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Abstract

A combination of UHPLC followed by LC/Q-TOF-MS was used to detect suites of
polyethylene glycol compounds (PEGs) that occur in flowback water samples from
hydraulic fracturing. The Kendrick Mass Defect was applied to differentiate the vari-
ous adducts within a suite of PEGs. A database of the accurate masses along with
their retention times by UHPLC has been designed to enable rapid and accurate
analysis of either groundwater or flowback samples from hydraulic fracturing.

Forty PEGs and their various adducts and multiply-charged ions can be identified in

less than 2 minutes of computer time.
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Introduction Table 1. LC and Q-TOF MS Conditions and Analysis Parameters

LC run conditions
Hydraulic fracturing (fracking) extracts oil and gas by forcing Column Agilent ZORBAX Eclipse XDB-C8, 4.6 x 150 mm, 3.5 um
fluids into oil and gas rich shale deposits. The fracking fluids
contain a mixture of proppants (sand), surfactants, biocides,
inorganic salts, and other compounds intended to facilitate
the release of the trapped gas. More than 7,000 wells have
been drilled in Colorado alone, and reports of groundwater

Column temperature 25 °C
Injection volume 10 L

Mobile phase A) 0.1% formic acid in water v/v
B) Acetonitrile

L. . . Linear gradient 10% B for 5 minutes;
contamination have qccurred mgst notably in Wyoming, New 10% B 10 100% B over 25 minutes
York, and Pennsylvania [1]. The first water that returns from )

. . . Flow rate 0.6 mL/min
the fracking process (flowback) has the potential to contami- _
nate nearby aquifers or surface water. Care is taken to recycle Postrun 12 minutes
the flowback water, or to dispose of it properly, although the Q-TOF MS conditions
Safe Drinking Water Act does not apply to hydraulic fracturing lon mode ESI, positive
solutions [2]. Thus, there is a demand for tracer compounds Drying gas 10 L/min
that are indicative of the presence of contamination by Gas temperature 325 °C
hydraulic fracturing and do not occur in the subsurface [2]. Nebulizer gas 15 psig
In this application note, a combination of ultra high perfor- Sheath gas 11 L/min at 350 °C
mance liquid chromatography (UHPLC) followed by quadru- Capillary voltage 4,000 v
pole time-of-flight tandem mass spectrometry Nozzle voltage 1,000 v
(Q-TOF-MS/MS) was used to detect a bimodal distribution of Fragmentor voltage 190 V
polyethylene glycols that may be used as !ndicator com- Skimmer voltage 45V
pounds for groundwater or gurface water impacted by . Octopole RF 750V
flowback waters. The Kendrick Mass Defect [2,3] was applied
. . . . . Mass range m/z50-1,000
in a novel application to differentiate the various adducts of a

Detector rate 2 GHz

suite of glycols, in particular, the proton, ammonium, and

sodium adducts of each of the chains of glycols. The database ~ Resolving power 30,000 at m/z 1,522

of the accurate masses along with their retention times by

UHPLC is needed to provide a rapid and accurate analysis of .

either groundwater or surface water samples using Agilent Data analysis

MassHunter Software. The data were processed with Agilent MassHunter Software.
Accurate mass measurements of each peak from the total ion

Experimental chromatograms were obtained by means of an automated cal-
ibrant delivery system using a low flow of a calibrating solu-
tion (calibrant solution A, Agilent Technologies, Inc.) that con-

Ins"u'_nents . . tained the internal reference masses purine m/z 121.0509 and

Separation of the analytes was carried out using an HP-921 at m/z 922.0098. The instrument provided a typical

Agilent 1290 Infinity LC System coupled to an Agilent 6540 mass resolving power of 30,000 at m/z 1522.

Ultra High Definition (UHD) Accurate-Mass Q-TOF LC/MS
system equipped with electrospray Jet Stream Technology.
The instrument conditions are shown in Table 1.

Sample collection

The flowback sample was collected on October 14, 2014 and
obtained from Weld County, Colorado, with the help of James
Rosenblum, University of Colorado, Department of
Environmental Sustainability.



Results and Discussion

UHPLC/Q-TOF-MS analysis of hydraulic
fracturing waters

The positive ion electrospray total ion current (TIC) chro-
matogram for the analysis of the flowback water exhibits two
distinct zones, or a himodal distribution (Figure 1). First is a
polar series of peaks at a retention time of 4—12 minutes, and
second is a less-polar zone that elutes from 12—14 minutes.
The series of peaks in both zones are separated by a nominal
mass of 44 mass units, which suggest a glycol structure con-
sisting of CH,-CH,-0 (Table 2). Furthermore, the accurate
mass data in Table 2 show that the differences for the first
seven peaks are 44.0266, on the average. A similar result was
also observed for the second region between 12—14 minutes
in Figure 1 (data not shown). There is an apparent repeatable
relationship among the chromatographic peaks, which makes
it is possible to apply the Kendrick mass scale [3].

x107
48
42
36
«3.0
524
“18
1.2
0.6

Kendrick mass scale

Kendrick used a filtering technique (scaling factor) named
after him to better separate and understand a series of hydro-
carbons that differed in mass by a methylene group, CH,. The
Kendrick mass scale has been applied to other series, but only
recently to the polyethylene glycol structures and linear
alkylethoxylates in flowback and produced waters from
hydraulic fracturing by Thurman et al. in 2014 [2].

The application of the Kendrick mass scale first involves the
determination of the Kendrick mass scaling factor, which is
determined as the ratio of the nominal mass of the repeating
glycol unit, (CH,CH,-0), divided by the exact calculated mass
of the same glycol unit. This is equal to 44/44.026214748,
which gives a scaling factor of 0.999404559. When this scal-
ing factor is multiplied by the measured accurate mass, the
resulting mass is called the Kendrick mass [2]. For example,
Table 2 shows the Kendrick masses for some of the
chromatographic peaks in Figure 1.

123 456 7 8 9 1011121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30

Acquisition time (min)

Figure 1. UHPLC/Q-TOF-MS chromatogram of a flowback sample from a recently hydraulic frac-
tured well, which shows a bimodal distribution of polymers that differ by 44.026 mass
units, a hydrophilic zone at 4—12 minutes and a second less-polar zone at 12—14 minutes.

Table 2. Kendrick Mass for a Suite of Polyethylene Glycols Found in

Flowback Water with an Average Mass Difference of 44.0266"

Retention time  lon (m/z) measured Kendrick

(min) accurate mass mass lon adduct

35 173.0776 172.975 Na + PEG-E0-3
42 217.1048 216.975 Na + PEG-EQ-4
5.4 261.1309 260.975 Na + PEG-E0-5
73 305.1586 304.975 Na + PEG-E0Q-6
9.5 349.1830 348.975 Na + PEG-EQ-7
10.2 393.2095 392.975 Na + PEG-EO-8
10.7 437.2373 436.977 Na + PEG-E0-9
10.7 432.2830 432.026 NH, + PEG-EO-9
11.0 476.3067 476.023 NH, + PEG-EO-10
1.3 520.3333 520.023 NH, + PEG-EO-11

*JR-5 sample from Weld County, Colorado, based on a scaling factor of 0.999404559.



The concept of the Kendrick mass defect can then be applied,
which is that if two compounds have the same repeating
chemical structure, that is, (CH,CH,-0), then there will be an
addition of the exact mass of CH,-CH,-0 to each new com-
pound in a chromatogram. Thus, when the scaling factor is
multiplied by the measured masses, all the ions that differ by
the CH,-CH,-0 group will have exactly the same mass defect
(within the error of accurate mass measurement, which is
typically =0.001 mass units). These results are shown in
Table 2.

For example, Table 2 shows that the measured accurate
masses for ions at retention times of 3.5 to 10.7 minutes all
had different mass defects ranging from 0.0776 to 0.3333.
However, after multiplying by the appropriate Kendrick mass
scaling factor for the glycol unit (CH,CH,-0) of 0.999404559,
only two mass defects, 0.975 and 0.023, were found for this
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271.1151 1, 1 321.1286 347.1675

suite of 9 ions (Table1). The fact that all of the Kendrick mass
defects for each type of ion adduct are nearly identical means
that each of the compounds increases by one ethylene glycol
unit, or an accurate mass of 44.0262. Thus, it is only neces-
sary to obtain the correct formula and structure for one of the
glycols, and then all others can be calculated as either one
unit longer or shorter depending on the gain or loss of the
44.0262 mass unit.

Using the measured mass of 305.1586 (a sodium adduct in
Table 2), which also shows a proton adduct at m/z 283.1753
in Figure 2, a formula can be determined using MassHunter
Software, as shown in Figure 2. The proton adduct at
283.1753 is first highlighted, followed by using the Generate
Formula option to determine the best formula, shown in
Figure 2 as C;,H,;0,, which is the neutral molecular formula.

371.1311

0 .
260 270 280 290 300 310 320 330 340 350
Mass-to-charge (m/z)

Figure 2.

370 380

Q-TOF-MS scan from 7.060 to 7.409 minutes, showing the proton adduct at m/z 283.1753

along with the formula generated in Agilent MassHunter Software. The sodium adduct of

the ion is also shown at m/z 305.1586.



Analysis by MS/MS of the m/z 283.1753 can determine if the
spectrum will match a polyethylene glycol structure, as
shown in Figure 3. The mass spectrum consists of a series of
44.026 mass unit losses that translate into a simple PEG
structure [4]. The polyethylene glycol unit is equal to
HO-(CH,CH,0), -H. which means that the chain length of the
unit must be n = 6, since this length provides the correct for-
mula of C,,H,;0. Table 2 can then be used to assign PEG-7
and PEG-8 to the higher mass ions, as well as PEGs -3, -4,
and -5 to the lower mass ions, since all of the compounds
with the same Kendrick mass differ by one glycol unit.

89.0600
3.4 44.026 mass units
%

£92 133.0855
S8 <

1.4 A 283.1743

s PR
' 177.1117

021 73.0637  114,0561 195.1222  236.1480

0.4 < 151.0960
%

Figure 4 shows the mass spectrum for PEG-9 at a retention
time of 10.6 minutes with three major ions at m/z 415.2539,
432.2830, and 437.2378. The mass differences among these
three ions are 17 and 22, which indicate that the proton
adduct is at 415.2539. What is important to note about the
PEG-9 is that the major adduct ion for PEG-9 is no longer the
sodium adduct, but rather the ammonium adduct (compare
Figures 2 and 4). The mobile phase does not contain ammo-
nium; thus, the ammonium adduct is formed from trace levels
of ammonium present in the mobile phase and sample [2].
This shift to the ammonium adduct at PEG-9 has been attrib-
uted to a cage-like structure that surrounds the ammonium
ion more readily (that is, energetically) and favors the ammo-
nium ion over the sodium ion adduct [2]. The same is true for
ammonium adducts of PEG-10 and PEG-11.

60 80 100 120 140 160 180 200 220 240 260 280 300 320 240 360 380 400

Mass-to-charge (m/z)

Figure 3.

8.0 “432.2830

6.5 437.2378

25 415.2539
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MS/MS spectrum of the m/z 283.1743 proton adduct from Figure 2.
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Figure 4. The mass spectrum at 10.6 minutes for PEG-9, with the major ion being the ammonium

adduct at m/z 432.2830.



An accurate mass database of PEG compounds

After the application of this Kendrick mass scale, it was pos-
sible to identify proton, sodium, and ammonium adducts of
the various PEGs shown in Figure 1. These enabled the con-
struction of an accurate mass database of these PEG ions
and adducts. It also allowed subsequent use of the
MassHunter Software to find the > 40 different PEGs shown
in Figure 1, as well as their various ion adducts, in less than
2 minutes of computer time. Identification of these PEGs may
enable their use as indicators of contamination of aquifers or
surface water by hydraulic fracturing.

Conclusions

The Agilent 1290 Infinity LC System and Agilent 6540
LC/Q-TOF-MS enabled the UHPLC/MS/MS characterization
of two sets of representative polyethylene compounds from
hydraulic fracturing flowback samples. Applying the Kendrick
mass scale to the accurate masses of these PEGs and other
ethoxylated surfactants [2] facilitates their identification
using Agilent MassHunter Software, and the construction of
a database of such compounds present in flowback samples.
This database can, in turn, enable the use of these
compounds as unique tracers of hydraulic fracturing.
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SRATHE MERRPEELEMN 10ng/mLEFRNZ—1 WMH, EFRNNEREMES ox15 HEEFNENREE
R, NBECERMEHRIFNERMEBEEH—HME  0013min (0.78s), MEERILE (B 5C) FANEH, 2AA
(B 5A) , XFEEIE 5B B RIS RGN, LI, MERBFHE=MEXET, BRABETHLH,
SFBFHNEREH S IHEREMEALRREHIEE 1.1 ppm.

H1 S Resulls x

Pa e :.a|:||-§,|£|95mm: = Minuies - 3| k]
>29
[A] |
45 \ +EICFmg(183.0161) .
+EICFgi236 053] .

4 1 4 +EIC-Fragiis 5.
15 / +BICFBgITE 0I9) .
+EICFmgl 144 0134) .
a4
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05

o =

+ EIC(235 0882) Scan
+EICFmglZ35.0850) .

ooon

i
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Counts vs. Acguisition Time (min)

T Resuits: Cpd 46: Carbaxin -3

Y —

10 Technigues Applied * §

S W
Best & Name ®  Formula £ miz & Mass 8 Mass (Tgt) & Diff (ppm) 8 Scors (Tgh)' ® AT & AT (Tgt) & RT D Scors (RT) & Species & Flags &
W |F | Corboxin| C1ZHIZNO2S| 260663 205.06T) 2350667 11 5233 15| 11578 oon 2235 M-
m = CE4s FV# Coeluion Score # Flags(Fls) # Height#s SNR-# AT = RT Diff# Compound Name 4
2350662 100| Referenceion| 174525 1591 ] Carbasin
143.0161 %86 Qualified| 503131 1159 [} Carbaxin
2360691 906 Qualified|  3011.9| 11597 1] Carbaxin
5894 575 Qualifed| 185474 1155 ] Crbexin
2180356 [TE: Qualified| 3882 S Cerbexin
144015 505 Qualifed| 37623 11581 0 Carbain
J ] ] ¥
Graghic | Mass List|
Libran; ‘Jsgeﬂrum
8 ] 14301613 L/
3 o 100.00
2«
[C] =]
T4
sc- l
9 23506615
a0 86.98991 1219
T3
3c_
204
7703857 132.04439 218.03960
o] 5102293 609 LEL Pl ) & 175.06277 \;51 rd
0 G R T SO 078 | L

M 4 50 € 70 8 S0 100 10 120 130 g 150 160 170 180 190 200 210 220 230 240 250 260

B 5 #HZ NEEEF 10 ppb WEFR. A) ERSHEFHEFREMEMHEZEFHEIC; B) XHFTE
N BFHRKENLEDEELR, M BREEHETREHEEREETTHAEDEREEN;
C) BFAFEFIMAINBFHESER PCOL FiEE



IRk RHOERHER

R 3MFK 4 HHZLET 5x15 20 min FiEM 15%15 40 min Fik
AMAE GC/QTOF FEMRENER. & 3 PIHKMAERA
MEATERH 5x15 FiEMZRELSIEEIE HRAM K25 PCDL R,
HPFEHRGBHFANEEE 15x15 PCOL 1, AR 4 H.
BRI, 5x15 FEWET 93 MERKE, 16x15 FENHE
T 86 MERKRA., MAT KRR M HIE R E HE FAE R R
EEEEREAEREER GC/Q-TOF K% PCDL (¥B4S G3892AA)
2,

R IEFNHTRTEMRANREITHE. JIHMAERAYE
BF LC/MS o4, BREF—ERGERER R TR GC/MS
S, BLC/MS BREEAE. ZRUEYTHAMEARH
EE—MHITHH,

{£F 5x15 FEAEAFMERRPLEEH Y 97.3% (4R

10 ng/mL) #199.6% (A04% 100 ng/mL) BIKZ, 16x15 Fik
BREREHIEITHIE (40.5 minttt 5x15 Fi%H 20 min) , 0
HETHEREFNIE, NTIERAESKANLE, BERL
FHHE: MER 10ng/mLEHEEH 971% KU EW. MR
100 ng/mL B MIEEH 99.8 % KL &Y. ZLERDLETRIM
R 4 WIEER.

