since the ionization potential of Ar is lower than the ener-
gies of the two metastable states of He. However, there
seems to be more involved than simply an increase in elec-
tron concentration since the presence of Og is necessary to
prevent the deposition of carbonaceous material. Presum-
ably, carbon is removed as CO and COa.

Analytical Implications. An inspection of Figure 3 re-
veals that, while the presence of oxygen is necessary to ob-
serve chromium atomic emission, there is an optimum Pg,
due to the quenching properties of oxygen. The advantages
of adding oxygen are as follows: 1) The addition of oxygen
increases the atomic Cr emission. This, of course, improves
sensitivity for the chromium chelate. 2) The addition of
oxygen reduces molecular emissions from species such as
Nj and Ng*, introduced through leaks in the system. This
means a reduction in background, and is especially impor-
tant if the 3579-A chromium line is used for analysis, since
there is a very intense Ny band in this region. 3) The addi-
tion of oxygen quenches molecular emissions from species
such as CH and CN, which are the result of fragmentation.
This is important in improving selectivity.

The following disadvantages are the result of adding oxy-
gen: 1) The chromium emission reaches a maximum and
then decreases rather quickly with the addition of oxygen.
Curve 1 in Figure 3 shows the importance of maintaining
the flow of oxygen constant to maximize precision. 2) Curve
6 in Figure 2 shows that the background in the 3100- to
3000-A region is high due to the formation of OH. This pre-
cludes the use of this region for sensitive analysis unless
water can be rigorously excluded.
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Determination of Alkylarsenic Acids in Pesticide and
Environmental Samples by Gas Chromatography with a
Microwave Emission Spectrometric Detection System

Yair Talmi and D. T. Bostick
Oak Ridge National Laboratory, Oak Ridge, Tenn. 37830

The applicabllity of a gas chromatograph with a microwave
emission spectrometric detector (GC-MES) to the determi-
nation of alkylarsenic acids in commercial pesticides and in
environmental samples Is described. The analytical proce-
dure involves NaBH, reduction of the arsenic acids to the
corresponding arsines, followed by either extraction of
these arsines or their flushing from the sample solution and
collection in cold toluene at —5 °C. In elther case, the ar-
sines are separated on a GC column and determined by a
MES detector by measuring the emission intensity of the As
228.8-nm spectral line. Varlous parameters affecting the

production and collection of the arsines, such as the reduc-
tion conditions, sample volume, losses due to volatilization,
and arsine rearrangement side reactions are discussed
along with instrumentation parameters such as column op-
eration and microwave power. The various alkylarsines
separated on the GC column were positively identified by a
mass spectrometer. Since the MES detector is highly selec-
tive to arsenic (>10%), the absolute sensitivity (20 pg of ar-
senic) Is very little dependent on the molecular structure of
the arsines. The relative sensitivity for water samples is at
least 0.25 ug/l.
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Table I. Operating Conditions

Parameter

6
5% Carbowax 20M'
on 80/100 mesh,
Chromosorb 101

GC column length, ft®
GC column packing

Quartz capillary, i.d., od., mm? 0.5, 6.5
Carrier gas® Argon
Carrier gas flow rate 100 ml/min
Column temperature, °C 175
Inlet temperature, °C 180
Capillary heater temperature, °C 210
Microwave generator output, watts 20
Monochromator setting
Slit height, mm 10
Slit width, pm 30
Wavelength, nm 228.8
Photomultiplier tube RCA 1Pp28
Photomultiplier voltage, V 630
Optics?
Lens focal length, mm 100
Lens diameter, mm 50

@ Pyrex column dimensions: i.d., 3.5 mm; o.d., 6.5 mm. ? Quartz

capillary length, 25 cm. © The plasma was operated at 5-10 Torr.
4 Plasma image was focused on the entrace slit.

In recent years, extensive use has been made of sodium
and ammonium salts of monomethylarsonic acid (MMAA)
and dimethylarsinic acid (DMMA) as nonselective, post-
emergent, foliar contact herbicides. There is evidence con-
cerning the bioaccumulation of these arsenicals (1), as well
as their reduction by soil microorganisms to the corre-
sponding toxic and highly volatile arsines (2-4). To study
the environmental impact of these herbicides, accurate and
sensitive analytical methods are required which are capable
of providing information concerning the molecular form of
these arsenicals in addition to their arsenic content. Within
the past few years, several GC methods have been de-
scribed for the separation and identification of inorganic
arsenic species (5-7) as well as MMAA and DMAA (8-10).
However, to date none of these methods have been applied
to environmental samples.

