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A Never-Ending Story of Per- and
Polyfluoroalkyl Substances (PFAS)?

Sub-classes of PFASs Examples of Number of peer-reviewed
Individual compounds® articles since 2002**
PFBA (n=4) 928
PFPeA (n=s) 698
PFHXA (n=6) 1081
PFOA (n=8) 40
PFCAs 1496
(C,F,..,—COOH) 1=10 1407
No longer PFOA and PFOS only 1049
426
587
654
(CF,.,,—SO,H) 7 340
perﬂu?;gﬂ);l acids ram e PFBPA (n=g) 3
5 PFHXPA (n=6) 1
PFPAs PFOPA (n=8) 3
(Cann+1_P03Hz) PFDPA (n=10) 35
C4/C4 PFPIA (n,m=4) &

PFPiAs C6/C6 PFPIA (n,m=6) 12

C8/C8 PERiAdd ¥ 12 N w
(CoFaney=POH=C,F FPiA (n=6,m=8) e

n 2n+1 m Zm+1)

éoo;qé {f::F,E?(EFchhc-go-Hc)HFCF;-COOH) i m o rta n t
PFECAs & PFESAs enX {C,F,=CHCE) - p

>3000 P FAS CaFani=0-CFomn—R)

class

EEA (C,F,~0~C,F,~0~CF,~COOH)

F-538 (Cl=C4f ,,—O—C,F,~SOH)

FBSA (n=4, -N(CH]]H]
R=N(CH )H

Met 2

EtFBSA (n=4,R=N(C,HF) 7

PFAS PASF-based ELFOSA (n=8R=N(C,HJH) 259

5 substances MeFBSE (n=4,R=N(CH,)C,H,0H) 2%

(anan_R) MeFOSE (n=8R=N(CH,)C,H OH) 114

(CI'IFZrH!_SOz_R) EtFBSE (ﬂ=4.R=N(C,HJ(,H‘0H) 4

EtFOSE 8. C C,H, OH) 146

2 OVEraneo SAMPAP {[C4F,,SO,N(C,H)C,H,0],-PO,H} 8
PFASs may PFAA 100s of others o

have been precursors 4:2 FTOH (n=4.R=0H) 106

on the global 6 2FTOH (n=6,R=0H) 375

fluorotelomer-based 8:2 FTOH (n=8,R=OH a2

market 10:2 FTOH (n=10,R=0H 165

substances i )

12:2 FTOH (n=12,R=0H 42

Wa n g et a I (CFanss—CH,—R) 6:2 diPAP [(C4F,,C,H,0),~POH] 23
[ 8:2 diPAP [(C4F,,C,H,0),—PO,H 25

100s of others

1 7 ES&T polytetrafluoroethylene (PTFE)
polyvinylidene fluoride (PVDF)
2 ( ) y . ﬂuoropolymers fluorinated ethylene propylene (FEP)

others perfluoroalkoxyl polymer (PFA)

P F A S perfluoropolyethers (PFPEs)

* PFASsin RED are those that have been restricted under national/regional/global regulatory or voluntary frameworks,
with or without specific exemptions (for details, see OECD (2015), Risk reduction approaches for PFASs. http://oe.cd/1AN).
** The numbers of articles (related to all aspects of research) were retrieved from SciFinder® on Nov.1,2016.
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Which PFAS Will Grow Legs? Regulatory and
Methods Impacting Commercial Labs.

EPA Lifetime

EPA 537
r1.1

p Health
TSCA “Long-Chain Advisories
P PFC Action Plan”
oFOR ( Provisional Healt
OPPT DRAFT Stewardship Advisories for DW
Risk Assessment Program
UCMR3
Chemical b S ’ ol . >z('ns-z\{'.)ls
Engineering
Knappe, et al. L
PFAS U.S. Timeline
GenX
1940s 2006 2909 2013 2016 l
UCMR = EPA’s unregulated contaminant monitoring rule EEA EEA
Quant Quant
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Some of the Fluoropolymers Used by
Manufacturers. GenX is to Replace PFOA.

