA results if:

e Sample contains significant arsenobetaine (AsB)
and
* NaOH sample preparation method is used

* Low bias to DMA results if:
 Sample is plant-based
* No significant AsB levels in sample
and
* NaOH sample preparation method is used
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. How did the Bias

go Undetected for
So Long?




Certified Reference Materials

Concentrations in mg/kg (ppm)

CRM ';'::: Matrix iAs MMA DMA AsB
TNOIIRR?% ggln?i Hep:;b:;(:\::reas K2 A AE NE i
1'\5”65;b A2“§1“3'°‘t Rice Flour 0.285 0.092 0.0116 0.180 NC
BCR-627 Sepztggber Tuna Fish 4.8 NC NC 0.15 3.9

NC — Not certified for this species of arsenic
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Certified Reference Materials

Certified Values

SRM-1568b (rice) BCR-627 (fish)

B As(inorg)
EMMA

T DMA

B AsB

® unknown
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Certified Reference Materials

DMA Results Compared to Certified Values

DMA in CRM

o

o

o

U o 11 o un o
o o

o Ce;'ncqgtrqgon!\(}ng.[j(g)w
o

. | I
SRM-1568b (rice) BCR-627 (fish)

M certified 0.18 0.15
result 0.09 2.45

o
o
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Certified Reference Materials

NRCC TORT-3 (lobster hepatopancreas)

DMA Result from NaOH Prep

DMA M AsB M unknown

Concentration (mg/kg)

TORT-3 certified TORT-3 result
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Apparent DMA Concentrations

B Ian k Spl keS from AsB Spiked into NaOH

Sample Preparation
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EEEN’SBKQS MEANINGFUL METALS DATA



Can DMA still be

Analyzed by
1632A¢




Sample Preparation Methods

Two Options Described in EPA Method 1632A

10 mL of 75-85 °C Analyze for
500 mg of R MMA and
sample a or e 16 hours
e 2 M HCI DMA
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Certified Reference Materials

DMA Results Compared to Certified Values

M certified
Hresult - NaOH prep
2 L result - HCI prep

Concentration (mg/kg)
—_
(O]

oL —— SRR

SRM-1568b (rice) BCR-627 (fish)
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' Apparent DMA Concentrations
B Ian k Spl keS from AsB Spiked into HCI| Sample

Preparation
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Real World Samples

Biological Tissues — DMA results

NaOH Preparation HCI Preparation
(mg/kg) (mg/kg)

fish 0.272 0.097 95%
gills 0.130 0.202 43%
organs 0.122 0.265 74%
biota 0.639 0.151 124%
biota 1.04 0.451 79%
algae 0.381 0.613 47%
fish 1.16 0.181 146%
fish 1.03 0.332 102%
fish 4.41 3.73 17%
mussel 2.53 0.515 132%
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AsB/DMA Mass Balance

NaOH Sample Prep; Analysis by IC-ICP-MS

60

DMA

50

40
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Concentration (mg/kg)

10

120%
, I ]

BCR-627 (fish) BCR-627 certified TORT-3 (lobster) TORT-3 certified
value value
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AsB/DMA Mass Balance

HCl Sample Prep; Analysis by IC-ICP-MS
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AsB breaks down to TMAO

Percentage of arsenic species formed (%)
[+<]
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Temperature (°C)

Fig. 7. Percentage of transformation of AB into TMAO (@) and TMA™ (O) at different
temperatures. Time of application at each temperature was 44 min (reproduced from
Devesa et al., 2001b with the permission of the American Chemical Society).

VIK. Sharma, M. Sohn / Environmenr International 35 (2009) 743-759
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TMAO spike

T TP R S e =)

File Instrument Scale Help

CVAFS Port: COM1 NO COMM
Purge and Trap Port: COM2 [GXE0I[TI  Current run: 29 - Completed: accepted
Autosampler Port:  COM3  IIXETM  Nextrun: 30 -Run Info Missing

. Start Run . Abort Run . FinishRun | HeatColl | Update Excel

Batch Information | Run I on | QA Information | Resuits | Peaks | Report | Automation | Manual Control | Maintenance |
25,0007 Selected Peak: 2
Retention Time: 0.95
20,000+
15,000 |
10,000
5,000
|
o
1 2 3
T T T T T T T T T T T T T T d
0 1
[ Modify Start/stop | [ New Start/stop | [ Restore original | [ selectpesk |
Run Type Name/ID Trap Peak Peak Area Analyzed Result (ng) Final Result (ug/L) QA Results Criteria Reject
! [TMASO Spike3 2f 4.41] 0.00] < Highest Sta... ] -
27/Sample ]DMA Spike 2 1,136,372 5.11 0.00 < Highest Sta... ] =)
28|0Ongoing Precision and R... ]SEQ-CCV 3 1,134,368 5.10 102/80-120 :
28|Continuing Calibration Blank|SEQ-CCB 0 0.00! 0.00/<0.28 [l ¥4
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DMA spike

HGAAS

Mercury Guru 4.7.3

[File Instrument Scale Help

CVAFS Port:  COM1 NO COMM

@ startrun [ AbortRun (@ FinishRun | HeatCoil | Update Excel Purge and Trap Port: COM2 [GXE0I[TI  Current run: 29 - Completed: accepted

Autosampler Port:  COM3  IIXETM  Nextrun: 30 -Run Info Missing
Batch Information | Run I on | QA Information | Resuits | Peaks | Report | Automation | Manual Control | Maintenance |
25,0007 Selected Peak: 2
Retention Time: 0.91
20,000+
15,000 |
10,000
5,000
LT T L T
1
o
1 2 3
T T T T T T T T T T T T T T d
0 1
[ Modify Start/stop | [ New Start/stop | [ Restore original | [ selectpesk |
Run Type Name/ID Trap Peak Peak Area Analyzed Result (ng) Final Result (ug/L) QA Results Criteria Reject
26/Sample [TMASO Spike3 2| 930,484 4,41 0.00! < Highest Sta... | ~
27/Sample |DMA Spike 2 1,136,3 5.11 0.00 < Highest Sta... =
28|0Ongoing Precision and R... ]SEQ-CCV 3 1,134,368 5.10 102/80-120 :
28|Continuing Calibration Blank|SEQ-CCB 0 0.00! 0.00/<0.28 [l ¥4
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IC-ICP-MS Chromatogram

Spikes in DIW
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IC-ICP-MS Chromatogram

AsB spike in NaOH prep

0 100 200 300 400 500 600 700 800 900

Retention Time (seconds)
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 The EPA Method 1632A NaOH prep option shoul
not be used for DMA determination

 High bias for DMA results due to interference from AsB
* May not fully digest rice and other plant based samples

 The EPA Method 1632A HCI prep option is an
appropriate alternative

« EPA Method 1632A quantifies TMAO (if present) as
DMA

* |C-ICP-MS should be used if TMAO and DMA need
to be quantified separately
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