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Elimination of Iron and Aluminum as Matrix
Interferences for Determination of Transition
Metals Using Chelation Ion Chromatography

INTRODUCTION

The natwrally occurring high concentrations of certain metals,
such as iron, aluminum, alkali metals and alkaline earth
elements, usually interlere with the detenmination of the trace
transition metals, For atomic spectroscopy technigues, several
common methods are used in order to minimaze the sample
matrix interferences. These include spectral background
corrections, standard additions, sample dilution, and matrix
maiching. For chromatographic separation with postcolumn
derivitization, the high concentrations of iron and aluminum
nod omly interfere with the separation, but also the detection of
other elements of interest, Sample dilution and standard
addition are commonly used to reduce matrix effects. These
micthods help o minimize matrix inlerferences; however, these
methods often result in degraded detection limits and accuracy,

The chelation concentration technique offers the analyst a
solution to the detection limit and interference problems
commuonly experienced when analyzing complex matrices,
Selective 1on exchange matenals such as chelating resins can
concentrate transition metals while eliminating alkali and
alkaline carth clements. This seleclive climination process has
been extended o the elements iron and aluminum. By using a
matrix selective complexing agent, 95% to 99% of th iron and
alurminum are removed, while the other transition melals are
quantitatively retained.

In this application note, the determination of trace transition
metals in samples that contain high levels of iron and alumi-
num will be discussed.
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INSTRUMENT REQUIREMENTS

The chelation IC system is comprised of the components listed
below, Forcomplete details, please refer to the system configur-
ation for Chelation 1C System 2 in Dionex. Technical Node 25,

Gradient Pump Module (GPM-2, YN 3T098) or
Advanced Gradient Pump (AGP, P/N 43116)

Sample Concentration Module (SCM, P/N 42134)

Reagent Delivery Module (RDM, BN 37030)

Variable Wavelength Detector Module (VDM-2, P/N 39646,
internal or remote cell)

Eluent Degas Module (EDM-2, B/MN 39550}

Eluent Container Set, Glass (PN 38752)

Valve, 4 Way Slider Double Stack. 2000 psif13.7 MPa
(PN 35914), three (3) reguined

lonPac®™ Membrane Reactor (PN 35354, optional)
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Knined Reaction Coil (P/N 39349)
MetPac™ CC-1 Column (/N 42156)
TMC-1 Column (P/N 42155)

lonPac CG2 (2. PN 35370)

TonPuc OGS (PN 37029)

AJ-450 o wihier data acguisilion sysiem

SOLUTIONS AND REAGENTS

Ultrapure 2.0 M ammonium acetusie, pH 5.3

(1L, P/N 334400 6 1, P/N 33441)
Ultrapure 2.0 M nitric acid (1 L, P/N 33442; 6 L, P/N 33443)
Ultrapure 0.1 M ammonium nitrate (1L, PN 33445)

20 mM Pyrophosphonic acid /2.0 M ammonium acetate

20%% Ultrapure ammonium hydroxide
Ultrapure glacial acetic acid
Chelex-100", 50100 mesh (Bio-Rad Laboratories)

The first three reagents used for chelation concentration are
available from Dionex in a ready-to-use form. If you wish 1o
prepare your own reagent solutions, please refer to “Prepara-
Lo of Solutions and Reagents”™, The other ultrapure reagents
are manutactured by Seastar Chemical and Ultrex Reagents.
Seastar reagents are available intermationally through Fisher
Scientific; in North America, Fisher Scientific sells these
reagents under the OPTIMA® label. Ultrex reagents are
available intermationally through 1.T. Baker. Chelex-100 is
used for eluent purification.

CONDITIONS

Chelation Concentration

Columns: MetPac CC-1, TMC-1

Eluent 1: 20 Pyrophosphornie aculdf
20M ammonium acetate, pH 5.5

Eluent 2: 2.0 M ammonium acetate, pH 5.5+0.1

Eluem 3: 1.0 M Nitric acid

Eluent 4: 0.1 M Ammonium nitrate, pH 34403

Analytical Chromatography

Column; lonPac CS5

Eluent: 0.0060 M Pyridine-2,6-dicarboxylic
acid, 0040 M sodium hydroxide,
0.090 M acetic acid

Flow Rate: 1.0 mL/min
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Posteolumn

