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Example: Pariette Draw Watershed - Utah
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Geochemistry in Arid Landscapes

B Selenium and other trace elements liberated
during weathering of rocks

" Become concentrated in soluble salt phases
formed in soils

" Solubilized during precipitation and irrigation
contributing to concentration levels that can
exceed state and federal water quality limits

" Because different forms of selenium can have
different toxicities to aquatic organisms,
speciation of the selenium is of interest

zUSGS




Processes controlling salt and trace
element distribution in soil

Redox reactions

Mineral solubility

Capillary rise & evaporation (chromatographic effect)
Adsorption reactions with changing salinity

Groundwater composition (seasonal variability)
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Native Soils — Saturation Paste Extract
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Native Soil - flat ridgetop (silty sandstone parent)

Calculated to dry weight
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Sandstone derived soils
have low extractable
TDS, Se, and B
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Shale derived soils
have high extractable
TDS, Se, and B
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Agricultural Soils — Saturation Paste Extract

Agricultural- alfalfa field on alluvium/colluvium (transported)
0

Agricultural soils generally
have moderate extractable
TDS, Se, and B
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Comparison of Total Se and Speciated Se
in Ground Water

13-UT2-01W (Plastic)
13-UT2-01W (Glass)
13-UT2-04W
13-UT2-04W
13-UT2-05W
13-UT2-05W
13-UT2-09W
13-UT2-09W
13-UT2-011W
13-UT2-011W
13-UT2-012W
13-UT2-012W
13-UT2-013W
13-UT2-013W




Stability held at 10 °C for 1 month

Performed to evaluate losses during storage over government shutdown in 2013

Field ID
13-UT2-01W - P
13-UT2-01W - G
13-UT2-04W - P
13-UT2-04W - G
13-UT2-05W - P
13-UT2-05W - G
13-UT2-09W - P
13-UT2-09W - G
13-UT2-011W - P
13-UT2-011W - G
13-UT2-012W - P
13-UT2-012W - G
13-UT2-013W - P
13-UT2-013W - G

Nov-13 Dec-13

Se(lV)  Se(lVv)
Conc Conc Se(lV)
(ppb) (ppb) Delta

0.37 0.19 -0.18
0.38 0.25 -0.13
nd nd NA

Nov-13
SE(VI)
Conc
(ppb)

1.00
1.03
1.32
1.34
0.75
0.69
nd
nd
nd
nd

Dec-13
SE(VI)
Conc
(ppb)

1.33
1.22
1.21
1.48
0.91
0.95
nd
nd
nd
nd

Se(VI)
Delta

0.33
0.19
-0.11
0.13
0.16
0.26
NA
NA
NA
NA

Nov-13

Se Total
Conc

(ppb)

1.38
1.54
1.32
1.57
0.75
1.02
0.00
0.00
0.11

0.00
2.36
il
0.57
0.00

Dec-13

Se Total
Conc

(ppb)

1.52
1.47
1.21
1.59
0.91
1.11
0.00
0.00
0.06
0.00
2.45
4.04
0.28
0.00

0.14
-0.06
-0.11
0.02
0.16
0.09
0.00
0.00
-0.06
0.00
0.10
2.67
-0.28
0.00

Se Total
sum SelV  Hydride
+SeVI Delta AFS (ppb)

3.4
3.4
4
4
24
2.4
24
2.4
<0.3




Se Stability Summary

Samples were held after collection for approximately 30 days prior to
analysis due to government shutdown

= Plastic and glass vials at 4 °C
After initial analysis samples held at 10 °C in autosampler tray for
additional 30 days before reanalysis to evaluate stability

Conclusion: Not much change occurred between the 30-day and 60-day
storage analyses for MOST samples

"= Some samples showed higher Se values — possible breakdown of
organically bound Se?

