
Waters
Ion Chromatography Method

General Purpose Anion AnalysisUsing Conductivityand UV Detection 2000
Required Instrumentation: Part ! Number

Alliance", 2690 SeparationsModule
(withColumnHeater,Seal Wash, Degasser) 271013
432 ConductivityDetector 043061
BusSAT/IN Module 073645
Millennium32 ConsultWaters

UV Detector(Optional) ConsultWaters

PPM Standards
4 1 Fluoride = 1

3 2 Bicarbonate
3 Chloride = 2
4 Nitrite = 4
5 Bromide = 4
6 Nitrate = 4

6 7 Phosphate = 6
"" _J_ 8 Sulfate = 4
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Analysis Conditions:
Column: IC-PakTM AnionHR (PIN 026765)
Eluent: Borate/ Gluconatecontaining12% AcCN
BackConductivity: 240 __.20 I_S
Degas: Continuous
FlowRate: 1 mL/ min
BackPressure: 1200 +__200 psi
Temperature: 30°C (ColumnHeater);35°C (Detector)
Injection: 100 p.L
NeedleWash: 12% AcCN in DI Water
Detection: DirectConductivity '
Base Range: 500
Attenuation: 50 t_S/ Volt Unattenuated
Polarity: Positive
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Eluent Preparation:
1) Into a 1 liter volumetricflask add

-20 mL Lithium Borate/Gluconate concentrate
(See Appendix for concentrate preparation)

-120 mL of HPLC Grade Acetonitrile (AcCN)
2) Dilute to volume with DI Water
3) Natural pH is 8.2 + 0.1
4) Vacuum degas through a 0.45 _m aqueous & solvent compatible membrane
5) Store in glass or plastic container at ambient temperature. Discard after 1

month.

Standard Preparation:
It is recommended that certified 1000 ppm anion standards be used with this
method. If unavailable, see Reagent Section for uncertified standard preparation.

Prepare at least 3 mixed analyte standards within the expected range of sample
analyte concentration. This method is linear from 0.1 ppm to 100 ppm. After the
multi-point calibration curve has been validated, a single point calibration within the
expected analyte concentration range is appropriate for recalibration.

Sample Preparation:
Determinethe expected rangeof analyteconcentrationand otheranionic
componentin the samplematrix. The majoranalyteshouldbe less than 100 ppm

- for best results.

If necessarydilutethe samplewith DI Water.

If the samplecontainshighamountsof neutralorganics,or is highlycolored,then
passthe dilutedsample througha C,8Sep-Pak* Cartridge. Anionspassthrough
unretained,butmay notea lossof fluoriderecovery.

Samplescontainingsuspendedsolidsshouldbe filteredthrougha 0.45 l_maqueous
compatiblediskpriorto injection.Failureto filtersolidsresultsin the riskof
increasedcolumnbackpressure.

Sample pH shouldbe within3 to 11 for bestresults

Samples treatedwith a samplepreparationdiskinthe H* form,used to remove
cationsand neutralizehighpH, willyieldchromatogramssimilarto suppressed
conductivitychromatograms.
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Millennium Data Processing Method:
IC Processing Method using Peal Apex for Retention Time
Integration Peak Width = 30.0 Threshold = 10--25

Min Area = 3000 Min Height = 150
Inhibit Intg. = 0 to 2 min

Calibration Averaging = None RT Window = 5%
Update RT = Never
Peak Match = Closest

Quant By = Peak Area
Fit Type = Linear, for multi-point calibration

or Linear Through Zero, for single point
Report Analyte Name

Analyte Retention Time
Peak Area
Amounts

Method Validation: This validation design is abstracted from the ASTM/EPA
validation for CIA. It has been used to validated all anion analysis methods. Many
of the methods using this validation design are linear above 50 ppm.

