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Overview
» Application of collision/reaction cell
interference reduction technology for the
minimization of polyatomic interferences in
environmental matrices.

* Improved risk assessments through the use
of arsenic speciation approaches that
estimate the bio-accessibility associated with
the exposure.

* Presystemic bio-transformation of arsenic
oxides and their exposure assessment
implications.
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History of EPA Method
200.8

In 2000, instrument In 2008, began to
Method 200.8 manufacturers began to establish initial contact
Was initially- introduce collision/reaction to evaluate
released cell technologies as a technologies with
in 1990 means of reducing respect to across
polyatomic interferences matrix performance
| | | | |
1985 1990 1995 2000 2005 2010
Began to receive
Method 200.8 was request for guidance
updated in 1994 to on the use of
address improved collision/reaction
sensitivity and cell technology
detector modifications within the context
of Method 200.8
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Why Update Method 200.8: ICP-MS?

1. Existing method suffers from matrix induced polyatomics.

Matrix Elements
[ Ca Matrix Element
H
i 56 40Ca160. 40Ar160 56F @
12C 13C ’
i 57 40Ca'®0OH 57Fe
160 180 .
: 58 40C3180 42Ca160 58F 58N
2Na . ’ =
285 > < 59 40Ca'80OH, 42Ca'%0OH 59Co
32G 34G 60 42Ca’80, 44Ca60 60Ni
35C| 37Cl 61 42Ca'80H, 44Ca'6OH 1Nj
PKAK 62 44Ca’soO 62N|j
40Ca 42Ca #4Ca \ o e 04

36Ar 38Ar 40Ar [

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Why Update Method 200.8: ICP-MS?

1. Existing method suffers from matrix induced
polyatomics.

2. Vendors have developed two instrumental techniques
to minimize polyatomics

a. Collision Cell: He or H, gas
- Based on Physics: Collision Energy vs. Bond Energy
- Generally simplifies the spectra

b. Reaction Cell

- Based on Chemistry
- Generally complicates the spectra
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Why Update Method 200.8: ICP-MS?

1. Polyatomic problem: Simple example.

Matrix Elements

H

12C 13C
; 4
160 180 | Br Matrix Element

23Na |
| 80 79BrH 20Se
A Y

32g g 82 ¢&1BrH 82Se

33C| 37C|

79Br 81Br

40Ca 42Ca 44Ca

36Ar S8Ar 40Ar
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82Se Recommended Analysis Mode 3'BrH

Matrix Vendor 1 Vendor 2 Vendor 3 Vendor 4
Na 0.05 0.47 <LOD 0.04
H,SO, 0.16 0.58 0.04 0.16
Mo -0.03 0.19 <LOD 0.01
C 0.09 0.39 <LOD 0.07
Br 106.30 3795.00 1625.00 355.50
Ba 0.03 1.97 <LOD -0.01
Ca 0.16 <LOD 0.83 -0.05
K -0.03 3.73 0.22 -0.39
Mg 0.55 0.24 0.05 0.28
Rb -0.01 0.46 0.66 0.01

MDL (0.5ppb)
MCL (50ppb)

Preliminary Data Set
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Why Update Method 200.8: ICP-MS?

1. Existing method suffers from matrix induced polyatomics.

Matrix Elements /" Calcium Chloride Matrix Element
A : 51 16035C| 51\/
12C 13C .
i 53 16037C]| 53Cr
160 180 == .
23Na I °
- °
28Gj i < 75 40Ar35C|, 40Cas35Cl 75As
i 76 4OAr3SAr 76Se
S S | 77 4OArTC, 4Ca37Cl, 42Ca3%Cl 77Se
ECEEE
“Br 81Br .
i 82 &BrH 82Se
40Ca 42Ca 44Ca [ : :
i \ -+ Chloride ~-> Selenium
36Ar 38Ar 40Ar  |--- ratio i Fs

As ’ ; Se
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Why Update Method 200.8: ICP-MS?