Can’t make any conclusions about stability between collection and
analysis after 30 days — no species spikes performed at collection

No apparent difference between storage in amber glass vials or plastic
(polypropylene)

Need to add organo-Se species to method to see if “missing” Se is
organically bound
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Field and Analytical Species Spike Study

FIELD 1D (S5 ppb spikes)
14-UT-10W (1.7mS, 8.2)
14-UT-10W FS SE4
14-UT-10W FS SE6
14-UT-10W AS 5PPB
14-UT-11W (1.8 mS, 8.1)
14-UT-11W FS SE4
14-UT-11W FS SE6
14-UT-11W AS 5 PPB
14-UT-02W (4.0mS, 7.3)
14-UT-02W FS SE4
14-UT-02W FS SE6
14-UT-02W AS 5PPB
14-UT-03W (5.9 mS, 7.2)
14-UT-03W FS SE4
14-UT-03W FS SEG6
14-UT-03W AS 5PPB

HPLC-
ICPMS

Se(lV) ppb|Se(Vl) ppb

0.0
5.5
0.5
6.7
0.4
5.1
0.7
7.8
nd
3.8
0.2
4.9
nd
3.2
0.0
4.8

HPLC
ICPNS

0.0
nd
4.4
3.7
7.2
6.5
9.2
11.8
0.0
0.0
1.2
0.8
nd
0.0
1.2
1.2

HPLC ICPMS | HG AFS

lotal SelV:
+SeVi ppb
0.0
5.5
4.9
10.4
7.6
11.6
9.9
19.6
nd
3.8
1.4
5.6
nd
3.2
1.2
6.0

lotal'Se| Se(lV) Spike | Se(VIl) Spike
PP JoRecovery | YoRecovery
0.8

110.1%

134.6%

4. 7%

149.0%

78.7%

99.6%

66.3%

97.8%




14-UT-10W (1.7mS, 8.2) — Well behaved

L 1
JM10W: Se 78: 1 JM10W FS SE4: Se 78: 1
— 1 — 1
JM10W FS SEG6: Se 78: 1 JM10W AS 5PPB: Se 78: 1
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14-UT-02W (4.0mS, 7.3) — Issues!

[ N

JM02: Se 78: 1 JMO02 FS SE4: Se 78: 1
[ /)

JMO2 FS SE6: Se 78: 1 JM02 AS 5PPB: Se 78: 1

Highly reduced sample, high sulfide,
black stinky ppt in water
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Se Stability — Field/Analytical Spikes

" Spiking separate aliquots of each sample with
individual species can help pinpoint stability
or chromatography issues with real sample
matrices

Previous examples

= Sample matrix of lower conductivity sample did
not affect stability or chromatography

" Higher conductivity sample did show
chromatographic effects

" Recovery improved by manual integration
= Sample should probably be diluted as well

zUSGS




In Vitro Bio accessibility Methods -
Cr(VI) Stability in the Human Body

" |n Vitro Bio Accessibility Studies
" Assess how much of an element/metal might be bioaccessible

" Ingestion Pathway

= Simulated gastric leach fluid (based on Drexler and Brattin, 2007)
" pH 1-2 glycine/HCI solution to simulate stomach environment

= 1 part solid sample to 100 parts leachate fluid, placed in orbital shaker
incubator at 37 °C for 1 hour, filtered and analyzed for pH and metals

= Simulated intestinal fluid (modified from Basta, 2007)
" Gastric leach fluid titrated to a pH of 5.5 * 0.1 with Na2CO3 prior to
addition of porcine pancreatin and bile
" Inhalation Pathway

= Simulated lung fluid (SLF) (based on Mattson, 1994)

= Simple proxy for a near neutral pH solution encountered along an
inhalation pathway

" 1 part solid sample to 100 parts SLF for 24 hours at 37 °C

zUSGS




Cr(VI) Stability in Simulated Gastric Fluid

* Simulated gastric fluid at pH 1.5

°* Cr(VI) concentrations at 2 times the National Drinking Water
level for total Cr (100 ppb) are completely converted to Cr(lil)

Gastric

ppb Cr(VIl) | Crlll (sd)

Analysis at t = OHr
CrVI (sd)

Analysis at t = 3Hr
Crlll (sd)

CrVI (sd) Crlll (sd)

Analysis at t = 6Hr
CrVI (sd)

