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Disclaimer of Endorsement

Mention of or referral to commercial products or services, and/or links
to non-EPA sites does not imply official EPA endorsement of or
responsibility for the opinions, ideas, data, or products presented at
those locations, or guarantee the validity of the information provided.
Mention of commercial products/services on non-EPA websites is
provided solely as a pointer to information on topics related to
environmental protection that may be useful to EPA staff and the public.
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Today we will talk about.....

* Perchlorate, Bromate and HAA

» Background and History

* lon Chromatography methods

* lon Chromatography with Hyphenated Methods
* Summary
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Perchlorate Background

« Used as rocket propellant
*Used in electroplating industry
*Used in fireworks

* There are also evidence of “naturally occurring
Perchlorate — Chilean fertilizer”

Why Analyze?
* |t is persistent in environment

* |t is believed to inhibit lodine uptake in thyroid
gland causing hypo thyroidism
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Perchlorate Background

® Perchiorate Manufacturers and Users as of April, 20603
Major Rivers

o Stare does not contain a known manuficiurce of user
b2 Stare contains a known manufucturer of user

Map provided as public information on USEPA website - 2005
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USEPA Methods

*Perchlorate
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USEPA Methods

*Perchlorate

*USEPA 314.0 enhanced
*USEPA 332.0 / SW846 6860
*USEPA 331.0 / SW846 6850
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Perchlorate
by Suppressed Conductivity
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AW US6-0071

USEPA method 314.0 (enhanced) AW US6-0241

Using a Functionalized Monolithic Column or Anion Exchanger Column
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USEPA 314.0 - Perchlorate Standard in Matrix

Perchlorate
o

i
Eluent flow 0.7 mL/min .
T10.5mM Na,CO; + 25% )
Eluent Acetonitrile” ° N
Column Metrosep ASupp7-250 10
Column o @
temperature 45°C 1 _g 9
Sample volume {1000 pL ol O O
Detector Suppressed Conductivity ol 6 3
Component Retention Time, | Concentration, "
Name mins mag/L 0
Chloride 7.5 1000
100
Sulfate 1.5 1000
Perchlorate 26.8 0.005 " ”

T T T T T T T
Y Y AN 1 1
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USEPA 314.0 MCT Study

Maximum Conductivity Threshold Study (MCT Study)

Eluent flow 0.7 mL/min

10.5mM Na,CO; + 25%
Eluent Acetonitrile” ° °
Column Metrosep ASupp7-250
Column 0
temperature 45°C

Sample volume

1000 pL

Detector

Suppressed Conductivity

Component Retention Time, | Concentration,
Name mins mag/L

Chloride
Sulfate

Perchlorate

9.28 50 - 1000
19.7 50 - 1000
24.8 0.002
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MCT Study Data (USEPA method 314.0, section 9)

MCT Study Data
Perchlorate, PGF

3000ppm TDS Matrix (n=5) 1.01
1500ppm TDS Matrix (n=5) 0.98
750ppm TDS Matrix (n=5) 0.94
300ppm TDS Matrix (n=5) 0.95
150ppm TDS Matrix (n=5) 0.93
50ppm TDS Matrix (n=5) 0.96
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Major Interference — PCBSA

Interference

1 PCBSA and Sulfate

" j | y \ Perchlorate

T *QJJHHQL-J AN .

Black trace = 100ppm PCBSA and 1000ppm Sulfate followed by Red trace = Perchlorate Sppb std
PCBSA = para — Chloro Benzene Sulfonic Acid n Meirohm
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USEPA Method 332.0 /7 557.0
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1IC-MS

Electro Spray lonization

Nebulizer gas

Solvent spray

Dielectric capillary entrance

lans

Evaporation

m=e==>  Analyte ion ejected

Heated nitrogen drying gas
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Perchlorate Mass
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Chlorine (CI) = 35
+

4 x Oxygen (O) =4 x 16 = 64
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Perchlorate Mass / interference

