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Food, Beverages and Agriculture

Regarding food, water, beverages and agricultural cropland,
the increasing world population is one of the biggest chal-
lenges of mankind. How can access be provided to sufficient
and safe food as well as clean water? How can crop failure
be prevented? Can new food sources be explored?

In industrial nations, the percentage of convenience food has
been increasing. How can new ingredients be discovered to
replace existing ones regarding calories, fat and flavoring
substance in order to support a healthier life?

Food and beverages industries

In food and beverages industries, analytical instrumentation
methods are essential to ensure high product quality during
several steps in the production process, such as quality control
of raw materials (e.g. natural products) as well as their treat-
ment during and after production. Whether it is the analysis
of degradation of edible oils or the vitamins in baby food, the
quantification of food additives or pesticide residues, the quali-
ty control of packing materials concerning color and possible
contaminants or the determination of distinct aromas found

in natural products - the demands of high-throughput food
and beverage QA/QC laboratories require high-speed and
high-quality analysis.

The quality of food is not only about its ingredients and raw
materials, but also about its texture which complements
the experience in the moment of consumption. Crispness,
gumminess, softness/hardness are all important properties
which enhance the taste sensation when people eat.

Agriculture

While the agriculture industry undergoes a shift from natural
crop development to the use of biological agents, the funda-
mental mission of the industry remains the same: providing
the world with healthy products. To ensure the health of crops,
reliable instruments are needed that provide accurate, timely
data on such critical areas as water supply, soil composition
and animal feeds.

Nutraceuticals

The natural products industry has undergone a tremendous
amount of growth in the last decade. With this dynamic
growth, there has been a surge of regulations to monitor
the development process and ensure the safety of the end
product, e.g. regarding herbs, botanicals, supplements and
organic foods.

Shimadzu's broad range of analytical instruments provide

the food, beverages and agricultural industries with leading
technologies in chromatography (GC, UHPLC), mass spectro-
metry (GC-MS, LC-MS, MALDI), sum parameter (TOC), spec-
troscopy (UV-Vis, FTIR, AAS, ICP-OES, EDX) and material
testing. Based on most modern hardware and software,
Shimadzu’s systems can be used in highly regulated environ-
ments and are compliant with regulations such as FDA 21 CFR
Part 11 and GLP.

www.shimadzu.com.au/food-beverages-agriculture
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1. Chromatography

1.1 Gas Chromatography

Chromatographic separation and analysis of volatile and semi
volatile components in food, beverages, liquors as well as
packing materials are used for food packaging. Gas chroma-
tography is a key technique in qualitative and/or quantitative
analysis of food composition, natural products, food additives,
flavor and aroma compounds and contaminants such as pesti-
cides and environmental pollutants.

LAAN-J-GC-E010 High-sensitivity analysis of impurities in
gas (food additives)
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High—Sensitivity Analysis of Impurities in

Gas (1)

No.1 0

Gases used in a variety of fields, such as industrial, medical, and food, typically have to meet the established
quality standards, which vary according to the application. This requires performing gas purity tests. The
Shimadzu Tracera high-sensitivity gas chromatograph is equipped with a barrier discharge ionization detector
(BID) that permits the simultaneous high-sensitivity analysis of inorganic gases and lower hydrocarbons.

This data sheet introduces the impurity analysis of ethylene and carbon dioxide food additives using Tracera.

1. Analysis of Impurities in Ethylene

Ethylene is an important chemical used as feedstock in a variety of applications and its purity is essential.
Fig. 1 shows an ethylene chromatograph. H, (30 ppm), CO (2 ppm), CO, (15 ppm), and CH, (30 ppm) were

detected as trace impurities. C,H,
—— C,H,
02 N2
H2
co
CH,
H, co GO,
10 20 30 40 50 60 70 80 90 100 110  min

Fig. 1: Chromatograph of Impurities in Ethylene  note: with baseline correction

2. Impurity Analysis of Carbon Dioxide Food Additive
Quality standards have been established for carbon dioxide gas used as food additives to ensure that it
contains no components harmful to human health.

Fig. 2 shows the chromatogram of a carbon dioxide food additive. Trace impurities of CH, (2.2 ppm) and
C,H, (1.5 ppm) were detected.

N, Co,

C,H
02 CH4 2''4

1.0 20 30 40 50 6.0 7.0 8.0 9.0 100 110 " min

Fig. 2: Chromatograph of Impurities in Carbon Dioxide Food Additive

Note: With baseline correction



Application No.10
Data Sheet

i Instruments Used ;

(5 5 0 5050 0 e 0 50 1 D e 1 6 10 £ 1 1 0 0 0 o 1 0 £ 1 £ 1 1 1 £ 0 e o e =

Gas Chromatograph Tracera (GC-2010 Plus A + BID-2010 Plus)
Gas Sampler MGS-2010
Software GCsolution

Valve Assembly Manual Flow Controller for Purging

Trace

Fig. 3: Shimadzu Tracera High-Sensitivity Gas Fig. 4: MGS-2010 Gas Sampler
Chromatograph

The MGS-2010 is a manual gas sampler for the GC—2010 Plus. It is equipped with a purge mechanism to reduce
leakage of ambient air into the device. Using the helium—purged MGS-2010 to inject the sample gas when analyzing
atmospheric components such as O, and N, with Tracera can reduce contamination from atmospheric air.

Column Micropacked ST

Column temp. 35 °C (2.5 min) — 20 °C /min - 250 °C (0 min) - 15 °C /min - 270 °C (5.42 min) Total: 20 min
Carrier gas He

Carrier gas control Pressure

Pressure program 250 kPa (2.5 min) — 15 kPa/min — 400 kPa (7.5 min) (He)

Injection mode Split (1:5)

Injection port temp. 150 °C

Detector temp. 280 °C

Discharge gas He: 70 mL/min

Injection volume 1mL

First Edition: July, 2013
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1. Chromatography

1.2 Liquid Chromatography

HPLC and UHPLC systems are able to quantitatively analyze

substances in mixtures containing multiple ingredients by sepa-

rating and detecting target substances. They are also used to
purify specific substances once they are separated.

Shimadzu offers a wide variety of application-specific systems,
such as automated sample pretreatment systems for amino
acid analysis or on-line sample trapping for quantification of
residual pesticides.

HPLC-SEG-01
HPLC-SEG-02

HPLC-SEG-03

LAAN-A-LC-E221

LAAN-A-LC-E223

LAAN-A-LC-E227

LAAN-A-LC-E244

LAAN-A-LC-E248

LAAN-A-LC-E251

LAAN-A-LC-E258

UHPLC assay for stevia glycosides

UHPLC assay for polyphenols, methylxan
thines, sweeteners, flavouring substances
and some common preservatives as
present in dark chocolate products
Comprehensive HPLC analysis of alkaloids
and permitted additives in dark chocolate
products

Quantitation by HPLC and identification by
LC/MS for total aflatoxins in food
UF-Amino station LC/MS ultra fast amino
acid analysis system (part 2)

High speed, high resolution analysis (part
46) analysis of pre-column derivatized
biogenic amines by the Nexera SIL-30AC
autosampler

Analysis of sugars in orange juice and
grape juice by Prominence-i and differen-
tial refractive index detector
Comprehensive two-dimensional analysis
of polyphenols in red wine using
Nexera-e coupled with SPD-M30A
Analysis of oligosaccharides in japanese
sake using ELSD-LT II

Analysis of sugars and sugar alcohols

in energy drink by Prominence-i with
RID-20A
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[ Keywords:

UHPLC, Nexera X2, Stevia Glycosides

m Introduction:

With today’s growing health awareness, there is an
increasing interest in sugar substitutes in various
areas of the food industry. Stevia, the natural
alternative to artificial sweeteners, extracted from
the Stevia rebaudiana plant has just recently been
approved for use in the EU. Rebaudioside A is
largely enriched in commercial Stevia products,
while natural extract contains Stevioside as the
major component. Hence, an HPLC assay for
quality control purposes, must be able to clearly
separate this critical peak pair.

m Chromatogram

mAU
304

251

1.837 —Stevioside

0.800 — Rebaudioside D
1.738 — Rebaudioside A

20
154

104

High Performance Liquid Chromatography

UHPLC assay for stevia glycosides

Gesa J. Schad, SEG

[ Analytical Conditions:

System configuration:

A Shimadzu Nexera X2 UHPLC system was used
consisting of two quaternary solvent pumps (LC-
30AD) with two 5 channel degassers (DGU-
20A5R), an autosampler (SIL-30AC), and a
column oven (CTO-20AC). The system was also
equipped with an SPD-M30A photo diode array
detector.

Method:

Column: ACE Excel 2 Super C18, 150 x 2.1 mm
Mobile Phase: 10 mM NaH2PO4, pH 2.8 A: in H,O
and B: in MeCN/H,0 (80:20 v/v)
39.5-48 % B:in 4 min
Cycle time: 7 min Flow rate: 0.6 mL/min
Temperature: 50 °C  Injection Volume: 1 pL
Sample: 0.04 mg/mL of each compound in
MeCN/H,0 (6:94)

Gradient:

2.413 - Dulcoside AD
2.2885 — Rubusoside
3.302 - Rebaudioside B
3.509 — Steviolbioside

2.091 - Rebaudioside F
2.247 — Rebaudioside C

200nm,4nm

m Conclusion /Result

A robust, selective, and sensitive separation of
nine stevia glycosides in less than a third of the

2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 min

time of the JECFA approved assay was
established successfully within two working days.
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m Keywords:

UHPLC, Nexera X2, polyphenols, sweeteners,
methylxanthines, chocolate

m Introduction:

Apart from the well-known negative effects of any
high fat, high sugar food product, there is also
evidence of health benefits related to chocolate
consumption. These positive effects such as
lowering blood pressure, antioxidant properties,
reduction in the risk of cardiovascular disorder and
increasing the cognitive abilities are all attributed to
the flavanoid content, which is only relevant in dark
chocolate products (= 40 % cocoa). However, a
high cocoa and therefore flavanoid content comes
with an even higher amount of less desirable
alkaloids, namely the stimulants caffeine and
thebromine. In addition to the natural products
found in cocoa beans there is a large number of
permitted additives that can be added to chocolate
products to alter the taste, texture or expiry date,
like artificial or natural sweeteners, flavouring
compounds or preservatives. In order to monitor
the composition and therefore quality of cocoa
containing food an analytical method needs to
enable individual quantification of any of these
possible ingredients.

m Chromatogram

PDA detection at 254 nm

maU
350

300

Tlieophylline

Theobromine
== Caffeine

200

Acesulfam K
Chlorogenic acid

Catechin

150

Saccharin

100

€0

Epicatechin

—————

High Performance Liquid Chromatography

UHPLC assay for polyphenols, methylxanthines,
sweeteners, flavouring substances and some
common preservatives as present in dark
chocolate products

Gesa J. Schad, SEG

m Analytical Conditions:

System configuration:

A Shimadzu Nexera X2 UHPLC system was used
consisting of two quaternary solvent pumps (LC-
30AD) with two 5 channel degassers (DGU-
20A5R), an autosampler (SIL-30AC), and a
column oven (CTO-20AC). The system was also
equipped with an SPD-M30A photo diode array
detector.

Method:

Column: ACE Excel 2 C18-Amide, 100 x 2.1 mm
Mobile Phase: 10 mM HCOONH,, pH 2.8 A: in

H,O and B: in MeCN/H,0O (90:10
v/v)
Gradient: 5-85% B in 1.5 min
Cycle time: 2 min Flow rate: 1.2 mL/min
Temperature: 42 °C Injection Volume: 2 pL
Sample: ~ 0.05 mg/mL of each compound in

MeCN/H,0 (5:95)

m Conclusion /Result

A robust, fast and sensitive UHPLC method for the
simultaneous separation of polyphenols,
methylxanthines, sweeteners, flavouring
substances and preservatives in dark chocolate
products has been developed.

0ic acid

Ethylparaben

Sorbic acid

Meﬁwlpamhen

4-Hydroxyben:
Fropylparaben

= “anillin
Guaiacol
Ethylvanillin

Cuercetin

i

0.0 01 02 0.3

0.8

oS 1.4 1.5 min
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Comprehensive HPLC analysis of alkaloids and
permitted additives in dark chocolate products

No. HPLC_SEG 03

G.J. Schad, SEG

m Keywords:

Nexera-e, comprehensive LC, polyphenols,
sweeteners, methylxanthines, chocolate

m Introduction:

A comprehensive two-dimensional LC method for
the simultaneous determination of polyphenols,
methylxanthines, sweeteners, flavouring
substances, as well as some common
preservatives has been developed. Instead of
employing various methods for the different groups
of substances, this multidimensional approach
allows for screening of all the compounds of
interest in one single run, by using a combination
of two reversed phase analyses with the largely
different selectivity of an ODS column in the first
and an amide type bonded phase in the second
dimension. This online 2D approach offers
enhanced resolving power compared to a one
dimensional run by employing two successive
separations, with different selectivity in a single
analysis.

m Analytical Conditions:

System configuration:

A Shimadzu Nexera-e 2D UHPLC system was
used consisting of four binary solvent pumps (LC-
30AD) with one 3 channel (DGU-20A3R) and a 5
channel degasser (DGU-20A5R), an autosampler
(SIL-30AC), and a column oven (CTO-20AC)
equipped with two 6-port-2-position valves (FCV-
32AH) connected with two 20 uyl sample loops. The
system was also equipped with an SPD-M30A
photo diode array detector.

1st dimension method:
Column: ACE 3 Super-C18, 150 x 1 mm, 3 ym

Mobile Phase: 10 mM HCOONH,, pH 2.8 A: in

H,O and B: in MeOH/H,O
(90:10 v/v)

Gradient: 25-100 % B in 60 min

Cycle time: 90 min Flow rate: 0.01 mL/min

Temperature: 42 °C Injection Volume: 10 pL
Sample: ~ 0.05 mg/mL of each compound
in MeCN/H20 (5:95)

2nd dimension method:

Column: ACE Excel 2 C18-Amide, 100 x 2.1 mm
Mobile Phase: 10 mM HCOONH,, pH 2.8 A: in
H,O and B: in MeCN/H,0 (90:10

viv)
Gradient: 5-85% B in 1.5 min
Cycle time: 2 min Flow rate: 1.2 mL/min
Temperature: 42 °C Loop size: 20 yL

m Chromatogram

m Conclusion /Result

After separate optimisation of the two gradient
methods, 26 compounds of interest (see
compound list) with large differences in structure
and physicochemical properties could be
separated and quantified in one two-dimensional
LCXLC separation. In the chromatogram below the
2D plot the peaks separated in one chosen
modulation time can be identified. Integration



Application Note
No. HPLC_SEG 03

contours and peaks in the chromatogram are
colour coded for clarification.

Compound list
Acesulfam K
Theobromine
4-Hydroxybenzaldehyde
Sorbic acid
Quercetin
Methylparaben
Ethylparaben
Propylparaben
Catechin
4-Hydroxybenzoic acid
Ethylvanillin
Theophylline
Epicatechin

Vanillic acid
Aspartam

Guaiacol

Coumarin

Eugenol

Chlorogenic acid
Caffeine

Vanillin

Quinine sulfate
Benzoic acid
Vanillylmandelic acid

For Research Use Only. Not for use in diagnostic procedures.

Shimadzu Corporation (“Shimadzu”) reserves all rights including copyright in this publication. Shimadzu does not assume any responsibility or liability for any damage,
whether direct or indirect, relating to, or arising out of the use of this publication. This publication is based upon the information available to Shimadzu on or before the
date of publication, and subject to change without notice.
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Application
News Quantitation by HPLC and Identification by LC/MS

for Total Aflatoxins in Food
No. L43 5

Aflatoxins are mycotoxins that are extremely carcinogenic
and acutely toxic. In Japan, foods in which the total
aflatoxins (sum of Bi, B2, Gi and G: aflatoxins) are
detected at levels exceeding 10 ug/kg are in violation of

Sample 50.0 g

< (Aflatoxin standard solution)
<5 g sodium chloride

Article 6, Item 2 of the Food Sanitation Act". <200 mL water / methanol = 2/8 (v)
Previously, in Application News articles L422, L428 and

L430, we introduced examples of simultaneous analysis Shake for 5 min

of these 4 substances (B1, B2, Gi and Gz) using HPLC and } ,

UHPLC. In accordance with the test method? specified in Filration

the notification of August 16, 2011, after pretreatment (10 mL) : up to 50 mL with water

using an immunoaffinity column, we conducted

(1) quantitation using an HPLC system compliant with the Filtration with glass microfiber filter

test method, (2) identification using a LC/MS system
compliant with the test method, and (3) rapid
quantitation and identification using the Nexera UHPLC. Clean-up by immnoaffinity column “ AFLAKING”
Here, we present these analyses in addition to the results

(10 mL)

A B
of the validation. ( )Elttion by Acetonitrile (3 mL) Eltti<or: by acetonitrile (3 mL)
Evaporation by N2 gas Evaporation by N2 gas
I Total Aflatoxins Test Flow lé 01 mLTFA
. . . Leave in a dark place at room )
Fig. 1 shows the complete workflow, including sample temperature for 15 min <~ 1.0 mL mobile phase
preparation, for total aflatoxins according to the < 0-9 mLwater / acetonitrile
specified test method (HPLC or LC/MS), and Fig. 2 = 9/1(vN)
shows the structures of those aflatoxins. For processed
foods and spices, after extraction with a solution
containing an organic solvent, the aflatoxins are Fig. 1 Total Aflatoxin Test Workflow

purified using an immunoaffinity column (IAC). The
fluorescence intensity of aflatoxins B1 and G is
increased by following pretreatment procedure (A) with
trifluoroacetic acid (TFA), and quantitative testing is
carried out using an HPLC with an RF-20Axs
fluorescence detector. If the aflatoxins are detected at a
level greater than the reference value, it is re-dissolved
in mobile phase without TFA derivatization after drying
the purified solution eluted from IAC (pretreatment
procedure (B)), and identification of the contained
aflatoxins is carried out by LC/MS.

Among the properties of aflatoxins is their susceptibility
to degradation when exposed to ultraviolet light, and
their tendency in aqueous solution to adsorb to glass
surfaces. Therefore, when conducting analysis, it is
necessary to use silanized, amber glass vials or
polypropylene vials to prevent reduced recoveries. Also,
for analysis of actual samples, it is recommended to
clean the column after each analysis with mobile phase
containing a higher concentration of organic solvent
than that used for the analysis.

Aflatoxin B2 Aflatoxin G2

Fig. 2 Structures of Aflatoxins
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¥ (1) Quantitation by HPLC —Accuracy and Precision—
Aflatoxins in commercially available roasted peanuts
were processed according to procedure (A) in Fig 1, and
analysis was conducted by HPLC using the test method
to verify the recovery (accuracy) and repeatability
(precision). The analytical conditions are shown in
Table 1.

The roasted peanuts were spiked with aflatoxin B1 and
G+ at a concentration of 0.8 pg/kg each, and aflatoxin
B2 and G: at a concentration of 0.2 pg/kg each (total
aflatoxins: 2 pg/kg). The accuracy and precision with
respect to each substance in repeat testing (n = 5) are
shown in Table 2. Accuracy of 76-100 % was obtained
that satisfied the criteria of the specified reference value
in the guideline (70-110 %). In addition, the precision
obtained was 5.7-9.6 %, which also met the specified
reference value (less than 20 %).

Table 1 Analytical Conditions

Column :Shim-pack FC-ODS (150 mmL. x 4.6 mml.D., 3 ym)
Mobile Phase :Water / Methanol / Acetonitrile = 6/3/1 (v/v/v)
Flow Rate :0.8 mU/min

Column Temp.  :40°C

Detection :RF-20Axs, Ex at 365 nm, Em at 450 nm

RF Cell :Conventional cell

Cell Temp. :25°C

Injection Volume :20 pL

Table 2 Accuracy and Precision of Quantitation by HPLC

Aflatoxin B1 | Aflatoxin B2 | Aflatoxin G1 | Aflatoxin G2
Recovery (%) 79 90 76 100
%RSD 9.6 8.9 7.3 5.7
mV
104
2 M Peaks
1 1. Aflatoxin Gaa (G1)

2. Aflatoxin B2a (B1)
3. Aflatoxin G2
4. Aflatoxin B2

g
-
w
R

J

00 10 20 30 40 50 60 70 80 9.0 10.0 min

Fig. 3 Chromatograms of Roasted Peanuts Spiked with Aflatoxins
(Quantitation by HPLC)

M (2) Identification Testing by LC/MS

Commercially available roasted peanuts that were not
spiked with the aflatoxin standard solution were
subjected to dry processing according to procedure (B)
in Fig. 1, and a matrix sample solution (blank) was
prepared by dissolving the residue in 1 mL of 10 %
acetonitrile solution. The matrix sample solution and
aflatoxin standard solution were mixed 1:1, and
standard addition matrix samples were prepared at
0.05, 0.25, 0.5, 2.5 and 5 pg/L, respectively (equivalent

t0 0.2, 1, 2, 10, 20 pg/kg, respectively). Analyses (n = 6)
were then conducted using the LCMS-8030 triple stage
LC/MS/MS. Fig. 4 shows the MRM* chromatograms
obtained from analysis of the 0.5 pg/L standard
addition matrix sample, and Table 3 and Table 4 show
the analytical conditions. The LCMS-8030 clearly
demonstrated sufficient sensitivity to conduct
identification testing.

*MRM...Multiple Reaction Monitoring

550—3 W Peaks
] 2 1. Aflatoxin Gz : 331 .10>245.00(+)
500 4 ‘l‘ 2. Aflatoxin G1: 328.90>242.95(+)
] | 3. Aflatoxin B2 : 315.10>258.95(+)
450 H‘ 4. Aflatoxin B1: 313.10>240.95(+)
4003 H
350 ” 3
7 f
3003 ‘ “ f\‘ 4
2503 ‘ ““ \“
] 1 ‘ ‘ |
b I
=0
] \
% R I |
1 /| [ | |
100 | ‘\ | ‘w \ “‘ \\
E [ \ I
50 3 | \\ | \ [ | | Spiked
] SR A e O A
0 3 T Unspiked
] T T T T I T T T T I T T T T I T T T T
5.0 7.5 10.0 12.5 min

Fig. 4 MRM Chromatograms of Roasted Peanuts Matrix
(Upper) Spiked, (Lower) Unspiked

Table 3 Analytical Conditions

[HPLC]

Column : Shim-pack FC-ODS (150 mmL. x 2.0 mml.D., 3 pm)
Mobile Phase - 10 mmol/L Ammonium acetate water / Methanol = 3/2 (v/v)
Flow Rate 0.2 m/min

Column Temp. 240 °C

Injection Volume : 6 pL

[MS]

Probe Voltage . +4.5 kV ESl-positive mode
Nebulizing Gas Flow : 3 /min

Drying Gas Flow : 15 /min
DL Temp. 1250 °C
Heat Block Temp. : 400 °C

Table 4 MRM Mode Parameters

. Dwell time Resolution
Compound Transition (ms) CE (V) Q1, Q3)
Aflatoxin B1 | 313.10 > 240.95 200 -40 Unit
Aflatoxin B2 | 315.10 > 258.95 200 -33 Unit
Aflatoxin G1 | 328.90 > 242.95 200 -30 Unit
Aflatoxin Gz | 331.10 > 245.00 200 -32 Unit
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In addition, to evaluate the validity of the standard
addition method for quantitation of aflatoxins, we
checked the linearity of the calibration curves of spiked
matrix samples, in addition to the repeatability. Fig. 5
shows the calibration curves, and Table 5 shows the
average area and repeatability of the peaks
corresponding to 0.25, 0.5 and 5 pg/L. Excellent
linearity was obtained over the range of 0.05-5 pg/L,
with a coefficient of determination greater than
R? = 0.999, and good repeatability was also confirmed.
As a result, identification testing was confirmed to be
possible using the LCMS-8030, and quantitation using
calibration curves of matrix samples spiked with

standards was also confirmed to be effective.

Area Area
50000

40000 40000]

30000 30000-]
20000 200004

10000 10000

rz=0.9999882

— — ——
00 25 (o) 0.0 25

Area Area

G2

20000]
15000

100009

5000

rz2=0.9997543

— T T

T
(ug/l)

r2 = 0.9994345

— — T T
0.0 25 (ugr) 0.0 25

T
(ug/L)

Fig. 5 Calibration Curves of Matrix Samples Spiked with

Aflatoxins (Roasted Peanuts, 0.05-5 pg/L)

Table 5 Average and Repeatability of Peak Area (n = 6)

Fig. 6 shows an example of the quantitative testing
results obtained using the Shimadzu Nexera UHPLC
after conducting pretreatment of aflatoxin-added
roasted peanuts according to Fig. 1 (B), and Table 6
shows the analytical conditions. The roasted peanuts
were spiked with aflatoxins B+ and G1 at 2.4 pg/kg
each, and aflatoxins B2 and Gz at 0.6 pg/kg each. The
accuracy and precision obtained for each substance in
repeat analysis (n = 5) are shown in Table 7. Accuracy
of 76-80 % and precision of 4.5-6.5 % were obtained,
that satisfied the criteria of the specified reference value
in the guideline.

In addition to the extremely good sensitivity of this
analytical method as shown in Application News L422
and L430, it was confirmed that this method is effective
for rapid quantitative testing of aflatoxins.

mV
M Peaks

157 1. Aflatoxin G2
2. Aflatoxin G1 3
3. Aflatoxin B2

4. Aflatoxin B1

04

T T T T T T T

0.0 0.5 1.0 1.5 2.0 2.5 3.0 35 min

Fig. 6 Chromatograms of Roasted Peanuts Spiked with Aflatoxins (Direct Detection)
(10 pL Injected)

Table 6 Analytical Conditions

0.25 pg/L 0.5 pg/L 5 pg/L
Area %RSD | Area %RSD Area %RSD
Aflatoxin B1| 1010 6.37 2033 3.92 | 22936 | 1.49
Aflatoxin B2| 3156 1.87 6481 5.09 | 66012 | 0.54
Aflatoxin G1| 2209 6.07 4517 3.74 | 45841 1.45
Aflatoxin G2| 2296 5.96 4749 474 | 47250 | 0.83

M (3) Rapid Quantitation and Identification by

Nexera UHPLC with LCMS-8030

Although TFA derivatization is specified in the
guantitative test by HPLC according to the official test
method, if the obtained value for total aflatoxins
exceeds the reference value, follow-up analysis is
required. The additional pretreatment is done without
TFA derivatization (in Fig. 1 (B) for LC/MS analysis).
However, if detection with sufficient sensitivity is
achieved through direct detection (without TFA
derivatization) as specified in the quantitative test,
sample preparation, quantitative testing and
identification can all be done using just the procedure
of Fig. 1 (B). As a result, such a complicated
pretreatment procedure does not need to be repeated.
Furthermore, UHPLC what enables the high-throughput
analysis brings even greater efficiency of the test for

total aflatoxin.

Column : Shim-pack XR-ODS I (100 mmL. x 3.0 mml.D., 2.2 ym)
Mobile Phase - Water / Methanol / Acetonitrile = 6/3/1 (v/v/v)
Flow Rate 2 1.0 m/min

Column Temp. :50°C

Detection - RF-20Axs, Ex. at 365 nm, Em. at 450 nm

RF Cell : Conventional cell

Cell Temp. :25°C

Injection Volume : 10 pL

Table 7 Accuracy and Precision of Quantitation by UHPLC
without Derivatization

Aflatoxin B1 | Aflatoxin B2 | Aflatoxin G1 | Aflatoxin G2

Recovery (%) 76 77 77 80

%RSD 4.5 5.1 6.1 6.5
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Furthermore, since the LCMS-8030 is an LC/MS/MS that
supports UHPLC, when used in combination with the
high-speed analysis offered with the above-mentioned
Nexera, rapid identification of aflatoxins becomes
possible.

Fig. 7 shows the MRM chromatograms generated using
high-speed analysis of the same sample of Fig. 4 using
the analytical conditions of Table 8 and Table 9. All 4
aflatoxins eluted within 4 minutes, and identification
was clearly obtained with sufficient sensitivity even
under such high-speed conditions.

Fig. 8 shows the calibration curves generated using the
same HPLC analytical conditions (Fig. 5) and matrix
samples spiked with aflatoxins. Excellent linearity was
obtained over the range of 0.05-25 pg/L, with a
coefficient of determination greater than R? = 0.999.
The peak area repeatability (%RSD, n = 6) obtained for
each of the aflatoxin matrix samples at a concentration
of 0.25 pg/L was Bi: 14.24 %, B2: 5.33 %, Gi1: 5.45 %
and Gz: 18.9 %, demonstrating good repeatability even
when using high-speed analysis.

700

2 || M Peaks

1. Aflatoxin Gz : 331.10>245.00(+)

2. Aflatoxin G1: 328.90>242.95(+)

6007 Spiked 3. Aflatoxin B2 : 315.10>258.95(+)
(+)

........... Unspiked

4. Aflatoxin B1: 313.10>240.95(+

500

400

300

200

Fig. 7 MRM Chromatograms of Roasted Peanuts
(Upper, Solid Line) Spiked, (Lower, Broken Line) Unspiked

Table 8 Analytical Conditions

Table 9 MRM Mode Parameters

" Dwell time Resolution
Compound Transition (ms) CE (V) Q1, Q3)
Aflatoxin B1 | 313.10 > 240.95 100 -40 Unit
Aflatoxin B2 | 315.10 > 258.95 100 -33 Unit
Aflatoxin Gi1 | 328.90 > 242.95 100 -30 Unit
Aflatoxin G2 | 331.10 > 245.00 100 -32 Unit
Area Area

175000

150000

125000

100000

75000

50000

r2=0.9991188 r2=0.9995010

T ————TT

—r— T —— T
0 10 20 (ugiL) 0 10 20 (ug/l)

Area Area
250000+

G1

200000

150000

100000

50000

r2 = 0.9994246 100009 4
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[ 10 20 (ug/l) 0

r2=0.9990951

—— —
10 20 (pg/L)

[HPLC]

Column - Shim-pack XR-ODS I (100 mmL. x 2.0 mml.D., 2.2 um)
Mobile Phase :10 mmol/L Ammonium acetate water / Methanol = 3/2 (v/v)
Flow Rate :0.45 mU/min

Column Temp. 150 °C

Injection Volume  :6 pL

[MS]

Probe Voltage :+4.5 kV ESI-Positive mode

Nebulizing Gas Flow : 3 L/min

Drying Gas Flow  :15 L/min
DL Temp. 1250 °C
Heat Block Temp.  :400 °C

Fig. 8 Calibration Curves of Matrix Samples Spiked with
Aflatoxins (Roasted Peanuts, 0.05-25 ug/L)
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UF-Amino Station LC/MS Ultra Fast Amino Acid
Analysis System (Part 2)
Improved Sample Analysis Reliability

No.L434

Analysis of amino acids is typically a time-consuming
process, and although this analysis can be speeded up
using HPLC or UHPLC for reversed phase pre-column
derivatization of the amino acids, the reliability of the
results can be adversely affected with samples
containing complex matrices, such as biological or food
samples. This can be due to insufficient separation of
the impurities from amino acids or separation among
the amino acids in the sample.

The new UF-Amino Station, a dedicated amino acid
analysis system, adopts a mass spectrometer for
detection. Mass spectrometry can provide excellent
detection selectivity and highly reliable analysis even
when the sample contains many components of
interest or a complex matrix. Furthermore, the
automated derivatization processing provided with the
autosampler also contributes to improved reliability of
quantitative values.

Here, we introduce the features of the UF-Amino
Station that demonstrate its power in actual sample
analysis.

I Superior Selectivity with LC/MS Detection

Fig. 1 shows the results of analysis of amino acids in
commercially available skim milk by the UV detection with
pre-column derivatization using phenyl isothiocyanate
(PITC) as a derivatization reagent (upper) and by using the
UF-Amino Station (lower). If amino acids derivatized using
PITC are analyzed using the same separation time as that
using the UF-Amino Station, inadequate separation among
amino acids or between contaminants and target amino
acids may occur, adversely affecting the quantitative
results. This is due mainly to the selectivity of the UV
detection method, and even in the chromatogram of Fig. 1
(upper part), when the analysis time is the same as that
using the UF-Amino Station, adequate separation is clearly
jeopardized due to the contaminants. However, because
the UF-Amino Station adopts an LC/MS as the detector, of
each amino acid is conducted using a separate mass
chromatogram (Fig. 1 (lower part)). This high detection
selectivity minimizes the effects of amino acid interaction
and the overlapping of amino acid and contaminant peaks
in the quantitative results. The analytical conditions
associated with the data of Fig. 1 are shown in Table 1.

UHPLC-UV Detection
with precolumn
Derivatization

Lys

Lo A

8.0 9.0

0.0 min
Glu aly UF-Amino Station
Ala Leu
Asp Pro lle
)\ ﬂ
n GIn— | —»ﬁ—--~——-~-
e~/ { 1]
] J Val
(His) [l
. :
el Thr
rg N A oA
7 _ZJ
Cit TyQ
K
'\ (GABA) Lys ————
R —
— -\ Phe
wﬂﬂ_mjw
AR
0.0 10 20 30 40 50 6.0 70 80 min

Fig. 1 Analysis of Amino Acids in Skim Milk: (Upper) UV Detection with PTC-Pre-Column Derivatization, (Lower) UF-Amino Station
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Fig. 2 shows the results of amino acid recovery analysis M Biological Sample Applications
of the same commercially available skim milk of Fig. 1,
spiked with a standard solution of amino acids, this
time using the UF-Amino Station. Preparation was
conducted according to the specified method, which
included deproteinization of the skim milk by dissolving
it in heated water and adding acetonitrile, addition of
amino acid standard solution, and addition of internal
standard solution, etc. Analysis was conducted using
the UF-Amino Station. The excellent recoveries shown
in Fig. 2 demonstrate the high quantitative reliability
that can be obtained even with a sample containing a
highly complex matrix, such as that of nonfat dry milk.

Also, as introduced in Application News No. L433, the
UF-Amino Station automates the derivatization of
amino acids with the pretreatment feature provided in
the SIL-20ACer autosampler. This feature not only ap
improves analysis efficiency, but also boosts the \ \ e |
repeatability of the derivatization process, thus = \\_\*p“" -
contributing to significantly higher precision. — — N

Biological samples also contain many impurities which
often can adversely affect the reliability of quantitative
values when using UV detection with pre-column
derivatization. Fig. 3 shows the results of the analysis of
amino acids in a commercially available serum-free
culture medium and rat plasma using the UF-Amino
Station. In both samples, all components are clearly
separated without any interference effects, clearly
demonstrating that the UF-Amino Station is applicable
for accurate analysis of amino acids in biological
samples.

Table 1 Analytical Conditions _ —

[UHPLC, UV Detection with PTC-Precolumn Derivatization] —

Column : Shim-pack XR-ODS (100 mm L. x 3.0 mm I.D., 2.6 ym) — . = = = ——

Mobile Phase . (Potassium) phosphate buffer (pH 7.0) and 5 i o I g P 0 i o =
" Acetonitrile, Gradient Elution

Flowrate :0.9 ml/min

Column Temp. 40 °C Serum-Free Culture

Reaction Reagent : Phenyl Isothiocyanate (Data provided by Ajinomoto Co., Inc.)

Detection : SPD-20AV at 254 nm with Semi-micro Cell

[UF-Amino Station]

Refer to Application News No. L433

A Val
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Recovery (%) | E j
120 | —_——=

1 I . o\ ] i =
: T —
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Fig. 2 Recovery of Amino Acids in Skim Milk Fig. 3 Biological Sample Applications:
(Upper) Serum-Free Culture, (Lower) Rat Plasma
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News High Speed, High Resolution Analysis (Part 46)
Analysis of Pre-Column Derivatized Biogenic Amines

No. L449 by the Nexera SIL-30AC Autosampler

Biogenic amines are produced naturally by the Table 2 Analytical Conditions
enzymatic d.ecarb(.)xylat.ion of amino acids in beverages Column : Shim-pack XR-ODSII (75 mm L. x 2.0 mm I.D., 1.6 ym)
and food. Biogenic amines such as these are also used Mobile Phase : A: 100 mmol/L Acetate (Sodium) Buffer (pH 4.7)
as an indicator of food spoilage. Histamine, a substance B : Acetonitrile
that can cause allergy-like food poisoning, must not Time Program : B.Conc. 15 % (0 min) =30 % (3 min) =40 % (8 min)
. . . —15 % (8.01-11 min)
exceed 50 ppm in food in general according to FDA Flowrate 0.5 mL/min
standards, 100 ppm in marine products in the EU, and Column Temp. : 40 °C
400 ppm in fish sauce according to the Codex Injection Vol. = 1 pL
International Food Standards. In addition, biogenic Esﬁeg'r?]g ;gg-ggAxs Ex. at 330 nm, Em. at 440 nm
amines such as cadaverine and tyramine appear to Flow Cell - Semi-micro cell
intensify the allergy-like food toxicity of histamine.
In Application News articles L432 and L437, we
introduced examples of the pretreatment functions of
the SIL-30AC autosampler in the analysis of
fluorescence-derivatized amino acids using 7007 ;
o-phthalaldehyde (OPA). Here, we introduce an ]
example of the analysis of fluorescent amines that were 600
derivatized with OPA. ] 2
500
M Simultaneous Determination of 7 Biogenic Amines ] 3
With this method, the pretreatment functions of the 400_;
Nexera SIL-30AC autosampler were utilized to conduct ]
automated derivatization of the amines using OPA. 300_;
Table 1 shows the derivatization reagents used with this ] 6
method, and Fig. 1 shows the reagent addition and 200': . {
mixing settings that were used for automated ]
derivatization using the Nexera SIL-30AC autosampler. 1003 !
The analytical conditions that were used are shown in . Ltu
Table 2, and the chromatogram obtained from analysis 07
of a standard solution is shown in Fig. 2. In addition to -
automating the derivatization step, the overall analysis 0.0 2.5 5.0 7.5 min
time can be further shortened by using the overlapping mPeaks . . ‘
injection feature that was introduced in Application L petamine, 2 Agmatie, 3. Tramine, 4. Typtamine,
. R . Putrescine, 6. Phenethylamine, 7. Cadaverine
News L437. This allows the next sample in the

sequence to be derivatized and loaded into the needle
for injection immediately after the analysis of the Fig. 2 Chromatogram of Standard Solution of 7 Biogenic Amines (10 mg/L each)

current sample is complete.

Table 1 Derivatization Reagents (10 mg/L each)

o Mercaptopropionic Acid Solution (MPA solution)

3-Mercaptopropionic Acid 10 uL in 0.1 mol/L Borate Buffer (pH 9.2) 10 mL
e 0 - Phthalaldehyde Solution (OPA solution)

0 - Phthalaldehyde 10 mg in 0.1 mol/L Borate Buffer (pH 9.2) 10 mL

<—MPA solution 45 uL
<——OPA solution 22 uL
<—Sample 7.5 uL
Mlix
Wait 2.0 min )
Inject to HPLC 1 pL

Fig. 1 Flowchart of Derivatization with SIL-30AC
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I Linearity and Repeatability

The calibration curves generated using amine ] 1 mPeaks
concentrations from 0.1 to 100 mg/L showed excellent 15007 , - Histamine
linearity with a coefficient of determination (R?) greater 1250_5 3:T3?ramirje
than 0.999 for all components. Table 3 shows the ] 5. Putrescine
L . . ] 6. Phenethylamine
repeatability of retention times and area values 10003 7. Cadaverine
obtained from repeated injections of 7 amines (n=6). 7502
5004
Table 3 Repeatability ]
250
R.T. %RSD Area %RSD :JJ
Histamine 0.067 0.70 0
Agmatine 0.055 0.72 L L B A I
0.0 2.5 5.0 7.5 min
Tyramine 0.037 0.60
Tryptami 0.035 0.88
fyptamine Fig. 4 Chromatogram of Wine
Putrescine 0.037 0.61
Phenethylamine 0.036 0.37
Cadaverine 0.030 0.84
1500+
] | Peaks
E 1. Histamine
. 12507 B 2. Agmatine
B Analysis of Foods and Beverages ] g PT)yrtamme
. . . ] . Putrescine
Figs. 3 to 6 show the results of analysis of commercially 10007 7. Cadaverine
available beer, wine, pork, and tuna samples. The beer 750
and wine were passed through a 0.22 ym membrane ]
filter, and then used as sample solutions. The pork and 5003
tuna were first stored at 37 °C for 24 hours to :
accelerate the production of amines. Then, 0.5 mol/L 2504
aqueous trichloroacetic acid solution was added to the ]
homogenized samples, and following centrifugation, O-ZQLJ
the supernatants were neutralized with 0.3 mol/L T T
aqueous sodium hydroxide solution, and then passed 00 25 5.0 75 min
through a 0.22 um membrane filter to serve as sample
solutions. Fig. 5 Chromatogram of Pork
, 1 3000
i B Peaks ] m Peaks
b 1. Histamine ] 1. Histamine
3000—_ % ?gmatlne 2500 1 2. Agmatine
. Tyramine b 3. Tyramine
B 5. Putrescine E 5. Putrescine
i 7. Cadaverine 2000_: 7. Cadaverine
2000 .
. 1500
i 1000
1000 5 ]
R J 5004
4 3 5 E
0 7 0__4\*‘
T T T T T T T T T T T T T T T T T 3 T T T T T T T T T T T T T T T T T
0.0 2.5 5.0 75  min 0.0 2.5 5.0 7.5 min
Fig. 3 Chromatogram of Beer Fig. 6 Chromatogram of Tuna
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As sugars display little ultraviolet absorption, a
differential refractive index detector or an evaporative
light scattering detector is used for their detection.

The new Prominence-i integrated high-performance
liquid chromatograph can be connected to the RID-10A
differential refractive index detector. Since the column
oven can accommodate a 30-cm column for use in
sugar analysis (ligand exchange column), and the
temperature can be controlled up to 85 °C, it therefore
supports applications that require a long column and
high column temperature.

Here, we introduce an example of sugar analysis in
juices using the Prominence-i with the RID-10A.

Detector

B Analysis of Sugar Standard Solution

Fig. 1 shows the results of analysis of a standard
mixture of four sugars (maltotriose, sucrose, glucose,
fructose) using a 10 pL injection (each at 20 g/L). The
analytical conditions were as shown in Table 1. For the
analytical column, we used the Shim-pack SCR-101N, a
specialized sugar-analysis column that supports both
the gel filtration and ligand exchange modes.

High Performance Liquid Chromatography

Analysis of Sugars in Orange Juice and Grape Juice
by Prominence-i and Differential Refractive Index

Table 1 Analytical Conditions

Column : Shim-pack SCR-101N (300 mm L. x 7.9 mm I.D., 10 ym)
Mobile Phase : Water
Flowrate 1 0.6 mL/min

Column Temp.  :80°C
Injection Volume : 10 pL
Detection : RID-10A
Polarity +, Cell temp. 40 °C, Response 1.5 sec

M Linearity

Fig. 2 shows the linearity obtained using the conditions
listed in Table 1. Calibration curves were generated for
the four sugars using concentrations ranging from 0.4
to 20 g/L, and the mean area value obtained from each
set of the three repeat measurements. Excellent
linearity was obtained, with a coefficient of
determination greater than R?=0.9999 for all of the
substances.

uRlI
1757 M Peaks
i 5 1. Maltotriose
] 2. Sucrose
150 1
b 3 3. Glucose
1 4 4. Fructose
125+
100
754
50
- d {
& I
Tr 11 | v v T T T
0.0 5.0 10.0 15.0 20.0 25.0  min

Area (x109) Area (x10)
2504 Maltotriose 250 4 Sucrose
2004 200
150 150
100 100 A
50 1 50
R% =0.9999968 R? =0.9999883
0 T T 0 T T
0 10 20 0 10 20

Concentration (g/L) Concentration (g/L)

Area (x10%) Area (x10%)
250 {Glucose 250 { Fructose
200 200 -
150 1 150 4
100 4 100 4

50 4 50 4

R? = 0.9999446 R? =0.9999930
0 T T 0 T T
0 10 20 0 10 20

Concentration (g/L) Concentration (g/L)

Fig. 1 Chromatogram of a Standard Mixture of Four Sugars
(20 g/L each, 10 pL injected)

Fig. 2 Calibration Curves of a Standard Mixture of 4 Sugars
(0.4 - 20 g/L, 10 pL injected)
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| Analysis of Orange Juice Table 3 Content of Each Sugar in Orange Juices
Fig. 3 and 4 show the chromatograms obtained from Content (g/L)
analysis of Orange Juice A and Orange Juice B, Orange juice A Orange juice B
respectively. Both Orange Juice A and B were diluted S

. . I . ucrose 36 36
with water to obtain 10-fold dilutions, respectively, and

Glucose 25 28

after filtering the solutions through a 0.2 pm membrane
filter, 10 pL each was injected. The analytical conditions Fructose 27 34
used were the same as those shown in Table 1.

Sucrose, glucose and fructose were detected in both

types of orange juice. Table 3 shows the content values

for the respective sugars detected in the juices.

M Analysis of Grape Juice
URI_ Fig. 4 shows a chromatogram obtained from analysis of
] W Peaks grape juice. The grape juice was diluted with water to
] 2. Sucrose . P . . .
30 3 Glucose obtain a 10-fold dilution, and after filtering the solution
] 2 4. Fructose through a 0.2 ym membrane filter, 10 pL of the
. prepared sample was injected. The analytical conditions
] used were the same as those shown in Table 1.
20 4 Glucose and fructose were detected in the grape juice.
] 3 Table 4 shows the content values of the detected
3 sugars.
10
Table 4 Content of Each Sugar in Grape Juice
Content (g/L)
O-: Glucose 50
Fructose 56
————
0.0 5.0 10.0 15.0 20.0 25.0 min
Fig. 3 Chromatogram of Orange Juice A (10 pL injected)
uRl uRl
] 50 7
] W Peaks ] W Peaks
30 2. Sucrose E 3. Glucose
] 5 3. Glucose ] 4. Fructose
] 4. Fructose 40 A
. 3 34
4 E
20 3 301
5 20
10 ;
L LU 1
0 é u
] 07
-""I""I""I""I""I"" :------------------------
0.0 50 100 150 200 250 min 00 50 100 150 200 250 min
Fig. 4 Chromatogram of Orange Juice B (10 pL injected) Fig. 5 Chromatogram of Grape Juice (10 pL injected)
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Phenolic compounds are created as secondary
metabolites in plants. In many cases, their structures
contain multiple aromatic rings and a hydroxyl group.
These polyphenols are known to display antioxidant
effects, and are said to be effective in preventing
arteriosclerosis and cerebral infarction. Red wine is
known to contain large amounts of polyphenols,
including flavonoids and phenolic acids, and in recent
years has attracted considerable attention due to the
health benefits associated with these substances.
Regarding the analysis of polyphenols in red wine,
separation and quantitation of these polyphenols by
simultaneous analysis using HPLC is difficult due to the
presence of many coexisting substances. The Nexera-e
comprehensive two-dimensional liquid chromatograph
can be very effective for such an analysis.

High Performance Liquid Chromatography

Comprehensive Two-Dimensional Analysis of Polyphenols
in Red Wine Using Nexera-e Coupled with SPD-M30A

B Comprehensive Two-Dimensional Separation with SPD-
M30A at Appropriate Wavelengths for Respective
Analytes

By using the Nexera-e with a photodiode array detector
(PDA), a target component can be separated from a
complicated mixture of coexisting substances, and then
guantitated, all in a single analysis. In the analysis,
assuming ethyl gallate, tyrosol and rutin as the target
compounds, the ChromSquare dedicated software was
applied to generate a contour plot using the respective
optimal wavelengths, thereby permitting both
separation and quantitation. Fig. 1 shows the contour
plots at the respective optimal wavelengths, along with
the 1D and 2D gradient profiles generated using the
auto-gradient feature.

2D Acidic pH

T- uv 270 nm

Ethyl gallate

0.000 13.478 26.956 40.434 53.192 (min)

1D Neutral pH =3

UV 354 nm

Rutin

0.000 13.478 26.956 40.434

53.192 (min)

0.799 (min)

Tyrosol

0.399 0.599

0.200

& 0.000

.000 13.478 26.956 40.434 53.192 (min)

Max Intensity: 0 %

B.Canc.
B.Con3 (2D)

100

1o 110
(min)

Fig. 1 Comparison of Comprehensive-2D Separation of Commercial Red Wine with Appropriate
Wavelength Obtained Using "Auto-Gradient" Profile Feature
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B Quantitation of Ethyl Gallate, Rutin, and Tyrosol
in Red Wine

The analytical conditions are shown in Table 1. We
attempted to conduct separation by reversed-phase x
reversed phase using a neutral phosphate buffer
solution in the 1st dimension, and an acidic phosphate
buffer solution in the 2nd dimension.

The calibration curve for each substance was generated
using 6 concentrations in the range of 5 - 250 mg/L.

membrane filter, and then injected. Fig. 2 shows the
calibration curve for ethyl gallate. Also, Table 2 shows
the repeatability of the total and 2D retention times,
respectively, for the three analytes, the blob area
repeatability values corresponding to the peak areas,
the calibration curve coefficient of determination (R?)
values, and the respective quantitation values.

The red wine sample was filtered through a 0.22 pm

Table 1 Analytical Conditions

1D Column :Shim-pack XR-ODS I (100 mm L. x 1.5 mm 1.D., 2.2 ym)
Mobile Phase  :A :10 mM (sodium) phosphate buffer pH = 6.8

B :acetonitrile
Flowrate :0.05 mL/min

:B Conc. 5 % (0 min) = 30 % (70 min) = 90 % (80 min) =90 % (90 min)
-5 % (90.1 min) — STOP (110 min)

Time Program

Column Temp. :40°C

Injection Vol. ;3L

Loop Vol. :50 pL (Modulation time: 60 sec)

2D Column :Kinetex XB-C18 (50 mm L. x 3 mm I.D., 2.6 pm)

Mobile Phase  :A :10 mM (sodium) phosphate buffer pH = 2.6
B :acetnitrile

Flowrate :2 mL/min

Time Program  : Auto-gradient: Initial. B Conc. 5 % (0 min) = 30 % (0.75 min) = 5 % (0.76 min)
— STOP (1 min)
Final. B Conc. 30 % (0 min) — 40 % (0.75 min) = 30 % (0.76 min) = STOP (1 min)

The initial and final B Conc. were changed in a stepwise manner.

Detector : SPD-M30A photodiode array detector (high sensitivity cell 1 pL, wavelength =
270 nm, 278 nm, 354 nm)
Area
]

100000000.0

75000000.0

50000000.0 &

25000000.0 ]

[
0.0/l
0 25 50 75 100 125 150 175 200 225 250
Conc. (mg/L)

Fig. 2 Calibration Curve for Ethyl Gallate

Table 2 Repeatability of Retention Time and Blob Area (%RSD, n = 5), R? Value and Concentration (mg/L)

Compound Total retention time Retention time (2D) Area R squared Concentration
Tyrosol 0.007 0.159 2.7 0.999804 101.5
Ethyl gallate 0.007 0.49 3.8 0.999864 15.1
Rutin 0.007 0.52 4.1 0.998805 14.2
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An evaporative light scattering detector (ELSD) is an
HPLC detector often called a "universal" detector
because it can detect almost all non-volatile sample
components, including those that do not absorb light.
Although a differential refractive index detector (RID)
can also be used for analysis of compounds with no
chromophore, the ELSD removes any potential
interference from the solvent peak that is eluted at the
column void volume because detection occurs after
volatilization and evaporation of the mobile phase. In

M Analysis of a Standard Mixture of Isomaltooligosaccharides

A differential refractive index detector is typically used
in the analysis of sugars, but it is limited because
gradient elution cannot be used, therefore resulting in
longer run times. Fig. 1 shows the chromatogram
obtained from the analysis of a standard mixture of
isomaltooligosaccharides using isocratic conditions, and
Table 1 shows the analytical conditions that were used.

Table 1 Analytical Conditions: Isocratic Elution

Column : Asahipak NH2P-50 4E (250 mm L. x 4.6 mm I.D.)
Mobile Phase : A: 10 mM Ammonium Acetate Buffer
B : Acetonitrile
Isocratic
B 70 %
Flowrate 1 1.0 mL/min
Column Temp.  :40°C
Detection D ELSD-LT I
Temperature : 40 °C
Gain 17
Nebulizer Gas : N,
Gas Pressure : 350 kPa

Under isocratic conditions, components that have long
retention times tend to have broader peak shapes and
diminished sensitivity because of the less intense
response. Fig. 2 shows an example where a gradient
was used for the same sample. The analytical
conditions are described in Table 2. Using gradient
elution with the ELSD permits separation of many
components with high sensitivity because the narrower
peaks produce a much higher signal.

Table 2 Analytical Conditions: Gradient Elution

Column : Asahipak NHzP-50 4E (250 mm L. x 4.6 mm I.D.)
Mobile Phase : A 10 mM Ammonium Acetate Buffer

B : Acetonitrile

Linear Gradient

B 70 % — 40 %, 25 min

Flowrate : 1.0 mL/min

Column Temp.  :40°C

Detection D ELSD-LT I
Temperature  :40°C
Gain 7

Nebulizer Gas  : N2
Gas Pressure  : 350 kPa

High Performance Liquid Chromatography

Analysis of Oligosaccharides in Japanese Sake Using
an Evaporative Light Scattering Detector

addition, an ELSD detector has an advantage over an
RID with its capability for analysis using gradient elution
conditions.

Here we introduce an example of analysis of
oligosaccharides in Japanese sake using the Nexera-i
integrated high-performance liquid chromatograph,
which includes a built-in UV detector. The ELSD-LTII
evaporative light scattering detector was connected
directly to the Nexera-i through an A/D acquisition
board.

mV
110
100 B Peaks
%0 ) lomanese
30 3. Panose
70
60
50
40
30
20 3
0,
00 25 50 75 100 125 150 175 200 225 min

Fig. 1 Standard Solution of Isomaltooligosaccharides: Isocratic Elution

mV
110
3
100 W Peaks
. Glucose
90 . Maltose
30 . Isomaltose
. Panose
70 . Isomaltotriose
60 . Isomaltotetraose
50
40 2 4
5
30 6
20
10 !
0
00 25 50 75 100 125 150 17.5 20.0 22.5 min

Fig. 2 Standard Solution of Isomaltooligosaccharides: Gradient Elution
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I Quantitative Analysis of Oligosaccharides Included in Sake

We used the ELSD to conduct quantitative analysis of
glucose, isomaltose and panose that are present in
sake. Pretreatment of the sake sample was performed
according to the steps shown in Fig. 3. The calibration
curves that were generated based on standard samples
analyzed using the analytical conditions shown in Table
2 are shown in Fig. 4. Because the ELSD is not a
spectroscopic detector, it does not obey Beer's law with
a linear correlation between absorbance and
concentration. Instead, a log-log plot of peak area and
analyte quantity produces a linear response. Within the
concentration range including 100, 200, 400, 1000,
and 2000 mg/L (for glucose, 200, 400, 800, 2000,
4000 mg/L), excellent linearity was obtained with R?
greater than 0.999. Fig. 5 shows the chromatogram of
sake obtained using the conditions shown in Table 2.
The quantitation results calculated using the calibration
curves generated using the standard samples are shown
in Table 3.

Sake 1 mL
! <— Water  1mlL
v, <—— Acetonitrile 3 mL

Mixing

!

Filtration (0.2 pm membrane filter)
!

HPLC 5 pLinj.