Analysis at t = 24Hr
Crlll (sd) CrVI (sd)

0 <10
50 63 (5)
98 (14)
204 (30)

379 (43)

546 (30)

<10
<10
<10
<10
79 (1)

417 (4)

<10
48 (3)

123 (6)
171 (6)

362 (29)

528 (7)

<10 <10 <10

<10 57 (11) <10

<10 98 (2) <10

<10 170 (1) <10

118 (3) 325(48) 108 (6)

469 (10) 462 (25) 455 (B)

<10 <10

53(10) <10
93 (8) <10
205(8) 14 (1)
357 (27) 71 (14)

611 (72) 365 (7)




Cr(VI) Stability in Lung Fluid

Simulated Lung Fluid at pH 7.4
* Cr(VI) stable for up to 24 hours for all concentrations
* Cr(VI) is a known lung carcinogen

Lung Analysisatt=0Hr Analysisatt=3Hr Analysis att=6Hr Analysis att=24Hr
ppb Cr(VI) | Crlll (sd) CrVI(sd) Crlll(sd) CrVil(sd) Crlll(sd) CrVl(sd) Crlll(sd) CrVI(sd)

0 <1 <5 <5 <5 <5 <5 <5 <5

50 <1 50 (1) <5 52 (8) 56 (1) 49 (3)
<1 103 (1) 116 (4) 106 (2) 100 (10)
<1 182 (12) 223 (4) 209 (12) 206 (2)

<1 512 (14) 562 (24) 594 (33) 499 (9)

<1 1051 (24) 1105 (66) 1149 (14) 1040 (2)




Cr(VI) Stability in Simulated Intestinal Fluid

Simulated Intestinal Fluid at pH 4.8
* Gastric fluid titrated to pH 4.8
* Cr(VI) stable for up to 24 hours for all concentrations

Intestinal Analysis att=0Hr Analysisatt=3Hr Analysis att=6Hr Analysis att=24Hr
ppb Cr(VI) Crlll (sd) CrVIl(sd) Crlll(sd) CrVIl(sd) Crlll (sd) CrVI(sd) Crlll (sd) CrVI (sd)

<5 <5 <5 <5 <5 <5 <3
<5 49 (3) 49 (2) <5 47 (4) 46 (6)
<5 100 (2) 95 (4) 100 (15) 94 (7)
<5 214 (10) 187 (11) 204 (9) 204 (14)
544 (51) 502 (9) 542 (7) 489 (6)

1057 (25) 974 (9) 1017 (37) 1003 (12)




Reduction of Cr(VI) by Ascorbic Acid

Literature reports back to 1984 on ascorbic acid therapy for Cr(VI)
poisoning

Korallus - Int Arch Occup Environ Health (1984) 53 :247-256
Kazmi - Jour. Chem. Soc. Pak. (1997), Vol 19, No. 3

Simple experiment with lemon juice shows 200 uL juice will reduce
96% of up to 1000 ppb Cr(VI) spiked into tap water

* Equivalent to 1 tsp per 8 oz. glass

No Lemon Juice with Lemon Juice
Nominal Cr(VI)

Concentration
Spiked into Tap Cr(VI) % Conversion
Water Measured std dev [Cr(VI) Measured std dev to Cr(lll)
0 0.0 0.0 nd 100.0%
50 48.0 2.2 nd 100.0%
100 77.4 2.2 nd 100.0%
200 180.9 4.5 nd 100.0%
500 415.3 10.1 3.0 . 99.4%
1000 950.4 41.5 39.1 . 96.1%




Reduction of Cr(VI) by ascorbic acid

Cr 52

1 —1 1
tap 50ppb 10x: Cr 52: 1 tap 100ppb 10x: Cr 52: 1 tap 200ppb 10x: Cr 52: 1

1 —1 —1
tap 50ppb 200LJ 10x: Cr 52: 1 tap 100ppb 200LJ 10x: Cr 52: 1 tap 200ppb 200LJ 10x: Cr 52: 1

|

Cr(VI) is converting to Cr(Ill) but pH
changes are breaking apart the Cr(lll)-
EDTA complex
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Previous study data

