wEPA

Mention of trade or commercial products in this presentation
does not constitute endorsement or recommendation for use
by the Office of Research and Development (ORD]) or the
Environmental Protection Agency (EPA).

Note: although the ORD has peer reviewed
this PowerPoint presentation,
it does not necessarily refiect
the views or opinions of ORD or EPA.
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" Em ICE is Nice A.H.Grange ORD, NERL, ESD, ECB

Prohiem Solved by IGE

Data Acquisition:
Mass Peak Profiling from Selected Ilon
Recording Data (MPPSIRD)

Automated Data Interpretation:

Profile Generation Model (PGM)
3 Example Applications of IGE
Clielk
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Chromatographic Peak Mass Peak Profile
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Chromatographic Peak Mass Peak Profile
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Chromatographic Peak Mass Peak Profile
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Chromatographic Peak Mass Peak Profile
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SEPR mat's the Problem, JCB Many

Tentative Identification of organic compounds by LRMS:
Clean mass spectrum

Mass spectrum in the NIST or Wiley library

Limitations - No Tentative Identification:
Multiple library matches
No library matches
Liquid sample introduction - ESI or APCI
Soft ionization - few ions for comparison

Majority of Organic Gompoiuicss are not Identified bg.RMS

lielk



ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

I Multiple Matches %EH“-\
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ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
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" ICE is Nice A.H. Grange ORD, NERL, ESD, ECB
Y 4

A
Wat pmpmfm differ between these fans?

C:H,NO," High Mass Resolution C,H,s0*

8 x12.00000 10 x 12.00000
9x 1.00783 0 0 15 x 1.00783
1 x 14.00307 A A 1 x 15.99491
151.06333 2
B
c
3
I
<
s| N
151.04 \ j 15\1.13
m/z ratio

\
One pmpcrry 1S MM&%@W@[K
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ICE is Nice

Selected lon Recording

A.H. Grange ORD, NERL, ESD, ECB

ccan Modes

lon Abundance

1L

Hybrid Scan

m/z Ratio

lon Abundance

e

m/z Ratio
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ICE is Nice

Selected lon Recording
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NMPP

STRD Definition

lon Abundance
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IRD Definition
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g Em ICE is Nice A.H.Grange ORD, NERL, ESD, ECB

i Cgliblation

Y
/\ Recalibration each cycle

m/z Ratio

Calibration
Lock Mass Mass

_ msz:149. 98742 _ mSz: 164 . 98392
o 1\ S y W
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c
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Time
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g Em ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
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% EPA ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
IRSTrnmental Mvaniades of WrrsikD

Delineate chromatographic peaks

For a single
m/z ratio

lon Abundance

Retention Time

100-fold greater than full scans

Higher resolution feasible

1530004
15501355

1550015

10,000
Resolution

24,000
Resolution

Lock mass recalibration each cycle

Cllielk



% EPA ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
IRSTrnmental Mvaniades of WrrsikD

Speed Delineate chromatographic peaks

For a single
m/z ratio

lon Abundance

Retention Time
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% EPA ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
IRSTrnmental Mvaniades of WrrsikD

Speed Delineate chromatographic peaks

For a single
m/z ratio
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% EPA ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
IRSTrnmental Mvaniades of WrrsikD

Speed Delineate chromatographic peaks

For a single
m/z ratio
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% EPA ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
IRSTrnmental Mvaniades of WrrsikD

Speed Delineate chromatographic peaks

For a single
m/z ratio

lon Abundance

Retention Time

100-fold greater than full scans

Higher resolution feasible

1530004
15501355

1550015

10,000
Resolution

24,000
Resolution

Lock mass recalibration each cycle
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Accurate Exact Masses & Relative Abundances

151.06333
Weighted Ratios of
averageof | | 4 &4 | | summe d
several areas
points x 100% 100%

26.0% 102%

il Dssanies Miveins o) TS

Interferences Revealed

Gaussian shape usually
indicates no major
Interferences

I
Interference
Unlikely
Interference
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ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

SEPA imiations ot (RS

Monitor four or fewer Analyte Profiles

1 Full Analyte Profile

2 Full Analyte Profiles

3 Partial Analyte Profiles
4 Partial Analyte Profiles

Multiple Experiments required

Double Focusing Mass Spectrometers
are expensive

Ancillary DOS capable Computer required
Lotus 2.2, WordPerfect 5.1, QuickBasic 4.5