Derivitization Reagent: (L5 mM 4-(2-Pyridylazo)resorcingl
1.0M 2-Dimethylaminoethanol
0.5 M Ammonivunm Hydioxide

0.3 M Sodium Bicarbonate
Beagent Addition: Membrane reactor or mixing tee
Reagent Flow Rate: 0.5 mL/min
Reactor: Packed or knitted reaction coil
Detector: VDM-2 or UM, 520 or 530 nm

PREPARATION OF SOLUTIONS AND REAGENTS

Three concentrated reagents are required lor eluents in
chelation concentration: nitric acid, acetic acid. and ammonium
hydroxide. For ultrarrace level determinations (sub-pph), the
reagents must be ultrapure grade, For detenminations above

3 ppb, high guality tracc-meral grade reagents can be used.

Any metal impurity in these reagents will be concentrated with
your sample, constituting a system blank,

Preparation of Chelex-100 for Eluent Purification

Suspend approximately 30 g of Chelex- 100 (50- 100 mesh)
resin in 300 mL of 2.0 M nitric acid {trace-metal grade) in a
I-L polyethylene bottle. Using a stir bar, stir the solution for
approsimately 10 min. Decant the nimc acid and the fine resin
particles. Repeat the acid cleaning step twice before rinsing the
resin with 300 mL of deionized water, Store the cleaned resin
in 200 mL of 2.0 M ammonium acetate, pH 5.5, until use.

20 mM Pyrophosphoric Acid / 2.0 M Ammonium Acetate,
pH 5.5 (Eluent 1)

Dissolve 3.7 g of pyrophosphoric acid (979, Aldrich Chemical
Cir, Inc.jn 1 Lot 2.0 M ammonium acetate, pH 5.5, Since
pyrophosphoric acid is not available in ultrapure grade reagent,
the trace transition metal conlaminanis in this solution can be
removed by using Chelex-100 resin. Place the cleaned Chelex-
100 resin into the pyrophosphoric acid / ammonium acelate
solution wed stiv using a st bar, Aler stirming the solution for

| hr, decant the pyrophosphoric acid / ammoniom acetate
solution into the glass eluent container.

20 mM Pyrophosphoric Acld / 2.0 M Ammonium Acetate,
pH 8.5 (Eluent 1 for Manganese Determination)

Dissolve 3.7 g of pyrophosphoric acid in 200 mL of 2.0 M am-
monium acetate, pH 5.5, Add 500 mL of ammonium acctale to
this solution, Then, add 60 g (65 mL)of 200 ultrapure ammao-
nium hydroxide. Calibrate a pH meter 1o pH 7. Pour about

10 mL of the bufter into a small container (e.g.. scintillation
vial, 10-mL disposable beaker), and measure the pH. I the pH



is below 8.5, add about 5 mL of ammoenium hydroxide 1o the
buffer solution. If the pH is above 8.5, add 5 g of acetic acid.
Adjust the pH of the ammonium acetate 1o 8.5 £ 0.1 using am-
menium hydroxide. Once the pH is 8.5 £ (L1, bring to a vol-
ume of | L. Place the cleaned Chelex-100 resin into the pyro-
phosphoric acid / ammonium acetate solution and stir using a
stir bar. Aller stirring the solution for | hr, decant the pyro-
phosphoric acid / ammonium acetate solution into the glass
eluent container,

2.0 M Ammonium Acetate pH 5.5 + 0.1 (Eluent 2)

Place 600 mL of deionized or high purity water into a clean
1-L. glass eluent container, Tare the bortle, Add 121 g (115
mL) of ultrapure glacial acetic acid and mix thoroughly. In a
Tume hood, slowly add 120 g (130 mL) of 20% ultrapure
ammonium hydroxide and mix thoroughly. Agiate the bottle
to thoroughly mix the solution, Calibrate a pH meter 1o pH 7.
Pour about 10ml. of the buffer into a small container (e.g.,
scintillation vial, 10-mL disposable beaker, etc.), and measure
the pH. If the pH is below 5.4, add about 5 mL of ammonium
hydroxide o the buffer solution. If the pH is above 5.6, add 5 g
of acetic acid. Adjnst the pll of the ammaoninm acerare o 5.5 +
0.1 using acetic acid if the pH is greater than 5.5, or ammo-

nium hydroxide if the pH is less than 5.5, Once the pH is 5.5
0.1, bring toa volume of 1 1.