2. Vendors have developed two instrumental techniques to

minimize polyatomics.
He, H
a. Collision Cell: 40Ar35CI —— X, (*°Ar + 35Cl) + Y, (40Ar35Cl)

X,(40Ar + 37Cl) + Y, (40Ar37Cl)
X,(81Br + H) + Y,(8'BrH)

b. Reaction Cell: 7°As vs. 40Ar35Cl

3 73Gel8 = —
Ge is an internal standard{ = 0, Ge'®0 m/z = 91
in this method "Ge 5 74Ge’80H = m/z = 91
T4Se — —*T4Se10H = miz = 91
OZ
"oAS %As80 = m/z = 91
o
[
([ 02
N7r 9171160 = m/iz=107 Ag
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“As Recommended Analysis Mode Results

Matrix Vendor 1 Vendor 2 Vendor 3 Vendor 4
Na 0.04 0.04 0.02 0.01
H,SO, 0.19 <LOD 0.01 0.00
Mo -0.03 0.07 0.01 0.01
C -0.14 0.00 <LOD -0.01
Br 96.43 0.03 <LOD -0.03
Ba 0.16 <LOD <LOD -0.01
Ca -0.28 0.11 0.13 0.14
K -0.06 0.01 <LOD 0.03
Mg -0.11 0.02 0.00 0.04

MDL (0.1ppb)

MCL (10ppb)

Preliminary Data Set
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Why Update Method 200.8: ICP-MS?

2. Vendors have developed two instrumental techniques
to minimize polyatomics

a. Collision Cell: He or H, gas
- Based on Physics: Collision Energy vs. Bond Energy
- Generally simplifies the spectra
b. Reaction Cell
- Based on Chemistry
- Generally complicates the spectra

Two approaches produce different across matrix
performance leading to vendor specific performance.

A, RESEARCH & DEVELOPMENT
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Dietary Arsenic
Exposure
Assessment
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Dietary Arsenic Exposure
Assessment

Average Total Arsenic Average Daily Consumption
Concentration (mg/kg) by U.S. Population (grams)

@ Seafood
O Rice
[0 Carrots

B Chicken

[IMushrooms

131

12

11

20.1

Exposure = “Concentration” X Consumption

Use Carrots as an Example
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Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Carrots

13%
o Hl California
4% l Michigan
>% [0 Colorado
l Mexico
W Other
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Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Carrots

v

Speciation reflects
chemical form
dependent toxicity

104 Change in Toxicity

< < Decreasing Toxicity | >
7 7
As''| |DMA AsB
AsV | | MMA AsC
TMA
TMAQO
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Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Carrots

Speciation a Toxicity

v

Chemical Bioaccessibility Bioavailability
Extraction MO
1. Acid / IDEAL
Base ‘ A
2. MeOH / = !
Water 1. In-vitro studies that mimic|| . "o | ““-.H
3. Water human GI system 1. Tedious | '.
2. Better control 2.Cross-species | == i ﬂ ifi 1
3. Estimate of bioaccessible correlation? T e '|
component 3. Ethical issues '
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Exposure = Concentration x Consumption

_ / Freeze Dried Carrot Samples
Samp“ng Based Or] « | 1. Rehydrate with DDI
Harvest Demographics 2. Add saline solution, 5M HCI
for Carrots AS’Total Digest and pepsin
(ASTD) 3. Placein 37°C waterbath with
v platform agitator for 1 hour

Speciation a Toxicity
¢ Carrot Sample after Synthetic

Stomach Extraction

In vitro Assay

“Bioaccessibility” 1. pH adjust to 6 with 1M NaHCO,
2. Add pancreatin solution & 1M
NaOH