%3 R 5x15GC/Q-TOF % # 5x15 GC/Q-TOF %% PCDL £EHBIMEFAKEH 10 1 100 ppb Bk RHGHEZERZHFHIKD (HTR)

(93 MRAS) EANRAYEBREFS L BETRIEEN

R &l % b TR R =4
KA 5X15 HESH  HiE 10 00 10 00 10 00 10 100 10 100 10 100
RS SHAE ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
1- 558 GHL X X X X X X X X X X X X
R L X X X X X X X X X X X X
FR GHL X X X X X X X X X X X X
BB G L X X X X X X X X X X X X
AER GHL X X X X X X X X X X X X
TEBLE B GakL X X X X X X X X X X X X
REM GHL X X X X X X X X X X X X
Z VR RS GHL X X X X X X X X X X X X
BRI GHL X X X X X X X X X X
2R GHL X X X X X X X X X X X X
MBS GH L X X X X X X X X X X X X
SHEE L X X X X X X X X X X X X
HEE L X X X X X X X X X X X X
RE GHL X X X X X X X X X X X
AN GHL X X X X X X X X X X X X
TR GHL X X X X X X X X X X X X
ZEH GHL X X X X X X X X X X X X
KEAFRIRM GaEiL X X X X X X X X X X X X
RR GHL X X X X X X X X X X X
SHEEAD GH L X X X X X X X X X X X X
FHNE GHL X X X X X X X X X X X X

X = EEHMRE
M = £ Rt
G =GC/MS
L=LC/MS



%3 R 5x15 GC/Q-TOF Ji%# 5x15 GC/Q-TOF %% PCDL £7E HHIMEFKEH 10 F1 100 ppb KK RAFFEZERGFH KL (#TR)

B il EHE b TR R L2

REASX15 FiEsT & 10 100 10 100 10 100 10 100 10 100 10 100
RS AHE ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
BEE L M M M M M M M M M M M M
SR GHL X X X X X X X X X X X X
ZHH GHL X X X X X X X X X X X X
sk GEkL X X X X X X X X X X X X
Zm GHL X X X X X X X X X X X X
I GHL X X X X X X X X X X X X
IEME GHL X X X X X X X X X X X X
SRMIEE GHL X X X X X X X X X X X X
3T GHL X X X X X X X X X X X X
BRI GHL X X X X X X X X X X X X
IRBE R R GEkL X X X X X X X X X X X X
XEH GHL X X X X X X X X X X X X
B GH L X X X X X X X X X X X X
aHB GHL X X X X X X X X X X X X
T ERE GHL X X X X X X X X X X X X
ARER GHL X X X X X X X X X X X X
FEHEER GHL X X X X X X X X X X X X
A GIL X X X X X X X X X X X X
SR GHL X X X X X X X X X X X X
Mz G L X X X X X X X X X X X X
KRR GHL X X X X X X X X X X X X
35327} L X X X X X X X X X X X X
CMER GHL X X X X X X X X X X X X
mEm GHL X X X X X X X X X X X X
FhEM GaEkL X X X X X X X X X X X
RIEWER GHL X X X X X X X X X X X X
BB GHL X X X X X X X X X X
SERIE L X X X X X X X X X X
FEER GHL X X X X X X X X X X X
WEE R GHL X X X X X X X X X X X X
R GHL X X X X X X X X X X X X
RER GHL X X X X X X X X X X X X
R B GHL X X X X X X X X X X X X
b GHL X X X X X X X X X X X X
RaE GHL X X X X X X X X X X X
SR GH L X X X X X X X X X X X X
HRH L X X X X X X X X X X X

X = EEHHRE
M = £ HH R
G =GC/MS
L=LC/MS



%3 FH 5x15 GC/Q-TOF FiEH 5x15 GC/Q-TOF L% PCDL £E HBIMEFKEH 10 #1100 ppb KK BHGFZERAFHKE (HETR)

R &l % P23 PR =24
REASX15 HEsT i 10 00 10 00 10 00 10 00 10 00 10 100
BIRE SHAE ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
PR GHL X X X X X X X X X X X X
WA L X X X X X X X X X X X X
AR GHL X X X X X X X X X X X X
PEEXE GHL X X X X X X X X X X X
WERERE GHL X X X X X X X X X X X
BHm GHL X X X X X X X X X X X X
KEM G L X X X X X X X X X X X X
TERHEBR GHL X X X X X X X X X X X X
ESE GEL X X X X X X X X X X X X
HYFE GHL X X X X X X X X X X X X
REERE GHL X X X X X X X X X X X X
IRIE GHL X X X X X X X X X X X X
hES GHL X X X X X X X X X X X X
TEUHE G X X X X X X X X X X X
A GHL X X X X X X X X X X X X
IR GHL X X X X X X X X X X X X
AR R GHL X X X X X X X X X X X X
Bk GH L X X X X X X X X X X X X
I AE GHL X X X X X X X X X X X X
BER GHL X X X X X X X X X X X X
BER GHL X X X X X X X X X X X
e GHL X X X X X X X X X X X
42 FR g R GEiL X X X X X X X X X X X
IZINE R GHL X X X X X X X X X X X X
R GHL X X X X X X X X X X X
KM GHL X X X X X X X X X X X X
g0 GHL X X X X X X X X X X X X
@ GHL X X X X X X X X X X X X
£BH GHL X X X X X X X X X X X X
B GEL X X X X X X X X X X X X
32203 L X X X X X X X X X X X X
= IE G L X X X X X X X X X X X X
SR GHL X X X X X X X X X X X X
F5EBR GHL X X X X X X X X X X X X
R GHL X X X X X X X X X X X X
5x15 20 min AE&Z I (93 FRRZGHR) 91 93 90 93 91 93 93 93 88 92 90 92
RAHE
5x15 HiEKMMRAE S 978 100 967 100 978 100 100 100 946 989 967 989
X = EE MK
M = EEHHRKIHY
G = GC/MS
L=LC/MS
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% 4. RH 40.5 min 15x15 GC/Q-TOF Jri%#1 15x15 %5 PCDL £ HBIMERKE S 10 #1100 ppb Bk RHIGFEZEHEFHIKZ (R LRT)

FE i 0% b TR R =X
XM 15X15 FEST 10 100 10 100 10 100 10 100 10 100 10 100
BRE ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
KRR X X X X X X X X X X X X
M ik e X X X X X X X X X X X X
HT@ X X X X X X X X X X X X
EE4 X X X X X X X X X X X X
B X X X X X X X X X X X X
ZIER X X X X X X X X X X X X
ZHE X X X X X X X X X X X X
F5HBR X X X X X X X X X X X X
KB X X X X X X X X X X X X
15x15 40 min 7% 84 86 83 86 84 85 85 86 81 86 84 86
RIM (86 FRZs
Hiy) REGHE
15x15 FiE &I 97.7 100 965 100 977 988 988 100 942 100 97.7 100
RGBSR

X = EEHNRE
M = £ R

EX—HERER, EH 70ev BFRE (E) BRFETRE.

Bl RETFENLSHET, RETEEAEE. TOF MS £MA
PR Bl RS ERHARAIEERER., XEREHE 4TI
B R MassHunter KA HTIEM . HREEEE

BIEERER, REETNRREREERRREEAS. FXL,

FEMRERY PCOL AL NIST FHIEN TSR E—HA
Fix—BH, BEMEYHITNFEER, MassHunter EHE
B AREE FNRERRERE SRS FRAURRERSHAE
MEH—,

RERE

TOF WRERERATAUEEFNEE. RESEEENER
ENREM—EAZ, MRAGEST/IMELFIRFNE TS
RS EES EAMERNEEEEM, NEFERENRMN
1w, HithA Agilent 7200 GC/Q TOF EFENE m/z KgEH, %
WNETEZHLEIR (4R 100 ng/mL) PRAHFEF (&
HFE) MERLL (S/N). EXFBEFRESKE (S/N < 10) HER
T. WE m/ ESHERGHE—FUERENFEHRER

5.69 ppm (% 5) . & S/NAF 10 5100 Ziget, REMREEMR
T 2ppm: T S/NEI 1008, REFENH 1.25 ppm, XL
HERYBARROWHLE TOF REHEHTEIRAERIES
#, BHREETRERANTSLRERTESRERE, B
AXBRHARAZHAR.

x5 (EARREFERETZEFERILGHE (REEET—TENKZH)
NFEFRERE

M*™ FEEEMIRGHE  (ERILTEE FYHRERIRZ (ppm)®
10 <10 5.69
34 >10{8<100 1.92
27b > 100 1.25

¢ P RBREANE
P AREFHASFETHEREZR

WEMFRKE A 100 ng/mL KA ZHERE, R 5X15 FiE#THH



2k

Agilent 7200 GC/Q-TOF ] FF33404% 10 ng/mL #1 100 ng/mL
AANARERER 93 MRBHIAMKRMBEEEMRE QUEChERS

EMRETHE.

FIURAEELETFIERBHRER

MassHunter EHAHHE (B.07.00) 52 H=#EL GC/Q-TOF
K% PCOL HUTHERF. KRR 5x15 HRRWREEMN 20 min
GC AESRA 15x15 HHRMEER] 40 min FiExTtE, MKER
ERKMEBETHERERINESRANETE, AMH LR
MassHunter 2B FAREEHNRAHELFLEER. &M
FRKEA 10 ng/mL B, FMFEREED 97 % U EMKA: &
IERIRE 2 100 ng/mL B, MIRTEEW 99 % U EHIKZ, H9F
BFHIS/N> 108, TOF MREEEMLT 2 ppm. BT TOF R&E
THREREANSIEE, BT TERESES .

SE 3

1.

“Indexes to Part 180 Tolerance Information for Pesticide
Chemicals in Food and Feed Commodities,” US EPA,
http://www.epa.gov/opp00001/regulating/part-180.html

“Maximum Residue Levels,” European Commission,
http://ec.europa.eu/food/plant/pesticides/max_residue_
levels/index_en.htm

“Pesticide Maximum Residue Limit (MRL) legislation
around the world,” New Zealand Ministry of Primary
Industries, http://www.foodsafety.govt.nz/industry/sec-
tors/plant-products/pesticide-mrl/worldwide.htm

“CODEX Pesticides Residues in Food Online Database,”
Codex Alimentarius, FAO/WHO Food Standards,
http://www.codexalimentarius.net/pestres/data/index.html

K. Mastovska, P. L. Wylie. “Evaluation of a New Column
Backflushing Set-up in the Gas Chromatographic-Tandem
Mass Spectrometric Analysis of Pesticide Residues in
Dietary Supplements” J. Chromatogr. A, 1265 155-164
(2012)

K. Mastovska, Rugged GC/MS/MS Pesticide Residue
Analysis Fulfilling the USDA Pesticide Data Program (PDP)
Requirements (i#& USDA KZGHHEIE (PDP) EXMIZE
GC/MS/MS REFZBNMAE) . ZREMCHKLA, LIRS
5991-1054EN

7. Y. Chen, et al. “Multiresidue Pesticide Analysis of Dried
Botanical Dietary Supplements Using an Automated
Dispersive SPE Cleanup for QUEChERS and
High-Performance Liquid Chromatography—Tandem Mass
Spectrometry,” J. Agric. Food Chem., 60 (40), 9991-9999
(2012)

K. Banerjee, et al. “Multiresidue determination of 375
organic contaminants including pesticides, polychlorinated
biphenyls and polyaromatic hydrocarbons in fruits and veg-
etables by gas chromatography-triple quadrupole mass
spectrometry with introduction of semi-quantification
approach,” J. Chromatogr., A, 1270, 283-295 (2012)

. G. Satpathya, Y. K. Tyagia, R. K. Gupta. “A novel optimised
and validated method for analysis of multi-residues of pes-
ticides in fruits and vegetables by microwave-assisted
extraction (MIAE)—dispersive solid-phase extraction
(d-SPE)-retention time locked (RTL)—gas chromatogra-
phy—mass spectrometry with Deconvolution reporting soft-
ware (DRS)” Food Chemistry, 127(3), 1300-1308 (2011)

10. M. Mezcua, et al. “Simultaneous Screening and Target
Analytical Approach by Gas Chromatography-Quadrupole-
Mass Spectrometry for Pesticide Residues in Fruits and
Vegetables,” J. AOAC Int., 92(6), 1790-1806 (2009)

11. EN 15662: “Foods of plant origin - Determination of
pesticide residues using GC-MS and/or LC-MS/MS fol-
lowing acetonitrile extraction/partitioning and clean-up
by dispersive SPE - QUEChERS-method.”

ESiER

BREHEARANER, FXBINERSRSOFARE.
EEENE ML www.agilent.com,

www.agilent.com

THEEMARHTEHFENHRRETRE. RESEAETHMERREERATREE
M,

FXFHER. RPATRAEROEEE, BABTEM.
© RERFHE (PE) BRAA, 2015
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5991-5633CHCN

Agilent Technologies
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Christian Zwiener 1§t
BERKZE

Tabingen, Germany

Tiffany Payne
ZREMEHRLA

Santa Clara, California

{#H Q-TOF LC/MS %1 Mass Profiler
XK TINE AT

ORIk

g

HE

AR ERERHATEORNINEEE K, EXRA—FEFNNERERE, %
FEFRABERREL LC/MS HITHMHB IR IR EEHITTENBEMM. ZHE
{ER & Agilent MassHunter Profiler Zi{H) Agilent 6550 iFunnel Q-TOF LC/MS %
GHRMKRIE LS THEERAAER. MRETENFET THMAFET LI,
MFRPLZETTH., NTHAEHEPRRYZLETIINEE, HEERTERRR
EREEMLERUH#ITEE . RAETHERTRET 890 #MUEY. FHHBH
21 MEMTHIIETE.

el

Ay

TEFMIAERSE THERFSURNFEREFZNANEREZHXE, R, RE

. 2%, PEFIRESTIREBIRK, HTKFRAKKRARERNEEY. TN
SIKEESREMDRBREERFIHM . Mo, KERRR 0.1% HABME N RHA

RSEATRINMMERX . XEEMRATHERNBESENER,

ok

MR RSN ERNNEENMAZCARTEANARA, EXERARTEIK
MERHBETEN. Bit, AHRPRASIRRFENLETE (G1) aFRHAT
FEEIFRETERF TRIRA,

Agilent Technologies



BEFAMER Agilent 6550 iFunnel Q-TOF
LC/MS %%t. Agilent Mass Profiler 044
0 Agilent MassHunter EEN &4
REGFEEMAERPHRATEY.

SIS ES

KERBEREMET, XESMTEDKLS
BRI T, FEHEHEZER (HLB #n
ENBV+) HTEE, FiRk&BRETFH 500,

XF Agilent 1260 Infinity HPLC BR&Ei#1T
DF, ZZRFKEIE Agilent 1260 Infinity =
JLE (G4220A). Agilent 1260 Infinity &
HBE B ENHAERR (G4226A) #1 Agilent 1260
Infinity #i8#8 (G1316C).

3% F B.05.01 i MassHunter #iER &4
£ 2 GHz ¥ REhZSSEER THR(E Agilent
6550 iFunnel Q-TOF, MS R THIRERR
A1 RAH/F, T MS/MS EXTHRE
BEA 3 KEH/H, WHE MS/MS BR
M RXAETRELVAIERERE.

UHPLC &i&H  Phenomenex Synergi Polar-RP
A, 150 x 3 mm, 4 pm,
35°C

ikt A) 7k +0.1% BB
B) FEZ + 0.1% BE

ERR Min  %B
0 5
1 5
10 95
17 95

{2 1L R iE] 17 min

piintd 0.3 mL/min

HR5 i

7 B.06.00 k% MassHunter EHS 4
ER S FHHERINES (MFE) EiEXBIRET
M. MFE #8FTHEBRS FHRE
BiE, HRERmANEEEY, TR
EERPHAF L) B, BEEHRE
Z Mass Profiler (MP) #7411 947

MIKRIE TR ERNAHEZESIRN= K
FEHME T 1564 MFE, KEEIFESH
TisERETEE (1043 M), BRTIS
AR kIR AKRIE RN, &
EEHaEREHEANRENBEORE. &
ANMBUREREZRESENMTHHEHA
E, MABTFEKHKRFIR 1043 MMFHE
#TH—SRBNEETT TR, HF
NEMRE (MFG) 7 B BRI AT
REHFEHGHSFX, FERRERRL
ZEN. BURERURASES FRME
RHERRENSARERINBERRENZ

1000

B ZEMF SR BRI RE S
BEWE, G, RERENER 945, B
FRX 997 MEMARER 994 WERRES,
B3| C,H;NO, T m/z 264.1967 BI1545 A
97.1, {MTEC. H. N. 0. S. P#n Cl
E5ppm MREAMRET, BHAMUEM
BREEHNET 894 MEUER.

B EREE PR RS EXT Tl kS
HEZHEH TS EE, XAAE 450 %
Mk ERERX TR B FIREESE T
18 MERER, RARECEESEEMA
LEMBEESET 144 MERER, MR
BZRBERAN AL ENEIRESET 26 1
CERER, EREXUENHTHE-THR
LT, HFLE QTOF LC/MS MEHKX
Ll EMBENLEWIR, EhBETHE
HEBE MS/MS HHr51% (MS/MS BiR
MIIR) H.
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REBBIMBERREH MS/MS HiER
RERBEREESEEMNANEGYHIEES
EERHTEE. B2 ERTRITERR
K& EEEREEM—#a A FEHE
T iRRAE AR MR ITEERN RO,
E—HRBFTAERBRERRBFER
MeEREELAMNESY

MFERRERREN L ERAFENLE
41, M# ChemSpider 1 PubChem Z5@H
UEHREPRZELEAEN, XEHRT
BEXTFUREHMOBEICEER. A%
INERFHXMERM S EX AL SR
1THE, ERRELS FEHXE (MSC)
REHITEMENRR ., MANEEIRA
HEMHLFRMLNREHREER MS/MS

BiE. MSC hEHEREUERRZE
ChemSpider BRHREAINFRER it

M5, WEREERRBIFT (B 3) .
FRABEER RENBEEERHT

EEHMTEMAETEERSETHRF. N Wi
MSC FHZR ST RER PEERT 8
A 194.09570 HN_ 0
100.00 =
1901 xemmER T
s
# 40 237.10159
20 117.0118 145.00890  179.07179 1.73 o
0 0.25 1.59 1.37

100 110 120 13 140 150 160 170 180 190 200 210 22

m/z
B 194.09642
100.00
1907 A
60
b 179.07295
119 |,

|
0230240 250 160

237.10223
7.02

100 110 120 13 140 150 160 170 180 190 200 210 22
m/z

2 ETHKER R AN DA TSR, REZNE

0230 240 250 160

B (A) FrikEEiLE (B)

ams

Compound fomudn

: C17TH2213N308

=

M = 778 8529, 0 formula candidales from MFG
0 Foruis
.

e | M) GMpel Pk P Ol

Fragment formulas for C17H2213N308
mz Femuds

L aMppm)
| wam
2| wom)
| TR0

CIIN0N
CIEHIENOD
T

P 5|
S3LE57 BE

.

