Department of Toxic Substances Control

axavalent Chromium in Drinking Wat
By IC-ICP-MS

The Thermo Scientific iCAP Q with the Thermo Scientific Dionex
ICS-5000* HPIC System




Overview

Chromium oxidation states
— Cr*®/Cr*3
Current regulations

— 2011 US EPA recommends monitoring of Cr*®
— 7-2011 — OEHHA establishes 20 ppt PHG
— 7-2014 — CDPH sets 10 ppb MCL

EPA Methods — IC w/ post column derivatization
— 1,5-diphenylcarbazide, UV detection
— Susceptible to interference from Fe and Mn

Direct measurement using iCap-Q ICP-MS

— 3:Cl,O,H+ or ,,Ar,,C+ mitigated by CCT/KED
Isotope ratio confirmation (°?Cr/>3Cr)
Achieve 20 ppt report limit in drinking water
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Isocratic Linear Calibration
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f(x)=b*x+a

Parameter | Value l Confidence Delta at 90% ] StdErr | Rel. StdErr [%]
b | 497 826 ; +/-0.38182733 \_ 0.265 | 0.053
a -2.021.345 | +/-15,589.01974385 10.827.212 -535.644

_ R 099999943 l
-4.060 ppt | }




Tap Water with 20 ppt Cr*® Spike

Traces of selected compounds
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Isocratic Method Detection Limit

24.0 24.8 23.2 239 241 243 24.0 24.6 241 0.485 1.45




cratic Method, Accuracy and Precisi

Average
Recovery

74.3 ppt 20 ppt Cr*®  96.0 109% 2.4%
cr+6

250 ppt Cr*s 370 118% 0.8%

750 ppt Cr*® 940 115% 0.5%




ention Time-drift and Intensity Varia

Traces of selected compounds
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Matrix Issues

Drift in retention time and intensity

When injecting matrix, not present with DI onl

rked improvement using fresh vials for
Injection




250 ppt Cr*® & Cr*3in DI

Trace(s] of Analysis No & "Cal 250 ppt"
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Gradient Method

200 00

a4 =t s a =t

......................

fffffffffffffffffff

Column:

Thermo Dionex IONPAC AS-7,
2x250mm

Mobile phase:
0.3 M HNO, /3.0 M HNO,

Ramp from 100% 0.3 M to
at 5 minutes, hold for 1 r
equilibrate with 100%
minutes

Flow rate: 0.4 m

Temperature:




Gradient Linear Calibration
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Hixl=b"x+ a

Farameter W alue Confidence Delta at 903 StdErr Fel StdEm [%]
b BR0.017 +/-3.477 2.415 043
a -120.966 +/-1. 627 925 1.1300661 -BE3. 326
R 0.93336282

-0.234 ppt




Tap Water with 20 ppt Cr*© Spike

Traces of selected compounds
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Intensity [cps] (10°3)

Intensity [cps] (10*3)
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Sample Preservation

Trace(s) of Analysis No 1 : "250 ppt Cr3 only™
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Trace(s) of Analysis No 5 : "Cal 250 ppt"
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Gradient Method Detection Limi

17.2 16.6 16.5 18.2 169 15.5 16.4 16.3 16.7 0.786 2.36




dient Method, Accuracy and Precisi

Average
recovery

52.1 ppt 20 ppt Cr*® 105% 0.9%
cr+6

250 ppt Cr+® 326 110% 1.0%

750 ppt Cr* 891 112% 2.2%




ing Water (ppt)

ions in Drink

Concentrati

ium

Hexavalent Chrom

— 40000

— 1000

350 —

300 S

250 —

200 —

150 <

100 —

50 -

sineq
uligna
3N0ID M3
V1

A uoun
POOMIY
p403U0)
pJemAeH
CI[IUSEINE!
0JUBWELIeS Jse]
ssaldf)
9jould
02s]puelq ues
JETEIET:|

Yed uoJawe)

ousalq




Hexavalent Chromium Concentrations in Drinking Water

Sample ID Replicates | Average result (ppt) | Result range
Fresno 6 <20 <20 - <20
Cameron Park 2 44.5 43.7 - 45.2
Berkeley 7 52.2 39.6-74.3
San Francisco 1 56.4 56.4 - 56.4
Pinole 2 63.8 33.5-94.1
Cypress 6 64.2 48.1 - 78.5
East Sacramento 2 65.2 63.0-67.4
Emeryville 2 75.9 75.9-75.9
Hayward 1 75.9 75.9-75.9
Concord 11 76.5 53.3-132
Kirkwood 2 125 113 - 137
Union City 1 328 328 - 328
LA 3 1140 1050 - 1260
Elk Grove i} 1490 197 - 4840
Dublin 4 1820 896 - 3190
Davis 7 37500 648 - 52700
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Point of Use Filtration

Traces of selected compounds

(Activated Carbon and ION Exchange Resin)



Limit of Detection

Traces of selected compounds
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BEC Effect on LLCV Recover

LLCV Recoveries

- €10Z//1/6
- €T0Z/ST/6
- €T0Z/€T/6
- €T0Z/T1/6
 €102/6/6
- €102/L/6
 €102/5/6
- €102/€/6
 €102/1/6
- €10Z/0¢/8
- €102/81/8
- €102/97/8
 €T0Z/1T/8
- €102/77/8
€107/02/8




Method of Standard Additions (MSA)
(EPA Method 70008B, Section 9.10)

dd known amounts of standard to one or
ore aliquots of sample

igates additive and destructive matri

ibration curve mus
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Zero
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of Standard Addition Plot
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Addn 1
Addn of 50%
of Expected
Amount

Addn 2

Addn of 100% Addn of 150%

of Expected
Amount

of Expected
Amount




LAB Tap MSA Calibration




p Water Spiked at 10, 20, 30,40 & 50 p

Traces of selected compounds
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SA Method, Accuracy and Precisio

Average
recovery

51.6 ppt Cr® 10 ppt Cré* 136% 7.0%
20 ppt Cr*® 75% 3.6%
30 ppt Cr*® 76% 4.0%

50 ppt Cr*® 86% 5.9%




Sample Preparation

Examined 5 different filter options
— Millipore 0.45 um glass fibre/ Polyvinylidene fluori

hatman 0.45 pum Polysulfone
ne 0.45 um Polytetrafluoroethylene (P
. styrene-based, sulfonic acid




Millipore and OnGuard Il H

Traces of selected compounds
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Traces of selected compounds
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Filter Comparisons

Response Response Relative
to Unfiltered Tap
Water

Unfiltered tap water

Thermo Dionex
Onguard Il H -14%

Whatman -
Polysulfone +8%

Nalgene - PTFE +10%

Thermo Dionex
Onguard Il Na +12%

Millipore — glass
fibre/PVDF +101%




Discussion

Accuracy is questionable below 50 ppt
— Large BEC relative to 20 ppt reporting limit

A/Gradient method
— 1000 ppt

aration




Conclusions

Hexavalent chromium present at trace levels in
drinking water

Chromatographic separation is optimized
Matrix issues resolved

Avoid PVDF-based filters

Utilize MSA for low-level analysis

Future studies
— Develop trivalent chromium calibration
— Continued analysis of drinking water samples
* Comparison of Gradient vs MSA for low level samples
— Comparison of raw vs treated waters

— Correlation of redox conditions and Cr®* concentrations
— SID-ICP-MS
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