3. Placein 37°C waterbath with
platform agitator for 2 hours

\4

Carrot Sample after Synthetic
Intestine Extraction
v

\ Enzymatic Carrot Sample |—| LC-ICP-MS
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Mass
balance
table for
species
specific
bioacce-
ssibility

based
analyses
of arsenic
INn carrots

1 2 3 4 5 6 7 8 9
AStotal ASspeciation
Wvgliztht RbaN IOl Wet Weight W[girg);/ht Dry Weight | Wet Weight PPALCLIL - W[girght
Sample Moisture J.Otal Total Digest | Extraction | ASorganic AS | oranic CUTITEPER 11 Overall
Content Igest (ng/g + 20) | Efficiency | (ng/g igzcs) (ng/g igzc) LS Recovery
%) (ng/g + 20) (% + 20) (% + 20) (% + 20)
1 91 36+0.8 35+015 | 61+110 | 21425 21+0.2 87 £3.7 59+6.9
2 90 37+4.6 41+103 | 62+175 | 22.7+2.0 25+0.2 101 £ 59.1 61 +215
3 87 36+4.7 54+0.70 | 82+27.2 | 28.0+5.6 42+0.8 92 £22.0 76 £ 15.1
4 90 58 +11.2 6.5+1.25 87215 | 45.8+14.2 51+16 91 +£19.6 79 £ 24.5
5 88 48+ 4.2 6.6 £ 0.57 57+22.0 28.3+9.2 39+13 103 + 10.5 59 +19.1
6 87 43+ 35 6.5 +£0.52 69 +17.2 274 +3.8 41+0.6 93 + 16.7 64 + 8.9
7 88 63+ 1.7 8.6 £0.23 741182 | 491125 6.7+ 1.7 107 + 40.4 78 £19.9
8 89 74+11.0 9.2+1.35 77+11.0 52.3+8.3 6.5+1.0 93+ 28.0 71+11.2
9 91 107 +1.3 10.5+0.12 53+9.0 720+1.1 7.1+0.1 127 + 22.8 67+1.0
10 90 63 6.0 7.0 £0.65 72+25 48.7 £ 4.0 54+04 108 + 5.6 77+ 6.37
11 90 8+54 0.85 £ 0.60 ND ND ND ND ND
12 90 7957 8.7 £ 0.63 69 £ 6.4 55.6 + 4.5 6.2+0.5 102 £2.2 70+ 5.7
13 90 79+54 9.0+0.65 | 71+£24.2 | 625+ 16.7 6.9+19 112 +40.4 79+21.1
14 90 24 £0.6 2.7 £0.07 48 £ 15 ND ND ND ND
15 87 57+59 8.5+0.88 43+9.0 27.9+£6.0 42+0.9 114 + 25.8 49 +10.6
16 90 116 + 14.6 12.8 +1.61 29+24 325+15 3.6 0.2 96 + 8.0 28+1.3
17 89 39+1.3 4.8 +0.16 93 + 56.6 324 +4.2 4005 94 + 46.1 83+ 10.9
18 90 43+ 3.6 4.7+0.39 43 +16.2 18.0+7.1 20+0.8 72+14.0 42 +16.5
Across
Matrix 8926 56 £+ 55 6.6 £5.9 56 + 15 40 + 31 48+3.1 101 + 21 65 £+ 31
Avg + 20

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Carrots

Speciation a Toxicity

v

In vitro Assay
“Bioaccessibility”

v

4.8 ng/g £ 3.1
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Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Carrots

« What We Eat In America (WWEIA),
NHANES 2005-2006, considers
13,000 commonly eaten foods in US.

.y . « 52,653 participants in the survey

Spec:latlori o Toxicity provided information on their food

: consumption.
In vitro Assay P

“Bioaccessibility”

v

4.8 ng/g £ 3.1
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Exposure = Concentration x Consumption

Sampling Based on

Harvest Demographics , WEA Carrot Consumption
for Carrots 7 oo
su-f
Speciation a Toxicity .-
v é 0
In vitro Assay
“Bioaccessibility” = |
¢ 0 500
4.8 ng/g + 3.1 'i | we

Carrot Consumption (gram/day)
\ age group 1-2years e—e—® .S Population

Stochastic Human Exposure and Dose Simulation

A 4

Population Based Exposure Assessment for Carrots
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Population Based Exposure Assessment
for Arsenic in Carrots

Percentile

As Exposure (ug/day)

group == 1 -2 years(Inorganic As) ®e-® 1.2 years(Total As)
=== U.S. Population(Inorganic As)  ®®® U S. Population(Total As)
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Risk Perspective on Population Based
Exposure Assessment for Carrots

« Using the following estimates:
= Oral slope factor of 1.5 per mg per kg bodyweight per day
= 70 kg bodyweight
= Mean consumption habit of 25 g per day
= Mean inorganic As exposure of 0.11 ug per day from carrots

The risk is estimated at 2.3 people in a million will develop
cancer from ingesting carrots over an entire lifetime.