1.0 M Nitric Acid (Eluent 3)

Place 200 mL of deionized or high purity water in a clean 1-L
glass eluent container. Add 89.5 g (63 mL) of ultrapure nitric
acid, Add deionized water to bring the final volume to 1 L and
mix thoroughly.

0.10 M Ammonlum Nitrate, pH 3.4 +0.3 (Eluent 4)

Place 2000 mL. of deionized water into a clean 1-L glass eluent
container. Add 8.9 g (6.3 mL) of ultrapure nitric acid. Next,
add 7.6 g (8.5 mL) of ulrapure 20% ammonium hydroxide.
Add sufficient water deionized water to give a final volume of
1 L and mix thowoughly, Calibrate pH meter to pH 4.0, Take o
10-mL aliguot of the solution and measure the pH. Add cither
0,10 M ammonium hydroxide or 0,10 M nitric acid in 3w
5-mL aliquots 1o the bulk solution to adjust the pH. Continue
taking aliquots and adjusting the pH 0 3.4 £ 0.3,

PDCA Stock Solution

(060 M PDCA

0.40 M Sodium Hydroxide

Place 200 mL of deionized water into a clean 1-L. polyethylene
bortle. Add 32 g (21 mL) of 50¢% sodium hydroxide and stir
with a stir bar, While stirring, add 10,0 g of pyridine-2,6-dicar-

boxylic acid, Continue to stir for about 10 min or until all the
PDCA has dissolved. Dilute to 1 L and stir thoroughly. Label
the solution “0.060 M PDCA, 040 M NaOH"™,

Acetic Acid Stock Solution

(.90 M Acetic Acid

Place 200 mL of deionized water inlo a clean 1-1. polyethylene
bottle. Add 54 g (52 ml.) of tracz-metal grade acetic acid and
dilute 1o 1 L. Label the solution “0.90 M Acetic Acid™.

POCA Eluent

0.0060 M PDCA

0.040 M Sodium Hydroxide

0090 M Acetic Acid

Add 100 g (100 mL) of the PDCA and acetic acid solutions 1o
a 1-L glass eluent contziner. Dilute to 1 L with deionized water.
Label the container “0.0060 M PDCA, 0.040 M NaOH,
0.090M Acetic Acid”. The cluent should have a final pH of 4.6,

PAR Postcolumn Reagent

0.5 mM 4-(2-Pyridylazo)jresorcinol

1.0 M 2-Dimethylaminoethancl

0.5 M Ammonium Hydroxide

0.3 M Sodium Bicarbonate

Prepare PAR directly in 1-L plastic reagent reservoir contuimer
(PN 37054). To 200 g (200 mLj of deionized water, add 31 g
(35 mL) of trace-metal grade ammonium hydroxide. Next, add
0.12 g of 4-(2-pyridylazo)resorcinol, monosodium, monohy-
drate, and ultrasonicate for 5 min, Stir the solution for several
mintes with 2 stir har ta ensure that PAR has completely dis-
solved. Add 500 g (500 mL) of deionized water and then 89 g
of 2-dimethylaminocthanoel (DMAEOH). The solution should
turn from red o orange yellow, Add 254 g of sodium bicar-
bonate and stir thoroughly until dissolved, Fill the reagent con-
tainer with deionized water up to the threads on the neck, and
stir. The color of the final solution should be yellow to yellow
orange. Place the reagent container in the réagent reservoir.

PREPARATION OF STANDARDS

Standards should be prepared daily. Certain metals, especially
irom (1), are not stable at pH 5.5 Tor more than a day. The
standards deseribed below are intended for the determination of
metals in the low-ppb (ng/mL} range. If quantification at lugh
levels is required, standards can be prepared at concentrations
Mive tmes greater than those listed, The standards listed below
are intended for use with the PDCA eluent.
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Transition Metal Stock Solution

Using a variable volume micropipet, add the following volumes
of 1000-ppm atomic absorption standards w a 100-mL volumet-
ric flask.

Metal Ion  Volume (pL) Final Concentration (ug/mlL)

Fet 200} 2.00
Cu™ 200 200
Ni* 400 4.00
n Bl 4.00
Co™ 40N} 4.00
Mun™ 400 4.00

Mext, add about | mL of concentrated nitric acid (ultrapure) and
dilure to volume. This stock solution will be used o prepare the
calibration standards. The calibration standards can be prepared
in 100-mL volumetric Masks or LDPE bottles. Be sure that the
flasks or bottles have been thoroughly cleaned.