= Procurement inconvenient
+ Batch files supported, simple code

Cliielk



" ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

suruey Data

o
>

Calibration
kass

&

154 99204

¢ o

on Abundance

85

Wide mass range
3,000 mass resolution

Coarse estimate of the exact mass
for the most abundant Analyte ion

Cllielk



<EPA

sources of lons

lon Abundance

CGF1 1+
280.9861

C1sH1oNS"
281.1262

C/H2104Si4"
281.0528

e ORD, NERL, ESD, ECB

—
Calibrant
r'u-"-'
Column
Bleed

Analyte ‘

m/z 281.2

30 Time (min) 31

Investigate the Analyte ion

Cllielk



oA Exact Mass of ﬂﬂajﬂwﬁ%‘ H@QIIJ oy

Analyte Calibration
Lock Mass Mass

151.11240 ﬁ

15499197
‘e

Elements Considered: CHNOFPS Si
m/z 151.11240 £ 6 ppm Resolution 10,000

lon Abundance

m/z 128

# Err(mmu & ppm) Composition

1 -0.3 -2.0 C5S5H14 N3 OF
2 -0.1 -0.7 C10H15 0

OmN®Z  151.06333 -325 ppm Click




unlier of Possibie Comnositions

_CHNOIPIS + Si

250

SREAGIORS =

m/z -

209.5 300.0 3005 2885 300.0 3005

m/z

Number of 200 CHNOPS +8Si

Elements sol- . PRIML_| L

2005 300.0 3005 2005 300.0 3005

s Clielk
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Emrsompic Abundances

1 3c
ZQSi

34S
SOSi
37c|
81 Br

+1

1.10%
4.67%

+2

4.21%
3.10%
24.23%
49.31%

ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

Monoisotopic +1 e
Gﬁussi‘an Composites
151.1121 152.1150 153.1166
100% 7.0% 0.4%
Monoisotopic +1 e +2
G#usm‘an n Composites
151.1123 152.1157 153.1185
100% 11.4% 0.8%
e, S

Cllielk



<EPA

ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

MOMIRR Parl @G@ﬁﬂﬂ@@ Wﬂ@[ﬂ APSIED

Lack Mass

14995035

lon Abundance

pGN:

miz Ratio

151 Calibration
hMass
154.95194
100% 11.88% 0.91% ‘
151.11225 152.11581 153.11834
151106  151.118" 152110 152122 A12 153.124

Elements Considered: CHNOFPS Si
m/z 151.11225 £ 6 ppm Resolution 10,000

Mass Defects

Relative Abundances

# RDB Composition 151 +1 +2 %+1(Range %+*+1) %+*+2(Range %+*+2)

1 0.0 C5H14 N3 OF .11209 .11499 .11686 X 5.72(4.29- 7.23) X 0.20(0.09-0.33) X
2 3.5 C10H150 11229 .11570 .11848 11.32(9.50-13.14) 0.71(0.49-0.92)
Experimental Values: .11225 .11581 .11934 11.98 0.91

Cliielk



g Em ICE is Nice A.H.Grange ORD, NERL, ESD, ECB

I Oms Wi, bl - Well Liaier Hiraet

0
3
<
This looks like a job for...
-
g
§ Iiee Retention Time (min) 177
129
0
)
<
1]
C
S
-
< 156
<
2
115 153 1
0| 166 18119 AP
1 ks

% m/z'

wzzs

Not identified by conventional low or high
resolution mass spectrometry .
Clliielk



ICE is Nice A.H. Grange ORD, NERL, ESD, ECB
210 +1 +2
24 000 3,700 320
O
0
c
®
Elements Considered: 1._!
CHNOFPSSi 3
m/z 210.1160 £ 6 ppm < 16.3% 1.39%
Resolution 10,000 5 211.1191 212.1212
4000 500 a0

Hypothetical Composition:

20098 0127 1112 211132 M2103 12137

m/z
roe  C14H1N: Mass Defects Relative Abundances

# Range Composition 151 +1 +2 %*1(Range %+1) %+*+2(Range %+2)
1 2.0 ‘OWbgeNe-Pg= 11530 .11638 X .11697 X 5.08( 3.39- 6.93) X 0.11(0.06-0.18) X
2 0.0 1.0 "STTIENWO9=St _11482 .11598 X .11286 X  7.95(5.15-10.84) X 0.32(0.03-0.76) X
3 1.0 'OBHte=NOFEP 11581 .11770 X .11941 X 6.54( 4.78- 8.40) X 0.21(0.14-0.28) X
4 0.0 'eeHEONwPe 11632 .11886 .12138  7.90( 6.23- 9.66) X 0.28(0.22-0.34) X
5 0.0 1.0 'COTIeNO2S .11505 .11731 X 11148 X  7.87( 6.16- 9.61) X 0.18(0.00-0.53) X
6 1.5 'COMPrNYOP? .11664 .11894 .12089  8.21( 6.32-10.24) X 0.50(0.37-0.64) X
7 -0.5 0.5 OT=HEe-N-0WSF .11616 .11805 .11476 X 12.39( 9.21-15.67) X 1.01(0.34-2.03)