Fluoropolymer manufacture Metal plating
. % N
ADONA (CAS No. 958445-44-8) N(Et)4-PFBS (CAS No. 25628-08-4)
Fz Fz - . CoHs
2 2 02H
i i T S I N I/s
F2 F2 HF F /+\c2
2
GenX (CAS No. 62037-80-3)
i 6:2 FTSA (CAS No. 27619-97-2)
r” N NE P PR R
F2 | / \ / \ / \ o \
CFg F2 Fa Hz
Asahi's product (CAS No. 908020-52-0) F-53 (CAS No. 754925-54-7)
F2 F2 _ F2 Fz Fz F
/\/\/\/ /\/\/\/\/
F2 F2 F2 F2 F2
Solvay's product (CAS No. 329238-24—6) F-53B (CAS No. 73606-19-6)
gz Ez zz Ez $0;
\{‘ / )/(cp )/ il A i
CIF503 F, Fa F,
\,
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High Resolution Mass Spectrometry for Site
Specific Emerging Contaminants.

:g:‘;ﬁint N A | NS Legocy PFAS
sources ® ° ™  prpropra ("Genx”)
Do Lz need hon F_S : PiOAOS Conzzztratio??ng/u -
targeted analysis in FEE ;72;';3
addition to targeted 2 | [l o fuorechenic
PFPrOPrA (“GenX”)

EIVROMMETAL
Sceence &Technology LE‘”’ EHS pubsaacsorg/joumalesticu

Legacy and Emerging Perfluoroalkyl Substances Are Important
Drinking Water Contaminants in the Cape Fear River Watershed of
North Carolina

Mei (5'un,:5=":'E < Elisa Arev.llo,g' Mark Strynar,§ Andrew L_indstrom,’N Michael Richclrd.\son,il Ben Kearns,'
Adam Pickett,” Chris Smith,” and Detlef R. U. Kn-.\ppc:‘
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Two Important Aspects of High Resolution
Accurate Mass. (Q Exactive Orbitrap)

Resolution: 10k, ~, 50k, 100

Resolution
Butyl-Phthalate, 279.15909 54 ppm
m (ubiquitous background ion) apart
R=— Am (FWHM) 1093 3
Am 90
Am 10% 80
70%
m 500 |
- QuadrupoleMS R=—=—-=2833 gsoj
Am 0.6 P
m 500 5
_ =—=——=140000 €303
* Orbitrap MS Am  0.0035 203
10—;
Mass Accuracy c—
279.12 279.14
Am/ Z — mmeas _ mtrl!e L 1 06 C-Trap Ext Lens C-Trap Ermance Lens
- HCD Collision Celt ‘ Clng I Loy G Extlons  Quadpie T Los Ben Flatapole
o | | J
’ [r—
(= N
— s |
» Quadrupole MS m/z=w-1oﬁ =200ppm g Sers xt s ———
500 == —
apillary ——p———
- Orbitrap MS Ay, 30010314-50010214 | - SN—— %
TOE MS 50010314 ‘ . \
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Q Exactive Analysis Set Up

MS conditions:
Spray voltage 3800V, Capillary temperature 295°C, sheath gas 32 au, Aux gas 7 au, S-lens RF level 55

Full MS/data dependent MSZ List of 146 PFAS target analytes

Mass [m/z) Formula [M] Formula type Spedes CS[z] Polarity

1 178.97731 C3HFS03 Chemical formula = M-H 1 Negative

2 112.9857 C2HF302 Chemical formula =~ M-H 1 Negative

3 148.9526 CF3503H Chemical formula =~ M-H 1 Negative

4 162.9823 C3F502H Chemical formula = M-H 1 Negative

5 178.9773 C3HF503 Chemical formula | M-H 1 Negative

] 147.9654 C2HF5SONH Chemical formula =~ M-H 1 Negative

System templates 7 18384 (HFS03 Chemicafornula M-H 1 Negative

8 212.872 C4HF702 Chemical formula =~ M-H 1 Negative

@ Full MS -SIM g 2857411 CAHF703 Chemical formula  M-H 1 Negative

. 10 2418916 C4HSFSNSO3K Chemical formula = M-H 1 Negative

9 AF full MS:resolution 1 40,000 FWHM 11 22078 CoHSFI02  Chemical formula 1 | Negative

12 244,%503 C4HF704 Chemical formula =~ M-H 1 Negative

— 13 247.9616 C3HF7NSO2H Chemical formula = M-H 1 Negative

n-u FUII MS / AIF scan range 1 00-1 500 m/z 14 247.9622 C3HFTSO2NH Chemical formula = M-H 1 Negative