Single Level Calibration Standard

If you are using a 100-mL volumetric Mask to prepare the
standard, add 200 pl. of stock solution and 15 mL of the 2 M
ammonium acetate buffer and bring to volume.

I you are using a polyethylene or Teflon bonle, tare the empty
bottle (without the cap) on a top loading balunce,

Using a micropipet, add 200 pl. of stock solution and 15 g of
the 2 M ammonium acetate buffer. Next, add water to give a
total mass of 100 g (0.1 g). This single level calibration
standard will have the following concentrations,

Metal Ion Concentration (ng/mL)
Fe™ 40
Cu™ 4.0
Ni* 8.0
Zn 80
Co™ 5.0
Mn* 8.0

For calibration, concentrale at least 5 mL of this solution.

Multilevel Galibration Standards

The muliilevel calibration method recommended uses standards
al four concentrations. Using the procedure given in “Single
Level Calibration Standard,” prepare standands as given below,

Level Yolume, Stock Solution (pL)
L1 (L1

L2 00

L3 S0

L4 1000
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The multilevel calibration standards will have the following
concentrations of metal ions.

Metal Ion L1 L2 L3 L4
Concentration (mg/mL)

Fe* 20 4.0 10000 20000
Cut 20 4.0 1000 2000
N 4.0 8.0 2000 40.0
n* 40 "0 200 400
Co* 40 8.0 2000 40.0
Mn®* 4.0 8.0 200 40.0

Depending on the concentration of meul ions in the sample,
the volume of the standards 1o be concentrated can be varied.

SAMPLE PREPARATION

To avoid hydrolysis of transition metals during long storage, it
is recommended that the pH of the sample be maintained at
1-2. If the sample is digested with concentrated acid, it must
be neutralized with ammonium hydroxide to pH 1-2 pror o
analysis. Avoid using pipets and glassware, which usually
contaminaie the samples.

If the sample contains more than 400-ppm iron and more than
600-ppm aluminum in the final dilution, the sample should be
further diluted. Note that the mass ratio of iron to aluminum
and transinion metals should not exceed 20,000 w0 1. For
caample, if the sample contains 2% iron and 1 ppm copper. the
sample must be diluted at least 50-fold o give less than 400-
ppm iron and 2.5-pph copper.

Coution; Samples should not contain high (%) levels of silica.
Silicate may be precipitated in the column at pH 5.5, Digestion
of such sample with concentrated hydrofluonc acid prior o
chromatography is strongly recommended.

DISCUSSION OF THE METHOD

The methed described in this application note was developed
for determining trace transition metals in complex matrices
containing high levels of alkali metals, alkaline earth elements,
iron, and aluminum. The removal of iron and aluminum is
based upon the electroselectivity difference between iron and
aluminum with pyrophosphate eluate and iron and aluminum
with iminodiacetate functionality on the stationary phase
(MetPac CC-1). The other transition metals are not elutzd by
pyrophosphate and are quantitatively retained by the MetPac
CC-1 chelating resin. The alkali and alklaling carth metals in
the MetPac CC-1 column are removed with ammonium
acetate eluent,



The selective elimination of iron and aluminum using chelation
sample pretreatment is possible only with an on-line buffering
system. OffHine buffering of the samples that contain the high
levels of iron and aluminum (<100 ppm} would result in pre-
cipitation of iron and aluminum. The SCM is equipped with
a high pressure valve system that allows the acidified sample 1o
be neutralized on-line with a known quantity of bulTer solution,
The neutralization by on-line buffering is instantaneous and the
sample preconcentrabon processes occur in a few seconds. As
a result, hydrolysis of aquated metal ions and adsorption of
metal-hydroxide complexes on the surfuce of inert polymeric

tubing is prevenied.