8 0.5 ErMeNYoTPr"_11715 .11999 .12217  8.88( 7.48-10.34) X 0.55(0.44-0.66) X
9-0.5 1.5 COMPeN"09"> .11639 .11939 .11298 X 10.22( 8.58-11.89) X 0.64(0.11-1.47)
10 5.5 ' OOHFSNIP= 11550 .11811 .12078  10.77( 8.47-13.11) X 0.59(0.48-0.71) X
11 4.5 S+OHE=NSP= 11601 .11899 .12210 12.02(10.17-13.90) X 0.65(0.51-0.81) X
12 5.0 ‘Oi=HtS=NE=O=F= _11684 .11998 .12266 X 12.88(11.06-14.74) X 0.92(0.71-1.12) X

13 9.0 O EBIAN2 11570 .11888 .12203  16.22(13.91-18.57) 1 20(0 89-1.52)
Experimental Values: 1160 .1191 .1212 16.3 DD@D@
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ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

®Compouns

The number of possible compounds was greatly
reduced, but further reduction is required.

Determine fragment ion compositions from full
profiles with 10,000 resolution - 0-14 C, 0-14 H,
and 0-2 N are the elemental limits.

129 156
Investigate the
10 labeled
Fragment lons
153 206 208
140
115 | |
el e 1.%1191\3~|
100 120 140 160 220

Cllielk



P |
ﬁEm&uct Masses Determined for 10 Fragment Ions from the Isomers

ICE is Nice A.H. Grange
Exact Masses of Composite Neutral Losses Determined as the

Mass Differences Between the Molecular and Fragment Ions

ORD, NERL, ESD, ECB

Experimental
Mass ON Error {immu) 1M Error {mmu) 2N Error {mmuy)

208.1001 CuHieNz  +0.1
206.0846 C1aHwN2 +0.2
191.0607 CraHah -12 8 CisH/N> -0.2
[Eoss7  [Cuth 1256 [Czhng]  +125
1660661  CiHuw 122 CizHsN +0.4 C11HsN:2 +13.0
156.0816  CizHe 12.3 CuHuoN +0.3 CroHsM2 +12.9
1563.0578  CizHe 126 CuH/N 0.0 CroHsN:2 +125
1400501  Cukbs 125 CuHsN  +0.1 CoHaMe +12.7
129.0707 C,oHy +0.3 CsH:N +12.9 CaHsMb +25.4
115.0548 CoH7 0.0  CsHsN +12.6 CrHahNe +25.2

Experimental
Mass

ON  Error (mmu)

1N Error (mmu)

2N Error {mmu)

2.0169

4.0314
19.0553
290273
44.0499
54.0344
57.0682
70.0659
81.0453
95.0612

H: +0.2
Hi +0.1
CH- +0.5
CaHs -118
CsHs -12.7
CiHe -126
CaHa  -122
CsHw -124
CsHa  -25.1
CiHn -249

MNHs +13.1
CH:N +0.8
C:HiN  -0.1
CsH;,N 0.0
CsH/N  +04
CiHsN +0.2
CsHzN -251
CsHaN -249

NeH
CHalNp
CoHoM2
CoHsM2
CsHsN:
CiHsNz
CsHzN:

+13.3
+12.5
+12.6
+12.9
+12.8

0.0
+0.3

Cllielk



%Em ICEis Nice A.H.Grange ORD, NERL, ESD, ECB
Alnedinumnexoy @@@@H[@ﬂ@ ISONNENS

129DTDT

A core portion loses
several H atoms \Hm

C1io0Ho is characteristic of GH\HW
Tetralin, which loses AN
multiple H atoms to I8 BN
increase aromaticity iy sooefs Lo 3‘3 1‘%3'5

o i 140 180 m&/m

Two N atoms are external to the rings
Two CN groups account for 4 RDB

- - T = I
Possible isomers contain: CH3CHCN
- CH2CHGN,

Tetralin




% Em ICE is Nice A.H. ,(:r;'nj;g ORD, NERL, ESD, ECB

@
‘._-’ 17.13 X 65
= 16.92 17ks
ﬁl:l || g
16.97
@Uﬂ UEM@@U@W 2 17.47
g 11.38
c
S
\.\ﬂ_“
167 oo _ 2 4= wgme___ _ 4 = 179
rRetention fime (min)
129 129 CH;—CH-CN
0
1) 4 isomers
% Extract Standa
E CH CH.,CN
= 156 2172
0
< 156 @Q 2 isomers
3
o 208 115 153 208
115 14[]153 205/ 140 205/
I H. |||| 166 181 191\ 210 bl |h| 166 181191\ /210
10 125 15!3l 175 Eﬂﬂ 225 100 125 150 1?5 200
m/z @[T



ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

SEPA e pwasifings

Compound ldentification is
1 link in the chain of evidence

ICE provides a Preponderance of Evidence:

Exacts masses of molecular and fragment ions
Exact masses, relative abundances, and shapes
of +1 and +2 profiles
Rejection of all but one composition for each ion
Tables of fragment ion and composite
neutral loss compositions
Logical fragmentation pattern
Superimposed ion chromatograms obtained
with high mass resolution

Opposing Council — Attack a Weaker Link,
e.g. the Transport Model :
Y " Cliek



% Em iy EE is Nice A.H.Grange ORD, NERL, ESD, ECB

Err0r3| Var}ation in Isotopic Abundances
J

pariial Profily Erors:

282 +1

a4

L

i

o

.

i

3

i o |

ry

5 100% 13.31Y
1] . 1]

< | 280.98235 282.09138 283.09473 29298201

mz Cliielk



% Em ICE is Nice A.H.Grange ORD, NERL, ESD, ECB
Partial or Full Profiles?

Partial profile advantages:

w

w

Full profile advantages:

* Fewer errors - w

narrower relative abundance ranges

* Simpler to explain in legal proceedings



SEPA \eiiia o Uimed |

lon Abundance

lon Abundance

ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

GHInforauo

Extract of chlorine-disinfected drinking water

415 417

100 - Background Subtracted 6 54
a0 Mass Spectrum -
60 1 430 432
40 4148
41 1
o0 331 33’."
l 333 | 343 347 354 3Eil 366 374 3TT 3Ei4 3E|=5I 3|99 dll_IZIS -4|1EI 4|23 443 447
I||I Ll |I I‘I‘I |.‘. I|I '|'|I| : !. i |I : !.'. - !. I|I:?:_':I‘E.=|||IIIII?EIIDI i :l '.l.l.lllll. A .|.4:.2F. ‘ ‘%'S‘IEI .!! '.!'. —
320 340 3kl a0 m/z 4HIEI 44EI 4A1IZI
lon Chromatograms
100 - ] m/z 41 5 _1Eigg
IDB—. _ E+0&
I ml/z 417 1127
1]
m'__ m/z 430 W_E?ESE
llilg . _ E+05
| m/z 432 WM%
EIEII:EIIII o I21:|35I ] T I21:|d15I A



ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

7 EFA ot o o7 09 v Ian i 630 Modentaron
415

lon Abundance

Lock Mass

™

404.97590

°* o

Lock Mass

41697510

4 KESL

100%
415.12744

1.1E5

| 415120
430

5.0ES

430.15123

1364
4730143 431159

+1 +2
12E5 42E5 Calibration
Mass
430.97590
26.00% 102.01%
416.13006 417.12547
20FE4
+1 +2 17133
2REA Calibration
Mass
430.97180
89.47%
432.14945
A0ES
L 431_146 431 1620 1432141 4332157

m/z Ratio @Dﬁ@l}\i



<EPA

pGM:

430.15123
- 415.12744
15.02379

15.02348
CHs

W/ - 512744 + 3 pom Eements: CHNOFPSTIER o Hasoldtdr oofB "=°- =5 F°
2t KR Range Coqpositin 5 1 42 %iMange.D %2 (Range:2)

| A5 CIOWSMHSCL 12857 13184 12561 22009032520 K\ 377102831 AS.08)

9 55 CIOM20FSCL 12634 12974 12358 X 217001825252 K| 3297 (%5.25- A0
3 6575 CIOMI0IPA 12746 13007 13391 X 215808122505 K| 1010 024 198X
A 506D CIOKSINOZPBR 12758 13092 12567 217918262533 [X | 3823 ( 85511010