T

opamidol

OH

P
ments of stracture #3 — eluckated 16.7% jons . 93 3% VWek

2
Seandard InChiKey: Fensty-0.§ 4M-2%ppm Soorme£93

RRANTHRZSINOOY CTHIEINR05H
URFFRACIVSAN

Sewe: G701
s i

vt 14708

2
Sandanl OiKiry
MIRDOADHASTOEY-
UHFFRACTS A4

Soaw BTN
43¢ | save [ e |
ChemSoder: 200

Parssky= 150 6Ms2 g Scomed?
CAIRT NS

s
frandend nChiKey:
DARGHCPEUG: ‘/\.,,.

e

b
T P

1 0| DFE Penshy-2E dM-2Spem Score-8h1
CHHIENZSH

Bl 3. FABEFNMFEFHRERREHE. Agilent MassHunter 4 FE&HXEE (MSC) E LUK ChemSpider XAMAEE#THEE
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£ Agilent 6550 iFunnel Q-TOF LC/MS
Z%H0 Agilent MassHunter it 5E %S
WRGEAEEITAKGE LR TR
KIWFKER, FREH—FERDHE
Hik, RAETRE 890 SHERALEY.
R % B &Y UER F T R & SR i3
TEE, HRET 150 HATRSEY. R
BAAZEEREINEERN MS/MS ST iE
EEH 21 MisHY, HRABERER
RSN 32 MiTEMHIT TN, XNTHEE
HEEPAFENLEY. WA EMmEY
T35 ChemSpider XL S, XELER
BRTH-ST RERREHEEMLE
FENHLEY. NERTARNHAR.

LM

1. M. Gust, et al. “Effects of Short-Term
Exposure to Environmentally
Relevant Concentrations of Different
Pharmaceutical Mixtures on the
Immune Response of the Pond Snail
Lymnaea Stagnalis” Science of the
Total Environment 445-446(0): 210-218
(2013)

2. R.H. Triebskorn, et al. “Ultrastructural
Effects of Pharmaceuticals
(Carbamazepine, Clofibric Acid,
Metoprolol, Diclofenac) in Rainbow
Trout (Oncorhynchus Mykiss) and
Common Carp (Cyprinus Carpio)”
Analytical and Bioanalytical Chemistry
387(4): 1405-1416 (2007)

3. B.l. Escher, et al. “Most Oxidative
Stress Response in Water Samples
Comes from Unknown Chemicals: The
Need for Effect-Based Water Quality
Trigger Values” Environmental Science
& Technology (2013)

4. M. Zedda and C. Zwiener “Is Nontarget
Screening of Emerging Contaminants
by Lc-Hrms Successful? A Plea for
Compound Libraries and Computer
Tools.” Analytical and Bioanalytical
Chemistry 403(9): 2493-2502 (2012)
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FHREY .
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BREIAN:
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LA
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Sylvain Merel #1 Shane Snyder
HESHETRR
TFIRBRE

T F| R EZR

=H

FIFH LC/Q-TOF 01 Mass Profiler
Professional EX{FiiZ K i3t
L5534

IRk

s

kS

FIA Agilent 6540 Q-TOF LC/MS #1 Agilent Mass Profiler Professional £ 4 (MPP) R &
WREMT TP ERHNERS . BT MPP SEEFHITHITHREERT 0-TOF EH R
IEAEHITRNE, BRTESKRESIEPENAUERIHREMNTL, FIAXTHRALE
BUEFRMKREUIETWLEVETENSHD . RERMFEA. MPP HAERMET S
TE, FTARITEAROARE LR E KRBT E PR AT,

Agilent Technologies



L,

RY

mi

REMERE, kiR (1] FRAK 2] PFEREFZETEY (F
FRETERY) . MTEEERRRE (EPA) SRMIEEN TR
(http://water.epa.gov/scitech/drinkingwater/dws/ccl/ccl3.cfm)
RZ AT S Y20 7500 FLFEMIE, FRENBIRX LN EH R
HiR/vER4, mxdFik 8500 F7HE CAS SN ZREM SK
ELBIE D (https://www.cas.org/). KHTFETE R AERE K
¥, MABHERAR T REXTREIL KR,

A, BFADREERMIEERAKRER, KEMKR
HIRERMHAAREHEN 3], FEHRHBAEIHLMTHKE, MU
FRAARME (3], KERBFAOTREESK, SEEER
BKEWARAK, ZREWT TP ELEHMURBEFE
M FRERA, BUNEEARTHEFREXILERE
HiETENEY., BNSRERTEXHENRESERNTH
BUFY, ERENEGEMEE, ARLEEAT, LEEHNE
YR M SR NBMEX (4], BEEE eGSR
AREFEMENAE, BREFREN. REFHEKEHNA
REFE.

o R 2 MR CITRTE (Q-TOF) B 24 H s Bk i
ARMREFNUEYNREFTE. EmE5K0ENEE K
I8, AEAERNATREMRENLE (—FHXEMHEIE
NEEMERLERER) SIENEKRENEEINS HET
SMHAE. FENAERRABSNREREL (UHPLC) AR
RERLE, @i Agilent 1290 Infinity R &I R 5 Agilent
6540 Q-TOF BB A R gtk A B AP HTHENLEY.
MHEELERETERUERN—RUSHHITHRET, Hh—i
SUEMABEESNNENETY. RE. NREHTRIEKR
EEEAIRE, BIVEHE QTOF AEERUEH 2R, AW
TERFEMERIEFGETIN, BIFRERN L EIE.

ki)

B FIAR A

ERANAEATNRERSEE, SHTREGIE/ REa . &
BT AR EEMTE (MTBE). BEEH HPLC Huki9E EE
THARBEAE. BIESBERRZERHPLC Rk A Burdick
and Jackson, FERME Sigma-Aldrich.

128
AL R A Agilent 1290 Infinity BAABIEZ %, BH Agilent

6540 & ¥ (UHD) 1R E MR YITHIERREKA RS .
DEELINE SN

1. LCFIQ-TOF MS £t

REELETRY

Bk Agilent ZORBAX Eclipse Plus 50 x 2.1 mm, 1.8 ym
(B804S 959757-902)

iR 35°C

g s3 3pL (BMHRESHEZR)

Gk A) 0.1% FRERKER v/v
B) 0.1% FRERZIFAM v/v

KHERE BiE (min) %A %B
0 95% 5%
15 95% 5%
10 0%  100%
13 0%  100%

pingd 0.4 mL/min

Q-TOF MS %1

BFER ESI EEF&ERX, (XAT MS

EUREN 40 psi

ERELE 4000 V

REERK 2 GHz

RELE 25-3200 m/z

REHE 2.5 BUEkRE/%)

SE £ m/z 400 &2 20000

EWHE <2ppm



Hmay b

HREBLHERIBH—ETKOE, BEPHIH_FiTKS
FBEERENEEHITHIE, ZRi5kHFE 0. 15, 3. 455
5.6 mg/L RENEEHITHRABE,

RIS 4R (Whatman GF/F) SEAMER#TITRE.
IVEEZSE 5 mL MTBE. 5 mL FRE2#N 5 mLiXFIRKFELERTF
HTEIMEZEEN, Hk#E (375 mL) MEE/MEE, B 5 mLiXFI%R
KT, ERSHETTE 30 A%, REREE 5 mL FERN
5 mL BEE/MTBE (10/90) 3H/ME#TEER . AESEERERE
0.5 mL,

MRS

BZEER MassHunter REERFHH FAHERNE (—FET
BB FREEHUSHNEERE) HTEELE, REA%R
$#1 Mass Profiler Professional (MPP) ZE 4 it AT i
THEMLEX, ATERERER. A MassHunter FK “9FR
BERUEY" TEXSHEXMRHEH#TEASH, ABR MPP

x107{| RAGEKITK T
s Ry
= AT s
= . e
ol — .

x107| REREMTK L

1.5 ppm s T
o 14| (1.5ppm) _AJ_JLM"’ el S
= 0_. H'\\n"_‘ e
x107| REVEHTFTK
=
=

REAERTK
4 (45ppm)

1_W
= M
=

HATEZRU ST, FRER MPP BT, KIERIAR
R@RERZ BHAHER.

ER5 i

FHEREFI{L SHEL

B RHEENSEFEIER (TIC) BN, TNEHARRERELR
BERFERFLER, BAXETUAESR, MAREZHITHRIT
(B1), BEMTHERN, REGKELTETHELEY. A8
MHREI-MERMREE, B2, A—UEWERREEY
REBRETTRERERMESR, F MassHunter FEIRFIAFHIAR
BELEY., EBIEX—S, 7 MassHunter H{THEREUT,
B MPP #{TH &L, X—dFEHERIH 24779 MU EY.
MEEE (ZANK) £THRETKERPRER 23574 F L
&Y. Ed, 13996 MUEMED 2 KEKRE (FRESHHR
REHR)  BEATEEM, #—SHRERE.

RERIEMITK
A alran
g 1 (56 pom) o [N p
= L S P UL -
= P — e S .1
ol rr— -~ e N —
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
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 11.0 115 120 125
RERFE (min)

B 1. REFKURERENERELIERFKEE B FEEE (TIC)



BT

K@ 13996 MU CEF XHSH, HFAE
MassHunter EEMTEREH, BAREREE, B “2FXE
BUEY IEZIHRZLLEY, AEHRANLEMRE
2l MPP H, HITEZRUESMLIIFIE. H£F 12889 UG
WiEiE TIRANT. HEh, ERATHEITSMHLEDLR
RETA (HPLC FukREY) wgBEHEE, MEZED A%
AMFERN— M REFELEEZ RS 100% HENH
MEY, %5 9493 MULEY.

YH#

~—
" / \x

ERRRH

F MPP Xt #EH1TEM A 247 (PCA), MREXLH BRI TR
ERAZHNREFERMAR S, B2 BR, F)IREFNSHT
MRS, BIMNE=RESRENERBLEEHEE, RH
BEARIFHENE,

RARKDN

A —FRAMPBRREMIER T KPREENL SR,
BAVIHERIIT T RERENMT (HCA), KB THRENERR
BEAREMENLAKEY (B3), REEXMTHA (AFIB) &
&Y, MEM=4A (C. DME) UEYNRERFNESEHE
B#, BLMUEYERLRAEZIRELEMNZM (F), HCA
FRAIMMZZEFAKGER. fln, BB AR, EXBB4AK
BYREEREFNENRE, BENEESRT=Z/1T4A (B1.
B2 #1B3, A 4).

X [4514824%) v
Y8 4% 2(2072%) =
z% 4% 3(8.25%) =

M 2 (0mg/LRE)
W 72 (15mg/LRE)
M FiE (3mg/LRE)
172 (45 mg/L BE)
B #RE (5.6 mg/L &F)

B2 PCA RFTLUEMXAMERTRIFIE RELBHIE R, BEHREEANTZR, BEGIZHL,



ENRENE

A

0mg/L 1.5mg/L 3mg/L 4.5mg/L 56mg/L
F
Af1B.
REEBHUED A
c
C.-DFE:
REVEBERHLEY 0
F.
M EE R R ;
EH

DTHEEE
JA—{L3ERE (Log2)

B 3. HCA BT T RELMEGI RN & WHER]

ENREHNE -
0 mg/L 1.5mg/L 3mg/L 4.5mg/L 5.6 mg/L
B1: REEZBRHLEY
45mg/LREFBES
B2: REELRHINEY
3.0mg/LREHES

B3: REERMINEY
1.5mg/L RERES

B4 B39 BANEFE BRT=1EERTANENRETHEHENTKHPLBITA (B1. B2 #1B3)



E i

ATH—F TREHFERELEMTANENE, RNFAHE
ST (ANOVA) &6 Tukey K3, ¥5|HERMARFEREF
FETUHENLAY. ANOVA M 9493 MLEMHERHT
RUANEEEARARENETEURENLEY (p{E <0.05).
BiE Tukey RIGFH—FIE, HtRTEREFERELIEN
&R, ERTEETUBENRHENLAYEE (R2).

*2 FEMRENEXREZTUHINEYHE (FESTp E<0.05)

tEPEE
BANAATBE3TiTK HATR L APt iT Sk 2T 2 B AR
IS —k2NE4E (B1. B2 ) HikH—ME4sTEN,
BRIEAETYRFHEMEZEENTUNLED. Ak, 7TE
Fi MPP ##9 ID X528 AR S EURRE. fln, HM B3 T4
hREHLIEE - SR, R MPP B “ERAENKAY T
AERIH 53 MU EYERE MR ESETEFRNEN, H
HEXFH 095 <R2< 1, ¥iZFIRSHE D XEEF, £LHER
METLIN MA L EWEIEEFMLE (PCDL) R#HITRERA., £

REHE (ppm) EHEP—MEEYAEER, XRILEERR Iz DL
0 15 30 45 56 5% (E5), Bk, ATRUEEIEAHM 952 O BEERERE

- |9 8244 4548 5524 6083 G150 ERHUEWIETY (L4 B3) .,

E 15 3736 8244 3083 4299 4843

illlj 3.0 2720 5161 8244 2476 3395

o=

% 45 2161 3945 5768 8244 2226

5.6 2094 3401 4849 6018 8244

FETUMLEY
FEXZUBLEY
—HRRSHBESMRLL

x10*

44 309.1113

(M+H)*

3.5+ n

3,

2.5+
m

1.5+

310.1148
1 (M+H)*
0.5+ 311.1217
(M+H)*
0 T T D T T Ii—l T T T
309 309.5 310 310.5 m 3115 312 3125

Rtk (m/z)
B 5. {EH MPP ID 3 #SFIZLHEE METLIN PCDL 3{#EFELE S B3 MARH—MLEWEEES, EERAMEN 97 (RAEH 100), ABEFRRESHIEL

BT
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SKRERABHUEY, ARIBAEBIERNITHITE

M, /A Agilent 6540 B854 # (UHD) HBHRE Q-TOF AR

B A 24 H3EE R LC/Q-TOF 24T H 45 & R R Mass Profiler
Professional Gt a4, ATURKAMREUARRH L EWE
A, FEYEYRENERGERRE, EHLEHNRER
SHENTRHI—EBRENRL, MELUEYNRERENL
PR, Bk, AR ERNMERFERTER KL

EEREFARELHRHGTIE,

SE 3

1.

D.W. Kolpin, et al. “Pharmaceuticals, hormones, and other
organic waste contaminants in U.S. streams, 1999-2000: a
national reconnaissance” Environ. Sci. Technol. 36,
1202-1211 (2002)

M. Benotti, et al. “Pharmaceuticals and endocrine disrupt-
ing compounds in U.S. drinking waters” Environ. Sci.
Technol. 43, 597-603 (2009)

R.G. Arnold, et al. “Direct potable reuse of reclaimed
wastewater: it is time for a rational discussion”
Rev. Environ. Health 27, 197-206 (2012)

National Research Council “Water Reuse: Potential for

Expanding the Nation's Water Supply Through Reuse of
Municipal Wastewater “ Washington, DC: The National
Academies Press, 2012

K. Ikehata, M. Gamal EI-Din, S.A. Snyder “Ozonation and
advanced oxidation treatment of emerging organic pollu-
tants in water and wastewater” Ozone-Science &
Engineering 30, 21-26 (2008)

EZER
BARINNFRERSHLMER, AR,

www.agilent.com/chem/cn
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eoe ®o.. [EFEETREMLRT- TR R
20°, RG4S F Bt = S
° . [FLTHRRHR

R AR

BRENE
& HE
Imma Ferrer #1 E. Michael Thurman IR R E AR - YITRTE R RBXA 4t (Q-TOF LC/MS) #1 MS/MS R4i7E
INERE SR ESEBERTN (ES|) EX TP =SERENEE, HREWEMBERER. QTOF
IMETRER LC/MS R4 ES| EEFHABFEATH=SERAGRFNMLE, EESFEXTR
(REZTE N BNERESEERARLBTFEATHRAE.

NP b= N Al
R, HEHIH 80309 EEETHRAT, SSRMLULHINAS (MNal BT m/z 4190038 Aol it

Jerry Zweigenbaum BEHRE MS/MS MERMEAREHMNEERET (m/2221.0187 #1 m/z 238.9848)
RERFLAT MEES, ARBFEXTUEIERFUSF (m/2395.0073 R [M-H]") . &
2850 Centerville Road it MS/MS BH = —MEERFEEF (m/z 359.0306). £/ Agilent MassHunter %
Wilmington, DE 19808 FLEMEE (MSC) RELFHFHRERETF MS/MS HTHIBEHER. MSC REEIE

SERDEABFAMNRITLR—TMERIA,

Agilent Technologies



Zk
ik

—RERBTHMES. AER. £YWEARRD. SHRHFA
REBHE I HEENARFRTAA EHRZ KD THK
fl. ZEEREAGHNAS SRS, BERESENEIEKUR
SaRkH. BRIREARERATEN ZSERHITERLE,
L, EMSEREHERMAE. ZERKNFZEAKREN
B, HEARBT T ZSREEKERE R EYRRL, X
MRS EFERNFHER (1] BTUERE, SRRk,
Tk, #RK, BAFKERER=FERNNESSETA
B @EBRAE,

AF=SERNAREYE, RESWEHETLC/MS 2. BTFE
EEZNERTF, RAREMTHSEERBNERTFES. M
FEEARNAXT=SERIMTHLXH, BNXARAREF
ZREEN (MRM) ERXH LC/MS/MS ZERRERMAE.
P, FERK MRM BFMEREEREMNEEKP=8E
W, EAEEAEANEHRRERA, ZEBEFHZAURRE
LN RRAENIRNSERETSHMELENS FH.