Fig. 3 Pretreatment of Sake

17 14
16- R? = 0.9991 13 4 R? = 0.9996 151 R? = 0.9995
14
154 12 4
S 14+ 811+ g 137
< < <,
c 134 c 10 A c
—
12- 9 [
Glucose Isomaltose
114 8 10
10 T T T 7 T T T 9 T T T
5 6 7 8 9 4 5 6 7 8 4.5 5.5 6.5 7.5
Ln (mg/L) Ln (mg/L) Ln (mg/L)
Fig. 4 Calibration Curves (Each injection 5 pL)
Table 3 Quantitation Results and Repeatability (n = 3)
mv of Oligosaccharides in Japanese Sake
4501 Area %RSD Conc.
1 M Peaks a
4001 1. Glucose Glucose 432x10 0.6 13110 mg/L
] 2. Isomaltose Isomaltose 228x10° 2.1 5130 mg/L
350 3. Panose 2
- Panose 909x10 59 1410 mg/L
3001
2501 Note: The listed concentrations are the values obtained
after converting the results obtained from the 5 pL
200+ measurement samples to the undiluted source
1501 solution.
100 1 3
SO-LUAU M
0.
0.0 2.5 5.0 7.5 10.0 125 150 175 20.0 225 min

Fig. 5 Chromatogram of Sake
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News Analysis of Sugars and Sugar Alcohols in Energy
Drink by Prominence-i with Differential Refractive

No L 4 81 Index Detector

Sugars and sugar alcohols display almost no ultraviolet

absorption, and are therefore typically detected using a

differential refractive index detector or evaporative light uRl.

scattering detector. By using a ligand exchange column for 80 B Peaks
sugar analysis, it is possible to distinguish among the different ] 1. maltose
isomers based on the position of the hydroxyl group in the 70 1 2. ?'”Cose
chair conformation of glucose and fructose for example. In ] 4 ; uctose
other words, the hydroxyl group of the sugar and the metal 607 > 5 minmto.
ion of the stationary phase form a complex, making it ] ; 3 6. sorbitol
possible to achieve separation due to the difference in the 207 6

strength of the complex formation. Also, maintaining a 40

column temperature of 80 °C suppresses sugar anomer 3

separation and peak dispersion, thereby achieving good 304

separation of adjacent peaks. ]

The new Prominence-i integrated high-performance liquid 20

chromatograph can be connected to the RID-20A differential ]

refractive index detector. The column oven, which can 107 U

accommodate a 30 cm column and maintain temperature 0] U

control up to 85 °C, therefore supports applications that f

require a long column. e
In Application News No. 467, we introduced an example of 0 5 10 15 20 25 min
analysis of sugars in juice, in which the Prominence-i was

connected to a differential refractive index detector. Here, we

introduce an example of simultaneous analysis of sugars and Fig. 1 Chromatogram of a Standard Mixture of Six Sugars

thljgaeraAl\cohols in an energy drink using the Prominence-i and (10 g/L each, 10 pL Injected)
M Analysis of a Standard Mixture of Six Sugars
Sorbitol, xylitol, mannitol and erythritol are a type of sugar
alcohol that because of their relative sweetness, are used as ES'
sweeteners. When conducting simultaneous analysis of sugars ] W Peaks
and sugar alcohols, a hydrophilic compound analytical column, 70 3 1. maltose
such as the SPR-Ca or SPR-Pb, is suitable along with the use of ] 2. glucose
a combination of the size exclusion and ligand exchange 60 12 i' ‘;:Cntr?ftil
modes of analysis. Fig. 1 shows the results of analysis of a ] 5. xylitol
standard solution of six sugar alcohol substances (10 g/L each 50 4 3 6. sorbitol
of maltose, glucose, fructose, erythritol, mannitol and sorbitol) ]
using the SPR-Ca column with a 10 pL injection. The analytical 40 7 4
conditions are shown in Table 1. ] 5
Fig. 2 shows the results of analysis of a standard solution of six 307 6
sugar substances including sugar alcohols (10 g/L each of b
maltose, glucose, fructose, mannitol, xylitol, sorbitol) using a 20';
10 pL injection, and Table 2 shows the analytical conditions 104
that were used. The SPR-Pb was used as the analytical column. ] U
Table 1 Analytical Conditions 0 -——J U
%/Icé)lgirlgnPhase E\S/Vh;rpe—rp)ack SPR-Ca 250 mm L x 7.8 mm I.D., 8 um) '
Flowrate - 0.6 ml/min 0 10 20 30 40 min
Column Temp. :80°C
Injection Volume : 10 pL
Detection : RID-20A
Polarity +, Cell temp. 40 °C, Response 1.5 sec Fig. 2 Chromatogram of a Standard Mixture of Six Sugars

(10 g/L each, 10 pL Injected)
Table 2 Analytical Conditions

Column . Shim-pack SPR-Pb (250 mm L x 7.8 mm I.D., 8 um)
Mobile Phase : Water
Flowrate 0.6 mL/min

Column Temp.  :80°C
Injection Volume : 10 pL
Detection : RID-20A
Polarity +, Cell temp. 40 °C, Response 1.5 sec
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M Linearity

Fig. 3 shows the calibration curves generated using the
analytical conditions of Table 2. When generating the
curves for the six components over a concentration
range of 0.2 to 10 g/L (using the average of three area
values, respectively), excellent linearity with a coefficient
of determination greater than R?=0.9999 was obtained
for each component.

Area (x10%) Area (x10%)

150 150
maltose glucose
1001 1001
50 1 50 1
R? =0.9999981 R? =0.9999992
°0 5 10 o0

5 10
Concentration (mg/L) Concentration (mg/L)
Area (x10%)

150 150

Area (x10%)

fructose mannitol
1001 100+
50 1 50 1
Rz =0.9999976 Rz =0.9999975
0 r T 0 r r
0 5 10 0 5 10
Concentration (mg/L) Concentration (mg/L)
Area (x10% Area (x10%)
150 - 150 -
xylitol sorbitol
1001 1001
50 1 50 1
R2 = 0.9999982 R2 = 0.9999967
0 0

0 5 10 0 5 10
Concentration (mg/L) Concentration (mg/L)

Fig. 3 Calibration Curves of a Standard Mixture of Six Sugars
(0.2 - 10 g/L, 10 pL Injected)

M Analysis of Energy Drink

Figs. 4 and 5 show the chromatograms obtained from
measurement of energy drinks A and B, respectively.
Energy drink A was diluted 10:1 with water, and energy
B, 20:1 with water, and after each was filtered through
a 0.2 ym membrane filter, 10 yL of each sample was
injected. The analytical conditions were the same as
those of Table 2.

Xylitol and sorbitol were detected in energy drink A,
and glucose and fructose were detected in energy drink
B. Table 3 shows the quantities of each of these sugars
in the respective energy drinks.

Table 3 Content of Respective Sugars in Energy Drinks

Content (g/L)
Energy Drink A Energy Drink B
Glucose ND 59
Fructose ND 101
Xylitol 25 ND
Sorbitol 14 ND
uRlI
10
] M Peaks
E 5. xylitol
s ] 6. sorbitol
E 5
6
4 6
2
0 _EJJ LJ\———\
E T T T T T T T T T T T T T T T T T T T
0 10 20 30 40 min

Fig. 4 Chromatogram of Energy Drink A (10 pL Injected)

uRl
] W Peaks
] 2. glucose
30': 3. fructose
] 3
20-: 2
10
O_: L
—_—
0 10 20 30 40 min

Fig. 5 Chromatogram of Energy Drink B (10 pL Injected)
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2. Mass Spectrometry

2.1 Gas Chromatography-Mass Spectrometry

Gas Chromatography—Mass Spectrometry (GC-MS) is a hyphen-
ated technique combining the separating power of gas chroma-
tography (GC) with the detection power of mass spectrometry
to identify different substances within a sample. Mass spec-
trometry is a wide-ranging analytical technique which involves
the production, subsequent separation and identification of
charged species according to their mass to charge (m/z) ratio.
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GCMS-1304

LAAN-J-MS-E068
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SCA_280_079
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Analysis of MOSH and MOAH using SPE
prior to GCxGC-MS analysis

Analysis of organophosphorus pesticides
in baby foods using a Triple-Quadrupole
GC/MS/MS System

GC-MS/MS analysis of pesticides in
drinking water

Scan/MRM analysis of residual pesticides
in foods using GC-MS/MS (3)
High-sensitivity snalysis of 2,4,6-trichloro-
anisole in wine using Headspace-Trap
GC/MS

Easy screening for residual pesticides in
processed foods using GC-MS/MS
Quantitative analysis of dibenzo-p-dioxins
(PCDD) and polychlorinated-p-dibenzofu-
rans (PCDF) in foodstuff and animal feed
using the GCMS-TQ8030 tandem mass
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Comprehensive screening of residual 360
pesticides in food using fast GC-MS/MS
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Technical Analysis of MOSH and MOAH using SPE

prior to GCxGC-MS analysis

Report

Luigi Mondello?

Abstract:

The present work is focused on the development/optimization of a comprehensive two-dimensional gas chromatography method, with
dual detection [flame ionization (FID) and mass spectrometric], for the simultaneous identification and quantification of mineral-oil
contaminants in a variety of food products. The two main classes of contaminants, namely saturated and aromatic hydrocarbons, were
previously fractionated on a manually-packed silver silica solid-phase extraction (SPE) cartridge. The presence of a series of unknown
compounds was investigated using the mass spectrometric data, and were tentatively-identified as esterified fatty acids, most probably

derived from vegetable oil based ink.

Keywords: Food, MOSH, MOAH, GCxGC, Comprehensive GC, Quadrupole mass spectrometer

1. Introduction

Mineral oil products derive from crude petroleum, through distil-
lation processes and various refining steps, and contain propor-
tions of mineral oil saturated hydrocarbons (MOSH, including n-
alkanes, isoalkanes and cycloalkanes), and mineral oil aromatic
hydrocarbons (MOAH), mainly consisting of alkylated polyaro-
matic hydrocarbons (PAH)!M.

Mineral oil contamination in foods, deriving from a variety of
sources, has been studied for quite a long timel>4. One of the
major sources of contamination is paperboard packaging, an
issue known since 19971, even though it has gained great atten-
tion only recently®® Such a contamination derives from the print-
ing inks applied directly to the packaging, and/or from the ink
used in the newspapers, employed to produce recycled fiber. It
has also been demonstrated that mineral oil migrating from pa-
perboard usually contains a large proportion (15-20%) of
MOAHEB4, which are more of a worry from a toxicological view-
point.

The occurrence and danger of mineral oil products in foods has
been discussed widely in recent years’-'%. The Joint FAO/WHO
Expert Committee on Food Additives (JECFA), in 2002, reported a
list of admissible daily intake (ADI) values for different white min-
eral 0ils'®; based on such data, an envisioned limit of 0.6 mg kg’
was proposed for MOSH migration (up to C25) in dry foods from
paperboard packaging”. The European Food Safety Authority
(EFSA), published an opinion in June 2012, casting doubts on
the “JECFA" list, due to the lack of sufficient toxicological infor-
mation and, as a consequence, the JECFA values were recently
withdrawn!"®. Furthermore, even though EFSA emphasized the
potential carcinogenic risk of MOAH constituents!®, an official ap-
proved evaluation of MOAH is still lacking.

1 Department of Pharmaceutical Science and Health Products, University of Messina

Most of the approaches reported over the last decades have been
directed to the analysis of MOSH, exploited as a contamination
marker, using both off- and on-line techniques. Off-line methods
based on prep LC, or solid-phase extraction (SPE), have been
described!""'®. The lipid fraction can be eliminated either through
saponification, followed by silica-gel column chromatography
(112 or directly through a prep LC silica columnl’>'4, or an SPE
cartridge!™'8l. Several techniques, based on the use of glass SPE,
have been described; with regards to packing materials, a variety
of solutions have been proposed, such as activated silica gel'®,
non-activated silica gel"”, or silver (Ag) silica gell®.

Considering the application of all methods, it can be affirmed
without a doubt, that the most popular technique has been on-
line liquid chromatography-gas chromatography (LC-GC), with a
silica LC column(®19-23 Additionally, and in consideration of the
toxicological relevance of MOAH, work has been directed to the
clear pre-separation of the MOSH from the MOAH. For example,
Biedermann and co-workers exploited the separation efficiency of
an LC silica column, in an on-line LC-GC system, to separate the
MOAH from the MOSH, and these from the lipidmatrix2?. It
must also be noted that off-line SPE methods, using a Ag sili-
ca-gel SPE cartridge, have been developed for MOSH and MOAH
determination!?42°1,

With regards to detectors, flame ionization (FID) systems have
been widely employed for the reliable quantification of the
humps of unresolved complex mixtures (UCM), generated in
MOSH/MOAH applications; FIDs are useful because they provide
virtually the same response per mass of hydrocarbons, even
though the lack of structural information is certainly a major
drawback® In fact, the attainment of profound information on
the composition of MOSH and MOAH constituents, can provide



fundamental information on potential toxicity, and on the con-
tamination source. Such an objective was reached by Biedermann
and Grob, who used an MS detector, along with the additional
information generated by a comprehensive 2D GC (GCxGC)
analysisi?®. A pre-separation of the MOSH and MOAH groups was
achieved through off-line LC, a process necessary to avoid the
overlapping of steranes and hopanes (present in the MOSH frac-
tion), with alkylated (two- and three-ring) aromatics. The GCxGC
system was coupled alternatively with an MS system, for qualita-
tive purposes, and with an FID system for quantification, and
hence, two applications were required to obtain both information
types. A GCxGC-MS method, after an off-line LC pre-separation
step, has also been exploited by Mondello and co-workers, to
attain a more expanded view on MOSH contamination in homog-
enized baby foods!?”.,

The present document describes a GCxGC method, characterized
by dual MS/FID detection, for the qualitative and quantitative
analysis of MOSH and MOAH in various foods. The pre-separation
step was performed by using Ag-SPE.

2. Experimental

2-1. Samples and chemicals

CH2Cl2 and n-hexane were purchased from Sigma-Aldrich
(Milan, Italy), and distilled before use. The C7-C40 standard mix-
ture, the paraffin oil (code 18512), AgNOs, and silica gel 60
(particle size 0.063-0.2 mm, 70-230 mesh) were purchased
from Supelco and Sigma-Aldrich (Milan). Glass SPE cartridges (6
mL glass tubes with a frit) were purchased from Macherey-Nagel
(Chromabond, Duren, Germany).

2-2. Samples and preparations

Samples of pasta, rice and icing sugar, were purchased in a su-
permarket. The ground samples were extracted overnight using
n-hexane, and then purified through Ag-SPE. Briefly, a 1:2 food
to solvent ratio was employed to extract MOSH and MOAH from
the samples. After, an aliquot of the extract was concentrated
prior to SPE clean-up, on a Ag silica gel cartridge. Silver silica gel
was prepared by adding a AgNOs solution (0.75 g/mL in Milli-Q
water, Millipore, Bedford, MA, USA) to previously activated
(400°C overnight) silica gel, blended for about 30 min, and left
to rest for 12 h; finally, the mixture was heated at 75°C over-
night to eliminate the remaining water. The SPE cartridge was
manually packed with 1 g of Ag silica, prior to sample loading
(250 pL). First, the sample was eluted with 1 mL of n-hexane,
which was discharged; then, the MOSH constituents were eluted
with 1.5 mL of n-hexane, followed by 0.5 mL of n-hexane/
dichloromethane (50:50 v/v); a 0.5 mL n-hexane/dichloromethane
fraction followed, which was discharged; finally, the MOAH class
was eluted with further 7 mL of n-hexane/dichloromethane
(50:50 v/v).

The eluted fractions were concentrated to a final volume of 100
uL to increase sensitivity, since large volume injection (LVI) was
not used.

2-3. GCxGC-MS/FID analysis

GCxGC experiments were performed on a system consisting of a
GC-2010 gas chromatograph, and a QP2010 Ultra quadrupole
mass spectrometer (Shimadzu, Kyoto, Japan).

The primary column, an SLB-5ms 30 m x 0.25 mm ID x 0.25 pm
ds [silphenylene polymer, virtually equivalent in polarity to poly
(5% diphenyl/95% methyl siloxane)], was connected to an un-
coated capillary segment (1.0 m x 0.25 mm ID, used to create a
double-loop), and toa 1.0 m x 0.10 mm ID x 0.10 pm df Supel-
cowax-10 (polyethylene glycol) segment (Supelco). The second
column was connected through a capillary column splitter (SGE)
to two uncoated capillaries, with these linked to the FID (0.5 m
x 0.1 mm ID) and to the MS (0.25 m x 0.05 mm ID) systems.

2-4. Method parameters

Modulation was performed every 6000 msec, by using a loop-
type modulator (under license from Zoex Corporation, Houston,
TX, USA). The duration of the hot pulse (350°C) was 375 msec.

GC oven temperature program: 50°C to 280°C (hold 7.5 min) at
4°C/min. Carrier gas, He, was supplied at an initial pressure of
243 kPa (constant linear velocity mode). Injection temperature:
360°C. Injection mode and volume: pulsed injection (300 kPa
hold for 1 min) in the split mode (1:10); 6 pL. The FID was operat-
ed as follows: Hz flow: 40.0 mL/min; air flow: 400.0 mL/min;
make up (He): 30.0 mL/min.

MS parameters: samples were analyzed in the full scan mode
with a scan speed of 20,000 amu/sec and a mass range of
40-510 m/z; spectra generation frequency: 33 Hz; interface and
ion source temperatures were 250°C and 200°C, respectively.
MS ionization mode: electron ionization.

Bidimensional visualization was carried out by using the Chrom-
Square v. 1.5 software (Shimadzu Europe, Duisburg, Germany).
The MS libraries used for spectral matching were NISTO5, FFNSC,
and FAME library.

3. Results and Discussion

3-1. GCxGC-MS/FID
optimization and validation

GCxGC method optimization was achieved by using offset print-
ing ink, which is formed mainly of MOSH (> 90%), and by a
minor MOAH fraction. Apart from problems related to co-elu-
tion, if the offset ink had been injected neat then the MOSH
group would have overloaded the columns and modulator, while
the MOAH constituents would have been barely detected; there-
fore, a pre-separation on the Ag-SPE cartridge was necessary.



Flow division between the FID and MS units was a compromise
among different necessities, the main one being the attainment
of a satisfactory sensitivity for quantification purposes. Because
the detectors employed operate under different pressure condi-
tions, the employment of two branches with equal IDs proved to
be a non-ideal choice; the reason was related to the fact that an
excessively long “MS” branch was required to generate an ad-
equate flow resistance, to divert the majority of the effluent to
the FID. Such a configuration would have led to substantial differ-
ences in the second-dimension elution times, between the quali-
tative and quantitative experiments. A good compromise was
found through the use of an MS-linked 0.25 m x 0.05 mm ID
branch, and a 0.5 m x 0.1 mm ID FID one.

Such a splitting configuration produced the following flow condi-
tions: about 84% and 16% of the effluent reaching the FID and

(x100,000)

MS at the initial analysis temperature, respectively. The split ratio
changed slightly during the GC run, with about 87% and 13% of
the effluent diverted to the FID and MS, at the end. Since the cal-
ibration curve was constructed under the same analytical condi-
tions, the quantitative results were not affected.

The GCxGC dual-detection operational conditions were opti-
mized with the aim of maintaining the same chromatography
performance, compared to an MS-only system, as shown in Fig.
1. In the MS-only approach, with the same analytical columns,
the head pressure (approx. 150 kPa) was selected to generate
about 20 cm/sec and 210 cm/sec, in the first and second dimen-
sion, respectively. In the dual-detection approach, a 243-kPa
pressure produced the same gas velocity in the first dimension (to
attain the same elution temperatures), and a slightly lower one in
the second (180 cm/sec).
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29.900

29.925 29.950 29.975 30.000 min

Fig. 1 Comparison of raw TIC chromatogram expansions (printing ink analyses), obtained using a GCxGC-MS and a GCxGC-MS/FID system

A six-point (each point was derived through duplicate applica-
tions) calibration curve was constructed through the FID trace,
using solutions of paraffin oil in n-hexane, in the 0.35-24 mg/
Kg range. The least squares method was exploited to estimate the
regression line, while the linearity and the goodness of the curve
were evaluated through the regression coefficient (0.9993), and
a visual inspection of the residual plot, and were confirmed using
Mandel’s fitting test (Fealc<Ftab). The significance of the intercept
(p = 0.03) was established running a t-test, at the 5% significance
level.

Measurement of the limit of quantification (LoQ), in mineral oil
analyses, is tightly related to the MW distribution of the contami-
nants, hence on the hump width. However an approximate esti-
mation of the LoQ was made by considering the standard devia-
tion (n=3), calculated at the lowest calibration point, multiplied
by 10. The LoQ was estimated to be approximately 1.2 mg/Kg.

3-2. Food analysis

MOSH and the MOAH fractions, relative to pasta, icing sugar and
rice, were quantified up to C25 (as required by the envisioned
limit), using the aforementioned method; attention was paid,
during integration, to eliminate the natural alkanes from the
MOSH compounds, and the “unknown” peaks from the MOAH
group. Specifically, for GCxGC-FID quantification, the “polygo-
nal integration function” was applied, which enabled the defini-
tion of a polygonal area in which all the integrated peaks are au-
tomatically summed, and the data relative to each peak is saved
as well. Thus, the undesired peaks can be easily selected, and
subtracted from the total area. Quantification information, rela-
tive to the three foods, is listed in Table 1.

Table 1 Quantification values relative to the MOSH and the MOAH fractions, in samples of pasta, icing sugar, and rice, using Ag-SPE-GCxGC-MS/FID

Food MOSH <C25 (mg/Kg) MOAH< C25 (mg/Kg)
Pasta 3.5 1.6

Icing sugar 8.4 1.3
Rice 33.8 2.2




3-3. GCxGC-MS results for the
MOAH fraction

The peaks present in the GCxGC chromatograms, for the
three samples, were tentatively-identified on the basis of MS
database similarities (> 80%) and in accordance with linear
retention indices (LRI), contained in the same database. Since
a widely-accepted procedure for the calculation of GCxGC
LRI values has not been developed, such data were calculated
in a one-dimensional mode; furthermore, a rather wide LRI
filter window (+ 25 units) was applied (to eliminate wrong
matches), to compensate for the retention effects of the
polar capillary. The tentatively identified compounds, along
with experimental and database LRI, are listed in Table 2.

Two compounds were outside the LRI range; specifically,
octyldodecanoate and octyltetradecanoate were charac-
terized by a difference of +56 and +57 units, respectively.
It noteworthy that, in these cases, the database LRI values
(http://webbook.nist.gov/chemistry/), were attained using a
methyl silicon capillary column [(Ultra-1) 25 m x 0.32 mm x
0.25 pm], while in the present research a 30 m x 0.25 mm ID
x 0.25 pm silphenylene polymer phase was used. Since the
similarity matches were satisfactory, and the analyte loca-
tions in the 2D chromatogram gave a further idea on the
chemical structure, these solutes were given a name.

Figures 2, 3 and 4 show GCxGC-MS chromatograms for the
pasta, icing sugar and rice samples, respectively.

Table 2 Compounds identified in the “"MOAH" GCxGC-MS
analysis; database-derived (database LRI) and experimental
LRI (defined as LRI) values, and spectral similarities (MS%)

compound pasta ice sugar rice IRI database
MS%  MS% MS% LRI
1 lIsopropyldodecanoate 94 93 95 1622 1627
2 Dioctylether 92 93 94 1667 1688
3 2-Ethylhexyl octanoate 87 85 87 1703 1715
4 Ethyltetradecanoate - - 82 1798 1795
5  Isopropyltetradecanoate 93 94 93 1821 1828
6  Isoamyldodecanoate - 92 - 1846 1844
7 6,10,14-Trimethyl-2-pentadecanone - - 96 1846 1846
8  2-Heptadecanone - - 95 1896 1906
9  Methylhexadecanoate 95 91 93 1929 1925
10 Ethylhexadecanoate 92 83 94 1992 1993
11 Isopropylhexadecanoate 90 90 90 2025 2024
12 Abietatriene 84 81 83 2085 2075
13 Octyldodecanoate 86 84 83 2102 2158
14 2-Nonadecanone - - 92 2108 2106
15 Methyloctadecanoate 90 92 90 2130 2124
16 Dodecyloctanoate 95 91 - 2175 2177
17 n-Butylhexadecanoate 92 93 90 2198 2188
18 Octyltetradecanoate 83 85 - 2302 2359
19 Tetradecyloctanoate 84 90 - 2380 2375
20 n-Butyloctadecanoate 84 88 87 2395 2388
21 Pentadecyloctanoate - 85 84 2477 2475
22 Octylhexadecanoate 83 84 83 2504 2505
23 Di(ethylhexyl) phthalate 95 93 94 2542 2550
24 1-Tetracosanol - - 92 2697 2710
25 Squalene 93 93 - 2828 2847
26 1-Hexacosanol 91 - 92 2884 2877
27 Tetradecyltetradecanoate 81 81 89 2968 2950
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Fig. 2 GCxGC-MS chromatogram, relative to the pasta MOAH
fraction. Identification as reported in Table 2.
FA: fatty acid; DINP: diisopropylnaphthalenes
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Fig. 3 GCxGC-MS chromatogram, relative to the icing sugar
MOAH fraction. Identification as reported in Table 2.
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Fig. 4 GCxGC-MS chromatogram, relative to the rice MOAH
fraction. Identification as reported in Table 2.
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The identification of the specific aromatic compounds,
present in the MOAH “cloud”, was outside the scope of the
investigation; however, even if desired, the identification of
such constituents could not have been performed with
satisfactory reliability, because of the low amounts of such
constituents. However, it was possible to determine the
MOAH quantities (FID trace) and patterns, which are highly
important to define the contamination source.

A series of peaks, present in the MOAH fraction, were identi-
fied as esterified fatty acids. However, their presence did not
affect reliable quantification because these compounds were
subtracted from the total MOAH area. The esterified fatty
acids derived from the paperboard packaging. In fact, in a
sample of pasta analyzed prior to box packing, no sign of
MOAH contamination was observed.

The possibility to use offset printing ink, based on vegetable
oils, has been known for more than fifteen years, though its
use has become more frequent since contamination from
paperboard packaging has become an issue of worry.

A series of “unknowns” in the GCxGC-MS chromatograms
were labeled as “undefined FA esters”, since the relative
spectra were clearly that of FA esters, although the database
searches gave different possible “homologue” matches with
good similarities, but not always with a correspondent LRI
value. Hence, it was not possible to identify such compounds
with sufficient reliability, even though they were marked in
the figures, since their chemical nature was evident. It could
also not be excluded that such FA esters were not
contained in the MS database. For example, in the pasta
sample (Fig. 2), only three out of the four main peaks were
identified, namely octyldodecanoate, octyltetradecanoate,
and octylhexadecanoate. However, it can be deduced from
its 2D position that the “undefined FA ester” was most
probably octyldecanoate, even though such a compound
was not present in the MS databases used. A good “visual”
similarity was observed with the spectrum reported in the
NIST web site, however no LRI information was found, thus
this compound remained unidentified.

It is noteworthy that practically the same compounds were
found in all the samples subjected to analyses; however,
different quantitative profiles were observed, probably due
to a different ink-type and/or to a different contamination
source. It can be hypothesized that the vegetable oil offset
printing ink was directly used in the pasta packaging (highly
contaminated), while it was present, in different amounts, in
the recycled fiber used for the packaging of the other two
food sample.

Reference

[1] K. Grob, M. Biedermann, A. Caramaschi, B. Pacciarelli, J.
High Resolut. Chromatogr. 14 (1991) 33-39.

[2] Ch. Droz, K. Grob, Z. Lebensm. Unters. Forsch. 205 (1997)
239-241.

[3] M. Biedermann, Y. Uematsu, K. Grob, Packag. Tech. Sci.
24 (2011) 61-73.

[4] M. Biedermann, K. Grob, Eur. Food Res. Technol. 230
(2010) 785-796.

[5] A. Vollmer, M. Biedermann, F. Grundbock, J. E. Ingenhoff,
S. Biedermann-Brem, W. Altkofer, K. Grob, Eur. Food Res.
Technol. 232 (2011) 175-182.

[6] M. Biedermann, K. Grob, J. Chromatogr. A 1255 (2012)
76-99.

[7] German Federal Institute for Risk Assessment (BfR).
Stellungnahme Nr. 008/2010 des BfR vom 03, December,
20009.

[8] Joint FAO/WHO Expert Committee of Food Additives
(JECFA) 2002, 59th report, 11-20; WHO Technical report
Series 913,
http://whglibdoc.who.int/trs/WHO_TRS_913.pdf.

[9] European Food Safety Authority (EFSA), Scientific opinion
on Mineral Oil Hydrocarbons in Food, EFSA Journal 10(6)
(2012) 2704 1-185.

[10] Summary and conclusion of the 76th Meeting of the Joint
FAO/WHO Expert Committee on Food Additives, 29 June
2012.

[11] A. Guinda, A. Lanzon, T. Albi, J. Agric. Food Chem. 44
(1996) 1723-1726.

[12] O. Koprivnjak, G. Procida, L. Favretto, Food Technolog.
Biotechnolog. 35 (1997) 125-131.

[13] Y. A. Tan, and A. Kuntom. J. AOAC Int. 76 (1993)
371-376.

[14] A. S. McGill, C. F. Moffat, P. R. Mackie, P. Cruickshank, J.
Sci. Food Agric. 61 (1993) 357-363

[15] C. Wagner, H.-P. Neukom, K. Grob, S. Moret, T. Populin,
L. S. Conte, Mitt. Lebensm. Hyg. 92 (2001) 499-514.

[16] K. Grob, Workshop EU-DG-SANCO and the KLZH,
Switzerland (2008).

[17] D. Fiorini, A. Paciaroni, F. Gigli, R. Ballini, Food Control, 21
(2010) 1155-1160.

[18] S. Moret, L. Barp, K. Grob, L. S. Conte, Food Chem. 129
(2011) 1898-1903.

[19] K. Grob, A. Artho, M. Biedermann, J. Egli, Food Addit.
Contam. 8 (1991) 437-446.

[20] M. Biedermann, K. Fiselier, K. Gob, J. Agric. Food Chem.
57 (2009) 8711-8721.

[21] P. Q. Tranchida, M. Zoccali, G. Purcaro, S. Moret, L. Conte,
M. Beccaria, P. Dugo, L. Mondello, J. Chromatogr. A, 2011,
1218, 7476-7480.

[22] G. Purcaro, S. Moret, L. S. Conte, J. Chromatogr. A, 1255
(2012) 100-111.

[23] M. Biedermann, K. Grob, J. Chromatogr. A 1255 (2012)
56-75.

[24] S. Moret, L. Barp, G. Purcaro, L. S. Conte, J. Chromatogr.
A, 1243 (2012) 1-7.

[25] http://www.bfr.bund.de/cm/349/determination-of-
hydrocarbons-from-mineral-oil-or-plastics.pdf, BfR (2012).

[26] M. Biedermann, K. Grob, J. Sep. Sci. 32 (2009)
3726-3737.

[27] L. Mondello, M. Zoccali, G. Purcaro, F. A. Franchina, D.
Sciarrone, S. Moret, L. Conte, P. Q. Tranchida, J.
Chromatogr. A, 1259 (2012) 221-226.



Shimadzu GCxGC-QP System

Zoex ZX1 2stage thermal modulator providing
excellent modulation.

Shimadzu GCMS-QP2010 Ultra makes possible to
obtain the data with high scan speed up to
20,000 u/sec.

The 2-dim chromatogram of fatty acids and scan speed

The high scan speed of GCMS-QP2010 Ultra has the potential of increasing the separation power of the second dimension, that promotes appli-
cability of high sensitive, user friendly and economical quadrupole mass spectrometer to GCxGC-MS analysis.
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m Introduction

Contamination of food products with pesticides is a
growing concern because of recognized adverse health
effects, increasing world-wide usage of pesticides, and
increasing imports of raw foodstuffs from foreign
sources. The concern is particularly acute for baby
foods because of the high vulnerability of babies to
adverse health effects from synthetic chemicals,
particularly pesticides.

Gas chromatography mass spectrometry (GCMS) has
been used extensively to quantify trace-level pesticides
in food matrices; the most significant challenges have
been matrix interference and achievement of
meaningful health-based detection limits for the
compounds of interest. The QUEChERS (Quick Easy
Cheap Effective Rugged and Safe) sample preparation
method' has helped to overcome some of the
problems of matrix interference, and
commercialization of QUEChERS kits has promoted

m Experimental

The analyses were conducted using a Shimadzu
GCMS-TQ8030 triple quadrupole GC/MS/MS. The
GCMS-TQ8030 was operated in the multiple reaction
monitoring (MRM) mode, using the GC program,
optimized MRM transitions, and collision energies
detailed in the Shimadzu GC/MS/MS Pesticide
Database?. The GCMS-TQ8030 allows optimization of
the collision energy for each MRM transition, providing

Figure 1: Shimadzu GCMS-TQ8030 Triple Quadrupole GC/MS/MS

Gas Chromatograph Mass Spectrometer

Analysis of Organophosphorus Pesticides
in Baby Foods Using a Triple-Quadrupole
GC/MS/MS System

widespread screening of foodstuffs for trace pesticides.
But significant interferences still present a formidable
problem for analysis of trace-level pesticides in foods,
even after QUEChERS extraction and cleanup.

Triple quadrupole GC/MS/MS has emerged as the
technique of choice for analysis of trace-level
contaminants in complex matrices. Operation of the
triple quadrupole GC/MS/MS in the Multiple Reaction
Monitoring (MRM) mode provides unmatched
sensitivity and selectivity for detection and quantitation
of targeted pesticides at low concentrations in the
presence of interfering background. This application
note presents instrument configuration, operating
parameters, and analytical results for analysis of trace
levels of 24 organophosphorus (OP) pesticides in four
different baby foods using the Shimadzu
GCMS-TQ8030 triple quadrupole GC/MS/MS (Figure 1).

ultimate sensitivity. The Q1 and Q3 resolution can be
independently defined for each compound, to deliver
individualized selectivity for each pesticide. The
instrument configuration and operating conditions,
including MRM transitions, optimized collision energies,
and retention indices (RI) for the OP pesticides are
shown in Table 1.
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Table 1: Instrument Conditions for Analysis of Pesticides in Baby Food

Gas Chromatograph GC-2010 Plus
250 °C

Inlet Single taper gooseneck splitless liner with glass wool (Restek 23322.5)
Splitless injection, sampling time 1 minute
RXI-5Sil MS 30 m x 0.25 mm x 0.25 pm (Restek 13623)

Column Helium carrier gas

Constant linear velocity 47 cm/second

Oven Program

90 °C, hold 1.0 minute

15 °C/minute to 300 °C, hold 5.0 minutes
MS interface 250 °C

Analysis time 20 minutes

Mass Spectrometer

GCMS-TQ8030

lon Source

200 °C
Electron ionization (El) mode, 70 eV

Operation Mode

Multiple Reaction Monitoring (MRM)
Argon gas, 200 kPa
Q1 resolution 0.8 u (Unit), Q3 resolution 3.0 u (Low)

Electron multiplier

Detector
1.7 kV
MRM Transition Details
Compound Name Transition 1 CE1 Transition 2 CE 2 Transition 3 CE3 Re:;e:::(on
Dichlorvos 185.0>93.0 14 185.0>109.0 14 185.0>63.0 22 1243
Mevinphos 192.0>164.0 4 192.0>127.0 12 192.0>109.0 24 1424
Ethoprophos 200.0>158.0 6 200.0>114.0 14 200.0>97.0 24 1637
Sulfotepp 322.0>202.0 10 322.0>294.0 4 322.0>174.0 18 1673
Monocrotophos 127.1>109.0 12 127.1>95.0 16 127.1>79.0 20 1679
Phorate 260.0>75.0 8 260.0>231.0 4 260.0>47.0 26 1697
Dimethoate 125.0>79.0 8 125.0>47.0 14 125.0>62.0 10 1730
Diazinon 304.1>179.1 10 304.1>162.1 8 304.1>137.1 26 1789
Disulfoton 186.0>97.0 16 186.0>153.0 6 186.0>125.0 10 1813
Methyl parathion 263.0>109.0 14 263.0>136.0 8 263.0>246.0 6 1898
Ronnel 284.9>269.9 21 284.9>239.9 26 284.9>93.0 26 1922
Malathion 173.1>99.0 14 173.1>127.0 6 173.1>145.0 6 1963
Fenthion 278.0>109.0 20 278.0>125.0 20 278.0>169.0 14 1989
Chlorpyrifos 313.9>257.9 14 313.9>285.9 8 313.9>193.9 28 1981
Parathion 291.1>109.0 14 291.1>137.0 6 291.1>81.0 24 1995
Triphenylmethane* 244.1>167.1 10 244.1>243.1 10 2016
Trichloronat 296.9>268.9 17 296.9>222.9 29 296.9>239.9 30 2019
Merphos 209.1>153.0 6 209.1>97.0 8 209.1>57.0 13 2076
Stirofos 328.9>109.0 18 328.9>313.9 17 328.9>79.0 23 2125
Prothiofos 309.0>239.0 21 309.0>281.0 11 309.0>221.0 31 2175
Fensulfothion 293.1>125.0 13 293.1>97.0 23 293.1>109.0 19 2268
Bolstar 322.1>156.1 11 322.1>139.1 13 322.1>97.0 22 2319
Triphenyl phosphatet 326.1>170.1 15 326.1>215.1 20 2407
EPN 169.1>140.9 8 169.1>77.0 22 169.1>158.9 6 2482
Azinphos-methyl 160.1>132.1 6 160.1>77.0 20 160.1>51.0 28 2579
Coumaphos 362.0>109.0 17 362.0>226.0 18 362.0>210.0 20 2731

*Triphenylmethane was the internal standard (IS), spiked at 10 ng/mL
tTriphenyl phosphate was the control standard, spiked at 20 ng/mL
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Organic blended peas were used as the test sample
matrix; an organic variety was selected so it would be
free from pesticide contamination. The sample matrix
was extracted and subjected to cleanup using the
QUEChERS procedure, and all analytical standards were
prepared in the blended peas matrix. A 7-point
calibration curve was prepared for the 24 OP-pesticides

m Results and Discussion

Chromatography

The total ion chromatogram (TIC) acquired in the MRM
mode for the OP pesticide mix is shown in Figure 2,
and illustrates the chromatographic separation of the
OP pesticides. In the MRM mode, the TIC for each

; i |
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using the internal standard procedure. The sample
preparation did not involve concentrating or diluting
the sample, so concentrations expressed in ng/mL
(parts-per-billion, ppb) in the calibration standards and
extracts are equivalent to ng/g (ppb) in the original
sample.

analyte is the sum of the signal for each MRM
transition for that particular analyte, so the appearance
of the chromatogram is slightly different than a typical
TIC acquired in the full-scan mode.
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Figure 2: Total lon Chromatogram of Organophosphorus Pesticide Standard — MRM Mode

The effect of column temperature on chromatographic
performance is important for this application. When
the QUECHERS procedure is used, the injection solvent
is acetonitrile, which is very polar compared to the
column phase. When acetonitrile is injected with an
initial column temperature of 50-60 °C, severe
chromatographic peak splitting occurs, particularly
with early-eluting compounds. However, when the
initial temperature is increased to 90 °C,

chromatographic performance is improved. This effect
is illustrated in Figure 3 below. The chromatographic
effect with acetonitrile is explained by condensation of
solvent droplets on the inside of the chromatographic
column at temperatures below the boiling point of
acetonitrile (82 °C). The slight peak broadening in the
peaks eluting from 4.5-5.0 minutes in the
chromatogram shown in Figure 2 is also the result of
this chromatographic effect.

Starting temperature program: 50 °C
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Starting temperature program: 90 °C
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Figure 3: Mass Chromatogram for Dichlorovos (m/z 185)
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Automatic Adjustment of Retention Times (AART)
Routine maintenance to maintain chromatographic
performance frequently involves cutting the
chromatographic column, which results in changing
method retention times. Dealing with changing
retention times can be cumbersome in routine full-scan
GCMS analysis, but becomes much more complicated
with GC/MS/MS operated in the MRM mode. Not only
do the data processing retention times need to be
updated, but the MRM data acquisition parameters
must also be adjusted to ensure that the specific MRM
transitions are applied for the precise retention times
of the corresponding analytes.

‘ D g il 7

198 125 15.0
Pesticide standard before cutting column - MRM mode

-

[

Method retention times and MRM data acquisition
parameters are easily updated using the Shimadzu
AART function, based on the fundamental principle of
retention index. The retention index is a retention time
scale based on the retention times of specific analytes
relative to a series of n-alkane hydrocarbons. Retention
indices are constant for a given column phase, and are
independent of column dimensions or temperature
program. When retention indices are known, and
retention times of n-alkanes under a given set of
conditions are determined, retention times of the
specific analytes can be calculated with high accuracy
(0.01 min or less). The process is illustrated in Figure 4.

AART - Step 1
Use method retention times and

n-alkane standard retention times
from original conditions to calculate
retention indices for target
compounds on a specific column
phase (e.g. RXI-5sil MS).

|

SIHHA

so0 TS 175
n-Alkane standard before cutting column - full scan mode
AART- Step 1

50 ‘r's - 10.0 128 5o 17s

AART - Step 2a
After cutting the column, use new

n-alkane retention times to update
retention times for the method.

n-Alkane standard after cutting column - full scan mode

B e e

it

LERBsvumnEne
P

et

AART - Step 2a

Instrument data acquisition
parameters can also be updated by
selecting the checkbox.
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AART - Step 2b

Instrument data acquisition
parameters are updated when the
checkbox is selected in the AART
function.

Cutting

AART - Step 2b

sty

AART - Step 3

Instrument data acquisition parameters
and data processing retention times are
verified by injection of the pesticide
standard in the MRM mode after
updating parameters with the AART
function.

19.0
n-Alkanestandard after cutting column - full scan mode

ek ,-,ll'“' M.HI .‘““ J

Pesticide standard after cutting column - MRM mode

AART - Step 3

Figure 4: lllustration of the Automatic Adjustment of Retention Time (AART) Feature

The Shimadzu GC/MS/MS Pesticide Database

The analytical method for detection of the OP
pesticides was developed using the Shimadzu
GC/MS/MS Pesticide Database for the GCMS-TQ8030.
The database includes MRM method parameters that
were developed using authentic analytical standards
for 430 pesticides (October, 2012). The method
information for each of the 430 pesticides includes
CAS number, retention index (Rtx-5MS column), and 3
to 5 suggested MRM transitions that can be used for
either quantitation or confirmation. Each MRM
transition includes an associated collision energy (CE)
that has been optimized to provide the greatest
sensitivity. Multiple transitions are provided for each
pesticide, so the user can choose the ones most
appropriate for the matrix being tested.

To use the database, simply select the pesticides of
interest by changing the Target/Non-target Flag using
the drop-down menu, define the primary quantitation
transition (Q) and confirmation transitions (C1 — C4),
and use the embedded macro to generate the MRM
method. The database includes retention indices (RI)
for all 430 pesticides on the Rtx-5MS column, or the
user can use the Rl determined for alternate columns
using the AART function. A portion of the Shimadzu
Pesticide Database is shown in Figure 5.
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, CompoundName (ENG)|  Cas# | feb [MSX | Twnsiion1  CE1 | Transion2 ~ CE2 | Tnsion3
3 Aldicarb deg. 0-00-0 901 Q| 1151=100.1 8 115.1=68.0 8 115.1>48.0
4 DCIP 108-60-1 1061 Q 121.1=45.0 4 121.1=77.0 8 121.1>49.0
5 Aldoxycarb deg. 0-00-0 1142 Q 80.0=65.0 6 80.0=50.0 4 80.0=48.0
8 Chlofentezine deg. 0-00-0 1188 Q| 137.0=102.0 14 137.0>75.0 26 137.0>51.0
7 Hymexazol 10004 -44 -1 1203 Q 99.0-71.0 8 99.0>54.0 26 99.0>58.0
& Methamidophos 10265-92-6 1237 Q 141.0=96.0 8 141.0=126.0 4 141.0>79.0
g Dichlorvos 62-73-7 1258 Q 185.0=93.0 14 185.0>109.0 14 185.0-63.0
10 Nereistoxin 0-00-0 1288 Q 149.1>71.1 8 149.1>102.1 5 149.1>84.1
11 Allidochlor 93-71-0 1302 Q 138.1>96.0 6 138.1>110.1 8 138.1>81.0
12 Dichlobenil 1194-65-8 1365 Q| 170.9>100.0 24 170.9>136.0 14 170.2>110.0
13 EPTC 759-94-4 1367 Q| 189.1>1281 4 189.1=86.0 12 169.1>160.1
14 Biphenyl 92-52-4 1399 Q| 1541=12841 22 154.1>115.1 24 154.1>102.1
i5 Butylate 2008-41-5 1440 Q| 174.1=146.1 6 174.1=75.0 4 174.1>89.0
16 Mevinphos 7786-34-7 1442 Q| 192.0=164.0 4 192.0-127.0 12 192.0>109.0
17 Acephate 30560-19-1 1448 Q 136.0>94.0 14 136.0>119.0 8 136.0>64.0
12 Chlormephos 24934-91-8 1454 Q| 233.9=121.0 12 233.89>154.0 8 233.9-93.0
19 3-Hydroxycarbofuran 16655-82-6 1471 Q| 180.1=137.0 10 180.1>162.1 ) 180.1>151.1
20 Nitrapyrin 1929-82-4 1471 Q| 193.9-133.0 16 193.9-1567.9 20 193.8>112.0
21 Etridiazole 2583-15-9 1472 Q| 210.9-1829 10 210.89>139.9 22 210.8>108.0
22 Clothianidin 210880-92-5 1509 Q 132.0=71.0 14 132.0=45.0 22 132.0-88.0
23 Thiocyclam 31895-21-3 1515 Q 135.0=71.0 8 135.0=56.0 24

24 Methacrifos 62610-77-9 1516 Q| 240.0>208.0 4 240.0=180.0 10 240.0>110.0
25 Chloroneb 2675-77-6 1526 Q| 206.0=191.0 12 206.0=141.0 20 206.0>113.0
26 Tebuthiuron 34014 -18 - 1 1534 Q] 171.1=1861 10 171.1>129.1 B 171.1=74.0
27 2-Phenylphenol 90-43-7 1535 Q| 170.1=1411 24 170.1>115.1 28 170.1>155.1
28 Crimidine 535-89-7 1537 Q| 156.1>1201 8 156.1>66.0 22 156.1>79.0
29 |soprocarb 2631-40-5 1554 Q| 136.0=121.0 10 136.0>103.0 22 136.0>77.0

Figure 5: Shimadzu GC/MS/MS Pesticide Database for the GCMS-TQ8030

Multiple Reaction Monitoring (IRM) Mode
Operation of the GCMS-TQ8030 in the MRM mode
provides unmatched sensitivity and selectivity for
analysis of trace level contaminants in complex
matrices, such as OP pesticides in food extracts. Most
co-extracted matrix interferences are virtually
eliminated using the MRM mode. The chromatograms
in Figure 6A illustrate this point. The chromatograms
were generated using Shimadzu's unique Scan/MRM
mode, in which full-scan mass spectra and MRM data

fxl OO0 000}

are simultaneously acquired in the same run. The black
trace is the Scan mode of the blended peas sample
spiked with 24 OP pesticides at 100 ng/mL. The pink
trace is the MRM acquisition of the OP pesticides
during the same Scan/MRM analysis. The
chromatograms have been normalized to the same
intensity scale; the overwhelming intensity of the
sample matrix relative to the pesticide spike at 100
ng/mL is apparent in the chromatograms.
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Figure 6A: Blended Pea Extract Spiked at 100 ng/mL and Analyzed in Simultaneous Scan/MRM Mode
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The outstanding selectivity of the MRM mode is further
illustrated in the chromatograms of three OP pesticides
shown in Figure 6B. The top chromatograms represent
extracted ion chromatograms (mass chromatograms)
from the full scan data, and the bottom
chromatograms are the corresponding chromatograms

; F LA ||-||\ f p 3 A FTATA
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from the MRM mode. Elimination of matrix
interference in the MRM mode is evident. The MRM
operation mode allows detection and quantitation of
trace concentrations of analytes in complex matrices
such as food extracts, completely eliminating
background interference.
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Figure 6B: Extracted lon Chromatograms (top) and MRM Chromatograms (bottom) for Selected Pesticides in the Spiked Pea Extract

Using the Scan/MRM Acquisition Mode

Calibration and Assessment of Precision

Seven calibration standards were prepared in the
blended peas matrix over the range of 0.5-200 ng/mL
(ppb) and transferred to autosampler vials with
limited-volume inserts for analysis; triphenylmethane
was used as the the internal standard and was held at
a constant concentration of 10 ng/mL. Triphenyl
phosphate was used as a control standard, and was
held at a constant concentration of 20 ng/mL in all
standards and samples. The initial calibration standards
were analyzed using the instrument conditions
outlined above. The electron multiplier was adjusted to
give acceptable response at the lowest calibration level
and avoid saturation at the highest calibration level.

Response factors were calculated and relative standard
deviation (RSD) determined by the GCMSsolution

software. Mean response factors for the initial
calibration are presented in Table 2. The precision of
the calibration is evaluated using the RSD of the
response factors and the correlation coefficient (r) for
each of the calibration analytes. The RSD and
correlation coefficient values for the multi-point
calibration are shown in Table 2.

Eight replicate injections of the 1 ng/mL and 10 ng/mL
standards were analyzed to assess the precision of the
analytical method and the accuracy of measurement
near the low end of the calibration range. The mean
concentration and RSD for the replicate analyses are
presented in Table 2.
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Table 2: 7-Point Calibration and Precision Results for Analysis of Organophosphorus Pesticides by GCMS-TQ8030

Calibration Results

Precision at 1 ng/mL

Precision at 10 ng/mL

Compound Name (n =10) (n=10)
Mean RRF RSD (%) r Mean Conc. RSD (%) Mean Conc. RSD (%)
Dichlorvos 0.640 22 >.999 0.97 4 10.9 3
Mevinphos 0.485 17 >.999 0.80 8 9.5 4
Ethoprophos 0.724 22 >.999 0.95 5 9.3 3
Sulfotepp 0.371 20 >.999 0.80 7 8.9 2
Monocrotophos 0.754 19 >.999 1.20 13 8.0 6
Phorate 0.325 16 >.999 0.92 9 9.7 2
Dimethoate 0.167 23 >.999 0.77 16 9.3 8
Diazinon 0.446 17 >.999 0.90 9 9.2 2
Disulfoton 0.155 24 0.999 0.87 10 8.8 2
Methyl parathion 0.283 26 0.999 1.02 6 9.2 2
Ronnel 0.950 20 >.999 1.24 17 9.2 3
Malathion 0.630 17 >.999 0.87 9 8.1 1
Fenthion 0.934 21 >.999 0.93 4 8.7 1
Chlorpyrifos 0.525 18 >.999 0.87 4 8.6 2
Parathion 0.103 37 0.997 0.84 12 9.0 3
Trichloronat 1.250 18 >.999 0.91 5 9.2 2
Merphos 0.371 30 0.996 0.79 11 5.8 5
Stirofos 0.804 18 >.999 0.89 5 8.3 2
Prothiofos 0.434 13 >.999 0.94 6 9.2 2
Fensulfothion 0.094 20 0.996 1.03 17 10.6 4
Bolstar 0.320 19 0.997 0.86 11 9.1 2
EPN 0.264 21 0.999 0.93 15 8.7 4
Azinphos-methyl 0.431 16 0.997 0.99 12 8.0 6
Coumaphos 0.198 22 0.997 0.92 10 9.9 3
Triphenyl phosphate* 0.300 3 NA 20.1 3 19.9 1

*The triphenyl phosphate control standard was spiked at 20 ng/mL.
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Calibration curves for selected analytes are shown in analyte. All of the chromatographic peaks were easily
Figures 7A-7F below. The chromatograms represent integrated at the 0.5 ng/mL level.
the lowest level calibration point (0.5 ppb) for each
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Figure 7C: Ethdprophos Calibration

Figure 7E: Ronnel Calibration
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Figure 7F: Stirophos Calibration
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Results for Other Sample Matrices

Calibration standards for this study were created by
spiking the extract from blended peas which had been
prepared using the QUEChERS technique. The
calibration was subsequently used to evaluate
analytical performance in three additional baby food
matrices. The QUEChERs extracts from three baby
foods (blended pears, peach oatmeal bar, and chicken
broth) were spiked at 10 ng/mL, and were analyzed 10
times each using the MRM method. Results are shown
in Table 3. The sample extracts were also analyzed in
the Q3 full scan mode to note overall similarities and
differences in the gross appearance of the
chromatograms. Total ion chromatograms for the
analyses of the four QUEChERS extracts are shown in
Figures 8A-D. The appearance of the chromatograms
between 6 and 9 minutes was remarkably similar; the
primary differences are seen in the region after 9
minutes.

Measured concentrations of the OP pesticides in the
blended peas ranged between 8.0 and 10.9 ng/mL (10
ng/mL spike), with single-digit precision for all
pesticides. Precision at 10 ng/mL was excellent in the
other three matrices as well, with RSDs at 11% or
better for all compounds, and only three
measurements above 9%. Measured concentrations of
the OP pesticides in the blended pears and peach
oatmeal bar were similar, with recoveries ranging from
77 to 142%. Measured concentrations in the chicken
broth, the only animal-based matrix, showed the
highest degree of variability, with recoveries from 68 to
217%. Concentration of parathion was high in all
three of the additional spiked matrices.

Table 3: Precision Data for Analysis of Organophosphorus Pesticides in Four Different Baby Foods

Chicken Broth Pears Peach Oatmeal Bar Peas
Compound Name Mean RSD (%) Mean RSD (%) Mean RSD (%) Mean RSD (%)
(ng/mL) (ng/mL) (ng/mL) (ng/mL)
Dichlorvos 8.7 3 7.7 3 8.4 2 10.9 3
Mevinphos 8.1 7 7.9 3 8.2 5 9.5 4
Ethoprophos 9.0 3 7.7 2 8.5 4 9.3 3
Sulfotepp 13.8 3 11.5 2 12.0 4 8.9 2
Monocrotophos 8.8 4 9.6 2 8.8 7 8.0 6
Phorate 10.0 3 8.3 4 9.0 5 9.7 2
Dimethoate 1.4 9 10.2 6 14.2 8 9.3 8
Diazinon 8.7 5 8.1 3 9.1 5 9.2 2
Disulfoton 8.9 5 8.0 3 8.7 7 8.8 2
Methyl parathion 9.4 8 9.1 4 9.4 10 9.2 2
Ronnel 8.4 3 7.9 4 8.7 7 9.2 3
Malathion 12.9 5 14.1 2 12.6 6 8.1 1
Fenthion 8.7 5 8.5 1 8.5 8 8.7 1
Chlorpyrifos 8.6 6 8.3 3 13.6 4 8.6 2
Parathion 21.7 6 14.6 3 13.8 8 9.0 3
Trichloronat 10.1 2 8.8 2 8.9 4 9.2 2
Merphos 111 4 8.4 2 8.2 5 5.8 5
Stirofos 6.8 4 8.1 2 7.7 7 8.3 2
Prothiofos 10.5 3 9.0 2 9.5 5 9.2 2
Fensulfothion 15.7 11 10.4 5 10.2 10 10.6 4
Bolstar 11.1 6 8.9 4 9.9 7 9.1 2
EPN 15.9 6 12.0 4 13.5 6 8.7 4
Azinphos-methyl 13.8 6 9.3 8 8.1 8 8.0 6
Coumaphos 10.0 8 10.2 3 10.6 10 9.9 3
Triphenyl phosphate 21.7 3 20.8 1 20.3 2 19.9 1

The triphenyl phosphate control standard was spiked at 20 ng/mL.
The spike level for all other OP pesticides was 10 ng/mL.
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m Conclusion

Detection of the organophosphorus pesticides was
demonstrated at low ng/mL (parts-per-billion, ppb)
levels in the sample matrix, and linear calibration was
demonstrated from 0.5-200 ng/mL. Precision and
accuracy were demonstrated by ten replicate analyses
of matrix spiked aliquots at 1 and 10 ng/mL.

Calibration was conducted in the blended peas
QUEChERS extract, and provided accurate, repeatable
results for that sample matrix. Application of the
matrix calibration was investigated by analysis of ten
replicates of spiked aliquots of three additional baby
foods: blended pears, peach oatmeal bar, and chicken
broth. Accuracy for the blended peas extract was

80-110 %, and precision was less than 9 % (n = 10)
for all compounds. Results for the other sample
matrices measured against a calibration in the blended
peas extract showed similar precision, but accuracy
from 68-217 %.

A Shimadzu GCMS-TQ8030 system operated in the
MRM mode was shown to be a rapid, sensitive, and
selective technique for analysis of organophosphorus
pesticides in baby foods. Reliable, precise
measurements were obtained at 1 ng/mL for all 24 OP
pesticides. The Shimadzu AART function and
GC/MS/MS Pesticide Database simplified development
of the MRM method.
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According to Japan’s list of drinking water quality control substances, pesticides are included as supplemental
items subject to analysis. Designed to complement the standards, the Ministry of Health, Labour and Welfare
encourages water utilities to monitor pesticide levels and achieve specified targets. Among the 102 listed
pesticides, 84 are simultaneously analyzed using solid-phase extraction and GC-MS. In this datasheet, those
pesticides were analyzed using GC-MS/MS and Multiple Reaction Monitoring (MRM) mode.

Experimental

Analytical conditions are shown in Table 1.