Braman and Foreback (11) have since succeeded in sepa-
rating and quantitatively determining As(III), As(V),
MMAA, and DMAA by a procedure formally analogous to
thermal volatilization. Their analytical procedure is based
on NaBH, reduction of the arsenicals to the corresponding
gaseous arsines and their collection in a liquid nitrogen
trap. Separation of the arsines is subsequently achieved by
heating the trap and thus selectively volatilizing them ac-
cording to their boiling points. Detection of the arsines is
accomplished by their introduction into a helium dec-dis-
charge detector and the measurement of the resultant
emission intensity of the As 228.8-nm spectral line. Using
this technique, arsenic species at the sub-ppm concentra-
tion level have been determined in various environmental
samples including water, egg shells, sea shells, etc.

This article describes a new analytical method for the
determination of arsenicals in industrial and environmen-
tal samples. As in the previous method, the NaBH, reduc-
tion scheme is used, but the arsine separation is achieved
by GC and is therefore more efficient and reproducible.
The highly selective and sensitive microwave emission
spectrometric (MES) GC detector has been utilized
throughout the study. The necessary conditions for the
quantitative reduction and collection of several alkylarsen-
ic compounds as well as their GC separation and MES de-
tection are described.

EXPERIMENTAL

Apparatus. The GC-MES system used in this study has been
described previously (12, 13). The detection procedure for the alk-
ylarsines involves their GC separation and elution into a low-
power microwave argon plasma and measurement of the resultant
emission intensity of As 228.8 nm, The GC-MES operating condi-
tions are summarized in Table I.

Reagents. Highly purified MMAA and DMAA obtained from
Ansul Corp. were used to prepare the corresponding 1000 ug/ml.
aqueous standard stock solutions. Three commercial pesticide
samples received for comparative analysis (Ansul) were similarly
diluted with water to prepare 1000 ng/m! stock solutions. Other ar-
senic acids including ethyl, n-propyl- and n-butylarsonic acids
were obtained from Eastman Kodak. NaBHjy pellets (250 mg) from
Ventron Corp. were used as the reducing agent. The trimeth-
ylarsine (TMA) was also obtained from Ventron.

Procedure. Two alternative procedures were employed to
quantitatively collect the volatile arsines evolved during the reduc-
tion reaction.

Extraction Method. Aqueous samples were acidified to pH 1
with either oxalic acid (2%) or HCIL. Ten ml of benzene or toluene
were then added and reduction was initiated by dropping a NaBH,
pellet into the aqueous sample. The extraction vessel (a long test
tube) was left open to permit the Hy formed to escape. To ensure
an efficient extraction, the vessel was shaken throughout the reac-
tion (3 min). The two layers were then allowed to separate before
an aliquot of the organic layer was removed for subsequent analy-
sis by the GC-MES.

Cold Trap Method. This method requires the use of an air-tight
reaction vessel (Figure 1) in which the volatile arsines are collected
in a =5 °C toluene cold trap. The low temperature is maintained
by submerging the trap in an ethylene glycol-ice bath. The reduc-
tion procedure is identical with that of the above method but the
arsines are flushed through a glass-frit bubbler into the toluene
trap instead of being extracted.

DISCUSSION

Reduction. The overall accuracy and precision of the
analytical procedure strongly depend on the rate and de-
gree of completion of the reduction of the arsenic acids, as
well as on the rapid removal and the efficient collection of
the generated arsines. Various parameters, including pH,
temperature, and initial concentration of NaBH, which af-
fect these processes, also determine the degree to which the
undesirable side reactions of arsine molecular rearrange-
ment take place. Because of these side reactions, the reduc-
tion of MMAA resulted in the partial production of AsHj,
DMA, and TMA in addition to the expected MMA. The re-
duction of DMAA produced small amounts of MMA. Mo-
lecular rearrangements of a similar nature have been pre-
viously observed for other arsines (14, 15). Although the
nature of these rearrangements is not entirely understood,
they can be easily controlled and practically eliminated as
shown by the following observations and Table II:

1) The arsine’s rearrangement did not occur in the GC
system.

2) The degree of rearrangement could be reduced if
NaBH, pellet rather than an aqueous NaBH/ solution was
used as the reducing agent (Table II). Further addition of
NaBH; did not seem to reduce or reverse the rearrange-
ment.