- Addition of lemon juice to tap water Cr(VI) - 100 ppb (tap water)

spiked with 100 ppb Cr(VI) causes
immediate reduction to Cr(lIl)

200puL to 10 mL (equivalent of 1 tsp
in 8 oz glass) causes complete
conversion to Cr(lll)
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+ 200 pL lemon juice

pH = 3.2
+ 100 pL lemon juice
87% Cr(VI) converted

100 ppb Cr(lll) + 100 uL lemon\juige to Cr(lll)

Time (min)




Conclusions

Use of individual species spikes during sample collection useful
for examining matrix related stability issues between sample
collection and analysis

Analytical spikes useful, but do not account for differences
occurring during sample collection, transport, and storage

Cr(VI) is stable in simulated intestinal and lung fluids at levels
up to 1 ppm for up to 24 hours

Cr(VI) at levels 200 ppb and below is immediately reduced to
Cr(Ill) in gastric fluid

Stability studies of Cr(VI) spiked into regular tap water shows
that equivalent of 1 tsp of lemon juice in 8 0z glass of water can
reduce up to 1000 ppb Cr(VI) present by 96 percent

" Testing was done to show reductant is ascorbic acid

zUSGS
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Analytical Methodt

" HPLC - reversed phase, ion-pairing
" Column: Brownlee C8
" Mobile Phase:

= 2mM tetrabutylammonium hydroxide
(TBAOH) + 0.5mM K,EDTA, pH ~ 7.6

" 5% MeOH added on-line
= Samples: 50 pL injection
" Diluted minimally 1:1 in mobile-phase

u DRC-ICP-MS The use of company, trade, and/or

- . ) product names is for identification
Reaction gas. N2 purposes only and does not imply

= Sam pI e Introduction endorsemeg(z; ‘l/aé/r,z‘?fge%/z/ted States

= Baffled quartz cyclonic spray chamber
" Meinhard TQ-30-A3 nebulizer

T Complete description in J. Anal. At. Spectrom., 2007, 22, 1051-1060 and Anal Bioanal

Z USGS Chem , 2011, 401:2733-2745.

* Stated column working range to pH=7; however, have run up to pH=8 without significant
column life issues




Figures of Merit

Species Detected: PQL (¥20%): Retention Time:
As(IIl) 0.05 pg/L 0.293 min
As(V) 0.05 pg/L 0.988 min
Cr(III) 0.1 ug/L 1.047 min
) 0.1 ug/L 1.563 min
0.05 pg/L 0.513 min
0.05 pg/L 1.435 min

Complete description in Anal Bioanal Chem , 2011, 401:2733-2745.

=~ 1PPBALL: Cr52:1 1PPBALL: Se 78:1 1PPBALL: AsO 91:1 — MP BLANK: Cr52: 1 MP BLANK: Se 78: 1 MP BLANK: AsO 91:1

0
1.444 min
4264232

20.905.33

Intensity (cps)




Calibration & Issues

| 1000 or 100 mg/L stOCks —— 10AS3:As091:1 —— 10AS5:As091:1 == MP BLANK: AsO 91: 1

" Dilute separately to 10 ppm in -
mobile phase (pH=7.6) |

= Acid preservatives can cause
conversion in multicomponent
standards

= Wait ~30 min for Cr(lll)-EDTA to form

21545.80

Intensity (cps)

13,205.48

4,865.18

—— 10CR3:Cr52:1 —— 10CR6:Cr52:1 == MP BLANK: Cr52: 1 crl

" Determine retention times using
single species standards

43148060
10.00

68.557.56

" Evaluate standard stability and
contamination issues
= Acps for As(lll)/ As(V) * 2%
= Acps for Cr(lll)/ Cr(VI) £ 1%
= Acps for Se(lV)/Se(VI) * 4% o PEAK ST 0TS —— TSES ST
= Se(VI) contains ~10% Se(IV)
= |ssue for multicomponent
calibrations

04

8.875.62—

Intensity (cps)

548054

2,085.46

ZUSGS =

National Scientific PP vials and PKI black/Teflon caps