* Problems:

1. Infant risk is difficult to assess given that the consumption habit
per kg bodyweight is not held constant over a lifetime

2. Difficulty in extending estimates for 75" and 90t percentiles
because consumption habits vary from day to day. Bear in mind
the WWEIA is a two day survey

RESEARCH & DEVELOPMENT
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Dietary Arsenic Exposure
Assessment

Average Total Arsenic Average Daily Consumption
Concentration (mg/kg) by U.S. Population (grams)

@ Seafood
O Rice
[0 Carrots

B Chicken

[IMushrooms

131

12

11

20.1

Exposure =  Concentration X Consumption

Use Rice as an Example
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Exposure = Concentration x Consumption

/ Freeze Dried Rice Samples
: «— | 1. Rehydrate with DDI
Samp“ng Based Or‘ 2. Add saline solution, 5M HCI
Harvest Demographics AS | and pepsin
; Total Digest 3 Pl : o :
: ace in 37°C waterbath with
for Rice (As:p) .
¢ 1D ! platform agitator for 1 hour
Rice Sample after Synthetic
| Speciation a Toxmtyi Stomach Extraction

v

In vitro Assay
“Bioaccessibility”

1. pH adjustto 6 with 1M NaHCO,

2. Add pancreatin solution & 1M
NaOH

3. Placein 37°C waterbath with
platform agitator for 2 hours

v

Rice Sample after Synthetic
Intestine Extraction

v LC-ICP-MS

\ Enzymatic Rice Sample

Collision Cell
ICP-MS
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Enzymatic Extraction of a Rice Sample
(High Chloride)

Collision Cell ICP-MS LC-ICP-MS

x10°
T FIM 3.0-
1000 - — Rice
25 — Rice + std addition
X 800 o FIM
= T 20-
E 4
2¢ 600+ Ea
cQ 20 15-
2 20
£ 400+ g .
200 ’ o As" DMA AfOCI A
0- ' | j T — T T T T T ] 0.0 J LM
0 1 2 3 : 5 0 4 8 12
Time (min) Time (min)
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Estimating the species specific arsenic concentrations present
In U.S. consumed rice with an emphasis on determining the
bio-accessible component of the exposure

As Exiraction Totals : As Speciation (Asgyy) in an Enzymatically Extracted Rice Sample
_ Total  |(Asre)in an Enzymatically|  Efficiency Tnorganic As R e e
Rice | Hdice Digest Extracted Rice Sample (% Rec = 20) (Asmg) DMA Speciation Recovery Recovery
Type | (Asm) (Bioaccessibility (Aszowom) | (94 Rec+26) | (% Rec = 20)
(ng/g + 2c) Conc LFM Esti ) Conc LFM Conc LFM Conc
(ng/g=20) | (% Rec) "R | (agle£20) | (CoReq) | (nglgx20) | (eRe) | (nglz)