\ 15 2439461 C3HF7503 Chemical formula | M-H 1 Negative

_{a Full MS / dd-MS2 (TODN) 16’.2.97601 C5HFS02 Chemical formula  M-H 1 Negative

u dd M SZ . luti 35.000 FWHM \"11‘;4,02022 C6H5F20 Chemical formula 1 Negative

L] reso u Ion y 18 276.8411 CAF7S04K Chemical formula M-H 1 Negative

@ Targeted-SIM 19 | 289709 CSHF903 Chemical formula M-H 1 Negative

IncI usion ||St on 20 289481 C4KFSS02 Chemical formula = M-H 1 Negative

(] Targeted-MS? 21 2819884 | CSHSF/NSO3H  Chemicalformula  M-H 1 Negative

A . 2 297.9584 C4HF1INSO2H Chemical formula =~ M-H 1 Negative

isolation 1 m/z 2 X C4F3503 Chemical formula 1 Negative

Qa Targeted-SIM / dd-MS? U 3109607 (5HFS0S  Chemicalformula  M-H 1 Negative

eXCI u Sion 5 S 25 310.%075 C5HFS05 Chemical formula = M-H 1 Negative

Y MSG2 2% 31297281 C6HF1102 Chemical fomula = M-H 1 Negative

Q FU" MS / NF / NL dd MS 27 325.96647 CEH4FSS03 Chemical formula = M-H 1 Negative
NCE 10,40,200 1 l 1

146
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FS-ddMS2 Screening Process

L lon Accumulation

!

'L Full Scan
lon trap Analysis |
Precursor Selection

| !

L Precursor accumulation

!

[ Fragmentation in HCD

!

[ MS2 ion trap Analysis | )

J
|
J

|

Full Scan MS Data:

Screening
LOCATION-1_1 (F7) #353, RT=1.516 min, MS1, FTMS (-
C3HF5 03 as [2M-H]-1
30 4
s 38918
2 25
e
7 20
T
3159 178gTees
S
%‘10_ .............
§ 180.98070 220.96431 24297610 23973 34296683 [ 38104667
£05] DT M Ll
= g L M8 grgdass. 2029012 998 9965 “f 2|, 09K
oo e )

200 250 300 350
miz
RI(min)

Full Scan MS/MS Data:
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LOCATION-1_1 (FT) #346, RT=1.493 min, MS2, FTMS (-}, (HCD, DDF, 358.3613@(10,40,200),-1)
PFAS-POSSIBLE-FRAGMENTS, Class Coverage: 1.75
FiSh Coverage: 1 Direct, 3 Unmatched, 0 Skipped

PFMOAA

E T
1 CROMeH

3424 14840050

Intensity [counts] (10°6)

£ = M3 o B O O3 —d GO O
Lesaalonaslosastonsal Lavasl
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Large Data Files Showing > 83000
Data Points To Mine Through.
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Some Pre Knowledge is Required to
Sieve Through the Large Data Points

* Per and poly fluorinated compounds have negative mass defects .
CH2(14MW, 14.01565MW), CF2(50MW, 49.99681MW).

* ldentification and looking for homologues for different class/sub
class of PFAS. CF2 (49.9968m/z), CF20 (65.9917m/z), etc.

* Retention time shifts to the right as the homologues CF2 chain
increases.

* Using simplified compound prediction composition based on
expected compounds compositions can reduce data to be Sieved
through .

ie. czo@Fso N5 010 P2 S2

* Having knowledge of recurring Fragments i.e [CF30]-, 84.989m/z
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Using Class Coverage: Capturing MS1
Precursors from Designated MS2 Fragments -
Compound Discover Software.

.

Molecular Weight RT [min] | Area (Max.) E., Mass List Matches [+]