Table 1: Analytical Conditions

GC-MS :GCMS-TQ8030

Column :Rtx-5MS (Length 30 m, 0.25 mm I.D., df=0.25 ym)

Glass liner :Custom Sky Liner, Splitless Single Taper Gooseneck w/Wool (RESTEK, catalog# 567366)

[GC] [MS]

Injection Temp. :250°C Interface Temp. :250 °C
Column Oven Temp.:80°C(2 min)—(20°C /min)—180°C —(5°C /min)—280°C(3 min) lon Source Temp. 230 °C
Injection Mode :Splitless (High Pressure Injection 250 kPa, 2.3 min) Data Acquisition Mode ‘MRM

Flow Control Mode :Linear Velocity (44.5 cm/sec)
Injection Volume 2 uL

MRM Monitoring m/z

Quantitative Transition Qualitative Transition Quantitative Transition Qualitative Transition
Compound Name Precursor>Product CE (V) Precursor>Product CE (V) Compound Name Precursor>Product CE (V) Precursor>Product CE (V)
Dichlorvos 184.9>109.0 18 184.9>93.0 13 Isofenphos 213.1>185.1 6 213.1>121.1 18
Dichlobenil 170.9>136.0 13 170.9>100.0 23 Captan 149.0>105.1 5 149.0>79.0 19
Etridiazole 210.9>182.9 10 210.9>139.9 20 Dimepiperate 145.1>112.1 9 145.1>69.1 18
Chloroneb 205.9>190.9 12 205.9>140.9 19 Phenthoate 274.0>121.0 11 274.0>125.0 18
Isoprocarb 136.1>121.1 9 136.1>103.1 23 Procymidone 283.1>96.0 10 283.1>68.1 24
Molinate 126.1>55.0 18 126.1>83.1 6 Butamifos oxon 244.0>216.0 7 244.0>136.1 15
Fenobucarb 150.1>121.1 9 150.1>103.1 23 Methidathion 145.0>85.0 8 145.0>58.0 18
Trifluralin 306.1>264.0 7 306.1>206.1 17 9-Bromoanthracene (ISTD) 256.0>177.1 18 256.0>151.1 30
Benfluralin 292.1>264.0 9 292.1>206.1 14 alpha-Endosulfan 240.9>205.9 13 240.9>170.0 26
Pencycuron 180.1>125.0 10 180.1>89.0 29 Butamifos 286.1>202.1 17 286.1>185.0 27
Dimethoate 125.0>79.0 10 125.0>62.0 8 Napropamide 128.1>72.1 7 128.1>100.1 9
Simazine 201.1>173.1 6 201.1>186.1 7 Flutolanil 173.0>145.0 18 173.0>95.0 27
Atrazine 215.2>200.1 8 215.2>173.1 6 Isoxathion oxon 161.1>105.0 11 161.1>77.0 25
Diazinon oxon 273.1>137.1 18 273.1>217.0 10 Isoprothiolane 290.1>204.1 5 290.1>118.0 14
Propyzamide 172.9>144.9 15 172.9>109.0 27 Pretilachlor 238.1>162.2 11 238.1>146.2 10
Pyroquilon 173.1>130.1 20 173.1>144.1 23 Fenthion oxon sulfoxide 262.1>247.1 1 262.1>109.0 22
Diazinon 304.1>179.2 10 304.1>162.1 9 CNP-amino 287.0>108.1 19 287.0>217.0 13
Anthracene-d10 (ISTD) 188.2>160.1 20 188.2>158.1 30 Fenthion oxon sulfone 294.1>104.1 19 294.1>230.2 8
Disulfoton 274.1>88.0 6 274.1>60.0 22 Buprofezin 172.1>57.1 18 172.1>131.1 6
Chlorothalonil 265.9>230.9 19 265.9>169.9 23 Isoxathion 312.9>177.0 7 312.9>130.0 17
Iprobenfos 204.0>91.0 8 204.0>122.0 15 beta-Endosulfan 240.9>205.9 18 240.9>170.0 23
Tolclofos-methyl oxon 249.0>199.0 26 249.0>233.9 15 Fenthion sulfoxide 278.0>109.0 20 278.0>169.1 14
Fenitorothion oxon 244.0>109.0 16 244.0>90.0 18 Fenthion sulfone 310.0>109.0 24 310.0>105.1 16
Bromobutide 232.2>176.1 10 232.2>114.1 9 Mepronil 269.1>119.1 18 269.1>227.1 5
Terbucarb 205.2>177.1 8 205.2>145.1 18 Chlornitrofen 318.9>288.9 12 318.9>238.0 10
Malaoxon 127.1>99.0 7 127.1>109.0 10 Edifenphos 310.0>173.0 13 310.0>109.1 25
Simetryn 213.2>170.1 10 213.2>185.1 7 Propiconazole-1 259.1>69.0 13 259.1>173.0 18
Tolclofos-methyl 265.0>249.9 15 265.0>219.9 23 Endosulfate 271.8>236.8 18 271.8>234.8 19
Alachlor 188.1>160.1 10 188.1>131.1 22 Propiconazole-2 259.0>69.0 11 259.0>172.9 19
Metalaxyl 249.2>190.2 6 249.2>146.1 18 EPN oxon 141.0>77.0 18 141.0>51.0 30
Fenthion oxon 262.0>247.0 8 262.0>109.0 26 Thenylchlor 288.1>141.0 13 288.1>174.1 7
Dithiopyr 354.1>306.0 7 354.1>286.0 17 Pyributicarb 165.1>108.1 10 165.1>93.0 25
Fenitrothion 277.0>260.1 7 277.0>109.0 20 Iprodione 314.0>244.9 11 314.0>56.0 25
Esprocarb 222.1>91.0 19 222.1>162.2 7 Pyridaphenthion 340.0>199.1 8 340.0>109.0 22
Malathion 173.1>127.1 7 173.1>99.0 18 Chrysene-d12 (ISTD) 240.2>236.1 30 240.2>238.2 20
Thiobencarb 257.1>100.1 7 257.1>72.1 23 EPN 157.0>77.0 24 157.0>110.0 14
Chlorpyrifos oxon 298.0>241.8 14 298.0>269.9 6 Piperophos 320.2>122.1 10 320.2>81.0 26
Fenthion 278.1>109.0 18 278.1>169.0 18 Bifenox 341.1>309.9 6 341.1>188.8 19
Chlorpyrifos 314.0>257.9 19 314.0>285.9 7 Anilofos 226.1>184.0 5 226.1>157.0 13
Isofenphos oxon 229.1>201.0 10 229.1>121.1 24 Pyriproxyfen 136.1>78.0 20 136.1>96.0 14
Phthalide 242.8>214.8 18 242.8>178.9 26 Mefenacet 192.0>136.0 17 192.0>109.0 28
Dimethametryn 212.1>122.1 13 212.1>94.0 22 Cafenstrole 188.2>119.1 22 188.2>82.0 20
Pendimethalin 252.1>162.1 11 252.1>191.1 8 Etofenprox 163.1>135.1 10 163.1>107.1 19

Methyldymron 107.1>106.1 13 107.1>77.0 25
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Results

The standard sample mixture of 84 pesticides at the concentration of 5 ug/L was analyzed 5 times. The overlay mass

chromatograms from 5 injections and the repeatability are shown in Fig. 1 and Table 2, respectively.
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Fig. 1: Overlay mass chromatograms from 5 injections

Table 2: Repeatability (n=5, area ratio)

Compound Name %RSD Compound Name %RSD Compound Name %RSD
Dichlorvos 1.62 Metalaxyl 3.01 Pretilachlor 7.26
Dichlobenil 0.73 Fenthion oxon 1.88 Fenthion oxon sulfoxide 5.72
Etridiazole 3.38 Dithiopyr 0.66 CNP-amino 1.04
Chloroneb 0.89 Fenitrothion 5.72 Fenthion oxon sulfone 1.19
Isoprocarb 0.47 Esprocarb 1.30 Buprofezin 2.14
Molinate 1.25 Malathion 0.82 Isoxathion 8.25
Fenobucarb 0.65 Thiobencarb 2.83 beta-Endosulfan 5.28
Trifluralin 1.71 Chlorpyrifos oxon 414 Fenthion sulfoxide 3.17
Benfluralin 2.09 Fenthion 1.17 Fenthion sulfone 9.61
Pencycuron 0.23 Chlorpyrifos 2.40 Mepronil 3.62
Dimethoate 2.98 Isofenphos oxon 2.03 Chlornitrofen 1.82
Simazine 1.17 Phthalide 1.03 Edifenphos 1.06
Atrazine 3.51 Dimethametryn 1.37 Propiconazole-1 7.70
Diazinon oxon 1.37 Pendimethalin 3.38 Endosulfate 2.98
Propyzamide 1.39 Methyldymron 2.29 Propiconazole-2 5.75
Pyroquilon 1.36 Isofenphos 2.93 EPN oxon 2.31
Diazinon 3.15 Captan 7.46 Thenylchlor 5.43
Disulfoton 3.37 Dimepiperate 3.64 Pyributicarb 0.88
Chlorothalonil 1.57 Phenthoate 2.65 Iprodione 3.03
Iprobenfos 1.29 Procymidone 0.87 Pyridaphenthion 3.78
Tolclofos-methyl oxon 1.56 Butamifos oxon 4.28 EPN 2.85
Fenitorothion oxon 3.75 Methidathion 2.27 Piperophos 548
Bromobutide 4.98 alpha-Endosulfan 1.78 Bifenox 7.02
Terbucarb 1.08 Butamifos 5.57 Anilofos 2.48
Malaoxon 2.64 Napropamide 2.38 Pyriproxyfen 2.39
Simetryn 3.14 Flutolanil 1.40 Mefenacet 1.70
Tolclofos-methyl 2.33 Isoxathion oxon 2.71 Cafenstrole 3.14
Alachlor 1.12 Isoprothiolane 4.96 Etofenprox 1.10
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The GCMS-TQ8030 is a triple quadrupole GC-MS/MS system equipped with scan/MRM mode to allow simultaneous
scan and MRM data measurements. This data sheet introduces the results of an investigation using the scan/MRM
mode, where target pesticides were quantitatively determined using the MRM data, and concentrations of the
untargeted pesticides were estimated by applying the scan data to the Compound Composer Database Software Ver.2.

Experimental

For the evaluation, analytical standards (0.001 mg/L to 0.1 mg/L) were used, as well as samples (0.01 mg/L)
created by pretreating paprika with the QUEChERS method, and then adding pesticides to the obtained solution.
The pesticides specified as targets and their transitions were those recommended in the results of the validity
evaluations by the European Reference Laboratory?). The analysis conditions are shown in Table 1.

Table 1 Analytical Conditions

GC-MS :GCMS-TQ8030

Column :Rxi-5Sil MS (30 m length, 0.25 mm I.D., df=0.25 pum)

Glass Liner :Sky Liner, Splitless Single Taper Gooseneck w/Wool (Restek Corporation, catalog # 567366)

[GC] [MS]

Injection Temp. :250 °C Interface Temp. :300 °C

Column Oven Temp.:40 °C (2 min) — (8 °C /min) — 310 °C (5 min) lon source Temp. :200 °C

Injection Mode :Splitless Data Acquisition Mode :Scan/MRM

Flow Control Mode :Linear velocity (40.0 cm/sec) Event Time :0.1 sec (Scan), 0.3 sec (MRM)

Injection Volume 1L Scan Mass Range :m/z 50 — 500

Scan Speed :5,000 u/sec
MRM Monitoring m/z
Quantitative Transition Qualitative Transition Quantitative Transition Qualitative Transition

Compound Name  Precursor>Product CE (V) Precursor>Product CE (V) Compound Name  Precursor>Product CE (V) Precursor>Product CE (V)
Diphenylamine 169.10>77.00 26 169.10>115.10 30 Buprofezin 172.10>57.10 18 105.10>104.10 4

Ethoprophos 200.00>157.90 6  200.00>114.00 14 200.00>97.00 26 Bupirimate 273.10>193.20 8  273.10>108.00 18

Chlorpropham 213.10>171.10 6  213.10>127.10 18 beta-Endosulfan 240.90>205.90 14 238.90>203.90 14

Trifluralin 306.10>264.00 8  264.10>206.10 8 264.10>160.10 18  Oxadixyl 163.10>132.10 10 163.10>117.10 24

Dicloran 206.00>176.00 12 206.00>124.00 26 176.00>148.00 12  Ethion 231.00>174.90 14 231.00>128.90 26

Propyzamide 172.90>144.90 16 172.90>109.00 26 Triazophos 161.10>134.10 8  161.10>106.10 14

Chlorothalonil 265.90>230.90 14 265.90>167.90 24 263.90>167.90 24  Endosulfan sulfate 386.90>252.90 10  386.90>216.90 26

Diazinon 304.10>179.10 12 179.20>137.20 18 Propiconazole-1 259.10>190.90 8  250.10>172.90 18 259.10>69.10 12
Pyrimethanil 199.10>184.10 14 199.10>158.10 14 Propiconazole-2 259.10>190.90 8  259.10>172.90 18 259.10>69.10 12
Tefluthrin 197.10>141.10 26 177.10>127.10 32 Tebuconazole 252.10>127.00 24 250.10>125.10 24

Pirimicarb 238.20>166.10 10  166.10>96.00 14 Iprodione 314.10>244.90 12 314.10>56.10 24
Chlorpyrifos-methyl ~ 285.90>270.90 12 285.90>93.00 22 Bromopropylate 340.90>184.90 18 182.90>154.90 16
Vinclozolin 212.10>172.00 14 212.10>144.90 26 212.10>109.00 30  Bifenthrin 181.10>166.10 16 181.10>165.10 22 181.10>153.10 10
Parathion-methyl 263.10>109.00 18 263.10>81.00 26 Fenpropathrin 265.10>210.10 12 181.10>152.10 24 181.10>127.10 26
Tolclofos-methyl 265.00>249.90 12 265.00>93.00 24 Fenazaquin 160.20>145.10 8  14520>115.10 24 14520>91.10 24
Metalaxyl 206.20>162.10 8  206.20>132.10 18 Tebufenpyrad 333.20>276.10 8  333.20>171.00 22

Fenitrothion 277.10>125.00 18 277.10>109.00 18 Tetradifon 355.90>158.90 12 353.90>159.00 12 228.90>200.90 14
Pirimiphos-methyl 305.10>290.10 12 290.10>125.00 24 Phosalone 182.00>138.00 8  182.00>111.00 18 182.00>102.10 18
Dichlofluanid 332.00>167.10 6  224.00123.00 12 Pyriproxyfen 136.10>96.00 12 136.10>78.00 24

Malathion 173.10>117.00 12 173.10>99.00 18 Cyhalothrin 181.10>152.10 24 163.10>127.00 14 163.10>91.00 22
Chlorpyrifos 196.90>168.90 14 196.90>107.00 26 Fenarimol 251.00>139.00 18 139.10>111.00 16

Fenthion 278.10>125.00 22 278.10>109.00 18 Acrinathrin 289.10>93.10 12 181.10>152.10 24 208.10>181.10 8
Parathion 291.10>109.00 14 291.10>81.00 26 Permethrin-1 183.10>168.10 12 183.10>153.10 18 183.10>115.10 24
Tetraconazole 336.10>218.00 18 336.10>204.00 26 Pyridaben 147.20>132.10 14 147.20>117.10 22

Pendimethalin 252.20>162.10 12 252.20>161.10 12 Permethrin-2 183.10>168.10 12 183.10>153.10 18 183.10>115.10 24
Cyprodinil 225.20>224.10 6  224.20>208.10 18 Cyfluthrin-1 206.10>151.20 24 163.10>127.10 6 163.10>91.00 14
(E)-Chlorfenvinphos  323.10>266.90 14 267.00>159.00 18 Cyfluthrin-2 206.10>151.20 24 163.10>127.10 6 163.10>91.00 14
Tolyifluanid 137.10>91.00 18 137.10>65.00 26 Cyfluthrin-3 206.10>151.20 24 163.10>127.10 6 163.10>91.00 14
Fipronil 367.00>227.90 26 367.00>212.90 26 Cyfluthrin-4 206.10>151.20 24 163.10>127.10 6 163.1091.00 14
Captan 79.00>77.00 8 79.00>51.00 22 Cypermethrin-1 181.10>152.10 24 163.10>127.10 6 163.10>91.00 14
(2)-Chlorfenvinphos ~ 323.10>266.90 14 267.00>159.00 18 Cypermethrin-2 181.10>152.10 24 163.10>127.10 6 163.10>91.00 14
Phenthoate 274.10>125.00 18 274.10>121.10 12 Cypermethrin-3 181.10>152.10 24 163.10>127.10 6 163.1091.00 14
Folpet 147.10>103.10 10 147.10>76.00 26 Cypermethrin-4 181.10>152.10 24 163.10>127.10 6 163.10>91.00 14
Procymidone 283.10>96.10 12 283.10>67.10 24 Ethofenprox 163.20>135.00 10  163.20>107.10 18

Methidathion 145.10>85.00 8 145.10>58.00 18 Fenvalerate-1 125.10>99.00 22 125.10>89.00 22

alpha-Endosulfan 240.90>205.90 14 238.90>203.90 16 tau-Fluvarlinate-1 250.10>200.10 16 250.10>55.00 18

Mepanipyrim 222.20>220.10 8 222.20>193.10 26 Fenvalerate-2 125.10>99.00 22 125.10>89.00 22

Profenofos 337.10>266.80 16 207.90>63.00 26 tau-Fluvarlinate-2 250.10>200.10 16 250.10>55.00 18

Myclobutanil 179.10>152.00 8  179.10>125.00 16 Deltamethrin-1 252.90>93.10 18 181.10>152.10 24

Flusilazole 233.10>165.10 18 233.10>152.10 18 Deltamethrin-2 252.90>93.10 18 181.10>152.10 24
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Results

An example of the results of the analysis of the analytical standards (0.001 mg/L to 0.1 mg/L) and the pesticide-spiked
samples (0.01 mg/L) in scan/MRM mode are shown in Fig. 1. As with Procymidone, shown in Fig. 1, strict quantification of
the targeted pesticides could be performed by creating calibration curves from the MRM data. Furthermore, since the scan
data was sampled simultaneously, the pesticides could be confirmed from the mass spectrum.

For the untargeted pesticides, data analysis was performed utilizing the Compound Composer Database Software (P/N:
225-13106-92). The simultaneous analysis database software contains information (mass spectra, retention times, and
calibration curves) on more than 450 pesticides. As a result, it is possible to identify pesticides from their estimated retention
times and mass spectra without using analytical standards, and then calculate semi-quantitative values from the calibration
curves. Also in this investigation, it was possible to confirm the detection and semi-quantification of untargeted pesticides
such as Quinoxyfen.

Analysis Results for Target Compounds (x10,000)
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Reference Fig. 1 Scan/MRM Analysis Results

1) EURL-FV Multiresidue Method using QUEChERS followed by GC-QqQ/MS/MS and LC-QqQ/MS/MS for Fruits and Vegetables
(European Reference Laboratory, 2010-M1)
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< Introduction >

GCMS

Gas Chromatograph Mass Spectrometer

High-Sensitivity Analysis of
2,4,6-Trichloroanisole in Wine
Using Headspace-Trap GC/MS

2,4 ,6-trichloroanisole (TCA) emitted from wine corks can taint wine and cause an objectionable odor. Due to
the low threshold value for sensing the odor, highly sensitive measurements are required for monitoring.
Conventionally, TCA was measured using methods such as purge and trap, which is very effective in
concentrating samples, or thermal desorption. The HS-20 headspace sampler includes a trap function that
is able to concentrate headspace gases. This Data Sheet describes an example of high-sensitivity
measurement of TCA in wine using an HS-trap GC/MS system. The structure of TCA is illustrated in Figure
1 and the mass spectrum is shown in Figure 2.

y
o 100, 196.9
cl cl 1
] 209.9
\{ 0 00 166.9 198.9
97,0109
cL PRI T e PN 7: LT 11 N | 1

5.0  75.0 1000 1250  150.0  175.0  200.0
Fig. 2: Mass Spectrum of TCA

Fig. 1: Structure of TCA

B Equipment and Analytical Conditions

Table 1: Analytical Conditions

HS-20 GCMS-QP2010 Ultra

Mode Trap GC Unit _

Equilibrating time 30 min Column Rxi-6ms 0.32 mm I.D. x 60 m L., df=1.0 um
Oven temp. 60 °C Column oven temp. 50 °C (1 min) — 10 °C/min — 300 °C (5 min)

Sample line temp. 260 °C Carrier gas control Constant pressure

Transfer line temp. 260 °C Carrier gas pressure 180 kPa

Trap equilibrating temp. 80.0 °C Injection mode Splitless

Trap cooling temp. 80.0 °C Sampllng time 3 min

Trap desorbing temp. 280.0 °C Additional Flow

Vial pressurizing time 2.0 min APC1 100 kPa

Pressure equilibrating time  0.1min APC3 50 kPa

Load time 0.1 min MS Unit

Load equilibrating time 0.1 min Interface temp. 280.0 °C

Dry purge 5 min lon source temp. 230.0 °C

Injection time 20 min Solvent elution time 14 min

Needle flush 20 min Measurement start time 15 min

Injection cycle 3 cycles Measurement end time 20 min

Cycle time 50 min Measurement mode SIM

Sample loading volume 5 mL Selected ions (m/z) 211.9,209.9, 196.9, 194.9
Event time 0.2 sec
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B Sensitivity

A wine sample spiked with the equivalent of 1 ng/L TCA
was measured by SIM using the HS-trap method (Fig. 3).

The results show how the system was able to analyze low
concentrations of TCA with high sensitivity.

A wine sample spiked with the equivalent of 100 ng/L TCA
was measured by SIM using the headspace-GC/MS
method and HS-trap method, as shown in Figures 4 and 5.

A comparison of both shows that the HS-trap method
provided about 10 times higher sensitivity.

(x1,000)

211.90
209.90
2.0+

1.5
1ol

0.5+

1675 17.00

Fig. 4:SIM Chromatogram of TCA in Wine Measured

=
17.25

Using Conventional Headspace GC/MS

(Wine spiked with 100 ng/L TCA)

BLinearity and Repeatability

Linearity was confirmed by adding specific
concentrations of trichloroanisole to wine (from 1 to 100
ng/L, as shown in Figure 6). The results showed good

linearity.

3 ng/L of trichloroanisole was added to wine to test the
repeatability (n = 5) of peak area (Table 2). Results
showed good repeatability, with a CV value not

exceeding 5 %.
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Fig. 3:SIM Chromatogram of TCA in Wine Measured
Using HS-Trap (Wine spiked with 1 ng/L TCA)
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Fig. 5: SIM Chromatogram of TCA in Wine Measured
Using HS-Trap (Wine spiked with 100 ng/L TCA)
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Fig. 6: Linearity of TCA (Wine spiked with 1-100 ng/L TCA)

Table 2: Area Repeatability of TCA (n=5, wine spiked with 3 ng/L TCA)

AREA

1

2 3 4

5 | Average

%RSD

TCAm/z211.9

3,103

3,051 2,925 [ 3,020

2,742

2,968

4.79 %

B Conclusion

This Data Sheet describes an example of high-sensitivity measurement of trichloroanisole in wine using an
HS-trap GC/MS system. The results showed that the system was easily able to measure even a few
nanograms per liter. This also confirmed that an HS-trap-GC/MS system using the HS-20 headspace
sampler is effective in monitoring trichloroanisole in wine.

E)SHIMADZU

Shimadzu Corporation

www.shimadzu.com/an/

For Research Use Only. Not for use in diagnostic procedures.

First Edition: January 2013

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.
The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to the
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject

to change without notice

© Shimadzu Corporation, 2013



LAAN-J-MS-E093

E)sSHIMADZU

Excellence in Science

Application [RCemSINE—.
Data Sheet
Easy Screening for Residual Pesticides

in Processed Foods Using GC-MS/MS
No.93 J

The analysis of residual pesticides in processed foods using GC-MS/MS, which provides excellent selectivity and sensitivity,
has become a focus of attention.

Before starting GC-MS/MS measurements, it is necessary to optimize MRM transitions (precursor ions & product ions) and
collision energies (CE) for each pesticide measured, which is extremely labor intensive. Furthermore, in order to calculate
quantitative values, it is necessary to prepare standard samples and create calibration curves.

The Quick-DB database contains the optimal MRM conditions (MRM transitions and CE), mass spectra, retention indices,
calibration curves and other information. This enables the semi-quantitative analysis of pesticides without using standard
samples. Pesticide surrogates are used as the internal standard substances for calibration curves. Favorable quantitative
accuracy is achieved by selecting the surrogates suited to each pesticide.

In analyzing residual pesticides in processed foods, which contain a number of contaminants, separating the pesticides from
the contaminants can be impossible, even with GC-MS/MS. In this case, an effective approach to separating and detecting the
pesticides is to perform the analysis with two columns respectively, which differ in their separation patterns. The information
registered in Quick-DB is also compatible with analysis using two different columns for residual pesticides in processed foods.
In addition, if the Twin Line MS system is used, the two columns can be attached to the MS unit simultaneously, so data can
be sampled from the different columns smoothly, without compromising the MS vacuum.

This data sheet reports on the results of applying Quick-DB and the Twin Line MS system to the analysis of residual pesticides
in curry.

Please also refer to Application Data Sheets No. 91 and No. 92. Application Data Sheet No. 91 introduced an example of easy
screening for residual pesticides in foods using GCMS, while No. 92 introduced an example of using two columns with
different separation patterns for easy screening of residual pesticides in foods.

Experiment

Using the Restek Q-sepTM, commercially-available retort-pouch curry was pretreated via the QUEChERS method. The
sample solution obtained was spiked with 230 standard pesticide samples at a concentration of 10 ng/mL. The pesticide-
spiked samples were then subjected to Scan/MRM analysis under the analysis conditions registered in Quick-DB. The
analysis conditions are shown in Table 1. The two columns indicated in Table 1 were installed to a single GC-MS with the
Twin Line MS system. The retention times for the pesticide components were estimated based on the analysis results for the
n-alkane standard sample.

Table 1 Analysis Conditions

GC-MS: GCMS-TQ8030 (Twin Line MS System)

Column 1: Rxi-5Sil MS (30 m L., 0.25 mm I.D., df=0.25 ym) (Restek Corporation, P/N: 13623)
Column 2: Rtx-200MS (30 m L., 0.25 mm I.D., df=0.25 ym) (Restek Corporation, P/N: 15623)
Glass Insert:  Sky Liner, Splitless Single Taper Gooseneck w/Wool (Restek Corporation, P/N: 567366)

[GC] [MS]
Vaporization Chamber Temperature: 250 °C Interface Temp.: 300 °C
Column Oven Temperature: 60 °C (1 min) — (25 °C /min) — 160 °C — (4 °C /min) —» lon Source Temp.: 200 °C

240 °C — (10 °C /min) — 290 °C (11 min) Solvent Elution Time: 1.5 min
Injection Mode: Splitless Measurement Mode: FAAST
High Pressure Injection: 250 kPa (1.5 min) (Scan/MRM simultaneous measurement)
Carrier Gas Control: Linear velocity (40.0 cm/sec) Scan Mass Range:  m/z 50 to 330
Injection Quantity: 2uL Scan Event Time: 0.15 sec

Scan Speed 5,000 u/sec

Analysis Results

The liquid food extract spiked with pesticides was analyzed, and data processing was performed with Quick-DB. The analysis
results are shown in Fig. 1. When semi-quantitative analysis was performed using the calibration curves registered in Quick-
DB, favorable semi-quantitative values were obtained, close to the additive concentration of 10 ng/mL for many of the
components.

To evaluate the quantitative accuracy for this analysis method, ratios were calculated for the semi-quantitative values with
respect to the additive concentration. Then the pesticides were classified into those with a ratio under 50 %, 50 % to 200 %,
and over 200 %, to find the distribution. The results are shown in Fig. 2. A significant 83 % of components had a semi-
quantitative value 50 % to 200 % that of the concentration of the standard pesticide samples added. From this, it is evident
that semi-quantitative analysis can be performed with high accuracy.
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Fig. 1 Analysis Results for the Pesticide-Spiked Samples Fig. 2 Percentage Distribution of Semi-Quantitative Values
(10 ng/mL concentration) with Respect to the Additive Concentration

In the analysis of residual pesticides in foods, when pesticide peaks are detected, it is necessary to check whether
contaminants have been misidentified as pesticides, and whether contaminant overlap has inflated the size of the quantitative
values. One confirmation method is to analyze the samples with columns with different separation patterns, and then check
that essentially the same quantitative values are obtained for the pesticides detected in the respective columns. As an
example, Fig. 3 shows the analysis results for dimethoate. With the Rxi-5Sil MS, there was an impact from contaminants, but
with the Rts-200MS, there was not. Semi-quantitative value obtained from the calibration curves registered in Quick-DB was
favorable, 9.6 ng/mL, for the use of the Rtx-200MS column. In this way, even for pesticides of which separation from
contaminants is difficult, separation is possible if using columns with different separation patterns, enabling highly reliable
semi-quantitative analysis.

(x1,000) (x1,000) v
143.00>111.00 \ 1.50 143.00>111.00
1.25  125.00>79.00 95 125.00>79.00
1.00 1.00°
0.75- 0.75 Quantitative Value
0.50 ; 050 9.6 ng/mL.
025 025
11.00 1125 11,50 1175 12.00 12.25 12.50 12.75

Fig. 3 Chromatograms for Liquid Curry Extract, Spiked with Dimethoate (10 ng/mL Concentration)
(Left: Rxi-5Sil MS; Right: Rtx-200MS)

High-accuracy semi-quantitative analysis was achieved quickly and easily, by attaching two columns to the GCMS-TQ8030
utilizing the Twin Line MS system, and then screening for residual pesticides in processed foods using Quick-DB.
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Polychlorinated-p-Dibenzofurans (PCDF) in Foodstuff and
animal Feed using the GCMS-TQ8030 tandem mass
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spectrometer

Hans-Ulrich Baier (Shimadzu Europa GmbH)

Introduction

Contaminations of food and feed with
persistent organic pollutants (POP) are
determined routinely by various analytical
technologies. Dioxins and dioxin like
substances belong to this category. They are
regarded to have high degree of toxicity to
humans. The majority of dioxin contamination
of humans is done via the food chain. Dioxins
are introduced via several ways into the food
products. As an example eggs can be
contaminated via the feed of hens. The
current methods to determine the amount of
dioxins and dioxin like substances s
described in American and European
legislations [1,2]. In the past mainly gas
chromatography coupled to high resolution
mass spectrometry with isotopic dilution has
been used as analytical method for analyzing
and quantifying dioxins. Since June 2014 the
EU regulation also allows gas chromato-
graphy coupled to tandem quadrupole mass
spectrometry (GCMSMS) as a confirmatory
method. Dioxins as referred to in this
regulation cover a group of 75 polychlorinated
dibenzo-para-dioxin (PCDD) congeners and
135 polychlorinated dibenzofuran (PCDF)
congeners, of which 17 are of toxicological
concern. Polychlorinated biphenyls (PCBs)
are a group of 209 different congeners which
can be divided into two groups according to
their toxicological properties: 12 congeners
exhibit toxicological properties similar to
dioxins and are therefore often termed dioxin-
like PCBs (DL-PCBs). The other PCBs do not
exhibit dioxin-like toxicity and have a different
toxicological profile.

There have been several publications where
the suitability of GCMS [3] or GCMSMS [4]

has been tested in the past. Based on those
data the new EU regulation included
GCMSMS as an alternative for quantitative
confirmation of dioxins and PCBs. In this
application more than 50 samples of different
matrices were split and analysed by the
Shimadzu GCMS-TQ8030 triple quadrupole
mass spectrometer and the Waters Autospec
GCHRMS.

Experimental

Calibration standards of polychlorinated
dibenzo-p-dioxins and polychlorinated
dibenzo-p-furans with appropriate "°C isotope
labelled internal standards were supplied by
Greyhound chromatography (Wellington). **C
labelled internal standards were spiked
before sample preparation and used for
quantification.  Additionally, '*C labelled
recovery standards were added before
instrumental analysis.

The schematic diagram of sample
preparation is shown in figure 1.

For this application samples prepared and
measured with HRMS were also analysed
with the Shimadzu GCMS-TQ8030 tandem
mass spectrometer1). The chromatographic
column was a 5% phenyl with 60 m,
0.25 mm, 0.1 pym film MS column. Injection
volume was 2 ul into the SPL-2010 in
splittess mode. Each compound was
measured with 2 MSMS transitions.

The mass spectrometer time settings are
shown in table 1. Table 2 shows the target
compounds and their internal standards
which were measured together with one
quantifier and one qualifier MSMS transition.



Application Ng, SCA_280 079

News

J

multilayer silicaclean
up column

J

Basic aluminia column
to seperate PCDD/F
from PCB

Fraction collected and

addition of 12C-standards

Soxhlet extraction with
toluene/ethanol 111

Matrix removal

seperation of dixons
from PCB

add 25 pl 13C standards

for recovery calc

(g'lm) CE MRM(Qual) CE
13C TCDF ISTD MRM 315.955251.95 33 317.955253.95 33
TCDD-2378 20 28 MRM 03 31990525690 24 321.90-25890 24
13C TCDD-2378 ISTD 20 28 MRM 001 33190926800 24 333.905270.00 24
13C TCDD-1234 ISTD 20 28 MRM 001 3319026800 24 333.905270.00 24
TCDF 20 28 MRM 03 3039024095 33 3059024295 33
PeCDF-23478 28 35 MRM 03 3300027690 35  337.00527490 35
13C PeCDF-23478 ISTD 28 35 MRM 001 3519028790 35 349.90528590 35
PeCDD 28 35 MRM 03 3550029200 25 3539029090 25
13C PeCDD ISTD 28 35 MRM 001 365905301.90 25 36790530390 25
HxCDF 35 38 MRM 02 3738031090 35 3758031290 35
13C HxCDF ISTD 35 38 MRM 001 3858032100 35 3878032390 35
HxCDD 35 38 MRM 02 38980532690 25  391.8032880 25
13C HxCDD ISTD 35 38 MRM 001 399.90-33500 25  401.80-337.00 25 \
HpCDD 38 40 MRM 02 4238036080 25  425.80362.80 25
13C HpCDD ISTD 38 40 MRM 001 43580537180 25 4378037380 25
HpCDF 38 40 MRM 02 4078034480 36 409.80-346.80 36 @'i]
13C HpCDF ISTD 38 40 MRM 001 419.80355.90 36 421.80>357.90 36
OCDF 20 43 MRM 02 44180-378.80 35 443.80-380.80 35
13C OCDF ISTD 0 43 MRM 001  453.80>389.80 35 455.80-391.80 35 [Eﬂ
0CDD 20 43 MRM 02 4577039470 26 459.70-39670 26 analysis
13C OCDD ISTD 20 43 MRM 001 469.8040580 26 471.805407.80 26

Table 1: MRM table with measuring window (start T, end T), event time in seconds
and transitions with collision energy CE. Total number of time segments is 5. The

MS resolution was set to Q1: high/unit (depending on peak) and Q3: low

The other instrument parameters were:
Splitless injection into a splitless liner
(Shimadzu) at an injector temperature of
280 °C. GC oven temperature started at
130 °C for 1 min, 20 °C/min to 190 °C, 8 min,
2 °C/min to 220°C, 3 min, 6 °C/min to
244 °C. The pneumatics were operated in the
constant linear velocity mode at 34.7 cm/sec.
Interface and ion source temperature were at
280 °C and 230 °C, respectively.

Results

In figure 2 the results recorded with a
standard are shown. The target compounds
are shown together with the calibration
curves. The concentrations are: Tetra:
0.1 pg/ul, Penta, Hexa, Hepta: 0.2 pg/ul,
Octa: 0.5 pg/pl.

The compounds with retention times and
quantifier/qualifier transitions are shown in
table 2.

The calibration ranges used were 0.1 pg/ul
10 pg/ul for Tetra and Penta, 0.2 pg/ul
20 pg/ul for Hexa and Hepta, 0.5 pg/ul
50 pg/ul for OCDD and OCDF with R? >
0.999.

Eight replicates were done on the lowest
standard. The RSD% was below 3%. The
instrument detection limit is calculated from
the following formula:

IDL = t,, n - RSDx (amount standard)/100%

t.n = 2.998 (student t table, o = 0.01
(99% confident level)

D)

PCB
analysis

Figure 1: flow diagram of real
world sample preparation

The IDL calculated by that formula is 16.78 fg
(Tetra, Penta).

# 1
Area Ratio
-
2 a
G _ 0.5]
00 i LAI g 0
o0 2525 0.00 Conc. Rate
# 2
Max Intensity . 26,085 Area Ratio
0.5
0.0- T -
0.00 Conc. Ratio
# 3
Area Ratio
0.5
- . DZ
31.00 3125 o.o0 Caonc. Ratio
# 4
Max Intensity : 33,345 Area Ratio
-
2 | 0.5}
0.0 - ke % DZ
32.50 3275 0.00 Conc. Ratio
# 5
Area Ratio
0.5+
0.

0.00 Conc. Ratio

Figure 2: Native PCDD and PCDF congeners recorded
with the lowest standard. Within the window of
Compound No 17 partial signal from 3C-OCDF is
observed next to the target (see also report from
standard supplier Wellington)
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Compound Ret.- Quantifier Qualifier Compound Ret.- Quantifier Qualifier
Time Time
1. 2378-TCDF 25.048 303.90>240.95 305.90>242.95 19. 13C-1234-TCDD 25.245 331.90>268.00 333.90>270.00
2.2378-TCDD 26.023 319.90>256.90 321.90>258.90 20. 13C-2378-TCDD 25.994 331.90>268.00 333.90>270.00
3. 12378-PeCDF 31.099 339.90>276.90 337.90>274.90 21. 13C-12378-PeCDF 31.073 351.90>287.90 349.90>285.90
4. 23478-PeCDF 32.715 339.90>276.90 337.90>274.90 22. 13C-23478-PeCDF 32.703 351.90>287.90 349.90>285.90
5.12378-PeCDD 33.192 355.90>292.90 353.90>290.90 23.13C-12378-PeCDD 33.179 365.90>301.90 367.90>303.90
6. 123478-HxCDF 36.064 373.80>310.90 375.80>312.90 24.13C-123478-HxCDF 36.055 385.80>321.90 387.80>323.90
7.123678-HxCDF 36.176 373.80>310.90 375.80>312.90 25.13C-123678-HxCDF 36.169 385.80>321.90 387.80>323.90
8. 234678-HxCDF 36.704 373.80>310.90 375.80>312.90 26. 13C-234678-HxCDF 36.692 385.80>321.90 387.80>323.90
9. 123789-HxCDF 37.286 373.80>310.90 375.80>312.90 27.13C-123789-HxCDF 37.28 385.80>321.90 387.80>323.90
10.123478-HxCDD 36.862 389.80>326.90 391.80>328.80 28. 13C-123478-HxCDD 36.856 399.90>335.90 401.80>337.90
11. 123678-HxCDD 36.942 389.80>326.90 391.80>328.80 29. 13C-123678-HxCDD 36.935 399.90>335.90 401.80>337.90
12. 123789-HxCDD 37.106 389.80>326.90 391.80>328.80 30. 13C-123789-HxCDD 37.099 399.90>335.90 401.80>337.90
13.1234678-HpCDF 38.312 407.80>344.80 409.80>346.80 31.13C-1234678-HpCDF 38.308 419.80>355.90 421.80>357.90
14. 1234789-HpCDF 39.247 407.80>344.80 409.80>346.80 32.13C-1234789-HpCDF 39.242 419.80>355.90 421.80>357.90
15. 1234678-HpCDD 38.994 423.80>360.80 425.80>362.80 33.13C-1234678-HpCDD 38.99 435.80>371.80 437.80>373.80
16. OCDF 40.671 441.80>378.80 443.80>380.80 34.13C-OCDD 40.587 469.80>405.80 471.80>407.80
17. OCDD 40.591 457.70>394.70 459.70>396.70 35. 13C-OCDF 40.667 453.80>389.80 455.80>391.80
18.13C-2378-TCDF 25.027 315.95>251.95 317.95>253.95

Table 2: Compound table list with internal standards.
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Real world samples

In figure 3 the results recorded with a fish oil
sample are shown.
The concentrations calculated were TCDF

0.089, PeCDF 0.049, HxCDF 0.0714, 0.012,
HpCDD 0.03, OCDF 0.024, OCDD 0.16 pg/
2 ul.

0,5

0,4 TEQ 0.383 ng/kg fat

0,3

0,2

0,1 I
0 I . . - nm
$ A Q0 & & 0 & 0
AN OO
(O ) O @)

i\ ((:\,’\/ QQ,(’ I FF \2;\9’ R Q(’ O("
(o3 M Fish oil sample

E.F

$.8 5.8 8.8 8

nnnnnnnnnnnnn

OC

Hn 2055 w50 4075 4o

Figure 3: Results for detected compounds in a fish oil sample. Left: Concentration calculated for each

congener. Right: peaks from the quantitation window

Each congener shows different toxicity which is
expressed by the Toxic Equivalent Factor
(TEF). This means that the analytical results
relating to all the individual dioxin and dioxin-
like PCB congeners of toxicological concern are
expressed in terms of a quantity, namely the
toxic equivalent (TEQ).

The Toxic Equivalent Factors are according to
WHO from 2005 and are for the dibenzo-p-
dioxins and furans: 2378-TCDD 1, 12378-Pe

CDD 1, 123478-HxCDD 0.1, 123678-HxCDD
0.1, 123789-HxCDD 0.1, 1234678-HpCDD
0.01, CDD 0.0003 and 2378-TCDF 0.1,
12378-Pe CDF 0.03, 123478-HxCDF 0.1,
123678-HxCDF 0.1, 123789-HxCDF 0.1,
1234678-HpCDF  0.001, 1234789-HpCDD
0.01, and OCDF 0.0003. The main contribution
to the TEQ value of 0.383 ng/kg fat in figure 3
comes from TCDF (TEQ is calculated by
multiplication of the concentration).
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Comparison of results with HRMS

A total number of more than 50 samples were animal feed sample 0.0899 ng/kg (GCHRMS)
measured with both technologies. In figure 4, a and 0.0895 ng/kg (GCMSMS) and for the fish
component based comparison is shown for an sample  0.307 ng/kg (GCHRMS)  and
animal feed and fish sample. The TEQ values 0.324 ng/kg (GCMSMS).

calculated from these samples were for the

0,500
0,450 +—— .

Animal feed TEQ (ng/kg)
0,400 +——

HRMS: 0.0899
0,350 -

 TQ8030: 0.0895
0,300

0,250 B GCMS-TQ8030

0,200 - B GCHRMS

0,150 -

0,100 -
0,050 -

0,000 -
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17

0,900
0,800 —— _

0,700 Fish TEQ (ng/kg)
0600 . HRMS:0.307

0,500 TQ8030: 0.324

0,400
0,300
0,200
0,100 -
0,000 -

m GCMS-TQ8030

m GCHRMS

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17

Figure 4: Comparison of concentrations (pg/ul) of individual PCDD and PCDF congeners determined with an
animal feed (top) and fish sample (bottom). The x-axis numbers refer to the compounds listed in table 2.



Application No, SCA_280_078

News

0,00 0,20 0,40 0,60 0,80 1,00
TEQ value MSMS

*

¢ o B o

1,000 /
0,800
% 0,600 —slope 1
()]
=]
‘_; 0,400
d ’
[TT]
-
0,200
0,000 T T T T )

Fish oil

Animal Feed 1
Animal Fat porc
Animal Feed 2
Butter/Milk

Eggs

Figure 5: TEQ values (upper bound) in ng/kg calculated from GCHRMS and GCMSMS for various matrices

Then the method was applied to more than 50 as well. To have a better indication on the
samples. In figure 5 TEQ values calculated statistics, figure 6 shows the percentage
from GCHRMS and GCMSMS data are plotted deviation of 14 fish oil samples with TEQ values
against each other for various matrices. In (upper bound) of 0.383 to 0.477 ng/kg fat.

addition the ideal curve with slope 1 is shown

Fish oil samples

20,000

10,000

*
0,000 — 66 0%0-006 066

® 10®% 2

-10,000

-20,000

No of sample

Deviation GCMSMS HRMS in %

@ Fish oil samples

Figure 6: 14 samples (fish oil) are plotted to show the percentage deviation of the results obtained with GCMSMS

relative to the ones obtained with GCHRMS.
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Discussion

The TEQ values derived from the GCMSMS
methods shown above, indicate a very good
correlation with the established HRGCMS
methods. For the matrix fish, the deviation is
less than 10% at TEQ levels of about
0.45 ng/kg fat. Those values are below the
regulatory levels which are 1.75 ng/kg (marine
oil, fish oil). The highest TEQ value observed
was about 10 ng/kg. The recovery of the
compounds was calculated for every sample
from the recovery internal standards and the
results were between 60 and 100%.
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Chromatography - GCMS

Comprehensive screening of residual 360
pesticides in food using fast GC-MS/MS

NO.SCA _280_080 technology

Introduction

Contamination of food products with
pesticides is a growing concern because of
recognized adverse effects on health,
increasing world-wide usage of pesticides
and higher imports of raw foodstuffs from
foreign sources. Consequently, the number of
samples as well as pesticides monitored has
become significantly higher in the last
decade. To handle this high sample load, a
Quick, Easy and Cheap cleanup procedure
called QUEChERS was established ",

Unfortunately, samples prepared by this
method contain large matrix signals which
popularized the use of highly selective
tandem MS. Along with matrix interference,
the analysis time is a crucial point when
handling a high sample load. The usage of
narrow bore capillary columns has been
shown to be a powerful tool for drastically
reducing analysis time while maintaining
chromatographic resolution in different GCMS
applications 2.

Combining the speed of fast GC and the
selectivity of tandem MS is a powerful tool to
increase laboratory efficiency and reduce

working costs. As fast GC reduces the peak
width at half height (FWHM) down to about
1 s, the detector must be able to follow sharp
increases of signals. Fast MRM (Multiple
Reaction Monitoring) switching modes with
no interfering cross talks are therefore
needed. The potential of this approach is
demonstrated by analyzing 360 pesticides in
apple QUEChERS extract in less than 10
minutes.

Experimental

QUEChERS apple extract was used as test
sample matrix. A 6-point calibration curve
(0.5 ppb to 100 ppb) was created by spiking
the blank sample matrix with 360 pesticides
using TPP as internal standard. A Shimadzu
GCMS-TQ8040 triple quadrupole system
equipped with the GL Sciences’ Optic-4 multi-
mode inlet was used for sample
measurement. MRMs and collision energies
(CE) were taken from Shimadzu’s SmartDB
for pesticides. SmartMRM was utilized for the
measurement time optimization. All
compounds were measured with one
quantifier and one qualifier. See detailed
summary of analytical conditions below.

GC-MS: GCMS-TQ8040

Injector: Optic-4, IP deactivated liner with lass insert

Column: BPX 5 MS, 20 m x 0.18 mm i.D., 0.18 pym film thickness (SGE)

Software: GCMSSolution 4.2 with SmartMRM and MRM Optimization Tool

Injector: MS

Injection Mode: Splitless (1.3 min) lon Source Temp.: 200 °C
Injection Volume: Tl . Interface Temp.: 300 °C
PTV-Program: 70 °C, 15 °C/s to 280 °C, 1.2 min, Emission current: 100 pA

15 °C/s to 320 °C, 6 min
GC:

Column Oven Temp.: 80 °C, 1 min, 35 °C/min to 210 °C,
25 °C/min to 320 °C, 2 min
Linear Velocity: 40 cm/s

lonization Method:  El, 70 eV

Acquisition Mode: MRM

Mass Resolution: Q1 0.8 Da, Q3 3.0 Da (FWHM)
Loop time: 0.18 sec

Processing time: 0.1 min
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Results

Figure 1 shows the full chromatogram of the
360 pesticides measured. It can be seen that
all compounds eluted in less than 10 minutes.
Moreover, a strong tendency towards co-
elutions was evident. To follow such a high
information density, the use of a highly
selective detector such as a triple quad MS is
inevitable.

Figure 1: Chromatogram 360 Pesticides In
Apple Matrix

Results shown in figure 1 were obtained
using a 5ms 20m, 0.18 mm, 0.18 um fast
GC column. It is noteworthy that there are

columns available, which have lower
dimensions and offer  even faster
chromatographic results. Using fast GC

columns, two contradictory effects have to be
taken into account when choosing ideal
measurement conditions. On the one hand
the lower inner diameter and higher possible
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5.0 0.25
4.04 0.204
30 0.153
2.0 010
1.04 0.054

{5\'_3_:/‘ 55\ 000 0.5 Conc. Ratio

100,000 Area Ratio
1'?5195130:}5{0' 1.004
1.50
125 075
1.004
0.75] 0.501
= 0.251
0.25

e
3.7 38 00%% 0'5 Conc. Ratio

heating rates enable sharpened peaks and
consequently higher S/N ratios. On the other
hand the sample capacity decreases by
lowering the column dimensions, which
results in lower absolute sample amounts and
minimization of sensitivity ®l. Therefore, the
used intermediate column is a good
compromise to decrease analysis time while
maintaining high sensitivity.

Matrix calibration curves (0.5 ppb — 100 ppb)
were measured for all 360 pesticides. The
linear correlation factor was higher than
0.9980 for every compound. Nearly all
components were detectable at the lowest
concentration of 0.5 ppb. Figure 2 shows
peak profiles and calibration curves for some
typical pesticides. As already indicated by the
correlation factor, linearity was very good for
all compounds.

Peak widths at half maximum (FHMW) are
easily decreased below 1 sec using fast GC
separation. This decline was also found for
the peaks shown in figure 2. Furthermore, it is
known that for a good reproducibility at least
10 data points per peak are needed ™' To
enable this number of data points a loop time

%100 0003 AreaRatio
173.10-99005
4_0,1.'31.]'-11r 0 =
o
1.57
3.0
1.0
2.
1.0 0.5
— i el 0.0 e —
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2.1304.10=179.
304.10=162.10 1.0
1.5(
0.751
1.4 0.50]
0.5] 0.25
- - 0.00 — —
5.0 5.4 0.0 0.5 Conc. Ratio

Figure 2: Calibration Curve (0.5 ppb —100 ppb) and Peak Profile at 5 ppb
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of 0.18 s was chosen. As in some parts of the
chromatogram up to 30 compounds eluted in
the same processing window and for each
compound two transitions (1 Quantifier and 1
Quantifier) were needed, the total number of
transitions reached up to 60 per data point.
Consequently, the lowest dwell time per MRM
was in some cases 3 msec. At these short
dwell times, precision and speed of the
instrument become very important in order to
obtain good reproducibility for all transitions
measured. Figure 3 shows superimpositions
and RSD-values of three different peaks
measured with a data point dwell time of less
than 3 ms. It is evident that RSDs for these
peaks are below 10%. This high degree of
precision was found for most of the

compounds.
%100.000) %100.000)
[1(¥1 T
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3 1.504 §
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Conclusion

The actual study shows the successful
combination of fast GC and tandem mass
spectrometry. It was possible to determine
360 pesticides spiked in a QUEChERS apple
extract with excellent calibration curve
linearity and good reproducibility in less than
10 minutes. The shown application can help
to increase routine laboratory efficiency.
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2. Mass Spectrometry

2.2 Liquid Chromatography-Mass Spectrometry

Liquid Chromatography—Mass Spectrometry (LC-MS) is an ana-

lytical chemistry technique that combines the physical separa-

tion capabilities of liquid chromatography with the mass analy-

sis capabilities of mass spectrometry (MS). It is a powerful

technique that brings together very high sensitivity and high
selectivity. Its application is oriented towards the separation,
general detection and potential identification of chemicals of

particular masses in the presence of other chemicals (e.g. com-

plex mixtures). It is widespread in many application fields such
as food safety.

AD-0051

LAAN-A-LM-E070

LCMS

LCMS

SCA_210_013

SCA_210_014

SCA_210_015
SCA_210_016

Technical report

Quantitative analysis of carbohydrates in
food samples using APCI-LC/MS with post-
column reagent addition and ligand ex-
change chromatography

Quantitative analysis of veterinary drugs
using the Shimadzu LCMS-8050 Triple
Quadrupole Mass Spectrometer

Direct determination of trace hormones in
drinking water by large volume injection
using the LCMS-8050 Triple Quadrupole
Mass Spectrometer

Highly polar pesticide multi-residue
analysis in food safety by LC-MS/MS
Highly sensitive and rapid simultaneous
method for 45 mycotoxines in baby food
samples by HPLC-MS/MS using fast
polarity switching

Simultaneous quantitative analysis of 20
amino acids in food samples without de-
rivatization using LC-MS/MS
Determination of industrial dyes in food by
LCMS-IT-TOF

Micro flow UHPLC-MS/MS in pesticide
analysis of infant foods

Multi-residue analysis of 210 pesticides in
food samples by Triple Quadrupole UHPLC-
MS/MS
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Quantitative Analysis of Carbohydrates in Food
Samples Using APCI-LC/MS with Post-column
Addition
Chromatography

and Ligand Exchange

Sensitive LC/MS methods for quantification of carbohydrates are in demand increasingly in foods, nutrition and
biochemistry fields. The conventional analytical methods based on GC/MS or HPLC with ELSD, UV or fluorescence
detection were used normally for few sugars or carbohydrates and derivatization of the compounds prior to analysis was
needed mostly. It is desired to use LC/MS method without derivatization for quantitative determination of more
carbohydrates. It is well known that ionization of carbohydrates by atmospheric pressure ionization (API) is difficult.
Therefore, post-column addition of reagent such as chloroform is required [1, 2]. However, the high content of chloroform in
the mobile phase may cause strong ion suppression and contamination to the interface and ion optics of LC/MS. Here, we
report a new LC/MS method using a reduced content of chloroform by post-column addition in mobile phase and ligand

exchange chromatography for analysis of twelve carbohydrates.

U Experimental

A single quadrupole LCMS-2020 (Shimadzu Corporation)
was employed in this work. The LC and MS conditions are
shown in Table 1. Twelve carbohydrates (see table 2) used
as standards were obtained in powders from Sigma
Aldrich, AnalaR Normapur, Wako Chemicals, Fluka, Merck
and TCI. A mixed stock solution of the 12 carbohydrates
was prepared with pure water as the solvent. The mixed
standard solution was diluted into a calibrant series
ranging from 0.1 mg/L to 400 mg/L.

Table 1: LC and MS Conditions for Carbohydrates Analysis

LC Conditions:

Column Shim-pack SCR-101 P (7.9 x 300 mm)
Flow Rate 0.60 mL/min
Elution Mode Isocratic elution
Mobile Phase Water
Post Column solvent Methanol:(_)hloroform, 95:5
(0.1 mL/min)
Oven Temp 80 °C
Injection Volume 10 pL

MS Conditions (Shimadzu LCMS-2020):

Interface APCI

MS Mode Negative Mode (SIM)
Interface Temp. 450°C

Block Temp. 200 °C

DL Temperature 250 °C

Nebulizing Gas Flow
Drying Gas Flow

Nitrogen, 2.5 L/min
Nitrogen, 5.0 L/min

U Results and Discussion

Method Development

Figure 1 shows the SIM chromatograms of the 12
carbohydrates using LCMS-2020. The LC separation of
the compounds was carried out by ligand exchange
chromatography using a Shim-pack SCR-101P column
(7.9mmID x 300mmL) with pure water as the mobile
phase (0.60 mL/min, isocratic mode). Chloroform reagent
of 5% in MeOH was pumped at 0.1 mL/min into APCI
interface through a post-column addition flow line to
promote ionization of the carbohydrates to form [M+Cl]-
ions in negative mode.

One of the advantages of LC/MS method is the capability
of separation of co-eluting compounds with different
molecular masses. In this analysis, there were two pairs of
co-eluting compounds: galactose and rhamnose (RT at
14.78 min and 14.81 min); myo Inisitol and glycerol (RT at
19.42 min and 19.47 min). Having different m/z of [M+CI],
for example, galactose with m/z of 215.1 and rhamnose
with m/z of 199.1, they could be detected separately in
SIM mode.

The calibration curves of the 12 carbohydrates were set
up using mixed standard samples with concentrations
from 0.1 or 0.5 mg/L to 400 mg/L. Linear calibration
curves were obtained for all compounds (r2 > 0.999)
(shown in Figure 2). The limits of detection (LODs) of
these compounds in neat solutions were at 0.05~1 mg/L
depending on compounds.
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The repeatability of the method was evaluated and the RSD
(%, n=6) of peak area obtained for 10 mg/L concentration
were found below 5.0% except for ribose (6.9%) (See Table
2).

Analysis of Food and Beverage Samples

The LC/MS method established was applied to a variety of
liquid samples including beverage and food (Japanese

“Sake”, soya sauces and soft drink). The liquid samples
(100,000) investigated were diluted 1000 times in water and were

7-%%222?3(8.28) % @ filtered with 2 pm filters before injection. The SIM
6&155188%?8% S 2 chromatograms of some food and beverage samples are
e 0100 © (_‘g o 2 shown in Figure 3. The results of identification about the
6-(%; o 8 E types of sugars and sugar alcohols as well as their
55] Z e quantification results were in accordance with the contents
] € available on the product labels (Table 3).
507
i o Table 3: Results of carbohydrates in samples tested (g/L)
407 < S
] = E Sample
35 = = Carbohydrate P -
] = Sake Soya sauce | Soft drink
3.04 f
] ° Sucrose - 27.09 -
25 E Glucose 26.49 3.52 40.99
2.0 e K Galactose - 2.25 -
5] 3 S Fructose - 1.51 59.2
] £ O myo Inisitol - 0.87 -
1.0 S A
] o Glycerol - 19.76 -
05 | Mannitol - 0.34 -
ool Jl__
-o.5—f
00 50 100 150 200 20 300 30  mn
Fig 1: SIM chromatograms of 12 carbohydrates by LC/MS.
Concentration: 100 mg/L.
Table 2: Calibration curve and repeatability of the method for quantitative analysis of 12 carbohydrates
3 . Calibration Conc. 2 %RSD
Carbohydrate MwW [M+CI] RT (min) range / mg/L r2 value Peak Area
[M-CgH1,O5+ClII
Sucrose 342.3 10.74 0.5-100 0.9998 4.7
215.1
Glucose 180.16 215.1 12.82 0.1-400 0.9999 1.6
Xylose 150.13 185.1 13.84 0.1-400 0.9998 3.2
Galactose 180.16 215.1 14.78 0.1-400 0.9998 1.5
Rhamnose 164.17 199.1 14.81 0.1-400 0.9993 4.2
Arabinose 150.13 185.1 15.94 0.1-400 0.9997 4.1
Fructose 180.16 215.1 16.86 0.1-400 0.9996 4.1
myo Inisitol 180.16 215.1 19.42 0.1-400 0.9994 25
Glycerol 92.09 1271 19.47 0.1-400 0.9995 3.1
Mannitol 182.17 2171 25.07 0.1-400 0.9997 3.2
Ribose 150.13 185.2 30.19 0.1-400 0.9994 6.9
Sorbitol 182.17 2171 34.40 0.1-400 0.9995 2.8
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® [ ./ [
0@ | 0@ : 0e oe :
0 250 Conc. 0 250 Conc. 0 250 Conc. 0 250 Conc.
Fig 2: Calibration curves of 12 carbohydrate standards, peak area ~ concentration (mg/L)
(x10,000) (x10,000)
%0 215.00(-) 2 215.00(-) 8
8.0 § (a) Sake 1.75 217.10(-) Sg (c) Soya Sauce
7.0 5} 127.10(-) o8
| 1.50- 0
e 1.25 % g § %
5.0° S o €
4.0 1.00" ip £ S
. . 2 5
3.0 075 - £
2.0° ®
0.50 g =
1.0 O]
0.0 ‘ ‘ ‘ ‘ ‘ ‘ 0.25 ‘ ‘ ‘ ‘ ‘ ‘
00 50 100 150 200 250 30.0 350 min 0.0 50 100 150 200 250 300 350 min
(x100,000) Fig 3: Food and beverage sample at 1000x dilution,
215.00(-) 9 0 (a) Sake, (b) Soft drink and (c) Soya sauce
1.25] g £ (b) Soft Drink
> > -
100 (R Q Conclusions
075] A new APCI-Ligand Exchange Chromatography/MS
) method was developed for quantitative analysis of twelve
050 carbohydrates. The results showed that as low as 0.7% of
chloroform as post-column addition reagent was sufficient
0.25 for effective ionization of the twelve carbohydrates studied
to achieve desired sensitivity of 0.05~1 mg/L.
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Foods in which chemical residues, like pesticides, feed
additives, and veterinary drugs found in excess of
maximum residue levels have been banned from sale in
many countries around the world. Compounds that are
subject to residue standards vary widely and the list is
expected to grow. Because of this, there is a need for a

M Sample Preparation

The typical samples used in the analysis of veterinary
drugs contain large amounts of lipids because they are
commonly meat and fish samples. Sample preparation
is extremely important to ensure excellent sensitivity
and repeatability. To avoid the typical time-consuming
and laborious solid phase extraction sample preparation
procedure, the QUEChERS method, which is typically
used for the preparation of vegetables, was selected to
simplify sample preparation.