3) A drastic reduction in arsine rearrangement was
achieved when the dissolved oxygen present in the aqueous
samples was removed prior to reduction (Table II).

4) A decrease in the degree of rearrangement was also
observed upon lowering the pH, Figure 2.

These observations indicate that the degree of rearrange-
ment is reduced when the rate of reduction is increased;
e.g., low pH and the instantaneous increase in NaBH, con-
centration in the aqueous solution upon introduction of a
pellet. Fortunately, the completeness of reduction is also
optimized under the same set of conditions. Thus, while
DMA production (from DMAA) remained essentially con-
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Figure 1. Reaction vessel used In the cold toluene trap method

Table I1. Effect of Reducing Agents and Oxygen

Removal on Arsine Rearrangement

Oxygen
Reducing agent
removal

NaBHy from

13 NaBHy Solution  Pellet sample?

% DMA produced by 517,
MMA rearrangement

traces of AsH; 2 <04
and TMA
% MMA produced by 24 2 0.1

DMA rearrangement
2 Reduction of sample with a NaBH, pellet at pH 1,

stant between pH 0.2 and 1.0, it was less than 50% com-
plete at pH 1.2 and practically zero above pH 1.5. Temper-
ature (25-50 °C), on the other hand, seemed to have no ef-
fect on DMA generation.

The drastic increase in arsine rearrangement in the pres-
ence of oxygen can probably be linked to the fact that al-
kylarsines are characteristically very reactive and readily
attacked by oxygen (16). This also suggests that the rear-
rangement occurs after or simultaneously with the genera-
tion of the arsines rather than with the acids themselves,

Efficiency of Alkyl Arsine Collection Extraction
Method. The quantitative collection of each arsine gener-
ated depends on its volatility and its solubility in the or-
ganic solvent. Extracts of DMA obtained by reduction of
DMAA aqueous samples at the 0.03-10 ug/ml concentra-
tion range produced linear calibration curves with correla-
tion coefficients better than 0.999. These curves were high-
ly reproducible, despite the fact that the extraction effi-
ciency of DMA was only 91 * 2%. Increase in the solvent
volume by a factor of 3 (30 ml) improved the extraction ef-
ficiency to more than 99% but also proportionally reduced
the relative sensitivity. Unlike DMA (bp 36 °C), MMA (bp
—2 °C) was not extracted efficiently and reproducibly by
the solvents used. Other solvents, including diethyl ether
and ethanol, which were more efficient extractants were in-
compatible with the GC column.

Cold Trap Method. In the cold trap method, the overall
arsine collection efficiency depends on the efficiency of
both the flushing of arsine from the aqueous sample and

o
=3
T
{

% DMA CONVERSION
o
™
o
i

L L | | i
0.2 0.4 06 0.8 1.0 1.2
pH OF SAMPLE SOLUTION

Figure 2. Effect of pH on the rearrangement of DMA to MMA

(a) DMAA reduction in the presence of oxygen. (b) DMAA reduction in the
absence of oxygen

the collection of these arsines by the cold toluene (—5 °C)
trap. The efficiency of the cold trap for capturing MMA
and DMA was 94 £ 2% and 96 + 2%, respectively, regard-
less of the toluene volume (5-25 ml) or of the concentra-
tions of the MMAA (up to 10 ug) and DMAA (up to 100
ug). Lowering the trap temperature below —5 °C should
further improve the trapping efficiency, although attempts
to accomplish this by using a Dry Ice bath resulted in
blockage of the glass frit with frozen toluene. A more prom-
ising cooling approach should involve the use of a well reg-
ulated cryogenic device.

The flushing efficiencies of MMA and DMA from the
aqueous solution into the cold trap were 99 + 2% and 85 +
2% correspondingly. It should be noted, however, that these
values were determined by directly comparing the peak
heights of MMA and DMA GC peaks to those of TMA
standards. This approach was employed in the absence of
certified MMA and DMA standards. Attempts to improve
the flushing efficiency by introducing a second NaBH, pel-
let only caused losses due to escape of MMA and DMA al-
ready trapped in the cold toluene.