-4

&

g § £ & £
201.98601 | 10416 122729 0.00 coo |DOEE
201.98588 6.316 1242694 0.00 ooo |(CIEEE
201.81210 | 22377 3816 0.00 ooo (DEEE
202.04717 | 22445 55003 0.00 ooo |(EIEEE
201.92006 | 22.348 9966 0.00 ooo |HEEE
377.97624 | 13.077 112909 || 2500 0.00 0.00 ooo |OOEE
135.90080 | 20.586| 1450395 | 2500 0.00 0.00 ooo |DEEE
S507.92985 7.888 317687 | 2500 0.00 0.00 ooo |DEEE
246.03737 | 22.724 81349 || 2500 0.00 0.00 coo |DEEE
135.90080 | 20.006 595973 | 2s5.00 0.00 0.00 ooo |OEOOE
201.95194 | 22425 36738 || 2s.00 0.00 0.00 ocoo |CIEEE
247.06489 0.772 132695 | 2500 0.00 0.00 coo |DEEE
307.97679 6.318 328940 | 2500 0.00 0.00 ocoo |(EIEDEE
246.14657 4.867 14563 || 2500 0.00 0.00 ooo |CEDEE
31196811 | 11.080| 1777297 | 2500 0.00 0.00 ooo |(HEEE
135.90080 | 21.360 1852567 25.00 0.00 0.00 ooo |(COOOC
427.97270 | 13.166 225357 25.00 0.00 0.00 coo |COEEE
242.97999 1.608 1914329 || 2500 0.00 0.00 ooo |(OOEE
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GenX Gets Reported As HFPO Anion.

F o/ NP
HFPO | — X (< o S XWX
F F F” N F
NH4+

F F
F 0
F F o
" OH
F F
F\ .

Hexafluoropropylene oxide
dimer acid
CAS# 13252--13-6

Hexafluoropropylene oxide GenX

fluoride o
CAS# 2062-98-8 CAS# 62037-80-3

LOCATION-1B_1 (F6) #2865, RT=11.519 min, MS1, FTMS (-)
C6 H F11 O3 as [2M-H]-1

1.0

658.94293
] [2M-H]-1
4 L}
05 ] MS1:
: P —
° M +
: -H]-, [2M-H]-, [2M-2H+Na]-
] [ ] ] [ J a
_. 0.7 ]
> ]
= ]
— 0.6 1
2 ]
f= i
= B
8. 05 ]
‘Z\ 4
2
S
=

0.4 _: By 4 o
0.3 4
0.2
] 80.924
1 328.96765 i -
0.0 1 T | 1 T T 1 L T I |. T ||

300 400 500 600 700
m/z
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GenX Continued: Fragments From a Std
are Shown

LOCATION-1B_1 (F6) #2894, RT=11.639 min, MS2, FTMS (-), (HCD, DDF, 328.9677@15, -1)
PFAS-POSSIBLE-FRAGMENTS, Class Coverage: 10.53
FISh Coverage: 6 Direct, 4 Unmatched, 0 Skipped

Intensity [counts] (10*6)

F F
F F
o
4 - 168.98853
C3 F7 [M+e]-1
[ ]
3 .
F
2 FFF
13408657 = -
C2F5 O [M+e]-1 A KO F e
XTF F %
F F7eF FEF
1 = F - F/\;L
x© e F 184.98357
FE F - 28497778
C3F7 O [M+el-1 C5 F11 O [M+el-1
CF30 Mg}t C2FO[M+elt 264.11859
0 * 28499301
0 T T T . T T T T T T T T T T T T T T T T T — T T T T T T T
50 100 150 200 250 300 350
m/z
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Suspect — Enolether PFSA C8F1504S-
Software's Output Needs To Be Checked

LOCATION-1_1 (F7) #3645, RT=14.718 min, MS1, FTMS (-)
Bk — Sape — St PFAS-POSSIBLE-FRAGMENTS, Class Coverage: 5.26

W 30

476.92862
25 [M-H]-1
20
15
10

........

Intensity [counts] (1076)

0 Y g b ot .
Rjon] 476 477 478 479 480 481

LOCATION-1_1 (F7) #3646, RT=14.727 min, MS2, FTMS (-), (HCD, DDF, 476.9287@(10,40,200), -1)
PFAS-POSSIBLE-FRAGMENTS, Class Coverage: 5.26
FISh Coverage: 3 Direct, 3 Unmatched, 0 Skipped

160
© 140
o
= 120 o
% 100 oy
§' %0 7995611 476.92789
._,Z‘ 60 038 [M+e]'1 180.98871 C8 F15 d4 S [M+e]-1
2 5 5 CAF7 [M+e1 o
5 40 4 7 PHeonia RIS e
£

20 92 15070 T 190.33032 T
0 i | | ] P . ) . i i . . . ) . . .