A IUETAE Agilent 6540 15H8TE Q-TOF LC/MS RAELES ESI
BEXATHAP=SEBENREEEE ., ANEERRS FLEHX
BHRHHEEMENE. (O FELERY (XFkHp
ZSEBERNNANAE) (2] EA—BHEENTR, HALR
T Q-TOF LC/MS #1 LC/MS/MS XFHH Z SR IR E K i
—SEREA TR,

X

FFERRENEMGZATSIHEE (DLFE) 2E L4
7HIB [2].

ER R &

=SEREME Sigma-Aldrich A7 (EEZHEMNEESH) . U
TKABFIEIE 1000 pg/mL H=SERESH, FEF -18°CT
fF. NizERKEE, BRBEARENGSRELER.

Ve

XF Agilent 1290 Inifinity ZTi&RAE &L S Agilent 6540 H5HER

£ Q-TOF M LC/MS XA 2%, RERFECHHRHRANBEE
BFE, SRERETON.

B EE (HPLC) BEE—IMER TEZH S (G4220A) B
ZRME B (G4226A), HPLC BHRFE 1.

F1. HPLC 5%

g8 Agilent 1290 Infinity ZTiRiARIL R %
BRIl (A) ZHBE
(B) 0.1% FHEKARK
B S MATRIBERA 10% A, R 1.7 2%, RE
AR EIEIE 100% A, BBfTRTEA 10 S5
pinbid 0.4 mL/min
=kt Agilent ZORBAX Eclipse Plus C18 R[4 #iHE,

50 x 2.1 mm, 1.8 pm #IfZ (E{FS 959741-902)
Hig 25°C
HHE 20 L



% 2 GHz MERREEEH 30-1000 m/z K9 Q-TOF MS R E
iEE, ARBHRETSR, #HEAL, —REEBTFEITHE,
F-REHBFEATHE, ARCEEASFEXTHR
MS/MS &, Q-TOF MS #1 MS/MS SHL% 2.

#£2. 0TOFMS 5 Ms/MS 28
e Agilent 6540 f&54RE Q-TOF LC/MS #%

HEHER RARBEBHTEANE/ AERES TR

REEE 30-1000 m/z (" BEZEE 2 GHz)

THESEE 250 °C

FREERE 10 L/min

HRERE 350 °C

HRmE 11 L/min

EUEEN 45 psi

HFLRIE 65V

J\IRFT S5 750 V

BB 190V

ERERE 3500 V

TR R B 1500V (ABFERX) oV (EBFER)

MS/MS 28

B#F MS/MS BEF: MMEETF (EBF) M
ERFURF (RBEF)

NBIERE FE (H4m/2)

TiERER 10, 20040 eV

RN TRRESNBSLRENSILAR (EBFEXTE
M C.H,N, B m/z121.0509 &1 HP-921 [7X ('"H,'H3H-B AR KSR
)] C gH,g0,N,PSF,, B m/z 922.0098, MRHBFEXT
HIEH m/z119.0363 FEEKREREMEH m/z 966.0007) .

SAREREBYABENTREY, NRYEREEE 2 ppm, I
FRENRAENE.

BigEa

XH Agilent MassHunter T{EIREX440I2 Q-TOF MS KIFEHRE
1 MS/MS #i#E. (R Agilent MassHunter £ F&#5%E (MSC)
B, LHIMRESEF MS/MS SHREIBRRER,

SRFE

Q-TOF LC/MS G ITER

1 FRAER QTOF LC/MS R4 ESI ERBEFER TR
BH=SEEERRLE. EABTFEXT (B1A), Z8E&
BAFERRT. BBEFHERRE m/2395.0073 MEE (RE
HIRZE 0.0 ppm) . m/z 397.0045 #0 399.0018 BFMNMRE
CI-37 B R = K&,

EEBFHERAT (B1B), ZSEBAFRNEETF, BERNTE
HFERRRE A m/2419.0040 BT, WEHREHEEREHRR
2 m/z419.0038 1 0.5 ppm SEEIM. EXMEBERT, RFUSF
KR, RAGRGEGT m/z421.0012 70 422.9988 &b,

x10°
16 A HEFH
1.44
1.29
1.04
E 0.8
0.6
0.4+

0.24

395.0073  397.0045

399.0018

396.0104| 398.0073
| | 400.0047
|

| f
392 393 394 395 396 397 398 399 400 401 402 403 404
BTt (m/2)

x10°

EEFHERX

[M+Na]*  419.0040 421.0012

3.5
3.0
2.5
% 2.0+
1.5

1.04
051 420.0069| 422.0049
| | 421t.0026
416 417 418 419 420 421 422 423 424 425 426 427 428
R (m/2)

B 1. {£H Q-TOF LC/MS ZHERFIFES BEFIER (A) EBEFESR (B) THH=
SHEBENEE, BRETRTNENERREEY., AEETERXT, =
SEEEMMEY [M+Na]* BT m/z 419.0040 LELIRY, #H
BEFER TUEEE m/z 395.0073 LEIEBEFHSF [M-H]-

422.9988




HF=SEESTERERT VEMIRERTFIH, BUHF
HRMNETREIT PR, IHBREXATRAMIBEL,
TERELN, BARTHRAMSHRE (WRETHE) LH
HEEBENEXMET (2], MTWINEYR ESI 547, X
SRERE, FEEFER ESI EBFRIALEN=SEREMEZ
T,

2 BRTIES ESIQ-TOF LC/MS BRGS0 HT = KSR RS
FENER, EBTEATRENESEEXRAZABTELT
WS, B, CRILEERETAEFEXTHERIL, BAE
SETHEERIK.

3ERTEE QTOF MS/MS {E=SERNMA YRS (EBF
BK) MENEREELE., RERMHIRE: m/z221.0190
#n 238.9853,

HETE MS/MS BRIER

4 BRTHERBT MS/MS FHENNBHEERE, FESFHE
AT, MMEN=SERSFARATMER,, XAMERY
RETHEF. MEFIBIZASFHEEERARER. W
18 m/z221.0187 71 238.9848 BF, HABFEATHN, =
SEMATBHEKT HCI, N3RS m/z359.0306 BF. XA
Q-TOF HHRENERAT MSC HETERBIAMLFEN,

A fiEFER B EEFER
=S Mma
OH
0 cl
S
cl o)ﬁ\;m
H OH OH OH
C,H,CLO, C,,H,,Cl,Na0,"

FBHREL: 395.0073 FERRES. 419.0038

l —HCl
OH
cl
0
e /
0 cl
OH OH

OH OH
C,H,,CLO,~

1221777278

FEHRREL. 395.0306

OH
OH 0
a Na+ g cl Cl Na+
0 0
¢ cl H H a
H OH OH OH -5

)

X

ESI+ LC/QTOF-MS

AESI—
34 5 6 7
R EERTIE (min)

B2 {EH Q-TOF LC/MS EZAM=GEE AR, HBREEREFELTA
FEMEEHE

i iz

1 2 9 10 1

x10°¢
3.2

221.0190

2.
8 238.9853

26
24
22

1.8

=
1.6
1.4
12

419.0040

+

0.8

0.6

04 203.0081

0.2 182.9963
163.40156 Lol 255.0165 290.9907 341.1202  383.0278

"140 7160 180 200 220 240 260 280 300 320 340 360 380 400 420
BT (m/2)
B3 Z[EEANEYNEREE MS-MS B8 (EEF#EL)

FHEER

OH OH
C,H,,Cl,Na0,”

610

TEHRES. 238.9848

OH
Na+
L 5 0
hEER
a OH OH
0 C,H,,CINa0,"
C HERREY. 221.018
0 OH

B 4. RIBEMFHIIES B FRERXT MS/MS X =SERIIRARE, RHET THEREY



WNE 5 FE 6 R, HEEEAET MSC HE#HITHR. 254
BERLEWH MS/MS BRBFRBRE 52U N HFEN—
I SHEN S FEMBETRE. A, BT "REMBHR"
Fik MSC B2 EMBRN & MR B FERRENRE,

FEMNE MSC HHEHERERE MS/MS fEHRERHEE. B
BUEMHS TR, UREENAYFEN. BRATUFHEAS
FRILEN, IENTETENS FAPERRETRENEHN,
1&iEmAF 2 MSC ERBIRE MS 1 MS/MS ERITERH
. %S, MSCBERMENSFX, N mol X, sdf .
MassHunter L §¥1%#EE (PCD. PCDL) = ChemSpider (&
HEEM) RE—M RS TRENEN, HRESMELEHS
MS/MS i& BRI KBTI S o

BT MSC HE BRI ERENMEEF, REELELHIRA
TEHIER LN =GR, EEHRmE s (b ERR. &
FEFEREREN. ERANNRES, AEARHMNB—1T
BRTUEN m/z221.0189 REH, EXMHRENNEFEF
g,

MSC R4 H T T REEF LN =SEREN (B6) , &R
AMEAHED, ZSEEI FHRYEESFTERE m/z 238.9852
BRBETFAE—TTRENEN (BREHEAHRETNECRE
BT .

Compound fommia

) -

Compound formula: C12H18CI3NaO8

Structure Seerch

M =417 9985; 6 formula candidates from MFG [ Parameters | cnan%abh,.ﬂrou

10 Fomda lsomers TG; dMippm)  EMppm)l Froduct ChamSpider (Web) = | Ga |
N cowomeos o o | o1 01w
: 2 CIZHZ1NaD1% 0 [] 32 12 a5
3 3 C1BH1302N=06 0 0 52 52 100
4 4 C1GHTNa 01D 0 [} 8 2] 90 =
5 5 CIZH1INaD15 0 0 73 7.3 3
3 & C25HICIZMNa0D ] 0

Add Qnuchee Fragments of structure #1 — elucidated: 86.7% ions , 99.4% Weight
—— | Mass Intensty Weight(i} Mo cfcendd  Best score
o ][ 5ot 1 2309851 50383 32 566 11 973
- |l =iose  gescetz | 19 s
: 3 2030082 7326 16 T 85
Standard InChiKey 4 50288 133776 00 7 06

5 2009892 2128 02 5 749
B 1850421 215 02 2 %5
7 205744 1.4 05 2 TEE

KJMZLKSPWHEFOI-
LMUDZIKSSA-N

Scors: 9124

198.9918

23 s 30 :\\' _ 7
O \, o 8

3 o ¥ “""'fj Ne msc | seve |[Deme || || 2 54453 02 G w77
E\\ = L

Fragment formulas for C12H18CI3Na08 - e - v
otensty 0L el dMippm} 121.0085 26787 00 12 B
B CEH 10012 Ne04 13 182.9559 25745 o1 3 "5
2 CAHICIR04 50 1% 180.3815 24750 01 3 54.0
) CEEeCs a0 St ohKey: Penaky=110 M= 4oom Scowe 596 01 Pen
4 04 «\' EHEETICID CEHIBCINaCSH =3
5 QZH1EN07 103 LIUDGIRSS AN
6 CEH10005 105 . L Scom: 3470
g CIZH14NS05 10 - o N “‘.::."Q' N [i5c | 5ave ) Dome )
s capno2 46 : SN S 112 Ho
n CaHENs02 3 - -
1" 1IN0 26 \'
12 2009838 kg 1 CEHTCINGOS 135 C'\\
12 1850421 ms 181 EH10Ma05 43 0
" 1850421 2151 16 CH15M=07T Az
15 2205744 75104 147 C6HBO 03 46 -
1 3784 1 O3H13Me05 05 e ; %o
7 A
3 198598 Bu53 12 CEHBCE03 26 8
L] 1630149 63513 125 CEHEOO 45 D\
4 1630143 63519 125 CaNIONa03 102
1 1450053 23524 058 CEHEOOZ 18
14E0083| 28 088 CAHTCNEO2 ErY
1 121005 %787 053 CAHED02 m
2 1829959 25745 050 CEHC1202 83 Peratye6 0 &Me D dppm Score 875 T Glorz e
* 180.9815 MT5) D43 CEHAC02 14 CEH12C0IN2O5H CER

E 5. BT MSC AT FHEEIR L= SRR S FREA



[Aau | = LOmMpouna rormula: L 1£0 1sLlsNaJs
. = | [ Sucium Seach
M = 417.9965; 6 formula candidates from MFG Porometers | CompatblessTotal: Add Structure Fragments of structure #2 - elucidated: 86.7% ions | 99 4% Weigt
oy = 01 - Sanby Maes Intenaty Weight[) No.of candd.  Baet pcore
o ome bores (%0 quppm)  eMpemd  Prodct || CremSoicer (k) - [ | —| ) o e w6 =
¥ 1/CI2HIEENa08 0 0 21 01 L] - 2 DB 4352617 U0 18 854
2 2| CZHZINED19 ] ] E¥] EF] 85 3 203.0082 T 16 7 %5
3 3 CISH12Na06 ] ] 52 52 1] Senderd iCHlHey: ! 4 50288 1237.7% oo 3 06
] 4 CI9HNADID ] ] 58 5E 0 - KIMZLKSPAWHEFOI. 5 200583 2328 03 5 749
5 5 CIZH1INADT5 0 0 73 73 E . \' e ) [ 1850421 2151 02 3 w7
3 § | CZ5HI2MG0 0 v 258 25 £ ~ - "\‘ Score:  91.24 7 204784 75114 05 4 85
F " v e I ‘w"@ o W][ﬁm ] 1985918 64451 02 7 97
H . 10 1630148 EI519 0.1 17 925
Fragment formulas for C12H18CI3Na08 S M. K 15008 o2 0o ® o4
e ety 00T fomnula dMiper) 4 2 1210085 %747 0o 1 B4
[ TRl sosease|  0000| ceminozns0s a1 1 1823853 25745 01 3 515
2 289051 | 5038332 10000 CEHICI04 30 14 1805815 24750 01 3 540
3 289851 | 5088332 10000 OFH15M=06 03 wmﬂ.,:z Penatys10 cMs-1 Tppm Scores33.4 15 01 R
4 2210188 | 4892617 9597  CEH110Me0S 204 e SONGWEFZTICHAR. CEHICIZNACHH <
5 2210188 | 4892517 9597 OFH1EMs0T 03 \1 LMUDGUKS SAN
5 2210188 | 4332617 3597 CEHI000S 05 - . Seore; 9470
7 30082 37TAE 740 CEHIOMa04 02 | /Q W L
8 30082 37TAE 740 02H14Na06 N0 b - TS o )
3 50288 12977 262 C4HEOZ 45 i q [} ns s -
10 50288 | 1977 262 C2HENA02 323 R
1 2009998 82328 161 OZH12Ma06 5
2 2009998 82328 161 CEHTONA04 135 a
3 185 0421 821.5 161 CEH1IN05 a3 \'
" 1850421 82151 161 CH15M207 122 .
1% 209744 75104 147 CEHBOZN=03 46 - - .-\
% 209744 75104 147 O3 13IN=05 105 0.. «
7 5,005 00,03 3 P
@ 1985918 | G441 126 CEHECIZ03 25 o" on
19 1830149 635.15 1.28 CEHEOO3 48 /
20 1830149 83518 128 CAHECINZ03 02 '
2 1450053 20524 058 CEHEIO2 15
2 1450053 20524 058 CAHICINZOZ a1
2 1210045 26787 083 CAHETIOZ 48
2 1829959 26745 050 CEHECI0Z 23 Penaty=80 cMa9.Bopm Scores69.0 T
® 1809815 24750 043 CEHTCIR02 14 C8H14CI2085H a

E 6. BT MSC AT TR LRI = BRI S FRE A

7 FIRAGBEFEX T=SEREN Q-TOF MS/MS iERBl, m/z
359.0307 EFRREKXT HCl, EERLAYHNEIERRETF,
m/z231.9874 BFREFEHMN=SEEEL.

x10°
14

13 231.9784
12
1.1

0.9
08
By,
= 06890137 397.0038
05
0.4

0.3 .
141.0166 217.0019 359.0307
02 187.9882 313,951
01 101 -?249 161 .0464L 254.9333 338.2438“
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& 8 Fi"A m/z 359.0307 R BFH) MSC SHT4R. AL
#5ZEK HCI#8F, ChemSpider FRIF S &S = KERENEN
WA A, £ MSC RGP =SEREEERGELILREER
a%irﬁk@ﬁqﬁtﬁu_nm, MARRRSEELHITHE (B8

I EE

Compound formula: C12H19CI308

Structurs Search
Compatbles/Total:
((Parmeer | GRS

ChemSpider (Web) - | Go |

Add Structurs

Sort by

rsnceVISLﬂl

1
Etandzrd InChiKey:

BACAVOSIZGMPRM-
QBMZZYIRSA-N

Score: 6433
More Info ..
[ msc || save ||
ChemSoider: 54561

Delete

2
Standard nChiKey:
BAGAVDSOZGMPRM-
UHFFFADYSA-N
Score: 6439
Mare Infa ... |

MSC || Sawe || Delete

ChemSpider: 4243140

3
Stand=rd nChiKey:

BPCOIESVOZIMHG-
UHFFFADYSA-N

Score: 6356
Mare Info ...