The chelation concentration with selective elimination of iron
and aluminum ¢an be described as shown in Figure 1. A
complexing agent is used which will selectively bind iron and
aluminum, thus preventing uptake by the chelating resin during
concentration. This approach rot only prevents the precipita-
tiom of iron and aluminum at high concentration, it also allows
an ettective removal of iron and aluminum from the MetPac
CC-1 column. The relatively stable metal-pyrophosphate (PP)
complexes formed during on-line neutralization step (in-sit)
do not interact with iminodiacetate and are not retained in the
column. Figure | shows the scheme of the selective concentra-
v wsing MetPac CC-1 with complexing agents,

The high levels of iron, aluminum, and manganese that are
normally found in rock, sediment, and soil samples can be
separated from trace transition metals by using 20 mM pyro-
phesphate, pH 5.5, Maoreaver, the rare earth, lanthanide, and
transuranium ¢lements, which normally are present in rock
samples and may interfere with te analysis, are climinated
from the MetPac CC-1. The analyies of interest, such as
copper, cadmium, cobalr, nickel, and zinc, are quantitatively
retained by the MetPac CC-1 chelating resin. The 1C/ICAP
data indicated in Figure 2 shows recovery of metals using the
MetPac CC-1 at various pyrophosphate concentrations. If
manganese is one of the analytes of interest, it can b deter-
mined by using 10 mM pyrophosphate at pH 8.5 as noted in
Table 1.

The recommended eluent for this application is pyridine-2,6-
dicarboxylic acid (PDCA), which is a strong complexing agenl
that separates metal wn complexes by anion exchange. The
(L06EM PDXCA eluent is best suited for iron, copper, nickel,
zine, cobalt, cadmium, and manganese (see Technical Note 25
for complete details), Lead, on the other hand, can be deter-
mined using the oxalic acid eluent (again, see Technical Note
25 for more details),

The elimination of iron and aluminum by chelation ion
chromatography has been applied to the determination of
transition metals in geological materials. The matrix compo-
nents that potentially inerfere with the chromatographic
separation and the postcolumn derivatization are eliminated
during chelation concentration. An example of marix compo-
nents eliminated by chelation concentration is shown in Table
2. 'This table summarizes the interfering species present in the
USGS Basalt riock sample, The results of analysis amd the
chromatogram are shown in Figure 2.

Example - Iron, Aluminum with Pyrophosphate (M* - Al*, Fe*)

InSitu- M4 PP T MpP-
M + 2PP* "y WP
I 5 PP- 1422 yppa
Resin- M+ R-N(CH.CO0), " R - NCH,COOJM

M + 2R - N(CH,C00"), ™3 2R - N(CH.COO)M-

For Selective Concentration: K >=K andK,  =» |(1
El

Figuwre1  Clelalion concenbialion using MelPac CC-1 with complesng agants

Table 1 Metal recovery from high
calcium-iron-aluminum matrix using MetPac CC-1

with pyrophosphate for complexation

Element Amount Found (pH5.5) | Found (pH 8.5)
Added (ng/g) | ng/g (*eRSD)* | nglg (%RSD)*

Ca 0,000 15 15
Al 50.000 5 5
Fe 100,000 10 10
& 100 6.4 (3.08%) 99.3{0.93%)
Cd 100 8.1 (1.20%) 99.5{0.61%;
Cu 100 104 (0.80%) 125 (0.31%)
Co 100 100 (0. 265%:) 122 (0.25%)
Wn 100 02 (2 46%) 125 (0.49%)
Hi 100 083 (1.09%) 132 {(1.07%)
in 100 58.2 (1.69%) 106 {1.17%)
fad

APPLICATION NOTE 77

5



Table 2 Matrix composition of USGS

Basalt (BHVD-1) rock sample

Element Concentration
Sig, 49.94%"
A0, 1380%
Fe0, 1223%
M) 0.160%
MgO 723%
Cad 11.40%
Tid, 2M%

" sample conlains high corconiaton of S0, il mus! be lebed wilth ydeglipone acd gy o
chefation congeniration

SYSTEM PREPARATION, SET-UP, AND TEST

For complete details in system preparation and setup, operation
and automation; refer to Technical hote 25,

I. A schematic diagram of the SCM configured for operation
in Chelation IC System 2 is provided in Figure 4 in
Technical Note 25. Confirm that the system is configured
and plumbed as shown.

b

Ensure that there are ne metal components in e Tow
paath, including twhing end fimings (stainless sieel washers,
omni-fittings), columns, and valves, which contain
stainless steel. Replace all omni-grippers with Thermo-
Flare™ washers.

el

Follow the step-by-step "System Preparation” instructions
given in Technical Note 25,

4, Four cluents are regquired for this application:

El: 200mM pyrophosphoric acid / 2.0 M ammaonium
ACETae

EZ: 2.0 M ammonium acctale

E3: 1.0 M nitric acid

E4: L1 M ammonium mitrate

5. INa S-mb sample loop is used, enter the program provided
m Tahle 5 it the gradient pump. For ather sample loops,
refer to the Appendix for instructions on how to create an
appropriate gradient pump program.