I T T
100 200 300 400 500
m/z
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Other Observations: Nafion BP1
Had Multiple Peaks as Candidates

C:\Xcalibur\Data\SB-004 01/06/18 11:49:00

RT: 0.00-22.10

1424 MNL: 2.51E7
100 oo L
%0 £SIFul ms2

422 9264@c8£0.0
80 0

[50.0000470.0000]
70 1S $8-004

Reldtive Abundance
o o
o o

[ LN S S B B I S B N S L B N BB LN N B L B B B I B B B B B R B N N B
n 1 2 2 ry 3 I3 7 a Q an 11

SB-006, #6906, RT=13.688 min, FTMS (-), MS2 (HCD, DDF, 442.93@35.00, z=-1)F

n/a , MW: 443 93406, Area: 312819 R F e ?\ 0
FISh Coverage: 3 Direct, 39 Unmatched, 40 Skipped = S/
\ .
O
_ F F F
g 1.0 . E E
< o5 44292676
— 0.8 C7 F13 05 S [M-H]-1
2 79.95607
3 0.6 03 S [M+e]-1
8 146 _.8657 P
2 04 e N
5 S F
= | ] 276.94113 3{77.9“2630
**ee000ee,
0.0 I A . : ' ' ' 1,
100 300

m/z
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Hill notation: CF, [ — > MOI\IIDCI):E';HER
Nominal mass: 50 e s
Monoisotopic mass: 49.99681 A
) — — MONOETHER
1010 ’: " . ’: ’0 X ’+ o PFCA
1) Kendrick Mass = m/z*50/49.99681 | s .

0990
¢+

2) Kendrick mass defect = Kendrick mass rounded up to the nearest
whole number— Kendrick mass

0970

100 200 300 400 500 600 700 800 900 1000

3) Adjusted Mass Defect = Kendrick mass defect
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Adjusted Mass Defect Plot

1.06
1.05
X
A *FTS
+ muPFCA
1.04
e A Diether-uPFESA
8 X ¥ Enolether-PFESA
"'q', ®FOSA
1.03
neo) +Mono-Ether-PFESA
& - N-EtFOSA
(1] —N-MeFOSAA
1.02
#PFCA
% M PFECAs-PFO4DA
-: A A A Mono-Ether-PFECA
1.01
o) < PolyEther-PFECA
c g * * * * * Nafion Bpa
- Nafion-|
Q L 4
V4 PFSA
1.00 + Ketone-PFSA
- = Polyether—-ADONA
Nafion BP1
0.99
0.98 r ’ r : : ‘ .
0 100 200 600 700 800 900 1000
(] I. =
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Principal Component Analysis (PCA)

F9: co

mbine1aa @)

[
@ F4:LOCATION-2B 2 @

F8: combine-1bb
F3: LOCATION-3_3

© F7:LOCATION-1_1
© F2:LOCATION-4_4

200 -
100 -~
3
~ 0 Q
8 T oD
-100 -
@)
T T T T T T T
-200 -100 0 100

PC 1 (32.2%)
@ F6:LOCATION-1B.1 @ F5: LOCATION-2_2
@ F1:STD-CONE @ F11: STD-CONCD
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Extract A has Distinguishable Higher Area
Counts for PFAS With Additional Ether PFAS

B_1 (1079)
o o o o o
b = 2 2

o
i

oup Areas: LOCATION-1

Gr
=] o
w

o

o
o

Extract A

Legacy + Other

PFAS

10 15 2
RT [min]

roup Areas: LOCATION-3_3 (1076)

40 -

(] r
(=]

—
o

G
o o —

Extract B

Legacy PFAS
only

RT [min]

@o' e S S . @"9 GD al
0 5 10 15 20
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16 PFECA and PFESA Suspects ldentified. The

Potential New Ones are Marked. " s
1A 2A COMP
Compound Name Chemical Formula Area Area Area
Diether-uPFSA-suspect O C6HF1105S 1.E+06
Diether-uPFSA-suspect O C8HF1505S 1.E+06 | 4.E+04
Diether-uPFSA-suspect @ COHF1705S 3.E+05
Enolether-PFSA-suspect @ C8HF1504S TRACE 1.E+06 2.E+04
Mono-Ether-PFSA-suspect @ CAHF7 045 2.E+07
Mono Ether-PFSA-suspect ® C5HF11045S 3.E+05 2.E+04
Mono-Ether-PFSA-suspect ® C6HF1104S 1.E+06
Mono Ether-PFSA-suspect-RT1 @ C7HF15045S 4.E+04
Mono-Ether-PFSA-suspect-RT2 @ C7HF15045S 4.E+04
PFECA-DIMER-suspect C7HF1303 3.E+05 1.E+04
PFECA-DIMER-suspect C8 HF15 03 8.E+05 1.E+04
PFECA-DIMER-suspect @ C10 HF19 03 3.E+06 | 1.E+05
PFECAs-Polyether-DIMER-suspect @ C8 HF15 08 8.E+06 | 3.E+04
PFECA-Polyether-DIMER-suspect @ C9HF17 09 TRACE | 8.E+05 TRACE
C7 HF13 07 3.E+07 2.E+05