[ MsC || save || Deete
ChemSoider: 2R302

B 8.
(RLF) (BAERX

Fragments of structure #1 - elucidated: 43.3% ions , 66.1% Weight

Mass Intensity Weight(32) No_of candid.  Best score

59.0137 5367.83 00 5 .1

Iﬂﬂﬁllﬂﬂlllllﬂlllﬂ..ﬁ

141.0166

I6ME5

516

54.0
5.9

395.98 0E 1
32452 0o 5

12 230.9800
14 1010245

Perity=20 dM=0.3ppm Score=985 1
C12H20C1208-3H

©6F 1 Penzlty=20 dM=L.%pm Scoe=385
C12H20CI208-3H

=]
-m® T
=]
-m® T

HO —

cl cl

OH Cl OH

ﬁﬁmmcﬁﬁﬁ%%ﬁf?ﬁﬁ%ﬂanwmwms%@ L% ChemSpider Y, FTELEMNEAER., BESEXBHEES (5£5) HF, ZIERLEF—



&k

Q-TOF LC/MS #%i# ES| EBFHABFEA TN =REREF
RIFHIMME, =SREBEEESFREXTRBENNNENEF.
MERBFEATEZERRT. EBEFEXTRENEEKES
BEXARDBTFEATHARG. ENXFRkP=SERRNA
EFHAEERRANES, R =2 MR LC/MS MRM ik,
EEBFEAT (ERARAERPETHANEF) RGH
SRRGESTFRBEFER 2]

AEF—HMmMEY ESI HiTRE. EBFRX THRAER
MEMRESEE MS/MS BE, FiF-ENFHMFTERRER
FURTHHBEE=SEE. MSC REERBBA B FEMI
RIPERBHMIA,

Sk

1.

A K.E Wiklund, M. Breitholtz, B.E. Bengtsson, and
M. Adolfsson-Erici “Sucralose — An ecotoxicological
challenger?” Chemosphere 2012, 86, 50—55

I. Ferrer, J.A. Zweigenbaum, and E.M. Thurman
“Analytical Methodologies for the Detection of
Sucralose in Water” Analytical Chemistry 2013, 85,
9581-9587

RNESHIES

FUHERARANER, EXRIMNERERENFERER,
BEIHEEATRIMIE: www.agilent.com/chem/cn

www.agilent.com/chem/cn

ZREAANFAANTARFANZRARTRE. RIAERATHMENNERRER
RERFAEARE.

AXHHER. RATHAERNEEE, BRSTEN.
© ZHERME (FE) FRAF, 2014

201443 A6 B, HEEIR
5991-4066CHCN

Agilent Technologies



fe&

Imma Ferrer 5 E. Michael Thurman
Center for Environmental Mass
Spectrometry

MFREKRE

HRE, BEHZ

%E

R F s 70 3 B 8 8 28 X EA SR 4 cm B AR R
EARATON

NAHRE

s

=z

SrTEHEELERATRHE LC/TOF-MS #1 LC/QTOF-MS B #, MNMLXHESEH
e, STERETIEEZER Mass Hunter HEERSEXEWHNFR. KXHIZ
THHBRNIMEKE CRAEBKEBSENEERT) Hof. STRRETR
RN EANEESNIE, TRATHENETEPERERNH.

518

LC/TOF-MS #1 LC/QTOF-MS FEKHEXHESEHTIBEFHER, FAAIEAR
HLLLE, ARERRGEREAMESREMSNEEFEEN. EENARES,
BINNATEHN—MEMTIE — SxERETES. FERANGY=RTS
B, ENREZMNHESTNE. HTFETELSF CI35 CI37 AMEMAER, FEkE
BANGEFHFAI = EAHE N A+2 EXHEMZEE, K, BT C137 BERME
RESH, NIEFFHETENLETTEENES (1. E—MULEKEFHAIFATI
P A+2 #1 A+4 BERXBEMEE, X—HFESMEHE, —RETARLEBPHTER
2, WFEKUESYNETIETXE (2],

EAEAHRESR, RINZE MassHunter RESH, EHEBHEZIMEKITRAMRK
KEHEXHPERSENEYNA TR, 15, BIREAREE—MHEESR
REYRENRRER, FRLSUNER.

leht, BRRAEEFRMEREUNZHREEFHTRERINEN, STRRETIER
AAMBETRE R RAT d BB, WRAZBHRAREWTRAMKE,

Agilent Technologies



IR RIF

EE—3 Agilent 6200 T 6500 RJBEHRERILN, HTH
FREGZAMATEREET S, RINMER 6220 REUKEA
HRAPAMOEE G, WRAEGKEEABTRERE
FEREAKGENEERT. HEXES d B, TEEEA
MassHunter SEEHEEFFTREHITHHT. FIE 6200 I
6500 ZJHEHE R 2 Rk (U9 7 R B % E M 2 a3 1T 808
.

ZERE5WE
MASTRRELIER

STEREBTERNERSNG,
HERBHR d X,

SR REREEE, EEESMMRGEPITFER d X4
®mif <Find Compounds Menu> (ILE 1) , #TF <Find by
Molecular Feature>iEM, & E1H 1 & & kA48 BAR AT EGE
GREF. FTFUEYTRSER, REMNENEEA 1.5%. £
MEEH 10000, MFREEFEXEVHNE, HNSELTR
BE. SR, XL ETHEERELMUENEHEIEEKTF
HTRE, X=TEEAUNERERERHTTR, HATES
FAREEEAA SNSRI EiLEE,

HEEERBENEBETME, 8 +H 0 +Na AHEEFRE,
RBEFEEA H, REUNDF (BiLER) MESIFERMEX
F 1000 BESEE. B, HEETHEEERELERUSESS
MERREZHITHE, <Charge State> i&EH 0.0025 Al 7 ppm
MigE R, EMREEREEALTENENS T, BERSHE
BIRARRIZEAT. <Mass Filter> 1 <Mass Defect> L E
&, <Results> REHIRI EIC, XEFMEUEY. HMRE
BINER, XEGEFMXHEFE “Molecular Feature” EET
MSEEIETT,

F—FEEETAEREI NN

SR 2. SEME 1 P REELATEREARETT “Find by Molecular
Feature” 12F, ZBEFTETE 4 XHEMAENSFHEEXE
FiHTHE, NRAEEFAMEEF. ZEFTEERRSE
FEEARE, MAAENRAENLED.

ﬁ\‘ =T = -
+ Chromatogram i = S Fi = -
S Spestran é_j\nv‘-%vl Method Ttems ~ | (= @
+ General ~ Mass Fiters MassDefect | Resuts
T Evtiaction on Species Charge State Compound Fiters
[Fri 5 | Height Al
olecular Featu
iy e Relative height >= [1.500 %
2.ind Compounds by Formula Absolute height »= [10000 couts
2 fCoaeotxds [] Limit to the largest 700 | compounds
+ Compound Automation Steps
- B Compound location
L e R e [ Reestict rstention times to [ | minutes
+ Export
- Charge states

B 1. Find by Molecular Feature IR E

£83. IF <Identify Compounds> #EI (B 2) , &H
<Generate Formulas>, T IE 2 FrRMWEO, Hi1AEERS
EENEYREZERIMERT &0 —1SFEF (NE 2 &%
FriR) . BER, AGIPGHRTS 12 MREFHEEY. B
ANERTREAESESRFHUEYNSH. B 3 BRT
<Limits> T <Charge State> BIfIZE, WiZEFSERFH
DGR, BEEFZLSH,

| |1\ 11 | South Mlatte Hiverd| 211 ¢
i 54 Method Explorer: Imma_ChlorineForensic X || N ﬁl [ SounPlateRverd] 2121 i
- A.l__ —
'+ chromatogram = |HE7 N i x
. Snectxua HE A I R kb--\ Methad Items = | (= (3
'+ General Allowed Species | Limits | Charge State
== B s 8
# Find Compounds Element Miimum Masimum | i
* Find Compounds by Formula " 3 g g 1530
~ Identify Compounds o 0 10
~ N 0 10
ich Database 5 0 1
Search e Mass Library cl 1 2
[Goneccs Famus % | \ ‘
+ Compound Automation Steps
+ Worklist Automation = ‘ v

B 2. Identify Compounds F Generate Formulas #Uii% &



i [Z7 Method Editor: Generate Formulas x
L]0

Allowed Species | Limits | Chargs State

| ()~ Method Items ~ | (= 3§

Limits on input masses

Maximum neutral mass for which formulas should be | RN 7‘
calculated: .
Limits on results

Minimum overall scare | 50.000 ‘

Maximum MS mass emror jS.DDDD_\ ipprn v
[] Require DBE from o | to | ]

[] Maximum number of hits ‘

B3  HERTRE

EB 4. BETEESEFSHA “Generate Formulas” F. RiE
S8 2 v ST HHFMEBTEERLEUIFR, HIEERE
12 M8 EFHAFR.

£ 5. 77 <Search Database> &, S i <Search Criteria>.
B 4 FrRIEFE <Molecular Formula> £1, EHI{FEHREER
NERSERSFARENUEY FREE121MEEF) .
T—EEREE, XBEGXNILEESRGBIEE (B 5) .
EBZENT: FABTFREA +H, BEFEH -H, Search Results
B AT H, Peak Limits I8EA 5, Search Criteria i B AREH
5 ppm. XEGERREIRFITRUEVHEE. FEHIEE
W T 7500 ZRULEY, EESAYIKRA. SELAWAN
Z|#:F MFG Formula BN FXEMEH.,

(5] Method Editor: Search Database x
i (B) Search Database for Spectrum Peaks ~| (3} | 41~ ¥ | Methodltems~ | (5 3§
A Search Criteria | Database | Peak Limts | Postive lons | Negative lons | Scaring | Search Mode | Search Resuits
Values to match

@ Moleculzr formula A

) Mzss
() Mzss and retention time (retention time optional)
(") Mass and retention time (retention time reguired)

Mass 5.00 ppm

Retention time  |0.100 minutes

B4  RESFAREREFFH

|Z] Method E ditor: Generate Formulas X
Pyl @y | (v Method Items + | (5 3§

Allowed Species | Limits | Charge State
|zotope grouping
" 1

Peak spacing tolerance: 00025  méz plus l 70 ppm

|sotope model: | Common organic molecules v |

Charge state

Limit assigned charge states to a maximum of: ] 1|

[] Treat ions with unassigned charge as singly-charged

N\
5 Method Explorer- Chiosine Filterm W\ AL Ch Resuls [ {55 S; shcat | |
+ Chromatogram i W Method Editor: Search Database %
% Spectrum i (b) Search Database for Compounds ~| () | ¥ » ™ | Methodltems ~
- | Seaich Ciiteria| Database | Paak Limits | Posiive lons | Negative lons | Search Resuls|
Database selection
Ls Database path
 Find Compounds AMassHurter\PCDL\ForensicsTox_AM_PCDL.cdb Thsma]
N | : Find Compounds by Formula
Compounds

| Search Database
Search Accurste Mass Library
Genersate Formulas

+ Compound Automation Steps

# -.rkﬂmﬁl

+ Export

B5  (ERKET75008 1L &% ESIEER Search Database 27

SR 6. 1Z1T Search Database B2 . ZEFUEFREITHER
TR 4 PERNFAES TR, MREUEMHS FERHEET,

MABGEZUEW—MERKETR, MREAEUSFATER
EER, WREREFZULEYH Name EATH. EXMER
T. HESSUEYREENS FRASHTEE Molecular

Formula Generator =1,

SR 1. T0RE. RESFBEUTER: KEWIRE. RERE.
FiELEYHRE. & (MREBEEFTRERE) . 27X
£/ (MFG) TESFRX. MFC RERBEER. BBESTF
X (DB) #IDB REFHEZER. WAERNKRNRENE 6
Fi7R.



Qualitative Compound Report
Data File South Platte River.d Sample Name
Sample Type Sample Position P1-C6
Instrument Name Instrument 1 User Name
Acq Method Multiresidue_Pestticides.m Acquired Time  §/10/2009 7:09:22 PM
IRM Calibration Status DA Method Chlorine Alter Automated.m
Comment
Compound Table
G Dift
C i Label RT Mass Formula MFG Formula (ppm) DB Formula DB Diff (ppm)
Cpd 464: Lamotrigine| 13.641 255, Lamotrigine _) COH7 A2 N5 C9 H7 CI2 N5 0.54 COH7 CI2Z NS 0.54
Cpd 499: Ketamine| 13.858 237.0923| Ketamine CI3HI6CNO CI13HI6ANO -0.89 CI3HI6CONO -0.89
Cpd 637: COHIOQO N| 15.265 167.0502 CIHIOCIN CIHIOCN -0.39] COHIOAN
Cpd 640: C1I3H20CINO| 15.266 2411233 C13H20CNO CI3H20dNO 0.33 Ci3H2dNO

Cpd 735: C19 H27 A N6 02 S 16,37 438.1611) CI9H2Z7 N6 O2S CI9H27ANB02S -1.36 CI9H27 N6 02 S
Cpd 775: C14 H34 CI2 N10 02|  16.768 444.2245 C14 H34 02 N10 02 C14 H34 Cl2 N1D 02 -0.5 C14 H34 42 N10 02
Cpd 889: C1I8H29O N203S| 18.264 388.1583 CIBH2CIN203S CIBH29CIN203 S 1.18 CI8H29CIN203 S

Cpd 1015: Losartan| 19.635 422.1629| Losartan C2HBAN6O CRHBANGO L7 C22H23AN6O -1.7
Cpd 1137: C18 H29 N2 06| 21,105 436,1439 CIBH2QCON20O6S CIBH29CIN206S -0.9 CI8H29CIN206S

&l
Cpd 1159: C28 H41 N4 02| 21.311 500.2929 C28 H41CI N4 02 28 H41 A N4 02 ~2.1 C28 H41 CIN4 02
Cpd 1194: C18 H33 €I N2 04 2164 376.2118 CIBH33CINZ 04 CI8H33AN204 291 CIBH33CIN204
B 6 TR EEHEEREERNEKF—F AR R E [3].
= = Ky 2 LA >
$& 8. 0A/0C ATHE. &G, PMARBLEATHGZER  [filMsSeectumfesuts

HEREHEY. Z—FSEEATRAHSEREMENERLE T

oo 3 QEW L0 c  ~[mPE% B

{E'%\#&_Xqiz%_?mEME%H&TEI%*#?EG 7 y\]—ﬁ\Ei‘:Wj‘i&E %105 |Cpd 202: Lamotrigine: +ESI MFE nge‘;l:i:;“[BSSd-w 813 min) Frag=190.0v South Platte

KRNSROBERE TR THESBNE, ne=se | | &

—MiERss, EEHRPHEAY, REMEXH 13.4 min (3], M N

EMEFREA m/2256.0150, FERH A+2 1 A+4 BIfLZIE 351 i

$HE, FREHFH m/z258.0121 #1 m/z 260.0092 . EEFTE Y

BHAW A+2 F1 A+d REREREHRR SR, FEwR E

MRETRAAE -0.0029 1 -0.0029, XEEFFHITIERE 151

-0.0030, EAFHEERINESRFNENLEE [1]. Z—FREK W oy

RERESRBUANLE—S, FBATRE. BANTAE | 11

BBETRNKEBFRE, EAREEE—ERFEEMAREE SO I T
S : R /3 A

MAFR., EZOWESHETHERMNEG S, XA%S 100 4 P —

REMARLAYIE, Hh 20 M ERIBEXMRE SRAMEGC RS
EHESRTE,




EX 20 1M TRENSFH, §151MBFERENES, ERGIE
FEREEFHRASTF, XCZBTREMETREHIE.
fign, B 8 ABEFGNLEN, BEZERRERR, ENRE
BfiE 18.3 min SAMBEFYE, 232 m/z H 389.1626 HIRF
UAFH m/z A 201.0466 HERBET. ZARERHE. BiE
ERRMERBEFRA, ERXAETERETRELAMNET
BABRAEFHHESUDEZEN. FRENBNETER
EREREAHERATHRASENEREREEERMURINER
RaHT.

&b

FiF Agilent 6200 %515 6500 %% TOF 3 Q-TOF HBHEE
LC/MS, KL 5.0 R MassHunter €244, BiESTER
ERERTENFEHFEES 12 MSRFHLEYE MS #
. INMERTNEE AR EEEHEHEN R TR AR
EHELER. INATEIRSFAKTE. BEER Worklist
Automation EIR{ERE F BEIIEIT, REHITAL aC £E.

S

1. E.M. Thurman, . Ferrer, 2010, The isotopic mass defect: A
tool for limiting molecular formula by accurate mass:
Analytical and Bioanalytical Chemistry, v. 397: 2807-2816.

2. R.M. Smith, 2004, Understanding Mass Spectra, John
Wiley & Sons, Inc., New York, 290p.

3. |. Ferrer, E.M. Thurman, 2010, Identification of a new anti-
depressant and its glucuronide metabolite in water sam-
ples using liquid chromatography/quadrupole time-of-
flight mass spectrometry: Analytical Chemistry,

v. 82: 8161-8168.

EZER
BTRESHXRNFRIRSNES.

www.agilent.com/chem/cn

B e B 1R W 35

Cl Cl

)

Cq3HqoCI*

Cy7Hy6CIN,05*
Exact Mass: 389.1626 Exact Mass: 201.0466

0

ol

0

B8  [ERFERERE 18.3min HIHIEEFIEHF T EF



www.agilent.com/chem/cn
RERHEANTREENHRAATRE. BAEAAANFERNAERETK
REMEE,

AANBHES. RPNEARGNEEE, SRR,

O RERBK (FE) FRAF, 201

2011 £12 A5 B HEHR
5990-9431CHCN

Agilent Technologies
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Imma Ferrer and E. Michael Thurman
IR RE AL

IMETREZR

EZEMFREAF

T L % ) 1E/R & 80309

Jerry Zweigenbaum
TEERELAH
B/REAYR , DE 19808

EBEAME 0-TOF &- KA RFHE
WRESATHERRNST . BEEDN
PHRERBRERXK ?