5 8090 CIOMSNOIFIP? 19777 1310 13393 X 2179087224870 | it 029- 21 X
B 80100 CIOMPINOSFYS 12650 12971 12569 9275201932-2571X | 533( 482 736 |¥
7 75 CIOR7NO0FP2QL 12712 1907 12438 2138 (1887-2515) X |3263 ( 2551 4049 X
g 6585 CIOMBND07S2CL 12807 13109 12504 25A7(197A-27951 |21 (3183 53290 | X
g 95115 CIOMON20FA 12810 13134 13399 X 21950183625.091(x | 12830 036 29 | ¥
0 90100 CI9RINSO2FICL 19724 13060 12473 2214089925370 |3273 (248 m.30| X
I 85 COLINAFIEL? 19678 19987 19AD8 X 2937 01914-257m |X |6a7A(2892- 7967 X
2 195 COLINGFPS 12701 19983 12496 9335n97827on| | 552( A58 671 X
{3 125135 CI9IONGOSCL 12851 19148 19508 2308 09.47-267n| |3289(2677- 2290 X
A3 125 COANZ20DFRCL  1o7BA M 152 o7mnce26e-msm| [3niac2s27- ansdl X
AL 120 COAHZANFCL? 19698 18031  1oA13 X 2724023AA-3107| (6412 (4892- 8059 X
A5 160 COAHZ2NGPS 127N Ao 17603 X 2832004283247 | ssaram 7mnlX
A6 165175 COSHPON20FS 12804 131 19849 X 2919 (2506-330| | 5301 453- 7481 X
A7 65165 COBH2A0PS 1285 iai@5 17975 X 2992(757694im| | 5760 463 7270|X
AB 165175 COBHZI02FP  19B37 19971 12298 X 7959 (2a89-oa29) | 23a( 059- Am X
A9 165 CO7HZ0FCL 17650 17988 17309 X 30.35(7616-3A58) X 2278 ( 75.22- 4195)
50 205 COBHOIES 19689 13008 12888 X 2250(791-T1N \¥ 6340 471 844
6 55 ~C0NP903FBRN 12841 13182 12652 2251018862617 © 97.84(8525-1056)
29 95 \_CO3N7B02BR J 1977 13067 12581 96DA(22A37965) 9959186811097
Experimental Valoes 12701 19066 1547 2600 A

W/Z = 3015123 =3 nom Elements: CHN OFP SCIBr Resolution: 20000

9 B0 ~CZ3203FBR 588 15530 15001  PAM975:2857)  98.91( 86.86-1121
54 90 \_COANII0PBR / 6074 15A16 1ASS1  9673(9799162) G866 865S-11LON

Experimental Vakes: 1bi23 16b36 14346 2760 83.47 @DDD E!D/\i



%Em ¥ ICE : Nice A.H.Grange ORD, NERL, ESD, ECB
r—E Utilizes=s:

Reject incorrect compositions mechanically:

Sums of Atomic Masses
Sums of Isotopic Abundances

Valences of Elements

For multiple remaining compositions, invoke
chemical and commercial arguments

Commercial argument:

Anabolic steroids could be used to enhance
cattle growth in a nearby feedlot.

Cliiclk



" I m ICE is Nice A.H. Grange ORD, NERL, ESD, ECB

* Possible Allylic Bromination v
Sites for Quinbolone O/D

Multiple Isomers

N@f?\t ST@]‘S&:

Purchase Quinbolone
Add to well water C24HazOzBl'
Chlorinate

Extract products
Obtain mass spectra and retention times

for comparison :
Cliek




EPR enaracteiaton op licoication

Analysis & Data Number of Possibie Gompositions
Low Resolution MS
Nominal Mass and SR B B
No Library Matches | ¥ | ' 7=
Conventional High Res MS
Exact Mass of %%}%%}w
Apparent Molecular Ion H T iy e et o S i e it g e ey
ICE

lon Composition of
Apparent Molecular lon

lon Composition of
Multiple Fragment lons

Identification
@al lit@ _» Single
Commercial Literature Co
ek




‘lﬁ'Em ICEisNice AM. Grange ORD, NERL, ESD, ECB
Jalactaid ICE Publicativis aml Mstars

Grange, A.H., Donnelly, J.R.; Brumley, W.C.; Billets, S.; Sovocool, G.W.

Anal. Chem., 1994, 66, 4416-4421
Grange, A.H.; Donnelly, J.R.; Brumley, W.C.; Sovocool, G.W.

Anal. Chem., 1996, 553-560
Grange, A.H.; Brumley, W.C.

J. Amer. Soc. for Mass Spectrum., 1997, 8, 170-182
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6 Posters - http://www.epa.gov/crdivweb/chemistry/ecb-posters.htm

The End