The overall collection recoveries of MMA and DMA in
the cold trap were 93 + 2% and 81 + 2% correspondingly.
Despite their incompleteness, these recoveries were highly
reproducible. Satisfactory accuracies have been obtained
by comparing MMAA and DMAA samples to their respec-
tive standards, rather than utilizing the TMA standard (see
analytical results section). The reproducibilities of MMA
determinations obtained for five different samples (each
0.1 ug/ml MMA and 10 ug/ml DMAA) and five consecutive
injections of the same MMA sample are shown in Figure 3.
The relative standard deviation values were 4.5% for the
former case and 2.1% for the latter.

The effect of sample volume was also studied. Equiva-
lent amounts of MMAA and DMAA were added to de-
gassed and acidified water, 15-200 ml in volume. Arsine re-
coveries from these samples were compared relative to that
of the 15-ml sample, Table III. Complete arsine recovery
from the 200-ml samples was accomplished only when two
NaBH, pellets were introduced simultaneously. This ex-
periment reinforces the previous conclusion that large
quantities of NaBH, have to be introduced rapidly into the
system to ensure-the instantaneous reduction of the acids
and their removal from the sample solution. Since the ar-
sine generated from aqueous samples larger than 200 ml
can be collected in less than 5 ml of toluene, a preconcen-
tration factor of at least 40 can be achieved.
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Table III. Effect of Reduction Conditions on Recovery of MMA

Reduction conditions
1) Reduction with 1 NaBH, pellet
2) Same as No. 1 but with argon
flushing of the agueous sample
(3 min.) following initial reduction
3) Same as No. 1 but with addition of
a second NaBH, pellet following
the initial reduction
4) Reduction with 2 NaBH, pellets
added simultaneously

% MMA Recovered?

100-m1 sample 200-ml sample
55.3 15.3
80.0 48.8
56.0 60.0
100 100

@ Recoveries were determined relative to a 15-ml sample containing the same amount of MMAA and reduced with a single NaBHj pellet.
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Figure 3. Reproducibliity In determining MMAA using the cold toluene
trap method

(&) 4-ul injection of 0.1 ug/ml MMA benzene solutions, (b) 8-ul injections of a
0.1 ug/mi MMA benzene solution
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Figure 4. Relative collection efficlencles of the cold toluene trap and
extraction methods for various alkylarsines

8-ul Injectlon of alkylarsine toluene solutions

Liquid Nitrogen Cold Trap Method. A significant im-
provement in relative sensitivity and more complete arsine
collection can be achieved by utilizing a liquid nitrogen
cold trap (11). After sample collection, the trap (interfaced
to the GC column inlet) should be instantaneously heated
in order to provide adequate chromatographic resolution.
The cold toluene method, however, has two distinct advan-
tages over the liquid nitrogen one: every sample can be an-
alyzed several times (several injections) to improve accura-
cy and, since the arsine-toluene solutions are stable for at
least 24 hours, a large number of samples can be first col-
lected and then analyzed, a very desirable feature in rou-
tine-type analysis.

Corrected Retention Times
of Alkyi-Arsines:

T N
5% AsH3 15 sec
,?’qu CHaAsH, 29
£ (CHg)pAsH 68
£ CoHsAsH, 68
~ (CHglxAS 86
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VI .
£ % n I
@ % <) }
< T -~
3 2
~ " X
5 4
£ N 4
g s :
| '
4
o
0 @ i
&) ¢
€
AR ~
w \J
>
=
<
_J( !
W
x;

TIME (tmin )

Injection
L Air

Figure 5. GC chromatogram of alkylarsines

Solid Adsorbent Trap Method. Braman and Foreback
(11) utilized a column consisting of glass microbeads coat-
ed with a thin film of metallic silver to preconcentrate vola-
tile alkylarsines from air. After collection, the adsorbed ar-
sines were removed from the column by flushing it with
concentrated KOH (oxidizing the arsines to the corre-
sponding acids). For determination, these acids had to be
reduced again to the corresponding arsines. We tried to
modify the above procedure by eliminating the KOH de-
sorption step. Unfortunately, neither flushing the column
with benzene (or toluene) nor heating it, brought about the
elution of the adsorbed arsines. Consequently, a different
approach was adopted. A similar column (4 inches long)
consisting of the same packing material utilized in the GC
column was used to adsorb the arsines. The collection effi-
ciency was 100%. After collection, the column was heated
and the desorbed arsines were flushed (argon or helium)
into a cold toluene trap. This method should provide a

rather simple preconcentration step for arsines from either

water or air samples.