R A E R

BT &ML

=

AR F A RER 1290 Infinity AEEIE /6540 FBHHREH Q-TOF BRBEAZENE S
WKBEPEREREZNEERHREBENS T RENSRERE . BERENRF- T
RPEREM L, BE98 (> 20000 FWHM) #{TTHARBX FERGYNLESE
KA.

=

Ay

mif

MENFEARREMTRRATRY =GP EAZANEKRE . £ 10% EANFHEK
F 10000, EEYFERFIER (FWHM) FEISHEE 20000[1]. MFRERREH,
BIBEFHNEERR 28R 25, MZFRiEMr, HEEESZ 4, BLATUNELED
HITRINEEDT 1], CENAREHATREAETNEESMEARTILER
Q-TOF A/ ERINE [2]. AT, ERBELZRM TOF AP, 10% EAM S HERE
BiHERXTF 10000 (20000 FWHM) HIREEXREME . ERER , WTHERIEEN
F4 20000 (FWHM) RIESF NS FRBREF (m/z /M 150 IEF) . KA
BN AT ERBE S BENREER 6540 FHREN QTOF B-REAZRER TR
EERPHREER . SRAHEERIIETEY , HE10% BN BEERNBT AT
10000 (20000 FWHM) EYEX

Agilent Technologies



o, EEEBRAEHKGEER . RNENEEREET, 7
ISR EHAEE 0.252 89 CH,CH, E N, [3], ZAIHFXEFF
AN REEREEMRIE (FT/MS) THERRE (4]
5. EXAHRF, SWERRTELRIEFHHMUEEEN
Z2 4], AEEENHRETEE, A m/z69 8 m/z279. £RE
R T8I 20000 (FWHM) EXHSME , EXTIYF (MF
m/z 300) KISHEMEXK . ER—RRIEM_RRLERHH
ERERENT 1 ppm, FEBBHITEANGF . RE\EKETTFE
HHER [5], AMKPRBRERNERTNRALBRAEF .

TR

ERER 1290 Infinity BENBERBEEENL, £8 01%
FE . ZBRIENEET, SEBRIEZEEYNE S
BHEikE , {#H%#EL ZORBAX RRHD Eclipse Plus C18 2.1 x
50 mm, 1.8 ym B (FHES 959757-902) , ¥EE S HTATE
A 10 min, EREBENREA 1 ppm BAK, REIFENE
K., HEERA 510 L, RAKMHE , 8 min WM 90% B E
100% A, %# 2 min, 23 10 min; B A& 0.1% KkAR
(Sigma Aldrich) , AAZH.

ZEABHREFRERROBARENEYE . HREKEER
375°C, FEKAE 11 L/min, FRESEBE 250 °C, FRSFE
10 L/min, EEEH 45 psi, EHELE 4000 V (EEFHE
X)), BEEEOOV, BERE100ZE 190V, HEMNSHEAE
MAENSE .

ER5WE

RSk PRERERNER

1 AZT BRI ERNBE ERERIEE . BERZFEBRE
BRAEER . BE_FEER . HPAMERERT ppm
RERBRAR (BRR_FEERNBERAEERE) , MEKR=
RERRKEATRRSHRAKS ; Bk, EMTESHATR
REKE . MERRER , BABKERNXZKPEE HAR
BERER. EENR, ERET, BORERERAGER
ZENEY, ANGREXRTRATKFUEGNEERHEK
[1-2, 5],

Counts (%) vs. Acquisition Time (min)

X102 | +£Si TIC Productlon Frag=1000V CID@20.0 (= > ) Sufs Mix MS-MS_CE 20 [
N TR A 0cHs i
1 =
o - AR i)
07 0 /O N
\4 [
0864 SEP
= NT N7 Tochs
2
04
HoN
031 2 e
02 C1pH15N,0,8*
0.1 EBREH: 311.0809
o |
02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5 52 54 56 _|

=

A Chromatogram Results [l MS Formula Resus |

* 1]l MS Spectrum Results

‘2w 1 QR w ¢ A v =[]l % % i 2

x

EAFETHEESR 25,
MEBEFHEESR 2,
BHE 95, MENEKRM 24
EESR 4.0, 3
6540 = FECEH
LEREK,

156.0763
20

P J

x105+EST Product lon (2.224-2281 min, 3 scans) Frog=100.0V CID@20.0 (311.0000k=1T>3. |

2180224 2451027
z

311.0805
25835

26123

|

140 160 180

200
Counts vs. Mass-to-Charge (miz)

20 240 260 20 30 3N

B 1. Z1E 6540 EEHPERHREY 0-TOF B-FHARE K PHIBIELY

2



EREBELET , =AM FEE/NT 3 min, EENF
6s (WE1) . BR-FEBENS FEFENRERRENS
WENE 1, SMSNNERERSERENRELSNE S ZE
RER, HYF—IBEFHRE . REKBRSXTERLHR
MEEEWER, PFEFETUERE 29, EZRRES
SAMEREFRENEFEE 2549, BEE 9549 (A1) .
FEEFHYPHEHRAT 10000 (10% ES ) = 20000

(FWHM) . BEREANMHE-MHEIBET . HERBTFE m/z
156.0114, WA 2, AEMNBEBRIEENBERETHSEENE
F. B, BVBEFHERRERTURTFHEEEENREERAY
HREY . HFEIMHEBF . AHEEERRKEKE 20000
(FWHM) . REBESEENCERRZ , BREERTNERE
SESENREE . FENHE, 51 m/z 156 HEAESR
HWETF, EHRELR 156.0768, RER_FEABIRHNS—F4
(A2 .

156.0766

25887
35- 108.0445

21589

218.0227

29109
|-—173.0682

26092

BRRZBEEE (m/z311)
M RFLEE

311.0807
31897
*

100 120 140 160 180 200 220 240
TREL S Btk (m/z)

260 280 200 320

OCH3 0 0
CoHygN30," \/
= HRFRE:156.0768

S@
N CgHgNO,S*
~ BRRE156.0114
H3N N OCH3 HaN

PPN

B2 m/z 156 BIEIEFHEF

156.0766

a0 25887

49 156.0113
25249

05 L

0 T T T T T T T T T

1556 1557 1558 1559 156 1561 1562 1563 1
WRLS BFstE (m/ 2)




FIRBRRENENER RIS FRABEIRE 10 ppm.

5 ppm #1 2 ppm MIBEETAL , M 10 ppm BT 10 MNTREDF
X, B 5ppm 6 MeFERX, B 2ppm 892 MEFER, FA
BitER C. H. N. 0. S#P, B3fR, WTHEBR_FEE
IE, BEENEFRNGHTESIANBUZLHER . B
FREEREH A+2 1 (B 3) ®RE, #FFEEHRTE. A
M, REIRETE 2 ppm B, THEFEERBRER RIS
FX . BXEAEMRESRRITESFANFEREETSE
LC/TOF-MS S #FHH3H 3, —MBRT . RIF—LN2HT
KXFRAMOMHERER , BREREREILERE 5 ppm. A
., RREBLEN, TEAXETHFENS TN, XM
BERHZAEH . Bk, e/ BENERRENNKDR, B
WIRREEREREHA 2 ppm LT, HEAGEHARNENHIE
E . MassHunter 348 & X LIN4E

x10°

2 311.0809

1.8

16 N = -

AN 8 -0.0028 FEEA

149 N MR RE SR

12 \\ (ESMBENSELH 3)
Ny .

084 N

06 \\

04+ 312.0832 \

02 | 313.0781
0t U | A

T = \ T T T T T T T
310 3105 3N 3115 312 3125 313 3135 314

WEES R (m/2)

B 3. Bl RERRHIRESBET T A+ F1A+2 BF, WURRHIHERE
T (3]

RO : o-TOF BRBAM LRI BEFHHHE
N,. CH,CH, #1 CO IEXMAFREHHZ 28, WEEXMT
REE I RENBERRENN _RRE SR EERAHEZ
—[4]. Nielen etal. [4] WERXHNE TENE (—HEBEH
RGIKER) WRREEL, HPEHE N, 5 CH,CH, BHEE
%, IREET 00252 RESM ., HIEHNE , EEMTHRR
EMHMERRIETUSRIENSF, NI HENFR
~50000 (FWHM) #1~100000 (FWHM) ., It5h, 1%},
QTOF ZREANETENBRERMMNETF . BRE THAR
B RN Q-TOF HURER A SR IX Mk .

REXENAR , BITERRER 6540 BHRRELH Q-TOF KREF
BE, ASBEXT 40000 (FWHM) B _RRLMEEHEES
FREETRAEMAFER . NE 4 FATRE, m/z161.1068
M m/z161.1317 ZRMFEFRREEN CH,CH, F1 N, BT
EERMARAMRERMETF . BMPUERS FRBITERNR
EERZ 00252 REBAL, MUEMEHN 0.00249, R1FRA10
PMRAEZEREFENTRNEERBERNFONF . ER
EEME , IERABFHTEHERR 0.0252, X5 CH,CH, #
N, WERIEREEE , RARER 0.0002 RELM, M 1%,
B NRESEEN , IERFEFHREBREAAR 1ppm, 28
£ 25000 (FWHM) (B 5) . Eik, RHEL 6540 HHR
EH QTOF BRBANATNERRNENATER . URHEEK
BEXTEOBENERRENRENATER . Ao BRLE
M FEFEMFEFITUERLSTEZANERAHEERE,
MENE, BERBLEEAATF 4WER., FXL, EENEH
EESET 20+10(25), 2EESH 27,

Bhk
CyqHa3N,0*
BWEEH: 329.25874

CH3
CH3 CH33
3
\@ N
2 H N H
® H
CigHiaNy" CipHy"

EBREH: 1611073 BFRER: 1611325

B4 BREHEEE (FAL) HRBRUET, ERRZABFRERRF
(CH,CH,N,) , Bl 0.0252 fF& &1



* 1. RAEFEFHRERENER

NEEFH RER
TEAR BitREN RRRER EiRE

FEF MH+ 329.2587  329.2591 1.2ppm AERZE
229 C15H2IN2  229.1699  229.1703 1.7 0.0252
229 C17H25 229.1951  229.1955 17

189 C12H17N2  189.1386  189.1385 05 0.0255
189 C14H21 189.1638  189.1640 1.1

161 C10H13N2  161.1073  161.1068 -3.0 0.0249
161 C12H17 161.1325  161.1317 -5.0

149 COH13N2 149.1073  149.1072 -0.7 0.0248
149 C11H17 1491325  149.1320 3.4

147 COHT1N2 147.0917  147.0914 -2.0 0.0255
147 C11H17 147.1168  147.1169 0.7

135 C8H11N2 135.0917  135.0917 0.0 0.0252
135 C10H15 135.1168  135.1169 0.7

119 C7H7N2 119.0604 — -

119 C9H1M 119.0855  119.0856 08

109 C6HIN2 109.0760  109.0761 0.9 0.0252
109 C8H13 109.1012  109.1013 0.9

95 C5H7N2 95.0604  95.0604 0.0 0.0252
95 C7H11 95.0855  95.0856 1.1

81 C4H5N2 81.0447  81.0449 25 0.0251
81 C6HI 81.0699  81.0700 12

69 C3H5N2 69.0447  69.0448 14 0.0251
69 C5H9 69.0699  69.0699 0.0
NEBFEX 0.0252
AR R E 0.0002
HEEPEER 0.0252

161.1068
24544
AN

161.1317
24349

Agilent 6540
RP ~25,000

T T T T T T T T T
161.09 161.1 161.11 161.12 161.13 161.14 161.15 161.16 161.17
Counts vs. Mass-to-Charge (m/ z)

B 5. m/z 161 FEFERENEMEIZFHFEF . KHER 6540 1EHEEH 0
TOF %-BERBAN TR G BHNELESHIEF, G FEFHEESR 25

ik

Bz, R 6540 BHRE Q-TOF RABARZEEFRAN
ERE (m/z 2721.8948) THIA#E (FWHM) XF 40000,
HEMtSRERENERS , MRMIBRBEFIBRETAT
20000 (FWHM) , X amTBTFRAPEBEY, M
BO% , MARBERURKPANIMERNFTESN . EEX
TINYFEEFMENAHE , BEREXTEIRFENEXK .
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%

E. M. Thurman, I. Ferrer, J. A. Zweigenbaum, 2006, & %3
BHRENREATREPIMNEEDFRMAT", Analytical
Chemistry, 78: 6703-6708

F. Hernandez, J. V. Sancho, M. Ibanez, 2009 Chapter 5,
“f£F UHPLC-(Q)TOF MS #4177k R & B HIHRE
&M, Liquid Chromatography Time- of-Flight Mass
Spectrometry, Ferrer, I. and Thurman, E.M., John Wiley &
Sons, Inc., New York

E. M. Thurman, I. Ferrer, Chapter 2, “RESH. U E 2%
MEBHRREHATFTEERMNUE", Liquid Chromato-
graphy Time-of-Flight Mass Spectrometry, Ferrer, |. and
Thurman, E.M., John Wiley & Sons, Inc., New York

M. W. F. Nielen, M. C. van Engelen, R. Zuiderent,
R. Ramaker, 2007 “fEMAREH TR ERREBCAN. BEM
T FUEMMER LA THER BRI HEMEIA DT
FRA”, Analytical Chimica Acta, 586: 122-129

0. J. L 221/8 17.8.2002; Commission Decision 2002/
657/EC.

EZER
RTRESHXRNFRUREHES , FHARNGME
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ERGHMRRECE AL
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ZERERREHL
®HEL . 800-820-3278
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BEZEA: customer-cn@agilent.com

HEZAM . www.agilent.com/chem/quote:cn
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Ralph Hindle

Vogon XREREZHERAA
Cochrane, FI/R{HIX
mEex

Xu Zhang #1 David Kinniburgh
P /RIRIEZEE L
F/RIAIEBRS REHL
FRMEKE

FRME, F/RIAE

mex

=EMRBEHRKPHRDHERSR

it
i

IRk

s

kS

ERZENRTRREAZRLS LC/Q-TOF BERHITAMAFAREL R DEER
(WHO) I MR E SR 2 B mEND AU SWEIERE (PCD), ERZAMIVERME
RATEIMAFREREHRABGESZORN, RENNTERE.

Agilent Technologies



2,

Ay

mif

MEXRKPHFENERSRTELN TIHREMARARE (1],
MEESEE (MC) RFEETMEXMATH—XEANERSE,
REZEOHRBOBIMHN (2], REESRER—HEXL
FER, THIREMIADMENMENER, BREMALR
RARBFENER. AMEXHSERE TEXLERSE, &
KEBERTREBEKNESAERE [2].

MC A& 7 HE RN, EEAEHNE 1 iR, 1877
HERFRAEHATRERN s MRBEESENLEEN. RER
EH MC 2 LR, ERZF R LESFISEEEBIERE.

F/RIBESEE R (ACFT) MR BEMHPHHE RS RHT
THEEMR, HERRERLEMN =B MURTRES S % kKR
BTN, FALAERD 8 MPREESENRER, TEERT
Kl T—#AEERLEY. ZHUEWEFS MCYR (m/z1045) 1
BHNKIEUET, BHRBEE (RT) MEES FILERER.

R EREN BRI /RIBIEFEZEF 0 (ACFT) 1 Vogon K ERR
SWMEEFRNAMAE, FIRXEHT LS REMAN &R
ERSEHETHHIUNZMULEY. R Agilent 1290 Infinity
RAEBIE RS Agilent 6460 ZENRFRRKAREERFE
T—MWIEAE, TREART ACFT 22 A XM ABHERE.
SkI5, A Agilent 6540 Q-TOF LC/MS R&NERHREL,
NmRAE (NEREMEESE HyR) HITUTERE.

FEMEESENRHIKER 0.1 pg/mL, EETF 2007 £
KRR BRAENMER 1.5 pg/L. RECCRIBHRATEER
(WHO) 3 H KR H R & 2% MassHunter REHEIE T &
52 ML EMMAN AU SMEIEE (PCD), RE Q-TOF RN 47
SEERI T HHEESE.