The QUEChERS method normally consists of two steps,
the first is an acetonitrile extraction and the second a
cleanup step, but this time only the acetonitrile
extraction step was used.

* QUEChERS Extraction Salts kit: Restek Q-sep™ AOAC2007.01

M Improved Peak Shape Using Sample / Water Co-Injection

When conducting reversed phase chromatography, the
peaks of polar compounds may split or collapse
depending on the relationship between the sample
solvent and mobile phase. In cases where the sample
solvent is rich in organic solvent, the elution strength
must be lowered (by substitution or dilution) with the
addition of water. As the pretreated sample solvent in
this analysis consists of 100 % acetonitrile, injection in
that state into the LC/MS will result in split peaks for
some of the substances (Fig. 2 left).

To eliminate as much of the time and effort typically
associated with sample preparation, the pretreatment
features of the autosampler (SIL-30A) were utilized to
conduct co-injection of sample and water, which
resulted in improved peak shapes.

( I

N Air
Draw Water Inject

. Draw Sample Draw Air

Liquid Chromatography Mass Spectrometry

Quantitative Analysis of Veterinary Drugs Using the
Shimadzu LCMS-8050 Triple Quadrupole Mass
Spectrometer

highly sensitive and rapid analytical technique to
analyze as many of these compounds as possible in a
single run. This Application News introduces an
example of the high-sensitivity analysis of 89 veterinary
drugs in a crude extract of livestock and fishery
products.

(1) Homogenize 100 g sample (chicken, pork, salmon, shrimp) in food processor |

|
2

| (2) Weigh out 10 g homogenized sample, transfer to 50 mL test tube |
7

| (3) Add 5 mL water, shake gently by hand |
Z

| (4) Add acetonitrile containing 1 % acetic acid and QUEChERS salts*, shake by hand (1 min) |
~Z

| (5) Centrifuge separation (3 min) |
Z

| (6) Collect acetonitrile layer and filter |
7

| |

(7) LC/MS/MS analysis

Fig. 1 Sample Preparation Procedure

Diaveridine

7:261.15>123.10 (+) 7:261.15>123.10 (+)

—)

20 25 30 35 20 25 30 35

Difloxacin

26:400.10>356.20 (+) 26:400.10>356.20 (+)

—

25 3?0 3?5 4.0 2.5 3.I0 3.I5 4.IO
Sample 2 pL Sample 2 pL

+ Water 10 pL

~ Note: Sample solvent: 100 % Acetonitrile

Fig. 2 Comparison of Peak Shape
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B MRM Analysis of Matrix Standards

Fig. 3 shows the MRM chromatogram of the matrix
standard solution consisting of the sample solution with
added standard solution (data obtained using pork
extract solution). Table 1 shows the lower limits of
quantitation for the standard solution without added
matrix and with added matrix, respectively. In a crude
extract obtained by acetonitrile extraction alone,
sensitivity was comparable to that obtained for most of

the compounds using only standard solution. Although
there were several compounds for which the lower limit
of quantitation was different in the standard solution

contaminating components (Refer to Fig. 5).

2000000 3
1750000 3
1500000 3
1250000 3
1000000
750000 3
500000
250000 JL A
03 A o A
T | L | T 0 | L | T 00 I T T | T 1 1 7T | T 00 | L | T T | T 00 I T 1 1 0 | L T | T
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 min
Fig. 3 MRM Chromatograms of 89 Veterinary Drugs (10 pg/L pork extract solution with added standard solution)
Table 1 LOQs of Veterinary Drugs in Neat Standards and Matrix Standards and Calibration
Range of Veterinary Drugs in Matrix Standards
Std. Solution Matrix-Added Std. Solution Std. Solution Matrix-Added Std. Solution
Min. Conc. Min. Conc. Max. Conc. Min. Conc. Min. Conc. Max. Conc.
Gentamicin 0.5 1 50 Sulfachloropyridazine 0.02 0.02 20
Sufanilamide 1 1 50 Sufadmethoxine 002 002 10
Levamisole 0.05 0.05 50 Tylosin 0.05 0.05 50
tncomycn 00l 001 10 Sufemethoxazole 002 01 10
5-Propylsulfonyl-1-benzimidazole-2- Sulfaethoxypyridazine 0.02 0.02 10
amine - - ° Tamdn 001 001 50
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Fig. 4 MRM Chromatograms in the Vicinity of the LOQ and Calibration Curves of Typical Compounds

M Recoveries of Veterinary Drugs in Crude Extracts
from Livestock and Fishery Products
(Matrix Effect Verification)

We examined whether or not the matrix affected
measurement of actual samples. This time, four types of
food product samples were used, including shrimp,
chicken meat, pork, and salmon. Standard solution was
added to the acetonitrile extraction solution of each of
these to obtain a final concentration of 10 ug/L, after

which the rates of recovery were determined. The
results indicated that 90 % of the compounds were
recovered at rates of 70 to 120 % and measurement
was accomplished without any adverse matrix effects
even though the crude extract solution was subjected
only to acetonitrile extraction.

Shrimp
150
........................ @
I @ _ o [
£ 100 vw’\-‘&(ﬁm
> oWO B o 0 o o Tees TV .
g
o
E 50(®
0 >
Peak elution order
Pork
150
e :. ................................. . e
100 &gt OF WP oo Sratiprsrs
e AP Tt TIOM Mo X o.
L4 °
50
0

Chicken Meat
150

e X"S‘J"w/ W Pl

50

Salmon

150

100

50

Fig. 5 Recoveries of Veterinary Drugs in Each of the Matrices
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B Acetonitrile Extraction Efficiency Using QUEChERS
Method

To check the efficiency of acetonitrile extraction by the
QUEChERS method, standard solution was added at
stage (2) of Fig. 1 to obtain a concentration of 10 pg/L,
and the recoveries were determined. Good recoveries
of approximately 80 % were obtained in cases both

with and without the addition of matrix. However,
relatively poor recoveries were seen for highly polar
compounds such as tetracycline and quinolone. For
these compounds, it is necessary to examine the use of
a separate extraction solvent and extraction reagent.

Table 2 Recoveries (Pre-Spike)

Recovery Without Matrix With Matrix (Pork) Compounds with Poor Recovery
<50 % 17 (19 %) 13 (15 %) ) )
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— Tetracyclines Quinolones
,,,,,,,,,,,,,,,,, 0%-70% oA 8O
>70 % 71 (80 %) 68 (76 %)

M Robustness

We checked the long-term stability of the instrument
using a solution of pork crude extract (spiked with
10 pg/L standard solution). Even after continuous

measurement of an extremely complex matrix over a
period of 3 days, we were able to obtain stable data.

2,000 Sulfaguinoxaline
9%RSD (%)
. o1 Compounds
1,500 % : P (n=220)
g 1000 Sulfaquinoxaline 1.5
<< d
] Ketoprofen  : Sulfamethoxazole 2.8
500f . % 3 s
. B-trenbolone Ketoprofen 23
0 ) : Teststerone : B- trenbolone 32
0 *(x100000 . 2 ixioooo B 00000 /20 Teststerone 35
40 40 40
35 . 35 R 3,54 o
30 15t injection 30 101t injection 30 220" injection
75 Area 1749695 5 Area 1803384 75 Area 1719608
20 20 20
15 15 15
10 10 10
05 05 05
00 00 004
55 60 65 70 55 60 65 70 55 60 65 7.0
Fig. 6 Area Plot and %RSD of Typical Compounds with Continuous Analysis
Table 3 Analytical Conditions
Column . Shim-pack XR-ODS I (75 mm x 2.0 mm I.D., 2.2 pym)

Mobile Phase A
Mobile Phase B
Time Program
Flowrate

Injection Volume
Oven Temperature
lonization Mode
Probe Voltage

1 0.1 % Formic Acid - Water
. Acetonitrile

0.2 mU/min.
140 °C

. ESI (Positive / Negative)
:+2.0kV/-1.0 kv

Neburizing Gas Flow 3.0 Umin.
Drying Gas Flow :10.0 Umin.
Heating Gas Flow :10.0 Umin.
Interface Temperature 400 °C

DL Temperature 200 °C
Block Heater Temperature : 400 °C

: 1 %B (0 min) = 15 %B (1 min) = 40 %B (6 min) = 100 %B (10-13 min) = 1 %B (13.01-16 min)

;2 pL (2 pL sample solution + 10 pL water)
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B Abstract

Endocrine disrupting compounds enter the aquatic environment
primarily through the discharge of treated and raw sewage and
are detrimental to aquatic organisms even at sub-nanogram per
litre levels. In the majority of North American and European
cities wastewater treatment plant effluent is indirectly re-used,
through discharge into rivers which are also a source of drinking
water. Consequently, there is the possibility that trace amounts
may enter into drinking water even after special treatment
processes. Several hormones (estrone, estriol, 17-B-estradiol,
equilin, androstenedione, testosterone and 17-a-
ethynylestradiol) are routinely monitored by the US EPA in
drinking water as part of the Unregulated Contaminant
Monitoring program (UCMR3). In this study, the LCMS-8050
triple quadrupole mass spectrometer was used for the highly
selective and sensitive detection of hormones in water to meet
the requirements of UCMRS3. This direct high volume injection
method of analysis avoids the disadvantages associated with
extracting samples using SPE as is commonly performed.
Ammonium fluoride as an aqueous mobile phase additive was
found to significantly improve response for all studied hormones
in comparison to ammonium hydroxide. The excellent sensitivity
of the final method provided detection limits ranging from 0.005
ng/L (testosterone) to 0.330 ng/L (17-a-ethynylestradiol).

Keywords: Hormones, Steroids, LCMS-8050, Drinking
Water, UCMRS3, Estrone, Estriol, 17-B-estradiol, Equilin,
Androstenedione, Testosterone, 17-a-Ethynylestradiol,
Ammonium Fluoride

L

Liquid Chromatography Mass Spectrometry

Direct Determination of Trace Hormones in Drinking Water
by Large Volume Injection using the LCMS-8050 Triple
Quadrupole Mass Spectrometer

M Introduction

There is growing concern over the exposure of fish, wildlife and
humans to the aquatic environment contaminated with trace
levels of hormones due to their endocrine disruption potential.’2
Endocrine disrupting compounds may interfere with the body’s
endocrine system and produce adverse developmental,
reproductive, neurological, and immune effects.? These
compounds include naturally occurring steroid hormones such
as estrone (E1), 17-B-estradiol (E2), and estriol (E3) and
synthetically prepared ones such as 17-a-ethynylestradiol
(EE2).

There are a variety of ways hormones enter the aquatic
environment. Primarily this is due to the discharge of treated
and untreated sewage water into receiving waters.4 During
wastewater treatment these hormones are susceptible to
removal by biodegradation or sorption to sewage sludge, where
secondary treatment can reduce concentrations consistently by
over 85%,5 however nanogram per litre concentrations of
individual compounds may still be present in effluents.* Further
routes include runoff into receiving waters from cattle given
certain growth promoters, and from sludge and manure applied
to agricultural fields.

In the majority of North American and European cities
wastewater treatment plant effluent is indirectly re-used,
through discharge into rivers which are also a source of drinking
water.6 Consequently, there is the possibility that trace amounts
may penetrate into drinking water even after special treatment
processes.? Several hormones are routinely monitored by the
US EPA in drinking water as part of the Unregulated
Contaminant Monitoring program (UCMR3).” These hormones
include estrone, estriol, 17-B-estradiol, equilin,
androstenedione, testosterone and 17-a-ethynylestradiol. The
European Union has identified a list of priority substances,
which includes estradiol and 17-a-ethinylestradiol (Directive
2013/39/EU amending Directives 2000/60/EC and
2008/105/EC).8 Both regulations require highly sensitive and
selective methods with ng/L or pg/L reporting levels. Previously
published methods typically use solid phase extraction as a
concentration step to achieve the regulatory reporting limits2.
However, this approach adds an additional expense and
complexity.

This technical report describes an optimized approach to the
direct analysis of hormones in water regulated by EPA Method
539 and UCMR3. The integration of a high volume injection
cycle with a highly robust and sensitive MS/MS detection
system has resulted in an effective solution for routine hormone
analysis in drinking water without the need for extensive sample
preparation using conventional SPE methods.
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Liquid chromatography Mass spectrometry
UHPLC Nexera LCsystem LC/MS/MS LCMS-8050
Analytical column Shim-pack XRODSIII column (150 x2 mm, 2.2 ym lonisation mode Heated electrospray
particle size).
Column temperature 45°C Polarity switching time 5ms
Column fitted between Kinetex XB-C18 column (50x 2.1, 1.7 ym particle Pause time 1ms
the mixer and size)
autosampler
Injection cycle 3 x400 pL injections (500 pL loop fitted) Dwell times 10-100ms
Total injection volume 1200 pL
Flow rate 0.3mL/minute Interface temperature 400°C
Solvent A 0.15mM ammonium fluoride Heating block 400°C
Solvent B Methanol Desolvation line 200°C
Binary Gradient Time (mins) %B Heating gas 10 /min
0 10 Drying gas 5L/min
0.3 10 Nebulising gas 2.8L/min
1 45
15 100
17 100
171 10
22 Sop

Needle wash

500 pL Methanol / acetonitrile / 2-propanol / water
(1:1:1:1) 0.1 % formic acid

Table 1. Acquisition parameters for the analysis of steroids in drinking water using a large volume injection mode.

Compound Formula CAS Retention  Polarity SRM Q1(V) CE Q3(V) Ms1 MS2
Time Transitions Res. Res.

Estriol CigHsOs  50-27-1 89 Negative 289> 97 11 36 17 Unit Unit
289> 109 11 42 27 Unit Unit

Equilin CigH002 474-86-2 120 Negative 267> 143 19 34 27 Unit Unit
267> 223 19 33 24 Unit Unit

17-a-Ethynylestradiol GoHsO2 57636 121 Negative 269 > 145 11 44 26 Unit Unit
269> 143 11 54 29 Unit Unit

17-B-Estradiol CigH2402  50-28-2 121 Negative 287> 97 10 40 27 Unit Unit
287> 109 10 40 19 Unit Unit

Estrone CigH2O,  53-16-7 122 Negative 287> 171 20 38 29 Unit Unit
287> 145 20 55 27 Unit Unit

Androstenedione CigH2s02  63-05-8 122 Positive 271> 145 -14 23 -18 Unit Unit
271>183 -14 24 -11 Unit Unit

Testosterone Cigt2s02  58-22-0 127 Positive 295> 145 -30 22 -18 Unit Unit
295> 143 -30 24 -21 Unit Unit

Table 2. MRM transitions for the target
compounds OH OH
wmQH
HO

Estrone
(E1)

Testosterone

Androstenedione

Equilin

Figure1. Endocrine disruptor structures.

17-a-ethinylestradiol (EE)
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B Results and Discussion

Method development

Previously published methods for the analysis of endocrine
disruptors have used ammonium hydroxide as the mobile
modifier and it is the currently recommended approach in EPA
method 539.°

In this study ammonium fluoride was tested at different
concentrations (0.1, 0.2, 0.3 and 0.5mM) in the aqueous phase,
with methanol used as the organic phase. Improved response
was observed for all hormones using ammonium fluoride, in
comparison to ammonium hydroxide, as is shown in Figure 2.
The optimum concentration was determined to be 0.15mM
which is consistent with the results of others.’® Ammonium
fluoride (approx. pH 6) offers further benefits in comparison to
ammonium hydroxide (approx. pH 9.5) as the lower pH means
that analytical columns, other than those stable at high pH, can
be employed.

(x100,000)

1.00 -
0.75 -
0.50 -

0.25-

0.00 -

20 30 40 50 60 70 80 90 100 min

(x10,000)
1.00 -

0.75"

0.50 -

Estriol (E3)

025"

Lol

0.00 = e
20 30 40 50 60 70 80 90 100 min

Methanol was used as the organic solvent although acetonitrile
resulted in a marginal improvement in signal to noise for
compounds responding in negative ion but this advantage was
countered by a marked reduction in the positive ion response.
As the panel of target compounds resulted in an optimal
response in both positive and negative ion detection, a rapid
polarity switching method was used in routine analysis without
compromising data quality or response (Figure 3).

Key points in enhancing EPA method 539

0.15mM ammonium fluoride generated higher sensitivity
compared to ammonium hydroxide.

Heated electrospray further enhanced sensitivity and a 5 ms
polarity switching optimized the hormone panel detection.

(x10,000)
8.0 -
7.0 -
6.0 -
5.0
40"

Estrone

3.0 (E1)

20"

1.0 -

0.0 - ‘ ‘ : ‘ ‘ — . — ‘
20 30 40 50 60 70 80 90 100 min

(x100,000)
1.00 -

200 30 40 50 60 70 80 90 100 min

Figure 2. A comparison between the response generated using ammonium hydroxide (blue trace) and ammonium fluoride (red trace).
Ammonium fluoride delivers an increase signal to noise for all compounds (for example, equilin x4.0, estrone x4.8, estriol x4.5 and
testosterone x2.8).

(x1,000,000) (x1,000,000) (x1,000,000)
2.25 5 25
2.00 2.00 2.00

- Negative lon Electrospray Rapid Polarity Switching - Positive lon Electrospray
1.75 1.75 1.75
1.50 1.50 1.50
125 o E—— T25 ~ T T T T 1.25
1.00 00 T w0 T |
0.75 075 0.75
0.50 0.50
0.25 j 0.25
voo—L 0.00

9.0 10.0 11.0 12.0 min 9.0 10.0 11.0 12.0 min 9.0 10.0 11.0 12.0 min

Figure 3. Rapid positive/negative switching using a 5ms switching time results in the highest data quality for all target hormone

compounds in a single analysis.
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Compound Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8
(ng/L) (ng/L) (ng/L) (ng/l) (ng/l) (ng/l) (ng/L) (ng/L)
Equilin 2 4 8 20 40 80 200 400
Estrone 1 2 4 10 20 40 100 200
17-a-Ethynylestradiol 045 09 18 45 9 18 45 20
Estriol 04 0.8 16 4 8 16 40 80
17-B-Estradiol 02 04 0.8 2 4 8 20 40
Androstenedione 0.15 0.3 0.6 15 3 6 15 30
Testosterone 0.05 0.1 0.2 05 1 2 5 10
Table 3. Concentration of each compound in the calibration series in drinking water.
Peak Area Peak Area
14.000.000 1 Equilin; 800.000 1 Estradiol:
16 points used, 8 calibration levels 16 points used, 8 calibration levels X
12.000.000 1 Y = (30635.5)X + (-3866.97) 700.000 1 v =(18276.4)X + (-422.911)
R2=0.9998 R2=0.9998
10.000.000 | Fit; linear, 1/C weighting 600.000 1 Fit; linear, 1/C weighting
Zero not forced Zero not forced
%RSD=3.27 500.000 - %RSD=5.72
8.000.000
400.000
6.000.000
300.000
4.000.000 200.000
2.000.000 100.000
0 T T T T ! 0 T T T T !
0 100 200 300 400 500 0 10 20 30 40 50
Concentration (ng/L) Concentration (ng/L)
Peak Area Peak Area
35.000.000 4 Androstenedione; 12.000.000 4 Testosterone;
16 points used, 8 calibration levels 16 points used, 8 calibration levels
30.000.000 4 Y = (1.07781e+006)X + (-42036.8) 10.000.000 4 Y =(1.06473e+006)X + (6811.35)
R? =0.9997 S R2=0.9994
25.000.000 A Fit; linear, 1/C weighting Fit; linear, 1/C weighting
Zero not forced 8.000.000 4  Zero not forced
%RSD=6.01 %RSD=8.49
20.000.000 A
6.000.000
15.000.000 -
4.000.000
10.000.000 A
5.000.000 4 2.000.000
0 T T T T T T \ 0 T T T T T !
0 5 10 15 20 25 30 35 0 2 4 6 8 10 12

Concentration (ng/L)

Concentration (ng/L)

Figure 4. Calibration curves for equilin (2-400ng/L), estradiol (0.2-40ng/L), androstenedione (0.15-30ng/L) and testosterone (0.05-10ng/L)
spiked into drinking water.

Linearity was investigated over an eight point calibration curve
in drinking water, analysed in duplicate, covering two and a half
orders of magnitude. Concentrations of each compound at each
level are listed above in Table 3. Peak area repeatability (n=7)
was assessed at low (level 2) and high (level 5) concentrations.
The robustness study was performed using drinking water
spiked at level 5.

Hormone limits of detection were calculated based on the
method described by the the EPA Method 539,° using a
standard deviation of 7 replicates at a concentration value that
corresponds to an instrument signal to noise ratio in the range
of 2.5 to 5 and a Student’s t 99% confidence interval.

DL=t(n-1,1-0=0.99)xs.d.

Parameter Description

DL Detection Limit
t(n-1,1-0=0.99) Student’s t value for the 99% confidence level
with n-1 degrees of freedom (t = 3.14 for 7

replicates),
n number of replicates
sd standard deviation of the replicate analyses
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H Method validation

Quantitative Method Validation

In order to test the performance of the developed method, limits
of detection, linearity, repeatability (low and high
concentrations), and longer term robustness were assessed.

Linearity was assessed from 0.5 x the required reporting level
to 100 x times the reporting level. The concentration for each
compound in spiked drinking water is listed in Table 3.

All seven hormones achieved excellent correlation coefficients
R2>0.999 using a weighted (1/C) least squares regression
analysis. Calibration curves for equilin, estradiol,
androstenedione and testosterone are shown in Figure 4.
Hormone limits of detection were calculated based on the
method described by the EPA Method 539 and are listed in
Table 4. Using the developed method on the LCMS-8050
detection limits ranged from 0.0058 ng/L for testosterone to
0.33 ng/L for 17-a-ethynylestradiol.

(e (nl:g)ll_ L) (fgon %Iumn)
17-a-Ethynylestradiol 0.330 396
Equilin 0.073 88
17-B-Estradiol 0.052 62
Estriol 0.035 42
Estrone 0.031 38
Androstenedione 0.012 14
Testosterone 0.005 6

Table 4. Detection Limit (DL) is defined as the minimum
concentration of an analyte that can be identified,
measured, and reported with 99% confidence that the
analyte concentration is greater than zero.

Figure 5. MRM chromatograms of target hormones at
the lowest calibration standard (level 1) using an
injection volume of 1200uL.
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B Reproducibility

Peak area reproducibility (n=8) was assessed at the reporting
level corresponding to ‘low concentration’ (level 2) and a ‘high Compound Low (level 2)  High (level 5)
concentration’ (level 5). At the low concentration repeatability %RD %RD

was < 4.3 %RSD, with the exception of 17-a-ethynylestradiol

(12.2 %RSD). At the high concentration repeatability was < 3.9 17-a-Ethynylestradiol 122 24
%RSD for all compounds. Table 5 lists the repeatability results. Androstenedione 22 28
To assess the robustness of system, repeat injections were 17-B-Estradiol 43 39
performed over a 62 hour period using drinking water spiked at

level 5. Equilin 815 27
Results for the three compounds with the lowest peak area are Estriol 34 15
displayed in Figure 6. These results show that even over a Estrone 42 17
much extended time period deviation of less than 5 %RSD was . :
achieved for the three compounds. Testosterone 28 35

Table 5. Peak area repeatability (n=7) at low and high
concentrations

160.000 -

140.000 -

120.000 -

Estriol 3.8%RSD

100.000

80.000

60.000 -

40.000

17-a-ethynylestradiol 4.9%RSD
20.000 -

O T T T T T T
0 20 40 60 80 100 120

Figure 6. Peak area response for three hormones over 62 hours. The legend displays the %RSD for each compound.

Bl Conclusion

A fast, selective and highly sensitive method has been
developed for the measurement of hormones in drinking water.
By integrating a direct high volume injection cycle with a fully
optimised LC/MS/MS method, the LCMS-8050 delivers precise
and accurate detection limits regulated by EPA method 539 and
is in accordance with UCMRS.

The LCMS-8050 triple quadrupole mass spectrometer method
delivered high sensitivity with detection limits ranging from
0.005 ng/L (testosterone) to 0.330 ng/L (17-a-ethynylestradiol).
Correlation coefficients for all compounds were greater than
0.999 and peak area repeatability was determined to be
typically less than 5%RSD at ‘low’ (corresponding to the
reporting level) and ‘high’ concentrations.
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B Abstract

The analysis of highly polar pesticides by a single LC-MS/MS
method is extremely challenging as a consequence of diverse
separation and detection behaviour. Conventional approaches
in highly polar pesticide analysis often use single residue
methods or small group specific methods which are time
consuming and limit throughput. In this study, the panel of
target analytes selected for analysis included a series of
compounds that are typically addressed by multiple methods
and workflows; glufosinate, glyphosate, ethephon, fosethyl
aluminium, maleic hydrazide, perchlorate, ETU, PTU, nicotine,
amitrole, chlormequat, daminozide, diquat, kasugamycine,
mepiquat, paraquat and trimesium.

To accelerate turnaround times and increase sample sizes for
more complete testing programs two LC-MS/MS methods were
developed for the measurement of a range of highly polar
pesticides in their underivitised state using the LCMS-8050
triple quadrupole mass spectrometer. All target compounds
were quantified at 0.01 mg/kg which is below the European
Union maximum residue levels for all studied compounds
delivering a measurable impact on sample cycle time and
productivity.

Keywords: Highly polar pesticides, LCMS-8050, food

B Introduction

The use of pesticides in the environment is constantly under
review and in recent years regulatory bodies have adopted a
hazard-based approach to pesticide regulation leading to an
increased use of highly polar pesticides which present lower
persistence and toxicity. Enforcing pesticide limits within
regulatory limits defined as the maximum residue levels (MRL'’s;
the maximum concentration of pesticide residues permitted in
food and feed) requires methods that provide results quickly
and accurately for a broad spectrum of chemical structures in a
diverse range of food samples.

Pesticide residue monitoring laboratories utilise multi-residue
LC-MS/MS methods for the quantification of an ever increasing
list of target pesticides. However, the measurement of highly
polar pesticides by a single LC-MS/MS method is extremely
challenging as a consequence of diverse separation and
detection behaviour. For this reason, single residue methods or
small group specific methods are often utilised to analyse these
compounds, in some cases including the use of pre- or post-
column derivatisation. Therefore, there is a clear need to
reduce the number of separation methods applied to the
analysis of highly polar pesticides to help accelerate sample
throughput, reduce the cost platform, simplify analytical
workflows and enhance data quality for regulatory reporting

limits

safety, glyphosate, diquat, paraquat, perchlorate
Glyphosate Perchlorate Trimesium Diqaut Kasugamycine
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Figure 1. Target analyte structures
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The highly polar pesticides targeted in this study included
glufosinate, glyphosate, ethephon, fosethyl aluminium, maleic
hydrazide, perchlorate, ETU, PTU, nicotine, amitrole,
chlormequat, daminozide, diquat, kasugamycine, mepiquat,
paraquat and trimesium. Structures for these compounds are
displayed in Figure 1. All of the compounds included in this
study were polar, characterised with LogK,, < 1. The most polar
compounds being the cationic quaternary ammonium
herbicides diquat (LogK,,, -4.6) and paraquat (LogK,, -4.5).
Several of the compounds also have a low molecular mass, for
example trimesium (77 g/mol), amitrole (84 g/mol) and ETU
(102 g/mol).

The analysis of highly polar pesticides is extensively reported in
literature but most methods have been limited to a small
number of specific target compounds and not to a group with
such a diverse chemical space. For example, a common
approach for the analysis of one of the world’s biggest selling
herbicides glyphosate is typically achieved by FMOC
derivatization. This derivatization step is specific for glyphosate,
glufosinate and AMPA residues in water and food samples but
it is relatively complex, limits throughput and repeatability and
reproducibility can suffer due to the derivatisation step.

The aim of this study was to develop a fast, sensitive and
simple methodology for a range of challenging highly polar
pesticides that require single-residue methods, by as few multi-
residue LC-MS/MS runs as possible and without the need for
derivatisation. Several different analytical columns and mobile
phases were evaluated in this study, in addition to assessing
the MS/MS parameters. Isotopically labelled standards were
used to compensate for matrix effects. Initial data was collected
in food matrix using a triple quadrupole mass spectrometer in
MRM mode.

B Experimental

Individual reference standards for each compound were
provided by Phytocontrol in methanol at a concentration of 10
ng/pL. Mobile phase solvents and additives were all LC-MS
quality and purchased from Sigma-Aldrich. Apple extracts were
provided by Phytocontrol and extracted according to the EURL-
SRM QuPPe methodology." Briefly, apple samples (10 g) were
prepared by chopping up the sample, freezing, homogenizing
with dry ice, adding 1% formic acid in methanol solution (10 mL)
and centrifuging (4000 RPM). Linearity was evaluated by
spiking sample extracts at the following levels: 0.005, 0.01,
0.02, 0.05, 0.1 and 0.2 mg/kg. Deuterated internal standards
were used for calibration. All calibration points were analysed in
duplicate. Plastic vials were used for analysis to prevent
interaction of certain pesticides (e.g. paraquat, diquat and
glyphosate) with glass surfaces.’

SRM transitions and analyte specific MS parameters (Q1 pre-
bias (V), Q3 pre-bias (V) and collision energy) were optimised
automatically using the SRM optimisation feature available in
LabSolutions software. SRM transitions are listed in Table 2
and Table 3

Preliminary investigations involved the testing of several
different analytical columns: SIELC Obselisc R (150 x 2.1mm,
5um); Hypercarb PGC (100 x 2.1mm, 5um); SeQuant ZiC-HILIC
(100 x 2.1mm, 3.5um), SeQuant ZIC-cHILIC (100 x 2.1mm,
3.5um), Scherzo SM-C18 (50 x 2, 3 ym), Scherzo SW-C18 (50
x 2, 3 ym), Fortis Phenyl (100 x 2.1mm, 5um), Luna Phenyl-
Hexyl (100 x 2.1mm, 3um), and Restek IBD (150 x 2.1mm,
3um). These columns were tested with several different mobile
phase additives including acetic acid, formic acid, ammonium
formate, ammonium acetate and ammonium hydroxide
(depending on appropriate conditions for each column and the
progression of results). Reversed phase, HILIC, and mixed
mode chromatography were tested depending on the column
suitability for each mode. The final LCMS/MS method

Liquid chromatography

conditions are listed in Table 1.

Method 1
UHPLC Nexera UHPLC system
Analytical column

ZIC-HILIC (100 x 2.1mm, 3.5um)

Method 2
Nexera UHPLC system
Hypercarb PGC (100mm x 2.1mm, 5um)

A = Water 20mM ammonium formate and

A = Water 1% acetic acid

Mobile phase 0.3% formic acid
B= Acetonitrile B = Methanol 1% acetic acid
Time (mins) %B Time (mins) %B
0 97 0 0
5.8 68 10 30
9 15 15 65

Gradient 10 15 17.5 68
10 97 18 100
16 Sop 22 100

221 0
B3 Sop

Column temp. 35°C 35°C

Injection volume 6L (40pL acetonitrile co-injected) 5uL

Flow rate 0.4mL/min 0.3mL/min

Mass spectrometry

LC/MS/MS LCMS-8050

lonisation mode Heated electrospray

Polarity switching time 5ms

Pause time 1ms

Dwell times 5-50ms

Interface temperature 350°C

Heating block 300°C

Desolvation line 200°C

Gas Heating gas 10 L/min; drying gas 10 L/min; nebulising gas 3 L/min

Table 1. LC/MS/MS parameters for Method 1 and Method 2
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Compound F:::)'me Polarity f‘r':":s' tons Q1) CE@3(v) IS MS1Res. | MS2Res.
Amitrole 31 Positive 85> 43 -14 -25 -14 Paraquat d8 Unit Unit
85> 57 -14 -20 -20 Unit Unit
85> 58 -14 -23 -22 Unit Unit
Chlormequat 4.1 Positive 122> 58 -28 -27 -21 Chlormequat d4 Unit Unit
122> 59 -28 -23 -21 Unit Unit
122> 63 -28 -22 -23 Unit Unit
Daminozide 22 Positive 161> 143 -16 -14 -25 Chlormequat d4 Unit Unit
161> 44 -16 -22 -16 Unit Unit
161> 45 -16 -23 -16 Unit Unit
Diquat 4.0 Positive 183> 157 -12 -21 -27 Paraquat d8 Unit Unit
183>78 -12 -39 -12 Unit Unit
183> 130 -12 -34 -22 Unit Unit
Kasugamycine 7.8 Positive 380> 112 -18 -20 -18 Chlormequat d4 Unit Unit
380> 200 -18 -13 -20 Unit Unit
Mepiquat 45 Positive 114> 98 -22 -29 -15 Mepiquat d3 Unit Unit
114> 58 -22 -26 -21 Unit Unit
114 > 42 -22 -45 -14 Unit Unit
Paraquat 9.0 Positive 186> 171 -12 -20 -30 Paraquat d8 Unit Unit
186> 77 -12 -45 -27 Unit Unit
186 > 169 -12 -35 -29 Unit Unit
Trimesium &1 Positive 77> 62 -13 -21 -22 Paraquat d8 Unit Unit
77> 47 -13 -27 -17 Unit Unit
77> 45 -13 -45 -16 Unit Unit
Chlormequat d4 41 Positive 126 > 58 -21 -29 -21 Unit Unit
Mepiquat d3 45 Positive 117> 101 -20 -29 -18 Unit Unit
Paraquat d8 9.0 Positive 193> 178 -13 -21 -30 Unit Unit
Table 2. Method 1 MS acquisition parameters, retention time and internal standard
Compound f:l:;‘t)'me Polarity f‘r'z':s' done Q1) CE @3(v) IsD MS1Res. MS2Res.
Glyphosate By Positive 170> 88 -17 -9 -18 Gyphosate C13 Unit Unit
170> 42 -17 -26 -17 Unit Unit
170> 60 -17 -16 -24 Unit Unit
Gluphosinate 29 Positive 182> 136 -12 -1 -26 Maleic hydrazide d2 | Unit Unit
182> 56 -12 -24 -23 Unit Unit
182> 119 -12 -19 -23 Unit Unit
ETU 3.1 Positive 103> 44 -19 -18 -15 ETU d4 Unit Unit
103> 60 -19 -28 -23 Unit Unit
103> 86 -19 -21 -28 Unit Unit
Fosethyl 9.9 Negative 109 > 81 23 13 29 Fosethyl d15 Unit Unit
109> 63 23 25 23 Unit Unit
109> 79 23 24 28 Unit Unit
Maleic hydrazide 13.7 Positive 113> 40 -1 -27 -16 Maleic hydrazide d2  Unit Unit
113> 67 -11 -19 -27 Unit Unit
113> 85 -11 -17 -17 Unit Unit
Nicotine 20 Positive 163> 130 -16 -21 -22 Nicotine d3 Unit Unit
163> 117 -16 -25 -20 Unit Unit
163> 132 -16 -17 -23 Unit Unit
Perchlorate 30.1 Negative 99> 83 22 26 30 Perchlorate 1804 Unit Unit
99 > 67 22 37 23 Unit Unit
101> 85 22 26 30 Unit Unit
PTU 3.1 Positive 117 > 58 -20 -16 -19 ETUd4 Unit Unit
117> 60 -20 -29 -20 Unit Unit
117>72 -12 -22 -26 Unit Unit
ETU d4 3.0 Positive 107 > 48 -18 -19 -16 Unit Unit
Fosethyl d5 9.6 Negative 114> 82 24 15 30 Unit Unit
Maleichydrazided2 13.6 Positive 115> 42 -1 -20 -17 Unit Unit
Glyphosate 13C2 15N (3.6 Positive 173> 91 -1 -8 -19 Unit Unit
Nicotine d3 1.7 Positive 166 > 130 -30 -22 -21 Unit Unit
Perchlorate 1804 30.1 Negative 107 >89 23 27 30 Unit Unit

Table 3. Method 2 MS acquisition parameters, retention time and internal standard
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B Results and Discussion

Following evaluation of several different analytical columns,
mobile phases and mass spectrometer settings, two methods
were developed for a range of highly polar pesticides that
typically require single residue methods to analyse. A ZIC-HILIC
column, a zwitterionic stationary phase covalently attached to
porous silica, was used in method 1 to analyse the following;
amitrole, chlormequat, daminozide, diquat, kasugamycine,
mepiquat, paraquat and trimesium. While a Hypercarb PGC
(porous graphitic carbon), which behaves as a strongly
retentive alkyl-bonded silica gel, was used in method 2 to
analyse the following; glufosinate, glyphosate, ethephon,
fosethyl aluminium, maleic hydrazide, perchlorate, ETU, PTU,
and nicotine.

Three MRM transitions were acquired for each analyte, with
exception of two transitions for kasugamycine. Linearity was
evaluated for all compounds in the range 0.005 mg/kg — 0.2
mg/kg (5 — 200 ppb) in apple matrix. The concentration of each
calibration level is listed in the experimental section. All seven
target compounds achieved excellent correlation coefficients
greater than R2>0.9975, using internal standards for
quantitation, linear fit and 1/C weighting. Calibration curves for
several compounds are displayed in Figure 3 (using LC method
1) and Figure 5 (using LC method 2). The linearity results for all
target compounds are listed in Table 4.

LC Method 1 Chlormequat Paraquat
1.75
1.50 Diquat| pepiquat
1.25 |
§ 100 4 Amitrole Trimesium
o
8_ 0.75 Kasugamycine
x
0.50
0.25
0.00 -
D 1 1 1 1 T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 min
Figure 2. Target analytes at 0.05mg/kg in apple matrix using a ZIC-HILIC based separation (LC Method 1)
6 1 Mepiquat 9 7 Diquat
y =0.0247140x + 0.000651611 y =0.0379254x + 0.0483990
R? =0.99994 8 1 R2=0.9986
5 1 Fit; linear, weighting 1/C, zero not forced 7 Fit; linear, weighting 1/C, zero not forced
4 4 6 4
kel o 5 4
€3 ®
© o 4
o o
<21 <3
2 4
1 B
1 4
0 T T r ! 0 T T T \
0 50 100 150 200 0 50 100 150 200
Concentration (ng/L) Concentration (ng/L)
4 9 Trimesium 25 7 Paraquat
y =0.0137501x - 0.0197801 y =0.106951x - 0.0114163
3 | R*=0.9982 R? = 0.9996
Fit; linear, weighting 1/C, zero not forced X 20 1 Fit; linear, weighting 1/C, zero not forced
15 -
he] iel
E E
8 810
< <
5 -
0 - T 0 T

0 50 100 150 200
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0 50 100 150 200
Concentration (ng/L)

Figure 3. Calibration curves for paraquat, mepiquat, trimesium and diquat using a ZIC-HILIC based separation (LC Method 1)
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Figure 2 displays a chromatogram of each compound at 0.05
mg/kg using a ZIC-HILIC based separation (LC method 1) and
Figure 4 display a chromatogram using a Hypercarb PGC
based separation (LC method 2). All target analytes were
identified at 0.01 mg/kg. This concentration is below the
European Union (EU) maximum residue limit (MRL) for all of the
target analytes in this study. For example, the EU MRL for the
following compounds in the majority of

commodities is; glyphosate 0.1 mg/kg, glufosinate 0.1 mg/kg,
chlormequat 0.05 mg/kg, paraquat 0.02, mepiquat 0.05 mg/kg,
daminozide 0.02 mg/kg and ethephon 0.05 mg/kg.2
Consequently, the sensitivity achieved in these methods is far
below what is required and therefore dilution of sample extracts
is possible in order to reduce matrix effects.

Maleic hydrazid
40 - LC Method 2 aleicydrazide
PTU Perchlorate
ETU Glyphosate
3.0
— Glufosinate
8 Fosethyl
o
S 2.0 4
x
Nicotine
1.0 -
0.0 - |
U 1 T o T T T T
25 5.0 7.5 10.0 12.5 15.0 T 275 30.0 min

Figure 4. Target analytes at 0.05mg/kg in apple matrix using a Hypercarb PGC based separation (LC Method 2).
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Figure 5. Calibration curves for glyphosate, gluphosinate, maleic hydrazide and fosethyl using Hypercarb PGC based
separation (LC Method 2)
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Compound R? Fit type Weight Method

Diquat 0.9986 Linear 1/C Method 1
Chlormequat 0.9988 Linear 1/C Method 1
Amitrole 0.9981 Quadratic 1/C Method 1
Kasugamycine 0.9992 Linear 1/C Method 1
Daminozide 0.9995 Quadratic 1/C Method 1
Mepiquat 0.9993 Linear 1/C Method 1
Paraquat 0.9995 Linear 1/C Method 1
Trimesium 0.9981 Linear 1/C Method 1
ETU 0.9998 Linear 1/C Method 2
Fosethyl 0.9975 Linear 1/C Method 2
Gluphosinate 0.9993 Linear 1/C Method 2
Glyphosate 0.9983 Linear 1/C Method 2
Maleic hydrazide 0.9982 Linear 1/C Method 2
Nicotine 0.9984 Linear 1/C Method 2
Perchlorate 0.9998 Linear 1/C Method 2
PTU 0.9990 Linear 1/C Method 2

Table 4. Target analytes linearity results using LC method 1 and LC method 2

Bl Conclusion

Two LC-MS/MS methods were developed for the measurement
of a range of highly polar pesticides in their underivitised state
using the LCMS-8050 triple quadrupole mass spectrometer.
The developed multi-residue methods offer significant time
savings in comparison to single residue methods typically used
for analyse of these analytes. All compounds were quantified in
the range 0.005 — 0.2 mg/kg with correlation coefficients greater
than 0.9975. The excellent sensitivity achieved, which is most
cases is far below the EU MRL, offers the opportunity to dilute
sample extracts prior to LC-MS/MS injection in order to reduce
matrix effects.
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1. Introduction

Mycotoxins are toxic metabolites produced by
fungal molds on food crops. For consumer
food safety, quality control of food and
beverages has to assay such contaminants.
Depending on the potency of the mycotoxin
and the use of the food, the maximum allowed
level is defined by legislation. Baby food is
particularly critical. For example, European
Commission has fixed the maximum level of
Aflatoxin B1 and M1 to 0.1 and 0.025 pg/kg,
respectively, in baby food or milk.

Therefore, a sensitive method to assay
mycotoxins in complex matrices is
mandatory. In order to ensure productivity of
laboratory performing such assays, a unique
rapid method able to measure as much
mycotoxins as possible independently of the
sample origin is also needed.

In this study, we tested three kind of samples:
baby milk powder, milk thickening cereals
(flour, rice and tapioca) and a vegetable
puree mixed with cereals.

2. Materials and Methods

2-1. Sample preparation

Sample preparation was performed by
homogenization followed by solid phase
extraction using specific cartridges (Isolute®
Myco, Biotage, Sweden) covering a large
spectrum of mycotoxins.

Sample (5 g) was mixed with 20 mL of
water/acetonitrile (1/1 v/v), sonicated for

5 min and agitated for 30 min at room
temperature. After centrifugation at 3000 g for
10 min, the supernatant was diluted with

Highly sensitive and rapid simultaneous
method for 45 mycotoxines in baby food

samples by HPLC-MS/MS using fast
NoO.SCA_210_013] polarity switching

water (1/4 v/v). Columns (60 mg/3 mL) were
conditioned with 2 mL of acetonitrile then

2 mL of water. 3 mL of the diluted
supernatant were loaded at the lowest
possible flow rate. Then column was washed
with 3 mL of water followed by 3 mL of
water/acetonitrile (9/1 v/v). After drying,
compounds were successively eluted with

2 mL of acetonitrile with 0.1% of formic acid
and 2 mL of methanol.

The eluate was evaporated under nitrogen
flow at 35 °C until complete drying (Turbovap,
Biotage, Sweden).

The sample was reconstituted in 150 pL of a
mixture of water/methanol/acetonitrile
80/10/10 v/v with 0.1% of formic acid.

2-2. LC-MS/MS analysis

Extracts were analysed on a Nexera X2
(Shimadzu, Japan) UHPLC system coupled
to a triple quadrupole mass spectrometer
(LCMS-8050, Shimadzu, Japan). Analysis
was carried out using selected reaction
monitoring acquiring 2 transitions for each
compound.

Table 1 — LC conditions

Shimadzu GLC Mastro™ C18
150x2.1 mm 3 ym

Analytical column

A = Water 2mM ammonium acetate
and 0.5% acetic acid

B = Methanol/Isopropanol 1/1 +
2mM ammonium acetate and 0.5%
acetic acid

Mobile phase

Gradient 2%B (0.0 min), 10%B (0.01 min),
55%B (3.0 min), 80%B (7.0 -8.0 min),
2%B (8.01 min), Stop (11.0 min)

Column temperature = 50 °C

Injection volume 10 pL

Flow rate 0.4 mL/min
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Table 2 — MS/MS conditions

lonization mode Heated ESI (+/-)

Temperatures HESI: 400 °C
Desolvation line: 250 °C
Heat block: 300 °C

Gas flows Nebulizing gas (N2):

2 L/min
Heating gas (Air): 15 L/min
Drying gas (N2): 5 L/min

CID gas pressure 270 kPa (Ar)

Polarity switching time 5ms

Pause time 1ms

Dwell time 6 to 62 ms depending on

the number of concomitant
transitions to ensure a
minimum of 30 points per
peak in a maximum loop
time of 200 ms (including
pause time and polarity
switching)

Table 3 — MRM transitions

Ret. Time MRM Quan MRM Qual
Name eain) Q . Q
15-acetyldeoxynivalenol (15ADON) [M+H]+ 3.37 339>297.1 339> 261
3 (3ADON) [M+H]+ 337 339>231.1 339>231.1
Aflatoxine B1 (AFB1) [M+H]+ 3.78 312.6 >284.9 312.6 > 240.9
Aflatoxine B2 (AFB2) [M+H]+ 3.57 315.1 > 259 315.1 > 286.9
ine G1 (AFG1) [M+H]+ 3.46 329.1>242.9 329.1>199.9
Aflatoxine G2 (AFG2) [M+H]+ 3.26 330.9 > 244.9 330.9>313.1
Aflatoxine M1 (AFM1) [M+H]+ 3.30 329.1> 273 329.1> 229
Altemariol [M-H]- 4.78 257 >214.9 257>213.1
Altemariol monomethylether [M-H]- 5.81 271.1>255.9 271.1>228
Beauvericin (BEA) [M+H]+ 8.03 784 > 244.1 784 > 262
Citrinin (CIT) [M+H]+ 4.16 251.3>233.1 251.3>205.1
D5-OTA (ISTD) 5.22 409.2 >239.1 N/A
Deepoxy-Deoxynivaletonol (DOM-1) [M-H]- 3.02 279.2>2493 279.2>178.4
Deoxynivaletonol (DON) [M-CH3COO]- 2.61 355.3 >295.2 355.3 > 265.1
DI i 3 ide (D3G) [M-CH3C00]- 2.45 517.5 > 457.1 517.5>427.1
Deoxynivaletonol 3-Glucoside (D3G) [M-CH3COO]- 2.45 517.5 > 457.1 517.5>427.1
Diacetoxyscirpenol (DAS) [M+NH4]+ 1.2 384 >283.3 384 > 343
Enniatin A (ENN A) [M+H]+ 8.51 699.2 > 682.2 699.2 > 210
Enniatin A1 (ENN A1) [M+H]+ 8.22 685.3 > 668.3 685.3 > 210.1
Enniatin B (ENN B) [M+H]+ 7.57 657 > 640.4 657 > 195.9
Enniatin B1 (ENN B1) [M+H]+ 7.92 671.2 > 654.2 671.2 > 196
Fumagillin (FUM) [M+H]+ 6.16 459.2 >131.1 459.2 >338.7
Fumonisine B1 (FB1) [M+H]+ 4.10 722.1>334.2 722.1>352.2
Fumonisine B2 (FB2) [M+H]+ 4.71 706.2 > 336.3 706.2 > 318.1
Fumonisine B3 4.38 706.2 > 336.2 706.2 > 688.1
Fusarenone-X (FUS-X) [M+H]+ 2.84 355.1> 247 355.1> 175
HT2 Toxin [M+NAJ+ 4.58 446.9 > 344.9 446.9 > 285
Moniliformin (MON) [M-H]- 1.16 97.2>40.9 N/A
jiol (NEO) [M+NH4]+ 2.90 400.2 > 215 400.2 > 185
Nivalenol (NIV) [M+CH3COO]- 2.41 371.2 > 280.9 371.2>311.1
Ochtratoxin A (OTA) [M+H]+ 553 404.2 > 239 404.2 >358.1
Ochtratoxin B (OTB) [M+H]+ 4.83 370.2 > 205.1 370.2 > 187
Patulin (PAT) [M-H]- 2.35 153 >81.2 153 >53
Sterigmatocystin [M+H]+ 5.60 325.3 > 310 325.3>281.1
T2 Tetraol [M+CH3COO]- 1.64 356.8 >297.1 356.8 >59.1
T2 Toxin [M+NH4]+ 4.94 484.2 > 215 484.2 > 305
Tentoxin [M-H]- 4.77 413.1>140.9 413.1>271.1
Tenuazonic acid (TEN) [M-H]- 4.51 196.1 > 138.8 196.1> 112
Wortmannin (M-H) 3.95 426.9 >384 426.9 >282.1
Zearalanol (alpha) (ZANOL) [M-H]- 5.17 321.3>277.2 321.3>303.2
Zearalanol (beta) (ZANOL) [M-H]- 4.85 321.3>277.2 321.3>303.1
Zearalanone (ZOAN) [M-H]- 5.43 319 >275.1 319 >301.1
Zearalenol (alpha) (ZENOL) [M-H]- 5.25 319.2 >275.2 319.2 > 160.1
Zearalenol (beta) (ZENOL) [M-H]- 4.94 319.2 >275.2 319.2 > 160.1
Zearalenone (ZON) [M-H]- 5.52 316.8>174.9 316.8>131.1

3. Results and discussion

3-1. Method development

LC conditions were transferred from a
previously described method (Tamura et al.,
Poster TP-739, 61st ASMS). In particularly,
the column was chosen to provide very good
peak shape for chelating compounds like
fumonisins thanks to its inner PEEK lining.
Small adjustments in the mobile phase and in
the gradient program were made to handle
more mycotoxins, especially the isobaric
ones. These modifications are reported in the
Table 1.

O

Stainless steel Body ~ Polymer lining

Stationary phase

Polymer frit

Figure 1 — Structure of the Mastro™ column

Also, autosampler rinsing conditions were
kept to ensure carry-over minimisation of
some difficult compounds.

Electrospray parameters (gas flows and
temperatures) were cautiously optimized to
find the optimal combination for the most
critical mycotoxins (aflatoxins). Since these
parameters act in a synergistic way, a
factorial design experiment is needed to find
it. Manually testing all combinations in the
chromatographic conditions is very time
consuming. Therefore, new assistant
software (Interface Setting Support) was used
to generate all possible combinations and
generate a rational batch analysis. Optimal
combination was found in chromatographic
conditions. The difference observed between
optimum and default or worst parameters was
of 200 and 350%, respectively.
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Figure 2 — Parameters selection view in the

Interface Setting Support Software

3-3 Results

Extraction and ionisation recovery for
aflatoxins was measured in the three
matrices by comparing peak areas of the raw
sample extract to extract spiked at 50 ppb

bl Il

#0090

after or before extraction and to standard

solution. Results in table 4 showed that the
total recovery was quite acceptable to ensure

Figure 4 — Chromatogram of the 45
mycotoxins in standard at 50 ppb (2 ppb for
aflatoxins and ochratoxines)

accurate quantification. Results from other

matrices were not significantly different.

Table 4 — Extraction and ionisation recoveries

4. Conclusion

_ o A very sensitive method for multiple
In puree mycotoxines was set up to ensure low
LOQ in baby food sample
Er’;tc’g“jg:’y" 101% | 109%  104%  114%  118% . .
|¢:£32?; 4% | 90% | 96% | 106% | 91% ° Th'ank.s to hlgh speed polarity
s switching, a high number of
recovery | 49% | 98%  100%  121% | 108% mycotoxines can be assayed using
the same method in a short time
Repeatability was evaluated at low level for
aflatoxins. Figure 3 show an overlaid o The extraction method demonstrate

chromatogram (n=4) for aflatoxins.
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Simultaneous quantitative analysis of 20
amino acids in food samples without
derivatization using LC-MS/MS

Keiko Matsumoto; Jun Watanabe (Shimadzu Corporation, Kyoto, Japan) Itaru Yazawa (Imtakt Corporation, Kyoto, Japan)

1. Introduction

In order to detect many kinds of amino acids
with high selectivity in food samples, the
LC/MS analysis have been used widely.
Amino acids are high polar compounds, so
they are hard to be retained to reverse-
phased columns such as ODS (typical
method in LC/MS analysis). It needs their
derivartization or addition of ion pair reagent
in mobile phase to retain them. For easier
analysis of amino acids, it is expected to
develop the method without using reagents
mentioned above.

This time, we tried to develop a simultaneous
high sensitive analysis method of 20 amino
acids by LC/MS/MS with mix-mode column
(ion exchange, normal-phase) and the typical
volatile mobile phase suitable for LC/MS
analysis.

2. Methods and Materials

Amino acid standard reagents and food
samples were purchased from the market.
Standards of 20 kinds of amino acids were
optimized on each compound-dependent
parameter and MRM transition.

