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ABSTRACT

‘A mdmd Ins beu devdopd by Argonne National Laboratory to identify and quantify As(IIT), As(V), and

ples. The arsenic species were separated by reversed-phase, ion-pairing,’

HPLC usinga mavbon ma-onsn' column. Only | ul. of sample was injected on the column, and the mobile phase
flow utu were lypmnv on the order of 40 pL min t, The HPLC mobile phase was a mixture of metbanol and
t Y hydroxid: O'BAK), 20d the column eMuent was introduced into an ICP-mass spectrometer using
direct injecti butizath o Inlmoflml.hnlpgAs(nmjeaAdouthetﬂum)wmmdyobumedforuci
* arsentic speou. The effect of clnuga in mobile phase compoutwn and JCP-MS cenditions will be described, as well s
quality control measures, €.g., the use of surrogates, dards, and matrix spikes. Precision and accuracy
information wi be preseated from ﬂumlyu ohqueou standards and soil extracts that were spiked with arsenic oxide

AT}, sodinm TAS(V)), di acid (DMAA), or chlorovinyl arsenious acid (CVAA). We belicve that
these data demonstrate the utility of this igue for the i ion of arsenic species present in water or
soil

“Wark suppurted by the US. Aniny sud the US. Deparunent of Envrgy snder Contract W-31-30%-ENG-25%

INSTRUMENTATION
Separation (HPLC)
Column: 10 cm microbore Inentsil-ODS™
Pump/valves: CETAC
Mobile phase: bty ium hydroxide (TBAH)
Operating Conditions:
Flow rate: 40-50 ul/min
Injection volume: 1ab
Masses monitored: .
Points per second: 2 per mass
Detector: VG Plasma Quad Inductively Coupled Plasma - Mass Spectrometer (ICP-MS)
Direct Injection Nebulizer (DIN): CETAC ’
Divect Injoctior Kebalisor (DIX)
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RESULTS AND DISCUSSION
Choice of Mobile Phase
0.4 OOSM TBAH in 5% mednnol with the pH adjusted to 6, was used as & mobile phase for this sep
Heptyitri hosphate (HTAP) in 5% methanol was also used with almost identical re

lned beum HTAP fomad phosphate deposits on the DIN tip, increasing jong term signal drift.

Separation of As Species
Ax(HI) and As(V), present as arsenic oxide

2nd sodium arsenate dissolved in water, c'ﬂ\i

were well separated in the ch As = 008 cl—cu = ca = as
(Figure 1). The organic arsesic specics, o

DMAA and CVAA were not separated M

under these conditions (Figure 2). DMAA CVAA

Stabiity of As Specics

The stability of arsenic species in standards and samples under normal conditions is of concern. Under t
of operation, no degradation of standards was observed. The addition of standards to analytical samy
result in the conversion of arsenic species. Figure 3 shows the partial conversion of As(III) (o As(V). Th
not obsesved when As(m) ‘was added to 3ea sand, Figure 4 shows the complete conversion of CV.
unkmown arsenic species. The same conversion occurred when CVAA was deposited on sea sand. The -

in Figure 4 also contained a spike of As(V) to show relative ion time to the unk species.
As(LII) DMAA £
Replicate #1 227¢+08 213¢+08 1
Reproducibility " 3e+08
The following data shows results Replicate #2 i 2.07e+08 !
from a series of replicate runs of = y
100ppb standard. Based on this Replicate ¥3 2.24e4+08 2.18e+08 b4
table 2 RSD of less than 10% is
P 4 for thu Repli 4 2200408 229408 2
However, peri joration of
the reproducibility was observed. | gepiicate #5 2.44e+08 216e+08 2
During this time, RSDs ranged
from 10 to 30%. Use of an internal " 5 Get0! Set08
standard kept the RSD less than plicate 6 zl : 2 2
10% for & SOppb standard. The
waits of the replicate measurements Replicate #7 2.30e+08 2.27e+08 1.
3ve counts at m/e =75,
Average 2.24¢+08 2.18e+08 1
Standard 1146407 7.85e+06 1
Deviation
RSD 5.11% 3.60% 6

Estimated Detectior Limits

Detection limits were d using a dard which
species. Figure § shows the results from this dard. The d jon fimit is
times the dard deviation of the noise (baseline).

d 1 pg (1pL of 1ppb)
d from the peak he

Detection Limit = 0.1 pg

Corvection for Chloride Interferences

1n the preseace of high Jevels of chloride, an interference for aryenic from ArCl can be p:
present at mass 75). This interference can be d by measuring the amount of ArCl st mass 7
chioride ions (35 and 37) is 3:1, as such, subtracting three times the mass 77 peak from the mass 75 peak
the chloride interference. Figures 6 and 7 show the effectiveness of this correction.
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RESULTS AND DISCUSSION

hanal with the pH adjusted to &, was used as & mobile phase for this separation. 6.005M
wm phosphate (HTAP) in 5% methanol was also used with almost identical resuits. TBAH was
ed phosphate deposits on the DIN tip, increasing long term signal drift.

t as arsenic oxide

issolved in water, Cﬁ\a o
be chromatograms At = OOB ci=ci = cr = ad

ic arsenic species, g S on
ere not separated ’

(Figure 2). DMAA CVAA

pecies in standards aod sampies under normal conditions is of concern. Under the nomd course

ation of standards was observed. The addition of dards to anal; , did

arsenic species. Figure 3 shows the partial conversion of As(IIl) to As(V) The conversion was

was added to sea sand. Figure 4 shows the complete conversion of CVAA on soil to an

The same conversion occurred when CVAA was deposited on sea sand. The extract analyzed
ed 2 spike of As(V) to show relative retention time to the unknown species.