Glub
Mdha’
HO. 0 ‘CHS ﬁ
Adda® HN)\A/ NHw Alal
O/CH3 H3C %0 CH2 /
X NH CHS RZ
Y NH
o T
0 MeAsp3
S
HOO 0
WEERSENESEN
g #E FEB
Ala' AEH
RZ Leu? (L) =aE
R3 MeAsp® REXLRE
R* Arg* (R) EEH
RO Adda® 3EE-9-FEE-266-ZHE-
10-%E-4(E) 6(E)-—
RS Glu® KRB
R’ Mdha’ N-FER SRR

B 1. MEEEE (MC) HIEFEH

F 1. EFREEHAFEER 8 FHEEEE

REZSE R R* AFR R FHRE
LR ZRE BER CagH7aN1g01, 994.5488
LRE IR iy BRE CagH72N1g01, 980.5331
RR BER R CagH75N1301, 1037.5658
YR [l Ll CsoH7,Nqg015  1044.5280
LA =RE HEE CagHg7N;01,  909.4848
LW =RE ARER Cs4H7Ng07, 10245270
LF 1 =kl CsoH71N;0;, 9855161
HtyR BRaR ity Cs3H7sNqg013  1058.5437
“WEESRNEREHNE 1



SLIER S PEH

s 6460 ZEMRFFRRER RS 2 RSN (MRM) 25400
xR 3R,

FREA Agilent G4226A B 3hiF 2R Agilent 1290 Infinity f4H

BIEZGHESR Agilent 6460 ZBMMFRRKRZATA T  £3 ga-smgrRRRARERTEFLENHE MRV 4758

» 3 : I Y O ﬂ
ﬁﬁlﬁﬁlfo i:Z 2 EFEJ& Tﬁ(ﬁ%mﬁ:o HEEEE Baph (m/2) 3EF (m/2) HiEEER (V)
FREE G4226A B ENHHEREM 1290 Infinity RIEBRERZSE |5 995.6 1352 80
BBEIREBEE TR Agilent 65408 Q-TOF RRBR R4 & 2182 %
) , . ) 135.2 80
TS EERNMMERETZNAE. & 2 PIIH TIEEENE. £EE IR 9815 23 N
o 6200 135.2 30
F2  BIEERE B RS TR ' 2132 40
135.2 0
REBEEY YR 10455 5 8
Btk Agilent Poroshell SB-C18, 3.0 x 100 mm, 2.7 ym 2132 70
(EBS 685975-306) 135.2 70
e 50 °C LA 9105
i&ﬁ% 20 u|_ 213.2 70
ikl A) 1 mM SLERIKAER (HPLC 4) 135.2 80
B) & 20% RREMZERRK (LC/MS HR) LY 10025 132 70
BEifHEEEE 5°C 135'2 2
iR 0.6 mL/min LW 1025.5 '
BERE B (min) % B 2132 60
0 20 LF 986.5 1992 "
3.0 30 ' 2132 50
5.0 50
. 6.0 100 bR 1050 135.2 80
el 7 min ty : 2139 10
JEIB1TRTiE 2 min

A A EFRIT AR BRI AR ES A 150 VR 2V

ZEMRFRIER Y N , s

F— — B RREWREZI, FASETYHaR

FRSEE 350 °C

FRSmE 12 L/min

EUEEN 40 psig

HRIEE 400 °C HERRILE

o 11 L/min KR (10 mL) #4973 JORRRIRTR, S 5 min, B 02m
AR 4000V FHE R E TR E BRSNS,
i B R 1000 V

EMV 400V

DOARAT Y TE AR AR 1

EE B4R MS/MS

X& BKEFMEEE: 2 GHz

pict 100-1700 amu

REEE (MS) B3R/

RERE (MS/MS) A1 ks

1 %k/s 121.0509 #1 922.0098



ER5 i

EERARRESE

£/ ACFT Fitai—1m, SRENENEVMEES YR (m/z
1045) HERKEIMEREF, BEAEE (RT) TS FLE
EARER. RIEM HtyR (m/z 1059) R%H 14 amu MFEEH
AEEBE HtyR.

ATEMERNZDRAMC, BAFLT =ZENARITRFEBHIE
Bk, NIRETART ACFT S EMREMNEE, KEA
REESEOTRMEL T ERBEDRELEY. RE, ]
E(ER LC/Q-TOF FiEMERET MU LR R EY.

ER o~

2.38

Ml et o

20 22 24 26 28 30 32 34 36 38 4.0 42 44 46

SREERTIE (min)
RIERENRER

YR. LRFIRR A4 0.1 pg/L
Hih4 0.2 pg/L

WiEHiE

3 = B AR R REE A BRI S TR ARG SRR E
HAMEXREKKEAN (COWG) MERER 10%, EF MC
LR, BEMMEREA 1.5 pg/L. KFHiE$t3 MC YR, LR #1RR &
BHRERBIRRER 0.1 pg/L, Etb9h 0.2 pg/L. B 2 KA
FAEHABEILE (HPLC), 9 MC £RREERREMEE
CDWG KR ERKE TRET LN E.

B

YR 2.24
5.0

-

s A

HyR 2,33

1.01 LR 2.61

4| dm-LR

A0 A 2.90

RR

Ly 3.45

1w

g 2 A

x]%z r 450

5. ”
2022 24726 28 30 32 34 3.6 38 4.0 42 44 46

KERE (min)

B DW BN E IR ERIR AR
YR. LR#1RR 4 0.9 pg/L
HitA 1.9 pg/L

o

B 2. KB K 2007 £ COWG HUERER 10% (A) 71 100% (B) B 9 MRS £0 5 EFEILE (TIC) TH



BIRRAERRER 0.2 pg/L MBERERIREA 50 pg/L B,
6 ¥ MC KEERERE (RY) RIF. % 0.9978-0.9995 SEEIZH
(R4), RIERERREH 0.1 pg/L MESRAERREH 25 pg/L
R, 3% MC 9 RZ{ESEEA 0.9992-0.9997, WA 3 ATREI MC
LR RERMRAEMLIAPEEEREKET. EEMRYE. KK
BERIKEH 0.2 ng/LE, 6% MC KUERREERE A 84% - 121%,
RARBERKER 0.1 pg/L B, 3% MC RARESEEH 110% -
119% (% 4).

F4 REFHFEGE (EHE)

REEE MC R? ERE (%)
Hty R 0.9995 95
EHE LR 0.9993 84
02-50 pg/L LA 0.9988 121
0.9998 92
LW 0.9989 118
LF 0.9978 119
YR 0.9993 118
0.1-25 pg/L LR 0.9997 110
RR 0.9992 119

ARSI ARER 1 MESARE (01502 pg/L)

%105+

10 12 14 16 18 20 22 24 26
RE (ng/mL)

0 2 4 6 8

REMH 4

ERIER E SR BM/RAEHHKEN KD MC, £ERER
MC EF5 YR HERKEMEEE FIE, {EX RT 4 1.91 min,
ik 2.24 min, FEEUBEFILE (m/z 213.2/135.2) KIK,
MATEER YR (2%, T YR A 24%) . REEE m/z213.2 %k
ARER YR &% N-FERSHRER (MDHA) SAMEREN
¥, A, ERE HyR ZHER. Eit, ®B QTOF #1THEH
FREFSHNHE—TIEERELYHRIEL.

¥ ESEREIA 0.10-0.92 pg/L

0 01 02 03 04 05 06 07 08 09 1
HREE (ng/mL)

B3 23 {EEEHRSAKETSEY 0.1-25 ug/L (B35 0.10- 0.92 ug/L By FRESER) B9 MC LR BIEH£FIH BIFHIZ 1



LC/Q-TOF 447

M RAAEIL/Q-TOF MS (LC/Q-TOF) MASHKE MC BEFHF
TREHCH 1059.5500, SEFE-HtyR WELFRREHETE, K
EHIREN 5.0 ppm, XFE—FTEHTRAOYWH HyR ZRELF
BERIE, BIEFHRNERETADNY YR WER MR

=~
4 N

EHA m/z 135 MREESERESRT (B4) . AMBTFHNERR
RE#H 135.0804 1 135.1168, H Adda EFKAE R B EIEA
B, AMREESETHEIANBSFYRIRENE. RESH
114000,

/ \
x10% /135.0798",
1.4 /14,079
1'2 1 L
41 | |
1211.01 ! | 136.0761
Eo8 \ / 11,504
0.61 \ /
041 e 36.1188 137.0783 HO
’ 135.1158 136. . 135.0804 = CgH,,0*
0.24 14,383 13.258 14.237 9
0 L'\ L, M
%103 // \\
161 / 135.0795\,
: ;13998 -
:; | | RONERSE
24 | |
=N ‘.\ !
0.8 \ //
LN
o] ~<-135.1157 136.1185 5 4
0.2 14.372 136.0821 14 569 135.1168 = CqpHy5* o Yo
0 , .
134.8 135 135.2 1354 135.6 135.8 136 136.2 136.4 136.6 136.8 137 137.2 137.4 FIANMERSRE MS Smd B~ £HmE# Adda BF
BT (m/2)

B 4. {£F LC/Q-TOF S HTHIEEET TI Adda BETTEMR B FRFBRERSFIHIEF, BLEFE YR IAANEESEZTHRERENE



ST, EWFE, & MC YR PEERBIEESEM Glu + Mdha
BERARBEN m/z 213 BF, BiZBFERM MC PREVRE
REGE (B5), XREEXAMMCHARE YR, HIIFH Glu+
Mdha EAEFENERERREHA 199.0713 WEF (B6) .
ZEFIERM MC FEEHMEE], M MC YRIEEHEE,
XEEERM YT RH MC A dm-HtyR BRI,

==

ERMEESEEWM LC/MS/MS RIEBET 8 M EERTF,
HEEH a-h [3]. EFWAENEF (FF1h) THFEEXRM MC.
BF B RAMRES (B1), HAAAMEESE dm-HtyR
# dm-Mdha (Dha) #1 Hty, BF h & R? &%, tHATEERREN
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Introduction

Due to the complexity and variety of food matrices, a con-
stantly growing interest in food safety, and an increasing list
of pesticides, residue analysis has become a more complex
task that requires high selectivity, sensitivity, and a high
throughput approach for data analysis. State-of-the-art pesti-
cide screening requires the consideration of more than

1,000 pesticides and their metabolites. Of these, as many as
600 to 800 compounds are included in routine monitoring pro-
grams. The increasing global emphasis on pesticide screening
is reflected in the implementation of European Union (EU)
guideline SANC0/12571/2013. The most recent revision
specifies criteria for qualitative screening without the use of
expensive standards for each pesticide in each batch of
samples.

An accurate-mass approach in pesticide screening using
quadrupole time-of-flight mass spectrometry (Q-TOF) offers
more reliable pesticide identification, and allows for a virtually
unlimited number of compounds to be screened simultane-
ously. Gas chromatography (GC) coupled to a Q-TOF mass
spectrometer provides an ideal analytical tool that can be
used to screen, confirm, and quantify trace levels of both
target and unknown compounds, even in complex matrices.

This application note describes the creation of a curated
GC/Q-TOF exact mass electron ionization (El) library of pesti-
cides and the development of an accurate mass pesticide
screening workflow designed to help improve reliability and
increase throughput of pesticide residue analysis. More than
740 El spectra of pesticides were generated using the
high-resolution Agilent 7890 GC, coupled to an Agilent 7200
Series GC/Q-TOF System.

This exact mass pesticide library enables efficient pesticide
residue screening in the absence of standards. The workflow
was tested using four different vegetable food matrices:
tomato, onion, orange, and potato, spiked with 186 pesticides,
as well as 136 pesticide residues spiked into catfish matrix.
The database was supplied with three retention time (RT)
data sets corresponding to the most common GC methods
used for pesticide screening. An additional advantage of this
approach is that, if required, the same data files can be further
used for identification of unknown and untargeted pesticide
residues later.

Experimental

Standards and reagents
The pesticide database was built using standards that were
custom-made by Ultra Scientific. These pesticide mixtures

were prepared at 100 parts per million (ppm) in acetone and
methanol.

Instruments

This study was performed using an Agilent 7890B GC system
coupled to an Agilent 7200 Series GC/Q-TOF System. The
instrument conditions are listed in Table 1, and the instrument
system configuration is shown in Figure 1.

Aux EPC

MMI Agilent 7890B GC | | Agilent 7200
inlet 15 m Hp-5 MS GC/Q-TOF
Purged System

or
5m HP-5 MS ultimate 15 m HP-5 MS

union

Figure 1. Agilent 7200 GC/Q-TOF System configuration using midcolumn

backflush.

Sample preparation

QuEChERS sample preparation was used to extract pesticide
residues from five different food matrices at four different
concentrations to test the pesticide residue screening
workflow.

Data processing and statistical analysis

Agilent MassHunter Qualitative Analysis (B.07, prerelease)
Software tools were used to automatically convert accurate
masses of fragment ions into theoretical (exact) masses for
all abundant fragments in the spectrum, and to import the
spectra into an exact mass pesticide Personal Compound
Database Library (PCDL). The All lons tool in MassHunter
Qualitative Analysis Software was used for pesticide
screening.



Table 1.

GC and MS conditions

Method 1

Agilent 7890 GC and Agilent 7200 GC/Q-TOF Mass Spectrometer Conditions

Method 2 Method 3

Column flow
Columns

RT of Locking compound
(Chlorpyrifos-methyl)

Carrier gas

Inlet temperature
Injection mode
Injection volume

Oven temperature program

Run time

Backflush

Transfer line temperature
lonization mode

Source temperature
Quadrupole temperature
Mass range

Spectral acquisition rate

Constant flow mode

HP-5 MS U, 15 m, 0.25 mm ID, 0.25 pm film (two each)

18.111 minutes

Helium
280 °C
Splitless
1L

60 °C for 1T minute
40 °C/min to 120 °C, 0 minutes
5 °C/min to 310 °C, 0 minutes

40.5 minutes

5 minutes (Post-run)
280 °C

El

280 °C

180 °C

45 to 550 m/z

5 Hz, collecting both in
centroid and profile modes

Results and Discussion

GC/Q-TOF using a backflush configuration

Backflush is used in the pesticide screening workflow to

reduce background and increase chromatographic resolution
and sensitivity, while decreasing the analysis time. Using this
technique, late eluting, higher boiling substances are flushed

Constant flow mode

HP-5 MS Ul, 5 m and 15 m, 0.25 mm ID, 0.25 pm film

Constant flow mode

9.143 minutes 8.524 minutes

Helium Helium
280 °C 280 °C
Splitless Splitless
1L 1uL

60 °C for 1.5 minutes

50 °C/min to 160 °C, 0 minutes

8 °C/min to 240 °C, 0 minutes

50 °C/min to 280 °C, 2.5 minutes
100 °C/min to 290 °C, 3.1 minutes

60 °C for 1 minute
40 °C/min to 170 °C, 0 minutes
10 °C/min to 310 °C, 0.3 minutes

20.75 minutes 20 minutes

5 minutes (Post-run) 5 minutes (Post-run)

280 °C 280 °C

El El

280 °C 280 °C

180 °C 180 °C

45 to 550 m/z 45 to 550 m/z

5 Hz, collecting both in
centroid and profile modes

5 Hz, collecting both in
centroid and profile modes

A quick and simple backflush approach is to use a Capillary
Flow Technology device in the middle of the analytical column
(Figure 1). In this case, instead of using one column,

two 15-m columns (Methods 1 and 2), or a 5-m and a 15-m
column (Method 3) were used and connected by an ultra-low
dead volume Purged Ultimate Union, using an Auxiliary
Electronic Pressure Control (Aux EPC) Module to carry out the
backflush procedure (Figure 1).

out of the inlet split flow vent instead of driving them though
the entire length of the column into the mass spectrometer.
This approach reduces accumulated chemical noise due to
carryover and increases throughput. System uptime is also
increased, due to reduced maintenance of the columns and

MS detector.



Construction of the curated exact mass
pesticide library

High resolution and mass accuracy are required to acquire
the high-quality spectra for construction of a useful exact
mass pesticide spectra library. As seen in Figure 2, two frag-
ment ions can appear as one peak in unit mass instruments,
but can easily be resolved using the GC/Q-TOF.

The concept of Personal Compound Databases and Libraries
(PCDLs) is part of an integrated system for confident identifi-
cation through either accurate or exact mass MS or MS/MS
information stored in your own customizable PCDLs. This
includes the theoretical mass of the molecular ion, RT, and
miscellaneous compound information, as well as accurate
mass fragment spectra. This concept has been used to create
an exact mass pesticide PCDL for El spectra.

o A 201
H )
(N N Cl Unit mass
N N 186
50 68 HN 173
55 71 96 138 158
86 132
62 104 123 145
53 % 17
50 60 70 80 90 100 - C,H,[7CIN, CHCIN, Accurate mass
(mainlib) Simazine 19- 93.0027 93.0207
10-
08-
06-
04-
02-
92.98 92.99 93.00 93.01 93.02 93.03 93.04

Figure 2.
with the Agilent 7200 GC/Q-TOF System (B).

The C,H, 4[37 CIIN, and C,H,CIN, fragment ions are seen as one peak in unit mass instruments (A), but can easily be resolved



The annotation of the El fragments was performed using
accurate mass information from TOF El spectra, which were
processed using the Molecular Formula Generator (MFG) and
Fragment Formula Annotation (FFA) tools in the prereleased
version of MassHunter Qualitative Analysis Software B.07
(Figure 3).
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144 124.9818

1.21 109.0047
1.04
50.84
0.6

78.9938

0.41 93.0095
021 46.9944 62.9990 136.0376152.0161

40 50 60 70 80 90 100 110 120 130 140 150 160 170 | 300 310
Mass-to-chpr

x10° 124.9818

[C.H0 PS]*
141 e
1.21 260.0135

L0 [C,H, NO,PS]*

Z0s 78.9938 277.0164

3 (CH,O,PT" [CH,,NO,PS]*
0.6 93.0095

0.41 46.9944 62.9990 [CH;0,P1 136.0376
0.2{ [CH,S]" [CH,0P]" [C,H,NO,]*

12

168.9926 214.0256
[CH,NOPT* [C,H,NO,PT* 247.0375

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310
Mass-to-charge (m/z)
Figure 3. FFA of the spectrum using Agilent MassHunter Qualitative Analysis. Fragment formulas were assigned based on the empirical
formula of the pesticide residue and accurate mass spectral data. Annotated fragments are colored in green. The molecular
ion and its isotopes are colored in pink.



After the fragment annotation was performed, the theoretical
masses of the fragments were automatically calculated, and
the corrected spectra were directly imported into a PCDL
(Figure 4). The spectra of approximately 740 pesticide stan-
dards were acquired using three different RT locked GC meth-
ods to enable flexibility in the GC configuration. These were
then imported directly into the PCDL. The observed mass
accuracy of the library was within 2 ppm, and the average
error of the isotopic abundances was below 1 %, enabling
accurate annotation of the fragment ions with the formulae.
This is the first commercially available exact mass pesticide
library for GC/Q-TOF.