As an LC-MS/MS system, HPLC was coupled
to triple quadrupole mass spectrometer
(Nexera with LCMS-8050, Shimadzu
Corporation, Kyoto, Japan). Sample was
eluted with a binary gradient system and LC-
MS/MS with electrospray ionization was
operated in multi-reaction-monitoring (MRM)
mode

High Speed Mass Spectrometer

UF-MRM
High-Speed MRM at 555 ch/sec

UF-Switching
High-Speed Polarity Switching 5 msec

Figure 1 - LCMS-8050 triple quadrupole mass
spectrometer

3. Result
3-1. Method development

First, MRM method of 20 amino acids was
optimized. As a result, all compounds were
able to be detected highly sensitive and were
detected in positive MRM transitions. As the
setting temperature of ESI heating gas was
found to have an effect on the sensitivity of
amino acids, it was also optimized. Even
though amino acids were not derivatized and
ion-pairing reagent wasn’t used, 20 amino
acids were retained by using a mixed-mode
stationary phase and separated excellently
on the below-mentioned condition.
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HPLC conditions (Nexera system) Case 1
Mobile Phase
Column: Intrada Amino Acid (3.0 mm, A hcetanirle Formic acd =100/0.1
[.D. 50 mm, 3 um, Imtakt Corporation, Kyoto,
Japan)

In this study, two conditions of mobile phase
were investigated. It was found that 20 amino
acids were separated with higher resolution in

Tz
7

case 2.
2'0 3‘D 4'0 s‘n s{n' 70 80 d[] ' mi
Mobile phase: Figure 2 - Mass Chromatograms of 20 Amino acids
(concentration of each compound: 10 nmol/mL)
Case 1 ] ) .
A: Acetonitrile/Formic acid = 100/0.1 Case 2 (High Resolution condition)
B: 100 mM Ammonium formate Mobile Phase ,
g fg{i}etﬂal}:le ! Tetrahyf’drofu:‘ar;'IAZEPMtA;ngBl?rznumrmale [ formic acid=8/75/16/0.3
Time program: B conc. 14% (0-3 min) - 100% Thr
(10 min) - 14% (10.01-15 min) o
As a4 g a
Case 2 (High Resolution condition) lle
A: Acetonitrile/Tetrahydrofuran 25 mM TpPhe
Met p
Ammonium formate/Formic acid = e 1 H
9/75/16/0.3 ""f\
B: 100 mM Ammonium formate/Acetonitrile oo s
= 80/20

Figure 3 - Mass Chromatograms of 20 Amino acids
(concentration each compound: 10 nmol/mL)

Time program: B conc. 0 % (0-2 min) -5 %

(3 min) — 30 % (6.5 min) — 100 % (12 min) —

0 % (12.01 = 17 min)

Flow rate 0.6 mL/min,

Injection volume: 2 L

Column temperature: 40 °C

As the mobile phase condition of case 1 is
simpler and the result of case 1 was
sufficiently well, case 1 analytical condition
were used for quantitative analysis. The
dilution series of these compounds were
analyzed. All amino acids were detected with

MS conditions (LCMS-8050) good linearity and repeatability (Table1).

lonization: ESI, positive MRM mode
MRM transitions are shown in Table 1
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Table1 Linearity and Repeatability of 20 amino acids

Linearity Repeatability™
MRM Transition

Range (nmol/mL) Coefficient (r2) %RSD

Trp 205.10>188.10 0.01-100 0.9950 1.4
Phe 166.10>120.10 0.01-100 0.59971 1.2
Tyr 182.10>136.00 0.05-100 0.5900 1.7
Met 150.10=56.10 0.05-200 0.9963 0.1
Lug,Lle 132.10=86.15 0.01-100 0.5955 0.7
val 118.10=72.05 0.05-100 0.5951 1.5
Glu 148.10=84.10 0.05-10 0.59965 4.5
Pro 116.10=70.10 0.01-30 0.5933 1.5
Asp 134.20-74.10 0.5-500 0.9953 1.4
Thr 120.10=74.00 0.1-50 0.59923 4.5
Ala 90.10>44.10 0.5-500 0.59289 16.2
Ser 106.10>60.20 0.5-500 0.9988 6.5
Gln 147.10=84.10 0.05-1 0.5959 3.9
Gly 76.20=29.90 5-200 0.5974 11.0
Asn 132.10=74.05 0.03-20 0.9929 6.1
(Cys)2 241.00>151.95 0.05-20 0.590% 2.3
His 156.10>110.10 0.05-200 0.5933 1.7
Lys 147.10=84.10 0.05-5 0.9908 0.5
Arg 175.10=70.10 0.01-100 0.5956 0.5

.Snmol/mL : except for Gly, 5nmol/mL : for Gly
*@ 0.5nmol/mL for Gly, 5nmol/mL : for G

3-2. The analysis of 20 amino acids in food samples

The analysis of the amino acids contained in out. In the case of sports beverage, all amino
sports beverage on the market was carried acids written in the package were detected.
Pro Sports Beverage,
Thr Lys - \1
r
sp
TR T T R His
lu L
||||—|I|||||
20 30 40 50 6.0 70 80 a0 min
Figure 4 - Mass Chromatograms of Sports Beverages (100 fold dilution with 0.1 N HCI)
Furthermore, Japanese Sake, Beer and sweet zing preparation. These were filtered through a
cooking rice wine (Mirin) were analyzed using 0.2 um filter and then analyzed. MRM
this method. Japanese Sake and Beer were chromatograms of each food samples are
diluted with 0.1N HCI. Sweet cooking rice wine shown in Figure 5, 6, 7. Amino acids of each

was diluted in the same way after a deproteini- sample were detected with high sensitivity.
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Figure 5 - Mass Chromatograms of Japanese Sake (100 fold dilution with 0.1 N HCI)

Figure 6 - Mass Chromatograms of Beer (10 fold dilution with 0.1 N HCI)

|TrP Sweet Cooking Rice Wine
sn S
Thr
S sp
Ph
P T n
el Jje yr 2 g
3, ' W Lys
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Figure 7 - Mass Chromatograms of Sweet Cooking Rice Wine (100 fold dilution with 0.1 N HCI)

4. Conclusions

20 amino acids could be separated without derivatization using a typical volatile mobile phase

suitable for LC/MS analysis and detected with high sensitivity.
This method was able to be applied to the analysis of amino acids in various food samples.
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Determination of Industrial Dyes in Food
No. SCA 210 015| by LCMS-IT-TOF

Xiaozhen Chen, Liying Huang, Jin Wang, Hui Cao (Zhejiang Institute of Quality Inspection Science);
Luying Zhou, Jinting Yao, Hengtao Dong, Hongyuan Hao, Taku Tsukamoto, Taohong Huang, Shin-ichi Kawano,

Yuki Hashi (Shimadzu Global COE, Shimadzu (China) Co., Ltd.)

1. Introduction

Industrial dyes is a class of dyes which has
been widely used in the production of textile,
fur and leather, wood and china, while using
them as food additive is forbidden because of
potential toxic effects. Industrial dyes illegally
added in food were reported frequently,
therefore departments like China FDA
focused on the determination of industrial
dyes in food, and they needed to develop a
quick, high sensitivity and high accuracy
qualitative and quantitative method. The food
samples were extracted by a mixed organic
solution, cleaned up on a SPE column, then
the extracts were analyzed by LCMS-IT-TOF.
In this study, 10 basic industrial dyes and 9
acidic industrial dyes in food were analyzed.
External standard method was used for
quantitative analysis, and MS" (n>2) results
were used for qualitative analysis.

2. Experimental
Sample pretreatment method:

Basic industrial dyes - The food sample was
extracted with acetonitrile, and then skimmed
with acetonitrile and hexane. Finally the
sample was purified by Oasis WCX column.
Acidic industrial dyes - The food sample was
extracted with a mixed solution
(methanol/water = 80/20, V/V), and then
skimmed with acetonitrile . In the end, the
sample was purified by Oasis WAX column.
After above three steps, the final extract was
injected and detected with LCMS-IT-TOF.

UHPLC/MS parameters:

The analysis was performed on a
Prominence UFLC (Shimadzu, Kyoto, Japan)
equipped with LC-20AD pumps, a CTO-20A
column oven, a SIL-20A autosampler, a
DGU-20A5 degasser, a CBM-20A
communication bus module and an
LCMS-IT-TOF mass spectrometer.

Analytical conditions for UHPLC

Column : Shim-pack XR-ODSII
(100 mmL. x 2.0 mmi.d., 2.2 ym)
Flow rate : 0.2 mL/min
Columnoven : 30°C
Elution mode : Gradient elution

Mobile phase : For basic dyes:
A: 5 mmol/L ammonium acetate,
B: 0.1% formic acid in acetonitrile
For acidic dyes:
A: 10 mmol/L ammonium acetate,

B: methanol

Analytical conditions for MS

lonization : ESI

Polarity . basic dyes; positive
acidic dyes; negative

: basic dyes m/z 250-510
acidic dyes m/z 210-700

Mass range

Nebulizer gas : N2 1.50 L/min;
Drying gas : N2 10 L/min;
CDL temperature : 200 °C

Heat block temperature : 200 °C
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Figure 1 - Schematic diagram of the LCMS-I'T-TOF

3. Results and Discussion
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Figure 2 Mass chromatograms of 10 basic dyes

(1. Rhodamine 110, 2. Basic red 2, 3. Auramine O, 4. Astrazon
Qrange G, 5 Malachite Green, 6. Rhodamine B, 7. Astrazon
Qrange R, 8. Rhodamine 6G, 9. Butyl Rhodamine B, 10.
Leucomalachite Green)

Figure 3 Mass chromatograms of 9 acidic dyes

(1. Azorubin, 2_Acid Red 87, 3. Orange 2, 4. Acid Yellow A4-R, 5.
Acid Yellow 36, 6. Tracid Brilliant Red B, 7. Orange 3, 8. Tracid
Brilliant Red10B, 9. Acid Orange 67)

Comelation | RSDN

Basic Dyes . Linear Equation coefficient | (n=7)
(r)
1 Rhodamine 110 3.034 3311060 ¥ =7264817x +3355202  1-100 09944 50
2 Basicred2 4147 3151585 Y =939612.0X +6832046  1-100 09924 29
3 Auramine O 455 2681780 Y = 4T7B3EX + 2212455 1100 09954 4.4
4 Astrazon Orange G 4.867 3151874 Y = 416215.4X + 1143541 1-100 09988 38
S Malachite Green  5.386 3291992 Y = 351826.8X + 4080181  1-100 p9989 4.1
§  RhodamineB  5.669 4432321 Y =519311.1X+ 3287386  1-100 09935 3.1
7  Astrazon Orange R 576 3912183 ¥ =4321703X + 2682160  1-100 0.9931 25
8  Rhodamine 6G  5.801 4432328 ¥ =5512952X+ 3627538  1-100 09932 29
9  BulylRhodamine B B.069 4992971 Y =608686.3X+ 3178368  1-100 09944 B85
10 "mg:::ch'm 8827 3312146 Y=5T0237.4X + 4472225  1-100 09915 46

Table 1 Quantitative result of basic dyes
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elati RSO/
Li R comelation 3

- Linear Equation

Acidic Dyes coefficient
{mgiL) "
1 Acid Red &7 Condiment 5755  B465.6959 = 18712 66X - 2135793 0.1-4 0.9960 4.4
2 Acid Yellow 36 Condiment 7465 3520744 Y = 120547.8X - 205786.1 0.01-0.4 0.9995 19
3 Orange 2 Condiment 6810 3270419 Y =151089.4X + 147236 4 0.01-0.4 0.9997 1.6
4 Azorubin Condiment 4740 2250019 ¥ =1680.244X - 457377 028 0.9995 38
5 Crange 3 Condiment  9.500 4290526 Y =2059937X + 1033213 0.001-0.04 0.9939 22
& Acid Orange 67 Condiment 11900 5810814 Y= 69577 60 + 75907710 0.02-0.8 0.9972 47
7 Tracid Brilliant Red 10B  Condiment  11.515 3935491 ¥ =18389515X - 1572776 0.05-2 0.9919 33
] Acid Yellow A4-R Condiment T.275 4270729 Y =117428.3% - 167170.2 0.01-0.4 0.9995 2.1
g Tracid Briliant Red B Condiment  7.830 3504935 ¥ = 12013.91X - 1654,308 0.1-4 0.9969 20
Table 2 Quantitative result of acidic dyes
{=1,000,000)
TEET.0744 [T.00) 3 e
2,0-42:260.1082 (1.00)
19:183.0711 El 00) ample
1,04
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§ (1,000, 000)
o 32601082 {1 00) Standard
I 2(1.00)
5.035-183.0711 (1.00) andar
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0. O e . e -
0o 25 50 75 10.0 125
Time {min}
Figure 4 - Mass chromatograms of Yellow 36 in red pepper
Inten. (1,000,000) Inten. (x1,000,000)
{Sampl 5.0+ Standard
‘o] 1:?0; MS  352.0706(1) 126 99670) M= 352.0715(1)
] 248.5394(8) 325 778 | e . 2767540 SEQ 081
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Figure 5 - MS?® spectrum of Acid Yellow 36
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4. Conclusions

10 basic industrial dyes and 9 acidic industrial
dyes in food were determined by LCMS-IT-
TOF, and quantified by external standard
method. The developed methods show a
good linearity range, and in the certain
concentration ranges with their correlation
coefficients (r) more than 0.99. For basic
industrial dyes analysis, the relative standard
deviations (n=7) were less than 9%. The
levels (2, 10 and 25 pg/kg) were ranged from
65.3% to 119.2%. For acidic industrial dyes
analysis, average recoveries of acid dyes in

the spiked samples at three different levels
varied from 64.8% to 106.0% with the relative
standard deviations (n=5) better than 6.7%.In
general, the methods established in our study
were simple, rapid, and highly sensitive. They
were suitable for the simultaneous
determination of basic dyes or acidic dyes
residue in food. An MS" database (ACD MS
Manager database) for these industrial dyes
had been created, which provided a quick
and easy way for accurate qualitative
analysis and screening of industrial dyes in
food.
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Micro Flow UHPLC-MS/MS in Pesticide
Analysis of Infant Foods

David R. Baker, Neil Loftus (Shimadzu, Manchester, UK); Simon Hird (Food and Environment Research Agency, York; UK)

1. Introduction

Food safety with regards to infant food is of
the upmost importance; however, it is also
recognised as a challenging matrix to analyse
due to the low maximum residue limit (MRL)
of 0.01 mg/kg required by European Directive
2006/141/EC for all pesticides. Furthermore,
the European Directive prohibits the use of
certain very toxic pesticides in the production
of infant foods and establishes even lower
MRLs for a few other very toxic pesticides.
Additionally, the analysis of infant food is
complicated by their wide range of fat
content.

LC-MS/MS has been widely used for the
quantitation of pesticides in infant food. The
analytical methods typically use conventional
LC flow rates (approximately 0.5 mL/min).
Micro flow LC uses significantly lower flow
rates (10 to 100 pL/min). With the same
sample amount and identical LC peak width,
the reduction in LC flow rate can result in an
improved detection limit for concentration-
dependent detection techniques such as
electrospray ionization (ESI) mass
spectrometry. Here, we utilise the improved
response from micro flow LC to achieve the
required low limits of detection for over one
hundred pesticides in infant food. Initial
validation results are presented for the micro
flow LC method, in addition to robustness
data.

2. Materials and Methods

2-1. Sample preparation

Samples were extracted using QUEChERS
(quick, easy, cheap. effective, rugged and
safe) methods developed by the Food and
Environment Research Agency, UK. Sample
extracts in acetonitrile were spiked with 130
pesticides. Sample extracts were diluted five
times with water before LCMS injection.

2-2. LC-MS/MS analysis

UHPLC Mexera UHPLC system
Flow rate S0uL/min
Mobile phase A=Water (95%) and methanol (5%) with SmM ammeonium
formate
B= Methanol with SmM ammonium formate
Gradient 0% B - 100% B {12 min), 100% B (14 min), 10% B {17 min)

Analytical column ACQUITY UPLCH55 T3;

1mm ¥ 100 mm, 1.8 pm

Column temperature 35°C

Injection volume: SuL

M5 LCM3-B040 triple quadrupole mass spectrometer
lonisation Electrospray, positive and negative mode

SRM 130 pesticides {260 SRMs) Pause 1 msec./Dwell 3 msec.
Desolvation line 200°C

Drying/Nebulising gas 15L/min, ZLfmin

Heating block 400°C

3. Results and discussion

3-1. Micro flow LC method

Micro flow LC was utilised for the analysis of
130 pesticides using a 90 yL/min flow rate
and a 1.0 mm |.D. analytical column. The flow
rate was reduced from conventional flow
rates (approximately 500 puL/min) in order to
increase analyte response and reduce costly
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solvent consumption. All 130 pesticides were
eluted within 12.7 minutes with a typical peak
width of 7 seconds. An example
chromatogram is displayed in Figure 1.

A high speed data acquisition mass

0 o ey

5.00-| ,

4.00-

3.00-]
2.00-|
1.00-

000 o
0.0 25 5.0

spectrometer was utilised to acquire reliable

data with a 1 msec pause and 3 msec dwell

time, which allowed the acquisition of a large
number of overlapping MRM transitions.

68 pesticides (136 MRM transitions)
+ 1 msec. pause fime
3 msec. dwell time

1.5 10.0 125
min

Figure 1 — Micro flow LC analysis of 130 pesticides in infant food (0.05 mg/kg)

3-2. Linearity

Calibration curves were prepared in the range
0.5xRL (reporting limit) to 20xRL. For the vast
majority of pesticides this was in the range
0.005 - 0.2 mg/kg (0.5 — 200 ppb). The
developed method achieved the necessary
sensitivity to detect all 130 pesticides at the
lowest required level. Figure 2 displays
calibration curves for nine example pesticides
including the first eluting analyte
(methamidophos) and latest eluting analyte
(fenbutatin). All analytes displayed linearity
with R? > 0.996, with typical R? of 0.9990.

3-3. Intra- and inter-day precision

To assess the intra-day and inter-day
variability of the LC-MS/MS method, QC
samples were prepared in infant food at low
(0.01 mg/kg) and high (0.2 mg/kg)
concentrations. Intra- (n=6) and inter-day
(n=3 over 3 days) precision were determined
as %RSD of peaks areas. Table 2 lists
precision data for compounds over the run
time, including the first eluting analyte
(methamidophos) and latest eluting analyte
(fenbutatin). Intra-day precision was typically
less than 4%, while inter-day precision was
typically less than 7%.
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Figure 2 — Calibration curves (weighting 1/x), 0.005 — 0.2 mg/kg (0.5 — 200 ppb) of nine pesticides in infant food

Compound

T

o

Retention
time

LT

Intra-day (%RSD)

Low

High

T

=T

C T

L TR

Methamidophos
Acephate

Aldicarb sulfoxide

Methomyl
Imidacloprid
Carbendazim

Carbarvl
Fosthiazate
Azoxystrobin
Dimethomorph
Triazophos
Iprovalicarb
Cvazofamid
Penconazole
Hexaconazole
Pencycuron

riproxyfen
Fenpyroximate

Etofenprox
Fenbutatin

2.3
3.4
4.2
4.8
5.6
6.5
7.4
7.6
8.2
8.5
8.7
8.8
8.9
9.3
9.4
9.6
10.2
10.7
1.4
126

214
1.56
1.31
2.02
2.05
1.70
3.4
121
1.90
3.05
1.45
240
260
1.58
2.37
259
1.02
2.96
2.55
240

3.53
2.55
0.70
203
0.64
0.72
0.93
1.19
1.78
228
1.19
1.7
216
1.61
1.77
227
1.02
1.29
1.00
2.90

Inter-day (“%RSD)
Low g [Te]y]
2.80 4.50
3.54 3.85
484 3.91
3.61 486
3.46 4.59
2.69 3.80
5.38 477
255 450
278 430
503 495
347 478
3.08 4.47
2.89 574
455 415
416 435
269 443
1.32 539
12.8 297
203 472
272 4.51

Table 2 — Intra- and inter-day precision of selected pesticides over the run time

3-4. System robustness

To the investigate the robustness of the micro

flow system infant food extract was

repeatedly injected over 48 hours. In total,
162 injections were performed with infant
food extract at 0.02 mg/kg. The stability of

the system was assessed in terms of peak area
stability (Figure 4) and retention time stability.
The data showed excellent stability with peak
area deviation typically 3-5% and retention time
stability typically less than 0.12 %RSD.

o

£ T
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4. Conclusion

The developed micro flow LC
methodology achieved the required
MRL of 0.01 mg/kg for all 130
pesticides with all compounds eluted
within 12.7 minutes.

Initial validation data displayed
excellent linearity for all compounds,
low intra- and inter-day precision, no
observed carryover, and good peak
area and retention time stability over
48 hours.

Precise data was acquired with the
use of low pause and dwell times

(1 msec pause and 3 msec dwell
times)

Figure 4 — Peak area stability (%RSD) of pesticides in infant food extract over 48 hours of repeat injections

Micro flow analysis was successfully
carried out a UHPLC system capable
of both conventional higher flow rates
and lower micro flow rates.

Micro flow LC is a possible alternative
to conventional flow LC if extra
sensitivity is needed or reduction in
solvent consumption is required.
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Multi-Residue Analysis of 210 Pesticides in Food
Samples by Triple Quadrupole UHPLC-MS/MS
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Abstract

Pesticides and their metabolites are of great concern to society as they are harmful to human health, pollute natural resources and disturb
the equilibrium of the ecosystem. Consequently, stricter food safety regulations are being enforced around the world, placing pesticide
analysis laboratories under increasing pressure to expand the list of targeted pesticides, detect analytes at lower levels and with greater
precision, reduce analysis turnaround times, and all the while maintaining or reducing costs. In this study a method was successfully
developed for the quantitation of 210 commonly analysed pesticides in food samples using the Nexera UHPLC and LCMS-8040. Initial
validation was performed to demonstrate instrument capabilities. Limits of detection (LOD) for 90 % of compounds were less than 0.001
mg kg™ (1 ppb) and all compounds were less than 0.01 mg kg’1 (10 ppb) for both the quantifying and qualifying transitions using only a 2
uL injection. Repeatability at the 0.01 mg kg™ reporting level was typically less than 5 %RSD for compounds and correlation coefficients
were typically greater than 0.997 in a variety of studied food extracts. Consequently, the LCMS-8040 is ideally suited for routine

monitoring of pesticides below the 0.01 mg kg’1 default level set by EU and Japanese legislation.

Keywords: Pesticides; Multi-residue analysis; LCMS-8040; Food safety; Fruit; Vegetables

1. Introduction

Pesticide residues in food continue to be the target of studies due
to the uncertainty concerning adverse effects that those residues
may have on human health after a lengthy exposure at low levels.
More than 1000 active ingredients have been utilised and are
formulated in thousands of different commercial products. They
include a variety of compounds, mainly insecticides, herbicides
and fungicides, as well as their metabolites, with very different
physico-chemical characteristics and large differences in polarity,
volatility and persistence.’ Consequently, in order to ensure food
safety for consumers and to facilitate international trade,
regulatory bodies around the world have established maximum
residue levels (MRLs) for pesticide residues in food commodities;
that is, the maximum amount of pesticide residue and its toxic
metabolites that might be expected on a commodity if good
agricultural practice was adhered to during the use of the
pesticide.’

In the European Union regulation 396/2005/EC was implemented
in 2008 harmonising pesticide MRLS in all member states for 435
pesticide active substances in 378 commodities.> This EU
regulation covers pesticides both currently and formerly used in
agriculture in or outside the EU. For pesticide and food
commodity combinations not listed in the regulation a default MRL
of 0.01 mg kg™ applies (Art 18(1b) of European Union Regulation
No 396/2005).° In general, MRLs in the European Food regulation
are in the range 0.01 - 10 mg kg™ depending on the pesticide-
commodity combination, with the lowest levels set for banned
pesticides. For vegetables, fruits and cereals intended for the
production of baby foods, Directive 2006/141/EC requires that
baby food contains no detectable levels of pesticide residues
defined as < 0.01 mg kg'1 and prohibits the use of certain very
toxic

pesticides in the production of infant foods and establishes even
lower MRLs for a few other very toxic pesticides.® Regulatory
bodies around the world, as in the EU, have produced similar
guidelines. In the US, tolerances for more than 450 pesticides
and other ingredients are stated in the electronic Code of Federal
Regulations (US Environmental Protection Agency Office of
Pesticide Programs) and are enforced by the US FDA.® Japan's
positive list system for agricultural chemical residues in foods,
introduced in 2006, contains MRLs for over 400 pesticides in
various commodities.® China published national standard GB
2763-2005 in 2005 and more recently GB 28260-2011 which was
introduced in 2012 and specifies 181 MRLS for 85 pesticides in
food.”®

Consequently, pesticide analysis laboratories are under
increasing pressure to expand the list of targeted pesticides,
detect analytes at lower levels and with greater precision, reduce
analysis turnaround times and reduce usage of hazardous
solvents while maintaining or reducing costs. Pesticide residues
were traditionally analysed mainly by GC-based multi-residue
methods often with MS detection. However, many modern




(semi)polar compounds and/or ionic compounds could not be
analysed in this way due to poor thermal stability or volatility
without the need for derivatisation.” Recent improvements in
liquid chromatography - tandem mass spectrometry, combined
with the discussed pitfalls of GCMS, have meant LCMSMS has
become a vital technique. LC-tripe quadruple mass spectrometry
enables highly selective and sensitive analysis and is well suited
to the multi-class analysis of large numbers of pesticides at trace
levels.

In this work, we discuss the development of a multi-residue
pesticide method for 210 pesticides using the Nexera UHPLC and
LCMS-8040 triple quadruple. Pesticides were matrix-matched in
food matrix (lettuce, pear and dried fruit) following QUEChERS
sample preparation. The method was evaluated in matrix to
ensure that the necessary reporting limits were obtained
according to the various regulatory guidelines around the world
with  acceptable  precision, in addition to ensuring
chromatographic resolution of pesticide isomers with identical
SRM transitions.

2. Experimental

A stock of pesticides was obtained from the Food and
Environment Agency, UK, at a concentration of 0.01 mg kg™ (for
each pesticide) in acetone:acetonitrile 1:1. Linearity was
investigated over a nine-point calibration with samples ranging
from 0.5 ug kg”' - 0.2 mg kg (0.5 — 200 ppb) analysed in
duplicate; calibration samples were injected once in increasing
order and once in decreasing order. Linearity was assessed with
four calibration curves prepared by serial dilution of: (1)
acetonitrile, (2) dried fruit extract, (3) lettuce extract and, (4) pear
extract. Instrumental area repeatability was determined by
replicate (n=6) injection of pear matrix at 0.01 mg kg™'. LC-MS
mobile phase solvents and additives were all of LC—MS quality
and purchased from Sigma—Aldrich.

Food extracts were supplied by the Food and Environment
Agency, UK, following established QUuEChERS protocols.
QuEChERS is acronym for Quick Easy Cheap Effective Rugged
Safe and is a widely used sample preparation technique for the
extraction of pesticides from food. Food samples included dried
fruit, lettuce and pear, with the final extracts prepared in 100%
acetonitrile.

LC Parameters

UHPLC: Nexera UHPLC system

Column: Shim-pack XR-ODS Il (150 x 2 mm, 2.2 ym
particle size)

Column temp.: 40 °C

Mobile phase: A = Water with 5 mM ammonium formate and
0.01 % formic acid
B = Methanol with 5 mM ammonium formate
and 0.01 % formic acid

Gradient: Time (min) A% B%
0 5 95
16 0 100
18 0 100
18.1 5 95
20 5 95

Flow rate: 0.4 mL min’

Injection volume: 32 pL (stacked injection: 2uL sample + 30uL
water)

Needle wash: 1000 uL Methanol

MS Parameters

MS: LCMS-8040 triple  quadrupole mass
spectrometer

lonisation: ESI - Positive and negative (15 msec. polarity
switch)

SRM: Dwell time 5 msec.
Pause time 1 msec.

Desolvation line: 250 °C

Heating block: 400 °C

Drying gas: 15 L min”

Nebulising gas: 2 L min”

SRM optimisation: 1:1 water:methanol with 10mM ammonium
acetate

Flow rate: 0.5mL min™

Flow injection analysis (No column fitted)

0.2 pL (0.01 mg kg' pesticide standard
solution)

Carrier 1:1 water:methanol

Flow rate: 0.3mL min™

Flow injection analysis (No column fitted)

5uL injection (0.01 mg kg'1 pesticide standard
solution)

1uL air gap

(see text for mobile phase compositions)

Mobile phase
screening:

Pesticide limits of detection were calculated based on the method
described by the US-EPA in Title 40 Code of Federal Regulation
Part 136," using a standard deviation of 7 replicates in pear
matrix at a concentration value that corresponds to an instrument
signal to noise ratio in the range of 2.5 to 5 and a Student’s t 99%
confidence interval:

MDL =St(n—1,1—a =0.99) x s.d.

Where, t(n-1,1-0=0.99) = Student's t value for the 99%
confidence level with n-1 degrees of freedom (t = 3.14 for 7
replicates), n = number of replicates, and s.d. = standard
deviation of the replicate analyses.

3. Results and discussion

3.1 SRM optimisation

Target precursor and product ions were selected based on
recommendations from the Food and Environment Agency, UK,
and data from the EURL DataPool." Typically the protonated or
deprotonated molecule was used for the precursor ion. In order to
try to prevent interference of SRM transitions from matrix, product
ions greater than m/z 100 were selected where possible as they
are typically more diagnostic.12 Analyte specific MS parameters
(Q1 pre-bias (V), Q3 pre-bias (V) and collision energy) were
optimised using automated flow injection analysis. Briefly, this
involves placing pesticide standards into the auto-sampler, from
where they are then rapidly injected into the MS with a different
parameter optimised on each injection. Each compound was
optimised in only a few minutes using the automated software
provided in LabSolutions. This allowed large numbers of
compounds to be optimised overnight; this is in stark contrast to
traditional time-consuming infusion in order to optimise
parameters. The compounds studied and their associated
transitions are shown in Table 1.



Table 1 - Studied compounds and their chemical formulas, CAS numbers, SRMs, retention times, limits of detection and R?

Compound Formula CAS Transition 1 Transition 2 Pear extract
= = 5
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Avermectin Bla C48H72014 71751-41-2 891> 305 891 > 567 16.4 0.35 0.56 5.0 0.9975
Acephate C4H10NO3PS 30560-19-1 184 > 143 184 > 49 3.0 0.17 0.31 1.0 0.9999
Acetamiprid C10H11CIN4 135410-20-7 223> 126 223>99 7.2 0.50 1.00 1.1 0.9979
Acrinathrin C26H21F6NO5 101007-06-1 559 > 208 559 > 181 16.1 1.32 2.36 4.4 0.9990
Alachlor C14H20CINO2 15972-60-8 270 > 238 270 > 162 134 0.09 0.26 1.5 0.9995
Aldicarb C7H14N202S 116-06-3 208 > 116 208 > 89 8.5 0.05 0.10 1.7 0.9998
Aldicarb sulfone C7H14N204S 1646-88-4 240> 223 240> 86 43 0.17 0.13 1.8 0.9999
Aldicarb sulfoxide C7H14N203S 1646-87-3 207 > 89 207 > 132 3.9 0.22 0.36 23 1.0000
Amidosulfuron C9H15N507S2 120923-37-7 370 > 261 370> 139 9.3 0.14 0.22 2.8 0.9984
Asulam C8H10N204S 3337-71-1 231> 156 231>92 3.4 0.72 2.03 3.8 0.9979
Atrazine C8H14CIN5 1912-24-9 216> 174 216 > 104 111 0.10 0.22 24 0.9989
Azinphos-methyl C10H12N303PS2 86-50-0 318> 132 318>77 11.8 0.50 0.50 27 0.9903
Azoxystrobin C22H17N305 131860-33-8 404 > 372 404 > 344 121 0.03 0.30 2.1 0.9989
Bendiocarb C11H13NO4 22781-23-3 224 > 109 224 > 167 9.8 0.10 0.09 1.5 0.9996
Benthiavalicarb-isopropyl C18H24FN303S 177406-68-7 382 > 180 382 > 116 12.7 0.12 0.41 0.9 0.9997
Bispyribac sodium C19H17N4NaO8 125401-92-5 453 > 297 453 > 179 121 1.41 5.43 74 0.9954
Boscalid C18H12CI2N20 188425-85-6 343> 307 343> 140 125 0.81 1.19 46 0.9968
Bromoxynil* C7H3Br2NO 1689-84-5 274>79 276 > 81 9.9 224 2.61 45 0.9968
Bromuconazole C13H12BrCI2N30 116255-48-2 376 > 159 376> 70 13.0 0.72 1.79 29 0.9994
Butachlor C17H26CINO2 23184-66-9 312> 238 312> 57 15.3 0.29 0.39 1.6 0.9998
Butocarboxim C7H14N202 S 34681-10-2 208 > 75 208 > 191 8.4 0.13 0.87 3.1 0.9999
Butocarboxim sulfone C7H14N204S 34681-23-7 223> 106 223> 166 4.1 2.63 3.23 9.7 0.9949
Butocarboxim sulfoxide C7H14N203S 34681-24-8 207 > 88 207 >75 3.7 0.22 0.21 1.9 0.9999
Carbaryl C12H11NO2 63-25-2 202 > 145 202 > 127 10.3 0.13 0.22 24 0.9988
Carbendazim C9HIN302 10605-21-7 192 > 160 192 > 132 71 0.50 1.00 1.1 0.9996
Carbofuran C12H15NO3 1563-66-2 222 > 165 222 >123 11.1 0.12 0.18 0.7 0.9993
Carboxin C12H13NO2S 5234-68-4 236 > 143 236 > 87 10.2 0.09 0.25 0.9 0.9991
Chlorantraniliprole* C18H14BrCI2N502  500008-45-7 482 > 284 482> 177 11.8 0.50 1.00 23 0.9979
Chlorfenvinfos C12H14CI304P 470-90-6 361> 155 361>99 14.0 0.28 0.49 23 0.9966
Chloridazon C10H8CIN30 1698-60-8 222> 92 222> 104 7.2 0.20 0.18 3.2 0.9990
Chlorotoluron C10H13CIN20 15545-48-9 213>72 213> 46 10.8 0.05 0.13 1.3 0.9967
Chromafenozide C24H30N203 143807-66-3 395> 175 395> 91 13.0 0.05 0.60 1.0 0.9977
Clethodim C17H26CINO3S 99129-21-2 360 > 164 360 > 268 14.7 0.08 0.45 0.7 0.9970
Clofentezine C14H8CI2N4 74115-24-5 303> 138 303> 102 14.4 4.03 5.76 9.5 0.9967
Clothianidin C6HBCIN502S 210880-92-5 250 > 132 250 > 169 6.5 0.25 0.12 1.6 0.9978
Cyazofamid C13H13CIN402S 120116-88-3 325> 108 325> 261 13.3 0.39 3.74 24 0.9964
Cycloxydim C17H27NO3S 101205-02-1 326 > 280 326 > 180 14.8 0.33 0.73 1.0 0.9989
Cyflufenamid C20H17F5N202 180409-60-3 413 > 295 413 > 241 14.2 0.27 0.29 29 0.9982
Cymoxanil C7H10N403 57966-95-7 199 > 128 199 > 111 7.7 2.99 3.52 5.5 0.9960
Cyproconazole C15H18CIN30O 113096-99-4 292>70 292 >125 12.8 0.41 0.60 35 0.9988
Cyprodinil C14H15N3 121552-61-2 226> 93 226 > 108 13.9 0.89 0.91 1.3 0.9990
Cyromazine C6H10N6 66215-27-8 167 > 85 167 > 125 2.2 2.57 4.79 7.4 0.9994
Demeton-S-methyl sulfoxide C6H1504PS2 301-12-2 247 > 169 247 > 109 5.0 0.01 0.03 1.2 0.9999
Demeton-S-methyl sulfone C6H1505PS2 17040-19-6 263 > 169 263 > 109 5.3 0.03 0.10 3.1 0.9999
Desmedipham C16H16N204 13684-56-5 318> 182 318> 136 11.6 0.08 0.33 0.5 0.9971
Diclobutrazol C15H19CI2N30 75736-33-3 328>70 330>70 13.8 0.17 0.20 2.7 0.9988
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Diethofencarb C14H21NO4 87130-20-9 268 > 226 268 > 124 12.2 0.06 0.12 2.2 0.9996
Difenoconazole C19H17CI2N303 119446-68-3 406 > 251 406 > 188 14.5 0.18 0.53 2.6 0.9994
Diflubenzuron C14H9CIF2N202 35367-38-5 311> 158 311> 141 13.5 2.21 7.48 9.2 0.9936
Dimethoate C5H12NO3PS2 60-51-5 230> 125 230 > 199 7.0 0.05 0.07 1.6 0.9997
Dimethomorph C21H22CINO4 110488-70-5 388 > 301 388> 165 12.7 0.29 0.41 25 0.9991
Dimoxystrobin C19H22N203 149961-52-4 327 > 205 327> 116 13.7 0.12 0.14 0.5 0.9997
Dinotefuran C7H14N403 165252-70-0 203>129 203 > 157 3.9 0.10 0.22 29 0.9994
Disulfoton sulfoxide C8H1903PS3 2497-07-6 291>213 291> 97 10.8 0.05 0.15 26 0.9980
Diuron C9H10CI2N20 330-54-1 233>72 235> 72 114 0.09 0.26 0.6 0.9971
DMPF C10H14N2 33089-74-6 163 > 107 163 > 122 4.8 1.00 2.00 25 0.9910
Dodine C15H33N302 2439-10-3 228>71 228 > 60 13.5 0.30 0.54 1.7 0.9946
Epoxiconazole C17H13CIFN30 135319-73-2 330> 121 330> 101 13.3 0.12 0.37 25 0.9998
Ethiofencarb C11H15NO2S 29973-13-5 226 > 107 226 > 169 10.6 0.18 0.59 0.7 0.9994
Ethiofencarb sulfone C11H15N02S2 53380-23-7 275> 107 275> 201 6.2 0.02 0.16 0.9 0.9999
Ethiofencarb sulfoxide C11H15NO3S 53380-22-6 242> 107 242> 185 6.5 0.02 0.02 0.9 0.9999
Ethirimol C11H19N30 23947-60-6 210 > 140 210> 98 10.8 0.14 0.24 1.8 0.9977
Etofenprox C25H2803 80844-07-1 394 > 177 394 > 359 16.9 0.03 0.06 3.1 0.9983
Fenamidone C17H17N30S 161326-34-7 312>92 312> 236 12.4 0.06 0.18 1.9 0.9988
Fenamiphos C13H22NO3PS 22224-92-6 304 > 217 304 > 202 13.5 0.05 0.28 1.9 0.9970
Fenamiphos sulfone C13H22NO5PS 31972-44-8 336 > 266 336 > 188 10.2 0.31 0.25 43 0.9961
Fenamiphos sulfoxide C13H22NO4PS 31972-43-7 320> 108 320> 171 10.0 0.18 0.52 3.3 0.9976
Fenbuconazole C19H17CIN4 114369-43-6 337>125 337>70 13.4 0.23 0.40 5.0 0.9964
Fenhexamid C14H17CI2NO2 126833-17-8 302>97 302> 55 13.1 0.75 0.95 0.9 0.9944
Fenoxycarb C17H19NO4 79127-80-3 302> 88 302> 116 13.6 0.10 0.20 24 0.9989
Fenpropimorph C20H33NO 67564-91-4 304 > 147 304 > 117 14.1 0.05 0.13 1.6 0.9995
Fenpyroximate C24H27N304 111812-58-9 422 > 366 422> 215 15.9 0.02 0.17 1.2 0.9997
Fenthion sulfoxide C10H1504PS2 3761-41-9 295> 109 295 > 280 10.1 0.18 0.27 15 0.9985
Fenthion sulfone C10H1505PS2 3761-42-0 311>109 311>125 10.4 3.75 3.61 9.8 0.9974
Fipronil* C12H4CI2F6N40S 120068-37-3 435 > 330 435 > 250 13.5 0.11 0.35 4.1 0.9998
Fluazifop acid* C15H12F3NO4 69335-91-7 328 > 282 328> 91 11.8 0.55 3.61 71 0.9983
Fluazinam* C13H4CI2F6N404 79622-59-6 463 > 416 463 > 398 15.2 0.20 0.27 2.7 0.9994
Fludioxonil* C12HBF2N202 131341-86-1 247 > 126 247 > 180 124 1.00 1.00 4.2 0.9974
Flufenacet C14H13F4N302S 142459-58-3 364 > 152 364 > 194 13.2 0.04 0.06 1.6 0.9986
Flufenoxuron C21H11CIF6N203 101463-69-8 489 > 158 489 > 141 15.7 0.24 0.63 8.2 0.9989
Fluometuron C10H11F3N20 2164-17-2 233>72 233 > 46 10.6 0.12 0.14 1.3 0.9996
Fluopicolide C14HB8CI3F3N20 239110-15-7 383>173 383> 145 12.7 0.05 0.17 2.1 0.9967
Fluoxastrobin C21H16CIFN405 361377-29-9 459 > 427 459 > 188 13.1 0.19 0.22 1.7 0.9987
Fluroxypyr* C7H5CI2FN203 69377-81-7 253 > 195 255> 197 7.8 1.13 1.75 57 0.9993
Flutriafol C16H13F2N30 76674-21-0 302 >70 302 > 123 111 0.29 0.43 3.2 0.9984
Fosthiazate C9H18NO3PS2 98886-44-3 284 > 104 284 > 228 10.7 0.05 0.12 2.7 0.9985
Furathiocarb C18H26N205S 65907-30-4 383>195 383 > 252 15.1 0.07 0.13 1.8 1.0000
Halofenozide C18H19CIN202 112226-61-6 331>105 331> 275 12.3 0.05 0.05 1.7 0.9947
Halosulfuron-methyl* C13H15CIN6O7S 100784-20-1 435> 182 437 > 182 11.5 0.30 0.96 3.1 0.9968
Haloxyfop acid* C15H11CIF3NO4 69806-34-4 360 > 288 362 > 290 13.3 6.20 6.86 13.4 0.9999
Heptenophos C9H12CIO4P 23560-59-0 251>127 251 >89 114 0.15 1.36 4.7 0.9982
Hexythiazox C17H21CIN202S 78587-05-0 353 >228 353> 168 15.6 2.25 1.02 45 0.9956
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Imazalil C14H14CI2N20 35554-44-0 297 > 159 297 > 69 11.8 0.30 0.48 35 0.9988
Imidacloprid C9H10CIN502 138261-41-3 256 > 209 256 > 175 6.4 0.50 0.50 1.9 0.9966
Indoxacarb C22H17CIF3N307 144171-61-9 528 > 203 528 > 150 14.5 0.40 0.37 3.9 0.9964
loxynil* C7H3I2NO 1689-83-4 370 > 127 370> 215 11.0 0.12 1.00 3.6 0.9961
Iprovalicarb C18H28N203 140923-17-7 321>119 321>203 131 0.06 0.23 25 0.9981
Isazofos C9H17CIN3O3PS 42509-80-8 314> 120 314> 162 12.9 0.04 0.13 22 0.9994
Isocarbofos C11H16NO4PS 24353-61-5 307 > 231 307 > 121 114 0.07 0.12 2.7 0.9991
Isofenphos C15H24NO4PS 25311-71-1 346 > 245 346 > 217 14.3 0.17 0.13 1.7 0.9991
Isofenphos-methyl C14H22NO4PS 99675-03-3 332> 231 332>273 13.8 0.03 0.13 1.2 0.9996
Isoprocarb C11H15NO2 2631-40-5 194 > 95 194 > 137 111 0.20 0.49 1.9 0.9990
Isoprothiolane C12H1804S2 50512-35-1 291> 189 291> 231 12.6 0.10 0.09 0.9 0.9994
Isoproturon C12H18N20 34123-59-6 207 >72 207 > 46 11.3 0.10 0.11 1.7 0.9996
Isoxaben C18H24N204 82558-50-7 333> 165 333> 150 12.6 0.02 0.06 0.9 0.9989
Kresoxim-methyl C18H19NO4 143390-89-0 314> 116 314 > 206 13.8 0.15 0.18 &3 0.9991
Lenacil C13H18N202 2164-08-1 235 > 153 235> 136 11.2 0.18 0.64 2.2 0.9987
Linuron C9H10CI2N202 330-55-2 249 > 160 249 > 182 12.2 1% 3.20 3.7 0.9979
Lufenuron* C17H8CI2F8N203 103055-07-8 509 > 339 509 > 175 15.2 0.35 2.39 3.8 0.9918
Malathion C10H1906PS2 121-75-5 348 > 127 348 >331.2 12.6 0.04 0.31 1.0 0.9989
Mandipropamid C23H22CINO4 374726-62-2 412 > 328 412> 356 12,5 0.11 0.45 4.2 0.9991
Mecarbam C10H20NO5PS2 2595-54-2 330 > 227 330> 97 13.2 0.15 0.30 2.0 0.9992
Mepanipyrim C14H13N3 110235-47-7 224> 106 224> 77 13.1 0.19 0.39 3.6 0.9993
Mepronil C17H19NO2 55814-41-0 270> 119 270> 91 12.7 0.05 0.07 1.1 0.9972
Mesosulfuron-methy! C17H21N509S2 208465-21-8 504 > 182 504 > 83 10.9 0.27 0.96 3.4 0.9996
Metaflumizone C24H16F6N402 139968-49-3 507 > 178 507 > 287 15.1 2.63 3.42 6.6 0.9986
Metalaxyl C15H21NO4 57837-19-1 280 > 220 280 > 192 11.3 0.04 0.06 1.9 0.9998
Metamitron C10H10N40 41394-05-2 203 > 175 203> 104 7.0 0.21 0.44 23 0.9990
Metconazole C17H22CIN30O 125116-23-6 320>70 322>125 14.2 0.10 0.30 3.6 0.9976
Methabenzthiazuron C10H11N30S 18691-97-9 222 > 165 222> 150 111 0.11 0.19 0.9 0.9989
Methamidophos C2HBNO2PS 10265-92-6 142 > 94 142> 125 2.3 0.06 0.69 1.3 0.9991
Methiocarb C11H15NO2S 2032-65-7 226> 121 226 > 169 12.3 0.10 0.28 29 0.9948
Methiocarb sulfoxide C11H15NO3S 2635-10-1 242>122 242> 170 6.9 0.04 0.15 1.5 0.9996
Methomy! C5H10N202S 16752-77-5 163 > 88 163 > 106 5.0 0.10 0.10 0.8 0.9996
Methoxyfenozide C22H28N203 161050-58-4 369 > 149 369 > 313 12.7 0.50 1.00 1.7 0.9980
Metobromuron C9H11BrN202 3060-89-7 259 > 148 259 > 91 10.9 0.35 0.63 82 0.9987
Metolachlor C15H22CINO2 51218-45-2 284 > 252 284 > 176 134 0.06 0.31 15 0.9962
Metolcarb C9H11NO2 1129-41-5 166 > 109 166 > 94 9.1 0.12 0.29 24 0.9996
Metosulam C14H13CI2N504S 139528-85-1 418> 175 418> 140 10.1 0.24 0.23 2.2 0.9968
Metoxuron C10H13CIN202 19937-59-8 229>72 229 > 156 8.7 0.04 0.30 14 0.9997
Metrafenone C19H21BrO5 220899-03-6 409 > 209 409 > 227 14.4 0.09 0.10 1.3 0.9993
Metsulfuron-methyl C14H15N506S 74223-64-6 382> 167 382>77 9.2 0.19 0.97 1.2 0.9982
Mevinphos C7H1306P 7786-34-7 225>127 225> 193 71 0.05 0.16 25 0.9998
Molinate C9H17NOS 2212-67-1 188 > 126 188 > 55 12.9 2.08 1.25 3.1 0.9956
Monocrotophos C7H14NO5P 6923-22-4 224> 193 224 > 127 5.6 0.72 1.35 4.8 0.9991
Monuron C9H11CIN20 150-68-5 199 > 72 199 > 46 9.4 0.13 0.21 1.6 0.9995
Myclobutanil C15H17CIN4 88671-89-0 289> 70 289 > 125 12.8 0.23 0.44 2.6 0.9990
Neoquassin C22H3006 76-77-7 391> 373 391 > 207 10.2 0.29 1.63 2.3 0.9970
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Nitenpyram C11H15CIN402 120738-89-8 271> 126 271> 225 4.7 0.15 0.29 2.6 1.0000
Nuarimol C17H12CIFN20 63284-71-9 315 > 252 315> 81 12.2 0.75 2.66 2.8 0.9990
Omethoate C5H12NO4PS 1113-02-6 214> 125 214> 183 3.6 0.16 0.18 1.6 0.9998
Oxadixyl C14H18N204 77732-09-3 296 > 279 296 > 219 9.0 0.25 0.26 1.7 0.9999
Oxamyl C7H13N303S 23135-22-0 237>72 237> 90 46 0.03 0.10 15 0.9999
Paclobutrazol C30H40CI2N602 76738-62-0 294> 70 294 > 125 12.6 0.18 2.74 24 0.9982
Penconazole C13H15CI2N3 66246-88-6 284>70 284 > 159 13.9 0.17 0.20 26 0.9992
Pencycuron C19H21CIN20 66063-05-6 329>125 329>218 14.4 0.03 0.39 1.5 0.9992
Phenmedipham C16H16N204 13684-63-4 318> 168 318> 136 11.8 0.36 0.32 1.0 0.9949
Phenthoate C12H1704PS2 2597-03-7 321>79 321> 247 13.7 0.32 0.55 2.3 0.9993
Phorate sulfone C7H1705PS2 2588-04-7 293> 171 293> 97 11.0 0.51 0.26 3.4 0.9964
Phorate sulfoxide C7H1704PS2 2588-05-8 277> 97 277 > 199 10.8 0.26 0.13 0.9 0.9979
Phosphamidon C10H19CINO5P 297-99-4 300> 174 300 > 127 9.3 0.10 0.19 1.0 0.9998
Phoxim C12H15N203PS 14816-18-3 299> 77 299 > 129 14.1 0.25 0.30 2.0 0.9992
Picolinafen C19H12F4N202 137641-05-5 377 > 238 377 > 145 15.2 0.26 1.38 54 0.9999
Picoxystrobin C18H16F3NO4 117428-22-5 368 > 145 368 > 205 13.5 0.12 0.17 1.3 0.9994
Pirimicarb C11H18N402 23103-98-2 239>72 239> 182 10.8 0.05 0.10 2.1 0.9996
Pirimicarb-desmethyl C10H16N402 152-16-9 225>72 225> 168 8.5 0.04 0.04 1.7 0.9996
Prochloraz C15H16CI3N302 67747-09-5 376 > 308 376> 70 14.3 0.10 0.19 2.8 0.9987
Profenofos C11H15BrCIO3PS 41198-08-7 375> 305 375> 347 15.0 0.30 0.38 2.6 0.9997
Promecarb C12H17NO2 2631-37-0 208 > 109 208 > 151 125 0.44 0.42 3.1 0.9993
Prometryn C10H19N5S 7287-19-6 242> 158 242 > 200 13.1 0.07 0.08 1.6 0.9998
Propamocarb free base C9H20N202 24579-73-5 189 > 102 189 >74 3.1 0.23 0.22 14 0.9984
Propaquizafop C22H22CIN305 111479-05-1 444 > 100 44 > 371 15.2 0.15 0.85 1.2 0.9990
Propiconazole C15H17CI2N302 60207-90-1 342> 159 342> 69 14.0 0.23 0.60 3.6 0.9998
Propoxur C11H15NO3 114-26-1 210> 111 210> 168 9.7 0.07 0.08 26 0.9998
Propyzamide C12H11CI2NO 23950-58-5 256 > 190 258 > 192 12.7 1.83 1.94 6.0 0.9915
Prosulfuron C15H16F3N504S 94125-34-5 420 > 141 420 > 167 1.7 0.43 0.82 2.0 0.9940
Prothioconazole C14H15CI2N30S 178928-70-6 312>70 314>70 134 0.16 0.50 2.3 0.9952
Pymetrozine C10H11N50 123312-89-0 218> 105 218>79 5.0 0.05 0.39 29 0.9994
Pyraclostrobin C19H18CIN304 175013-18-0 388> 194 388> 163 14.2 0.50 1.00 1.9 0.9996
Pyrethrin | C21H2803 121-21-1 329> 161 329 > 105 15.9 0.25 1.20 2.3 0.9998
Pyrethrin Il C22H2805 121-29-9 373> 161 373>133 14.6 0.70 227 4.2 0.9992
Pyrimethanil C12H13N3 53112-28-0 200 > 107 200 > 82 12.3 0.10 0.50 0.9 0.9999
Pyriproxyfen C20H19NO3 95737-68-1 322>96 322> 185 15.5 0.07 0.10 0.6 0.9999
Quassia C22H2806 76-78-8 389 > 223 389 > 163 9.1 0.57 0.80 2.7 0.9968
Quinmerac C11H8CINO2 90717-03-6 222 > 204 222 > 141 6.8 0.09 0.45 1.8 0.9966
Quinoxyfen C15H8CI2FNO 124495-18-7 308 > 197 308 > 162 15.6 0.18 0.23 3.2 0.9998
Rimsulfuron C14H17N507S2 122931-48-0 432>182 432>325 10.0 0.31 0.64 2.8 0.9989
Rotenone C23H2206 83-79-4 395> 213 395> 192 13.5 0.44 0.52 35 0.9976
Spinosyn A C41HB5NO10 131929-60-7 733> 142 733>98 14.1 0.03 0.19 1.6 0.9997
Spinosyn D C42HB7NO10 131929-63-0 747 > 142 747 > 98 14.6 0.20 0.97 8.3 1.0000
Spiromesifen C23H3004 283594-90-1 388 >273 388 > 371 15.6 0.05 0.34 2.3 0.9998
Spiroxamine C18H35N02 118134-30-8 298 > 144 298 > 100 11.7 0.08 0.18 2.1 0.9999
Sulcotrione C14H13CIO5S 99105-77-8 329>139 329>69 7.5 0.70 5.00 4.3 0.9969
Tebuconazole C16H22CIN30 107534-96-3 308 >70 310> 70 13.9 0.10 0.34 2.1 0.9993



Table 1 — Continued...

Compound Formula CAS Transition 1 Transition 2 Pear extract
o o 5
T Lot Lobtemn”  foemn ¥

Tebufenozide C22H28N202 112410-23-8 353 > 133 353 > 297 13.5 0.04 0.10 1.5 0.9980
Tebufenpyrad C18H24CIN30O 119168-77-3 334 > 117 334 > 147 15.2 0.30 0.28 0.9 0.9998
Teflubenzuron* C14H6CI2F4N202 83121-18-0 379 > 339 379 > 359 15.3 0.29 0.40 3.6 0.9973
Terbufos sulfone C9H2104PS3 56070-16-7 321>97 321>171 121 0.55 0.52 3.8 0.9956
Terbufos sulfoxide C9H2103PS3 10548-10-4 305 > 187 305 >97 121 0.09 0.09 13 0.9989
Tetraconazole C13H11CI2F4N30 112281-77-3 372 > 159 372>70 13.2 0.29 0.55 26 0.9950
Thiabendazole C10H7N3S 148-79-8 202 > 175 202 > 131 8.2 2.50 2.50 15 0.9987
Thiacloprid C10H9CIN4S 111988-49-9 253 > 126 253 > 90 79 0.10 0.50 1.0 0.9991
Thiamethoxam C8H10CIN503S 153719-23-4 292 > 211 292 > 181 5.3 0.04 0.08 24 0.9995
Thiodicarb C10H18N404S3 59669-26-0 355 > 88 355 > 108 10.6 0.08 0.18 1.1 0.9991
Thiophanate-methyl C12H14N4048S2 23564-05-8 343 > 151 343 > 311 9.7 0.25 0.62 11 0.9967
Tolfenpyrad C21H22CIN302 129558-76-5 384 > 197 384 > 91 (5% 0.28 0.73 3.0 0.9983
Triadimefon C14H16CIN302 43121-43-3 294 > 69 294 > 197 12.8 0.24 0.31 26 0.9985
Triadimenol C14H18CIN302 55219-65-3 296 > 70 298 > 70 13.1 0.24 0.54 37 0.9982
Triasulfuron C14H16CIN505S 82097-50-5 402 > 141 402 > 167 9.6 0.42 0.36 1.5 0.9993
Triazamate acid* C11H18N403S 112143-82-5 287 > 198 287 > 170 10.1 0.09 0.26 4.4 0.9996
Triazophos C12H16N303PS 24017-47-8 314> 162 314> 119 12.9 0.02 0.12 15 0.9992
Triclopyr* C7H4CI3NO3 55336-06-3 256 > 198 254 > 196 1.1 1.95 1.81 8.9 0.9969
Tricyclazole C9H7N3S 41814-78-2 190 > 136 190 > 163 8.3 0.10 0.20 23 0.9993
Trifloxystrobin C20H19F3N204 141517-21-7 409 > 186 409 > 145 14.6 0.02 0.05 1.2 0.9994
Triflumizole C15H15CIF3N30 68694-11-1 346 > 278 346 > 43 14.8 0.09 0.09 13 0.9996
Triflumuron* C15H10CIF3N203 64628-44-0 357 > 154 357 > 176 14.2 1.76 3.12 4.6 0.9991
Triforine C10H14CI6N402 26644-46-2 435> 390 437 >392 1.7 0.92 3.53 4.8 0.9963
Triticonazole C17H20CIN30O 131983-72-7 318 >70 320 >70 13.2 0.40 0.41 1.9 0.9993
Zoxamide C14H16CI3NO2 156052-68-5 336 > 187 336 > 159 14.0 0.09 0.29 1.3 0.9951
2,4-D* C8H6CI203 94-75-7 219> 161 219> 125 10.3 1.09 5.00 9.7 0.9980

* Negative electrospray ionisation



3.2 Rapid screening of different mobile phase
compositions on signal response

The signal intensity in LCMS can be strongly influenced by the
mobile phase composition. In order to optimise the signal
intensity, pesticides were added into vials containing different
mobile phase compositions and injected into the interface with no
column installed. The Nexera auto-sampler was setup to inject an
air gap both before and after the injected sample in order to
prevent the sample mixing with carrier mobile phase. This
approach enables a large number of potential mobile phase
compositions to be screened in a short automated period of time
and without the need to manually change mobile phases. Ten
different mobile phase compositions were tested, including:
ammonium acetate, ammonium formate, formic acid, acetic acid,
and ammonium formate with formic acid in water:methanol or
acetonitrile 1:1. A total of 23 different pesticides were assessed,
selected to include a range of different polarities and both
positively and negatively ionised compounds. The different mobile
phases tested and their peak area response, relative to the

highest peak area response obtained for that compound, are
shown in Table 2.

As expected with multi residue methods, there was not one
optimum mobile phase for all pesticides. Overall, the lowest signal
was achieved for mobile phases containing water:methanol only,
and the mobile phase containing water:acetonitrile 10 mM
ammonium acetate. Negatively ionised compounds (fludioxinil
and ioxynil) provided superior responses in water:methanol 10mM
ammonium acetate, while the addition of either formic acid or
acetic acid decreased response. The highest signals were
typically found in 10 mM ammonium formate, 10mM ammonium
acetate, and 10 mM ammonium formate with 0.1 % formic acid.
The effect of methanol and acetonitrile in the mobile phase was
also investigated. Comparison of 10mM ammonium formate in
methanol and acetonitrile showed that intensities were typically
lower with the use of acetonitrile. Similarly the use of ammonium
acetate in methanol and acetonitrile presented the same trend.
The same observation with regards to methanol and acetonitrile
for pesticide analysis have been reported by others.”