O

Sulfate lon

Sulfur (S) = 32

4 x Oxygen (O) =4 x 16 = 64

HSO, " (5%2) =
1432 + 64 = 97

HSO, " (S34) =
1+32 + 64 = 99

— 4%

4% of 1000 parts per million = 40 parts per million OR

NEMC 2019, Jacksonville FL

40,000 parts per billion
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Perchlorate by ICMS / ICMSMS
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In Collaboration with
USEPA (ODW-OGW / OSW)
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Metrohm Advanced IC - Agilent QQQ MSD
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IC/MSMS Configuration

Binary HP Gradient IC

USEPA Method 314.0
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Metrohm fon Chromatography
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USEPA 332.0 - Perchlorate Calibration Overlay - ICMSMS

Eluent flow 0.7 mL/min

10.6mM Na,CO; + 25%
Eluent Acetonitrile® > °
Column Metrosep ASupp7-250
Column °
temperature 45°C
Sample volume | 100 pL
Detector Agilent QQQ
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-ESITIC MRM Frag=120.0v CF=0.000

DF=0.000

CID@30.0 (™ ->) Sid 94

Perchlorate

T T I I T
1 2 3 4 5 6 7
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Counts vs. Acquisition Time (min)
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Perchlorate Calibration

Calibration Curve
|E| # 1 K- [@E [ | Type Linear

@ 107 | v=1568740"x - 0.070314
2 1 R"2=0.399336160

754 Type:Linear, Origin:lgnore, Weight:None

Felatve Fespon

* QCrigin: Ignore * Weight: Nene + | ISTD

Perchlorate 101 - 11 Levels, 11 Levels Used, 11 Points, 11 Points Used, 0 QCs

AW IC US6-0240
AW IC US6-0244

m/z 101

Range for
Calibration Standards
0.1ppb to 50ppb (CIO,")

10

7 14 16 18 20 22 M % 28 | 2 M

% 38 40 42 44 46 43 50 52
Relative Concentration
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USEPA 332.0 — Perchlorate MRM and transitions

Parchlorate 101439 Sid 54
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L

Average (150+ injections) lon
ratio for m/z 99/101 = 3.108

USEPA method acceptable
value = 2.31-3.85
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Direct inject of Water

Samples to analyze
HAAs using IC/MSMS
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Haloacetic acids

l Class .- Compound -lAcronym ‘
.Carcinogen .- Bromate -. BrO;

Monochloroacetic acid -. MCAA
DCAA

TCAA
MBAA
DBAA

MCL
(ug/L)
10

AA

!mergin’

AAs

Diiodoacetic acid

bicide Dalopon
date




|IC-MS/MS Interface
4

MassHunter
Waorkstation Software

v Analysis

O |
T e e e e e e
e = = T Tovta]

e 1180 MABE
P 08 |

() Metrohm to Agilent interface ) Agilent MassHunter Platform




|IC Conditions

 Column: Metrosep A Supp 7 (250mm
X 4.0mm)

* Column Temperature: 45°C

* 100uL Loop injection using variable
volume inject

 Eluent A: [85/15: HPLC Water/ACN] +
50 MM KOH + 7 mM Na,CO;,

e Eluent B: HPLC Water

Time (min)