Individual Youden Pair Standard, in ppm
1 2 3 4 5 6 7 8

t- CI 0.7 2.0 3.0 15.0 40.0 20.0 50.0 0.5
"" O

¢- Br 2.0 3.0 15.0 40.0 20.0 50.0 0.7 0.5

<I:: NO2 3.0 40.0 20.0 15.0 50.0 0.5 2.0 0.7

"-' SO4 40.0 50.0 0.5 0.7 2.0 3.0 15.0 20.0:>.,

NO3 15.0 20.0 40.0 50.0 0.5 0.7 2.0 3.0
E
<:_ F 2.0 0.7 0.5 3.0 10.0 7.0 20.0 25.0

PO4 50.0 40.0 20.0 0.5 3.0 2.0 0.7 15.0



Method Linearity:
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Quantitation Precision: % RSD of analyte peak area at each concentration. Data
based upon 7 replicate injections of the validation standards.

Analyte F CI NO2 Br NO3 PO4 SO4

0.5 0.95 1.11 3.44 5.17 0.32 12.98 7.62

0.7 0.67 1.64 0.78 1.73 0.75 9.29 3.90
",,_

2 0.17 0.18 0.56 1.14 0.91 2.91 1.07

'- 3 0.43 0.17 0.20 0.67 0.19 3.49 0.64(D

,--° 15 0.44 0.05 0.28 0.11 0.16 0.50 0.32
O
O 20 0.45 0.04 0.05 0.30 0.06 0.52 0.25

E 40 0.05 0.04 0.03 0.08 0.37 0.26¢3.

cL 50 0.13 0.02 0.26 0.03 1.56 0.16

Method Detection Limits:

100 PPB Stand_r_l_
2 1 Fluoride

2 Bicarbonate (Natural)
3 Chloride

100/4LInjection 4 Nitrite3
5 Bromide
6 NitrateO

"- _. 7 Phosphate
Or) _ 8 Sulfate= 4

A 5 8
o

/

I .... I .... I ' '
0.00 5.00 10.00 15.00

Minutes

Based uponthis representativechromatogramusinga 100 I_Linjection,the
estimateddetectionlimits,as ppb,at 3 timessignalto noise (S/N) are:

Fluoride = 50 Nitrite = 50 Nitrate= 75 Sulfate= 75
Chloride = 25 Bromide= 75 Phosphate= 125

Quantitationbelowthesedetectionlimitsis notadvised.
Lowerdetectionlimitscan be obtainedby usinga 250 p.Linjection.
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Quantitation Accuracy: Used a Certified Performance Evaluation Standard diluted
1:100 with DI Water. Amounts based upon multi-point calibration curve prepared
from certified standards.

Analyte F CI NO2 NO3 PO4 SO4
Performance True
Evaluation Value 2.69 43.00 1.77 15.37 6.29 37.20
Standard inppm
Official Measured 2.75 43.30 1.77 15.42 6.38 37.00
Anion Mean

Methods Measured 0.26 3.09 0.07 1.15 0.21 2.24
WetChem& IC StdDev

ICUsing AveIC 2.63+ 43.87+ 1.93_+ 15.04_+ 6.47+ 37.03_+
Alliance n=3 005 0.09 0.01 0.06 0.09 0.12

ICPakA/HR IC/Mean 0.956 1.013 1.090 0.975 1.014 1.001

andBIGEluent IC/TrueValue 0.978 1.020 1.090 0.979 1.029 0.995

Analyte Recovery: The Certified Performance Evaluation Standards was diluted
1:100 with Typical Drinking Water. Amounts based upon multi-point calibration.

Analyte F CI NO2 NO3 PO4 SO4
Milford Not 25.82 _.+ Not 0.23 __+ Not 8.30 _+

Drinking Water Detected 0.04 Detected 0.002 Detected 0.02
-. n=3, as ppm

o/,,R_r_ N 16 (192 N 27
Performance 2.69 43.00 1.77 15.37 6.29 37.20

Evaluation Std

MDW + PES 2.46 _.+ 69.64 _+ 1.82 _+ 15.52 _+ 5.35 + 46.46 _+
n=3" A.qnnrn O_N4 N I3R N 0(34 N132 N NR (317

i o

%RSD 1.51% 0.11% 0.21% 0.10% 0.92% 0.37%

% Recovery 91.4% 102.5% 102.8% 99.5% 85.1% 102.8%

Exam des of Use:
A HCO3 = Natural

,,, CI I Typical Drinking Water
= II ' CI = 25 82 ppm
=o II No Dilution Required .... "_,,

SO4 = 8.30

I NO3

HC03/I . /so,

.... I .... I .... I ' '