Table 2 - Results of rapid mobile phase screening using flow injection analysis for 23 pesticides. All peaks areas were normalised against
the maximum peak area achieved for that compound. Accordingly, 100 % indicates the highest peak area achieved and is highlighted.
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Atrazine 52 100 99 88 52 7 66 62 48 80 50 52 87
Azinphos-methyl 14 32 32 27 75 98 87 59 26 100 26 30 96
Azoxystrobin 27 30 29 25 69 87 77 58 65 100 82 29 99
Carbendazim 66 100 91 92 37 42 38 32 26 71 36 64 81
Chlorantraniliprole 100 46 52 41 69 81 92 69 27 91 60 94 56
Cyprodinil 66 94 88 86 55 63 57 41 51 82 67 78
Difenoconazole 27 85 90 72 70 100 92 73 59 99 62 61 90
Fludioxinil 69 42 38 37 74 100 95 84 60 94 81 65 76
Imazalil 85 69 62 63 66 78 73 62 51 68 58 74
loxynil 100 47 41 43 41 60 60 51 34 62 53 65 53
Isoproturon 28 34 34 30 74 93 84 75 78 100 90 30 98
Metalaxyl 30 31 31 25 68 92 81 76 79 100 87 31 92
Myclobutanil 15 71 75 57 65 100 91 73 23 86 25 58 84
Pirimicarb 82 85 76 78 66 90 80 68 68 100 80 66 78
Pirimicarb-desmethyl 72 90 81 83 64 85 74 67 64 100 82 70 86
Prochloraz 38 94 89 47 65 56 45 45 61 46 64 64
Pyraclostrobin 33 32 30 27 62 78 70 55 61 82 26 93
Pyrimethanil 54 92 91 54 65 54 31 48 92 74 62 76
Tebufenozide 28 40 40 36 70 88 78 65 73 96 84 33 100
Thiabendazole 96 91 89 58 69 61 48 37 99 60 67 84
Thiacloprid 16 28 28 25 53 59 45 32 34 86 49 18 100
Thiophanate methyl 24 21 24 17 62 77 62 44 34 98 43 31 100
Triadimenol 17 96 100 81 56 88 86 74 44 79 46 66 74
Minimum 14 21 24 17 37 42 38 31 23 61 25 18 53
Maximum 100 100 100 92 75 100 95 84 79 100 90 94 100
Average 50 64 62 57 61 80 72 58 49 91 63 52 83




3.3 Performance Optimising Injection Sequence
(POISe)

In reversed phase UHPLC, early eluting compounds typically
display the greatest peak distortion. Peak distortion is a particular
problem is pesticide analysis as samples are typically extracted
by QUuUEChERS, with samples diluted in 100% acetonitrile (a
strong eluting solvent). To solve this issue, laboratories may
decide to dilute the acetonitrile extracts in water before LCMS
injection. However, doing so adds an additional sample
preparation step and dilution in water can also negatively affect
the stability of some analytes.™

To minimise peak dispersion with the injection of acetonitrile
extracts, one potential solution is the use of a band compression
technique.*5 Band compression is achieved by injecting a band of
weak eluting solvent onto the column after the analytes. As the
analyte and the weak eluting solvent bands travel towards the
column, minute mixing occurs. Therefore, the analytes are
dissolved in a weak eluting solvent when they reach the column
leading to isocratic band compression.

(A) 3 uL pear extract injection without the POISe
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The performance optimising injection sequence (POISe) was
evaluated by injecting between 5 — 40 pL of water following a 3
pL injection of pear extract in 100% acetonitrile. This was
achieved using the Nexera auto-sampler (SIL-30AC) pre-
treatment program to perform this function.

Figure 1 shows the injection of pear extract with and without the
performance optimising injection sequence. Using POISe, band
dispersion was minimised considerably for early eluting
pesticides, with peak widths reduced by 5-69%. The optimum
amount of water to inject following the sample was found to be 30
pL. Increasing this volume to 40 pL did not provide any significant
improvements. Early eluting compounds are affected by the
injection of a weak eluting solvent band to a much larger extent in
comparison to analytes with higher retention factors. This
improvement is due to the reduction in the sample solvent elution
strength, which has a large impact on the early eluting
compounds. Whereas, analytes with higher retention factors will
experience some degree of band compression in the mobile
phase already. Table 3 lists the peak width for 11 early eluting
compounds. Compounds are arranged in retention time order to

show the improvement using the POISe on early eluting analytes.

(B) 3 pL pear extract injection with the POISe (30 pL water)
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Figure 1 — Pear extract (0.050 mg kg) injected without (A) and with (B) the performance optimising injection sequence

Table 3 — Peak widths obtained with and without the performance optimising injection sequence

No. Compound

Peak width (min)  Peak

1 Methamidophos
2 Propamocarb

3 Omethoate

Butocarboxim
sulfoxide

5 Aldicarb sulfoxide

6 Dinotefuran
7 Oxamyl
8 DMPF

9 Demeton-S-methyl
sulfoxide

Demeton-S-methyl
10
sulphone

11 Ethiofencarb sulphone

7 width
Without With change
POISe  POISe (%)
1.193 0.466 -60.9
0.937 0.473 -49.5
0.773 0.247 -68.0
0.664 0.205 -69.1
0.545 0.195 -64.2
0.460 0.247 -46.3
0.317 0.248 -21.8
0.309 0.254 -17.8
0.418 0.271 -35.2
0.277 0.248 -10.5
0.233 0.220 -5.6




3.4 UHPLC gradient optimisation

Based on the results of the mobile phase screening investigation
(section 3.2) the three superior compositions were tested: 1) 10
mM ammonium formate, 2) 10 mM ammonium acetate and 3) 10
mM ammonium formate with 0.1 % formic acid. Separation was
achieved using a Shim-Pack XR-ODS Ill, 2.0 x 150 mm, 2.2 ym
particle size. Ammonium formate was found to be the most
effective compromise for all 210 compounds in terms of signal to
noise ratios and peak shapes.

However two problems with ammonium formate were observed;
early elution of asulum and poor peak shape of propamocarb.
Consequently, 0.01 % formic acid was tested and found to
increase the retention of asulum, and improve the peak shape of
propamocarb. The addition of acid was found to shorten the
retention time of cyromazine (RT 2.2 min.), yet this retention time
was still in excess of 2 column volumes as required in quality
control procedures for pesticide residues analysis in food and
feed."

A number of pesticide isomers have identical transitions and
consequently must be separated chromatographically. Employing
a 16 minute gradient resulted in resolution greater than 1 between
all necessary pesticides including: butocarboxim sulphoxide /
aldicarb  sulphoxide, ethiofencarb sulphone / methiocarb
sulphone, diuron / fluometronsulam and desmedipham /
phenmedipham. Figure 2 highlights the excellent peak shapes
achieved on the Nexera UHPLC.

3.5 Final method performance

In order to assess the performance of the LCMS-8040 for real
samples, limits of detection, linearity and repeatability were
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determined in food extracts. Linearity was assessed from 0.5 —
200 ppb in four types of sample: (1) acetonitrile, (2) dried fruit
extract, (3) lettuce extract and, (4) pear extract. All 210 pesticides
achieved excellent correlation coefficients greater than 0.99 in all
four types of matrix with typical values greater than 0.997.
Correlation coefficients are listed in Table 1 for all pesticides in
pear extract, and the calibration curves of eight selected
pesticides shown in Figure 3.

Pesticide limits of detection were calculated based on the method
described by the US-EPA (see experimental section). Limits of
detection were assessed for both the quantifying transition and
the qualifying transition and are listed in Table 1. All of the studied
pesticides presented LODs less than the 0.01 mg kg™ reporting
level for both transition 1 and 2.

A limit of detection less than 0.001 mg kg™ (1ppb) was achieved
for the quantifying transition and less than 0.002 mg kg™ (2 ppb)
for the qualifying transition for 90 % of compounds: thereby
highlighting the excellent sensitivity of the LCMS-8040 for
pesticide analysis. Furthermore, these limits of detection were
achieved with an injection volume of only 2 pL. Therefore,
detection limits could be reduced even further with larger injection
volumes. An injection volume of 2 uL was used in the study to
allow the injection of 100 % acetonitrile extracts without detriment
to early eluting peak shapes.

Repeatability was assessed at the 0.01 mg kg'1 reporting level as
peak area %RSD for six replicate injections in pear extracts.
Repeatability less than 5 %RSD was achieved for 92 % of the
210 pesticides studied. All of the studied compounds presented
repeatability less than 10 %RSD, with exception of haloxyfop acid
(13.4 %).

min

Figure 2 — Extracted ion chromatogram of 210 pesticides using the Shimadzu Nexera UHPLC and the Shimadzu LCMS-8040; 2 uL

injection of a 0.05 mg kg™ standard solution.
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Figure 3 — Calibration curves, 0.5 ug kg'1 -0.2mg kg'1 (0.5 - 200 ppb), of eight pesticides in pear matrix
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4. Conclusion

The results of the developed methodology show that the
Shimadzu LCMS-8040 triple quadrupole can achieve excellent
sensitivity, linearity and repeatability in food extracts for over 200
commonly analysed pesticides. Limits of detection were less than
0.01 mg kg'1 (10 ppb) for both the quantifying and qualifying
transitions for all compounds studied, while for 90% of
compounds was less than 0.001 mg kg’1 (1ppb) (quantifying
transition) and 0.002 mg kg'1 (2 ppb) (qualifying transition);
therefore providing excellent response, especially given that the
injection volume was only 2uL. The sensitivity of the LCMS-8040
was able to meet the 0.01 mg kg™ (10 ppb) requirements of
regulatory guidelines such as those established by the EU and
Japan. Repeatability at the 0.01 mg kg™ reporting level was less
than 5% for nearly all compounds and correlation coefficients
greater than 0.99 for all compounds in a variety of food samples.
Consequently the LCMS-8040 is ideally suited for routine
monitoring of pesticides in regulatory laboratories.
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3. Spectroscopy

3.1 Atomic Spectroscopy

3.1.1 Atomic Absorption Spectroscopy

AAS quantitates concentrations of elements in a vapor, when
a ground state atom absorbs light energy of a specific wave-
length and is elevated to an excited state. The amount of
light energy absorbed at this wavelength is increased when
the number of atoms of the selected element in the light

path increases. The relationship between the amount of light
absorbed and the concentration of the element present in
known standard solutions can be used to determine unknown
sample concentrations by measuring the amount of light they
are absorbing.

3.1.2 Energy Dispersive X-Ray Fluorescence EDX

XRF allows analysis of element composition of samples in

a wide variety of applications. This technique provides non-
destructive and fast measurements of liquid and solid samples
and is best suited for analyzing the elemental range from
sodium/ carbon to uranium, which covers the majority of the
metallic elements.

3.1.3 Inductively Coupled Plasma Optical Emission Spectroscopy

Inductively Coupled Plasma Optical Emission Spectroscopy
(ICP-OES) is the measurement of light emitted by all elements
present in a sample introduced into an ICP source. The emis-
sion intensities measured are then compared with the intensi-
ties of standard samples of known concentration to obtain the
elemental concentrations in the unknown samples. The argon
plasma is generated by an RF field and ionized argon gas. The
advantage of the plasma in comparison to other energy sources
is the high temperature of 10,000 °K, enabling complete atomi-
zation of the elements in a sample while minimizing interfer-
ences.
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Introduction

A food additive is defined in Japan's Food Sanitation
Act as "an item to be used for the purpose of storage
or processing of food, which is added to, mixed with,
or diffused into food in any manner."

Food additives are used for a variety of purposes, as, for
example, preservatives, sweeteners, coloring agents,
and stabilizers. Test methods and component standards
have been established for many of these, and have
been published as a food additives compendium titled
"Japan's Specifications and Standards for Food
Additives." One of the purity test items is heavy metal
testing (in terms of lead content), for which the eighth
edition of the compendium adopts a colorimetric
method using Nessler cylinders. However, in the ninth
edition, a different test method is under review, in
which the element lead is handled individually.

Here, we introduce an example of analysis of cadmium
(Cd) and lead (Pb) in a -cyclodextrin (cyclic
oligosaccharide), a substance used in functional foods,
pharmaceuticals, cosmetics, etc. The analysis was
conducted by electrothermal atomic absorption
spectrometry (ETAAS) using the AA-7000 atomic
absorption spectrophotometer.

Sample Preparation

Sample digestion was conducted using the ETHOS One
microwave sample preparation system (Milestone Srl).
Compared to pretreatment using dry ashing or an open
system such as wet digestion, microwave digestion
permits quick digestion of the sample, making it unlikely
that contamination or volatilization of the measurement
element will occur. The digestion process flow is shown
in Fig. 1.

For validity assessment of the pretreatment and
measurement, the same process was conducted on a
sample spiked with standard solution prior to digestion.
Preparation was conducted so that the spiked solid
concentrations were 0.05 pg/g of Cd and 0.5 pg/g of Pb.

Transfer 0.5 g sample to digestion container.

Add small amount of distilled water and 8 mL nitric
acid, then mix.
l

Seal container, set in ETHOS One, digest for approx.
1 hour.
)

After cooling, transfer to a vessel, add distilled water
to a volume of 50 mL.
l

Measure the sample by electrothermal atomic
absorption spectrometry.

Fig. 1 Flowchart of Sample Decomposition

Spectrophotometric Analysis

Measurement of Cadmium (Cd) and Lead (Pb) in
Food Additives by Electrothermal Atomic Absorption
Spectrometry (ETAAS)

Analysis Method and Conditions

The standard solutions for atomic absorption analysis
were prepared by diluting a 1000 mg/L standard
solution to obtain 1 pg/L of cadmium and 10 pg/L of
lead, respectively. The calibration curves were generated
using an autosampler to adjust the injection volumes of
standard solution in a stepwise manner. In addition,
5 pL of a palladium nitrate solution (50 mg/L palladium
content) was added as a matrix modifier to all of the
samples. The main conditions that were used for the
spectrometer and atomization are shown in Tables 1
and 2.

Table 1 Optics Parameters

Cd Pb
Analytical wavelength 228.8 nm 283.3 nm
Slit width 0.7 nm
Ignition mode BGC-D2

Table 2 Atomizing Conditions

Cd Pb

Ashing temperature 700 °C 800 °C
Atomizing temperature 2200 °C
Standard solution
concentration (ppb) 0.2,05,1.0 2.5,5,10
Tube type Platform
Sample injection volume 20 pL
Matrix modifier > HL (,)f >0 Ppm None

palladium nitrate

With the microwave digestion method, since much of
the acid that is added remains, it is not uncommon for
the acid concentration in the sample solution to be
more than 10 %. High acid concentration is a factor
that can lead to a decrease in repeatability and
sensitivity. The platform tube used for this
measurement (see Fig. 2) is resistant to the effects of
acidity and coexisting substances in the matrix because
the sample is injected into a plate having a recess
(platform) that is mounted in the tube and then
uniformly heated by radiant heat from the outer wall.
Fig. 3 shows the changes in absorbance of a lead
standard solution caused by varying the nitric acid
concentration. A fairly constant absorbance was found
to be obtained up to a nitric acid concentration of
20 %.
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Fig. 2 Sectional View of Platform Tube
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Fig. 4 Calibration Curve of Cd

Fig. 3 Sensitivity Variation of Pb 10 pg/L Standard Solution Due
to Changes in Nitric Acid Concentration When Using a
Platform Tube

Results and Conclusion

The sample measurement results are shown in Table 3.
Neither of the elements was detected in the sample.
Calculation of the lower limit of quantitation as a
concentration in a solid at an absorbance of 0.01 Abs
yielded 0.003 pg/g for cadmium and 0.07 pg/g for
lead. Good values were obtained in spike and recovery
testing, and high-sensitivity analysis of heavy metals
was possible using electrothermal atomic absorption
spectrometry with a platform tube, without adverse
effects from the acid concentration. The calibration
curves are shown in Figs. 4 and 5, respectively, and the
peak profiles are shown in Fig. 6.

The AA-7000 Series features a lineup that includes not
only dedicated instruments for the flame method and
electrothermal method, but also a dual-use instrument
that offers automatic switching of the atomization
method, thereby supporting a wide range of
application requirements.

Regarding the a-cyclodextrin that was measured in this
application, the eighth edition of the Specifications and
Standards for Food Additives specifies a separate
reference value for lead (1 pg/g or less). For
pretreatment, after ashing 10 g of sample, nitric acid is
added to bring the solution to a volume of 10 mL, and
flame atomic absorption is specified as the
measurement method. When the AA-7000 flame
method is used to analyze the sample prepared in this
manner, the expected detection limit of lead in a solid
sample is about 0.2 pg/g.

Table 3 Measurement Results of Cd and Pb in O-Cyclodextrin

Element d Pb
Measured value <0.003 pg/g <0.07 pg/g
Spike and recovery rate 105 % 99 %

o
=)
2
o
4t

0.000%
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Fig. 5 Calibration Curve of Pb
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Fig. 6 Peak Profiles
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The AA-7000 in combination with the ASC-
7000 sample preparation station allows the
automated flame micro sampling method
(Figure 1). In this method, the flame atomic
absorption analysis is conducted with small
sample volumes (2 — 90 pL), while in the
conventional flame method (hereafter “flame
continuous method”), the sample is
continuously aspirated with a flow rate of
approximately 8 ml/min and larger sample
volumes are needed for aspiration.

The flame micro sampling method has
several advantages over the flame
continuous method: analysis is possible with
a small amount of sample, and when the
autosampler is used, automatic dilution of the
sample and automatic addition of buffer
solutions are possible in order to compensate
interferences. Moreover, since only a small
amount of sample is introduced, the flame
micro sampling method is effective for
analysis of high matrix samples which may
cause clogging of the burner in the flame
continuous method. So the method is the
right choice for determination of alkaline and
alkaline earth elements in mineral water.

Sodium, Potassium, Calcium, and
Magnesium belong to the essential mineral
substances in the human organism. These
elements take influence in the generation of
enzymes and hormones, control the osmotic
pressure in tissues and body fluids and are
important for the exchange procedures in the
cell membranes.!" The recommended daily
amounts (Na: 550, K: 2000, Ca: 800-1000,
Mg: 350 mg/L ") are possible to be partly

Analysis of Na, K, Ca and Mg in mineral

water using Microsampling method

covered by consumption of mineral waters.
But the composition of mineral waters
according to the essential elements has a
wide variety, and depending on the origin the
composition might be quite different.

Sampling port Sampling port

1. Sample injected into 2. Solenoid valve opens to inject sample
micro sampling port. in one shot into the flame

Figure 1: Microsampling method

m Method

The control of Na, K, Ca and Mg in a variety
of mineral waters has been performed
according to the actual DIN/EN regulations'?,
with the Shimadzu atomic absorption
spectrophotometer AA-7000 in a fully
automatic multi element sequence.

The blank, standards and the water samples
are all placed in the autosampler and then will
be mixed automatically with the
corresponding reagents which have to be
added according to the DIN/ EN method. In
case of Sodium and Potassium 40 pl of CsCI-
solution (12,65 g CsClI + 50 ml HCI (d=1,16)
filled up to 500 ml volume with H,O) will be
added for a 400 yl mixing volume of standard
and sample solution which is homogenized
before injection to the flame. In case of
Calcium and Magnesium a La,Os-solution
(5,875 g La,03 + 50 ml HCI (d=1,12) filled up
to 250 ml volume with H,O ) has been used.



Application N,
News

SCA-120-025

The instrumental parameters and measuring Elem. Certified Result | Recovery
conditions are listed in Table 1 below. These [mg/L] [mg/L] [%]
conditions are automatically set for each Ca 0.7045 + 0.089 | 6.980 99.08
element including optimized burner high and K 0.994 + 0.027 | 1.015 102.11
gas flow rates. Mg 5819 + 0.056 | 5.850 100.53
Na 2935 + 0.31| 29.19 99.42

Table 2: Comparison of the certified and
measured concentrations of NIST SRM 1640
control sample

m Results and Conclusion

Under these conditions, a series of more than
20 drinking water and mineral water samples

has been analyzed. A reference material y ! Figukre 2:f_||:’otagsiuLm
(NIST SRM 1640) was measured along with - || Ppeak profile (50
. . 03004-----f--- .--|| injection)
this series as a laboratory control sample. . !
The excellent recoveries are listed in Table 2. 0 EED_Z __________
PR . :
b 0300 0.2004-----F--- a--
0250} ] .
o200 050 ----1r--- -E"
e a100F----{---
o100 ] '
u.usnéf 0050 -~k --- 'E"
o000 E :
T 0000 e L—p
0.000 Tl
Cone [mgrL) D D

Figure 1: Potassium calibration curve

Instrument AA 7000 with autosampler ASC 7000 incl. Microsampling Kit

Measurement element Na K Ca Mg
Wavelength 589,0 nm 766,5 nm 422,7 nm 285,2 nm
Slit width 0,2 nm 0,7 nm 0,7 nm 0,7 nm
Lamp current 8/600 mA 8/600 mA 10 mA 8 mA
Backgroundcorrection SR SR D, D,
Flame type Air-C,H, Air-C,H, Air-C,H, Air-C,H,
Gas flow rate 1,8 I/min 2,0 I/min 2,0 I/min 1,8 I/min
Sampling time 20 sec 20 sec 20 sec 20 sec
Interference buffer CsCl-solution CsCl-solution La,O3-solution La,O5-solution
Calibration range [mg/L] 0,1-1,0 0,1-1,0 0,25-5,0 0,025-10,5

Table 1: Instrument and Analytical Conditions

(1]
(2]

Mineralstoffe und Spurenelemente, Verlag Bertelsmann Stiftung, 1991

Deutsche Einheitsverfahren (DEV) zur Wasser-, Abwasser- und Schlamm-untersuchung, Verlag
Chemie, Weinheim; DIN 38406-E14 (Natrium), DIN 38406-E13 (Kalium), DIN EN ISO 7980-E3-1
(Calcium, Magnesium)
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Wine is one of the oldest cultural products in
human history. Wines have been cultivated
for over 8000 years. The oldest known
archaeological evidence of winemaking is an
8000-year old wine- and fruit press found
near Damascus. Awareness of the medicinal
effects of wine also date back to this time.
Hippocrates (460 — 377 B.C.) recommended
wine diluted with water as a remedy against
headaches and digestive disorders.

Figure 1: Grapes — the source of red wine

m Spectroscopic methods: quality
assurance

A meticulous quality control procedure is
essential, and during each stage of the
production process spectroscopic methods
such as AAS-, ICP-, FTIR-, and UV-VIS
spectroscopy are applied for quality
assurance or for product characterisation. For
the quantitative determination of copper and
zink, the atomic absorption spectrometry is
the method of choice, since the sensitivity of
AA-7000F in flame atomization allows a fast
and precise analytical procedure.

Analysis of Cu and Zn in Red Wine

Using Atomic Absorption Spectrometry

m Quality Standards

The quality standards are fixed in the national
wine regulations such as the German
“Weinverordnung” (Bundesgesetzblatt Teil 1
Nr. 32) from 22nd May 2002, and the
European Union's new wine regulations from
2009, which includes the classification of
wines from different locations but also the
production process, alcohol concentrations
and the maximum allowable concentrations of
the elements as listed in table 1.

Element Max. Concentration [mg/L]
Al 8.00
As 0.10
B 80
Cd 0.01
Cu 2.00
Pb 0.25
Sn 1.00
Zn 5.00

Table 1: Maximum allowable concentration of
elements in wine

m Experimental work

The control of copper and zinc is a typical
application for the Shimadzu flame atomic
absorption spectrophotometer AA- 7000F in a
fully automatic multi element sequence in
combination with the ASC-7000.

Copper in concentrations of higher than

1 mg/L has a strong influence on the quality
of the wine. It can cause a metallic bitter
taste, and also generates turbidity. Higher
copper concentrations are mainly generated
from the bordeaux mixture, consisting of
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copper sulphate and hydrated lime, which is
used as a fungicide in the vineyards. It was
invented in the Bordeaux region of France,
where it is known locally as Bouillie
Bordelaise. This fungicide has been used for
over a century and is still used, although the
copper will be accumulated in the ground.

The blank, standards and the wine samples
are all placed in the autosampler and then will
be automatically aspirated to the flame. The
advantage of ASC-7000 is the improved
rinsing mechanism shown in figure 2, the
“overflow method” which is minimizing the

d [ Discharge
i — = ‘
-y = |
Conventional method _ Overflow method

Figure 2: Rinsing method of ASC-7000

) ) Instrument AA-7000 with ASC-7000
carry over effects when analyzing high Element Cu n
concentration samples. The blan_k and Wavelength 3248nm | 213.9 nm
standard samples have been adjusted to the Slit width 0,7 nm 0,7 nm
matrix of the wine samples using 10% Lamp current 6 mA | 4/100 mA
ethanol. Background— D2 SR
correction
The instrumental parameters and measuring Flame type Air-C2H2 | Air-C2H2
conditions are listed in Table 2. These Gas flow rate 1,8 /min | 2,0 /min
. . Integration time 3 sec 3 sec
conditions are automatically set for each Calibration range
element including optimized burner height [mg/L] 0,5-4,0 0,1-1,0

and gas flow rates. Table 2: Instrument and Analytical Conditions

B i R ] e

m Conclusion

For the determination of copper and zinc AA-
7000F is the “state of the art” tool for the daily
routine in quality control of wine samples.
Furthermore the AA-7000 is able in
combination with GFA-7000 to achieve
calibration ranges as low as 1 to 10 ppb.

1 + t 0 }
0.000 0.500 1.000 1.500 2000 2500 3000 3500 4.000
Conc [ppm)

Figure 3: Copper calibration curve
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Figure 4: Zinc calibration curve
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In the last few years some studies prove an
increased concentration level of antimony

(Sb) in several mineral waters, softdrinks, and

fruit beverages.!"! This is an alarming aspect
because almost all Sb-compounds are
somehow toxic and harmful to the
environment. It is assumed that the Sb in the
beverages originates from their packing
material polyethylene terephthalate bottles
(PET), because antimony trioxide (Sb203) is
used as a catalyst in the PET-production
process. Whereat the drinking water used for
the beverages are subjected to the European
drinking water directive (Sb-limit value =5
ug/L)?it is of equally interest to analyze the
stored and ready-to-drink beverages.

This application segment describes how to
analyse antimony in soft drinks, esp. in cola.
The research is done with the AA-7000G
Atomic Absorption Spectrophotometer with
the high sensitivity graphite furnace GFA-
7000 and the sample preparation station
ASC-7000 as shown in figure 1.

Keywords such as system plus method
parameters and use of modifier outline user
expectations in this application segment.

m Sb in bottle material

All the bottles of the soft drinks were
examined concerning their content of Sb.
Here the EDX-720-HS can with direct
measurement of the solid samples. All the
PET-material (bottles) in this research
includes 200-300 mg/kg antimony.

in Soft Drinks

Determination of Antimony

Figure 1: AA-7000G with GFA-7000 and
ASC-7000

m Standard system Configuration

— AA-7000G with GFA-7000

— ASC-7000

— Teflon-tube pipette (for many
samples)

— Omega platform tube

The omega platform tube (figure 2) is used
because it has a more reproducible heating
performance compared with conventional
graphite tubes. The sample can be well
placed on the inner concentric platform. The
outer graphite tube is electrothermic heated
and the omega platform underlies the uprisen
thermal radiation of the outer tube.

Figure 2: Design of the omega platform tube
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m Matrix Modifier

Because the antimony is highly volatile and
the present sample matrix is very heavy (e.g.
high content of sugar in soft drinks), the
measurement is not trivial. The first step to
get better results is already done by using the
omega platform tube. The second step is the
use of a Modifier. Here the addition of 5 ng
palladium and 3 ng magnesium (absolute) to
each measurement (table 1) was very helpful
to separate and ash the matrix without an
early volatilization of the antimony.

Chemical Amount (for 25 mL)
Pd-modifier (10g/L) | 6,25 mL
Mg(NO3),-6H20 395 mg

Deionised water Up to the 25mL mark

Table 1: Composition of PdMg-Modifier

m Method parameters

Choose the 217.6 nm line to analyse Sb in
Soft drinks like cola. The corresponding
temperature program is listed in table 2.
Because of the platform tube and the
modifier, here are higher temperatures used
than in the normal temperature program. This
is necessary because of the indirect platform

Method parameters

Slit width 0.7 nm
Lamp current

Backgroundcorr. D2
Calibration range 5—-20 pg/L

Table 3: Method parameters

The samples are measured in standard
addition mode. In table 4 there is the volume
scheme for one sample. The matrix of Sb-
standards differs clearly in comparison to the
sample. Thus, the standard addition mode
should be used to get more secured results.

MSA-1 MSA-2 MSA-3
1. Water 10 10 10
2.Sb 40 pg/L 10 5 0
3. Sample 0 5 10
4. Modifier 2 2 2

Table 4: Standard addition volumes

m Results and Conclusion

Shimadzu’s AA 7000G incl. GFA 7000 and
ASC 7000 is an ideal tool for analysis of
antimony in soft drinks. With the described
parameters it was possible to examine cola of
different brands. The determined Sb-amounts
are listed in table 5. For each sample
antimony was detected.

heating plus the heavy matrix. The high c(Sb) [ne/L]
temperatures are possible because of the Colal 20 + 01
mOdiﬁer. Cola 2 20 + 0.2
Cola 3 22 + 0.2
Temp. [°C] | Time [sec.] | Heat Mode Cola 4 54 + 04
1 | 150 20 RAMP Table 5: Result overview
2 | 250 10 RAMP
3 | 1000 15 RAMP
4 | 1000 10 STEP [1] Claus Hansen (2010) Elevated antimony
5 | 1000 3 STEP concentrations in commercial juices.
6 | 2500 3 STEP J. Environ. Monit. 12, page 822-824
7_| 2600 2 STEP [2] COUNCIL DIRECTIVE 98/83/EC

Table 2: Temperature program (03.11.1998) on the quality of water intended

for human consumption

For Research Use Only. Not for use in diagnostic procedures.

Shimadzu Corporation (“Shimadzu”) reserves all rights including copyright in this publication. Shimadzu does not assume any responsibility or liability for any damage,
whether direct or indirect, relating to, or arising out of the use of this publication. This publication is based upon the information available to Shimadzu on or before the
date of publication, and subject to change without notice.

) SHIMADZU

Shimadzu Europa GmbH

Albert-Hahn-Str.6-10, 47269 Duisburg, Germany
shimadzu@shimadzu.eu

www.shimadzu.eu



) SHIMADZU

Spectroscopy - AAS

NoO. SCA-120-029

Thallium, as well as the equally toxic
elements lead and cadmium, belongs to the
group of heavy metals. Thallium is prevalent
in nature, for instance in potassium-
containing clays and soils. Thallium is used in
the manufacture of optic glasses for fax
machines and photocopiers, just to mention
an industrial application. The element is
present in very small amounts in foods,
drinking water and in air. Increased thallium
concentrations are most notably measured
near cement plants and smelters.

m Limited Concentrations in Water

Humans primarily absorb thallium through
food. Particularly in vegetables, relatively high
amounts of thallium can be detected. The
average daily amount of thallium absorbed
has been estimated at 2 - 5 ug per day.
Thallium concentrations of up to 15 ug per
liter have been detected in natural mineral
waters. There are no limit values for thallium
in the European Drinking Water Ordinance of
2006 [1]. The US EPA refers to a maximum
value of 2 pg/L in its Drinking Water Standard
based on a water consumption of 2 liters per
day.

m Quantitative Determination with AA-7000

Quantitative determination of the element
thallium in aqueous samples has been
carried out using Shimadzu's AA-7000 atomic
absorption spectrometer (Figure 1), which is
equipped as standard with deuterium and

Determination of Thallium in the

Food Chain using AA-7000

high-speed self-reversal background
compensation.

Figure 1: AA-7000G with GFA-7000 and ASC-
7000

For electrothermal atomization, the high
sensitivity GFA-7000 graphite furnace with
digital control was used. For experimental
investigations, standard solutions, diluted
measuring solutions as well as reference
standard solutions were used. The Thallium
determination was carried out in the
concentration range of 1 to 10 pg/L in
accordance with DIN 38406-26:1997-07,
German standard methods for the
examination of water, waste water and
sludge- Cations (group E)- Part 26:
Determination of thallium by atomic
absorption spectrometry (AAS) using
electrothermal atomisation(E 26). Atomization
was carried out at 2,700°C on a pyrolytically
coated graphite tube with Omega platform
(Figure 2) while adding 5uL rhodium modifier.
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Method parameters
Slit width 0.7 nm
Lamp current 6 mA
Backgroundcorrection D2
Calibration range 5-20 pg/L

Figure 2: Design of the omega platform tube

m Method parameters

The 276.8 nm line has been selected to
analyse Thallium in natural mineral water

samples. The optimized temperature program

is listed in table 1. Because of the Omega

platform tube and the Rhodium modifier, it

was possible to maximize the element

absorption signal (red) while minimizing the

background (blue). The peak profiles are
displayed in Figure 3.
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Figure 3: Peak profiles for Thallium (10ug/L)

Table 1: Temperature program
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Table 2: Method parameters
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Figure 3: Calibration Curve for Thallium

m Reliable determination of toxic heavy
metals

Under these conditions, aqueous samples
can be analyzed without interferences. The
ASC-7000 sample preparation station
enables fully automated processing of 60
samples within one analytical run. The quality
assurance criteria of the WizAArd software
allow the use of laboratory control samples
and automated calculation of the recovery
rates. The AA-7000 in combination with the
GFA-7000 is a suitable monitoring system for
reliable determination of toxic heavy metals
such as thallium in drinking water and mineral
water.

m Standard system Configuration

Temp. [°C] | Time [sec.] | Heat Mode — AA-7000G with GFA-7000
1 150 20 RAMP — ASC-7000
3 | 1000 15 RAMP — Omega platform tube
4 | 1000 10 STEP
5 11000 3 STEP m References
? ggg 2 gEE [1] Federal Institute for Risk Assessment
(BfR) (2006), Thallium in natural mineral

waters
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In recent years, dietary supplements have become widely available
in convenience stores and supermarkets. They are defined as food
products that promote and maintain health and are used to
improve disease prevention and enhance immunity. They are
available in various types and forms, including tablet and powdered
supplements, and processed herbal products, etc. Among these are
products that are subject to safety standards that address the
presence and concentrations of heavy metals, etc.”

Analysis of toxic heavy metals such as As and Pb is typically
conducted using an emission spectrophotometer (ICP) or atomic
absorption spectrophotometer (AA), however, these require time-
consuming preparation procedures. For analyte quantities ranging
from a few to tens of ppm, measurement can be conducted using
an X-ray fluorescence spectrometer, which permits very easy
sample preparation.

Using an energy dispersive X-ray fluorescence spectrometer, we
conducted quantitative analysis of As and Pb in a dietary
supplement (herbal medicine), and evaluated their lower limit of
detection and quantitation, respectively.

1) Example: Japan Health and Nutrition Food Association (JHNFA)

M Standard Samples

Seven standard samples were prepared by mixing herbal
powder with a standard solution used for atomic absorption
analysis. The elements and standard values are shown in
Table 1, and the preparation procedure is shown in Fig. 1.

Table 1 Standard Values

EDXRF Analysis of Arsenic and Lead in Dietary Supplement

Fig. 2 Homogenization
by Pulverizing

Fig. 3 Blend in Standard
Solution

Fig. 4 Formed Briquette

M Calibration Curves

The calibration curves for As (Ka line) and Pb (L line) are
shown in Fig. 5 and 6, respectively. Correction by the dj
method was conducted for As, which is overlapped by Pb.
We also generated those calibration curves with the internal
standard which line is the RhKa C scattering (Compton)
(figure not shown). Table 2 shows the accuracy of the
respective calibration curves with and without internal
standard correction. Accuracy refers to the variation of the
calibration point using a numerical value indicated as 1 o.

No. As Pb
(1) 50 0
(2) 30 5
(3) 20 10
(4) 10 20
(5) 5 30
(6) 0 50
@) 0 0
Unit: ppm
| Grind and homogenize in mortar | (Fig. 2)
l
| Weigh out herbal powder of 2.000 g |
1
Add 1,000 ppm standard solution dropwise (Fig. 3)
Example) To No. (6), 50 ppm, 50 pL
1
| Dry for 30 min at room temperature |
| Mix using mortar |
1
| Pressing. Total pressure 50 kN, 30 sec | (Fig. 4)

Fig. 1 Preparation Procedure
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Table 2 Accuracy of Calibration Curve

Internal Standard Correction Without With
Internal Standard Line - RhKaC
Element As Pb As Pb
Analytical line Ko LB1 Ko Lp1
Accuracy (10) 0.23 0.42 0.60 0.83
Unit: ppm
. PP | Sample container covered with 5 pm polypropylene film |
M Profile N
Fig. 7 shows the profile overlap of standard sample [ sample depth of at least 5 mm |
No. (4) (As: 10 ppm, Pb: 20 ppm) and No. (7) (Blank). .

Since the AsKa line and PbLa line are adjacent, one or a
combination of the following processing methods is
selected.

A) Intensity peak separation

B) Intensity overlap correction

C) Overlap correction of the dj method on Calibration curve
Here, we applied method C) only.

0.006 4

AsKa
PbLa

—BrKa
—PbLb1

0.004 4

0.002 <

0.000 T T T T T T
11.0 120 13.0

Fig. 7 Qualitative Profile Overlap of As and Pb
Blue: No. (4); Red: No. (7) (Blank)

M Lower Limits of Detection and Quantitation

Ten times repeatability test of the No. (7) Blank were
conducted, and the lower limit of detection (30) and
lower limit of quantitation (100) were determined.

Table 3 shows the results obtained using 2 different
sample preparation methods, pressing and simple
compression. In the case of simple manual
compression, quantitation was conducted using an

| Use rod to compress and remove air layer |

Fig. 8 Simple Powder Compression by Hand

M Conclusion

Table 2, which shows the accuracy of the calibration
curves, indicates that without conducting internal
standard correction, accuracy improved 2.6 times for
As, and 2.0 times for Pb. The cause is thought that the
fluctuation of the RhKaC is added to the fluctuations in
the respective intensities of AsKa and PbLB1 .

On the other hand, both for As and Pb, Table 3
indicates that the lower limit of detection and lower
limit of quantitation are the same for both formed
briquette samples and manually compressed samples.
The reason for this lack of any substantial difference is
thought to be due to a zero net intensity for the blank.
Therefore, since either method is valid for measuring
dietary supplements, using the pressing sample
preparation method without the use of an internal
standard or the easy compression (powder) sample
preparation method with an internal standard is
suitable.

B Analytical Conditions
Table 4 Analytical Conditions

: : ! Instrument :EDX-720 (EDX-GP)
internal standard calibration curve to correct for flatness X-Ray Tube ‘Rh target
and density effects. The powder preparation procedure Tube Voltage 150 kv

used is shown in Fig. 8.

Tube Current :(Auto sensitivity control) pA

Filter . #3 (EDX-720)
#4 (EDX-GP)
Atmosphere : Air

Measurement Diameter: 10 mm

Table 3 Lower Limits of Detection and Quantitation for As and Pb Measurement Time 11200 sec
Dead Time :Max 40 %
. ) Powder, Sample
Preparation Method Pressing i
Container
Internal Standard Correction Without With
Element As Pb As Pb
Average Value (-0.08) 0.35 0.32 (-0.18)
Standard Deviation 0.18 0.26 0.18 0.26
Lower Limit of Detection (30) 0.53 0.77 0.55 0.78
Lower Limit of Quantitation (100) 1.8 2.6 1.8 2.6
Unit: ppm
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X-ray fluorescence analysis, in addition to its
effectiveness in analysis of inorganic materials such as
metals and ceramics, is also effective for the detection
and quantitative analysis of minerals and heavy metals
in foods. Not only can samples be analyzed directly
without conducting time-consuming pretreatment,
sensitive and accurate measurement is also possible
using simple preparation measures, such as pressure
forming. Quantitative analysis by XRF does not
necessarily require a standard sample, as approximate
quantitative results can easily be obtained even when
the principal components are organic matter. Here we
introduce these preparation methods and our
investigation of their respective differences in
guantitation values and detection limits.

Furthermore, we also examined the differences
attributable to instrument model, as well as the use of
iodine and cesium.

(Regarding the analysis of radioactive elements, we cannot guarantee

that the detector or electronic equipment will not be susceptible to
adverse effects. Thus, in this investigation, we used stable isotopes.)

by EDXRF

M Standard Samples

NMIJ certified reference material (powder)

(1) CRM 7405-a No. 99 (Powdered hijiki seaweed)
Trace Elements and Arsenic Compounds in Seaweed
(Hijiki)

(2) CRM 7403-a No. 52 (Powdered swordfish)

Trace Elements Arsenobetaine and Methylmercury in

Swordfish Tissue
NMIJ: National Metrology Institute of Japan, National Institute of
Advanced Industrial Science and Technology

Fig. 1 Standard Samples (NMLJ)
(1) Seaweed; (2) Swordfish Tissue

M Sample Preparation

Samples were prepared in two different ways, as

described below.

(1) Pressure Forming (Fig. 2)
The sample is pressed into a 25 mma vinyl chloride
ring, and pressure forming is conducted using 50 kN
for 20 seconds.

Qualitative and Quantitative Analysis of Seafood

(2) Easy Press (Fig. 3)

1) 4 um thick PROLENE™" film is spread over the
surface of the sample cup, and the layer of
powdered sample is then placed over the film at
a thickness greater than 5 mm.

2) A small hole is then made in the film to allow the
escape of air from the sample cup.

Fig. 2 Machine-Formed Briquette of Swordfish Tissue

Fig. 3 Seaweed Hand-Pressed (Easy Press) into Cup

M Qualitative and Quantitative Analysis

The qualitative and quantitative analysis results for
powdered seaweed and powdered swordfish tissue are
shown in Fig. 4, Table 1, and Fig. 5, Table 2,
respectively. The principle components are assumed to
be organic material overall and are represented with
the chemical composition CH.0™, and the balance
(remaining content) was quantified by the FP method.
The error (quantitative value versus standard value) is
determined using a quick and easy quantitative
method, in which it is:
1) within about 30 % for non-sodium elements present
at greater than 0.1 %
2) within about 50 % for sodium present at less than 1 %
3) within about twice the value for trace elements
present at less than 0.1 %
Regarding the differences due to the sample
preparation method, it is clear from Fig. 4 and Fig. 5
that since pressure forming resulted in better sensitivity
for Na — Ca, this method is effective when the
detection of light elements is important.

*1 PROLENE is a registered trademark of Johnson & Johnson.
*2 CH20 in the FP method is equivalent to the composition expressed
by the formula CeH120s.
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I Seaweed (Hijiki)
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Fig. 4 Qualitative Results for Seaweed Blue: Briquette Red: Easy Press
Table 1 Quantitative Results for Seaweed by FP Method
Quantitative Value
Element Standard Value‘ [mass%, (ppm)]
[mass%, (ppm)]™ .
Briquette Easy Press
11 Na 1.62 1.59 2.05
12 Mg 0.679 0.54 0.54
15 P 0.101 0.091 0.085
16S - 1.40 1.31
17 Cl - 2.03 1.93
19K 4.75 4.60 4.33
20Ca 1.52 1.28 1.26
2 Fe 311 [ppm] 315 [ppm] 287 [ppm]
13 As 35.8 [ppm] 27.5 [ppm] 244 [ppm]
35 Br - 116 [ppm] 100 [ppm]
37Rb - 21.5 [ppm] 18.5 [ppm]
38 Sr 0.147 0.12 0.10
sl - 75.5 [ppm] 77.9  [ppm]
Balance CH20 (CeH1206) - 88.30 88.35

*3 g/kg expresses 1/10 mass%, and mg/kg expresses ppm.
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M Swordfish Tissue
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Fig. 5 Qualitative Results for Swordfish Tissue Blue: Briquette Red: Easy Press
Table 2 Quantitative Results for Swordfish Tissue by FP Method
Quantitative Value
Element Standard Value‘ [mass%, (ppm)]
[mass%, (ppm)]~ .
Briquette Easy Press
11 Na 0.357 0.47 0.54
12Mg 0.158 0.14 0.14
15 P 1.45 1.62 1.50
16S - 0.95 0.88
17 Cl - 0.52 0.49
19K 2.63 2.97 2.76
20Ca 0.0189 0.035 Not detected
s Fe 13.1 [ppm] 26.9 [ppm] 22.0 [ppm]
30Zn 33.6 [ppm] 31.6 [ppm] 19.1 [ppm]
33As 6.62 [ppm] 6.7 [ppm] 4.0 [ppm]
35 Br - 21.2 [ppm] 14.9 [ppm]
Balance CH20 (CsH1206) - 93.28 93.69

*3 g/kg expresses 1/10 mass%, and mg/kg expresses ppm.
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M Qualitative Analysis of lodine and Cesium
Powdered swordfish was spiked with | (iodine) and Cs
(cesium), and the results of qualitative analysis of this
sample using the 2 instruments, EDX-720 and EDX-
800HS, were compared. The sample was homogenized
by mixing, and then pressure-formed into a briquette.
The overlaid qualitative analysis results are shown in

Fig. 6. The L spectral lines of elements with close
atomic numbers are adjacent to one another, but since
the K spectral lines separate, when such elements are
coexistent, it is effective to conduct measurement using
the K spectral line.

[Coumts] &-K

4000

2000

[Count=s] Rh-Cd

[ket]

I Ka

Czka

BO00 <

anon

2000

[ket]

Fig. 6 Powdered Swordfish Spiked with I (1,000 ppm) and Cs (1,500 ppm) Blue: EDX-720 Red: EDX-800HS

M Theoretical Lower Limits of Detection (L.L.D.)

(1) Comparison of the Lower Limits of Detection
According to Sample Preparation Method

Table 3 shows the values for hijiki calculated from the

qualitative and quantitative analysis results.

Table 3 L.L.D. - Comparison of Sample Preparation ([ppm], 300 sec)

(2) Comparison of the Lower Limits of Detection
According to Instrument Used

1) Table 4 shows the values calculated from the
qualitative analysis results (Fig. 6).

Table 4 L.L.D. - Comparison of Two Instruments ([ppm], 300 sec)

Element Briquette Easy Press Element Spectral Line EDX-800HS EDX-720

11 Na 503 1,008 5 I Ka 11 6.0

12Mg 208 349 5 Cs CsKa 23 15

5P 54 66

165 31 (32) 2) Relationship Between Concentration and Radioactivity
17Cl (89) (90) Taking for example the radioactivity of Cs ("¥7Cs), the level of
10K 53 57 radioactivity at the detection limit is calculated as follows.
»Ca 47 48 Assuming 1 g sample at 10 ppm (10 ug),
sFe 17 17 approximately 32 MBq (32 million becquerel)

s 43 a4 (=7.29%x 1070 - W x 105 -m + 136.9 - 6.02 x 10%)
35 Br (3.0) (2.8)

37Rb (3.0) (2.9) 137Cs decay constant  : 7.29 x 1070 [1/5]

38 ST 3.9 4.1 Concentration © W [ppm]

s3l (14) (13) Sample weight - m gl

Analysis line spectrum: Ka (Values in parentheses are reference values
based on quantitated values)

B Analytical Conditions

: 136.9 [g/mol]
: 6.02 x 10? [particles/mol]

Atomic weight
Avogadro's number

(Ref: 10 Bg/kg = 0.003 ppt)

Instrument - EDX-800HS (C-U) EDX-720 (Na-U)
X-ray Tube . Rh target Rh target
Filter : Without (C, O, Na, Mg, P, S, K, Ca), Al (Cl, Cs), #1(l, Cs L-line)
Ti (Fe), Ni (Zn, As, Br, Sr, Rb), Mo (I, Cs) #5 (I, Cs K-line)
Tube Voltage 15 [kV] (C-Ca), 50 [kV] (Ti-U) 15 [kV] (L-line), 50 [kV] (K-line)

Tube Current
Atmosphere
Measurement Diameter
Measurement Time
Dead Time

300 [sec] x 5 ch
: Max 25 [%]

- Auto Auto
: Vacuum Vacuum
210 [mma] 10 [mma]

300 [sec] x 2 ch
Max 40 [%)]
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M Introduction

Among the world's three major crops, rice, corn, and
wheat, rice is the staple food crop of the people of Asia.
Brown rice refers to the grain that remains after the
outer shell is removed from the rice fruit. Also, once the
germ and rice bran are removed by milling the surface
of the brown rice, the remaining grain is referred to as
white rice. As brown rice contains a good balance of
nutrients, including proteins and lipids, minerals,
vitamins, and dietary fiber, this grain is gaining
widespread recognition as a health food in recent years.
Aside from the benefits of nourishment however, health
problems associated with rice have occurred due to
contamination from polluted water and other farmland
contaminants. In particular, cadmium (Cd) consumed
over a long period of time can result in kidney failure,
and is therefore strictly regulated so as to contain less
than 0.4 mg/kg by international standards (CODEX).
Brown rice contains potassium (K) and phosphorus (P) as
major elements, at about %. However, to conduct
simultaneous analysis of its principle beneficial elements
together with toxic trace elements such as cadmium
(Cd), an instrument having a wide dynamic range is
required.

Here, using the Shimadzu ICPE-9820 multi-type ICP
atomic emission spectrometer, we conducted
simultaneous analysis of the elements present in brown
rice samples. The ICPE-9820, with its dual plasma axial
(AX) / radial axis (RD) viewing, permits the simultaneous
analysis of elements present at high- to trace-level
concentrations.

M Sample
Brown rice powder standard samples NIES No. 10-a, -b, and -c

M Sample Preparation

After weighing out 0.4 g of sample into a digestion
vessel, 4.5 mL nitric acid and 0.5 mL hydrochloric acid
were added, and the sample was set aside for about
one hour for pre-reaction processing. The
decomposition vessel was then sealed, and digestion
was conducted using a microwave sample preparation
system. After cooling, the digest solution volume was
adjusted to 20 mL using distilled water, and this was
used as the sample solution.

M Instrument and Analytical Conditions

The ICPE-9820 was used for the analysis. The analytical
conditions are shown in Table 1. The ICPE-9820
features auto-switching between radial view (RD)
measurement for high-concentration elements and the
axial view (AX) for high sensitivity measurement. Fig. 1
shows calibration curves for K (maximum concentration
200 mg/L) using the axial view and radial view,
respectively. Better linearity was obtained with the

Inductively Coupled Plasma Atomic Emission Spectrometry

Simultaneous Analysis of Trace and Major Elements
in Rice by ICPE-9820

radial view than with the axial view for K at a high
-concentration. On the other hand, for Cd at a trace
level concentration, high sensitivity measurement can
be conducted using the axial view. Thus, by conducting
measurement utilizing automatic switching of the two
views, high-concentration components and trace
components can be measured simultaneously using the
same solution.

Table 1 Analytical Conditions

Instrument :ICPE-9820

Radio frequency power :1.2 kW

Plasma gas Flowrate 110 L/min
Auxiliary gas Flowrate  :0.6 L/min

Carrier gas Flowrate :0.7 L/min
Sample introduction :Nebulizer 10
Misting chamber : Cyclone chamber
Plasma torch :Mini Torch

Observation : Axial (AX) / Radial (RD)

Axial View (AX) Radial View (RD)
17500
600000
% 15000 3
500000 12500
2 400000 210000
§ 300000 . § 7500
< 200000 < 5000
100000 " gl 2500 o
Ofe* 1=0.99999 of«* r=0.99999
0 100 200 0 100 200
Concentration (mg/L) Concentration (mg/L)

Fig. 1 Calibration Curves of K766.490 nm by Axial View and
Radial View (Maximum Concentration 200 mg/L)

M Analysis

Quantitative analysis was conducted by the calibration
curve method.

[Reference]
1) CODEX GENERAL STANDARD FOR CONTAMINANTS AND TOXINS IN
FOODS (CODEX STAN 193-1995, Rev. 3-2007)

LAAN-A-CP-E016
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M Analytical Results

Table 2 shows the analytical results. Fig. 2 and 3 show
the spectral profile and calibration curve, respectively,
for Cd.

Analysis of the brown rice standard substances
conducted here indicated 3 levels of Cd contamination.
However, all were present at trace levels, below the
regulatory limit of 0.4 mg/kg, indicating good results.
Further, excellent results were also obtained for many of
the elements other than Cd, with values closely
matching the certified values.

M Conclusion

Using the ICPE-9820, Cd can be analyzed at trace levels
with high sensitivity, while high-concentration principle
component elements (K, P, etc.) present in the same
solution can be analyzed at the same time.

Table 2 Analytical Results for Brown Rice (Unit: pg/g)

Element NIES No.10-a NIES No.10-b NIES No.10-c
Quantitation Value Certified Value Quantitation Value Certified Value Quantitation Value Certified Value
Al 3.1 (3) 2.1 (2) 1.7 (1.5)
Ca 96 93+3 79 78+3 96 95+2
Cd 0.02 0.023+0.003 0.31 0.32+0.02 1.80 1.82+0.06
Cu 3.6 3.5+0.3 3.4 3.3+0.2 4.3 4.1+0.3
Cr 0.08 (0.07) 0.20 (0.22) 0.10 (0.08)
Fe 12.2 12.7+0.7 12.8 13.4+09 10.9 11.4+0.8
K 2750 2800+ 80 2520 2450+ 100 2780 2750+ 100
Mn 33.8 347+1.8 30.8 31.5+1.6 39.4 40.1+2.0
Mo 0.37 0.35+0.05 0.45 0.42+0.05 1.63 1.6+0.1
P 3430 3400+ 70 3180 3150+ 60 3380 3350+ 80
Pb 1.1 - 1.2 - 1.2 -
Zn 24.8 252+0.8 22.0 22.3+0.9 22.8 23.1+0.8
Values in parentheses are reference values.
Cd 214438 nm Cd 214.438 nm
n 900F
500 800F
700F
> 2 o0
E é 500F
g € 400F
£ 200 300k
200F
100F
L ok r=1.00000
0 | 0000 0025 0050 0075 _ 0100
£ A Concentration (mg/L)

Fig. 2 Spectral Profile of Cd Fig. 3 Calibration Curve of Cd
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Multi-element analysis of aqueous solutions
in compliance with the German Drinking
Water regulation and the German Water
Discharge Law is one of the main application
areas of the ICPE-9000 (Inductively Coupled
Plasma Emission spectrometer). The
performance data and system characteristics
of this instrument are tailored specifically to
the requirements of water analysis. Keywords
such as sample throughput, operating costs
and performance outline user expectations in
this application segment.

m High sample throughput

The ICPE-9000 is suitable for axial and radial
plasma observation. Its high-performance
Echelle optics enable the effective use of the
entire 1024 x 1024 pixel CCD detector area.
In this way, a resolution of better than
0.005nm is attained. The extremely sensitive
detector with antiblooming function reliably
acquires signal intensities, even at long
exposure times. All samples can therefore be
determined accurately within one single
analysis sequence — even those samples with
very different element concentrations. The
unique “reprocessing” function of the
ICPEsolution software enables the
determination of additional elements or
changing the concentration range for
alternate wavelengths without the need for
new measurements. Time-consuming dilution
of samples is finally a thing of the past.

Determination of Trace Elements

in Natural Water using ICP-OES

Figure 1: ICPE-9000
m Low argon consumption

The vacuum optics combined with mini torch
technology considerably reduces the argon
gas consumption, which usually constitutes a
major part of the operating costs. The
innovative mini torch actually reduces the
argon gas consumption by half that of
conventional torches and allows a plasma
gas flow of only 10L/min without loss in
sensitivity. In addition, time-consuming
purging of the optics with ultra-pure gas is no
longer necessary. The system is ready for
operation and stable within the shortest
possible time. Equipped with the optional
autosampler ASC-6100, the ICPE-9000 can
be fully automated for high sample
throughput operation. The system status
including information about temperature,
vacuum and gas settings is monitored
continuously and can be retrieved at any
time.
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m Analysis of natural water

Instrument ICPE-8000
An extensive program of accessories is RF et eralor powes 1.2 kw
) . . Cooling gas] 10 L/min
available for sample introduction. Aqueous .
o Flasma gas 0.6 L/min
samples, for example drinking water, are Carrier gas 07 Umin
introduced into the cyclone spray chamber Plasma torch Mini torch
via a coaxial nebulizer and transferred Observation Axial

subsequently into the mini torch via the
carrier gas flow of 0.7 mL/min. The system
parameters are shown in Table 1. lin 257.610 Best

Cond 1

Table 1: System parameters

Under these conditions, a series of more than
20 drinking water and mineral water samples
has been analyzed for main and trace
elements. A reference material (NIST SRM
1640) was measured along with the series as
a control sample. The excellent recoveries
are shown in Table 2.

10000

7500 |

Intensity

5000

2500 -

Registration: Quantitative ™ Exclude

BG Correct: m

Element Certified Measured | Recovery Fe 950,940
[pg/L [pa/l] [%] Cond 1
Al 52 H 1.5 52 100
Ag 7.62 H 0.25 7.60 99.73 750 |
As 26.67 | 4 0.4 26.4 98.99
B 3011 [ 2] 6.1 286 94.99 = b
| Ba 1480 [+ 22 147 99.32 g
Be 3494 |4 041 34.8 99.60
Ca 7054 + B9 7040 99.80 250
Cd 22792 | 4 096 219 95.21
Co 2028 | 4 0.31 20.1 99.11 0
Cr 38.6 H 1.6 38.2 98.96
EU gi§ t ]g ggg gggg Reqistration: Ouantitative [ Exclude
e . H 1 . .
K 994 | & 27 1010 | 101.61 P Ceet 1o zPans =]
Li 50.7 +H 14 50.8 100.20
Mg 5810 | ] 56 5820 100.02 Figure 2: Peak profiles for Mn and Fe
Mn 1215 [+ 1.1 121 99.59
Mo 4675 |4 026 463 99 04 m Standard system Configuration
Mi 274 + 0.8 26.5 96.72
Pb 2789 |+ 0.14 26.9 96.42 ICPE-9000 incl. radial view unit
Sh 13.79 [ 4 125 13.7 99.35
Se 2196 |+ 051 211 96.08 Mini torch
Si 4073 H 120 4080 100.17

Cyclone spray chamber
Table 2: Certified and measured

concentrations of the NIST SRM 1640 Coaxial nebulizer with sampling rate of 1

mL/min
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Figure 1: Grapes — the source of wine

Food and drinks are always a hot topic of
discussion and in the focus of “state of the
art” analytical techniques. Food scandals all
around the world from eggs to horsemeat,
tainted wine, oil, and milk force the European
Community to establish an integrated
approach to food control. The target is a high
level of food safety, animal health, animal
welfare and plant health within the European
Union through so-called “farm-to-table”
measures and monitoring, ensuring the
effective functioning of the European market.

