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Figure 3. Fifteen chromatograms produced from 4 cm longitudinal densitometer scans across a 10 cm X 10 cm HPTLC
plate with 15 organotin samples. Components: A, 6 ng fenbutatin oxide; B, 7 ng TPTO; C, MCyTBr 3; D, II ng DCyTBr 2;
E, I i ng TCyTBr; F, II ng MBTCt,; G, II ng DBTCI 2; H, 13 ng TBTCI; 1, MPTCI3 ; J, 12 ng DPTCI 2 ; K, 12 ng TPTCI;
L, 13 ng TTPT.
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The determination of Cr(III) and Cr(VI) in envi-
ronmental and biological systems is of interest be-
cause the toxicity of this metal depends on its
oxidation state. Cr(III) is essential to mammals,
while Cr(VI) is toxic. In addition to its existence in
the two main oxidation states of +3 and +6, Cr
occurs in the aquatic environment at < ng/mL
levels. Therefore, some form of preliminary separa-
tion and preconcentration is required to determine
the low levels of individual Cr species by sensitive
analytical techniques, such as graphite furnace
atomic absorption spectrometry (GFAAS) [1,2].
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This paper explores the feasibility of directly com-
plexing both Cr(JJJ) and Cr(VI) by ammonium
pyrrolidine dithiocarbamate (APDC) at room tem-
perature, extracting these subsequently into methyl
isobutyl ketone (MIBK) and determining the indi-
vidual Cr species in the MIBK phase by GFAAS.

A Perkin-Elmer Model 603 atomic absorption
spectrometer equipped with a Perkin-Elmer
HGA500 graphite furnace, an AS-I autosampler
incorporating a 10-,aL pump, a PRS-10 printer and
a Perkin-Elmer hollow cathode lamp operated at
25 mA at the Cr resonance line of 357.9 nm (spec-
tra] bandpass, 0.7 nm) were used for the determina-
tion of Cr. Argon served as the purge gas and its
flow was interrupted during atomization.

The solution parameters studied include: pH of
the aqueous phase, concentration of APDC, con-
centration of potassium hydrogen phthalate (PHP
buffer, and length of time needed for complete ex-
traction.

Complete transfer from aqueous to MIBK phase
occurred in a single extraction at pH 2.5-4.0 for
Cr(III) and pH 2.5-5.0 for Cr(VI) at final PHP and
APDC levels of 0.1% and 1.2%, respectively.
Thus simultaneous and quantitative extraction of
Cr(III) and Cr(VI) were possible at pH 2.5-4.0.
Also, Cr(VI) could be selectively and quantita-
tively extracted at pH 2.5-4.0, but at final APDC
and PHP concentrations of 0.2% and 1%, respec-
tively. In the case of Cr(III), the optimum APDC-
to-metal and PHP-to-metal concentration ratios
were >2.4X 104 and 0.8X 104 to 4.0X 104, respec-
tively (final concentrations: Cr(III), 50 ng/mL;
APDC, 1.2%; PHP, 0.04-0.2%). Above 0.8%
PHP, Cr(III) was not extracted whereas Cr(VI)
was extracted. Thus selective extraction of Cr(VI)
occurred when the APDC-to-metal and PHP-to-
metal ratios were >4XI0 4 and >2X10', respec-
tively (final concentrations: Cr(VI), 50 ng/mL;
APDC, 0.2%; PHP, 1%). Extractions of Cr(III)
and Cr(VI) were complete on shaking for 20 min.
and 10 min. respectively, at pH 3.5 and 22 'C. Both
the Cr(III) and Cr(VI) chelates were stable for at
least 30 days when the MIBK phases were trans-
ferred to dry centrifuge tubes soon after extraction.
In summary, these studies showed that, by careful
optimization of the concentrations of APDC, PHP,
pH and extraction time, the APDC-MIBK system
could be used to: (i) selectively separate Cr(VI)
from Cr(III); and (ii) simultaneously extract Cr(III)
and Cr(VI) at room temperature without the need
to oxidize Cr(III) to Cr(VI).