1 | WLG | 230147 | 126154 83 55+ 6.7 T2.1+154 | 89 36.8+111 92 109 97+ 108 4726

7 | BMG | 131560 | 762+32 91 58+25 71.0+81 66 11120 99 82.1 102 =201 63130

3 | BMG | 237+243 | 152=144 116 6461 119185 | 91 36.1=15.0 93 155 96 =76 65127

4 W | 810194 |482+107 94 50=13 372+78 | 90 15.7+37 94 528 10290 65122

5 | BLG | 279179 | 165234 75 50+84 117139 | 78 308+83 99 157 87+24 56+70

6 | BLG | 282386 | 165=10.1 90 50+84 12851 83 264+21 93 154 88 <73 55423

7 W | 103317 | 465+29 101 3536 44170 | 89 98=13 96 339 95+ 105 53+71

§ | BLG | 264296 | 162=124 73 61=47 132212 | 91 292+20 102 161 89+ 115 6186

9 | WG | 313+36 | 180+266 82 S8+85 563+48 | 88 116=123 81 172 85+ 10.0 55:26

10 | WG | 144=307 | 741=17.0 80 51=12 60210 | 76 248=10.4 91 85.0 00+ 146 50+78
11 | BIG | 107=211 |640=170 93 60=17 80+74 | 01 108+55 97 58.7 80+ 23.0 55120

12 B 120296 | 103 =344 81 86 =29 21x47 | 82 269+16 96 69.0 73+ 188 57+53

13 W | 248+28 | 13359 o8 54+24 66853 75 53.1+3.0 101 120 80=70 48=26

14 W | 213252 | 136+313 81 64=15 813+10.7| 86 457+02 o8 127 85+23.6 60=67

15 | WMG | 259+549 | 17275 123 66=20 634+128| 102 | 598+3438 90 123 79+ 18.4 48153

16 W | 294980 | 233289 101 76+908 131150 | 86 838167 102 215 91+12.1 376

17 W | 2422220 | 159438 100 66=18 106189 | 67 76476 93 183 104 =280 75267

Ai";;‘f;:“ 209+153 | 1292106 | 922277 62193 800+677 |84+185| 413582 | 95104 | 122£990 90+ 18.0 59+16.1

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Exposure = Concentration x Consumption

Sampling Based on
Harvest Demographics
for Rice

 What We Eat In America (WWEIA),
NHANES 2005-2006, considers
13,000 commonly eaten foods in US.
_ . « 52,653 participants in the survey
Spec:latlonfc Toxicity provided information on their food

: consumption.
In vitro Assay P

“Bioaccessibility”

v

80.9 ng/g £ 67.7

T

Stochastic Human Exposure and Dose Simulation

A 4

Population Based Exposure Assessment for Rice

|

o
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Exposure Assessment
and
Presystemic Biotransformation
of
Arsenic Oxides
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Introduction: Challenger Pathway

ot ! I i
=~ . S —
"o f*or o e MO~ e,
GO
As' mm g ‘ MMAY @ ot H:C a0y
. —As — HO— S~ H.C— A~ p—
HO™ /™ ~on 4 /~ TOH — 3~ /" TOH —
- oh H,C 2 H,C \ 4
HO;J/AS\‘OH As!l ? MMA! ﬁ DMAM
OH H.C™ /S~ A
—As
— 3 O{-{ OH HBC / "‘"hOH HSC ’f \CHs
. 4 MMTA’ H,C H,C
ﬁ — DMﬂTA TMAS
|
HO ™/~ g \ 2
SH
o ]
| —
e ﬁ
v HC™ 7™ gh
js MM;A H
HO""/ ~
SH v. DMDTA
SH
|
i js Key:
HC™ "> gH reduction methylation  thiolation
ﬁ sH
;ls MMTTAY |:> # “’
HS""/ ~SH
SH All thiolations have been shown in ideal solutions
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In Vitro Biotransformation of Arsenic Oxides

HO "}jﬁ rgc"; H,C™ l ?
“OH “OH ~OH HC™, ,’ ~CH
AsY o <;j ‘ Mz:" @ ‘ Qj ‘ Tmm:

- —As

- =
|
oH H,C . 4 ”3‘-"' A 4

Asll MMAN i’ DMAN 1

—As 2
€7/ 0on H:C™ /¢,
HyC HC
; ;MMTJE 348 °
arsenic - TMAS
|

oxides
)

As
Homogenized mouse H.C
cecum material, DMDTA

anaerobic environment

arsenic
sulfides

1) Kubachka et al., J. Anal. At. Spectrom., 2009, 24, 1062-1068
2). Kubachka et.al., Toxic Appl Pharm, 2009, 239,137-143
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Expanding arsenic oxides to include inorganic arsenic