= Wine Quality

The quality standards for wine analysis are
defined in national wine regulations such as
the “German Weinverordnung” (Bundes-
gesetzblatt Teil 1 Nr. 32) from 22nd May
2002, with the latest revision in 2012. It
includes the classification of wines from
different locations, as well as the production
process, alcohol concentrations and the
maximum allowable concentrations of the
elements listed in Table

Spectroscopy — ICP-OES

Determination of Heavy Metals in Wine

using simultaneous ICP-OES

Element Max. concentration [mg/L

Aluminum 8.00
Arsenic 0.10
Boron 80.0
Cadmium 0.01
Copper 2.00
Lead 0.25
Tin 1.00
Zinc 5.00

Table 1: Maximum allowable concentrations of
elements in wine

m Quantitative Analysis

For quantitative determination of the
elements in the required concentration range,
ICP is the most preferable tool for quality
control because of a high sensitivity, a wide
dynamic range and a high sample
throughput. Figure 2 shows the new
simultaneous ICPE-9820 with CCD (charge-
coupled device) detector, which has been
used for all determinations. This system
configuration is equipped with a unique
optical system which sets new standards with
respect to performance and speed and can
be optimized for any type of complex samples
such as wine analysis.

The vacuum system allows precise analysis
of elements in the lower UV range under
extremely stable conditions. The use of a mini
torch allows a cooling gas flow rate of only 10
L/min. The system setup for determination of
low concentration heavy metals in wine has
been optimized using the dual view option in
order to analyze low level elements at the
same time with high matrix elements. The
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Figure 2: ICPE-9820

wine samples have been diluted 4 times, and
aspirated in the same way as aqueous
solutions in the cyclone chamber. The
standard solutions have been prepared
including ethanol in order to match the matrix
with an ethanol concentration of 3.5 % after
dilution, for direct aspiration into the mini
torch. Table 2 shows a summary of the
system parameters.

Parameter Setting |
RF generator power 1.2 kW

Cooling gas 10 I/min
Plasma gas 0.6 I/min
Carrier gas 0.7 I/min
Nebulizer Coaxial

Plasma observation Axial/Radial
Sensitivity Wide Range
Exposure time 15 sec.

Table 2: Analytical conditions for wine analysis

The concentration of copper in wine is limited
to a maximum concentration level of 2 mg/L.
In case of higher copper concentrations the
wine may have a metallic, bitter taste and the
fermentation process will also be influenced
by higher copper concentrations. Copper in
wine originates from the Bordeaux mixture
fungicide, which is a mixture of copper (ll)
sulfate (CuSO4) and calcium hydroxide
(Ca(OH),) solution used in vineyards to
protect against downy mildew and other
fungi. Since the Bordeaux mixture is applied
in large quantities, the copper accumulates in
the soil and becomes a pollutant. This is why

] SHIMADZU

the Bordeaux mixture will most probably be
banned in the European community as of
2016. The calibration curve in figure 3 shows
the standards with concentrations starting at
250 pg/L up to the maximum concentration of
1000 pg/L. The limit of detection is calculated
with < 0.02 ug/L (3 s). Furthermore the
determination of arsenic and lead is
important, as these elements still can be
found in the environment generated from lead
arsenate (PbHAsO4) which has been used as
an inorganic insecticide until 1988, after
which it was officially banned.

Cu 324.754 nm (1)
15000 |-

12500

10000

Intensity

7500

5000

2500

r=0.99980

0 250 500 750 1000
Concentration (ug/L)

Equation: Conc=a*I*3+b*I"2+c*I+d

Factor:  a=0.0000000 ©=0.0781081 Weight: None
b =0.0000000 d=-12.24238 Origin: None
Detection Limit (3s) = 0.0174326 Limit of Quantity (10s) = 0.0581085

Figure 3: Copper Calibration
m Conclusion

For the element analysis, ICP-OES
Spectrometry using a simultaneous
instrument is the “state of the art” tool for the
daily routine in quality control of wine
samples. The ICPE-9820 in dual view
configuration is flexible enough to achieve
calibration ranges in axial view in ppb level
concentrations and at the same time high
concentration levels of Boron, Potassium,
Sodium and others in ppm scale in radial
observation as well.



3. Spectroscopy

3.2 Molecular Spectroscopy

3.2.1 Ultraviolet Visible Spectroscopy and Near Infrared

Analysis of metals, ions, colors and molecules

The ultraviolet and visible range of the light spectrum is sensi-
tive on color determination and carbon hydrogen bonding de-
termination. Color reactions, DNA and protein methods are
easily to solve in low concentrations.

3.2.2 Fourier Transform Infrared Spectroscopy

Quantification and identification of substances

The infrared spectroscopy can analyze all materials which react
with heat. The physical vibration correlated to this heat is a
identification tool for each material.

LAAN-A-UV-E031

LAAN-A-UV-E036

LAAN-A-UV-E038

LAAN-A-UV-E040

LAAN-A-UV-E042

SCA-100-017

LAAN-A-FT-E042

SCA-110-087

SCA-110-089

SCA-110-090

SCA-110-091

Spectroscopic measurement and
multivariate analysis for classification of
beer types

Reflectance measurements of an apple
and pear, and prediction of elapsed
days by multivariate analysis

Evaluation of light-shielding effect of
milk cartons using a UV-VIS-NIR
spectrophotometer

Color measurement of food — color mea-
surement in sugar and juice
Quantitative analysis of fat in mayon-
naise by reflectance spectroscopy and
multivariate analysis

Wine bottle measurement with UV-2600
and MPC-2600 quality control of color

Analysis of contaminant adhering to
frozen pizza

Analysis of bread with FTIR-ATR tech-
nique — view to the water content in
different appearances of bread
Packing made from food analysis of
polymer chips with infrared spectros-
copy

Coffee bean measurement under the
pressure of the “Quest™" with infrared
spectroscopy

Tea bags in the focus of identification
single reflection ATR measurements
with infrared spectroscopy
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Beer is an alcoholic beverage that is quite popular, and
consumed in large quantities. Furthermore, the market
is now bustling with beverages such as non-alcoholic
beer and low-malt beer with beer-like flavors. Beer,
low-malt beer, and non-alcoholic beer can all be
considered types of beer. A great many varieties of
these have been produced and marketed with
modifications to the ingredients to adjust such
characteristics as alcohol and calorie content. From the
standpoint of spectrometric analysis—assuming that
the absorption spectra should reflect specific
characteristics depending on the types and quantities of
ingredients in different beers—we were very interested
to see the kinds of differences that would occur upon
actual examination.

Here, we introduce the results of our investigation into
the differences in absorption spectra obtained from
measurement of a variety of beers using the UV-3600
Ultraviolet-Visible Near-Infrared Spectrophotometer.
Also presented here is our attempt to classify different
types of beer using multivariate analysis.

B Samples and Measurement Results

The absorption spectra of 14 types of commercially
available beers (4 types of beer, 6 types of low-malt
beer, 4 types of non-alcoholic beer) were measured
using the UV-3600. Degassing was conducted using
ultrasonic irradiation for 3 minutes, and measurement
was conducted using a 2 mm optical path length
quartz cell and a blank sample consisting of air. The
measurement results are shown in Fig. 1, and the
analytical conditions in Table 1. In addition, expanded
spectra of the ultraviolet region (230 — 400 nm) and the
near-infrared region (1400 — 1500 nm and 1650 —
1750 nm) are shown in Figs. 2 through 4, respectively.
The large peak in the vicinity of 1450 nm in Fig. 3 is
due mainly to the absorption of water, while the peak
in the vicinity of 1695 nm in Fig. 4 is attributed mainly
to ethanol absorption. For reference, the absorption
spectra of water and ethanol (99.5 %) are shown in
Fig. 5. It is clear that the peak indicated by the arrow
near 1450 nm corresponds to the peaks in Fig. 3, and
that the peak indicated by the arrow near 1695 nm
corresponds to the peaks in Fig. 4.

Due to the apparent signal saturation in the ultraviolet
region of this data, the absorption spectra were
measured in the ultraviolet region (230 — 400 nm) once
again after diluting all of the samples 5-fold with
distilled water. Those results are shown in Fig. 6. The
peaks that can be seen in the 230 — 300 nm region are
believed to be due mainly to absorption of the protein
contained in beers.

Spectrophotometric Analysis

Spectroscopic Measurement and Multivariate Analysis
for Classification of Beer Types

The alcohol content in the samples is, for beer: 5 %;
low-malt beer: 3 = 5.5 %; non-alcoholic beer: 0 %. The
protein content per 100 mL is, for beer: 0.2 - 0.4 g;
and for low-malt and non-alcoholic beer: 0 - 0.3 g.

The alcohol content for each sample is indicated on
their product labels as some "value" or "range" within
the above-mentioned ranges.

The degrees of absorption in the ultraviolet and near-
infrared regions in these data approximately reflect the
given content values for protein and alcohol,
respectively.

T

0.0L .
230.0 500.0 1000.0 1500.0 1900.0
nm

Fig. 1 Absorption Spectra of Beers, Low-Malt Beers,
and Non-Alcoholic Beers
(Thick Line: Beers; Thin Line: Low-Malt Beer;
Dotted Line: Non-Alcoholic Beers)

Table 1 Analytical Conditions

: Shimadzu UV-3600 Ultraviolet-Visible
Near-Infrared Spectrophotometer
Measurement wavelength range : 230 nm — 1900 nm

Instrument

Scan speed - Medium
Sampling pitch 2 1.0 nm
Photometric value . Absorbance
Slit width 23 nm

Detector switching wavelengths : 870 nm, 1650 nm
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Fig. 2 Expanded Spectra of Fig. 1 (230 — 400 nm)
(Thick Line: Beers; Thin Line: Low-Malt Beers;

Dotted Line: Non-Alcoholic Beers)

Fig. 5 Absorption Spectra of Water and Ethanol
(Blue Line: Water; Red Line: Ethanol)
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Fig. 3 Expanded Spectra of Fig. 1 (1400 - 1500 nm)

(Thick Line: Beers; Thin Line: Low-Malt Beers;

Dotted Line: Non-Alcoholic Beers)
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Fig. 4 Expanded Spectra of Fig. 1 (1650 — 1750 nm)
(Thick Line: Beers; Thin Line: Low-Malt Beers;

Dotted Line: Non-Alcoholic Beers)

Fig. 6 Absorption Spectra of Samples Diluted 1:5
(Thick Line: Beers; Thin Line: Low-Malt Beers;
Dotted Line: Non-Alcoholic Beers)
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I Classification of Beer Types by Multivariate Analysis

We attempted to classify the beers using multivariate
analysis. Using the 5-fold dilution absorbance data (230
— 400 nm) and the undiluted sample absorbance data
(401 — 1870 nm), we conducted principal component
analysis (PCA)". The obtained score plot? is shown in
Fig. 7. "A" corresponds to beer, "B" to low-malt beer,
and "C" to non-alcoholic beer. The samples of A, B,
and C are clearly grouped accordingly. The closer the
points are to each other on the score plot, the greater
the corresponding samples should resemble one
another. Accordingly, A1 and A3, and C1 and C2
should be similar to each other, and in fact, as can be
seen from their respective ultraviolet spectra shown in
Fig. 8, they are similar.

Looking at the loading plot® shown in Fig. 9 reveals the
characteristics of the various groups. As shown in
Fig. 9, loading vector components® corresponding to
the data components of the ultraviolet region are
plotted to the right (or upper right) of the center. This
indicates that the further to the right a sample is
plotted in Fig. 7, the greater its ultraviolet absorption
will be. The beer samples A1 — A4, which are actually
distributed in that direction, display high ultraviolet
absorbance as shown in Fig. 6. Also, in the loading plot
of Fig. 9 there are many loading vector components
plotted in the upper left quadrant from 1400 -
1480 nm, which corresponds to the absorption of
water. This means that the further to the upper left a
sample is plotted on the score plot, the closer that
sample is to pure water, and the lower the alcohol
content. The non-alcoholic beer samples C1 - C4,
which are actually distributed in that direction, display
high absorbance in the vicinity of 1450 nm, the
wavelength associated with water absorption, as
shown in Fig. 3.

From the above, it is clear that the further to the right
the samples are plotted on the score plot, the greater
their ultraviolet absorbance values will be.
Correspondingly, the further to the upper left the
samples are plotted, the lower their alcohol content will
be. Put another way, the further to the right a sample is
plotted on the score plot, the greater the amount of
organic matter (e.g., protein) it will contain; the further
to the upper left a sample is plotted, the lower its
alcohol content will be. As for the low-malt beers B1 —
B6, their positions in the lower left region are probably
due to the fact that their absorbance values are not
that high in the ultraviolet region (comparable to those
of non-alcoholic beer), while several of them have
alcohol content comparable to that of beer.

PC-2 (5 %)

Low-malt beer [z

-0.8

B2
¥
4 32 1”70 1 2 3 4 5

PC-1 (94 %)

Fig. 7 Score Plot

Fig. 8 Absorption Spectra of A1 and A3, C1 and C2
(Red Line: A1; Blue Line: A3; Black Line: C1; Green Line: C2)

Loading

1400 — 1480 nm

230 -300 nm
0.14

PC-2 (5 %)

1
-0.1 0 0.1
PC-1 (94 %)

Fig. 9 Loading Plot
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B Summary

We were able to confirm the possibility in this
investigation of determining the differences in alcohol
and protein content in beers by examining their
absorption spectra. Further, by applying multivariate
analysis to the acquired measurement data, we were
able to classify the groups according to the type of
beer, and thereby gain an understanding of their
characteristics. Comparative investigation of many
products is required in the research and development of
food products, but an understanding of the degree of
similarity among samples is possible using principal
component analysis (PCA). The results obtained in this
study suggest that a combination of spectral analysis
and multivariate analysis can be effective in the
development of food products, including beer.

1) The Unscrambler®, a multivariate analysis software application, was
used for conducting analysis. The Unscrambler is a trademark or
registered trademark of CAMO.

Regarding the present analysis, principal component analysis was
conducted using mean centering of the acquired data.

2) A score plot involves the projection of each sample point expressed
in multidimensional space on two loading vectors, expressed as a
two-dimensional graph.

For a description of "loading vector," refer to the following Note 3.

3) A loading plot refers to the plotting via two-dimensional
coordinates of substances corresponding to the loading vectors of
the first principal component and second principal component (or
another combination of principal components). Here, the loading
vector refers to the vector obtained by performing eigenvalue
calculation for data matrix.
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Fruit gradually undergoes change with the passage of
time after harvesting. Examination of how the physical
properties of fruit change over time is important, but if
testing requires cutting out a portion of the fruit
sample, the number of samples tested would most
likely be greatly reduced. Non-destructive fruit
properties inspection testing is commonly conducted
using a spectrophotometer, and testing of sweetness
and acidity by this means is well known.

This type of testing is valuable not only for
understanding the physical properties, but for quality
management as well. Ripeness, in particular, can be
judged based on the number of days that have elapsed
from the time of harvesting from the tree. Fruit ripeness
is known to be associated with the change in
chlorophyll content.” 2 Here, we conducted a
simulation experiment in which we investigated the
time-course changes in purchased fruit samples over a
period of days, focusing on changes in the absorption
peak of chlorophyll. The results of measurement of
apple and pear samples using a UV-VIS-NIR
spectrophotometer revealed a correlation between the
reflectance spectra of the samples and the number of
days elapsed from the time they were obtained.
Applying multivariate analysis, we used a prediction
formula to calculate and predict the number of elapsed
days from the time the samples were obtained. Good
results were obtained with the apple sample, as
reported in this paper.

B Measurement Method

We measured the total light reflectance in an apple and
a pear using the SolidSpec-3700DUV UV-VIS-NIR
spectrophotometer equipped with an integrating
sphere. The purchased apple was of the "Fuji" variety,
and the pear was the "Nansui" variety. Reflectance
measurements were conducted using fluoro-resin Fig. 2 Pear Mounted in Integrating Sphere
Spectralon® standard target plates from Labsphere Inc.

(USA). Three measurements were taken for each of the

2 samples at each measurement session, and the Table 1 Analytical Conditions
samples were positioned at nearly the same position, Instrument  SolidSpec-3700DUV UV-VIS-NIR
respectively, for each measurement session over the spectrophotometer
course of the experiment. After purchasing the Measurement wavelength range : 200 nm - 2700 nm
samples, time-course measurements were taken at day Scan speed * Medium
0 (purchase date), day 7, 14, 21, 28, and day 35, all the f,zmp"”g pitch - 1.0nm
. . otometric value . Reflectance
while keeping the samples at room temperature. The Slit width £ (20) nm
experiment was conducted during the autumn, from Detector switching wavelengths : 870 nm, 1650 nm

October to November.

Fig. 1 and Fig. 2 show the apple and pear, respectively,
mounted in the integrating sphere, and Table 1 shows
the measurement conditions. The SolidSpec-3700DUV
has a large sample chamber, and is equipped with an
integrating sphere as standard, permitting
measurement of large samples like apples and pears.
Below, the results of analysis of the apple are presented
first, and the results obtained with the pear are
discussed later.
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B Measurement Results for the Apple and Prediction
of Elapsed Days by Multivariate Analysis

The results for the apple are shown in Fig. 3. It is clear
from this figure that there is a large spectral change in
the visible region, but almost no change in the infrared
region. Fig. 4 presents an expanded view of the visible
region in which there is a large spectral change. The
downward peak in the vicinity of 680 nm is due to the
absorption of chlorophyll.”? This peak clearly became
smaller as the number of elapsed days increased.

Using the data in the region of this peak, it is possible
to make predictions about the number of elapsed days
the apple was left standing. Therefore, we tried
calculating this number of elapsed days using a
prediction formula based on quantitative methods of
multivariate analysis. We used two types of multivariate
analysis, the PLS (Partial Least Squares) method and the
multiple linear regression method, and then compared
the prediction accuracy between the two. For the PLS
method, we utilized data centering.

Of the data obtained from the three repeat
measurements, we used those of the first and second
analyses to generate a calibration model. The third data
points were used as verification data for evaluating the
prediction accuracy of the calibration model. Using the
PLS method, we created a calibration model using all of
the spectral data within the range of 450 nm to
750 nm, and using the multiple linear regression
method, we created a calibration model using the
spectral data associated with three wavelengths, 540
nm, 664 nm and 676 nm. Fig. 5 shows the data within
the selected wavelength range using the PLS method as
a blue line, and the wavelength positions of the data
using multiple linear regression as red arrow marks.
Each of the generated calibration models was used to
predict the elapsed number of days associated with the
verification data (data obtained from the third
measurement). The results are shown in Table 2. Good
results were obtained using both methods, with the
data matching within £3 days of the actual elapsed
number of days. The calculations were conducted using
the Unscrambler® multivariate analysis software, a
product of CAMO. Regarding this analysis, principal
component analysis was conducted using mean-
centering. Multiple regression calculations were
conducted using the "regression analysis" function of
the Microsoft Excel® spreadsheet software.
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Fig. 4 Expanded Spectra of Fig. 3 (450 nm - 800 nm)
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)

Table 2 Prediction Results for Verification Data

Prediction Results with Prediction Results
Actual Elapsed P with Multiple Linear
PLS Method Verification . o
Days D Regression Verification
ata
Data
0 -0.66 2.56
7 733 6.10
14 15.26 12.77
21 2172 21.02
28 3032 27.54
35 35.19 33.92
R%
800
60.0}
400}
[ 540|nm |
200}
: y
0.0 -11 I S S S S S S S S S S S S S S S - .? nnnnn
4500  500.0 600.0 700.0 800.0

Fig. 3 Reflectance Spectra of an Apple
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)

Fig. 5 Data Used for Partial Least Squares (PLS) and Multiple
Linear Regression
(Blue Line Range: PLS, Red Arrow: Multiple Linear Regression)
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)
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B Measurement Results for the Pear and Prediction
of Elapsed Days by Multivariate Analysis

We conducted measurements for the pear just as we
did for the apple. The measurement results for the pear
are shown in Fig. 6. The regions from 500 nm to
1000 nm and 1000 nm to 1800 nm are expanded in
Fig. 7 and Fig. 8, respectively. The weak absorption
peak of chlorophyll can be seen in the vicinity of
680 nm in Fig. 7. Looking at Fig. 8, a big difference is
noticeable between the spectrum at Day 0 and those of
all the other elapsed days, but this is presumed to be
due to a change in the hardness of the pear.?

Fig. 9 shows the expanded region of the chlorophyll
absorption peak of Fig. 6, and Fig. 10 shows only the
first measured spectrum of those in Fig. 9. From Fig. 9
and Fig. 10, it is clear that while the absorption peak of
chlorophyll is extremely weak compared to that of the
apple, the spectrum changes in a way that is correlated
with the elapsed number of days. The greater the
elapse of time, the smaller becomes the spectral
"constriction" corresponding to absorption.

Using the data in the vicinity of this chlorophyll
absorption region, as in the case of the apple, we
created calibration models by the PLS and multiple
linear regression methods, respectively. Data associated
with the 640 - 740 nm wavelength range was used for
the PLS method, and those associated with 655 nm,
676 nm and 700 nm were used for the multiple linear
regression method. Fig. 11 shows the data within the
wavelength range using the PLS method as a blue line,
and the wavelength positions of the data using multiple
linear regression as red arrow markings.

Using each of the generated calibration models, we
predicted the number of elapsed days for the
verification sample (data associated with the third
sample measurement). Those results are shown in
Table 3. The calculated prediction of 35 days differed
significantly from the actual number of days in both the
multiple linear regression method and the PLS method.
Thus, the good result obtained with the apple was not
obtained with the pear. It is believed that this might be
due to the low absorption of chlorophyll in the nansui
pear used here, possibly introducing a degree of error.
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Fig. 6 Reflectance Spectra of a Pear
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)

R%

70.0
60.0
50.0
40.0
Chlorophyll absorption
500.0 600.0 700.0 800.0 900.0 1000.0
nm

Fig. 7 Expanded Spectra of Fig. 6 (500 nm - 1000 nm)
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)
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Fig. 8 Expanded Spectra of Fig. 6 (1000 nm - 1800 nm)
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)
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Fig. 9 Expanded Spectra of Fig. 6 (600 nm - 800 nm)
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)
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R% M Conclusion

eoor By applying multivariate analysis to the reflectance data
of samples measured at 7 day intervals, we were able
to predict the number of elapsed days within +£3 days
during the course of 35 days. In the case of the pear,
however, the prediction accuracy was poor compared
to that for the apple, and this was thought to be due to
the low absorption of chlorophyll. These results may
also be subject to variation due to such factors as
sample type, number of measurement samples, as well
as the season when measurement is conducted. It is
also necessary to consider that the results will depend
on when the sample is harvested from the tree.
However, because there is a definite correlation
Fig. 10 First Spectra Measured for Each Elapsed Day in Fig. 9 between the number of days that elapsed from the
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days, date of purchase and the absorption of chlorophyll, the
Purple: 28 Days, Light Blue: 35 Days) present study suggests that this method can be applied

to predict the number elapsed days from the date of

harvest. It is believed that the combination of

55.0

50.0

45.0

RY% spectroscopy and multivariate analysis is effective for
6001 BE=annn studying the maturity and degradation of chlorophyll-
/ containing fruit.
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Fig. 11 Data used for Partial Least Squares (PLS) and Multiple
Linear Regression
(Red: 0 Days, Blue: 7 Days, Green: 14 Days, Black: 21 Days,
Purple: 28 Days, Light Blue: 35 Days)

Table 3 Prediction Results for Verification Data

Actual Elapsed Prediction Resu'lts vv@th Prgdictiqn Results vvith
Days PLS Method Verification Mu|t|p|e.L|ne.ar Regression
Data Verification Data
0 -1.49 -1.54
7 555 6.17
14 12.65 13.51
21 21.07 21.54
28 28.99 28.16
35 2342 25.15
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Foods that are on display in shops are exposed to
various types of light, including ultraviolet, visible, and
near-infrared light, all of which can pass through
packaging materials and containers. Such exposure of
these foods and beverages to light can cause protein
oxidation, vitamin destruction, fading, and other
adverse effects in the foods. Consequently, examination
of the light-shielding effect (transmittance) of food
containers is very important. Previously, transmittance in
various types of PET bottles was measured in
Application News No. A461. Those results indicated
differences in transmittance among the bottles in the
near-infrared and ultraviolet regions.

Here, we examined the transmission characteristics of
paper-based milk cartons using the UV-3600 ultraviolet-
visible-near-infrared spectrophotometer. The results of
measurements conducted on the 3 types of milk
cartons indicated differences in transmittance
depending on the carton sample. Further, differences in
transmittance were also found within each of the
respective samples, depending on the measurement
site. This paper introduces those results.

I Total Light Transmittance Measurement of Milk Cartons

After mounting the integrating sphere accessory in the
UV-3600, measurement of the total light transmittance
was conducted for the three types of milk cartons, A, B,
and C. Fig. 1 shows a diagram of the principle of total
light transmittance measurement. First, baseline
correction is conducted in the absence of a sample.
Then, by conducting measurement with a sample
mounted in the integrating sphere accessory, the total
light transmittance consisting of the combined linear
and diffuse transmittance can be obtained. Using this
method makes it possible to capture all of the
transmitted light including not only the linearly
transmitted light, but the diffusely transmitted light as
well. This total light transmittance measurement

Spectrophotometric Analysis

Evaluation of Light-Shielding Effect of Milk Cartons
Using a UV-VIS-NIR Spectrophotometer

technique is often used when measuring the
transmittance of samples having some degree of
turbidity (cloudiness), such as films, plastics, and paper.
Here, the sample consisted of a milk carton that had
been washed out with water, and then allowed to dry
naturally. Three pieces, each a few centimeters in size,
were cut from the same sample carton, and
measurements were conducted at three differently
colored sites on each sample. Fig. 2 shows a
photograph of a milk carton sample mounted in the
integrating sphere accessory, and Table 1 shows the
analytical conditions used.

Fig. 2 Photograph of a Sample Set in an Integrating Sphere

Table 1 Analytical Conditions

Instruments - UV-3600 UV-VIS-NIR spectrophotometer
MPC-3100 large sample compartment
(with built-in integrating sphere)

Measurement Wavelength Range : 200 nm to 2300 nm

Scan Speed : Medium
Sampling Pitch :1.0 nm
Measurement Value : Transmittance

Slit Width 1 (20) nm
Detector Switching Wavelength : 870 nm
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Fig. 1 Total Light Transmittance Measurement
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M Results

The measurement results for each of the milk cartons A to C are
shown in Figures 3 to 5. The differences in print color are reflected in
the transmittance spectra obtained from measurement at three sites in
the same sample, respectively, in Fig. 3 and Fig. 4. For example, in milk
carton B of Fig. 4, measurements were conducted at sites that were
printed with reddish, whitish, and mixed black and white colors,
respectively. The measurement results are shown using a red, blue and
black trace, respectively, for each of the spectra. The shape of the red-
trace spectrum is different from that of the others, but this is thought
to be due to absorption of green light and blue light in the region of
400 to 600 nm, causing a decrease in transmitted light in that region.
Further, comparing this to the green- and black-trace spectra, the
black trace shows lower transmittance. At the site printed with the
mixed black and white color system corresponding to the black-trace
spectrum, it is believed that the overall low transmittance is due to the
ease with which a black surface absorbs light.

From the results of Figures 3 and 4, it is clear that even in the same
milk carton, the transmittance varies depending on the printed color
at the measurement site. As for the data associated with milk carton
C shown in Fig. 5, the transmittance for all three color regions was
about 0 %. This was undoubtedly due to the aluminum film affixed
to the inner surface of milk carton C, preventing the transmission of
nearly all light, from the ultraviolet to near-infrared region.
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Fig. 5 Transmittance Spectra of Three Positions in Sample C

B Comparison of Milk Carton and PET Bottle

We compared the transmittance spectra of the PET bottles measured
previously in Application News No. A461 with those of the milk
cartons measured here. The results are shown in Fig. 6. The blue-trace
spectrum of Fig. 3 represents that of the milk carton, and the PET
bottle spectrum is that of sample A in the above-mentioned
Application News.

From Fig. 6, it is clear that the transmittance in the milk carton is very
low over the entire measurement range as compared with that of the
PET bottles. The ultraviolet region from 200 to 380 nm is shown in
Fig. 7. While transmission of ultraviolet radiation occurs above
320 nm in the case of the PET bottle, almost no ultraviolet radiation is
transmitted with the milk carton. Thus, it is clear that the light-
shielding effect of the paper-based container is superior to that of the
PET bottle.
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M Conclusion

The results of measurement of the three types of milk cartons
conducted here indicated that the light transmission characteristics
vary depending on the milk carton. Even measurements taken using
the same milk carton showed differences in transmittance depending
on the printed color. This suggests that light-shielding performance
can be changed through the selective use of the colors printed on the
carton. Also, affixing aluminum film to the inner surface achieves
nearly complete shielding in the ultraviolet to near-infrared regions.
Such use of aluminum film could be an effective means of protecting
foods that are especially susceptible to light. It was also found that
the light-shielding effect of milk cartons is higher than that of PET
bottles. From these results, it is believed that transmittance
measurement using a spectrophotometer is effective for assessment
of light shielding in food containers.
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— Color Measurement in Sugar and Juice —
No.A477

Foods come in a wide variety of colors, providing visual
enjoyment in our lives. These colors also play a role in
enhancing or reducing our appetite, and are an
important factor in visually determining food quality.
Color is a sensory-related phenomenon, but by
conducting measurement of food samples using a
spectrophotometer to express the color as an objective
numerical value, it is possible to compare color
guantitatively among multiple samples.

Here, we conducted measurement of sugar and juice
samples to determine their color values. For sugar, we
used castor or "superfine" sugar, soft brown sugar and
brown sugar, etc. as samples, and conducted
measurement using a powdered sample holder to
compare the color among the samples. For juice, we
measured the difference in color between vegetable
juice and fruit juice using a screw-cap vial to conduct Fig. 1 Sugars (A - F)
the measurements and investigate the differences in

color.

B Measurement of Sugars

We prepared measurement samples for each of 6 types
of sugar to be analyzed. Table 1 lists the 6 prepared
samples designated using the letters A — F. The sugar
varieties used for measurement are shown in the
photograph of Fig. 1. It is clear from the photographs
that except for A, all of the sugars are yellowish. Fig. 2
shows the powder sample holder used for the
measurements. At the left is the sample cell with a
built-in glass window plate, and at right is the holder
used for mounting the window plate-mounted sample
cell in the integrating sphere. The window plate-
mounted cell packed with sample B is shown in the
photograph of Fig. 3. Samples that do not easily harden
into a clump may spill out of the integrating sphere Fig. 2 Holder for Powder Sample
sample dish, but this sample loss can be prevented by

using a window plate-mounted cell.

Cell with Glass Plate

Table 1 Six Measured Sugars

Sample Sugar Name
A Castor sugar

B Table sugar

C Table sugar

D Soft brown sugar

E

F

Processed brown sugar
Processed brown sugar

Fig. 3 Sample B Set in Cell with Glass Plate
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B Measurement Results for Sugars

The sample was placed in the integrating sphere as
shown in Fig. 4, and the total light reflectance was
measured in the visual region of 380 nm to 780 nm.
Each sample type was measured twice, replacing the
sample in the cell for each measurement. In addition,
baseline correction was conducted using a cell filled
with barium sulfate as a reflectance standard.

The measurement results and measurement conditions
are shown in Fig. 5 and Table 2, respectively. The
reflectance of Sample A showed almost no change over
the measurement range, confirming its achromaticity.
The samples other than A showed relatively low
reflectance in the blue region below 500 nm, and
relatively high reflectance in the green and red regions
above 500 nm, indicating that they belong to the
yellow color system, consisting of a mixture of these
green and red colors.
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Fig. 5 Total Luminous Reflectance Spectra of Samples
Red: A, Blue: B, Green: C, Black: D, Purple: E, Brown: F

Table 2 Analytical Conditions

:UV-3600 Ultraviolet-Visible-Near-
Infrared Spectrophotometer MPC-3100
Large-Sample Compartment
(with built-in integrating sphere)

Measurement wavelength range : 380 nm — 780 nm

Scan speed :Medium

Sampling pitch :2.0 nm
Photometric value :Reflectance

Slit width 18 nm

Instrument

M Sugar Color Calculation

Using color measurement software, we calculated the
color values of the L*a*b* color system based on the
measurement results shown in Fig. 5. Those results are
shown in Table 3. The calculations were conducted
based on llluminant D65 and a 10-degree field of view.

The values of Table 3 are expressed in the L*a*b* color
space diagram of Fig. 6, and Fig. 7 shows an expanded
view of the region in the vicinity of the plotted points
on the a*b* graph (horizontal axis: a* values, vertical
axis: b* values) on the right side of Fig. 6.

In the L*a*b* color space diagram, the L values are
plotted on the histogram on the left, and the a* and b*
values are plotted on the graph plot on the right. In the
L* graph, the higher the sample position in the graph,
the brighter the color. As can be seen in Fig. 6 and
Table 3, sample A is relatively brighter, and E and F are
darker. In the a*b* graph on the right, it can be seen
that the nearer the sample is to the center of the circle,
the duller the color, and the further outside of the
circle, the brighter the sample color. The radial direction
of the a*b* graph represents the hue, the direction to
the right while facing the circle represents reddish, the
upward direction represents yellowish, the direction to
the left represents greenish, and the downward
direction represents bluish. From Fig. 6 and Fig. 7, it is
clear that except for A, the samples are reddish yellow.

Thus, it is possible to determine the relative differences
in color among samples by displaying the colors in a
2-dimensional chromaticity diagram.

Table 3 L*a*b* Values (D65 lamp, 10-degree field of view)

Data Name L* a* b*
A-1 89.15 -0.06 0.22
A-2 88.48 -0.04 0.14
B-1 80.93 3.62 15.72
B-2 80.46 3.76 16.07
C-1 75.55 4.06 17.23
C2 75.56 4.09 17.20
D-1 75.75 5.01 23.28
D-2 76.12 493 23.11
E-1 57.12 7.59 18.03
E-2 56.92 7.58 17.67
F-1 58.84 6.86 19.85
F-2 58.54 7.16 20.17
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Fig. 7 Expanded a*b* Graph of Fig. 6

B Measurement of Juices

We prepared 5 types of juices, including 1 type of
tomato juice, 3 types of vegetable juice, and 1 type of
carrot juice. Table 4 lists the 5 types of juice samples
using alphabetical designations. The samples are shown
in the photograph of Fig. 8. The samples were
transferred to screw-cap vials, which were placed in the
integrating sphere for measurement as shown in Fig. 9.
Total reflectance measurement was conducted twice for
each sample, using a different vial for each
measurement. A positioning jig was used to secure the
samples to ensure that they were all measured in
exactly the same position. The measurement range
used was the visible region of 380 nm — 780 nm, and
disposable screw-cap vials were used. In addition, we
used as a reference plate for reflectance measurement a
Spectralon® fluorine-based resin white plate obtained
from Labsphere, Inc. (United States).

Table 4 Five Measured Juices

Sample Juice Type
A Tomato juice
B Vegetable juice
C Vegetable juice
D Vegetable juice
E Carrot juice

Fig. 8 Samples in Screw-Cap Vials (A — E from left to right)

Fig. 9 Sample Set in Integrating Sphere

B Measurement Results for Juices

The juice measurement results are shown in Fig. 10,
and the analytical conditions are the same as those
shown in Table 2.

As can be seen in Fig. 8, samples A and B are more
reddish in color, while C, D and E are closer to orange.
Fig. 10 reflects those results, in which A and B reflect a
lot of light in the red region above 600 nm, while C, D
and E reflect some light in the green region in addition
to light in the red region. The orange color results from
the mixing of those colors.
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Fig. 10 Total Luminous Reflectance Spectra of Samples
Red: A, Blue: B, Green: C, Black: D, Purple: E
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M Juice Color Calculation

We calculated the L*a*b* color system values based on
the measurement results shown in Fig. 10. Those results
are shown in Table 5. The calculations were conducted
based on illumination C and a 2-degree field of view.
The values of Table 5 are expressed in the L*a*b* color
space diagram of Fig. 11, and Fig. 12 shows an
expanded view of the region in the vicinity of the
plotted points on the a*b* graph on the right side of
Fig. 11. It is clear from Fig. 11 and Table 5 that samples
D and E are relatively bright, and that A is dark. It is also
clear from Fig. 12 that sample A is closer to red, while
C closer to yellow. Also, with respect to color saturation
(vividness), sample A is relatively dull in color, while E
has a vivid color.

Table 5 L*a*b* Values (C lamp, 2-degree field of view)

Data Name L* a* b*
Al 3246 17.85 12.82
A2 3244 17.95 12.86
B1 40.67 26.27 25.69
B2 40.66 26.16 2562
C1 43.79 12.90 30.94
Q2 43.87 12.88 30.86
D1 48.80 19.78 31.85
D2 4851 19.58 31.45
E1 48.94 22.82 3991
E2 48.95 22.78 3991
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Fig. 11 L*a*b* Color Space
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Fig. 12 Expanded a*b* Graph of Fig. 11

M Conclusion

For this Application News, we conducted color
measurement for various types of sugars and juices,
and compared their colors. The sugars were measured
using a powder sample holder, and the juices were
measured using screw-cap vials. Reflectance data were
acquired in both cases. We were able to express the
color differences among samples by obtaining the color
values using color measurement software which
permitted the results to be plotted on a two-
dimensional color space. These expressions can provide
useful information for conducting comparative research
of product colors.

Thus, by combining the use of an ultraviolet-visible
spectrophotometer with color measurement software,
it becomes possible to visually and quantitatively grasp
the colors of various types of samples.
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Mayonnaise is one of various seasonings that are used on a
daily basis. Reflecting the health consciousness that is
prevalent in recent years, fat content-adjusted mayonnaise
products have been sold in great quantities. Accordingly, it
is important that the fat content listed on the label reflect
the fat content determined through accurate measurement.
Fat content in mayonnaise is typically determined using the
Soxhlet extraction method. However, the process involving
the repeated evaporation of solvent required to extract the
target substance is quite time consuming.

We therefore investigated a simple method based on
reflectance measurement for this fat quantitation.
Combining reflectance measurement using a screw-cap vial
with multivariate analysis, we demonstrated the ease with
which fat quantitation can be accomplished. Multivariate
analysis was conducted using both multiple regression and
the PLS method, and the quantitative accuracy was
compared between the two methods. Both methods were
found to provide good results. Furthermore, good
guantitative accuracy using both the multiple regression
and the PLS method were obtained even when the original
mayonnaise containers were used "as is." Here, we
introduce the results of this investigation.

I Total Luminous Reflectance Measurement of Mayonnaise

The measurement samples included eight types of
mayonnaise containing different levels of fat content.
Table 1 shows the fat content of each sample as indicated
on labels affixed to mayonnaise containers. The samples
are indicated using the letters A — H, based on descending
order of the indicated fat content.

For this investigation, measurements were conducted after
a jig for securing all the samples in the same position was
attached to the integrating sphere. After transferring a
sample into a glass screw-cap vial, and setting the vial in
the integrating sphere as shown in Fig. 1, each sample
type was measured twice, replacing the vial for the same
sample between the two measurements. Disposable
screw-top vials were used for measurement. Thus, a total
of 16 data points (8x2=16) were obtained. In addition, we
used as a reference plate for reflectance measurement a
Spectralon® fluorine-based resin white plate obtained
from Labsphere Inc. (United States).

The measurement conditions and measurement results are
shown in Table 2 and Fig. 2, respectively. The vertical axis
of Fig. 2 expresses the absorbance-related logio (Ro/R)
value. Here, Ro is reflection intensity of the standard white
plate, and R is the reflection intensity of the sample. The
"Abs." of Fig. 2 represents logio (Ro/R). As is evident from
Fig. 2, the results from each set of two measurements are
practically overlapped, indicating that switching of the
screw-top vials had little effect on the results.

Fig. 3 shows an expanded view of Fig. 2 in the range of
1000 nm — 1500 nm. The region in which fat absorption
occurs (in the vicinity of 1210 nm) is circled in red.
Focusing on this absorption region, it is clear that the
greater the fat content of the sample, the larger the
absorption peak.

Spectrophotometric Analysis

LAAN-A-UV-E042

T~

Quantitative Analysis of Fat in Mayonnaise by
Reflectance Spectroscopy and Multivariate Analysis

Fig. 1 Sample Set in an Integrating Sphere

Table 1 Measured Mayonnaise Types (8 Kinds)

Sample

Fat Content Indicated on Label
(9/159)

A

11.8

1.2

9.8

8.6

52

5.1

3.6

TI|O|m|m|OlN|wm

2.2

Table 2 Analytical Conditions

Instrument

Measurement Wavelength Range :
: Medium
:2.0nm

. Reflectance

Scan Speed
Sampling Pi

tch

Photometric Value

Slit Width

- UV-3600 Ultraviolet-Visible-Near Infrared

Spectrophotometer, MPC-3100 Large-
Sample Compartment (with built-in
integrating sphere)

200 nm —2300 nm

1 (20) nm
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Fig. 2 Total Luminous Measurement Spectra
Red: A, Green: B, Blue: C, Purple: D, Black: E, Orange: F,
Brown: G, Light Blue: H
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Fig. 3 Expanded Spectra of Fig. 2

Red: A, Green: B, Blue: C, Purple: D, Black: E, Orange: F,
Brown: G, Light Blue: H

[l Results of Quantitative Analysis

Quantitation of the fat content was conducted by
applying the multiple regression method and the PLS
method of multivariate analysis on the obtained data.
We created a calibration model for each of the
methods based on the standard samples A, C, E, G and
H of Table 1. We used the fat content values listed on
the mayonnaise product labels as the true fat content
values of the standard samples.

Samples B, D and F of Table 1 were used as verification
samples for predicting the accuracy of the calibration
model. Table 3 shows the results predicted for the fat
content of the verification samples using each of the
calibration models.

Comparing the results, there were no large differences
in quantitation accuracy between the two methods,
indicating good results. Here, the root mean square
error of prediction (RMSEP) of Table 3 is an index that
represents the mean difference between the predicted
and actual results based on the values defined in Fig. 4.
Calculations associated with the PLS method were
conducted using The Unscrambler®” multivariate
analysis software of CAMO Software company. In
addition, regression analysis calculations for the
multiple regression method were conducted using the
"Regression Analysis" feature of the Microsoft Excel®
spreadsheet software.

Note: Four wavelengths, 1150 nm, 1210 nm, 1240 nm, and 1280 nm
were used for the calculations by the multiple regression
method. As for the PLS method, calculations were conducted by
the center averaging process with respect to the total data
between 1150 nm — 1280 nm.

Table 3 Prediction Results of Fat Calculated by Each Calibration Model for Validation Samples Measured Using Screw-Cap Vials

Sample Fat Content Indicated on Label Predi.cted Resultg According to Predicted Results According to PLS
(9/15 g) Multiple Regression Method Method
B (first) 11.2 10.17 10.02
B (second) 1.2 10.72 10.50
D (first) 8.6 8.05 8.23
D (second) 8.6 7.87 8.20
F (first) 5.1 4.90 4.89
F (second) 5.1 4.99 5.00
RMSEP 0.603 0.610
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*RMSEP : Root Mean Square Error of Prediction

>(yi=y)’
RMSEP=1|=!

Where:

y'i . expected value

yi :actual value

N : number of evaluation samples
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Fig. 4 Definition Formula for RMSEP

Measurement of Mayonnaise with Container

The container materials of the mayonnaise samples
measured here all consisted of the polyethylene (PE)
and ethylene-vinyl alcohol copolymer resin (EVOH).
Focusing on that point, we then attempted
measurement of the mayonnaise samples "as is" in
their respective containers.

The mayonnaise container thickness varied depending
on the sample. In this case, therefore, the influence of
transmittance due to variation in container thicknesses
should also be reflected in the data. This, in terms of
multivariate analysis, means that an additional factor(s)
may be needed to account for the noise added by the
additional substance. Multivariate analysis permits
correction for variation due to other components.
Therefore, in this case, it means that variation due to
thickness can be used for correction of the mayonnaise
data.

A photograph of a sample set in the integrating sphere
is shown in Fig. 5, and the measurement results for all
the samples, A — H, are shown in Fig. 6. The
measurement conditions are the same as those shown
in Table 2. Each sample was measured twice, while
repositioning it in the integrating sphere between
measurements.

Fig. 7 shows an expanded view of the region of Fig. 6,
and the region in which fat absorption occurs (in the
vicinity of 1210 nm) is circled in red. Here, as well, it is
clear that the greater the fat content in a sample, the
larger the absorption peak in this region. Table 1 lists
the fat content for each of the samples.

Fig. 5 Sample Set in an Integrating Sphere

Fig. 6 Total Luminous Measurement Spectra
Red: A, Green: B, Blue: C, Purple: D, Black: E, Orange: F,
Brown: G, Light Blue: H
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Fig. 7 Expanded Spectra in Fig. 6
Red: A, Green: B, Blue: C, Purple: D, Black: E, Orange: F,
Brown: G, Light Blue: H
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M Results of Quantitative Analysis of Mayonnaise
Measured "As Is" in its Container

Quantitation of fat content was conducted in the
same way as that for the mayonnaise in screw-cap
vials. The predicted results for each of the calibration
models corresponding to validation sample are shown
in Table 4. The data indicate that good results were
obtained using both the multiple regression and PLS
method.

Note: Data at 4 wavelengths, 1180 nm, 1210 nm, 1240 nm and
1300 nm, were used for calculation by the multiple regression
method. With the PLS method, calculation was conducted by
center averaging with respect to all data between 1100 nm —
1300 nm.

Table 4 Prediction Results for Fat Calculated by Each Calibration Model for Validation Samples Measured "As Is" in their Containers

sample Fat Content Indicated on Label Predigted Result; According to Predicted Results According to
(9/15 9) Multiple Regression Method PLS Method
B (first) 11.2 11.10 11.28
B (second) 1.2 10.96 11.25
D (first) 8.6 8.02 7.98
D (second) 8.6 8.17 8.18
F (first) 5.1 4.86 4.76
F(second) 5.1 4.95 4.83
RMSEP 0.334 0.355

M Conclusion

We conducted measurement of mayonnaise with the
samples transferred into screw-cap vials for
measurement, in addition to measurement of the
mayonnaises samples in their original containers. The
measurement data were then subjected to multivariate
analysis using both multiple regression and PLS analysis
for determination of fat content. We also compared the
quantitative accuracy obtained by these two methods.
Good results were obtained using multivariate analysis
and PLS analysis with respect to measurement using
both the vials and the original containers.
Conventionally, highly viscous cream-state samples have
been measured by the transmittance method with the
samples coated on glass plates, etc., but measurement
with this method has generally been difficult due to
uneven coating, etc. Using the method presented here,
however, it was found that measurement can be
conducted easily and with good accuracy.

The results obtained here suggest that this technique is
effective for quantitative analysis of creamy samples
such as mayonnaise.

1) The Unscrambler is a registered trademark or trademark of CAMO.
2) Excel is a registered trademark or trademark of Microsoft
Corporation.
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The packaging of food is of mayor interest
since the modern world is using modern
materials as factor of design for food. Should
it be new style in carton (since 1977) or
classical in glass (since 17" century)? In case
of wine it seems that the classical glass wine
bottle is still the most favorite packaging.

]
ED SeiMaDzi

Jubilaums-
Editian

133 % vol
0,375 1

Fig. 1: Red wine Bottles from the Shimadzu Wine Edition |
at left and Edition Il at right side.

The glass appears transparent and
emphasize a feeling of being clean, and the
wine should be less influenced by additives

Wine bottle measurement with
UV-2600 and MPC-2600
Quality control of color

which can be result from the carton. The
glass color can be blue, green, brown or
white for liquids. It seems that glass which is
not clear green or direct brown can be result
of mixture caused by melting green and
brown glass fraction in one or the adequate
mixture of inorganic oxides causing such final
color during the glass melting process. It is
written in the literature that green glass can
pick up to15% of other colors. And brown
glass add up to 8%. For the human eye it is
still in the category green and brown glass.

Fig. 2: Typical colors of wine bottles, the green glass is
easy to identify, at the right side the color is subjective
more brown green

It is difficult to judge for the human eye if the
right bottle from figure 1 is a dark green,
brown, or? To overcome such handicap the
UV-VIS spectroscopy can be a neutral
instrument to characterize the color of the
glasses. The application shown in this
experiment is a measurement through wine
bottles.

mExperiment

The wine bottle in its appearance was
completely set into the sample compartment
of the MPC-2600. It was positioned so that
the light energy could pass through the two
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wine bottle walls, without touching the paper
prints on the glass bottle wall. The UV-VIS
spectra were recorded for the two bottles. By
the presence of two thick bottle walls the
ground absorbance of the glass spectrum
resulted in a high baseline and high signal
values. The measurement in this way was
destroying free.

!
[
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Fig. 3: blue line shows the UV-VIS spectrum from the
brown-green glass and the black line is the spectrum from
the green glass.

In figure 3 are shown two spectra from each
sample. The range of interest is 310 to 890
nm. The green glass spectrum has two
maxima ranges at around 650 and 440nm
(black line). The blue lined spectrum has its
maxima with a weak at 650nm and a very
high at 410nm and a higher absorbance at
>800nm. In detail it is at 650nm minimum a
triplet signal or even a multiple which is
saturated. With the help of the 2" derivative
spectroscopy it is possible to make this
situation visible. The position of the maxima
can be given as: 686.4, 669.9, 654.2, and
636 nm (Fig. 4). These absorbance maxima
are typical signals belonging to Chromium 3*
in form as Chromium oxide Cr2O3 (1). This
oxide is used to generate green color in glass
ware. The same profile but less in height is
visible in the green-brown glass spectrum,
but the mayor signal in the range of 400 is
shifted from 440 to 410. A broad signal with
an internal maximum at 410nm. Brown color

[ SHIMADZU

Shimadzu Europa GmbH oy i

www.shimadzu.eu

is result from the investigation of Manganese
oxide (2). This is more present in the second
sample because of less contents on
Chromium oxide. A screening by Shimadzu
EDX-7000 showed a factor of 3 lower
contents of chromium in the brown-green
sample.

5.284 T T T T

-5.000 |~ —

_8.008 1 1 1 1
556.29 600.00 650.00 700.00
nm.

783.25

Fig. 4: 2nd derivative spectrum from the green glass
spectrum (red), up to four signals can be separated at
650nm as characteristic for Cr,0s.

The manganese has influence on the redox
process regards changes in the iron oxides
under heat of melting. Absorption of yellow
color falls into the visible spectrum. The
presence of manganese oxide is also
responsible for the more intense iron oxide
signals at 380 to 430nm. The 2" derivative
spectrum extracts signals at. 420, 412,
400,390, 385 nm.

m Instrumentation

UV-2600
MPC-2600 and Plane stage for a wine bottle
m Literature:

(1) The effect of chromium oxide on optical spectroscopy of
sodium silicate glasses, Bahman _Mirhadi, Behzad
Mehdikhani, Journal of Optoelectronics and Advanced
Materials, Vol. 13, No. 9, September 2011, p. 1067 -1070

(2) Effect on Manganese oxide on redox iron in sodium silicate
glasses, Bahman _Mirhadi, Behzad Mehdikhani, Journal of
Optoelectronics and Advanced Materials, Vol. 13, No. 10,
October2011, p. 1309-1312
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News Analysis of Contaminant Adhering to Frozen Pizza

No.A451

The steady stream of consumer complaints related to
foods reflects continuing high concern for food safety.
To address these concerns and specific contamination-
related complaints, it is important to quickly and
accurately report the analysis results and clearly
elucidate the contamination pathway. Here, using a
Fourier transform infrared spectrometer (FTIR) and an
energy dispersive X-ray fluorescence spectrometer
(EDX), in addition to an electron probe micro analyzer
(EPMA), we present the results of analysis of a
contaminant adhering to the surface of frozen pizza.

M Photograph of Contaminant Adhering to Surface Frozen Pizza Fig. 2 Microscope Photograph of Measurement Sites

The photograph in Fig. 2 shows the site of contamination
on the frozen pizza. It was discovered when the package
of this commercially available frozen pizza was opened.
The foreign substance was subjected to complex analysis
using a Fourier transform infrared spectrometer (FTIR), an
energy dispersive X-ray fluorescence spectrometer (EDX),
and an electron probe micro analyzer (EPMA).

4000 3000 2000 1500 1000
1/cm

Fig. 3 Infrared Spectra of Contaminants

It is evident from Fig. 3 that the infrared spectra appear
differently depending on the location. Among the
spectra of Fig. 3, searches were conducted using the
spectra (1), (4) and (5). The results are shown in Fig. 4 -
M Analysis by FTIR Fig. 6.

Some of the foreign substance was scraped off the
frozen pizza, and after rolling it onto the diamond cell,
the infrared spectrum was measured by transmission
infrared microscopy. Measurements were conducted at
multiple sites on the contaminant. Fig. 2 shows a
photograph indicating the measurement locations, and ]
Fig. 3 shows the overlaid infrared spectra that were Abs |
obtained at the respective sites. Measurements were |
conducted using 30 x 30 pm focal regions. The 0.5
analytical conditions used are shown in Table 1.

Fig. 1 Photograph of Contaminant Adhering to Frozen Pizza

Contaminant 1

Table 1 Instruments and Analytical Conditions

Instruments . IRPrestige-21, AIM-8800 0 Fluorine compound

H . B T T T T
Resolution t4cm’ 4000 3000 2000 1500 1000
Accumulation 145 1/cm
Apodization : Happ-Genzel

Detector “MCT Fig. 4 Search Result 1
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Starch

T T T T
4000 3000 2000 1500 1000

Fig. 5 Search Result 2

Abs ]

0.75

0.5
0.25{
o] Linseed oil
T T T T
4000 3000 2000 1500 1000

Fig. 6 Search Result 3

As can be seen from the respective search results, there were
search hits on a fluorine compound, starch, and linseed oil.
Of these, the starch and linseed oil are expected components
of the pizza dough. The fluorine compound is an industrial
product, and since it is also used in cooking utensils, it is
apparently a contaminant derived from an external source.

M Analysis by EDX

Analysis of the intact contaminant adhering to the frozen
pizza was conducted using a 3 mm analysis diameter.
Fig. 7 shows the qualitative results comparing the normal
and contaminated parts of the frozen pizza. In addition, a
comparative profile of the normal and contaminated sites
of Fig. 7 was calculated, and quantitative analysis of the
detected elements was conducted by the FP method. The
obtained results are shown in Table 2.

H g _3;§$

=
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|

T B

# f - Normal Site
n - Contaminated Site

Table 2 Quantitative Results for Contaminated Site by FP Method (%)

Fe Cr Ni Si Ca Al Ba Mn

59.42 | 12.07 | 8.97 8.91 4.69 3.55 1.72 0.79
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From the results shown in Fig. 7 in which Fe, Cr and Ni
were detected in the contaminant as principal
components, and considering the quantitative results,
the contaminant is presumed to consist of stainless steel
(SS). Further, since Al, Si, Ca and Ba were also detected,
it is possible that a ceramic or other pigment-containing
material may also be included. Since Na, P, S, Cl, K and
Ca were also detected at the un-contaminated site,
these are assumed to be of food origin. As for the F that
is derived from the fluorine compound and was
detected by FTIR, it was not clearly detected here,
probably due to the small relative mass within the
analysis radius and the overlap with the Fela line.

M Analysis by EPMA

After scraping off a portion of the contaminant and
coating its surface with gold, we conducted mapping
of each element within a micro-region measuring 400 x
400 pm. Fig. 8 shows the mapping results for the
principal elements that were detected.

The SS constituents Fe and Cr that were detected by
EDX were detected over a wide range. In addition, the F
that was detected by FTIR was detected in a localized
perimeter. Thus, the results are consistent with the
obtained FTIR and EDX results.