As(1ID) DMAA As(V)
Replicate #1 2.27e+08 213408 1L.79¢+08
hows results Replicate #2 2.13e+08 2.07e+08 1.82¢+08
e runs of a
on this Replicate #3 2.24¢+08 2.18c+08 2.01e+08
than 10% is
neasurement. Replicate #4 2200408 2.29¢+08 2.08e+08
soration of
observed. N
ate #S 2.
De Replicate 44e+08 2.16e4+08 2.01e+08
of an internal "
D',: "'h:. Replicate &6 2.10e+08 2.18¢+08 2.05¢+08
dard, The
Repli #7 2.30e+08 2.27e+08 1.34¢c+08
Average 224e+08 2.18¢+03 1.94¢+08
Standard 1.14e+07 7.85¢+06 1.20e+07
Deviation
RSD 5.11% 3.60% 6.20%
its
limits were estil d using a dard which d 1 pg (1pL of Ippb) of each arsenic
the results from this dard. The d jon limit is d from the peak height using three
iation of the noise (baseline). .
Detection Limit = 0.1 pg
Interferences
of hlgh levels of chioride, an mterfennce for arsesic from ArCl can be present (both are
is i can be d by g the of ArQ1 at mass 77. The ratio of

is 3:1, as such, subtracting three times the mass 77 peak from the mass 75 pexk will correct for
Figures 6 and 7 show the effectiveness of this correction.

Linear Range
The linear range of the method was determined using peak area calculations and performing a linear
regression on the resvits of 0, 10, 50, 100, 500 and 1000 ppb_standards.

Without internal standards

With isternal standards

Species As(IIh As(V) CVAA As(HIT) As(VY) CVAA

s 0.9991 0.9776 0.9998 0.9763 0.9995 0.9316 0.9999 0.9993 0.999%

Range 0500 | 01000 | 0500 | 01000 [ 0500 | 01000 | o-500 0-500 0-500
(ppb)

Quality Assurance / Quality Control
‘The necessary QC parameters and checks for this analytical method lre still being developed and tested.
The zypgorpmqus and checks include: calibration, check dards, lab ry dupli matrix spikes, internal

Iah

surrogs y control

Calibration, Calibration is performed by taking three replicates of a 100ppb standard. The 108ppb standard should
contain 100ppb of each arsenic species of interest.

Check Standard. A 100ppb check standard containing each of the species of interest shall be analyzed every S samples
and after the last sample. If the results are outside 320%, then the problem shall be corrected and the check sample

:houldbe lyzed, All y pl :houldakobemn}yud.
I Standard. An i ) dard which is not pment in the sample and will mot interfere with the other agalyvtes
of i should be selected. This i 3 dard should be added to every sampie and standard. If the internal

standard result is outside £20%, then the problem should be corrected and the sample rerua.
Laboratory Duplicate. A sample should be periodically rn in duplicate to assure the reproducibility of the

Surrogate, matrix spike. A surrogate or matrix spike should be used when extractions are required. They can also be
used to estimate matrix effects.

Soil Sample Resuits
This hod is being foped to d. ine the g and form of arsemic in soil, before and after
treating. Figure 8 shows the resuits of a d soil, prior to tr The ic is all in the form of As(V).
ARer treatment, Figure 9, the sample is in the I'orm ofbod: A(m) and As(V). A contaminated soil from another location

is shown in Figure 10. This plot has been rfe and shows As(IIT), As(V), and organoarsenic
species. After treatment (Figure 7) the organic arsenic is not present, As(V) has beea reduced, and A{II) is increased.
CONCLUSIONS

The work presented here shows an instrumental method for the identification of As{IIT}, As(V), and

ic compounds. The method was specifically designed for arsenic speciation in soil, but the method is directly

pplicable to water samples. The method could also be readily adapted to other metals, such as, mercury, selenium,
chromivm, tin, and lead.

Twwmtmobkphmmmhmmbswnmmsbmmmm&mm As(IID),
DMAA, and Ax(V) were alf well sep d. A fourth unk 2 d from the conversion of CVAA was
also mumredmdmolvedfnnAs(ﬂI).DMAA.udAs(V). ’l'he paratios of other organ. = pownds may
require additi graphic P

Results were d. d to be reproducible within 10%. Hm,mo(nmmﬂmndlrdumml
b of the possible deterioration of instrument reproducibility. The esti: Himit is 0.1pg or 0.1ppb for
a 1pL injection. The pr of chloride inn a sample can produce an interference on arsenic. Monitoring mass 77 allows
correction of lhechlondemtufemu. The metbod is linear up to 500ppb. Samples which exceed this concentration
shoald be diuted and rerun. Quality control uuplu are effecﬁvemnunmg the performance of the instrument.
l.ntnalsunduds.ld check dards are particularly useful in g and correcting for instrument drift. One

with & dard: utoﬁndouethndoanelmted'uevnhmxspmpm(lnthcunpk,yﬂgna
- good peak ander curreat dlromaxognphu conditions.

Results were obtained using this method for d and treated soil samples. Using prelimigary
results from these measurements, we have learned the effect of the treatment oa the form of the arsenic, that certain
arsenic compounds are not stable in some soil samples, and that some soils were high in chiorides both before and after
treatment.
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