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Arsenic Species 

iAs	
  –	
  Inorganic	
  Arsenic	
  
As(III)	
  -­‐	
  Arsenite	
  
As(V)	
  -­‐	
  Arsenate	
  
MMA	
  –	
  Monomethylarsonic	
  acid	
  
DMA	
  –	
  Dimethylarsinic	
  acid	
  
TMAO	
  –	
  Trimethylarsine	
  oxide	
  
AsB	
  –	
  Arsenobetaine	
  

From most toxic to least toxic 



EPA METHOD 1632A 



Prep Methods 
HCl and NaOH 
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Sample Preparation Methods 

500	
  mg	
  of	
  
sample	
  

10	
  mL	
  of	
  
•  2	
  M	
  NaOH	
  	
  or	
  
•  2	
  M	
  HCl	
  

75-­‐85	
  °C	
  	
  
• 	
  16	
  hours	
  

Analyze	
  for	
  
MMA	
  and	
  
DMA	
  

Two Options Described in EPA Method 1632A 
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Analysis of MMA and DMA 

120 °C 

20 mL 
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Bias to DMA Results  

• 	
  High	
  bias	
  to	
  DMA	
  results	
  if:	
  
•  Sample	
  contains	
  significant	
  arsenobetaine	
  (AsB)	
  
	
  	
  	
  	
  	
  and	
  
•  NaOH	
  sample	
  preparaRon	
  method	
  is	
  used	
  
	
  

• 	
  Low	
  bias	
  to	
  DMA	
  results	
  if:	
  
•  Sample	
  is	
  plant-­‐based	
  
•  No	
  significant	
  AsB	
  levels	
  in	
  sample	
  
	
  	
  	
  	
  and	
  
•  NaOH	
  sample	
  preparaRon	
  method	
  is	
  used	
  

	
  



How did the Bias 
go Undetected for 
So Long? 
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Certified Reference Materials 

	
  CRM Issue	
  
Date Matrix Total	
  

As iAs	
   MMA	
   DMA	
   AsB	
   

NRCC	
  
TORT-­‐3 

April	
  	
  
2013 

Lobster	
  
Hepatopancreas 59.5 NC NC NC 54.9 

NIST	
  
1568b 

August	
  
2013 Rice	
  Flour 0.285 0.092 0.0116 0.180 NC 

BCR-­‐627 September	
  
2013 Tuna	
  Fish 4.8 NC NC 0.15 3.9 

Concentrations in mg/kg (ppm) 

NC	
  –	
  Not	
  cerRfied	
  for	
  this	
  species	
  of	
  arsenic	
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Certified Reference Materials 
Certified Values 

SRM-­‐1568b	
  (rice)	
  

As(inorg)	
  

MMA	
  

DMA	
  

AsB	
  

unknown	
  

BCR-­‐627	
  (fish)	
  

As(inorg)	
  

DMA	
  

AsB	
  

unknown	
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Certified Reference Materials 
DMA Results Compared to Certified Values 

SRM-­‐1568b	
  (rice)	
   BCR-­‐627	
  (fish)	
  
cerRfied	
   0.18	
   0.15	
  
result	
   0.09	
   2.45	
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Certified Reference Materials 
NRCC TORT-3 (lobster hepatopancreas) 
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R²	
  =	
  0.99935	
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Can DMA still be 
Analyzed by 
1632A? 
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Sample Preparation Methods 

500	
  mg	
  of	
  
sample	
  

10	
  mL	
  of	
  
•  2	
  M	
  NaOH	
  	
  or	
  
•  2	
  M	
  HCl	
  

75-­‐85	
  °C	
  	
  
• 	
  16	
  hours	
  

Analyze	
  for	
  
MMA	
  and	
  
DMA	
  

Two Options Described in EPA Method 1632A 
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Certified Reference Materials 
DMA Results Compared to Certified Values 
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Blank Spikes 
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Real World Samples 

Sub-Matrix  NaOH Preparation                              
(mg/kg)  

HCl Preparation            
(mg/kg)  RPD 

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% 

Biological Tissues – DMA results 
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AsB/DMA Mass Balance 
NaOH Sample Prep; Analysis by IC-ICP-MS 
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AsB/DMA Mass Balance 
HCl Sample Prep; Analysis by IC-ICP-MS 
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Transformation of 
Arsenic Species 
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AsB breaks down to TMAO 
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TMAO spike 
HGAAS 
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DMA spike 
HGAAS 
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IC-ICP-MS Chromatogram 
Spikes in DIW 
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IC-ICP-MS Chromatogram 
AsB spike in NaOH prep 
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Conclusions 

•  The EPA Method 1632A NaOH prep option should 
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 HCl prep option is an 
appropriate alternative 

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

•  IC-ICP-MS should be used if TMAO and DMA need 
to be quantified separately 
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