Fig. 8 Results of Elements Mapping for Contaminant Part

M Conclusion

Complex qualitative analysis using FTIR, EDX and EPMA
was conducted to identify a contaminant adhering to the
surface of frozen pizza, and the results indicated detection
of SS constituents and a fluorine compound. EPMA
mapping results indicated that the SS constituents (Fe, Cr)
were scattered over a region of approximately 10 um.
On-site verification in the actual manufacturing process is
essential to identify the source of contamination, but from
the photograph of Fig. 1, the contaminant appears to be
some type of burnt substance. The above analysis suggested
that the contaminant consists of burnt cooking oil mixed
with a fluorine compound originating from a cooking utensil

L Thrt]

or manufacturing machine, in addition to SS powder.
Fig. 7 ¢C-»2U Qualitative Results for Contaminated and Normal Sites
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The infrared spectroscopy is a nice tool to
make things visible which are not so easy to
access. Without any sample treatment it is
possible to go for identification. In the past
the analysis with infrared and the classical
analysis methods related to transmission
spectroscopy needed prepared sample
amounts free from water. That is not more
needed with the ATR technique also humid
sample, water based samples or water
samples are possible. In this application the
focus is set to the analysis of the daily bread.
In Germany bread plays an important role.
Nowhere in the world are more variation of
bread available than in Germany.

mBread analysis

b

A variety of fresh prepared bread is available
also double baked bread, extra dry bread and
the Scandinavian sorts named crisp bread
(Knacke-Brot, Smgrebroed). These sorts of
bread show the main difference in the water
content. Double baked bread is with
approximately 3% of water and Scandinavian
dry bread with approx. 6% to 10% of water
content. The standard bread will have higher
content which is approx. 34 to 40% of water.
The values are average values as found in

Analysis of bread with FTIR-ATR
technique — View to the water content in
different appearances of Bread

literature. Bread with all the materials is still a
natural product. For the analysis three sorts
of bread were analyzed. All three were used
as they appeared, were placed on the
measurement window of the single reflection
ATR accessory and were measured. In figure
one the infrared spectra from the three
breads are shown.

Fig.1: three infrared spectra showing different
bread, black is the double baked, green the
Scandinavian style and the grey is the fresh
bread

The three spectra show different intensity but
have similar shape. The difference in the
intensity is result of the hardness of the
bread. The contact from bread to the
measurement crystal is different in all three
cases. Best contact was realized with the
fresh bread because it is very soft in
comparison to hard bread variations. Thinking
about the water content it is difficult to judge
which one shows higher concentration. For
solving such problem one idea is to use the
superposition of the substance information in
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each infrared signal. In case water is present
then it should have strong signal at 3300cm’
'and at 1640cm™. The main signal of starch,
sugar and cellulose which is around the
1000cm™, should show a difference in the
ratio to the water based OH-signals.

Table 1:

Analysis of the signal ratio from 3277cm™
against the 1014cm™ for bread infrared
spectra

literature. The values for the dried bread are
higher than the one for the fresh bread. The
signal 3300cm™ is the —OH value, in case
there is water inside the ratio to the vibrations
modes of -CH, -CH2 should be lower than
the one of the water. The range in which the
water is most effective 3300cm™ and the
Hydrocarbon signals around the 2980cm™
were used to built up a calibration using the
area of the signal groups in ratio.

Table 2:

Analysis of the signal ratio from 1640cm™
against 1014cm™ for bread infrared
spectra

Bread fresh double Crisp
baked bread

At 0.635 0.2 0.16

1014cm’™

At 0.248 0.074 0.068

3277cm’

Ratio 0.39 0.37 0.425

Bread fresh double Crisp
baked bread

At 0.635 0.2 0.16

1014cm’™

At 0.164 0.064 0.046

1640cm’’

Ratio 0.26 0.32 0.29

Fresh= bread_9, double baked= bread_1,
crisp bread= bread_4

The result shown in table 1 is unexpected.
The question is why such result is visible. The
ratio of the two signals cannot make the
water content visible. The crisp bread has
same ratio as the fresh bread.

m\What is the water content in bread at all and
where is it in the bread?

First of all is to check the analysis technique
itself. The ATR measurement is a surface
measurement. The infrared beam will pass
into the surface of a material with
approximately 2um. The beam will touch the
starch and cellulose grating of the main
materials of the bread. Sugar, starch, etc will
have signals in the range of the water signal
at 3300cm™ too. More sensitive is the signal
of 1640cm™.

The ratios in table 2 are better reflecting the
actual situation as in comparison to the

With the ratio of both signal groups the
physical aspects are minimized. In this case it
was the hardness/softness of the bread. The
pressure of sample against the measurement
window was in all cases the same.

Table 3:

Correlation model using the ratio areas of
two signals and theoretical water content
values using the approximations from the
suppliers

Peak area | 3020.526 - 3682.110cm™

Reference | 2974.234 - 2682.983cm™”

Spectrum | Concentration | Peak Area Ratio

bread_1 3 7.931
bread 9 30 20.287
bread 4 7 10.506




The quantitative model including the water
area is most successful to determine the
water content. Natural three standards are
only a suggestion. More standards will
improve the shape and truth of the calibration
curve (Fig. 2).

Corr. Area
22+

16

12+

3] (o]

Ly I B I
5 10 15 20 25 30
Corr. Area =+5.955 +4.465E-1 * c*1, r=0.993133 Arb.Units

Fig. 2: Correlation curve of the three samples,
with a regression coefficient of R=0.998133.

Fig. 3: Infrared spectrum of the water signal
at 3300cm-1 for three different bread
samples.

mConclusion

The analysis of water content in bread
products is possible. The best analysis range
combination is the water signal at 3300cm’
and the region of deformation vibrations of -
CH2, -CH3. The ratio is needed to exclude
the physical situation of the sample, which is
part of the spectrum shape. The —CH, -CH3
will represent the sugar molecule in the
various substances which are part of the
bread. The correlation at the selected position
is most successful for the determination of
the water contents with a single reflection
accessory.

minstrumentation
IRaffinity-1
DuraSamplIR

IRsolution: Quant program, MP calculation
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Polymer chips are widely used for the
packing of materials which are sent to
everywhere. Due to recycling matters and to
fulfill environmental subjects the packing is
changed to 100% recycling material. More
and more such packing contain chips which
are declared as to be food — eatable

Such eatable materials for packing are known
in the catering area, as traditional the ice
horns were used made from cookie tasting
waffle. Earlier that time first plates for French
fries or desserts appeared. New is to use
food in form of a chip as packing. What
makes the difference or is there a difference
between the normal food like bread or bread
like products and a chip for packing?

Fig. 1: Zoom on to a surface of a chip
made from food

The appearance of such chips is very
different. Some are declared to be eatable
and others are prepared from food but not
recommended to eat. The color of such chips
can also vary. The chips discussed here have

Packing made from Food
Analysis of polymer chips
With Infrared Spectroscopy

in common that mixed with water they will
change easily into a pulp and the volume is
reduced to minimal.

mBread, Oblate or Chip

Different food from the range of very dry
bakery based on wheat, starch, etc. were
compared to the industrial packing chips. As
samples were used crisp bread, and oblate.
Both are very dry materials which are result
from their bakery style.

Fig. 2: Infrared spectrum of a packing chip,
white colored, declared as eatable

The infrared spectra were measured using
the single reflection ATR method. With this
method the infrared beam will penetrate
approx. 2um into the sample surface. Due to
the hardness of the bread and the oblate and
the softness of the chips the intensity of the
spectra are different.
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Fig. 3: Infrared spectrum of a packing chip F|g5ln one view is shown the difference in
declared to be from recycled paper mixed the food as food and the chips as packing
with starch

mAnalysis of the result

In the spectrum of the chips is missing a
signal at 1540cm-1. In the range of 1700 to
1750 cm-1 is a difference in the —CO signal
area. It is possible to detect the bread and to
make the difference for the chip. It is as if the
chip is fat free. On the other hand it seems
that the chips contain some organics which
are not belonging to the production of the
bread and oblate shown here.

Fig. 4: Infrared spectra from crisp
bread(black), oplate(green), eatable
packing(blue) and packing from recycled
paper(red)

L . minstrumentation
As seen in figure 4 all spectra are showing

the same base spectrum. Only little IRAffintiy-1
differences are detectable in a short range of
the infrared spectra. The range which shows
directly differences is shown in fig. 5.

IRsolution software

DuraSamplIR
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Coffee bean measurement
under the pressure of the “Quest™”
NoO. SCA-110-090  with Infrared Spectroscopy

For this application was of interest to see the
infrared spectrum of a coffee bean under

different hardness conditions using a single :
reflection ATR accessory made of diamond. ‘

Fig. 2: Typical colors of beans for different levels of
roasting (from unroasted green, starting to pale, yellow tan,
light brown, first crack, full city roast to Vienna French
level).

For this measurement the QUEST™ from
Specac was used. This is a full diamond
single reflection accessory. The sample - the
bean - was placed on top of the diamond
window. With the flat anvil the bean was

Fig. 1: Roasted coffee beans in different appearance pressed against the diamond, the result is to
depending on the roasting time see in figure 3. A very low spectrum of mainly
polysaccharide and caramel products (see
table 1) is visible.

Coffee beans ready prepared for the coffee
machines are from extraordinary hardness.

By the roaSting process the bean loses a lot Table 1: Average value of ingredients of Arabica coffee dry
of water, gets dry, hard and diverse brown mass (1).
colors (see Fig. 1). In figure 2 a short guide Substance roasted coffee
to bean colors gives an impression of the Polysaccharide 35%
variation of the brewed coffee aromas which Lignin 3%
are behind the colors. Fats 17%
Protein 7.5%
The yellow brown bean visible in the middle Caffeine 1.3%
of figure 1 was used for this' ex.periment. Itis ézr:amel broducts ‘2‘855/‘(’,/0
known that very hard material is very bad to
measure with reflection techniques. In this
case the focus was set to the single ATR A piece of the bean was pressed several time
measurement with a diamond optical element to the diamond window. With each repetition
and diamond sample window. of the pressing procedure the piece was

softer and the amount of details in the
measured infrared spectrum got better. The
softer part had much better contact to the
diamond surface and transferred more
product information into the spectrum. The
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figure 3 shows three spectra, which reflect
the hardness of the bean piece. The most
soft bean fragment resulted in a high
resolution spectrum - so far it is possible to
talk about a high signal resolution in a mixture
of substances shown in table 1 which
resulted in a spectrum with broad signal
groups.

The diamond ATR was used as a squeezer
for the benefits of the spectrum resolution.
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Fig. 3: Infrared spectrum of a coffee bean - hard coffee
bean is the yellow-green line and the softest is presented
by the black line.

Figure 3 shows clearly the growth in the
signal shape caused by better sample contact
to the optical element- in this case the
diamond window. This is the benefits of a
diamond window that it can be used for very
hard material. You can press such materials
directly to the surface without any chemical
treatment.

m The Quest ATR accessory

“This is an ATR accessory designed for the
measurement range of 7800 to 400cm-. The
ATR crystal is mounted in a durable stainless
steel puck and held in place against a robust
metal seal to ensure compatibility with a
broad range of sample types.” (2)

I SHIMADZU

Shimadzu Europa GmbH i b

www.shimadzu.eu

“Monolithic diamond ATR accessories are
seen to benefit from the inherent robustness
and durability of a solid diamond element,
and are particularly resilient to high point
loads typically encountered when analyzing
hard irregularly-formed samples.” (2)

Fig. 4: Single reflection ATR — The Quest, a full diamond
ATR version from Specac, here shown as part of an
IRAffinity-1 from Shimadzu

m Instrumentation Package: FTIR-QUEST

IRAffintiy-1S

IRsolution software

Quest ATR accessory with monolithic diamond
from Specac

m Literature:

(1) St. Kaiser, I. Melle, H. J. Becker: Zur Chemie
des Kaffees, Praxis der Naturwissenschaften —
Chemie, 46. Jahrg. 1997, Nr. 6, S. 17-22, Aulis-
Verlag; and Wikipedia, January 2013

(2) www.specac.com/userfiles/file/MD3Quest.pdf
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Tea is as hot and cold drink the next
alternative to juice, water or coffee for
refreshing the liquid household of the human
body. Tea starts to get over the years also in
Germany a strong competition to the coffee
cooking. To attract possible consumers the
supplier of tea work on the extraction and the
presentation of the tea. A new package like a
tetrahedron form is looking more exclusive
than the standard bag to present the tea
particles, it can have the function of an eye-
catcher. The idea to use the tube form which
can be used as spoon for stirring the tee is
another trial. Diverse suppliers of tea invested
into such new appearance of the tea.

Fig. 1: diverse tea packing from tetrahedron,
stick to classical bag form from diverse
suppliers

The nice appearance of the bags in all forms
raised the question from what kind of material
these bags are. Over the years the consumer
was trained to the cellulose bags in its
classical form as in Germany, pads in other
countries, partly also tetrahedron forms seen

Tea Bags in the focus of identification
Single reflection ATR measurements
With Infrared Spectroscopy

in Japan. Doing the evaluation of this bags
the thinking in cellulose or similar materials
were the first idea.

Such identification of material can be easily
done with the FTIR technique. With this
analysis technique it is possible to analyze
materials destroying free. The ATR
measurement technique is a tool which helps
to use the sample as it is. In this case simply
the bags without tea particles were placed
under anvil of the diamond based single
reflection unit.

For this measurement the QUEST ™ from
Specac was used. This is a full diamond
single reflection accessory. The sample was
placed on top of the diamond window. With
the flat anvil the bag was pressed against the
diamond.

Fig. 2: Single reflection ATR — The Quest, a
full diamond ATR version from Specac,
mounted to Shimadzu FTIR sample
compartment
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mDiscussion of the analysis 1on-{

In figure 3 are shown the reflection spectra of ] w\\/{\ﬂ

5 different sources of tea bags:

1. Teekanne “Minze’, ot S——

2. Teekanne Filter, :‘:&\/\/Jsv

3. Bio Darjeeling, ALDI Sud o

4. REAL Krautertee (SRS I e et . B .

5. MeRmer Rooibos Vanille T o =

Tea bag_Bio, Darjeeling_Quest 2 —

T Em— O P Ty o Fig. 4: search result of the filter in the library
o = collection, Cellulose was found with a match
of 990. Score maximum is 1000.

0 The difference of the Teekanne cellulose is to
see in the signals at 1716, 1333, 1240, 872,
846, 720 and 698 cm-1 which are broad and
strong as well as small and sharper (Fig. 3

] the green spectrum). With the subtraction of
o s o oo oo o w0 w0 w0 W o the Teekanne filter (fig.4) from the Teekanne
Minze bag the following spectrum was
received and this searchesd in libraries. The

7754
750
725

700

675

Fig. 3 Infrared spectra from 5 sources of tea

bags in classical style. Two show significant match is PET (Fig. 5).
differences caused by an additive ( ~1700cm-
1 and ~12500m-1 Strong bandS) 10 [Taphac Taskanne Wieas Cuesl]mna Tanbag. Testaens M st 11—

WS 0 W00 s We  uo

All spectra are dominated by the profile from
cellulose as it is commonly used as material o e —

w00 oo Wo 0 i 000 o e
Toa bag_1 wesamne_Man_Guest_1 mmus Taa g Teokanme_ter_Guest_1 )

for tea bags. Two sources Teekanne Minze 15
and REAL Krautertee have an addon inside :
which is visible in a strong band in the CO R e e e R e e B ER S TE
vibration area (~1700, 1250cm-1). _]"'..".."'T'"”“'”“?"“":';. = = =7

Sample 2 the filter shows the expected hit

Fig. 5: Difference spectrum from two tea
quality when using the search in libraries.

bags, which was used for the search in
libraries, resulted in PET match with a score
of 920, which is a good result.

The additive is PET as a thin layer covering
the fabric. The signal size is roundabout
25 mAbs which is a very small signal
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correlating to the thickness of the PET layer
on the cellulose fabric. The penetration of the
infrared beam into the fabric surface is
approx. 2um. In case the spectrum has the
information from more than one substance
the thickness discussion can start with having
thickness of lower than 2um. This is the
discussion of the classical or regular teabags.

In the following the view is directed to the
modern appearance of tetrahedron styled
bags.

For this purpose several samples were
collected:

1. Teekanne Assam Gold
2. Lipton Earl Grey
3. Loyd Rosehip Apple

100 [Teabag Lipton Earl Grey Quest 1 —
4 ea

%T iw
e e I\ N

T T T T T T T T T T T T T
4400 4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
Tea bag Lipton Earl Grey, tetraheadron, Questwide range em-1

Fig. 6: Reflection infrared spectrum from
three tetrahedron bags, the samples are from
PET (polyethylene terephthalate )

In figure 6 are the infrared spectra from three
bags of tetrahedron form. The baseline of the
measurements is different in height. The
position most nearest to the 100% of the
baseline is correlating to the hardness and
sum of contact to the measurement window
of the accessory. By subjective view to the
bags it is: red line, a more hard PET, signals
are low because the contact of the PET net

from the bag is poor even when folded
several times to get a more homogeneous
fitting to the surface. Green line shows
spectrum from the smoothest material with
narrow grid lines used in the net of the bag. In
this case a lot of fibers are filling up the
measurement area from the diamond crystal
and this result in higher spectrum signal.

mConclusion

The infrared spectroscopy is able to identify
the fiber and the polymer layer on a fiber with
single reflection ATR method. It is easy and
simple to handle. Very important is that the
technic is destroying free in comparison to
other analytical techniques in which first an
extraction has to be done from the sample.
Naturally with help of energy dispersive
fluorescence (destroying free) or elemental
analysis (AAS, ICP needs destroying) more
details from such a tea bag can be evaluated.
In the focus are rare earth and heavy metals
in food.

minstrumentation

e |RTracer-100

e LabSolutions IR software

¢ Quest ATR accessory with monolithic
diamond from Specac

e Shimadzu Libraries
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4. Life Science Lab Instruments

4.1 Electrophoresis

The MCE-202 "MultiNA" offers fully automated electrophoresis C297-E080 Rapid identification of meat species with the
of DNA and RNA fragments based on reusable microchip tech- MCE-202 “"MultiNA"

nology. This enables not only high-speed analysis but also high SCA-210-012 Testing and analysis of genetically modified
separation performance and high reproducibility. Size determi- food

nation and semi-quantification of any nucleic acids may there- SCA-290-001 Identification of thunnus using PCR-RFLP
fore be used to detect biological contamination or to analyze method with MCE-202 “MultiNA"

the origin even of processed food products by genetic analysis.
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Use of the MCE-202 "MultiNA" in combination
with the Ampdirect® reagent kit not only
simplifies the pre-processing and detection
operations in the identification of meat
species, but also enables convenient,
accurate and rapid identification of each
species.

mintroduction
With the increased concern over food safety

and consumer awareness in recent years,
there has been a demand for accurate,
convenient, and rapid identification of the
types of meat contained in meat food
products. This need for meat species
determination is met with the MCE-202
"MultiNA” DNA/RNA analyzer, which employs
the multiplex PCR method.

Rapid Identification of Meat Species with
the MCE-202 "MultiNA"

mResults
Five types of individual meat samples

(chicken, beef, mutton, pork, horse) and
samples containing mixtures of these were
prepared. Then, without con- ducting DNA
refinement, the Ampdirect® reagent was
used and PCR was performed. Results of the
analysis using the MCE-202 "MultiNA" are
shown in Fig. 1. The fragments were clearly
separated according to species, with 218bp
from chicken, 268bp from beef, 331bp from
mutton, 359bp from pork, and 430bp from
horse. Fig. 2 shows the results of species
identification in varying mixtures of three
types of meat. Detection was possible even
for individual meats comprising just 1% of the
mixture. It is clear that multiple species of
meat can be rapidly identified with a single
analysis.
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Fig. 1 Analytical results of multiplex PCR products of five meats amplified by Ampdirect®
(MultiNA gel image and electropherogram)
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mAnalytical Procedure

Analytical Instrument: MCE-202 "MultiNA"
Analysis Mode: DNA-500 Premix
Sample 1D C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 D1 D2 D3
Pork (%) 0 1 5 10 20 400 98 90 80 60 O 1 5 10 20
Boef (%) 400 98 60 B0 60 0 1 5 10 20 0 1 § 10 20
Chicken (%) C 1 5 10 20 0 1 5 10 20 FEEEESEE NI
| = s ele|ele | e e|ele|e|e|e|e|e|.
bl €1 €2 €3 C4 C5 C8 C7 C8 CO C10 C11 C92 D1 D2 D2
m — e — e — — —— — — — — — — —
140 o e
NIS d 7 o w— —
w00 —
7%

Fig. 2 Analytical Results of Multiplex PCR Products of Three Meats at Various Mixing Ratios

PCR Primer: Based on the paper of _
Homogenize in SNET buffer
Matsunaga, et. al. (Journal of Japanese Food (0.5 % SDS, 400mM NaCl , 0.1M EDTA, 10mM Tris - HCI, pH 8.0)
Science and Engineering, 46(3), 187, 1999), v
some modifications were made to the base Cell Lysis A
1: 200 of 20 pg /UL Proteinase K
array. 7
Reagent§: i
*  Ampdirect® 55 °C x 30 min
- DNA-500 Reagent Kit for MultiNA v
H H Inactivation for ProK
(by Shimadzu Corpf)ratlc.)n) ' % e
* SYPR® Gold nucleic acid gel stain 7
(by Invitrogen Corporation) POR rescticn miure
° 2 x Ampirect 100 L
25bp DNA ladder . 10 uM 5" primer 1.0 L
(by Invitrogen Corporation) 10 #M 3' primer for beef 10 pL
10 £M 3° primer for pork 10 gL
10 M 3' primer for chicken 10 pL
Nova-Tag (HS) 5 U/u L 0.1 gL
MQ water 59 ulL
Total 20 pL
v
PCR Reaction
95 °C x 10 min
(94 °C x 30 sec + 60 °C x 30sec + 72°C x 30 sec ) x 35 cycle
72 °C x 7 min

Fig. 3 Sample Preparation and Reaction
Conditions
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Testing and Analysis of Genetically

Modified Food
NoO. SCA-210-012

Genetically modified organism (GMO) has
burgeoned over the years in order to satiate
the global appetite or to add value to natural
agriculture products. Technology to increase
crop yields has been a constant demand, and
the introduction and success of increased
agricultural yield by using gene recombinant
technology has indeed increased productivity
in crop yields. On the other hand, the
question arises as to whether these
genetically modified food sources are safe to
eat, and are nutritionally beneficial compared
to natural products? The necessity to protect
consumers while assisting agricultural food
producers is a challenge for regulatory
agencies globally, requiring that they keep up
with quickly evolving technology and
increasing genetically modified foods. In this
environment, various regulations are
conducted in many countries. Consumers
tend to avoid such genetically modified foods
though many GMO food have been approved
by the safety assessment, the cultivation and
circulation of foods developed using gene
recombinant technology are currently rare in
some countries. However, genetically
modified organisms are actively cultivated
globally, and large quantities of genetically
modified organisms and their processed
foods spread all over the world.

m Test procedures of genetically modified
foods

Analytical tests for recombinant genes in food
products can be classified to qualitative

testing to determine the presence or absence
of genetically modified organisms (GMO) and

quantitative testing to determine the ratio of
genetically modified organisms to non-
genetically modified organisms (GMO
content). The methods adopted for qualitative
testing include lateral flow immunoassay,
qualitative PCR, and the GUS gene test,
while quantitative PCR and ELISA (enzyme-
linked immunosorbent assay) are adopted for
quantitative testing.

Since the ELISA and lateral flow
immunoassay methods are based on antigen-
antibody reactions, they are not applicable to
testing for processed foods because
antigenicity is lost due to protein denaturation
during heat processing, etc. DNA exhibits
superior stability to protein because DNA has
better thermal stability and is more tolerant to
decomposition and denaturation upon heating
or other processes.

m Analysis of Genetically Modified Corn
(MON810)

Here we introduce an analysis of genetically
modified corn (MON810) as an example of
genetically modified food analysis. After
extracting DNA from 3 powdered samples
consisting of genetically modified corn
(MON810) having GMO content of 0 %, 1 %
and 5 %, respectively, the extracted DNA
from each of the samples was used as a
template. PCR was then conducted using a
primer for endogenous gene SSIIb-3
detection and a primer for the genetically
modified MON810 detection. Electrophoretic
analysis of the obtained PCR products is
conducted using the 'MCE-202’ MultiNA
microchip electrophoresis system, and the
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presence or absence of PCR products
corresponding to the target region is
confirmed. The electrophoretic analysis of
PCR product using the MultiNA are shown in
Fig. 1. In analysis of the PCR products using
corresponding to SSlIb-3 was detected in all
of the samples except for the negative
control. The endogenous gene SSlIb-3 is a
gene that is specific to corn, and detection of
the endogenous gene in a sample means
PCR testing of the recombinant gene in that
sample is effective. On the other hand, in
analysis of the PCR products using the
primer for the genetically modified MON810
detection, the PCR product (113 bp)
corresponding to MON810 was detected in
the 1 % and 5 % GMO content samples, as
well as in the positive control sample.

m Detection of Genetically Modified DNA
(GA21) in Processed Corn

Here we introduce an example of analysis of
genetically modified DNA in processed corn
using qualitative PCR. DNA was extracted
from 4 types of processed corn products (2
types of canned corn, 1 type of popcorn, 1
type of corn starch), and the DNA extracted
from each of the samples was used as a
template. PCR was conducted using a primer
for the endogenous gene SSlIb detection and

Fig. 1: Analysis of genetically modified corn
(MON810) using MultiNA

a primer for the genetically modified GA21
detection. Next, the obtained PCR products
were analyzed using the MultiNA. The
analysis results are shown in Fig. 2. In PCR
using the primer for the endogenous gene
SSlIb detection, the PCR product (151 bp)
corresponding to SSllIb was detected in all of
the processed food samples and in the
positive control plasmid. If damage to DNA
derived from processed food is considerable
due to heating during processing,the
endogenous genes will not be detected. In
samples where the endogenous gene is not
detected, qualitative testing for genetically
modified genes in these samples is regarded
as invalid. On the other hand, in analysis of
the PCR products using the primer for the
genetically modified GA21 detection, the PCR
product (133 bp) corresponding to GA21 was
detected only in the positive control plasmid,
and was not detected in the 4 types of
processed food samples, which were labeled
as "Non-GMOQO". As shown in the
electropherograms of the negative and
positive controls, the SSlIb gene (151 bp) and
GA21 gene (133 bp) are clearly detected
using only 20 copies of the positive control
plasmid. Thus, high-sensitivity qualitative
PCR analysis of genetically modified food is
clearly achieved using the MultiNA.
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Fig. 2: Analysis of genetically modified gene (GA21) in processed corn food products using MultiNA.

Left side: Gel image showing the ladder (lane L). 4 types of processed corn food samples (lanes 1-4), negative
control (lane 5) and positive control (lane 6)

Right side: electropgerograms showing the negative controls (5) and positive control plasmid (6)

MultiNA Features

High Analysis Performance

Compared with agarose gel electrophoresis, the microchip electrophoretic
analysis with the MultiNA delivers excellent sensitivity, separation,
repeatability and quantitation performance.

Automated Operation for up to 120 Analyses

Simply set up the samples and the separation buffer for automated
analysis of up to 120 analyses. The parallel processing for analysis
pretreatment and electrophoresis permits a processing speed of just 80
seconds per analysis.

Maximum Ease of Use

Analysis operation with the MultiNA is extremely simple. Just set up the
analysis schedule, and then simply load the reagents and samples and
click the [Start] button.

Reduce Analysis Costs
The reusable, high-performance microchip achieves lower running costs
per analysis than agarose gel electrophoresis.
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|dentification of Thunnus Using PCR-

No.SCA_290 001

Consumer concern over food safety has steadily
risen in recent years. Responding to this concern,
the Japanese Agricultural Standard (Law
Concerning Standardization and Proper Labeling of
Agricultural and Forestry Products) was revised.
The Quality Labeling Standard System was
established, requiring the clear and accurate
display of food product name, country of origin, etc.
It is the responsibility of the manufacturer or the
distributor to accurately convey this information as
a product selection guideline to consumers. For
example, seafood belonging to the tuna species,
which is consumed in large quantities by the
Japanese, is difficult to distinguish among the
various types when presented in the fresh or
processed seafood state. Therefore,
misidentification, inaccurate labeling and disguise
during the distribution process are considered to be
social problems, therefore requiring a technique
that can quickly, simply and accurately distinguish
among product varieties. Here we introduce the
procedure for distinguishing the differences among
fish stock of Atlantic bluefin tuna (Thunnus
thynnus), southern bluefin tuna (T. maccoyii), a and
[ bigeye tuna (T. obesus), yellowfin tuna (T.
albacares), and albacore tuna (T. alalunga) using
the PCR-RFLP (Polymerase Chain Reaction -
Restriction Fragment Length Polymorphism)
method as described in the manual produced by
the Food and Agricultural Materials Inspection
Center and the National Research Institute of
Fisheries Science, Fisheries Research Agency.
The MCE-202 "MultiNA" microchip electrophoresis
analyzer was used for detection of the separation
patterns of the PCR-RFLP products used for
distinguishing the differences between these types
of fish stocks.

mExperimental Procedure

The DNA extraction and PCR conditions
conformed to those presented in the Manual for
Distinguishing Among Tuna Fish Stocks produced
by the Food and Agricultural Materials Inspection
Center and the National Research Institute of
Fisheries Science, Fisheries Research Agency.
DNA was extracted from pieces of Atlantic bluefin

RFLP Method with MCE-202 "MultiNA"

tuna, southern bluefin tuna, a and 8 bigeye tuna,
yellowfin tuna and albacore tuna. PCR was
conducted using the DNA extracted from the
various types of tuna as templates. Primers
specific to the tuna mitochondrial DNA were used
for PCR amplification. The obtained PCR products
were processed using restriction enzymes (Alu |,
Mse |, Tsp509 1). Electrophoresis of the obtained
enzyme digest fragments was conducted using
the MultiNA, and the fish varieties were
distinguished based on the differences in the
fragment patterns.

mReagents / Kits

DNA-500 Kit (Shimadzu)

SYBR® Gold nucleic acid gel stain (Invitrogen)
25 bp DNA Ladder (Invitrogen)

DNeasy Blood & Tissue Kit (Qiagen)

Alu | (New England Biolabs Japan)

Mse | (New England Biolabs Japan)

Tsp 509 | (New England Biolabs Japan)

Specimen

DNA extraction

DNA purification

PCR

PCR products

Restriction enzyme processing

PCR-RFLP products

MultiNA electrophoresis

Identification of tuna varieties

Fig.1: Experimental procedure of identification of
Thunnus using PCR-RFLP method
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mAnalytical Conditions for PCR-RFLP
Products

Instrument: MCE-202 "MultiNA"
Analysis Mode: DNA-500 on-chip mode

mResults

Fig. 2 shows the results of analysis of the PCR-
RFLP products from Atlantic bluefin tuna
(Thunnus thynnus), southern bluefin tuna (T.
maccoyii), a and (3 bigeye tuna (T. obesus),
yellowfin tuna (T. albacares), and albacore tuna
(T. alalunga) by MultiNA. The Atlantic bluefin tuna,
B bigeye tuna, and albacore tuna show distinctive
fragment patterns as a result of Alu | restriction
enzyme processing, allowing them to be
distinguished (Alu | processing marked withx in
Fig. 2).

Southern bluefin tuna
o Bigeye tuna
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However, the southern bluefin tuna, a bigeye
tuna, and yellowfin tuna show the same
fragmentation pattern. Therefore, we next
performed restriction enzyme processing using
Mse I. The southern Bluefin tuna showed a
distinct fragmentation pattern as a result of
restriction enzyme processing using Mse |,
allowing its identification (Mse | processing
marked withx in Fig. 2). As for the remaining a
bigeye tuna and yellowfin tuna, 2 types of distinct
fragmentation patterns were observed as a result
of Tsp 509 | restriction enzyme processing,
allowing these to be easily distinguished (Tsp 509
| processing marked withx in Fig. 2). The
excellent sensitivity, separation and repeatability
of the analysis data obtained with the MultiNA
demonstrate that it is a powerful and fully
automated tool for determining intra-species
genetic variation.

©
| o
2
£
T © «© T «©
= B s = o
o 2 2 = =2
E o c ¢ £
m A
£ 5= g 5=
3 @ 3 T O3
w B > | 3 >
x brl ¥ X

500

475

40

378

350

325

100 4

Tsp509 | Processing

Fig.2: Analytical results for PCR-RFLP products from Thunnus

G SHIMADZU

Shimadzu Europa GmbH

www.shimadzu.eu

For Research Use Only. Not for use in diagnostic procedures.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written
approval of Shimadzu. The information contained herein is provided to you “as is” without warranty of any kind including
without limitation warranties as to its accuracy or completeness. Shimadzu does not assume any responsibility or liability

for any damage, whether direct or indirect, relating to be the use of this publication. This publication is based upon the

information available to Shimadzu on or before the date of publication, and subject to change without notice.



4. Life Science Lab Instruments

4.2 MALDI-TOF Mass Spectrometry

The MALDI-TOF (Matrix Assisted Laser Desorption lonization — MO0398
Time of Flight) technology offers multiple options for profiling

of proteins. This enables identification of contamination, differ-

entiation of bacteria, fungi, yeasts and much more. MALDI-TOF

can also be applied to check authenticity, e.g. profiling of milk

used in dairy products. It is a robust and easy technology that

fits in routine labs for quick control.

Milk and dairy product profiling using iDP!us
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¢ Foodstuff authenticity screening

e Effective detection of adulteration in dairy products
¢ Molecular profiling with minimal sample preparation
¢ Patented SuperSpectrum™ concept

e High degree of flexibility: customizable open database

Milk and Dairy Product Profiling Using iDP/us

e Visualization, clustering and dendrogramming tools for simple interpretation of results

Introduction

iDPus™ s an established MALDI-TOF MS based platform
in microbial identification but it is far from limited to this
application. The flexibility of the open database
associated with iDPUs allows the use of the platform for
molecular profiling experiments and differentiation of
related samples based on the unique features in their
profile. ~ New custom sample-specific  entries
(SuperSpectra) can be added to the existing microbial
database to create a sub-database relevant to a particular
area of research. This has been reported in areas as
diverse as cell line identification, entomology,
zooplankton research, fish speciation and the study of
food-borne bacteria (ref 1-7).

Adulteration of dairy products is a significant problem in
the food industry. Methods for the detection of
fraudulent addition of cows’ milk to other more
expensive types of milk, such as goat or sheep, is
important to eradicate economically motivated milk
adulteration. This illegal practice, however, is not limited
solely to milk production: other areas of the dairy industry
such as cheese manufacture have also been targeted.

For example: the European protected designation of
origin (PDO) legislation protects highly sought-after
buffalo mozzarella from the Campania region of Italy
(Mozzarella di Bufala Campana). While mozzarella can be
made from cows’ milk, it would not receive PDO
certification and would be a significantly cheaper
product. This has led to widespread fraudulent attempts
to misrepresent cow mozzarella as buffalo mozzarella, a
practice highlighted in 2010 when checks of
PDO-protected Mozzarella di Bufala Campana by the
ministry of agriculture in Italy found that at least 25%
contained cows’ milk.

This work demonstrates the effectiveness of the iDPUs
platform for rapid differentiation of dairy products and
identification of fraudulent practices. Proof of principle
of this technique is demonstrated using milk profiling
from several different species. The established method is
then applied to foodstuff authentication using mozzarella
cheese as a model product.



The SuperSpectrum Concept

SuperSpectra are database entries within the iDP/Us database (SARAMIST™) that represent a typical population of a species
or sample. They are computed from multiple mass spectra (Reference Spectra) acquired from a given sample that are
combined into a consensus spectrum weighted by specificity. The weighting algorithm favors sample-specific peaks and
devalues common-feature peaks, further increasing confidence when using database matching. The diagram in figure 1

illustrates the process used to create a SuperSpectrum.

:|>sample 1

AT

multiple mass profiles of
different samples

similarity dendrogram
of mass profiles

Figure 1: Creation of a SuperSpectrum

Experimental

Three types of milk (cow, buffalo and goat) and two types
of mozzarella cheese (cow and buffalo) were obtained
from several sources (table 1). Multiple reference spectra
were acquired and combined into a characteristic
SuperSpectrum for each milk product to populate a
custom dairy-specific database.

Briefly, each of the milk samples was diluted 10-fold into
0.1% aqueous TFA. 1uL of this solution was then
deposited onto the target plate and left until almost dry
before adding 1uL of CHCA matrix. For the mozzarella
samples, a small amount of the cheese was smeared
directly onto the FlexiMass-DS™ target surface using an
inoculation loop before adding 1uL of CHCA matrix.
Spectra were acquired across the m/z range 2000 to
20000.

Product Name Product Type | Species

Tesco Semi-skimmed Milk Cow
Tesco Pure Filtered Semi-skimmed | Milk Cow
Tesco Jersey & Guernsey Cow Milk Cow
Delamere Sterilized Whole Milk Cow
Laverstock Park Semi-skimmed Milk Buffalo
Laverstock Park Whole Milk Buffalo
St Helen’s Farm Semi-skimmed Milk Goat
Galbani Mozzarella Cow

Waitrose Italian Mozzarella Cow

Cantile Mozzarella Buffalo

Laverstock Park Mozzarella Buffalo

Garofalo Mozzarella Buffalo

Table 1: Summary of the milk and mozzarella samples

ﬁL =

consensus spectrum with
average signal intensity

specific peaks
non-specific peaks

miz miz
SuperSpectrum with signals
weighted by specificity

Results
Proof of Principle

The different types of milk analyzed (cow, goat and
buffalo) generated highly taxon-specific mass profiles
exhibiting many species-specific masses. Figure 2
highlights the differences observed between these
profiles.
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Figure 2: iDP/us mass profiles for goat, cow and buffalo milk



Additional samples of cow, buffalo and goat milk were
analyzed and processed for cluster analysis. The
dendrogram results obtained confirmed effective
differentiation of the milk samples (figure 3).
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L Goat milk 4

Figure 3: Cluster analysis of milk originating from cow, buffalo
and goat

Food Adulteration Detection

Similarly to milk, the different types of mozzarella cheese
generated distinguishable mass profiles exhibiting many
product specific masses (figure 4).

Cow
mozzarella

| YO

Buffalo
mozzarella

2000 2500 3000 3500 4000 4500
miz

Figure 4: iDP/us mass profiles for cow and buffalo mozzarella
cheese

To simulate adulteration of a mozzarella sample,
Mozzarella di Bufala Campana cheese was mixed with
cow mozzarella and prepared in the same manner as
previously. The mass profile obtained for the adulterated
sample is shown in figure 5 and clearly exhibits mass
signals from both taxa.

Adulterated
mozzarella

2000 2500 3000 3500 4000 4500
miz

Figure 5: iDP/us mass profiles for adulterated mozzarella cheese

When the adulterated mozzarella sample results were
submitted to search the custom dairy database an
unambiguous identification was not achieved (result
flagged in red in figure 6). Further inspection of the
detailed result showed that the sample had matched
both cow and buffalo mozzarella in the database, a clear
indication of an adulterated sample (figure 6).

Figure 6: Search result confirming mozzarella adulteration



Further adulterated mozzarella samples were analyzed. Cluster
analysis of the results clearly displayed three distinct groups:
buffalo mozzarella, cow mozzarella and adulterated mozzarella
(cow and buffalo mix) confirming that the iDP/Us system can be
applied to dairy foodstuff adulteration detection (figure 7).
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Figure 7: Cluster analysis of buffalo, cow and adulterated mozzarella

Conclusion

Foodstuff adulteration is a prevalent problem within the industry.
It comprises both misrepresentation of products and deliberate
contamination with lesser ingredients. The results shown here
demonstrate effective detection of adulteration in dairy
products. Construction of custom databases is straightforward
and provides a very high level of confidence due to the use of
the patented SuperSpectrum concept and the cluster analysis
tool provides a simple graphical representation of the results
obtained. The iDPUs is an ideal platform for simple and efficient
foodstuff adulteration detection and authenticity screening.
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5. Sum Parameter (TOC/TN)

5.1 Total Organic Carbon Lab Analyzers

The TOC sum parameter determines organic compounds in dif-
ferent matrixes, especially in all kinds of water. In the food and
beverage industry, water is used as solvent, product or rinsing

solution. In addition, the TOC-Analyzer can help in special ap-

plications such as CO, determination in beer.

LAAN-A-TC-E022 Measurement of TOC in mineral water

SCA-130-101
SCA-130-403

TOC — determination in drinking water
Carbon dioxide determination in beer
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Ap pl icati 0 n Total Organic Carbon Analysis

News Measurement of TOC in Mineral Water
No.047

Mineral water and soft drinks use water as their raw Mineral Water Samples
material, but the quality of that water may have a Sample name Source Designation
significant impact on the quality of the final water A Deep well water
product. . B Deep well water
The water quality standard of the Water Supply Act was C Spring water
amended in 2005 in Japan, and TOC (total organic D Mineral water
carbon) was adopted as an indicator of organic matter E Mineral water
in tap water. Similarly, organic matter included in F Mineral water

mineral water and source water can also be evaluated
using a TOC analyzer.

Here, we introduce an example in which the TOC-Lcen
total organic carbon analyzer was used to conduct TOC
measurements of commercially available mineral water.

B Measurement Method I Calibration Curve

The samples, consisting of 6 types of commercially The generated 5-point calibration curve is shown in Fig. 1.
available mineral water in plastic bottles, were analyzed

using the Shimadzu TOC-Lceu total organic carbon Cal. Cuve

analyzer. The instrument was calibrated according to ik i 5 i

the "Total Organic Carbon Analyzer Measurement " ' : R 2
Method: Calibration Curve Generation" method e
specified in the Water Supply Act using aqueous
solutions of potassium hydrogen phthalate at
concentrations of 0, 0.3, 1.0, 2.0 and 3.0 mgC/L "
(carbon concentration 3.0 mg/L), and a calibration 0
curve was generated. To eliminate the influence of the i
carbon content in the pure water used to prepare the
standard solutions, the calibration curve was corrected e i RO

by shifting it so as to pass through the origin. 2o 10000

r: 1.0000

Area
g

Fig. 1 Calibration Curve Data
Measurement Conditions

Analyzer . Shimadzu TOC-Lcen Total Organic Carbon Analyzer

Catalyst . High Sensitivity Catalyst

Injection volume  : 1000 pL

Measurement item : TOC (= NPOC: TOC by acidification and sparging)

Calibration curve : 5-point calibration curve using aqueous solutions
of potassium hydrogen phthalate at carbon
concentrations of 0-0.3-1.0-2.0 -3.0 mgC/L

Samples . Commercially available plastic bottles of
mineral water
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M Results Table 1 TOC Measurement Results for Mineral Water
The TOC analysis results obtained using 6 types of Sample name TOC Concentration [mgC/L]
bottled mineral water are shown in Table 1 and Fig. 2. A 0.108
The TOC values of the samples were low, ranging from B 0.042
0.04 to 0.3 mgC/L, but the measurements were C 0.063
conducted with good accuracy. D 0.281
E 0.089
F 0.333
e O O O T R Y T e N T T 7Y G I
BINNEARLIENE ARMEN ENNEINNINEEARE D
L NEENT AR AR EEARIRARI AR RN
ga T TERT SO 0 0 O
= I SN SN Pt S bt b e
5 PR O A M P T T B i R
0 3 -] 9 12 15 0 3 a 9 12 15
= Timeimin] + [= Time{min] +
ﬁg | Area | Conc. ‘ Result [O\:" Gonc. :}é | Area | Conc. ‘ Result |C\o‘Cbnc
15078 01112 NPOGC0.1081mg/L | 257 1 4363 005346 NPOGD004220me/L 562
218743 01071 | 2 3224 003950 ! |
3 8641 01059 813522 004315
3587 | 0.04395
Sample A Sample B
1 (il I 00 - O +
AN TN E z
5 i e o B e ‘g
%3 T i i e T @
B ; -
] 3 a 9 12 15
= Time{min] + - Time{min] +
Corc. | Resut oV Conc. i | aea| cone. [ Resut  [ovoone
0.06474 NPOC:0.06271me/L | 285 [ 112276 02789 NPOC:0.2805me/L 053
; = 2204 02911
Sample C Sample D

Fig. 2 TOC Measurement Data for Mineral Water
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Drinking water is one of the main important
and life-sustaining food stuffs and is essential
to the survival of all known organism. It is a
crucial component for metabolic processes
and serves as solvent for many bodily
solutes. Water for human consumption must
be free from pathogens, pleasant to drink and
pure. Continuous monitoring is carried out
according to European Drinking Water
Regulation to ensure the greatest possible
security

m European Drinking Water Directive

The Directive is intended to protect human
health by laying down healthiness and purity
requirements which must be met by drinking
water within the European Union (EU).

The directive applies to all water intended for
human consumption apart from natural
mineral waters and water which are medicinal
products.

The European drinking water directive
includes the category of indicator parameter
value specifications. These are not directly
linked to health problems but have an
indicator function.

Sum parameter — Total Organic Carbon

TOC —Determination in drinking water

This list of indicator parameters also includes
the TOC value (total organic carbon), which
has not been assigned a limiting value or
criterion but can be considered as a
cautionary warning for action under unusual
circumstances. Another indicator parameter
included in the list is oxidizability. This is a
measure for the sum of all chemically
oxidizable organically bound compounds
present in water.

With reference to drinking water limiting
values, this parameter is no cause for direct
health concern but can lead to regermination
or undesirable disinfection byproducts.
Oxidizability is proportional to the sum of
organically bound carbons that are
determined as DOC (dissolved organic
carbon) or TOC. Oxidizability can therefore
be replaced by the TOC parameter. The
frequency of determination of the parameter
indicators depends on the volume of water
that is produced or released in a water supply
area.

m TOC determination in drinking water
When examining carbon compounds in
drinking water, it is apparent that the amount
of inorganic carbons, such as carbonates and
hydrogen carbonates, is much higher than
the organic fraction.
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The organic fraction is only 1% of the total
carbons. A TOC determination via the
difference method (TOC = TC - IC) will not be
appropriate in this case, as the calculated
TOC value is prone to large statistical errors.

Example:

TC= 100 mg/l (RSD =2%) + 2 mg/I
(98 — 102 mg/l)

98 mg/l (RSD = 2%) + 1,96 mg/I
(96,04 —99,96mg/l)

IC =

Based on error propagation the total error is +
3,96 mg/|

TOC (calc.) =2 mg/l £ 3,96mg/|
(- 1,96 - 5,96 mg/l)

The total error is bigger than the TOC-result,
negative results are possible.

According to European Standardization EN
1484 (instructions for the determination of
total organic carbon and dissolved organic
carbon), the difference method can only be
applied when the TIC value (total inorganic
carbon) is smaller than the TOC value.

For drinking water analysis the NPOC
method (non purgeable organic carbon) is
therefore used. The drinking water sample is
first acidified to a pH value of 2. This way the
carbonates and hydrogen carbonates are
transformed into carbon dioxide. The CO, is
then removed via sparging with carrier gas.
The amount of volatle and therefore
purgeable organic carbon can be disregarded
in drinking water. What remains is a solution
of non-volatile organic carbon compounds.
These can be oxidized to CO, and detected
via NDIR.

m TOC-L Series

The sample preparation for the NPOC
method (acidification and sparging) is auto-
matically done in the TOC-L analyzer. The
removing of the TIC can be performed either
in the syringe of the ISP-Module or in the
autosampler with the external spare kit.

The ISP (integrated sample preparation)
module consists of an 8-port valve and a
syringe with sparging gas connection. In
addition to acidification and sparging in the
syringe, the ISP also enables automatic
dilution. This feature facilitates an extended
measuring range, dilution of  highly
contaminated samples and the preparation of
a series of calibration samples from a stock
solution. The ISP module can therefore
considerably reduce time-consuming sample
handling steps.

m Example of drinking water analysis:
NPOC-Method

Acidification: 1,5%

Sparge time: 5 minutes

;0
EB
5. [ A | g
\ AT A
A AGTANIA
° ! 1;eit[m'n]

m Recommended analyzer / Configuration
TOC-L cpn
ASI-L (40ml), External Sparge-Kit.

TOC-Viye with ASI-V (40ml)
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Carbon dioxide is an important ingredient in
many soft drinks. This is also the case for
beer. It creates a sparkling and refreshing
(tangy) taste and is important for the
formation of foam.

The CO, content of a beer affects the
threshold values for various fragrance and
aroma components. In addition, bottling
under CO; increases the shelf life of beer..

In the manual of the ‘central- European
brewery technological analysis commission)’
(MEBAK)  various methods for the
determination of CO, are listed. These are
generally based on manometric or titrimetric
method, or they are methods that use
specialized detectors.

Disadvantages of these methods are often
the lack of selectivity for CO, (other gases or
substances are also determined), high
expenditure in terms of personnel and time,
and the lack of possibilities for automation.

Sum parameter — Total Organic Carbon

Carbon dioxide determination in beer

In order to develop a method that does not
have these disadvantages, a TOC analyzer
was used.

m Innovative methods

In this method, the sample (beer) is directly
placed in a 40 mL autosampler vial. 5 mL of a
32% NaOH solution was added to the
autosampler vial to preserve the CO..

The sample is subsequently added directly to
the autosampler and the IC (inorganic
carbon) content is measured.

Preservation step:

CO +OH — HCO
2 3

2

CO +20H —- CO +HO
2 3 2

In the TOC analyzer, the sample is injected in
a concentrated phosphoric acid solution
(25%). The CO, is subsequently released
again and is transferred via the carrier gas to
a COs-selective NIDR detector where it is
detected.
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Displacement reaction: (the strong acid dioxide in bottled or canned beer. In this step,
displaces the weak acid from its salt) 5 mL of a 32% solution of NaOH was directly
added to the freshly opened bottle or can for
preservation.
- +
HCO3 +H - HZO + COZ m Comparison of the methods
The following graph shows the good
2- + agreement between the TOC method (blue
CO3 +2H — HZO + C02 bars) and the Corning method (green bars).
6,00
To calculate the results, the IC function of the 5,00
TOC system is calibrated using a sodium 400
hydrogen carbonate standard in the range of ’
100 — 1000 mg/L. The dilution of the 3,00
individual calibration points is performed 2,00
automatically via the dilution function of the 1,00

instrument. 0,00

m Advantages of this method

e can be automated to a high degree &
o fast
e good reproducibility and high accuracy S
(precision) ®
e multiple determinations from one sample
is possible

o effortless calibration

e simple operation
e highly specific

Using the modern TOC-L software,
evaluation can be carried out automatically or
can be recalculated manually. Another
function enables further processing of the
measurement results. This way the carbon
dioxide content can be directly presented in
the desired dimension. Due to the possibility
for multiple injections, the evaluation contains
all the important statistical quantities

m Recommended Analyzer / Configuration

Another sample preparation variant is to be TOC-L cp
carried out during the determination of carbon ASI-L (40ml)
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6. Materials Testing & Inspection

6.1 Universal Testing

In addition to food flavor, another important factor that affects LAAN-J-AG-E011
how good a food tastes is food texture, such as crispiness, glu-
tinousness, feel on tooth and tongue. LAAN-J-AG-E012

Shimadzu provides complete solutions including soft- and hard-
ware to evaluate physical properties of food.

Other areas of importance for testing in the food industry are
packaging materials such as plastics, aluminium foils and
papers.

Shimadzu has solutions for tensile and compression testing of
all materials, hardness testing of metals, box compression test-
ing tools for food container testing and much more.

Evaluation of foods for people with
dysphagia
Evaluation of food texture
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Evaluation of Foods for People with Dysphagia

No- 1 1 Consumer Affairs Agency, Government of Japan, Food Labeling Notification No. 277
(Permission of Labeling for Foods for Special Dietary Uses)

Introduction

Foods for people with dysphagia are easy to swallow, and intended to prevent pulmonary aspiration and suffocation. In recent
years, there has been an increase in people with dysphagia due to an aging population, so the demand for these commaodities
has increased. In the home medical care context, selecting appropriate meals is important, and using foods for people with
dysphagia is one aspect of this. This article introduces a system for measuring hardness, adhesion, and agglomeration,
evaluation items based on the Consumer Affairs Agency of Japan's Food Labeling Notification No. 277 (Permission of Labeling
for Foods for Special Dietary Uses). F. Yano

Measurements and Jigs

Fig. 1 shows a schematic diagram of the tools used in evaluating foods o Plunger Test Speed
for people with dysphagia. The sample is used to fill a container with a 10 mm/sec
diameter of 40 mm to a height of 15 mm. Compression measurement
is then done twice using a resin plunger with a diameter of 20 mm and So 2
) ' $20 mm
a height of 8 mm, at a compression speed of 10 mm/sec and a Clearance

clearance of 5 mm. For foods that are chilled or eaten at room 15 mmﬂ .| Sample Ij : | 5mm
temperature, the test is conducted at 10°C +2°Cand20°C+2°C. o A

For foods that are eaten warmed, the test is conducted at 20 °C £2 °C
o o Fig. 1: Schematic Diagram of the Evaluation Test for
+
and 45 °C £2 °C. Foods for People with Dysphagia

Measurement Results

4
3.5 |- --- Nikujaga (meat and
Plunger 3 potato stew)
--- Cream soup
25 | --- Corn soup
Sample
container

Load cell
_05 i i i i i i i i i
0O 04 08 12 16 2 24 28 32 36 4
Time (sec)
Fig. 2: Food Test Evaluation Jigs Fig. 3: Food Test Evaluation Results
Table 1: Test Conditions Table 2: Test Results
ltem Set Value Sample Hardness (N/m2)  Adhesion (J/m3) Agglomeration Standard (judgment)
1 —
Test Speed 0 mm/s Nikujaga 1.04x10¢ 0.246x103 0.21 M
Clearance 5 mm (meat and potato stew)

No. of Repetitions 2 Cream soup 1.07x103 0.206x103 0.78 1l

Test Temperature 20 °C Corn soup 0.81x103 0.129x103 0.78 1]
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Evaluation System for Foods for People with Dysphagia

Tester: EZ-SX 2
Load Cell: 50N §
Test Jig: Universal Design Food Test Set %
Software: TRAPEZIUM X Texture .
Thermostat: Thermo-constant cooler/heater (separately installed)

TRAPEZIUM P

EZTest Compact Table-Top Universal Tester

Features

M Light and compact
The compact size fits easily on tables. Testing can be performed in a corner of the office.

B A high-precision load cell is adopted. (The high-precision type is class 1; the standard-precision type is class 0.5.)
Accuracy is guaranteed over a wide range, from 1/500 to 1/1 of the load cell capacity. This supports highly reliable test
evaluations.

W Jog controller (optional)
This allows hand-held control of the crosshead position. Fine position adjustment is possible using the jog dial.

B TRAPEZIUM X Texture operational software
This is the optimal software for a variety of pharmaceutical and cosmetic quality evaluations and physical characteristics
measurements, as well as food texture measurements. It can create flexible control patterns and data processing items specific
to foods, including hardness, brittleness, and energy.

B A wealth of specialized jigs
Supporting the many needs of our customers with special jigs and applications for a number of fields, including foods,
pharmaceuticals, electrical machinery & electronics, and plastics.
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Introduction

Universal Design Foods is a term for foods that have been designed with consideration to texture or being easy to eat, and
which can be used for everything from everyday meals to nursing-care foods. In Japan, with its rapidly aging society, a variety of
nursing-care foods are currently available, and such meals must be suitable for patients.

The Japan Care Food Conference has established the Universal Design Foods concept, which is classified into 4 categories by
hardness and viscosity. In this article, we introduce a system for measuring hardness. F. Yano

Measurements and Jigs

Fig. 1 shows a schematic diagram of the test jigs used to evaluate the texture of foods. A cycle of compression and unloading is
used to measure the hardness. Table 1 shows the relationship between the categories and the hardness upper limit values.

Start Descend End
10 mm/s Table 1: Universal Design Food Categories and Upper Limit Values
1 I Category Hardness Upper Limit (N/m2)
1 (Easy to chew) 5x10°
2 (Can be broken up using the gums) 5x10*
E Sol: 1x10*
© 3 (Can be broken up by the tongue) Gel: 210
. 3
¢40 mm Clearance 4 (Does not need chewing) Sol: 3x10
5mm Gel: 3x103

Fig. 1: Schematic Diagram of Universal Design Food Hardness Test

Measurement Results |

4
--- Nikujaga (meat and
35 —
potato stew)
3 = --- Cream soup
Plunger --- Corn soup
25 —
Sample 22 —
container S5
o
21 -
Load cell 05 —
0 |j=—
L
05 | | | | | | | | |

0 02 04 06 08 1 12 14 16 18 2

Time (sec)
Fig. 2: Food Test Evaluation Jigs . .
Fig. 3: Food Test Evaluation Results

Table 2: Test Conditions Table 3: Results for Food Hardness and Categories
ltem Set Value Sample Hardness (N/m?) Classification
Test Speed 10 mm/s Nikujaga 1.04 x 10¢ 5
Clearance 5 mm (meat and potato stew)
C 1.07x103 4
Test Temperature 20 °C ream soup

Corn soup 0.81x103 4
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Food Hardness Evaluation System

Tester: EZ-SX

i
Load Cell: 50N §
Test jig: Universal Design Food Test Set 3,
Software: TRAPEZIUM X Texture 3

Thermostat:  Thermo-constant cooler/heater (separately installed)

EZTest Compact Table-Top Universal Tester

Features

B Light and compact
The compact size fits easily on tables. Testing can be performed in a corner of the office.

H A high-precision load cell is adopted. (The high-precision type is class 1; the standard-precision type is class 0.5.)
Accuracy is guaranteed over a wide range, from 1/500 to 1/1 of the load cell capacity. This supports highly reliable test
evaluations.

H Jog controller (optional)
This allows hand-held control of the crosshead position. Fine position adjustment is possible using the jog dial.

B TRAPEZIUM X Texture operational software
This is the optimal software for a variety of pharmaceutical and cosmetic quality evaluations and physical characteristics
measurements, as well as food texture measurements. It can create flexible control patterns and data processing items specific
to foods, including hardness, brittieness, and energy.

B A wealth of specialized jigs
Supporting the many needs of our customers with special jigs and applications for a number of fields, including foods,
pharmaceuticals, electrical machinery & electronics, and plastics.

First Edition: February 2013
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