PFECA-Polyether-DIMER-suspect
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Showing PFAS with Area Counts of
>2.6E+06

1.40E+09 -

1.20E+09 1 As-arough-estimated reference:
. GenX has 1-2E+06 area count for a
200 ng/L concentration for PFECA
8.01E+08
6.01E+08 -
4.01E+08 -
2.01E+08
1.00E+06 '
¥
vq&o :
Q‘é& (Z\Q‘
©
Q((éy <
& eurofins _ 44 Total suspects/hits from a single sample (NC).
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Continued: Showing
>1E+04<2.6E+06 area Count.

3.01E+06

2.51E+06 -

2.01E+06 -

1.51E+06 -

1.01E+06 -

5.10E+05 -

1.00E+04

® | PFAS Included in EPA 537 R1.1

4 eurofins
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44 Total suspects/hits from a single sample (N%).



In-house SB Test Results of DW (NC)

39 legacy and GenX were quantitated.
= 13 PFAS were detected.
= 26 PFAS were not detected.

Four new PFECA and two Nafion BPs were estimated.
= 5 new PFAS were detected.

= 1 new PFAS was not detected.

<% eurofins
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In-House Results of 147 DW Samples
(NC)

Compound Highest Mean Conc. % of Results> % of Results >
Conc. ng/L ng/L MRL HA
PFPeA 59 25 95 _
PFHxA 74 25 90 _
PFBA 26 14 86 _
PFHpA 50 13 79 .
PFOA 24 6 77 0
PFBS 12 2 60 -
PFOS 52 4 35 0
PFHxS 43 <2 30
PFNA 6 <2 21 —
PFDA 6 <2 15
PFPeS 8 < .

NEtFOSAA 10 <2 " -



EPA 537 & In-house SB Test Results:
Emerging PFAS (NC)

MRL Confirmation Study

Mean sd HPIR Lower PIR Upper PIR
>50% <150%
GenX 4.58 0.334 1.322 65 118

: _ .
Compound # of Sample Highest Conc. Mean Conc. Median Conc. % of Results

ng/L ng/L ng/L 2 5 ng/L
GenX (DW) 288 230 14 <5 43
GenX (GW) 181 179 16 <5 48

<% eurofins
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In-house SB Test: 6 Non-Target PFAS
(PFECAS)

Highest % of Results

Compound Acronym Reference Conc. nglL > 5 nglL
Perfluoro-2-methoxyacetic acid PFMOAA GenX 5560 98
Pe_rfluoro (3,5-dioxahexanoic) PEO2HxXA GenX 180 80
acid
Pe_rfluoro (3,5,7-trioxaoctanoic) PEO30A GenX 109 55
acid
FRUMDE (Eehinh PFO4DA GenX 31 33
tetraoxadecanoic) acid
: Nafion

Nafion Byproduct 1 BP1 === <5 0
: Nafion Nafion

Nafion Byproduct 2 BP2 BP1 33 35

3% eurofins |
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Conclusions

Q Exactive Orbitrap can be used for identification of site
specific emerging contaminants.

New suspects were identified with matching Kendricks
adjusted mass defect plot and MS2 fragmentation.

PFAS quantitation and estimated concentrations from
Cape Fear samples were presented.

New standards are required for confirmation of the
potentially new found suspects.
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Any Questions?

Ali Haghani: alihaghani@eurofinsus.com

Andy Eaton: andyeaton@eurofinsus.com
Yongtao Li: yongtaoli@eurofinsus.com

Joshua S. Whitaker: joshuawhitaker@eurofinsus.com
Eurofins Eaton Analytical, LLC

www.eurofinsus.com/eaton
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