GC Separation of Alkylarsines. In addition to MMAA
and DMAA, the NaBH, reduction method can be applied
to the determination of other alkylarsenic acids as well.
The method, however, is limited to those arsines whose re-
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Figure 8. Mass spectrograms of the alkylarsines

Condltions: 70 eV, hellum carrler gas

tention time does not exceed that of the toluene solvent (tg
= 250 sec.). This, therefore, excludes the determination of
acids with alkyl moieties greater than Cs A sample con-
taining 50 ug each of NapAsO,7H.0, MMAA, DMAA,
ethyl-, n-propyl-, and n-butylarsonic acids was reduced
and its arsine products were collected in 10 ml of toluene
by both the extraction and the toluene cold trap proce-
dures. As previously discussed, the collection efficiency de-
pends on the volatility of each arsine. AsHj; (bp =55 °C)
was too volatile to be quantitatively collected by either pro-
cedure, MMA was efficiently collected only by the cold tol-
uene trap. DMA and ethylarsine, because of their moderate
volatility were reproducibly collected by either method.
The low-volatility n-propyl- and n-butylarsines were only
partially volatilized (50% retained in water) and, therefore,
were quantitatively collected only by the extraction meth-
od. The relative efficiency of the two collection methods for
each of the arsines is demonstrated by Figure 4. A more
complete chromatogram, including the TMA, is shown in
Figure 5. The positive identification of the arsines was ac-
complished by GC-MS. The mass spectrograms obtained
for each arsine appear in Figure 6.

Included in each chromatogram are three peaks occur-
ring at tr = 20, 42, and 132 seconds. None of these compo-
nents contain arsenic; they must be present in relatively
high concentration to be detected at the arsenic wavelength
(selectivity >10,000). The first peak has been identified as
air and the last peak as a toluene impurity. The identity of
the second peak is unknown, although it was present in a
large number of doubly-distilled solvents studied. This
peak was present even when more inert septums (Teflon
and aluminum lined) were utilized. The high reproducibili-
ty and sharpness of this peak make it unlikely that it is a
result of a column bleeding. The tg for this ghost peak was
very close to that of the MMA peak, thus setting a limit on
the detection limit for this arsine.

Instrumental Parameters. Column Operation. Newly
packed GC columns must be conditioned for at least 48
hours, preferably under reduced pressure (5-15 Torr), at
200 °C. Once conditioned, a column will operate satisfacto-
rily for at least two months (over 2000 injections). Al-
though the GC column can be operated at atmospheric

pressure, its stability and longevity are poorer than under
the conditions recommended. For routine work, the sample
size should not exceed 100 ng of As. In operation, the mi-
crowave plasma is ignited prior to sample injection. Once
the arsine components are eluted, the plasma is extin-
guished before the solvent enters the capillary. This is nec-
essary to avoid carbon and polymer deposition on the
quartz capillary walls. Up to 10 samples per hour can be in-
jected, although this number should be smaller (about six)
when operating at the detection limit level.

Microwave Power. Microwave power was found to have a
small (although consistent) effect on the arsenic emission
intensity. The intensity was constant between 15-35 watts,
decreased by approximately 10% above 35 watts and re-
mained at this level up to 90 watts. Below 15 watts, the
plasma was unstable and was easily extinguished. Through-
out these experiments, the microwave power was main-
tained at 20 watts.

Selectivity and Sensitivity, The arsines entering the
plasma are fragmented and their arsenic atoms are elec-
tronically excited. The emission intensity of arsenic mea-
sured at 228.8 nm is directly proportional to the arsine con-
centration in the plasma. From a previous study (17), the
selectivity of the detector to arsenic was found to be in ex-
cess of 20,000. Hence, very few spectral interferences are
observed from trace impurities which are simultaneously
eluted with the arsines. Also, because the selectivity of the
MES detector is based on the detection of atomic arsenic,
the sensitivity should be practically independent of the
molecular structure of the arsines. In fact, the sensitivity
ratio MMA/TMA for equivalent amounts of the two was
1.01. DMA was harder to compare because of its incom-
plete recovery. The arsenic detection limit, defined as the
amount of the element which produces a signal twice the
size of that obtained from the blank, is 20 pg. Because a
preconcentration factor of at least 40 can be obtained,
using the toluene cold trap procedure, the relative sensitiv-
ity is 0.25 ug/l. or better. For lower arsine levels (1-3 ng/l.),
the liquid nitrogen trap should be utilized.