Mass Spectrometer - 6490 Agilent QQQ MS

* All parameters optimized using Agilent SourceOptimizer Software

[ rropct parameten

Acquistion  Source | Chromatogram | Instrument | Diagnostics | PP e —
che par ters Fropect Fokder D ‘Masshrte Date '\ SeurceOpt Frome
Froject Name Ood_1 Append tmast ame
Gas Temp: I‘IZEI e I 120
Instr mert Dy ameteny.
. J Trpes PeWatiwn) Regicate SepWat n) StadVake EncVale StepSae
Gas Flow: [13 1/min 130 | » EIETTSEEEEE
. . Caollery ¢ 1 0 2000 5000 2%0
Nebulizer: |45 psi | 450 : Gos Torw % . w W | >
" l - | « 7 Gas Flow £ 1 0 4 1 1
Sheath Gas Temp: |330 T 330 7]  Sheath Gas Tenp £ 1 2 20 o 2
Sheath Gas Flow: |12 I/min 120 | 7 Sheat Gan Fow X 1 ' !
Neabuk rer 0 1 0 20 50
Positive Negative
Capillary: |3500 v ({3000 V| |3337.40 1
Wonde parameten
Nozzb vOlwe: |1 El:”:' V IT SDD V Sarple Name  Pes 94 _100ppd Sarmpie Fostion Vsl &
Waddke postion of Aaa He usad 'or calibeahon 1
Chamber Current | 036 |




Chromatography

10 pg/L standard in Milli-Q water

x10 2 |Cpd 3: Tribromoacetic acid: -ESI MRM Frag=380.0V CF=0.000 DF=0.000 CID@20.0 (250.9000 -> 78.9000) Dalapon TBAA Cal std ppb 10.d
1 1
1051

14
0.95
0.9+
0.85
0.8
0.75+
0.7
0.65

0.6

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 & 85 9 95 10 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18
Counts (%) vs. Acquisition Time (min)



Linearity

Calibration curves from MRL — 40 pg/L

[

Relative Rasponses

Eromate - 9 Levels, 9 Levels Used, 9 Points. 9 Poinis Used, 0 QCs

lo ¢ 3 -i @ @ Type/Lner ~| Onginfignore  +| Weight|1x  ~| ISTD QC cC

75 ¥ 20175003 x + 0005509
R2208 5
TyperLinear, Ongin-lgnore, Weight 1/

Bromate

2 0 1 &1 ¢ 8 1T 12 14 1% 18 N 2 M 2% 2B N R B % B H 2
Concentration (ng/m)

Flale 2 3-i @ = ype e .

Ignore | Weight 1x  ~| ISTD QC «C

Ralaive Rosponses

acid - 9 Levels, 3 Levels Used, 3 Points, 9 Poinis Used. 0 QCs
32y =0071762"x -0.004060

99912134
Type Linear, Ongin gnare, Weight Vix

DBAA

2 0 3 & & & 1 2 %t % B » 2 2 2% B N 2 + % B o & &
Coneentration (ng/ml)

[@le 2 33-: @B Tpe tner ~| Origin:lgnore =/ Weight|Lix = ISTD QC CC
Menochicroacetic acid - § Levels, 3 Levels Used, 3 Poirts, 3 Paants Used, 0GCs
] y =0.060875 * x +0.0214%
2 26{R2-0%%:557
% 3 TrpeLinear iinlgnore Vieight
B o
§ 22
2

18

18

18

12

oe

02

o

02

: 4 2 i 6 € 1 12 1% T 1B P 2 2 H B D N

[@]e $ 5@ @ Tpe Liner - Oigin:lgnore | Weight Ux  ~ ISTD QC €C
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2 0.061752" x +0021618
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Real World Samples

DI & Tap water matrix spike recoveries

150

Il DI Water
[ Tap Water
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Summary

* Metrohm Developed (in collaboration with UofAz and USEPA)

» Simple, rugged and isocratic analysis for Perchlorate
* Environment friendly Carbonate chemistry for analytical column

» Chromatographically resolved challenging matrices and interferences like
* 3000 parts per million TDS (1000ppm each of Chloride, Carbonate and Sulfate)
* Industrial surfactant like p-Chloro Benzene Sulfonic Acid (PCBSA)

* Direct Inject, improved method for Halo Acetic Acid, Bromate and Dalapon with
minimal sample preparation and rapid analysis time (<20 min) were achieved

* In our work for HAAs, we have NOT observed any degradation of MCAA as
illustrated in USEPA method
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Q&A
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ThankYou

L) Metrohm

36