Hair:."'ﬁim HyC™ l j‘ll
: ‘ MMAY g . anhﬂu::-U
— - S\h.
HO™ o~y HO o HC™/5on
OH H.C HsC

Asll MMAM DMAM

O
I

'? Hours at 37°C Totals
| As, ppb 0 3 16(12] 24 |48
S, HO~ gy, pp
OH 0 3 - - - 3 3 9
‘i’ Asv | 20 3 -l -] - 3 3 9
T 200 3 13(3[3|3|3]| 18
—ASs~
S;| HO /S~ 1000 3|13 (33| 3 |3]| 18
SE 2000 6 |3(3|3| 3 |6]| 24
) 4 d Totals | 18 |9 |9| 9| 15 [18] 78
Homogenized mouse
ﬁ cecum material,
S4 ’,}l anaerobic environment
H Key:
arsenic

reduction methylation thiolation

sulfides I:> q
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Incubated Bacterial Cultures

Abundance

TIC: 120TSP11.D

TIC: 120TSPO05.D (*)
Hours at 37°C Totals| '°°°
As, ppb 0| 3 6 [12] 24 | 48 eee
0 G =1 =-1-=-1T37@) [ ¢ o
2[:] ? — — — 3 vS 9 1000
200 tHEER R EE 3 15 o 0 ppb, 48 hours
1000 3] 3] 3 [37] 3 3 15 SOowL e st el s o “wmmwwm\*
2000 c | 3] 3 [ 3] 3 3 24 oo
Totals 18] o | 9 | 9] 15| 18 78 e 0 ppb, 0 hours
o ' bttt S oA AN A

T T T T T T T
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Time-->

% Insignificant amount of AsV in cecal contents

Hours at 37°C Totals
As, ppb 0| 3 6 [12] 24 | 48 oo
0 3| =1 = 1-=1713 3 E
20 3| — | — | — ] 3 3 g ¥ 2000 ppb, 0 hours
200 3 | 3 3 [ 3] 3 3 18 | ====]
1000 2| 31 3 [ 3] 3 [ 3 [ 18 | zoo0Hewm——— e e
2000 (¢)| 3 3 | 3] 3 | (8) 24 i
Totals B8] o 9 | 9] 15| 18 78 |

e 2000 ppb, 48 hours

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




AsY metabolites found in 2000 ppb
_ fortified sample at 48 hours

FIStd 5 FIStd

Abundanc

2000
1800 1
1600
1400
1200
1000+

800

600

400° 4
= Y S IR

‘ T T T ‘ ‘ T T T T ‘ T T T ‘ T T T T ‘ T T T T ‘ T T
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Time--=

1. Unchanged AsV 4. DMDTA 7.  AsVOS;H,
2. MMTTA 5.  As'OS,H, 8. MMA
3. AsVO,S,H, 6. MMDTA 9.  TMAO (or small proteins)
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Arsenic oxide to sulfide conversion as a
function of iIncubation time

Hours at 37°C Totals

As, 0 |3| 6| 12| 24| 48

ppb

0 3 3 3 9 ] ]

20 3 3 3 . Concentration of arsenicals

in 2000-ppb fortified cecum samples supenatant

200 3 |3/ 3]| 3 3 3 18

1000 3 |33 3 3 3 18

2000 6 [3] 3| 3 3 6 24

Totals | 18 [ 9| 9 | 9 | 15 | 18 78 5000 o0
-]
o |3
[+
- 1500 06
[ +]
= 012
£ 1000
c m 24
[-H]
2 500 r m 43
a
[ & ]

4> incubation time,

43 hours

total

L]
L
=
o
>y

species
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Conclusions

“ Major fraction of chromatographable arsenicals in the cecum
samples is comprised of unchanged As(V)

+» Most abundant metabolites at 48 hours:

HGCJJSKOH H C"'L“\
HSC g ‘ :SH c/ CHs
oma * Tmaov

= HC™ on =
§ ¢
i DMAN ﬁ
y s
H.C
DMMTA TMAS
|
. 4
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