0.00 5.00 Minutes lO.OO 15.oo
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Use of Direct UV Detection:

Many anions are UV active in the range of 205 nm to 214 nm, such as NO2, Br, and
NO_, and the use of direct UV detection provides a degree of detector selectivity.
Below is the chromatogram of the anion standard that demonstrates this selectivity.
Generally, the lower the wavelength of detection the greater is the response, as

'seen with the difference between 205 nm and 214 nm chromatograms. However,
the borate gluconate eluent has some UV absorption which causes negatives peaks
at the retention time of the UV transparent anion, such as F, CI, PO,, and SO,, if
present.

NO2

NO3
Fluoride = 1 ppm

: / BiCarbonate

Chloride = 2
Nitrite = 4
Bromide = 4

Nitrate = 4
E Phosphate = 6

¢'q_'_ _Br i Sulfate = 4"" 205 nm PO_ SO4

i

I ' ' ' ' I ' ' ' ' I ' '
5.00 Minutes lO.O0 15.o0

Direct UV detection is 5X more responsive for nitrite and nitrate than is conductivity
detection and hence provides lower detection limits. The chromatogram below of
100 ppb anion standard demonstrates the improved sensitivity.

100 DobAnion i Waters996 PhotoDiodeArrayDetector
I NO2 NO,
' !

j:_ DetectionLimitsi_t:_XSIN
!'_ " Anion 205 nm 214 nm
; i
; i NO2 9 ppb 5 ppb

:z i i Br 20 ppb 94 ppb
:i _ NO3 6 ppb 9 ppb

_ Br

'_...... . '_ 214 nrn, Noise = 0.09 rnAU

5.00 Minutes 10.00 ' 15.00

The borate gluconate eluent has some UV absorption. Use of eluents that are UV
transparent, such as hydroxide and carbonate / bicarbonate, provide lower detection
limits.
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Appendix

Borate Gluconate 50X Stock Concentrate:

Usinga 60 mL plasticsyringewith0.45 _m filter,addapprox.25 g of BioRadAG-
50W-X12 strongcationexchangeresininthe hydrogenform,or equivalent. Wash
the resinwithfive 20 mL portionsof DI waterto removeany ionicimpuritiesfrom
the resin. Discardthe washings.

Dissolve9.06 g of sodiumgluconatein approx.20 mL of DI water. After dissolution,
transferthissolutionintothe 60 mL syringewithresin. Slowlypassthissolution
intoa 1 litervolumetricflask. Wash the resinwithfive 20 mL portionof DI water;
add the washingto the volumetricflask. Discardthe syringeand resin.

An alternativeto the aboveprocedureis to usecommerciallyavailable50%
GluconicAcid. However,it comesas a brownsolutionthat when dilutedgivesa
yellowtintto the eluentthat mayeffect longterm performance. The browncolor
can be removedby passing5 mLof 50% gluconicacid througha C18 Sep Pak
cartridges;requirestotalof 3 Sep Pak cartridge. Use 13.2 mL of 50% Gluconic
Acidfor the eluentconcentrate.

Adjustthe volume in the flask to approx. 500 mL withDI waterand add a stirring
bar. Add 7.2 g of lithiumhydroxidemonohydrateand25.5 g of boricacid. With

; the aid of a magneticstirrer,mix untilall reagentsare dissolved.

Add 94 mL of 95% Glyceroland mix. Removethe stirringbar and fillto the mark
with DI water.

StorethisBIG Concentrateina plasticcontainerandstoreat ambienttemperature
for upto 6 months. Can storein4°C for up to 1 year, butwarm to ambient
temperaturebeforeuse.

A white "stringlike"materialisobservedat the bottomof the containerindicates
significantmicrobiologicalgrowth. If presentdiscardandre-prepare.

Borate Gluconate Eluent:
In a 1 litervolumetricflask,add20 mL of the 50X BIG Concentrateand dissolvein

500 mL of DI water. Add 120 mL of HPLCgrade Acetonitrile.Mix and fillto the
markwith DI water.

Vacuum degas througha 0.45 l_maqueous/ organicmembrane.

The backgroundconductivityof the BIG Eluentis between220 and 270 I_S.
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