Analytical Results. The arsenic emission intensity
(peak height) was linearly proportional to its concentra-
tion, at the 0.01-20 ug/ml range studied, Figure 7. Even
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Table IV. Determination of MMAA and DMAA Content in Commercial Pesticide Samples

Direct determination

Estimate of % inor-

Cold trap Extraction Standard addition (cold trap) ganic As (mea-
Sample Manufacturer's analysis ‘e MMAA % DMAA % DMAA % MMAA % DMAA  sured as AsHg)
I 22.7% (CH,;),AsO(ONa), 0.85 = 0.05 24.8 £ 1.5 23.0° 0.81 = 0.04 25.5° Trace
3.9%(CH,),AsO(0H),
6% NacCl,
17% surfactant
I 60% (CH,),AsO{(ONa), 0.91 = 0.04 46.0 + 1.6 45.0° 0.96 = 0.07 44,3° >0.5
NaCl, Na,80,
heas 81% (CH,),AsO(QH), 8.0¢ 68.5 o 1.5 69.0° 7.4° 69.7¢ >4

H,0, NaCl, Na,S0O,
@ These values are based on the determination of a single sample.

T 1
r MMA Toluene DMA Toluene 1 DMA Toluene
Standard Solutions @ Stondard Solutions & Standard Solutions ¢
2 (cold trap} {cold trap) (extraction)
£ 0.2ug/ml
« 13
2 \
£ Samgle I ! \
@ Q.04 ug/ml - ;
S 4 [ i 7.5ug/ml
N Odpgsml | prq/mr ‘ v
: 4l | i
(%2}
z ¢
o § ] i Sample I| 5“{’“' Sarvp\e I
2 E \ 4 g/
z T |
2| ! | | 2o/
@ kg/m
5| l ZF,g/ml i ‘t
. | { | ’ \

TIME (277

Figure 7. Chromatograms of MMA and DMA toluene solutions

(&) Standard solutions were prepared by reducing 0.004, 0.01, and 0.02
u1g/ml aqueous solutions (15 ml) of MMAA and flushing the arsines generated
into 5 mi toluene (—5 °C). Sample il is a 10 ug/mi solution of a commerciai
(pesticide quality) sodium cacodylate (Ansul Company). (b) DMA standards
were prepared as described in a. Monochromator slit width was set at 20 um
for DNA and 30 um for MMA determination, (¢) DMA standards were pre-
pared by reducing 2.0, 5.0, and 7.5 ug/ml aqueous solutions (15 ml) of
DMAA and extracting the arsine generated with § ml toluene. A 10 ug/ml so-
lution of Sample i was similarly prepared

though the MES detector appears to be equally sensitive to
all arsines, regardless of their molecular structure, a single
universal calibration curve cannot be used. Because of the
different collection efficiencies of the various generated ar-
sines, each arsenic acid in the sample should be compared
to its corresponding standatd, and both should be reduced
and collected under identical conditions. On the other
hand, the same standard can be utilized for the determina-
tion of its equivalent arsenic acid in various samples, with
very little dependence on the matrix of the sample.

Table IV summaries the analytical results obtained for
three commercial pesticides (Ansul). The manufacturer has
determined the concentration of DMAA by acid titration,
but lacking the necessary methodology was unable to de-
termine the MMAA concentration of these samples. Both
the extraction and the cold trap methods have been suc-
cessfully employed (Figure 7), although the former was
more efficient for DMA collection. The DMAA concentra-
tion values were only partially in agreement with those re-
ported by the manufacturer. On the other hand, there was
excellent agreement between the results obtained by the
two collection methods and the standard addition method.

The average RSD for all determinations was 4.9% and the
average relative error was 2.4%. Precision should be im-
proved if a better cold trap is utilized, and eventually be
limited to 2.1%, the GC-MES measurement precision (see
cold trap collection). To estimate the accuracy of the meth-
od for the determination of pesticides in water samples,
both synthetic fresh and salt water samples were prepared.
The samples were made 0.5 ug/l. MMAA and 1.0 ug/l
DMMA. The arsines generated by reduction of 200-ml ali-
quots of these samples were collected in a 5-m! cold toluene
trap. Although operating close to the detection limit, the
relative error accuracy (5%) was very similar to that ob-
tained with the distilled water standards. Thus, the present
analytical method can be used to determine arsenic acids as
either major, minor, or trace components.
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