The sensitivity (concentration at 0.0044 ab-
sorbance), detection limit (3 SD of blank) and lin-
ear range for both Cr(llI) and Cr(VI) were
identical and found to be (ng/mL): 0.2, 0.3 and 0-
50, respectively, in the MIBK phase. The values in
the aqueous phase depend on the phase volume ra-
tio. A concentration factor of up to 20 was possible
with MIBK. At 20-fold concentration the above
values will be (ng/mL): 0.01, 0.02 and 0-2.5, re-
spectively. Thus the method is sufficiently sensitive
to permit determination of background levels of
Cr(IIH) and Cr(VI) in unpolluted natural and drink-
ing water samples. The precision, expressed as the
coefficient of variation (CV), at 5, 10 and 20 times
the detection limit of Cr was 33.3, 12.6 and 8.1,
respectively. The reliability of the proposed proce-
dure was assessed by analyzing the NBS multiele-
ment water standards SRM 1643a and SRM 1643b,
and the National Research Council of Canada
(NRCC) river water standard, SLRS-l. Both the
NBS and the NRCC specify certified values only
for total Cr. The observed values for total Cr of
18.1+0.6 (SD), 17.8±0.3, and 0.22±0.05 ng/mL
for SRM 1643a, SRM 1643b, and SLRS-1, respec-
tively, compare favorably with the corre-
sponding certified values of 17.3±2.0, 18.9±0.4
and 0.36±0.04 ng/mL. Furthermore, our analysis
revealed Cr(lUI) to be the dominant species in the
NBS standards as confirmed by the good agree-
ment for Cr(III) by the APDC-MIBK extraction
procedure and an ion exchange procedure based on
the use of a Bio-Rad SM-7 polyacrylic ester resin
[1]. Thus the solvent extraction values for Cr(III)
in SRM 164 3a and SRM 1643b were (ng/mL): 16.0
and 16.4, respectively, while the corresponding ion
exchange values were 14.6±0.5 and 17.9±0.5 ng/
mL. The reliability of the APDC-MIBK-GFAAS
procedure was also ascertained by doing recovery
studies. The average percent recovery obtained
for the addition of Cr(III), Cr(VI) and
Cr(lll)+Cr(VI) spikes to tap, well, treated and
river water samples were quantitative.

No interferences were found from Ca, Mg, Na,
K and a number of trace elements at levels exceed-
ing those usually found in most fresh and drinking
water systems. The humic acid concentration in
the solution to be extracted for Cr(III) should be
<2 mg/mL. In the case of Cr(VI), up to 40 mg/L
humic acid can be tolerated.

The method was applied to the determination of
Cr(III) and Cr(VI) in a number of water samples
according to the procedures outlined below.
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* Determination of Cr(lIl)+Cr(VI). To 25 mL
of sample, add 0.3 mL of 8% PHP, adjust pH to
3.5, and add 3 mL of 10% APDC and 5 mL of
PHP-saturated MIBK. Extract for 20 min. Deter-
mine Cr(lll)+Cr(VI) in the MIBK layer.

* Determination of Cr(VI). Proceed as above
except for the addition of 3 mL of 8% PHP and 3
mL of 2% APDC and for the extraction time of 10
mm.

* Determination of Cr(III). The value of Cr(III)
is obtained as the difference between Cr(Ill)
+Cr(VI) and Cr(VI). The concentration of Cr(111)
is also determined by the SM-7 ion exchange pro-
cedure [1].

In all the above cases, the Cr atomic absorption
signal was measured by using the dry/atomize pro-
gram of 900 'C-30 s (ramp)-30 s (hold)/2500
0 C-O s (ramp)-6 s (hold).
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The six solid and two water matrices studied are
listed in table 1. These were chosen so that results
obtained could be compared to a reference value.
The elements studied were arsenic, selenium, cad-
mium, and lead.

Table 1. Sample types

1. NBS Spinach
2. NBS Orchard Leaves
3. NBS Oyster Tissue
4. NBS River Sediment
5. EPA Sludge
6. Urban Particulate
7. Drinking Water
8. Wastewater

2. Sample Preparation

The solid matrix samples were prepared using
the nitric acid-hydrogen peroxide digestion origi-
nally proposed by the EPA EMSL/Cincinnati
which is currently included in the EPA contract
lab program protocol for low to medium concen-
tration environmental samples.

The aqueous samples were not digested but were
spiked to provide 50 lig/L of the elements of inter-
est. Since the purpose of this study was to investi-
gate instrumental precision and accuracy, samples
were prepared only once and the four replicate de-
terminations were performed on the same diges-
tate. The precision estimates do not include any
variability, due to that of digestion.

3. Instrumentation

Analysis was performed using a Perkin-Elmer
Zeeman 5000 atomic absorption spectrophotome-
ter equipped with an AS-40 auto-sampler and 3600
data station'.

1. Introduction

This study was undertaken to examine the effects
of several operational modes of graphite furnace
analysis on the precision and bias of environmental
trace element analysis. The modes compared were:

1. Method of Standard Additions (MSA) vs Di-
rect Calibration

2. Single vs Double injections
3. Peak Height vs Peak Area Quantitation

4. Analysis Protocol

The study was designed so that all three desired
comparisons could be done from a single run by
storing each atomization peak on a computer disk.

' Disclaimer: Mention of trade names does not constitute en-
dorsement by U.S. EPA.
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