6. Follow the step-hy-step " System Test” instructions given
in Techmical Mote 25,
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Sarmple Prahes: Conceniraion (ppm]
Qe Borm Craelalion I USGS Sugy. Value
121000 sampe dilution 1. ke[l WA 12.24%
il sampie conoen lralior 2 Guly 424219 135 ppm
1. Hifim 18816 121 ppm
A Endin n29+12 106 ppm
04 - 5 Goll) 432208 4 ppm
6. Mnily Hik 0.1EE%
4
]
A
1 3 & &
_,-\‘_,,_\_K _J { J\lk_f\\.
ue T T T T 1 T
0 2 4 ] B 10 12 "
Mirules

Figure 2  Detzomination o” bansition metals in USGS Basalt (BHYO-1) by chalation (G

SYSTEM OPERATION

The sequencing and operation of the system components are
described below. This sysiem configuration has been designed
for use in the fully astomated mode, except for the sample
introduction step. IF the reguired sample volume is not mone
than 3 ml., the Dionex ASM milommpler may be used. The
sample must be intreduced using a syringe or peristaltic pump
unless the autosampler used is cupable of delivering more than
5 ml. of sample.

1. Confirm that the system is configured as given in Techni-
cal Note 25, Check o see that the system has a 80-120 psi
(AS0-R30 kPa) mert gas supply.

2. Tumn the absorbance detector on, If the VDM-2 is being
used, set the wavelength to 330 nm. I a filler based
theteetor is heing wsed, be sune the filier s 520 or 530 nm,
Turn an the visible lamp and serthe sensitivity o 0.2
AUFS. Be sure that the detector output is connecled o a
data collection system (integrator or ACIAT-450).

A Enter the program listed in Table 3. Check the program
carefully by listing each step of the program.

4. Reset the gradient program at time 0.0 min. Tarn on the
carrier pump (Pump 1, LOmLjmin) and the RDM. Con-
firm that the PAR reagent is flowing through the detector
by measuring the flow rate out of the waste line.




Table 3 Gradlent program for chelatlon concentration

E1: 20 mM Pyrophospharic Acid / 2.0 M Ammonium Acedale
EZ: 2.0 M Aaimonsiunm Acetale

E3: 1.0 M Nitric Acid

E4: 0.1 M Ammonivm Nitrate

t %E1 %EZ %%E3 %E4 V5 V6 FlowRate
(mL/min)
00 100 0 0 I} 1 0 k)|
20 100 1] 0 0 0 1 20
B0 10 ] 0 0 1 0 30
6.1 0 100 0 0 1 ] 30
70 0 100 0 0 1 0 12
i i 0 1K 1] 1 1 12
120 ] 0 100 0 1 1 12
121 0 1] 100 1 1 20
30 D 1] 100 0 0 30
150 0 0 100 0 0 30
151 0 0 100 0 1 0 40
160 ] ( 1w [} 1 ] 41
wo 0 0 100 0 1 0 40
18.0 0 100 0 0 1 0 0.0

* Bagin sample analysis

Turn on the integrator or monitor and begin o monitor the
baseline. At 0.2 AUFS, an essentially noise-free and drift-
free baseling should be observed.

Step 1: Once the baseline is stable, start the gradient pump
and press RUN. Conflirm that valve 5 is ON and valve 6 is
OFE. The sample or the standard can be loaded via the
autosampler. If the autosampler is not used, use a syringe
o load the sample by drawing the sample through the
sample inket. The sample pH should be 1-2. While the
sample introduction step is in progress, the gradient pump
is punnping 200 pyrophosplate o regensmle S eguili-
brate the MetPac CC-1 column. Note that the next step
occurs at 2.0 min. If the sample introduction takes more
than 2.0 min, adjust the gradient pump program
accordingly (see the Appendix).