Figure 4. The theoretical (exact) masses of the annotated fragments in the spectrum were imported directly into the PCDL.



Pesticide screening workflow using the
All lons tool

The All lons technique applied to GC/Q-TOF data makes use
of the coelution of the diagnostic reference and qualifier ions
generated during El to ensure accurate identification. The All
lons tool is an extension of the unique Find by Formula (FBF)
algorithm in MassHunter Qualitative Analysis Software, and
is the same tool as All lons MS/MS used for pesticide
screening with LC/Q-TOF. Unlike the latter, the All lons tool
used with GC/Q-TOF considers the molecular ion in the
spectrum to be optional, and its absence is not penalized.
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The EICs of the most specific El fragments in each PCDL
spectrum are extracted and evaluated using a unique coelu-
tion score parameter. The software calculates a number
based on abundance, peak shape (symmetry), peak width, and
RT. Figure 5 provides an example of overlaid EICs for the ions
derived from secbumeton in tomato extract. All ions have the
same chromatographic apex and shape, suggesting that they
originated from the same compound. The normalized ratios of
the fragment ions to the reference ion intensity are plotted
across the RT and made available to the user for inspection in
a Coelution Plot (Figure 5). If all ions exhibit a ratio of approxi-
mately 1 across the middle of the reference ion peak, as in
this example, there is strong confirmation that the fragments
belong to the same compound.

mm +EIC (225.1584) Scan
mm +EIC-frag (225.1584)...
1 +EIC-frag (196.1193)...
= +EIC-frag (210.1349)...

+EIC-frag (169.0958)...

+EIC-frag (197.1243)...
[ +EIC-frag (154.0723)...
[0 +EIC-frag (168.0880)...
[0 +EIC-frag (112.0505)...
[0 +EIC-frag (194.1036)...
[ +EIC-frag (141.0645)...

Acquisition time (min)

o
o

—
o

e

Ratio fragment ion/precursor ion

16.58 16.60 16.62 16.64 16.66 16.68 16.70 16.72 16.74 16.76 16.78 16.80 16.82 16.84 16.86 16.88 16.90 16.92

— +EIC-frag (225.1584)...
— +EIC-frag (196.1193)...
— +EIC-frag (210.1349)...

+EIC-frag (169.0958)...

+EIC-frag (197.1243)...
— +EIC-frag (154.0723)...
— +EIC-frag (168.0880)...
— +EIC-frag (112.0505)...
— +EIC-frag (194.1036)...

Figure 5.

16.58 16.60 16.62 16.64 16.66 16.68 16.70 16.72 16.74 16.76 16.78 16.80 16.82 16.84 16.86 16.88 16.90 16.92
Acquisition time (min)
A) Overlaid EICs for secbumeton in tomato extract, with the reference ion in grey and qualifying
ions in other colors. All ions have the same chromatographic apex. B) Coelution plot for
secbumeton. All fragment ions exhibit ratios of approximately 1 across the middle of the
precursor peak, indicating strong coelution. This provided confirmation for the identification of
sechumeton in the sample.



It is possible to inspect All lons results quickly, scrolling
through all compounds in the screen, and efficiently viewing
the compound results table, identification details, overlaid
EICs, the Coelution Plot, as well as spectrum results

(Figure 6). The flexibility of the All lons tool settings can allow
the user to fine-tune it for the specific application by selecting
the desired number of qualifying ions, coelution score, mass
extraction window, and other parameters. In addition, RT
locking ensures precise identification of the pesticides.

Figure 6.

All lons tool results overview for pesticides spiked into tomato extract.

At this point, the user will have developed a qualitative
method for the identification of compounds using the All lons
technique. New compounds can easily be added to the screen
by addition to the PCDL followed by data reprocessing.

This important capability provides simple subsequent data
re-interrogation for additional compounds without sample
reanalysis.



Validating the workflow

Using the pesticide PCDL and the All lons workflow, four dif-
ferent vegetable matrices (tomato, onion, orange, and potato)
were spiked with 186 pesticides at levels of 20 ppb to

100 pph. More than 80 % of the residues were detected in
each vegetable extract at a concentration of 20 ppb. In addi-
tion, the All lons workflow has been tested with catfish, a
dirty matrix that contains a very large number of compounds
that can make it difficult to detect low levels of pesticides.
However, 86 % of 136 pesticides were detected using this
screening method when spiked into catfish matrix at 10 ppb
(Figure 7).
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Conclusions

The accurate mass power of the Agilent 7200 GC/Q-TOF
System has enabled the development of the first commer-
cially available exact mass pesticide library for GC/Q-TOF. A
screening workflow using the unique All lons tool has also
been used successfully to screen for pesticide residues in five
different food matrices.

For More Information

These data represent typical results. For more information on
our products and services, visit our Web site at
www.agilent.com/chem.
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Acquisition time (min)

Figure 7.
location of p,p"-DDT, and the coelution pattern confirms its identity.

13 14 15 16 17 18 19

Total ions GC chromatogram (TIC) from a catfish extract spiked with pesticide residues at 10 ppb. The EIC overlay shows the
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FHEXE (Sartorious, IL, US) MEE QFF LT RE, B
50 mL Z&HIR/2IR (111, v/v) & 7 °C THIER (—#) RKiR
B 48 /EF, BidiEsSR EXREMHITIEE . REMEERLE
KBRER, EAN, RTH—FREE 2 mL, BRERAEDE.
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PAH 0 0-PAH BY 45
RAYAEBLEESRIBHEREEYRTHMAE PAH,
NE 3 FrR. EHREXNER A THIEAS 100 ¥ PAH, RE
HiRE/TF 5 ppm. PREP MRM HEESSET PAH KRB
] (RT), FRZEEETH—SHICHER. MEESHERZ
B RT ZEHLAT 0.03 FHMEON. RIFM RT REL Rt
—SRETRBRENEETRERITIR, 2FRIHERS
RRBHARE P EE R PAH, XEXEWEE 10 - 28 Mk
RF.

EH, ESARFAARIYHHEEERT 0-PAH, BTHEHR
EHEEWINTHS 34 MES, B4 B RTHEEEHA 0-PAH
HREHRENSFXo%H, —LHE 0-PAH HEWRBLETT
4,

x102 A
1.0 BERRILE
- 484 RT: 25.158
=06
0.4 163.0546
02 81.5264

192.0576 E
I ' Hﬁ 0.7
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FIA MS/MsS SR & MRILEH

BitiEBEREBLUKRMUEY, WE 5 iR, NISTiEER
5x—itE SRR TREREEI.9-cdMtM-6(2H)-F, HH
FRA CiHN,0, AT, (UURER2EFRENTHRX 45
TRER, BAZYFEFHIREIXET 48.62 ppm, XRHHE
BT QTOF REHNERREEHEEN T RARSNEZREHEN
®H,

ERERRENEESH TIZRAMUEWHISFR CsH0,, HE
EHIREH 2.83 ppm. AT, RAIZSFRE NIST FugEPE
BEIRENEMILEY. 7200 GC/Q-TOF BB — KB ETREBHITHE
WERE MS/MS #4f, A FRAMNEHBNIEEENE.

C,,H,N,0 (48.62 ppm)

14 'g' V2 x10°
220.0524 c
1.0 —— 220.0524
— 163.0546
0.9 —— 192.0576
08 —— 164.0609

81.5264
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220 =
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100( g
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1= 90 164 { 0.2
= N—NH
0.1
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41 5056 b i |ttt b8t 46 B9 17T 25.125 25175
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B 5 FALENSHE NISTEELEAEYZEMFEELE (AB). BEREFHXATHHEZ (C) BAENTLHBETE—HR, %M, RKREERZE

BELTHBEZLEY, BARAFEFHIREZE|T 48.62 ppm
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C,;H,0, FREUFE NIST ik B
73.0464  EEBF 220, CE20eV 192.0566

C,.H.0]*

1478
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[C,sH;0,1"
.

6
4 164.0614
2

[C M)
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[C..H] l[

16
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[C, HB]

81.0694  95.0851 107.0849 121.1004 203.0843
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C,;H,0, (2.64 ppm)  C,,H,0 (1.91 ppm) C,,H, (-1.98 ppm) C,;H, (3.97 ppm)

A7.

[
HRHE MSC Bt FTIVBE A 1221 CioHs0, IREMHIRRE




&ik

FIF Agilent 7200 GC/Q-TOF K& HIngE (MNBEHRRELNEE.
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1. U. Péschl. “Atmospheric aerosols: composition,
transformation, climate and health effects” Angew Chem.
Int., Ed. 44, 7520-7540 (2005)

2. L.B. Liu, et al. "Development of analytical methods for
polycyclic aromatic hydrocarbons (PAHs) in airborne
particulates: A review” J. Environ. Sci. (China), 19,
1-11 (2007)
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ANEBRRE, NREASEONAITENTHRAREERE TRITE
NABEERRNXETFNENEAZ W, NERSEYREAKNLES
NEBRENSEATDHEERSEDEAFINAARETN THR
REEZHMERUFETTRY.

HENSUFEXERSNTEDETURE A FROMNRILIFTER
AL FUEBRAHTTRNELRFE, RECRRAIHENER
PHAXSERYNRRERTHATENERRATR. EFZHEIER
EMEEAHRNBEALT, RMATIENELRFENHRETLET
A5RGUREHRDERAMERREREHEER. FREARER, TMT
MHBE T R EE B RERTHNS RN,
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REEMEHRL
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Anthony Macherone =+
ZREERHEARAH

FiEEE, ARELMAZESER

FIANRRFBEFHARLARRFER

AR

By
2010 &R E 5280 ARG, HPAF=4Z_—RHEMERSIX. TEGRFD
MEFK (>1500 77) FEE (>7007) [1]. B, BIEZEREHEREER
BEEE. RMEREMY. CRETAENENBEER. ARARERELEELR
MEREE R, 15 HEREENZEE (G) REH 10% HEMR [2]. XHREKL 90% KIE
EXRRBINERT (E) 3 GEMEER. SR, BRTEFHAY. WRN—LERY
RSN, FEHBEINERER R AR,

REBEMEMEMRERNREREHBINRN, RIVERTMERBYHFREAL
FRMRFFT G BRERZM, EXE, 2ERAXBEMTHER (GWAS) HarE Mt H
2000-20000 MZidE 100 ZANEHHFRE S, HLLZT, MIFERENZINEL
BE—MEEZEIRIMEER, RETMAZHRBENEEE [3]. G EFFENRE
ERERNTEN GxE WEREARTHERSR, Bilt, BPAFL—HATRERRH
REOBES TR & [4].
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MERBEEME—SSPRELERBOEM, SN (RY. B3, RER
5. 24, £EARAMBEE) MRiREYE (AMBEDHNTHERS. SLEHK. BR
BEL. ERHRINCHEANKRS) RUEER, "WikE, FRAE—Y FEE
@, MRERENERAFHE (5. B 1 RRTREREAEALRRNERRTES
BB L.

R

ERFENRRMER

‘ BEZAE

B 1. REXAZEMERAIH

fTAMEREAR

1 BREIAE

AT AR E MR =R BRI

BEESXFAGHEROAEUEYR, IRIEFARH TEEERRIFSERENH
R, 5&E GWAS FIREERRMANER (6.7.4]. Ak, MXFERMNIRERE
WZHILFE Stephen M. Rappaport NMA TR AMEREEFRARFEREXBAHS
ERBNAMBEAE, REMAEABNEEMAAREILRE 7],



Rappaport HIRANRZAH T RAKMBHAEE 20 FHERLEDR, SFELE. M
FHEY. EERMINEYE DNA, BEtREFNBEEZAEEBFLARZEAN W
Z8, EELREAXKMMR (EWAS) REREGHEENLEIR (7], T
ARG BERPEEHXEXRUZYR, FERIETENSERIBEXEZ
B, EREXEABOGEBREITPEXENENRAERERERELNEDR
i£Y. Bk, BFAIMRIAEREN— B RERREHTRIGHESDH S
W% (EWAS), ZAFREMEDRCY, BERIMRASRMR, FAXLEEDIRE
YIRERRE-MEHXRE (EURITRE) . REWAGSNENRE (REEDF),
IURAERHE (REEWF) . Rappaport ZIRBIFZANBEREEEHNTRIVBER
% AEQHER. mREHSEH. URMAMLESTTHIEE. B 2T EWAS ME
ME KRR, BE=BRERR.

- RS E EWAS
- EFIRIEY

* RS EEHR

. Iﬂﬂﬂ
-REMEXZR (EURITRS)
- REMAEHHFHRE (REEYF)
- ERNE (REEDF)

l RONRE ' [ ERNESG | ’ MER S TR

’ BEM AR |

B2 BIE EWAS BIREA TR TE TR B ERE



MEREZL

BABRIDEE XA EEZW EWAS MEEMRERNRFELRSHS. BRE
ENSRESMNLELS. RHEAZRNESA 10-50 pL ik, mESMRFHITIE
Bt EWAS 5, BMETZiE PR EMATR A M ik 5 M # T EWARIC R B iR
3. 7% EWAS KX AT RER TEABERERIL (LC) A SHEEL (GC),
BREFRRRNRBENREAFRER CITEE (TOF) R (MS), BEERNEA
MHEE SR LN = EMRAF RIS FI SO EMIRCDHTHR. BidAGTIE S
ERRPEEENENHEE, EBERRELEMRCYSREEXNENIRCOR S
Tk

M REH

ERSRE
Mz E
B
EHRICY

= EYRRICY
EYRRICY
o TaL7] FRigH
éﬁﬁ:

S. Rappaport, Biomarkers, 2012, 17(6), 48: 3-9

B3 % EWAS AIRAREFEMIFCY (BRER) MEREYIFCY (REEE

BESRIMRELEE HEMEMBENONERRRZNRAEDMRIZY, URERR
BRI (7).



SRR

RIAE, MREREEL/ THERENARARIL/ = ENRTRE, URSERL/
KATRTERUEN . SHEEL/ ZENRTREEERTEE. M HRIIEHESEH EWAS #1
Birlt. BEENEEMANSRGEMEE VA DH, Ak, Ivanisevic F1 Zhu &
A (2013) [8] R & TIEBFRMESHTHMNE— 100 pL MFD MR HEHFNER 30000 4
IEFHERIRE N, AR R A RAERAEEIEAEKIER &I (HILIC), FEXAESFNR
BEFEBREER, HTAERA Agilent 1200 RIKERIE R L Agilent 6538 UHD #&
MR E MR- YITHERRRA RS, ZAEHATAT/NSGFH EWAS H3R.

B 4. Agilent 1200 Z 5% EEEZZH Agilent 6500 F 5 2 IR ¥1TATIE (Q-TOF) KRB £4%

B—MEXMS W ES REH Agilent-Fiehn SREBEA 7% [9], €15 Agilent 7890B
SHEEILH Agilent 7200 ARFF- YT B RS, A TMREBRBARREI MSTFA T4
MMERERY ., EEREMIERES, TERSERETED 1000 MEFENTERR
BR B (B S o e X R A A TR . IR AMSI(E R, S ERENERRER
W,



Bl 5. Agilent 7890A SIHEEE A Agilent 7200 PIHRH- XITAEI RS

—BX £ AR ERIZY T TIRENGIE, RIREEXAEFUESEEIME
NEEXREOEITCOINERRTUNEDIRRY . XFEREITH—MEXEHE
RRASTFHIHNE, FiEFA Agilent 7890B S Agilent 7000C ZFI=EM
WARIERSE [10]. RECSRBEAZEXMUNEACERKIREFRE, ATERKIK
BXET, NEBERRPEESZEDRCY (G, 178-HZFEF# 0.12 pg/mL
(4.4E7 uM) BIRE T [11].

HiE—BURERE, RINAZTEZXASENENEEFRERILREN AR EDIRC
YIkF, HAREMETE. Agilent Mass Profiler Professional (MPP) {445 Lt A%
WHARMAALIE, AFSRBEAN. RREAN. ERERKN/ L. BREEE
BFEREMHEES T, TRAREEXBFEFHTLRMT. PWARTH—TF
A Pathway Architect TE¥XE4FAEE MLEIHX EYFER.

R

EUFRRNKRT —XEENSELZYR, ENEETREEYRMAFEERES
FHFERE, SUMBMERTEN [12]. EAXEERXFANFETIE, AaEEn
P EEHERD, ERETMNEINEENSIRPAEEARMANEFAZER (HSA) REL
BEMMEWFAENERE. Rappaport HIRMINECZER TIEBRERERZE,
A EWAS [13] f—884, FFHEERLLA Cys34 4T HAS IEY), TR TFRAS S
[t %7 R HAFAE [14],
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B 6. RH ANOVA ££RH) PCA %47, Mass Profiler Professional 1RIES1HE 1/ ¥1TAT I ik ##E1ER T
TELZFEGHE
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FRAZR—MEFMAETHMELS, TRRITHRE. FESEZR. HWLE. B
FENHENZESH—E. BTEREZNRASHANMEAR (B, HENUEE. t
ERMERBMEIIEAR) MENBEERERRENMNERE, ETEFRUTHAKHE
BAPE. SRYENTEE EWAS MEEHRMNEKR., RRARROARS LA
TERVMMERAFARALEMN. BIER—EERBSFLAFER (EREF. R
A% ERAFNEERAY), ERAFZ—FXTHNARERIFBTERLEN
RERIT, FFRMELETT.
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