Step 2@ Valve 5 is OFF and valve 6 is ON. The sample
pump delivers the deionized water through the sample
loop that was previously loaded with the sample. The

10.

sample stream is now mixing with the 20 mM pyrophos-
phate from the gradient pump, and the bulfered sample
passes through the MetPac CC-1 column,

Step 30 Valve 5 is ON and valve 6 is ON. Valve E now is
switched o the LOAD position in which the TMC-1
colummn is placed in-line with the gradient pump. The
gradient pump delivers 1.0 M nitric acid to the MetPac
CC-1 column. The concentrated metal ions are eluted off
the column, and the 1.0 M acid stream is diluied on-line 1o
approximately 0,37 M with deionized water from the
sample pump before it passes through the TMC-1 colunn.
This step maximizes the removal of concentrated metal
iong from the MetPac CC-1 and places them on the
TMC-1 column in a tight band.

Step 4: Valve 5 is OFF and valve 6 15 OFF. The gradient
pump delvers 0.1 M ammaonium nitrate to the TWMO-1.
This step is required to convert the TMC-1 from the
Teydronium oo w tie anunonivm for,

Step 50 Valve 515 ON and valve 6 s OFF. Valve Eis
now switched to the INJECT position in which the TMC-1
column is placed in-line with the IonPac CS5 column. The
gradient pump delivers 1.0 M nitric acid w the MetPac
CC-1 for 2 min (4.0 ml/min), followed by 2.0 M ammao-
nium acetate for 1.0 min (4.0 mL/min} before the end of
the chelation concentration process,

If you wish tostart the chelation concentration on the next
sample, you may start at this time. Remember that the analysis
of the previous sample must be completed before proceeding 1o
step 3 in which the TMC-1 column is switched in-line with the
MetPac CC-1. The time to complete the analysis of ransition
meetals is normally within 15 min. The gradient pump may be
adjusted so that step 3 can proceed at 15.0 min.

Reset the gradient pump and data collection device. Start
the overall cycle withowr injecting the sample. This run
will represent the system blank. Repeat this eycle at least
three times or until the hlank is reproducible.

. At this point, the system is ready for calibration and

sample analysis. Refer to the appropriate section of Tech-
nical Notz 25 for details on calibration and quantification.
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APPENDIX: SAMPLE LOOP 2. Determine the sample loading time () from sample loop

The 1-mL and 5-mL sample loops are available and supplied to the MetPac CC-1 column. This value can be abtained
with the SCM. If you wish W prepane & sumple loop larger than by divided the sample loop siee (mL) by the sample pumg
5.0 mi., use an approgmise length of 1/8-in, L2 Tefzd® ubng flevw rate (ml/min). For proper sample loading, an

additiomal 1.0 min is normally included.
T create a proper gradient program for a new sample loop, use

the worksheet shown in Tuble 3 and follow e steps below: Example:  Sampde loop size =7 ml.
?'i.urnpll_' purmp fhow rate = 2.0 mljmin
. Diesermine the boop bading ime () starting from the Sample losdmg ume=C =

sarmple source o the sample loop. IT an amosampler i (7 mLA20 mbdmin) + 10 min= 4.5 min

used, defermine how much time the avtosampler com-

pletes the leading step. I & syringe is used, 2.0 min is 1. Enmterthe £oand £ valuces in the work sheet shoamn in Tahble

appeopriate. Be cure that the sample koop is completely 3. Calculate and enter the new time. Enter the new

filled, A srriiem ab 200 min i required for the first sep. program into the gradient pump.

Tahle 3 Gradient Program Work Sheet

1 [minj Enmter Mew Time E1 E3 E4 Vi Wi Flow {mL/min)
1] 100 LT 1] ] 1 ] &3]
L 1A 1l ] b u 1 £0
L+C L] i 0 1] 1 i il
L+C+1.1 i i 0 ] 1 i i
L+C+20 u L1l Lk L 1 i 14
L+C+21 a i} id L] 1 i i2
L+C+T0 il H i L 1 i 1.2
L+C+T.1 il i i] 100 I I 20
L+0+ED il 1] ] Ll i I 3.0

&0a10 i 1] 1] .1} [ ] 0
LoeGw101* i Q [ 1] [ i V] an
L+C+=11 0 a L ] 1 a 40
L+Cs12 1] 0 1 ] I a 410
Lallatd V] 1 0 a 1 a a0

*Ragin sample anaiyss

PR il ThermodTar v mrakerrat: md el i 3 reghersd malemk of [Morse
U rrporman. CIFTIAA s e sirend madomas® of Fsher Scentife. Chelis- 10 s 0 imede e
o He-Had Labusmorios. Teloo is @ ropiskora] unionserk, of EJL da Penl & Manesas & Uo



